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ARGTRACT

Tgnitions of methane and coal dust have caused considerable Ilcss
nf 1ife and damage te ingtaliations in Scuth Afrinan collieries

during the past ecsantury. The phenomenon of methane outhursts

" have alec resulted in the creation of danhgerous conditions

snderground.

The dizsertation examines the causes of methane ocutburats and the

seven main ignition scurcas leading to wmethane and coal dust
i )

explosions, These ignition sources were derived from. an

axamination of Mines Depurtment Inquiries extending back ta 1891,

the Jate of the fipet known ignition of mine gpaE, Selected

incidents were chosen from the official Inquiries for aach
ignition scurce and these are dealt with in detail, = This
includes aﬁ investigation inte ths many factors vhich developsd
prior to the individusl explosions and the effscts of thé
sftermath of such incidents. : “ C

‘Precautions to ba adopted “tc prevent methane outburste and

uinimine ﬁhc;rilk of sethane and coal dust uxpl&li%ns_aa z result
of the meven ignition mcurces ara dersiled at the mnd of each.
chapter, " o
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CHAPTER 1

1.1 INTRODUCTION

During the past century in South Africa, approximateliy 52 major
incidents have occurred resulting from ignivions of methane and
zoal dust dinvolving considerable loss of Life and damage to
installations. The methane and coal dust explosion  which
oceurred in 1926 at the WNo., 2 pit of the Durban Navigation
Collieries, for example, |killed 125 ©persons and the
re~establishment of production at the colliery took 4 months to

achieve. It 1s the author’s view and that of almost every Miring

Engineer in the Republic that, following the example of ths

Dnited Kingdom, the outcoeme of guch gerious incidents should be
made known to the Mining Industry in an attempt to prevent such
incidents occurring again. Unfortunately this is not the cage in
the -Republic of South Africa and frequent requests to the Minas
| Inspectorate have met with littlg\ success. An analysis of
saveral msjof incidents eontéined in the Hinqs Inspectorate
otffices in Dundee, as discussgg in the dissertation, revealz some
unique circunltahcs; uurraundiﬁg these disaszterz of which most
Hiniﬁg Engineery . sre unawire and hence unable to take future
prevantive action in mining operstions. '
P

The Northileld Collisry disester in 1943 was preceded by a
succension of events, if one studies tha Inquiry evidence, which
can oni& be describmd as a recipe for disniter.

Az mora and mdte relstively shallow coal remerveas are depleted,
#o will the Mining Engineer 0of the future have to grapple with
 the probless of working the deeper snd sore gessy coal séams.
-purtiﬁullrly_in the Transvsal. This problem will Le aggravated

by the fact that relatively high daily production tempos will be;y

called for ~ daily production calls of 30 000 to 40 OGO tons of
cosl will be the aors ané to achieve :hele'tonuaggs consigrently

and safely will require a high degrae of technical knowledge and



 better than curef.

competence, not the least being the awsreness of the dangers of
methane and coal dust and the methods in dealing with these

goourrences.,.

The evidence given at Tnquiries into the 155 ineidents, including
instantaneous methene outbursts, is available from the Govermment
Mining Engincer's Department. From the incidents, it is possible
%o sub divide the causes of the ignitions and the format of the
digsertation, into the fallowing chapters. )

e e

2, Ignitions of Firedesmp by frictional heat and sparking.
3. Tguitviong of Firadamp by?lightning and stray currenta.

4, Ignitiong of Firedamp by bdlasting operations eand mine

\\ 1.\
ﬁk
5, Ignitions of Firedamp by spontaneous combustion including

explosives.

hestings in the goaf and mine fites.

2,

6. Ignitions of Firedamp by ‘electr
electrical aquipment. ﬂ:

7. TIgnitions by flames.
8. Ingtantansous methane ou:burttl{

9. Conclusions.

deal with the problcn: building into sach sub hesdingschapter the
expuples evailable from the Minae Inspectorate Inquiriey relsting
to the various incidents and then to errive at proposalh, sfter
redearch work, inm order to prevent further incidenis from



It iy not intended to incorporate a separate chapter on the
conditions for z methane/coal dust explosion to occur. However,
it iy the asthor's Intention to deal with this aspect in each of

the abovementioned chapters.

1.2 NUMBER ANL SEVERITY OF METHANE AND GOAL DUST EXPLOSIONS

An examipation of the available evidence derived from wvarious
source material revéals the following list of explosions which

have occurread in S:"}ul:h African collieries over the past 100

yoars: _
Table 1.1 4
N -{%I
Date Colliery \ Nature of Explosion Fatalities
- Natal
' 1891 - Elandslaagte HMethane
1897 Elandslaagte ' Methane 3
Natal Navigatiom ]J Methzne Mil
1898 " Natal Navigation Methghe 2
Campbeil Methane Nil
St., George Methane Cowitt
1899 St. George Mathane - ke
South African Methana ' 2
South African Mathana Wil
Natel Navigation . Methene ¥il
1%01 - New Cupb-il ’ . Methane ; ) 3
1902 Glsncos Methane Nil
.Glencoe Mathané L A
Crown Methine Wil
1903 St. George " Matheme 2
Raxsay : _ - Mathane - Nl
South African - Mathsne 2
1904 Ransay : Methane 1

Plsndslaagte Y Methane Nit

=T



Tshie 1.1 {(Contd.}

Pate Coliiery

Watral

1905 Crown
{lencoe
Glancoe

Newrcastle Steam
hundee Coal
South African

Scuth African

1506 Rilandslaagte
Elandslaagte
1907 Ramaay
1508 Glencoe v
1908 Canbr{é;:éqﬁ
_ Raqaay
1909 ‘South African
1910 Cambrian
‘1911 Utrecht
1?12” Natal Mavigation
1914 S.A, Collieries
1913 Hlabane
: Hattingepruit
1918 Hlobane
" Morthfield
1919 Durban Navigation
No. 2 '
. Northfield
~ 1521 Nerthfield
Hlobane
Bannockburn )
. Burnside -
1922 ° Utrccﬁt “
Burnside

Katal Haqigationq

1923 Hlobane

Nature of Explogion

Hathane
Methane

. Methane
Methane
Methane
Methane
Methane
Hethane
Methane
Hethane

Methane/Coal Dyit
Methane/Coal Dust

Metrhane
Hethane:
Methane
Methana
Mathane -
Wathane
Methana
Methane
Methans
Methane
I
Mathane
Mathane
Methane
Methane
Methane
Hethane
Mathane
Hethane
Hnthnhc
Methane

)

Fatalities

i

Wil
i
Nil

Wil

Nil

18

o e

Nil

Nil
Nil
Nil

Wil

¥il
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Table 1,1 (Contd.)

Date Colliery Nature of Explosion Fatalities

B

Natal
1926 Burnside i Methane 1
Durban Navigation
Nuy 2 Methanc/Coal Dust ' 125
1928 New Tendege Methane ' 1
7/ Tehcba Methane Nil
1930\(‘ Burnside ' I. Methane 18*\\
1937%)  Urrecht : Methane Nl
1941  Utrecht Methane 157
1943 Northfield Methane/Coal Dust 78 -
1945  Tahoba - Methane | vi1
1944 = Hlobane No, 1 Methane .. Y Ao
1945 .  Tshoba Methane w1V
1948 Cambrian “Methane - o Nit
1949 Utfacht  Methame B ¥
- 1951 Durban Navigation | : o =
' No. 2. Mathane ° 9
. Northfiald - Mathane .3
1952 Hlobane No. 2 N _ Mathane/Cosl Dust L Wil
. © Rlobane Ne. 2 = \il'(uthlue.fcu_a; Dust 1
T 1953 Nortnfield - . Mathane 8
’ jsa Newcasyle-Platberg mghme 1
*"":wb;‘._iié;"__l. C’arnwﬁn Anthncite - Mathane 1
li'S‘tl“ojl_"'.'_" Cunbrisn . Methane 2
196‘5!;;‘ i . Dutban Navigution e r o Lo
“ . .. |[ N '. "Hﬂ-,_ 1 . . - Httham g | ﬂﬂ
\;jls&s’i . | Blandsberg Anthracite  Methane B §
: Nata! Coal Explorstion Methame = ~ Wi
1962 "1[‘\ 'f,mslmu . Methane = o Wil
!lll 1 lorlhiiold . ‘Mathane \\ 10
' hyati‘;:_. 1
A H o
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Table 1.1 {Contd.)

Date
Natal
1965

1965

1967

1568

1969
1970
1971
1972
1974

1975 -

1076
“197p

1578
1979

* 1980

Colliezy

Higbane No. 1
Indumeni

Durban Navigation
Kilbarchan
Mawcastle Platberg
¥iibarchan
Indumeni

Natal Coal Exploration
Indumeni

Indwaogni

Kilbarchan

Tndumeni

Natal Coal Exploration
Kilbarchan

Indumens

Durban Navigation
Enyati

Utrnéht“

Northfield

Ducbdn Navigatipn

F.C.J."Contrqcf rs mi

Rc'cﬁstlm Platberg

- Durbén Navigation

Durbin Navigation
Durbtan Navigetion
Durban Navigation
Durben Newigation
Nawcastle Platbarg
Newcastle Plathberg’

 Bslgray
- Durbanﬂﬂavigltion

Durban Navigation
Balgray:

Nature of Explogion

Methana/Coal Dust

Methane
Methane
Methane
Mathane

" Methaue

Methane
Methane
Meathane
Mathane
Methane

_ Methane

Methane
Heﬁhane
Methane
Hhﬁhane

‘Methane

Methane
Methane

ﬁinethané
Hethaga

Mathqpe

Methane,

H.t@ﬂﬁ;
Msthane
Heqhan.
Nn@hane
Haﬁhsnc
Hdéhann
Mathane
Enﬁhnna
Methane
Mathane

Fatalities

135
Nil
Nil

Nil
Bil
Nil
Ril
Nil
Nil
Nil

Nil
Nii

Nil
Nii



Taosle 1.1 {(Contd.)

Date Colliery Nature of Explosion Fatalities

Natal

1981 Ralgray Methane Nil
Durban Mavigation Methare Nil
Newcastle Platbarg Mathane 16
Balgray Methane Nil
Heweastle Platherg Methane Nii
Durban Wavigation Methane Ml
Ralgray Methans Nil

1982 Durban Navigation Methane ' i

1584 Durban Navigetion Merhane Nil
Durban Navigation Methane . Wil

Tranevasl and Orange Free State

18353 Congolidated
' Yarsfield ' Methane/Coal Dust 95
1936 South Rand :

Exploration Methans : _ Nil
a4l Conaolidated v

Collieriea Hathane wil
1943 Consolidatad

Mapsfield Methane . Wil
1944 Cofisolidated

Collisries Methane Nil
1945 Landau/Navigation Methane .10
1947 Consclidated

~ Collieries Methane 1

%951 Cornelia © Methane ' ) 11
1956 = Schoongezichet ' Methaue 8
1957 Springtield Mathane _ 8
1960 Schoongegicht Mothane ) Nil
1961 Coalbrook ) Methane 7
19482 Springfield © Methane 1
1672 Fsuty Mathane Hil .

1974 Albion : Methane 13
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Table 1.1 (Contd.)

Date Colliery Hature of Explosion Fatalities
Trangvaal and Ozange Free State
1975 Mautu Methane Nil
1977 Usutu Methane 1
1980 Ermelo Mines Methane Wit
1980 Coalbrook Hothano Nil
1981 Ermele Mines Kethane Hil
Ermelo Mines Methane 2
Springfield ~ Methane 2
1982 Basjespruit Methane Nil
Springfield Methane Nii
j Frmelo Hines '. Methane = 11
1583 Springfield ) Methanw Nil
. Springfield . Methane 8 Wil
Ermelo Mines ' t Methand
1984 " Ermele Mines | Nethaué: %
1985 Middelbult Methane/Codl Dust 30
’ Springfield | Methane - 2
Springfield _Hﬁthaq& Nil
Springfield ’ Methane wil
. 1990 Ermelo Mines Methane ° Ri1

fThe incvidents. of meghane outburste in. South African co}lieriea

Ere set out in Tabjé 8.1 in Chapter 8.

While no fatalities have: occurred as a raaﬁit of theaze outbursts,
it is evi@edf. from the project utﬁdy. that the vast quantitiéa
Qﬁ“uethan; and coal duste liba:gtdd. couplad with the destruction
ofltha ventilation lppliana&s; cre- = an utifavourable environmunt
in the working faces. The 155 incidents quated in Table 1.1
regulting in 799 fatalities, jJuatify an examinstion of the

problen, N ‘ ) -
The project suffered from a limitation in theat much emphaziz was
placed or Official Miner Depntément Inquiriis and in many
instances conflicting evidence znd blatent untruthe come to the
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fore. An attempt has been made to highlight and elimimate such

apisodes.

With regard to methare ignitions and coal dust explosions, it has
been astahlicshed that 6 ignition sourves have occurred and the
central chapters are dovoted to an sxamination of each of these
sources, namely, spontanesus combusticn, electric sparks, flames,

lightning and stray currents, fric¢tional heating and blasting,
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Physical conditions required to cauge a Frictiocnal
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Friction between Steel Tools and Rocks - Leboratory
Tegts

Abstract

Intreduction

Experimental Equipment and Procedure
Tast Procedure

Resulrs and Discussions

The Cutting Toel

Material of Pick Tool
Pick Wear

Pick heating

Pick Geometry

Pick Reotation
Cutting Paraneters
Speed of Cutting
Rate of Advance
Depth of Cut
Cutting Forces

The Effect of Watar

Friceion hetween Hetul and Metal

Friction involvznﬁ Heavy Metals

Frictional Igniti¢ns of the Second Claeg (those
involwing Light Mdtals)

Results of Research by Kelly and Forkner
Experimenta on Mztal on Metal

Sparks ﬁiom e C;gﬂzette "Lighter™ or Flamelamp
Relightar

Priction of Steel on Steel

Aluriiniuw - Painted Rusty Iron

Sparking from Light Metals and their Alloys

NUMBER AND JATES OF INCIDENTS©

DETAILS GF INCIDENTS/PRENOMENOK

Springfield Colliery, 28th February 1981, Tgnition of
methave in goaf. b

Ermels Mines. 12th Novembar 1982. Ignition of methane
in old workings., i

Bosjespruit Colliery. 9th March 1982. Ignition of
mathane at a convinuvouz miner.

Durban Navigation Collieries. 2lst September 1968,
Tgnition of mathane whila coal cutting.

SUMMARY OF THE MAIN POINTS ARISING PROM THE INCIDENTS
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i mining machines striking quartzitic sandatone has been the csuse

13

2.1 INTRODUGCTION

In 1921 a methane exgflosion at O7h00 on a Saturday morning at the
goaf edge of a stooping section in 2 Transvaal csolliery killed 2
men and injured a Ffurthar eleven section workers. 0Officials, at
a loss to explain the origin of the explosion, put forward a
gheorylthat the miner had allowed uncertificated Black workers to
fire charges in thelsplit or in & fender which blast had ignited
the methane. Subsequent investigations revealed that in all
probability the explosion waﬁ:caused by frictional heat during a
collapse of strata in the goaf. Such was the lack of knowledge
at operational level in the Iﬁdustry at ékg time on the dangers
of ignition of firedamp by frictional heat and sparking.

" With the increased lavel of maximnmw extraction techniques

practiced (pillar and rib pillar extracticn and loﬁgwalling) and

the greatar use of continuous miners both in development and

~ retrgat systeme of mining, the hazard of frictional heat and

sparking will increase proportionately. Frictional hest arising
from the steal of coal cutter picks and the picks of continuous

1gt tany methane ignitions.
j -

fﬁa fiame from a blown out shot or & fire ia more vieible and
spactacular than frictional hest and sperking and is viawed ae &
; :

#ore efficient ignitign source  {ofren arronecusly} in an

‘explosive methane/eir mixturs. Tt is naecessary therafore to

examine the ignition temperatures of methane/sir aixtures as a

point‘zof departure when studying dignitions resulting from

' frictional keat which is generally not that visible,

Secondly, an examination is made of overseas lasboratory
exgnrimanfb dealing with frictional heat and aparking between

&
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various elemerts and substances. Very little, if any, research

has been carried out in South Africa on this subject.

The knowledge gained from overseas resegzrch dinte frictional
ignitions of methane is applied to conditionsz which have existed
in South African collieries. Conclusions have been drawn as to
the posgsibility of ignitions being caused by this ignition

S0uUxce.

The known cases which hawe been reported and invosiigated are
given, several of the more important iancidents are discussed in
detail and finally precautionary meagures to prevent such
phenomenon from occurring in the future are dealt with in  this

Chapter.

e
|
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2.2 STATISTICS

2.2.1 Dversexns

Hartwell (1965} states that ignitiong caused by frictional
heating can be grouped into those resuiting from cutting
operations and a mueh smaller number resulting from other
frietional means such as hand blows from picks, rocks falliry on
metal work, ete, Table 2,1 compares the number and percentage of
ignitions in the United Kingdom from all frictional causes and
those from cutting only in the successive six year periods of
1952 to 1957 and 1958 to 1963,

Table 2.1 Ignitions caused by frictional heating

Wo. of Ignitions Other
Frictionul  Parcentsge of during Frictional

Yaar Ignitions Total Ignitions Cutting Cauges
1952 10 8.5 S 1
1953 ' i 3Z.6 12 2
1954 ] 3.3 7 2
1955 i1 36,7 9 2
1956 16 53.3 1% 1
=7 -8 23.3 2 -
Mean anuual :
68 % 35.8 60 8
1958 8 32,0 8 p-
1959 - 17.2 5 P -
1960 16 ~ 16.5 14 ! 2
1961 8 - 38,1 7 1
19 8 - 42,1 8 -
1063 - 9 f\ 474 8 ""':'{ll

: j Hhaa annuxl N
54.£. T 39.7 50 4
N M
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Figure 1 shows the number and locations of ignitioms of firedamp

in British coal mines from January 1958 to December 1964,

Table 2.2 shows the cause and location of ignitions and Figure 2

the numbar of ignitions in onal minas,
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That the numbers are small megt reflect low gas emigsionz, since
in the majority of headings, unlike faceg, rock ie being
daliberately cut. Although few in number, ignitioms in drivages
are poteniiially more dangerous bgeause of the generally low

airflows.

During the period 1980-1986 there wera &4 ignitions in the
Federal German Republic (Marthe, personal communication, 1%87).
Within this total, 17 were cauvsed by =shearers, 14 by boom-type
roadheaders and 9 by full-face tunnelling machines - a much
Figher proportion in headings than in the UK, In relation to the
number of machine typez in use, these correspond to rates of
0,020, 0,015 and 0,196 iznitiony per machine per year. Over the
game period in the UK for roughly similar ¢nal outpute, thare
were 75 ignitions, 66 with shearers and 4 with boom-type hending
-machines. '

Table 2.4 Number of Ignitione by Machine Type

Period (April - March)
1565 1970 - 1975 1980 1985

to to  r) to to
Machine 1970 1975 1980 1985 1987 Total
’ - 7
Shearer
Fizxed 51 &0 20 2 2 113
Ranging 4 5 19 26 13 67
In-wab - - 14 i6 9 39
Trepanner 16 17 7 1 - 41
Trepan-Shuarar 3 3 - - - ]
Plough 1 - - 1 - 2
Coal Cutter 3 3 - 1 - S -
Total 79 66 &6 4 2 276
s <

Fricrional ignitions caused by th- cutter picks on power lcaders
and heldiﬁg machinea continue tc be & hazard. In 1931. thay
toralled 24 - equal to the highest racorded total (for 1977).
Figure 6 shows thet over the last fifteen years tha average
incidence has peraagrently remained at about 14 incidents per
year ov longwall fnéﬂ& Easplta a reduttion in the number of pover

losdars at work. *

£



Shafts Elsewher® ignitions ignitions’

Fr e S,
i
1
J
i
Table 2.2 Cause and Location o/ Ignitiomg
| . Location
o Ij r o
; Stables © ; Haesdings
C end Gate ~ and narroe
¥aces faut ends Rippings Roads. workings
Frictional hearing during B .J II
cutting - 54 3 - - . vl -
Frictional heating: . ) _ : :
rock/retal : - - 1 2 - 1
Shotfiring ' 10 i i9 - 10 .’
Riectriecity LT 11 1 2 1 3 -
Statie electricﬁu‘y - 1 - - - -
Lightaning discharg: - - - - 1 -
Neked lights 2 - - 1 "5 -
Seoking - 1 - 4 2 K] -
Fsuley Flame{lzaps 1 1 - - - -
Spontaneous coabustion 2 - - - - -
Flame cutting - - ~ - o= 4
Unknown . : 1 1/2 - 1.1/2 - 1
No. of ignitions 82 ' 10.5 26 ps 23 6
" % of total ignitions ° 53 7 16 4 14 3

A

W

Nd
4] o
: X of
T No. of total

- 58 37
- D 4 3
- -' 43 27
1] 19 12
- 1 1
- 1 i
- 8 i
10% 6
- 2 1
3 5 3
- 4 2
Sl -k 2
4 1549 -
3 - 100

61

W

-
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Hartwell (1955) further states that in the twelve year period 37
parcent of reported ignitisns were attwibuted o frictional
heating and of these nine teaths ocourred ducing cutding (41
ignitions with conventional cutters and 9 with frepanners and
sheatrers in vhe last half of the period). There waz a 3 to 4
percent rise in  the proportion of frictional ignitions in the
later six yesr period and there has been 2 noticeable trand im
the last rhres years towards a higher proportion of ignitions
with trepanners and shearers; for instancae, of the § igniticons
du.ing cutting already reported in 1964, {wo were with cutters,

two in trepanner pre-cuts and fouar with shearers.

The importance of frietional heating as an igniting source ﬁay ba
judged from Figure Z which shows the part plaaed by all

Pl

frictional ignitions in the last twslve years,

“ortunlta]y t1e lagge ma]orzty of the more recent 1gn1€ions in

cuts havu involved relativaly small sccumulations of firedamp

evolved from freshlj_ expoged surfaces of the coal; the

inflammations have usually bean confined to continued burning of
ge8 in the cut for periods of wup to 30 or 40 minutes in'a gasay
sear befors Deilng extinguishad. In one such . incident ‘in a
1,7 metre cut at the face of a development heading, flsme was
eztinguiihad 1.1/2 hours after ignition pccurred; in snother the

© violence of the ensuing explosion was sufficient ro disturb stone

duEt on. & bsrrier 120 metres from the face; in otherg the
developn.nr of fires han lad o the seuling of districts.

'.‘
Basington Colliery (1951: 381 killed) experienced s large scale
euplosion which was initinted in the cuz lnd served to emphasime

the lcriaus hazard.- fron 1;nitionc of“thi; pl&hrﬂ.

o . v . -

Thess i;nitionl niy ba mére fraqaent then the abova data suggeér
for it would be 1d‘¢ ot to think that ignition of amall
quanticies of ges hive occurred., partitularly st ‘the back of deep
cuts, wirchout being noticed.'"In”léannrsl it would appear from
such Jats as are available that ventilation velocities cn the

i

T

Lo
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face have little or ne infloence on air movements in the cut  and
the only certain preventive measurs that can be applied at

present is the positive ventilatien of the cut.

On 24th Feruary 197% an wndergrennd coal nine explosion in  the
No. 28 Colliery, Glace Bay, Nova Scotia, killed 12 miners. 3In
its final report on the disaster, igsned in April 1880, Canadian
Department of Labour investigators attributed the exploszion to a

frictional ignition.

The last mioe explosion disaster in tie nited Stetes in which
frietional ignition was ¢onsidered a likely cause occurred on
i6th Docember 1963 at G;rban Fuel Company No. 2 Mine at Helper,
Urah, Inveutigators of this explugion im whieh nine miners died
found that is had criginated ar the Jfauvs where mm exﬁloaiye
mixture of merhane, sir and coal 4,5t had heer : igni#’ed either bsv

frictional sparks from the hits of a corntinnous miﬂér ~eutting

into top ruek or by arcs ur sparks from electsical equipment.

Since 19701” ;han a winer was ugp yridted ae the result of &
trictional ignition, ro mine fateliries in the Unitud States have’
besn attriduted to this ceuse. However, frictiomsl ignitions
reported to MSHA have accountad f.c'lr an averige of more than three

iajuries a year to tontinuous niner operators and their halpers

'in the pest 10 yéars. In some cases, according to &a MSHA

Technical Bupport Industriael sahty Branch report (1979}, methane
fismes travelled 15 metres or more frou the point of i.guit:l.on at
tha face. _ .

L]

s b o

Despita s downwsrd trend in thr fnqmcy of wuine upluicn

" dlensters o recent dacodss, “the i‘ requancy 'of _reported methone

i gmi.tionl dn  underground coal p: bis  bdeen riming, with the
increasing use of heavy nining -liehinu sad explorastions of
gurinr L sl sSeANs.

‘ ~: - ,:ﬂ
*Q\ . fﬁf ' . " ﬁyﬁ.

o

The accompanying vable ('rlhh +3) lilta frequancy of reported

mathana ignitions by source from 197,3".. through 1980, By totalling

qu\ 7
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the figuresz for consecutive five-year periods, it can be seen
that there were a total of 180 reported frictional dignitrions
during the first half of the descade gnd 329 ignitions during the
last half of the pariod.

Hspecially alarming to MSHA Industrial Safaty Branch Personnel
and ta.Bureau of Mines fire and explosion researchers was the
increase from 47 dignitions dn 1978 to 97 in 1979, Although
frintional ignitiens decrea:  to 72 in 1980, the decrease iz not
being viewed as a reversal of the long term upward trend and
researchers note that the 1980 total is still higher than that of

any previous year except 1979,

Most of the ignitions ocecurtiang each year involve the cutting
bits of mining machines, . Accurding to an MSHA analysis of 223
frictional dgnitions attributed to continuous wminers from
1971-19786, ;hout 64 perzent were caused by bits striking roof
rotk and 22 parcent were the result of bits srriking dnclusions
within the coal seam. The remsining 14 percent were attributed

to bits scriking rhe mine bottem.

In & recent article, Weldby CG. Courtmey (1981), auptcv}sory
rnaanrch Chemist st the Pittsburh Reserrch Centrc. outlﬁnedﬂ the
various resasrch spprosches and droke; tham down into four Hiroad
aress; ‘praventing foraation of flammable mixtures, prevenking
Ence
‘nln
vhere there is a local flammahle aiglnnthaua zore, & mnt*

ignition of flammabla‘ mixtures, ignition quenching and

inarting. If s machine operator is cutting into hard sater

.._..,._—

ignition and explosion can occur, . 1

9]
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Table 2.3 This table shows the annual frecuency of underground
frictional ignitions reported in the United States
fer the past 10 years. During the past five years,
such ignitions cceurred nearly twice as oftex in
underground coal mines as they did during the earlier
five-year period

1871 1972 1973 1974 1%:5 1976 1577 1978 1989 1980

COntinuaﬁs

Miner | 30 20 22 44 50 57 37 i T4 55
Catting

Machine 3 1 o 1 1 1 a 0 0 1
Roofbolter 0 1 1 0 - 3 2 2 10 5
Roof Fall 1 2 4] ) i 2 0 1] ] i
Shearer ¢ o o o0 0 & 7 % 13 10
HendPick 0 0 0 © 0 0 0 1 & _©
Totall 34 24 23 45 54 67 46 47 97 72

: <\\; ) '
The annual totals of firedamp ignitions in the United Kingdom
(Browning 1988) coused by cutting toolw, gince reporting of these
)

was nade canpuisorw. is shown in Fiﬁurn 3. ‘The year 1965 covers

4 15 month paricd wmnn the charye was made from calendar years to
flecel years (Apr#f 'vo ¥arch). It was in 1965 thet the firat

ignizions, occurred with power loadezs* and {t is the incidents

since than that are televent to currsnt mining practica.
: : q

In the 22 year prriod to March 1987, there have been 302

ignitions reported, an avaragn of just under 14 per vsar..
Coalface'iaehinns have been respgonsible for 276 of these, with 25
occurring in headings and 1 involving ronfbolting. Daspite come
370 eqlliary closures, thers has only been a slight 'downwerd
trend in aymber of -incidents (Figura 4). When the numbars are
related to output (Pigurae 5), there sre signe that the rate is
increasing, Ona might have expacted the incrasss to de greté;r

1
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with the introduction of multi-machine faces and larger, more

powerful machines able to cut readily through harder strata.

One clear feature from the figures is that ignitions ara more
likely to occur in the thinner seams; although seams 1,2 m and
undcr comprise only 25% of the working faces, they are
responsible for sgome 657 of the ignitions. This dis put into
perspective by the figures for the past 5 years when there was 1
ignition for every 27 faces at 1,2 m sear height and leas
compared with 1 ignition for every 88 faces in the thicke: seams,
The higher rate in thin seams may in part be due to the machines

used in these conditions.

Statisties relating to coalfaze machine types are shown in
Table 2.4. The table reflects the changes in machine utilisation
over the yeafs. and in general, the numbers For the different
machines is in proportion to the numberg in use. The exception
is the in-wab shearer which does appear to have a much higher
incidence. An analyeis of ignitione for the 10 year period
1973-1982 (Slater, unpublished data, 1982) showed that ignitions
sccurred with in-web shearers at a rate of 0,111 per machine per
your, Othﬁé TAteA were 0,016 for trepanners, 0,014 for ranging
drum ghearere and 0,013 for fixed drua s@snrera. However, thie
does not necassarily convey the true picéﬁra. since some machines
na§ anl§ be used in conditions wherp there is no ignitien risk.
If the ratea are emtimated on the bagiz of use on known
frictional. ignition viak sites, the rates beconme 0,124 for in-web
shasrers, 0,133 for trepanners, ©,03C¢ for ranging drum sheaverm
and 0,027 for fixed drum shesrers. These resulte clearly
indicate that tha in-wad shearer and the trepanner have
characterigtics which make them more prone to ignitiona, although
it must be : remambered that both machiries are usually baged in
thin seams.

Of the 202 frictional ignitions since 1965, only 25 (8,2%)

-occurrnd in ‘drivages, 11 of which involved .cobtiauous sminers and

din:hauderl, 11 boom type roadheadsrs, and 3 other machines.

il
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- temperature will cause itz dgnition, It is therefore necessarcy
to consider not only the ignitibility of mizxtures of methane and
air, but vhat may be termed the Mincendivity" of various sources

of heat with respect to them,
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The reasens for this sustained frequency of ineidenits are complex
and varied and include the ever—increasing power ipplied to the
cutting element and the continuing evolutlon of the shearer and

in particular the in-web shearer.

2.2.2 Scuth Afrieca

Vilicen (1988) in dealing with dignitions and explosions of
nethane, says that an evaluation of the information available for
the perled 1970 to 19806, reveals that the caucez and epiging can

be eclageified as follows:
Causes

- Neglecting to test feor methane

- Inadequate ventilation
Sources

- Blaé%ing operations'
Divectly by flame or by inherent het gases

- Elce:riéity
Dnmnging or misuse of electrical eguipment:
o @ N,
- Fristion ' i N i JL o
High spead impact of merzl on T’tal Fﬁaon'rock
if

!

Yo ) b

- Li&htning :
Via boreholes or BtTAtA

”
[ 4
hd

~  Other

The use of prohibited articles on ro. collapses in goaf

araas ' ) 2
Y ’

- Unknown . "
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A summary of the aforsmentioned sources which contributed to

explosions is given below {for the peried 1970 to 1986)}.

Tabla 2.5
Nunbar of ¥umber of Runber
Source ineidents % fatalities injured
Blasting 10 16 19 23
Blectricicy 6 9 68 16
Frictiod
GCoalcutters 13 o 20 - -
Continucus .
miners . v 14 21 - 18
! Shearers 1 2 - -
s Rootbolters 2 3 - -
Lightning ‘9 - -
) Other o , ‘
@ Naked flake™ 2 .3 30 ° LA T B
’ L . Y .
Roof collapses ? 11 - .9
Unknowsn e 6. 27
. p N
* ? | Total o 65 100 164 w9
. I, . . ‘ g _ " . o ('3‘ ; \\ﬁﬁﬁ
/ L] = L ) - . B I \
. : 3 LM e . i -

e L /# Trom Table 2.5 we may conclude that explostons snd ighitions
' . resalting from frictionel heat and: sparhing sccounted for “of -
. .the 65 incidents &r 4#6%. b 9

4 ) . o g
Ry N \\
o] ) . i
& o o o ¥ sso
l ) ;
i . /If'
| oA
‘. YA ,‘3 = e
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2.3 IGNITION TEMPERATURES OF METHANE (FIREDAMP)

Morris (1984) has done considerable tesearch inte early

experiments conducted on ignition temperatures of methane.

te3.1 Definition

If a2 mixture of siredamp and =iy i1s pradeally raised in
temperature throughout its extent by some external sgource of
heat, the rate of combination bhetween oxygen uand methane
gradually Increassg, -~ It Dbecomes readily macwsorable  at
temperatures of about 500°C,  The.reaction betwean oxygen and
methane is saccompanisd by an evelution of 'ﬁeatﬁ so that tae
rroducts of combustion, and any unburnt mixture with which they

mingle, are at a higher temperature than that supplied to thew by

the external source of feat: and gs an %pcreagg in temperature
increases the rate of reaction, there ia s tendency for this rate
of resction to go on incveasing rapidly until the whole of the
wathane, or the o:ygnn. in the nixture is consumed. Tf the

\initinl Femoorature 1mpartnd to the mixture ty the erte:mnl

lﬂﬂr'?/hf heat ta sufficlen'ly high, the rate of re&ctinn will
become =0 rapid ar to‘b*qducg m'flaqu' Thus the conbi-&;ﬁan

_ batuuon cxygen and mathane, - insttad of procacdiug at a ot dily

1ncrtauxag spead to a conciunion, i 11 bt complated conpntat*vely
auddeniy by the pzasaga of flnmnuthrough the mixtuie. The Malua
for tht iuit;ul tempersture imparted to the mixture that |g111

just ensble tirls phenomenon ultimscaly to occur 1¢' ftho-

ignition-temparature of the aizture.
o

]
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2.3.2 Early Expe-iments

Cowerd and Vheelawr ({1975) gtated that the earliest recorded
ebservations on the ignition temserature of firedamp were made by
Davy in 1816 vho stated that "well burnt™ charcoal, igrited cto
the stronpgest red heat, did not explode any mixture of air and of
the firadamp; i.e. charceal that burnt without f£lame was blown
up to whitenasgs by an explosive mixture containing the £iredamp,

without producing ita inflammsation.

Coward (1954) continued that Mallard and Te Chatelier (1880)
attompted to meke a more precise determination of the minimum
temperatnure of ignition of methane by heating methane-air in
closed porcelain tubes. They obtained ignitions in the range of
600°C to 75000. and in addition discovered the now well-known lag
ont ignition, which reached about 10 seconds at the ignition
temperature and gradually fell to almost =zero as the tube
temperaturé was increased to 1000°C. This discovery served to
explair Davy's difficulvy in igniting firedamp with iron rods,
for convection would rapidly replace any unit of the mixture in

contact with a rod.

The fact that the é&ﬁge of temperature over which ignition occurs -
iz lower when the methane iz mixed with oxygen than whem it is’

mixed with air shows tha: the ignition tempersture is dependent
upon the concenrration  of the rescting gases. Hethe we would
ampsct to find that diffe¢rent mixtures of unéb;n; and air should

i have different ignition 4%uperatur¢i. This haz bsaen found to. be

so by Taffanal and Le Floch (1913) who employed a variant of
“Mallerd and La Chatelier's method of experiment, uaing heated

vascnls of different eizes.
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Table 2.6 Relative Ignitico Tewperatures of Mixtures of Methane
and Air (Taffanel and Le Floch}

Methane in airn Relative ignitien temperatures
i5 cubic centimerres 275 cubie centinarrag
Parcent Dagrees Ceiszius begrees Cel=ziug

6,9 to 7,0 ' 7558 675

8,2 to §,3 735 680
9,0 to 9,2 742 680

10,1 teo 10,3 785 710

11,9 to 12,0 765 (A

The important faet demonstrated bv Taffanel and Le Floch iz that
the ignition temperatures over the whole range of mixtures were
lower when the wvessel employed in the experiments was Ilarper,
Thiz ig an effact of surface or “catalytic" action ag affecting
the values obtained for ignition temperatures by methods of
experiments which involve contact of the mixture with a heated
surface, and was first pointed out by Dimon and Coward (1909).

Dixen and Cowsrd (1909) dévised a new method of experime

whereby the inflammable gas anl the air {or oxygen) could be
heated iéparatoly. and then allowed to mingle. After succesgive
triale, & temparature could be found such that when the hot
inflasmable gés and the hot air mixed with one another s flame
appeared. ¥or mathans the figures given by Dixon and Coward are:

"with air, 65¢%¢ to 750%C; with o:y;en; 556°C to 700%C. Ordinary .

variations im barcmetric preszure wera found to have no

I

apprecizble effect on the ignition temperatures.

=

2.3.3 tgnition Thapnraturu:aobcqywud with Minimised Suriace
Rffactn ’

a ., P

u

In order to reduce surface effacts on the iini:iﬁn texparatures
of gases, H.B. Dixon in 1914 used two methods of experiment. '
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In th&ﬁfirst method, the concentric—tube method, a jet of gas
{e.y. pure methane) issued from a marrow tube inte the cantre of
a wide vertical tube up which 2 stream of air was moving; the
gas and air ware thug preheated t¢ the common temparature of the
twe tubes, and mixtures of all compositions hotween pure nethane
and pure ailr would he formed arvund the jet. With flowing gages
and a slowly rising temperature, ignition of methane oceurved
within the range of about 540°¢ to 7509, according to the
various rates of flow in the tests (Dizon and Coward 1909)., A
small alteration was later made in the procedure; at a chosen
tenperature and with a steady stream of air, a supply of wmethane
was suddenly started and the interval of time before it dgnited
was measured; the rate of f£low of methane was incregsed in
successive series of experiments until almost identical results

were obtained with further increases; (Coward 1934):

Table 2.7
Tiwe iuntervel before ignition Ignition Temperature
- Saconds %

i 0,5 | 722
0,6 718
1 701
2. 684 -
3 . 674 '
5 663 . .

i

In the second éf Dixon's méthodl (Dixon and Harweod, 1935)
consideration i given to s unéhyd of experiment suggestad by
Nernst which, as slabovated by"ﬁixon (1914%; probabhly records
with considerable accurdcy the true lgnition ‘“temperatures of
various mixtures ~ at high pr-sn&ren. In this wsthod the mixture

of known composition, is compreased adiabatically and thereby
rapidly heatdd throughout {ts extent. The degrae of conpriilion

© ppquired tb cause igniéion of the wmixture i¢ determined Ly

- guccessive trials (with fresh charges of the mixture) and the
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temperatuve corresponding with that compression can be calculated
from the formula:

-1

23
oy
Si=
e

in which ‘1'1 and T, ar: the temperatures of the nixture before uad
afrer comp-zg=ion (exproised in degrees absol” neyd V1 and ¥, the
initial and final valumes; and is the ratie between the mean
speeific heats of the mirxture of pases at constanr volume and at

conatant pressure.

There are, unfortunataly, i 1liable determinatione available of
the ignition temparatures of aixtures of methane and ajr by this
method, The figure given by Falk, (1907) who was the first to
use the method, is 650°C for a mixture containing 10 percent of
methane; but Dixon has shown that his experimentsl arrangements
were defective and 1iable to give too high results, Probably
betwgen 600°C aand 625°C iu nearnt the truth, and such a Figure

represents the ignition tem, cte  ut the presasure ewmployed to-

produce it, namely, batween .. ind 40 stmosvheres,

A correlation betwden the concentilc tube and the adiasbatic

compresaion resultr for the ignition temperaturs of methene in

sir iz showm in Figﬁ:a_? (Dixon and Harwéod i935). The two

curves relate tv diffarent ranges of pressure, for the eéﬁben;ric'

tubs experiments were liﬂf%.d te & maxisus of about 7 atmcaphereas
pressure; vhersas the adiabatic gyﬁﬁtanwién axperivents “lwith

mixtures at varioug initisl tesperatuzes and pressures) were .

limited to o minimum of sboat 19 stmospheres, sttained as &
result of the sudden comprossivn, However, the results of the
two peries ;rq nearly in line and suggest that the observations
in both were largaly independent of ﬁbaelblo cntlligic'eftactl by
solid auf!ac-s in contact with the gases. ﬂ -

Cowsrd and Greanwald (1927) at&;od §h&E cxpnr%ﬁ&ﬁts were
coheluded by Jones <4 Damkla along procedures ainil#r to that

Sl

i
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developed by Tatfapel and Le Floch (1912} and Mason and Wheelsr
{1924),

A cylindrical quartz vessel of 108 cubic centimetres capacity was
heated in an electric furnace to a predetermined temperature,
evacusted, and the required gag mixture introdnced. The lowest
temperature to which vessel had to be heated To ohtain ignition
of the mixture was observed. Ignition occurred after a time
irterval (lag) of several seconds, during which the nixture

self~neated as a result of its slow combustion,.

Ignircion temperatures observad in this way have no abseclute
value, for they vary with the size and shape of the vessel used
and spparently with scme othar factoy. For these reasgons such

ohservatiofis have not baen regarded as other than relative,

Figure B show? the resul*a obtained for wmethane, ethane, and a
natural gac of the approx;mate compﬂsxt1on CHA. 88,73 2 6' Tods
Ty Hgs E*? ﬁHKO' 1,07 aund H 1.5 percent. The ignition

torperl scure of thy natural ga- -whe lower than that of methane

thrOLg1gft the whole series af inflapmable nixtures. The

diffsrance in these ciycuutn-cu ranged. from mbout 15%C ro 55%
for nix_mrplr_‘”of aquﬂ%l content Qt inflammeble gas. It /yze&gr
t the highav - hydrocarbons have a grester proportionate
Juanca on tha ssnition temparature vhen the total inflammsble
- gae xg present in grwaclr sMOUntA . B O

. lnowla\\&,of “the tinn lag 1in ignition is lapdprant in conpnring ‘

the in?laihgbility of gases, for in %tlctie 1 operations the
"'dlngemul ;aa wixture My be *onltm\:iy flowing past the high”
.' temparature source of igmitiou and thtt&fom ndly
. contaer which !.a lesa tﬁm the lag. -

Thiy time lag of '.l;nit:lcn will bc dhwsud in
Chapur 4 (Itpl.ocim enmd bj lxplosivn). :

i

have a p.riod af

‘more datail #pl
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2.3.4 Effects of Small Quantities of Foreign Substances

Coward (1965) stated that several substances, aceelerators and
inhibitors, have proved to have a considerable effgct on  the
ignition.temperature of methane. Dixon found that the presence
"of traces of nitrogen peroxide in the atmosphere of the
concentrie~tube gpparatus reduced the ignition temperature of
methane: the affent reached a mazimum of 122°%¢ in the presence

of 0,7 paevecent of WO This discovery, which led to important

regults in the chemis:ry af chain reactions, suggested also the
peasibilivy of discovering a technically nseful inhibitoer and
Dixon found that the presence of small fractions of one percent
of iodine and several cowmpounds containing icdizme ox bromine

raised the ignition temperature of methane by 80°C and more.

Both carbon dioxide and nitrogen raise the ignitior remperature
of methane in air, in the concentrie~tube apparatus, but cnly hy
a few degéees for each 'percentage of the added gaz (Coward,
1934) . §
4

The presence of azlittle_ammoniuu nitrate dust or finely divided
g0lid explogive reducad the ignition temperature of a pulf of
nethane and air Dblownuinto a heated tube, from ?Ooodﬂdcwn to
330°¢ in an axtrams caue. Orher combuat;hlo substances hzd &
wuch smaller affect wov it iz pt'?ible that the action of the
explogive was iltg?ly; <ue to nitrcgen paroxide produced by
thermal d.cpnpo:itﬂ?n (S.y.R.B. fnnual Reporte for 1942, 1943 and
1944), ' ¥ ’

¥rom this short susmary of the attampte that have baen mldol to
determine the ignition ttnplrsgurol of gassous mixtures it will
.. doubtless be reslised thai, despite its value as & measure of the
abgolute ignitidbility of a given wixture, the ignition
'ta-pcraeure does not tall a Mining knginnar all that he nesds to
know regarding the posgibility of that mizture being ignited.
The fact that a mixture has an ignition tesmparsture of sey sc0’c

does not necessarily mean that any acsurce of hest at that
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2.4 - LGNITION SOURCES

2.4.1 Genaral Account

&Ramsay (1965} stated that the ignition of gas by mechanical

action occurs in cir;hmstanseé; commonn egnough irn a heavy
industry, in which motion takes place againat frictional
resiStance. ery little heet ig taken to ignite gas and the
absorpt;pn of energy by ths precess is of ﬂeglzglble' importance
te the ’ motzon of the bodies concerned: Hence aithough there is g
vague canfection in that the gregter the powers involved the more

fawaurabie can be the cheaces of an ignition, the comnnection is

., very loosé and cortainly thare is nathing like a quantxfzable

'
I el

relationship!
The phenomenon divide/ jimmedistely into twd:

- {1) Frictional ignitions in which the energies are derived
a _purely from mechanizcal sources, sxagyple rock on rock,
. :

& Vi

(ii) PFrictional ignitions in which the prucese is Initiated

thcnical svolution of heat. utaarll iight | alloy on

-TuAty steel. 8 °

: \ . - | X )
The naturs of friction has bean made much clesrer by the vesearch

~ of Bewden (1958) and his colleagues. Briefly, solid todies male
contact fh:oa;h n; BOTe thar & few ‘points, their nu» ¥r and area

being decidad by the rotal losd. T thp load is. 1ncre4apﬂ the
points y@pld. progtelsivnly bringing other surfaces into cohtact,
The prn(ﬁés continuem until srability is sgain reached when the

new load in equal to the product of a new surfs. i arsa multlplzed

by a mechanical source but Urought to fruition by a "
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by the stress at which contact surfaces are operating., When such
surfaces are dragged across one another, the local iissipations
are great, the coutaet points dre =scon brought to softening
temperatures znd the lead spreade to an inereased avea with the
temperature at which the Iload carrying surfaces are operating

being the softening point of the more easily softened body.

Impact is somewhat different of course, but although impact may
take place with neither surface leoaded beyond the elastic limita,
the more common situation d4s likely to be one in which plastie
deformation veccurs together with the associated evolution of
heat.
1

I iz important +to note that the temperatures reached in
frictional ignitions of ¢iie first kind (chemically inert) are
normally much less than those reached in frictional ignition of
the second kird, or by explosives or by electric arcs. The
latter group involve temperatures ranging up to 2 500°C or more
whereas pure frictional ignition (chemically inert) is not likely
to exceed 1 200°C,

2.4,2 Ignition of Piraedamp dy Frictional Heat and Sparking

Fricrional heat and the eparking oftemn aséociated with it have
béen regafdad as more - less proven causes of explosions in coal
mines. The empheasis c:nded to be 1laid, for a while, on the
tncendivity of the aparkd; possibly becesuse of their more
obvious appeal to the aye of an cbgerver. Later, the surface
from shick glowing particles had been torn ceemed to be the more
dangerous becsuse a simple friction spark (that iz, one that is
unaided by burning} could not be hotter thar the surfsce from
which it 1.4 besn eroded and would in- factibs cooling from the
moment of its creation; Dbesides, the hot surface remeina in
relatively lecng contact with the neighbouring part of the
firedanp—tir mixture whereas the flying spark iz constantly
moving into fresh mixture. Still lster, and quite recently,
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attention has been directed mainly to the danger of those hot
particles of matter which may maintain and even increase their
temparature by burning, such as the sparks from aluminium and its
alloys and even ferrous metals. The temperatures attainable im
the burning of readily combustible metal particles have been
variously estimated as some 2700°C to 3700°C (Rae, 1961), at
which temperatures magnesium and aluminium are =0  gquickly
vaporised that they burn ag flames rather thar as glowing
particles. At such temperatures the lazg on ignition of methane
must be very short szo that it is mot surprieing that light-metal

eparks are incendive,

2.4.,3 Frictional Heat and Sparking in Coal Mines

Sparking is no more than an extreme form of frictional heating in
which particles of the bodies concerned are torn off and ajected
glowing visibly. Concern with sparking was first expressed in
eonneccion with the the Spedding Mill, Volta (1777) questioned
the zafety of Speddiag's invention following experiments in which
a hydrogen/air mixture was ignited. Tt is unlikely <Thar he
ignited methane/air in the same way but his views on the Mill
appear to have been saccepted. Be that as it may, from Volta's
time onward, mechanical dgnition hes, time and again, been

reported ag¢ the scurce of mine explosiqhs.

"ons1deynb1e lakoratory expsrimente have been undertnkan overaaus
regardy g the ignition gources of aethane in the sphere of
fricty nal hast and sparking. In adlirien, reports of aczual
e:pq“ienceu ir mines are invalua&le ax will be shown later in
thf‘ #hapter.

Coward snd Ramsay {1965) reﬁorﬁed that fells of roof, especislly
wﬂerc & hard rock ig involved, have glvon rise to frictional
.ffectl that have cauged ignition of firedsmp. )
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They continued that the report of the Prussian Firedamp
Commigsion (1886) described a series of observatioms in German
mines thus: "gradual bending in of the roof, accompanied by
cminous erackling; and then suddenly, with a crash like thunder,
the masses of rock F£all in, and the place is 1lighted up For
several seconds by flaring streams of sparks which together form

a veritable Tsea of lurid f£ire'™.

Ignitions of gas by hard rock falling onte iron or other hard
rock have been reported (Gray, 1908; Redmayne et al, 1914;
Rogers, 1950). More gericus in thair results was an explosion at
Lewis Merthyr, South Wales, in 1956, asecribed o the impact of
rock £alling onto a steel arch (Jones, 1957).

Well authenticated reports of ignitions caused by impact between
tools and various hard rocks were summarised by Burgess and
Wheelar (1929).

Sparkine by the picks of coal cutters has been frequently
report .. E§ubarts, 1952) &and ther. was at that tiwe a3 general
impression amongst mining people that it was not dangerous. "But
an analysis of all reported cases of ignitioms of firedamp (in
Britain) from 1937 to 1951 hes szhown thax, exclvding ignitions
from naked 1lights, coal cutter plcks are second only to
explosives a# an igniting medium; 91 ignitions were caused by
coalcutter picks and 100 by explosives™ (Robertsz, 1952).

2.4.% Exparisental Work on Frictional Ignitions of Firedsap
Prictionsl sparks may be incandescent particles of rock or
certain metals, ‘i burning particles of matter produced .as =

result of frictional contact between rubbing surfaces.

Experimeats were carried out at the Experimental Mine Barbara in
Poland when high speed filwm was taken of sparking prod%}ad by



46

contact of a metal disec and cutter head against sandstone. These
films showed that the source of ignition of a methane/air mixture
was a concentration of incandescent sandcrone particles attached
to the rubbing surfaces (Leogejko, 1977). Experiments at the same
location showed that in the case of frictionazl contact of =teel
on steel, a dense stream of sparks is produced wvhizh is
responsible for dgnition of the gas mizture. When gte.. or
sandstong is in frictienal contaet with pyrite, the oyvite

undergoes burning and a stream of burning particles leg produced.

Some sparks are passive in relation to oxygen, while others are
active., Typical examples of pagsive sparks are those produced
from contact with sandstone or sandy shale. Such particles do
not enter into a chemical reaction with oxygen, since thay are
thewselvyes oxides. BSparks produced by the abrasion of =zandstone
or sandy gshale are limited by the plusticisation tempezature,
which is about 1 200°C. Tha ignition eapacity of these particles
depends on the temperature and size of the expored rock surface

and on the particle concentration on the zone of rubbing.

Active sparks are those which enter inte resction with oxygens

the reaction is exotherm s. that the'&ﬂﬁiQEWnal energy increases
both tampersture ;nﬁ ignition capacity. ' The temperature of such
sparks ﬂapundi mainly on the quantity of hest produced by their
corbugtion in unit time. Scme of these sparks poa#gs# a low
leveli of chemical aetivity, such as steel or pyrive., Particles
of steel burning in air or in an explosive athiosplere, may attain
a temperd:tura of the order of 1 700°C while thows of pyrite may
reach & temperature in excess of 1 ?bo°c._ Sparks posagesing a
high 1;ve1 of chemical activity .are typiciklly light &lloys of
aluainiunm or aégnesium. esp-cially' vhen in contact with rust.
The heats of combustion ¢f aluminiuom and magnesium afq”
respectively 30,1 M¥/kg and 27.8 MJ/kg, compaved with 71 MI/kg
for pyrite (L~gejko, 1977). " )

ﬁurning particles of light alloys of aluminium and magnesium have
been shown to have attained temperatures of the order of 3 700°¢
(Rae, 196},

ol
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{a) Friction batwee: rocks

Mayer (1886) ignited firadamp readily by the friction between a
nisce of compact sandstene and a revelwving disk of the same rock,
in the course of some 10 or 15 =secondsg a piece of shale held
against a sandstone dick hecame incandescent at the pointe of

friction, and ignited illuminating gas but not firedamp.

Burgess and Wheeler (1928) wreadily ignited firedamp with wvarious
types of sandstone; the more quartzitic sandstores seemed to be
the more dangercsus., The heated area of contact at the edge of
the stationary rock where it met the rotating wheel appeared te
be the source of dignition, buv it was found possible to ignite
firedamp by the particles of fused rock that were sometimes
thrown off from the heated area, An eastimate of the minipum
energy required to produce ignirion in these experiments
suggested that a pisce of sandstone weighing sbout 50 kilograms
and falling for a few metres onto the sharp edge of a similar
toex could produce ignition in a mine, Nagy and Kawensk (1960)
in an apparatus similar to that of Burjess snd Wheeler, obtained
ignition of natural gas (90 percent methane) with a peripheral
spead of tha eandstone wheel, rotating against saadstone rock,
aquivalent to & free fall of 0,67 metres., A ‘shale rock held
against & wandstone wheel also gave ignitibns. but lese esgily.
IQ all these experiments, howaver, tha digrance for which rock
was rubbed on rock in order to obtain ignition wes greater than
the distance of fall required to gain the rubbing velocity.
" "

Ramaay (1965) states thet the temperaturs reached in frictional
contect i3 limited to that at which the rock softena. Of the
rocks met witb in coal mining, only the quartzitic rocks  produce
ignitionz, In experiments in which rock sliders are held in
contact with rotating rock wheels, ignitions are not prodﬁced

_except with these rocks with powers in axcess of about 0,746 KW
or when the contact persists id exceaa of 0,746 KW, or whén the

contact persists for distancee ranging from 20 em up to 5 metres
depending on the conditions of the experiment.
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{b) Frietion betwean Steel ‘Mnolas and Rocks

Steel rubbing on sandstone in the way just described produces
ignitions readily enough and with similar valies of load and
rubbing distances, although rather greater values of the latter
tend to be required. Tungsten carbide on sandstone behaves
gimilarly. Tgnitione can be obtained alsgo with other metals, for
example, nickel (melting point 1 420°C), nickel~copper alloys and

coppar {melting point 1 080°¢).

Ignitions are readily obtained by the impact of tools on
quartzitic rocks; readily with steel tools but also with bronze
picks and even with brass. It is likely that the ignitions with
bronze and brass occur only after the tenl has picked up roeck

fragmwents so that it is more a case of rock on rock.

Ignitione occur when lron pyrites is struck by a steei tool but
the mechanism is not uﬁderstood. I+ is suspected that the
ignitions are brought about not by any combustion of the pyrites
but by thin shavings of steel, cut from the tool by the pvrites,
oxidizing so rapidly that they reach temperatures high enough to
cause ignition. - Bands of pyrites (iron digulphide) have been
shown to be capable of producing ignition when cut into by a
biunt tool; fine pyrites powder iz produced which ignites at low
temperatures and burns with a sulphur flame.

Generally s;peaking, the bright sﬁlrks encounterad when grinding
steel with other abrading naterials, szuch aB sandastone or
carborundum are siso thought to be burning flakes of steel,

Burgess and Wheeler (1929, 1930, 1931) made an exteneive series
of experiments on the ignition of firedamp by the frictipgn
bet;tan stesl and rocks. In the) first of these reporés.
experiments ' which ultimately led to the demonstration of
ignitions of firedamp with & chain coalcutter cutting through
hard rock were described: “Ignitions were obtained with a
cutting speed between 18 mm and 450 sum per minute, with picks of
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carbon gteel and tungsten steel, The depth of cut was 73 mm to
125 mm and along most of its length only the three lower rows of
picks cut into the rock, the centre ones gy zing over it and the

top three rows being free of it".

Another report degeribed further asxperiments with coaleougter
picks and hard sandstone rocks, which gave "a localized form of
sparking, which iz capable of igniting firedump under conditicns

likely to arise under mining conditions™,

{c) Mechanism of Ignition

Blickensderfer et al (1972) and Burgess ard Wheeler (1929) found
in the laboratory that it is very difficult to ignite mixturey of
methane and air by the machan:sm of sparking. Methene has a high
ignition temperature (6?0 C), and sparks do not usually possass
an adegaate combination” of 1ife time, temperature, and gurface
area for ignition. OGases with a lower ignition temperature, such
as hydrogen, are ignited fairly s2asily hy sparks from machine
tocls. , |
\ J = ’1

5s(£§rly ag 1929, Purgess and Wheelér’ rgferred to a stationary
spark at the contact between the pick and’the rock, which can be
equatsic to & hot spot. This hot spot it composed of & gurface
1a§et of sither molten rock or metal, and is caused by frictional
lliding; The ‘layer normslly comsists of the mararial with ‘the
lowast melting point, .and the maximum tempersturs does not
normelly exceed this value, It is suggested that the area and
the temparsture of the hot spot, togather with the methane
concentration, determine wheclher ignition can occur. fb\
In rocks éautu}niug iron pyrite, the mechanie= of ignitioﬁé\%ﬁ
thought to be ihe burning cf finely ground pyrite, rather than &
hot spot on the rock. Frictional sli&ing betwsen the wmachine

tool and the rock is responsible for the initial heating.
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Blickensderfer (1975} noted that the mazimum temperature of a hot
spot iz the melting point ither the tool wmaterial or the
rock, The meximum width of the hot spot is the width of the
tool. The length of the hot spot above a certain tepperature
varies with the speed of the tool and the cooling rate of the

molten rock or metal.

Tt is implied in the literatnre that, as the temperature of the
hot spot caused by frictional impact increases, the area needed
to cause an ignition of methane decreases, Hawever. the possible
effect of the thermal conductivity of the rock and the thicknezs
»f the het spot upon tha arsa required for ignition have not been
investigated. The maximum temperature of the area hested by
friectional impact depeénds upon the melting point of the tool and
the rock. The area of the hot spot depende upon the width of the
tool and the apeed of cutting. N

(@ Rocke likely to cauxe Ignitions

An attempt is made to identify the ignition hazard associated

= T

with 2 particular rock. The mschesism of ignition when thesw=—=-~""

roékt'irn ixpacted by machine picks is important io this respect

and two senerni categoriee of rocks can be identified:

) I. _ . f

(i) ~ Those where & hot spot develops on the surface when
impacted, and

(i1) Those that are liabie té salf heat on impact owing to
the presence of pyrite.

Burgess and Wheeler (1929) noted that rocks with & high quarts
content ave an ignition hmxsrd when impactad. Rae et al (1964)
concluded thet only rogkn with a high melting point, such as
those contnining appreciable quantities of guartz, are likely to
csuse ignitions by the mechanism involving & bet spot. ,
Blickensderfer et al (1974) suggest thet the guartz content and
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particle eize are iImportant paramsters affecting ipniticn

potential.

Powaell et al {(1975) conclude that the following general
characteristics of rocks are most likely to cause ignitions from
a hot spot developing on the surface:

(i) A quartz content greater than 30 percent,

{ii) A particle size greater than 10 = and usually greater

than 70 n, and

{iii) the rock remaining 'strong' at temperatures of at least

12500,

Qther factofs were algo thought to be important. In particular.,
the thermal conductivity of the rock was considered to have a
subatantial influence. Wynn (1952) noted that the quartz had a
low tharmal comductivity, andlit was thought that this could be

one of the repsons why rocks ¢ontaining appreciable quantities of

‘this mineral hava 2 high ignmitio:. jotential when impacted,

The rocks that are most - likely to cause ignitions when impacted
by machine picke a8 o result.of the formation of a hot spot ere
thoee having both a relatively large quarts co&teﬁt and particle
size. The srrefgth of the rock &t a tempersture of 1250°C also
appaars to be important. Noduies of iron pyrite are an iguition

‘rigk owing to tha self-heating of duat gcnarltad frog an - iupaqt.

It is not clear, however, whether 1ron‘byxita disauuinatcd within

a tock incresses the risk of an ignition of nsthnnc. Some .
suthors consider that the thermal conduectivity of a rock bas: 2
aubstantial influence upon the dncendivity, although thiz has not
been established through experimentationm.

For practical mining purposes rocks can be considered in terms of
their potential for frictionsl ignit{dﬂ of g methane/air mixture.
The following classification has bean nfad (NCB, 1977).

v



52

1., Average ignition potential:
Sandstone with 20 to 30F quartx

Byrite-ironstone,

2. High ignition pcrentials
Sandstone with 50 to 70% quartz
Pyrite sandstone
Fyrite giltstone

Pyrite fireclay.

3. TVery high ignition potential:

Pyrite quartz.

2.4.5 General Information available from Ovarseas on the
Ignition Potential of Sandatones

McVey, building on the knowledge gained <£rom overseas research
and strength tests conducted by himself at the Chamber of Mines
Research Organisation, reports that there are twe groupe of
f information available from overseas coal mining countries
regarding ignitions in the goaf. ‘Yhe firat group includes the
findings of inveatigations into methane ignitions in collieries.
These inﬁicate that there hsve been many events over the vyears
that_apﬁ}oxinnte ta the“évant underf?ﬁiscuasion at Ermelo Mines
Limited. For example, there lred 11 ignitions due te falls of

érnunqﬂfﬁpgtiad by thnlb.s. Bureau of Mines for the period - 1959
£o 1980, More detailed reports of similar evants are degcribed
by Coward snd Ramsxy (1965) in which it appesrs that the fallins
of rock in the goaf is accomparnied by frictional heating whici, !

A

resulte $n ignitions of wmethane, From the foregoing the
necesssry criteris for the friction ignition to occur are the
ralative movesent of rock, that the rock is hard snd has a quartz
conteat above a cartain minimum criticq}jvulua.u.
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The second group of information results from laboratory
experiments which have been conducted to quancify the Ignitionm
potentizl of & number of materials din wvarious relative
configurations, It is thix second group 6£ infarmatioﬁ which is
most instructive in essessing the probable cause of dgnition
during reof falls and geafing. Thera are certain findings on
methane ignitions which ave generally accepted as being correct.

Those that are relevant to this repert are discussed here.

(a) Physical Conditiens required to cause a Feictional

Ignition

0f overriding significance is the Ffinding that methane-air
mixtures can ba ignited by the friction/impact of rock on rock.
This hasz been shown by Rae (1954) when he conducted two series of
experiments where sandstone aliders were pressed against a
rotating sandstone wheel. Re was consistently able to cauge
ignitione of a surrounding atmosphere of methbans/air wken certain
speed and contact pressure criteria were met. His findings were
not unique as others had previously sacwn the same effect but in

a less precise munner. Because of the quality of the data

presentad by Rae, it is wsad in this report to create an example

showing the incendivity of rock-on-rock sliding.

- ) - | o
Raé shayad”:qlaarly two effecyg, the first being the relatide
incendi#ltflof various materials rubbing on each othar, These

included . limestone, sandztone, steel, rungstan carbide aund

uvarﬁoﬁﬁcfthar metal alloys. In these 'experiments. the mosi.
e, - .

_innondivi materials in eny rubbing configuration of -apead contact
and pressure were sandstone rubbing on sandstona. The ;lccnd
effect was that, rubbing time to ignition was shown to decresse
with increase of both spead of rubbing and contact presmsure.

In the Evmels Mines Limited case (McVey, 1986) only the sendatone

rubbing on saudstone is dealt with and thus an inapcétiou of
Rae’s results using thiqjusterial is sppropriate. At the maximnum

e



54

load that his rig wav capab.e of applying, this being 400 kg to a
25 wm square slider, ignition occurred after an average of
0,5 seconds of sliding conrcaect at a speed of 4,6 metres per
gecond., This sitvation could oecur if a piece of sandstone of
gimilar composition were to break away from the goaf, slide for
more than half a second 2t 5 matres per guzond or faster, and be
large enough to apply a2 contact pressure of over 65 MPa. If the
coefficient of friction of sandstone on sandstone is assumed to
be 0,5 then the minimum slcpe angle that the piece of sandstone
will maintain a constant speed or accelerate on is 26°. The mass
of the rock necessary to apply a force of 400 kg normal to the

plane of contact isg thus

400 kg = 445 kg
tos 26°

The height that the piece of rock would bave to fail vertically
to attain an initial gpeed of #,6 metres per second is 1,08 m and
the totél distance covered during sliding contact would be 2.3 m.
{McVey, 1986). This is shoin diagrammetically in Figure 9.

- On agsesging the applicability of the above to the typical

goafing or cawving situation, it is readily seen that the
conditdone described could oceur underground. The many millions
of tons of sandatona that are displaced by the extraction of coal

_every week dictate that tha problbiiitf that the required minimuh

size . of “rock will £all and elide for the requirad minimum
distance is high. Csrtlinly.ait is possible that tlie described
frictional sliding conditions will be met some of the time
undezground. (see Springfield Qolliary"exaipln). :

c

Thers are two. further conditions which must be met before san
ignition will ocfr .. An explosive mizture of methane must exist
at the ares of iﬁi&ing contact of the rocks, and the rocks in
question must have similar incendivities to those used by Rae in
his sxperiments. The fact thet an jignition occurrad sz Ermélo
Mines Limited adequately covers the first condition., The rzecond
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~undition, which iz basically the comperisonm of the Ermelo Mines
Limited sandstone and the =andstone used by Rae and other

researchers in similar tests is covered in the following seetion.

(b) The Influence of Reck Composition ron Incendivity

The term sandstone covers a wide range of mineral configurations.
A sandstone is g pely-mineral material, made up of grains of
quartz cemented topether inte a solid wass by a matrix of another
mineral which can be a feldspar, s carbonate, or one or more of
several other minerals, The grain size distribution of the
_quartz is variable, as is the vatio of quartz graips to bindexr
. marrix material. Porosity is 4lso variable. 'The strength of
- sandatone varies with the quartz grain =zize, the matrix mineral,
the rat?g of the tws foregoing, and porcaity.

The ihcendivity of sendstone "also varies with differences of
composition, To understand the effect of _this varistion in

ncendivity, & brief deseriptich of the mechanism of ignition by
frictiondl hesating is”required- When twoe bodies rub on ene
another, energy is  los: at the -pointes  of conzact due to
defo-gation of . -face aaparit;ux._' This 1: aunnénauird by an
increase in temparature where thi. daformnt;dh ;dk#s,clace. The
tenpdraturs reaached by the. two surfaces will na* ba amgher than
tha melting point of that material with éhs 1oweriue1ting point,
At thiz temparature, the lover melgiﬁi ;poiut neterial becomes
molten, thae coefficient of friction drope to a very low vglue and
the ability to genevsate further. ftictionil hesat by rubﬁing is
loxt. Thil iu the case for sandstonn rubbims on sandstone; the
nelting point of the metrix  mineral of sandstone determines rhe
malving point of sandetone and in w sirong coarse-grained
sandsrone this is sbout 1 250°C.. Coincidentslly, the pinimum
;:eaperag%ru of & hot surface mosentarily exposed to a methane/sir
mixture required to cause {gnition im 1 200%. & . further
factor in this process is the time which the Lot sutEace preduced
by friction will réﬁnin hot. At 1 250%¢ the ‘vontact tine

L5

§
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betwgen the gaa/ar. mixture and the hot surface to cause an
ignition dm in the region of 15 to 30 as. The heat of
crystallizetion of the molten mineral combined with the lew
thermal conductivity of sandstone create conditions where the het
spot remaing hot for long enough to cause an ignition., The
foregoing cha-acteristics of high melting points, high mechanical
strengths up to the melting point and low the: *al conductivities
are not present in esal-ascociated rocks ether tign gandstonas.
The only other coal-associated rock khown to be dincendive is ireca
pyrite, vhich, if heated by friction, can burn in air in a powdev :

form and thuge cavse ignition.

The factors in the composition of sandstone which affect
. incendivity have been studied by Rae {(1964) and by Powel} and
Billinge (1975). Rae gtudied wvarious rock types in the
laboratory, whilst Povell.and Billinge studied the type of rock
which wag being cut by rcadheading machines in Brirain. The
reuults of these independent studiae occur in the following:

(1} = The incandivity of a sandstona . increazes with
increasing quartz grain .3iae.

X Y The incendivity of & sandstops intreases with
b inereasing quarte content. h \ :

: R

Expanding on thess statemants it can be said that luﬁdttpﬁu with
a dominent pnfticla size of greatar than 100 microns ?ﬁd quaxcts
content of move than 50 percent iz iscendiva. A siltatona of
doninant particle size between 10 and 100 microns and a qulrtsl
content of more than 50 parcent is incendive but Ieliaqo. whilat
"shelps which have dominant particle xize less then 10 microns are

agaid 1ess inceadive.
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2.4,6 Comparigon of Sandstone Sample from a Colliery with
Sandstone used by other Researchers

The sample wsupplied by a ecolliery to the Chamber of Mines
Rasearth Organigation was analysed and the results are disgussed
here. The reason for analysing this sandstone sample was to

.ascertain whether it fulfills the conditions for incendivity.
{a} +  Strength

Uniaxial compressive trengths were determined for five 76,2 mn x
25,4 mm cores. The strength of the rock was found to be 50,0 MPa
+ €5 at 95 percent confidence limits. Full test results are
sﬁq&n in Tsble 8. This compares closely with the sandstone
sa&bles used by Rae (1964), which had a uniaxial cdompressive
strength of between 43 and 64 MPa.

‘Table 8 Uniaxial conp:eniivn strangth test results for sampies

of gsndstones From two Scuth African collieries

The following are the results of tests carrvied out at tﬁn Chagber
of Mines Research Organiastion’s testing facility. All tests
heve been carried out in accordance with the standard procedura
'dnscribnd 57 the Internaticnsl Rock Mechanice Society.

EI
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) Mineralogical Description

From a thin section, the composition nf the sample was determined
to ke 73 percent quartz, chese being the grains, held in a
matrix of 12 percent feldspar, 5 percant mica and 10

percent accessory minerals.

The description of the sandstone used by Rae (1964) indisates
that it consisted wmainly of quartz and feldspar, with a smell

anount of mica.

{c) Grain Size

The mean grain size of the sample as determined from the thin
gsection was 530 microms. From all the foregoing, the sazmple has

been clasgsed as a coarse—grained arkoeie quartz arenite.

A gandstone with this dominant grain eize fulfills the condition
for incendivity laid down by Powell and Billinge (1975) who
stated that a sandstone with a dominant grain size of great@r
than 100 microns will be incgpdiva. o

|
y u

-

2.4.7 - Priction Datween Steal Tools and Rocks -~ Laboratory
| Terts ' ' ¢

Kelly and Forkner (1976} have conductad eztensive ressarch uzing
ah shrasive—impact incendivity apparstus to simulate abrasive
impacts between steel and minerdls. thet might be present  during
the phouﬁntic tranaport .of cokl. The experivents highlight
several important aspnct:“of frictionsl heat and sparking which
could be used to draw conulusions in ntudyin; ghil phenomenon in
South African Collisries,
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{a) Ibstract

Laboratory equipment, which simulates abrasive impacts between
steel and minerals that mnight be present during preunatic
trangport of c¢oal, was wused by the Bureau of Mines to
characterize the potential explosion hazard cf such collisions in
an agtmosphere of fine coal dust, air and methane. A variety of
coal mine rock wmaterials, including sandstone, limestome and
pyrite-bearing iimegtone, were impacted with specimens of
plpeline steel. Tests were conducted in atmospheres containing
zero to 6.4 vol-pet methane mixed 'with zerc to 300 mg/l of coal
dust. =

Coal dust in air alone was not ignited by abrasive impacts but
additions of ag lirtle as 1 vol-pet methsne to the coal dust and

‘air mixture resulted in ignitions. Steel impacting against

randstone caused ignitions in mixtures of coal dust, air and
methane gnd the probability for ignivions incressed with an
increage in methane. No ignitions occurred with impacts of steel
on limestone or pyrite-bearing limestone, even when large szhowers
of npafku were producad. |

Tgnitions in cosl-air-methane mixturea wers fecund to be causged by
& hot friction-induced smear on the impacted rock at the impact
1ita rather than by sparks. High spesd photigraphy was used to
verify th;s obrarvation. i

(b) Introduction '

Ignitable mixtures of methane gnd coal dust could ezist in the
pipeline or in suxiliary’ equilnunt during hauleke operations.
Such mixtures could be ignited bf sparks or frictionmal heating
genarated during coal transfer by éol;isionl of tramp materials
against each other or with the pipeline walls., Haxd ~tramp
vaterial such as pyrite-bearing limestone (commonly known &e
msulfur balls+), limestone, stéle, sandstone, iron and stesl

Sy
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could inadvertently enter the pipeline, where they wouid be

likely to collide with the inner walls of the pipe.

Experiments by Hartmann, Nagy, McGibbeny and Christofel {1052)
showed that a low percentage of natural gas din the atmosphere

enhances the ignitability of coal dust by permissible explosives.

Nowhere in the Literature have there been reports of dignition
studies in coal-air-methane mixtures by abrasive-impact heating.
Suzuki, Takaoka apd Fnjii (1965) report that coal dust dispersed
in air can be igl ted both by frictional sparke and by a hot
surface under some heavy-contacting conditions between & high

apeed rotating steel wheel and a steel slider.

(e Exparimantal Equipment and Procedure

) 4 .
Abrasive Iupact I[ncendivity Teat Equipment

Impacts batween low carbon steel specimeha. representing pipeline
naterials and wineral wpecimens were producad iIn an
abragive—impeet incendivity apparatuas, shown in Pigure 10. The
tast zpparatus consists of s massive rotating wheel that curries
metal impact specimens; the metal specimens make low angle

) :ﬁ?iui;:linpaett against winaral specimens inside an explosion

chamber. A rock vice holding the mineral block is advanced .
toward the rotating metal specimen by a flow rsgulated hydraulic
cylindar whose advance rate can be varied from zero to 0.018 inch
{0.046 cu) per ravolution, A fan mixes the flammable yss and &ir
}tior to a test. Natural ;as containing Qz,yol-pct methsne was
used, Results of an analysis of the gas vere as follows, in
vol-pet: 2,5 G, 9,2 0y, 92,1 G, 1,7 N,y 0,1 ¢ and 0,9

CH. 3 002 and K

9fg ware not datacted.

2
Klectronic tachometry is used to monitor and record impact energy
and the ravolutions per ainute of the flywheel. The kinatic
energy relessed in the collision of the steel and rock samples is
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calenlated from the change in angular velocity measured 3just
before and after impact, with appropriate corrections far
friction lesses of the moving parts. Explosions in the chamber
ars vented to the cutside of the building through a weak wall
congisting of a polyethylene diaphragm 0.004 inch (0.010 em)

thick and 16 inches (40.6 cm) in diameter.

(d) Test Procadure
Multiple~Impact Mode

The majority of the abrasive-impact incendivity tests were
cotnducted in a multiple-impact mnde, The metal impact gpecimen
mounted on the flywheel was rotated at a tangential velocity of
900 fpm (4.57 n/sec} while a rock specimen was advanced
hydraulically into the impaset zone. Repeated impacts were made
until either an ignition wag produced or the metal specimen cut
about 5716 inch (0.8 1m) into the rock, causing contact of the
flyvheel ang rock.

The rock spacimen advance was interrupted periodically as :the
impacts occurred to allow a meximum development of the frictiomal
hot spot on the rock surface. The coal dust was dispersed into
the pre-wized air-methane atmosphere only when a zizeable hot
spot had developed., The time delsy between the instant of
digpersion and ignition was measured with a stopwatch, and the
coal dust cloud density at the instant of ignition wes ‘lereby
deduced from the calibration curve in Figure 1i relating density
to settling time, Initial coal dust cloud density fer all testa
wae 300 ag/l, which reinited from & coal charge of 36.6 3 ihﬁ the
dust cupa. Tinme delays of 2 to & gec were noted between the
instant of cosl dust dispersion and igniticn, rasulting in® dust
cloud denmities of 300 to 190 mg/l.

b
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AND SETTLING TIME

79
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(e) Results and Discusszions
Multiple-Impact Mode. Effect of Coal-Methane Composition

Frictional impact of low carbon steel (pipc” ine grade) at 900 fpm
(4,57 matres per gecond) against quartzitic gandstone caused
ignitions in mixtures containing 200 to 300 mg/l coal dust and
methane contente of 5 wol-pet down to as l.w am 1 wol-pet, Coal
dust clouds of wup to 300 mg/l density were not ignited by the
game frictienal  theating conditions, Methane~air mixztures
containing 5.0 and 6.4 vol-pct methane were ignited 60Z and 1007
of the time respectively. Igniticn data for the asbove tests are
shown in Table 9, Visual obs.  vations of Erictional impact
ignitions of coal-air-methane wixtures irdicate that z hot smear
of metal on the sandstone is zhe ignition source. No ignitions
were ohserved from sgparks ejected from the impact site.

Tivle 9. Abrasive-impact ignitions of ccal-sir-methane miztures
using C-1020 steel against quartzitic eandstons at
900 fpm (4.57 n/aec) :

Coal duxt cloud
o density range
Ne.hane during teast Number of ignitions  Parcentage of

vol-pet mg/l in 5 tests ignitions
o - 300 a n

0.5 1300-0 o ]

1.0 1300 1 20

2.0 ,300 1 20

3.0 3300-190' 2 40

4.0 300~190 3 6Q
5,0 300 3 60

5.0 o 3 60

6.4 6 5 100

L one ignition at 300 mg/l coal dust,
3 Two ignitions at 190 mg/1l coal dust. , o

One ignition at 300 nmg/l coal lust and two ignitionm at

190 mg/l coal dust.
No ignitions wera pr-iuced in & osixture of 4 vol-pet methsne with
300 wg/1 ccal dust from frictional impacts of low carbon steel on
lisestone. No hot spear2 wera obse ved and only & fracrion of

the sparking that oc-+rs in sreal on sandatone impa.ts was noted.
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The limestone iz too =off and aon-abrasive to produce a highly

incendive conditi+n such as that oceurring on scandstone,

Impacts of low carbon steel on "sulfur balls™ produced tremendound
showers of sparks, but no ignitions of coal-air-methane or
methane-air. No hot smears were o"-arved to form on the impact
surface, even though much sparking was evident. ILike the
limestone, "sulfur balls"™ are ascft encugh to be easily worn or
fractured away, and very little metal was smeared on the inpact
surface. Mixtures in air incloded 2 vol~pot methans plus
310 mg/1 coal dust, 4 voi—pct methane plus 300 me/l coal dust,
and 6.4 wolwpet methane, In each tést, the coal .just was
digpersed only after a copious chower of gparks was obtained,

Effect of Tangercial Impact Velocity .
A study w.s mide to det%rmine vhat effect ﬁ;ngﬁﬁtiai velocity wof
ateel speciiews impacting sandstone hag oﬁ?iinition probability
in a coal-sir-methane atmesphere. Specimend ﬁf low carbon steel
vere %?pactgd:pgainst guartzitic sandstone at velociriem of 4501
600, 750 and 900 fpA  (2.29, 3.05, 3.81 and 4,57 a/gec
rcspactivaly)a1withf & #teady rack feed rate of 0,008 inch
(0,015 ) pcéiimplct. An atmosphera of 4 val-pct methane and
300 =g/l cosqi dust was used. Tive duplicete tests at eac&“
velocity ranul#nd in Fhe following: '

[}

smgar on the rock, no ignivion, -

1

|
1 w

|
600 fpm (3105 i sec) -~ s-wa as foregoing.
A

%00 £pu (4,57 dfanc) - & few red sperks snd very bright flsshing

q suears on rock with aach impact, resulving

|

»

, in zhree ignitions in five rests.
1 ) :

B

Inicial ohservaﬁions of Ehngn tests indicated that the ignitionﬁ
otcurred only whan the bright hot spot or smear developad on the
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rock at the impaet site, and this condition developed very easily
with a tangential specimen velocity of 900 fpm (4.57 m/seen).

Fl

Bingle Impast Mode

Single lew angle impacts of quartzitie sandstone, qunartz {agatel,
"aulfur ball" material, cobalt~bonded tungsten caroide, cype A~36
steel, (4130 steel, and aluminium were made against A-36 cteel.
Tangential velocities of 900 and 1100 fpm (4.57 and 5.59 m/sec
respectively) were used in two types ol explosive atmospheres.
No ignitions resulted in atmospheres of .wither air and methane or
flowing acetylene, The following specific results were noted:

“1. - Quartzitic gandutone on A~36 oteal, The sandstone specimens

- fractured each time. Ko hot gmears were seen, although an

cccasional tiny svark war ejectedl

A
2. Quarte (sgate). Ths agate chipped, but did not fracture as
readily as thé sandstone. Some small sparks and emall hot

Emgars on The steel were obaerved.

3,  “Sulfur balla®. No .lpsrkl ur hot apots wers observed.
Savere fracturing of the spscizens occurred.
i, Cobalt } bondnd tuagstoen: carbide. Commercial coalcu:ter pick
o tips wexe inpactad agaiast A-36 steal with fo resul*ing
iguitions. No sparks ¢r hot smears. ware ubatrved.

| 5. . &-36 stie}'and'“c—klﬁo steal. MNo - hot smRaars wers obc.rvgd

but soma dull sparks ware producad.

1]

6. Aluminium. JTopsct wspecinens of alusiniuve were  struck

againat both clean and rustyJA-as stesl, and also sgainst &
"steal plares with a heavy rust layer, A few very ezall
sparks were sbuerved, but no evidence of x theraite veaction
was noted. Apparently the tangefitial velocity wis tao low
to cause inftiation of a thermite reesctisn. ' ._” -



68

Due to the negative Ignition results in air-methane and
air-acetylene from single impacts, the tests ware not conducted

in mixtures of coal dust, alr and methaone.

Failure to produce a sufficiently large frictional hot spot to
ignite methane in air frem impact of sandstone on steel appears
to be & result of the fraccuriig of the sandetone,  Apparently,
the impact energy is absorbed in creating new surface in the rock

specimen rather than in producing heat by friction.
Ignition Sourne

Visual  observations of ignditiona of air-metrhane and
coal-air~methane miztures Srop frictiomal impactz of steel on
sandsfonefinﬂicated that the igvinion source wae a hot smear on
the rock rather thav ejected sparks on a heated impact specimen.
Verification of <his observeticn was made with the aid of
highepeed cinemateprspavy. An Ignivion »f an explosive aixcute
congisting of 300 mg/} coal dust and 4 vol-pet methane was
pﬁbtogrsphed at 2 000 fraueg per second, The ignition was caused
5§ frictional iﬁpnct of low carbon sgteal rotating againut
quartzitic sandetone at 900 fpm (4.57 m/aec). The ignition and
flame front car be seen to originate at the hot ‘smesr at about 11

N

nisec aftar impaet, am shown in Pigure 12.

Summaty ind coaclusions . .

Since not enough energy to creata sn incendive condition could be
_concontrated by a aingle low sngle impsect, sinaluv.inpacts of
sandstohﬁ, Psulfur halla®, limestons, quartz, tungsten carbide,
steel and asluminius on pipeline steel failed to . ignite
air-methane or air~acetylens mixes. Multiple impacts of lok
carbon steel on "sulfur balls"™ and limestonz also failed to
generate pufficient frictionel hasting to ignite air-methane or
coal~air-methane mixtures. :

The only incendive results were obtzined with sultiple frictional

impactas of low carbhon steel on quartzitic savdstone, which shows
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Figwe 12 ,
HIGH SPEED FELM STRIP SHOWING IGNITION OF
COAL-AR-METHANE ORIGN. TING AT FRICTIONAL HOT SPOT.
Tm&m«t;:pdm:irb(hM)

1
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that a mixture of air and 6.4 wol-poet methane is more eaazily
ignited than cnal dust alone ar rcoal-air-methane miztures. All
of the tests on air and 6.4 wval-pet methane resulted in
ignitions, whereas no coal dust clouds up to 300 mg/l density
were ignited, & mixture of 1 to 2 vol-pet methame in air . with
300 mg/1 coel dust dignited in one out of five tests, 3 wvol-pect
nethane in coal dust ignited in two of the testz and 4 to 5
vol-pct meihane in coal dust ignited din three of five tests. A

ixture of 5 vol-pet methane in air (lower explosive limit) also
ignited in three of five tests. These results indicate that the

probability of coal dust ignition increases as methane is added.

The effect of tangential velocity of a steel specimen impacting =z
quartzitic sandstone target is a strong factor in determining
whaether or not a mixture of coal dust air and methane will
ignite, Ignitions Ffailed to result below the tanpential velocity
of 909 fpm (4.57 wm/sec). The dignition source for multiple
impacts of steel on guartzitic sandetone in coal—air-methane was
ghown in high speed cinematography to be & heated smear on the
sandatone rather than sparks.

Based on the resuits of the multiple~impact tests with steel on
quartzitic sandstone, an explosion hazard exists in coal _&ﬁkt
whera 1 vol-pct or more methans iz pruéent. However, resulrs of
gingle-impact tests indicate that ignition of such a miﬁtuf&. or
of air and methene, iz very unlikely frb@ the type qﬁﬁiaw angle,
glancing igy&ﬁﬂ that tramp rock or metal would 3&(@ in a2 coal
carrying ﬁipqg;ne. f ///

. _ : #
\\. !
Deascription of Rocks r/

o i

1. Quartzitic ssndstonk. A medium to coirse graited, buff to
red browm aln&atono consisting almos: entirely of angular to
subrounded quartz grains, with sowe secondary overgrowth of
qunrti.P Trace of montmorillonite. (G-o;rlphié source

unknown).
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2. Sulfur balls. A partially metallie brewn to black
carbonite-sulfide 21ck consisting essentially of siderite
and caleite, and very fine grained pyrite, with some coaly
material and Jimonite. The pyrite content varies through
the rock from 0 to 100 pet, with a spot average of 50 to 70
pat. Some small veins of relatively coarse grained
secondary pyrite penetrate all of the stractures. Small
nodules of lighter colourad caleite were randomly scattered
throughout the rocks. Additionally, veins, clots, stringers
and disseminations of carbonaceocus {coaly) material occuor
randomly in the rock. From Humphrey No. 7 corl Mine
(Congolidation Coal Co.), Mconongaiia County, W. Va.

3. ILimestone., A wvery fine grained, gray, Fogsiliferonus
limestone, From Dlaney-Bowser, Kittanning, Pa.

An important aspect is that if methane and coal dust are present
in the air sgimultaneously, the lower Ilimit of explosibility of
esach is lowered depending on their relative concentration in the
mixture. As shown in Figure 13 for minuas 200 mesh Pittsburgh
cosl dust, the dust concentrstion decreagd from 60 grams per
cubic metre at OX gpethane to O grams per cubie metre at 5%
wethane in air (Kawenski et al. 1%79),

'2.4.8 The Cutting Tool

Kelly and Porkner's lsborstory ezperiments with regard to
abrasive impscts of hard minerals with paneumatic pipeline steel
are supported by Morria (1984) who deals with the ignicion
potential of che cutting tool. Morris' findings are crucial to
this sspact of frictional hest since, in many of the incidents
quoted, the !:plo-ionc have thelir ignition wource in .romlcutter
and continuous uinnt picks impacting on %V quurtlitic #ﬁpdltoun -
either in the spam or g8 s roof in the rosdways.

.

i

e
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Szveral parameters regarding the dgnition potential of the
cveting tool have been dinvestigated, these being pick materiai,
wear, heating, geowatry and rotation. Studies are contimuing in

some of thess sreas at the present time.

Laboratory studies ¢n the ignition potential of cutter picks show
a wide waristion of potential, suggesting that testing conditions
have a strong infinence on the value of the results. With
variables such az gas concentration, welccity, energy, bearing

pressure and humidicy, this is not surprising.

For practical applications there are two basic types of cutter
picke, The plumb-bob shaped pick with a <ylindrical shank ig
typical of the first type, while the flat cutter pick is typicel
of tha.second type. Tha former type is designed for point attack
and im free to rotate in the vick holder. This ability to rotate
is designed for prolonging pick 1life but is Jdecidadly
dizadvantegeous in relation to hear diesipstion. The relatively
loose fit of the pick in the box minimises the effective transfer
aof haat génarated; threugh the body of the pick to the piek box.
This gdnditiou forcew tha pick to operste at a much higher
tiaparatura and fazilitates frigctional igaition. Flat cutter

picks are rigidly fastened in the pick box and as a consequence

" thers is a more effective heat transfer to the pick holder, a0

that the pick operates ar a lower temperature.

A filat cutter pick tested on Ruhr sandgtons, which contained 74

percent querts became red hot after ucutting & few umetres
(Sehriever and Marx, 1980). Temperatures up fo 850°C have been
racorded for uncooled point attack bita, Methane haa been
i;niteﬁ\yy s metal but coatad with pyritic dust st a - tesperature
ae low ae wfc (Blickansdarfer et al, 1974). } y

The physical strength of stnei and hazrd carbide pick ’inl.rtt

dﬂurtugps rapidiy at temperatures above 500°C and the I!m;u:lmm:

1i%2 is substantiazlly reduced. Reduction o!ntaupcrgtu % would
N
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reduce the probability of a frictional ignition and

simultaneously increase the bit life by a Faetor of up to 18,

(2} Materizal of Pick Taol

Rarly work sugpested that the material eof the cutting tool
contributed little to the cause of ipnitions of methane-air
mixtures. More recent work states that the material of the pick
tool does have an influence upon the probability of ignitions,
Burgess snd Wheeler (1929) carried out experiments in which
various steels were held with an edge in contact with a rotating
wheel of quartzitic sandstone in av explosion chamber. Ignitions
were obtained from all the steals, and there O significant
difference between them, In tests on machine picks made from
both carbon and tungsten steels, there were no appreciaﬂfe
differences in the time taken to ignite methane betweer’ the two
plek materials.

Allsop and Wheeler (1939) carried out experiments in whick blunt

picke made from carbon steel and tungsten Steel impacted iron

{ .
pyrite. Thers sppesred to be no difference in the incendivity of

" the two steals,

Ree {1954) noted that soft metals, such as copper and brass, that
bave & melting point lower than the ignition tesperstura of
mathane can cause ignitions as & result of ~ -t spot wmechanism

vhen impacted on quarts rocks. Particles of :>ch embedded in the

petals were cbsarved. Tha hot aspots prednci&-u-ro molten rock,
rather than molten metsl, and wers thought te have besa due to

the friction of rock on rock., No tests vera carriad out on tha.

relative %Pcundivity of these soft matels, stesals snd tungsten

carbide. W

'
; Yy )
Blickensderfar at al (1972} tusted paveral amtals and! meta

alloys for igmitionm potentisl. They concluded that tunzsten
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carbios was considerably less incendive than commersial carbou

steels of the types that are used for pick shanks,

It was therefore concluded that the steel shanks of cutting
tools, rather than the tungsten carbide tip, were primarily
responsible For face ignitions, Stainless steel was found to be
less incendive than commercial carbon steels, but more prone to

ignitions than tungsten carbide.

The mechanism of ignition in these tests, however. waz stated to
be that of sparking. It was noted that methane mixe with air
was very diffieuvlt to ignite by sparking end a hydrogen—air - '

mixturd, which igunited easily, wag used.

In further tests, Blickensderfar et al (1974) noted the
applicability of the resulta nbﬁained with the hydrogen-air
mixture to ignitions caused by hothpots in wethane—air migtures.
In addition, & hard metal allioy, TiB,~CuNi, was found to have a
lower igniivion potential thah tungsten carbide. No reasons were
given for the differencassfin ignition potential between the
various metgle or metal aliqys. '

¢ - : o
Blickensdorfar {1975), in a theorstical approach, developed 2
nunrgy-balaqcn.eqnntinn for the mechanism of ignition by hoﬁ;\
spots on rock. The fousuls implisd thet the molting point of the
tool had an effect upon igniticns, The 1ov!r the melting poiut
" of the tool, the less energy would be raquired to form a metal
smear on the rock, Fora given cnnrgy input, thorefora, the
eawier it would be to form this noitan layer which is a major

contributor to ignitions as discualcd previoualy. Conversely, _

the lowar the nnlt;ng-point of the astal, the l.wer would be tha - P
tenparltgrd\of the hot' spot. It the tests described above, none

of thﬁ l“thotj?ittelpt to explain thc.differaucts!ﬁn incandivity, -

or otherwise, b‘tﬂﬂln differant pick ueterials by comparing their

raspective melting pointa.
n \‘L
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On the bagis of tests with pick-body steel and tungsten carbide,
Roepke and Hanson (1933) gupgested that the ignition potential
depends upon the back clearance of the toel, re*'.or than on tha
material. When the back clearance angle was positive, neither of
the moterials ignited a methanre-air mixture, With a negative
back ¢learance sangle, ignitions readily occuarred with both
materials., The authors did net attempt to give an sexplanation

for these effects.

It can be seen that there are contradictions in the literature

surveyed. The very early work indicates that the pick material.

~pes not inflaerce the 1ikelihood of igritimg methane-air
mixtures, The later literature dimplies that tungsten carbide
tips are congiderably lees incendive than the bedy steel of a
pick. It is also suggested that, if the material of a pick is
changed, for example to a tip of i%s hard-metal alloy TiEz~GuMi
and 3 hody of stainless steel, a tool could bhe designed that
woulé:be legs likely to produce ignitions. Very recent work
implien that the effect of the back-clearance angle, rather than
the material from which a machine tool ik made, influences its
incendivity. The noimal forzes acting on gpicke increuse
dramatically as the bhack-cleszance angle is reduced to ises than
“sbout 5 degreas, vhich hae an effect on the rate of h@atinu at
3%, - rock-pick interface. Howsvar mo authors have attampted to
"ryuate their experimental results® with a mechanism of ignition.

It is ciesr, therefore, that the effect of the material of a

cutting:tool upony%he risk of ignitions has not been researched
'ndiqu‘tcly. Reference shonld hovever be made to the work done by
Kelly and Yorkner which has been described in this chapter.

Lo " 2 e
& o a .

[ A3

k) . Piek'ﬁq;f

u w2
n

" Many authors agree that worn plcks are considerably wors
incendive than sha.p ones. BSome aspects of the effects of wear

on' the igniiion potential of mechine picie have been investigated
only vary recently. : [ f
i #

......
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“sywall et al (1975} and Blickenaderfer (1975] conciude that
ignitionsg will nor ocour while pieka remain charp. During
ignition testn, Powall et al netad that the deration of rutting
for a 50 percent probability of ‘gnitiocn wag congiderably wmore
for sharp picks than for worn gplcks. These authors rongidared

that extra time was needed for wear of the cukting ool to sceur.

A m{mked inerease in the ignitien poventiel of picks wis noted by
Shedg st al (1983) when the wear flatr extendad uvo the meecl
shaqﬁ. The reagzen for ¢his was thought to be the greater
in:ﬁhdivity ot commereial csrbon steel relative to tungsten
céfﬁide.. '

Roepke and Hansun (1983) conecludad that vche mechanisms of
ignitiong caused by frictional impact appear =n bz largely
coutroiled by the back-clenrance angle; of the pick. The back
clearangh can, of course, Le influ;nced by the weer of the cuttern

tool.’

The litgrature implies that} worn picks are ronsidezably mere
incendive than sharp ones, pitticularly .if the body steel coues
into contact with the vock b&gng impacted. Recernt Imvestigations
suggeat that the ireendivity %f a cosl¢-tting tool may he greatly
incressed -if wear cocurs 30 :ﬁst the b;ck claarance angle beccmes
negative. N } ' ﬂ

" U

(=) Pici; Reating

«E:parincntatiép has 'bneﬂ%?ﬁrﬂind out racently igto the effect
upon the potentisl to 13nike dﬂthenn from & pick that was heated :;

before ciitting, An clrlﬂnr "thoo:ntical approlch inpl;ed that
there ik an initial pick éuupQrature effect. Larson et al (1983)
preh%%to&\nbrn pickl to & tengnruturo of betvean 12@ C and 150%¢
tn simulate & machine tool tH;t has been heatsd as a result of
cutting ¢cal and compared tha%r ignition poteutial with that of

j o
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cool picks having the same degree of wear. Mo justification was
given for the range ¢f ‘temperature to which the tools were
pre-heated. It was Iound that, at pick speads of 0,96 and 1.8
watres por sevond, the ignition potential for the how pleks was

congiderably more thanr for the cooel cnes.

In the energy-balance equation dJdeveloped by Blickensderfer
(19753, an iritial cool-temperavure effect is impliad. It is
implicit from the eoquation <that the higher the dinitial
temperature of the pick, the less enargy is required to form the
metal smear on the zeock, For a given input of energy, thereforas,
the easier it will be to foru this molten layer, which is a major

contributur £ ignitions of methane—air mixtures.

Comparing pre~heated worn picks with cool ones at & speed of
2.86 uyetves per secoud, Larson et al (1983) deduced that their
incendivities were essentially the game. The reason for this was

thought to be cooling of the pisk by air.

It ie guggested in the literature that, as machine tools Dpecome

hot, their potential to ignite methane-air mixtures increases.

However, at nick speeds of more than agproximiteiy 2.83 netres

par gecond, the indications are that there is littie difference
in ipcendivity batween hot and cosl cutting tools. a pnésible
explanation for the higher speed effect was thought to be that
aix cooiing of the picks reduced their temparaturs betwsan

gurceseive impaccs,

1

(d) .. Pick Geomstry

The work relating to pick geometry haz tanded to concentrate upon
rhe tip area and diame:trfgf the shank, This ie because previous
exparimentaticon gnnclude&Jih-t the tungsten carbide tip wax less
incandive than the hody steel snd that wider picke increased the
ares of the hot spat.
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Larson et al {1983) compared « commercial tool of plumb-bob shape
with a bullet-shaped pick of smaller diameter, The angles of the
carbide insert and body cone in both tools were essentially che
game. It was found that, as the pick diameter increased, so did
the {gnition frequemey, Hansen (1937) in comparing plumb-hob
with pencil-type piciks, reached gimilar conciusions. In
addition, he noted that, if the diameter of the tungstern carbide
tip and the imeediate shank wes smaller, the ignition potential

wae roeduced.

Three types of conical picks were comparad for ignition potential
by Roepke and Hanson (1983). All these cutting tools had a tip
angle of 90 degrees, but the size of the tungsten carbide tips in
relation to the end of the ghank was different in all rases., A
widely used commercial pick, which was nged ag a reference, had
the smailest tip which did not cover the eund of the shenk. The
tip of rhe second pick coversd the end of the shank. The third °
“todbl was  a ;on"commercial type, which was termed . the
‘mushroom—tip pick?, in which the tungsten carbida tip bhad a
greater diameter than tie and of the shank., |

7t was found that the reference pick was considerably more
incendive than the other picks. The mughroom-tip pick had the
next graatast ignition potential, The autbors did mot expect the
latter fauult. beacansa thaey thoughﬁ that the larger tip, by
yrotecting the steel shank, whuld prove to be less incendive,
fiey therefore carried out additionsl teste on tungsten carbide
and coalcutting steel to monitor the effect of back clearance
angle, since this factor was thought to be responaible for the
Anomeloue results.

-Two ;sdinl-ﬁyp& #icks were - also tiltid.'onn with a cutting tip .
that wae lntgtr.than norsél. Both these touls had the same
ignition potantikl as the leapt incendive conical pick tested.

. 4 .
For tﬂn conical pieks, it waa found thst shanks of 1lsrger
diameter increszed the ignitidn potentisl of the tool. The
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cutting tip of this cype of pick alsa appears wo be important.
T# the tungsten carbide covers the tip of the shank, this haz an
adverse infiuence on the incendivity of the machine tool, 'The
geometry of the pick can influence the wear, which in turn mnay
have an effect on the back-clearance angle, It is suggested by
the literature that the back-clearance angle has & marked
influence upon the idgnrition potential of machine tools. It
appears from the few.teats that have been carried out that radial

picks have a relatively low incendivity.

{e) "Pick Rotation

In testing conical-type picks for the affect of rotatinn witﬁin
the pick block, Larson et al {1933) noted tra* ne ignitions
‘oeeurred when the tool rotared, but the ineidence wes h-gh when
the pick'uus_lacked. The anthors stated thar thie type of tool

Lowill rotate when unburanced gide loading overcomes the reristance
fricvion betwean the sh@nk and the block, and "%.ey therefore
recommended an angle of hkﬁw to indute rotati n. ITﬁe authors did
nut\givg any reagons why rotation should influence the ignition
potuntikl of & tool.

ﬁ

“Hangon - (1983) also carried °“ﬁ exparimental studies in thiz area
but concluded that conical plcks that rotate can produce
ignitions, THowaver, the rotating cutting toole could be
gubjected to considerably more wear before becoming incendive.
It is suggested, therefors, that pick rotation influences
incendivity and that incendivity ia related to wear.

Mo

Ir i clusr that, if conieal picke ?otnta withmn tha block, the-

ignitxogvpoténrini of the tools will be reduced, This ia

probabli¥'due to gdﬁmetricnl consideratione; by rotnting. the

picke tend to be. quﬂxeutcd to unbigsed wug w
\\ .

\’.
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(£) Cutiing Parameters

Several aspects have bean dinvestigated that relate machine
ettting parameters to the rigsk of dignition of mnethane-air
mixtures. These are the speed of cutting, the rate of advance of

the machine tool, the depth of cut, and the zutting forces.

(z) Speed of Cutting

The effeet that the spead of the pick has upon the dgnition
potential of the tnol has been investigated by several aunthors.
The influence of this parameter on sharp, blunt, and pre-heated
picks has also been investigated.

When considering sharp picks, Blickensderfeyr (1975) concluded
that, by increaming the cutter-tonl speed, s greater area of the
hot spot, which is capable of igniting methane, is produced on
- the rock. An example iz used to illustrate. this point. The hot
spot is considered to be a wolten smear gf carbon steel at an
initial temperature of 1450°C, The smanrj will conl with time,
At a pick speed of l.sometré# per second, part of the smear would
have cocled to below & temperature of 12¢p00 at a discvance of
about 0,7 ¢cm behind the pick. If the npé;d were incressed to
4,5 netreg per aécond, however, the pick ﬁbuld have travelled a
properticnately longer distance before thﬁ hot spot cooled to
1200°C*or less, this length being apprcxinately 1,6 cmn. The
length of the hot spot at or abowe a zemplr&tura thet wiil ignite
wetligne tharefore incrveasms a3 the spgeh of the pick®™ ig
incressed. The area of the hot spat, which 'has a marked effect
upon idnitionk, will aslse'be greater, sinte the width is a
consant . f < 7 S A J
Powell and Billinge {(1975) and Larson et &1 {1983) concluded that
the probability of igniting methane with sharp picks incressas
with spead:‘ Largon et al noted that the ignition potential of
worn picks weg greaeter when thae xbeed of cutting increased. The

]
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difference in the ignition potential between the speed imcrements
was not, however, as great with worn picke as it was with gharp

picks.

Larson et al din tests on wovn picks that had been pre-heated,
feund that the probability of ignition was reduced when the speed
of cutting was increased which was the opprsite effect to that
found for cool picks. Tha authors theought wuat this was probably

due to air-ceoling «f the machine tool.

1t ean be concluded that, when picks are not pre-heated, th=a
gffect of increasing the speed ic to produce a greater length,
end therefore area of hot spot on the vock., Thig in then Ieads
to an increased probability of ignition. Tor pre-heated machine
tools, the opposite effect can be expected. ‘The pickas becone
less incendive as the speed ig increased which may be due to  air
cooling. )

th) Rate of nd{ranc_- o
Blickensderfet et sl (1975) noted that the advnﬁcehrl:e of a pick
into rock had iittle or no effect _upon the ignition potential,
Larson ‘et al (1983) conciuded that as the advance rate during a
cutting sequence increased, the number of cuts to' ignitien
decreased. When the advance per cut was plotted sgeinst tle cut
depth, however, it was found that the depth of cut st ignition

was the sama for all: advance rates.

The implications sre that the rste of advance of & machine tool
into roéﬁ has no direct influsnce on the probability of “ignition.
It is suggested that the governing fsctor iz the depth of the cut
rather than the rate of advance.

B
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(i) Depth of Cut

Several authors have paid attentioen to the depth of cut, but only
Powell et al (1975) and Larsoen et al (1933) have carried out
expariments te¢ evaluate the effects of this parsmeter. They
noted that, as the depth of cut increases, so do the forces and
rate of heating of the rock and tool. Both these factoreE can
increaze the probability of ignitien.

The literature suggests that the depth of cut has a great affect
upon the dignition potential of machine cutting picks., The
implications are that this parsmeter has an obvions and central
rola in dignitioms. As indicated later, depth of cur is

interrelated with cutting forces.

(1) Cutting Forceg

Powell and Biliinge (1975} concluded that there 18 no direct
%elatiLnahip between the probability of ignition and the cutting
torces. It was found that ignitions were not associated with the
sudden force_;f an impact. Thane.author; appear to regard the
iapth of cut, vather than the cutting forces, as the controlling

parametér in ignitions.

There is an cbvious interrelationship between the depth of cut
‘and the cutting forces. In order to cut desper, larger forces
are required both in the direction of cutting and normal to the

pick. Although the literature emphasizes the depth of cut, from.

a mechanistic point of view, the cutting forces, particularly the
normal forece. appear to be more imporrant., With increaaiﬁg
normal force, the friction between tool and rock increates.
Authors conpider that this friction causes the hot spot vo form
on hard rocks and if responaible for the selfﬂh;ating of pyrite.
It seews logical to agsume, therefore, that the cutting forces,
rather than the depth of cutwia.implfed in the literature, is the
major factor affecting imnitions. The effect on ignitions of a

e
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reduction in the back-clearance angle of picks is also purobably

due to an increase in normal forceg.

(k) The Effect of Water

Cooling of a poimt attack pick is mors difficult than for a f£lat
curter pick owing to the loose fit of the former and the nead to
provide a water jet external to the body of the pick. A water
pressure of about 15 MPa end a flow of 4 l/minute per pick can he
ﬁecessary to engsure good extinguishing effects with a point
attack pick. However, a channel can he provided in the body of a
flat cutter pick to epol it and toc direct the water flow snto any
stream of incandescent particles. A flow pressure of only 00 to
800 MPs can achieve this with such a pick.

Powell et al (1975) and Powell and Billinge (1975} noted that
water could ba effective in reducing ignitions, but that the
d:;actﬂha of application is importent. Water can be used best
when &xggcted onto the freghly cut rock behind the pick, parallel
to the ilstentaneouna cutting direction, If suppiied normal to
the rock behind the plek, ignitions would be decreased but not as
sffectively. Whes vater was directed in fromt of the pick, which
ig equivalent to pick fluﬁhing. no  noticesbls reduction ip
ignition pot entiai was apparent. Sprays rsther than jetn wera
found to be the nost sffective form of applyin; the water.

Wilson (1984) described ignition t&st:'carried out by the USBM on
a modified coalecutting ﬂpiciﬂfor uhc on longwall shearers that
sllowad water to flow through a chahnal in the tool. The water
wag directed to & point where the p:uk etruck the rock or toel,
that is, inmedzate;v behind the cuttiug rip. With the cozrreet
water presuur& it wag possible to guppress :gnztiona completely |

even in tha most adverwu circumstances.

+ It is evident that the application of water can reduce or even

elimingte ignitions of methane-air mixturee. The most effective

A
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way in which water can be uszed is in a gpray direected ounto the
rock immediately behind the pick. The implication is, therefores,
that the water must be directed onte the hot spot as it is Fformed
which has the effect of either cocling the hot spot to below the
ignition temperature of methane-air mixturas or cf rreventing the

formation of the hot zpot.

2.4.9 Fricticn between Metal d&nd Metal

Thers have been a nuwmber of experiments conductad by various
investigatore te simulate eome of the conditions that occu:‘lin
cosl miras un?er regimes of frictional ignition., A suumar§ of
the results hoted by Desy et al (1975) and Kravchenko et al
(1976) is given in Table 10, Prictional ignition can be
considered in relation to the method of contact. This ie divided
into three groups, namely, single Impact, rubbing and
intermittent impact. '

The energy involved- in frictioﬁll ignition is more then two

srders of magnituds grclttr than the minimum rtquircd to ignite a.

nathlnl!lir aixtnrc.

a

The ennditionl undtr vhich methene/aix lixturts can be ig&itad
have besn studied by s nnnbnr of invtatigaéotl.

“
o &

For & lmull'_platinun spharo moving at 8 veloclity of 4 u/s, &
teaperature of about 1 200°C was Becedeary to sacure.ignition at

an 8 percent methane/eir mixture (8ilver, 1937).

An almmina surfaca of 400 llz in area vam placed in the wall of
an axplosion chamber and required hesting tc over 1 100°¢ in

~order to ignite u 7 ‘percent mathane/sir mnixture, and this

tanpernturl incrnasad to 1 600°C when the aren was reduced to
5,25 mn (Rae et al. 1964} . '

/]l
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Table 10 PFrictional ignition of methane/air mixtures (Kravchenko
et gl, 1976}

Type of
Contact Experinent Comments
Single Steel an steel Probability of ignition
impact directly propertisnal
Steel on Al alloys to impact energy
Steel on Mg alloye Magimum ignition at angle
50
Rubbing Al and Mg alloys Incendivity of sparking
on rusty steel inereases up to a sliding
- at relative velocity of 100 m/e
velocities of 2-3 m/s
Infér- Combination of Surfece of bodies in
mittent above - contact greatly heated impact
: and may occur over large
ares
= {m) - Triction involving FHeavy Metnls

Msthane can ba;igni:ad_ by rubbing steel on;pteel but igniciona
are not readily obtained and tlen only at high lcads and with
conwiderable lags-in- ignition. Racent experiments at S.M.R.E.
showed that a 25 ma iqunr- dild stesl bar pressed againet a =ild
steal vhesl !ith a peripharal spased of about 4,57 wetren/aecond
gave ignitions at loads down to about 250 kgs and with times to
ignition of abonfl;ﬁo secondn; by the time ignition occurred the
bar vas red hot snd vhite hot flakes of stecl ware being torn
from iz, !xpnriﬁunii”uith severs impasct betvween really hard
steels have produced 1gnitiénl of wmethane-air with mach l‘-n
totsl energy dissipation; nonatheless stecl on stesl ix one of
the 1ll!t incendive combinations get with in coal mining.

) riictionsl Igniticns of the Sscond Class (those
involving light wetals)

It so happens’ that all the metals which combine exceptional
lightness and strength have & high heat of oxidation and, in a

a [N
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finely divided“&gate. burn furiouslv. Furthermore, if the . metal
iz in intimare contact with an oxide, for example, rust,
combustion is readily initiated; thiz is the wall-known
thermite~type reaction. The smears of aluminium, for example,
left on a rusted steel surfasze after an aluminiunm bar has rubbed
against it can easily be provoked into giving off brilliantly
incandescent sources that ignite gas instantly; 2all that is
required is a light glancing blow from a hammer welghing a few

grams.

By alloying rthem with other metals, their incendivity c¢an be
reduced but, unfortunately, not to an acceptzble level until the
resulting alloy i= no longez light. So far no one has found an

effective way of overcominy this disadvantage.

{e} Rasults of Resesrch by Kelly and Forkner

¥eliy and Forkner conducted laboratory tests with 2 single impact
mode with cobalt bonded tungaten carbide, type A-36 steel, C4130
steel and aluminium againet A;36=stee1. Tangential welocities of
4,57 and 5,59 metres per second were used in two types of
oxplosive atmospheres. W¥o ignitions resulted in atmospheres of
aither air &nd wmethane or flowing acetylena. The following

regults are recorded:

Cobalit-bonded tungsten carbide. Conmeréinl cogleurter pick tipm

were impscted against A-36 steel with n¢ resulting ignitions. No

ﬂparks or hot smears were obsarved.

., .
o I!
i

A-36 stael and Ci4130 steel. ¥e hot n%snrs were chsarved, bhut

some dull sparke were produced. i
' 1

g

Aluminium, Impact specimens of aluni%ium were struck sgainst .
both clean and rusty A-36 steel, and aibo sgiingt 8 steel plate
with a heavy rust layer. A few vary anéhl gparke were observed,

but no evidence of a thermite reaction whe notsd. Apparantly the

j / \’_-‘-.-:.__
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tangential velocity was too low to cause initiation of a thermite

reaction. ' v

{d) Experiments on Metal on Metal

Coward and Ramsay (1965) stated th( ipgniticn of firedamr by the
frictidﬁal offacts of metal yubbs E on metal has been most
difficult to obtain experimentallyl except when the abraded
particles produce much extra heat by <iveir own oxidation, as

occurs with the sparcs from a "lighter"™. The difficulty in

general is probably mainly because the thermal conductivity of a

metal is greater than that of a rock but in some cases oxidation
of metal mey make ignition more difficult by reducing the oxygen

content of the contiguous atmosphere,

(e) Spcrkn frou a Cigarstte "Lighter" oz Flaunlamp
' Rslmghtet

The Miners! Lamp Committee, in disnussing the proposed use cof a

- pyrophoric cerium-iron allay in & relighzar for flame lamps,

wrote that they wou1d ueed to be assured by exhaustive;
experiments of the unraal1ty of fhe uuﬂger that is presumed to ba

creatad b{j&?ﬁ"presence within .the lamp of unconsumed particles

of cerium Loy before we rould recumnnnd the adoption of the

"pyrophor! igniver®.

Quantitative information about the incendivity of particles from
authorized relighter alloys has been given by Rae (1956}, Such
particles-ignite espontanecusly when heated in air " tc abour

180-200°C, a temperature romhonly reached by tha gauzes of a.

i

flame safety lamp,

. . i
Particles of the pyrophor alloy which are much larger than those
that &re ignited by the action of & relighter wmay break away
.without being ignited, and may be lavrge enough to inflam: uweinane
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when they are ignited by the gauze., yet small enocugh to pass.

through the gauze of a lamp. The methane-sir mixture most easily
iz ' :

ignitable by +¢his means was close  to the lower limit of

. inflammability of methane (5,3 percent).

(f) Friction of Steel on Steel.

Burgess and Wheeler (1829} caused a 400 mm diameter steel
locomotive wheel to revolve in contact with a steel girder. With
4 1pad of 1 ten and 2 wheel spred of 1120 r.p.m., with frequent
sarnding which produced brilliant sparks, an 8.1 percent
methane-air mixture was not igniied during & trial lasting 20
minutes. When a shield was used to concentrate the sparks,
geveral ignitions were obtazined with +the same wheel spesad and
half the load, one ignition ocecurring in 1.1/2 minutes, before
the ra11 had . bac&me r2d heot end much before the rail was hot
enough in 1tse1f to ignite firedump. Supplementary tests with a
different apparatus Ffailed to give any ignition uader wvarious
conditior®, including the die of varjous steels that gave various
types of sparks. Later experiments (Safety in ilines Re'search
Board, Annual Reports, 1942, 1943), gavéh ignitions of

firedamp~air with 2 high-carbon steel wheel ravoiving with a

paripheral epeead of 9,2 metres per gecond and cutting intoe mild.

steel; "this speed is much higher than any reached by coalcutter

picks in ordinary use, but highapeed cinephotogrephs showed that ’

a hand pick may reach this npeeﬁ before striking. A whee} of =
1un-nway tub may skid alons the rail at a higher speed atiliv,

Schultze-Rhonhof and Weichael {1951) obtained. ignition of
firedsmp by pressing apring steel against a steel disk revolving
with a peripheral apaod of about 63 m/sec (17 000 ft/minj.

Schultza-Rhonhof (1956} gnoted .expari enta by Vare:nzgtan

Lnlchtnntallvorknn. in which & pisce of very hard steel falling
onto & plate of hard steel gave ignitions when the impact enargy

".

A

was 40 kilogranmc—matrel, vhich is equal to 392 doules, and alr**.
quoted similar axperiments at the Technischs Hochschule in # N
'\\
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struck a sveel roof girder. The caging of the drill was an alley
containing about 94 percent of magnesium; and ignitions of
firedamp were readfﬁy obtzined by dropping a piece of the alloy
onto a rusty steel plate, under a variety of conditious
ropresentative of pit usage. The second investigation {Titnén.
1954} extended the work to the whole range of magnesium~aluminium
alloys and showed that the danger of ignitvion denreased with &

“decreazed proporvion of maguesinm  hut was not  altogether

pliminated i{f pure cast aluminium was used. Incidentally, the
most casily dignited mixture of methane and aLr contained 6.4
percent c<f methune, -an obgervation suppurtang the gen:ral
experience: that miztures a little above the lower limit of
inflammaﬁility are thé. most easily ignited by friction sparks.
Titman and Wynn (1954) showed . that the sparks produced by the
impact of ateel or zinc on rusty steel vere much leas incendive
than the jgar?s from lighy alli;g on rusty ste K\ They &lso
quoted expefiments by Bowden and Lewis (1958) on ﬁ%e ninimun
weights of ighited single parvicles required to ignite firedamp
vhich indicated the foliowing crder of decreasing incendivity:
magnesium and aluminiom, titantiuw, tirconiwa, "pyrophor” {cerium
alloy) cerium, thorium. Rae (1959) 2lso found thatr the wninimve
weight for titaniue\lpas Latween thoit for nagnesium and pyroghor s

found aarlier (Rae, 1956). Hovuvlr. tﬁg order of incendivity %5;?

L

siven by thase experiments iz not &\ nn&surc of the harard of
ignition by sbrasive friction, ”for3th¢ brittleness  and the
sachenical properties of tha solids dru wf primsry importance .

since this determines whether particles \will ‘be datachcd ar not

and influences their size®™ (Bowden and Léwil. 1958}

Y

Expearinentxl support was found by Rae {1959,1960) for tha
hypnthanxs that, brief;y. the friction batween light niloy ‘and
Hrulty steel initiates a thernite-like reaction which sate fira to
particles 6f the smearsd metal that are projescted into, burn in

and inflame, the neighbouring gas.

Smaars of light alloy on rusty steal can be produced by impari or

frietion insufficisntly vigorous to produce ignition at the time
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NUMBER AlD DATES OF INCIDENTS

recorded incidents of ignitions of methane by Ffrictional heat

i sparking in South Afrieca are set cut below:

Conzolidated Collieries Limited, May 1647, Tos

~ methane explosions in stooping section possibly rom an

incendiaxy sparﬁ. 1 killed, ! injured.

Schoongezicht Colliery. 1936.
ro faulty fan (frictional ignition}. 19 killed.

3

Ignition of wethane due

Durban Navigation Collieried Limited. Septamber 1968,

)
Ignition of mathane in cut. No casualtiaes. v

Durban Navigation Collisries .Limitad. April 1975,
- Methane ignition dus to friction betwsen drill steel
~and sandstone. WNo casuslties.

Usutu Koolmyne Beperk.  Octohbear 1977, Ignitien of

wethane wvhile cotting with coalcutter. Nil cacuslties.

Usutu-Kooluyns Beperk. Februsry 1980. Bsplosion of
weihape in continucus winer section. 1 injured.

i

A :
- Brmelo Mines. HNovember 1980, Methane axplodudwat a

continuous miner. 1 injured, “

0

[+

Ermelo Mines. January 1981, Nethane {pnition in

continuous miner saction. 2 injured,

Bl

Ermsele Mines.  April 198},
continuous ainer picks cauring apaqgﬁﬁq? injured.

Methans ignition due to

&



' ____ PLLAR PREVICUSLY STOOPED L

Z _
/3-1 -3 é\\s/ﬁ 5177

\_\

| - P P
g{/ - o a| 7 |i:=-n:.

N

Z \\\
J e e o wl “
e ‘o P
o
=~
i
I

- L
LIE OF TMCERS MSTALLED
e . PRIOR TO STAGES 8 AND
e 19




100
Geology

Figure 16 depicts the geolegical Fformation in the wvieinity of
section B362. The immediate roof of the gzeam consists of a
competent medium grained quartzitic sand-tome which tends to
franture in large blocks some blocks measuring 1 to 2 metres in
thickneas and 6 +o & metres wide and 10 metres in length. The
roof does nut 'goaf' eamily but 'hangs up' forming & cantilever
type beam over the goaf line thereby placing high abutment 1leads

on the facders.
The Incident
The Section Manager reported as follows:

On ¢8 Pebruary 1981 it was reported that a methane expiosion had
occurred in Section B3Q2, Viei shaft, at aboux 0Th20 on that day.
I subsequently establishad _sat the ceven Blacke were reportably
injureﬁ in the accideﬁﬁ, tighteen other ﬁnkkers sustained

superficial injuries.

On 2 and 3 Harch 1981, accoupanzed by the Inspectnr of Hines 1
visited the scene of the accident and noted details vhich haeve
been embodied on & detailed 1:500 scale, Figure 17, sdd 1:5000
regional plan, Figut7 18.‘O

Secrion B302 iz a - 7&5034 section whick is being stooped on tpé
middle 5 rcads using the pocket and fender anathod. The pillar
centreg are 25 m with a bord width of 5,5 u. The worktng face is
‘on 8 45° line retrsating back te the main developuent.



£

20

Stuttgart giving ignitions with an impact energy of 200
kilogramme-wetres. Recently Schalz and Dittmar {1963} have
ohtained ignitions of methane-air nixyures by impact of hard
steel on a hard steel plate with impact energies as low zs 25
kiiagrammemmétr&s. The rctype and s=peed of dimpact is a wvery

inportant factor.

{5} Aluminiva-painted Rusty %fron

Following a report raceived by S.M.R.B. from H.M. Factory
Tnspectorate, of viclent flaches, more like minute explosions
than sparks, observed when aluminium-painted rusty dron was
1ightly struck by a tool, Thomas (1541) showed that Ffiredamp
couid readily be 1gn:ted by such means. The sparks were ascribed

to a thermzteﬂixke reaction between oxide of iron and aluminium -

and were obtained from wvarious aluminium paints provided the
painted surface had at some time previousl? been heated to some
200°%  to 300°C.H Ringman and others {1952) extended the

observations snd @rice (1952) summarised the details as followe:

-

"The available experimanfal evidence from ali_aoﬁ}cfs endorses

tha'opinian thet aluminium and iron oxide in intimate - contact,
when ruieed in ﬁiuparatufu by & sharp blow, may give sphrka or

flashes that will readily “‘enite certasin inflhmuahleﬂ ggs  or

vapour-air mixtures.”® & o

} i

Aluminiue paint on ruaty stexl pﬂ;ld ﬁzen Lo provide the
condition for pfoducing incendive spirks; but in practice mest

commercial painte .contain a bonding‘madium whicli, when new,

interposes a barrier batween the two reacting substances and eo

lessens tbe haiard. The axperivents of Thomas {[194i) and @;
Kingman et al (1952) prove ﬁ!at. in mamy ir-vancas, pxemheatiﬂk
may cause a deteriovation. in th:t paint .ilm which '%SUII}?
increases the potential hazard considerabl}. It may be u:gid
that, 1€ pie~-heating has thig effect, othar factors, including

o

normsl ageing, which are known to csuse visible deterioration in

I

kS
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paint filme may also enhance the sonditions for the prodection of
incendive spérks. In any nvent the pre-heating temperatures are
such that no steel structure painted with almwinium paint wouls
be immune from the risk of being raised to such temper-~icures Lif
introducad ints a coal nine. .

T:ie main eriticism that must be levelled at all the esxperimental
work so far putlished is the leck #f quantitative assessmen: of
the hazar? and the determinatiec: of the energy dissipated at the
moment of contact. In thir latter conrpction it must be pointed
out thatr in all the experiments digcussed the energy used was of

& relatively low order, 3 _ . .

The suggéition has been made that the eirperimental evidence does

‘not ifdicate & great hazard attachad to the uge of eluminius.

]

This is surely the wrong approach. It is known that under
carteain conditione, much more gevere than thoss described in the
papers ntnt1nn‘:jlut well within the range of frequant occurrence
ifl a mive, Erict:on between steel- surflcas witl produce incendlve
aparks. Typicll of auch securretces are the full awing of a pick
crident&ilyfhittiﬂg & prop .ox girdar. +he coliision of a loaded

tub with en arch on & roadvsy. or the grinding impact of uovzng

- machibery. " Whit, haa now been establishe/i is that the presence of

“ai//j um paint . greatly incrlancl thig risk, for aparc from all

z/at er considerations, th: anergy dxss1putud in the impacta likply

ﬁ; ta occur in a'mine uould itaself be sufficient tc pre-heat jhe

£

In

paint well above the tcap-rnturuﬂ ugsed exphrimentalily,

¢
it
o

AaF Sparking f#on Lighe Hagllg and their Alloys
, . | A

Much of the he. /'y work of ceal mining would be eawmyd by the use

\‘of,light metels, far exauple, in props and bare ard ltEh‘; for

roof, utupports. Research has bean necessary to aésess the

© incendivity of sparks due to friction and impact with such

natqrials. . o - {

il ) o ’ : X " \\
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Firedamp was ignited whem a piece of an alloy, part of a
fan-blade of an eleccrical drill, was held agazinst a hard steel
wheel rotating at a high speed. ‘'The alloy was at first said to
be "aluminiumd (S.M.R.B. Apnual Report, 1943), but later this

degeription was correcied to "magnecium"™ (Margerson et al, 1953},

Aluminium friction plateﬁ of steel props were discovered in
Holland to be capable of giving incendive sparts under certain
conditions, when the props were either undar load or being
released from load (Schultze-Rhonhcf and Weichsel, 1951},  The
danger, they concluded, ﬁould be reduced, if not eliminated, by
uging an a1uminium*coﬁper-magnesium alley, with as liztle silicon
conteﬁ; as posgible, and by improving the design of the preps;
uﬂreov.r: prope made of the same alloy did not give sparkq‘ when

K%rubbdd sgeinst the steel clamp of the props. A subsequent paper

‘ky Schultze-Rhonhof  (1955)  discussed weveral ignitions
utiderground and descrided expo;imanti& work or: the subject: it
coﬁ%}%ﬁsd with the stsfedent (translated}: "Given the right
choice and composition of the aluminium -alloys sud the correct
dnli‘ning of props and: bgga of this natcriul. the inherent risks"
of fitsdamp ignition from aluminium :plrkihg can be keptr within
such limits that the continued use of support componenta in.
sivminium, heving regard go their _other advantagen. appears
:nalonlblc'._ Brenner and Eversheim {1958) collected the resulta
of tests made in several German lgborstoriss and concluded that,
of th& Q&eticnl!y useful alleys, certain slloys . of
;luniniuu-aagualiul-nilicou a;d alusminive-zinc-maghesium

prlvtnrhd the laast dangar, pnrticulnrly if they containaed traces

 of ber?liiun' but they concludld with a cautionary ncte about

tha *pplicabilaty of lnborntory tests to sll the wverious
conditions of & mine, '

S.M.R.E. has wsade s series of detailed- investigations,
ineugurated by Wynn (1952), on the incendivity of "lpurking'“ by
light l}lo;;. Thtu firat (Magerson et al, 1953) &rose from Qp

" ighition of firedamp in a Cannock Chase colliery, observed when

an electric drill (not pcwered ar the time) fell, and prodbasly
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and such smears cen gi;e rise to incendive [lashes if
subzequently struck by a light glancing blow with a 1ight object.
For example, 8 hammer blow on the steel wedge of an aluminium
linked bar roof support system can produce sparking; a iight
hammer meving et culy avout 3 metres per second can strike sparks
from rusty steel rmeared with aluniniur and thir can  dignite
methane. Alse, ignitions can occur from the f£lash produced when
alumininm £oil wrappings of the tyoe used for confectionery and
generally known as "silver paper" rezting on rusty steel ave
struck a iight glancing blow (Ureplensen, 1962;. The author has
witnessed these experimentz ar the S.M.R.E. atr Buxton, and
confirme the 'expioaions‘ produced by striking foll a glancing

tlow with a steel hammer.

The function of the rust, uhzch vakes incendive sparking so easy
rn che impact of light alloys with steal, is gpnerally accepted

@iu tha provision of oxygen for "a thernite-lzﬁi reaction. An
{ dncidental cbservation, for which.ro explanation was offered, vas

Jasde by Weichsal (1955): ke found'tyut . small amount of

moisture was nncclanry_for the prcduction of incendive nparké in

}
\

s drepping-weight ﬂppar?tuu like that of Tirmen {1954).

B far, iight-aetsl alloys that are incapable of giving incendive

sparks have proved to be unsuitable in their =xechanical
prgpcitiln for use as sateriale for a£@t‘ pining equipasnt. A
pupey by Rae and Nield (1960) cbncindad th;t "the most desirable
properties of ‘thase (c:periuantnl) alloys from an engineering

pcint of view, herdness and ductility, are thoae propcrtiea vhich

rogethar give the ;rcatalt incendivity for a given n}awtninn
content™, |Also "in sonarsl terss all aluminium-based alloys ‘must
be conulderqd clpablc of glving. inc.ndivn spatking®., Omnly when

'8

the sluminium contaent hes been“reduced to one atom in three can

- the i.nitian bagard ba regarded as raducud to & tolarable lavel.

" ..  but such alloys ne longar possese the sdvartage of lightness.’

w
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Balgray Colliery., May 1981. Ignitiom of wetbane while
cutting ~ picks came dinto contact with dyke. (Nil

casualries,

Balg;éy Col-rery. July 14981, TIgnition of methﬁnﬁf

while cutting. Nil casualties.

Bosjespruit Collivcry. March 1982. Explosion  of
methane in continuous miner section. 6 injured.

. . P
Springfield Colliery. May 1982, Ignition of methane
while cutting faceH i continuous miner. 1 injured.
Erzaio Mines., Woveaber 1982, Methane explosion -
ponsible cause frictional sparking., 11 killed.

Springfield Colliery., August 1983, Ignition of
mathans in ccﬁiiﬁuqu miger section. 1 in}ured.

' : N
Springflald Colliar: ~ovembar 1983, Hethane ignition
while cutting s fhse. 2 injured.

. | @ o @ |
Springfield Colliery.  Pebruary . 1985, Methane
explosion in gof due to frictional epsrking. 2

* killed, 11 injured,

Springfield Colliery. June 1985. Ignition of methane
in goaf. Wil cacuslties.

= .
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2.6 DETALLS OF INCIGENTS/PHENOMENON

From ail the known ineidents recorded din South Africa, &

incidents have been chosen to illustrate the phenomencr.

2.6.1  Springfield Colliery. February 1981, Ignition of
Mathane in Goaf

On tha 28th Februsry 1981 (a Sarurday) at 97h20 two wmethane
eﬂplos ‘ong ogcurred in section B30Z killing two men and injuring

kuttﬁnr 11, The suction wae a 7-road pillar extraction section
enployilng the pocket and fender method of extrection and
utrlxal%g convnntlonal eyelic coal mining and leading equipment

(loadera, shuttlecars and coalcuthers with handheld electric

drille).| The goaf line was kapt as hs to the main axiz of the =

lectian.,_ :

\\
5

Pockat lh&;!.ndnr Method of Piiilx Extrﬁctapﬁ Figure 14 refers.

Ir. this nnﬁhéd of extraction the guaf‘a&gp aupport consists of =&
thin pillur‘of conl equal in w;dth td the heaight of the workings.

This is rtfq;rnd to as the fender.

{ _ q
- |
VR uach life hoicl}\the fendar is thnn cut through in apprcprxatt
pla-as into the goa, these holings are referred to as pockets.
Thiy small piltprn left in the fender are known as snooks,

N .
Rufornncl te Figurc 15 will show .ho sequence in uh:ch "pillars

are removed. _
/‘\
2
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SPRINGFELD CO:iERES LTD. . -

zysecmum VLEI SHAFT ON 28/702/81 AT 075_20.
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The section is ventilated by the main body of air which is drawn
throeugh the intake reads numbered 2 to 6 and raturned via No. 7

road. The azir in No. I road ig stagnant.

Auxiliary fans are installed for providing air along the face
line and particularly for ventilating the development during the
initial cutting through of pillars, but alee for any other area

where ventilation ig required.

The average production in Section B302Z amounts to 400 tons/shiift
vhich would require =& yolume of 10 mgfsec of air in order %o

comply with the requirements of the regulations.

The latest ventilation survey which was carried out im Seection
B302 on 17 VFebruary 1981 indicatved that rhe face area was
ventilated by meanz of two fans situated in Wo. &4 and 6 roads and

the total intake volume was 20 m>/sec.

A fur:hgr. more detailed ventilatién aurvey carried out after
this accident on 2 March 1981 indicated that rhere were’ no
auxiiilry fana in Section B302 and that the respective volumaes of
air flowing through the individual roadw:ys weve zero in roatdways
1 and 2 and gradullly incrtnn:ng to 13,3 m /rec in roadway No. 6
with & total volume cf 21,4 m fstc returning through roadway WNo.
7 {arcowk thus ou plan 17).

I have no knowlsdge of the removel of the auxiliary fans in
Section B302. I visited this section on 25 February 1981 snd can

recall seeing the fam in rosdway No. 4, but did not notice

whether the fan in roadway No. 6 was thers or not. The flow of
vantilation thtoﬁﬁh the section, however, appeared to be in

) Drd&‘r .

Vo
P
-

From obgervetione made ut the scene of the sccident it appeared

that timbers and other combustible objecte had been exposed to
varying degrees of heat in the lrna:“srlllel te the goaf line
between roadways 2 and 5§ and betwean éjlita G.and K.
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The heat appeared tc be most dntense at a point 3n the vieinity
of roadway 2, split €, and diminished in a northoerly directiem.
This was also substantiated by the severity of burns of the

persons employed in this area,

4 detailed inspection of the ares, however, did not reveal the

cause »f the ignition,

Te my knowledge no methane has ever oseen iected in this

saction.

Ir iz quite possible for methane tv be released when goafing
‘takés place and for the nethane to be present in the goaf area
without ite presence being detected by mnormal, routine methane

tests,

After rescue operatione had been compleved and on arrival of the
mine proto team, gas gamples were taken at regular intervals at
the regulater in the =return airway. These samples indicated
initial concentrations of EX_CH4 and 500 PPM of CO0 respectively
at 11h36. These concentrations gradually diminighed until 15k45

vien the air was clesr (see Table 1),

e
“F

Table 1 Cas an&ingu st Regulator. 28th February 1981,
Time CA. X o BEM .

11156 3% .7 500

12432 2,5 60

13h08 Ni1 50

13h43 Nt .30

16610 Nil 20 o

13043 Nil 10~15 L

15h14 Ril 10 o

15h45  Ril y
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In crder to prevent a similar cccurrence Section B302 has been
tamporarily stopped ard the volupe »f air to the section has besen
inereased to 32 m3/sec in an effort to clear any methane which
may still be present in the goaf area. All tests for methane
gince 3 March 1981 have, however, been negative. Endeavours are
also being wmade 1in future planning to provide bleseder roads
ddjacent to stooping secticns so that the return air will flow
directly from the goaf area into the return airway ir a direction

away from the working area.

It would be possible to ventilate the face of Section B302
withouts the uge of auxiliary fams, bur them a line of brattices
wounld have to be installed roughly parallel to the face in order

to couree the air towards roadway No. 1 and thus sweep the face.

I did mnot authorise the removel of either of the fansg in
Section B302. |

I did not notice any brattices in Seection B302 after this
accldent. '
!

Without the use of auxiliary fans or bratticee the ventilstion
would tend to be more concentrated towards the return sirway at
rosdway No,.7 gnd the left hand roadways in thes panal would be
gstarved of air, This is, Ian fact, what happened as can be agden
from the wventilstion survey conducted on 3 March 1981, tha _f
readings of which are indicated by arrows thus . ,.

0 _ '- ) b
During the invesvigation of thel accident T questioned all the
available witnessas, and aeg far as I eould agcertain no
electricsl machinézy was being used and no blagting had taken
place at the time of the accidant. ’

- =
<

The explosives used in this section comptise 200 ga Ajax (200 o
x 29 mm) cartridges and electric dltonltorcﬁ'%arying frem

in-tt_ﬁvu»;ilx\:‘uow 5 millisecond delays.
1



107

The Chief Ungineer of the colliery inspected the section after
the explosion ¢o exauine all electrical appliances with the
abjecrive of ascertaining whether the exploaian' had besn
initiated by an electrical flash, After the eoxamination his

evidence was that:

“After T had been informed of this accident I visited Section
B302 for the purpose of determiniag whether there were any
defects to the elactrical squipment in the section and whether
eny of the equipment could have been the causze ¢f a methane
jgnition. I conducted these inspections on 1 and 2 March 1981
and again on 3 March 1981 in the presence of the Inspector of
Machinery. ;
|

My inspections coversd all the electrical equi&ment gnd the
cables feeding them including the flamedeen banks,ﬁz fhuttlecars,
2 loaders, a coalcutter, a rocfbolt_ machine, é' pump and an
slectric drill, h k

I made a thorough search of the Flameproof boxzer of the equipment
for migns of flashing, but all tha equipment and cables were in
order and no signs of flashing wers evident. -

The electric drill, the cable sarving it and & faulty cable |
gerving one of the shuttlecars ware removed for 8 more detailed
examination on surface but this too did not revesl any signa of
flaehing or sny other defects which could iiave caused a methane
ignitien. Tha shuttliecar cable was not connectet at the tine od
the nccidnnt,“ @

Based on the Engineer’s avidenca it is ﬁﬁnaibln to rule out an
#lectric flash ag the initiator of tha ﬁiploaion.

Jf ' f'
Cantrel to the invesyigation st thiﬁsitngt was. the ventilstion of
the section, the pozition of two ;iuxilicry fans prior to the
explosion on the 16th Fsbrulry$1981;aad the air quantities in the

section,
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Two weekts prior to the accident, the mine Ventilation Cfficer
reported that 20 mafsec <=¢ intaking into the section with
19 m3fsec in the return airway. ‘Two fans shown. on  the plan
Figure 17 were delivering 5,1 m;/sec te roadway Mo, 2 and
445 mafsec to roadway No. 4. Each fan deliverad air through a
flexible ducting ard an air curtain {as shown eon Figure 17} to
prevent recirculation of air. No recirculation was taking place
according te his testu. A nmethanometer was uzed to gest for
methane and the goaf line and return airway (No. 7 zoad) were

found to be free of gas.

Anocher interesting aspect of the ventilation was that no

brattice cloth had been erected in the intake roadways to course

or divert the intake ventilaéion tes the left hand side of the
section {No. 1 road) and then along the goaf line to the return
airway in No. 7 road. Tﬁé resgpongible Official relied on. he two
auxiliary fans to ventilate the gqgf line,

On the 15th Fabruery 1981 the Mine Overseer gave instructions for
the fan in Nou, 6 road to be removed to another gection "because
there'ﬁas an adequate volume of air flowing along that part of
the nuééion and it (the fan) was rot serving any purpose”,
Seversal ﬁay§ later the f;n in No. 4 road war 8lso removed to

another section without the Mine Oversser's ipprnval: veither of

- these acts were recorded i the Shiftboases’ 10; book thareby

endorsing thege changes. Subsequent to ths removal of the fanx
ths Mine Overseer reported rchaty '

" checked the flow of ventilation in that part of the‘ gsection
after the fan had been removed and found it adequate. The miner
confirmed that blasting fumes were being effsctively clesred.”

7 . ;
LY

“the mine's standard procedures dictated thar all suxilisry fan

installations. in sections were to be 3ited Ly the Mine i?wnrleur
{following an explosi:in in 1962 csused by an incobrsctly sited
fon vhich was reciwculating air over the fan motor). The Mine
Cversaer in evidence after the explosion stated that:
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"It is standard procedure to move fans forward as the section
advances and. ~ not personally select the site as there would
only be one ﬁ!,uaﬁie site where the fan could possibly be moved
to and that is the position where the fan wculd automaticallj be

installed.™

Both fans wete installed in this section in January 1981,  Apart
from the fast that a fan- wag required in another section, the
Shiftboes had established that the fan in No. 4 road was nort
néféssary. He ztated rhat: °

On 2 January 1981, while T was in Section 302, I noticed that
the blasting fumes did not withdraw from the section on the left
hand pide. I then determined that the fan in No. 4 read was
racirculating and after I gtopped the fan, found that the
blasting fumes were leaving. Because we still required a fen in
another wection, I decidedjgo nove the fan there. I did not
obzain permisaion for this. but it was my inteption to inform the -
¥ine Captain the following day.aﬁd to obtain his sapprovel,

On the 27th Janusry 1981 I d4id an eerly shift with the miner and
ve tested for methare along the face and the breaker line with a
flame safety lssp. ALl the tests were nejative. The flase
‘safety lemp was not Fitted with a test tube (probe).

I did not think sbout erecting brattices to prevent the fan from
racireul&fing.

qﬂhcn I arrived at work on Tebruary 16 1981, the othar Shiftboss
mentioned to me that  the fan in Wo. 6 road had besa resoved
because & fan was required for section 30. Re also aentioned
that this had been done with the approval of the Hiﬁt:ﬁnptain"

Thers vere no.bth.r fwne availabie underground to instsll in the
other sestion,’ . . R
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It is not clear how:

i. the removal of this fan in No. &4 voad improved the

ventilation in the secrion (the blasting fumes dissipated};

ii. the Shifthoss could have taken such a deecision, without

thinking of the consequences of having the fan removed.

On the 28th February 1981 at 20h00 (13 hours after the explosion)
it was dizcovered that one of the two main fans on surface bhad
tripped out on overload at the main substation without ziving a

warning alarm.

The fan in question wasg equipped with an automatic alarm system
* which is operated from the same power source which feeds the fan
"'-otoi- with the result that when the current tripped out at the
sub station there was no current t¢ set off the slarm system,
Since the accidenf, the alarm system .ha; beegﬁ‘improved by
inatelling a back-up. alarm system in the sub station, thus if the
fan motor shougd trip out on overhesting, for instance, the alarm
systen &t the Eln chamber will be ‘activated and should the «rip
out occur at the uub station the alarm systen there will be
activated. |

The svidence of the Pro;é Team .Captain, vho entered Section B302
two hours after the explosion waz as follows:

"As wa walked into the section in quesmtion, I took carbon
monoxide sanples in the air and found that the carbon monoxide
greduslly increased. T imnndi;taly suspected that there was
insufficient air to ventilate the section az the air wvas dense,
yet it was then already 09:30 whilse I was sdvimed about .the
axplosion at 07k30, - '

I then ook a reading at the regulator in the return aizway and
deternitied that & voluae of 10 lslaac flowed through the section.
I then increased the alr regulator, following which anothar

|

N




‘i\\_,_ i

1i1

readihg indicated that the air increased to 16.6 m3/sec. I taok
(:H4 and CC readings at regular intervalsz, the results of which

are indicated on Table I.

When I first enterad the section there was virtually no movement
of air. Towever, after I ineveased the size of the zir
regulator, there was noticeable air movement; but I took no air

velocity measurements.”

It foliows from the g7 percentages and ventilation volumes

measured two weeks before the “incident and after the incident

that the one maip fan could have tripped prior to the explosien,

thereby reducing the quantirty of air dinto this section from
3 3 : :

20 m"/aec to 10 m"/sec.

At 07h30 on the 28th February 1981 a chain of svents had led to

an explowive methane build up In and at the goaf edze.

" Two fana were reinstalled in the dection by the 3rd March 1981

The miner had driligd

and they are shown in pomition on Figure 17 (rogether with the
air readinge at that time).

The Ignition Sourca

7.

“tvred and blasted the two back to back’
cpliéi in road ¥ between Nos. 6 and 7 voads ond waz preparing to

‘blast the snooks between Nos. 5 and 6 rosds snd splits G and H.

L

He was ttlnding.in aplit D ip No. 6 road. A heavy gosf occurred
end after some 5 a-con&s_ flamer were sessn in ~*'q goaf area
followsd by an axplosionm. He maintsins that priaf“;w}blusting he
had examined the goaf edge and fouud it to be free of methans.

. i P -
The Miner's Box Attendsnt who wae delivering explosives to the
face) of No. 6 road itlttl’\:.) -




~> it out to my co-worker and when the flames start
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"I was an eye witness to the acecident in whick several workers
were injured in a methane explogion in our section on 15 February
1581,

At the time of the accident T was deliveriﬁg a box of explosives
to the face in the tractor road (no., 6 road). I was about 10 o
{indicated) fram the breaker 1line when a heavy fali of roof
oceurred beyond the breaker line. I looked up in that direction
and saw white smoke issuing from below a slab of shals measuring
about 0,4 m thick and 4,0 o long {indicated) which had fallen.
At first there was only a lirtle bit of smoke but it then
increased in volume and after & while I zawy flames coningiyout
from under the slab of rock. The flames guddenly grev much

larger and reached towards the roof, I then turned around and

" yan away. As T reached the second split I looked around angd "

noticed that the flames were burning fiercely near the hanging;
T ran into the second _Bplit and as I rounded the corner a_ loud
explosion tock place behind me. I wae thrown to the ground by
the air blasgt and g4 I wer getting up a second sxplosion occurred

and immediately xfterwards the whole ares was enveloped in heavy: -

~ goal dest snd flames which appearsd to come from ail directions;

I wes knocked to the Eround again efter vhich I crayled towarzds
the tip on all fours. The flamas and dust withdrew almost

‘iamediately sfter the second explosion.

!

) 4,
“ After I had initially noticed the amcke under th Lrock 1 pointed

sway aheed of him., When I ran isto the split he was still in the 1.

roadway and took the full force of the explosion from the
direction of the fire, ) -

I have ne idea of what caused the fire under the elsbd of rock.

o

I wes at the waiting place vhen the Miner examined the section at

the bcginnigg of the shift. p

4 rising I ran,

g

T
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We wrre preraring to blast the pillars tnwérds the left of the
breasket linme wher the accident happensd. o biagsting was dome at
the time. Ve hed blesvced the faces furthsr back {in Split B
batwesn roads 6 and 7 indicsted) earlier during the shift."

This evidence iz corsobugated by three other witnesses who say

~that *hey sew smoke ({white, black, grey and green in colour)

igguing frum hetween large sandatone slabg which were sl1d1ng on

_top of esck other. The pessibility that these four witnesses

concocted 2  story to conceal illegal activities - possi bigy KT

blesting opérations ~ which they could heve been busy with® at the
time of thejad
howaver, thf the explosion followed & hesvy goaf which in  turn

idcident cannot be ruled out. All four are adamadt,

lad to fricﬁ nnal heat. A(:}npla of the sandstone present in the
roof of thil wrea has, ths following chéracteristics as ghown in
Table 2: ' '

‘.':: W h\ ) o)
Table 2° ' Acalyeis of Quartz Content of Roof Sendstona

&,

T . [
Quawhlitu y ; 82,2% by volume
° . V. 80,0 by mass

. 'Tha -videna-ntﬁps“iiil more heavily tni;htd? towards frictional
" haat as the ceuee of the ignition., In furﬁper'guppoft of this

hypothesis is the evidence of e Section ﬂanlggf who stated
that:.

"I camnot recollect what the face cutline wae in the ares between
No. 1 and No. 2 rosds. 1 can remeaber gezing that the roof had
partially goafed in the area shead of roidway“uoa 4 and thar tha
roofbolts in that -arep had either sheared or the vashars had been
gtripped off over the end of the balts, C

,‘\,ﬁ R

At **2th¢ accident 1 found that thn area butwcan rondwayl No. 1
anh 2 had goafed as indicated on Pigure 17. The area had net
goafed solid and theré was an open space lbnvn tyc brokern rock.
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There iz a very slight dip from North to South in the coal seam

at the position where this accident happened.?
The section, by all accounts, was well stonadusted.

In evidence, witnesses stated that the eslour of the flames of
the explogion in the goaf was yellow, blue and greeh. The
Inspectnr of Mines rejected this evidence azs being false
{explosion flames connot be green they maintained). Im the coal
dust explosion at the Hlobane No. 2 pit in April 1956 witnesses
gave evidence th=i the flames were blue, yellow and green in
colour. One can only conclude that Blacks interpret a certain

colour which arises in the flame of an explosion as green.

- 2.8.2 Bruelo Minez Limited. November 1982, Ignition of
Hethane in 01d Working

Ermelo Mines is situared 25 kms west of the town of Ermelo. The
mine works the main seam. {C Lower) which iz 1,5 metres thick and
iies at & depth of 120 wmetres balew surface. Bord and pillar
working is practiced with 6 metre wide bords and 18 metre pillar
cantres, A tyoical geap section is shown in Figure 15. The
immedinte roof layers coneisr uf 0,6 merres of shale, and 0,75
mnetres of laminated micaceous sandstone. Roof support in the
roadwsys congisted of 1.5 metre long roofbolre, 1,% metres apart
in & ther divection. A fu"rher 1103 exists 2 netres gbove the
xined Feam, Methane pressure “from the uﬁger sesm has been known
te exert pressure on the roc” of workings in the main seam
particularly on intersections, In order to reduce this pressure,
borekolex on sach 1ntq/s¢ction were drilled to the upper seam to
drain off methane, 5&20 the mathana hae drained oFff then the
flow ceases, This polici‘ was extensively pructiced in Indumeni
Colliary to drain the methngr'froa the top seam. The mine z{?
regarded as being extreuelyﬁgnssy end several igaitions have been
recorded in continuous wminer sections when picks strike the

sundxtone rouvf,
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Explosion

On the 12th Nevember 1982 2 methane explosion occurred in panel
No. 6 at 10430 Lkilling 11 personsg and injuring a further 10
persong, Of the 11 persons fatally injured 10 were overcome by
agphyxiation and one died of a fractured skull as a result of
being struck by a brick from one of the brick stoppings blown out

during the explosion.

Figure 20 is a loeality plan of the area where the explosion
occurred and Figure 21 is a detailed plan of Section No. 6
- showing the "bad roof" area, the venvilatiom stoppings, direction
of gir flow and pesition of coal winning machines, This plan
alzo shiows the stoppings blown out by the explosion, the debris
frem disintegrated atoppings and packs blown up in the explesion.

Mining Policy

The eection commenced development in a southerly direction as a
16-road paunal. However due to poor roof and floor conditions on
the Weat gide of the helt road (bad roof) it was reduced to a &
road soctior, In order to protect the ﬁorkingx from the ™pad
Ttoof". area, brick stoppings were eracted betweén the lat and 2nd
right hsnd companions. However, the lamt split to the right (M)
cuthye &f the fault was sealed off uging & plastic brattice the
day befave th- explosion. Roadway C wes open to the return
xlirv:y Air was thus bleuding through the “bal ground”™ area. In
’ addition a 60 mm diameter borehole into the "bad ground™ area was

downcasting.

On the day befors the explosion {lith November 1982) the plastic

brattice cloth in the Jast right split (M on the plan Figure 21)
vag repiaced by & brickwsll thus ilolstiu; the "bad ground™ area
from the uorkiug secrion. 12,4 m flnc was neasured in the three
intakes on the 7th October 1988, The quentity of air lesking
through the unplastered brick steppings iﬁtuz the "bad ground™

srea was not geasured but evidence was that there would be some
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leakage through the 12 dbrick stoppings thereby preventing a build
up of methane 4in this area. The last stopping at split M was
erected on the Mine Overseer's instyuctions, the objective being
to seal ofl this old werked out area from current workings, This
was standard practice at the colliery {evidence given at the
Inquiry by the Mine Manager). No sampling pipes were installed
throuph stoppings into the "bad ground®™ area, neither were air
samples taken from thiz area to determine the methane content of

the air ingide tha sealed district.

From evidence, the explosion originated in the sealed off ™bad

roof" area shown on pian Figure 21.

- All the brick stoppings between the belt road and the "bad
roof" srea were J.stroyed and the debris blown in an
easterly direction across the belt :oed. 10 kg pieces of
brigk stoppings were blown 50 metres east of the travelling
rosd,

v The cottveyor belt w;sratrioully dansgad.
- m All alectric cables ware sariouxly ﬁgmnged.

ﬂs The extent of the debris is shown on the plan of the section

. trigere 203, ° .Y

- Plastic warning signs showed indications of burning as shown
on the plan Figure 21 ar positions X, Y and Z.

- No signe of burning or an explocion were evident anywhere in
the nection south of the 1,5 matre downthrow fault.

- No signa of scorching of timbers in the brushed area of the
haulage and travelling way wvas evident.

- Both air crossings wers destroyed.

T
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- The major force of the explosion blast occurred at position

A-B sn the plan Figure 21,

Infortunately all eye witneszes to the explosion were killed and
this made dinvescigations difficult. Some witnesses who could
have provided additional insight on the explosion had resigned or
deserted. Carbon monoxide poisoning was the major cauze of

fatalities.
Bnvironmental condition in the section after the explosion

The only air samples taken after the explosion (hy thd Proto Team

Captain) are given in Table 2 below:

Table 3 Air Sample Measuremenis after Explosion

Tine Gax Concentrations
_ i
08h15 Methane - 5% .
12hA5 Carbon monoxide ~ 1000 p.p.m.
Carbon dioxide - 0,02%
14R00 Carbon monoxide ~ 300 p.p.m.

15h00 Carbon monoxide - 100 PePaills

These samples were taken two pillars back from the working faces

(at the ewitch ﬁnn% and fan in the travelling way).
The Cause of the Explosion

The spi-centre of the explosion originated in the sealed off "bad
roof" area., A difference in pressure would have existed betwesen
the intake airway and the "bad rocf™ ares across all the hrick

stoppinge since the “bad roof™ ares was still connected to the

i3



'methane. An

main retﬁrn aitway at point C on the plan Figure 21. Bence it
would heﬁﬁnlikely for methame te enter the belt road from the
sasled ofg areas. Ho real change in the barametric prassure
occurred dyring the day of the explezion.
i

The first %questinn therefore " to be answared ig ket could an
explosive ﬁ%xture of methane have builrt up in such a relatively
short time %pan in the sealed aff area? The gas build up did not
result from“ gudden release of methane inside the sealed area

becauge it i apparent that thé_whole area was not filledt: with

examination of the gection plan would indicste that

before the 1a\

what sir entemed the "bad roof™ area would have followed a direct

t stopping was erected at point M in the section,

route to point{ C thus leaving large areas adjacent to this rowre. .-

utiventilaced. Purther, silunce roof €allzx had occurred in this

area, it foll thaf the roof whnfq falle cccurred wuuid” have
been higher tk

-occurred. Since| methane is lighter than air {upeéific gravity

n the roof in roadways where falls had .not

 0,553) it is podeible that, in the roadways vwest of road C,

sethane bad collefted in the roof cavities, caused by falls of
ground, in lerge ! quantities before the ignicionm on the 12th
November 1582, . 8

o

During the 15 hour period following'ltﬁh gealing of rosdway M it

is poseible that a tdngue (tongues) of flethane from the cavities

had suvaloped the n fnal roof and that somewhere a methane
concantration had reachﬁd the explosive limits between 7,5% and
15%. . : %

i

\

The Ignition Source

e

- No contraband waz found on persons or in the affected area.

- Kaither persoms nor equipmant were found in the nea}ed off

area.
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All flare safety lamps and other lamps were found to be in

order.

No blasting operations had taken place at the time of the

explosion. The Miner's blasting bartery and cable wers

" found in an utconnected state and hanging against the

ribside.

No thunderstorms, no +veld fires nor other fireg were
recovded near the £0 mm di?ﬁﬁter borehole which was

downcasting into the sealed area,

The accident scene underlies an Eskom overhead power line.
As far as can be established no atray currents were

experienced from this power line.

A detaiied examination was made of all slectric cables and
wachinery in the belt road and section itself., Apart from a
flameproof light which was found open at the tiwe of the
explosion oear the waiting place ﬁll electrical apparatuas
wap found o be in order. Hgd this light been the ignition
zource then the hodiea found in the belt road would have
reflected burns. ,None of the bodies evinced any burn marka,
The only person who suffered burn marks to his face snd
hands was- a Polish electricisn usnder training. He was
discovered near the waiting place with s side cutter in his
hend, The side cutters showed ne signe of a shoert circuit
£lash.

No signs nf spontanecus combustion'was evident in the areas,

The most likely cause of the ignition wam frictional hear as a
result of a fall of roof in the "bad roof® - area, This <could

either have been quartzitic sandstone on sandgtone or quartzitic

sandstone on roofbolt steel sinca the epitentre 5f the explosgion

was in the gealed-off area.
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2.6.3 Bos jesspruit Colliery, 9th March 1982. Ignition of

Methane at a Continuous Miner
Intrpduction

 With the advent of the greater use of continuous miming machines,
wspecially in deeper and velatively more gassy seams, the
iteidence of methane igniticnme as a resuly of frictional heating
beﬁween steel picks and sandstone bands is increasing. The
perc&ntage deep mined coal won by continucus miners in 1988 was
32%. 4

The incident deals with & face workers whoe suffered burns te
their facgs and hands as & result of a methane explosion
resulting %rom frictional heating between contintous miner picks
and aandatoﬂg. The incident occurred 1n a crosz cut from a
* roadwsy whlcﬁ\had penstratred a dyke, The s;tuatlon degeribed is
‘s recurxzing theme throughout this project dealing with methane
and conl dust éﬁplasians: roadways which nave penetrated dykes
are likely to éﬁ&f high quanthie: of methane and be poorly
ventilated, Heth&?e build-ups occur wh;ch. for some or other
reagon, remain uhdetected - gnd an 1gn1tzon Wource, in this case
frictional heating {is all that is required to ignite the

explosive mixture.
The Incident

The No. 4 seam 1lies at a depth of approximately 180 metres aud
the explos;on scens iz depicted on the plan Figure 22. The
gection, worked on the bord and pillar zystem, had intersected a
6 meatra widec- dyke which had ‘Durnt the coal on either side for
approximately 15 wmetres. Both the main and the left hand
conpanion had penetrated the dyke and the split off the wmain
Hhaulage wag being sdvanced o a westéxly direction to hole with
‘ht lefr hand companion. The face was 37 =metres from the Ilast
through road which recovrded a welocity of intake air of 1,1
wetres per second, well above the leéil standard of 0,25 netres
per second. The seam height in the sectiou was aprruximately

3 getres,
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The “bntilation of the split off the main haulage inbye of the
dyke was by wmeans of an exhaust fan and ventilation tubing which
extended into the face. From the measured velocity of air at the

continuous miner 1t is calculated that the air guantity at the

machine was 2,37 m fsec. very little, if any, o¢f which was

reaching the face, Figuté“rza shows the face details and thke
shortecomings resuitiﬁs frem the sole duse 0£ an  exhaust
ventilating system,  the ducting bLeing ¢ metres back from the
face, It is unlikely under these gircumstarces that any methane
emisgion from the burrt coal 2zonme weild be removed or be
sufff&iently diluted to prevent a methane einicsion. At best the
gir in the face area, where the greatest risk of frietiocmnal
heating exists, will be disturbed by the revelviiy cutter drum of
the continuous miner and the operation of the dunt extraction

system on the machine.

Conditions in the =secrionr are c‘iesczs.bed by the Section Manager
who stated that:

Cg)
-l

" "Jpon my arrival I found that the ventilatipn curtain, as

'1ndicuced on Figure 22, was lying on the ground together with

- .partg of the exhaust pips., I tested fbr%ﬁgarbgn monoxide and

‘I'he teat was cnrnfied out after the ventilation conditions had-

_;'a*ny of the aforems tiozed gas -

carbon dioxide as well cs méthane, but there wa@ no indication of

13

l,_, l"

" returned to nom%.

I mesasured the volume of air and found that it wae as shown on

the plan Figure 22, nemely 2,37 n3{uc in the ares of the

r

ignition, that is, over tha cont iouous niner. The incoming fresh

air velocity above the continvous miner was 0,15 nsﬁaec. At .the
tfﬁe of the accident the continuous miner had just commenced a

new cut in the fice. iﬁ

1 revisited the scene ot\\:h- ncci.d]ept acconpanisd by the

Inspector of Mi.es during his in-situ inapsctlon of the scene.

¥
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Once again we tested for methane gas in the dyke area aa
inficated on Plan Ho, 22, aes well as the pogition where the fire

existaed, 'The reste were all negative.

The available ventilation was sufficient for healthy working

conditions and in accordsmce with legal and  mining standard

specifications,

After visiting the scene of the accident I coucluded that the.

* Convinuous miner must have cut through s methane pocket which
coused the ignitionm, The ignition occurred in a dyke avea where

the existence of methane ges is likely,

My conclusion wae that an ighition could have been caused by the
picks of the cont inuous miner cutting into 2 plece of quarte. I

noticed that quarfz ngf sandstone vere present in the area

betwaen the coal. This area bas no history of the »recence of
il asthane, even when psnetrating a2 dolerite dyke where methane gas

E

is not prnvﬁliqt.

If it io found that methane exists in any sarea, all electrical
apparstus except fens are awitched off and Personnel withdrawn
Irom tha ares to a safely ventilated area. -

4]

2 The presence of methane gag wag not reported to me prior to the
accident, . ' .
Stonedusting in this aree was closer to the face than the
” _,ltlndatd requiranents. n:mnly past the last through ventilation.
The stonedust wag in no wly ;ff!ctcd by tha fire. There were
syfficient flnmn safety ln:ps supplisd to this lect:ou. ‘all of
" which ocre in otder. : "

No fufther questions."
The evidence of the Team Leader who was opcrating the continuocus

miner is a8 follouu'

o
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BT am a Tean Leader.

Ou the day of the accident I was the Operator of the continuous
miner busy cutting coal when a loud thud occurred. I tried to
flee but I realised I had been burnt. I noticed that the flame
had started at the cutting head which was moving backwards,
Originally the f£lame started in the rouf and spread everywhere,
It felt to me as rhough the flame burned for & long while but in
actual fact it was over in secords. I never saw whether anybody

extinguished the flame bnt ir just stopped bufning.

By Court:

i
iF

The water gprays' & the cotting head worked efficientC;L I

‘«””%%fﬁalli saw spaxks on the cutting head. Panches of stone were

prﬁgepg in the cosl. I had already cut approximately 10 metres
bafore ~he ignition occurred, I #fw several sparks foy » while
bafore the accident pciurred.
I had a-flame gafety Jlemp with me on the continuous miner.
Immadiately prior to the accident there was no indication of

methane. I teated for methane prior to the accident. The test
was nagstive. I do not have & ecertificete but my Miner taught me

to test for gas., I would have recbgni*ad it if there Had been
mathane gax prelent.' ’

The ventilatidn pipe was in order but I could not sctually feel
the air circulating.

I have Leen exployed in Esst I shefc tor four years and this is
the first time such sn eccidenty hus occurred.

_ i
He have been taught to watch for methane gss ~ we are afraid of
it. &) . . o B

Whilst I wasz cutring nothing abnormal was observed régggding

dust; it was absorbad as norpal ™

i o



o

129

The evidence of the Section Engineer who examined both the
pontinuous miner and the shuttlecar after the ~ explosion,

indicated that both machines were in order, He could find no

-fanlt wirh the flameproofing of the units, The cables were also

in order.

A pertinent ypoint in the evidence of the Mine COverseer, who

vigited the gection 4 days before the expiosion, was that he did

.not test for gas in the main haulage 1road which was already 15

metree through the dyke. He sccepted the assurances of the Miner
that "the tests were negative™. In addition his evidence that
"the gxhaust fan ducting was up to date"™ went unchallenged in the

Inquiry."ﬁhat is meant by the term “up to date™?

, No standard procedures for ventilation and gas testing were

called for or tabled, and'no refererce is mede in the Inquiry
documents to the use of electronic methanometere mountel on the
continuous miner whick would provid- & warning of methas: build
ups st the cutting hzad. The operator was provided with a fianme
safety lamp !0?"6! testing.

' Tﬁi Buiftboss inwavidence stated that ‘the Miner and I were at

tha miner's box when the operator {of the contiobuous miner)
:aport-d that he had intersscted stone with the cutting drum. We
went to the face to inspect it and noted that the roadway hed
intersected burnt cosl on the left hand zide of the fuce, We
exanined the face for me;hane uging & flame safery lamp and found
no gas. As I wad leaving the section (I was 150 metres outbye of
the weaiting place) 1 heard an explosion and returhed to the wmain
drive where 7 aencountered injured workers®. Thé author quotes
the Shiftbosa's evidence since it iz importsnt. Tests were pade
for methane, thay proved negative and a methane explosion occurs
albeit two hours after the inspection. Tt was the miner's Ffirst
shift at thise . colliery. The explosion did not develop into &
coal #ust explosgior yince the gection was adequately stonedusted.

&
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NHo methane readings were recorded either before or atter the

iacident which makes analysie of the accident difficulr,

Twa similar incidents to the one above occurrad at - Springfield
Colliery in May 1982 and Augest 1983,

Figure 24 shows & Jocality plan of the first dincident and
Figure 25 details of the face when the ignitioa oceurred. In
this incident the Operator of the continuous miner was burnt wien
frictional heat £rom picks atriking a sandutone roof ignited
methane issuing from a blower adjacent to a dolerite dyke. Both
the forcing and exhauat methods were uged to ventilate this face,
s method which the author endorses when faces are being worked in

burnt coal, L

Figure 26 and Figure 27 shows & locality plan and face plan
respectively of the second ignition, The continuous miner was
advancing in burnt coal, when thi‘picks struck 4 sandstone bapd,
in rbiiupper right hand face, igniting methane. The Operstor was

burnt.? In this instance the face was ventilated by a force fan
only atd the 450 om diameter ducting wag 9,5 metres from the

face. Taeble 4# shows the methane readings in the face 1 thour:
' after toe ignition when the ventilation ducting wam exteaded to

within &6 metres of the face.

Table 4 Methane Readivgs efter Ignitiom
Pouition in Yace Fleor Roof
1,02  0.5%
1.0% 2,0%
. 0,5¢ 1.9%
Y4 3 1,28 Coa, 135: &
0,5% . 1,8%

0,2% 0,2%
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In every instance the percentage methane was well below the

ignitinn range.
It ig cowmon practice in Austvri.a to usge line brattice to

ventilate hkeradings being worked with continuous minerz, a

practice whick has not found favour in South Afriea,

6.4 The Durban Navigation Collieries.: 21st Sep.ember 1968.
Ignition of Aethane while Coal Cutting

A non-casuality accident cccuired on the 2lst September 1968 when

“firedamp was ignited in an undercut during coal cutting

oparations.

Figure 28 is 3 locality plan of the section showing the layout of
the Buxiliar}fvéntilatinn fars, ducting and water pipes in the
section. mfnre 29 depicts & seam mecticn showing the position

of the under
The Section Maunager, in hiz evidence, stated that:

"“At about 09h00 on the 21:: Septenher 1965. the Mine Overseer -on _
duty‘reported to me that ne had received a telephone qall from
Section) 27 that an ignitior of inflammable gzs had occusxed in
the face®af the belt road and that the gas wes burning in twe
undercuts., The Miner reported t¢ the Mine Overseer thatr bhe had
coutacted hie Shiftboss and that they were attempting to
extinguishk the fire by using fire extinguishers, svonsdust and

water,

I ipmwediutely telephongd the Mine Msr .zar who in zurn alerted a
proto tesm and notilied the Mines Department.

On beinélnatified of the fire, I proceeded to No. & ghaft but en

route, 8t about O09h15, the Mine Overseer contacted me by

telephone and told me that the fire had been extiugujighed.
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DURBAN NAVIGATION COLLERES LTD.
LOCALITY PLAN SHOWING SCENE OF FIRE.

1:1200

N 27 SECTION ON 21/09/68
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At about. 10h1l3 I accompanied the Mine Manager, the Resident
Engineer and the Inspector of Mines to Section 27 and upon
arrival T found that the entrance to the belt road had been
fenced wif.

I insperted the zcepe and found a coaleutting mackica near the
face o» the left hand side of the road. 1 saw that the wachine
had almost completed vndeycutting the face. I aleo saw thar a
cut had besr completed on *he advancing face of the heading., I
had a plan o). the sectien and a sectionm of the coal face Jrawn up
{Figure 33]).

The belt road was ventilated by means of a force fon delivering
3,36 mafsecond through a 550 mm duct which wae within 5,4  metres
from the face. The orogs sectional dimensions of the roadway
were 3,35 metres high by 4,6 metres wide ~ there was 2 strong
flov of air over the face. | 5

The weter reticulatior sgervice wasg within 13 metreﬁ of the face
of the heading and the preesure in the 5¢ mm pipe according to a
prexsure geuge was 1400 KPa, The water host which wes ttormally
"attached to the cosl cutting machine was lying o the floor es it
had been uded to, extinguish the fire, Normally the water hose is
attached to the cosl cutting wmachine snd the water iz sprayed
ont3 thea jib and the pick chain vakes the water :imto the
undercut. It vas not possible to say if water had or had not
been used during the undercutting of the face. ALl the coal was
very wet.

By Court:

#rom ﬁy investigations iéﬁo'thavignitioﬁ it appeared that whilst
"« the coalcﬁttgf operator waR undg;cuttiﬁg the face s shown in
Pigure 30 there was the aagﬁd of an ignition of inflammable gas
and flames appeired out of the undercut and spread to the
adiscent undercut, These flames burnt té the height of about two
metren. The coalcutter Driver switched off the power to the
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machine and called <he Miner who went to the [age, The Miner
attempted to extinguish the fire by weans of water, stonedust and
a fire extinguisher. He also sent for his Shiftboss and had 3
duty Mine Overseer notified by telephene, The HMiner and
Shiftboss managed to  extinguish the flawes by means of a fire
extinguisher and also by throttling the wentilation therohy
reducing the fanning effect of the air current. The , Shiftboss
suffered L1l effects from the fumes libexated by the fire

extinguisher.

I examined the coal face but did not find any coking of coal.
During the inspection in loco I teswed for inflammable gas with
an Oldhan methatwmeter and found 0,15% in the general body of the
air with the force fan delivering its full quantity. I detected
1,2% in the undercut and by using a probe I detected 1,3% in the
back of the undercut, I switched off the force fan and
immedintely layering of the methane tock place; within five
minutes there was & 450 mm layer contzining +35% methere against
the roof. |

I restored the ventilation and afte; the gas had been cleared I
had the cosl cutting machine started and hsd the undercut
cozpleted., Water was applied in the normel way snd duying the
cutting I tested. conginually for inflammable gas ‘but'I did - not
datect any coming out of the undercur which'ius 1;3 natras deep -
noroaily A cut of 2,42 metres ix taken:

I ¢id not find any sockets or nii!ircsvon the face., The cut had.
be<n taken in clesan coal - 0o #tonm Or pyrites were vi;ibﬁﬁ. -1
did not fianl biower of methane in thé hesding.

" -

w

The onlyfﬁnoyn 3¢piogiéal d;ituryanct in thaﬁ;iciaitg of Secticn
27 is » 3,6 merre thick’ dyke ruaning paraliel to the right hand
#ide of the section end is ‘hnut 110 nn;ill avay from whave tﬁnl
ignition Took plsce. It is known that inflawbeble gas is
occluded in rhe coal but gus has not been detected in the wection

for gome considersble time,
M
kel

I n
"o
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I exgmined the picks of the c¢oal cutting machine and foumd that
two were missing and the tungsten carbide inserrs of two were
slightly chipped -~ the remainder were in excellent condition.
After the undercut had been completed I felt the pickes and found
that they had not heated up to any cousiderable extant.

In my opinion vhe ignition was probably causcd by 4 spark created
during the cntiing of the coal and igniting the mathane liberated
in the cut -~ normally abowmt 3,0% methene im found in  the
undereuts in a passy gection such as Section 27, The poseibility

of dry cutting camnot be overloocked.

There were no ¢asualties ag a result of the ignitieon, There was
a loss of some 400 rons {of production) due to the coal cutting
mechine having to remain idle until the ingpection in loco was
completed and the cost to the mine has not a8 yet heen
determined.

‘The coal cutter Operator had 6 yesrs experience on the colliery,
According to the Miner the sgafety lamp wus burning before snd
after the ignition. |

An investigation by the Fuel Research Institute is in hand to
‘ determine whether or not there is mome substance in the coal that
could have caused the igpition. T

No further questions."

The conl cutt;r OpQEntor iﬁ the section stated that:
"During the shift of the Zlst Septexber 1968 I undercut the fece
ot‘the belt road with my sechine., The cur wes tsken about 450 mm
, (indicated) sbove the floor elevetion. Whilet I was cutting the
coal my helper wu; spraying water 5u to the moving pick chain,.
The huge was actually ihlanpod to the machine and the water was
" ﬁ* spraying on to the pigkl.
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- chain whilst I’ was cutting the face.
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After I had completed this cut I moved the machine back a short
distance, sweng the jib over and started cutting the left hand
ribside, Again the cut was taken in ceoal and abvut 450 mm above
the floor elevation. My safety lamp was burning all the time and
i did not detect any inflammable gas whilst I was cutting. I had
almost completed the second cut when light green flames came out
of the cut. These flames spread to the first cut and burnt chout

1,8 metres up the face.

I impediately switched off the power a2t the machine and ment ny

assistant to switeh off the power at the mmin switch.

I zold him to call the Miner whilst I stood guard at the entrance

to the ruvadway.

The Miner arrived soon after my helper left end qgld me tr  fetch
s fire extinguisher at hiz box, I left the p];;ir.'e and when I

returned with the fire extinguigher the Miner was trying to ;

extinguish the flames with water. I nanded him the ext;ngu;ﬁhnr
and he played the contents on the fiames. Soon sfterwsrds ogt
Shiftboss arrived and the flames were extinguished. _f

& S
o

.

By Court:

E
I

/

I sm sbsolutely certein thar water was being played on tyg pick

. w f?‘:
The pick ch#in did not stop from the time I started fhe second
cut until ﬁh& igoition occurred. © I examined the ’pick chain
bafore -1 lti?tﬂd cutting. Twos picks wera uiuning byt there was’

sothing wronj with the remsinder. After the-ignitjon I Pouféad
ther twe picks were chipped. . ﬁf"

3

The \nntils ion was very good snd was on all fhn time I was
cutting in khu belt road, I tested for gas mfom I cut the
first fece and I'tasted sgain before 1 atarted pn the second cut.

I

i . ,
Bo furthsr questions.” ; ;

K

(2

A

e e e
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What is of technical interest is the fact that the tungsten
insert on two of the picks »ad broken off, and that dry cutting
could possibly have been taking place. Both these aspects are
fnot uncommon practices where supervision iz either lacking or
weak. or when the watex supply to the section has been Jdigrupted.
The rapid build up of methare in the roadway when the ‘Fuxi1iary
fan was stopped indicares that methane was being given ¢ff freely

in the undercuts.

In a similar methene igniticon incident at Springfield Collie.y in
November 1983, ventilation readings were taken immediately after
the igoition in every face of the section. Figure 31 shows the
locality of the section and the details of auxiliary ¥fen
%“gg:}tions. diameter of ducting, distance of ducting from faces,
ventilation velocities and quantities. The ignition occurred in
the lec5hd\&o£t hand compsnion back-over which was being advanced
in burnt cosli.gnd the face datails sve shown in Figure 32. The
!uctiﬁﬁﬁﬂll uork:&*uping trackice: mechenised gqpipnsnt (loaders
and shuttlecers). The ventilation standards in the section were
adequate as will be seen by referring to Figure 31,

4 .

P

&
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SUMMARY OF THE MAIN POINTS ARISING FROM THE INCIDENTS

ThgﬁéSo goaf line worked inarl_stooping“section te zontrel
tﬁéfcaving_ nakes efficient ;\ 1; larion of such a section
difficult especially when the ilkake air enters the section
ar the lower end of the gosaf as Eb?wn in Figure 33, The
ventilation at point A has the qﬁghgﬁcy to travel acress the
section to the return airway at point P {the shortest route)
and not to pulnt C where adequate ventilation is. zequlred to.
remove the fumes of vwiasting and also methane accumulations,

‘Any deficiency in the brstt:cea along the line A-C as fbgwn

=1 Fxgm:e 33 will sbort cikcuit a&ir to pnznt B, with the

possibility of jm ignition &t poant C due to a 1#2?***f
veptilation.

3 %,

*
Y

Parsons expoﬂed to the flame of an explosionmnuffer geverse

“body hprnn. . S

The positioning. of suxilisre fans in pillar extrsction
¢ .

sections (see Chapter 5 C&n&ﬁinn Colliery) is important,

Feur positioned in wectisns with no thought and xamoved from

'“thn section without the pc:lillinn of senior Officisls tlula

s deugerous bduild up of ntthann in lnd along the goaf lina.s
An ignities source is all that ie tequized to initiste sn
oxplosion. \a. “*-ﬁ_ : - 7 ¢

Inau!ficiant vantilation supplia& to the pillar extraction

sectionm, 20 m» ftac uould lppalr to be insufficient.

o Lk
ey

Inadtqpat. aupar#ztion over the giting of fans. MNo brattice
cloth curtaina were erected in the ssction t8pr1ng£xald) to
course thu veaiilation slong the 45° goaf 1inc.
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Dfficials and Miners {including machine Operators) aiways
claim, afrer an explosion, that tests £for methane gas lhied

proved negative prior to the incident.

Marked changes im the quantity and velocity of ventilation

entering a4 recetion are not always discernible by those

persong working in the sectdion, The author has, on many
instances ehtered sectioms to find litele movement nf air
in the section - yet operations pumeed at the normal tempo,

an example of thiz is quoted below (frum a recent safety

overview 8t & gassy éit);

"A., Team No. 1 - Section GI08/3

fyns= NPttt

1. Clopk onn bank out of crder.

2, Grass untidy in the entrance area.

‘3. Section transformer dvor closure itasdequate. Daors can

be opened sufficiently to sllow hand access.
‘ 4
4, A new sign required to dencte electricity not gkull and

crossbones, |

5. Roads pot - :ved from G700s. _}

c\':‘

i
P
—:ﬁ

6. Production targer: 25 gpb tonnas-
trendzﬂg; 28 ﬁ&ﬂ tonnes, ' i

7. Brattices not eealiliy - open on bides cauzging leakagd, '

8, Ajir velocity 0,4 n/eéc in No. 1 roadway - fL; below th;\
: mkne grandard of 1 metrs '»r secaond. : -

el "

1

1 4 :L:r.’
9. &k rurn veloc1ty 1,6 mfuec ~ 20 njlzec. thisg should

hmve been 40 m /sec 85 it was recorded two days ago.
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10, The tip attendant did not stop entry to the tip area,
li; Reading at ventilation column discharge 9,9 m/eec.
Ventilation

3
1. Air-volume only 20, 4 mg;’sec. At  least 30 m /sec is

required for 3 avxiliary fans.
4. Brattice stappings not wp to date,

3. Ventilation dueting within 5,’6 m of the face &nd

'gengrally in good cendition.

4, Size of wvent tubing not correct; should be 760 mwm
prior to the split instead of 600 mm.
3. ;Dends\being ventilated off 1 fan, exanple
eiv flow, 1,2 w/s 0
) 1.1 w/s
€ 2,1 a/s
ﬁl.ﬁ n/g
7,8 mfs

1

: ['\_
6. One fan with joint box Joose and not bolted. \thpp_ed
immediately for rectificeation., Fan was also loose on

trolley. 0

7.I- Ne ’f::_netl'-ane détec{r.usd in the general body against the
roof but 1,2% found in drill hole of split.

It :rinspired later that two large ventilation doors had

“baen inadvertently left open.”

™,
i 4
G

It is of paracount importance to line mupagement that any

fault in the operation of main fans heggﬂiected immedigtely

Y

o "
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and be rectified, If the mpain fans stop for any reason,

senior managemeut should be notified without delay.

The quartz content of sandstones which overlay coal seanms

wher: secondary extraction is likely teo taske pliace should be
;, ra

ascertained. High quartz content in sandstones is a tause

of frictional hear during goafing.

The goaf area of piliar extraction sections can become a

regervoix of methane.

Evidence of wirnesses who were involved in methane/coal dust
explosions can prove to be valuable and sghould not be
dispissed with impunity. Thig ig highlighted in the
Springrield Cplliery explosion where witnesses ststed rhat
the flame of the explosion wag yellow, hlue and greem in

colour. A similur.describticn of an explosion iz given by

{ witnesses in the Hlobane coal dust explesion in 1852.

T
4

ﬂguork%d coal-geams which exist above the seam being ° worked
have been known to contain wetbane under pressure and which
can find its way into the sesm below. '

E (=3

80;___1%1; off ‘an srez krown to contsin sethane can result in a
buiigﬁ up of methans gas to within explosive limits.
Precautionary methodg to prevent methane explosions sre
generally ignored when sealing off old areas. Théﬁ posgible
ignition sources are alse not always considered,

The decision to seal off old’ aress is sometimes taken at @
low supervisory ilevel (Shiftboss or Mine Overseer) .

o "

No provision is made to install sampling piyns'igto seala

. when iealing off abandoned mreas.

o

The force of an explosion destreys sfructures in such a way’

that it ig possible 'n determine the epiventre of the blast
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(see Chapter 4 - The Durban WNavigation Colliery No. 2
explosion in October 1926},

Explosions destroy airerossings and ventilation appliances.

Carbon monoxide poisoning (Ermelo Mines Limited) can be a
major cause of death in methane explosions. This is
substantiated by the results of the wventilation =samples

taken in a section after the explosiuvu.

Cld areas which ars sealed off are rarély examine? before

sealing takes place so as to determine the state of the

gases in the area., Cavities din the roef are liable to
contain dangerous accumulations of methane. Tongues of
methane can extend from such covities and layer against the

roof in dangercus percuntages.
i

Flameproof electrie lights within the 200 metre limit from

the facas can be opened by electricians with the power still

on.

Roadways'Shick’ penetrate geclogical disrurbances such as
dykes invarisbiy encounter excessive methane emigsion EE/&@QJ%
fors of blowers, and generally, veniilation of thease ends is Q

insdequate snd poorly planned. Methane build up in these

. faces often goas undetected. Iguition sources are varied -~

in this case frictional heat.

) A T o
Ventilating headings (especially thcse advancing through
dykes) by means of exhaust fan systeme ajone is inadequate
to snsure the removal/dilution of methane in the face.

Ventilation ducting should be as close to the face ag is

practical - ducting which rerminates 9 metrex from the face

viil not ensure that merhane is adequetely diluted,.



152

On-board ventilavion, dust extraction and methane detection
systems ou continuwous mining machines  are cften
non—opetational and ingufficient attention is paid te the

maintenance of these appliances,

Sandstone measures in the Karoo system contain between 30%
and 70% quartz.

Miniug personnel sometimes blandly accept that wventilation
standards are adequate when in fact upon closer examiunation,

they are not adequate.

Pockers of methane under pressure are likely te cocur and be
encountered in areas of burnt coal and d_ kes (see Chapter B
~ Methane Qutbursts).

Quartgitic sandstone bands in the roof of the mnmineable
horizon of the coal sesm will cauge incendive zparking and
frictional hest when cut by coal cutters and continuous

mining machires.

Flame safety lamps supplied to machine operators gri ﬁot a
reliable neans of detecting methane emizzione during
opefltionn. #ince they aie Qifficult to read dyring
qptéltians especially if they are sat much higher than eye
1avqg: .

'Ho methane gas wae detected prior rto the g;plosi&u'. a
recurring theme during this iuvestigation, Fﬂdfgdlyl before
the accident, the Mine Cverseer, iu evidence, stated that he
vinited the section and the main drive, hut did not test For "’
uethane. He accepted ‘the sssurances of the Miner that neo

zethane was present,

Lack of standard procedures in the #ection. For exaaple,
the Shifthoss stated that "the ventilation ducting, was
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found to be up to date®. Against what srandards are these

ekservations mezsured?

The continucus miner was not equipped with an acvtomatic

mathate wetector.

Inexperienced Miners are placed in charge of gecticns -~ in
the case of the Bossjespruir explosiom it was the Miner's
first shift at the colliery.

Lack of detailed methane and carbon monoxide readinge after
the explogion ~ this ﬁﬂkes it difficult to analyse the
conditions in the section after the explosion.

4
The use of forcing and exhaust vertilacion systems in
headings worked by continuoud mining mechines would indicate
that such faces sre batter ventilated; this system isg
however no gusrantee that explosions will be prevented bur

the force of the explosion is diminished.

The ‘colour of the flames which were visihle in the cut akter
the ignition were described as green which correlates ﬁ;ch
eysvitneises in explosions in other collieries.

o

2 ]

Tungeten carbide tips were missing frow two. picks on & oual
cutter chein when & methane ignitiom occurred.

¥t is poseibie that ps & resulr of weak uuyervinion. WAt ey
was not being used ony the cutting chain dering cutting
oparations. '

i

In gassy pits methane can build up rapidly in roadways when

the ventilation current iz disrupted. i
> : .

<t
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2.8  PRECAUL. ONARY MEASURES
Z.8.1 Goaf and Coa: Line Ventilation

The ventilation of the goaf i:he has been dealt #ith in Chapter
5. Roadway brattice turtains can only be meintained in ond
working order by sowh, l*uperviaion end training of wmining
Officials, With rafer&nce to Figuré 33 it would be more
advisable to nnkn the rigpt hand barrier rosd (B) the  intake
#irwsy rather than the return and ensure thet air'tirutly reabhed
. point C. | -
Phato No. 1 shows & ti i suxiliary fen installauion with a
brattice curtain to prqv ~he :ecitculstion of air over the fan
notor. Fans recirculutzng.nn:hcne laden air over faulry :;;rrs

the

-inhyi side of fans should he ltlﬂdltd Rine ventilat1ng p:actlce.

have cuuse& sethane t&plnixons. Hence brattice curta:ns o

;
The Shiftbosses log book should make proviaion for the logging of
all suxilisry fan instnllntionl. which euatriss wshould be
countersigned by the Mine Overaser who will thmrchy indicste his

awererass of all fan ;nutallationl.

D

=
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The quantities of air recommended [or wventilating stooping
sections are given in Chapter 5, as is the position of brattice

eurtaing in a typical section to ensure adequate ventilatien to

all faces. i '

w AR

r
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2.8.2 Gas Testing o

Unless senicr Mining Engineers insist, and set an ¢xample, on the
testing for methans in every face during underground inspections,
junior O£ficials and Miners will not carry ouwt these t.sts

thoroughly. The author has, over wmany years, been hLighly

evitical of Officials who fail to test for methane in all working

faces ¢n 2 roubine bazip, Ewidencs at inquiries, time after
time, following an explosion, is thet tests showed ne methane was
present in the faces - yet the yuestion must be agked as to how a
methane explogion could have oncurred if no methane wae present?
It is highly probable'that in ost cases re tests were conducted

for pethane prior to the explosion.

2,8.3 Ventilation Quantitiea to Sections

vahilntlon quant1t1es in sections may deteriorate substantzally

but uot becoue dimcernible to those persons working in the
seclion ss proved previously in this Chapter. These reductzons
are genarally due to:

- Stoppags of one or more of the main surface fana.

- Falls of ronf in intake and return air}uyg.

- Officials sealing off raturnm inadvert
experienced this aspact o¢n several)

1955) & night shift

Shiftbogs actuaily bricked off & main return airway having

tly. The author hes

2

 gecanions, In one

inatauce {at Springfield Colliery im

_ misunderstood instructions to ersct @ seal in another area.
This incident typifies the serious lack of knowledge snd
training of mine Officials perticulsrly with rg;ird ta
ventilation, | ' ’ ;
Figure 34 is a plan of a section. For almest 25 vears this
plan has been used to test prospective Hiqgr'a knowledge of

i+
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ventilation in the Blasting Certificate examirations.

Miners learnm to wventilate thke plan "parvot Eaghion".

It is these miners who are eventually promoted to Shiftbees

level (and who brick off main return aivways by mistake).

- Major ventilarvion doors between intakes and returns &ve
often left open thus causing serious shortcircuiting of air.
Interiocking devices should be insgtalled to ensure that both

doors cannot be simultanecusly opened.

- Water plugs developing in wet upcast shafts and thereby

tgusing temporary restrictions.

In gassy pits velocity vecording instrumentse should be installed
in each ventilating district snd connected to the central coatrol
ta giv# audible arl! wvisual displays of any changes in air
vélocicy to the sections.

In addition all maia fen instﬁllstions on surfﬁce should have a
back-up alaxm systen in the fan sub staticr sc &8 to record - and
give a warning thit the main fan hap ftripped especially if the
nntoi'hns'tripped out due to overhesting. The circuitzry for this
systen is shown in !i@u:o 37, The alarx system cannot be eolely
operated fro-f#hh piwar supply which feeds rhe fan motors mince
when the poun{ supply trips to the notors there is no lupply te
feed the aglars lystl&
" s . P

The procadures to be folloved in the event of a poder trip are
set out below: ) ’ ' J

Povear Yailure
Hain Fan Failure
a. 7The peklon wha ddscovnrs that the main fena have stopped

mist notity the uoat»uanxor fozcill at the shaft (Assistant

Hanlgtr. Mine Overuelr. Engineer, etc.)
(8]
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bs This Official must find out what the reason for the stoppage

iz and when it can be restarted.

c. *In case the fans cammot be restarted ivmediately, the

Official must notify all underground sections.

4. The underground power in the azea gserved by a2 main fan
instailation wil} be automatigally tripped if  two or mcre
fans stand for longer than 45 minutes,

Totsa, Fover Failure N g

A

a. -The person injcharge (Miver, Artissn, Tegm Leader. etc.).

! mtst\ imnediately withdraw all the _ people under his

¢ _gupenyision to the waiting place in production sections, or

to & _;:a%e area where there is normally through ventilation.

S

b, Notify the mgzﬂjpst (’ffiaa who awmat find ocut what - the .

problem ig and™ L‘.\ta.., l;hc Axl:.atant Hansgarlnme Jverseer oy

T+

]

-"'q' L

]
a

Engineer .

N I
L ' N

In 8ll the a};éve circumgtunces tﬁruniot efficinl on l:'he ah&?c "

(Mlntlnt Ift.naser er Hine O\rlrsaqr) together with the Engimu
(Sectjor Bajineer or G.E.S5.) migt decide how sericus  the
situaiion is and to vhat extent piﬁblp°huvu t> be virbdvswn from

""“‘T«uu&ur;munda. He sust also notify the Mine Klﬁ;lﬂ-' and  Chief

y |
. é/ !‘ctlonnel are w:Lthdtmm to the uit:mg place. Pn

. 1‘;' ]

En;i.nnr__. _ - - ) ﬂ

The following sc :
from tha /senior Officisl. . B A
The Miner ,1!1&11: ’ : ¢y

a. Ensure that nll persons ineludiu; m;inuziﬁ‘g md uotber

=

T -
‘/f;n u\hkg be takern, aapendlnt on the mlaMFtion

L)
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‘b.  Ensure that the power is immediately switched off in his

gectior/s.

¢ After power has been restpred, re-examine his ssctrion/s and

test for inflammable gas at the following positiouns:
- Inside 21l advancing beadings {dead ends) at the faces.
Electrical equipment such as sub stationms.

-  Flamedeen Bank

- Auxiliary fans

Only afrer a1l the above places have been found to be frae
of inflammalile gas may the auxiliary fans in the gections be
atarted. '

In the event of merhane being found at any place in e
saction, the uccunul%%sdu nathana_ zust be dilured by
directing ventilation from the intake entrance to the
affectad arsa. The purposs 1l“t0 have no more than 1,08 -of
methane in the last through rosd or in the raturn sirway.
d. Make out & Fireman's report and forward it to the Shife”
Ovarsser as soon as poaesible. ' |

After 50;.2 bes besn restored to the mair surfsce faus tollovinj
& stoppage of sore than ax hour : o
a. The mein surfoce fans shall ba restarted by the Surisce
9, Klectrician. ' '

b, Undetgrodud pover to ba switched on afcar sll checks for
inflsmpable gas has bear carrisd out and the nffoctad areas
have been deciered fres of fivameble ges.

D . N
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¢, All Miners will carry out examinatioens as per initial

examination at the heginning of each shif:

d. Fireman's report to be made out by Miner and forwarded to

/.
the Shift Qverseer. v

f
Power zestored after fan failare dur:ng weekends

a. A Miner who is & holder of e Gas Testing Certificate and an
"Electrician shall proceed underdi'ronnd and restore the power
“to all the sections end inm all the areas mcludm;

substa::.om, fianedesens, auxiliary fens and workstops.

b, On completion of the inspection, the H.{ner shall f£ill in s
Piraman's repcct and forward it to the Gfficial on dut$.

2;;.4 _QJL::: Content of Sendstons

While there is little that can be done regerding the high quertz
content of sandstone layers sbove stooping and longwall sections,
it is of sdvantage to Mining Enginserz to ba aware of the quarts
content, 1f only .to encoursge thes to take all possible
pracavtions to prevant 8 build up of methane in acd aroynd the
goaf. - This spplies slso to asndstone bands in devalopsant ends.

4

2,8.5  The Goaf Ares

Blesdar roads and metiane drainage through boreholer to surface
should be the ntmdar& procedure in maximus extraction methods of
norki.na (ses Chapter 5).

= ! Q
2.8.6 Unworkad Sesas sbowe tbe Mined Seem

There are msny examples of large gquantities of methane being
enitted from unwvorked cosl sesms lying sbove the existing
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workings (Glencoe Colliery, Durban Navigation Colliery, ~Cambrian
Colliery, Springfield Ceolliery, Indumeni Colliery to quote but =&
few)., o

Methane drainage by boreholes from the lower seam to the upper
seans {see Chapl.er. 8) and by bkgreholes to surface (Chapter 5)
have proved effective in safely removing this threat, _althpugh
the former method ig aJ,_,w&ys f:augtit with the danger of _methané
layering in the lower workings.

2.B.7 Sealing off of Qld Aress
The sesling off of old worked out areax is not in itself a

. difficuls vask and in fact tekes place in sll collierias at
| tegwliar intervals snd genmerslly without incidefit.

" éptﬂ: from pejor roof collapses or subsidences which may deztrdy
N :*_f;nmhp due to the sir blast, the two most dangerous conditions
. whish crise  whes ualin; off are the build up of explosive

f_mmzm aiztures aud an ignition source, in this instance,
rigﬁiﬂll huti.np n'iling from tha collapse of quartsivie
_utboi.
*'fx i» often, in the case of frictional hest resulting from falls
. of roof, difficult to pravest such sa incident and the Mining
| h;inur bus thus to deal with the preveation of an explosive
 build up of methave and air in tho panel. -

" Sesling off fires by mears of sealing walla is the method wmost
generally used to bring fires undey control om South Africes coal
sines. The vessons for this wmay perbaps bde found in the
following: |

T

2. It is s relatively safe method of contrelling a fire.
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b, It is relatively cheap compared to cther metheds.

2. It can usually be done guite quickly, especially if the
panels are laid oqtﬂcorrectly.

d. Coal Miners are im the normal course of activities well

. Pprepared to do underjround building: material and trained

manpower are therefore always readily available to construct

sealing walls.

e. It offers a relstively permanent golution to the problem,
particularly where panels are no  longer needed for

production purpoges.

Howaver, there are 2 few merious problems that may occur when &
fire ares is sealed off snd these should be kept in mind, nauely:

Almost no sealing wall cam de regarded ag absolutely airtight,
sainly bacause of the fact that the uftlta_surrounding the seal
is not girtight because of natursl fracture plsnes in the coal
and also becsuse of crucks that are induced by the “mining
process. ’

r-"
Laaka;e bnconnn s rasl proolan in multi-entrance panels that are
:ubjacted to high pressure . differentials across the sealing
walls, ?T

Leakage stewming Irom si:h pressure ditferentials BAYy Cauke &
- £ire to remain r.asanably active for s very long period bdecause
of the Ebntinuoui sdding of oxygen to the fire (in.old sealed’cff
panels such leskage conditions say evan be the cause of ney fires

~within the ares sealed off - the biggest £ire in a South African '

ﬁcoul aine in recent yesis stsrted in exactiy this manner withis a
. iy
pealed off areal. : ES

0
W
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Various techniques such as shotcréting and grouting may be used
to reduce  leakage. In certain circumstances, pressuré
equalisetion chambers may also be wused te¢ yeduce leakage but, in
the opinieon of vhe author, this technique haes thus far not been
applied in Scath Africa because of the practical problems that it
entails (example, 2 sophisticsted pressure regulaving system has
to be uBed, addivional walls have te be built., coutinucus

supervigion is required, and so on.)

Explosious

The danger of g&# explusions within a Fire srea 6r & sealed area

ia the mosj genaral danser ususlly related to the use of penels

to seal off fires, particulariy when open flames or glowing coel

is present, This danger stems fron 2 cunbxnntion of two factors,

nepely: ;

a The scoumulation of flemmable geses 'such as wmethene,
hydrogcn and carbon monoxide within the panel.

b. Tha diminighed or interruptcd supply of air that may dilute

) c@ncuntraqion of the ai:turt balow sxplozive levnln.

The presence of flasmsbis sns.u -ny be :ttributed to thc
fallowiug suu:ces:
., :
a. Natural relesse of methane ih pittigu&it'(hut alsoc hydrogén."
as well as other hydrocarbons) from the surrounding ntuﬁia.
* which mey be accelerated by the heat of thg‘firl.

b. Tos teaétion of stéanﬁ with red hot coal uithinpthn fire
sres, with the consequent relsase of hydrogen and csrbon
sonoxide (the so called “water gas" resction):

¢, The oxidation or burniug of coal, which leads to the relesze
of carbon manexide. .

o
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The sampling procedures and cthe interpretation of gas sample
results from sealed uff areas are a very real problen encountered

after gealing off.

When the gas mixture within the fire area Heromes explozive, it
is advisable to withdraw all workers from the undexgrcund working
sites if explosion resistant seals ave not used. The fact thay
the gas mixture is within explosion limite does not mean that it
is necessarily géi.ng to explode, bur it does mean that it is
* potentislly explosive and that in the'right set of circumstances
it will indeed exg:iode. | F

After seals have been completed, every effort should be made to
nﬁ.niniu leakage. Thisx msy be done by means of  vermiculite
p;i;stt't. shotcreting, grouting end pressure _'Equalin::i.an
cf;aliblrc.
|

ﬂihm sxplosive~renistant walls are ntﬁ uged, it is possible for

=

o

the wallis, in the right set of circ Mmstences, to be destroyed by
an 2xplosion within the ares, and
further propagated as a coal

/ for-such ap exploaion to be
2t explosion with dangerous
. consequences. In oxder to pr
explosion, it is esaential to tulte affective precsutions against
u may be in the. form of the
res of the sesls {it is proposed

t the propagstion of such sn -

sach an  event. . ‘rho prucaut
soresding of stona dusc iz the |
that & radiua of at least 2 3! around the geals be sprinkled
with stone dust) gr it may h-,i.a tha form of stons dust barviers
exected in strategic posi.tidu It is: also sdvissble to use
_atonedust nnm. betwaen th{a double walls of the sesl.

The sesling walls should :mdi.ntcly be equippcd with the
necesaary fittings which llly include the fallowing:

o |:

Sz, [ : [T
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(i} _gas sampling pipe(s):
(i1} water sprinkler pipes to prevent the fire from
j.jumping the geals {(if required);
{1id) : A drainage pipe, with a valve to drain away water from
| behind the wells (if required);
{iv} :5 a pipe ro maintain ventilation and establish the
E final seal.
The posﬁtion of the sealing weils must be determined on the basis

of the following considerations:
i
| : .
(i} | minimusm risk - to workers involved in construction of the

# geal {example bad rocf, and 4o on);
(ii) ﬂ _esse of transporting materials;
(iii}! ) condzs;on of surrounding strata in terme of
f . fragmentation, presence of seams faults, magmatic )
/ pagsages, snd mo on; e
(1v) the poasibiiity of ventilating walls without using
mechanical devices with a view to later ingpection
; an¢ ssmpling;
{v minimus number of unlis_thlt bhave to be builr -
¢ ' every additions]l wall increazes coste, time and

e e ———

I

leskage.

1f possible, cormcrete wallas should be reinforedo (example, by
‘means of wire mesh] particulsriv vhere explodion-resistant walls
~are built. In addition, the side walls should be hitched and old
drilling steel should be drilled in radielly and f#ied tc the
teinforcement in order to” chtain & Dbetter bond at the

conciete/coal interface,

1% ."the intention is to make the sesling wslls gxplotion
resistant, the wells should tbe of such congtruccion that the
naxitmm yressure that can be expected within the sealed~off area
during so esplosion can be resisted. The following formula may

be used for calcularion purposes:
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Po,hm = 2 {w + h).1l.f {5-35)
Where:

FQ = maximum explosion pressure {MPa)

An = surface area of sealing wall (ma}

v = width of sealing wall (m)

h = height of sealing wall (m}

i = thickness of sealing wall (m _

f = ghear strength of concrete or coarn. ¥’ thever is the

lowest (MPa)

3

4 The thickness of the concrete wall that is required can therefore

easily be deduced by means of equation {3-35):

1= (po.Am) / 2 (w+h) £ | (5~36)

Civil engineers ususlly mike use of a design shear strength of

,¢¢gﬁérete vhich is & fumction of the specified uni~sxial crushing

W

strength (core strength) of the concrete; example, for concrete
with a core strengtk .of 25 MPs a design shear strength of 0,78
MPs is used, while toncrete with a core strength of 15 MPs bas a

'QTB design shear strength in the order of 0,5 ¥Pa, Coal on the other

hand has & shear strength of approximately 5 MPa and if & design .

l;rength with a safety Isctor :t 10 s umed to allow for

diffsrent seams, fragmentation during blasting, and =0 on, the
-design scrength is ir tha order of 0,5 MPa.

In the Ermelo explosion of November 1982 saveral deficiencies are
"~ found witrh regsrd to the zealing of the “bad ground” arsa.

. o . AN P

- Tie stoppings were not plastared to prevent ni;‘ieahing iﬁto

the sealed ares.

- No ssupling pipes were installed in the etoppings ard hence
no ssmples of the air wixture bahind the sesls wers taken to
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provide Officials with a guide as to the state of the
atmosphere in the %,

- The decision to seal the area was taken at jJunior Official
level; din fact, the area was not entirely sealed since one
roadway into the return was left open and no reason was

given as to why this was done.

Areasﬁare sealed off from the turrent workings for several

Teagons:

a. The coal sean h&s been worked out and the area is &no

longer required for ventilation or travelling purpuses.

b. If still used as s ventilation district there is danger
af spontansous _hea:inggf fires and roof falls

sccurring.
¢, It is not required for venrilatice intskes oxr returns.

d. It is necessary to ensure that the oxygen content of
the air in the sarea is reduced to a level which will

not support combusticno.

e. To reduck the aress underground requiring supervimion
B to the miniouw, thereby effectively incressing
supervision elscwhnrg. It igolutes the nine into

menageable coﬁparxnentn.

In the case of Lhe Ermelo Mines explosion the reason for searing
off the sres would have been to isolate the “bad ground" area
from the working sections snd possibly to use the ventilation
girculating into the "bad grouvnd™ ares in the working faces on
the left hend g}de which were in good ground conditiena.

Standard procedures for sealing off old workings will assist in

minimiging the rigk.
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Stopping a working place permanently

2.

d.

£.

The Environmental Qfficer or other appointed person must be
informad when mining operations cease in a panel, heading or

area permanently, Adequate ventilation conditicns must be

‘maintained during reclamation activities until the walls

sealing tﬁﬁ'working'ﬁﬁve been completed.

Tntil the walls are installed, tests for methane and airflow
must he made on & weekly basig by the Shift Overeeer and be
recorded in his log book.

Prior to final mealing a1l boreholes and shafts gshall have
cables removed and, in the case of boreholes, the casings

repoved and éhey shoulid be plugged or otherwise sealed.

Proapect boreholes to be sealed after completion, ,JWhEre

possible the  cgsing wmust be removed. If this is not

posgible, the tep 1 m should be removed and concreted aver.
(: .

Under normal circume®.sces, the stoppings should conmist of
brick walls cr the éqﬁivalent, situated 1 m back from the
inbye corner of the pillars forming the panal entxy,

A hesvy gauge non-metallic sample pipe, of not moze than 6
:iﬁdiannter, should be built into the upper portion of the
stopping to ensble the atmusphere within the panel to be
saupled, The pipe must extend ro beyond the first split im
the panels snd should be égsptndad againat the roof.

Where panels or sections have had a history of emissions of
methane and where, in the opinion of the Mangger, a
dangerous condition nay develop, the panel shall be sealed
off by means of explosion-proof stoppinga.

An explosion-proef stopping shall consist of two brick walls

or the aquivalent situated & distance apart equal to half

4
3
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the perimeter of the roadway, well anchored into the roof,
fioor and sides., The space between them shall be tightly
packed with sand, rubble or fly ash. (Under mno

circumstances should carbonaceous material be used).

Thea position and dimensions of all explosion—-proof stoppings

shall be recorded on the plan of the underground workinge,

g. The Manager, or his duly authorised representatiwe, shall

 test the atmosphere behind the stoppings and against the

roof at the stopping for méthane," at guarterly intervals,

and log the{jresulgs on a methane record card kept at the

extrance (wall) to the area, and also logging rhe resuits in

4 book provided for the purpose, example, Methane Register -

permanant stopped workings. The record card is kept in a
steel or plastic folder, .

Cnce conditions have stabilised in tﬁg cealed garea, tFe
Mansger may decide to dispense with sampling of area.

The Eavironmental Official must test for methane at
quarterly intervals, countersign the methane record card and
log the results.

Tesporary Stopped Workings

The wventilation arxangements and air volumes required in
teuporary stopped aress during the non-productive period must be
detsiled in & layout prapared by the Environmental Officer or
other appointed person,

Ii
Permsuent stoppings/brattices wust be built up to the decond last
through road - no temporary brattices should be used,

ALl eptrendes muat be barricade’ off anu "NO ENTRY" gigns must be

displayed on the barricades.

[A]
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Such temperary stopped workingse must be checked onm 2 weekly basis
by the Shift Overseer for methane and in the Shift Overseer's loy
boolk,

The Environmental Cfficer or other appointed person must visit
the temporary stopped ates at monthly intervals and submit a

report ot the ventilation cenditions,

Where old or sbandoned workings are adjacent to a section which
is being worked and the area is known to be giving off methane

freely, it im advisable to withdraw workers from the operatxng

section until all seals are properly sstablished and air sampies |

taken from the sealed area reveal ~hat sn explosive mixture does

not exist behind the sesls.

2.8.8 Salf Ramcuers . «

The correct use of geif rescue apparatus will pave lives in th@?

event of an explogion sidce many deaths afteT sn explogion are
caused by carbou monoxide poiqqging. . \\ =

\ o

Y‘ . I...

@

il

2.8.9+ Ventzlatzou of healings which have plnet ated
__{3 geolcgicul dinturbances

)

Figubes 36, 37, 38 and 39 depict the ventih\tlion{\ methods

nugge-ted for hnndings being dvanced by continucus miners in

both high and low{fnmn conditions. The bau:c gin is deliver

the waxisum qjantxty of venrilstion into the roadway 'go aa to

dilute any msthane which may be present in the face. 37kKH fans

)
delivering 10*13 a fnecond th:ongh 750 diameter ducting should
be used. Ducting should be extended to within 5 metres of the
face. '

Evidence giﬁuﬁ at inquirias indicares that mibe Qfficisis do not
take seriously the standerds of ventilation, gquantity of air and

2 ) s

e

R
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“Bogst not thyself «f tomorrow: for thou knowest not what & day
say bring forth",

Ar ious relutives and friends gether st the pitbead at
Sengherydd, October 14, 1913. A &iqlantroua cosl dust explosion

. {the setqnd at th;i.; colliery in a decade) claimed the lives of
5§ _

439 wan. .
¥ ) U (’i n

s a
"~ ignition source was claimed to be aither an electric or

" frictiomal 3pn"rk.. & j

e
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methoda of dust suppression used on continuous miners and
coaleutters. In fact there would appeer to be a lack of standard
procedures on collieries gince these are never called for nor

produced as evidence in the case of ignitions.

If mine proecedures are to be used to hold Officials rxespcnsible
for adequate face end seection ventilation, then these Officials
should be equipped with instruments to measure and caleulate air
veionitiea ard quantities. Honzeeh type velometers should be
gtandard issues to Miners and Shiftbossesg £for determining

quantities of air in ducting into each face,

2.8.10 Concinvous Miners

411 continuous miners should be equipped with continmuous
recording methanometers, the heads of which are mounted in the
cutting head not more than 1.5 metres from the cutting drum. The
methancmeter is mounted in the Operator's cab as shown in the

photograph bhelow.
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The digital read our is clearly observable by the Qperator at
times. Flame safety lamps are difficult to read and ave
recommended for use on mubile machines, Teble 5 belowlshows
nofmal settings on the sutomatic firedamp detector at which
machine will cut out, rogether with detsils which indicaste

state of the Automatic Firedawp Recorder.
Table 5 Kachine Mounted Methanumeter MKIII

Indications

oo

or Kumeric = % CHQ presgent
AC supply fault

Display iaternal fault

m

M

Power supply to head lault
Incoryect output from head
Battery completely discharged

b TR
£~

Low battery SR

Ovex 3z CH4 presxent

Pilot tripped {(above pre-get value}
dlarm (betwean pre—set alsre aud pilot)

> wm O

Push recalllbuttons

P Pre-;nt pilot level

A - Pro-set slara leval .
-9 Memory recall max CH, levels

“Range: 0-3% w/vCH, ~

4

all:

not:
1 hes
the
the

Detector head to be calibrated spproximately every 350 working

bours.

2.8.11 - Standard Procadures

Every nine should have a series of standard procedures which
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gheuld be updated every six months, More importently the
Training Department should have copies which should be used to

train all employeed at the mine.
2.8.12 Mining-Experience
Mine Management who place new employees in positions  of

regponsibility before emsucing that they are adequately trained
to the tasks to be performed do themselves, the colliiery, and the

‘exployaes a grave injustice - partxcularly when their work

entails dealing with 3‘“ﬁ? conditions which nay be present in

conjunction with an ignitjbn source.

This premise is supported by the evidence of the DBosjespruit
Colliery ignition ir which 4t was the Minex's first day at the

.eciliery. No evidence exists showing t&nt this cew euployee had
- undergone a pericd of trsining.

gt

2.8.13 rt on the stats of tha environseut after an

losion

Pollowing tbe frictionsl ignition in the goaf ar Springfield

O .
Colliszy (1981) detsiled gas semples and aix quantitvies were

.recorded. The Mining Enginesr is thus sble to anslyu- th!ll

rasults and arrive at conclusions as to the udcquucy of the
ventilsrion versus mine or indult}r standards and note the stats

of tha m:mﬁphu in the section, Tor in-cmcc. the air

. quantities sessured in the return airwhy were connida:uhly lovar

than the standsrds. Additionml.-tiyx was circulated into the
settion by opening s regulator. Sublaqnautly. it was entablished
that one of the maih surfece fans hed tripped out, '

The importsuce of aampiing snd testing for the following

‘conditions is highlighted:

i1
s
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- Intake, face and return air gquantities,

- VYelocities of air in fan ducting and then guantities in the
ducting (high velocities will ensure the air sweeps the fage

clear of dangerous percentages of methans).
- Digtance of ducting from the faces.
~ Pogition of suxiliary fans.

-  State of atnosphe%ﬁt;sith respect to percentage oxygen,
methane, carbon #ié&iﬁe and carbon menoxide in all parts pf

the section.
~ . Details on ventilstion appliances.

- Condition ofq picks on codlcutters, continuous nminers and
sheazers,

- Svate of all asutomatic firedamp recorders on. mobile
production machines,

Wwn the ventilation ix disrupted in a gussy section sethane will
build up cepidly.

v F

2,814 Cutting Tools

The presence of quartzitic sandeétone in the roof and floor or in
lenjas in the coal sesm itself calls for a higg: degroe of
supervieion, mnot only in respect of ventilation and  duse
nﬁpprclaion, but especially the conditions of cutting picks.
Where picks exist with the tungltaﬁ carbide esither wora or b. ken
off these ghould be replaced immediastely vith new picks thereby
_ lessening the possibility of frictionsl heating as an ignition

source,
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Recent data obtained with a single chisel bitr cuctipg into
sandstone is shown ir the accompanying grapb (Figure 40). The
drum gpeed was 47 revolutions per minute with 2 corresponding bit
speed of 3,33 metres per minute, The depth of cut was -adjusted

to 5 miilimeters.,

The graph shows the number of etrikes, sveraged over a number -of
triais, thﬁt were required to produce ignition as s function of
bit wear. It can be seen trhet the number of strikes decreases
sharply where bit wear corresponds closely with the first
axposure of the stael shank to the cutting action., This suggests
that modification in bit design to prevent early exposure of the
shank magerial would moderste the tendency for cutting bitdactthn

‘to ceuse ignictions. This posaibilitf;;'ii:g_ being explt;red uging the

two bit designs for reducing shank expddure by enlerging cutting
tipa uf chisel bits and plumb-tob .bits which sre shown in the
sccoppanying drawing (Figure 41). In the drawing, chisel bit
{a.) and plumb-bod bir (¢.): are srandard designe. Chisel bit
{b.) and plumb-bob {(d.) are the newer designs.

Tha sain feature of both of the designs pictured® for esch bit
tybe iz & sodification in tip geomerry fo prevent early exposure
of the shaak during the cutting crels. The plusbrbob desgign has
racently baen evaluatad in chon;:ory _studiu using the modified
bits mounted on the Joy shesarer drim. Both the convehtionn%
plusb~bob bit and & modified "mushroom® pluwb-bob design were

-mounted on the drus-at diametrically opposed points and tested
 sgainst a sandatone block.
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Figas 41
CHISEL BT () AND PLUMB-BOB BIT {c} ARE STANDARD DESIGNS,
AND CHISE!. BIT (b} AND PLUMB-BOB BIT (& ARE THE NEW DESIGNS
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2.9 CONCLUSI%?$

Frictional heat and sparking  has heen t.in cause of gerious
i}

methane ignitrions and explesions on South African collieries. It

Y is difficult to eliminate this “ignivion source in the goaf in

,piller extracricn and longﬁéll workings. However. the practice

) Of bleeding ventilation over the goaf and us;ng boreholes drilled

Il

from surface into the goat to draia off methsne wiil assiast in
ensuring that dangerous methane/air mixtures do net develop 'in
t?eaa areas. There ie a need to be awazé of the: quartz content

of the overlying strata whers second mining methods are

_practiced, cince this aspect has a direct bearing on the degree
_ of frictional heat developet when the goaf caves. ;

Ventilation plays a nx;o: role in prevdating the formation of
explosive methane/air mixtures, In pillar extraction ventilating
air should’be directed along the goaf line using auxiliery £fans
and ventilation dratrice = curtaing. The use of Dboth
exhaust/fo-+ivg fans ‘o the devuloplnnt ends mined by continyous
mitiing pachines ig rel annndtd. Pan ductins lhould terxinate -no
further thﬂn 3 metres from the face in order to easure that the
ventilat;ﬁg current sweepl acrdss the fsce. The use of auromatic
firedamp detactors and velometers to nonitor euvzronmentali

standards on site i lmportant,
' O

1'%

Supervision and treinjng is often neglected but wmeans of
imprﬁviag this aspect .of the operations by the introduction of
formal courses are well docunqnted. Unless supervisors set an
lzlnplt and test for methane ragullr;y explasjonl will continue
‘ta seecur. ) \

)
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Cutting picks whieh are tipped with tungsten carbide, which
revolve during cutting and which are water—-cooled with the wuter

spraying behind the pick to cool the hot smear will reduce the
possibility of ignitions,

Mare planning and thought neede to be given to the geiling off of
old worked-out areas,
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3.1 INTRODUCTION

Lightning-related incidents in shallow coal mines have led to
seversl methane expleosions and to lpss of iife, Lightning can
give rise to high potentials ‘betw‘ﬁén points near .';,c; one another
underground in shallow collierias. Over the years both premature
ignition ¢f explosives in churged faces and ignitiong of methane
air wixtures have occurred due te lightning in mines.

The mechanisms which link Lightning distusbances (and & drop in
barometric pressure) gnd stray cuirents to oethane explosions are
exapined with patcticulsr reference to underground conditioms
prevailing at the time of the lightning surges.

The known incidenta are listed and several caﬁe atudien.have bee&
analysaed. '

The chapter concludes with & discussion of the measures which
should be taken to prevent the ignition of methane by 1lightuning

surgez.

il
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3.2 THE PHENOMERON OF LICHTNING-RELATED INCIDENIS

3.2.1 Historical Background

=

In recent years, the South African Cosl Mining Industry has
e;perxenced a ‘Qanslderable number of underground incidents or
disturbances, which were frequently related to the passage of
lightning storas. on the surface, These incidents inecluded
electrical shocks or visible sparking from underground equipment,
prenature detonation of explosives and nethanc explosions, These
incidents were particularly p:eval&ﬂ&\ in shallow collieries and
were of considershle concern te the various mining groups
concerned. A number of wide-ranging investigations were

initiated by certain of these companies and thege culminated in

1978 in the formation of a co-operative sub-committee of the

Explosions Hazards Adviscry Conmittes ‘of the South African Cual

. Mining Research Controlling Cousncil - with & view to currying out

8]

&

‘an in-depth study of the préblt!_ind to formulating appropriate

safery measures.

In th& anau;ng yeaars, this Sub—caun;ttee inicisted a number of

actions, including: ' .

1. The implementation of comprehsansive procedures for reponting
and investigating specific incidents,

2. A laﬁorutory study of the eusceptibility of\ alectric

datonators to ignitiom by lightning-type surges.

r
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3. A series of underground measurements in collieries with a
viaw to investigating the nature and magnitude of 1lightning

surges in guch situations — including detonator circuits.

Arising out of these studies, several measures have bsen
implewented as a means of improving =safety. These include the
preparution of a "Code of Practice for the Avoidance of BHazzrds
Underground due to Lightaing" which has been issued from the
office of the GCovernment Mining Engineer to all collieries, as
well as the developwent 0f a more effective lightning warning
unit, The latter has proved to be very effective in ceveral

collieries and has prevented injuries to miners.

The earliest known methane ignition as a regult  of lightaing
initidtion was at the Bchoongezicht Celliery on the Znd December
1960.

During tunnelling operations in the Swiss Alps, Berger 619??1_
demonstrated that lightning strikes on the surface could cause
current® to penetrate to sufficient depths to initiave the firing

of detonators, The incidents wmentioned below illustrate that a
J similar situation could prevail in the shallow coal mines of the

Bastern Transveal.

3.2.2 Regional Ground Flash Density

Plete 1 depicts the coalfields of South Africa wbiletj%la:e Z
‘showa the lightning density mep for South Africa derived by the
Lightoing and Stray Current Sub-Committee of <the ﬂkploaiop
Hazards Advisory Committfn of South Africm. ﬁ
| ¢ )

Thiz extensive res;nrch yielded invaluable data bsSEd::on the
number of lightning flashes per aquare kilometre per ann&%. This

highlighted the vulnerable areas such as:



Piet Retief i3
Carclina and Utrecht 10
Froelo _ 9
Bethal, Middelburg and Witbank 8

The lightning density map allowed for 2 lightning warting systew

to be implemerted at those mines which became an area ¢f concern.

An examination of the recorded incidents reveals that most of the
if
collieries are situated in the high density areas of lightning

strikes and lie at shallow depths.

The practice of ventilating old workings with just sufficient
ventilation to "keep the pangkﬁfreah" can lead ro the build-up of
explosive quantiries of methﬁac in the panel. Sparks &5 a result
of stray currents arising from lightning strikes could cause a

methane expleosion,

3.2.3 Lightning & an Initistor of Methane Explodions

Methane explosicng are bglieved to be iniristed underground when
lightning causes electric sparks with gpuafficient energy in

priximity to pockets of %nethane. to}i‘uite methane/eir mixturee

of the appropriate proportion.

Lightuing-reiated sparking underground is thought to arise uin a

variety of ways. For exanpla, transient woltage surges on a

- metal gtructure underground can coreate sparks where amall

discontinuities cccur in the metal structure, such as along &
conveyor system or between a strainer wire snd roofbolt. .Sparks
éguld also pecur at the extremities of such structures. In other
instances, the high potentialkiradieuts developed during the
dissipation of lightning currents in the rock atrsta could cause
sufficiently enecrgefic cparke to ignite criticsl methane mixtures
in gas pockets.
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A lightning discharge is a discharge of electricity through a gas

at atmospheric pressure and can take three forms:

. A discharge betwsen a part of the atmosphere having a velume

charge of electricity, generally a cloud, and rhe ground,
b. A discherge between two parts of the atmosphere, each part
having a def'nite volume charge of electricity, bur of

opposite zigns.

¢. A discharge frem a parr of the atmosphere havingﬁ\ velume
L

charge into a part of the atmosphere in which no imirial

volume charge is pregent.

In the first case, the ground forms an elpctrode but in the two

latter cases, the discharze does not gfss between electrodes.

"
s

: : i

The theory of lightning is expressed as follows:;

' I

Figure 1 is a diagreammatical reptesentation of the field of force
about -a region of the atmosphere, A, containing a volume charge
of eltctricity. say the cloud of & thunderstorm. For simplicicy
the volume is_r:prauented as a sphare placed zome distance above
the{;touhd. the letter being parf&ctiy level and swooth.

The re;iuﬂnbi‘ greatest electrical inteﬁsityf is obviously at B,

the lowest point :f the c¢loud., There the air will "break—~down®

first sud ionlsstion occurs. As woon.as this heppens the lines
of ferce move towards the conductin§ ‘region and in consequence
ibe field there iﬁcrelsns, espocinll}ﬁif'ﬁthe uppar and lowet
parte of tha~éandﬁgting region, Thi; i¢ shown dJdiagrammatically

in Figure 1b.

!.I o

The incresse of force causes further ionisation dad the
conducting region extends aiong tlie lincs of*force, both wupwards
into the cidud and Jdownwards towsrds the eurth, as shown "in
Figure lc. (Larmor and Larmor 1914). “



it

a.)

b.}

o

AFTER LAMOUR AND LAMOUR (1914)
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Methane explosions are believed to be initiated when lightning

causes elavtric ,sparks with sufficient energy im proximity to
pdckets of methane/air mixtures with the appropriate proportions
i.e. 5 - 15% bﬂ
thought to be abour 0,25 MJ, haviog a S40 °c ignition temperature

The minipum ignz.ion erergy for methane is

(nghtg;ng an@ Stray Currents Sub-Committee Report, 19%6).

-

The high potential gradients developed during the dissipation of

lightning currents in the rock strata could léad to sparkiug.

This problem will  naturally be worse-if, during the Iiighwhing-

storm, power to the mine is ihte;ruptcd {as was the situation in
the first case atu L_é}scnssed) and the ventilation faés sfbp
aalléwing for an accumuléﬁfon of methane. It is also more .likely
to oceur in abandored wo;izﬁikm where the ventilation is vften

poor.,.

]

C 3.2.4 ~ The ?enettation of Lightning Disturbances inic s

Uaéhrgrnund Mine

!i;u:c 2 111u!trates seversl _mportant features of « t;p.cal
.colliery. aining gizuation and depxcts sevpral possible lxghtnxng
disturbancé'-mchanisms. - “

-1
'

| In the event of & lightning strike on ‘the surface close to. a
“‘working sres, lightning currents could penetrate into this area
~ througk direct conduction in the intervening 2oil and rock media.

ugd

Any large conductive gtructures undergtound (such as conveypr
units ox power cables), aw well a8 "the pine excavatianct caus®
local distortion of a current distribution .in the undecground
strata.’ ??hil leads to Steep potential Qxadzents in clo:e

: pra:iaity to -such underg:iound {lami-carthcd) structures,

Investigaticne inib & nulbor of l;ghtniﬁx~related incidents » have’
highlighted the poslzbzlity ‘thet thia mechanism could have been
involved, T

:J/J II [ \_ "

......
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The cimmumstances of a number of such incidents have also
indicated the possibility that local ?erturbations of the terrain
~ such as boreholes, dykes and geological faults - could eithet
increagse the penetration depth of lightning current or locally
modily their distribution. A forther variation of this mechanism
could include the temporary redistribution of an electrical
charge immediately after a nesgrby lightning strike, during the
subsequent collapse and redevelopaent of the thundercloud and
lighbtning electric fielde. This again leads to surge curreuts on
uﬁaergtound conductive structures,

A gecond mechanism whoreby lightning surgeéfcnuld enter & mine is

through direct strikes ro the structures at a shaft entrance or

.8t vertilation shafts. -

This sudden rise in povential would propagate as a travelling

wave (voltage glirge) dows into the mine via shaft structures such

Y powitr cable armouring, water pipes and conveyor systems,

A third pessible machanism of a lightning disturbance could
entail direct electromagnetic induction into detonator/exploder
‘@ircuitis. Very high electromagnetic fiuldﬁfi?ERstociatea' With
the discharge of the lightning channel.

t ok

In the event of direct strikes in close éroximity to susceptible
circuits, the surrounding soil mediua would be *illupinated® by
such fields., These fields could lead to the poseibility of supge
current induction into the detonator/exploder circuits. \

a

The study of rock wtra¥a, of South Africen coal mineg, from the

surface to the coal seam and below (exploration borehole logs)
hag vevesaled & typical pattern of horizontal layered sanderone
and shale with niegg coal seans above the No. 2 sean, qhich is
the most freque%{iy worked. The resistivity pattern  is
accordingly complex. ' ' ‘

[x3

Ll
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Geophysical reports of Arnot Golliery ane Bank Celliery, recorded
by.the Lightning and Stray Current Sub-Committee, records various
resistivity and a few pevmitvivivy valves for coal und the other
strata encountared in the Bastern Transvaal coalfields. The verzy
high resiszivities given for coal (particulariy when dry and
measured perpendicularv to the bedding planes) are remarkable when

compared with the values for the overlying and underlying strata.

Con: deration of these figeures makes clear the poseibility that
unde: some circumstances the coal seam {whether partially removed
by mining or not) may have iarge lightning-sourced pégential
impressed scross it from roof to floor, acting like thgf
dielectric in a capacitor, §

b

. Thege seophysical reports record the following:

i} Arhot Colliery
Surface sandstones 1000 to 10 000 Ohm~m; main sandstone shale
sequence 00-400 cha-m to depths of "several tens of matves™.

4i) Bank Colliery . | T e
| i " | |
Ecca sequence 400-1000 ohm-v, Dry soil layer (10 000 ohm-m) on
surface. C%&y-lonl than 30 obha—n. Intercalations of shales,
siltstones and fine grainad sandsrones with apprecishle silt
content: 400 ohz-m. T00-900-1200 ohm-m: coarse ‘grained
well-sorted ilndstane; 200-2400 ohwm: gri Qr  co8rEe
.fhlndutona.
No. -2 seaa coal: 157000 to 30 oﬁo éhnfn.=-uiﬁe floor reaistivity
400-600 . chi-n drf:" 100 ohm-m wet. Baaement zpcks Jare of ’

o

comparable resiativity to that of cosl.

The geological 1ayout“o£ a typical coal aine in the Witbank area

iz shown in Figure 3,
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The peunetrarion depth of lightning current is proparticnal to the
resistivity of the rock (Berger, 1977), that is, the higher the
resistiviry the greater the depth of penetration. If one
exgmines Figure 3, a2 soil-sandstone~ghale~ccal-sandstone-shale
coal pattern iz obzerved, The resistivities of the ground layers
are considerably lower than that of the cosl seams; 0,300 to [,0
k n i reletion to 15 to 1000 ke of the ¢oal (Celdenhuys et al,
1985). This explains the penetration depth of lightning ahbove
the coal; in other words, :he'cfiterion of 8 shallow coal mine,
Certain “aiding factors™ such as dykea, whichk have a high
resistivity of approximetely 50 k m and boreholes may influence

the depth of penetration. =

Divact lighﬁning strikes tp earth in  the vicinity of shallow
und&r;roénd collieries have over the last fifteen years been cthe
cauege of a numharuof premsture 1gni#ions of charged shocholes and
also of methane explosions; in nocﬁ canas the incidepts bave not
hﬁqﬁ of major severity but have nuﬁnrthnleis cccesioned serious
concetn. | - '

The result of such lightning strikws is that high volteges may

sppear transisntly st places within the workinge of @ c¢olliery
and cause the firing of dotanutog? or sparks which unyﬂ ignite
mothane-air mixtures when these sxe present.

%Tha-ditniled nechasnisns involved fh:crcating thesa two g2neric
. effects in underground mines sre little by lirtle coming to light

ar a result of study and research. _

. B g =
Foxr the p:tnnnr the theo:ina rcmlin in gemeral that high
potanﬁills and raesviting- eparks or other current flow effects

e e R

&
P

i. direct flow of lightning current through the rock formations
Csaufrounding & working coal face {(end in the face itself) due
to a strike close by; and/or

¢ [

e

b

»
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b, the transfer of a high potential by meralwork in the mine
from & more or less remote point (for example, an above
ground conveyor gautry) to the working face, following a

direct lightning strike to the above ground steelwork,

A voitage of about 50 kV has been measured between a zoal face
and ea;ﬁhed metalwork im a colliery gﬁh to lightning.
Or: various occasions men have received elecirie shocks from

roofbolrs or machines during lightning storms,

Detorators (sometimes a number of detonators connected in zeries)

have been rired simultaneously by lightning currents.

The notes which follow -have been compiled with the Witbank
(fransvaal) coalfield area specifically in mind.

Measured esrth rgsiativities on surfeace vary very  widely o
depending on #0il types and dcpthﬂpf Bsil, the nature of the

un&eflying rock s&trats) and mnisture content. Resistivity of

surfsce layers tends to be higher in the Highveld winter period

than in the wetter summers. /

Therefors to establish low resistance esrthing electrodes (for

lightning o power system earthing purpauéa)“ on surface, it 1is

desirable to get them deep enough in the ground to aveid drying

out during the dry season, The depth below surface of the ground

srrate which ere of inpbrtlnce from a resistivity point of view

in determining the electrode's recistance to the mass of earth is

theg largely dependent on the vertical and horizontal dimensions

of the eleccrode systsm concerned. This is likely to be of the

order of metres or ters of metred for electrode systems designed
to have reasonsble earth recimtances for averege local”conditions'
s0 that even for electrical gyatem and lightning protection

sarthing systems én gurface, the resistivity of the sarth to a

depth of 10-50 metres may be of importance,
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Representative resistivities are of the following orders:

Surface soils 100 ¢o 1000 obm-n

Clay {(occasional) Under 30 obhm-m

Coarse grained sandstones 700 t2 100 ohmem

Fine grained sandstones 400 to 1200 chm-m

Shales and mudstones 200 to 4040 ohm-n

Bitupinous ceai In gitu: 5000 e 100 000 ohm-m
Igneous hasal rocks 105 to 1&6 ohu~n

Dolerite {dykes) _ 50 005 chm-m

As can be seen, rthe resistivity of dry ccal tends to be

relatively high.

The net effect may be that & coal seam may act a little like the
dieiectric in s capscitor, and may have leajor effect on the
pattern of lightning current flow from suffice to depth. If irs
regigtivity is high relative to thar of the formations above irt,
. this could reault in high potentiai ariging acrogs it at the time
of nearby lightuing strikes.

‘One cdal sample from Arnot  Colliery tested in a laboratory gave

the following figurea: ’

Parallel with bedding Nermal te bedding

=

Ae Tsceived | 120 000 ohm-n 10% # obn-m

After 40 min in tap water 60 000 ohm-n app 10’ ohom

Afrer 16 hours in tap water . 6 00C oharm &pp 106 ohm-m
: o

Et is clear that moisture content is of crucial imporéance and
that the nature of any dismolved substances in the absorb;d
moisture is alhoaliiktly to be crucial in determining effective
résis;ivitylbf coel it sditu. In particilnrl it should be mnsted
that the lsyéfed nature of cosl depogits means that horizontal
and vertical resistivity méaaured values are. extraordinarily
diffirqnt in camples teated in the laboratory. Inm practice it ias

e
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not known to what extent vertical fractures in  a goal seam mey

reduce or nullify th- effeat of the horizontal iayering.

Ir should he noted that lightning currents have  strong
high-frequency components and that resistivity of s0il is
frequency dependent, reducing with increase in  frequency.
Permittivity effects may alsc be of importance in relation ta

lightning currents.

3.2.5 Hazerdz Asgociated with Abandoned Workings

The atudy of accident reports indicates that lightriug related
-methane explosiona had occurred on several oncasions in abandoned
workings. Once sealed off, such wining areas often develop
pon—-critical methane-air w=ixtures, although this -may take a
considersble pericd of time. ©u order to minimise the hazards of
\nnthann explosions, therefore, a pumher of precautionary

principles should be applied.

3.2.6 The Effect of a Drop in Barometric Pressurse

In 1948, Charies Holster in the U.3.A., and Jean Bessemoulin in

_¥rance, pointed out the striking snalogy between the ‘variations
in prassure femperature and firedanp.ﬁiplnniona.. Out of 41 caees
of explogions atudied, Hclster observed that, with cne single
exception, thay wers sli preceded by a sudden drop in atmospheric
pressure. |

The opinion of Bessemoulin wes that the sane phenomenon was at
the origin of the Jdisastera of Courrieres in April 1948 and of
;~ﬁpntralin. U.5.A, in  Merch 194?,5 wﬁich oceurred during the
passing of & cold storm front.
- The hypothesis was expressed that this drop in atmospheric,

pressure on the earth's surface, csused an expansion of gages \\

e
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underground, especilally of the firedamp deposits in old workings.
After that, the electric field of the atmesphere, modified by
stovmy weather, could easily creare the spark ipitiating an
explosion. On Decexrber 27 1974 2zt approximately 05h38, a
firedamp explosion occurred at a depth of 710 = in  the
Six-Silloms seam at Lievin, killing 42 miners., At the same time
the barometer rzeadings in the meteorclogical stations at Lille,
Abbeville and Saint Quentin had recorded 2 sudden drop in
simospheric pressure in the Lens coalfield. (Refer to Figure 4).
Lievin is marked in a trianmgie, the three pointe of which are the

towns of Lille, Abbeville and Saint Quentin;

Meteon lcgical measurements taken by means of a ballota probe
were detecting sufficient humidity to produce an unstable cloud

masg above the lLens coalfield.

Fauconnier (1981} quotes the changes in pressure over seals in

old workings aw a result of changer in barometric preasure.

Table 2.1 Exemple of the change in pressure over walls with
change
in barometric prassure (Data: Springfield Colliery)

Batometric Presanre (kPa) Praggure Diffevence
Time Surface Underground In Panel over walls {Pa)
06h00 85,079 85,488 85,428 - 60
06820 85,132 85,533 85,453 - 80
06n40 85,159 §5,5/3 85,463 -110
07h00 85,078 85,526 85,466 ~ 60
07h20 85,131 85,540 85,480 - &0
07h40 = 85.144° 85,560 83,480 . - 80
08h0C 85,172 85,586 85,491 -85
0a%§o " 85187 85,605 85,485 - -120
08h40 85,219 " 85,640 85,525 ~115"
09h00 85,239 85,660 85,535 ~125
09h20 85,242 85,686 85,576 =110

€9h40 B3,235 83,653 85,368 ~ 85
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Barometric Pressure (kPz} Pressure Difference

Time furface Underground In Fanel over walls (Pa)
10h00 85,226 85,537 85,567 ~ 70
10n20 85,211 85,520 85,570 ~ 50
10h40 85,198 85,639 85,574 - 35
11h00 85,164 85,578 £5,588 + 10
11h20 85,132 85,556 82,586 + 30
11h40 85,106 85,546 85,626 + 80
12h00 85,080 5,502 85,622 +120
12h20 85,051 85,445 85,596 +150
12h40 85,010 85,422 85,582 +160
13500 86,972 85,382  85.562 +180
13420 84,944 85,344 85,544 © $200
13040  » 84,916 85,313 85,533 +220
14500 84,895 85,280 85,500 +220 ”
14020 84,864 85,246 85,486 +240
14h40 84,563 85,232 85,452 +220
15800 84,839 85,260 85,450 . +190
15h20 84,839 85,220 ° 85,400 +500

. 15h40 84,851 85,233 85,383 +150

 16B00 84,892 85,286 85,366 +3

1620 84,923 85,328 - 85,388 + 60
16h40 84,920 85,328 85,383 + 55
17000 84,926 85,333 85,368 + 35
17h20 84,596 85,346 85,346 0
17040 84,998 85,392 85,352 ~ 40
1800 95,038 . 85,432  B5,352 - 80

The importance of these figérew i that wmethane which haz
accumulated behind the seals ia ike oid workings could find its
way inte workings outside the seals during periceds of low
pressure (by leaking through the uaalg). Sparks resulting from
lightning may ignite this wmethane causing an explosion, -

......
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3.2.7 Earthing Properties of Roofbolts and Minae Floors

i
The roofholts which are ik use in Eastern Transvaal Coilieries “
are of various types and lenpths. The notes which follow refer

to common ox typical practice but do-not cover all cases.

Expansion Shell Type'Rocfbol'”x

e 33
“This type of roofbelt is fixed after insertion into thi lﬁole
drilled into the roof_byltighteniﬁgﬁ_a nut on its threaded lower
End. This hae the effect of ’éausing the conical wedge steel
agsembly at its ﬁﬁper end to expand and grip the sides of the
hole tightly, euabling the plate which is claﬁped againat the
roof by the trightening of the nut to provide .a sgﬁstantia%

“ aupporting force. > ALY §
Resin-Grouted Rpofbolre - : : e
. B )
} . 4 - . o
F-In recent years the use of resin-groited roofbolts baz become : Q
|very common., In thik case the hole (22 to 28 wm dismeter) which N

hy 16 mm dizmeter) has_one 0% mre two-cumpartmm: rtsm\capsules

’lpunhod up into (\it. The ruw"‘nlt is then pushed home md wk\
'Trotattd bresks these capiﬂiis. agd wmixes the tws res

‘be tightened %roviding the required support to the rqot?‘

a -

0]

The elactrical relhtmc to elrth of foofbolts of both types
have bean uanure@l undergraund at various times in varivus mines
and laboratory resistivity tests on resins "have been performed at
the Ascosl Rasesrch and Development Department at:thdykadrift.

| e ' i 4
Typical resistance figures for expansion shell type roofbolts
recorded have. rabged from 10 000 ohms tn 40 000 ohms per

%Oofbolt .
)

)
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Resin grouted roofbelts have given an extremely wide range of
eartling resistance figures whith 'are clearly dependent on a4
nomber of factors including thé resistivity of the umaterial im
which the roofbolt is tixed, whether the boit is grouted over its
whele length or merely near 'the tcyp éné (poinf'ahchcr)mand tﬂe
characreristics of the resin employed. The lowest in sits
ﬁigures encountered have beéé;aflthe orcer of 300 ohms to 300
ohms, while figures in the range 1 9200 O%MEjto 5 000 ohﬁs are
coemmon and some have been higher, probably wﬁen ho}}s'have .been

I
set in coal,
N
=

)
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Again the existence of a poorly ventilated area is evident,
together with a conductive ventilarion pipe in the shaft collar

seal.

Spé@éing potential from the lightning strike caused one or more
sparks between unbonded conductors thereby inducing 2 nethane
explosicn in the partly wentilared shaft. Engineers on the mine
were not fAware of “he earthing code for headgears and dia nct

know the details of the earsbmst om gurface.

3.5.2 Exnelo Mines Servzczs fPt’J Limited

Inrroduction _ Y
VT
“L".Il,}r":r s

One pump attendant died aﬂ&h{t gcond worker sustained ruptured

eardrums when & methane explosion occurred in &n incline sheft.

The explosion wae initiated by stray cuxrents from an electrical
storm un surface. The survivor saw the flsmes aﬁaigg;hxhe roaf a

few le_cqpa before the explosion oceurred.

An sccumulstion of methane. in the sheft resulted from tha fact
thar the power supply to the fan tripped out ‘Jeveral hours pricr
to the accideut. -

9

The two vorkerl. congidering the possibility of flaod;ng of the
shaft ue to the heavy rains, took & celculated hr %y entering
the unventilated shait. They obv1ously ' did nat itbﬂ’fhat there
Was 8 pou:ioxlity of a gas: dPuild-~yp and thcught that the
compresaed air lupplied to-the Pumpa uould suffice.

Thik is a typicil case of loss of life due to insdequate

training.

The coal seams &t this colliery are notoriously gassy.
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3.3 THE PHENOMENON OF IGNITIONS DUE TO STRAY CURRENTS CTHER
' THAN THOSE DUE TG LIGHTNING

3.3.% Stray Currents

" Feruchately, the risks’posed by other forms of stray current

. which originate from causes outszide the mine have not, so far as

is known, yer been the cause of any exnlosion in a South African

W

i
]

colliery.

Such currents may bowever pose risks, particularly in relagion to
methane ignition in mines; a& electric reil traction activities
by The South Affican Transport Services {SATS) expand\(hoth b.C.

-and gingle—phase A.C.) and locomotive power per train (and hence
:trnct;on supply currents) increase and the Flectrzc;ty Supply
Commission (ESKOM) transpission lines ; ro%;ferate (leading to® am

. increase in the chaoces of dangerous stray A.C. induced currents

. is underground collieries; in Collieries in Britein and

occurring)} stray current problems underground gaf be sxpected .f{

incredse also. ' N

"

Large amounts of re. :n’D,C. tracPion surremt Leak away from the .
reils snd find their un; ‘back to ﬂtrackszde supply lubatat,mnu°

~ through the ground. It fs such c? rants vhzch may 50 troublepone

the

U.S.A. and in a tunan:l in Sowth Africa, thére have been accide e ©

it: which detonators 4n vharged holes have been fired by, D.

. stray currents. Some of thess accidents are shown in@Tab ie 3. 2"W%

oo

s

&

_g)

i
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Tablie 3.2
(i) 1958 Broughton Blasting DC Tracticn
Tunnel Accident Current {iaAR)
Hatal a suspected
{ii) 1478 South &fricam High DC Reil DC traction return
Coa. Estates potential current
{i) Posaible Sources N

(ii)

Yo

-

Radlio signals. R i

Railway traction gircuit::h
8. D.C. current through the ground (and also possible

induction dus to short—cireyit current transients). -
| . .
M

b; y Single phase A.é. (Induction from overhesd tracticn
_”4) witres and conduction through ground).
e 0
Electromagnetic inanctiun by unbalanced component of
“altéﬁnntinh currapt Rjn overhead power .Jlines (normel and
fault currant). k
- 6

\

A0, sarth faulr currenéxiby conduction, from overhead power

lh;.) w7

9 "’ o I .
. . . :
.. 9 .

|
0 i

f;duccivn «ffects within the nine power distribution system
; ' . ) :
{such us 1on;itudinag"?otlntilll induced in earth conductore

@

of asymmetrical trailing cables).

" Dengers posed by such zources oow

Pamsible riaks"iriling from Stray Cu::ngtl
e . - @ . . .

}
o
!

Fremature {gﬁitibn of ixplasives ‘2 \\x\ e
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- Ignition of methane

- Electric shock to human beings

- Corrosion of buried struQtures and structures din contect
with the ground

- Iuterﬁeren&e with proper operation of electrical equiprmt.

Jackson (1987)“states there is a network of electrified railways
in the Fastern part of the Transvaal., Lines in the Witbank area
are supplied at 3 000 V d.c. by 2an overbead feed with track
return to the traction substations, which are speced ten to
fifteen kilometrer apart. Degpite the provision of insulatioh
between rails and the concrete sleepetscahd the installation of

heavy return cuyrent conductere in pavellel with the return rail,

appreciable voltages above earth arise on rails and a substantisl

proportion of the current Jdrawr by locomotives .returns to the
trection supply :ubatations via leakage to the general body of
earth and via other unintended paths.

The result ie that appreciable D.C. potentials can be zeasured
between the body of earth and local metsiwork almost anfhhere in
thc. ared, inciuding points undergrecund in collieéies. The
highaat local potentisls occur close to reilway lines .carrying

:1ong. Aulti-locomotive traing.

Rnil porentials may exceed 50 volte durin; normal operstion {such
"as pasauge of a tra;n hauled by five 6E1 loeomotives).

_ Meamuremsnts aade at ahuut 80 m depth in a coll;ery haulage
" directly balow the railway have given peak roofbolt potentials to
-earthed metal of about 8V at the time of passage of trains,

volt., .

It dows not appear that potentials of this order are likely to
LS

prov;do much risk of direct incendive sprrking. However, & fatsl

. lhot firing sccident, in veary unusual czrcunatnncu-. éid take

place in the Westoe Colliery (U.K.) due to mtray d.c. tractiod

currents which entered the mine vii metalliu.paths. (Given low

~though aversgs levels in the same colliery were a fraction of .
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resistance current paths, quite substantial stray currents can

flow in favourable circumstances).

o

A different possible rigk situgtion may .exist when traction

supply short-circuits take place. In this case, for a very short
period, track veltage may rhecretically ba elevated to something
like one quarter to one half of the suppiy voltage. During this
brief instant, tﬁerefore. very high leskage currents to eartl may.
oceur, with posgibly gerious results, ‘The fépidfrate of rize of
such fault current implies the possibilicty of induction effecte

algo occurring. -

There is no trecord in South Africa of any explosion in a colliery
being initiated by tractionﬁcﬁirent. It is however & current

mource posing certain risks.

Power Lines - &
i 8

Overhead power lines garrying aiternating current are normally
conatructed with threé-phnse condyuctors a8 closely spacad ag
possible and carry moderate levels of three~phhse current whigh
is thtoraé%@yllg”cxnctly bllanctd. Lictle or no induced -volta

on parallel copductors thatafore ‘eccurs in wost camses. E?
However, in prnctice thers is Sftin a seell degree of inbalance
(6.3 1% to 2% or more). zusnner. at very high voltagc: {220 kv
and highnr and guite often at lowsr volta;ea) the conductor- are
ho:izoﬁtllly disponcd so that for a paralﬁql conductor {e.g. &
fence, talnphont line or cable sheath) close to, but to one wide

of the iine, induction by the nearest conductor iz not exactly

_ cancelled by that from thae othezs, so that the resulting

siymmetrcy results, 6n_}ts own, in aubatzntial paraliel indnetion
eccyrring. ' v ’

The higher the voltage tin wider the phese spacing and
consequently the grester the 'probability ot ivduction ¢rouble

arising. .
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The unbalanced portion of the line current has a thecretical
return depth through ‘the earth dependent on the equivalent™:
resistivity of the current path. This depth is of the order of
hundreds of metres (or even kilometres) for locsal e,grnund

conductivities,

3.3.2  Risk of Ignitions as a result of Stray Currents
-, Further, as in th; cage of the 1lightning hazarde diecussed
earlict. 4t is necessary to f:f?gy and conceivably to do certain
test work concerning the energy levels required in sparks between
verious materials to, ignite methane for \the direct &nd
sltarnating voltege sources being considired, and likewise to
review the voltsge, current and energy levels likely to be able
'“ to set off detonators of various types as .a reault of stray’

currents, ’ '

Oversll, thn_pxqsuut~inouu situstion is that in the future stray
railwsy trection ocurréﬁ:n nay resch levels vhich could
concniﬁably pose nethane ignition riske  in \rgto#nﬂ
colliariai. Parther theoretical and practxcal atudy fugan-
nlcataa:y to define the risks in numerical terms, in pcrticullr

in velation to ltthann ignitiou. o . N
P ] -
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]

NUMBER AND DATES OF INCIDENTS.

+

L T

The graph depidts the incidents in relation to the months of the

It is of interest to ncte that no dncidents occurred during the

winter monthe.

Tabie 1.3
Date 193

2nd Decesber 19464

Location Fatalities
I _
Schoongeziche ~ Nil

. Collimry L

10rh April 31967  Indumeni Nil
w Coal Minex

\‘}\\‘ ,.1

Yoo
zsthvhpguat 1972 Usutu Coel 6 injured
) ; i\ Mines Lisited s
3rd Jam\\ 19‘?45 Albion 13 killed
T »  Colligry . iqjuted"
15¢h DecemByr 1976 Usitu Coal il
| \ Mines Lisited
29th October 1977 Usutw'Coal Nil
%\ Hzacﬁrhinit&d

12th Jebruary 198¢ Goalbrock Nl

Collierian

Descyription

Lol

Mathane explomion
in old workings.

Matbene ¢xplosion

ad a reuﬁ%g of
lightning or

faulty electrie
light firting

Muthane sxplosion

in standbye

c gaction

ﬁathg;l explosion
in old panel

Kathuna cxmlcsion_ “c

in old workings
Methane ignirion
(batween shifta)

kil

in preoducing

~.gettion N

Mathane explcsion
in aealed '

vertical shafr

o
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Table 3.3 {Contd.}
Date Location Fatalities

6ch Novembe: 1983 Ermelo Mines 1 killed

25¢th Ovtober i 94 Ermelo Mines € killed

Deseription

Me t hane SN

Methane . cup
caused Ly

lightning
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DETAILS OF INCIDENTS/PHENOMENON

o

1.5
3.5.1 Coalbrook Collieries Limited
Introduction

At approximately 1900 on the IZtHEngruary 1980 an "explosion
occurved at the No. 2 vertical shsft at the abova coiliery. The
zethane explosion destroyed the concrete as&Enl at the top of the
shaft, damaged the steel headgesr éhd broke windows in

nnighbourihg build;n;n. A davera thundwratorn occurred in the

vicinity of ‘the shaft at the time of the explo::cn.

a .
K

[

Thn pine was extremely snlsy and in 1961, & methane explosien
caused severe domage Lo an inclipe shaft killing 7 pcmsons who
were engagad in the cuyting of stee] sirders which were
obntructing the’ re-oval of & feeder in the -haft‘ v
The Incidant - \é

Lt

This srea of the mine in the vicinity of the shaft had been.
uorked put and had rncéntly been sealed. The shaft iz vertical
and has 2 depth of abour 200 . The iﬁift:hcli wag reportedl}'
conplctcd on 9 “abruary 1980, and ‘comprised & concrete plug

‘epproximately 1 m ' thick. This had been cast upon steel
ifhhuttcring laid previpualy acroes the shatft collax, 4 100 mm

ditnntervlgael vent ﬁjpe ad been cast throuiiﬁ this plug and,
during the period batwees 9 and 12 February, fresh air was being
drawa intc the shaft through this pipe - vis an (Cghaust fan

located at anotber shaft saverul kilometres away. This fan was

reportadly exhaveting at & flow rate of abou 350 n3lsac.

gt

)
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The explosion occurred during a thunderstorm in the area amd, at
the time, lightning was veportedly cbserved striking the steel
headgear shove the sheft. The shaft seal was totally destroyed
in the explosion and the greel headgear was alsfe exterclively

danaged.

The steel platform and reiated structural elements at the tup of
the headgear were caréfully inspected and all potential strike
pointe exeminad for evidence of recent f£lash roor termination.

No such evidence could be found,

A heavy gauge stranded qluminiun- earth zuble was connected
between this air terminal uni& snd a buried earth electrode at
the base of the zttuc%ure. The intervcnins connection «clamps
weie opened and inspected for’ evidence of the recent pssage of
discharge current but again,. mo such eviﬁ#ﬁce wvag found., In
zddit.on. in exauining this earth cable in the course of its

sage up the steelwork of the hasdgear, no indications were
~Eound o! any recent fisshma:ka .~ #s normally would have been
g}esent bad ‘high impulsive currents paalod through toe :tzuctn.e.”

v : %

\ in the absence of aay posl:ivn evidence, it ts concluded thai.-

Lightnins 4id not strika_:hn hnadgalr - alternativaly. had such &
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flash tsken place, the discharge current must have been

‘exceptionally weak.
Observer evidence
The following points were noted from the esvidence:

a, All observers confirmed a thunderstcorm in progress and heard
a ‘hunderclap =~ followed elmost immediateiy by the
explosion. (Excluding eilowance for methane ignition and
ﬁ;opagation times for the explesion, this probably puts a

lightaing Flash termination within a.radius of about 300 m).

b, At least one observar appa:ently'heard the leader approach -
wvhich is consistent with being within a few hundred metres
‘of a discharge.

N ‘ﬁg\obsarver posiﬁively gaw @ flash strike the top of the

hn;dgelr, In fact all observers were repcrtedly d%azled by

o the brightness of either a £flaeh in the °vicinity, or its

reflections, or therexpleeion itself. One observer had . the

imprassion of a flush to the baxe of the headgear ~ near the
vertical portal structure,

n
¥

\ )
& Bollermaker's Relper gave svidence that he heard the cracia_of
' lightning. The sky lit up and & dust cloud yose out of the shaix

followed by = dukl blue flame which arose with the flying '
concrete.. Before he heard the lighraing bolz, he saw the flash

of lightning, It moved from South tcwards Noxth and appesred to
strike the ground between the two lega of the headgear on the
West sida. '

Immedistely after the explosion pieces of concrete began to fall,
He was certain that the flash of lLightning did not styike the top
of the headgear but that it struck the ground,

D

N

o
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It is considered that the above evidence is consistert with a
lightning fiash in the immediate vicinity of the shaft, just
prior to the explosion. The absence of discharge evidence on the
structure of rhe headgear, however, argue: against such a flash
having been to the structure itself,
{

The pqssibiiityﬁof an oblique flash terminating at the base of
this structur_e.»E is consgidered extremely inmprobable, since 2
s ructure of this height gnd shape would normally be expected to

eshibit an asttractive effect within 3 radius of about 40 - 100 m.

It is concluded therefore that a gruund fiash terminated
somewhére in the immediate shaft vicinity - probably on one of
tha nearby buildinge, or #ssociated structures, rather than 1o
the headgesar directly.

It in-thought that 4iie flash was sufficiently clese, either to
indﬁaJ spl:king'poten;ial in the steel ventilaticn pipe ({which
waz reportedly not d;rectly bonded to the shaft structural steel
work and thus was “flontiniﬂg or to cauge the flow of ground
currents in the steel rallwug\ixnen vhich led to the rhaf? \ﬁmp
and agein were nct directly bonéﬁﬁ\und thus could have giver rise

(-4

to local apark discherges.

It wshould %: téghasised that -extreﬁely lov energy spark
discharges aén cepable of igniting critical methane/sir mixtures
{of the order of 1 MJ .or less}). In the pgtent:cl prelcnce of
such nixtu:ls therefore, all conductive clemsnts in the vicinity
should be galvanically binded, in order to obviate any transient

differances in potentisl or epark discharges,

Conclusion

1

This explosion occurred am & result of the lack of galﬁanicnlly
bonding between conductive meterial in the vicinity of ¢ shaft

snd a connection to a well-esxthed common electrode at the shaft
. v

top.

[
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Leratigraphy

F:gu*e 5 depicts a typical stra*zgraphlc gection of the coal

m&abures at Ermelo HMines,

Sinking operations had beep completed prior to the aeccident in
rhis 420 m long incliné shaft of which the bottem was
approximately 125 m below sarfacetd The shaft has an  inclinaticon
of 17° to the horizontal. | “

Shbﬁcreting and equipping of the shaft commenced geversl daye

Iy

\prior tp the accident.
lt' il

The Tacident \ .
" The incidént cccurred at :he recently developed Tweefontein
“inclined Egaft. '

AL L : @
Figﬁxe 6 shows a8 locality plag of the ﬁorklngs 1n relation to the
Tweefnntezn sy f-. ; . - ' 1y

) R
According to witnesues who were ﬁhear the mine, there was #
thunderstorm in the vicinity of the shafr at the cime of the
sccident. | oo '

No evidence cf & dirtét lightning strike could bHe found ~: burm

marks ag & vesult of a high electric current or of noticesble

smounts of remaining magnetism in steel gbjecéi}could rot be ”

trsced, This, however, does not mean that no bolt of lightning

occurred. Currents of a faw kiloamperes couid have flowud in the
shaftte pipes. as well a8 currents o£ huudreda of ampere in the

ut
4

%
steel mesh ingtalled in the rocf, w:thout ;t haina ‘avident in the

1nvest:gation. ' - " -

: ('

(ben a lightning bolt strxkel near the moutk of a shaft, it is

poesible that a portion of the 1ightnins gurrent will flow in the

B

¥
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pipes, rail lines, electric cables and concrete reinforcement of

the shafy.

The pipes, rali lines and elentric cebles are electrically
continuous and should not cause any sparks, except at the points
where they end. However, the steel mesh reinforcament placed in
the roof may easily cause sparks where various pieces of mesh are
joined, Laboratory tests have shown that reasonably large sparks
develop at such a joint if about 100 ampere of 11ghtn ing impulse

current should flow through it.

Figure 7 shows 8 typical cross section through the inclire shaft
loaoking North East.

The Mine Hanagarﬁb evidence is quoted below:

*At the time of . the accident which occurred at approximately
16h50 on 6 Noveube: 1983. ‘the sinking of the shaft had been
completad and the shaft was in the process af being equipped.

One person had d#bd and one injured in the accident. '

The deceased end . the injured were Pump Attendants. They were
both employed byfkhe shaft ainking contractors.

The Mine Hanager'vzsxted the scene of the accident at Tweefo;tezn
shaft and srrivad there at 1°h45. The shaft céntained move \than
5% of flammable gas and an inspectiorn of the gcene was% not
possible. J . ;

The shaft was vested for gas at 16h30 on & November 1983, and
less thao 2 percent was meagured nfter a 150 millimetre diamater
hole had been drilled from surflcu to the bottom of the shaft.
The proto team started installing a ventilation column and I went
into the shaft to inspect the scene of the accident in the

presence of the Inspsctor of Mines and others., It was clear to’

me at the time that a methane explosion had occurred.
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Figure 7
- ERMELO MINES SERVICES PTY] LTD

A SHAFT LOOKING N/E

e ™
e
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The scenz and the shaft were surveyed and a plan was drawn up
depicting the scene befire and after the explosion., I submit
this plan as Figure 8. 1 submit the locality plan of the shaft

in relation to the rest of the mine workings as Figure 7.

At the top of the uhalt there were & pumber of badly damaged
galvanised ducvin: piﬁ&;. The fang had been moved from their
original positivr 5y .l» force of the explogicn, The one fan
moved abouc a mprre a.v the second was woved for approximately &%

metres. f ' !

There were cl%nr indications that heating took place on the
cabler, The ihdications were that the seat af the explogion wa s
200 to 230°me3res below the portal of the shaft. In the vicinity
of the pump sfetion, a tin was found. wrapped around a drillstem
haadrail-upright in 2 manner 1nd1catzng thet the explosion had

taken place spove this point.

Plnatxc leal had [been used on the ventiletion column and signs
of burn;ng warej observed right :dowr to below the C seam
intérsection pgpi ieﬂ. Methane was insuing from both the B #nd c
;eal intersws t;onh. ﬂgpraxznately 380 mevres from the jortal of
thn shaft, flattening of the vertilation pipes was observed and
below this ry little danage to the pipas had taken place.

The dece‘nﬁ ~ wag  found nesr the - pump station which is

350 metres fron the shaft pgrtll a3 indicated on

In this areal there were also bad ¥ burnt ‘piecer of plastic, boses
and cables. 'A nuzher of d;na \\\?&rﬁ hats were found’in the

ahaft in the| poairignsgaa indicatld om thc plan. The bottom of
the shaft wag full of- alter. "

i 2
“ 5

1\.1;);.u.-m:::|.1|m1:1uy0l

fraue of the &etonator box were found ncltttred from 300 to' 220

300 petres from the portal. pie;es of the wooden

_metves frow the portsl as well as eﬁplosives cartridges.

[
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The wire mesh, approximately 220 metres Ivom the portal, was
ripped awey from the recof an? a piece was lying on the floor
spprozimstely JUU metres from the portal, This had fallen as 2
result of the e/ /iosion.

The surface bereholes to the shaft were examined and it was found
that they were all sealed by wesng of concrete.

The Mine Ventilation Ufficer had carried out a ventilation survey
is the sheft on 3 November 1983 and the report of his survey is
sutwitted ag.Table 3,4, ’

" Table 3.4, Development Ventilation Report

Twsefontcin =~ Dates 3.11.83  Ref No. TBI/L o

Disdiater
of _ N
w Column Araa of glc Distance from face
in ae - nndzin in = /s iz m
- ] Over
Water lap

Tine Leskage Force Exh. " Porce th. Force Exh. Blast in n
09h40 155" 570 760 15,6 2,2 3,6 15,5 39,5 15,0 5.0

=]

vTuo.fla!np:oof exhaust fans in series exhausted 9.9 cubic metres:
of air pesr second and s force tln forcing 2,6 m /nec vas used tpf
3 clear the toe ¢ the shaft {see Figure Ba).
\‘ ' I: .
“\Tha ventilation set up as it wae prior tb the accident wes
%u:itfnctory as there was no blasting being . done in the ghaft,
Mithane had been encountered in the shaft hafpre.

RN

AR
Durzng oy 1nspectzon. no eigna o‘\foa:rahand 1&:: Eouud in -the
shaft. The two cap lampc tned by the nowmdaceaﬁed and the other

injured person were e:aminnd,and found to be flameprnof.,

The barometer reiddings recorded on the ﬁine during thﬁ veek show

fairly high readings up to Saturday 5 November 1983 and » frop
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was recorded thersafter and the pressure remained constantly low

right through the day.

During py inspection in 10:0. the only twe obvious place# where
methane was being made was ar the intersections of the two coal
geams . Because of the presence of flammable gas in the shaft and
becausze of the destroyed ventilation column, the body “of the
now-deceased "could only be recovered on Tuesday 8 Nbvegb%r 1983

after ventilstion had been restored at 20k00.

oy ;
I E v
T

The explosive boxes foupd in the shaft were found to be #eformed
and it was thought qﬁft_ detonation. of explosives cuu4d have
occurred inside the b;kei. Experiments vonducted on surface in
the presence of the Chief Inspector of Mines, indicated t;at this

was not 2o, becsuse similav boxes hed holas blasted throuﬁh _when

5 detonators were pet off in 2 box, 25 detonmators caused ﬁhe box

to digintegrate aud one ltick of explosives, that is 260 igranmes
of Ajax, completely demolished the box." '
The security at the top of the shaft &nd the status of thﬁ power
supply to tha shaft on the day of the sccident are described by
the mhaft Guard.,

& ¥ I

_MAll persons going underground are checked by me to see tﬁh; they

do not take contraband into the workings. I also check the cap
lemps. When the shift knocked off at 14h00 i also 19!:.? I was
not replaced by another guard as theare was no further shi?t after
the day shift as it was & Sunday. ﬂ

. _ i,

The Pump Attendant had not yet arxived, We had left J_ \14h00
because it was reining heavily., The day shift was busy ° castins
concrets at the portal and because of the rain the work could not

proceed. We all knncked off ar 14&00 instead of 15h00 as we were
rupposed to. : 7

o \S

 When I knocked off, I cloged the gate and secured it with =»

chain. I could not lock the gate as the man I had relieved had

u
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not left the lock., T closed the gate Lefore 1 left.

" - o e

[ ety

When I left there were no persons underground. i am tertain

- because I know the persons on duty on that day. and I knew where

they were werk;ng. The Pump Attendants on ny shift were on

"syrface becauase the electracxty was off when we arrived at the

beginning of. the shift, The Engineer arrlved and restored +he.
power. Thn 4§ower was off on three occasions but I cannot

remerber th9 times, The engzneer wag around and restored the

oy . . . o
i

The electricity was off when we left. -
The pulip shifl remained Hbghind wvhen ve' left. They resmmined to
wait for the other shift to relieve them.® :

o

Evidences ind:lcatn that the ﬁbﬁv supply to the shaft t\ﬂpped' out

at 13b17 and that. elthough repert& had been made of the power

!nilur!. it hud uot ngn regtorad lt +he time of xho cxplosion.
L - \a_._\:

A ti.ét:tr lhl.;;a\e: sava evidenie an f.ouoﬁ‘sﬁ.\.‘_\ | y | *

% s .
\_\ ‘.\ o

oMy work sk A Bittet Halper lntailed Yy havin; te go undarground

M

at if:ht sluft. ;\1: the time nf t!u sxplosion, I was on surfsce in

- thtrsﬁsinity of‘ the shaft. Before the a:paosion there was

mmning and um ¥ wus locking at the shafe. Bt the time of
e wpluion. I do not knou if there was & li;h ing flash «t
stha tioe of :ha uplel.{on. I saw the aquipnent and Jebris being
blowa out of the ehaft. " _ N

o . (N
The power st the shaft was off. I caonst remembeor how lomg it
had been off before the explosion.”.

[}

:l;a cne Fump Attindant who survived the éiplosion has gsrwiﬂed a
d&ncription nf vhat hsppeanad prio:: to the uploli.on
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-

. "I can remember vhevaccident which occurred on 4 November 1983 at

' ' the Tweefontein slaft,

I was working 4z 3 Pump Attendant. There were two of us  working
- 7 N

at the time.
; : ) | H“ﬁxm_é; |
There was no one pregent at the gat: when we went down. The gate
wa;-closed but wa? not locked. T was awére that the power was
off a4 thas the . fans were not working, We went uﬁdergzéund
bécaﬁse another wnrker came out of tHe-shafr: We are téught that.
we may not go unécagsound when the fans are standing. Wa went
down “to" pump the \{xer at the botton of the shaft to prevent it

being flocded.
r;'f_?:'_h"\
UL

‘ There was a dxese¢ plnnt on Surface uh:éﬂythe Fitter was to staxt

up.
B

My intention was to 8o down, ewitch éb the puspk and come out

‘again, Ve *cnl:&dﬁ ~h$t the fans were not working, bur that the

comprcusor would nq@ply sone fqpsh air at the Pumps,

thu we weant dows, we switched on thn first pump which is a big
pdhp. The now-deceased ltnyed at rhis pump and I went dosm to
thk héttn: o.’thc shaft to stért up the othur pumps. I -~ switched
‘on tle one pump and as I wss ﬂwipch;ng o the small submersible

puap, I felt a blast of air fro‘lup the sheft. I ran away and
agg@d uexst to the sidewall. After the concugsion subsided, .I
iookud up the shafr and sav flemes agsinst the roof. I then
heurd & loud azplosion. The [lames disapveared and I then saw
smoke in the air. The air blast threw me to the Eround. The
explosion followed less thaw five saconds after I saw the flaves. .

nnnke bt did not have lny matches or c*gtttttal with me, They
were in x\‘Jacket on surface. I wes teught vhat I should never
take metches or cigerettes with me undergropnd. '

| &
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The now-deceased did swoke but. I have no idea whether hév had

gigarettes and matches with him. I did not sgee his  suoke .

undergreund, I do ot know what set off the explosion. I cannat
identify any of the hurd hats shown to me im this court."”

It
!
1

An impor=ant aspect of the evidemce was that the siaft ginking
contractors gdmitred that rbeir Fump Attendants were not taught
to take flame safery lamps into the shaft to test for gas.
?urthermnré. ns documented proof existed that Contractor witkers

revigwed any safety or training instructicns; for exzampls, that

workers are not, to proceed inte workings when the fans were on .

Stop.

4 drop in Ba:ometéic pressure was recorded during the day prier

to the :accident and this low pressure was maintaitied until after

the explosion. Thiz  fact, in irself, would have envisaged the

reiease of nethane from the shaft bLottom which had intersected
the coal seams.

Piscussion =¥ evidence

The Lamprnqg‘Atttndnnt'l statement that he had heard no thunder
nor sav sny lightning prior © the fccident and that it did not
Xeig unvil after 15h0G, is refuted by all the other witneqsa; who
vere in the vicinity of the shaft on the daylof the accident.

The twe Attendants eaterdd am unviﬁ;iiated shaft and proceeded
bayond & contreband chack-oint wvhere there was no guard as
required by Regulatior 15.11i.). |

iy

'The shaft was completaly without electricity at tha time of the
accident., The explodiion could therefore pot have been csused by
defective clectricalrcqu;ngtnt. |

_,/

(

The only other sources of electricity in the ghaft were an

o

approved compressed-air operated dynamo-light “and the two c;p '

L%
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lanps worn by the two workery  Examination of these undts proved

that they were all in & flameprocf condition after the mecident.

The only alternatives are ‘that the spark which daused the
explosion came from cbntraband, of wﬁieh ne signs were found
either on the now-deceased or in tﬁé shaft, or was caused hy
stray currents Ffrom lightning. '

: vk ;
The .latter possibility was investigated by the_f Electrical
Trangience and Lightning Division of the Electrical Power

Departuent, Naetional Electrical Engineering Research Institute of

the CSIR. Although no positive evidence of a dicezt 1lightming:

strike woe detected, the raport toncludes that the possibility of

& flow of electricity from such an ceccurrence causing a . spark,
o |'.

i

cannot be ruled out, . e

Circemstantisl evidence ghowed beyﬂnd any” doubt, that the

ationpharélwas hesvily charged .with electricity during. that
period before the accident occurred and, by process of

which sould have caused ths explosion,
The role played by explosives

The warped explosives boxés asntioned. indicated the possibilicy

that efplosivts therein may have detonated.

. slimination, thin'tppenr; t. “ave bezen the only source of a spark

ﬂhil_tﬁgo:y was tested on purface. The total destructiocu caused”

by 25 detonators or one stick of explesives proved this theory to
be ﬂcfalincy. Even 5 detonetors, exploled inmide a similar box,
caused undeniable dsﬁigt, the equivalent of which” waz not
noticeable in .the two boxes found underground.

Az examination of the shafr (Figure 8)_rivnuls Lhat thé following
fteel gquipsent had been installed during einking: )
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- Rails
- 150 pm diameter waste water pipe.
- 150 mm compressed air pipe, 50 mm clean water pipe and the

force far cable all suspended from the roof on rhe east side
of the shafr.

- 760 mm diamweter galvanised ventilation piﬂé and cables

auspended “from the roof on the wegt side of the shafr.,

~  The roof of the shaft had been supported with reinferced
" mesh.

Since no sign of arcing was fri.c near the asat of thefexp1Q31on.

it is oply possibie to postulute the cause of the 1gnﬁt1on based

on current knowledge of lightning problems in shalloy mines.

Pirsrly, the interruption of power lfd to an accumulation of
methrne in the shafi bottom area above the two coal seam levels.

Sccond}j} the depth from surface was approximately 120 wetres.
RV :
Thitdly, Zeh (1987) ststes thar the Iocation of cordustive

> structures underground play : prominent role in the probability

qstan ignition occurrnns. ya

o
] Kl

Fourthly, the shaft was wet which could influence the amount of
energy which could couple into an earthing bond (Zeh, 1987).
The most likely cause of the eﬁylosinn was a8 lightning strike,
the, shaft entrance, to the ralls or water pipea. The voltage

"Isur;es travelling ﬁoun the shaft conductive structurss (rails,

water pipes, ventilation ducting or cables) could create sparks
where discontinuities occur. This would 1likely be at joints or
the shaft bottom extrémities of asuch structures particularly
rails. Juackson {1987) states that 8 voltage of 50 kV has been
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measured between the eval face and earthed meral work during

Iightning storus.
Conciugicn

Several electrical tripg, the tﬁird of long duration, resulted in
a fan steppage in the new incline shafi whick had been developed
to the coal measures. Methane was being given off freely from |
the two coal seams and, a5 a resul:, shethane buiit up in the 420
metre long shaft.

Two funp Attendants entered the unguarded shafr to pump out water’

while about to start the seq'nd" of two pumps a methane
axiflosion occurred at =& dis:anbe‘ of 250 metres from the shaft '
portal. ' L ' L : '

-

There was & severe lightning storm on surface at the tige.

An examination of the scene of the (xplosion pointed to stray

w

currénts from lightning ag the only iniciutor of the explomion.
B

o

o k) i . .
3.5.; Ugufy Colilieries Limirad

I

Introduction . oy,

A violent mathane e:plos’i.bn o;curred in & section where work had
ceased some & months prior to the explosion.

The mine workings are relatively shallow gnd the seam ix regarded.
as gassy. "The details of the incident are discussed with
particular reference to the equipment and electrical Jcaﬁling
which had not besn removed from the psoal and thas reduction in
'j.veﬁtilating gir vhich circulated through the wofiéd ?n§ ares.
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Stratigraphy

Figure 9 shows the depth of the ccal measures and the iype of
. overburden emcountered in the area of the mine, Of pote is the
shgence of dolerite sills overlaying the coal seam, which gills

have been shown to have 2 high resistivity.
The Incident

 Figure 10 chows the underground workings at the coliiery, the
shaft boltom ares, together with the upcast shaft, the Main Nocth
haulage {012-016), the main return airways {011-03} and the panel
0.2.0 where the explosion originaved.’

The: seat of the explosion waa traced to Panel 0,2.0 which had
b '« }cpped 2 ﬁgnths prior to the explosion on the 2Bth August
1972, Fremisvidence the conveyer belt had become too long and

rather than instsall a tandem drive, the section was moved,

The hactiqq. conveyor had not bean removed from FPanel 0.2.0,
asither héd the lightning cable and bell wires. The girustion of
all electrical gear in the affected section is shown in the line
drawing, Figure 11, which has been reJonltructed from eviden;e at

the Cfficial Inquiry.

Ail pipes to the secrtion had been remcved.
The situstion on kurfece at i6h55 is described in evidence by a
Shift Oversesr.

"At that stage there was tarriblt thundar snd lightning. I
looked in the divection ¢f the fan and the next moment I saw a
boit of lightning strike the fan. After four or five seconds I
heard & tremendous shock and tremor. I looked in the direction
of the shaft opening and saw dust pouring our of it. I
izmediately suspected that it hid been a methane gas explesion.
It was 4,55 pm when I noticed the amoke coming fros the shafr."
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SPARK COULD MAVE BEEN VIA

i STRANMG WRES F SUPFORTED ON WOOD PEGS

{2 CONVEYOR STRUCTURE - DOWN INCLINE SHAFT ¥ NOT EARTHED
{3) STATIC ELECTRICITY F CONVEYOR STRUCTURE WAS NOT EARTHED
4} TELEPHONE CABLES i}
15} BELL CABLES

{6} ALONG ARMOURNG OF POWER CABV.E F NGT PROPERLY EARTHED

* :
b_uuw 5 SECTION 0.20.

PLAN OF CABLES ETC. INTO PANEL 0.20.
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The main fan covers had heen blown vff and tYere was considerable
damage undergraund. Stoppings at Q, x and y and air crossings at
% and ¥ had been bilown out. Regulators for Panel $.Z.0 had also
been damaged and the panel was laden with carhon monoxide,  The

conveyor structure in the panel was badly damaged alse.V

In &pril 1972,  wentilation to the Panel $.2.0 totalled
7.6 m3fsecond and tests for methane in the area by Shifc
Overseers on normal fire patrol%jyﬁfe negative.

However, in August 1972, the Mine Surveyor reported to the acting
Mine Overseer that 47 mzlsecond of air was sowmehow leaking
through Panel 0.2.0. The acting Mine Overseer in evidence

stated:

*1 sagked the Shift dyersegr to carry out & survey and he reported
to me thﬁt 34 nsfseébnd wag passing threugh section 0.2.0 I then
told him to reduce the quantity to plus minus 18 m3/second. He
reported back to me that he had changed it to 17 mzfsecond. I

did oot deem it necessary to check his readings.

I did not wizh to reduce the ventilation drastically since I did
not know what the effect would be. I knew that, in the past,
there wag' 7 u3fse¢ond in the sectiom, I did not have any

miggivings in this regerd. - ) ' g

I caunot think of any reagon why more air was suddenly passing
through this section. To my knowledge no change had heen wmade
since I had taken aver from the other Mine Overmeer.™

The Shift Overseer took air readings which totslled 34 nafsecond
leaking into Panel 0.2.0. He then stites in evidence that Pthess
figurea were reported to the Mine Supervisor. He then instructed
me to ensure that sbout 18 nsfuecoud went in. The following day
I constructed walls there. The intersection at Y wes completely
walled in and at X an opening of 1,1 metres x 0,7 metres was

left, I then took measurements agein at this spot. The reading
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{with anpemometer} mnow was 2,29 metres/second which T then
calculated to be 17 m3/second but which I now calculate td be
i,f& malsecond. I 4id not take any further readings and I also

4id not see whether the regulators at P and J were open.”

There was an eartiring mat in the surface substation at the East
gine to which all earthing systems were conpected.  This
substation had a lightning conducteor on the first power mast teo

the substation - the fan had no lightning conductor.

Conclusion

S

For gome unacceptable reazen the air lmakage into a spare panel

had increased from 7,55 n;fsecond . to between 34 -~ 47 m3/se¢0nd.

" The Actimg Mine Overseer gave s Shift Overseer instructicns to

reduce the guantity te 19 msliacond which he duly did by cloging

 regulstors iuto the section. However, his calculations were

incorrect and were not checked or followed up by the Acting Mine

: Ov;tsesﬁ. The Shift Overseer calculated that he had reduced the

qy;mtityato 17 n3/second wﬁareal .the actual qﬁantity wag only
1,7 n3!s¢coqd. Methane, bleeding from fissures, accﬁéulated in
the spare panal and was not detected. Two weeks lster a severe
lightning storm on surface resulted in 1i;htﬁiné striking the fao
or its vizinity, It iz concluded that the voltsge surge caused a

spark in the spare penel igniting the explosive mixture.

N

7
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SUMMARY OF PRACTICES REVIEWED

Arsz5 had been partiully sealed off and just sufficient air

vas allowed into the ares to’create an explesive uixture as

a resuly of methane bleeding into the parvially sesled panei

through fissures and faultz.

In the case ¢f 1 above, conductors%such' ag steel pipes,
boreholes cased or not cazed but wet or full of water,
"cables and conveyor structures have been left in the area,

These providia ideal conductors.

o
L4

% .
Steel headgeg;s and buildings in the vicinity of shafrs are

¢

/

ideal lightmning conductors.
Adequate earthing mats were not provided on surface and high

voltage surges are conducted into methane Ffilled areas

. _through conductors rather than to earth. Mining Engineers

5.

6

e e

are not sware of the need to provide adequate earth Bats

sdjacent to surface structures duch as steel headgeare. In
thisﬁtegard it iz often the problem that asajor safety issues
are not conveyed to sll ezployeez on Epe mine, who fare
thﬁrcfora vnaware of inherent dangers.,

Methane sccumulaticns in shafts and sections which range
from 5% to 29% (within the inflammable and explozive rangnsi

_occur s & result of power failures causing a stoppage to
main or secondary ventilating fsna.

Senior Mine Manegement are not fully aware that 1lightning
related problems underground in certain areas are very real
ones. Not much teseavrch had been doue om the relative

registivitias of overburden and ccoal seam measures.




L

w

";".l')f

7

gll

f

i,

11.

I

12.

(f foolhardy act.
i

247

Y

Access To spafte  are not adequately Fenced off or goarded

thereby aliowing unaurhorised perénns - to enter ahen

dﬁngef#us conditions exist; for examp*e. a power triy

stopp:ng the main vaﬁtllatzrg fans.

- s

Senior Officieds en*e*ed ah 1nc1:ne shaft after a methane

explogion using a compressed air hoseplpe tii.provide oxygen
Ay} . !

for breathing without the supnort of Proto Teams - a

Q.Qj Senior Mine Management are not awaré of illegal work being

a3

performed on Sundays.
Senior Mine Mansgement will alwuys be faced with the
perenniai problem of comflicting Qv;denca.. In the Ermelo

 Mines (1983) explosion, the following evidence supports this

statemant. w
i -

"T%Qﬁi:ﬂproon Attendant’s atatenght_ thet he haiihégkd no
thﬁnder nor saw any lightning prier to thz accident and that
it did not rain until after 15h00, is refuted by all the
other witnesrnl who were in the wican;ty of the zhaft or the
day of the accidenc.” g

, ; o g

L 1..f :;ll ’ s
Inadequhtl treining of uinef workers will result in
acczdents% a8 supported by th6>ltatennnt'°

"The twé workers, conridering the posaibility of flooding of

the shaft due to the beavy rains, took a calculated risk by #

entering the unveutilated shafr, They cbviously did +ot
Inow that thers was n; pousibility of [ build-up and

thought that the comprassed sir supplied to the ?unp-' would'’

suffice,” “ A

The use of ron-~flamaproof li'htl in }‘linking shaft vhere
methsne iz being given off Erce@y. could lead te a merhane
explosion. The:methans being diluted has to flow back up
the shaft over noo-flameproof lights as chown in Figure 12,

R 4

#



Figwe 12

USE OF NON - FLAMEPROOF LIGHTING
N AN NCLINE SHAFY
NO: TO SCALE
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In ¢he Albion Colliery explosion, three prospecting
boreholes From surface to an abandoned panel {the seat of

the explosicn) were not :zhown un the mine plans and heunce

_not sealed on surface. Une of these borehnles was cased

'with a steel pipe. See Figure 13, .

It is & common occurrence underground thav boreholes are

”inndvqrtﬁntly noled by ‘workirss. These boreholes are not.

14,

13. -

) Decamber 1960 are givun belowt

N4

-shoun on mine plans and they invariably contsin water,

A lack of lightning arfaltors at the top oi: shafts is a
common feature in this ihv&‘ti&&tlon. Lightning will rhue
have a tendency to st:ikdl the most frominent feature which
in not 1iknly not be earth bonded.

Figuxul 14, 18’ lnd 16 havu been developed’ frow evidence '
taken at the Schoongezicht Colliery explosion ca the 2nd’
December 196G, The mina was extremely gassy -and the

1

explosion in the old workings was caused by a .1i?htning
. . ,

strike to the top of the borehale followed by a surge in
voltmgt down the bornhol. which led finslly to s spark in
the #Id woxkings whigh ware - filled by sn explosive nixture
of mhthane/air. o .o

<

]

Details of cthia Schoouglszrht Colliary axplosion on the 2nd

a

E
<

Yigure 14 depicts the scene before the explosion. Sectioh &
wiae worked up 'ﬁntil July"“1960.and .reporta indicated* thai
wathxne was b!in;" iiynn off frauly. The power csble froa
surface was used to 3upplv power to Section 4 and the two
core cable vas connected tc & telephone iﬁ Sactﬁgn by

During the third quarter of 1960, S-ctiﬁn 4 was stopped and

the cable: ware diccoumtetﬁd. Figure 15 shows the position
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at the time of the explosion (14h50 on the 2nd December
1960}, The borehole was closed with a conerete plug as
ghown in Figure 15,

The Electrician'’s evidence is quoted below:
"! disconnected the cable from the relephone. Then I cut

the open ends off with side cutters, at the end of the

cable, I then tazped bé;h ends up with insulation tape,

Then I remdved the telephone. The end cf the “ctelephone

cable I jue. left agninht the wall., .

The manager indicated ther the pover had gone off, as
reflected Sy bis electric clock, at l4h30.
N

We then came cut of the mine and procoaeded to the site of
the borehole on surface. At this borebole I cbserved tlhat
th.rﬁ was né transformer snd the low tension cable was lying
on surface on the ground with & connectisn bex on its erd.
There was aﬁpair of telephone lines mounted under the pover
line on the poles, attached t¢ & two core PVC ceble at the
lest pole, which cable went dowh the borehols.

By court: As fer s I am concerned I think all the normal
prxelutionn were taken with regerd to protection. I conld
not say if an inclined current could cravel doug the
telephona cable and ignite an sccumulscion of firodanp(below
it, I did not ses the set up underground at the borahole.
I cervainly think ail the necessary precsutions wers taken
underground regarding the digconmection of  the telephone
cable.” ' =

An inspection of the sec:ion“a!ter the sxplosion revesled
that soms disturbanuce und heat waz found at the end of the
telaphone cadle, F;gurn 16 shows the detail of the end of
this cable in the section. |
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The Electrician's evidence is as follows:

"Je found the end of the itelephene cable'iying as shown in
Figure 16 on the ground not in the watewr, 'The cuter PVC

covering was cut off, about 250 mm back from the enids.

Th%.inner common PW cover wag cut off shout 200 mm back
from the ends and the twe ends wersz lying about 1530 mm

apart.

The red PVC wire was still insvlated at its wnd, the back
wire showed a digtortion of its inguiktion about 120 min back

from its end. " The wire was uninsulated for about 175 mm.

'Tnia. in my opinion, waz due to some form of distirtion due

t9 the explosion or during the explosion,
{ .

The end ahowed signs of having baen insulated before the

axplogion; there wag still a emall piece of insulaticn .

sticking to the PVC cnvarﬁpg"and one could distinctly locate
the former position of rtha ingulation tape before the
sxplosion due to tha fact that the PVC, uncovered by the
insulation tape, showed clear signs of being heated up and
dixtorted. That which had been covexed was not distbrted.

a careful investigetion for the ignition sources pointed
only to a discherge of atsospheric electricity during a
1ightn£ng"btofn frem conductors passing through B.H. 225 to
surface.” ' )

Seversl questions in this evidence remain unapswored, Was
the borehola cased? I g0, to what dapthl? dere the cebles
armovred? At the date of this incjident, the Miniag Industry
tended to umse paper insulated 1&&3 covered wire armoureéd
cuble., Was the armouring earthed atr either end of the
cable? The depth of the No. 2 coal ceam from surface was 65

metres as sghown in Figure 17,
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The sericus situation which may arise in collieries, is
highlighted by the contents of a letter semi by the Area
Inspector of Mines to the Manager in QOntober 1856 following
& methane explosion which killed 12 persons. The concern of

Mining Engineers regarding the ‘“guantity of section

ventilation and the envirotmental state in  abandoned

workings iz highlighted.

"Last week after the explogsion in the South Develeopment
euds, I instructed < you to reduce the number of producing
gections to 5 sections in view of the unsar;a‘?cto:y

vantilation conditions in your mine.

On 10th October 1956, I alsc inmstructed jou that only
approved flameproof equipment should be uwred in  your

w3
producing eectiona.

: N
I require that: . g
#
i. The number of prsduczng ﬁe;tionﬂ in your mine rhall not
exceed the qpot:ent of yonr totel douncaat air supply
in m !lacond divided by 19 m fsecond.

2. You shall have delivered to me personally within 48
houzs of the receipt of thisx notics, & certificate to
the effect that the el&ctricify supplied to all che

' absandoned sections snd other abandoned’ areas of your
pine have been disconnected at the nesrest practicable
@oint to thae shaft bottom. ~ Ths cartificate shall be
aignod by yourself and the rusponsible Engineers.

S,

Within 96| hourl of receiving this notiqg% you shall
vhave delivered to me parsonally a caertificare from &
recoguised ventilarion expert indicating whether the
ventilation arrengements in your cpal mine are such
that: i "

\\.

“
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a. The best usge iz being made of the available

downcast &ir.

b. Adequate protection is being afforded the areas of
the mine in use againgt invasion of firedamp {rom
abandoned or temporarily abaendoned sreas with or

without the main fans in operation.

t. In the event of the answer to (b) above being in
the negavive 21l lsbour, except such labour as may
be réquired to rectify matters, s%ﬁl} be withdrawn
from the workidgs of your mine unb.. zuch cime as

" the necessary precautions have been compieted.s
4

d. Entry to abandoned areas ix to be prevented by the

construdtion of permenent stouppings at all poinis

where suqh_entrj car be geined. You eére required

to furnish me with weekly reporte on the progress
of this werk, the weeks starting from today. until
the u07k has beén completed

Please mign, date and return the copy. of this letter to me."

‘Si;n.d_- Ctief Area Inspector of Mined.

- many instauces it is nucelgaiy for Mining Euginéera to

reslise that only “touhh and ‘uﬁEonpranising attitudes® as,

sﬂ;un above will gain the required safety objectives.

Lack of bleeder rosds ir pillar extracticn sections can
result in a build-up of methane in the goaf., When ihe goaf

is connected to surface vis s borehole, it is possible to

bave a sperk develop”in the goaf #s & result of a lightning
atriks at the top of the boersholes./ !
J

i
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Lightning is known to have caused a methane explosion in the
g g P
goaf ares of a srtoaping section at Ermelo Mines Services

(Pyy) Limited,

Six workers out of a total of 24 employed on pillar
| extraction, died as a result of carbon moncxide poisoning
whet two methane explosions cecurred in the goaf, at an
estimated 200 m from whefe they were working and at a depth
of 120 m. Nobtdy suffered any burns nor did any of the eye
witneeses see zny flames at the time of the explosions.

The exact cause of the explosion could not be determined as
the, suspected explosion area wag inaccessible.

This area, however, contained an open 220 mm dismeter
borehole downcasting 0,22 m3/sec cf fresh air imto the goaf.
. At the time of the accident severe lightning otcurred in the
vicinity of the borehole, It is concluded thet the
lightning ciirrent penetrated the hadf of the earth above the
goaf, probably wvia the wet ;borehole which acted as &
conductor, when lightning stiuck the ground in the area.
This resulted in the occurrence of sparks underground which
ignited the critical methane/air mizture in the vicinity of
the borehole.

'Bad.thil borehole beé; filled ank{or sealed, tﬁis accident
might not have occurred, - Sy ) '
Figure 18 shows f%e locality plen. of the stooping sestion .
together with the borehole which wam cazed with a steeingipe
for 2 nfﬁxea only at the surface. Mansgement were ungware

- of the existence of this b;rehcle.
Not ell bordholes are recorded on mine planz. Hence the
section working plane de not diapl&y boreholes- and mine

. Offigials are not aware therefore of these poasible

o
T,
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MATERIAL BOREMRE
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conductors. In many instances the top of these holes are
cased wirh steel pipes which are themseives excellent

conductors.

When main ventilating fans are stopped for extended periods
(longer than 2 houcs) dangerous mpethane ageenulations may

Fotwirhstanding that undexground power supply may be

-

SUCUr.
isolaved, an electric stoim on surface may cause a methane
explogion. (IMN/NC 374/67 Indumeni Coal Mines Limited).

in csections where work has ceased, the  ventilating
quantities are often substantially reduced (from 30
msfsecond to 7 m3!secoud) while material and equipment is
being reclaimed. Ventilation changes are alse f{requently

made by breaking dowr stoppings in neighbouriug sealed

sections and tecporarily replacing the seal with:P _bratv:ice

curtain. If thisvcurtain ig disturbed, ventilation will
short circuit the section where reclamarion is in progress
thus allowing a dangerous build up of methene, A lightning
storg on surface cauid result in a strike -to surface and a
resultant voltage surge into the - gas-filled area with

sparking ar an initistor of a methane explosiows

In the case of the explosion st Usutu Collieries East Mine
on the 28ch Augus:r 1972, veutilsticn changes were carried
gut by a Shift Overseer vho closed the regulators reducing
the air flow to the section copsidersebly. His superiors
feiled to check his ventilation calc¢ulations which proved to

be erronecus aond did no%t fellow wup by wvisiving the area

~afrter the changes had been nade,

o

£

o

SN L T
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K PRECAUTIONS 1O BE ADOPTED

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

following eénclusions and observations czh be listed.

1. The dan; vs w«hich arise Ffrom only parvially sealing off

worked-out sections in shallow mines are zreat,

Where mections are giving off methane freely the section
should either:

_34, ,be totally sealed off using, at least, 225 mm brick

_/ﬁf ) gg}opﬁings vhich are well hitched into the roof, floor \
and aides and then plastered with a cement mixture on
the outside of the atopping; !

- or remain adequately ventilated oo that dangerous
methsne sccumulations do not build up in the sectiou.
In this case an nxnuinltionz.of the section at twe
veekly intervals should be undertaken by an official of
Shift Overseer status. The resnlts of the examination
should be recorded in the Shift Overseer'z logbook.

This second elternative is not always open to Mining

Engineers particularly where ventilation is required in

producing secticos, Furthermove, the erection of expenmive

explosion preof stoppinge to skl off old panals  is

gonerslly not practiceble both ee%nduically aﬁé.from a tire:
| constraint faint of vid;. ” :

‘xn a situationﬁ such as vhat at No. 3 shaft, Coalbrook, the
;elntiﬁt perits of sustaining low capacity ventilation in
the shaft after sealing (i.e. throvgh & vent pipe} should be
critically exemined, In this situstion, & non-conductive

vent pipe would be advigable.
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It would be advigable that all prominent surface structures,
such as the shait headgear, be removed prior to shaft
sealing. Where extenesive surface conductive elements are
algo in_ tLe immediste vicinity (such as railway lines),

these should be removed.

All conductive wmatrerial in close proximity ¢¢ the shaft

should be galvanically bonded i.e. shafr collar, structural

steelwork in a ghaft plug, avy pipework passing down the-

shaft. Al3 auch zlements should be well earthed to a2 common
electrode - preferably the existing main earth electirode at
the shaft head,

where practical, shaft eealing op2retions should  -be v

scheduled out of the lightning sessou, in or’er to allow the

safe attainment of non-critical methane/air mixtures.

Whenever prﬁcticahle. 3ealing-off operarvions ir 0ld sections
lhoald be suhé%ulﬁd to take place out of  the Jightring
season to reduce the peseibility of & build-ud of critical
methane/eir mixtures whilst there iz a significant lightrihg
hhfard.

Vhan sections of workings are to be sealed off, it is “

important that all elemcpts of metalwork and metal equipment
be removed Er;n the workinga., This applies particulsrly to
items suchk as conveyor structures, powar snd telephone
cables, pipes, rzils and yires, inclu#ing those attached to
roofbolts. Furthermore, ro pipe or céble,nntoring the ares
vie a borehole or otherwiss should be jeft in positiop and"
it ia desizable that boiehole caéiﬁgs in holes ﬂf;om the

.syrface be withdrawy whers pdiiible. . a

Loy

' The purpore oﬂ;thele nestures iy n{%ﬁniuiniaeztha riske of

iuclndinrfwisp\h§! occurring in a' eritical :snethlnelgir
mixture. Such sperks may emanate from metal objects of
appreciable size when these are subjected zo high potential
gradients during a lightning storm overhesd or to high

¥
1

/
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. contact with the earthins syates, isproving the esrth
“resistance. . . "

i1

levels of electromagnetie induction due to nearby lighining

strikes.

In addition, large surface stzuctures, such ag headgears,

should be removed from permanently sealed-off shafts.

A cased borehole will provide an excellent conductive path

into a mine.

“Jackson (1987) deals with the need for earthing on surface

and ztater that "it is desirable for the current from a
direct lightning strike to a_ _mine headgear or’ other
structure to be sbsorbed and dissipated by its earthing
arrangements 80 completely that there is virtually no rise
in potential of the connected metalwork e;tending down the
shaft. This msy be a counsel of perfection,. but the
proviaion of 8 weli-designed darthing system should allow
direct strokes to be safely withstood without consegquent
danger underground, With the relatively high =®oil
resistivities sncountered in the highveld area (hundred to
thoussnds of ohw-metres) the solution most usually found
practical conlist; cf & loop f{or rimg) counterpoise
conducror buried réund the po:inntai of the structure being
protected sand connwcted to it &t v;rioua points, inéluding
corners and nijoﬁ vartical steslwoxk members. The &ddirion
of radial counterpoises and/or vertical drivem rods will
furcher reduce the earthing impedance, and the use of roda
will possibly enable moister soil lsyers to be brought into

A

Shuft hesdgears, fan ht:ul}np. and wore m‘ti;or: installations
such jas. botﬂhﬂia access points to underground ' mines
(contnining pipas of for satarials) all require svitable
earth electzode a=ystenms to minimise - the chances of high
voltafes being introduced into s mine,

K]

F
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It may be noted that the carrying cut of surface sgoil

resistivity measurements (necesgary to a precusor in
designing an earthing system) is something ¢f an arr. A
series of messurements iz desirable to give equivalent
tegistivities to various deptha (e.g. 1w, 2w, 4u, 10m, 20m,
40m, 80m}. Precautions must be taken by uvsing sufficiently
long test mpikes, and if necessery wett%ng them with salt
water, t ﬁiensure that the megsureme s 4aye not Dbeing

affected hy high tesr spike registance.¥

Mining £ngineers should hold. & monthly reviews of ali
surface and underground earthing standards to ensure Ithat

responsible officials are fully aware of the requirements,

The warked-out panel (No., 2) in which the explosion occurred
at the Albion Colliery (3.1.1974) was described by the Mine
Manager ss dirty, dry aad dusty., No stone dust had been
spplied to this panal (I.K. Wit AL __220/.74). It is necessary
to snaure that I‘F_nll worked-out panels axre swept clean and
stonsdusted to prevent the 4 injitistion of a cosl dust
etplnlipﬁ following or fiym & Llightnring induced methans
igoition.” As a Shift Ov!rzeerﬁat Springfield Collieries in

the 1950's, the Autlior recalls thet vhen rails were removed

from the old areas of a lectidi”"ptior to & double track
extension, &il <coul  ballsst end locde coal was
lytémti.;allyo losded intc mine tubs before the raile were
lifted, This sousd prectice is etill spplicable; old
workings should be swept snd cleared of all lvose coal.

After aun;:g off pgntal. an  indepandant inspection {for
Qx.ip1§ by an’ Eovironmental Officer) should be made to

engure that all brick seals sere [[in place. At Alhionl,

Colliary (1974) a brick stopping in|| the third entrance tor
“he aflected panol hid oot besn bullt-and ventilating air!

wvas leaving this pansl through thil
the build-up of an exylosive mathace

lair mizture.

o

antry. The result was'

o
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The erection of such  seals should be notified to the Mine
Surveyor in.writing so that they sre recorded on the mine
plans. b

%)

Employees should report, and Mining Engineers should

iqyﬁstignte, incidences of electrical shocks being
““:::::?,/’;perienced underground.

Lightning has &lsc frequently been the cause of electric

shocks experienced by men working underground, partieslarly

when: metaiwork which is bonded to the mine's electrical

" aerth systems is touched. For example, when a shuttlecar is

touched by & parson ﬂtand@ng on the {loor, or when a
roofboit is touched by gomeone standing on & losder or other
machine. Although shocks of this nature have not been the
cause of any known injury a= yet, they do have & ﬁegative

aZfact on wmorale. In mines where. euch “phocks are

ﬁllplri!ﬁ:td during thunderstorms, it shouild hd%rcsatdcd a8

an indication that there is a uubsf&ﬂ;ial lo¢al risk of
preémature datonation . of axplosives in charged holes, and
possibly also <f the °igmitien of  critical methene
sccumulstions, due to lightaning.

- -

The . Céde of ?racti:e for the avoidance of hazaxds
underground in Collieries, dae to lightning, deals with the
Barthing of Metaiwork in Mines as follows: !

Barthing of Netalwork in Mines
Ceneral \

The .primary wueand of wminimizing the effectsa of mtray

potentials and currents is to ensure that sll “extensive
) ° .

‘metalwork {e.g3, conveyor structures, rsils, piﬁin; and cable

sheaths, etc.) is well earthed and bonded together so thet
all exposed metalwork is kept az close a8 possible to the
alectrical §otcntia1 of “the sarth at all timess (ﬁonding is
the connesiing together of separate metal items torfaevcut

ity
v

x|
I

o
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the occurrence of potential differences between such items,
The risk of sparking between them, or of an electric shock
being received by & perron touching one, or both such iteus,
ig thereby eliminated).

Power Supply Equipment

The earthing and bonding normslly required in terms of Mines

and Works Regulation 21.6 for electric power supplies’

underground in & ecolliery is aimed ar ensuring a secure,
low-resistance metallic circuit from every point on the high
and low voltage power distribution network in the mine back
to the “earthing electrode of the incoming power supply
substation on the surface. Cables are screened and
protected by earthed sheaths, screemz and/or armouring to
prevent tha expogure 6f live conductors in the event of
damage to a cable; and to provid%)n good return path for

fault currept to supply-transformer neutrals when insulation

bfgﬁkdﬂ“ﬂl oceur, thus ensuring that earth fault protiction
oﬁirltet>corrtct1y and cutz off the power. Earth gfuult
currents are often intentionally limited in mngnitu#é to
mininise the rise of the potectisl of eerthed metal {hring
-the very lhntt periode for which earth faulr currsms ﬂflow.
' For safaty xuasons, electrical equipment undcr;rouiﬂ is
enclosed in  earthed matsl = houmings of flameproof
onstruction whers necessary; ) P
!ondihg of ¥avalwork
Although a1l ‘the abovementionad precsutions are usuilly
iken, certain addltions]l weswures whick ar» ilmportant to
ordinary qlee:ric-1; safety and alsc play e paftv in

protéction nglinlgﬁ lightning and other stray current

li

¢£.7;ts, axe often neglectad. These include the Hrn&ing
tbgethﬁf.ot' sdjacent metalwork - such as conyeyorh dr#ve
;ntor franes and convevor stebivork - gometimep insulated
from one another due to the use of non-conduptive shaft

tfoupling .

=

y
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elements and the separate mounting of motors vn  conerete
pedestals,. The head of each conveyor struacture muest also be
electrically bonded to the steel structure of the conve&o:

onto which it discharges.

Note -~ Bolting of steel structure elements provides a
sufficiently continucus boud for this purpose, In the
sbsence of such bolted conreetions, & suitshle electriwal
bord should be installed. ‘

Cross-bonding of Electrical and Uther Heé?igb:k
In prxnciple. all ¢ontinucus me*allic e*v:nt e%Qments, such
as cable’ sneaths and sgrmouring, pgpes. cosv3yor' gL 2tures
and rails whieh follow common paraliel routes «hbeld be
cross/bonded at regular intervals not exreeding £00 mkt:es.
Ordicarily, such croas-bonding will b& done at High tenaion
cable joint locatiocans anﬁ transfornd installation 'pointé..t .
and should also inmciude lpu voltage sig%\;lliug and l:giting' .
cable armcuring vhere thnne Are preaent. RS

Bonding Conductors : e

It is recommended that -bonding corductors smi:l be ' of
stranded copper or galvenised oteel’ wire of 70 o’
cross-section or larget, to ensure that they are strong

euough mechanically to ensure reliability in service. Whaiw

cross~bonding problems are txpirienccd ¢.a. vhere aignal B .

cable armouring forms part of the connection, ;i.t"-\ in
mmmdtdqthat suitable earthing cable clampi and lug: ltl‘\
" Gged in & bolred connection.
o . [I

Gmoetion ol !heil,mrk {|o Undecground Barthing Rlectzodes

Trmn%)cnr. potuti,;l diﬁ'ermoa can develop betwean, for
exapple, & conveyor stzu¢turt or wobile electrically powered

1

mschiues end the roof, fuce and floor of the workings,
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~ presenting the risk of electric shocks to peopls during
thubderstorms aud alsze of discharges acress charged faces to
nearby “earthed" metal objects such as eoal drills, which
may result in the prewmature detonation of explosives.  Such |
risks arise particulariy in the case of extensive wprkings:
where the electrical substation earth on the surface may be

twy to five kilometres away from a face area.

The geperal aim is  to minimise these tramnsient differences
" in potential, and this may ke achieved by providing a local
electrical connection ‘between the body of earth in zhe
worring area and the nearby continucus metallic service

¢ _aents.

Sone success may be achieved in this regard by copnecting
the face end of "convayor structures to nearby roofbolts,
'h*yhi%h should be connected together in groups of at least
tﬁiae? ~Thie should be repeated at intervale of not more
than 26@3@ a8 the"uarking face &dvances. Despite the high
individual slactrical resistances of the roofbolts to earth,
conditions cnﬂ'bé_gnprovnd substantially by thie peans,

The rcofboits must be of a typs that has a good earth
connection with the surrounding strata. 0

Unless the flemeprocf switchgear st the " face is already ;
cross~bending position, this equipment should, in eddition,
be bonded dit&ctly to the conveyor. '

lltthihg ?raéunticn: sgiin-t.hi;h:niug

‘A primary protective measure against lightning is to ensure
that all metal conductors entering an underground mine are
" well earthed at the surface. {air requires sttestion at the
Ea;llr for vtr#icnl shafts and to the points where inclined

shafts and adits reach ground level. In addition,

cepnactiond with underground workings such xe the armouring
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and/or sheathe of power and telephone cables and plpes
passing through boreholes, ac well as the steel casings of

the borehoses themselvea, should be well earthed at the

surface; and underground they must be bonded to any nesarby

metalwork close to their points of entry to the workings.

For an effective design of an earthing system it would be
advizable to conduct a seil resistivity survey in  the

vicinity of the mine ﬁogkings. :If the probability cof direct

‘gtrikes iy high, then experts on protection ghould be

consulted since earth geographic region and wine
ingtallstion may have ite own particuliar congtraints,

R & .
Az a general principle 4. the <ollar or portal of & shef:,

it ie recommended that a cupper ring conducter be huried

round the\$heft opening at 4 minimosm depth of O, m, ;nd'

thet it be connected at several peints to the shaft
“teelwork and headframe, inclined conveyor structure or fan
nousing, whichever may be the case. Where & ghs¥t conveyor
delivers direct onto & stockpile, it may be useful to have
tha ring comductor encircling the 1atte;. In order to
obtain a satisfactorily lov earthing iwpedance, it may be
necessary to improve the earthing slectrode system by adding
radis]l buried conductors andfor vertical Griven rods.

Figures 19, 77 and 21 illustrate typical earthing electrode

_errangements and eloctrods resistances achievable under

warious lbi& resistivity conditions.

At the entrancs to the shaft or adit, all pipes, rails,
cables, conveyor structutes and handrails, as well ag al)
other continuous metalwerk in the shaft, should be bonded
together and to earth.

Where spplicable, the relevant provisioni of S4BS 03 (The
Protection of Structures against Lightning) as well as the
recommendatioi.s contained in the saction of the Chamber of
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