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ABSTRACT 

There has been a notable decline in the frequency and severity of mine 
explosions since the turn of the century. Among the major safety measures 
responsible for this decline are the use of rock dusting, development of 
permissible explosives and electrical equipment, improved ventilation and 
improved methods for detecting hazardous conditions. While these advances in 
mine safety are noteworthy, an examination of recent statistics indicate that 
the problem of mine explosion prevention is not completely solved. There is 
also growing concern over the number of frictional methane ignitions that 
occur annually; the frequency of methane ignitions has not as yet seriously 
impacted fatal accident statistics, but their potential for disastrous 
consequences is well known. 

This paper reviews recent research aimed at explosion prevention. Particular 
emphasis is given to the present practice of rock dusting and the 
implications of recent experimental evidence on the overall effectiveness of 
rock dust standards. Developments in supplemental explosion protection 
including devices for monitoring the explosibility of mine dust and passive 
and triggered explosion barriers are also discussed. The paper concludes 
with a section on frictional face ignitions and methods for their control. 

INTRODUCTION 

There has been a notable decline in 
the frequency and severity of mine 
explosions since the turn of the 
century. Among the major safety 
measures responsible for this 
decline are the introduction of rock 
dusting, adoption of permissible 
explosives and electrical equipment, 
improved ventilation and improved 
methods for detecting hazardous 
conditions, for example, the 
methanometer. Although these 
advances in mine safety are 
noteworthy, an examination of recent 
statistics (table 1) indicates that 
the problem of mine explosion 
prevention is not completely solved. 
For example, in recent years major 
mine explosions have occurred in 
Turkey (Armutcuk 1983, 
102 fatalities); South Africa 
(Hlobane 1983, 64 fatalities); Japan 
(Minami Oh Yubari 1985, 
61 fatalities); France (Simon 1985, 
22 fatalities); and the Federal 
Republic of Germany (Stolzenbach 
1988, 51 fatalities). Other major 
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mine explosions have recently 
occurred in Brazil (31 fatalities}, 
Czechoslovakia (65 fatalities), 
Mexico (43 fatalities}, Taiwan 
(90 fatalities}, and Yugoslavia 
(39 fatalities). The high fatality 
rates in the United States for the 
years 1976 and 1981 were associated 
with the Scotia Mine Disaster in 
1976 which claimed a total of 
26 lives; the Dutch Creek explosion 
in April 1981 with 15 fatalities, 
the Atkins Mine Explosion on 
December 7, 1981 with 8 fatalities 
and the Grundy Mine Explosion on the 
next day which resulted in 
13 fatalities (Richmond et al 1983). 

Aside from these documented events 
there is also growing concern over 
the number of frictional methane 
ignitions that occur annually. 
Figure 1 shows the frictional 
ignition trend for the U.S. World­
wide statistics on the frequency of 
frictional ignitions are not 
available, but the data presented in 
figure 1 indicate the magnitude of 
the problem. Strangely enough, the 



high frequency of methane ignitions 
by friction has not as yet seriously 
impacted fatal accident statistics, 
but their potential for disastrous 
consequences is well known. The 
mine disaster in Glace Bay, 
Nova Scotia in 1979, which claimed 
12 lives and was attributed to 
frictional ignition, serves to 
illustrate this point (Canada 1979). 

Table 1: Fatalities From 
Underground Coal Mine Explosions 

Year Worldwidel United Statesf. 

1976 325 27 
1977 342 4 
1978 57 0 
1979 119 0 
1980 51 5 
1981 204 36 
1982 62 7 
1983 291 8 
1984 222 3 
1985 223 3 

lMichelis et al 1986 
2usOOL-MSHA (annual reports) 
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Figure 1. - Fatalities From 
Underground Coal Mine Explosions 

ROCK DUSTING 

Rock dusting of coal mines has been 
in use now for about half a century 
as a precautionary measure against 
the dust explosion hazard. It is 
generally agreed that the 
effectiveness of rock dust lies in 
its ability to be simultaneously 
dispersed with coal dust, and thus 
prevent flame propagation by serving 
as a heat sink. In the United 
States, Rice of the U.S. Bureau of 
Mines suggested the use of rock 
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dusting for preventing or limiting 
coal dust explosions as early as 
1911 (Rice 1911); he referenced 
experiments being conducted in Great 
Britain. Experiments at the Bureau 
of Mines confirmed that ignitions 
could not be obtained with mixtures 
of Pittsburgh coal dust and rock 
dust having an incombustible content 
of 64 percent. In 1927 (Rice 1927) 
and again in 1937 (Mine Safety Board 
1937) the Bureau made 
recommendations concerning the use 
of rock dust; the specified level 
was to produce a total incombustible 
content of 65 percent. The 1953 
Federal Mine Code called for 
65 percent incombustible plus an 
additional 1 percent for each 
0.1 percent methane present. This 
was further revised in the 1969 
Health and Safety Act which raised 
the requirements for returns (U.S. 
Congress 1969). 

The current regulations require that 
the incombustible content of the 
combined coal dust, rock dust and 
other inerts be not less than 
65 percent, but the incombustible 
content in returns where the coal 
dust is finer shall be not less than 
80 percent. Where methane is 
present, the required incombustible 
is increased 1.0 and 0.4 percent for 
each 0.1 percent methane where 
65 and 80 percent incombustible, 
respectively, are required. The 
effectiveness of rock dusting in 
preventing mine explosions is 
illustrated by the decline in 
fatalities associated with mine 
explosions which in the U.S. 
declined from 300/year in the late 
1920's to about 20/year in the late 
1960's. Since the 1969 Act this 
number now averages about 8/year. 
Other safety measures, especially 
permissible cap lamps, explosives 
and electrical equipment together 
with improved ventilation 
contributed to this decline, but the 
general use of rock dust played a 
major role in reducing the frequency 
of coal dust explosions. 

Most major coal producing countries 
have similar requirements, some more 
stringent and some less stringent 



than those enforced in the U.S. A 
partial listing of these 
requirements is given in table 2. 

Table 2: Summary of Rock Dusting 
Requirements for Various Countries 

Country TIC VM CH4, 
net net net 

Australia I 65 - - - >0.1 
75 - - - >0.1 
60 - - - <0.1 
70 - - - <0.1 

Belgium2 75 Ll8 <l 
78 1-1. 5 
80 >l. 5 

Canada 75 <l 
(Nova Scotia} 80 >l 

Czechoslovakia3 up to 
80 

Federal Republic 80 - - -
of Germanv 

France4 55 (RD) ~18 no gas 
65 (RD) ~18 gas 
70 (RD) >18 no gas 
80 (RD) >18 gas 
50 (RD) ~18 no gas 
60 (RD) ~18 gas 
65 (RD) >18 no gas 
70 <RD) >18 qas 

Japans 76 (F) 35 >1 
83 (F) 35 >1 
71 (F) 35 <1 
78 (F) 35 <1 . 

57 (F) ~15 >l 
62 (C) ~15 >l 
50 ( F) ~15 <l 
54 (C) ~15 <l 

Poland 70 >12 no gas 
80 >12 aas 

Republic of 50 >14, 
20 no gas 

South Africa 55 >20, 
22 no gas 

60 >22, 
25 no gas 

65 >25, 
27 no aas 
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Table 2: Summary of Rock Dusting 
Requirements for Various Countries 
Continued 

Country TIC VM CH4, 
oct oct net 

South Africa 68 >27, 
Continued 30 no gas 

70 >32, 
32 no gas 

72 >32, 
35 no gas 

75 >35 no qas 
United Kingdom 50 20 

55 22 
60 25 
65 27 
68 30 
70 32 
72 35 
75 >35 

United States 65 >20 no gas 
75 >20 1 

80 retn >20 no gas 
84 retn >20 1 

Soviet Union 60 >10 no gas 
80 >10 qas 

1 High values of TIC apply to face 
zone; low values apply to zone 
200 m beyond face. 

2 For coals with <18 pct volatile 
matter (VM) lower values of TIC 
may be used on approval by 
authority. 

3 TIC set for particular mine based 
on explosibility of coal dust. 

4 French requirements are based on 
rock dust content (RD) not total 
incombustible content (TIC) 

5 In Japan the specific requirements 
depend on the ash, moisture and 
volatile content of the coal, the 
gassiness of the seam and the 
fineness of the rock dust used. 
Extreme values, see US Coals, are 
given in Table 3. (F) denotes 
fine rock dust (85 pct <74 µm) and 
(C) denotes coarse rock dust · 
(45 to 55 pct 74 µm). 



Table 3: Inerting Requirements (TIC) for Different Coals in Two Different 
Experimental Mines with No Methane Present 

Total Incombustible Content. oct 
Coal Type Volatiles Pulverized Coal Mine Size Coal 

Percent (80% < 200 mesh) (20% < 200 mesh) 
BEM 

Pocahontas 18.0 60 
Pittsburgh 36.5 78 
Sunn~side 38.1 80 

lweiss, et al 1989 

As will be noted some countries 
grade rock dust requirements 
according to the volatile content of 
the coal. Since rock dusting is the 
chief defense against dust 
explosions and probably will remain 
so in the foreseeable future, it 
seems appropriate to review the 
adequacy of the current standards in 
light of recent research findings. 
The U.S. regulations on rock dusting 
were developed on the basis of 
extensive experimentation in the 
Bruceton Experimental Mine (BEM) 
using "mine-sized" Pittsburgh seam 
coal (20 percent through 200 mesh). 
The B~M has a cross section of about 
5.5 m (2.9 m wide by 1.9 m high). 
This represented the typical mine 
entry size when the BEM was 
constructed in 1910. With advances 
in roof support, the width of mine 
entries gradually increased, and 7 m 
wide entries are now common in the 
United States and elsewhere. In 
order to conduct more meaningful 
experiments on coal dust explosion 
prevention the Bureau constructed 
the Lake Lynn Laboratory (LLL~ which 
has entries that average 12 m (6 m 
wide by 2 m high) (Mattes et al 
1983). Since becoming fully 
operational in 1985, a number of 
important experiments that bear on 
the adequacy of current rock dusting 
practices have been conducted. The 
principal goal of those experiments 
was to determine the inerting 
requirements for coals of different 
particle size and volatility in 
large entries. The details of these 
experiments have been presented 
elsewhere, but the important 
findings are summarized in table 3. 
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LLL BEM LLL 
>70 40 55 to 60 

79 to 82 63 >68 
aoor. 80 64 70 to 75 

For fine (pulverized) high volatile 
coals (Pittsburgh and Sunnyside) the 
inerting requirements in terms of 
total incombustible content and in 
the absence of methane are about the 
same in the BEM as at LLL. However 
for fine, low volatile coal 
(Pocahontas) significantly more 
inert is required to prevent 
propagation in the large entries at 
LLL than in the smaller BEM entries. 
For coarser coal dust significantly 
more inert is required at LLL than 
in the BEM for both high and low 
volatile coals, the differences 
being more pronounced with low 
volatile coals. In essence, coarse 
and low volatile coals were shown at 
LLL to be more reactive and require 
correspondingly higher inert content 
to prevent propagation. This effect 
is presumably associated with longer 
reaction zones (thermal fields) 
which apparently scale with entry 
size and reduced heat losses in the 
1 arger entry. 

The recent results from LLL although 
preliminary in nature, point out the 
possible dangers of extrapolating 
small-scale laboratory data to full­
scale. This is especially true when 
trying to set a limit for the 
volatility or on the particle size 
of coal particles that might enter 
into explosion reactions in large­
scale explosions. The implications 
of these results regarding the 
current rock dusting standards in 
table 2 are obvious. 

Inerting requirements for preventing 
the propagation of coal dust 
explosions is complicated by factors 
other than those associated with 
large entry sizes. The increased 



utilization of high production, 
mechanized mining methods poses 
additional problems in terms of dust 
fineness and float dust deposition 
rates. There is strong evidence 
that the coal dust now deposited in 
mine roadways is much finer than the 
so-called "mine size dust" on which 
many current rock dusting 
requirements are based (table 4). 
For example, a dust survey taken in 
1954 (Hartman et al 1954) showed 
that floor dust averaged 28 percent 
through 200 mesh; whereas surveys 
conducted in 1964 (Saltsman 1964) 
and again in 1982 (Courtney et al 
1982) indicated that this value had 
increased to about 80 percent, 
roughly equivalent to the pulverized 
dust listed in table 3. 

The explosibility of thin deposits 
of float coal dust is well 
documented and in fact, the most 
severe experimental dust explosion 
conducted by the Bureau involved 
float coal dust (Nagy 1981). There 
is little data regarding the rate of 
float dust deposition in mechanized 
mines, but there is no doubt that it 
correlates with production rates; 
with the increased utilization of 
longwall mining methods it 
represents a problem of growing 
concern. Recent experiments at the 
Bureau indicate that only the top 
layer (2 to 4 mm) of floor dust 
participates in a weak to moderate 
float dust explosion (Sapko et al 
1987). This results in an enriched 
cloud of dispersed dust requiring 
much more inert in the substrate to 
effectively quench the float dust 
explosion than would be needed if 
thicker layers of the floor dust 
were dispersed. For example, a 
substrate containing 80 percent 
total incombustible was shown to be 
effective only for float dust 
deposits less than 0.08 mm thick, 
corresponding to a dispersed 
concentration of 50 mg/liter. 

Heavier deposits of float coal dust 
required significantly higher values 
of total incombustible in the 
substrate to prevent propagation. 
Current sampling techniques which 
usually involve relatively thick 
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layers of floor dust tend to 
overestimate the degree of 
protection against float dust 
explosions. Since rib and roof 
samples, which represent a small 
fraction of the total dust, are 
often combined with floor dust 
samples, the overall protection 
against float dust explosions is 
also overestimated. 

Table 4: Dust fineness in the 
return entries of coal mines. 

Year Pct through 200 mesh 
Rib-roof Floor 

49 
50 

28 
40 
83 

19541 
19632 
196434 
1982 72 - 100 

!Hartmann, et al 1954 
2Kawenski, et al 1963 
3saltsman 1964 
4courtney, et al 1982 

Attempts to improve the 
effectiveness of rock dusting have 
not met with much success. Full­
scale experiments with fluidized 
rock dust -- to increase 
dispersibility -- indicated that 
more fluidized rock dust was 
required to prevent propagation than 
ordinary rock dust (NCB 1967 and 
Greenwald 1948). This was 
attributed to the higher 
cohesiveness of ordinary rock dust 
which more effectively binds the 
coal dust particles. This is 
supported by some recent laboratory 
studies which showed that fluidized 
limestone dust was less effective 
than ordinary limestone dust in 
inerting coal dust. In addition, 
some large scale studies in the BEM 
with a phosphate dust, which was 
intrinsically more fluid than 
limestone dust, showed it to be less 
effective than ordinary limestone 
dust. 

Salt encrustation is also utilized 
to combat float dust deposits and 
can effectively do so if properly 
maintained (Berg 1982). This 



technique was examined for potential 
application in the U.S. mining 
industry (Foreman et al 1981). 
However, problems involving 
corrosion and maintaining 
effectiveness under conditions of 
low humidity were not resolved, and 
enthusiasm for the method waned. 

The most promising methods for 
improving the quality of rock dust 
practice appear to lie in the recent 
development of practical methods for 
determining the inert content of 
mine dust samples, in-situ. The 
Bureau of Mines has developed an 
optical rock dust meter that can be 
used underground to give a direct 
and rapid read-out of the rock dust 
content of mine dust samples, thus 
eliminating the need for laborious 
and time-consuming laboratory 
analysis of rock dust content (Sapko 
et al 1985). The in-situ 
measurement allows for immediate 
corrective action and has high 
potential for improving mine 
explosion safety. The Bureau device 
is in the process of being 
commercialized. A similar device 
which utilizes nuclear radiation for 
measuring rock dust content is being 
developed in Poland and is also 
believed to be near 
commercialization (Lebecki 1975 and 
Krzystolik 1985). The principle of 
optical reflectance utilized in the 
Bureau rock dust meter appears to be 
applicable to the problem of 
quantitatively determining the 
build-up of float dust deposits and 
is being reduced to practice (Sapko 
et al 1988). 

PASSIVE BARRIER 

To provide supplemental protection 
against coal dust explosions, 
passive barriers have been deployed 
in most major coal producing 
countries. Conveyor roadways have 
received emphasis (NCB 1961). There 
are two approaches to the deployment 
of passive barriers --- concentrated 
and distributed. Concentrated 
barriers are placed at strategic 
locations within a mine and are 
designed to quench an explosion 
immediately on arrival at the 
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location. Distributed barriers are 
placed throughout the length of an 
entry and are designed to moderate 
or quench an explosion over much 
longer distances. Table 5 
summarizes requirements for various 
countries utilizing either 
concentrated rock dust or water 
barriers. The current trend is 
toward increased utilization of 
water barriers in lieu of rock dust 
barriers. Almost all countries that 
deploy water barriers use frangible 
plastic tubs which typically hold 
either 40 or 80 liters of water. A 
notable exception is Japan where 
flexible water bags are used (Ng et 
al 1986). For concentrated water 
barriers many countries have adopted 
a 200 liter/m2 loading. However, 
for gassy mines some countries 
(Australia and Poland) (NSW 1984 and 
Ministry of Mining & Energy 1984~ 
require a loading of 400 liter/m . 
In countries where distributed 
barriers are deployed a loading of 
1 liter/m3 has been adopted. Where 
water barriers are deployed they are 
in most situations suspended from 
the roof which in the case of 
roadways using yieldable steel 
arch~s does not significantly impede 
ground transport. The impact of the 
use of barriers for supplemental 
explosion protection on the local 
total incombustible or rock dust 
requirements varies from country to 
country. In the United Kingdom (The 
Coal Mine Regulations 1977) and in 
many other countries the level of 
rock dusting near barriers cannot be 
diminished. On the other hand, in 
France (Cerchar 1988) the rock 
dusting requirement is reduced by 
5 percent in the zones where 
barriers are deployed. 

Because sizeable pressure forces are 
required to activate passive 
barriers, they must be located at 
some distance from the probable 
ignition point (working face). At 
intersections, which provide 
considerable pressure relief, 
passive barriers can be easily 
defeated. This ease of defeat is 
the chief reason that passive 
barriers have not been adopted in 
the United States which still 



Table 5: Summary of Passive Barrier Requirements in Various Countries 

(kg/m2) 
Loading 

( l iters/m2) Country Rock dust Water 
nonaassv aassv nonoassv oassv 

Australial 200 400 200 400 

Belgium2 - -- 400 - - - 200 

Canada3 -- - 200 - - - 200 

Czechoslovakia4 200 400 - - - - - -

Federal Repgblic -- - 400 - - - 200 
of Germany 

France4 -- - 400 - - - 200 
O.lm,j/ml light - -- 100 light 

Japan6 0.3m3;m2 heavy -- - 300 heavy 
0.4m3/m2 ext hvy - -- 400 ext hvy 

Poland? 200 400 200 400 

South Africa8 200 400 - - - - - -

Romania4 --- 400 - - - 200 

United Kingdom9 - - - 200 light - - - 200 minimum 
400 heavv -- -

Soviet Union4 200 400 -- - - - -

1 MSW 1984 
2 Ministrere des Affaires Economiques 1982 
~ Canada Labour Code 1979 

Cybulski 1976 
5 Michelis 1987 
~ Ministry of International Trade and Industry 

8 
Ministry of Mining and Energy 1984 
Republic of South Africa 

9 The Coal Mine Regulations 1977 

produces a significant fraction of 
its total coal in room-and-pillar 
mines. 

The problem of erecting passive 
barriers to keep up with the 
changing location of the active face 
poses another problem. Erecting 
frames to support barriers suspended 
from the roof is a labor intensive 
operation. For wide entries, 

797 

experimental studies on the 
deployment of barriers along the 
ribs have been conducted in several 
countries. Recent results at the 
LLL indicate (Sapko et al 1988) that 
stacked rib barriers are fairly 
effective and may have direct 
application in longwall mining. 

There are several important examples 
of mine explosions where the value 



of passive barriers in reducing the 
extent of propagation was 
convincingly demonstrated. At the 
Fenton Colliery (UK, 1963) (Eisner 
et al 1964) a methane explosion 
occurred at the face of an entry. 
The first shelf of the barrier 
installation was located 80 m from 
the face of the heading. There was 
clear evidence that the flames had 
actually reached the barrier. A 
transfer point was located just 
outbye the barrier where there were 
ample deposits of coal dust, and 
there was little doubt that without 
the operation of the barrier the 
explosion would have increased in 
intensity and travelled much 
further. In another incident at the 
Mainsforth Colliery in Durham (UK, 
1963) an explosion occurred (Eisner 
et al 1964). A rock dust barrier on 
the mine intake airway 218 m from 
the face of the heading was 
completely discharged and without 
doubt arrested the spread of flame. 

However, there have been other 
instances when the effectiveness of 
passive barriers was not so clearly 
demonstrated. In Belgium in March 
1984 the efficacy of water barriers 
was proven to some extent during the 
explosion at the Eisden Mine in 
which seven men were killed 
(Jones 1988). The bottom gate to a 
face in an inclined seam was 
protected by distributed water 
barriers of four shelves, each 
containing a single 80-liter water 
trough, positioned 100 m behind the 
face, and then repeated outbye at 
40 m intervals. The investigation 
indicated that the first five sets 
of distributed barriers operated, 
between 100 and 270 m from the face, 
and arrested the explosion. This 
was suggested as the reason why men 
who were located some 290 m from the 
face were not injured. 

More rec€ntly, an explosion occurred 
at the Moura Mine in Australia which 
on July 16, 1986 killed 13 miners 
(Jones 1988). The inquiry report 
shows that a water barrier was 
installed in the belt heading as 
required by law and was in good 
working condition prior to the 
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event. The report concludes that 
the explosion was quenched by the 
presence of the water barrier in the 
conveyor road, and by substantial 
quantities of water present in 
swills in other roadways. 

TRIGGERED BARRIERS 

Triggered explosion barriers are a 
relatively recent development as 
compared to passive barriers, and 
there is considerable research 
effort in the United States and 
elsewhere to develop and implement 
this technology. 

There are two general types of 
triggered barriers: machine mounted 
devices for the rapid detection and 
extinguishment of face ignitions and 
fixed triggered barriers for 
quenching more or less fully 
developed methane or coal dust 
flames. 

Table 6 summarizes the machine 
mounted technology for three 
countries. The Federal Republic of 
Germany has been using their BVS 
system in operating mines, and the 
United Kingdom has conducted tests 
with a Graviner system under 
conditions which simulate the mine 
environment. All three systems 
utiliz~ ultraviolet flame detectors 
(1800 A) which can distinguish 
methane or coal dust flames and are 
not prone to false triggering by 
artificial light sources 
(Furno 1985). Ammonium phosphate in 
its mono or dibasic form is the 
extinguishing agent of choice and 
has been demonstrated to be 
particularly effective against 
methane and coal dust flames 
(Michelis 1983 and Furno et al 
1985). Expulsion of the 
extinguishing agent, which must 
occur in as short a time as 
possible, is affected with 
pressurized nitrogen or Halon 1301 
(CF~Br). The quantity of 
extinguishing agent varies with the 
application but typically runs from 
16 to 48 kg depending on machine and 
entry geometry. 



Table 6: Summary of Machine Mounted Ignition Suppression Practices in 
Various Countries 

Country/ Detector Extinguishing 
Type Type Agent 

Federal UV Tropolar Powder 
Republir of (ammonium 
Germany phosphate) 
BVS System 

United Kingdom UV Furex 770 
Gravin~r ammonium 
System phosphate 

United Sta~es UV ABC Powder 
PRC System ammonium 

phosphate 

1 Michelis 1983, Fabor 1987 
2 Browning et al 1985 
3 Furno et al 1985 

There is general agreement that the 
use of machine mounted ignition 
suppression systems would greatly 
strengthen the strategy for mine 
explosion prevention since these 
systems are targeted at combating 
methane ignitions near their point 
of ignition. However, the systems 
are severely taxed in detecting and 
suppressing fast flames associated 
with near stoichiometric methane-air 
mixtures, and their effectiveness 
against turbulent flame has not been 
demonstrated. In addition, the 
systems are difficult to retrofit to 
existing mining machines in a way 
that would guarantee protection 
against all possible points of 
ignition. Components of machine 
mounted ignition suppression 
systems, especially the flame 
detectors, are rather delicate and 
will require dedicated maintenance 
in order to function properly. 
Noise associated with explosively 
activated systems (US) and material 
toxicity problems with Halon 1301 
(US and UK) are also problems that 
have not been completely resolved. 

799 

Expulsion Vessels 
Mode Number Shape Loading, 

ka 
Nitrogen at 6 12.3 48 
120 bar + 1 iter 
detonator cyl. 
activated 
valves 
60 bar Ni:: 4-6 app. 7 16-24 
or Halon (seven liter 
1301 di ff cyl. 

DOS) 
linear 6 tubular 17 
shaped cann. 
charge and 0.76, 
Halon 1301 1. 2' 
13.6 bar 1.8 m 

long x 
13.6 bar 5 cm dia 

Table 7 summarizes the 
characteristics of fixed location 
triggered barriers being developed 
or deployed in various countries. 
The Belgium system, which utilizes a 
length of detonating cord to expel 
water from a 2-m long by 0.25 m 
diameter cylinder of open pore 
polyurethane, is triggered by a 
thermo-mechanical device that is 
sensitive to both pressure and 
flame. This system is also uses in 
France. The system utilized in the 
Federal Republic of Germany also 
used detonating cord for dispersion, 
but the extinguishing agent (water) 
is contained in a PVC tub similar to 
that used for passive barriers; 
sensitive thermocouples are used to 
trigger the device. The system 
deployed in the United Kingdom 
consists of a steel cylinder 
containing 227 liters of water and a 
pressurized reservoir of nitrogen 
which is used to drive a piston to 
expel the water. The system is 
activated with a sensitive 
thermocouple coupled to a fast 
acting valve which releases the 
stored nitrogen. The system 



Table 7: Summary of Fixed location Triggered Barrier Practices for Various 
Countries 

Country/ Detector Extinguishing Expulsion Vessels 
Type Type Agent Mode Shape loa~ing 

l/m 

Belgiuml thermo·- water detonating 2 m long 10 
mechanical 90-100 1 i ters/ cord 25 cm dia 

unit open pore 
polyurethane 
foam 

Federal thermocouple water detonating PVC water tub 80 
Republi~ of 80 1 iters/unit cord 
Germany 

France3 thermo·- water detonating 2 m long 10 
mechanical 90-100 liters/ cord 25 cm dia 

unit open pore 
polyurethane 
foam 

United thermocouple water compressed long cylinder 45 
Kingdom4 227 liters/unit N2 

United States pressure water or sheet ridged 80 
new and UV mono-ammonium explosive polystrene 

(solar panel) phosphate container 
40 1 iters/unit 

1 Ministrere des Affairs Economiques 1982 
2 Michelis et al 1987 
3 Cerchar 1988 
4 HSE 1977 

currently being examined in the 
United States uses a formed sheet of 
explosive to expel water (or 
monoammonium phosphate) from a 40-
1 iter reinforced polystyrene 
container. The unit is activated 
with a novel flame sensor, an 
ultraviolet solar panel, which 
provides enough electrical energy to 
fire any reasonable number of 
electric detonators and is in a 
sense "explosion-powered". 

All of these systems have 
successfully functioned with water 
loadings varying from 10 to 
80 liters of extinguishing agent per 
square meter of entry in 
experimental mines. Total discharge 
volumes vary from 227 liters (UK) to 
1600 liters (FRG) depending on entry 
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size. Experiments in the U.S. 
center around total discharge 
volumes of 720 liters. 

Triggered barriers for fixed 
locations offer significant 
advantage over machine mounted 
devices. First and foremost they do 
not have to withstand the rigors of 
the coal cutting environment at the 
face. In addition, they do not have 
to respond in the very short time 
frame necessary for effectively 
quenching face ignitions and as a 
consequence are far simpler in 
design. Furthermore, they do not 
appear to suffer from the noise and 
potential toxicity hazards that are 
associated with some of the machine 
mounted systems. They a'l so offer 
advantages over passive barriers 



inasmuch as they would appear to be 
applicable in low coal seams and in 
the room-and-pillar mine 
configurations. 

FRICTIONAL IGNITION 

In the U.S. the ignition of methane 
by coal cutting machinery outweighs 
ignitions by other sources, 
electrical, open flame, etc., by a 
wide margin, usually by three or 
four to one. Since there is no 
reason to believe that the U.S. is 
unique in this regard, a brief 
summary of the current efforts to 
mitigate this hazard is in order. 

There has been a large amount of 
research on the subject of 
frictional ignition in general and 
the frictional ignition of methane 
by mining machines in particular; 
several excellent survey papers on 
the subject have been published 
(Hartman 1955, Powell et al 1975, 
Lobegko 1978, Watson 1981, and 
Browning 1988). The important 
findings are: 

1. Most ignitions are caused by 
cutter bits striking rock in 
mines; siliceous or quartz 
bearing sandstones present the 
greatest hazard followed by 
pyrite inclusions. 

2. The ignitions invariably start 
in methane air mixtures and 
not in coal dust. (There have 
been two or three reported 
instances of coal dust 
ignitions in allegedly "non­
gassy" mines; however, they 
have not been verified.) 

3. The principal source of 
ignition is hot or molten rock 
created through friction -­
not the elevated temperature 
of the bits or flying sparks. 

4. All bit materials can cause 
ignitions, but some materials 
are more incendive than 
others. 
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5. The tendency for ignition to 
occur greatly increases with 
bit wear. (This is due to an 
increase in the contact area 
associated with bit wear and 
the subsequent exposure of the 
steel shank material which is 
more incendive than the 
tungsten carbide cutting 
tips.) 

6. Reducing the cutting speed 
appears to reduce the tendency 
for ignitions to occur. 
(Recent research at the Bureau 
indicates that the benefit of 
machine speed reduction is 
marginal at best.) 

These observations suggest practical 
ways of reducing the frequency or 
severity of ignition, i.e., improved 
ventilation, a rigid bit inspection 
program with frequent bit changes, 
improved cutter bits, and the use of 
water to cool the hot spots 
responsible for ignitions. 

Observations on the relative 
incendivity of various metals used 
in the construction of coal cutting 
bits indicate that there is some 
room for improvement in the design 
of bits to reduce their tendency to 
ignite methane. For example, 
Blickensderfer's early work showed 
(Blickensderfer et al 1974) that the 
steel used in the construction of 
bit shanks was significantly more 
incendive than the tungsten carbide 
cutting tip. 

This suggested that any modification 
in bit design that would prevent 
early exposure of the shank material 
to frictional abrasion would serve 
to moderate the tendency for bits to 
cause ignitions. On this basis, a 
considerable amount of experimental 
work was conducted with conical bits 
used on continuous miners (Cheng et 
al 1983). One experimental design 
having a "mushroom" tip or capped 
carbide, as it is referred to in the 
bit industry, was particularly 
effective in protecting the steel 
shank from early exposure during the 
cutting operations. Laboratory 
testing of a commercial version of 



the "mushroom" bit also showed a 
strong relationship between ignition 
probability and bit attack (and 
clearance) angle. The optimum 
attack angle corresponding to 
minimum ignition probability, was 
found to be near 57° for the 
particular bit used (Cheng et al 
1987). On the basis of this 
research an extensive field 
evaluation was conducted under a 
joint cooperative effort between the 
Bureau and Jim Walter Resources 
Incorporated (JWR), Brookwood, 
Alabama together with Hughes Mining 
Tools, a Division of Hughes Tool 
Company, Bristol, Virginia (McNider 
et al 1987). An experimental cutter 
head laced to accommodate a capped 
carbide bit operating at a 57° 
attack angle was constructed and 
tested in JWR's Blue Creek #3 Mine 
in an area prone to ignitions. The 
machine mined over 50,000 tons in an 
ignition prone area without 
incident. When it was removed for 
internal rebuilding, a miner with a 
50° attack angle replaced it. 
Before 10,000 tons were mined, two 
ignitions had occurred. 
Consequently, all miner heads 
scheduled for rebuilding were 
equipped with the capped carbide 
bits fixed to operate at a 570 
attack angle. In the past four 
years over ten mining machines have 
been modified in this manner 
resulting in a dramatic reduction in 
the number of ignitions at Jim 
Walter Resources. In fact, there 
has not been a single ignition 
traceable to a modified machine that 
was within specifications. 

Another promising method for 
controlling frictional ignitions 
would appear to be the use of 
machine mounted water sprays to cool 
the hot spots responsible for 
ignition. There is overwhelming 
laboratory evidence that properly 
designed water sprays are effective 
for this purpose (Watson 1981 and 
Browning 1988). All of these 
studies agree that water sprays in 
back of the bit are much more 
effective than sprays in front of 
the bit. Our experience is that 
front sprays are almost totally 
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ineffective in preventing ignition 
although Browning (Browning 1988) 
indicates that front sprays do have 
some effect. This is probably 
associated with bit tip cooling and 
the lubricating effect of water in 
reducing frictional forces. 
Browning also cites work that 
indicates that bits with water 
through the body, with the water 
released immediately behind the 
carbide tip, were ineffective in 
eliminating ignition. However, 
other work indicates (Morris et al 
1984) reasonable effectiveness of 
"through-the-bit" water sprays. 

Although there is no disagreement 
that back sprays can be used to 
control frictional ignitions, there 
is no consensus on the optimum spray 
configuration. Courtney found that 
a 300 full cone spray nozzle 
operating at 6.9 bar and 1.9 lpm 
helped when used with a relatively 
small chisel bit (Courtney 1987). 
Browning recommends (Browning 1988) 
a 65° hollow cone spray delivering 
about 2.3 lpm. A recent bulletin 
from the British Coal Board 
recommends (British Coal - Pvt comm) 
a 25° full cone spray operating at 
between 1.9 and 2.3 lpm. Recent 
work at the Bureau showed (Cecala et 
al 1988) that jet sprays operating 
at 6.9 bar and 6.1 lpm were 
effective in preventing ignition 
with a large chisel bit. However, 
lower flow rates were ineffective in 
quenching the hot spot responsible 
for ignition. This indicates that 
the water flow requirements are 
probably sensitive to bit tip size 
and geometry which seems reasonable. 
Other factors complicate the 
identification of optimum spray 
parameters for behind-the-bit spray 
systems. For example, besides hot 
spot cooling, the water spray may 
serve as an inerting agent for the 
methane containing air volume in the 
vicinity of the pick, thus reducing 
the possibility of an ignition. 
Aerodynamic effects which would 
sweep the methane-air mixture from 
around the cutting tip may also be 
important. In any case, the back 
sprays should be carefully oriented 



to sweep the area immediately behind 
the carbide cutting tip. 

It should be pointed out that there 
is little documentation of the 
effectiveness of machine mounted 
back sprays under actual mining 
conditions. Most laboratory 
research does not involve the actual 
cutting of coal, and the effect of 
the production of large amounts of 
cuttings in the vicinity of the back 
spray is not known. Recent field 
experiments indicate (Cecala et al 
1988) that the effectiveness of back 
sprays demonstrated in the 
laboratory experiments are indeed 
carried over to real mining 
conditions. 

CONCLUSIONS 

Notwithstanding the effort devoted 
to their prevention, coal mine 
ignitions and explosions continue to 
occur with unsettling frequency. 
The increased utilization of high 
production, mechanized mining 
methods in deeper and gassier coal 
seams will place additional demands 
on those responsible for mine safety 
particularly in explosion 
prevention. Rock dusting is still 
the chief defense against coal dust 
explosions and probably will remain 
so in the foreseeable future. 
Research has raised some question 
regarding the overall effectiveness 
of present rock dust practice. 
Recent experiments in a large entry 
indicate that coarser and less 
volatile coal dusts participate in 
explosion reactions more readily 
than in smaller entries and require 
more rock dust for inerting than 
anticipated under current 
regulations. In addition, high 
production mining methods lead to 
the generation of larger quantities 
of fine dust which is difficult to 
inert especially in the form of 
float dust deposits. Except for the 
development of techniques for 
monitoring the quality of rock 
dusting, in-situ, there is little on 
the research horizon. 

Passive explosion barriers have 
proven to be effective for 
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supplemental explosion protection in 
arched roadways with few 
intersections but are difficult to 
apply in low coal and the room-and­
pill ar mining configuration. 
Triggered explosion suppression 
systems for entry protection are 
being developed and may have wider 
application than passive barriers if 
problems of reliability, 
maintenance, noise, and potential 
health hazards (in some cases) can 
be overcome. Triggered ignition 
suppression systems are also being 
developed for use on continuous 
miners and longwall shearers for 
controlling frictional ignitions, 
but these too suffer from the same 
problems associated with triggered 
explosion barriers. In addition, 
they are difficult to retrofit to 
existing mining machines and will be 
difficult to maintain in operating 
condition. Results of field studies 
on the effectiveness of improved bit 
designs and cutting geometries in 
reducing the frequency of frictional 
ignitions are encouraging; the same 
is true for "water sprays" mounted 
behind the cutting bits for the 
purpose of cooling the hot spots 
responsible for ignition. 

The overall direction in research on 
mine explosion prevention seems to 
be headed in the right direction, 
but it is disappointing that quantum 
improvements in the practice of rock 
dusting do not appear imminent. 
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COMPTE-RENDU: PREVENTION ET SUPPRESSION DES EXPLOSIONS DANS LES MINES DE CHARBON 

M. Sapko, N. Greninger et R. Watson 

Les methodes de securite utilisees : le poudrage mineral, les explosifs 
autorises, les equipements electriques intrinsequement surs, l'amelioration de 
la ventilation et l'amelioration des methodes de detection des risques sont en 
grande partie responsables de la diminution remarquable du nombre des explosions 
minieres. Toutefois, selon de recentes statistiques, le probleme de la prevention 
des explosions minieres subsiste toujours. Il y a egalement une preoccupation 
croissante concernant le nombre d' inflammations par an provoquees par la friction 
du methane. Les recherches recentes sur la prevention des explosions portent tout 
particulierement sur le poudrage mineral dont l' efficacite generale a ete 
recemment mise en evidence. D' autres methodes de protection contre les explosions 
comprennent la surveillance de l'explosibilite des poussieres minieres, ainsi 
que les protections anti-deflagrantes passives et actives. Nous examinons les 
inflammations par friction des fronts de taille ainsi que les moyens de les 
controler. 

VERHUTUNG UND UNTERDRUCKUNG VON EXPLOSIONEN IN KOHLEGRUBEN 

M. Sapko, N. Greninger, R. Watson 

Zu den wichtigsten Sicherheitsfaktoren, die fur den bemerkenswerten 
Ruckgang der Explosionen in Kohlenzechen verantwortlich sind, gehoren solche 
MaBnahmen wie das Einstauben mit Steinstaub, Verwendung von zugelassenen 
Sprengstoffen, eigensichere Elektroanlagen, verbesserte Bewetterung und eine 
Verbesserung in der Erkennung von Gefahrensituationen. Trotzdem zeigen neuere 
Statistiken, daB die Explosionsverhutung immer noch ein Problem ist. Auch wachst 
die Besorgnis wegen der jii.hrlichen Anzahl von durch Reibung verursachten 
Methanentzundungen. Bei einer Betrachtung der neuesten Explosionsverhutungs­
Forschung wird besonders auf das Einstauben und die kurzlich erhaltenen Beweise 
der Effektivitii.t von Einstaubungs-Normen geachtet. Zusatzliche Explosions­
Verhutungsmittel bestehen in Einrichtungen zur Uberwachung der Explosivitii.t des 
Grubenstaubes und passiv sowie aktiv ausgeloste Explosionssperren. Entzundungen 
durch Oberflii.chenreibung und ihre Beherrschung werden diskutiert. 
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