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ABSTRACT 

These proceedings consist of papers presented at two Bureau of Mines 
TechnolOAY Transfer Semi nars for the purpose of disseminatin~ recen t advances 
in mi ning technology relate d to coal mine fire and explosion prevention. 
Primary, although not exclusive, emphasi .· is placed on under P, round coal minin~ . 

The papers address research accomplishments ranging from methods for 
detectin g mi ne fires to remote sealing syst ems for e~tinguishing coal 1n ine 
fires. Each paper represents the current state -of - the -art in the respective 
research categories . Presentations include research occurring from both 
Bureau in-house and contract efforts . 
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INTRODUCTION 

by 

David Burgess 

This report contains the eight papers presented at the Bureau of Mines 
Technology Transfer Seminars held in Pittsburgh, Pa., and in Denver, Colo., in 
March 1978. The seminars are part of the Bureau's ongoing program to appraise 
the mining industry of the results of Bureau of Hines research. It is hoped 
that the prompt dissemination of this information will expedite in-mine appli­
cation of safer, more efficient mining techniques and conditions. 

Developing new and better ways of preventing, suppressing, and extin­
guishing fires and explosions in coal mines is the goal of fire and explosions 
prevention research. Work is underway to eliminate ignition sources, to 
achieve early detection of combustion or conditions conducive to combustion, 
and to irrnnediately suppress explosions or fires. 

The research is providing insights into the technical causes of fires and 
explosions in coal mines, and much of it focuses on the chemistry and physics 
of coal dust combustion and coal dust explosions. For example, the Bureau is 
studying the relationship of temperature to the rates of coal dust oxidation 
and the possible importance of particle size in coal dust explosions. 

Bureau research is also developing many detectors and warning systems for 
potentially hazardous conditions, ignitions, and actual fires and explosions. 
An improved monitor for explosive methane gas is also being worked on, as well 
as an infrared device that shows promise for detecting overheated rollers on 
conveyor belts, which could also be sources of fires or explosions. 

Elimination of potential ignition sources in the mining environment is 
another approach the Bureau is taking to prevent fires and explosions. Imme­
diate efforts are focusing on modifying existing equipment to prevent sparking 
and other hazardous problems. Longer term projects are aimed at developing 
intrinsically safer mining equipment, and at ltarning the hazards associated 
with the pneumatic transport of coal. 

The subjects addressed in this Proceedings represent recent technological 
advancements made through both Bureau in-house and contract efforts of the 
research program. 



MINE FACE IGNITION QUENCHING 

by 

Aldo L. Furno1 

ABSTRACT 
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The incidence of frictional �park ignition at the mine face has increased 
significantly with the advent of the continuous-mining machine. To cope with 
this problem, the Bureau of Mines initiated research in the early sixties to 
develop an ignition-quenching device. This paper summarizes the initial 
in-house and subsequent contract research in which dry powder extinguishing 
agents were used and the Bureau's recently completed work in which a vaporiz­
able agent (Halon 1301) and hybrid mixtures of Halon 1301 and Purple-K or 
water were studied. Hybrid mixtures are shown to be the most effective agents. 
Design requirements are given for an ignition-quenching device proposed for 
the tunnel-boring machine application. 

INTRODUCTIOh 

In the years preceding the Coal �line Health and Safety Act of 1969, fric­
tional ignitions were reported at the rate of about 50 per year. This number 
of ignitions is not particularly significant because there were surely pops 
and flashes that went unreported. Nor is it very useful to count the injuries 
or the loss of production from reported ignitions; the major hazard lies in 
the possibility that a £ace ignition may initiate an extensive coal dust 
explosion. 

The research that resulted from the 1969 Act included three approaches 
to the problem of face i gnihnns. One was the reduction of 1[lethane concentra­
tinns through improved face ventilation by water infusion Jnd by advances in 
methane drainage. A second was an attempted reduction of the incendivity of 
tool bits through improved metallurgy of the bit or throu�h reduced bit speed. 
The third was the development of an ignition-quenching device that might be 
incorporated into the design of a continuous miner. 

The Graviner2 system, which may be called an is;nition-quenching device, 
was developed in the 1940's. Its early application was to fixed installation,; 
and the Fenwal Corp., the American Licensee of Graviner from 1957 to 1964, 
made upwards of 2,000 installations of explosion-suppression equipment. 3 The 
adapt:ttion of the concept from fixed installations to a machine -mounted appli -
cation was recognized as a formidable problem. Factors that have to be 

1Chemical engineer, Pittsburgh Mining and Safety Research CenL�r. Bureau of
Mines, Pittsburgh, Pa. 

BReference to specific brands or �anufacturers is made for id�ntification only 
and does not imply endorsement by the Bureau of Mines. 

:Gillis, J. P, Private communication, Oct. 13, 1977. Available upon request 
from J. P, Gillis, Fenwall Inc., Ashland, Mass. 
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considered include the shock s and vibrations on a continuous miner, not to 
mention roof fall s ; the dusty, humid atmosphere; and the awkward geometry 
within which the flame detection and extin6uishant disperal are required to 
operate. All factors militate against a cheap, effective device that would 
be rea!'lonably free of false firi.ngs. 

The Bureau's first undertaking in this area i n the early 1960's was pre­
ceded by two important advances that was promoted by the armed services. One 
was the identification of chemical extinguishing agents, such as potassium 
bicarbonat€: or Purple-K, which were about an order of magnitude more effective 
than inert quenching agents such as water or rock dust. The second was the 
development of sensitive flame detectors that were not affected by extraneous 
signals, such as cap lamps, which might otherwise p,ive false triggering. The 
Bureau's immediate research unde~taking was to determine the size of a methane­
air flame that could be used for detection and the required speed of extin­
guishant delivery to cope with such a flame. This work was considered so 
promisin~ that a patent was obtained in 1969. 4 This outlook also led to the 
provisions in the 1969 Act, "The Secretary shall require, when technologically 
feasible, that devices to prevent and suppress i gnitions be installed on 
electric face cutting equipment" (Public Law 91-173, Section 317 (q)). 

This paper briefly summarizes the highlights of the in-house and contract 
research on this problem and the success achieved in developing a practical 
i ·\ni tion-quenching device for mining applications. 

EARLY BUREAU RESEARCH 

The Bureau's early research on this problem was directed toward develop­
ing a system that would provide (1) rapid detection of an incipient methane­
air ignition, (2) an extinguishing agent effective a?,ainst such ignitions, and 
(3) an agent dispersal method that would insure adequate temporal and spatial 
distribution of the extinguishant. This research used the existing technology 
in the sixties and demonstrated that the devc.lopment of a mine ignition­
quenching device was a technically viable concept. · The main components of 
the proposed device were as follows: 

1. Ultra violet (lN) flame detector. 
2. Dry powder extinguishant (potassium bicarbonate). 
3. Explosive dispersal system (primacord). 

The lN flame detector had a spectral response between 2,000 and 2,800 A. 
The detector was sen8itive to an open flame but it was not sensitive to the 
radiation of a miner's cap lamp nor to frictional sparks. It was capable of 
sensing a methane-air ignition 15 feet away within 20 msec; the expanding 

1 Mitchell, D. W., E. M. Murphy, E. M. Kawenski, J. Nagy, and R. P. Williams 
(assigned to U.S. Department of the Interior). Process and Method for 
Quenching Incipient Gas-Afr Explosions. ll.S. Pat. 3,482,637, Dec. 9, 1969. 

LKawenski, E. M., J. Nagy, and J. W. Conn. Further Development of an Explo­
sion Quenching Device. Pres. at Int~rnat. Conf. Safety in Mines Res., 
Tokyo, Japan, Nov. 20-25, 1969, 22 pp. 



fireball would have a diameter of a pproximately 4 inches as s uming a s toichi o­
metric me thane-air mix ture (9. 5 pc t CH4 ), which has a f l ame speed of approxi­
mately 100 in/sec. The detector s e rved to tri gge r the Primacord for 
dis persing the ex tinguishant . 
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Initially, the device was succes s f ully demonstrated in quenching s toichio­
metri c methane-air i gni tions with the dr; powder di~persed fra1n an open V­
s haped trough. In the final prototype device, the dry power and detonating 
cord were sealed in aluminum tubes of 1 to 4 inches in diameter and at least 
3 fee t long. Figure 1 shows the disperse r tube, which was scored to facili­
ta te rupture without fra gmentation a nd t o minimi ze the explosive cha r ge 
require d. 

Quenching t ests in a 25-foot-long entry of 6 by 10 feet indicated that 
about 6 lb o f dry powde r (KHC03 ) was r equired to quench a 9. 5 pct-methane-air 
i gnition with the ex tinguish~r 4 f eet f rom the ignition point. The ex t i nguish­
ant requi r ements varied with the disperser o f f s e t distance and the time delay 
between i gnition and agent dispersion. The res ults indica t ed that the pro­
posed device should quench the s i mulated mine face i gnitions within about 100 
msec to be e ffective. The 1.·ariation of the dry powder requirements with dis ­
tance betwee n the di sperser and fa ce of the entry (ignition poin t ) is shown in 
fi gure 2 for the two types of di s persion tubes used; the lN f lame sensor was 
located 15 feet from the fac e. . Limi ted trials also s howed that the device ca n 
be effective a gainst coa l du~t -ai r i gniti ons. 

Although the results 0f this earl y res earch we re ~ncouraging , s ome prac ­
tical problems were e vident with the proposed device. For example, the dis­
persal s ystem generated an unacceptable high level of ,wis e, and the L'\' 
radia tion r e ce i ved by the f l ame detector could be gr eatly attenuated by dust, 
oil, or grease accumul a tions on the de tector window. Furthermore , a nee d 
exi s ted to de termine how s uch devi ces could be mounted on the mining machines 
and how many would be required. TI-Ie se and other practical problems were 
inves tigated in later r ~search. 

1End cop 
I 

0 .09 in deep score 

2 in aluminum pipe 

FIGURL l. - Scored dispenser tube for di spensing dry powder extinguish ing agent, 

plate 
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FIGURE 2, - Variation of dry powder requirements for 

flame quenching at various dispenser to 

face distances. 

CONTRACT RESEARCH 

The feasibility of 
developinr, a practical 
i gnition-quenching device 
for mining machines was 
investi3ated under a contract 
with Lee Engineering, Div . 
of Consolidation Coal Co. 6 

This research was initiated 
in late 1q12, and it led to 
the development of a device 
that f eatured an lN flame 
detector, an ABC dry powder 
extinguishant (monoamrnonium 
phosphate), and a cannon­
type dispersal system. 

The detector system was 
equipped with an electronic 
control unit having a capa­
bility for self-testing and 
monitoring of both detectors 
and detonators, and it pro­
v ided an interlock to prevent 
operation of the mininp, 
machine when the devices were 
faulty; detector sensitivity 
could be varied as necessary. 
Each detector was also pro­
vided with a water-flushing 
system to keep the sight win­
dow free of forei~n matter 
that mi ght attenuate the 
radiation transmission. 
Spectral response of the 
detector was between 1,800 
and 2,500 A units. 

The cannon was typi ­
cally a 6-inch pipe, about 
48 inches long, containing 
a 10 - lb charge. It was 

Jamison, W. B,, and H. Hadi. I ~nition Suppres~:Lon Device (Research Contract 
H0122020 by Lee Engineering Div., Consolidation r.oal Co.). BuMines Open 
File Rept. 129 - 76, 1976, 251 pp., PB 261 ~92/AS; available for consultation 
at Bureau of Mines facilities in Denver, Colo.; Twin Cities, Hinn.; 
Bruceton and Pittsburgh, P~.; Spokanu, Wash.; Department of Ener~y, Morgan­
town Energy Research Center, Mor .. :antown, W. Va.; the National Library of 
Natura l Resources, 11.s. Department of the Interior, Washington, D.C.; and 
National Technic.,l Information Service, Springfie ld, Va. 
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FIGURE 3, • Cannon and detector ::-.ystem developed under contract researc:h. 

equipped with a diverging nozzle and a scored nelal diaphra gm which was rup­
tured upon triggering of a No. 6 electric detonator. The cannon was normally 
pressurized to 600 lb/in2 with nitrogen for dispersing the dry powder a gent. 
Figure 3 shows a cannon (10-lb unit) and a detector both of which met Federal 
Schedule 2G permissibility requirements; al1;0, the cannon met the requiremen t s 
of a 140-db "C" peak sound pressure level. 

The contractor'E; dry powder de v·ice: was evaluated a gainst various methane­
air-coal dust i gnitions in a surface test facility (25 by 20 by 6 feet) with 
four different mining machines; coal dust concentrations of up to 0.01 oz/ f t 3 

were used. To insure adequate coverage of the ~imulated mine tace, the 
detector and extinguisher units were mounted on the top and near the middle 
level of the mining machine. Most tria l s were made with the ex tingui s hers 
10 to 15 feet from the face of the entry. The te::.; t results indicated that 
5 cannons (-50-lb agent) were required for a ripper-type miner and 6 cannons 
(~0-lb agent) for a continuous-type miner. Table 1 s ummari zes the minimum 
number of cannons and detectors required for the four miner s used. 

Although this work was a technical success, the size and number of quench ­
ing devices required for the mining machine s were considered impractical 
because of space limitations. 

TABLE 1. - Extinguisher and detector requirement ~; £or quenching me thane-ai r -coal 
dust ignitions with Lee Engineering device on four mining machi nes1 

Machine :·:o. uf detector No. o f cannon Amount o f a gent, 
unit s unit s lb 

Joy ICM ripper .•..•............ 4 5 4 6. 7 
Lee Norse 33y-osci lla ting he ad. 4 6 59.0 
Modified 3Jy full L1c (· drum .... 4 6 59.0 
Joy 2BT twin borer ...•......... ) 9 66.l 
1 Extin '.: uishing agent = monoammonium phosphate, ABC powder. 
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RECENT BUREAU RESEARCH 

As a followup to the Bureau's earlier in-house work, studies were con-
! ducted with other extinguishing systems that might be more suitable for the 

ignition-quenching device. The emphasis of these studies has been on the use 
of a vapnrizable agent, such as Halon 1301 (CF3 Br), and hybrid systems of this 
halogenated hydrocarbon and a dry powder or water. 

13 in OD 

40-lb reservoir, 280 lb/1n;, 

mesh screens 

FIGURE 4. • Ha lon quenching device (Fenwal). 



Time from ignition, 100 msec 
Firebal I diam, 20in 

Time from ignition, 156msec 
Firebal I, 35 in vertical, 39in 
hortizontal 

Time from ignition, 188 msec 

FIGURE 5, • Extinguishment of 
methane-air igni­
tion with Halon 
quenching device, 

Halon System 

Halon 1301 was selected for the ini tial 
studie s because of its great ef fectiveness as a 
flame inhibitor and because of the availabili ty 
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of a c orro:nercial extinguisher (Fenwal) that 
appeared suitable for this pur pose. As shown in 
fi gure 4, this extinguisher is a s pherical bot t le 
that i s equipped with a dispersi on nozz le and an 
explosive release device; the latter is a c tua t ed 
by the signal from a flame detector. The vapor i z­
able agent provides a vapor pressure of about 
200 lb/in~ at 20° C, which is adequate pres sur iza­
tion for most situations. 

At the outset, dispersion tests with the com­
mercial extinguisher indicated that the discharge 
was characterized by a pattern of lobes between 
which flame could conceivably propagate. 7 There­
f ore, an improved hollow cone nozzle was deve l­
oped to provide a more uni f orm spati a l distribut ion 
of the ex tinguishant. The effectiveness of the 
Halon ext i nguisher was then demonstrated in 
quenching methane-air i gnition in a l,300-ft3 

~: ection of t. hc Bruceton Experime nta l Mine . 
With the ex tinguisher mounted 4 feet from the 
mine face, fir eballs of up to 4 feet diameter 
could be quenched with 25 lb of Halon; a film 
clip of a successful extingui s hment is shown in 
fi gure 5. Furthermore, it was shown that the 
main toxi c products (HF and HBr) from any decom­
posed Halon do not present a grea t hazard if 
ex tinguishment is achieved early, for examp l e , at 
fireball diameter less than 2 feet. Table 2 sum­
marizes some of the toxic product data from the 
mine quenching tests; these toxic product concen­
trations are low compared with the approximate 
lethal concentraLLons (ALC's) reported for 15 min 
e:~posures to HF (2,500 ppm) and HBr (4,750 ppm). 8 

The corrosive nature of the condensed toxic prod­
ucts could be objectionable, but this probl em 
could be l a r gely overcome by use of appropriate 
post-ex tinguishment procedures. 

1 Burgess, D, S., w. F. Donaldson, A. L. Furno, J.M. Kuchta, and c. R. Summers. 
Spatial and Temporal Distributions of Halon 1301 From a Commercia l Ex tin ­
guisher. BuMines RI 7515, 1971, 17 pp. 

8 National Fire Protection Associ ation. StRndard on Halogenated Extinguishing 
Agent Systems, Halon 1211. NFPA No. 128, 1972, 45 pp. 
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TABLE 2. - Toxic products from quenching methane-air ignitions 
in the Bruceton Experimental Mine1 

Quenching delay, Fireball diameter, HBr, ::i ppm 
msec inches 

60 .................. 16 0.5 
91 .•................ 18 3 
95 . ................. 20 32 

118 .•................ 26 31 
135 •...•............• 31 22 
152 .........•.•••.•.. 40 59 
~Halon 1301 25-lb extinguisher, 4 feet from the face. 
2 Data for sampling point 20 feet from face of entry. 

Hybrid Systems 

HF, a ppm 

0.3 
3 

16 
28 
34 

435 

Hybrid extinguishing systems are frequently more effective than the par­
ent components because of chemical or physical synergistic effects. Therefore, 
it was appropriate to investigate hybrid systems of the highly vaporizable 
Halon a~ent (CF3 Br) and a dry powder, such as Purple-K (KHC03 ). Dispersion 
tests showed that the vaporizable agent completely envelops a cylindrical 
obstacle shortly after discharge. The dry powder is less effective in closing 
the void downstream of the obstacle; however, the dry powder displays greater 
"throwing power." This is evident from the composite photograph in figure 6, 
which compares the dispersion patterns of the two agents after the same period 
of discharge. A combination of such agents would be preferred to provide the 
best temporal and spatial distribution of extinguishant. 

Quenching tests in a 6-foot-diameter gallery confirmed that Halon 1301 
and Purple-Kare more effective when used in combination. Results of such 
tests are compared in table 3; these data were obtained with near-stoichiometric 
methane-air ignitions and with the extinguisher 10 feet from the ignition 
point. Similar results were also found using a hybrid mixture of Halon and 
water. Accordingly, the Bureau has focused its research on the use of hybrid 
agents for any mine-quenching device. 

TABLE 3. - Quenching effectiveness of hybrid systems for methane-air 
ignitions in a 6-foot-diarneter galleryl 

Purple K, lb Halon 1301, lb Quenchin•.i delay, sec Quenching 
20 .•..............• 0 0.1 No. 
10 .•..............• 10 .1 Yes. 

4 .•............... 4 .1 Yes. 
0 • I I I I• I • • 1 • • I • I I I 8 . 1 Yes. 
0 ........•.......• 8 . 2 No. 

1 Fenwal extinguisher, 10 feet from i~nition point. 



FIGURE 6. - Oisper :. ion of Halon 1301 and Purple-K powder around cylindrical target at 

130 msec, 

1 1 
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Tunnel-Boring Machine 

A.t the request of the Mining Enforcement and Safety Administration (MESA), 
the Bureau recent l y directed i t s effort s toward developing an i gnition -quenching 
device for possible use on a tunnel -boring machine being used experimentally 
at Federal Mine No. 1 in Blacksville , W. Va. ~ The tunnel-boring machine is 
being explored as a new method of entry development and can develop a fric­
tional i gni tion haz~rd like that possible with other coal mining machines. 
Thi :; machine· measures 18 feet in diameter and it is equipped with a cutting 
wheel thaL may develop frictional sparks at the face and sides of the wheel; 
the operator or the machine ls norm.ally at least 10 feet from the cutting face. 
A sc~led model is shown in fi gure 7. 

Quenching tests we r e made using a full-scale mockup of the cutting wheel 
of the machine in an 18-foot-diamete r simulated tunne.l and installing Fenwal­
type ex tinr;uisher units and lN flame detectors around the periphery of the cut­
ting wheel. The extingui shers were equipped with Bete spiral nozzles which 
proved to be satisfactory. Hybrid mi x tures of Halon 1301 and Purple-K were 
used because of their previously proved superiority. Each extinguisher con­
tained 10 lb of Halon and 10 lb o f the dry powder. This combination was used 

FIGURE 7, - Perspective view of o tunnel boring mach ine. 

:iuthus, D. B., and T. J. Crocker. Application of Tunnel Boring Machine to 
Coal i.1ine Entry Development. Proc. AIME, Rapid Excavating and Tunneling 
Conf., Las Ve ~as, Nev., June 14-17, 1976, pp. 185-212. 



15 5 msec 

300 m ec 

435 msec 
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FIGURE 8. - Sequent ial scenes of quench­
ing te:; t wi th fu l I-scale mock­
up of the tunne l-boring ma­
chine cutterheod. 
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r ather than Halon and wat,~r because the latter combination could present corro­
s ion problems. Work is underway to define suitable extinguisher hardware for 
the Halon 1301 -water sys tem. 

Results of the full -scale tests indicated that eight extinguisher units 
were adequate for quenching 8 pct methane-air ignitions. However, for 9 pct 
methane -air mi xtures , an additiona l extinguisher was necessary particularly if 
ignition occur r e d near the top rim of the cutting wheel; this area was 
shielded by a conveyor '1opper, and it was the most difficult area to protect. 
Figure 8 shows the successful quenching of a 9-pct methane-air ignition. This 
quenching was achieved under a simulated vent ilation condition in which the 
fl a mmable mi x tu r e was circulated at a velocity of approximately 200 ft/min . 
The turbul ent conditions in tht· quenching tests were probably more severe than 
thos e generally expec ted in the tunne l-boring machine application. 

Thes e experiments demonstrated that the i~nition-quenching device can be 
t echnically and practical l y feasible £or 1,dne applications where the spatial 
or geome trical l imitations are no t a prublem. 

CONCLUSIONS 

Thi s r e ~earch has proved the feasibil i ty of the mine ignition-quenching 
device where the devices can be practically installed on the mining machine, 
s uch as a large tunne l -bor i ng machine . The developed technology provides valu -
abl e desi gn guide lines and solves many of the major problems visualized at the 
time of the Coal Mi ne Health a nd Safety Act of 1Q69 for adapting such devices 
t o mining machine s . General desi gn guide lines are given for each of the three 
main components of the ignition-quenching device (1) £lame-detection unit, 
(2) ex t ingui shing sys tem, and (3) extinguishant dispersal system. These guide­
lines i nd i cate that an lN-type fl a me detector provides adequate response, 
hybri d age n t s of Halon 1301, and dry chemical (for example, KHC03 ) or water 
a re hi gh l y e ffec t i ve. An e xplosive actuated dispersal system is necessary to 
ins ure t he rapid extingui shmen t re qui red. Also, toxicity of the extingui shants 
is no t a s erious problem if the quenching device is effective; that is, the 
flame diame te r i s small duri ng e xtingui s hment. 

Al t hough the results demon s trated tha t a technical and practical feasi­
ble quenching device was possible for a tunne l-boring machine, only a techni­
cal s uccess was obtained in the Lee Engineering contract work with continuous 
mine r s . However, the. application of the superior hybrid agents was not inves­
ti ga t ed in the latter work. Furthermore, it is important to determine whether 
spatial limitations can be overcome to permit the installation of quenching 
devic es on the conllnuous mi ne r s. Therefore, our inn:nediate objective will be 
to explore t h~ possibility of incorporating the quenching device into the 
design of a continuous mi ner. It is anticipated that this will be achieved 
under a contract des ign s tudy with the equipment manufacturers. At the same 
t ime, the Bureau will cont i nue research on hyb r id a gents to detennine extin­
g'U ishant optiOff·; for the i gniti on -quenching device . 



COAL DUST EXPLOSION BARRIERS 

by 

T. Liebman1 a nd J. K, Richmond1 

ABSTRACT 

l:i 

The Bureau of ~ines is conduc t ing research t o develop pa ss i ve and tri g ­
gered barriers to be used for pro tection a gainst coa l dust explos ions. Com­
mercia lly available passive water barriers were found adequate for de f ense 
a gainst moderate strength explosions , fut fa i l e d, however, when the explosion 
propagated at s peeds les s than 76 m/sec. To expand the us e ful range of the 
pa s sive barrier, the Bureau develope d novel barriers f ,Jr suppres sing s l ow 
moving explosions traveling at s peeds as low as 30 m/sec. A plan wa s written 
to install a pas sive barrier s ystem in a working mine on a tria l basi s . 

Two tri ggered barrier s ystems were tested a ga inst du s t explosions. One 
us es a Cardox cylinder t o di s charge the supp r essant, and the othe r uses l ow­
pressure gas to power the di s pers er . Bo th sys tems have been demonstrated t o 
be capable of s uppr ess i ng coal dust expl osions . The relative ef fectiveness o f 
many extinguishing a gen ts and the op t i mum conditions f or expl os ion s uppr ession 
were inves ti ga ted. It i s anticipa t e d that a triggered barrie r sys t em wi ll b 
i ntr oduce d into a working mi n on a t r ia l basis wi th in the near futu r e . 

INTRODUCTION 

Coal dust explos i ons are a ha za rd in unde rg round c oal m1n1ng operati ons . 
The sprea ding of roc k dust on mine s urfaces t o ine rt the coal dust has been 
the tradit iona l means o f con t r o l l i ng such hazards in U.S. mines . However , 
e ffecti ve rock dusting i s not feasib le i n a numbe r of mine r egions. Seven 
s uch po t e ntially da nge r ous areas a re (1) conveyor be ltways, (2) transfer 
points, (3) wet roadways , (4) parked mi ne cars , (5) return airways , (6) long­
wall s , a nd ( 7) i so lated s ections . To au gment current protect ion a ga ins t exp l o ­
f: i.ons, the Bureau of Mi nes is conduc ting r esearch t o de·velop passive and 
triggered explosion ba rrie rs t o be used a s a supplement to rock dusting in 
these probable haza rdous mine regi ons . 

PAS SIVE WATE R BARRI ERS 

The passive wa t e r ba rrier, a s t es ted a nd used abroad, i s made up o f numer ­
ous water -fil led containers moun ted in the vicini t y of the mine roof. During 
a coal dus t exp l osion, the dynami c wind pre s sures i nduced ahead of the pr opa­
ga ting fl a me tilt or f r a~nent the wa te r contain r s to release and di s perse the 
water, which a c t s to s up pres s the oncoming flame . However, fo r e ipn r es earch 
indica t es that the effecti veness of the pas sive water barri e r i s li1;1ited t o 
11oderate -s trength explosions ; the bari:ier fai ls when the exp l os ion i s wea k 

l Res earch physicis t , Pittsbur :h Mining and Safet y Research Center, Burea u of 
Mines, Pitts bur gh, Pa. 
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because the wind forces are insufficient for fracturing or tipping the water 
containers.a 3 The studies also show that the barriers are ineffective when 
positioned at distances closer than about 60 m from the explosion initiation. 
In recent work conducted at the Bureau of Mines, 4 a German-made water barrier 
(80-liter capacity, made of polyvinyl chloride [ PVC) was tested a~ainst coal 
dust explosions and found to be efficient in suppressing dust e xplosions propa­
gating at speeds of 76 to over 300 m/sec. However, weak explosions propagat­
ing at less than 76 m/sec wer.e nnt stopped. To expand the range of effectiveness 
of the passive water barrier system, the Bureau recently developed water bar­
riers that operate during low-speed explosions and are described in another 
report. 6 The minimum quantity of water in the passive water barrier neces­
s~ry to stop explosions in the Bureau's Experimenta l Mine (5.3 ma cross sec­
tion) was 80 kg (15.1 k?,/m3 of cross section). 

On the basis of experience with pa s sive water harriers and the considerable 
knowledge gained from researchers abroad, a trial passive water barrier instal­
lation is being planned in U.S. mines. The initial plan is to install a bar­
rier ::iystem on a belt conveyor road just outby a loading station. This would 
prot,~ct the beltway from e: :plosions originatinp: prior. to or in the loadin~ 
zone. The barrier would begin just outby the loading reP, i0n and consist of 
at least four rows of tubs. Each row is to be one crossct1t apart and located 
near the center between two crosscuts. The quantity of water in each row of 
tubs would be equal to at least 26 l/m2 of roadway cross section. As the sec­
tion advances, new rows of tubs would b~ erected and the tub rows farthest 
outby can be removed. 

TRIGGERED BARRIERS 

Triggered barriers are a recent innovation. Research efforts are pres­
ently in force in the United States and abroad to develop prototypes. The 
triggered barrier typically consists of three components (1) a flame or 
explosion sensor, (2) a disperser, and (1) an ex tinguishing agent. The sensur 
is an optical, mechanical, or electronic device which activates or triggers 
the dispersal unit to rapidly e~pel the extinguishant. The extinguishant can 
be gas, liquid, or powder and it is contained in the disperser under a stored 
force. The 8ensor is located some distance from the dispersal unit to provide 
sufficient time for the dispersion of the extinguishing agent prior to flame 

aFischer, D., and H. Xeerbach. New Tests With Water and Stone - -Dust Barriers. 
12th Internat. Conf. of Mine-Safety Res. Est., Dortmund, Germany, Sept. 11-
15, 1967, No. 41, 29 pp. 

3 Meerbach, H. Investlgations of the Development and Control of Coal Dust 
Explosions in Very Wide, Low Gate Roads. Internat. Con£. of Mine-S~fety 
Res. Est., No. 138; Donetsk, Russia, June 15-18, 1971, 19 pp.; SMRE Trans. 
No. 5934. 

4 Liebman, T., and .J. K. Richmond. Suppression of Coal-Dust Explosions by Pas­
sive Water Barriers in a Sin~le-Entry M.i:ie. BuMines RI 7815, 1974, 34 pp. 

Ei 
Liebman, I., J. Corry, and J. K. Richmond. Water Barriers for Suppressin,: 

Coal Dust Explosions. BuMines RI 8170, 1976, 2b pp. 
5 Work cited in footnote 5. 



Purple-K fill 

Muffler clamp 

Tape over all holes 

15-cm-diom pipe, 
51-cm long 

Epoxy 
cement 

Styrofoam disk 

Threaded coupling 
welded in place 

5.1-cm-diam nipple, 15·cmlong 
with 4 slots 7cm from 

outer end 

2-50 cordox 

1 7 

a rr ival at the barrier site . 
The tri ggered barrier is 
superior to the pass i ve sys ­
t em in t ha t the extinguish­
ant can be di s charged at an 
op t imum t ime , a nd thereby it 
can be used more e ff i c i ently ; 
di s pers ion of the ma teria l 
does no t de pend on the 
explos ion-induce d wind 
fo rces . Tr i ggered ba rri er s 
a r e expected to be most 
a ppropriate i n low-coal 
ope r a tion where t here is 
insufficient hea d room for 
pass ive barriers . The pas­
sive barrie r , requiring 
e xplosion -induced wind 
fo r ces f or oper ation, is 
limited t o use in open 
regi ons of the r oadway and 
as such would in terfere with 
opera t ions in crowde d mine 
regi ons. The t r i gge r e d bar ­
rie r , however, i s no t sub­
jec t t o thi s l imitation and 
can e used in a l l r e i ons 
of a mi ne . 

CARDOX SYSTEM : NAV AL SURFACE 
WEAPONS CENTER STUDY 

Th Naval Surface 
Weapons Ce n te r (NSWC) a t 

FIGURE l, · Corrlox trin.gered barrier disperser, Da h lgr en, Va ., devel oped a 
barrier sys tem based on a 

Cardox7 Purple -K (KHCO:J extingui shan t devic t hat was used to s uppress float 
coal dus t explos ions unde r a va ri ty o f condit i ons . 1 Two f ac i l ities were used 
in the NSWC explos i on suppres s ion t es t s 1 . 4-m-wide by 97-m- l ong meta l gallery , 
a nd a 762 -m -long conical shock tube r a nging in diame t e r from 0. 4 mat i t s 
c l os ed nd to 7 .3 m at t he open ing . One of the Ca rdox di s perser un i t · used in 
thi s study i s s hown in f igure l. The hi gh -pr ess ure carbon dioxi de g s (nbo ut 
1,000 atm) deve loped by t he Cardox e j ect s t he s upp r essan t containe d in the 
pipe in oppos i t e dire r: ti ons t o r educe recoil. The pi pe h lds 10 kg of 
Purrl e-K . 

7 Reference to specific brands is ma de fo r identifica tion only and does not 
i mply endorsement by the Bur eau of Mines . 

HT.ull, D. D., L. D. Johnson, T . F. Mo r r i s , ,:rnd J. A. Canfie ld. f inal Re port 
on Development of a System T0 Suppres s and Ex tinguis h Fully Dev loped Coal 
Dust Explosions. NSWC Tech. Rep t . TK-3151, February 1975 , 214 pp. 
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A number of tests in the 1.4-m-wide gallery, and in the conical shock 
tube, showed that maximum efficiency of the Purple-K powder was attained when 
the material was delivered directly onto the flame. The tests also indicated 
that the amount of Purple-K dust necessary to halt an explosion in a large­
scale facility is comparable with the amount of dust needed in rock dust 

" l . barriers.- · 

CARDOX SYSTEM: BUREAU STUDY 

The Bureau continued the triggered barrier study using the Cardox system 
developed by the NSWC, The explosion suppression Lests were conducted in the 
main entry of the Bureau's Experimental Mine at Bruceton, Pa. This is a sin­
gle 396-m-long entry having an average cross section of about 5.3 m2 . The 
entry is instrumented with optical flame sensors, static pressure transducers, 
pitot probes, and drag probes. A complete descript lon of the mine and instru­
mentation is ~iven elsewhere. 11 E::plosion initiation was accomplished by 
igniting a 6.5-pct natural gas-air mixture confined to the first 3 m from the 
face by a thin plastic diaphragm. In the next J m of entry--the booster zone- -
2.3 kg of pure Pittsburgh pulverized coal (PPC) dust was spread on two roof 
shelves. The test zone consisted of a PPC coal-rock dust mixture distributed 
from the end of the booster zone towards the portal with the mixture extending 
to or past the barrier site. The coal-rock dust test zone contained 65 to 67 
pct inert coal rock dust. The weight of coal dust in the mixtures spread in 
the mine was sufficient to yield a concentration of 300 mg/1 if dispersed 
uniformly throughout the entry cross section. Explosion tests in the mine, 
without barriers, indicated that the explosion will propagate two to three 
times the length of the test zone. 

The barrier consisted of two to si:: Cardox units containing either Purple­
K or water and placed on opposite ribs of the entry (fi 0 • 2) 1.5 m apart start­
tng 99 m from the face. These Cardox devices were modified versions of those 
in figure 1 in which the horizontal pipe containing the extinguishant was bent 
at its center to permit the material to exit at each end at an angle of 12° 
from the rib. The units were trigP,ered by an infrared optical flame sensor 
placed upstream of the barrier site (either 84 or 91 m from the face); the 
flame sensor tripped a relay to fire the Cardo:~ ignitor.12 The time of extin­
guishant discharge start was noted by a break wire attached to each Cardox out­
let. Prelimipqry tests showed the Cardox unit be san to discharge the 

9 Grumer, J. Recent Research Concerning Ex tinguishant of Coal Dust Explosions. 
15th Internat. Symp. on Combustion, the Combustion Institute, Pittsburgh, 
Pa., 1975, pp. 103-114. 

1 0 Rae, D. Experimental Coal-Dust Explosions in the Buxton Full-Scale Surface 
Gallery. SMRE Tech. Paper P7, 1973, 71 pp. 

11 Work cited in footnote 4. 
12 The Bureau has also developed a triggering system using a pressure-arm.lng 

device and a dual infrared optical flame sensor combination. The pressure­
sensing element prevents false triggering by switching on battery power 
when ~he static pressure rises about 3.5 kN/m2 ; each flame sensor views 
a separate narrow vertical field approximately 25 " apart and must operate 
in coincidence to turn on a firing relay. 



Pioneer wo 
100 

ve V=38 1 m/sec 
V= 420 ml sec 50 

152.4 -· · - ----· 0 
EM lest 3587 

100 

50 

121.9 -·r· 0 N 
E 

Cordox ' ' · 
breokw,res ~flame front 100 z 

.>C 

. 
w 

50 :E u 
E er (IJ .,. 
. _J ' w 91 .4 0 

LL ri u I-er 
LL er 
~ w 
0 Cl: 0 (/) 
Cl: 76.2 -- --·- ::::, 
LL 

(/) 0 
(/) z 

w 50 w ~ u Cl: 
z 

f 
Cl. 

er 610 u I-
(/) i=: 
0 / 

<I 
I-

--· V=572 m/sec 100 Vl 

50 

30.5 

TIME AFTER IGNITION, sec 

FIGURE 2. - Cardox barrier mounted near rib of Experimental 
Mine, 

FIGURE 3; - Waved iagrom of coa l-dust explosi on and sup­
pression by six Cardox dispersers placed 99 
to 107 m from mine face, EM te st 3587. 



20 

ex tinguishant about 25 msec following the triggering pulse, and the extinguish­
ant cloud filled the mine croi: s section in J.n addi tional 30 to 50 msec. Time 
for most of the material to be e:·:pelled from the barrier was estimated to be 
les s than 50 msec. 

The objective of the tests were to determine., the effectiveness of the 
Cardox system a gainst dust explosions, the relative effectiveness of Purple-K 
against water, the minimum quantity of extinguishant requi.red £or suppression, 
and the optimum time for extinguishant discharge. Test variables were the 
type and quantity of extinguishant, and the time interval between extinguish­
ant discharge and flame arrival at the barrier. 

A wave diagram illustrating explosion ex tinguishment and its effect on 
flame and pressure development is shown in figure 3; particular attention 
should be given to the strong compression waves driven in both directions 
from the vicinity of the barrier site generated by the sudden deceleration 
and suppression of the flame. Test conditions and results for all the tests 
are surnmari~ed in table 1. For similar test conditions, without a barrier, 
the flame was always observed to go beyond the last optical flame sensor 
located 198 m from the face. In the remarks section of table 1, "no 
suppression" is indicative of a test in which the flame propagates beyond 
this point. In the tests interpreted as "explosion s uppressed" the flame 
was not observed to propagate past a flame sensor located 122 m from the face 
(18 m beyond the barrier), whereas tests in which the flame was stopped past 
the 122-m location but before 198 m were arbitrarily chosen to be "marginal 
suppression." In test 3587, 60 kp. of Purple-K was necessary to suppress the 
explosion rapidly. In tests 3585 and 3588, 40 !,g uf material resulted in a 
marginal suppression, and in test 3589, 20 kg had little effect on the explo­
sion. The optimum time tu discharge the powder is about 50 to 100 msec prior 
to flame arrival (tests 3587 and 3588); this a grees with the NSWC study that 
the dust should be injected onto the flame for maxi mum efficiency. When the 
dust is released prematurely (test:, 3585-3586), the flame musL propagate some 
distance past the barrier to reach the ex tinguishant cloud. The short dis­
charge time (less than 50 msec) inherent to the Cardox s eems to be the princi­
pal reason for the brief time requirements between extinguishant release and 
flame arrival. Since exact timing would be impossible to achieve for a wide 
range of explosion speeds, an effective Cardox barrier mu~t be redundant and 
consist of many units to cover a considerable 1~ngth of entry. Table 1 shows 
that water is at least as effective as Pui.:ple-K. 
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TABLE 1. - Summary of e::plosion suppression tests in EM with Cardox dispersers 

··-· 
Leng th Dis - Flame 

of Distanc e t ance speed 
Tes t t est Ex tin- No. of of of In tL:r - at 
No. zone, gui sh- Cardox barrier tri gge r val , 2 barrier Remarks 

m from ant uni t s1 from sensor sec s ite, 
f ace face, m from m/sec 

face, m 
3585 107 Purple-K 4 99 to 104 84 0.36 101 Mar ginal s uppres -

s i on, fl ame to 
152 m. 

3586 107 ... do ... 6 99 t o 107 84 .18 152 Marginal s uppres-
s i on, £lame to 
162 m. 

3587 10 7 ... do .. . 6 99 to 107 91 .10 140 Explos io n s up -
pres sed, fl ame 
to 122 m. 

3588 107 ... do ... 4 99 to 104 91 .OS 149 Mar gina l suppre s -
s i on, flame to 
137 m. 

3589 107 ... do ... 2 99 to 102 91 .10 156 No s uppr ess ion, 
fl ame pas t 198 m 

3590 107 Wa ter ... 4 99 to 104 91 - - Exp l osion s up -
pressed, flame 
to 122 m. 

3591 107 ... do ... 2 99 to 102 91 .10 110 Margi nal suppres -
s i on, flame to 
137 m. 

3594 107 ... do ... 2 99 t o 102 91 .10 llO Do . 
3595 10 7 Purp l e-K 2 99 t o 102 91 .08 158 No su ppr ess ion, 

fla me pas t 198 m 
1 Each Cardox is filled with 10 Kg of ex tingui s ha nt. 
2 Time from the beginnin g of ex ti ngu i s hant di s cha r ge to fl ame a rri va l at ba r­

ri er s i te , mea sured at the front o f the barr i er. 

LOW -PRESSURE -POWERED DISPERSER 

The Ca rdox deve lops cons idera bl e pr ess ure f orces and would be ha za rdous 
t o mine personnel in it s i nunediate vicinity if tr i ggered ina dver t ently. There ­
f ore, this device cannot be cons ide red for us e i n under ground mLnes withc \. 1t 
modification. Pr i or to making thi s e ffort, it wa s convenient to conduct 
experiment s with a low- pr es sure -powe r e d di s per ser. I hi!;; dispers e r (fi g . 4 ) i s 
pa rt o f a Fenwal explosion pro tecti on sy s tem and is readily controlled t o 
yi eld low ex terna l forces ~nd l onge r di scha r ge times than the Ca r dox sys t em . 
The spherical vess e l i s approxima t e ly 33 cm in di ame L~r and was f ound to 
operate satisfactoril y when 70 pct f illed with water or comp let e l y f illed with 
Purple-K with the void space press uri zed with a gas. rhe mate r i al was 
rel ,1ased at the ba se of the ve ssel through a 7. 6 -cm-wide burst diaph ra gm 
(detonator operated) and then exited through a mult lhole nozz le or a 7 . 6 -cm ­
wide pipe. Pea k pres sures a~~raged over the spray cross section and measured 
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FIGURE 4, • Low-pressure-powered disperser. 

90 cm in front of the noz­
zle during discharge of 
water from a Fenwal vessel 
pressurized to 1,380 kN/ma 
did not exceed 2 kN/ma; such 
pressures could be tolerated 
by personnel if the dis­
perser were accidentally 
fired. Tests indicated that 
discharge began about 15 
msec following an electrical 
pulse to the detonator, and 
the majority of water or 
dust waR released in about 
0.2 sec for the nozzl0 and 
less than 0.15 sec for the 
7.6-cm-wide pipe exit. 

In explosion suppres ­
sion trials in the main 
entry of the Experimental 
Mine, two spherical vessels 
were positioned on opposite 
ribs at 99 and 101 m from 
the face with the trigger 
(flame) sensor located 
upstream at either 72 or 
87 m. Preparations for the 
explosions were similar t-o 
those in previously des­
cribed Cardox tests--the 
test zone now being PPC 
mixed with 65 pct roe!,. dust 
spread along the entry to 
107 m from the face. 
Table 2 shows the test 

results. In test 3617, less than hal ( of the wal~r was injected in front of 
the flame and the explosion was stopped; whereas in test 3618 using Purple-K 
and about the same initial conditions, the explosion was not suppressed. For 
tests 3624 to 3626, an attempt was made to increase the Purple-K concentration 
in the entry by increasing the quantity of dust in the vessels and decreasing 
the discharge time (outlet changed from nozzle to pipe). Practically all the 
dust was relea ~. ed immediately behind the flame front: (test 3625), and the 
explosion continued to propagate past 198 m. In test 3626, all of the dust 
was injected inunediately prior to the flame front, and suppression was still 
not attained. The barrier was accidentally triggered (not caused by any reac­
tion within the mine) after completing preparations of the entry for explo­
sion test 3624; the extinguishant powder was carried along the entry to fonn a 
layer on the coal-rock dust mixture spread on the mine flour and rib-roof and 
it extended from 77 to 107 m from the face. The dust explosion, initiated an 
hour later, propagated past the last flame sensor at 198 m without any 
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appearance of being influenced by the extinguishant powder. 
explosion was again obtained with only 27 kg of water (test 
similar test conditions (no :-: zle and discharge time) and fol'." 
(test 3629), suppression was not achieved. 

Suppres~ion of 
3627), whereas f or 
41 kg of Purple -K 

Test 
No. 

3617 

3618 

36244 

3625 

3626 

3627 

3629 

Length 
of 

test 
zone, 

TABLE 2. - Summary of explosion suppression tests in EM 
with nitrogen Has-powered disperser 

Dis- Flame 
Extin- Distance Lance speed 
guish- Di s - of of Inter- at 
ant , 1 charge barrier trigger val, -~ bar- Remarks 

m from total outlet.a from sensor sec rier 
face quantity ; face, m from site, 

face, m m/sec 
107 Water 27 Nozzle. 99 to 101 87 0.06 169 E::plosion sup-

kg. pres :; ed, flame 
to 122 m. 

107 Purple -K, .•• do .. 99 to 101 87 .06 183 No suppression, 
27 kg. flame past 

198 m. 
107 Purple -K, Pip e ... 99 t o 101 - - - Do. 

41 kg. 
107 Purple-K, .. . do., 99 to 101 87 .02 165 Do. 

41 kg. 
107 Purple-K, ... do . . 99 to 101 72 .14 18q Do. 

41 kg . 
107 Water, Noz zle. 99 tu 101 72 .21 189 Explosion sup-

27 kg. pressed, flam,· 
to 122 m. 

107 Purple-K, ... do .. 99 to 101 72 .27 122 No suppres sj ,m, 
41 kg. flame past 

198 m. 
l ·• Two barrier units mounted on opposite ribs, ~Reh containing equal quantity 0f 

extinguishant. 
aExtinguishant discharged through a 10-cm-wide multihole nozzle or a 7.6-cm­

wide pipe outlet. 
3 Tirne from be~innin g of extinguishant discharge to flame arrival at barrier 

site . 
4 Extinguishant accidentally discharged prior to initiating explosiun in 

test 3624. 

Table 2 shows that the time interval between barrier discharge and flam£· 
arrival is not a critical factor for the case of water; it is observed to 
range from 0.06 to 0.21 sec without a loss in barrier efficiency. Also, wate r 
seemed to be significantly superior to Purple-Kin this trial series. The 
excellent success obtained in test 3617 may indicate that optimal conditions 
are obtained when a portion of the water is injected after flame arrival. 
Comparing tables 1 and 2, it seems that Purple-K has a higher degree of eff ec .. 
tivene~s when used · in the Cardox system . This mtly be attributed to the 
increased Cardox barrier length, the increased quantity of powder (test 1587), 
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and probably of greater importance, the extremely high discharge rate of the 
Cardo~ system. The last factor would decrease the time to fill the entry 
cross section with a higher concentration of extinguishant, Why water per­
fonned better than Purple-Kin thes~ trials is not clear. 

Pure PPC was used in the test zone f0r the next series of explosion sup­
pression experiments. This was e~pected to increase the flame temperature 
over that obtained with the previous coal-rock test zone and in turn increase 
the efficiency of the Purple-K suppressant. The relative effect of water, 
Halon 1301 (CF3 BR), and hybrid extinguishing agents (aqueous foam solution 
or water combined with Halon 1301) was also examined. These hybrid mixtures 
had previously been shown to be excellent suppressants against gas flames. 
Preparation for the explosions were similar to previous trials except for the 
substitution of pure PPC in the test zone using a nominal dust concentration 
of 75 m~/1. Two Fenwal vessels containing the suppressants were again posi­
tioned on opposing ribs of the mine entry, and the infrared trigger sensor 
was placed 11 to 21 m inby; table 3 summariu,s the results. The Fenwall 
vessels were pressurized with either nitrogen (1,400 to 2,000 kN/ma) or 
Halon 1301 (vapor pressure 1,350 to 1,450 LN/m~). A pipe discharge outlet 
was used in the trials with Purple-K to obtain high discharge rates shown to 
be an important factor in suppressant effectiveness in the Cardox trials. 
Results of the first three trials of table 3 (two rnarp,inal and one successful 
suppression) is a much better record for Purple -K than noted in the trials of 
table 2. However, the following test 3727 shows that less than half of the 
wei ght of water has an equal or 8reater suppressant effect. This confirms 
previous observations that Purple-K is inferior to water as a suppressant of 
coal dust explosions. Decreasing the water quantity in test 3694 of table 2 
resulted in a marginal suppression indicatin;.\ this to be a minimal amount of 
water. The failure of test 3723 is attri buted to an electronic error result­
ing in a zero time interval. The two hybrid combinations (tests 3724 and 
3725) and pure Halon (test 3728) stopped the flame at 122 m versus 107 m for 
water (test 3727). Since equal weights of extin~uishants were used in all 
four tests, it would appear that the hybrids and pure Halon are no better 
than just water. 



TABLE 3. - Summary of explosion suppression tests with nitrogen or halon powered disperser 

Length of Distance of Distance of Fla.rre! speed 
'i'es t test zone ,1 Extinguishant and Discharge barrier trigger Inter,:al, at barrier Remarks 
l~o. ;11 from fac e pres sure a'c,enta outlet from face, sensor fr om ; ec site, m/sec 

m face, m 
3679 49 Purple-K, 36 kg - -N2 Pipe ..... 32 t o 34 21 0.09 138 Marginal sup-

pr essed, flame 
to 61 m. 

3681 95 Purple-K, 36 kg - -N2 ... do .... 32 to 34 21 .10 112 . .... do .•...... 
3682 95 Purple-K, 36 kg - -N2 ... do .... 32 to 34 21 .12 64 Suppression, 

flame to 33 m. 
3: 27 104 Water, 15 kg --N2 ••• Nozz le ... 99 to 101 76 .13 143 Suppression, 

flame to 107 m 
3694 95 Water, 13 kg - -N2 ••• ... do .... 99 to 101 76 .08 183 Margina l sup -

pressed , flame 
t o 152 7':"l . 

3723 105 Foam, 10 kg ; ... do .... 99 to 101 79 .0 168 No suppression, 
Halon, 5 kg . flame beyond 

198 m. 
3724 104 Foam, 10 kg; ... do .... 99 to 101 76 .15 91 Suppression, 

Halon, 5 kg . flame to 122 11', 

3725 104 Water, 10 kg ; ... Jo .... 99 to 101 76 • ::.6 137 Do. 
HaJ.on, 5 kg . 

37:28 104 Halon, 15 kg ....... . . . do .... 99 to 101. 76 .14 107 Do. 
1 Test zone--pure PPC, 75 mg/1 nominal loading . 
2 Two barrier uni ts on opposite mine ribs. Total quantity of extinguishant listed. N2 pressure 1,L,00 to 

2,000 k.N/m2. Halon vapor pressure 1,350 to 1,450 kN/ma. 

N 
V, 
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SUMMARY AND CONCLUSIONS 

Commercial passive water barriers were tested and found effective in stop­
ping moderate strength coal dust explosions; they failed, however, for explo­
sions propagating at less than 76 m/sec. To extend the range of effectiveness 
of the passive barrier, novel barriers were developed and shown to be effi­
cient in suppressing weak explosions propagating at speeds as low as 30 m/sec. 

Two triggered barrier systems were investigated. One barrier uses a 
Cardox cylinder to propel the extinguishant, and the second system used pres­
surized nitrogen gas or Halon 1301 to power the disperser. With the former 
barrier, 40 k?, of water or 60 kg of Purple-K (KHC03 ) was sufficient to sup­
press coal dust explosions propagating in a mine entry of 5.3 ma cross section. 
In the nitrogen powered barrier, as little as 15 kg of water or 36 kg of 
Purple-K was required to stop an explosion. The time interval between barrier 
discharge of the extin~uishant and the flame arrival at the barrier site is 
not a critical factor for water as it is for Purple-K; the latter effective­
ness is maximized when the powder is injected onto the flame. Relative to 
weight of extinguishant required for explosion suppression, the tests indi­
cated water is more than twice as effective as Purple-Kand at least as 
effective as hybrid mixtures (aqueous foam solution combined with Halon 1301) 
or pure Halon. 

Low cost is the principle advantage of the passive barrier over the 
triggered system. However, the passive barrier is restricted to use in open 
regions of the mine because it depends wholly on wind forces for the operation 
and dispersion of the extinguishant. In addition, it is not effective when 
positioned too close or tuo far from the explosion initiation; therefore, the 
system must be redundant using many units to protect an entry. The triggered 
barrier i f. superior to the passive in that the extinguishant can be discharged 
at an optLmum time and thereby be used more efficiently. Therefore, this bar­
rier can be smaller and use fewer units. Since wind forces are not essential 
for operation, the trig~ered barrier is applicable throughout the mine and can 
be pl.riced in crowded mine regions without interfering with mining operations. 

Because of the hazards associated with the Cardox barrier and the good 
results obtained with the low-pressure nitrogen powered dispersal unit, the 
latter system is the most a ttractive proto type. There is little doubt from 
the present study that water is superior to Purple-K as an extinguishant . A 
recent but still incomplete study of additional powder extinguishing agents 
indicate that materials such as NaCl, KCl, and ~ Ha Po .. may be ~qual or 
better than water in suppressing coal dust explosion. However, the corrosive 
naturE' of these materials and the increased costs would prohibit their use 
over water . 
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Thi s pap~r dAscribes a feasible remote sea ling system tha t ha s evo lved 
from the Bureau's sponsored research on the ex tinguishment o f coal mine fires. 
The complete system includes ( 1) a s onar probe and close circuit tel evis ion 
camera for initial probing of the mi.ne entry tu be sealed, (2) a fly a sh or 
fly ash-cement system for constructing the seals, (3) a froth foam topping sys ­
tem for completing each seal, (4) a combusti 0n-type i nert gas generator for 
conveying the fly ash and inerting the se aled area, and (5) acoustical equip­
ment for determining the comple tion and integr ity of a seal. Design r equire­
ments are brieily summari zed for the current l y developed r emote s ealing sys tem. 
In addi t ion, field problems a re r eviewed from the performance of a prototype 
system t hat was used in a mine f ire s ituation. 

I NTROD UCTI ON 

Uncontrolled coal mine fir es are o f grea t c.uncer n to the mim.n:. '. industry 
beca us e they cannot be di rectly extinguis hed, and because the y may require 
s uch drastic a c. tion a s sealing the entire mine. The c onventional practi ce o f 
cons tructing air-ti ght stop pi ngs f rom within the mine i s di ff icult and can 
involve a high fire or explosion ri sk ; therefore, this approach cannot a lways 
be relied upon. In search of a more des ira ble approach, the Bureau of Mines 
exp lored the concept of remote s ealing f rom the surfa ce and found f l y a s h t o 
be a suita ble sea lant f or thi s purpose. 2 This t echn i que minimi zes the ri s k to 
the firefi ghter, it limits the s ea l ing to t he e stabli shed fi r e a rea, a nd i t 
expedites the mine recovery operation , thus reducing potentia l cos t s and 
production losses . This pape r describes a complete remote s ealing s ys t em 

1 E lee trica 1 engineer, Pitt sburgh :·lining and Sa Ee ty Research Cente r, Bureau of 
Mines, Pitts burgh, Pa. 

2 Murphy, E. M., M. O. Ma gnuson, P, Suder, Jr., and J. Na gy . Us e o f Flyash f or 
Remote. Filling of Undergr ound Ca vit i e s and Passageways . BuMine s RI i 214, 
1968, 27 pp. 
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that has been developed under Bureau-sponsored contracts 3 4 

obtained with a prototype system in a mine fire situation. 
designed for mine depths of up to 1,500 feet (457 m). 

and the results 
The system is 

THREE PHASES OF REMOTE MINE SEALING 

The remote sealing of underground coal mine fires requires considerable 
planning to resolve any logistic and site preparation problems and to insure 
that all the operational phases are properly coordinated. Fi .:;ure 1 shows three 

[nltla l problng 
f ly as h f illl ng 

FIGURE 1. • A remote mine sealing system. 

3Berry, D, R., K. Maser, D. A. Monaghan, and A. R. Guzdar. Technical Report 
for Extinguishing Coal Mine Fires by Remote Sealing (Research Contract 
H0122046 by Foster-Miller Associates, Inc.). Blli~ines Open Fire Rept. 
77(2)-75, 1973, 504 pp.; PB 245 899/AS; available for consultation at 
Bureau of Mines facilities in Denver, Colo.; Twin Cities, Minn.; Pittsburgh, 
Pa.; Spokane, Wash.; Department of Energy, Morgantown Energy Research Cen­
ter, Morgantown, w. Va.; the National Library of Natural Resources, 
U.S. Department of the Interior, Washington, o.c.; and National Technical 
Information Service, Springfield, Va. 

4 Monaghan, D. A., A. R. Guzdar, and D. R. Berry. Final Technical Report. 
Joanne Mine, Remote Sealing Operation (Research Contract H0144004 by 
Foster-Miller Associates, Inc.). BuMines Open File Rept. 55-77, 1975, 
224 pp., PB 265 545/AS; available for consultation at Bureau of Mines 
facilities in Denver, Colo., Twin Cities, Minn., Bruceton and Pittsburgh, 
Pa., and Spokane, Wash.; Department of Energy, Morgantown Energy Research 
Center, Morgantown, W. Va.; the National Library of Natural Resources, 
U.S. Department of the Interior, Washington, D.C.; and National Technical 
Information Service, Springfield, Va. 
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main phases of the sealing operation: initial probinr,, fl y ash fi ll ing , and 
foam topping. Initially, a borehole is drilled through which a probe i s 
lowered to determine the geometry or na t ur e of the passageway t o be sealed; 
the borehole (~15 cm or 6 inches wide) must be cased a nd groute d to prevent 
water seepage and subsequently serves as ;1 sealant borehole. In the second 
phase, the passageway is filled with the fly ash bulk sealant that is pneu ­
matically transported from a supply truck on the sur f ace; two adjacen t bore ­
holes are drilled prior to this stage for deployment of acoustica l equipment 
that is used to monitor the formation of the gross fly ash seal. In the final 
pha se, a froth foam topping i s added to fill the crater formed by the f l y ash 
and to complete the seal ; the foam is f ormed in place at the bottom of the 
borehole. Thi s system also includes an inert gas generator whi ch i s used to 
minimize the explosion ha zard durin r, the fly ash fi lli.n p; phase and to ine r t 
the sealed a r ea of the passageway. In addi t ion, a modified fl y a sh mixtu r e 
was found necessary if a waterti ght se~l is r equired. All of the systems a re 
mounted on skids or t ra ilers . 

Generally, the ?;reate :; t amount of time is involved in drill i ng the bor e ­
holes. Thus, accurate mine maps are e·rnen tial to avoid "blind" or unsuitable 

Deployment system 

A PRELIMINARY 
PROBIN G 
SYSTEM 

Rotator 

CCTV probe 

Compass 

8 DETAILS OF DOWNHOLE PROBE 

FIGURE 2. - An initial probing system. 

borehole sites. The sea l ant 
boreholes should be located 
midway between two crosscuts 
o f a passageway and whe re 
the overburden is lea s t and 
where overcas t s are not 
pres ent. 

System De scrip t ions 

Initial Probing Sys tem 

The initlal or prel im­
inary probing sys t em that 
was des i gned fo r this appli -
cation cons i sts o f a down ­
hole probe as s embly , a 
deployment s ystem, and a 
control consol e , as shown 
in fi gure 2 . The downholc 
probe assembly include s a 
low light l eve l , closed ­
circuit television (CCTV) 
camera f or v is ua l observa ­
tion of the downhole condi­
tions , and a s onar ranging 
device for accura tely de ter ­
mining dimensions of the 
passageway or dis tances to 
lar~e object s . It is alsn 
equi r ped with a rotator to 
facilitate scannin~ and a 
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remote reading compass for establishing probe orientation. The probing infor­
mation is useful for determining suitability of borehole locations, sealing 
material requirements, potential obstructions to sealing, and reliability of 
mine maps and engineering surveys at the surface. 

The probe is deployed into the passageway using an electromechanical 
cable and a hydraulic winch that is driven by either a gasoline engine or an 
electrical motor; the winch has a 1,500-foot deployment capability at speeds 
of at least 100 ft/min (30 m/min). After the probe is oriented in a known 
direction, the sonar unit transmits ultrasonic pulses and picks up reflections 
from objects in front of it. The probe is rotated 360° at various elevations 
to obtain a complete mapping of the passageway by the sonar measurements and 
the television camera. This downhole information is transmitted to the con­
trol console which includes a CCTV monitor, a sonar readout panel that dis­
plays probe to tar~et distance, a rotator control, and a digital readout of 
the remote reading compass. 

The sonar probing unit is capable of locating objects in a mine at dis­
tances up to 30 feet (9 m), whereas the CCTV camera can view objects up to 
200 feet (61 m) away. In a mine fire situation, the smoke density will limit 
the effectiveness of the latter unit. This probing system has been certified 
as explosionproof and can be used in gassy mines. 

Acoustic Seal Checking System 

Another instrumentation system that is vital to the success of the remote 
sealing operation is one that monitors the filling of the mine passageway and 
determines the integrity of the seal. The system developed in this work uses 
acoustic devices, namely a high-intensity speak~r and a sensitive microphone. 
As shown in figure 3, the speaker and microphone probes are lowered into bore­
holes that are on opposite sides of the sealant borehole. These probes are 
usually at least 50 feet (15 m) from the seal being constructured and they are 
deployed by winch systems similar to those used for the initial probing system. 

Deployment systems 

.. . · .. . . . . -· 

FIGURE 3. - An acoustic seal checker system in operation, 

The theory of operation 
is based on the proved 
premise that a decrease in 
the level of signal received 
by the microphone is propor­
tional to a decrease in the 
open area of the passageway 
being sealed. In this sys­
tem, the speaker probe 
transmits an amplified noise 
pulse from a random noise 
generator which is then 
picked up by a ceramic-type 
microphone probe and trans­
mitted to a sound level 
meter in the control con­
sole. A signal processing 
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module subtracts any background noises . The signal is then dis played in the 
control console and correlated with existing information to define the com ­
pleteness of the seal. Sensitivity of the seal checking system i s grea t es t 
as the seal nears completion (;;,99 pct). Both microphone and speaker units a r e 
intrinsically safe. 

Fly Ash Svstem 

Fly ash is used as the bulk sealwnt material because it is incombusti ble 
and relatively inexpensive, it L; readily fluidized fnr pneumatic transport, 
and it is effective in conjunction with a froth foam topping . This material 
also normally displays little shrinkage upon wettin?,, although erosion or 
leakage paths can develop when a fly ash seal i~ subjected to certain water 
pressures. A fly ash-bentonite-portland cement combination has been found t o 
be more effective than fly ash alone in providin~ a wa~ertight seal. Use of 
this combination requires only a simple modification of the fly ash de ploymen t 
system described herein. 

The main components of the curren t fly ash system are fly ash supply 
trucks, a diesel-driven blower, liquid nitrogen supply tankers to prov ide an 
inertinR medium, and a plumbing network with ins trumentation to monitor fl ow 
rates and pressures. Fluidized f ly ash is fed from 20-ton supply t r ucks to 
an eductor where it is mixed with nitro~en-diluted air (s 8 pct 02 ). The mix ­
ture is then pneumatically transported through an 8-inch (20 cm) f i ber gl ass 
pipe to the borehole by a hi gh -capacity blowe r (5,000 ft 3 /min, 10 lb/in~ 
ma::imlDTI). A maximlDTI flow ra t e of 2 ,500 ft 3 / min (71 m3 /min) is recommended 
for pumping the fly ash into most mine passageways; this i s generall y adequa te 

to suppress bor ehole plug ­
ging and to insure satis­
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heights and widths. 

factory crater f ormation for 
s eals requiring the foam 
topping. 

Fly ash requirement s 
will depend primarily upon 
the pa s s a eway width a nd 
hei ght and whether the s eal 
i s to be comple ted with or 
without a foam topping . 
Figure 4 s hows requiremen t s 
that were calculated ass um­
i ng f ly a sh alone i s used t o 
produce a 100 -pct seal; a 
t ime scale for the f l y ash 
deploymen t is al so lncluded, 
ba sed upon one t ruc kloa d 
(20 tons) per hour. For a 
pas sage height of 6 feet 
(1.8 m) lO to 20 fee t (3 to 
6 m) wide, the we i ght o t 
req uired fly ash s hould be 
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between 100 and 275 tons. Field t ests have s hown these estimRtes tn be reli­
.:i.ble for norm.al st might passageways . If a 95 · pct fly ash seal is initially 
constructed and then completed by use of the foam toppinr-:, the fly ash require­
men t s can be greatly reduced - -reportedly b~.· as much as about '.>0 pct at the 
recommended flow conditions. The required fly ash for a 100-pct fly ash seal 
can be substantially reduced by decreasing the gas mixture (air-N2 ) flow rate 
to minimize the crater formation and latera l ,spreading ot the sealant; these 
velocity effects increase as the rly ash nears the mine roof. 

Froth Foam System 

The foa m topping sy s tem provides an e x pandin?, material that is both ait­
ti ght and watert ight, and i t is e ffective in completing a fly ash seal. It is 
recommended for fly ash emplacements that are 95 pct or more complete. The 
complete sys tem includes the froth foam generating components, a tentperature 
condi t ioning and meterinr, sy s tem, a downhole mixing assembly, and a deploymenl 
system with a skid -mounted hydraulic boom crane. Fi3ure 5 shows a diagram of 
this system. 

Polymeric. isocyan.a te and polyol co!11 ponents are used to produce the foam 
toppint;. These component :, are conditioned at 25° C and fed separately through 
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ny l on hosing to the downhole mixing assembly where they react together with a 
catalyst to form a froth foam; Freon 125 i s used here as the hlowing agent. 
The chemical constituents are me tered a t a hi gh pressure of 1,000 lb/in2 

(70 kg/cm2) to produce t he f oam at a rate o f 40 lb/min (18 k~/min). This f oam 
is a clos e d eel 1. type (>85 pct) and should be s ufficiently fire-resistan t t o 
withstand the hot 3as temperatures adjacent t o the fire zone; a flame spr ead 
index of less than 25, as determined by the ASTM E-162 radiant panel test , is 
a mi nimum requirement . The amount ot foam required will largely depend upon 
the width of the mine pa s sageway and the compl e teness of the fly a sh sea. 
About 2,000 lb (908 kg) appears necessary for most 95 pct fly a sh seals. In 
the event of problems, mo s t of the downhole a s sembly can be retrieved because 
it is e qui pped with a penumatical ly actuated quick-disconnect coupling . 

I nert Gas Generator 

The use of a n ine rt gas f or t he fl y ash f luidi zation and conveyance i s 
mandator y i f the remote sea ling opera tion is to be carried out without risk of 
ga s expl osions both in t he borehole a nd in the vicinity of the underground 
s eal. Furthennore, inerting t he completed s eal he lps to control and retard 
the f ire. Experi ence in the f i eld, wher e liquid Na was used fo r an inert gas 
s up pl y , i ndica ted that si gnifican t l ogisti c and economic bene fits could accrue 
by use of a s ystem ba s ed upon combus t ion ga s es. A combust ion- t ype ine rt ga s 
generator can pro vide an unlimi t e d s upply o f ine rt gas and eliminates the 
uncertainty a nd difficu l t y encountered with liqui d Na tank deliveries . Al so , 
the es timated c ost of produci ng t he iner t combus t i on ga s s hould be less than 
$1 pe r 1 ,000 f t 3 , c ompared with ab ou t $8 pe r 1 , 000 f t 3 ($0. 28 per m3) for 
liquid N . 

As part o f the Burea u ' s ongoing contract r esea r ch on remote s ealing , a 
new comb ustion-type i nert gas gene ra to r i s be ing cons tructed becaus e the com­
me r cia l l y ava ilab l e sys tems i n t he Uni ted States or Europe did not meet the 
r equi r ed s pecifica tions . The sys t em s pec i f ications include a vari ab le output 
o f 600 t o 2 ,200 ft 3 / mi n (17 to 62 m3 /mi n) at a pressure up to 15 lb/in.:: t o 
f ac i l ita t e t he fl y ash de ployment, a moi s ture content not greater than 65 ° C 
dewpo i nt to prevent f l y ash a gg l omeration caused bv water condensation, and a 
ma xi mum gas de l ivery (exit) t emper ature of 95° C tn avoid excessive teupera ­
ture in and around t he s ealant borehole. 

The combus tibl e ine r t gas generat or i s shown in f igure 6; it is mounted 
on two tra iler s . On one tra i l er (ho t ), a fo rced draft oil burne r consume s a 
No. 2 fuel oil at - 70 gal / hr and produc es hot inert combustion products 
( / 1 pct 02 ) which are cooled to 260° to 370 ° C in the thermal liquid heater; 
thi s hea ter contains a petroleum based coolant that is circulated through a11 

a ir -cool ed, finned heat exchange r. The ga s is then cooled to 65 ~ C in the 
"heat pipe" heat e xchange r and pi ped to th e other t r ailer (cold) where it 
enters a drier (enthalpy e xchanger) to remove e xces s moi s ture. The final 
~ta ge of the syst em i s compr e s s ion of the ga s up co 15 lb/in2 by a gasoline­
engine driver blower that f eeds into the line for transport i ng the fly ash 

~Reference to specific brands i s made for identification only and does not 
imply endorsement by the Burea u of Mines . 
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FIGURE 6. - An inert gas generation system. 

into the sealant borehole. This system is operable by one person and it is 
being designed with the capability of maintaining an 0~ concentration between 
0 and 8 pct in the sealant borehole and the sealed area. 

Experience in Remote Sealing of a Mine Fire 

Over the past 15 years, several attempts have been made to apply the 
remote sealing CQncept to underground coal mine fires in active mines, most of 
which were of limited or no success because of inadequate sealant materials, 
serious equipment limitations, or insurmountable mine water problems. The 
most successful effort occurred a few years ago when a prototype of the 
present remote sealing system was used to isolate and extinguish an under­
ground fire at the Joanne mine of the Eastern Associated Coal Corp. in Rachel, 
w. Va. · This fire resulted from a derailment and subsequent short circuit 
that caused a fan stoppage and made it necessary to evacuate the mine. The 
decision to attempt remote sealing was made 51 days later. 

The remote sealing was made from two surface sites that were over 2,500 
feet (162 m) apart and located on opposite sides of a hill above the mine. 
The major considerations in selecting these sites were (1) proximity to exist­
ing roads, (2) sufficient separation distance between boreholes and fire zone, 
(3) adequate distance from existing gas wells to minimize leakage -paths, and 
(4) avoidance of burying major pieces of mining equipment. Six seals were con­
structed and each required drilling two adjacent boreholes to accommodate 
acoustic seal checkers. The boreholes were 600 feet deep (183 m) or less. 

- work cited in footnote 4. 
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Figure 7 shows a map of the underground m:tne section with the location of 
the six seals that were construct~d to isolate the fire; permanent stoppings 
in this section were also used to effect the seal ing . Three of the sea ls 
(RD-1, RD-3, and RD-5) were 95 pct fly ash s eals that were topped with ure­
thane foam, and the other three (RD-2, RD-4, and RD-6) were 100 pct f ly a sh 
seals. Most of these required approximately 150 tons (95 pct seal) or 250 
tons (100 pct seal) of fly a sh; except for seals RD-3 and RD -4 whi ch were at 
or near four-way intersections and required about 500 tons o f fly ash. Those 
that were completed with a foam topping required at least 2,200 lb (998 kg) of 
foam. The sealin~ operation was carried out using liquid N2 tankers to pro­
vide the inert gas for deploying the fly ash and inerting the completed seals. 
At least 650,000 ft 0 (18,405 m3 ) of N2 was necessary in constructing a seal. 

A ,:;as monitoring system was useful in indicating the effectiveness of the 
completed seals, the adequacy of the inert gas supply system, and the poten ­
tial gas explosion hazard before and durin~ the remote sealing operati on. 
Fi r,ure 8 shows the varying composition of the mine atmosphere that wa s moni­
tored at one of the boreholes. The CO and 02 levels decreased to approxi­
mately 0.01 and 1 pct within about 60 days a f ter the fire b e~an; thereafter, 
they were essentially constant until the r emote sealing was started. In com­
parison, the CH4 and CO2 concentrations increased and reached ma ximt.nn levels 
of approximately 30 and 4 pct within about 80 days. During the initial stage 
(preliminary probing) of remote sealing , the CO fell s lowly to level '.·; as low 
as 0.001 pct or less. Some fluctua tions occurred in the ga s compositions 

LEGEND 
=U= Stopping 

-1: ·;.~;,, Fly ash 

~\U I II~ 

_IDDD 

0 100 200 
6 d I 

Scale. feet 

LJLJLJ 

---------- 1,600(1 ------- - ---­
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largely because uf leaka ge or injection of air. Throu<shout the entire r emote 
sealing operation, the C0-~02 index (ppm/vol-pct) varied between 0.1 and 1, 
indicating the amount or level of combustion was relatively small; the CO- 02 

index was over 1,000 at the start o.: this fire. The CO- CO2 index (ppm/vol­
pct) is also a useful i.ndicator of combustion and wa" generally an order of 
magnitude greater than the C0-60; index during sealing. 

Because of supply and delivery problems with the liquid N2 s ystem, it was 
not possible to maintain an inert atmosphere ( 90 pct N) in the sealed area 
for extended periods throughout the recovery phase. Nevertheles s , the s eal 
emplacements proved to be sufficiently succeR s ful so that the mine wa s reven­
U.lated within a few days after completion of the seals. The fact that the 
mine was reventilated prior to its recover~ was a significant accomplis hment 
resultin~ in considerable savings to the mine uperator. This field experience 
has been very useful in current e fforts to develop a more reliable a nd acce pt ­
able remote sealing system for use by the mining industry in fi gh t ing mine 
fires. 

Present Status 

All three subsystems (instrumentation, froth foam, and i nert gas genera ­
tor) were successfully tested. A field test with the froth f oam s ys t em 
deployed to depths approaching 800 feet (244 m) is planned. This test will 
permit accurate calibration of the subs ystem and increase the skill s of the 
operatin;; personnel for more reli.1.ble s~rvice during an actual fire. 

Another field demonstration L: planned at the Jenny mine, Pr e s tonsburg , 
Ky. Thi e: test will encompass all three ,:ubsystems and it will involve approx­
imately 12 operators. It i s hoped that this field test will answer ques tions 
r egarding the effectiveness of fl y ash development during instances where t he 
mine ' s ventilation s ystem i s operating and w:1ter i s flowing on the mine fl oor. 
A complete seal will be made through approxi.:na tely 180 feet (5 5 m) o f cove r 
and then subjected to a head of water to dett!rmine the seal's res istance 
towards flooding mines. 

The instrumentation subsystem is ;1v~dL1ble for use by the Mi ning 
Enf orcement and Safety Adminis tration' s (MESA) Mine Emergency Op e rations group. 
Recent cases where the subsystem wai, used include the Scotia mine, Bethe lehem 
mine No. 32, and the Porter Tunnel mine. 

The remote sealing technology is al~o being used in controlling the f ires 
and subs idence associated with abandoned mine workings. 7 An e xample of this 
technology transf~r is the recent request by the Bureau's Denver (Colo.) 
Mining Research Center to borrow the positive displacement blower uniL used 
during the Joanne mine fire to deploy fly ash. Denver Mining Res earch Cente r 
plans to use thi s blower to emplace fly ash in abandoned mine workinp.s that 
are susceptible to subsidence m.:ar Rock Springs, Wyo. 

7Report cited in footnote 2. 
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MINE FIRE DETECTION 

by 

M. Hertzberg:

ABSTRACT 

The problem of mine fire detection is considered in terms of type� of 
fires, past history of fire incidence, curro::nt rer.ulations, detec.tion method­
ologies, �nd the general strategy of fir safety. Sever�l research programs 
that .we in the process of being transferred to in-mine technologies an� 
described, These include the continuing development uf a tube bundle (pneu­
matic sampling) technique, the evaluatiot'l of a n,:·w, prototype fire sensor £or 
combustion generated submicrometer particles, and gener:11 studies of the prob­
lem of spontaneous canbustion in coal mines. 

INTRODUCTION 

A Bur��u of Mines program to develop and evaluate rapid and reliable 
detectors for explosions and fires in underground coal mines has been in 
existence since the passage of the Coal Mine Health and Safety Act (Public 
Law 91-173, December 1969). Early emphasis was on the detection of methane­
air face ignitions and dust explosions. Such detectors were needed to acti­
vate quenching devices. The emphasis in recent years has been on thi.- dL·tection 
of fires during thl·ir early or incipient stages. The project objective was to 
explore thE· problem fundamentally; to develop instruments that detect condi­
tions that may 1 ... ad to tires; to evaluate and adapt current fire sensors for 
1:1ine use; .ind to d1·sign, develop, and build new sensors and new detection 
mL· thodologies. 

An underground coal mine fire is exceptionally hazardous becaus of a 
mine's extraordinary size and its confining geometry. A mine is a man-made 
void carved out of ,1 combustible material. It is, in effect, an underground 
factory with a low, f la l roof and long, com bus tib le , escape corridors. A map 
of a typical section is shu�� in figure 1. It is the 4 right section of the 
Somerset mine in Colorado. This section is of particular interest because it 
was the seat of a spontaneous combustion incident that will be describ d later. 
In this underground factory called a mine, the roof, floor, hallways, and 
rooms are lined with combustible material as are all the passageways leading 
to the exits. It contains heavy equipment and machinery: Mining machines, 
shuttle cars, roof bolters, conveyor belts, transformers, locomotives, 
trolleys, and power cables. Escapeways are long; for example, for the working 
section shown in figure 1, the distance to th Hubbard portal is about 2 miles 
with a similar distance to the Elk Creek return portal. In the event of a 
fire, the ventilation pattern can rapidly contaminate escapeways. In most 
111ines there is limitC'd C'gress through vertical shaft hoists of lir::ited 

1Research chemist, Pittsburgh Mining and Safrty Research Cent,!r, Hur au of
Mines, Pittsburgh, Pa. 



3 SOUTH 

' ' j n u , \ ' l 
I, 'l"' · 1.-
11 I 11 ,\ _.if-Jf 
I'-. II , ' u 1' !I 
' l I , ' 

1
, I. ,11· 

l c:- I U- 1 .I[ _I! ·, i 
j u n '. _I I 
] I JI ) i_ } { 11 

s 

'·1 
',, ,. 
'i1 
\ \ . 

.. 
I \, 

\ I \I 
'\'r--. ; ',.I 

L. I ' 
I 

,, 
'.'t I 

'.I 

' •, Fonol odvorce cut-of f 
',· 12/7/74 

,·, 
I ,, . 

, r- .-" , .11- J - r 1 · ) •.__t U::-j ', l_ ~ '=- I ', ' J 'c - ; (\\ I', 
1 rl,. l ·: I I _J LJ I Posrllon 7' .-:n. '. ',' 1. I 

_\ n.. ' ,- I '·-n- I·~ - ·- - • ~ )olPOSIIOOn II 
)15. ; L,. )[_l I ! \, -.\r \'t \\\ . ·., 
'Jr-·1-U ,r•, ,-r1 . ' \- .\" '' 

1.. .:::_' -~ , O ) [ L 1._ Honrootci bo<-eliolo, - \\ ' \' f I\ ; ' ) r J. , . ,· 1 r 1 1/16/75 1 _ 11 " \ I'\ , , 
• l ' . • I' ' -11 - , . 

1 [-.. n · J. ; u ~ 1 '''°" ,s v. " . , r , " , , 
i _:r J [1! i( r j( r .!..._r• tum, 37,400cfm , . I'\ , •. ~ ',\~ '. 

{ Lr-·. : : 1 r /'-,lc/-,r Ff -rt . · ~p-1"' t , , H. 1 H 1: H-
1 ] r=~L0°J--1(..:~ J121 L':....:_I/ ~ twor;:1rT -,; \ H ·'·Lll ' 

- .. ll I. _ ' t 'J ' Trockentry , J _ S }, , n.._;1 
,r-,r·, r.- 1 - .,, · 1,, ..I~ du\', w 
J\.__, u-l n lt m. -.::: Esc~~wa; r _ _ ,_ 'l~_r H , '.'._ .'.'.._11 H~I 

1 \ l ll I D fl ' '·11 H. , f' If !" - - l'T , - S "" +,+ ).t H 

l : j f I J I '·l'· ~ Lower ret11n. 51 ,4 00 cfm 

'
,~ '1·~11.-'! ':JI , .. I ! Positon 10 

I , }. _. . \ ' 1-. 1 LEGEi'() 

5 WEST MAIN 

Scale, ft 

FIGURE l. • 

111 P@rmonent seols. I /31175 
I Temporary Hals, 12/19/74 
II Pormment 1~ 

- Into.ea,, 
- A• ILl'n or 

• Somc,1e po1,1on 
H Pillon ho! 10 IOueh, 1212 n 4 

Ove<cost 

Mine mopofthe 4 right sec1ionofthe Somerset 

cool mine during the occurrence of a sponto· 

neous combustion in,: ident, 

39 

capacity, and the time 
required to evacuate can be 
extraordinarily long. Th£> 
fir~ itself can easily gen­
~rate flow reversals in 
passageways that would nor­
mally bP in intake air, and 
the everpresent ~thane 
emissions add the Jdditional 
danger of an explosive 
atmospher~-

A variety of current 
regulations deal with this 
problem of fire safety and 
protection. These are gen­
e ral Code of Federal Re gu­
lations (CFR) ventilation 
require t::ents (30 CFR 75.3), 
e lectrica 1 equipment (30 CFR 
75.5-75.10), fire protection 
equipment (30 CFR 75.11), 
<'::plosives use (30 CFR 
75 . 13), and e sca peways 
(30 CFR 75.1704-75.1707). 
We are concerned s peclfi­
cally with one s ma 11 part or 
the problem; the problem of 
detecting the presenc e of 
fires. Wha t methods are 
available to de tect the pre s­
e nce of a developin~ fire 
situation so that effective 

me a sures can be t a ken to avoid the pote ntia l loss of lift!, equip~nt, and pro­
duc t ion tha t can result from a large , uncontrollable firt! situation in an 
underground coa l mine? 

Fire and Sensor Types 

Th r e are three types of fir e situations thaL arr possibl~: 

1. A r api dly developing , op n f ire . 

2. An incipie nt tire in machin ry or quipmen t . 

J. ,\ s pont a neous c ombu tion f ire in the coal s eam it self, in a gob ar ea, 
or in a scale d area. 



40 

The data in tables 1-2 summarize the fire frequency and fatality rates during 
the period 1952-70.'' The data show that 70 per of tht:! fires are of electrical 
origin. These are strong ignitions associated with power sources and machin­
ery. Examples are roof falls shorting ., high-voltage trolley wire, a haulage 
wreck leading to a similar short circuit, or an overheating, faulty splice in 
a cable reel. If these occur durin~ normal mining operation in attended areas 
such as the face, they are usu.ally detected by miners and readily extinguished. 
The same data show that approximately 15 pct were conveyor belt fires. Most 
of these were caused by frictional heating. Another 10 pct were gob fires 
that can be classified as spontaneous combustion. The annual fatality rate 
from fires during the period averaged three deaths per year, and this was only 
about 2 pct of the total fatality rate from all accidents. This rate dropped 
to two deaths per year in the period 1970-76. The average fire frequency 
dropped from 50 per year in the 1952-70 period and to only 10 per year in the 
1970-76 period. This dramatic decrease since 1970 reflects the increased vig­
ilance of all concerned and demonstrate ~ the effectiveness of the regulations. 

TABIE 1. - Fire frequency and fatality rate in face areas, 1952-701 

Location Total, pct 
0 10 20 30 40 50 

I [ I I l" 

Cutter . . .............. . 

Loader ............•.. . . ----------

Shuttle car ........... . 

Continuous miner ..... , . 

Roof bolter ........... . 

= 
Blasting .............. . 

Miscellaneous ......... . 

1 357 fires, 61 injuries, 20 fatalities; most of e lectrical origin. 
Frequency rate. 

=====- Fatality rate. 

These data are for reportable mine fires (longer tnan 30 min duration) and 
were supplied by J. Nagy and E. M, Kawenski of the Mining Enforcement and 
Safety Administration (MESA), Pittsburgh, Pa. 



TABLE 2. - Fire frequency and fat a lity rate in nonface areas 1 1952-7CY 

- ·· -
Loca tion Tota 1, pct 

0 10 20 30 4 0 50 
~ I l l I 

Conve yor belts. ----------------------

Power cables . . ---- .. -- --- -- -- -- --
Locomot i ve s. . -------------
Tr olley wires. ----

Gob s . -------------

Unatte nded equipment. ----
= 

Mis ce lla ne ous . . -------------
= 

1 ,.• r . ,, · . . 533 f1 r e s, 68 1nJuriP . ...,, 41 ;_ :.3. La 11.t 1. , .. , , 50 pct of ,_ lectr1.ca l origin . 
Freque ncy ratP. 

=====- Fata l ity rate. 
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But t he r e i s no j ustifica tion f or comp lace ncy e ither wi th t he Bureau or. 
a t MESA. The da ta f or metal mine fire fa ta l itie s s how the reverse tre nd, 
ma inly because of t he Suns hine mine f ire of 1972 tha t caused 91 deaths. From 
a meta l a nd nonmetal mine f a tali ty rate of ne arly ze r o in the 1952-70 period, 
t he ra t e jl01lpe d to 15 dea ths per yea r fo r the 1970-76 pe riod. The potential 
f or a ma jor f ire dis a s ter in und erground mines i s everpre sent, and as indi­
cate d e arlie r, i t i s almos t inht ·r ent i n the nature and ·5tructure of that l arge 
undergr ound fa ctory ca lled a coa l mi ne . I f the s ame stru,: ture and equipment 
were loca t e d above ground with the s ame combustible loading, ventilation, a nd 
limited egr e s s , the r e i s no t a muni cipa li ty in the Na tion that could legally 
issue a pe nnit for its cons truction or occupancy . 

Anothe r reason for avoidi ng compla cency re la tes to the expecte d increase 
in the spont a neou s c ombus tion hazard a s mining s hifts we stward and longw.111 
methods bec ome more preva lent , 

The r e i s little doubt tha t the r ap id a nd reliable detection of a fire i s 
the ess e ntial fir s t s t e p in the us e of any f i re -suppression system or in the 
a c t i va tion o f any a l arm sys tem and e s ca pe plan. 

The t raditional me thods of de t ectin~ the pre sence of fires may be c l as si-
f ied according to the type o f de t ector us ed, as f o llows: 

1 . The rmal contact. 

2. Optical view fie ld. 

3. Products of combustion. 
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4. Flow field or aerodynamic. 

5. Human. 

Thermal sensors respond to the temperature or the rate of temperature 
increase at a point, or along a continuous line sensor. Examples are the fusi­
ble alloy plug of a sprinkler head, thermocouples, bimetallic elements, twisted 
wire with insulation that melts at a given temperature, and a variety of other 
devices. Generally, these thennal sensors require that the detector be very 
close to the fire for them to alarm. 

Optical sensors respond to the light emitted by a fire or flame and these 
are limited by view field constraints. The sens or must actually "see" flames; 
the emitted radiant energy from the fire or from surfaces heated by the fire. 

Any fire generates products of combustion and these are carried to regions 
far removed from the fire by the mine ventilation or by the fire's own convec­
tion currents. Examples of combustion products that can be detected routinely 
are carbon monoxide (CO), carbon dioxide (CC\), smoke (visible), submicrometer 
particles (invisible smoke), and a variety of pyrolysis products. 

Aerodynamic sensors respond to the flow disturbances or convection cur­
rents induced by a flame. These are useful for explosiun detection but are 
rarely used for fires. 

The human sensor is the most versatile, and it is a combination of the 
first three types. The human body responds easily to temperatures well below 
those usually used as the alarm points for thermal sensors. The eye usually 
responds to flame or smoke long before such temperatures are reached. And, 
although we are not at all certain of which product of combustion we are smell­
ing, the nose is probably a very effective product of canbustion sensor for 
almost all fires. Virtually all of the fires reported in tables 1-2 were 
detected by human sensors, that is, by miners. 

But the human observer has serious limitations. He is present only part 
, of the time in a limited region; the attended areas. He is absent part of the 

time in all areas and most of the time in remote areas and older workings. 
The human observer is not available in sealed areas and gobs. One can actu­
ally attribute the improvement in coal mine fire frequ~ncy rate since 1970 in 
part to the trend of replacing the human observer by automated or semi­
automated sensing and extinguishing systems. This is specifically the case 
for the automated prevention, detection, and extinguishment systems that were 
required on belts and in belt haulageways. 

There is little doubt that products of combustion sensors are available 
that are far more sensitive than human observers, but current practice gener­
ally assumes the presence of human observers. The only current coal mine 
requirements for automatic fire sensors relate to th,..ir use with underground 
belt conveyors. These regulations (30 CFR 75.U03) are summarized in L.:1ble 3. 
The regulations for conveyor belt haulageway protection in coal mines are 
written in terms of thermal, point-type sensors. Products of combustion 
sensors can he used only if they offer equivalent protection. [quivalency is 
in the process of being defined by current MESA tE'sting in participation with 
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the Bureau of Mines. Whilf' current metal and nonmetal mine regulations 
require fire alann systems and mine evacuation drills (30 CFR 57.4), there are 
no requirements for a utomate d s e nsors to act;.iate thi· alarms. Hence, curre nt 
practice in most cases would appear to depend mainly on thl' human observer. 

TABLE 3. - Automatic fire sensors required on underground 
be lt conveyors, CFR 75.1103 

(Thenna l-type or equiv,'llent) 

Thermal (point-type) sensors: 
At the beginning and end of each flight. 
At the belt drive. 
At increments along the belt not to e xcee d 125 feet high at or above the· 

top be lt. 
Other sensors: 

J::quivalent protection must be provided. 
Equivalency is in the process of being defined, 

Other requirements: 
Minimize damage from roof falls, 
Protection from dust .:1nd moisture if s ensor is contamin.1tcd by them. 
MaJ;imum sensor voltage (120 v). 
Sensor system must be operable f or at l eas t 4 hr a ftf'r pow1. · r i s off, uther­
wise the entire belt h a ulage wa y must b wa l ked a nd exau ined fo r hot rollers . 

. '\ulomatic warnings , both visual a nd audible , that permit r .1 pid location of 
fire and alerting endangered miners. 

Manual r e set and fault locators. 
System must be inspected weekly a nd tested annually. 

Tube Bundle Sampling 

One area of research tha t i s a c tively beinp, pur s ued is the rontinuin~ 
development of a continuous-monitoring t e chnique that was pioneered by th('. 
K.'.ltional Coal Board (L 2) .3 Sponta neous heating in the gob (goa f) regiuns of 
advancing longwall sys terns a re now routinely monitored by gas s ampling tubes . 
A br:'lnching tree of tubes pneumatic a lly conveys mine air from e ach zone of 
interest to a central trunk station f or analysis. The a nalysis s t a tion i s con­
veniently located above ground, and it l s reliably mainta ined with sensitive 
detectors. Any une::plained upward drift in the CO level a bove the normal ba ck­
ground is taken as a warning of the onsv t of s ponta neous combustion in an area . 

The Bureau of Mines, in cooperation with United States Stee l Co. nd ME SA, 
i~ involved in th0 development of such a s ystem at the Somerse t mine in 
Color~do. An ~arlier version of the sys tem monitored 38 point s at va rious 
intake s , returns, working s e ctions, a nd s ea l e d areas (l), Regions as far as a 
mile from the sensing station were routine ly monitored. During th~ course of 
the study, it was possible to follow the actual growth of a spontaneous com­
bustion situatlon in a conventional room and pillar section. When attempt s to 

·· underlined numbers in parentheses refer to items in the list of r~ferences ~ t 
the end of this section. 
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arrest the fire deve lopmen t 
were unsuccessful, the sec­
tion was eventua lly se ale d . 
A map of the s ection, 
4 right of the Somerse t mi ne , 
was shown in figure 1. The 
data obtained are shown in 
figures 2-3. The data in 
figure 2 are from three s ta ­
tions in the ventila tion 
return from the s ection. 
The CO level a nd the CO 
index (ppm CO per pct 02 

absorbed) are shown as a 
function of time . Nor ma l CO 
levels emanating fr om the 
section from day 1 to day 62 
were in the range 5±2 ppm . 
By day 120, the CO l e ve l had 
risen to over 10 ppm. 
Although t he CO index cou l d 
not be det e rmined between 
days 1 a nd 62 be ca use of 
limitations in t h acc uracy 
of the oxyge n s e nsor, there 
h1 : 1 c lr·ar upwa rd tre nd i n 
the index be twee n days 120 
a nd 170. I t ros e s i gni f i­
cantly fr om 20 ppm pe r pc t 
0~ a bsorbed to a val ue of 
over 30. 

The data in fi gu r e 3 
~re for two s ta t ions tha t 
were actually in t he s ect i on , 
in the return s plits fr om 
the actual race area of 
4 right. They a ls o s how t he 
high CO leve l f rom day 120. 

The index shows a clear upward trend until smoke wa s detected by sme l l on da y 
177. During the following 29-day inte rval from day 177 to day 206 , various 
measure s were taken to arrest the se lf -heating including the us e o f wa t e r 
s prays on the hot pi l lars. The pi l la rs that we r e s elf-heating s o mar ked ly 
t hat they were hot to the touch a re shown in figur e 1 . Temporary sea ling was 
s tarted on da y 206 and with the fi na l e r ec tion of pe r ma nent seals, t he CO 
level:; a nd th e CO index value s eventually f e ll t o their no rmal values . These 
normal l evE·ls we re detected in the sealed section that was not access ible to 
the human obs e rve r. The r e sults s how that careful :lttention to the da t a 
tre nds would have enablPd one to detect this spontaneous combus ti on situa tion 
long before it deve lop~d into a l a rge smoulde ring fire problem. Suc h a sy s t em 
is adaptdblP to gobs, abandoned reP,ions, and sealed area s of a mine where the 
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human ob , e r ve r is not pre s ent . The r e i s also little doubt that even in 
a tte nded areas, this type of system de tects the problem much earlier than the 
unaided hu1t1ctn senses. 

This mine monitoring sy s t em at Somerse t is undergoing f urthe r de velopment. 
The analys i s station i s being located a bove ground so that it is independent 
of mine powe r fluc tuations, it can be se rviced r eadily , and it will continue 
to function i f the mi ne is evacuate d and the power is turned off. Also, the 
system i s being divided into t wo s ub sys t ems ; one for the ac t ive areas and 
anothe r for the sealed a rea s. In addition, the development of a more accur~te 
oxygen s e ns or will allow the CO index to be measured in the active dreas even 
when the pc t ~ absorbed is ve r y l ow . 

Other Burea u re sea rch inv olves the ge ne ral eva lua t ion of the tube · bundle 
sampling me thod Q). This involve d the ore tica l, experimenta 1, a nd practic .il 
stud ies of the advantage s and limita tions of the method , not on l y a s it 
applied t o s pontaneous c omb ust ion dete c t ion, but a lso its pos ~ible application 
to the mor e r apidly developing fire scenarios. Trav l tim s through tube s of 
vary i ng leng th, width, a nd pr ss ure drop we re meas ured , cyc ling time c on­
stra ints were s tudie d, a nd t he t r ansmiss i on l os s es of submicrorne t e r smoke 
particles were measured. 

Laboratory s t udies indica t e tha t submicrome ter pa r tic Le s art:: 111ore unive·r­
sa l indica tors of sponta neous s e l f -hea ti ng than CO detec tion. Other mine com­
bus t ib l es such as wood , ce llu lose , a nd plas tic s gene r.::ite the se particle s a t a 
much earl i er s t age of hea ting tha n the t empera ture s a t which they genera t e 
CO(~). A high l y s ns itive and inexpensive sens or for the s e particles i s 
s hown in figure 4 . It i s a Bureau of Mine s inve ntion(~) tha t is compatible 
wi th a prope rly des i gned tube bundle sampling sys tem. Several of the ~e proto­
type i nstrume nts arc ava ilable for in-mine eva luation of the ir perform;.1ncA. 

I 0 e total ion 
current 
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/ 
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discrimination 

chamber 
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le tota I 
particle 
current -:-

FIGURE 4. - A protutyp(' fire sen!:>or for detec ting combus tion generated submicron particles, 
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Spontaneous Combustion and It s Detection 

The natura l geochemical evolu t ion of a cual s eam occur s under a naerobic 
condit ions during an e x t e nde d geologi c a l time :, cale. A mine i s a large , man­
made v oid in the coa l deposit which i s ge nerated rapid l y r e lative to tha t geo­
logic time . The depos it tha t had coalifi ed unde r anaerobic c ond i t i ons at high 
press ure , " s udden l y" f i nds a cavi ty within its e lf, a nd a large s urfa ce a re a i s 
ex pose d to air at atmospheric pres sure a nd to it s oxygen conte nt . Thi s f irs t 
ex posure to a ir occurs direct l y during he ading dPve. lopment and f ace c ut t ing or 
indirec tly in the f orm of r oof cav i ng , the f r ac turing of adjacent parts of t he 
s eam by the mining induced s tres s s , or f rom l a r ge ve nti l ation pressure differ ­
e nces a cross zones of e nhanced permeab i l ity . The surfaces that are f r eshly 
expos e d may c onsis t o f the f r ee s u rface of the roof, fl oor, a nd r ibs; t he pul­
verized s urface area of coal r es i dues in a gob; t he fi s s ure ar ea of t he frac ­
tu r e pat t e rn; the internal voi d area l ef t by me t ha ne f l owing into t he l ower 
pre ss ur e of the mine void; or fi na lly , t he i nternal s ur fac e a r ea ge nerated by 
the dr ying of a coa 1 . I n a 11 s uch cases, ox i da t ion i s the inevi t a ble result 
of this exposure of f resh coal s ur f aces to a i r . Since the oxidat ion process 
i s exothermi c , hea t i s ge nera t e d which can accumu l a t e in the mass that is se lf­
he a t ing. For a g i ve n geome t r i c configuration a nd expo sed a r ea , t here i s a 
range of a irflow ve loc i ties f or whi ch the se lf -heating proc ss be comes se lf­
a cce l erating . The r esult i s f i r s t a smou l d ring mass a nd t hen an open f i re 
which ca n spread rapid ly throughout t he mine . 

Mos t of t h a ppl i e d rese r ch i n thi s field ha s been done ab road , and the 
mi ne s studie d we r e pred omi nantly l ongwa l l systems i n t he Uni t ed Kingdom , the 
Soviet Union, Fra nce , and Centra l Europe (~ , 2 , l, 2 , 11)· A major factor 
t h t de t ermine s the spontaneous c ombustion hazard i s t he mining irethod itse l f , 
a nd he nce , i t ma y be diff i cu l t to a ppl y those l ongwa l l s tudi s to other mining 
methods . The Bureau of lines r e s a rch in th i s area i s mor e r ecent , and it i s 
l i mited t o t he de t ection s tud i es j ust described and t o 1 bor a t ory evaluations 
of t he r ela tive t ende ncies of var ious astern and wes t e r n coa l s to self- heat 
in a n ~diab 3tLc c~ l o, i me t ~= (£), 

The ·,n.a j or fac t ors tha t co.1tr i bu te to t he occur r e nce of s pontaneous com­
b us t i on in coa l mi n~s a r e ( 1 ) t he intrins ic reactivity of the coa l , ( 2) the 
ge=nne t r y a nd c on f i gura tion of t he seam (or seams ), (3 ) the geo l ogi cal condi­
t i ons and s t ruc t ure of t he seam a n :! i t s s urroundings , a nd (4) t he mining metho ::1 
and ve n t ilati on conditions . Curre nt Bur eau research has been conce r ned wi t h 
most ly t he f i r s t f act or ; howeve r , mining eng i neers who may be concerned with 
th development of new mine s would do well t o study all t he factors involved . 

The i n t rins i c a c tivity of t he coal can us ually be s t ud ied i n l aboratory­
s cale sys t ems . Howeve r , si nce c oa l is no t a pur e chemi cal substance , i ts 
activity c n be a s tr ong func t i on of i ts past history . Va r i ous methods are 
used to meas ur t h i s i nt r i ns i c t endency . Some relate it to t he CO generation 
r ate (l), o t hers to the rat of abs or ption of oxygen (JJ) , some t o the pyritic 
conte nt of the c oa l (1) , and others argue that the low t emperatures self­
heating pr ope rties a r e dominated by the thermodynamics of t he moi sture 
absorpt io n- de s orption equi l i br i um ( 10 ) . Sinc e t he cent r a l parame t er of inter­
est is t he rat e of s e lf-heat i ng , t h~ Bur eau of Mi nes appr oa ch is t o d i rectly 
meas ure this prope r ty in a n ad i aba tic calor i mete r. The calor i meter data shm" 
tha t these va rious me thods of evaluat i ng r e l at i ve reactivi t i es c orre l ate 
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r eas onably we l l with one another (~). Th r a t e o f t empe r a ture ris e corre l a t e s 
we ll wi th the rate of production o f CO and C0.? . Coals with high rates of CO 
production per unit volume of oxygen absorbed also have high se l f -heating 
rates in the adiabatic ca lorime ter. The CO i ndex corre la t e s we ll with the 
initia l oxyge n c ont nt o f the coal. Some r e c e nt da t;:i , t a ble 4, show the r v la­
tive t e nd e nc i e s o f various e ;:is te rn a nd wes tern c oa l s t o s e lf-he at. The mini­
mum se lf-he a ting t empera ture for a fixed s amp le mass a nd particle s i ze is the 
l owes t initia l t empe r a ture ..it which th,· coa l wil l s e l f-hea t to i gn i t ion in the 
Bure a u's a diabatic calorimete r. 

TABLE 4. - Incipient combus t ion tendenc ies f or e astern a nd western coals 

Coal type 

Pocahontas , No. 3 ' w. V:i . . . 
Pit ts burgh, (Br uceton), Pa. 
Sa hara , No. 20, 111 . .. . .. . . 
S ome r se t, Col o . .......... .. 
Sarpy Creek , No. 2 ' Mont ... 
Dra vo, No. 80, Wy o ........ . 
Jim Brid ge r , Wy o ........ . .. 
Al a s ka n . . ..... . ......... . .. 
l Undri e d. 
2 Drie d . 

!-lea ti ng v a lue , co indE':~, Minimum 
Btu/ l b CO/ t.02 s e lf-heating 

ppm/vol-pct tempera ture , 0 
C -

14 ,400 1 65 1 90 
14 ,500 2 75 1 85 
12 ,700 2 75 60 
13 , 500 2 120 1 60 
9,500 :a 215 2 30 

11 ,200 .3 285 2 30 
10,700 2 190 2 30 

7,000 2 200 2 30 

The we s t e r n coal s , par t icu l arly the l i g nite a nd s ubb iturn inous c oals, show 
a markedly g r e ater tendency to se l f - hea t . The re i s a c l e ar consensus Cl.!), 
s upporte d by t h se Bure a u s tudie s, tha t th i n trinsic a ctivity of the c oa l is 
usua lly d irec t l y re la ted to its rank . Hi gh rank a nthrac ite s prese nt a small 
ha za r d; inte r med i a t e r a nk bi t uminous coa ls pr e s e nt a mo d rate haza rd; wherea s, 
lign ite s or br own c oa l pr e se nt the grea t e s t haza r d. 

But t he r e are complica t ions . For e xamp l e , r e c e nt s tudie s with drie d 
coals subj e cted to moist a ir c onfirms the view t ha t t he lrnv t e mpera ture, s elf­
hea t i ng r egion (20° to 60° C) seems to be d om i na t e d by the e ne r ge tics of the 
moistur a b s o r ption-desor p t i on pr oce s s e s (10). 

Does the Some r s et mine c as e discus sed e a r l i e r r e pres nt a n i s o lated oc c ur­
rence , or i s it a for eboding o f increas i ng s po n t an ous c omb us t i on hazar ds as 
mining s hi f t s we s t wa rd to dri r a r e as , lowe r r a n k c oa l s , thick r seams , a nd 
the mo r e preva l e n t use of longwa ll me thod s? It i s di ff icu l t to dete rmine, but 
f i gur e 5 s ugges t s tha t th e pr ob l em ma y not be un commo n. It i s of a spon­
t a neous f i re in a n open pi t mine i n Wyoming ; th e f res h ly uncove red seam is 
burning s pon t a ne ous],,. \,Jhi le this may not be seri ous i n t hi s open pit situa ­
t ion, it ca n de ve lop into a v e r y ha z a rdous fire in the confining ge omet r y of a 
mine . 

Fina l l y , the r e i s the que s tion of c os t. For this f irs t s y stem a t Some r­
s e t, e q u ipme nt c os t s for tubing , se nsor s , pumps , a nd s ole noids we r e a pproxi­
ma t ely $80,000- For a t y p ic a l coa l mi ne , be ne fiting f r om t he S ome r se t 



FIGURE 5, • A spontaneous combustion fire in a strip 
mine in Wyomi ng, The frpshly uncovered 
seam is burning s pontaneousl y. 
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experiences , a r e a listi c 
cost estimate fo r a s i mi l a r 
sys t em would be we l l under 
$50 ,000 . Ge nerall y , f or 
large insta llat i ons involv­
ing many sampling point s , 
the tube system is by far 
l e ss expens ive tha n a system 
in which ea ch point has a 
s epara t e detec tor. Gene r ­
a lly, the cos ts of t he pne u­
matic tubing a r e c ompa r able 
with the wiring c os t s for 
e l e ctr onic s ensors ; however, 
t he electronic sys t em 
r equ ires a detector a t each 
point, wh r eas the t ube 
bundle sys t em us es only one 
sens i ng sta tion , Th is can 
reduce the cost s ubs tan­
tial l y , or a lterna t e l y one 
ca n a f ford to invest much 
mor e in th accuracy , rel i ­

a bility, a nd degr ee of s ophis tication of t he sens or. For f i re detection , 
there i s ge nera lly a tra c1,~-o ff betwee n the travel t i me de l ay imposed by t he 
s ampling tube and the e nh:rnce d sensitivity one can a chieve at the sens ing 
stat i on. Maintenance c osts f or a s ingle sensor and pumping station shoul d be 
much lowe r t han f or a sys t m c on ta i ning many i ndividual se nsors , each of which 
must be pe r iodica l ly checked, cleaned , or ad j us t e d for s ens i t ivity . The r e i s 
also the multip le use potential . For example , t he san~ tube system, once 
i nsta l l e d, could be used to moni t or t he methane c ontent t hroughout t he mine in 
a c t ive areas , r e t urns , s ea led areas , and gobs . 

For a mor e limi t ed sys t m, f or example , one tha t would i nvol ve sampling 
point s every 500 to 1,000 f ee t a l ong a belt ha u l ageway p lus seve ra l s ampling 
poin ts i n key intake and re tur n roa dways , one i s dea l i ng wi t h equ i pment cos t s 
of $10,000 to $20,000 . 
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Conveyor belt fires can present a s e riou s ha zard in t he con fi ned environ ­
ment o f an underground coal mine; therefore, s tringen t s afe t y measures are 
nece s sary t o pro tee t the miner. Thi s Bur a u of Mines r epor t bri f l y summarizes 
available mine fire statistic s and e xi s ting f ire protec ti on r equi rements that 
have been effective in reducing the frequ enc y o f coal mine conveyor belt fires . 
Results of Bureau in-house and contract r es ea rch are pr es en t ed to i ll ustrate 
the limitation of laborator y -s cal e t es ts f or evalua ting the fi r e-res i stance of 
various conveyor belts and t o show the adeq uacy of t he r egula t i ons for fire 
de tl.!c ti on and f i re suppress ion s ys t erns . In add i t i on , ongo i ng res ea r ch designed 
to help update the Federal Schedule 2G f i r e - r esis t a nc e test i s desc ribed. 

I NTRODUCTI ON 

Mine fir e s tatLtics fr om 19 52 through 1969 r evea l that a t least 15 pct 
nf the total r e ported fires ( 877 ) in unde r gr ound coa l mi ne s were attr i b 1table 
to conveyor be lt i gnitions . Al s o , a s shown i n t able 1 , nea r.l y 70 pct (91) of 
the bel t f i res we re caused by f ric tional heat i ng , such as t hat caused by a 
stuck roller or snarl ed belt in the be l t dr ive assembl y . Since t he Fede ral 
Coal Mine Health and Safe t y Ac t o f 1969 , t he i nci dence o f r e po r ted belt [ires 
has reduced drast i call y , ave r agi ng l ess t ha n two pe r ye r f r om 1970 through 
1 97 6. This large reduction i n bel t f i r e s can be ascr i bed t o the more conser­
vati ve s afety requirements promul ga t ed by the act a nd spe c if i cal l y def i ned in 
the Code o f Fede ral Re gul a t i ons , 30 CFR 75 .1100 . These r egulations now require 
that a ll mine conve yor belts mus t be f ire-resistant, as de fi ned by t he Sched ­
ule 2G approval t es t, a nd tha t the c onveyor must be equippe d wi t h a ze ro speed 
c u toff switch. Al s o, r i gi d r equi r emen ts are defi ned for t he fi r e detection and 
f ire ex tingui shi ng systems . The deve l opment of bette r f i r e -resistan t belting 
and better f ire-protection ha rdwa re has a l so con trib u t ed t o t h i mproved safety . 

TABLE 1. - Sta t i s tics of r epor t ed coa l mi ne f ir"es duri ng 19 52-691 

Location Tota l Elect r i ca l Fri c tional Spontaneous Inj uri s Fatalities 
f ires c ombusti on 

Face ar ea equ i pm c· nt 351 333 - - 61 20 
Conveyor be lt s .... 134 27 I 91 - 18 ll 
Power cabl es .... . . 112 112 

I 
- - 13 0 

Locomot ives ....... 38 3 C, - I - J 5 
Troll ey wires .... . 57 57 - I - 12 18 
Gob a r eas ....... . . 84 - - 65 3 J 
Mi sc el l a neous ... . . 101 35 - - 17 4 

To t a l ........ 877 602 91 65 127 61 
l Private communicatiun with Edward M. Kawe nski , Mi n i n Enforcement ·rn<l S.:ifo ty 

Admini s tra t ion (~~SA), Pi t ts bur ~h , Pa . 

Supervisor y res earch chemis t, PitL ', burgh Mi nin g and Sa fet y Ke s ea rch Ce nter , 
Bureau of Mines , Pi ttsburgh, Pa. 



Bureau of Mines research on conveyor belts in recent years has been 
directed toward determininR the adequacy of existi~g mining regulations and 
t oward developing the required technology for implementing new or improved 
regulations. One area of concern is the quesLionable reliability of the small­
scale Schedule 2G test (flame spread) to provide a sufficient margin of safety 
for all conveyor belting including the polyvinyl chloride type. The European 
CO!Tlll1unity is also concerned with this problem and many rely upon a small-scale 
laboratory flame spread test and a drum friction test to evaluate their belts. 
Another area of concern are the requirements for the fire detection­
ex tinguishing system, although the existing regulations for such systems may 
account for the large recent reduction in reported belt fires; the fires that 
are ex tinguished within JO ,:: in need not be r eported. This report bri~fly sum­
marizes the fire protection requirements for coal mine conveyor belts and the 
res ults of Bureau in-house and contract research pertinent to this problem. 

Fire-Resistance of Conveyor Belts 

Fire-resistance is a relative measure of the ability of a material to 
r esist i gniti on and the spread of flame and can be expected to vary with such 
physica l variables as material dimensions, space dimensions, i~nitor heat flux, 
air ve loc i t y , and burning orientation. The ventilation conditions in conveyor 
be lt ha ul a gewa ys are generally neutral, but actual airflow requirements will 
depend upon how much methane is being released. In the Federal Schedule 2G 
te t, the Eire-resistance of coal ::1ine conveyor belts is determined under 
laboratory- s c ale conditions; 1/2- by 6-inch specimens are i~nited in a 21-inch 
cubical chamber with a Bunsen burner flame. The duration of flame or glowing 
combustion is noted at an air vdocity of JOO ft / min. Research is underway to 
update this test methud because the fire-resistance requirements are not suffi­
c iently conservative, as shown later by data from larger scale tesLing. 

Bure;1u Lar~;e-Sc_a_le Fire Tes ts 

Fire -res i s tant-type conveyor belts include those made with neoprene, poly­
vinyl chloride (PVC), styrene butadiene (SBR), and combinations with natural 
rubbe r. The carcasses are generally made of nylon, rayon, cotton, or a com­
bination of the se fabrics. The materials used can be the determininp, flamma­
bility factor in the case of used belts. 

Re s ul t s ol .:m e.arly Bureau investi gation by Mitchell, Murphy, Smith, and 
Poll ac k2 a re indic.1tive of how rnudl the fire-res istance of conveyor belts can 
vnry in sma ll-scale and large- scale fire test s under different i gnition condi­
Lio ns . 'fable 2 summar i zes some of the flame propa gation data obtained in a 
4 - foot-di ameter g.1llery with f our conveyor be lt s , three of which were fire­
r es L t.1nt by the Schedule 2G te s t; belt width 1vas 2-1.:2 or 3-1/2 feet in most 
tr i ~1l s . These modC'r.:itely l.:ir ge -sc.:1lc d.:1tc1 show th.:it e ven .:1pproved PVC and neo­
prene b0lt s c.'.1n i gnite .1nd prop.:i gate flame when ex posed to flame under certain 
lic~Hing ~ind ve11til.:1.ting conditions. Here, Llame propn g.:ition was attained when 
t!te Cl ame i gnition source (4,200 Bt u/ min) iv.:is supplemented with a thermal 

- ~\ ilchcll, D. W., E. ~!. Murphy, A. f. Smith, and S. F. Pollack. Fire Hazard 
of Co nveyor Belts. !3u~lines RI 7053, 196 7 , 14 pp. 
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radiation source ( ~,300 Btu/min) and the airflow condition was increased f rom 
zero to 200 ft/min, ~bove which the flow effect was small. Neoprene belts 
were the most difficult to i gnite but their propagation rates did not differ 
greatly from those for PVC be lting , ~3.5 f t/min. The hi .f'.hest rates occurred 
with the nonfire-resistant rubber, particularly when the carcass was removed. 
Such variables as belt preheating , belt width, and co.,l dust -gr ease accumula­
tions Generally increase the fire hazard. The ability of these belt ma terials 
to sustain flame propagation was als o demonstrated l n full-s cale fire t e sts in 
the Bureau's Experimental Mine. 

TABLE 2. - Fire-resistance of conv~yor b~lls in 4-foot diamete r ga llery 
under various airflow and ignition conditions1 

(Belt di:;:en:;i on!; , l.i by ·_·J-1/ ?. feet) 

Air velocity, ft/min ation rate ft/minl 1-----~----~..___ _____ ......... .__ ____ __.__...,...~---------
Rubber n a te d neo rene 

PREHEATING '· PROPANE BURNERS 
......0 

200 
500 

PROPANE BURNERS 

200 
500 

NP 

7.6 
9.8 
4 200 
NP 
4.0 
5.6 

4 
p 

2.1 
1. 8 

BTU MIN 
p 

1.1 
1. 2 

.....0, 200, 500 PROPANE BURNE RS 
NP I NP 

NP indicates no propagation. 

RADIANT 
p 

3.5 
2.1 

+ RADIAi T HEATER •,l 
NP 
3. 0 
3.3 

f4, 200 BTU MI ) 
NP 

~-Bureau of Mines data from r efe r ence ci ted in footnote 2. 
2 Fire-resis tant according to Schedule 2G. 

Walter Kidde Large-Scale Fire Te s t s 

300 

NP 
3.5 
2.7 

BTU/MIN 
NP 
3.2 
2.0 

NP 

Results of a recentl y completed Bureau con tract 3 with the Wa lter Kidde 
Co. provide further evidence of the inadequacy o f laboratory-scale fi r e tes t s . 
In this work, full-scale fire and suppress ion t ests were conducted in a 6- by 
15- by 175-foot simulate d bel t ha ul a geway using a f l ame source (3 , 500 Btu/min) 
and radiation source (--8,500 Btu/min) for i gniting t he bel t s ; the f ire suppres­
sion t ests are described e l s ewhere in this r eport. Figure 1 s hows a dia gram 
of the experimental setup used in these t ests . 

3 Warner, B. L. Suppress ion of Fire on Underground Coal tine Conveyor Be l ts 
(Research Contract H0122086 by Wal ter Kidde & Co., Inc.). BuMines Open 
File Rept. 27-76, 1974 , 105 pp .; PB 250 368/ AS; available for consultation 
at Bureau of Mines faciliti es in Denver, Colo.; Twin Cities, Minn.; Pit t s­
burgh, Pa.; Spokane , Wash.; Department of Energy , Mor gantown Energy 
Research Center, Morgantown, W. Va .; the Na ti onal Libra ry of Natural 
Resources, U.S. Department of the Interior, Washingt on, O.C.; and Na tiona l 
Technical Information Service, Springf ield, Va. 
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Air flow .... 

20- ft test sect ions 

Propane torch 

Propane 
burners 

Preheat plate 

12.5 ft of test 
sections coated 
with mineral oil 

FIGURE l. - Walter Kidde test gallery setup for conveyor belt fires. 

The results of this contract study confirmed many of the trends observed 
in the Bureau's in-house work, including the greater ease of ignilion with 
belt preheating and ~reat effect of flow conditions. Table 34 lisLs flame 
propa r,ation rates that were calculated from the reported data of this work for 
10 of the conveyor belts evaluated. Again, it is seen that some Schedule 2G 
approved belts sustained propa~ation in large -scale fires under moderately 
high-flow conditions. The new PVC-3 belt gave the highest propagation rates 
of all the belts tested. This material had propagation rates of 5 and 6.5 ft/ 
min at air velocities of 125 and 350 ft/min compared with only 0.8 ft/min at 
neutral airflow; these were obtained with a mineral oil coating. As noted in 
table 2, flame propagation is generally enhanced by belt coatings of mineral 
oil and/or coal dust; however, coal dust itself tends to have a retarding 
effect on ignition. Also, new belts appeared to ?;ive hi~her propagation rates 
than used belts of the same make, but belt thickness was not the same in all 
such compari~ons. 

4 Reference to specific brands or manufacturers is made for identification only 
and does not imply endorsement by the Bureau of :vtl.nes . 
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TABLE 1. - Fire-resistance of conveyor belts in 6- by 15- by 175-foot gallery 
at variuus conditionsl 

(nelt dimens ions , 20 by 2-1/2 feet. Tot a l i gnitor 
heat input, 11,500 Btu/min.) 

Flame ation rate 
Air velocit .......................... rt/::1in.. 125 200 

FIRE-RESISTANT BELTS~ 

ft/min 

Neoprene l (used), B.F. Go odrich, Caricoal. .. . NP 
Neoprene 2 (used), Acme Hamil ton, Pyropren,:... NP NP (0.1 5 ) 
Rubbe r (used), Republic Rubber ............... . (NP) 
S BR -1 (new), Bridges tone, :\Jycon .............. . 0.4 
SBR-2 (new), Goodyear, Glide 220 .............. (0.25) . 6 
PVC - 1 (new), B.F. Goodrich, Kor os eal .......... (1.8), 0.8 .65 
PVC-2 (u sed), B.F. Goodrich, Koroseal.... ..... (.25) NP (. 6) 

.9 PVC-3 (new), Scandura, Gold Line .............. (5.0) (6.5) 
PVC-4 (used), Scandura, Gold Line............. (.4) 

NONFI RE - IIBSISTANT BELT 
Rubb e r (new), B.F. Goodrich, medium longlife .. ! (1.4), 1.9 I -
NP indicates no rropagation; values i n parenthes es obtained with mineral oil 

and / or coal dust on belts . 
1 Cal culated from data of r e f e r e nc e cited in footno te J. 
2 Fire -resistant Jccording to Schedule 2G. 

The PVC-3 belt material pr oduced the mos t inte ns e £ires in the ga l lery 
fu ll -sca le t ests. As shown by the temperature pro f i les i n fi gure 2, the maxi­
mum r oof t emperatures exceeded 1 ,000 ° F , and these occurred near t he area of 
i gniti on whe re the initial 5 fee t of be lt wa s preheated. With a mineral oil 
coating , the PVC-3 belt fi r es pr opa ga ted ove r the entire belt test sec tion 
( 20 f ee t) in a s little a s 3 mi n a fter i gniti on with a 350 - f t / min a irflow, and 
within 25 min with the neutral flow condition. Although the f ires are spread 
mor e ra pidly with increas ing a ir velocity , one can ex pec t i gnition itself to 
b e increa s i ngly more di fficul t becaus e o f fl ame i nstabil i t y and convect i ve 
h ea t lo ss . 

Schedule 2G re s ul ts for conveyor be l t s a re l es s conservative than thos e 
fr om l a r ge-scal e fire t e s t s because the laboratory - scale method us e s marginal 
hea t s ource conditions fo r i gni tion, and the be l t d i mensions a re not optimum 
for sus t aining fl ame propaga t ion. Fur t hermor e , the specified air vent i l a tion 
r a t e (300 ft/ mi n) for the s mall -scale f ires ca n r es ult in f lame blow-ou t in 
s ome cases . Such de f i ciencies , as wel l a s the l ack of quantitat i ve f ire­
r e s i stance ratings , need to be r e ctified to make the a pproval test mor e reli ­
a b l e and use ful. 
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flGURE 2. - Ga llery rut"lf tempr.roture profiles for PVC-3 
conveyor belt fire, under three fl ow 
conditions, 

S up pres ion o f Conveyo r 
Be l t Fi r e s 

Pr sen t c oal mi n ing 
r e g ula t i ns ( 30 CFR 75 . 11 0 1) 
requi. r e th:it s uitah l e a 11t ,1-
rnati c fi re -ex ting ui s1 1i ng sys -
t e rns b e installed at main 
and sec ondary belt-co nve yor 
dri ves and they mu s t pro ­
vi de pr o tect i on ove r a belt 
distance of a t least 50 feet . 
The requiremen t s peci fie d 
fo r a n a u tomat ic wa t e r 
sp ri nk l e r- or del uge - type 
system include a n a pp lica ­
tion r a t e of n t less tha n 
0 . 25 ga l /min /f t 3 on t he 
up per su r fa ce o[ th top 
bel t, a dequa t e c ove r a ge 
betwe e n to p and bo ttom belt s , 
a max i mum spa c i n g of 8 f ee t 
for spray no zz l es o r 
s prinkl e r s a long bra nch 
l ines , a nd a suffici n t 
wa t e r supp ly to provide a 
10 min fl ow . Foam and d r y 
powd~r chemical s ystems may 
a l s o be u sed if they are 
capa b l e o f p rov iding the 
minimum f ire pro tectio n 
req u i re me n t s de fined in the 
r egu l a tions. Th e f oam-
generatin g s ystem mus t be 

a ble to produc e and de live r t he require d .:i mount s f foam wi t h i n 5 min, i t mus t 
p rovide full en velopme nt o f the belt he a d ·ireas an <l a d j ac n t be lting 11 p t o 
50 feet, and it mus t malnt.:iin the \va te r r foam fl w for- ;:i t Leas t 2.5 mi n . 
Ea ch dry powde r system that is required must c ont:.Jin a mi n i m111n o f 125 lb o f 
1nultipurpos e dr y powder a nd it must be c apabl e of dis c harging all the powde r 
within l min. Only e x t in gui s hing a gent s th a t wou ld n o t cre ;:ir e ·1 s L·1·i. ou s t o xi c 
h ;:i?.a rd to t he mi ne r are .:i c c ep tabl e . As a bac kup sys t em, wate rli11es a r e 
required along the entire leng t h of t h e c onv yo r bel ts with fi re hose ut l t · 
at 300 - [oot interva l s and with .:1 c;.i pab ility o f di scl1,1t" g i ng 50 g,11.L0ns ( w.:i ter 
per mi n a t 50 lb / in3 nozz l e p r e ss ure . Where a p p lic ,1blc , th e r e g ula t i ns 
i ncorpor .1 Le National Fi re Protect ion Asso i.:i tion r ' C.:ummembti. o ns f LH- t h e 
ins t allaU i n o [ ri r e Ct~n t r-o l c omr one n t s , n.:11nc l y t h t)S .1pp r ovcd by t he Lndcr ­
wri.ters L.:ibora turi. cs o r F.'.l c tocy 1ut:ual R. s e arch Cnrp. 

The mining rcgul.'.ltions for c o11 veyo1· be l l Eirc - s up pr c ss .i. t)n s •s lcms a re 
necessaril y bas ed uron s i mulated f ul.1 s cale s Lu<l i. s ; in u p t·c1c t:ic.:1l c :,pcricncc. 
An ev alu;:iti.nn o f the ~:i : ti.11 g cc g u L1ti. on s [ o r wa l er sp rin k l e r, h i. gli C.' flun si .J,1 
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foam, and multipurpose dry powde r systems was c onducted unde r the Wa l t er Kidde 
con t ract s pon s ored by t he Burea u of Mi nes . Fi re de tection s ys tems were also 
evaluated and a re di s cu ss ed l ate r ; wa t e r de l uge s ys t ems we r e not evaluaLed 

FI GURE 3. - PVC-3 con ve yor belt fir e pri or to actuat ion o f ou fo moti c 
spri nk ler sysf em at 350 f t min a ir veloc it y , 

FI GUR E 4, - Action of outomot ic spri nkler sys tem in PVC-3 c onv eyor 

be lt fi re at 350 ft min air ve loc i ty , 

be cause t he cr i te ­
ria f or wa t e r 
s prink l er systems 
wou l d al s o a pply t o 
the f ormer . The 
experi me n ts we re 
conducte d i n t he 
previ ous l y 
des c r ibcd fL r t es t 
ga l l e r y using t he 
same simul ated be l t 
ha ul ageway ( fig . 1) 
a nd igni tor condi­
t i ons as in t he 
fir e - r esis t a nce 
t e sts ; ai r ve l oc i t y 
was 125 or 350 f t / 
mi n i n mos t tr i a l . 
The t es t f i res were 
prod uce d by burni ng 
the po l yv i ny l chlo­
r id e ( PVC- 3) or 
nonfir e-resistan t 
r ub ber bel t i ng 
l i s t ed i n ta ble 3. 

Automa tic Water 
-Spr~ rs-

The s pri nkle r 
sys t em i n t he ga l ­
l ery consisted of 
a 2 - i nc h mai n a t 
the roo f wi t h 1/ 2 -
i nc h br a nches tha t 
were f i t t e d wi th 
spri nkler h e cH.ls and 
s paced at in t er­
va l s of 8 , LO , 12 , 
a nd 15 fe e t over 
t he conv yo r be l t. 
E.:.ic: h s pr ink ler head 
was equ i pped wi th 
a fusib l t, Link t ha t 
wa s ac t uate d .:1 t 
L65 ° , 2 12 ° , or 
280° F. Figu re s 3-
4 s how .:1 typic.:.i l 
c onveyo r belt fi r e 
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before and after actuation of the sprinkler system with 10-foot spacing of the 
sprinkler heads; here the air velocity was 350 ft/min and extinguishment 
occurred within approximately 15 min. Sprinkler spacing appears to be one of 
the most critical variables in determining the system f'ffectiveness. 

Test results indicated that a single overhead branch line with 1/2-inch 
orifice sprinklers located on 10-foot centers and with actuation temperatures 
between 200° and 300° F can be adequate for suppressing conveyor belt fires in 
most situations; also, the residual water pressure may be as low as 10 lb/in2 • 

An exception to these results is that observed at high air velocities (for 
example, 350 ft/min) which tend to delay sprinkler actuation because of the 
cooling effect. To cover such situations, the actuation temperature should be 
no higher than 225° F, or the sprinkler spacin~ should be no greater than 
8 feet, the maximum distance specified in the presenL regulations. The lowest 
practical actuation temperature should be used because it is more difficulL to 
extin~uish fully developed fires. 

In these experiments, the fires were controlled with a spray application 
rate of 0.72 ~al/min/fta on the top surface of a 30-inch-wide belt. This rate 
would correspond to 0.36 gal/min/ft2 for a 60-inch-wide belt that meets the 
minimum spray requirement (~0.25 gal/min/fta) in the mining regulations for 
the upper surface of a top belt. Although only overhead sprinkler heads 
appeared to be necessary in these tests, early Bureau works demonstrated the 
need for sprinklers between belts, which are also required in existing 
regulations. 

Automatic sprinkler systems are advantageous because of economy, relia­
bility, good suppression capability, moderate water requirements, and minimum 
maintenance requirements. Also, they are not dependent upon a separate detec­
tion system, and the independent actuation of each sprinl,ler head provides a 
safer,uard against the failure of a ~iven sprinkler. Their primary disadvan­
tage is that they are not practical at freezing temperatures. 

High Expansion Foam 

A foam generator with a rated capacity of 5,000 ft 3 /min was used to pro­
duce high expansion foam (-1,000: 1) for the fire suppression test:-: (fig. 5). 
The unit was located on the air intake side, and it wa ~ capable of filling 
approximately 50 feet of the simulated haulageway (6 by 15 feet) within 1 min. 
Actuation time for the foam system was :;enerally set for 2 min after ignition. 

High expansion foam is effective for ex tinguishing belt-head fires, as 
evidenced by its performance in the present tests v1here the fires were rapidly 
quenched after they became enveloped by the foam. A foam generation rate of 
10 ft/min in a belt haulageway was suffic i ent for ex tinguishment of such fires. 
Although the effect of preburn time was not evaluated, adequate protection 
seems to be possible with as little as SO to 100 gallons of water. Since 
higher rates than 10 ft/min are readily achieved, the regulation requirement 

~Reference cited in footnote 2. 



FIGURE 5, - High expansion foam overflowing from te s t gallery. 

of enveloping 50 feet o f conveyor belting within 5 min i s not unrea sonabl e . 
Al so, r f the 25 -min opera t i on requirement is sat i sfied, th is provi de s 
increa8ed belt covera ge and greater a ssurance of extingui shment. 
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The main advanta ges of th e f oam s ys tem are r apid fi re s uppression and l ow 
wa ter requirements. The di s a dvantages i nclude slow del i very rate, inc reased 
ma intenance requiremen ts , and po t ent ial devel opment of gap s a t the roof of the 
haulageway beca us e of ve nt ila t ion effec t s pa rticular l y a t high ir ve l oc i ties 
( for example , 350 ft/min). 

~ultipurpose Dry Powd e r 

The dry powder sys tem utilized an ABC mu l ti pul'.'po s e powder (monoammoni um 
phos phate ) that wa s contained in a 1)0-lb extinguisher pressuri zed to 350 lb/ 
ina . The s ys tem provided coverage for 50 feet and consi s ted of branches on 
ei ther s i de of the belt drive and takeup s ections ( see fi g . 1), and alo ng one 
s i de of adjacent belting beyond the t akeup ass embly . Nozz les we re arranged to 
provide a powder dischar ge onto the to p su r fa ce of the top be lt and be tween 
th~ top and bottom belt l~yers. To simulate wors t case conditions , the be l t 
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FIGURE 6. - PVC-3 conveyor belt fire prior to actuation of multi­
purpose dry powder (ABC) extinguishing systerr: at 
350 ft. min air velocity. 

FIGURE 7, - Action of dry powder (ABC) ext ingu ishing system in 

PVC-3 conveyor belt fire at 350 ft min ai r velocity. 

fire was allowed 
to progress until 
a belt layer had 
burned through and 
separated. Fig­
ures 6-7 show a 
be l t test fire 
be f ore and after 
actuation of the 
extingui~hing sys­
tem with SO lb of 
powder and an air 
velocity uf 350 ft/ 
min. 

As with hi gh 
expansion foam, 
extinguishment 
with the dry pow ­
der system is 
rapid. Generally, 
ex tingui s hment 
occurred within 
the discharge time, 
which was less 
than 1 min a s 
required by regu­
lation. The most 
important design 
consideration is 
powder distribu­
tion to insure 
adequate belt sur­
face coverage. 
All belt fires, 
except those 
involving deckin~ 
on the conveyors, 
were ex tinguished 
with 7J lb of pow­
der or less, 
indicating the 
currently speci­
fied requirements 
in the reP,ulat i ons 
a re satisfactory. 
Each dry powder 
system should be 
individually 
desi gned to pro­
vide the proper 
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dispersion and distribution of agent along the conveyor belt system and to 
overcome any limitations due to shielding by decking, conveyor structure mem­
bers, or other obstacles. 

The advantages of the dry powder system are primarily its suppression 
effectiveness and capability for low temperature applications. Its disad­
vantages include powder distribution problems, increased maintenance require­
ments, and potential reignitions because of little cooling capability. 

Fire Warning Systems 

Regulations (30 CFR 75.1103) require that a fire sensor system be 
installed on each coal mine belt conveyor to stop the belt drive and 
provide an automatic warning, both audible and visual, when a belt fire 
occurs. Point temperature rise sensors are one recommended type. The sensors 
must be installed at the beginning and end of each belt £Light, at the belt 
drive, and in maximum increments of 125 feet along each belt flight (50 feet 
where the ventilation rate is >100 ft/min). Sensors responding to radiation 
(µltraviolet, infrared), smoke, combustion product gases, or other indications 
of fire may also be used if they are spaced at proper intervals and if they 
provide protection equivalent to the thermal point-type sensors. Where 
applicable, appropriate measures must be taken to protect against loss of 
effectiveness caused by dust, dirt, or moisture. 

Of the various types of fire detectors examined in the Walter Kidde pro­
gram, the thermal point- and thermal continuous-types were found to be suit­
able for the mine conveyor belt application. Most are adequately sensitive 
for early fire detection and sufficiently durable to withstand the mine 
environment; also, they are relatively economical and simple to use. For belt 
fires with temperature histories as shown in figure 2, detection by the ther­
mal point-type sensors can be expected to occur within 2 to 4 min; the models 
in the 135° to 160° F range appeared to be adequate for detector spacings up 
to 60 feet. In comparison, the thermal continuous-type sensors are somewhat 
more sensitive and can be suitable at higher temperature ratings for signaling 
an alarm. 

Products of combustion-type detectors are less practical than the thermal­
type because of their vulnerability to dust. Both ionization- and 
photoelectric-types displayed high sensitivity to early fire products but did 
not perform reliably in dust-laden air such as that possible from rock dusting 
operations. Smoke or combustion products from areas other than the belt 
haulageways could also lead to false actuations of the extinguishing system 
with these detectors; the same limitation applies to carbon monoxide detectors. 
Spacing requirements for such detectors would necessarily depend upon the 
ventilation rate and the time within which the detector should operate. 

Optical-type detectors also have rapid response capability, but their 
effective range appears to be too limited for the conveyor belt application. 
The normal settings of most UV and IR detectors would limit their use to about 
20 feet, and this assumes no gross dust obscuration or shielding by any 
obstacles. Furthermore, the detectors must be insensitive to extraneous 
light sources and the costs may be prohibitive. 
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Current Fire Research on Conveyor Belts 

Because of the inadequacies of the Schedule 2G fire-resistance test, 
the Bureau recently initiated research to assist MESA in updating this 
approval test for conveyor belts. As part of this effort, full-scale fire 
tests are being conducted with various conveyor belts in a fire test gallery 
that was constructed for the Bureau by the Factory Mutual Research Corp. 
Results from this test program are intended to provide necessary design data 
for developing a reliable, laboratory-scale, fire-resistance test. 

Figure 8 shows the fire test gallery, which is T-shaped, with each sec­
tion measuring 8 by 8 by 150 feet, and with part of one section having a 
12-1/2 ° slope. The test belts are mounted on a conveyor belt-type frame and 
ignited to simulate various mine fire conditions by varying the belt width, 
air velocity, burning angle, preheating time, ignitor heat flux, and coal 
dust-grease or oil accumulation. Both fire-resistant and nonfire-resistant 
belts a re being investigated. Their fire-resistance is determined from 
measurements of flame spread rates, propagation distances, gallery tempera­
tures, and the heat flux at various stations. Based upon the full-scale fire 

F IGUR E 8. - New fire t es t gall ery at Factory Mutual Research Corp, test site, 
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data , a l a bora t o r y-s cale , (lame sp rea d - ty pe apparatus wi ll be de s i gne d t o pro­
vide f ire -re s i s t a nce r atin gs for co nv yo r belt s tha t.: c an be c orrela t ed with 
mine f ire s ituat ions . The t s t m th od i s be ing des i g n d t o provide quantita ­
tiv r a tings a nd to discri mi nate b t wee n low , moder te , and high f i re - resistant 
ma t e r ials . The Bure a u i s conduc t i ng the l a bora t ory- sea l study und r a n 
ln-house pro j ec t o f i t s Fir s a nd Exp los i ons Gr ou p at Bruc e t on , P . 

The to xi c produc t s formed by conveyor be l ts are al so t o be cleLermined i n 
the full- s cale fi re t es t s . Th e se will i nc l ude suc h ga seo us p r oducts as HCL , 
JO , , CO, an d co._. Th e s e data will be compa r e d wi th t h ose o b t ained in 
labora tory-s c a l e s tudi es unde r a n o ngoi ng cont r ac t with Ult rasys t erns , Inc .r 

Resu l t s to da t e f rom the fu ll - s cale f i r e tes ts ind icate that t he mos t 
i mp o r t an t va ri a bles a r e t h e air vent il at i on ra t e, i gnite r heat flux , a nd the 
dis ta nc e b e t wee n the belt and the r oof of t h e s i mu lated mine e nt ry . An ai r 
ve l oc i t y o f a pp ro x i ma t el y 200 f t /min a nd an i gnite r he at f l ux of a t l eas t 
6, 000 Btu/mi n ( ~8 f t 2 bel t surface ) appear to be require d for any noticcab l 
fl ame sp r ead o [ fir e- r es i stant c onveyor belts . Fu rthe rmore , the spread of 
f l ame is muc.: h grea t er when the belt is mo unted nc,1re t- t o the r oof than to the 
f l oo r o [ th entry . Thi s informat i on i s being use d tu desi gn the in i t i al 
p r o t otype of a labora t o r y-sca le ( l re-rcsis t ance t es t [ur c unvuyor b lts . 
Fina l de s i g n o f t h e prototype t est appa r atus wi l l nee s s a ri l y depend upo n the 
de t erminat i on o[ a rculi s ti mine [ i re s iLu~t i un . 

s-P.:.1cio rc k , K . L ., R. I!. -Kr.:1tw~ ;-T.--:~[111an-:-~1~J.-l-l.~~7I1 1:1n1 . Coal ~line 
Comb u s t iun Pr o clue t s Icl l! n t i [ic..:a tion ·ind Ana Ly s i s ( l~es ca rc..: h Cun t1-,1c L llO l J J00~1 
by Ult ra s ys t.: •ms , Inc . ) . l.htM i n ·s Open 17i l c l~ L!p t . 8-7.'1 1 L()7J , l '.i8 l' P ·, 
l' B L26 94'/J\S ; 13uMi ncs Open Fi l e l{cp t: . 32 - ?Ci , l C)7'.J , 158 pp ., Pl) :?.'.:iO S27 / i\S ; 
~v.:.ti l , bl e [0 1- CllllS ll l t d t.:i Oll :IL Bll t'C,lll o[ ;.U.1w s f. 1c i li t·il' S i n !)Cll\l ' L-, Colo .; 
Twin Ci Li e s , Mi nn .; r it t s hur gh , P.1. ; Spukanl.! , \.J.1 s l1.; Llw ,1 Lill1:1 L Libr ,1t·y 
of N.'.l Lurul Res o ur ces , U. S . Depart.:1nc nL u[ Lite [ 11L cci 01· , \~:1s li i n11. L: 0 11 1 !LC .; 
a nd .:iti o n:11 T c ltni. c:11 l n [ o n nn r.: ion Scrv i c..: , Sp1-i 11}'J i t•l d 1 \'.i . 
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IMPROVED FIRE SAFETY OF COAL MINE HYDRAULIC SYSTEMS 

by 

Edwin N. Ladov1 and De r e k A. Law2 

ABSTRACT 

Mobil Research and Development Corp. is the primary contractor to the 
Federal Bure au of Mines fur an ongoing research contra ct, "Improve d Fire 
S:1fety of Coal Mine Hydraulic Systems." The obj e c tives of the contrac t a,e to 
develop des i gn and performance criteria for f ire-re sista nt hydraulic fluid S \ 'S­

tems for us e in underground equipment in the U .s. coa 1 mining ind us try, .i nd to 
develop fire -re sistant hydraulic fluids for use in s ystems meetin,:; these 
cri~eria. 

Prior t o initiation of e x per imental work under the contract, publish~d 
U .s. and fore ign experience with f ire -res i s tant hydra ulic £l11ids was reviewed 
together with thL cost-pe rfonn~nce f ea ture s of the various classes of firP­
resisr~nt hydra ulic fluids available. It was concluded that HS-B fluids 
(wa ter-in-oil emulsions conta ining approximately 45 wt-pct wate r) wa s the pre­
ferred fluid that should be studied for pos sible use in underground hydraulic 
systems such as those t·mployed in continuous miner s , s huttle cars, and ruof 
bolters. 

Subse qUL ntly, advanced e mulsion fluid s were de veloped and pe rfonnanc,. 
under labor:1 torv-tl'S t conditions we r e docume nted in deta il. Mine demons tr a-
t ion tests are now in progres s in two continuous mi ners , with active partici­
pation from the builde.rs of the t es t pumps and of the continuous miners. On, : 

of these mine r s u s es both consta nt and variable volume axia l pis ton pumps with 
operating pres sures up to 3,200 lb/in2 ; the s e c ond employs ta nde m gear test 
pumps with pre ss ures up to 1,700 lb/in2 • 

After 5 months, the e xperimenta l wate r-in-oil e muls ion hydraulic fluid 
selected for the te s t h a s g i ven g ood in-mine s ervice per f ormance with no 
lubric a nt-related syste m problems . Completion of the s cheduled 9-month d, ·mon­
str:ition t e st should provide the bes t a vailable perfor ma nc doc ume ntation for 
tl1ese f ire -r s istant f luid s in we ll-mainta i n d und e r g round e quipme nt in the 
United State s . 

I NTRODUCT ION 

Fire-re s ista nt hyd r a ulic f lu id s ha ve be e n incre a s ing ly use d wor.ldwidl.! 
during the pa s t 20 year s in underg round mining equipment . Diff r n t countrie s 
have a d op t d cliff rent l eg i s l,it ive philos o phie s towa rd t he s e fluid s . At the 
present time , unde r g round us a ge ra nges from compulsory for 0~sc ntially a ll 

1 Senior r esea rch ng i n, .... r. 
0 Super.vis ing che mi s t , Indus trial Lubric ants . 

Both ~1uthor:.; are with Mobil Re sea rch and De velopment Corp., Pa uls boro, ::.J. 



hydraulic systems, as in the United Kingdom, to advisory (as an alternate to fire­
suppressant devices on unattended hydraulic systems) as in the United States. 
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In 1975, the Federal Bureau of Mines awarded a research contract to Mobil 
Research and Development Corp. 3 entitled "Improved Fire Safety of Coal Mine 
Hydraulic Systems." It was envisaged that satisfactory completion of the contract 
objectives would provide an improved documentation of the scope and limitations of 
advanced fire-resistant hydraulic fluids for potential use in ,mderground mining 
equipment in the United States. Emphasis was to be placed on equipment used at the 
coal face; namely, continuous miners, shuttle cars, roof bolters, and supports. The 
contract was defined in the six phases shown in table 1. 

TABLE 1. - Federal Bureau of Mines contract No. H0357108 objective 

Phase Ob'ective 
I....... To review available information and determine what system deficienc.ics 

exist in the United States and should be currected. 
II ....... To develop design and performance criteria for fire-resistnnt hydraulic 

fluids for use in large underground mining equipment and support~. 
III •••••.. To develop fluids meeting the existing MESA Schedule 301 requirement~ 

for fire resistance and other practical performance requirements from 
phase IL 

IV, ...... To define suitable procedures i or checking the condition of the fluid, 
particularly with respect to fire-resistance, at the mine site. 

V....... To recommend any changes necessary to i.Htprove or update the MESA 
Schedule JO approval tests. 

VI ....... To conduct full-scaleminedemunstration testsusinr,fire-resistant fluids 
develo ed under the contract. 

lcode of Federal Regulations, Title 30, Chapter 1, l'art 35. 

~his interim report is largely limited to (1) a brief review of available fire­
resistant hydraulic fluid technology, (2) consideration of some of the lubricant­
related factors documented under phase III of the contract, and (3) a status report 
on the phase VI mine demonstration test. A complet~ report ~vill be published after 
completion of the contract. 

FIRE-RESISTANT HYDRAULIC FLUID CLASSIFICATION 

Four classes of fire-resistant hydraulic fluids have been reco~nized by members 
of the Internation Standards Organization (ISO), and ~11 four have been considered. 
Some are in use now on some underground mining applications. The fluid classifica­
tions are shown in table 2. 

Class 
HS-A ...... . 

HS -B .••..•• 

HS -C •••.••• 
HS -D .•..... 

TAELE 2. - ISO fire-resistant hydraulic fluid classifications 

Descri tion 
Oil-in-water emulsions containing a maximum of 20 pct combustible mate­
rial. These usually contain 95 pct water. 

Water-in-oil emulsions containing a maximum of 60 pct combustible mate­
rial. These usually contain 40 to 45 pct water. 

Water-glycbl solutions. These usually contain at least 35 pct water. 
Water-free fluids. These usually refer to phosphate ester-containin~ 

fluids. 

3 Reference to specific manufacturers does not imply endorsement by the Bureau of 
Mines. 
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Mineral oi I Emulsion 

Emul sion magni f ied l,000 times 

FIGURE l. - Mineral oi I and water-in-oi I emulsion 
hydraulic fluids. 

Considering the cost and 
~erformance features of the 
four fluid types, HS-B fluids 
have evolved as the preferred 
class for under~round rninin~ 
applications in the United 
States. 

Water-in -oil or inverted 
emulsions depend upon their 
water content for fire resist­
ance. The oil phase of the 
emulsion is much like the 
mineral oils for which most 
industrial Llystems are 
designed. The oil surrounds 
finely divided droplets of 
water that are uniformly dis­
persed throughout the mix ture 
by chemical emulsifiers. This 
can be seen under the micro­
s cope as i llustrated in 
fi gure 1. 

THE DEVELOPMENT OF ADVANCED 
WATER-IN-OIL EMULSIONS 

Definition of Fire Resistance 

The contract specifically 
requires that the fire resist­
ance levels afforded by high­
quality, commercially 
available emulsions cannot 
be compromised. Therefore, 
considerable attention was 
paid to identifying a nd quan­
tifyi ng the interrelationship 
between (1) the physical prop­
erties (for example, viscosity) 
of the oils used as the con­
tinuous phase of the wa t er-in­
oil emulsions, (2) the physical 
properties of the fully formu­
lated emulsions, (3) the water 
content of the emulsions, and 
(4) the fire resistance o( the 

emulsions as measured by the· procedures published in the Federal Schedu l e 30 
and in the Factory Mutual Standard 6930. The latter is under review by the 
Amvrican Socie t y of Testini..; and Materials (AS1':1) a~ a possible ASTM standard, 
and it wa~ therefore considered apprnpriate to include the Factory Mutual 



procedure in the contract studies . As indica t e d earlier, the con t r ac t a l so 
specified that the existing Schedule 30 t es t be retained as one measure of 
fire resjstancu. 

Typical data ~hewn in f i gures 2-4 are a s f o l lows : 
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1. That the ~inema tic vis cosi t y of wa ter -i n -oil emulsions ~ i ncr eases 
with increasing water content and increas ing vi s cosity of the oil phase of the 
e~ulsion (fi g . 2). 

2. That the minimwn amount of wate r requi red to gi ve pass i ng results i n 
the Mining Enforcement and Safe r ~.- Administration (MESA) and Fa c tory Mu t ua l 
flarmnability tests is dependent on the oil phase us ed (f i g . 3). Highe r vis­
cosity (lower volatility) ha :;e oil requires l ess wate r. 

3. That the emulsions developed f or the i n-mine demonstrati on test 
(fig . 1~) arP. close to the minimum water content . This exempli fi es the need 
for careful in-service monitoring of thes e emuls i ons as wel l as conven tional 
hydraulic fluids . 

It should be emphasized that both t he Schedule 30 and t he Factory Mu t ual 
spray flammability t es t requirements are based on " go -no go " eva luations 
rather than on detailed numerical or r e lati ve ratings . There f o re , t here can 
be no borderline ratings by defini tion . However , the pr es ence of water , even 
though no t suf f icient to pass thes e t es t s , s till offer s considerable capa­
bi l i t y as a fire-resistant fluid on an abs ol u t e scale . Figur e s 5 -6 compare 
an emuls ion with a conventiona l mineral oi l which c learly f a i l ed t o meet t he 
s pray flammability test requirements . 

Evaluation and Use a s Functiona l Fl uids 

Fluid performance criteria and system and ope r a tiona l gui de lines devel ­
oped for use with wa t e r-in -oil emuls i on hydraulic f l uids have been i den tified 
under the contract and will be published separatel y . These gui delines relate 
to: 

1 . Toe· definition of sa ti sfactory emul sion stabi l i t y . The emul sions can 
~; e.parate into their oil ;md wa ter components after prolonged sta tic storage at 
a constant t emperature or a ft er multiple f reeze -thaw cyc l es . 

2 . Proof of pL·rfor:.1ance in establis h d l aborator y rust and corrosion 
t es t s . 

J. Pr oof -o f -per formance t esti ng in l abor atory vane , axia l piston , and 
gea r pumps o f the t ypes used in undergr ound mi ni ng sys t ems . 

4 . The de f inition o f l imi ting operati ng temperatures a nd pressures 
t oge ther with filtration and ma intenance r ecommendations consis t ent wi t h the 
s pecia l requin·,11ent,. or wa ter -containing hydra ulic fluids . 

~Emulsi0ns ar e measured in centistokes (c s ) a t 37 . 8° C. 
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FIGURE 2. - Effect of water content and 
base oil viscosity on emul­
sion viscosity. 
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FIGURE 3. • Definit ion of minimum accept­
oble water content for fire• 
resistant emulsions. 

FIGURE 4, - Definit ion of experimental prod­
ucts for detoi led study, 
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FIGURC 5, - Spray ign i ti on fire test with fo iling emuls ion , 

FI GUR E 6. · Spray ignit i on fi re tes t with con v e11 ti onol mineral oi l . 
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MINE Dt:: MONSTRATION TE ST 

The proof of .:iny deve lopment i s a tri.:il und e r a ctu:11 us e conditions. 
Tlnu; , a L 1· i .:1 l w.1s planned in unde r g round mining q uipmcn t of n n ndv.:inccd 
wa t e r-i n - oil emuls ion l1yd1.- .:i ulic (\uic.l (d e s i g a .. 1t:ed XR L 1 110) de ve loped t o me t 
the pe r fonna nc criteria guid lin s de fined in th · .:1 rlier proj ec t ph as s . 
Th e fl uid 1.J .:i s ins ta lled in M.:i y 1977 in two con ti nuous mine r s , one usi ng both 
cons t a n t nd v" ri.'.l blc v o lum ax i a l pis ton pump~ \vi th hydr~ u lic press ure s up u, 
J ,200 lb /in::' , th e oth e r us ing th ree t a nd c, m gc.'.l r L s t µu mp· opera ting at hydr .1 u­
l ic pr s s ur s up to 1,700 lb/in2 .. 1s s hown in Labl s 3-4. 

During thC' 5 month s of t e s ting , the e xpe riment a l wat e r-in-oil emuls ion 
hy draulic fluid XRL 1110 has performe d s a tisfa ctorily both a s .::i lubricant And 
a s a fire -res i s tan t hyd rauli c fluid duri ng a ctua l field servic e in con t inuous 
mine r s. Te s t r es ult s and cone lusions ba sed on both pump and fluid inspections 
a r c summar i ze d i n table 5 which indica l cs thnt: 

1. Four production batche s of XRL 1110 have m t the contrac t phas e II 
fluid pe r f orma nc e criteria g uid e lines demo nstrating that th e fluid ca n be ma de 
r p a t dl y in nonnal production f acilities . 

2 . Pump inspect ion s run prior to the contrac t t es t a nd during the a c tual 
t• ·St with XRL 1110 showed tha t essenti a lly a ll proble ms possibl y related to 
hydraul i c sy s t em ma lfunction during thi s period we re nonlubric a nt-related and 
could be e xp lained in t erms of: 

(1) Pump changes a s pre c a utionary meas ur e s we r e late r identi f ied 
with probl ems c ls ewhe r in the hydr auli s y s t em. 

(2) Ma lfunction resulted fr om gr oss c ont am ination of the hydraulic 
fluid. 

(3) Misa linem nt of component s oc c urre d durin g or a fte r installation. 

(4) No nlubricant-re l a t e d pump compone nt f a ilure had occurred. 

3. Us e d XRL 1110 fluid cha r act e ris ti cs have b n d e t e rmined ;1ftE·r mine 
s e rvice t empera tures in the 110° to 120 ° F range for continuous miner : and 
the 13 5° to 152° F range for continuous mi ner 2 as follow s : 

(]) Apparent viscosities of XRL 1110 in e a ch mi ne r have :i:em.:1ined 
r e lative ly unchanged as s hown in figu r 7, 

(2) 1.Jater cont e nts have r e ma ined es sential l y unchangt:!d a t a numinal 
43 to 45 wt-pc t in both miners as shown in figure 8. 

(3) Contamination l e ve ls have gener~lly be n in thr 3 to 8 ~g/100 LC 

ra n ge exce pt in continuous miner 2 ( fi g. 9 ) which rt:!sulLe<l in the 
need for a lubricant cha nge. 

(4) Fire resi s t a nce of XRL lllOfrom both mine r s rLcmains good at.. 
me a sured by the SchL'.dule JO t es t proc e dure. 



TABLE 3. - Hydraul ic system tes t componen t s , c ont i nuous mine r 1 

Hy drauli c pumps : Fi l tration: 
Di s placeme nt ............... . . . ... Vari ab le vo lume - ... Cons t an t vo l ume . 1 Type . .... Re tu r n line . 
Type .. . . • • • • • • • • • • ••••••I a••••••• Axia l piston . ...... Axia l piston . Fi l ters : 2 

Ma ximLUn opera ting l b/ in3 gage. 3 ,200 ..... . .. . . . . . . 3 , 200. Type ... Wire me sh . 
pre ssure. Size ... 74 mi cror.iete r s . -

l Number on miner , l . 
2 NUIDbe r on mi ne r , 3 . 
3 Spa c e limitations precluded installat ion of the recommended finer filt e r s . 

NOTE. --Initia l condi t i on : New with componen ts pr emeasured and pre i nspected by the pump bu i lder. 

TABLE 4 . - Hydraulic system test component s , c on t inuous mi ner 2 

Hydrauli c pumps: Tande m gear Fi l t r a ti on: 
Function ......... ... ...... . .. . Boom ·ac ks 1 Tram c ircui ts1 Clutches 1 Type . ... . Sue ti0n . . .. . 
Des i gnat i on .. . .... ... ..... .. .. A1 k! B1 lb C1 C2 
Ma ximum operating 

pressure ........ lb / in 2 
1, 700 1 ,000 1, 700 1 , 700 1, 700 500 gage .. 

Gear width ............ inches . . 1. 5 0. 75 2 . 0 2 . 0 0. 5 0 . 5 Fi l ter s: :;. 
Type .. . Paper , resin 

t reated . 
Size .. . 40 

mi c rometers 
1 Nl.Illlbe r on mi ner, 1 

NOTE.--Initial conditi on: New wi.th components pr e rnea su red and pr e i nspected by t he pump builder. 

Pr essure 
( i nstalled 
for t his 
test ). 

Paper , resin 
t r eated . 

10 
mi c r ometers 
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TABLE 5. - Mine demonstration test using the experimental fluid XRL 1110 

(Summary of 5 months of test results) 

Continuous miner .................... . 
New XRL 1110 fluid properties:i 

Temperature range .. ,, .•......• ° F .. 
Test duration .....•. , ........ days .. 
Tons of coal mined, •............... 

Used XRL 1110 fluid properties: 
Viscosity, cs ............... 40° c .. 
Water content. .........•... wt-pct.. 
Contamination ........... mg/100 cc .. 
Fire-resistance: 

MESA Schedule 30 ................ . 
factory Mutual Standard 6930 .... . 

Hydraulic pump condition; 
Number of pumps inspected prior to 

and during test. 
Type .............................. . 

Failure mechanisms ........•.....•.. 

1 Within phase II specified limits. 

1 

110 to 130 .......... . 
150 ..........•....... 
60,000 .............. . 

140 to 146 .......... . 
43 to 46 .•....•..• , .. 
3 to 8 .•.•........... 

Pass .•............... 
Estimated pass ...... . 

4 •.. 41 •••••••••••••••• 

Variable and constant 
volwne axial piston. 

None or nonlubricant­
related. 

2 

130 to 152. 
150. 
53,000. 

130 to 146. 
43 to 46. 
3 to 8. 

Pass. 
Estimated pass. 

s. 

Tandem gear. 

4, nonlubricant­
related; 1, 
incipient­
bearinr!, fatigue 
(trace 
spalline). 

NOTE.--Operating characteristics are within phase II guidelines except for 
filtration on miner 1 which is 74 micrometers versus 10 micrometers 
recorrnnended. Number and frequency of chan.i.;es may eliminate the need 
for 10-micrometer filter. 

In conclusion, the data available thus far suggest that the type of water­
in-oil fire-resistant emulsion hydraulic fluid defined under the contract 
will give good performance as a functional lubricant in well-maintained under­
ground coal mining systems. A detailed report will be prepared after comple­
tion of the ongoing studies. 
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IMPROVED FIRE PROTECTION SYSTEMS FOR SURFACE COAL 1'UNING EQUIPMENT 

by 

G. A. Johnson1 

ABSTRACT 

As surface coal mining equipment becomes lar~er, the danger to a driver 
during a fire emergency is increased because of the greater height of the cab 
above ground. Also, property damage from fires on the lar~er equipment can be 
substantial. To help solve this problem, the U.S. Department of the Interior's 
Bureau of Mines has developed automatic fire sensing and suppression systems 
for engine compartments and fuel storage areas of large, mobile mining 
equipment. 

The prototype systems sense the flame and/or heat of a fire, then auto­
matically suppress the fire with a B-C class, dry chemical. The systems can 
also be manually activated. The first system was developed in the fall and 
winter of 1972-73, and was successfully demonstrated during in-mine fire 
tests on a 100-ton -capacity truck. Other systems have been developed and 
in-mine tested on coal augers and large dozers. Bureau plans call for modi ­
fication and long-tenn endurance testinp, of alternate systems on large drills, 
shovels, and draglines. 

INTRODUCTION 

As surface coal mining trucks, shovels, dozers, etc., become larger to 
increase productivity, the danger to drivers during a fire emergency increases. 
The cabs are usually located high above the ground, and the access ladder is 
usually next to the engine compartment where most vehicl 1.· fires occur. Also, 
some operating compartments are cramped and egres s is difficult. 

To help solve this mine equipment safety problem, and to better protect 
expensive pieces of equipment, the Bureau of Mines, through contract and in­
house research, has developed reasonably priced, reliable automatic fire pro­
tection systems. This work was initiated with two 0pen pit metal mining 
safety contracts with FMC Corp . , San Jose, Calif., in 1972-74. One objective 
of the first contract was to define the large mobile vehi c le fire problem and 
then to develop improved flre system design criteria to solve it. Another 
objective of the first contract was to find the most fire-prone class of 
equipment. Once this type of vehicle was found, its (ire problem was to be 
solved with a system flexible enough to be modified for other large mobile 
mining equipment. 

lMining engineer, Twin Cities Minin~ Research Center, Bureau of Mines, Twin 
Ci lies, Minn. 
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HAULAGE TRUCK FIRE PROTECTI ON 

As a result of this hazard analys i s s tud y , a " dual sensing , au tomat i c 
with ma nual override, fire detection and s uppression sys tem" was des i gned fo r 
r ear-dump haula ge truc ks o f over 100- t on capacity, whi ch were the mos t hazar d­
ous . The first sys tem protec t ed bo t h the engine compartment and brake gr i d 
a r eas of the truck a nd s uppres s ed the f ire wi t h pressuri zed, B-C class dry 
chemi cal. Near-infrared and therma l wire s ensor~ de t ected the f ire . The sys ­
tem' s e lectronic control_s had a time s equence which dllmved the driver to use 
manual switche s to s uppress the f i r e ; but, if the driver did not acti vate the 
system, it di s charged a uto::,at i.ca l l y . Thi s 11a uto·:1a tic, with ma nu;-1 1 ove r r i de " 
contro l f ea ture was pre f erred t o a to tal ly manually activa ted s ystem because 
o f the panic s ituation us ually pr eva len t during a la r ge vehicle fir e emergency . 
Most dri ve rs during a fire think only t o get awa y f rom the truck and they se l ­
dom activa te the manual sys tems cu rren tl y ava ilab l e on trucks . Automa tic 
engi ne shutdo1vn is not a pa rt o f the sys t em ' s desi gn , h11t the op t ion can be 
a dded easily i f the us e r wi shes . 

The t hi r d obj e c t ive of the f i r s t ~ ~ truc k f ire contra ct wa s t o f a br ica t e 
a pro totype sys tem a nd t e s t it a t a mine site . The " f irst generat i on" a u to­
ma t i c truck f ire protec tion sys t em was suc cessfu lly demons t r a t ed i n Apr i l 1973 , 
on a 100 -ton-capa city t r uc k at t he Pi ma mine , Tucson , Ar i z . 2 

The s ec nd FMC truc k fi r e c n tr ct sou ht t f i r s t r e i ns t a ll th auto -
mati c fire pr otecti on system proto t ype on t he 100 - ton -capacity Pi ma mi ne t r uck 
for long - tenn, r el iabili t y t estin . Th i s t est i ng po i nted ou t weaknesses i n 
t he firs t sy t ern , th us n modi fied , "second gene r ation" truck Ei r e s 1 s tern wa s 
deve lo ped. I t wa s then subjected t long-term on -veh i cle t es t ing a t t he Erie 
li ning Co ., H y t Lakes , ~linn ., i n thu winter o f 1973 - 74 . Duri n t he l ong- t e rm 
t e s t ing a t Pi ma , an a cc i d nt al fi r e occurred on t he te s t truck and t he proto ­
t ype sys tem autorn.:1t ically sensed and xti nguished the fire . Th i s "rea l li fe " 
sys tem t e s t gave the Bur eau ' s t echnology a l o t o f c r ed i t ab i l i t y i n t he Tucson 
a r ea . 

80th truck fi 1·e sys terns we t· designed so ~h y \,,roul d be r ugged , ea s y to 
instal l, ·ind be of r easo1w bl e c s t (about $ 3 , 000 t $5 , 000) compa r e d with t h 

2 FtlC Cu i:- por.:ition. I mproved Sensors .:i nd Fire Cont r o l Systems fo i: ~lin ing Equ i p­
men t ( Rcsca 1·clt C nn-~1ct ![0122053). Burlincs Open Fi l e Rcp t . 25(1 )-74 , 1972 , 
:...52 pp ., PB 232 405 / i\S: Bu lines Open File RC[ t. 25 ( 2)- 74 , 197 3, 178 pp ., 
PU 232 406/ AS; J aibble fo r c.onsult.:i tion .:i t Bu r ea u o f .lines fac i li t i e s in 
D0nve1·, Col l).; 1'\vi n Cities , ~!i nn .; Pi t t sbu r gh , Pa.; Spoka ne , 1-iash.; the 
Na t i un~1l Li brary o t ;1tm·a l Resource~ , r. s . Department o( the Inte rior , 
lfa s hing t on, D.C.; ;rncl .:i t ion:11 Tcclmi c.:il Infonna t i on Se r vice , Sp r ing fie l d , 
\'a . 
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$300,000, and hi gher, cos ts of large haula ge trucks . F IC Corp. produced a 
final rPport and a user' s manual des cribin the s ec ond t r uck fire sys tem. 3 4 

A l a ter Bure,1u publ icat i on summari zes the FMC Corp . e ftnrts and outl ine s 
the Bur ea u ' s pl~ns f or f urthe r mine equi pment f ire safe ty work. 

COAL AL1GER FIRE PROTECTIO"': 

followi ng the open pi t truc k f i r e wor k , t he Bur eau e xpanded its mine 
equipment Ei re protection effor ts to s urfac e coal mini ng . Thi s invo lved award­
ing a contra ct to the Leas e AFEX Cor p . of Ra l e i gh , N.C., t o modify a nd in-mine 
tes t a l ow-co st automa tic f ire pr o t ect ion syst m f or s urface coal a uge r s . 
Thi s sys t em wa s fabricated and then t s eed on a Comp t on: auger at the Cedar 
Coal Co., Che l ya n, W. Va . The AFEX system i nvo l ves poi n t-s ource-type heat 
sensors and t wo independe nt dry chemi ca l extingui shant s ubsys t ems , one for 
each en gine-opera t or area on the a uge r. The s yst m was s ubjec ted to 6 mon t hs 
of in -mine t es ting , then te s t fir ed i n 1975 . De t ai ls o f t he des i gn a nd effec­
tivenes s of t his s ystem are i n a f i nal contrac t r eport. 7 

The Bur au t he n a dded a c ope r a tive agreemen t with the Ans ul Co., !arine tte, 
Wis., i n it· 19 75 work t o help in the eva l uation of a new, pneumatically 

3 FMC Co r pora tion. System Modi fi cation and Va lidation Tes t i ng o f Fi r e Protec ­
t i on Systems for Mine Haulage Truc ks . Fi nal Report ( Res ea rch Con-
tract H0122053). Bu~lines Open Fi l e Re pt. 33 - 74 , 1974 , 170 pp.; PB 234 577 / 
AS; ava ilab l e for consul t a tion a t Bur au o f Mi ne s facilities in De nve r, 
Colo. ; Twi n Ci t i e s , Mi nn .; Pittsburgh , Pa .; Spokane , \.las h . ; Depar t ment of 
Ene r gy , Morga ntown Ene r gy Re ea r ch Center, Morgan t own, \.J . Va .; th ational 
Libr a r y o f Natural Resources , U.S . Depa r tmen t o f the Interior, Washing ton, 
D.C.; a nd a tiona l Techni cal I nforma t i on Se r vic , Spri ng field, Va . 

~FMC Corporation . A Gui de to the Sel ection o f Au tomatic Fire Protection Sys­
t ems for line Haulage Equ ipment (Research Contract H012205 3). BuMines Open 
file Rep t . 34-74 , 1974 , 8 pp., PB 234 575/AS ; avai l a ble for con sultation at 
Burea u o f Mines f acil i ties in De nve r, Colo.; T\vin Citie s , Hinn.; Pitt ,; burgh, 
Pa ., Spokane , Wa sh.; Department o[ Energy , lo r ga ntown Energy Research Cen­
t e r , Morga ntown, w. Va.; the ati ona l Lib r a r y of a tura l Resources , 
U. S . Depa rtment of the Interior, Was h i ng ton, D.C .; and National Technical 
I nformation Se r vice, Spring f i e ld, Va. 

6 Johns on, G. A., a nd D. R. f o r s hey . Au t omatic Fi r e Protection Sy s t ems fo r 
La r ge Haul a ge Vehicles . Proto t ype Deve lopment a nd I n-Mine Tes t i ng . 
Bu line s IC 8683, 1975 , 16 pp. 

3 Re f~ r ence t o spec i f i c equi pment or ma nu[ac t ur cr s i s made for identi f ica t i on 
onl y a nd dues not i_ mp l y e ndorsemen t by the Bur eau o f lines . 

7 Lease , w. Deve lopment a nd Test ing o f a Fire Protec tion Syst m for Coal 
Auge r s ( Resea rch Contract S025l046 by Lease AfEX , Inc. ). 13 uMines Ope n Fil e 
R pt . 25-76 , 1975 , 13 pp., PB 249 865 / AS ; i..l va il ab l c for con s u lta li n a t 
Bureau o f Mi ne s faciliti e s in Denve r, Colo .; Twin Cities, Minn.; Pittsbur gh, 
Pa .; Spok[lne , Wa sh.; Oc pa r t:ment o f Ene r gy , Mo r ga ntown Energy Res a n.:h Cen­
te r, Morgantown, W. Va .; the a t iuna l Library of atural Resources , 
U.S. Department o f the Interi or, \fa shi ngtnn , D.C.; ond N.:i t ion<.1l Technical 
Information Service , Sprin f i e l d , Va . 
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operated, low -cos t, a u t oma t ic fire protection sys t em . The main act i vity of 
thi s proj ec t was tes t ing on fro nt - c· nd Loade r s ond haulage Lrll ks . J\ns 1l ' s sys ­
t m i currently unde r going further t es ting and r e fi nement . 

1I ING DOZER FIRE PROTECTION 

The Burea u' s mos t recent work con erning impr oved ( i r protection systems 
involves tes ting an AFEX - t ype system on l a r ge dozers . The Bureau ' s Twin 
Ci ti es Mining Research Center , Minneapoli s , vi inn . , is con ducting th i s i n -house 
proj ect wi t h t he he lp o f the Lemmons Coa l Co . of B onvi l l ·, Ind . As of the 

pring of 1976 , the AFEX system has been i nsta l l ed on a f i a t-Alli s llD 4 1 
tractor a t the company ' Boonvil le a nd Sho.:.ils mine fo r a pe r i od o[ approxi ­
mately 6 months . The system wa s test-fired i n Ma rch 1976 , and t he dry ch mi ­
cal appeared to cover the fire ha zar d areas o( thi s large doze r wel l. 1 0 dry 
chemical en t e r ed the ca b a nd the system expelle d the 40 l b of dry chemical i n 
approximatel y 15 sec , an adequate t i me in t e rva l fo r t he ope r a t or to shut down 
hi s ma chine a nd exi t . 

Concurrent with the doze r fire system work , t he Bureau of •lines i s also 
working wi t h o t he r mi nes , fire protection equipment compani es , and mi ne equip­
ment manu fa cturers t o make availa b l e r ugged , cost-ef(cctivc , automa t ic fire 
pro tec tion systems f or othe r classes of large , mob i l e mining equipment such as 
shove l s and large blasthole drill s . J\lso underway is a majo r metal and non ­
meta l heal t h and s a fe t y contract to improve [ire protection for shaft and 
s haf t sta t i ons . Info rma tion on the availab i li t y of t h i pro t o t ype hardware 
will be pub l i she d soon . 

The fo llowi ng di scus s i on describes the highl i ght of the Bureau ' s ongoi ng 
mine equipment fire systems wo r k : 

Fi gur e l shows a fire on a haulage truck in 972 . This vehic l e has a 
manua lly activa ted , fixed fire-protection system , but the dr iver did no t 
activa t e i t pr ior to j umpi ng f r om the cab . Fi gu r e 2 shows the (actors con ­
sider ed i n the design of the f i r st system . Note that cost was a majo r c oncer n . 
No ma t ter wha t the Bureau developed , if its cos t-effect i veness was no t proved 
to the indus t r y , then vel ha r dware woul d have l i t tle acceptability . Fi g -
ur es 3-4 show t he fi r s t pro totype system . Figure 5 shows the lighting of t he 
first truck fi r e test of the system on the 100-ton-capac i ty t r uck . Figure 6 
s hows the sys t em automatically sens i ng and succes s fu ll y eKt i ng i shing the t est 
f i r e . Fi gure 7 show t he modi f i ed t r uck £i re system . 1 ote that two 20 -lb dr y 
chemica l subsys t ems pr otect the engine-fue l tank area of t he \ehi c l e . fig ­
ure 8 s hows t he components of the F~~-type , automatic truck fire-protection 
s ys tem . Fi gur e 9 i a schemat ic of the entire AFEX-type automatic surface 
coa l auger Ei r e -pro tect i on system . Figu r e 10 is the West Virginia mine where 
t he prototype sys t em was t ested for 6 month , a nd f i ur e 11 i s a view of the 
Compton auge r used i n t he t est . Fi gur es 12-13 s how a di stributor t es t of the 
dry chemi ca l from t he system where good coverage was obtai ned . Figure 14 
shows the deta i l s of the APEX-auger sys t em . Fi gur e 1 5 s hows a new large coal 
haule r t he class of which wil l be used for more i n-nine testing of AFEX-type , 
low-cos t automati c fire pro tec tion systems . 
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FIGURE l. - Typical open pit haulaqe truck fire, 
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FIGURE 2. - Typical factors cons idered in developing systems. 
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FIRST PROTOTYPE 

SHOWN AS INSTALLED ON THE 100-TON-CAPACITY TEST TRUCI< AT THE 
PIMA MINE, TUSCON, ARIZONA, IN MARCH 197~ (SYSTEM DEMONSTRATION) 

~ ~iTtLY TO NOVEMSEO ,sn {CONG TERM, HOT WEATHEA SYSTEM VA U OATION 

BRAKE GR ID FIRE. PROTECTION : THERMAL 

WIRE SENSOR AND 2!1 POUNDS OF DRY 

POWDER ( B·C CLASS) SUPPRESSANT 

I 
ENGINE AREA FIRE PFWTECTION : BOTH OPTICAL AND THERMAL WIRE SENSORS ANO 18 
POUNDS OF DRY POWDER ( B-C CLASS) SUPPRESSANT 

FIGURE 4, • First prototype installed on the 100-ton-capocity truck. 



FIGURE 5. - Light ing the 1973 truck fi re tes t on a 100-ton -capaci ty tr uck at the 
( ypru s P ima mine, T ucson , Ar iz. 

FIGURE 6. - T he firs t generati on au tomat ic tr uck fi re protec ti on sys tem successfu lly 
extin gu ish ing the 1973 P ima f ire tes t . 

: ;1 
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SECOND PROTOTYPE 

SHOWN AS INSTALLED ON THE 100-TON-CAPACITY TEST TRUCK AT ERIE MINING 
COMPANY, HOYT LAKES MINNESOTA, FROM DECEMBER 197J TO FEBRUARY 1974 
(COLD WEATHER SYSTEM VALIDATION TEST) 

DESI GN CHANGES FROM 1ST PRDlUTYPE 
S1MPl1Flf0 CONTADl PANEL 

· NO BRA KE GRI O FIRE PROTECTION 
· TE MPERATURE COMPENSATED THERMAL SENSOR 

ADOITIONAl TEST ANO r AIL SAFE C1RCU1TS 

FUEl Oil TANK FIRE PROTECTION 

--------

ENGINE AREA FIRE PROTEt l lON 

FIGURE 7, - Second prototype installed on the 100-ton-copacdy truck. 



F IGURE 8. - Componen ts of the second generation system, 
00 
w 
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COMPARTMENT 
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THERMAL 
---- FIRE SENSOR 

FIGURE 9. - Automati c fire protection system for coal augers, 

FIGURE 10. • Compton cool auger, Cedar cool mine, Chelyon, W. Va, 
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FIGURE 11. - Compton auger with AFEX system. 

FIGURE 12. - Tes t of the AFE X sys tem, phase l. 
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FIGURE 13. - Test of ti1t: AFEX system, pho5e 2. 
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FI GURE 15, • Lorge cool hau ler of the future. 

Figure 16 shows the components of the Ansul's SCAD-type automatic system . 
Red tubing is installed in the engine area and me l ts, thus releasing stored 
pressure, to activate the dry chemical on a fire . Figures 17-19 show nsul' s 
SCAD system suppressing a fire on a small fron t -end l oader. Fi gure 20 shows 
the large loader used by the Bureau and Ansul for the in-mine endurance test­
i ng of SCAD. A s y t ern discharge test shows the dry chemical distribution . 
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FIGURE 16. - Bench testing the Ansul SCAD system, 

FIGURE 17. - Fire t£:sting the Ansul SCAD system, phase 1. 
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FIGURE 18. - Fire tes ti ng the A11 su l SCAD sys tem, phase 2. 

FIGURE 19. - F ire tccting the Ansul SC AD sy tc111 , pliosc 3. 
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FIGURE 20. - Ansul SCAD system being tes ted on o large front-end loader at C level and 
Cliff' s T i lden mine in northern Michigan, 

The veh i cle used in the ongoing AFEX-Fiat-Allis HD 41-B system t es t i s 
s hown in figur e 21 . Figure 22 shows the dozer the Bureau and the Lemmons Coal 
Co . of Indiana arc using for the on-vehic l e tesling of the AFEX-dozer system . 
Fi gure 23 shows the components of the prototype hardware. Figures 24 - 29 show 
a recent system discharge t est conducted near Shoals, Ind . 

Some large dra gl ines, like Big Muskie shown i n figure 29 , now have CO2 

hose line fire suppre ss i on sys terns, as sct• n in figun 30 . The Bur eau i s 
i mproving such sys t ems by testing Halon systems to see if they are more 
reliable and cost-effective . 
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FIGURE 21. - Fia t-Al lis 4 lB dozer. 

FIGURE 22, - Fiat-Alli s 4 lB dozer at tl ,c Lemmons Coo l Co, mine near Boonvi li e, Ind. 
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FIGURE 23. - Second gene rat ion AFEX system installed on Lemmon's Fiat-Al I is dozer at 

Boonville, Ind. 

FIGURE 24; - Testing the modif ied AFEX system on the Fiat-All is dozer, phase L 
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FIGURE 25. • Testing the modified AFEX system on the fiat-Allis dozer, phase 2. 

FIGURE 26. • Testing the modified AFEX system on the Fiat-Allis dozer, phase 3. 
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FIGU RE 27. - Tes ti ng the modifi ed AFEX syste rr. on the Fiat-Allis dozer, phase 4. 

FIGURE 28. - Testing the modified AFEX system on the Fiat-Allis dozer, phase 5. 
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FIGURE 29. • Large drag I ine, 

FIGURE 30, • CO 2 system ins ta I led on a large draul ine, 
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MESA'S VIEWS ON MINE EXPLOSION AND FIRE RESEARCH 

by 

John Nagy1 

INTRODUCTION 

The Mining Enforcement and Safety Administration (MESA) views on thP 
explosion and fire r e search projects that were discussed in this report ar~ 
offered along with commentary on their application by the mining industry. 
Emphasis is placed on how these projects might interface with regulations. 
Each of these research projects was requested o f the Bureau of Mines by MESA. 
~11 e~cept that on remote sea l ing of mine fires r0late to current regulations 
and may be affected by future regulations. Should any future regulations be 
proposed mine operators, as wel 1 as all persons or organizations having an 
interest, will have an opportunity to provide input. Regul~tions, if proposed, 
will reflect MESA's concensus at the time of proposal which may differ from 
the pre l iminary opinions expressed at this time . 

QUENCHING DEVICE 

MESA is deeply concerned with the continued and increasing number of fric­
tiona l ignitions a t tho workin g face. There we r e 66 face i gnitions in 1976 
and 56 in 1975. These ignitions occur despite vigorous requirements for venti­
lation, testing for m<..:thane, and usP. of the methane monitor. Section 317(q) 
of the Coal Mine Health and Safety Ac t of 1969 authorizes requirement of 
quenching devices when these are "technologically feasible." 

The Burea u of Mines is commended for tht·ir past effort in providing con­
tractual resea rch to deve lop such ;:i device and for the current in-house 
followup. Unfortunately, the results of t he contr;:ictual study showed tha t 
although the basic concept is sound, the: use of a quenching device on existing 
equipmPnt is not technologically feasible. The continued e fforts by the 
Bureau now result in a technique and device which might be applicable to 
tunn~ling machines currently used in coal mines. 

The question to be resolved is whether th e device should be mad~ manda­
tor•: to improve mine s a f e ty. MESA could be in an awkward position should a n 
explosion occur in coal mine tunne ling if the device were not adopted. How­
ever, at this time MESA does not anticipate precipitous action. It is yet to 
be determined whether new hazards are introduced by this device and whe the r 
these might outweigh tlw potential gains. Will the discharge of the ex tin­
guishant present toxicity haz :1rds? Will the discharge of the extinguishant 
blind or confuse miners at th £ace (roof bolter s ) causing them to make 
improper and hazardous movements? What is the misfir e fr equency, and is th e 
equipment suit able for the rigors of the mine environment? Will the device be 
as e ffe ctive in practice as in the laboratory? 

· Physical scientist, Technical Support, Mining Enforcement and Safety Adminis­
tra tion, Pittsburgh, Pa. 
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The st· questions can and should be answered by field tests b( · fore r...:r,ula­
tions are considered. MESA is cooperating with the Bureau to perfon:• these 
field tests. Adoption of the quenching device by the coal mining indus tr:: 
would have direct impact on the tunne ling industry. 

BARRIERS 

Barrkrs for e :.plosion control are used to S<Jllle extent in nc ."lrlv all 0f 
the· major coal-producing countries except the United States. Can it be 
assumed that everybody L..; wrong except the United St:.ites? Pe rh.1µs it could if 
then: wen· no coal mine explosions . The Bure :1u of Mines in response to MF.SA 1 ~,: 

requE>st has studied barriers as a ma jor effort. The current policy itl th, · 
United States is to rely on generalized rock dusting for control of explosion 
propagation. However, proper inerting by this method cannot b v ach i. evc- d in .1n 
entry having a conveyor belt loaded with fine coal, in an entry where parked 
mine cars are loaded and topped with fine dust, ;J t transfer point s where fine 
coal is disseminated over many fee t of pas sageway, and in longwa ll and short­
wall mining systems where lite rally hundreds of feet of unne utral ized coAl 
dust deposits exist. 

MESA recognizes these unique s itua tions and the potentia l use of barriers 
for control of the hazards. Ba rriers may be the only, or one of seve ral poss i­
ble , solutions in t he s e spe c ial problem areas. Before any r egu la tions a re pro­
posed, fie l d trials must be made to evaluate barrier practicalit y , their effect 
on ventilation and tra vel , t he ir ability to withstand the mine environme nt, 
and to ascertain if field e f f ectiveness is equivalent to laboratory result s . 

REMOTE SEALING 

The Bureau is comm.ended for their work in development of e f fective tech­
niques and equipment for remote control of mine f ires. This ~a r k provides a 
new tool to minimize the ha za rdous t asks in the e x tinguishment and fire recov­
t·ry operations. At this time, however, new regulations affecting its use are 
not anticipated. Application in mines will be the responsibility of the mine 
op(·rators working with the district mana ger . 

INC I PIE NT FIRE DE TECT ION 

Prompt d~tection of a mine fire is a primary fa c tor in minimizin g t he 
fire hazard in mines. The use of correct fo llowup measures f o r control by 
e xtinguishant is correlat e d with detection. F ires which start in nonwork 
area s or during idle pe riods , if not detected promptly , can develop into major 
problems . The re sea rch dis cusse d in t h i s report addres ses this problem and 
reflects s ys t ems wide ly used in Europe where possibly as ma ny as 100 fires 
have been detected successfully . However, Europe an mining s ys tems di f fer fr om 
most of those in the United States in that fires from spontaneous heating are 
much more prevalent. 

Considering the Ame rican mining sy~t~ms, when practical instrume ntation, 
techniques, and fiE·ld trials are completed, a nd the fire hazard from the .1fore­
mentioned sources become significant, n ·gulations for the detection of incipi­
ent fires will be proposed. 
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FIRE-RES I STANT CONVEYOR BELTS 

The c ri teria for f i re-resistant belts (30 CFR Section 18 . 65 ) former l y 
i dentified as Schedule 2G has been in effect for more than 20 ye 1:1 rs . Imple­
ment ation of t he se criteria resulted in significantly superior c onveyor belt ­
ing wi th rega rd to flammab i lity . Never theless, parts of this schedule need 
updating . The system doe s not enc ourage industry to develop a better product , 
the carcass is not effectively t ested , some approved belts are more flammable 
i n l arge - sca l e tests than are nonapproved belts , the tox ic products during a 
fire are not c ons i dered , the 2G test is not pecifica lly defined permitting 
its use to a myr i ad of products f or which i t was never intended, and quality 
con t rol is not c ons i de r ed . 

It i s a n t icipa t e d that upon completion of the present s tudy, Sec t ion 18.65 
wi ll be rewritte n- -not to offer highly restrictive regulat ions, but to reduce 
further t he fire hazard and to minimize such fires as occurred at the Feds 
Creek Mine i n whi ch 600 feet of approved conveyor belting burned fiercely . 

FIRE - RESISTANT HYDRAULIC FLUIDS 

MESA reqt!ested assis t ance o f the Bureau to determine spec i fic deficien­
cies in existing fire - res i stant ydrau lic f luids , to deve l op improved flu i d, 
to suggest improvement s in the procedures given in 30 CFR Part 35 which has 
been in effect s ince 1959 , and to help ncouragc the use of fire - r esistant 
hydraulic fluids in mi nes . 

Our r ecords show that no fire i n oal i ne can be attributed directly 
to fi r e -resistant hydraulic flu i ds in t he mining equi pment . This i s not true 
when petroleum based f l ui ds are considered . This ou t standing record b gs the 
question why should not a ll hydraulically operated equipment use fire ­
resistant fluids. Actual l y more and more operators are convert ing to the fire­
r es i stant fluids eve n though these do not pe rform mechanically as well as the 
pe t roleum f luids. 

The current research has developed third generation fluid These fluids 
offe r further i mprovement in perfonnance . Admittedly they are not et equ i va­
l ent to the petroleum based fluids, but consider i ng the hazard of f i re and 
the cost and maintenance of fire suppression systems, it is ant icipated mine 
operators wi ll i ncrease the i r use --not just a a simple subst i tute but as a 
planned program of modi fication of the hydraulic systems considering the pres ­
sures , t emper a tures, and i mproved cleanl i ness as well as the improved over al l 
s afe t y . 

Public Law 91- 173, Section 311, gives the operators the a lternati v s of 
us i ng fire - resista nt hydraulic fluids or petro l eum fluids wit h a fire suppres ­
s ion system . We do not , at this time see an amendment to this provision . 
lliSA ' s approach wil l be t o try to make i t suffic i ently a ttractive t o the indus­
try t o make the changeover voluntarily . 
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CONCLUSION 

Discussion of these research projects and c onside r i ng h ow they relate t o 
regulations prompts one to review t he gener.11 sub j ect o f r egulations . 

S tion lOl(a ) of Public Law 91 - 173 authorizes t he Secretary of the 
lnte ri or to develop , p r omu l gat . , and revise , as may be appropr i ate , improved 
mandatory safety standa r ds for t he protection of l ife a nd t he prevention of 
injur i es in a coal mine . Sect i on lOl (c) states t ha t deve l opment and revision 
of mandatory safety standards shall be based upo n r search , demonstrations , 
experiments , .:i nd such other i nformat i o n :is may b t.: approp r iate . The current 
research stud i es demonstrate the application of the law . 

There .:ire thr c basic avenues that MESA pursues i n improving health and 
sn[ety . gulat i ons .:i r e drafted and proposed that ar i n tended : 

1 . T prepare regulations to rninimiz n w hazards int r oduced by the 
cverchanging mining practices . 

?. . T correc t d ficiencies and ambiguities i n existing regulations . 

J . To inimize anticipated hazards . 

Coal mining is still abou t the most h.:izardous ccupation in the United 
States . It must be m.::tde less hazardous . MESA fulfills i ts 1 gislative respon­
sibility through improved r gulations wh i ch are frequen t ly bas cl upon Bureau 
rc' sc.:1rch 1·esults . 
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