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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 



58 

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. 

59 

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 s 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 noticea 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-resis t ancc 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.:.1ciu rc k , K . L ., R. I!. -Kr.:1tw~ ;-T.--:~[111an-:-~1~J.-l-l.~~7I1 1:1n1 . Coal ~line 
Comb us t iun Pr o clue t s Icl l! n t i [ic..:a tion ·ind Ana Ly s i s ( l~cs ca rc h Cun t1-,1c L llO l J J00~1 
b y 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 Na Lurul !Zcs o ur c.:es , U. S . Dcpart.: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. ·: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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