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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. 
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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 , unc ontrollable firt! situation in an 
underground coa l mine? 

Fire ;:Jnd 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 t ion f ire in the coal s eam it self, in a gob ar ea, 
or in a scale d area. 
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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 usually 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. 

TABLE 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 than 30 min duration) ,ind 
were supplied by J. Nagy and E. M, Kawenski of the Mining Enforceirent 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 40 50 
~ I l l I 

Conveyor belts. ----------------------

Power cables. . ---- .. -- --- -- -- -- --
Locomotives. . -------------
Trolley wires. ----

Gobs. -------------

Unatte nded equipment. ----
= 

Miscellane ous .. -------------
= 

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

=====- Fata lity rate. 
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But the r e i s no justification f or comp lace ncy either wi th the Bureau or. 
a t MESA . The da ta for metal mine fire fatalitie s s how the reverse trend, 
mainly because of t he Suns hine mine f ire of 1972 tha t caused 91 deaths. From 
a metal and nonmetal mine f a tali ty rate of nearly zero in the 1952-70 period, 
the rate jl01lpe d to 15 dea ths per yea r for the 1970-76 pe riod. The potential 
f or a ma jor fire dis a s ter in und erground mines i s everpresent, and as indi­
cated e arlie r, it i s almost inht ·r ent i n the nature and ·5tructure of that la r ge 
undergr ound fa ctory ca lled a coal mine. I f the s ame stru,:ture and equipment 
were loca ted above ground with the same combustible loading, ventilation, a nd 
limited egr e ss, there is no t a municipality in the Nation that could legally 
issue a pe nnit for its cons truction or occupancy. 

Anothe r reason for avoidi ng compla cency rela tes to the expected increase 
in the spont a neous combustion hazard a s mining s hifts westward and longw.111 
methods become more preva lent. 

The r e i s little doubt that the r apid a nd reliable detection of a fire is 
the ess ential fir s t step in the us e of any fir e -suppression system or in the 
a ctiva tion of any alarm sys tem and escape plan. 

The traditional me thods of de t ectin~ the pre sence of fires may be classi-
fied according to the type of de t ector us ed, as f o llows: 

1. The nnal contact. 

2. Optical view field. 

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

5. Human. 

Thennal 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 a nd 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. - Autcmatic fire sensors required on underground 
belt conveyors, CFR 75.1103 

(Thenna l-type ot· ~quivr1lent) 

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 ulagewa y must b wa l ked a nd exau ined fo r hot rollers . 

. \ulornatic warnings , both visual a nd audible , that pe-cn1it r .1pid 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 re.search tha t i s a c tively beinp, pursued iG the rontinuin~ 
development of a continuous-monitoring t e chnique that was pioneered by thr. 
!\.'.ltional Coal Board (~, _2) .3 Sponta neous heating in the gob (goa f) regiuns of 
advancing longwall systems a re now routinely monitored by gas s ampling tubes . 
A br:~nching 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 Steel Co. a nd ME SA, 
i~ involved in the development of such a s ystem at the Somerse t mine in 
Colora do. An ~arlier version o f the sys tem monitored 38 point s at va rious 
intake s , returns, working s e ctions, a nd sea l e d areas (l)- Regions as far as a 
mile from the sensing station were routinely monitored. During th~ c ours e of 
the study, it was possible to follow the actua l growth of a spontaneous com­
bustion situation 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 sealed . 
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 section. 
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 se nsor, there 
h1 : 1 c lr·ar upwa rd tre nd i n 
the index be twee n days 12 0 
a nd 170. I t rose signifi­
cantly fr om 20 ppm pe r pct 
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 sect i on , 
in the return s plits from 
the actual race area of 
4 right. They a ls o s how t he 
high CO level f rom day 120. 

The index shows a clear upward trend until smoke was detected by sme l l on day 
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 so marke d 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 sea l s , 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 situation 
long before it deve lop~d into a l a rge smoulde ring fire problem. Such a system 
is adaptdblP to gobs, abandoned reP,ions, and sealed area s of a mi ne where the 
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human ob , e r ve r is not pre s en t . 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 system at Somers e t is undergoing f urthe r development. 
The analys i s station i s being located a bove ground so that it is independent 
of mine powe r fluctuations, it can be serviced r eadily , and it will continue 
to function if 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 accurRte 
oxygen s e ns or will allow the CO index to be measured in the active dreas even 
when the pc t o..a absorbed is ve ry l ow. 

Other Burea u re sea rch involves the ge ne ral e valuation of the tube· bundle 
sampling me thod Q). This involve d the ore tic a 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 tion, but a lso its pos s ible application 
to the mor e r apidly develop i ng fire scenarios. Trav l tim s through tube s of 
vary i ng leng th, width, a nd press ure drop we r e meas ured, cyc ling time con­
stra ints were s tudie d, a nd t he t r ansmiss i on l os s es of submicrome t e r smoke 
pa r t i c l es were measured. 

Lab oratory s t udies indica t e t ha t submicrometer pa r tic Les art:: 111ore unive·r­
sa l indica tors of s ponta neous s e l f -hea ti ng than CO detection. Other mine com­
bustib l es such as wood , ce llulose , a nd plas tic s gene r.:ite the se particles a t a 
much earl i er s t age of heating tha n the t mpera ture s a t which they genera te 
CO(~). A high l y sensitive and inexpensive sens or for the s e particles i s 
s hown in figur e 4 . It i s a Bureau of Mine s invention(~) tha t is compatible 
wi th a prope rly des i gned tube bundle sampling sys tem. Several of the ~e proto­
type i ns t rume nts arc ava ilable for in-mine evaluation of the ir perform;.1ncA. 

I 0 e total ion 
current 
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I 

Size 
discrimination 

chamber 
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electrode 

le tota I 
particle 
current -:-

FIGURE 4. - A protutypr 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 a n ex 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 that 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 cav i ty within itse l f, a nd a large s ur f a 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 a nd f ace c utting or 
indirec tly in the f orm of r oof cavi ng , the f r ac turing of adjacent parts of t he 
seam by the mining induced s tres s s , or f rom l a r ge ve nti lation pressure differ ­
e nces a cross zones of e nhanced permeab i l ity . The surfaces tha t 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 ur e ar ea of t he frac ­
tu r e pat t e r n; the internal void area l ef t by me t ha ne f l owing into t he l ower 
pr ess ur e of the mine void; or fi na lly , the i nternal s ur f ace 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 urfaces to a i r . Since the oxidat ion process 
is exothermi c , hea t i s ge nera t e d whi ch can accumu l a t e in the mass that is self­
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 
r a nge of a irflow ve loc i ties f or whi c h the se lf -heating proc ss be comes se lf­
a cce l erat ing . The r esult i s fi r s t a smou l d ring mass a nd t hen an open f i re 
which ca n spr ad rapid ly throughout the mine . 

Mos t of t h a ppl i e d rese r ch i n this field has bee n done ab road , and the 
mi nes studie d were pred omi nantly l ongwa l l systems i n t he Uni t ed Kingdom , the 
Soviet Union, France , a nd Cent ra l Europe (~ , 2 , l, 2 , 11.)• A major factor 
t h t de t ermines the spontaneous c ombustion hazard i s t he mining irethod itse l f , 
a nd he nce , i t ma y be difficu l t to a ppl y those l ongwall s tudi s to other mining 
methods . The Bureau of Mi nes 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 detection 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 to self- heat 
in a n ~d i a b 3 tLc c~ l o~ i metP.= (£ ) , 

The ·,na j or fac t ors that co.1tr i bute to the occur r e nce o f s pontaneous com­
b usti 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 ry a nd conf i gura tion of the seam (or seams ), (3 ) t he geo l ogi cal condi­
ti ons and structure of t he seam a n :! i t s s urroundings , a nd (4 ) the mining method 
and ventila t i on conditions . Current Bur eau research has been conce r ned wi t h 
most l y t h f i r s t f act or ; however , 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 activity of t he coal can us ually be s t ud ied i n l aboratory­
s cale systems . Howeve r , si nce c oa l i s 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 . Var i ous methods are 
used t o measur t h i s i nt r i ns i c tendency . Some relate it to the CO generation 
r ate (l), others to the rat of abs orption of oxygen (11. ) , 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 
absorp t io n- de s orption equi l i br i um ( 10 ) . Since t he central parameter of inter­
est is t he r a t e of se lf-heat i ng , t h~ Bur eau of Mi nes appr oa ch is t o d i rectly 
measure t his prope r ty in a n ad i aba t ic calor imete r. The calor imeter data show 
tha t these va rious me thods of evalua t i ng r e l at i ve reactivi t i es corre l ate 
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r eas onably we ll with one another (~). Th r a te of t empera ture rise correlates 
we ll with the rate of production of CO and C0.?. Coals with high rates of CO 
production per unit volume of oxygen absorbed also have high self-heating 
rates in the adiabatic ca lorimeter. The CO i ndex correlates well with the 
initial oxyge n cont nt of the coal. Some r e c e nt da t;:i, t able 4, show the r v la­
tive tendencie s of various er1s tern a nd wes tern c oals t o self-heat. The mini­
mum self-hea ting t emperature for a fixed samp le mass and particle size is the 
l owest initia l temperature Jt which th, · coa l will sel f-heat to ignition in the 
Burea u's a diabatic calorimeter. 

TABLE 4. - Incipient combustion tendencies for eastern and western coals 

Coal type 

Pocahontas , No. 3 ' w. V:i . .. 
Pit ts burgh, (Br uceton), Pa. 
Sahara , No. 20, 111 ........ 
Somerse t, Col o .. . .......... 
Sarpy Creek , No. 2 ' M0nt ... 
Dravo, No. 80, Wyo ........ . 
Jim Bridge r, Wy o ........... 
Alaska n ....... . ......... , .. 
l Undried. 
2 Drie d. 

-

Heating v a lue, co indc:~, Minimum 
Btu/ lb 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 western coal s , particularly the l i g nite a nd subbiturn inous coals, show 
a markedly g r e ater tendency to se lf-heat . The re i s a clear consensus (Q), 
s upporte d by t h se Burea u studie s, tha t th intrinsic a ctivity of the coal is 
usually direc t l y related to its rank . High rank anthracit s present a small 
haza rd; intermed ia t e r a nk bituminous coa ls present a mod rate haza rd; wherea s, 
lignite s or br own c oal prese nt the greate st haza r d. 

But t here are complications. For e xamp l e , r ece nt studies with drie d 
coals subj e cted to moist a ir confirms the view t ha t the low tempera ture, self­
heating r egion (20° to 60° C) seems to be domina t e d by the e ne rge tics of the 
moistur a bsor ption-desorption pr oce s s e s (10). 

Does the Som r s et mine cas discus se d ea rlie r repres nt a n i s olated occur­
rence , or is it a foreboding of increasing s pontane ous comb ustion hazards as 
mining s hi fts wes twa rd to dri r a r eas , lowe r r a nk c oa l s , thicke r seams , a nd 
the more prevale nt use of longwa ll methods? It i s di fficu l t to dete rmine, but 
figu r e 5 s ugges ts that the pr oblem may not be uncommo n. I t i s of a spon­
t ane ous fire in a n open pi t mine in Wyoming ; the fres h ly uncove red seam is 
burning s ponta ne ous J v. Whi le this may not be serious in this open pit s itua ­
tion, it can de velop into a v e ry ha z a rdous fire in the confining ge ometry of a 
mine. 

Fina lly , the r e i s the qu s tion of cos t. For this fir s t s ystem a t Somer­
s e t, qu ipme nt cos t s for tubing, se nsors , pumps, a nd sole noids we r e a pproxi­
mately $80,000. For a t yp ical coa l mi ne , benefiting f rom the Somerset 



FIGURE 5, • A spontaneous combustion fire in a strip 
mine in Wyoming, The freshly uncovered 

seam is burning spontaneously. 
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experie nce s , a r ea listi c 
cost estimate fo r a s i mi l a r 
sys t em would be we l l under 
$50 ,000 . Generally, f or 
la r ge insta llat ions involv­
ing many sampling point s, 
the tube system i s by far 
l e ss expens ive tha n a system 
in which each point has a 
separa te detec t or, Gener ­
a lly, the cos ts of t he pne u­
matic t ubing a r e c ompa r able 
with the wiring c os t s for 
e l e ctr onic sensors ; however, 
t he electronic sys t em 
r equires a detector a t each 
point, wh reas the t ube 
bundle sy s t em us es only one 
sens i ng station , This can 
reduce the c os t s ubs t a n­
tia lly , or a l t erna t e l y one 
ca n afford to invest much 
more in th accuracy , rel i­

a bility , a nd degr ee of s ophistication of t he sens or . For f i re detection , 
there i s ge nera lly a tra c111-o ff betwee n the travelt i me de l ay imposed by t he 
sampl ing tube and the e nb:ince d sensitivity one can a chieve at the sensing 
stat i on. Maintenance costs f or a s ingle sensor and pumping station should be 
much lowe r t han f or a sys t m c onta i ning many i ndividua l sensors , each of which 
must be pe r iodica l ly checked, c leaned , or ad j us t e d for sens i tivity . The r e i s 
also the multip le use potential . For example , t he san~ tube system, once 
i nsta lle d, could be used to moni t or the methane content t hroughout t he mine in 
a c tive areas , r e t urns , se a led areas , and gobs . 

For a mor e limi t ed sys t m, f or example , one that would i nvol ve sampling 
point s every 500 to 1,000 f eet a l ong a belt haulageway p lus seve ra l s amp ling 
poin t s i n key intake and r e tur n roa dways , one i s deal i ng wi t h equ i pment costs 
of $10,000 to $20,000. 
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