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ABSTRACT 

The U.S. Bureau of Mines conducted a feasibility study on the use of 
automatic sprinkler protection for fire control along a longwall face of an 
underground coal mine. Experiments were conducted to evaluate the effect of 
ventilation on sprinkler discharge patterns and activation characteristics. 
The results showed delays in activation and shifts in total water coverage 
areas and water density distribution patterns as ventilation increased. Other 
test results indicated that as the airflow increased, the size of fire needed 
to activate an automatic sprinkler system also increased and that sprinklers 
located directly above the fire did not activate. The use of directional 
sprinklers at airflows of 300 fpm and greater were able to compensate for the 
effect of ventilation on the water spray pattern and the sprinkler activating 
downstream to extinguish the fire. An assessment of whether automatic 
sprinklers can withstand the high static water pressure in deep underground 
coal mines showed that although commercial sprinklers may be able to withstand 
high static pressures , they may not provide the same reliability and safety 
factor as when used aboveground at or below their rated pressure. Other 
parameters that were considered in the feasibility study were sprinkler 
durability , water supply, and water delivery on the longwall face . The 
typical water supply to a longwall face should be adequate for an automatic 
sprinkler system. Utilization of a 2 in diameter flexible high pressure hose 
should meet space, mobility, and safety constraints. After all these factors 
are considered , it appears feasible that automatic sprinkler systems can be 
effectively used for fire control along longwall faces if warranted by the 
incidence of fires . 

INTRODUCTION 

In recent years , use of the longwall mining method has steadily increased. 
Cur rently , equipment manufacturers and suppliers report that the percentage of 
coal mined underground by the longwall method is 37% of the total production. 
In 1992 there were 93 longwalls in operation, with 27 companies operating 
systems in 11 states. Along with the percentage of coal produced by longwall 
mining , the average width of longwall panels has also increased, from 495 ft 
in 1980 to 715 ft in 1992 . The width of several panels now exceeds 900 ft and 
there are two longwall panels in operation in the United States that surpass 
1000 ft (l). Wider and longer panels have helped increase productivity; this 
correlation ensures that the width of longwall faces will continue to grow . 
However, this increase in panel width al so increases the difficulty of 
evacuation of mine personnel and fi re fighting efforts along a longwall face 
in the event of a fire. Extended longwalls may require improvements with 
respect to both fixed and mobile fire suppression systems (Z). In recent 
years the Mine Safety and Health Administration has investigated several fires 
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which occurred along longwall faces {~,!,~). This paper examines the 
feasibility of automatic sprinkler protection systems for fire control along 
longwall faces . 

There are several fire extinguishing agents available for use in 
underground coal mines, such as water, dry chemical, inert gas, or high 
expansion foams. However, water is still considered the most effective. In 
fact, water sprinkler systems are the primary method of protecting lives and 
property from fire in aboveground facilities. Automatic sprinkler systems are 
more reliable and require less maintenance than most other extinguishing 
systems . Another type of extinguishing system that uses water is a water 
deluge system, which uses either water nozzles or sprinklers with the fusible 
element or glass bulb removed . When a fire detecting device is actuated, a 
valve is opened to a group of open sprinklers or nozzles and the entire 
protected area is deluged with water. One of the major advantages of a system 
with individually operated sprinklers in an automatic sprinkler system is that 
water is provided only where it is needed . A limited water supply can be 
overtaxed and the system rendered ineffective if water is discharged outside 
the fire area. Considering the environment found in underground coal mines 
and the above-mentioned characteristics, an automatic sprinkler .system is a 
logical choice for examining its feasibility for providing automatic fire 
protection along a longwall face. 

In aboveground installations, commercial automatic sprinkler systems are 
designed to operate in non-ventilated conditions in an environment less harsh 
than that found in underground coal mines. Along a longwall face, high 
airflow is needed to remove flammable gases and dust from the working face . 
The use of water sprays to suppress dust and clean equipment creates damp 
conditions, which can cause metal surfaces to rust and corrode . Because of 
the poor visibility and cramped conditions along most longwall faces, 
sprinklers would be more susceptible to being struck by various objects. The 
sprinklers may also be subjected to static water pressure as high as 
1000 psig . These conditions are much harsher and different than the 
conditions found aboveground . 

There are several factors that must be considered in determining the 
feasibility of automatic sprinkler protection for fire control along a 
longwall face . The effects of ventilation on the sprinkler activation time 
and the water coverage area when exposed to a fire are the most important 
factors. The ability of sprinklers to withstand high static water pressures, 
the durability of commercial sprinklers, and the availability of an adequate 
water supply are also factors which must be addressed . This study will help 
the Bureau to improve fire safety in the mining industry , thus enhancing the 
safety of the Nation's miners . 

EFFECT OF VENTILATION 

Commercial sprinklers are designed to operate in aboveground facilities 
where there i s little or no forced ventilation. During a fire in an 
aboveground facility , heat collects at the ceiling and melts the fusible link 
of the sprinkler. This releases the mechanism that holds the seal over the 
orifice and wate·r i s discharged from the sprinkler in a designated spray 
pattern. Standard sprinklers are usually designed to cover an area up to 
13 ft by 10 ft . The size of the area of a fire for a particular occupancy or 
storage arrangement i s predicted through research and fire loss history . The 
numbe r of sprinklers that operate are controlled by the area of the fi re size , 
spacing between sprinklers, and the temperature rating and Response Time Index 
(RTI) of the sprinklers . The RT! value is a measure of the sensitivity of a 
sprinkler. 

The ventilation rate along a longwall face can reach as high as 1000 fpm. 
High ventilation rates may not allow heat to collect at the ceiling and will 
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probably increase the time and fire size needed to activate a sprinkler . The 
smoke and heat produced by a well developed fire would hinder both the 
evacuation of mine personnel and fire fighting efforts. The ventilation rate 
along a longwall face may also affect where the sprinklers operate in 
relationship to the location of the fire. In a ventilated area such as a 
longwall face, sprinklers downstream of the fire may operate instead of 
sprinklers directly above the fire. The effect of the sprinkler downstream 
operating is compounded by the fact that the water distribution pattern of the 
sprinkler will also be shifted downstream. This means that water may not be 
discharged on the fire located upstream of the operating sprinkler . 

The Bureau of Hines conducted a study to evaluate the effect of ventilation 
on the water spray patterns of automatic sprinklers. Experiments were 
performed in a rectangular tunnel with pendent, upright, pendent sidewall, and 
horizontal sidewall sprinklers at air velocities of 0, 150 , 300, 500, and 
800 ft/min. Examples of the four types of sprinklers are shown in Fig. 1. 
(Sidewall sprinklers have a deflector that discharges water in a semi -circle 
instead of a full circle.) At 0 ft/min airflow, the pendent and upright 
sprinklers exhibited circular coverage patterns, extending from 10 to 14 ft 
upstream and downstream of the sprinkler . The horizontal sidewall heads 
covered areas ranging from 2 ft downstream to 24 ft upstream, while the 
pendent sidewall head at 0 ft/min airflow covered an area from 14 ft 
downstream to 24 ft upstream. As the air velocities were increased, there 
were significant shifts in the total coverage areas and in the density 
distribution patterns, as well as in the maximum coverage densities, for all 
types of sprinklers . The pendent and upright sprinklers exhibited upstream 
shifts in total coverage in the direction of the airflow ranging from 4 to 
6 ft, while the downstream coverage distances were extended up to 12 ft at the 
800 ft/min airflow . The shift in upstream coverage distance for the sidewall 
heads ranged from 6 to 12 ft, while the downstream coverage was extended up to 
22 ft at 800 ft/min (§). 

Activation of the sprinkler is probably the most critical step in the 
effective operation of an automatic sprinkler system along a longwall face . 
The fire must quickly activate the sprinkler and discharge water on the fire 
for the system to be effective. If the sprinkler is not activated quickly 
enough, the fire may grow too large for the extinguishing system to extinguish 
and/or control the fire before the water supply is exhausted . 

Initially, it must be determined if a commercial sprinkler is sensitive 
enough to respond to the early stages of a fire along a ventilated longwall 
face . The response time of a sprinkler is a function of the rated temperature 
and the sensitivity . Sprinklers are typically rated at temperatures no lower 
than 135' F. The sensitivity of a sprinkler is defined by the RTI value, 
which is equal to the tau factor multiplied by the square root of the air 
velocity where it is evaluated. The tau factor is determined by the 
performance of a sprinkler in a standardized air oven tunnel test. In this 
test a sprinkler at room temperature is plunged into a heated air stream . The 
tau factor is the time when the excess temperature of the sensing element of 
the sprinkler is approximately 63 percent of the excess gas temperature . The 
smaller the RTI, the faster the sprinkler will operate . Consequently, even if 
a sprinkler is rated at a lower temperature, the sensing element of a 
sprinkler with a higher temperature rating may reach its rated temperature 
faster and operate quicker if it has a lower RT); valY:e . Standard sprinklers 
have RTI values in the range of 225 to 700 sec1 2 ft 1 2, while the RTI range 
for quick response sprinklers is about 50 to 90 sec112 ft 112 (I). 

The Bureau of Hines conducted experiments to determine the effect of 
ventilation on the performance of automatic sprinkler systems. Experiments 
were conducted at airflows of 0, 150, 300, 500, and 800 fpm . Two experiments 
were conducted at each airflow using 135' F fast response pendent sprinklers 
in one experiment and 135' F fast response horizontal s idewall sprinklers in 
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the other experiment. In the experiments at 0 and 150 fpm , the pendent and 
horizontal sidewall sprinkler located directly above a wood cri b fire operated 
and extinguished the fire . In the experiments at 0 airflow, act ivation of the 
sprinkler occurred approximately 5 min after ignition of the wood crib, whi le 
at 150 fpm activation occurred approximately 16 min and 40 s after igni t ion. 
At airflows of 300 and 500 fpm, the sprinkler located 8 f t down st ream of the 
fire activated 16 min and 40 s after ignition. In these exper iments , the wood 
crib fires were extinguished by the horizontal sidewall sprinklers, while the 
pendent sprinklers failed to extinguish the fires. At 800 f pm, neither 
sprinkler activated for fire sizes less than 200 kW . The limi t s of the 
experimental tunnel prevented further testing with larger fi res. Also , as the 
airflow was increased, larger fires were required to activate t he sprinklers. 
At 0 fpm, a 30 kW fire was needed to activate the sprinkler , whi le at 500 fpm 
a 190 kW fire was needed to activate the sprinkler . The results showed t hat 
ventilation has an effect on the performance of automatic spri nkler systems , 
but the use of directional sprinklers at airflows of 300 fpm and great er 
compensated for the effect (~) . 

PRESSURE CAPABILITIES OF AUTOMATIC SPRINKLERS 

The ability of commercially available sprinklers to withstand hi gh static 
and residual pressures could also affect the feasibility of using automatic 
sprinkler protection along a longwall face. The water pressure in an 
underground coal mine can be as high as 1000 psig. This high st atic pressure 
occurs when water is supplied from aboveground sources , such as ponds or 
reservoirs and pressure regulators are not used . 

Commercially available automatic sprinklers usually have a rat ed worki ng 
pressure of 175 psig. However, they are designed so that the mechanical 
pressure normally exerted on the top of the cap or valve is many t imes t hat 
developed by the water pressure below, so that the possibility of leakage, 
even from water hammer or exceptionally high water pressure, i s pract i cal ly 
eliminated (~) . Standard sprinklers using various combinat ions of l i nks , 
levers and struts, or frangible bulbs to activate the sprinkler are shown in 
Fig. 2. The frame arm of the standard sprinkler is used to exert pressure on 
the levers and struts to hold the cap over the orifice. Some fas t response 
sprinklers do not use the frame of the sprinkler t o exert pressure on the cap 
over the orifice. A typical design uses a plunger with ball s in a reta i ni ng 
groove to hold the orifice sealing mechanism in place. 

Most commercial automatic sprinklers in use in the United St ates today are 
listed by Underwriters Laboratories , Inc. (UL) and/or some other nat ional 
testing agency . Most building regulations in the United States require that 
all sprinklers be listed by UL or some other nationally recognized t esting 
agency. UL has established performance criteria t hat automatic spri nklers 
must meet or exceed in UL Standard 199. In regard to static pressure , UL 
Standard 199 states that an automatic sprinkler shall not exhi bi t any leakage 
at 500 psig or less and shall withstand for 1 mi nute, without r upt ure, an 
internal pressure of 700 psig. In addit ion, aut omatic sprinkl ers shal l not 
exhibit any leakage when subjected to a hydrost at ic pressure of 300 psig for 
30 days and shall withstand, without any leakage, 3000 appl icat ions of a 
pressure surge increasing rapidly from 50 t o 500 psig. In regard to residual 
pressure , an automatic sprinkler shall withstand for 30 minutes, wi thout 
evidence of cracking, deformation, or separation of any part , a waterf low at a 
pressure equal to (1) 110 percent of the maximum rated pressure or (2) the 
maximum rated pressure plus 25 psig, whichever is greater (lQ) . Using 
commercially available automatic sprinklers that are li sted with a worki ng 
pressure rating of 175 psig in underground mines under high st ati c pressure 
may result in sprinkler leakage or rupture . If the sprinkler ruptures due t o 
a large water hammer, t he waterflow alarm would act ivate, resul t ing in a false 
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al arm . This decreases the reliability of the sprin kler system and increases 
maintenance of the system. 

The Bureau of Mines conduct ed a study t o determine if commercial automatic 
spr inkler s could withstand the high stat ic pressures typica lly found in deep 
underground coal mines wi t hout leak ing and if exposure t o the mine environment 
affected t heir leak pressures. Twelve types of new automat ic sprinklers from 
four different manu fact urers were evaluated, as well as six types of automatic 
sprinklers that had been exposed t o the mine environment for various lengths 
of t ime. Sprinklers were subject ed t o increasing pressures un t il leakage 
occurred. The aver age leak pressures of the new sprinklers ranged f rom 640 to 
2300 psig and showed a high variabi l ity between spr inklers from different 
manufacturers, as well as between different t ypes of sprinklers . Generally, 
st andard response sprin klers were able to wi t hstand higher pressures than fast 
response spr in klers. The results indicated that mo st commercial sprinklers 
would wi t hs tand the hi gh stati c pressures found in deep underground coal 
mines . However, they may not provide the same reliability and degree of 
safety as when exposed t o pressures at or below thei r rated pressure of 
175 ps ig. A compa r ison of t he average leak pressures of the new spri nklers to 
the leak pressures of the sprinklers exposed t o t he mine environment showed 
the t he abi li ty of 66% of the exposed spr inkler s t o wi t hstand high static 
pressures was diminished (11). 

DU RABILITY OF AUTOMAT IC SPRI NK LERS 

The corrosion of a spr i nkler may effect i t s sensitivity and activation. 
The corrosion of the sensing element of a spr in kl er may delay the activation 
of the spr inkler or if the cor rosi on is severe the sprinkler may not activate 
at all. If sprinklers begin to appear corroded after be i ng installed in an 
underground coal mine, they should be r eplaced . Wax covered spr inklers are 
avail able for use in corrosive atmos pheres . 

A sprinkle r used along a longwall face would also have to be able to 
withs t and impact or be prot ected f rom being struck by heavy objects. A bent 
def lecto r coul d affect t he water dis tr ibut ion pattern or if a spr inkler has 
been str uc k i t may start t o l eak . Comme rci al spr in kle rs are desi gned to be 
locat ed near t he ceili ng, where they have li tt le or no physi cal contact with 
ot her object s. Where contact is possible, metal cage-li ke guards are used or 
t he sprinkler s are reces sed . 

WATER SUPPLY 

In order for an automatic sprinkle r system to be feasible on a longwall 
face, an adequate wat er supply is necessary. To det ermine the amount of water 
needed for an automatic spr inkler system along a longwall fa ce , seve ral 
factors such as potential fire size and spacing mus t be addressed. For 
example, assume a fire along the longwal l f ace that involves a 30 ft length of 
the face . The distance from t he coal face t o the support jacks of the shields 
typicall y r anges from 13 t o 16 ft . As stated above, st andard sprinkl ers are 
des igned t o cover an area up t o 130 f t 2

, so the spr in kle rs would be spaced 
every 10 f t along t he length of t he face . With t hree spri nklers f lowing along 
the 30 ft length of the face and a residual press ure of at least 10 psig at 
the last f lowing sprinkler, t he water suppl y required would be approxi mately 
50 gpm. 

Water is used in underg round coal mines for dust suppression and wash down 
of equipment along t he longwa ll face and for fi re suppression systems for 
conveyor belt drive areas . Mos t underground coal mines have aboveground ponds 
or reservoirs to provide water for mi ning operations. Some mines pump water 
from sumps located in the mine . Water that is grav i ty-fed from aboveground 
sources can develop high head pressure due to t he change i n elevat ion. As 
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mentioned earlier, water pressure in an underground coal mine may reach as 
high as 1000 psig. Pressure reducing valves are someti mes used to reduce this 
high pressure to a safer operating pressure. The main water line is typically 
6 to 8 in diamet er which then branches off into smaller pipes to su pply each 
section . The longwall section is usuall y provided with a 2 in or l arger water 
line which runs t he l ength of the face . This water supply should be adequate 
for an automatic sprinkler system along the longwall fa ce; however, each mine 
would have t o be evaluated individually . 

WATER DELI VERY SYSTEM 

The amoun t of water needed and the available water supply determine the 
size of hose needed to provide adequate flow and pressure for t he sprinkler 
system. The hose needed t o supply water t o sprinklers on a longwal l face 
would have to be a flexible high pressure hose, simil ar to the hydraulic hose 
that operates the roof support shiel ds, since the shields move individually. 
The hose for the spr in kl ers coul d be di rected along the hydrauli c hose t o the 
shields, then branched off t o the i ndi vidual spr inklers l ocated out near the 
tip of the shields. The sprinklers coul d be spaced every 10 ft to 12 ft 
depending on the wi dth of the shields. Due t o the cost of high pressure hose 
and the limited space t o r un t he hose, t he hose diameter shoul d be as small as 
pos sible , con si dering t he available water supply at the mine . Due to the 
limited space, 2-in-diamet er hose is probably the l arges t size hose that could 
be used. · 

ALTERNATIVES TO FUSI BL E LI NK TYPE AUTOMATIC SPRINKLER SYSTEMS 

There are alternatives to a fusible link type automati c sprinkler syst em . 
One alternative that uses water is a deluge system . A deluge system uses 
water nozzles or sprinklers that have the lever and lin k mechanism or the 
glass bulb removed . The waterflow t o a group of sprinklers is then controlled 
by a deluge valve . The val ve is actuated by a fire detector that is activated 
by the heat , flame, or products of combu stion of a f i re, or it may be operated 
manually . Smo ke and carbon monoxide sensor s are ava ilable that can quickly 
detect a fire in a ven t ilated mine atmosphere. However, there are drawbacks 
to t his type of extingui shing system. The advantage of properly designed 
automati c sprinkl er systems using fusible link or gl ass bu l b sprinklers 
compared to water deluge systems is that onl y a limited numbe r of sprinklers 
activate. This concentrates water directly on the fire area. Wi th a deluge 
system , the area over which water is discharged i s dependent on the area 
covered by the detector. The discharge area shoul d be limi ted so that the 
available water supply i s concentrated on the fire. Due t o the limits of the 
ho se s ize, the fri cti on loss over 1200 ft of a longwa ll face would be 
substantial. The average avai lable water supply in an underground coal mine 
can probably prov ide adequate flow and pressure for the requi red water density 
over a small l ength of face at the tailgate. If detectors and deluge valves 
were needed fo r each of these lengths, the number of deluge valves and 
detectors req uired for a 1200 ft longwall fa ce wou ld make a convent ional 
deluge system le ss reliable and more costly. 

Systems using other extinguishing agents operate in the same manner and 
have similar drawbac ks. In addition to the limi tati on s of detectors and 
ac tuati on valves being used to activate the system, systems using other agents 
are also limi ted by the amoun t of agent that can be stored near the face. 
There is very litt le space al ong the longwall face for tanks or cylinders . 
Addi tiona ll y, long runs of hose would increase the t ime needed for the agent 
to reach the f ire . The success of t hese systems is dependent upon complete 
ext inguishment of the fire by t he ini t ial application of agent. This 
decreases the reliability of these types of systems. Furt her research would 
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be needed t o make a final determination. However, at this time it is felt 
that a deluge system or a similar scheme using other extinguishing agents 
woulcf not be as feasible for use as an automatic sprinkler system along a 
1ongwa11 face. 

CONCLUSIONS 

There are several factors t hat must be considered in determining the 
feasibility of automatic sprinkler protection for fire control along a 
longwall face . The effects of ventilation on the sprinkler activation time 
and the water coverage area when exposed to a fire are the most important 
f actors. The results of a Bureau of Mines study showed significant delays in 
activat ion t imes , as well as shifts in total coverage areas and in the density 
distribution patterns downstream of the fire as ventilation increased . Even 
with the delay in activation times, once the sprinkler activates, it should be 
·able t o extinguish or at least control a fire and provide protection until 
personnel can evacuate. The use of directional, or horizontal sidewall 
sprinklers, would help negate the effect of ventilation on the spray patterns 
of the sprinklers. Experiments conducted by the Bureau showed that 
directional or hor izontal sidewall sprinklers were effective in extinguishing 
a wood crib f ire in airflows above 300 fpm, while pendent sprinklers were not 
effective in ext inguishing the fire. 

The abil i ty of sprinklers to withstand high static water pressures, the 
durability of commerc ial sprinklers , and the availability of an adequate water 
suppl y are also factors which must be addressed. The results from a Bureau of 
Mines study indicated that most commercially available sprinklers would 
withstand the high static pressures found in deep underground coal mines . 
However, they may not provide the same reliability and degree of safety as 
when exposed to pressures at or below their rated pressure of 175 psig. The 
mine environment affected the ability of 66% of the sprinklers to withstand 
high stat ic pressures when comparing the average leak pressures of the new 
sprinkl ers to the leak pressure of the sprinklers exposed to the mine 
environment. 

The water supply that is typically provided on a longwall face should be 
adequate for an aut omatic sprinkler system. There is adequate space for the 
water hose needed and t he sprinklers could easily be located near the tip of 
the shields. The sprinklers could be protected from damage by metal cages, if 
necessary. 

After cons idering all of the factors stated above , if the incidence of 
fires wou ld warrant their installation, automatic sprinkler systems can be a 
viable method for fire control along longwall faces. 
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Figure 1. - - Schematic of {A) horizontal sidewall, (B) pendent sidewall, (C) 
pendent , and (D) upright sprinklers. 
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Figure 2. -- Examples of (A) glass bulb and (B) fu sible type sprinkl er s . 
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