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EVALUATION OF SAFETY SHUTOFF VALVE SYSTEM ON METHANE GAS 
PIPELINES UNDER MINE FIRE CONDITIONS 

By Patr ick A. Kinek, ' Thomas E. Marshall, and Gerald L. Finf inger 

ABSTRACT 

The purpose of t h i s  i n v e s t i g a t i o n  was t o  e v a l u a t e  t h e  i n t e g r i t y  of t h e  
e x i s t i n g  s h u t o f f  v a l v e s  and a c t u a t o r s  used under high- temperature  condi- 
t i o n s  i n  t h e  Bureau of Mines' h o r i z o n t a l  borehole  methane d r a inage  pipe- 
l i n e  system and t o  determine t h e  p o t e n t i a l  f o r  improvement i n  t h e  
s y s  tem. 

I n  t h e  f i e l d  t e s t s ,  bo th  f i r e - s a f e  b a l l  v a l v e s  and s t anda rd  b r a s s  b a l l  
v a l v e s  were i n i t i a l l y  s u b j e c t e d  t o  a  30 ln in  pan f i r e  wi thout  the rmal  
p r o t e c t i o n .  Ne i t he r  v a l v e  cou ld  ma in t a in  l i n e  p r e s s u r e  beyond 11 min i n  
a  f i r e  t h a t  reached tempera tures  between 500" and 700" C. 

Based on t h e  t e s t  r e s u l t s ,  i t  was concluded t h a t  t h e  b r a s s  b a l l  v a l v e  
used i n  t h e  Bureau 's  methane d r a inage  p i p e l i n e  system can  be r e t r o f i t t e d  
w i t h  a n  inexpens ive  " f i r e  bag" t o  s u b s t a n t i a l l y  i n c r e a s e  i t s  i n t e g r i t y  
under  mine f i r e  c o n d i t i o n s .  

- - - - -- - - - - - - - - - . 

 inin in^ eng inee r .  
2 ~ n g i n e e r i n g  t e chn i c i an .  
3 ~ u p e r v i s o r y  g e o l o g i s t .  
P i t t s b u r g h  Research Cente r ,  Bureau of Mines, P i t t s b u r g h ,  PA. 



INTRODUCTION 

Methane gas  i s  an  i n h e r e n t  s a f e t y  haz- 
a r d  i n  underground c o a l  mining. I n  re -  
sponse t o  t h i s  hazard ,  t h e  Bureau of 
Mines i n s t i t u t e d  a  methane dra inage  pro- 
gram t h a t  has  undertaken numerous i m -  
provements over  t h e  y e a r s  (1-3).4 A ma- - 
j o r  o b j e c t i v e  of t h e s e  improvements ha s  
been i n  t h e  a r e a  of t h e  p i p e l i n e  s a f e t y  
system. This  system c o n s i s t s  of numerous 
f a i l - s a f e  mechanisms t h a t  c o n t r o l  d r a in -  
age of methane gas  under normal and emer- 
gency cond i t i ons .  One emergency condi- 
t i o n  f o r  which t h e  system had no t  been 
t e s t e d  was i t s  behavior  when s u b j e c t e d  t o  
a  mine f i r e .  Although t h e  occur rence  of 
a  mine f i r e  i n  t h e  l i f e  of a  mine i s  very  
i n f r e q u e n t ,  t h e  e f f e c t s  of mine f i r e s  can  
be d r a m a t i c a l l y  worsened by gas  l e a k s  
from underground methane gas  p i p e l i n e s .  

The Bureau and t h e  Mine S a f e t y  and 
Hea l th  Adminis t ra t ion  (MSHA) a r e  con- 
cerned about  t h i s  f i r e  hazard  because t h e  
implementat ion of methane d r a inage  pro- 
grams i n  U.S. c o a l  mines w i l l  i n c r e a s e  a s  
g a s s i e r  mines a r e  worked. Although only 
a  handfu l  of d r a inage  programs c u r r e n t l y  
e x i s t ,  one mine w i t h  a  methane d ra inage  
o p e r a t i o n  ha s  a l r e a d y  had a  f i r e  t h a t  re-  
s u l t e d  i n  e x t e n s i v e  p r o p e r t y  damage ( 4 ) .  

A t  t h e  r e q u e s t  of MSHA, t h e  ~ureau-un- 
de r took  t h e  p r e s e n t  i n v e s t i g a t i o n  t o  de- 
t e rmine  t h e  i n t e g r i t y  of t h e  e x i s t i n g  
shu to f f  va lve s  and a c t u a t o r s  used i n  i t s  
methane d ra inage  p i p e l i n e  system when 
s u b j e c t e d  t o  h igh  tempera tures  such  a s  
t h o s e  encountered i n  a  mine f i r e ,  and t o  
s tudy  t h e  p o t e n t i a l  f o r  improvement i n  
t h e  system. 
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SURVEY OF VALVE MANUFACTURERS 

The i n v e s t i g a t i o n  began w i th  an  i n q u i r y  
t o  determine whether any b a l l  va lve  manu- 
f a c t u r e r  o r  commercial t e s t i n g  company 
d i d  any high-temperature performance de- 
s i g n  and t e s t i n g  on b a l l  va lve s  used t o  
r e g u l a t e  gas.  It was found t h a t  a l l  
high-temperature b a l l  va lve  de s igns  as -  
sumed t h a t  a  l i q u i d  was being r e g u l a t e d  
( u s u a l l y  a  petroleum p roduc t ) ,  and t h a t  
a l l  performance c r i t e r i a  ( l eakage  r a t e s )  
du r ing  t e s t i n g  of va lve s  were based upon 
t h e  r e g u l a t i o n  of a  t e s t  l i q u i d  (wate r ) .  
It appeared t h a t  p rev ious  t o  t h e  Bureau 
i n q u i r y ,  no one had e v e r  asked f o r  a  b a l l  
va lve  t h a t  would r e g u l a t e  gas  under f i r e  
cond i t i ons .  The b a s i s  f o r  t h e  i n d u s t r y ' s  
c u r r e n t  de s ign  of f i r e - s a f e  va lves  i s  
t h e  a b i l i t y  of a  l i q u i d  under p r e s s u r e  t o  
c r e a t e  a  "bubble s e a l "  between t h e  b a l l  

and t h e  va lve  body a f t e r  t h e  ~ e f  lon5 s e a t  
has  burned away. Since a  s i n g l e  gas  
phase does  n o t  have t h i s  p r o p e r t y ,  e x i s t -  
i n g  f i r e - s a f e  va lves  a r e  no t  a p p l i c a b l e  
t o  t h e  methane d ra inage  system. 

One manufacturer  sugges ted  t h e  u se  of 
e i t h e r  b a l l  va lve s  w i t h  s e a t s ,  s e a l s ,  and 
body p a r t s  made o u t  of expensive ma- 
t e r i a l s  ( i . e . ,  g r a p h i t e ,  s t a i n l e s s  s t e e l ,  
e t c . )  o r  more expensive,  custom-designed 
wafer  va lves .  However, bo th  of t h e s e  
s o l u t i o n s  would have meant a n  8- t o  10- 
f o l d  i n c r e a s e  over  t h e  c o s t  of t h e  pre- 
s e n t l y  used va lves .  Accordingly,  i t  was 
decided t o  s e e  i f  t h e  p r e s e n t  b a l l  va lve  
o r  a  more expensive,  f i r e - s a f e  b a l l  v a l v e  
could be i n s u l a t e d  from t h e  high temper- 
a t u r e s  r e s u l t i n g  from a mine f i r e .  

4 ~ n d e r l i n e d  numbers i n  p a r e n t h e s e s  re- 5 ~ e f e r e n c e  t o  s p e c i f i c  p r o d u c t s  does  
f e r  t o  i t e m s  i n  t h e  l i s t  of r e f e r e n c e s  a t  n o t  imply endorsement by t h e  Bureau of  
t h e  end of  t h i s  r e p o r t .  Mines. 



INVESTIGATION OF INSULATION TECHNIQUES 

The i n s u l a t i o n  technique  had t o  be ( 1 )  
r e l a t i v e l y  inexpens ive ,  (2 )  e a s i l y  r e t r o -  
f i t t e d ,  and ( 3 )  a c c e s s i b l e  when va lve  
maintenance was requi red .  Only two insu-  
l a t i o n  techniques a r e  c u r r e n t l y  being 
used i n  t h e  va lve  and a c t u a t o r  i ndus t ry .  
The f i r s t  t echnique  i s  t h e  a p p l i c a t i o n  of  
a  t h i n  c o a t i n g  of epoxy-based subs t ance  
which dur ing  a  f i r e  s w e l l s  up and c h a r s  
( a n  intumescence) ,  forming an i n s u l a t i o n  
b a r r i e r .  However, i t s  u s e  was no t  r e c o w  
mended because of t h e  tempera tures  and 
d u r a t i o n  of t h e  t ype  of f i r e  under con- 
s i d e r a t i o n  and because of expense. 

The a l t e r n a t i v e  a v a i l a b l e  i n s u l a t i o n  
technique  was a  " f i r e  bag" made from 
inexpens ive  ceramic f i b e r  and f i b e r -  
g l a s s  ( ~ a o w o o l ,  $1.70/f t 2 )  .6 A 2-in- 
t h i c k ,  8-lb/f t3 -dens i ty  m a t e r i a l  was 
used. The f i b e r o u s  m a t e r i a l  i s  wrapped 
i n  an  inexpensive,  f i r e - r e s i s t a n t  j a c k e t  
($0 .80 / f t2 ) ,  having a  s i l i c o n  rubber  

coa t ing  w i t h  a  f i b e r g l a s s  base  t h a t  pro- 
v ides  a  wea the r - r e s i s t an t  b a r r i e r .  The 
t o t a l  c o s t  of m a t e r i a l s  used t o  c o n s t r u c t  
t h e  " f i r e  bag" ( 1  f t 2  of Kaowool, 2  f t 2  
of f i r e - r e s i s t a n t  j a cke t  m a t e r i a l ,  and 
two hose clamps) was approximately $6. 
This  more t han  s a t i s f i e d  t h e  f i r s t  spec i -  
f i c a t i o n  of low r e l a t i v e  cos t .  

The second requirement was t h a t  t h e  in -  
s u l a t i o n  technique  had t o  be e a s i l y  re- 
t r o f i t t e d .  The " f i r e  bag" was measured 
and c u t  i n  t h e  f i e l d  w i th  a  t a p e  measure 
and a  s imple u t i l i t y  kn i fe .  Approxi- 
mately 10 t o  15 min was r equ i r ed  t o  con- 
s t r u c t  i t .  Since a l l  t h e  va lve-ac tua tor  
components i n  a  mine would be i d e n t i c a l ,  
t h e  same p a t t e r n  can be used f o r  a l l  t h e  
valves .  

The t h i r d  requirement of va lve  acces s i -  
b i l i t y  was achieved a s  t h e  f i r e - r e s i s t a n t  
j a c k e t  can  be e a s i l y  removed and r ep l aced  
by loosening  t h e  two hose clamps. 

FIELD TESTS OF BALL VALVES 

F i e l d  t e s t s  were conducted a t  t h e  
Bureau's Lake Lynn Laboratory. A series 
of pan f i r e  t e s t s  was performed on t h e  
b a l l  va lves ,  us ing  kerosene  a s  t h e  bulk 
f u e l  and heptane a s  t h e  s t a r t e r  f u e l .  
The t e s t  set up cons i s t ed  of two 
10-ft  s e c t i o n s  of 2-in-diam, s tandard ,  
schedule  40 s t e e l  p ipe  connected t o  
e i t h e r  end of t h e  b a l l  valve.  The ends 
of  t h e  p ipe  were supported,  s o  t h a t  t h e  
v a l v e  was suspended over  t h e  f i r e  pan 
( f i g .  1) .  One p ipe  s e c t i o n  was s e a l e d  
and p re s su r i zed  wi th  n i t r o g e n  gas .  The 
n i t r o g e n  gas  leakage  r a t e  was monitored 
w i t h  a  p re s su re  gauge and a  flow meter. 
Three thermocouples were used t o  monitor 
t h e  temperature  of t h e  f i r e ,  t h e  o u t s i d e  
v a l v e  body temperature ,  and t h e  i n t e r n a l  
temperature  of t h e  va lve  body around t h e  
Tef lon  s e a t  ( f i g .  2).  The p re s su re  
gauge, flow meter ,  and e l apsed  time were 
cont inuously monitored wi th  a  video 
camera. Thermocouple tempera tures  were 
monitored us ing  s t r i p  c h a r t  r eco rde r s  and 
a microprocessor.  

6 ~ r i c e s  f o r  equipment a r e  based on J u l y  

Two b a l l  va lves  were i n i t i a l l y  t e s t e d  
without  an  a c t u a t o r  o r  any thermal pro- 
t e c t i o n :  a  f i r e - s a f e  va lve  and t h e  
b r a s s  v a l v e  c u r r e n t l y  used by t h e  Bureau. 
The f i r e - s a f e  b a l l  va lve  was cons t ruc t ed  
of s t a i n l e s s  s t e e l  w i t h  a  Teflon s e a t  and 
an a s b e s t o s  stem s e a l .  The Bureau va lve  
has  a  b r a s s  body wi th  a  Teflon s e a t  and a  
Teflon s tem s e a l ;  i t s  c o s t  i s  about one- 
f o u r t h  t h a t  of t h e  f i r e - s a f e  valve.  

For each  test t h e  va lves  were tu rned  t o  
t h e  c lo sed  p o s i t i o n  s o  t h a t  n i t rogen  gas  
could f i l l  t h e  p ipe l ine .  A l i n e  p r e s s u r e  
of 20 p s i g  was pu t  on t h e  va lves  t o  simu- 
l a t e  t h e  low p re s su re s  observed i n  a  
shutof f  methane dra inage  p ipe l ine .  Line 
p re s su re  i n  a  shutof f  methane d ra inage  
p i p e l i n e  can r each  i n  s i t u  gas  p re s su re s  
we l l  i n  excess  of 20 p s i g  i f  allowed t o  
bu i ld  f o r  24 h o r  more. However, i n  a  
mine f i r e  emergency, shu tof f  va lves  a t  
t h e  c o l l a r s  of t h e  ho l e s  would be c losed  
a s  soon a s  t h e  f i r e  was de t ec t ed  by t h e  
p i p e l i n e  s a f e t y  system o r  by mine person- 
nel .  Thus, dur ing  t h e  subsequent c r i t i -  
c a l  minutes of t h e  e a r l y  l i f e  of t h e  
f i r e ,  l i n e  p re s su re  would remain low. 

1984 d a t a .  



FIGURE 1. - Test setup for temperature durabil i ty evaluations. 



FIGURE 2. - Components of brass valve. 

I n i t i a l l y ,  i n  each t e s t ,  a pan f i r e  800 
us ing  15 g a l  of kerosene was i g n i t e d  un- 
d e r  t h e  unprotected va lve ,  producing tem- 
p e r a t u r e s  of 500' t o  700' C over  a 30-min 
per iod .  Both va lves  recorded an in- 
t e r n a l  temperature of 500" t o  550° C on 
t h e  s e a t s  a t  11 min ( f i g .  3 ) ;  t h i s  i s  t h e  d 

[r temperature range i n  which Teflon polymer 
begins  decomposing ex tens ive ly .  Not sur-  2 400 
p r i s i n g l y ,  f o r  t e s t s  w i th  both va lves  t h e  u 

a f low meter began r i s i n g  a f t e r  approxi- 2 
mately 11 min, i n d i c a t i n g  a l e a k  i n  t h e  
system through t h e  valve.  

An important observa t ion  was t h a t  t h e  
o Brass valve 

inexpens ive  b ra s s  va lve  performed a s  we l l  
A Steel fire-safe valve 

a s  t h e  more expensive f i r e - s a f e  valve. 
Low l i n e  p re s su re  and t h e  absence of a 
l i q u i d  medium rendered t h e  f i r e - s a f e  
va lve  a s  i n e f f e c t i v e  a t  h igh  temperatures  TIME, min 

a s  t h e  b ra s s  valve. Given t h i s  f i nd ing ,  FIGURE 3. - Results of fire test. 
i t  was decided t o  u se  only the  brass  
va lve  f o r  t h e  " f i r e  bag" t e s t s .  



FIGURE 4. - Closeup of a brass valve protected wi th  a "fire bag." 

FIELD TEST OF THE "FIRE BAG" 

A complete shutoff valve system was Once the shutoff valve system was con- 
constructed for the "fire bag" tests. An structed, the valve was wrapped in the 
air actuator was attached to the normally "fire bag." Twenty gallons of kerosene 
closed brass valve, and 60 psig of air was used for these tests to extend the 
was applied to the actuator through 112- life of the fire from 30 min to 40 min. 
in PVC pipe to keep the valve open (fig. The kerosene was ignited, and after 
4). The initial reason that PVC pipe was 20 s the PVC pipe burst, confirming its 
chosen to carry air to the actuators was effectiveness as a fire warning mecha- 
that it is inexpensive and would break nism. As a result, air pressure on the 
easily if there were a roof fall on the actuator was released, causing the valve 
pipeline (1). Line pressure would drop to close and stopping the flow of nitro- 
once the Fipe was broken, causing all gen gas. After 40 min of fire exposure 
valves in the system to move to the at temperatures between 500' and 700' C, 
closed position and thus halting methane the ball valve seat and stem seal were 
gas flow. Given the fact that the PVC still intact and maintaining line pres- 
pipe being used had a low melting point, sure. The internal temperature on the 
it could also serve as a fire warning Teflon seat was only 380' C at the end of 
mechanism. The same series of shutoff the 40lnin period (fig. 3), as compared 
events would occur once the PVC pipe with 550' C after 11 min without the 
burned through as when the pipe was "fire bag" (fig. 3). 
broken by a roof fall. 

CONCLUSIONS 

The results of the investigation indi- 
cate that the ball valves now used in the 
Bureau's methane drainage pipeline system 
can be retrofitted with an inexpensive 
"fire bag" to substantially increase the 
system's short-term integrity under mine 
fire conditions. It was also established 
that the more expensive fire-safe ball 
valves are no more effective at sealing 

a low-pressure gas line under high- 
temperature conditions than a thermally 
unprotected brass ball valve. 
It was also found that normal 1/2-in 

PVC pipe can function not only as a roof 
fall warning system, but also, because of 
its low melting point, as a fire warning 
system for methane gas pipeline. 
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