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A FAIL-SAFE CONTROL SYSTEM FOR A MINE METHANE PIPELINE 

by 

M. C. Irani,  1 F. F. Kapsch, 2 P. W. ~ e r a n , 3  and S. J. Pepperney4 

ABSTRACT 

The Bureau of Mines h a s  des igned and p u t  i n t o  o p e r a t i o n  a  f a i l - s a f e  con- 
t r o l  system f o r  u s e  i n  underground c o a l  mines equipped w i t h  methane d r a i n a g e  
p i p e l i n e s .  T h i s  c o n t r o l  sys tem can  d e t e c t  c e r t a i n  u n s a f e  c o n d i t i o n s  and 
respond by a u t o m a t i c a l l y  s h u t t i n g  o f f  t h e  f low of methane from t h e  d e g a s i f i -  
c a t i o n  boreho le  t o  t h e  d r a i n a g e  p i p e l i n e .  Methane f low i s  s h u t  o f f  when t h e  
methane c o n t e n t  i n  t h e  r e t u r n  a i rways  r e a c h e s  a  predetermined l e v e l  ( t y p i c a l l y  
1 . 5  p c t ) ,  when t h e  methane d r a i n a g e  p i p e l i n e  i s  r u p t u r e d  by roof  f a l l ,  o r  when 
t h e r e  i s  a n  e l e c t r i c  power f a i l u r e .  

The f a i l - s a f e  c o n t r o l  sys tem was des igned u s i n g  commercially a v a i l a b l e  
components and a  methane a n a l y z e r  sys tem p r e v i o u s l y  developed by t h e  Bureau. 
The f a i l - s a f e  sys tem c o n s i s t s  of a  u n i t  t h a t  combines a  s h u t o f f  v a l v e  and 
pneumatic v a l v e  a c t u a t o r ,  and e l e c t r o n i c  and mechanical  equipment des igned t o  
d e t e c t  hazards  and e f f e c t  shutdown. 

The f a i l - s a f e  c o n t r o l  sys tem was des igned t o  meet r e g u l a t o r y  requ i rements  
i s s u e d  by t h e  Mine S a f e t y  and Hea l th  A d m i n i s t r a t i o n  (MSHA), U.S. Department of 
Labor, and S t a t e  r e g u l a t o r y  b o d i e s  f o r  t h e  s a f e  o p e r a t i o n  of underground 
methane p i p e l i n e s  used f o r  mine d e g a s i f i c a t i o n .  MSHA has  i n s p e c t e d  and t e s t e d  
t h i s  sys tem and p e r m i t t e d  i t s  use  i n  two mines .  The Bureau i n s t a l l e d  t h e  
f a i l - s a f e  sys tem i n  two working c o a l  mines,  where s u c c e s s f u l  performance h a s  
been demonstra ted.  

INTRODUCTION 

The Bureau of Mines h a s  conducted r e s e a r c h  on methane c o n t r o l  i n  b i tumi-  
nous c o a l  mines s i n c e  i t  was f i r s t  o rgan ized .  Th is  r e s e a r c h  h a s  been c a r r i e d  
o u t  on a n  a c c e l e r a t e d  b a s i s  s i n c e  1964. An impor tan t  o b j e c t i v e  of t h i s  

l s u p e r v i s o r y  mining e n g i n e e r .  
2Mining e n g i n e e r .  
3 ~ e o l o g i s  t . 
4 ~ h y s i c a l  s c i e n c e  t e c h n i c i a n .  

A l l  a u t h o r s  a r e  w i t h  t h e  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. 



r e s e a r c h  i s  t o  reduce t h e  hazard of methane emiss ions  d u r i n g  mining (3) .  One 
s u c c e s s f u l  approach i s  t o  d r a i n  methane u s i n g  d e g a s i f i c a t i o n  b o r e h o l e s  d r i l l e d  
h o r i z o n t a l l y  i n t o  t h e  coalbed from underground l o c a t i o n s  ( 4 - 1 ) .  Boreholes  a r e  
d r i l l e d  from l o c a t i o n s  n e a r  a c t i v e  workings and from t h e  bottom of s h a f t s  dug 
f o r  f u t u r e  use  a t  l o c a t i o n s  remote from a c t i v e  workings .  The b o r e h o l e s  pro-  
v i d e  low-res i s t ance  channe l s  t o  conduct  methane from t h e  coa lbed .  Advantages 
of t h i s  b o r e h o l e  method of d e g a s i f i c a t i o n  a r e  i n c r e a s e d  v e n t i l a t i o n  and produc- 
t i o n  e f f i c i e n c y  t h a t  can  reduce  mining c o s t .  

E f f i c i e n c y  i s  improved because  t h e  boreho le  method of d e g a s i f i c a t i o n  
reduces  methane emiss ions  from t h e  f a c e  a r e a ,  a l lowing  mining machinery t o  be  
s a f e l y  opera ted  f o r  more t o t a l  t ime t h a n  i f  d e g a s i f i c a t i o n  i s  n o t  used.  The 
modern h igh-capac i ty  c o a l  mining machines t h a t  a r e  used t o  mine v e r y  g a s s y  
coa lbeds  a r e  des igned t o  s h u t  down a u t o m a t i c a l l y  when methane c o n c e n t r a t i o n s  
exceed a  predetermined s a f e  l e v e l .  With boreho le  d e g a s i f i c a t i o n ,  methane con- 
c e n t r a t i o n s  a r e  k e p t  a t  lower l e v e l s ,  and s o  t h e  machines can o p e r a t e  more of 
t h e  t ime than  i f  d e g a s i f i c a t i o n  were n o t  used.  

I n  t h e  p a s t ,  methane d r a i n a g e  b o r e h o l e s  were 100 t o  150 f e e t  long ,  and s o  
t h e  q u a n t i t i e s  of methane they  d r a i n e d  were r e l a t i v e l y  small. With t h e  suc-  
c e s s f u l  development of t echn iques  f o r  d r i l l i n g  b o r e h o l e s  a s  long  a s  2 ,500 f e e t ,  
t h e  q u a n t i t i e s  of methane d r a i n e d  became e x c e s s i v e  from a  s a f e t y  and economics 
s t a n d p o i n t .  It  is  hazardous  t o  d i s c h a r g e  l a r g e  q u a n t i t i e s  o f  methane i n t o  t h e  
mine a tmosphere ,  because  of t h e  p o t e n t i a l  f o r  e x p l o s i o n .  Fur thermore,  t h i s  
methane has  p o t e n t i a l  use  a s  a  s o u r c e  of energy ,  a l t h o u g h  sometimes t h e r e  a r e  
c e r t a i n  economic c o n s t r a i n t s  and l e g a l  problems r e g a r d i n g  ownership of t h e  
methane. A t  one p r o j e c t  s i t e ,  t h e  methane d r a i n e d  by seven boreho les  h a s  been 
used f o r  i n d u s t r i a l  and r e s i d e n t i a l  purposes  (2).  Large-scale  p r o d u c t i o n  over  
s e v e r a l  y e a r s  has  .demonstra ted t h e  economic p o t e n t i a l  of methane produced i n  
t h i s  manner. To make use  of methane d r a i n e d  from mines ,  i t  i s  n e c e s s a r y  t o  
d e s i g n  and b u i l d  underground p i p e l i n e s  t o  s a f e l y  c o l l e c t  and convey t h e  meth- 
ane  from t h e  b o r e h o l e s  t o  t h e  s u r f a c e .  

F e d e r a l  and S t a t e  r e g u l a t o r y  b o d i e s  have p repared  s p e c i f i c a t i o n s  and 
o t h e r  d e s i g n  requ i rements  f o r  a  s a f e  methane c o l l e c t i o n  system f o r  use  i n  
underground c o a l  mines (8).  Inc luded  i n  t h e s e  d e s i g n  requ i rements  i s  a  f a i l -  
s a f e  c o n t r o l  system t o  c l o s e  t h e  methane d r a i n a g e  p i p e l i n e  when u n s a f e  condi-  
t i o n s  develop i n  t h e  mine. A sys tem i s  r e q u i r e d  t h a t  w i l l  s t o p  t h e  f low of 
methane from t h e  coalbed t o  t h e  d r a i n a g e  p i p e l i n e  when t h e r e  is  methane l e a k -  
age due t o  c o r r o s i o n ,  r u p t u r e  of t h e  p i p e l i n e  r e s . u l t i n g  from a  roof  f a l l ,  o r  
f o r  o t h e r  r e a s o n s .  I n  o r d e r  t o  d e s i g n  a  sys tem t h a t  would meet t h e s e  r e g u l a -  
t o r y  and performance requ i rements ,  t h e  Bureau drew upon knowledge d e r i v e d  from 
y e a r s  of r e s e a r c h  i n  methane moni to r ing  systems.  P a r t i c u l a r l y  u s e f u l  was a  
methane a n a l y z e r  sys tem (6) p r e v i o u s l y  developed by t h e  Bureau and incorpo-  
r a t e d  i n t o  t h e  f a i l - s a f e  sys tem.  

The f a i l - s a f e  c o n t r o l  system t h a t  r e s u l t e d  from t h e  ~ u r e a u ' s  e f f o r t s  h a s  
s u c c e s s f u l l y  d e t e c t e d  and responded t o  unsafe  c o n d i t i o n s  i n  f i e l d i n s t a l l a t i o n s  

Sunder l ined  numbers i n  p a r e n t h e s e s  r e f e r  t o  i t ems  i n  t h e  b i b l i o g r a p h y  a t  t h e  
end of t h i s  r e p o r t .  



a t  Bethlehem Mines Corp. 's  Marianna 58 mine i n  Washington County, Pa . ,  and 
Maple Meadow Mining Co. 's  Maple Meadow mine nea r  Beckley, W. Va. 

Under a p p l i c a b l e  Federa l  and S t a t e  s a f e t y  r e g u l a t i o n s ,  methane dra inage  
p i p e l i n e s  used f o r  mine d e g a s i f i c a t i o n  a r e  i l l e g a l  un l e s s  equipped wi th  a  
system such a s  t h e  one descr ibed  i n  t h i s  r e p o r t .  Therefore ,  s a f e t y  c o n t r o l  
systems such a s  t h i s  a r e  e s s e n t i a l  i f  long ,  h o r i z o n t a l  boreholes  a r e  t o  be  
used f o r  methane dra inage  from gassy coalbeds.  

GENERAL DESCRIPTION OF SYSTEM OPERATION 

The f a i l - s a f e  c o n t r o l  system uses  a  pneumatical ly  ac tua t ed  va lve  ( f i g .  1 )  
t o  s h u t  o f f  t h e  flow of methane from t h e  d e g a s i f i c a t i o n  borehole  t o  t h e  meth- 
ane dra inage  p i p e l i n e  when t h e  system d e t e c t s  an unsafe  cond i t i on .  A s  long a s  
cond i t i ons  i n  t h e  mine a r e  s a f e ,  a i r  p r e s s u r e  suppl ied  by a  modified a i r  com- 
p re s so r  ho lds  t h e  borehole  va lve  open, a l lowing methane t o  flow i n t o  t h e  dra in-  
age p i p e l i n e .  Thesystem is d e s i g n e d s o t h a t  t he  p re s su re  drops i n  t h e  system's 
a i r  l i n e s  when an unsafe  condition--such a s  a  l eak  i n  t h e  methane p ipe l ine- - i s  
de t ec t ed .  The p re s su re  drop a l lows  a  r e t u r n  s p r i n g  t o  c l o s e  t h e  borehole  
va lve ,  s h u t t i n g  o f f  t h e  flow of methane. The borehole  va lve  remains open only 
when t h e  f a i l - s a f e  system is  p re s su r i zed .  

FIGURE 1. - Actuator mounted on threaded ball valve. 



Regardless of the  
na tu re  of t h e  unsafe condi- 
t i o n ,  methane flow i s  always 
s h u t  o f f  i n  t h e  same way: a  
drop i n  a i r  p re s su re  al lows 
t h e  borehole va lve  t o  c lo se .  
However, t he  system uses sev- 
e r a l  d i f f e r e n t  methods t o  
d e t e c t  d i f f e r e n t  k inds  of 
unsafe condi t ions .  

Methane content  is moni- 
t o red  by senso r s  ( f i g .  2)  a t  
var ious  l o c a t i o n s  along the  
methane p ipe l ine .  When the  
senso r s  d e t e c t  a hazardous 
concent ra t ion  of gas ,  t he  
system a c t s  t o  shu t  down t h e  
methane p ipe l ine .  

For d e t e c t i o n  of roof 
f a l l s ,  a  b r i t t l e  polyvinyl  
c h l o r i d e  (PVC) tube is  
s t rapped  t o  t he  methane pipe- 
l i n e  ( a s  i nd ica t ed  i n  t h e  
diagram i n  f i g .  3 ) .  This 
tube c a r r i e s  compressed a i r ,  
and is  s h a t t e r e d -  by the  

FIGURE 2. - Methane sensor assembly. 
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F IGURE 3. - Diagram of mine installation. 



impact of a roof  f a l l .  When t h e  tube s h a t t e r s ,  a i r  p r e s s u r e  drops  throughout  
t h e  system, c aus ing  t h e  borehole  va lve  t o  c l o s e .  

I n  c a se  of power f a i l u r e ,  t h e  a i r  compressor w i l l  s t o p  func t i on ing .  Th is ,  
too ,  w i l l  r e s u l t  i n  a drop i n  a i r  p r e s s u r e ,  and t h e  borehole  v a l v e  w i l l  c l o s e  
o f f  t h e  flow of methane. The system i s  a l s o  designed s o  t h a t  any f a i l u r e  i n  
e l e c t r o n i c  c i r c u i t r y  w i l l  r e s u l t  i n  shutdown of t h e  methane p i p e l i n e .  

MAJOR COMPONENTS OF THE SYSTEM 

The e l e c t r o n i c  equipment used f o r  methane d e t e c t i o n  and shutdown was 
developed by t h e  Bureau of Mines and t he  Mine S a f e t y  Appl iances  Co., and i s  
now commercially manufactured.  The equipment was o r i g i n a l l y  developed t o  
r e co rd  con t inuous ly  t h e  methane con t en t  of mine a i r  (6) .  This  equipment was 
l a t e r  modif ied t o  a c t u a t e  c o n t r o l  dev i ce s ,  c u t  o f f  e l e c t r i c  power, and sound 
a la rms .  

For t h e  f a i l - s a f e  c o n t r o l  system,  t h i s  e l e c t r o n i c  d e t e c t i o n  and shutdown 
equipment has  t h e  c a p a b i l i t y  o f  (1) i n d i c a t i n g  con t i nuous ly ,  on meters, t h e  
methane con t en t  of t h e  mine a i r  a t  each s e n s o r ,  ( 2 )  r e co rd ing  t h i s  methane 
d a t a  on i n d i v i d u a l  s t r i p  c h a r t s ,  ( 3 )  f l a s h i n g  a r ed  warning l i g h t  when t h e  
methane con t en t  of t h e  sampled mine a i r  r e aches  a predetermined l e v e l  ( u s u a l l y  
1 . 0  p c t ) ,  (4)  opening a so l eno id  va lve  t o  r e l e a s e  a i r  p r e s s u r e  s o  t h a t  t h e  
borehole  va lve  w i l l  c l o s e  when t h e  methane con t en t  reaches  a h ighe r  p r ede t e r -  
mined l e v e l  ( u sua l l y  1 . 5  p c t ) ,  and (5)  c u t t i n g  o f f  power t o  t h e  a i r  compressor 
when p r e s s u r e  i n  t h e  a i r  l i n e s  drops  below 40 p s i .  This  e l e c t r o n i c  equipment 
works t oge the r  w i th  t he  mechanical  components o f  t h e  f a i l - s a f e  system,  such a s  
t h e  borehole  va lve  and t h e  b r i t t l e  PVC tube .  

De t ec t i on  Equipment 

The methane ana lyze r  system i s  used i n  t h e  f a i l - s a f e  c o n t r o l  system t o  
d e t e c t  dangerous l e v e l s  of methane i n  t h e  a i r  a long  t h e  d r a inage  p i p e l i n e .  
The ana lyze r  system c o n s i s t s  o f  methane s e n s o r s ,  a power supply ,  and a r e ce iv -  
i n g  s t a t i o n .  F igure  4 shows t h e  r e l a t i o n s h i p  of t h e s e  components t o  each 
o t h e r  and t o  o t h e r  components of t h e  f a i l - s a f e  system.  Components of t h e  
methane ana lyze r  system a r e  commercially a v a i l a b l e  i n  a package t h a t  i n c l u d e s  
f o u r  methane s e n s o r s .  

The Methane Sensors  

The methane s enso r s  ( f i g .  2 )  a r e  l o c a t e d  a long  t h e  underground methane 
p i p e l i n e  t o  d e t e c t  l eakage .  They a r e  hung downwind from the  boreholes  a t  
1 ,000-foot  i n t e r v a l s ,  t o  t h e  p o i n t  where t h e  p i p e l i n e  e x i t s  t h e  mine. These 
s e n s o r s  con t inuous ly  monitor t h e  methane c o n t e n t  of t h e  v e n t i l a t i o n  a i r ,  
o p e r a t i n g  on t he  p r i n c i p l e  of c a t a l y t i c  combustion. 

The s ens ing  element i s  enc losed  i n  a c i r c u l a r  a i r  d e f l e c t o r  f o r  d u s t  and 
mois tu re  p r o t e c t i o n .  A r e c t a n g u l a r  box houses t h e  s e n s i n g  c i r c u i t s ,  a two- 
s t a g e  s i gna l -vo l t age  a m p l i f i e r ,  t h e  a m p l i f i e r  power supply ,  and a n i cke l -  
cadmium b a t t e r y  t h a t  can  o p e r a t e  t h e  u n i t  f o r  up t o  6 hours  i f  power f a i l s .  

When t h e  s enso r s  d e t e c t  a hazardous c o n c e n t r a t i o n  of methane, t h e  r ed  
warning l i g h t  f l a s h e s  and t h e  so l eno id  va lve  i s  a u t o m a t i c a l l y  t r i p p e d .  The 



FIGURE 4. - Schematic of detection and shutdown equipment. 

so l eno id  va lve  causes  a p r e s s u r e  r e l e a s e  from t h e  a i r  l i n e s  of t h e  f a i l - s a f e  
system, and t h i s  c l o s e s  t h e  borehole  va lve .  

Extern,al  Power Supply 

The 120-vac power supply i s  used t o  ope ra t e  up t o  f ou r  methane s enso r s .  
Power supply ou tpu t  i s  l i m i t e d  t o  13.5 vdc a t  a maximum c u r r e n t  r a t e  of 800 m a .  
The c a b l e  c a r r i e s  o p e r a t i n g  c u r r e n t  t o  t h e  s enso r  and methane s i g n a l s  from t h e  
s enso r  t o  t h e  power supply ,  From t h e r e  t h e  s i g n a l s  a r e  d i r e c t e d  t o  t h e  r ece iv -  
i n g  s t a t i o n  v i a  ano the r  c a b l e .  

Because t h e  s e n s o r  assembl ies  a r e  i n t r i n s i c a l l y  s a f e ,  they may be p laced  
anywhere i n  t h e  mine up t o  3,500 f e e t  from the  power supply ,  Requirements f o r  
t h e  s i z e  of t h e  connec t ing  c a b l e s  between t h e  power supply  and s e n s o r s  va ry  
accord ing  t o  d i s t a n c e .  

The Receiving S t a t i o n  

The r e c e i v i n g  s t a t i o n  ( f i g .  5 )  i s  l o c a t e d  above ground t o  a l low s u r f a c e  
obse rva t i on  of d a t a  genera ted  by t h e  s e n s o r s .  I t  can-monitor a s  many a s  



FIGURE 5. - Aboveground receiving station. 



four  s enso r s ,  and i s  independently powered by a 120-vac source .  A t  t h e  rece iv-  
ing s t a t i o n ,  methane content  can b e v i s u a l l y  read frommeters ,  and input  from t h e  
senso r s  i s  cont inuously recorded on s t r i p  c h a r t s .  

Shutdown Equipment 

Shutdown equipment of t he  f a i l - s a f e  c o n t r o l  system c o n s i s t s  of an  a i r  
compressor, power supply,  e l e c t r o n i c  and mechanical components, t h e  b r i t t l e  
a i r  l i n e  made of PVC tub ing ,  and t h e  pneumatically ac tua ted  borehole valve.  
These components e f f e c t  shutdown of t h e  methane p i p e l i n e  when a hazard i s  d i s -  
covered by t h e  d e t e c t i o n  equipment. I n  some s i t u a t i o n s ,  such a s  a roof f a l l ,  
t h e  shutdown equipment can r e a c t  independent ly of t h e  d e t e c t i o n  equipment. A s  
a precaut ion  a g a i n s t  methane i g n i t i o n s ,  t h e  a i r  compressor, power supply, and 
c e r t a i n  e l e c t r o n i c  and mechanical components a r e  l oca t ed  i n  a f r e s h  a i r  e n t r y  
( f i g .  6 ) .  

FIGURE 6. - Underground instal lotion of shutdown equipment (not including system of brittle 
PVC tubing; the brattice cloth shown here was used for photographic purposes 
and is not necessary for operation of the system). 



Borehole Valve and Pneumatic Actua tor  

The pneumatical ly  a c t u a t e d  b a l l  va lve  ( t h e  borehole  va lve)  is  loca t ed  i n  
t h e  p i p e l i n e ,  near  t h e  j unc t i on  of t h e  p i p e l i n e  and t h e  borehole ,  a s  shown i n  
f i g u r e  3 .  Here, t h e  flow of methane can be s h u t  o f f  a s  c l o s e l y  a s  p o s s i b l e  
t o  t h e  borehole  opening. To permi t  i n s t a l l a t i o n  i n  t h e  p i p e l i n e ,  t he  va lve  
and a c t u a t o r  a r e  combined i n t o  a  s i n g l e  u n i t ,  a s  shown i n  f i g u r e  1. 

The f o r c e  r equ i r ed  t o  open t h e  borehole  va lve  i s  provided by t h e  pneu- 
mat ic  a c t u a t o r  ( f i g .  7 ) .  The va lve  is  c losed  by a  r e t u r n  sp r ing .  

A i r  p r e s s u r e  from t h e  sys tem's  a i r  compressor a c t s  on a  p i s t o n  i n  t he  
va lve  a c t u a t o r  t o  ho ld  t h e  borehole  va lve  open a s  l ong  as no unsafe  cond i t i on  
is  de t ec t ed  i n  t h e  mine. A mechanical l i nkage  conve r t s  t h e  l a t e r a l  motion of 
t h e  p i s t o n  i n t o  t h e  r o t a t i o n a l  motion of t h e  ou tpu t  s h a f t  t h a t  t u r n s  t h e  va lve  
on o r  o f f .  A s  t h e  p i s t o n  moves t o  open t h e  va lve ,  i t  compresses t h e  r e t u r n  
s p r i n g .  When a i r  p r e s s u r e  is r e l e a s e d ,  t h e  r e t u r n  s p r i n g  expands, r e v e r s e s  
t h e  motion of t h e  p i s t o n ,  and causes  t he  va lve  t o  c l o s e .  It i s  t h i s  sequence 
of  even t s  t h a t  c l o s e s  o f f  t h e  methane flow when a  drop i n  a i r  p r e s su re  i n d i -  
c a t e s  an  unsafe  c o n d i t i o n  i n  t h e  mine. 

An i n d i c a t o r  on t h e  a c t u a t o r  shows when t h e  va lve  is  c lo sed .  Maximum 
r o t a t i o n  is  one-quarter t u r n  of t he  s h a f t .  Operat ing p r e s s u r e  i s  from 40 t o  
100 p s i ;  t h e  r e t u r n  s p r i n g  w i l l  c l o s e  t h e  va lve  when p r e s s u r e  drops below 
40 p s i .  

A l l  moving p a r t s  of t h e  a c t u a t o r  a r e  enclosed t o  e l i m i n a t e  t h e  p o s s i b i l -  
i t y  of d i r t  accumulat ion,  which could cause f a i l u r e .  I n t e r i o r  p o r t i n g  i s  used 
t o  conduct t h e  compressed a i r .  Ex te rna l  tub ing  was n o t  used because i t  would 
be s u b j e c t  t o  damage t h a t  could cause a  f a i l u r e  i n  va lve  ope ra t i on .  

Air intoke I plug 

Spring cylinder, 

shaft 

driver 
iaf t 

Output shaft 
/ 

FIGURE 7. - Cutaway view of valve actuator (shown in closed position). 



A i r  Line Made of B r i t t l e  PVC Tubing 

A system independent  of t h e  methane d e t e c t i o n  system was designed t o r e a c t  
t o  roof  f a l l s .  Its pr imary  component i s  a  b r i t t l e  PVC tube  s e c u r e l y  s t r apped  
t o  t h e  top of t h e  methane p i p e l i n e .  This  tube  c a r r i e s  compressed a i r  and i s  
connected t o  t h e  compressor and t h e  borehole  v a l v e  a c t u a t o r  by branch l i n e s  
made of f l e x i b l e  p l a s t i c  tub ing .  

The impact of a  roof f a l l  e a s i l y  s h a t t e r s  t h e  b r i t t l e  PVC tube ,  and t h e  
r e s u l t  i s  a  drop i n  a i r  p r e s s u r e  t h a t  t r i g g e r s  a  l i m i t i n g  sw i t ch  t h a t  c o n t r o l s  
t h e  compressor.  When a i r  p r e s s u r e  d rops  below 40 p s i ,  a s  i t  would i f  t he  b r i t -  
t l e  t ube  were s h a t t e r e d ,  t h e  l i m i t i n g  swi tch  c u t s  o f f  power t o  t h e  compressor.  
A t  t h i s  p r e s s u r e ,  t h e  borehole  va lve  w i l l  c l o s e .  

CONCLUSIONS 

The f a i l - s a f e  c o n t r o l  system was b u i l t  a s  a  s a f e t y  system f o r  an  under- 
ground c o a l  mine d e g a s i f i c a t i o n  p i p e l i n e .  The system was designed t o  s a t i s f y  
t h e  s a f e t y  requ i rements  of Fede ra l  and S t a t e  r e g u l a t o r y  bod i e s ,  p a r t i c u l a r l y  
t hose  of t h e  Mine Sa fe ty  and Hea l th  Adminis t ra t ion .  It ha s  been i n spec t ed  and 
t e s t e d  by MSHA, and MSHA has  pe rmi t t ed  i t s  use  i n  working mines. This  system 
has  s u c c e s s f u l l y  d e t e c t e d  and responded t o  methane hazards  i n  two working c o a l  
mines where i t  i s  now i n  use .  The f a i l - s a f e  c o n t r o l  system i s  a  nece s sa ry  
p a r t  of t h e  technology r equ i r ed  t o  s a f e l y  p ipe  methane from c o a l  mines f o r  
d e g a s i f i c a t i o n  and f o r  use  a s  a  source  of energy.  

 TO main ta in  a i r  p r e s s u r e  i n  t h e  system wh i l e  mine c o n d i t i o n s  a r e  s a f e ,  t h e  
compressor s t a r t s  a u t o m a t i c a l l y  when t h e  p r e s s u r e  d rops  t o 5 0  p s i .  However, 
i f  t h e  b r i t t l e  tube i s  s h a t t e r e d ,  t h e  l o s s  of a i r  p r e s s u r e  i s  too g r e a t  t o  
a l l ow  t h e  compressor t o  s t a r t .  There fore ,  t h e  compressor cannot  c o u n t e r a c t  
t h e  ope ra t i on  of o t h e r  components of t h e  system a s  they  work t o  c l o s e  t h e  
borehole  va lve .  
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