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The objective of this project was to perforn a preiiininary study to 

determine the desirabflity/practicaiity cf burying ';he communication 

cables in underground mines in order to protect then from the effects of 

fires and expiosions . 

We conducted discussions with Government and industry specialists on 

the physics of mine fires and explosions, mine disaster fighting, rescue, 

and investigation activities, and on nine operations. In additim, we 

examined -,ublisheC experimental work and selected detailed NSHA accident 

reports on fires and explosions in underground mines. 

We found the overall desirability /practicality of cable b u r i a l  must 

be regarded at this time as highly questionable, because of its be~efit 

limitations to special sceneries, its practical operational shortcomings, 

and the evailability of alternative cable protection options. 
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A .  GBJECTLVE 

F i r e s  and ~ x p l o s i o n s  i n  underground mines car: be  l i f e - t h r e a t e n i n g  

emergencies.  3u r ing  such emsrgencies ,  r e l i a b l e  co i s i~~unica t ion  l i n k s  

could p l ay  v i t a l  r o l e s  i n  sav ing  i i v e s  and i n  c ~ m b a t i n g  t h e  sp read  of 

the  emergency cond i t i on .  However, under such cond i t i ons ,  c o ~ n u n i c a t i o n  

l i c k s  may becone d i s a b l e d  a t  t h e  w r y  t ime a t  which they  need t o  be used 

f o r  a l e r t i n g  o t h e r s  o f  t h e  emzrgency and f o r  coo rd ina t i ng  energency 

res?cnse  a c t i v i t i e s .  

The o b j e c t i v e  of t h i s  p r o j e c t  was tcl perform a  p r e l i n i n ~ r y  s tudy  t o  

de te rmine  whether o r  n o t  i t  i s  d e s i r a b l e  o r  p r a c t i c a l  t o  bury  the 

c o m u n i c a t i o n  cabLe i n  underground mines i n  o r d e r  t o  p r o t e c t  i t  f r o 2  the  

e f f e c t s  of f i r e s  and exp los ions .  . 

The cveral .1  c'c j e c t  i v e  of t h i s  p re l iminary  s t udy  was eccomplished by 

~ s s e s s i n g :  

a t h e  need f o r  p r o t e c t i n g  t h e  conmunication c a b l e  from t h e  

h o s t i l e  environmental  e f f e c t s  o f  f i r e s  and exp los ions ,  

a and t c o n s i d e r a t i o n s  t h a t  a f f e c t  t h e  p r a c t i c a l  

i n p l e n e n t a i i o n  of c a b l e  b u r i a l .  

To a s s e s s  t h e  need f o r  bury ing  t h e  comunica t ion  c a b l e ,  w e  examized 

a number of i s s u e s  concerning t h e  1Fkel:ihood of c a b l e  involveme~zt i n  a 

mine f i r e  o r  a c  exp los ion ,  t h e  e x t e n t  o f  c ab l e  i nvo lvenen t ,  the 

l i k e l i h o o d  of Loss of commcnication t o  endangered micere  due t o  c a b l e  

dsnage ,  and the  ccnsequenc2s of such loss of comui l i c a t i on  i n  t s r m s  of 

~ C d e d  r i s k  t o  t h e  micers .  



We conlucteci  d f s c c s s i o n s  w i t h  Bureau of  !,lines z e c h n i c a l  s t a f f ,  

?.lining S a f e t y  and S e a l t h  A h i n i s  t r z t i o n  (M5I-W) p e r s o n n e l  a r d  i n h s  t r y  

s p e c i a l i s t s ,  a s s o c i a t e d  ~ i t h  t h e  p h y s i c s  of n i n e  f i r e s  zlnd e x p l o s i o n s ,  

wieh mine d i s a s t e r  f i g h t i ~ g ,  r z s c z e ,  a id  L n v e s ~ i g a t F o n  a c t i v i t i e s ,  and 

w i t h  n i x  o p e r a t i o n s .  I n  a d d i t i o n ,  we exan ined  p u b l i s h e d  r e p o r t s  on 

a l n e  f i r e s  and e x p l o s i o ~ s .  A s  a r z s u l t ,  we o b t a i n e d  v e r b a l  acd  w r i t t e n  

i r r format ion on t h e  v a r i o u s  coirm~i-ikcation n e e d s ,  s t a t i s t i c s  on f i r e  arid 

e:cplosion a c c i d e n t s  i n  mining,  q u a n t i t a t i v e  d e s c r i p t i o n s  of  p h y s i c a l  

c o n d i t i o n s  measured d u r i n g  c o n t r o l l e d  f i r e  and e x p l o s i o n  e x p e r i m e n t s ,  

and p r a c t i c a l  c a b l e  i n s t a l l a t i o n  c c n s i d e r a t i o n s .  However, we found t h a t  

no one had exan ined  and r e p o r t e d  on involvement  of  t h e  c o m u n i c a t i o r r  

c a b l e .  A c c o r d i ~ g l y ,  i t  became i m p o r t a n t  t o  t h e  outcome of  t h i s  s t u d y  

t h a t  w e  r ev iew d e t a i l e d  MSHA a c c i d e n t  r e p o r t s  f o r  s e l e c t e d  major  f i r e s  

and 2 x p l o s i o n s  t o  assess t h e  n z t u r e  and s e v e r i t y  of  c a b l e  i n v o l v e n e n t ,  

and t h e  p o t e n t i a l  b e n e f i t s  o b t a i n a b l e  f rom b u r i a l .  Al though t h e  

o b t z i n i n g  and rev iewing  of k ~ y  a c c i d e n t  r e p c r t s  caused scme d e l a y s  and 

r e a l l o c a t i o n s  of  p r o j e c t  e f f o r t s ,  t h e s e  a c t i v i t i e s  proved t o  b e  v i t a l  t o  

t h e  f i n d i n g s  o f  t h i s  i n i t i a l  s t u d y .  

The a v a i l a b l e  i n f o r m a t i o c  was, by and l a r g e ,  w i d e l y  d i s p e r ~ e d ,  

i n c o m p l e t e ,  and n o t  i n  a  form l e n d i n g  i t s e l f  t o  r eady  and s p e c i f i c  

a p p l i c a t i o n  t o  t h e  b u r i e d  c a b l e  prablem. I t  became e v i d e n t  t h a t  t h e  

e f f o r t  r e q u i r e d  t o  e v a l u a t e  t h i s  i n f o r m a t i o n  i n  d e t a i l  would b e  

s i g n i f i c a n t l y  g r e a t e r  t h a ~  o r i g z n a l l y  a l l o c a t e d  t o  t h i s  s tudy .  

T h e r e f o r e ,  a s  a r e s u l t  of  b u d g e t a r y  l i m i t a t i o n s ,  t h e  U.S. Bursau of  

Mines a a d  A r t h u r  D. L i t t l e ,  Inc .  a g r e e d  t o  c a p t u r e  t h e  main r e s u l t s  of  

t h i s  i n i t i a l  s t u d y  i n  t h e  f o r n  of  a  stlmnary d a t a  r e p o r t  i n s t e a d  of a 

f c r m a l  f i n a l  r e p o r t .  T h i s  r e p o r t  summarizes o u r  main f i n d i n g s ,  

c o n c l u s i o n s  and r e c o m e n d a t i o n s .  They a r e  based  ofi p r e l i m i n a r y  

e v a l u a t i o n s  of  t h e  assembled d a t a  and t h e  a p p l i c a t i o n  of  p r o f e s s i o n a l  

judgment. The s t a t i s t i c a l ,  p h y s i c a l  and o p e r a t i c n a l  d z t a  e v a l u a t e d  

d u r i n g  t h e  s t u d y  a r e  summarized i n  f o u r  Appendices.  

,4rthur D Little, Inc. 



C. FINDINGS 

1.  Examination of t h e  g e n e r a l  statistical a c c i d e n t  daza f d r  n i c e  

f i r s s  and s x p l o s i o c s  r evea l ed  tha: e o - ~ e r ~ l l  i ;uii 'b~r a:' z c c i d e n t s  

i nvo lv ing  i n j u r y  o r  dea th  appeared LO b e  somewhat l i n i t e d  co;ns.%red t o  

e v e r a l l  c ~ s u a l t i e s  i n  underground n ines .  The z v e r a g ~  n u ~ b e r  of dea th s  

p e r  y e i r  from p ine  f i r e s  i s  relati- sly .law arid remaining s t eady ,  whi ie  

t he  average  number of i n j u r i e s  per  yea r  frcrc mine f i r e s  i s  low and 

dec rea s ing .  F3r an e i g h t  y e a r  pe r iod  i n  t h e  1970 ' s ,  t ha  average numbers 

f o r  f i r e s  a r e  z;proxirnately 5 i n j u r i e s  and 2 dea th s  p e r  year .  The nuniber 

of i n j u r i e s  and dea th s  p e r  y e a r  from  cine exp los ions  i n  t h e  1970 's .  

averaged over  t h e  sane  e i g h t  y e a r  per iod, ,  i s  aboc t  3 t o  5 t imes  t h a t  f o r  

f i r e s ,  r e s p e c t i v e l y .  However, t h e  number of y e a r l y  i n j ? l r i e s  due t o  

exp los ions  ha s  decreased  by a f a c t o r  of about 5 s i n c e  t h e  e a r l y  1970's.  

For t h e  same e i g h t  y e a r  pe r iod ,  t h e  average number of 10 d e a t h s  pe r  yea r  

from exp los ions  i s  t h e  r e s u l t  of averag ing  a f e w  h igh  d e a t h  t o l l  

exp los ions  w i t h  many low d e a t h  t o l l  i n c i d e n t s  ( s e e  tippecdix I). 

2. Sased cn a  m r e  d e t a i l e d  revia;?  of d e t a i l e d  a c c i d e n t  d a t a ,  we 

were a b l e  t o  I d e n t i f y  t h e  n o s t  important  a c c i d e n t  s c e n z r i o s  f o r  x i n e  

f i r e s  and exp los ions  t o  b e  examined wi th  r ega rd  t o  t h e  n a t u r e  of 

communication c a b l e  involvexcent and t h e  c a b l e ' s  p o t e n t i a l  u t i l i t y  f o r  

s av ing  l i v e s .  E i e c t r i c a l l y - i n i t i a t e d  f i r e s ,  bo th  on working s e c t i o n s  

ar,d t h o s e  a s s o c i a t z d  w i t h  v e h i c u l a r  movements a long  t h e  e l e c t r i c  r a i l  

hauiageways,  were found t o  be t h e  most :important sou rce s  of n a j o r  mine 

f i r e s .  Spark induced methane i g n i t i o n s  i n  t h e  i m e d i s t e  f a c e  a r e a s  of 

working s e c t i o c s  were found t o  be t h e  most impor tan t  causes  of major 

n i n e  e x p l o s i o n s  ( s ee  Appendix I ) .  

3. I n  t h e  d 2 t a i l e d  examix?ation of t h e  s c e n a r i o s  a ~ d  t h e  x i n e  

a c c i d e n t  r s p o r t s ,  we found no s p e c i f i c a l l y - r e p o r t e d  need f o r  c a b l e  

b u r i a l .  Furthermore,  b e n e f i t s  t o  be  der ived  from such b u r i a l  appeared 

t o  S e  q u i t e  l i m i t e d  and c o n s t r z i n e d  t o  s p e c i f i c  s c e n a r i o s .  F o r  mine 

Arthur. D Little, Inc. 



f i r e s ,  i t  appea r s  t h a t  t h e  nost i ~ p o r t a : n t  s c e x a r l o  i s  a a a j o r  f i r e  a long  

a nair. haul.ageway. Such a f i r e  could endenger many a l n z r s  I s c a t e d  i n b ; ~  

t h e  f i r e .  Fc r  mine exp lo s ioa s ,  i t  was more d i f f i c u l t  t o  i d e n t i f y  a  k27 

b e n e f i t i n g  s c e n a r i o .  12 each case ,  t h e  p o t m t i a l  b e z e f i t s  t o  be ga ined  

from c a b l e  b u r i a l  s t i l i  appea r ,  a t  f i r s t  g l ance ,  20 be  q u i t e  l i m i t e d ,  

e s p e c i a l l y  i n  view of t h e  p o t ~ n t i a l  problems a s s o c i a t e d  with c a b l e  

b u r i a l  and t h e  p resence  of a l t e r n a t i v e  s c l l ~ t i o n s  f o r  c a b l e  protection 

( s e e  Appendices I1 and IIIj. 

4 .  The p r a c t i c a l  problems can be grouped i n t o  two major 

c a t e g o r i e s :  one a s s o c i a t e d  w i t h  its u t i l i z a t i o n  on working s e c t i o n s ,  and 

:he second w i t h  i t s  u t i i i z a t i o n  on haulageways. On s e c t i o n s ,  t h e  

g r e a t e s t  hazard  w i l l  be  t o  miners  i n  t h e  immediate f a c e  a r e a ,  where i t  

i s  i n p r a c t i c a l  t o  e x t e ~ d  a  b u r i e d  c a b l e  f o r  up t o  15 days  a f t e r  mining, 

because  of ground movenent problems du r ing  t h i s  15 day p e r i o d .  

Fur thermore,  pager  phone communicatf oils up t o  t h e  f a c e  becone acedemic 

f o r  methzne e x p l o s i o n s  i n  which everyone i n  t h e  a r e a  can bc k i l l e d  

immediate ly .  It i s  a l s o  of q u e s t i o n a b l e  u t i l i t y  f o r  f i r e s ,  because che 

o v e r r i d i n g  need i s  f o r  d i r e c t  face- to-face p e r s o n a l  c o m u n i c a t i o n  

between t h e  miners  on  t h e  s e c t i o n  s h o r t l y  a f t e r  t h e  f i r e  is d i s cove r sd .  

Along t h e  main haulageways,  b u r i a l  becomes a  bit more a t t r a c t i v e  because  

o f  t h e  permanence of t h e s e  main t r a v e l  r o u t e s .  However, b u r i e d  c a b l e  

must f u n c t i o n  over  l ong  p e r i o d s  i n  t h e  f a c e  of  wa t e r ,  a c i d i t y  and ground 

movement, pe rnaps  f o r  t h e  l i f e  of t h s  haulzgeway. The re fo r e ,  b u r i a l  

w i l l  r e q u i r e  more expens ive  and d i f f i c c l t  i n s t a l i a t i o n  and maintenance 

p r ccedu re s  i n  t h e  forrn o f  t r e n c h i n g  equ ipaen t ,  t y p e s  of c a b l e  and 

s p l i c e s ,  t r o u b l e s h o o t i n g ,  and r e p a i r .  t2n the p o s i t i v e  s i d e ,  a b u r i e d  

c a b l e  i n s t a l l a t i o n  would be  l e s s  suscept:ible t o  roof  f a l l s  and o t h e r  

n e c h a n i c a l  a c c i d e n t s  i n  haulageways. F i n a l l y ,  a l t hough  a s u r v i v a b l e  

b u r i e d  c a b l e  cou ld  be  a v a i l a b l e  f o r  use  by r e s c u e  and recovery  teams, 

q u e s t i o n s  remain a s  t o  whether  l ong  s t e n d i n g  concerns  a b ~ u t  s2a rk ing  

3aza rd s  a t  t h e  exposed pager  phones would i n  f a c t  s t i l l  p r a h i b i t  use of 

t h e  phone sys tem by such teams ( s e e  Appendix I V ) .  

Arthur DLfi$dnc 



c( . I2 view o f  t k  p r a c t i c a l  p r o b l e n s  a s s o c i a c e d  wi?h b u r i a l ,  and 

t h e  s p g a r s n t s u r v i - < a l  o f  ccr i iunicat ior? ,  cables f o r  s i g n i f i c a n t  t irnes i~ 

many mfze f i r e s  and e x p l s s i o n  zcc idents ,  w e  be l i e -ce  t h a t  s e v e r a l  

a l t e r n a t i v e  s o l u t i o n s  t o  c a b i e  b u r i a l  may p r z v i d e  s u f f i c i z n t  p r o t e c t i o n  

i n  most a c c l d e n t  s i t u a t i o n s .  These p o t e n t i a l  a l t e r n a t i v e  s o l u t i o n s  

i ~ c l u d e  : 

m c a b l e  loop-back th rough  p a r a l l e l  tunne1s  01: o t h e r  p a s s a g e s ,  

m r e p o s i t i o n i n g  of t h e  c a b l e  away from t h e  immediate roof  a r e a ,  

where f i r e s  t e n d  t o  s p r e a d  more r a p i d l y ,  t o  a more f a v o r a b l e  

s i d e  w a l l  ( r i b )  l o c a t i o n  i n  t h e  t u n n e l ,  

u s e  o f  a h e a v i e r  d u t y  o r  b e t t e r  i n s u l a t e d  ccmmunication c a b l e ,  

o r  

p e r h a p s  even c o v e r i n g  t h e  cablie on t h e  f l o o r  of t h e  t u n n e l  

i n s t e a d  of  bury ing  i t .  

Al though e a c h  of  t h e s e  n e t h o d s  a d m i t t e d l y  p r o v i d e s  l e s s  a b s o l u t e  

p r o t e c t i o n  under  t h e  most ex t reme  a c c i d e n t  c i r c u n s t a n c e s ,  each  a l s o  

r e q u i r e s  l e s s  d r a s t i c  d e p a r t u r e s  from p r e s e n t  mine p r a c t i c e s .  F i n a l l y ,  

t h e  n e e d s  of  r e s c u e  and r e c o v e r y  teams w i l l  p r o b a b l y  b e  b e s t  s a t i s f i e d  

by n e v  medium f r e q u e n c y  p c r t a b l e  r a d i o  equipment r e c e n t l y  deve loped  

u n d e r  Bureau o f  ? l ines  s p o n s o r s h i p  ( s e e  Appendix I V ) .  

D. CONCLUSIONS 

Although c a b l e  b u r i a l  s h o u l d  improve t h e  long- term a v a i l a b i l i t y  of 

p a g e r  phone c o ~ m u n i c a t ~ o n s  d u r i n g  mine f i r e  and explos iorr  emergenc ies ,  

t h i s  may r o t  n e c e s s a r i l y  l e a d  t o  c o r r e s p o n d i n g  b e n e f i t s  i n  t h e  form of  

f ewer  i n j u r i e s  and f a t a l i t i e s  d u r i n g  t h e s e  emergenc ies .  This  i n i t i a l  

s t u d y ,  which Lacluded a r e v i e w  of  d e t z i i e d  a c c i d s n t  r e p o r t s  of  p a s t  

e~ergenzies, has r e v e a l e d :  

Arthur D Little, inc 



B t h a t  c a b l e s  d i d  s u r v i v e  1032 m a u g h  t o  p e r n i t  c o m u a i c a t i c n s  

w i t h  endang2red n i n e r s  iz sonz majcr emergencies ,  

a no c a s e s  where d e a t h s  o r  injuries wers  r e p o r t e d  a s  be ing  

d i r e c t l y  a t t r i b u t e d  t o  f a i l x r e  of t h e  communication c a b l e ,  

no c z s e s  wher2 w e  could e a s i i y  i n f e r  t h a t  l i v e s  were i n  f a c t  

l o s t  a s  a  r e s u l t  of c a b l e  f a i l u r e ,  and 

some f i r e  c a s e s  where d e a t h s  could be a t t r i b u t e d  t o  i nadequa t e  

f a m i l i a r i t y  w i t h  emergency warning and response  p rocedu re s ,  

and t o  i nadequa t e  emergency b r e a t h i n g  d e v i c e s .  

I n  summary, we have found t h a t  b u r i a l  of t h e  c o m u n i c a t i o n  c a b l e  i s  - n o t '  

g e n e r a l l y  needed, a l t hough  c a b l e  b u r i a l  can conce ivab ly  be u s e f u l  i n  a  

s p e c i f i c  s c e n a r i o ,  such  a s  a  a a j c r  haulageway f i r e .  

The o v e r a l l  d e s i r a b i l i t y  (need) / p r a c t i c a l i t y  ( f e a s i b i l i t y )  o f  c a b l e  

b u r i a l  must b e  regarded  a t  t h i s  t ime  as h i g h l y  q u e s t i o n e b l e ,  b o t h  

because  of  i t s  b e n e f i t  l i m i t a t i o n s  t o  s p e c i a l  s c e n a r i o s ,  and i t s  

p r a c t i c a l  o p e r a t i o n a l  shor tcomings.  Th i s  q u e s t i o n a b i l i t y  becomes 

p a r t i c u l a r l y  appareRt  where a l t e r n a t i v e  c a b l e  p r o t e c t i o n  o p t i o n s ,  

o f f e r i n g  somewhat lower  p r a t e c t i o n  b u t  a l s o  l e s s  d r ama t i c  a c t i o n s ,  a r e  

a v a i l a b l e  f o r  c o n s i d e r a t i o n .  Fur thermore ,  i t  a l s o  appea r s  t h a t  improved 

emergency response  p rocedu re s  and emergency b r e a t h i n g  d e v i c e s  could have 

a b e a r i n g  on t h e  number of p o t e n t i a l  f a t a l i t i e s  from mine f i r e s .  

A r h r  D Little, JIIC 



I n  view of  o u r  firrdings and c o ~ c l u . s i o n s  i n  t h i s  p r e l i n i r i a ry  s tudy ,  

we aake t h e  fo l lowing  r e c ~ ~ e n d a t i o n s :  

a Befare  r e q u i r i n g  any n a j o r  ckLangzs ir, c a b l e  i n s t a l i a t i o n  and 

p r o t e c t i o n  p r a c t i c e  i n  undergrougd rrines,  

-- i d e n t i f y  and defFne s p e c i f i c  s cena r io s  where some for-a of 

cab l e  p r o t e c t i o n  could be  b e n e f i c i a l ,  

-- perform c o s t / b e n e f i t  ana lyses  f o r  v a r i o u s  cab i e  p r o t e c t i o n  

and miner p r o t e c t i o n  a l t e r n a t i v e s ,  and 

-- document t h e  f a v o r s b i e  and p r a c t i c a l  a i t e r n a t i v e s ,  i f  

any, i n  g u i d e l i n e  form. 

a Evaluate  t h e  need f o r  more e f f e c t i v e  enezgency rzspszlse 

t r a i n i n g .  

Arthur 1) Little, Inc. 



APPENDIX I 

GENERAL MINE ACCIDENT STATISTICS 

A major  o b j e c t i v e  of t h i s  s t u d y  was t o  a s s e s s  t h e  need f o r  b u r y i n g  

t h e  communication c a b l e  t o  p r o t e c t  i t  from t h e  h o s t i l e  e n v i r o n m e n t a l  

e f f e c t s  o f  f i r e s  and e x p l o s i o n s .  T h i s  need w i l l  depend on a  number o f  

f a c t o r s  s u c h  a s  t h e  f r e q u e n c y  of o c c u r r e n c e  o f  f i r e s  and e x p l o s i o n s  i n  

mines ,  t h e  d e g r e e  of involvement  of t h e  c a b l e ,  t h e  l i k e l i h o o d  of l o s i n g  

t h e  communication c a p a b i l i t y ,  and i t s  impact on t h e  endangered miners .  

T h i s  appendix  p r e s e n t s  summary i n f o r m a t i o n  and d a t a  r e l a t e d  

p r i m a r i l y  t o  t h e  f i r s t  of  t h e s e  f a c t o r s .  To i d e n t i f y  s t a t i s t i c s  and 

g e n e r a l  t r e n d s  on c o a l  mine f i r e s  and e x p l o s i o n s ,  we reviewed t h e  

l i t e r a t u r e  and t a l k e d  w i t h  knowledgeable  MSIiA s t a f f .  

A. FREQUENCY OF COAL MINE FIRES 

We s e a r c h e d  t h e  l i t e r a t u r e  and f ~ u n d  t h a t  t h e  A l l e n  C o r p o r a t i o n  

(Orlando,  F l o r i d a )  was conduc t ing  a  d e t a i l e d  s t u d y  o f  c o a l  mine f i r e s ,  

under  t h e  s p o n s o r s h i p  o f  t h e  Bureau o f  Mines (Denver F e d e r a l  C e n t e r ) .  

The A l l e n  C o r p o r a t i o n  s t u d y  c o n s i s t s  o f  d e v e l o p i n g  a n  a n n o t a t e d  

b i b l i o g r a p h y  f o r  o v e r  1200 c o a l  f i r e s  c o v e r i n g  t h e  p e r i o d  from 1950 t o  

1977. (Explos ions  were exc luded  u n l e s s  i n i t i a t e d  by t h e s e  f i r e s . )  Data 

were c o l l e c t e d  from MSHA f i r e  r e p o r t s ,  p e r i o d i c a l s  and i n t e r v i e w s  of 

n i n e  s a f e t y  d i r e c t o r s .  The d a t a  were  c a t e g o r i z e d  i n t o  r e p o r t a b l e  f i r e s  

( a t  l e a s t  one-half  hour  d u r a t i o n  o r  i n j u r y ) ,  n o n - r e p o r t a b l e  f i r e s  and 

o p i n i o n  d a t a .  (The l a t t e r  two were based  on t h e  i n t e r v i e w s . )  

The d a t a  were  a n a l y z e d  by t ime  t r e n d s ,  s t a t e ,  i g n i t i o n  s o u r c e ,  

b u r n i n g  s u b s t a n c e ,  l o c a t i o n ,  equipment ,  d e t e c t i o n ,  d u r a t i o n ,  i n j u r i e s ,  

f a t a l i t i e s  and s u c c e s s f u l  e x t i n g u i s h i n s  a g e n t s .  A q u a l i t a t i v e  r a n k i n g  

Arthur D Little, Inc. 



of t h e  importance of t h e s e  f a c t o r s  i s  g iven  i n  Table  1-1 f o r  underground 

mine f i r e s  i nvo lv ing  i n j u r i e s  and f a t a l i t i e s .  The s tudy  concluded t h a t  

t h e  overwhelming m a j o r i t y  of f i r e s  a r e  of e l e c t r i c a l  o r i g i n .  

Underground f i r e s  occur  mostly- outby t h e  f a c e ,  a t  t h e  working f a c e  and 

along haulageways. A number of recomme!ndatioils were made, none of which 

c a l l e d  f o r  improving t h e  communication c~ab le s .  

The number of f i r e s  i n  each yea r  i s  p l o t t e d  i n  F igure  1-1 f o r  t h e  

pe r iod  of 1950 t o  1977, a long  wi th  t h e  corresponding number of t ons  of 

c o a l  produced. There i s  a  n o t i c e a b l e  upward t r e n d  i n  t h e  number of 

f i r e s  i n  t h e  19501s,  fol lowed by a downward t r e n d  i n  t h e  l a t e  19601s,  

and a  l eve l ing -o f f  i n  t h e  1970's.  However, c o a l  p roduct ion  was f a i r l y  

c o n s t a n t  over  t h i s  pe r iod ,  s o  t h a t  t h e  number of f i r e s  p e r  m i l l i o n  s h o r t  

t ons  of coa l -mined  p e r  y e a r  fol lowed t h e  same t r e n d  a s  t h e  number of 

f i r e s ,  and ranged from approximately 0.2 t o  0.03 f i r e s  p e r  n i l l i o n  s h o r t  

t o n s  p e r  yea r .  

The frequency d i s t r i b u t i o n  of v a r i o u s  c a s u a l t y  l e v e l s  i s  g iven  i n  

Table  1-2 cover ing  bo th  i n j u r i e s  and dea ths .  The r e s u l t s  a r e  g iven  f o r  

two time per iods :  1970-1977 and 1953--1977. This  s e p a r a t i o n  of t ime 

p e r i o d s  i s  made because t h e  number of f i r e s  a r e  g e n e r a l l y  lower i n  t h e  

1970's  a s  i n d i c a t e d  i n  F igure  1-1. Table 1-2 a l s o  g i v e s  t h e  t o t a l  

number of f i r e s  du r ing  t h e s e  p e r i o d s  and t h e i r  breakdown i n  terms of 

w i t h  o r  wi thout  c a s u a l t i e s .  

Note t h a t  t h e  number of f i r e s  r e s u l t i n g  i n  a  c a s u a l t y  i s  a  smal l  

f r a c t i o n  of t h e  t o t a l  number of f i r e s :  about  7  t o  8% f o r  i n j u r i e s  and 3 

t o  4% f o r  dea ths .  The e s t i n a t e d  a r i t h m e t i c  average  numbers of 

c a s u a l t i e s  p e r  y e a r  from f i r e s  f o r  t h e s e  p e r i o d s  a r e :  5  t o  9 f o r  i n j u r i e s  

and about  2  t o  3 f o r  dea ths .  These numbers provide  an  upper bound on t h e  

p o t e n t i a l  b e n e f i t s  t o  mine f i r e  c a s u a l t i e s  t o  be  gained by improving t h e  

a v a i l a b i l i t y  of t h e  mine pager  phone coimunicat ion s y s  tern through cab l e  

b u r i a l .  The a c t u a l  b e n e f i t s  a r e  l i k e l y  t o  be lower s i n c e  improved 

communications may have l i t t l e  o r  no e f f e c t s  on some of t h e s e  c a s u a l t i e s .  

Arthur D Little, Inc. 
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Q Number of F i r e s  

Tons Produced 

Year 

1952 Law 1969 Law 

Source:  A l l e n  Corp. F i n a l  Repor t ,  Vol.  I, 1 5  Feb. 1979 

F i g u r e  1-1 

Trends  Over Time f o r  Occurence of Underground F i r e s  

Arthur D Little Jnc 
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B. FREQUENCY OF SEVERE COAL MINE EXPLOSIONS 

We a l s o  searched  t h e  l i t e r a t u r e  f o r  i n f o r n a t i o n  on c o a l  mine 

exp los ions .  We found an o l d  r e p o r t  cover ing  a d e t a i l e d  review of a l l  
* 

i n c i d e n t s  between 1910-1958. More r e c e n t  s i m i l a r  s t u d i e s  were be ing  

conducted by George P r i c e  of MSHA and John Nagy ( former ly  of MSHA). 

These r e p o r t s  were due t o  b e  complet~ed a f t e r  t h e  complet ion of t h i s  

s tudy .  Accordingly,  we obta ined  some g e n e r a l  r e s u l t s  through te lephone  

conve r sa t i ons  and a  meeting w i t h  George P r i c e  and Edward Kawenski of 

MSHA, Bruceton,  PA. These r e s u l t s  a r e  summarized below: 

Methane i g n i t i o n s  a r e  ve ry  common i n  mines--about 100 

i g n i t i o n s  p e r  y e a r .  They occur  n e a r  t h e  f a c e  due t o  t h e  

f r i c t i o n  gene ra t ed  when cont inuous  mining machines h i t  a  hard 

s u r f a c e  such a s  sands tone .  Most of t h e s e  " i g n i t i o n s "  cause no 

damage, due t o  t h e  l i m i t e d  a v a i l a b i l i t y  of ne thane  o r  c o a l  

d u s t .  On t h e  o t h e r  hand, a  few develop i n t o  d e v a s t a t i n g  

exp los ions .  It i s  noteworthy t h a t  a n  exp los ion  invo lv ing  

ne thane  a lone  i s  n o t  l i k e l y  t o  i g n i t e  t h e  c o a l  seam, wh i l e  

t h a t  i nvo lv ing  c o a l  d u s t  may i g n i t e  i t .  (This  i s  g e n e r a l l y  

t r u e  f o r  P i t t s b u r g h  seam c o a l . )  

2. I n  t h e  pe r iod  of 1959-1979, t h e r e  were 918 underground 

casua l ty - invo lv ing  exp los ions ,  l e a d i n g  t o  353 d e a t h s  and 453 

i n j u r i e s .  Of t h e s e  exp los ions ,  16 were major ones i nvo lv ing  

294 dea ths .  I n  1970-1979, t h e r e  were 10 exp los ions  caus ing  79 

dea ths .  The d a t e ,  l o c a t i o n  and number of c a s u a l t i e s  f o r  each 

of t h e s e  major exp los ions  a r e  g iven  i n  Appendix 11. 

* 
11 Humphrey, H. B., H i s t o r i c a l  Summary of  Coal Mine Explosions i n  t h e  

United S t a t e s , "  1810-1958, Bureau of Mines E u l l e t i n  580, 1960. 
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3. The e x p l o s i o n s  i n v o l v i n g  i n j u r i e s  i n  1970-1979 a r e  v e r y  

numerous. However, t h e  t o t a l  number of i n j u r i e s l y e a r  ha s  been 

d e c r e a s i n g  a s  shown below: 

Year T o t a l  Number of  I n j u r i e s / Y e a r  

1970  29  

1971  12  

1972 28 

1973  3 

1974  5 

1975 6 

1976  9 

1977 6 

1978  6 

1979 9 

1980  ( incomple te )  5 

- 
T o t a l  118 

4 .  The a c c i d e n t  i n v e s t i g a t i o n  r e p o r t s  on t h e s e  exp lo s ions  a r e  n o t  

l i k e l y  t o  have any informat ior1 on t h e  c o n d i t i o n s  of t h e  c a b l e  

a f t e r  t h e  exp lo s ion .  Howeve:r, t h e r e  seems t o  be  agreement 

between P r i c e ,  Kawenski and Nagy t h a t  t h e  c a b l e s  w i l l  g e n e r a l l y  

n o t  s u r v i v e  i n  t h e  e x p l o s i o n  a . rea .  They a r e  l i k e l y  t o  be  t o r n  

l o o s e  and burned. Th i s  was based on b o t h  judgment and some 

r e c o l l e c t i o n  of  s p e c i f i c  f i r e s ,  

5 .  Nagy r e p o r t e d  t h a t  some 20 y e a r s  ago they used t o  bury c a b l e s  

d u r i n g  f i r e  t e s t s  i n  t h e  expe r imen t a l  mine a t  PXSRC. They 

found i t  e a s i e r  t o  bury  t h e  c a b l e s  i n  t h e  n i n e  r i b  t han  t h e  

mine f l o o r  because  t h e  former: i s  much s o f t e r .  They used a 

Arthur D Little, Inc. 



c u t t i n g  machine t o  c u t  a  6-inch wide and 6- inch deep s l o t  i n  

t h e  r i b .  T h i s  was done v e r y  f r e q u e n t l y  b u t  was n o t  documented 

t o  t h e  b e s t  o f  Nagy's knowledge. ( I n  a n  o p e r a t i n g  mine 

environment ,  b u r i a l  i n  t h e  r i b  becomes i m p r a c t i c a l  b e c a u s e  of 

t h e  p r e s e n c e  o f  c r o s s c u t  t u n n e l s . )  

C. COMPARISON WITH OTHER MINE ACCIDESTS 

The d a t a  p r e s e n t e d  above i s  summarized below t o  compare t h e  r i s k  of  

f a t a l i t i e s  from f i r e  and e x p l o s i o n s  o v e r  t h e  f o l l o w i n g  p e r i o d s .  

1970-77 1970--79 1970-78 

F i r e s  Explos ions  A l l  A c c i d e n t s  

F a t a l i t i e s  15 79 ~ 1 0 0 0  

I n j u r i e s  43 113 - 

We a l s o  g i v e  t h e  c o r r e s p o n d i n g  v a l u e s  f o r  a l l  a c c i d e n t s  i n  underground 

mines .  Note t h a t ,  on t h e  a v e r a g e ,  f i r e s  and e x p l o s i o n s  c o c s t i t u t e  a  

small p e r c e n t a g e  of  t h e  t o t a l  number o f  a c c i d e n t  c a s u a l t i e s .  F i g u r e  

1-2 p r e p a r e d  by G. P r i c e  of  MSHA p r e s e n t s  t h e  mine f a t a l i t y  d a t a  i n  

summary b a r  g r a p h  form f o r  t h e  21 y e a r  p e r i o d  from 1958 t o  1978. It 

i l l u s t r a t e s  t h e  g e n e r a l  d e c l i n e  i n  o v e r a l l  mining f a t a l i t i e s ,  and t h e  

reduced  c o n t r i b u t i o n s  made i n  t h e  1 9 7 0 ' s  by f i r e s  and e x p l o s i o n s  on t h e  

a v e r a g e .  However, i t  a l s o  i n d i c a t e s  t h ' a t  t h e  number of  f a t a l i t i e s  from 

f i r e s  and e x p l o s i o n s  can  s t i l l  become s i g n i f i c a n t  i n  any p a r t i c u l a r  y e a r  

as a  r e s u l t  of a  few s e v e r e  i n c i d e n t s .  

I n  view of  t h e s e  t r e n d s ,  i t  became n e c e s s a r y  t o  examine i n  d e t a i l  

MSHA a c c i d e n t  r e p o r t s  f o r  major  f i r e s  and e x p l o s i o n s  t o  a s s e s s  t h e  

d e g r e e  t o  which c a b l e  b u r i a l  might  improve miner  s u r v i v a l  r a t e s .  

Appendix I1 p r o v i d e s  summary i n f o r m a t i o n  and d a t a  from t h i s  r ev iew.  
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APFENDIX I1 

MSHA ACCIDENT REPORTS FOR MINE FIRES KXD EXPLOSIONS 

A. NEED FOR MINE ACCIDENT REPORT REVIEW 

The miner  c a s u a l t y  numbers p r e s e n t e d  i n  Appendix I p r o v i d e  an  upper  

bound on t h e  c a s u a l t i e s  t h a t  cou ld  p o t e n t i a l l y  b e  reduced by a s u r v i v a b l e  

communications sys tem.  The a c t u a l  b e n e f i t s  w i l l  of  c o u r s e  b e  lower ,  

s i n c e  some o r  a l l  o f  t h e  c a s u a l t i e s  may remain u n a f f e c t e d  by 

communications l i n k s .  T h i s ,  t o g e t h e r  w i t h  t h e  d e c r e a s i n g  f requency  of 

o c c u r r e n c e  o f  f i r e s  and e x p l o s i o n s  i n v o l v i n g  c a s u a l t i e s ,  made i t  

i m p o r t a n t  t o  examine d e t a i l e d  MSHA a c c i d e n t  r e p o r t s  d e s c r i b i n g  t h e  

c i r c u m s t a n c e s  and outcomes of s e l e c t e d  key f i r e s  and e x p l o s i o n s  i n  which 

c a s u a l t i e s  d i d  occur .  Such a rev iew c o u l d  h e l p  i d e n t i f y  t h e  r o l e  and 

u t i l i t y ,  i f  any ,  of t h e  communication c a b l e  i n  a f f e c t i n g  outcomes i n  

t e rms  of l i v e s  saved o r  l o s t .  

MSHA mine a c c i d e n t  r e p o r t s  a r e  p u b l i s h e d  i n  more l i m i t e d  q u a n t i t i e s  

t h a n  o t h e r  government documents,  and t h e y  a r e  n o t  s t o r e d  i n  a c e n t r a l  

r e p o s i t o r y .  They a r e  g e n e r a l l y  k e p t  a t  v a r i o u s  MSHA d i s t r i c t  o f f i c e s ,  

and n o t  a lways i n  d i s t r i c t s  where t h e  a c c i d e n t s  o c c u r r e d .  I n  a d d i t i o n ,  

t h e r e  a r e  two l o c a t i o n s  where s p e c i a l  c o l l e c t i o n s  of  c e r t a i n  a c c i d e n t  

r e p o r t s  have been accumulated;  namely mine f i r e  a c c i d e n t  r e p o r t s  a t  t h e  

A l l e n  C o r p o r a t i o n  i n  Orlando,  F l o r i d a ,  and mine e x p i o s i o n  r e p o r t s  a t  t h e  

MSHA o f f i c e  i n  Bruceton,  PA. To o b t a i n  p r i n t e d  c o p i e s  of  t h e  r e p o r t s ,  

i t  becane n e c e s s a r y  t o  c o n t a c t  t h e  MSH-4 O f f i c e  of  P u b l i c  I n f o r m a t i o n  i n  

Washington,  and t o  f o l l o w  up w i t h  a  f o r m a l  l e t t e r  r e q u e s t  t o  t h a t  

o f f  i c e .  

T h i r t y - t h r e e  a c c i d e n t  r e p o r t s  c o v e r i n g  s e l e c t e d  c o a l  mine f i r e s  and 

e x p l o s i o n s  and n e t a l / n o n - m e t a l  n i n e  f i r e s  from t h e  p e r i o d  1970 t o  1979 

were r e q u e s t e d .  The r e q u e s t e d  l i s t  of r e p o r t s  i s  s h o m  i n  Tab le  11-1, 

Arthur D Little, Inc. 



LIST OF SELECTED >IINE F I E  ANT) EXPLOSION ACCIBENTS 
KEQUESTEZI FXOM MSHA OFFICE OF PUBLIC INFORMATION 

DATE OF ACCIDENT MINE NANE 

Coal Mine Fires 

Coal Mine Ex~losions 

Metal/Non-Metal Mine Fires 

Olga Mine 
Itrnann Nc. 3 
Nemacolin Nine 
l3lacksville No. 1 
Pyro Mine No. 2 
Jane No. 1 and 2 
Powhatan No. 6 
No. 3 Mine(Itmann Goal Go.) 
Franklin High-wall Mine 

MIXE LOCATION 

Coalwood, W.Virginia 
Itaann, W. Virginia 
Nemacolin, Pennsylvania 
Blacksville, V. Virginia 
Sullivan, Kencucky 
Elderton, Pannsylvania 
Beallsville, Ohio 
Itmann, W. Virginia 
New Athens, Ohio 

Compass No. 3 Dola, W. Virginia 
Homer City Homer City, Pennsylvania 
Pyro No. 2 Sullivan, Kentucky 
No. 15 and 16 Hurricane Creek, Kentucky 
(Finley Coal Co.) 
Itrnann No. 3 Itrnann, W. Virginia 
No. 4 Vansant, Virginia 
Scotia(B1ue Diamond Coal Co.) Kentucky 
Scot ia Kentucky 
Mulga Mulga, Alabama 
No. 2 St. Charles, Virginia 

Lakeshore 
Star Mine 
Sunshine 
Lisbon 
Lakeshore 
Sherwood 
Pilot Knob 
Buick Mine & Mill Facility 
Cabin Creek 
Alchem Trona 
Eagle 
U.S. Engergy Corp. 
Project 74 
Belle Isle (Cargill, Inc.) 

Cassagrande,Arizona 
Burke, Idaho 
Kellogg, Idaho 
LaSal, Utah 
Cassagrande, Arizona 
Ircn River, Michigan 
Pilot Knob, Missouri 
Ross, Missouri 
Mayesville, Kentucky 
GreenRiver, Wyoming 
Gilman, Colorado 

Caycee, Wyomiag 
Calumet, Lousiana 

v ' ~ e ~ o r  ts received 
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Check narks on the table inciicate which reports were eventually received. 

Reports on the metal and non-metal mine accidents were obtained in about 

one month. The coal mine accident reports took about three months to 

arrive. 

B. VISITS FOR EXAPIINATIOK OF ACCIDENT REPORTS 

To expedite the accident information review znd analysis process, we 

visited the Allen Corporation in Orlando, Florida. The visit was made to 

get a timely preview of the environmental and operational conditions 

surrounding serious mine fire accidents. The visit was made by R. Lagace 

and A. Efoussa of Arthur D. Little, Inc., who met with R. Baker and C. 

Duncan of the Allen Corporation. Twenty-two coal mine fire reports and 

five metal/non-metal fire reports dating back to 1952 were selected and 

examined in detail. 

Reading the reports on-site at an early date gave us the advantage 

of quickly obtaining several llsnapshotsll of the actual conditions and 

outcomes related to cable and miner :survival for these accidents. 

Summary information and impressions for (each mine accident examined were 

recorded on a dictating machine, and accompanied where necessary by 

brief notes and sketches, for later transcription and analysis. 

Our examination of the fire accident reports convinced us that the 

fire dynamics in relationship to the loc~ation of the cable and miners, 

and the operational dynamics of the miners and supervisors directly and 

indirectly involved with the fire, may be even more important than 

naximum physical stresses that could be imposed on communication 

cables. For example, in some cases the communication cable was not 

involved and not a factor in the emergency events, while in others it 

survived beyond the time that it was needed, and was used to 

communicate with endangered miners. For many of the reports it was 

somewhat tedious and difficult to extract information on cable 

Arthur D Little. Inc. 



involvement and damage, because accident inspection teans have not been 

particularly concerned with the comunicaticn cables. 

We also expedited the review and analysis process for tne l1Sffi 

mine explosion accident reports by visiting the MSHA office in 

Bruceton, PA. This visit was made by R. Lagace and A. Moussa of Arthur 

D. Little, Inc., who met with E. Kawenski, G. Price, and R. Reynolds of 

MSHA. Fifteen major mine explosion reports dating back to 1959 were 

selected from their files. As in the case of the fire reports, the 

review process was somewhat difficult and tedious, and included the 

dictation of summary information and impressions, accompanied by brief 

sketches and notes, for later transcription and analysis. 

The review difficulties are due to the need to extract in a short 

time period, information related to cabie survival and its potential 

impact on miner survival, from reports t:hat vary in style and content, 

and are typically not concerned with damage to cables. Not 

withstanding these difficulties, the review and analysis of the MSHA 

fire and explosion accident reports were successful and of critical 

importance to this buried cable study. 

C. PRELIMINARY mALYSIS OF MSHA ACCIDENT REPORTS 

Tables 11-2, 11-3, and 11-4 list the MSHA accident reports 

reviewed by Arthur D. Little, Inc. for coal mine fires, metal and 

nonmetal nine fires, and mine explosions, respectively. The tables 

also indicate those reports for which summaries were dictated durinz 

the review process. Nearly all the reports reviewed were selected from 

the files of the Allen Corporation and MSHA Bruceton during the preview 

visits of R. Lagace and A. Moussa. Most of the reports requested from 

the MSHA Office of Public Information arrived too late in the project 

to Ee fully utilized. 
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The f o l l o w i n g  c r i t e r i a  were used  t o  d e c i d e  which MSHA f i r e  and 

e x p l o s i o n  a c c i d e n t  r e p o r t s  would be  s e l e c t e d  f o r  review.  

o  F i r e s  t h a t  r e s u l t e d  i n  f a t a l i t i e s  o r  s e v e r a l  i n j u r i e s ,  and 

occu r r ed  i n  a  l o c a t i o n  t h a t  cou ld  i n v o l v e  a  communication 

c a b l e .  Of p a r t i c u l a r  concern  were f i r e s  of a n  e l e c t r i c a l  

o r i g i n ,  s i n c e  communi.cation c a b l e s  a r e  g e n e r a l l y  i n  t h e  

v i c i n i t y  of  e l e c t r i c a l  c a b l e s ,  e s p e c i a l l y  a l o n g  main and 

s e c t i o n  haulageways.  

o  Major e x p l o s i o n s  t h a t  i nvo lved  f i v e  o r  more f a t a l i t i e s  s i n c e  

t h e s e  a r e  c l a s s i f i e d  a s  mine d i s a s t e r s .  

More f i r e s  t han  e x p l o s i o n s  were examined because  e x p l o s i o n s  t e n d  t o  

occu r  more f r e q u e n t l y  on s e c t i o n s ,  and mainly  i n  t h e  f a c e  a r e a s  where 

c o m u n i c a t i o n  c a b l e s  a r e  n o t  u s u a l l y  l o c a t e d .  

Tab l e s  11-5 and 11-6 p r e s e n t  t h e  r e s u l t s  of o u r  p r e l i m i n a r y  rev iew 

and a n a l y s i s  of  t h e  f i r e  and e x p l o s i o n  a c c i d e n t  r e p o r t s ,  r e s p e c t i v e l y .  

They r e p r e s e n t  o u r  i n i t i a l  a t t e m p t s ,  w i t h i n  t h e  c o n s t r a i n t s  of t h i s  

p r o j e c t ,  t o  c h a r a c t e r i z e  t h e  dynamics of  t h e  p h y s i c a l  and c p e r a t i o n a l  

e v e n t s  of mine f i r e s  and e x p l o s i o n s ,  and t h e  p o t e n t i a l  impac ts  on t h e  

r o l e  of mine communication c a b l e  s u r v i v a l  i n  r educ ing  miner  f a t a l i t i e s  

and i n j u r i e s .  To o u r  knowledge, Tab l e s  11-5 and 11-6 a r e  t h e  f i r s t  

t i n e  t h a t  such c h a r a c t e r i s t i c s  have been t a b u l a t e d  i n  t h i s  manner f o r  a  

l a r g e  number of  mine f i r e s  and exp lo s ions .  It should  a l s o  be  no t ed  

t h a t  t h e  v a r i o u s  f a c t o r s  we s t u d i e d  and t a b u l a t e d  were n o t  i n t ended  t o  

be  comprehensive,  b u t  t o  i l l u s t r a t e  v a r i o u s  key i n d i c a t o r s  and t r e n d s  

of s i g n i f i c a n c e  t o  t h i s  i n i t i a l  a ssessment  of  t h e  f e a s i b i l i t y  and 

u t i l i t y  of c a b l e  b u r i a l .  
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Although t h e  d e t a i l e d  informatior1 summarized i n  Tables  11-5 and 

11-6 i s  p re l imina ry  and incomplete ,  s e v e r a l  t r e n d s  and c h a r a c t e r i s t i c s  

can be d e t e c t e d  and some impor tan t  ccnc lus ions  can be  drawn. For 

example, cons ide r  t h e  ques t i on :  Would c a b l e  b u r i a l  have improved t h e  

c a s u a l t y  outcomes f o r  t h e  reviewed mine f i r e  and exp los ion  a c c i d e n t s ?  

For many c a s e s ,  t h e  answer was a  c l e4a r  "No." I n  no c a s e s ,  was t h e  

answer a  c l e a r  " ~ e s " .  I n  few c a s e s ,  t h e  answer was u n c e r t a i n  and most 

of t h e s e  were f o r  haulageway f i r e s .  Thus, more d e t a i l e d  a n a l y s e s  of 

t h e s e  r e p o r t s  a r e  r e q u i r e d  t o  r e s o l v e  t h e  i s s u e .  

A second f i n d i n g  r e l a t e s  t o  t h e  u t i l i t y  of c a b l e  s u r v i v a l ,  through 

b u r i a l ,  du r ing  mine methane and/or  c o a l  d u s t  explos ions .  I n  such c a s e s  

i t  appea r s  t h a t  c a b l e  s u r v i v a l  i s  a  moot p o i n t .  Namely, t h e  miners  i n  

t h e  a r e a  c f  t h e  exp los ion  a r e  a lmost  i n v a r i a b l y  k i l l e d ,  i f  n o t  

i n s t a n t l y ,  w i t h i n  a  few minutes ,  l e a v i n g  no one a l i v e  t o  u s e  any 

s u r v i v a b l e  communication system. The r e p o r t s  a l s o  i n d i c a t e  t h a t  i f  t h e  

exp los ion  i s  due t o  methane i g n i t i o n  on.ly, t h e  c a b l e s  appear  t o  s u r v i v e  

even i n  t h e  exp los ion  a r ea .  On t h e  o t h e r  hand, a  v i o l e n t  c o a l  d u s t  

exp los ion  i s  h igh ly  d e s t r u c t i v e  t o  everyone and eve ry th ing ,  i n c l u d i n g  

c a b l e s ,  i n  t h e  exp los ion  a r e a  and beyond. However, beyond t h e  working 

s e c t i o n  con ta in ing  t h e  exp los ion ,  t h e  c a b l e s  appear  t o  s u r v i v e ,  thereby  

a l l owing  communications t o  con t inue  i m  t h e  una f f ec t ed  p a r t s  of t h e  

mine. 

A t h i r d  obse rva t ion  i s  r e l a t e d  t o  l i k e l y  s u r v i v a l  t imes ,  f o r  t h e  

miners  exposed t o  t h e  dangers .  For s e r i o u s  f i r e s ,  t h e  s u r v i v a l  t i n e s  

have been mainly on t h e  o r d e r  of minutes  t o  a  couple  of hours ,  and 

t y p i c a l l y  much s h o r t e r  t h a n  t h e  durat : ions of t h e  f i r e s .  For major 

exp los ions ,  t h e  s u r v i v a l  t imes  have been mainly seconds t o  a  few 

minutes  f o r  miners  i n  t h e  exp los ion  a r e a .  Furthermore, i n  two major 

mine f i r e s ,  miners  were found dead wearing t h e i r  s e l f - r e s c u e r s ,  an  

i n d i c a t i o n  t h a t  t h e  CO-type, s e l f  r e s c u e r s  a p p a r e n t l y  d i d  n o t  p rovide  

Arthur D Little. Inc. 



adequate  p r o t e c t i o n  a g a i n s t  deadly cornbustion products .  For some of 

t h e  o t h e r  f i r e s ,  more d e t a i l e d  i n v e s t i g a t i o n s  of t h e  a c c i d e n t  r e p o r t s  

a r e  r e q u i r e d  t o  r e s o l v e  u n c e r t a i n t i e s  r ega rd ing  t h e  u t i l i z a t i o n  and 

e f f e c t i v e n e s s  of t h e  s e l f - r s s c u e r s  du r ing  t h e  f i r e .  The new MSHA 

r e g u l a t i o n  r e q u i r i n g  t h e  u se  of emergency b r e a t h i n g  dev ices  t h a t  supply 

oxygen t o  t h e  miners  is aimed a t  p rovid ing  adequate  p r o t e c t i o n  t o  

miners  exposed t o  a l l  hazardous atmospheres dur ing  mine emergencies .  

A f o u r t h  obse rva t ion  i s  t h a t  i n  s e v e r a l  mine f i r e s ,  d e a t h s  and 

i n j u r i e s  occur red  because of inadequate  emergency responses  by 

supe rv i so ry  pe r sonne l  o r  t h e  miners  themselves.  These i n c l u d e  a  

v a r i e t y  of a c t i o n s ,  such a s  d e l a y s  i n  n o t i f y i n g  miners  inby t h e  f i r e  of 

t h e  dangers ,  i n a p p r o p r i a t e  adv ice  t o  inby miners ,  and r e t u r n i n g  t o  

dangerous a r e a s  t o  r e t r i e v e  equipment:. Inprovements i n  t h i s  a r e a  

should be p o s s i b l e  through t h e  e s t ab l i shmen t  of p r a c t i c a l  emergency 

procedures  and a s s o c i a t e d  t r a i n i n g  and d r i l l s .  

Seve ra l  o t h e r  impor tan t  f i n d i n g s  and conc lus ions  concerning mine 

f i r e s  and exp los ions  could be ob t a ined  from a  more comprehensive 

a n a l y s i s  of t h e  a c c i d e n t  r e p o r t s  and t h e  f a c t o r s  t a b u l a t e d  i n  Tables  

11-5 and 11-6. More comprehensive ana lyses  a r e  n o t  r equ i r ed  f o r  t h i s  

i n i t i a l  s t udy ,  b u t  t h e  Bureau of Mines may want t o  cons ide r  t h e  

a p p l i c a b i l i t y  of such a n a l y s e s  t o  i t s  p o s t  d i s a s t e r  o r  environmental  

moni tor ing  programs. 

A f i n a l  obse rva t ion  i s  inc luded  h e r e  concerning f i r e s  i n  c o a l  

mines t h a t  l e a v e  a  l a y e r  of h igh ly  v o l a t i l e  roof c o a l  t o  prevent  roof  

s h a l e  exposure and s p a l l i n g ,  a  common p r a c t i c e  i n  t h e  P i t t s b u r g h  seam. 

It appears  t h a t  once i g n i t e d ,  t h e  roof c o e l  con t inues  t o  burn and t h e  

f i r e  sp reads  r a p i d l y  a long  t h e  roof .  Furthermore,  i t  appea r s  t h a t  t h e  

burn ing  of t h e  t h i n  l a y e r  (6" t o  10") of roof c o a l  could a l l ow  t h e  f i r e  

t o  spread  i n t o  a d j a c e n t  e n t r i e s  by pas s ing  r i g h t  over  t h e  t h i n  c i n d e r  
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b lock  b a r r i e r s  e r e c t e d  i n  c r o s s c u t s .  Th i s  of course  would d e f e a t  t h e  

e f f e c t i v e n e s s  of t h e  b a r r i e r  a s  a r e s t r a i n t  t o  f i r e  propaga t ion  and t h e  

containment of noxious fumes. T h e r e f ~ : r e ,  i t  may be p o s s i b l e  t o  avoid  

t h i s  problem i n  a s imple  manner du r ing  t h s  c o n s t r u c t i o n  of new 

b a r r i e r s ;  namely, by t a k i n g  dom t h e  6" t o  12" of roof  c o a l  a t  t h e  

b a r r i e r ,  and i n s t a l l i n g  c i n d e r  b locks  up t o  t h e  roof m a t e r i a l  above t h e  

coa l .  This  hypo thes i s  on t h e  spread  of f i r e s  over  b a r r i e r s  by means of  

t h e  roof  c o a l ,  and i t s  p o t e n t i a l  s o l u t i o n ,  should be p r a c t i c a l  t o  check 

by s t r a i g h t f o r w a r d  experiments  i n  a  f i r e  g a l l e r y .  

Arthur D Little, Inc. 



SUf43fARIES OF FOUR SELECTED M I N E  FIRES XND EXPLOSIONS 

Thi s  Appendix p r e s e n t s  s u m a r i e s  of f o u r  mine f i r e s  and exp los ions  

s e l e c t e d  t o  i l l u s t r a t e  t h e  r ep re se !n t a t i ve  types  of p h y s i c a l  and 

o p e r a t i o n a l  dynamics t h a t  a f f e c t  t h e  s u r v i v a b i l i t y  of  endangered miners  

and communication cab l e s .  
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A, SUliE,IARY OF NAJOR HAULAGEWAY FIRE 

BLACHSVILLE NO. 1 COAL 31:INE FIRE ON 7/22/72 

This was an electrically initiated fire 'which resulted in nine (9) 

fatalities and no injuries. The B1acks:ville fire is a good example of a 

track haulageway fire involving a trolley wire, The fire rapidly got 

out of control and generated large quantities of smoke and toxic 

combustion products that were carried by the ventilation system to men 

working on sections inby the fire, The fatalities occurred because of 

inadvertent delays in the sounding of the alarm (escape) instructions 

after the initiation of the fire. This extended delay prevented the 

successful egress from the mine of the men working on sections inby the 

fire because of the rapid spread of the fire and combustion products to 

the escape routes taken by these men. 

The fire started during the movement of a continuous mining machine 

along the haulageway on a Saturday maintenance shift when the machine 

boom came into contact with the trolley wire, causing a flash fire 

around 7:30 pn (T start). Fire fighting with local extinguishers began 

immediately, but was ineffective, Trolley wire voltage was not 

disconnected for several minutes after fire initiation. Initial 

communication with the dispatcher was attempted almost immediately after 

fire initiation via the towing locomotive's trolley carrier phone. No 

reply was received. 

Five to ten minutes iater (T report-1) the dispatcher was informed 

of the fire from a nearby pager phone, and of the need for additional 

help. It was not until 8:OOpn, about half an hour after fire 

initiation, that the dispatcher was told by pager phone to inform the 

miners in the inby A-2 section to expect smoke on the A-2 section, and 

to remain near the pager phone (T report-2). No information was relaysd 

as to location of the fire or direction from which the smoke was coming. 
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A t  approximately 8: 15 ,  t h e  man on A-2 s e c t i o n  informed (T repor t -3)  t h e  

d i s p a t c h e r  of t h e  worsening smoke s i t u a t i o n ,  and a t  t h a t  t ime (T 

alarm-1) was t o l d  by t h e  d i s p a t c h e r  t o  l e a v z  t h e  mine. However, t h e  

d i s p a t c h e r  d i d  n o t  g i v e  t h e  man on A-2 any d e t a i l s  concerning t h e  f i r e ,  

nor  d i d  he  a s k  t h e  miner of h i s  in tended  d i r e c t i o n  of t r a v e l  o u t  of t h e  

mine. 

A t  approximately t h i s  same t ime (T r epo r t -4 ) ,  a v e h i c l e  o p e r a t o r  on 

inby Sec t ion  A-3 informed t h e  d i s p a t c h e r  of l o s s  of t r o l l e y  w i r e  power. 

A t  about  8:30 pm (T alarm-2) ,  t h e  foreman c a l l e d  A-3 s e c t i o n  from t h e  

pager  phone outby t h e  f i r e  t o  a s k  i f  miners  on A-3 had d e t e c t e d  smoke. 

Upon r e p l y  t h a t  no smoke was d e t e c t e d ,  t hey  were t o l d  t o  assemble a l l  

t h e  men w i t h  t h e i r  s e l f  r e s c u e r s ,  and t o  l e a v e  t h e  mine immediately by 

way of  t h e  r e t u r n s  escapeway. A l l  miners  s t i l l  a t  t h e  f i r e  l o c a t i o n  

e x i t e d  t h e  mine a t  about  8:45 pm because t h e  f i r e  went ou t  of c o n t r o l .  

The r ea sonab le  conc lus ion  of  t h e  i n v e s t i g a t i n g  team was t h a t  t h e  

work crews i n  t h e  inby  S e c t i o n s  A-2 and A-3 would have escaped t o  s a f e  

a r e a s  through e s t a b l i s h e d  escapeways i f  they  had r ece ived  t ime ly  and 

adequate  i n s t r u c t i o n s  t o  evacua te .  However, t h e  t ime  t h e  men were t o l d  

t o  l eave ,  t h e  f i r e  had burned t o  t h e  p o i n t  where t h e  i n t e g r i t y  of t h e  

escapeway system may have been des t royed ,  thereby  t r a p p i n g  t h e  miners  

from Sec t ions  A-2 and A-3. 

The r a p i d  spread  of t h e  f i r e  was caused by two f a c t o r s .  The f i r s t  

was t h e  h igh  percentage  of  v o l a t i l e  mat:ter i n  t h e  P i t t s b u r g h  c o a l  seam. 

The v o l a t i l i t y  r a t i o  was - 4 6  a s  compared t o  .12 which i s  cons idered  

h igh .  The second was t h e  6 t o  10 inches  of c o a l  l e f t  on t h e  roof t o  

suppor t  t h e  unconsol ida ted  carbonaceous s h a l e  above t h e  coa l .  Th i s  top  

c o a l  bu rns  very  r a p i d l y ,  and was a  major f a c t o r  i n  t h e  r a p i d  advance of 

t h e  f i r e  i n t o  sur rounding  a r e a s  such a s  a d j a c e n t  e n t r i e s  and escapeways. 

This  c o a l  was i g n i t e d  by t h e  burn ing  l u b r i c a n t s  and h y d r a u l i c  f l u i d s  on 

t h e  mining machine, which were i g n i t e d  by coming i n t o  c o n t a c t  w i t h  t h e  

t r o l l e y  wi re .  
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A key obse rva t ion  from t h e  s t a n d p o i n t  of coramunication cab l e  

s u r v i v a l  f o r  t h i s  mine was t h e  f a c t  t h a t  t h e  pager  phone system 

i n t e g r i t y  was maintained a t  l e a s t  one hour a f t e r  t h e  s t a r t  of t h e  f i r e ;  

r i g h t  up u ~ l t i l  t h e  g e n e r a l  a l a rm and escape  command was g iven  t o  a l l  

miners  inby t h e  f i r e  l o c a t i o n .  From t'he r e p o r t  t e x t ,  wi thout  t h e  a i d  of 

a  map, we deduced t h a t  t h e  pager  ph0n.e l i n e  was i n s t a l l e d  on t h e  wide 

s i d e  of  t h e  t r a c k  haulageway, a s  i s  a  common p r a c t i c e  i n  mines. 

Therefore ,  t h e  c a b l e  su rv ived  i n  t h e  haulageway i n  which t h e  f i r e  

occur red  and developed du r ing  t h i s  per iod .  The i n v e s t i g a t i v e  r e p o r t  

gave no o t h e r  i n d i c a t i o n  t h a t  f u r t h e r  communications were a t tempted  

e i t h e r  t o  o r  from t h e  miners  i n  sec t : ions  A-2 and A-3 a f t e r  t hey  were 

g iven  t h e  a l a rm t o  evacua te .  The miners  from S e c t i o n  A-3 were found 

dead w i t h  t h e i r  s e l f  r e s c u e r s  on i n  t h e  No. 8 heading r e t u r n  a i r  

escapeway between S e c t i o n s  A-2 and A-3 a long  3-North main inby  t h e  f i r e .  

The miners  from A-2 s e c t i o n  were found dead a long  t h e  A-2 s e c t i o n  

bel tway n e a r l y  halfway ou t  of t h e  s e c t i o n .  

The miners  l o c a t e d  d i r e c t l y  inby  t h e  machine who were involved  i n  

t h e  machine movement and f i r e  f i g h t i n g  escaped from t h e  inby  a r e a ,  when 

t h r e a t e n e d  by e x t e n s i v e  smoke, by u s ing  a  c r o s s c u t  t o  a p a r a l l e l  e n t r y  

t o  p a s s  around t h e  f i r e  t o  t h e  outby s i d e  of t h e  machine. Heavy roof 

involvement of t h e  f i r e  occu r r ed ,  r e s u l t i n g  i n  roof c o l l a p s e  by Monday. 

The f i r e  s t a r t e d  on t h e  Saturday evening maintenance s h i f t ,  and a l l  

people  were evacuated f o r  t h e  l a s t  t ime on Monday j u s t  a f t e r  an 

exp los ion  around 2  pm. The mine w a s  e v e n t u a l l y  s e a l e d .  

I n  summary: 

o  The fo l l owing  key t imes  were determined: 

T  s t a r t  i s  known ( a t  approximate 7:30 pm) 

T  d e t e c t i o n  = T  s t a r t  
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T repo r t01  about  5-10 minutes  a f t e r  T  d e t e c t  ( t o  d i s p a t c h e r )  

T repor t -2  about  30 minutes  a f t e r  T  d e t e c t  ( t o  d i s p a t c h e r  

and S e c t i o n  A-2) 

T  r epo r t03  about  45 minutes  a f t e r  T  d e t e c t  ( t o  d i s p a t c h e r  from 

Sec t ion  A-2) 

T  alarm-1 about  45 minutes  a f t e r  T  d e t e c t  ( t o  A-2 from 

d i s p a t c h e r )  

T  repor t -4  about  45 minutes  a f t e r  T  d e t e c t  ( t o  d i s p a t c h e r  from 

A-3) 

T alarm-2 about  1 hour a f t e r  T d e t e c t  ( t o  A-3 from foreman) 

T  evacua t e  about  1-1/4 hour a f t e r  T  d e t e c t  ( f i r e  f i g h t i n g  

o  The pager  phone l i n e  surv ived  i n  t h e  f i r e  haulageway up t o ,  

and f o r  an  unknown time a f t e r ,  t h e  t ime (1 hour a f t e r  T  s t a r t )  

which a l l  t h e  miners  inby  t h e  f i r e  were t o l d  t o  l e a v e  t h e  

mine. 

o  The roof  c o a l  was h e a v i l y  invsolved i n  t h e  f i r e  and was perhaps 

t h e  r eg ion  of t h e  g r e a t e s t  c o n c e n t r a t i o n  and sp read ing  of t h e  

f i r e .  

o  Miners working i n  t h e  s ec t i o r l s  inby ,  t h e  f i r e  would probably 

have been saved i f  an  a la rm t o  evacua te  t h e  inby  a r e a s  had 

been g iven  soon a f t e r  r e p o r t  of t h e  f i r e .  E f f e c t i v e  emergency 

response  procedures  need t o  b e  adopted by c o a l  miners ,  and 

mine personnel  need t o  be  p rope r ly  t r a i n e d  and d r i l l e d  i n  

t h e s e  procedures .  
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B. SUMMARY OF E W O R  SECTION FIRE 

NEMACOLIN COAL N I N E  'FIRE ON 3/26/71 

This was an electrically initiated fire which resulted in three (3) 

fatalities and no injuries. The fire occurred in a development section 

on 118 '~ains Straight', and required that the miners on two threatened 

sections be given an alarm to escape. The sections included the one in 

which the fire occurred, and the adjacent section called 118 'Mains 

Left' perpendicular to 'Mains Straight.' 

The fire started unnoticed within 2-112 hours of start of the 

morning shift, in a section track entry containing an air compressor. 

This entry was 2 entries away from a track entry with loaded cars, and 

3, 4, and 5 entries from miners operating roof bolting equipment and 

operating a continuous miner. Detection of the fire nay have taken 

long, perhaps as long as 2-112 hours or as short as 114 to 112 hour. 

However, once discovered, its presence was reported to the dispatcher 

via the pager phone at the junction of 'Mains Straight' and 'Mains Left' 

within minutes. 

The dispatcher was informed of the fire, was requested to send 

additional help, and was told to inform workers in the adjacent 'Mains 

 eft ' section to leave the mine (which they did safely). DC power was 

cut off to the fire area via two trolley wire cut-out switches within 

minutes of the discovery by the section foreman. Workers in the section 

with the fire were also informed and directed to exit the section within 

minutes of fire discovery; with the exception of a roving mason, whose 

location in the section was unknown. (He was later found dead in an 

entry on the opposite side of the fire from the rest of the men.) This 

on-section alarm was made by voice and personal contact with each 

individual. 
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None of t h e  t h r e e  f a t a l i t i e s  were caused by f a i l u r e  t o  u s e ,  o r  

non-performance o f ,  t h e  pager  phone c o m ~ u n i c a t i o n  system i n  e x i s t e n c e  a t  

t h i s  t i m e .  However, i f  an  emergency warning system u t i l i z i z g  a  howler 

s i r en - type  a la rm inco rpo ra t ed  i n  t h e  pager  phone system had been 

i n s t a l l e d ,  even t h e  rov ing  mason n i g h t  have been a l e r t e d  and p o s s i b l y  

saved.  The second f a t a l i t y  occur red  because one of  t h e  roof  b o l t  

o p e r a t o r s ,  once s a f e ,  r e t u r n e d  t o  h i s  machine t o  r e t r i e v e  h i s  flame 

s a f e t y  lamp b e f o r e  escaping .  H e  never  r e t u r n e d .  The t h i r d  f a t a l i t y ,  by 

drowning, occur red  s e v e r a l  days l a t e r  du r ing  f l ood ing  and s e a l i n g  

o p e r a t i o n s .  

The c l u e  l ead ing  t o  f i r e   discover:^ a t  t h i s  mine was l o s s  of  a i r  

p r e s s u r e  by t h e  roof  b o l t  s t ope ing  macihine l o c a t e d  t h r e e  e n t r i e s  away 

from t h e  a i r  compressor.  Once smoke w a s  subsequent ly  d i scovered  i n  t h e  

number 2  e n t r y  by t h e  s t o p e r  o p e r a t o r ,  t h e  e f f e c t s  of t h e  f i r e ,  

p a r t i c u l a r l y  i n  terms of smoke ( i n i t i a l l y  ye l low i n  t h i s  ca se )  and o t h e r  

combustion p roduc t ions ,  spread  rapid1:y through t h e  s e c t i o n .  Th i s  

c r e a t e d  a  ve ry  hazardous s i t u a t i o n  r e q u i r i n g  t h e  evacua t ion  of a l l  

s e c t i o n  personnel  b e f o r e  a s c e r t a i n i n g  t h e  f i n a l  l o c a t i o n  of t h e  mason. 

Though t h e r e  seems t o  be some q u e s t i o n s  as t o  t h e  exac t  cause of 

t h e  f i r e ,  i t  appea r s  t h a t  t h e  p r i n c i p a l  f a c t o r  was t h e  replacement  of  a  

200 amp f u s e  on a  t r a i l i n g  c a b l e  nipped t o  t h e  dc t r o l l e y  w i r e  w i t h  a  

300 amp f u s e .  This  appa ren t ly  l e d  t o  t h e  d e t e r i o r a t i o n  of t h e  t r a i l i n g  

c a b l e  t o  t h e  compressor,  and t o  t h e  e l e c t r i c a l  f a i l u r e  of t h i s  c a b l e  and 

t h e  m e c h a n i c a l / e l e c t r i c a l  f a i l u r e  of a  t r o l l e y  w i r e  suppor t  n e a r  t h e  n i p  

po in t .  These f a i l u r e s  occur red  du r ing  t h e  morning s h i f t .  The 200 amp 

f u s e  had been r ep l aced  by a  300 amp f u s e  on t h e  midnight  s h i f t  of t h e  

p rev ious  day by ano the r  s t o p e r  ope ra to r .  

The fo l lowing  key i n v e s t i g a t i v e  0b:servat ions were made r ega rd ing  

t h e  n a t u r e  of t h e  f i r e  and t h e  s u r v i v z . b i l i t y  of  t r a i l i n g  c a b l e s  and 

power c a b l e s  w i t h i n  t h e  number 2 e n t r y  i n  which t h e  f i r e  s t a r t e d .  
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F i r s t ,  i t  was found t h a t  t h e  f i r e  was most ly  concen t r a t ed  a long ,  o r  

conf ined  t o ,  t h e  roof  a r e a s  of t h e  e n t r y ,  and had commenced between t h e  

n i p  p o i n t  and t h e  compressor.  Burning was a l s o  i n d i c a t e d  a long  t h e  

roo f ,  and i n  some loaded c o a i  c a r s ,  i n  t h e  number 4  e n t r y ,  and i n  t h e  

c r o s s c u t s  between e n t r i e s  3 and 4. Machinery and equipment i n  t h e  f i r e  

e n t r i e s  d i d  n o t  r e v e a l  any s i g n s  of be ing  on f i r e ,  ano the r  i n d i c a t i o n  of  

t h e  f i r e ' s  confinement t o  t h e  roof  c o a l  i n  t h e  e n t r i e s .  This  i s  f u r t h e r  

suppor ted  by t h e  f a c t  t h a t  s e c t i o n s  of t r a i l i n g  c a b l e  and power c a b l e s  

suspended from t h e  roof  were des t royed  by t h e  h e a t  and flame, wh i l e  

s e c t i o n s  of c a b l e s  on o r  nea r  t h e  mine f l o o r  showed no evidence of h e a t  

o r  flame. Evidence a l s o  i n d i c a t e d  t h a t  c o n t r o l  c a b l e s  on a  c a r  s p o t t e r ,  

presumably i n  e n t r y  4, developed a  s h o r t  c i r c u i t  due t o  t h e  d e s t r u c t i o n  

of t h e  c a b l e  i n s u l a t i o n  by f lame and hea t .  

A f i n a l  obse rva t ion  of importance i s  concerned w i t h  t h e  h y d r a u l i c  

hoses  on t h e  compressor. The s i d e s  of t h e  hoses  f a c i n g  t h e  f i r e  were 

cha r r ed  and b l i s t e r e d ,  wh i l e  t h e  s i d e s  of t h e  hoses  f a c i n g  away from t h e  

f i r e  showed no evidence of cha r ing  o r  b l i s t e r i n g .  S i m i l a r l y ,  s e c t i o n s  

of t h e  hoses  s h i e l d e d  from t h e  f i r e  by p a r t s  of t h e  compressor were no t  

damaged. We b e l i e v e  t h a t  t h e  cha r ing  and b l i s t e r i n g  i n  t h e s e  c a s e s  were 

caused by r a d i a t i v e  t r a n s f e r  and no t  by c o n t a c t  w i t h  t h e  f lames.  

I n  summary: 

o  The fo l lowing  key t imes  were determined: 

T s t a r t  of f i r e  i s  unknown, 

T f i r e  d e t e c t i o n  i s  u n c e r t a i n  (maybe a s  s h o r t  a s  1 / 4  t o  

1 / 2  hour ,  t o  a s  long  a s  2--1/2 hours  a f t e r  T s t a r t ) ,  

T f i r e  r e p o r t  t o  d i s p a t c h e r  was w i t h i n  about  10 minutes  c f  

i n i t i a l  d e t e c t i o n ,  

T a l a rm t o  men was w i t h i n  about  5 minutes  of T r e p o r t .  
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o The pager  phone c a b l e  ex tending  outby t h e  118 'Mains L e f t '  and 

'Mains S t r a i g h t '  j u n c t i o n  phone su rv ived  up t o  and beyond t h e  

t i n e  (about  15-30 minutes  a f t e r  f i r e  d e t e c t i o n )  when t h e  

miners  l e f t  bo th  t h r ea t ened  s iect ions of t h e  mine. Phone c a b l e  

l o c a t e d  c l o s e  t o  t h e  sou rce  of t h e  f i r e  on 'Mains S t r a i g h t '  

s e c t i o n  e v e n t u a l l y  burned,  t ime unknown. 

o  The f i r e  was p r i n a r i l y  confirled t o  ( a t  l e a s t  f o r  some t i m e ) ,  

and spread  by,  t h e  roof c o a l  i n  t h e  e n t r i e s  involved.  

o  A g e n e r a l  a l a rm howler system might have saved a t  most one 

person.  

Arthur D Little, Inc 



C. SUMMARY OF MAJOR SECTION EXPLOSION 

FINLEY NO. 15 MTD 16 C0,4L MINES EXPLOSION ON 12/30/70 

Th i s  was a  c o a l  dus t  exp los ion  which k i l l e d  38 of  t h e  39 men who 

were underground a t  t h e  t ime.  No. 15 and 16 a r e  d r i f t  mines s i d e  by 

s i d e ,  t o g e t h e r  forming a  "T", each mine c o n s i s t i n g  cf approximately 1 / 2  

of a  v e r t i c a l l y  b i s e c t e d  "T". The exp los ion  was i n i t i a t e d  i n  mine No. 

16, a t  a  boom h o l e  be ing  b l a s t e d  f o r  a l oad  p o i n t  on t h e  l e f t  s i d e  of 

t h e  t op  l e g  of  t h e  "T". The i n v e s t i g a t i o n  showed 14 of t h e  17 men i n  

mine No. 16 were k i l l e d  i n s t a n t l y  by t h e  exp los ion ,  wh i l e  3 o t h e r s  may 

have moved a  s h o r t  d i s t a n c e  of a t  most 100 f e e t  from t h e i r  work s i t e  

b e f o r e  dying,  presumably from asphyx ia t i on  o r  carbon monoxide po isoning .  

Nineteen o u t  of t h e  21 men i n  mine No. 15 were a p p a r e n t l y  k i l l e d  

i n s t a n t l y  by t h e  exp los ion ,  wh i l e  t h e  o t h e r  two may have moved a  s h o r t  

d i s t a n c e  of about  140 f e e t  b e f o r e  dy ing ,  presumably from asphyx ia t i on  o r  

carbon monoxide po isoning ,  s h o r t l y  a f t e r  t h e  explos ion .  The lone  

s u r v i v o r  was l o c a t e d  a t  t h e  p o r t a l  of  t h ~ e  b e l t  e n t r y  of t h e  No. 15 d r i f t  

mine. He was i n j u r e d  only  s l i g h t l y  by t h e  exp los ive  f o r c e  and d e b r i s  

coming from t h e  mine. 

Both b l a s t  and flame f r o n t s  occur red  du r ing  t h i s  explos ion .  The 

primary damage was caused by t h e  f o r c e  of t h e  b l a s t .  The f o r c e s  

involved  from t h e  exp los ion  were s u b s t a n t i a l ,  blowing o u t  a  l a r g e  number 

of c o n c r e t e  s topp ings  throughout  t h e  mine. The exp los ion  f o r c e s  

extended throughout  t h e  whole mine workings and ou t  t h e  p o r t a l s ,  wh i l e  

t h e  f lame f r o n t  extended over  approximately 80% of t h e  mine workings.  

The t o p  of "T" was about 1,750 f e e t  long wh i l e  t h e  base  of t h e  "T" was 

abcut  2,000 f e e t  long  a t  t h i s  mine. Although no t  s t a t e d ,  i t  appears  

t h a t  t h e  f o r c e  of t h e  b l a s t  would have rup tu red  o r  severed  nearby 

communication c a b l e s  i n  l i g h t '  of t h e  s u b s t a n t i a l  d e s t r u c t i o n  observed by 

t h e  i n v e s t i g a t i n g  team. However, even i f  t h e  communication c a b l e s  d id  

s u r v i v e ,  t h e  s e v e r i t y  of t h e  c o a l  d u s t  e:rplosion was such t h a t  no miners  

su rv ived  t o  u se  them. 
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Self-rescuers were not carried by the nien, however, 21 NSA one-hour 

self-rescuers were stored in a metal container in No. 16 mine. There 

were no self-rescuers stored in mine No. 15, but 16 of them were stored 

in a trailer on the surface. Investigation showed nore than 60 concrete 

block stoppings were completely o r  partially blown out, equipment moved, 

belt-conveyor structures damaged, and explosion doors blown open. 

The conclusion of the investigating team was that the explosion 

occurred when coal dust was thrown into suspension and ignited during 

the blasting of roof rock for a loading point (boom hole). Excessive 

accumulations of coal dust, and inadequate applications of rock dust, in 

parts of No. 15 and 16 mines permitted the explosion to propagate 

throughout both mines. The geometric configuration of the mines also 

allowed the forces to expand rapidly from the point of origin, and to 

become less intense while traveling toward the surface. Rock dust 

applications in the main entries assisted in damping the explosion as it 

traveled toward the surface. Evidence indicated that the flame front 

spread to within 23 pillars of the mouth of the drift mine, but 

extensive burning did not occur after the explosion. 

In summary, this was a violent coal dust explosion that extended 

throughout this relatively small dri.ft mine. Although not stated, we 

assume thzt the excessive forces would have destroyed communication 

cables in the vicinity of the explcsion. Furthermore, if the 

communication cables had survived, the force of the blast was such that 

the instantaneous and near-instantaneous deaths of all miners would have 

prevented the use of such communication cables after this type of severe 

explosion. The lone survivor was located at the mine portal, and thus 

did not need to communicate via the mine pager phone cable. 
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D. SUMNARY OF A MINOR SECTION EXPLOSION 

SILTIX COAL MINE EXPLOSION ON 7/23/66 

This was a methane gas explosion that claimed the lives of seven 

out of the eight men working on a development section at the end of 

2-Left Mains of the Siltix mine. The layout of this part of the nine 

can be visualized as a crucifix-shaped cross formed by 2-Left Mains, and 

the 6-Left and 6-Right working sectiorls perpendicular to 2-Lef t Mains, 

with the 2-Left Mains development section forming the top part of the 

cross. 

The flames extended about 700 feet beyond the explosion igniticn 

source in 2-Left Mains section, down to the beginning of the junction 

between 2-Left Mains and the 6-Left and 6-Right sections. The explosion 

forces extended to about 1700 feet beyond the ignition source, but were 

greatly attenuated after reaching the junction of the 6-Left and 6-Right 

sections. All evidence indicated that the explosion was a relatively 

weak methane gas explosion. Coal dust entered into the explosion's 

propagation only to a minor degree. The explosion was caused by 

ignition of a body of methane by an electrical spark from a shuttle car 

trailing cable during the morning of a normal day shift. Men working on 

both 6-Left and 6-Right sections communicated with the mine 

superintendent who was located at the underground motor pit, via the 

mine pager phone line which remained intact during and after the 

explosion. A miner shoveling coal onto the belt at the junction of 

2-Left Mains and 6-Left section was blown over by the blast and tossed 

about 60 feet. Upon recovery, he moved to the 6-Left junction pager 

phone and also notified the mine superintendent of the occurrence. 

Miners on 6-Left section felt an unusually strong blast of wind, 

and saw dust suspended in the air afterwards. The mine foreman, who was 

on the 6-Left section, instructed the 6-Left section foreman to 

assemble his men at the section phone while he attempted to learn what 
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had happened. Once assercbled at the phone, communication was 

established via pager phone with the cline sqerintendent, who asked the 

section foreman tc ascertain what happened. The section foreman walked 

outby the phone about 1000 feet, returned after he noted nothing 

unusual, and recalled the superintendent. The superintendent informed 

the section foreman of the explosion i11 2-Left Mains, and instructed him 

to take his crew out of the mine by the 6-Left fresh air entry. These 

men encountered smoke approximately 1000 feet outby the phone, and 

switched over to a return airway, where they also encountered smoke upon 

reaching the No. 1 entry of 2-Left Mains. Their escape being blocked, 

they returned to a suitable place in No. 2 entry of 6-Left section, and 

constructed a barricade in a crosscut. Eleven men entered the barricade, 

where they remained until they were rescued in good condition 

approximately 45 minutes later. 

The section foreman and 10 men wo.rking on 6-Right section were not 

affected by the explosion. This crew was instructed from the surface by 

pager phone to deenergize their equipment and come to the surface, which 

they did. They arrived at the surface! without incident shortly before 

the miners in 6-Left section barricaded themselves. 

Only one miner survived on thme section where the explosion 

occurred. The four men nearest to the explosion were badly burned and 

died quickly. The lone survivor, a shuttle car operator, was found by 

the rescue team about 200 feet from the explosion lying on the ground 

behind his shuttle car. After the initial blast and flames, the section 

did not burn very much, which accounts in part for the miner's fortunate 

survival. However, in spite of his survival, he was in no condition to 

utilize the section's pager phone comunications, if it had also 

survived (unknown). 
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As the superintendent proceeded towards 2-Left Mains after being 

informed of the explosion, he encountzred smoke and dust about 500 feet 

inbv the mouth of the 2-Left Hains. This smoke and dust became extremely 

dense as he approached the affected sections. Therefore, the chief 

electrician was sent to the mouth of ?-Left Mains to deenergize all 

power circuits. The superintendent and other miners then advanced to 

the 6-Right junction, and continued to reestablish the ventilation 

on their way to the affected sections. The last body of the victims was 

found around 5 p.m. the day of the explosion, and all bodies and members 

of the recovery crew were removed from the nine by 6:15 p.m. 

In summary, this was primarily a weak methane gas explosion caused 

by electrical sparks together with bad ventilation which resulted in a 

gas build up in the face area. The main forces and flame effects were 

essentially confined to the section. Pager phone cables outside the 

section were not destroyed, thereby allowing comunications to and from 

adjacent sections 6-Lef t and 6-Right by mine supervisory personnel. 

These communications allowed the men in those sections to be alerted and 

instructed to leave the mine shortly after the explosion. No mention 

was made of the survivability of communications within the section where 

the explosion occurred. 

This is an example of an explosion which kills or incapacitates all 

miners on the section where it occurs;, but whose destructive effects 

remain essentially confined to that section. Thus, miners and 

communication equipment outside the section may not be threatened, at 

least initially, and are able to function in a way that permits effective 

alert and escape activities. However, survivability of the communication 

facilities within the explosion section becomes moot in cases such as 

these when no miners are alive or able to use them. 
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APPENDIX LV 

METHODOLOGY FOR CALCULATING CABLE BURIAL DEPTHS 
FOR ADVERSE ENVI:ROXf!IENTS 

The p r a c t i c a l  f e a s i b i l i t y  of c a b l e  b u r i a l  depends t o  a l a r g e  e x t e n t  

on t h e  b u r i a l  dep th  r e q u i r e d  t o  p r o t e c t  t h e  c a b l e  from t h e  adve r se  

p h y s i c a l  environment of f i r e  and exp los ions .  I n  t h e  e a r l y  phase of t h i s  

s t u d y ,  we o u t l i n e d  a methodology f o r  de te rmin ing  t h i s  b u r i a l  dep th  a s  a 

f u n c t i o n  of t h e  p h y s i c a l  environmental  c o n d i t i o n s  i n  t h e  t unne l .  

During t h e  cou r se  of t h e  s t u d y ,  however, we found t h a t  t h e  s u r v i v a l  

t ime ove r  which t h e  c a b l e  must f u n c t i o n  was n c t  d e f i n e d ,  and had t o  be 

e s t ima ted  from a d e t a i l e d  review of ' h i s t o r i c a l  mine a c c i d e n t  r e p o r t s .  

Secondly, i t  became i n c r e a s i n g l y  evident:  t h a t  t h e  o v e r a l l  need f o r  c a b l e  

b u r i a l  was ques t i onab le .  Accordingly,  i t  was neces sa ry  t o  d i r e c t  more 

of t h e  e f f o r t  towards a s s e s s i n g  t h e  s p e c i f i c  needs,  i f  any, f o r  c a b l e  

b u r i a l  o r  f o r  some l e s s  dramat ic  form of c a b l e  p r o t e c t i o n .  

T h i s  appendix summarizes t h e  approach o r  methodology we formulated 

f o r  d e f i n i n g  c a b l e  b u r i a l  dep ths  t o  ach i eve  v a r i o u s  degrees  of  

s u r v i v a b i l i t y  under  d i f f e r e n t  environrn.enta1 s t r e s s  c o n d i t i o n s .  Th i s  

methodology can be  used and i n t e g r a t e d  i n t o  a d e t a i l e d  c o s t / b e n e f i t  

a n a l y s i s  t h a t  t h e  Bureau of Mines may wish t o  under take  i n  t h e  f u t u r e  

concerning c a b l e  p r o t e c t i o n .  

A. APPROACH 

The methodology i s  d i scus sed  f o r  t h e  c a s e  of thermal  s t r e s s  from a 

f i r e .  It can a l s o  be a p p l i e d  t o  d i f f e r e n t  t ypes  of s t r e s s  from an  

exp los ion  and from normal o p e r a t i n g  environments.  
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In fires, the heat output builds up to a maximum value and then 

decreases as the fire burns out. Some of this heat is transferred to 

the mine floor and is transmitted through it to a buried cable. As the 

cable insulation is heated, it may u~dergo physical and chemical changes 

depending mainly on the temperature reached. The burial depth, at which 

the cable will remain functional, can be detemined as follows: 

First, one can characterize the themal exposure expected from 

various types of fires that may occur i .n  mines. For each fire, this can 

be represented as a constant heat flux level imposed over a given 

duration. The magnitude of the heat flux can be obtained from the 

experiments conducted by PRC, and its duration from review of MSZiA 

accident data. Note that each fire type may be associated with a range 

of heat fluxes and exposure durations. This is illustrated in Figure 

IV-1, where we indicate qualitatively the regicn where each fire type 

may be plotted. The indicated fire categories, which are described in 

the following section, were obtained from PRC mine fire investigators. 

Second, one can characterize the thermal endurance response of the 

cable to these thermal exposures, for various burial depths or other 

means of protection. This is portrayed qualitatively by three curves 

for three burial depths in Figure IV-1. Each curve gives the maximum 

exposure duration that can be withstood without cable functional damage, 

for a given heat flux impinging on the mine floor. These curves can be 

obtained by a heat conduction analysis through the mine floor material 

to the cable, along with a criterion for functional damage of the cable 

insulation. This criterion nay be the melting of the insulation, or 

some other manifestation of the thermal aging process. The primary 

thermal aging mechanism is oxidation for most materials used in m i ~ e  

communication cables. 
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Thi rd ,  by comparing t h e  thermal  exposure and t h e  c a b l e  endurance,  

one can de te rmine  t h e  minimum b u r i a l  dep th  r e q u i r e d  f o r  each f i r e  type.  

Note t h a t  a  f e a s i b i l i t y  index (such a s  c o s t )  can be a t t a c h e d  t o  each 

b u r i a l  dep th  curve.  Furthermore,  a p r o b a b i l i t y  e s t i m a t e  may be 

a s s o c i a t e d  w i th  each f i r e  type  o r  h e a t  f lux--durat ion l e v e l .  Th i s  could 

be o b t a i ~ e d  from review of  d e t a i l e d  a c c i d e n t  d a t a .  Thus, c o s t  and 

b e n e f i t  could b e  t r aded  o f f  u s i n g  F igure  IV-I o r  some mod i f i ca t i on  

t h e r e o f .  

B. PHYSICAL CHARACTERIZATION OF FIRES AND EXPLOSIONS 

We had a  number of d i s c u s s i o n s  w i t h  t h e  s t a f f  of  t h e  Bureau of  

Mines a s s o c i a t e d  w i t h  mine f i r e  and exp los ion  phys ics .  These 

d i s c u s s i o n s  i d e n t i f i e d  t h e  major c a t e g o r i e s  o r  t ypes  of mine 

f i r e s / e x p l o s i o n s  f o r  which exper imenta l  d a t a  have been obta ined .  

o A gob f i r e  i nvo lv ing  a  heap of mixed c o a l ,  wood and o t h e r  

m a t e r i a l s ,  formed by roof  co l l tapse .  

o  A s h a f t  f i r e  i nvo lv ing  t h e  wood s t r u c t u r e  of  an  a i r  s h a f t .  

o  A t u n n e l  f i r e  i nvo lv ing  t h e  coa l .  

o  A c r i b  f i r e  i nvo lv ing  t h e  wood c r i b s  which suppor t  t h e  roo f .  

o  A methane explos ion .  

o  A c o a l  d u s t  explos ion .  

The F igure  I V - 1  s k e t c h  p rov ides  a  q u a l i t a t i v e  comparison of t h e  f i r e  

c a t e g o r i e s  w i th  r e s p e c t  t o  t h e  r e l a t i v e  ranges  of expected f l u x  l e v e l s  

and time d u r a t i o n s .  

Arthur D Little, Inc. 



We collected and reviewed various reports describing comprehensive 

experimental investigations at the Bureau of Mines for these 

fires/explosions (Ref. 1-9). In these investigations, the heat flux 

from the fires has been measured or estimated. A heat flux value that 

is often quoted for a tunnel fire that is well developed is 2 cal/cm 
2 

2 
(80 kW/m ) ,  a severe thermal environment. For explosion tests utilizing 

natural gas (mainly methane or natural gas/coal dust mixtures, unsteady 

deflagration was observed. The maximum static pressure and wind speed 

reached in these tests were approximately 20 psi and 800 fps, 

respectively. This could subject the cables to a severe mechanical 

stress. 

The frequency distribution of the duration of actual mine fires is 
* 

shown in Table IV-1 obtained from data in the Allen Corporation study. 

Note that approximately 65 to 70% of the fires last 4 hours or less. In 

recent years only about 20% lasted more than 24 hours. This gives some 

reference points for the required duration of cable survival (if survival 

is needed). In reality, the required cable survival time depends more on 

whether, and how long, affected miners are endangered. Thus, it can be 

significantly different from the values in Table IV-1. Finally, duration 

of the pressure pulse in an explosion is on the order of a second, and 

the need for cable survival also depends on the presence of surviving 

miners in the vicinity of the exp1os:ion. Therefore, more realistic 

information on the need for cable survivi3l and the corresponding survival 

durations had to be obtained by analyzing the emergency activities and 

fire and explosion dynamics described in MSHA accident reports (see 

Appendix 11). 

C. THERMAL PROPERTIES OF CABLES 

The thermal endurance of communication cables depends on the 

thermal zging of the cable insulation materials. Many cables used in 

* 
Op.cit, Appendix I. 
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mines a r e  c o n s t r u c t e d  of  ~ a t e r i a l s  t h a t  a r e  prone t o  ag ing  by o x i d a t i o n  

a t  e l e v a t e d  t empe ra tu r e s .  These m a t e r i a l s  i n c l u d e  c e l l u l o s e ,  r ubbe r ,  

p o l y v i n y l  c h l o r i d e ,  p o l y v i n y l  a c e t a i ,  a c r y l i c  r e s i n s ,  and polyamides.  

The I E E E  h a s  e s t a b l i s h e d  a  t he rma l  c l a s s i f i c a t i o n  sys tem f o r  

i n s u l a t i n g  m a t e r i a l s  t h a t  i s  shown i n  Tab le  IV-2. The c l a s s  ass ignments  

a r e  based  on t h e  r e s u l t s  of t he rma l  ag ing  t e s t s .  The t empe ra tu r e  f o r  

each  c l a s s  i n d i c a t e s  t h e  o p e r a t i n g  t empe ra tu r e  l i m i t  f o r  which t h e  

m a t e r i a l  w i l l  a c h i e v e  an  expec ted  l i f e t i m e .  A s  t h e  t empe ra tu r e  r i s e s  

above t h i s  v a l u e ,  t h e  c a b l e  l i f e t i m e  w i l l  g e n e r a l l y  be  sho r t ened  

acco rd ing  t o  t h e  l o g a r i t h m i c  re1a t ionsh i .p :  

Log L  = A + B/T 

where 

L = l i f e  i n  h o u r s  

T  = a b s o l u t e  t empe ra tu r e  i n  O K  

A,  B a r e  c o n s t a n t s .  

Mine communication c a b l e s  a r e  l i k e l y  t o  f a l l  i n t o  c l a s s e s  0, A and 

B ,  w i t h  C l a s s  A (105°C) p robab ly  b e i n g  t h e  most r e p r e s e n t a t i v e .  Saums 

and Pendle ton  (Ref. 10) i n d i c a t e  t h a t  t h e  average  l i f e  of a  C l a s s  A 

i n s u l a t i n g  m a t e r i a l ,  w i t h  a  20,000 hour  l i f e t i m e  a t  105"C, w i l l  d e c r e a s e  

t o  about  100 h o u r s  a t  200°C and 10 hou r s  a t  250°C. The f i g u r e  shows 

t h a t  t h e  l i f e  of even t h e  h i g h e s t  r a t e d  C l a s s  C m a t e r i a l s  (> 250°C) 

plummet t o  abou t  10 hou r s  a t  t empe ra tu r e s  around 350°C. 

Th i s  b r i e f  d i s c u s s i o n  on t h e  t he rma l  response  of c a b l e  i n s u l a t i o n  

h a s  been i nc luded  t o  i n d i c a t e  a n  approach  and r e s o u r c e s  f o r  d e f i n i n g  

c r i t e r i a  f o r  c a b l e  f u n c t i o n a l  f a i l u r e  t h a t  can  b e  a p p l i e d  i n  t h e  

methodology d e s c r i b e d  i n  S e c t i o n  A of t h i s  Appendix. 
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TABLE IV--2 

IEEE T H E F W  CLASSIFICATION SYSTEM 

Class 

Class 0 

Class A 

Class B 

Class F 

Class H 

* 
Class 200 

** 
Class 200 

Class C 

Tem~erature O C A~~licable Materials 

90 Uninpregnated celluiose 

Polyvinyl acetal, polyurethane, 
impregnated cellulose, polyamide 

Epoxy, polyester glass (styrene type) 
phe~olic glass 

Tereplhthalate polyester, modified 
silic.one 

Silicone, silicone glass, silicone 
rubber, ester-imide, cyanurated 
terephthalate polyester 

Amide-imide overcoated ester-imide, 
amide-imide overcoated polyester 

Amide-imide, polyimide, high- 
temperzture polyzmide fibers? 

Polytetrafluoroethylene, glass, 
ceraaics 

Source: Saums, H. L. and Pendleton, W.W.,  ateri rials for Electrical 
Insulating and Dielectric Functions, Hayden Book Co., N.J., 
1973. 

* 
U.S. Navy-designated as Class K. 

** 
Industry-designated as Class 11. 
i 

DuPont ' s Nomex 
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. OPERATIONAL CONSIDERATIONS 

Our interviews with several government and industry mining personnel 

revealed some practical operational considerations that are briefly 

summarized below. The objective is a survivable communication link for 

emergency connunications with endangered and/or trapped miners and with 

mine rescue/recovery teams, in post disaster environments. An important 

parallel objective, of course, is its availability and practicality for 

daily operational communications. 

In practice, it was felt that two to three hour cable survival times 

for communicating with endangered/trapped miners in fire and explosion 

environments would meet most needs. This . is not inconsistent with most 

of the preliminary estimates of miner survival time tabulated in Appendix 

11. As suggested in Appendix I1 and the body of this report, additional 

protection is not generally needed, and burial may not be the most 

practical way to obtain whatever short-term protection may be needed. 

For extended duration communications among the rescue/recovery tean 

members and between these and the surface, a system that is not totally 

dependent on the mine pager phone system appears to be the most 

realistic. Recent Bureau of Mines spclnsored developments in portable 

medium frequency radio communications may provide the best equipment for 

meeting the needs of mine rescue/recovery teams. This possibility should 

be investigated. 

To satisfy daily operational needs, the pager phone communication 

link must have a high availabili.ty, practical maintainability, and 

reasonable installation and operating .Life time costs. Communication 

cable burial will cause some increases in installation costs, depending 

on burial depth, quality of cable needed, and floor material, and some 

changes in maintenance costs. Since 60-70% of the nining operations in 

Appalachia are smaller than 70,000 tons per year, any csble protection 

guidelines dramatically different from current mine practice should be 

checked for their economic impact on such mines. 
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The fo l lowing  paragraphs  p r e s e n t  some summary c o n s i d e r a t i o n s  of t h e  

e f f e c t s  of c a b l e  b u r i a l  on bo th  t h e  c a b l e  and t h e  mine t unne l .  The MSPA 

Roof Cont ro l  and Geotechnica l  Serv:ices groups provided u s  wi th  

i n fo rma t ion  on mine roof novement and n i n e  opening s t a b i l i t y  of i n t e r e s t  

t o  c a b l e  b u r i a l .  

They a r e  n o t  s u r e  i f  a  t r e n c h  i n  t h e  middle of an e n t r y  would 

adve r se ly  e f f e c t  roof  c o n t r o l  s t a b i l i t l y .  They tend t o  t h i n k  t h a t  a  

sha l low t r e n c h  on t h e  o r d e r  of 18 t o  20 inches  would probably have no 

major e f f e c t .  It could ,  however, i n i t i a t e  bottom movement by r e l i e v i n g  

c e r t a i n  counter-balancing l a t e r a l  f o r c e s  which surround t h e  mine opening.  

There would be t h r e e  t ypes  of movements which would e f f e c t  t h e  cab l e :  

o f f s e t s ,  v e r t i c a l  t h r u s t  v a u l t i n g ,  and squeezing.  They f e e l  t h a t  t h e  

a c t u a l  degree  of movement would be very  u n p r e d i c t a b l e  and t h a t  t h e r e  i s  a  

s t r o n g  need f o r  a d d i t i o n a l  s tudy  b e f o r e  any bu r i ed  mine communication 

systems a r e  cons idered  f e a s i b l e .  Apparlently,  10% of t h e  c o a l  mines i n  

t h e  United S t a t e s  have minimal bottom movenent, 10% have exces s ive  bottom 

movement, and 80% have bottom m ~ v e n e n t  p r e s e n t ,  bu t  i t s  magnitude i s  

undefined and needs t o  b e  f u r t h e r  s t u d i e d .  

MSHA s t a f f  a l s o  provided i n f o r n a t i o n  t h a t  shows roof movement i s  

ve ry  a c t i v e  t e n  t o  f i f t e e n  days a f t e r  t h e  opening i s  made. There i s  an 

exponen t i a l  time/movement r e l a t i o n s h i p  w i t h i n  t h e  f i r s t  week of mining. 

These movements a r e  very  l o c a l i z e d  and sugges t s  t h a t  c a b l e  s t r e t c h a b i l i t y  

w i l l  not  b e  an  impor tan t  de s ign  f a c t o r .  I n  t h e i r  op in ion ,  t h e  f u r t h e r  

t h e  communication system l a g s  behind a t  t h e  i n i t i a l  development, t h e  more 

s t a b l e  t h e  environment w i l l  b e  and t h e  l e s s  l i k e l y  t h a t  t h e  c a b l e  w i l l  be  

severed  o r  pinched. Using t h e  typica:L f i g u r e  of 100 f e e t  of  f a c e  

advancement p e r  week, t h i s  could p reven t  c a b l e  b u r i a l  w i t h i n  up t o  about  

4-6 c r o s s c u t s .  Th i s  c r e a t e s  some s e r i o u s  problems w i t h  regard  t o  t h e  

o b j e c t i v e  of communicating wi th  miners  t rapped  i n  f a c e  a r e a s ,  and r a i s e s  
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questions such as: Kould a buried mine communication cable be of any use 

to workers operating in a face area 100 to 250 feet from the lzst cable 

terminal post? Would a communication line from the last permanent 

terminal post to the working area be any more reliable than a simple 

two-wire phone system typically in existence in most mines? Even if the 

cable is buried, will the unburied phone survive? There is also the 

problem of keeping the cable at the face. How will the cable be extended 

to the working area during advance mining without using numerous splices? 

The complexity of the splices and the need for secure watertight 

connections could have a severe impact on the reliability of the system. 

The importance of keeping the cable back from the face area was 

illustrated by analytical data shown by the roof control people. One 

question arises as to whether the roof's movement is a rough 

approximation to movements in the floor. At the present time, no one has 

taken the time to drill bore holes into the floor to study its movement, 

to see if there is a correlation between floor and roof movement. Based 

on the distribution of forces, one mig:ht roughly assume that the same 

timelmovement relationships exist in the floor. If so, this suggests a 

need to lag cable burial by ten to fifteen days (200 to 300 ft) behind 

the active face area. 

We also obtained coments on a nunber of issues concerning potential 

movements in the roof and floor as a result of the trenching activity. 

One could expect minimal impact with regard to mine opening stability if 

the trench is less than 24 inches deep, but crushing of the cables should 

be expected to occur during the life of the phonz system. The 

possibility was also pointed out that existing fracture fault systems 
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might be activated locally by trenching, and that additional research is 

needed to evaluate this possibility. Thus additional work should focr?s 

oc ths time distance relationship between the face, time of mining, and 

the resulting adjustments in the rcof, the rib and the floor. 

In summary, there nay be major problems associated with advancing 

buried cable to the face area where the men will probably be when an 

explosion occurs. If roof movement is a close approxination to what can 

be expected for the floor, movements can be expected for tsn to fifteen 

days after a face is mined. Using an average face advance of 100 feet 

per week, there is a major question as to whether the phone system will 

be available at the face where it might be needed in an emergency. 

Splicing, to keep the system moving with the mine advsnce, will almost 

certainly result in decreased system reliability. The potential problem 

of reactivating local and regional fault systems which cross through the 

mine opening needs additional research to evaluate this possibility. 
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