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PREFACE 

S h o r t l y  be fo re  t h i s  r e p o r t  was t o  be p r i n t e d ,  f i v e  men were k i l l e d  i n  a 
methane gas mine explos ion  t h a t  t r a g i c a l l y  underscored t h e  need f o r  r e l i a b l e  
methods of f o r e c a s t i n g  methane hazards  i n  mines. 

The explos ion  occur red  on June 9 ,  1979, i n  a  Louis iana  s a l t  mine. A s  a  
r e s u l t  of t he  exp los ion ,  t h i s  mine and t h r e e  o t h e r  s a l t  mines have now been 
r e c l a s s i f i e d  a s  gassy by t h e  Mine Sa fe ty  and Hea l th  Adminis t ra t ion .  The mine 
where t h e  explos ion  0 c c u r r e d . i ~  shown i n  t a b l e  1 of  t h i s  r e p o r t  a s  mine num- 
be r  48. Also r e c l a s s i f i e d  a s  a  r e s u l t  of t h i s  exp los ion  was mine number 50,  
shown i n  t h e  same t a b l e .  

The r e t u r n  a i r  methane concen t r a t i on  f o r  mine number 48  was 90 ppm. Use 
of t h e  100-ppm g u i d e l i n e  a s  an  i n d i c a t i o n  of a  methane hazard ,  a s  suggested i n  
t h i s  paper ,  would have i n d i c a t e d  t h a t  a  p o t e n t i a l  methane hazard  might e x i s t  
i n  t h i s  mine. Mine number 50, w i t h  a  r e t u r n  a i r  methane concen t r a t i on  of 
165 ppm, was t h e  on ly  mine i n  t h e  s t udy  t h a t  was n o t  p r ev ious ly  c l a s s i f i e d  a s  
gassy  having concen t r a t i on  above 100 ppm. 

The new informat ion  and r e c l a s s i f i c a t i o n s  t h a t  r e s u l t e d  from t h i s  explo-  
s i o n  have l e d  t h e  au tho r s  t o  sugges t  t h a t  a  g u i d e l i n e  of  about  70 ppm might be 
more a p p r o p r i a t e ,  s i n c e  every mine i n  t h i s  s t udy  having a  r e t u r n  a i r  methane 
concen t r a t i on  of  more than 70 ppm i s  now c l a s s i f i e d  a s  gassy. New ana ly se s  
a r e  now needed t o  e s t a b l i s h  t h e  most a p p r o p r i a t e  concen t r a t i on  f o r  use  a s  a  
gu ide l i ne .  I n  t h e  meantime, t h i s  paper  shows t h a t  methane concen t r a t i on  i s  
p o t e n t i a l l y  va luab l e  a s  an  i n d i c a t o r  of methane hazards  i n  mines. 
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FORECASTING METHANE HAZARDS IN METAL AND NONMETAL MINES 

by 

Edward D. Thirnons, ' Robert P. vinsonI2 and Fred N. K i s s e l l  3 

ABSTRACT 

Because of t h e  h igh  number of a c c i d e n t a l  methane gas i g n i t i o n s  i n  me ta l  
and nonmetal mines,  t h e  Bureau of Mines searched  f o r  a s imple  g u i d e l i n e  t h a t  
would a l l ow  mine personne l  t o  e v a l u a t e  t h e  methane hazard  i n  a g iven  mine. 
A i r  samples were c o l l e c t e d  by t h e  Bureau i n  53 me ta l  and nonmetal mines and 
analyzed f o r  t r a c e  evidence of methane gas.  Samples were c o l l e c t e d  i n  t h e  
r e t u r n s  and a t  t h e  working f ace s .  

Those mines c l a s s i f i e d  a s  gassy by t h e  Mine Sa fe ty  and Hea l th  Administra- 
t i o n  had a s i g n i f i c a n t l y  h i g h e r  average methane concen t r a t i on  than those  
c l a s s i f i e d  a s  nongassy. Of t h e  9 gassy mines sampled, 7 had methane concent ra -  
t i o n s  above 100 ppm, whereas on ly  1 of t h e  44 nongassy mines had a concent ra -  
t i o n  above 100 ppm. The 100-ppm concen t r a t i on  may be used a s  a s imple  and 
convenient  g u i d e l i n e  f o r  f o r e c a s t i n g  t h e  methane hazard i n  a mine, whether  o r  
n o t  t h e  mine i s  c l a s s i f i e d  a s  gassy.  

There was no c o n s i s t e n t  c o r r e l a t i o n  between commodity mined and methane 
c o n c e n t r a t i o n ,  nor  was t h e r e  a c o r r e l a t i o n  between mine dep th  and methane con- 
c e n t r a t i o n .  Nei ther  o f  t he se  f a c t o r s  can  be cons idered  a g u i d e l i n e  f o r  p re -  
d i c t i n g  methane hazards .  

INTRODU 'CTION 

Methane, a l though  u s u a l l y  a s s o c i a t e d  w i t h  underground c o a l  mines,  a l s o  
occurs  i n  s i g n i f i c a n t  concen t r a t i ons  i n  some me ta l  and nonmetal mines. It i s  
found i n  mines t h a t  p e n e t r a t e  carbonaceous s h a l e s  o r  i n  mines t h a t  a r e  l oca t ed  
n e a r  rock  format ions con t a in ing  carbonaceous m a t e r i a l s  (L, - 3).* Hundreds of 
miners '  l i v e s  have been l o s t  a s  a r e s u l t  of  unexpected methane gas explos ions .  

Supervisory p h y s i c i s t .  
2 Phys i c i s  t . 
3 Research supe rv i so r .  

A l l  au tho r s  a r e  w i th  t h e  P i t t s b u r g h  Mining and Sa fe ty  Research Cente r ,  Bureau 
of Mines, P i t t s b u r g h ,  Pa. 

4 ~ n d e r l i n e d  numbers i n  paren theses  r e f e r  t o  i tems i n  t h e  b ib l i og raphy  a t  t h e  
end of  t h i s  r e p o r t .  



Furthermore,  t h e  occur rence  of methane i n  me ta l  and nonmetal mines i s  no t  con- 
f i n e d  t o  t h e  United S t a t e s .  Methane i g n i t i o n s  and explos ions  have a l s o  
occur red  i n  European and South Afr ican  mines ,  I n  Poland,  a lmost  a l l  s a l t  
mines a r e  c l a s s i f i e d  a s  gassy (z), and i n  some Po l i sh  mines,  l a r g e  q u a n t i t i e s  
of methane a r e  r e l e a s e d  i n  conjunc t ion  w i t h  rock s a l t  o u t b u r s t s ,  Also,  numer- 
ous o r e  mines i n  Canada and t h e  U.S.S.R. exper ience  methane gas problems (6) .  - 

The Mine Sa fe ty  and Heal th  Adminis t ra t ion  (MSHA) of t h e  U.S. Department 
of  Labor c l a s s i f i e s  U,S. meta l  and nonmetal mines a s  e i t h e r  gassy o r  nongassy. 
A mine t h a t  meets any one of t h e  fo l lowing  fou r  c r i t e r i a  i s  c l a s s i f i e d  a s  
gassy and s o  must comply w i th  c e r t a i n  s a f e t y  s t anda rds .  These c r i t e r i a ,  a s  
s e t  f o r t h  i n  t h e  Code of Fede ra l  Regula t ions ,  30 CFR 57.21-1 ( 5 ) ,  - a re - -  

a .  The S t a t e  i n  which t h e  mine i s  l oca t ed  c l a s s i f i e s  t h e  mineas  gassy ;  o r  

b .  Flammable gas emanating from t h e  orebody o r  t h e  s t r a t a  sur rounding  
t h e  orebody has  been i g n i t e d  i n  t h e  mine; o r  

c .  A concen t r a t i on  of 0.25 p c t  o r  more, by a i r  a n a l y s i s ,  of flammable 
ga s ,  emanating on ly  from t h e  orebody o r  t h e  s t r a t a  sur rounding  t h e  orebody, 
ha s  been de t ec t ed  n o t  l e s s  than 12 inches  from t h e  back, f a c e ,  o r  r i b s  i n  any 
open workings; o r  

d .  The mine i s  connected t o  a gassy mine. 

Approximately 10 U.S. mines a r e  c l a s s i f i e d  a s  gassy because they  f i t  one 
o r  more of t he se  c r i t e r i a .  However, an i g n i t i o n  occasion all^ occurs  i n  a mine 
n o t  p r ev ious ly  c l a s s i f i e d  a s  ga s sy ,  and where no gas hazard was suspec ted .  
For  t h i s  r ea son ,  t h e  Bureau of Mines undertook an  in-mine s tudy  t o  determine 
i f  t r a c e  methane gas measurements made i n  t h e  working a r e a s  o r  a i r  r e t u r n s  of 
me ta l  and nonmetal mines could be used by mine o p e r a t o r s  t o  p r e d i c t  p o t e n t i a l  
methane hazards .  An a t tempt  was made t o  e s t a b l i s h  a c o r r e l a t i o n  between t h e  
methane concen t r a t i ons  found i n  noncoal mines c l a s s i f i e d  a s  gassy and those  
i n  mines l i s t e d  a s  nongassy. Cor r e l a t i ons  were a l s o  sought  between t he  
methane concen t r a t i on  measured i n  a mine and t h e  depth of  t h e  mine, o r  
between t h e  methane concen t r a t i on  and t h e  commodity mined. 

SAMPLING AND ANALYSIS 

Gas samples were c o l l e c t e d  by t h e  Bureau of  Mines i n  53 meta l  and non- 
meta l  mines s e l e c t e d  t o  r e p r e s e n t  a wide v a r i e t y  of commodities mined, mining 
methods, age ,  s i z e ,  and depth of ope ra t i on .  Nine of t h e s e  mines were c l a s s i -  
f  i e d  a s  gassy by MsHA.' A t  each mine, samples were taken i n  t h e  r e t u r n  a i r -  
ways, and i n  most of t h e  mines ,  samples were a l s o  taken  from t h e  working a r e a s .  
Sur face  samples were taken  a t  most of t h e  mine s i t e s  f o r  use  a s  base read ings  
t o  compare underground samples a g a i n s t .  Samples were c o l l e c t e d  i n  10-ml evacu- 
a t e d  b o t t l e s  and analyzed on a chromatograph i n  t h e  ~ u r e a u ' s  a n a l y t i c a l  l abora-  
t o r y  a t  Bruceton,  Pa. Methane concen t r a t i ons  were determined i n  p a r t s  p e r  
m i l l i o n  ( t a b l e  1 ) .  

5Two of  t h e  53 mines used f o r  t h i s  s t udy  have been r e c l a s s i f i e d  by MSHA a s  
ga s sy ,  fo l lowing  a Louis iana  s a l t  mine explos ion  which occurred a f t e r  t h i s  
r e p o r t  was w r i t t e n .  A s  a r e s u l t ,  two more of t h e  mines t e s t e d  a r e  now 
c l a s s i f i e d  a s  gassy  than  a r e  shown i n  t h i s  r e p o r t .  See "Preface." 



TABLE 1. - Methane c o n c e n t r a t i o n s  found i n  mines 

. - 

t h e  a d i t ,  a  room i s  mined o u t  and long  h o r i z o n t a l  h o l e s  a r e  d r i l l e d  i n t o  t h e  o i l - b e a r i n g  

Mine No. 

1. .......... 
Z . . . . . . . . . . .  
3 . 0 . . . . . . . . .  
4 . .  . . . . . . . . . . . . . .  
5 . . . . . . .  .......... 6 .  
7 . . . . . . . . . . .  
8 .  ............... 
9 . . . . . . . . . . 0  

l o . . . . . . . . . . .  
l l . . . . . . . . .O. 
12. ............... 
13.  . . . . . . . . . . . . . . .  
1 4 . . . . . . . . . . .  
1 5 . . . . . . . . . .  . 
1 6 . . . . . . . . 0 . .  
1 7 . . .  ........ 
1 8 . . . . . . . . . . .  
1 9 . . . . . . . . . . 0  
Z O . . . . . . . . . .  . 
21. .......... 

........... 22 
23. . . . . . . . . . .  
2 4 . . . . . . . . . .  
2 5 . . . . . . 0 . . . .  
26. . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . .  27. 
28. .  ......... 
Zg. . . . . . . . . . .  
3 0 . . . . . . . . . . .  
31 . .  . . . . . . . . . . . . . .  
3 2 . . .  . . . . . . . . . . . . .  
3 3 . . . . . . . . . .  
34. . . . . . . . . . . . . . . .  
35. . . . . . . . . . . . . . . .  
36 . . . . . . . . . . .  
37 . . . . . . . . .  
38 . . . . . . . . . . .  
39 . . . . . . . . .  .. 
40 ........... 
4 1 . . . . . . .  .... 
42. . . . . . . . . . .  
43 . . .  . . . . . . . . . . . . .  
4 4 . . . . . . . . . . .  
45.  .......... 
46 . . . .  . . . . . . . . . . . .  
4 7 . . . . .  . . . . . . . . . . .  
4 8 .  . . . . . . . . . . . . .  
49; ............... 
50" . . . . . . . . . . . . . .  
5 1 . . . . . . . .  
5 2 . . . . . . . . . . .  
53 . . . . . . . . . . .  
G Gassy. N 
' 'This o i l  mine 

s t r a t a .  O i l  f lows  from t h e  h o l e s  i n t o  a  scmp. 
"AS a  r e s u l t  of a n  e x p l o s i o n  J u n e  9 ,  1979,  a t  t h e  mine shown h e r e  a s  number 4 8 ,  t h e  mines  num- 

b e r e d  i n  t h i s  t a b l e  a s  48  and 50 have been r e c l a s s i f i e d  a s  gassy  by MSHA. The e x p l o s i o n  
o c c u r r e d  a f t e r  t h i s  r e s e a r c h  was completed.  See " P r e f a c e  . I f  

Commodity mined 

Lead and z i n c . . . . . .  
........... ..... do. 

..... d o . . . . .  ....... 
do ............ 

. . . . . . . . .  d o . . . . . . .  ..... 
Gold and s i l v e r . . . .  
..... do ............ 

d o . . . . . . . . . . . .  ..... do . .  .......... 
Copper ............. 
..... do .  ........... 

do. ........... 
do. .  .......... 

Tungsten.  .......... 
Molybdenum ......... ..... d o . . . . . .  ...... 
I r o n . . . . . . . . . . . . . . .  
Gypsum ............. 
..... do . . . .  ........ 
S i l i c a t e s . . .  ....... 

............. ~ a r b l e  .......... Uranium.. 
......... ..... d o . , .  

. . . . . .  do. .  .......... 
...... ..... do. . . . . .  

do.  ........... 
........... do .  

L imes tone . .  ........ ..... do . .  .......... 
..... do ............ 

do ............ 
do. ........... 

. . . . . .  d o . . . . .  ....... 
do ............ 
d o . . . . . . .  ..... ..... d o . .  .......... 

. . . . . . .  d o . . . . . . . . . . . .  
..... d o . . . . . . . . . . . .  
O i l  s h a l e  .......... 
O i l 1  ............... 
T r o n a . . . . . . . . . . . . . .  ..... do. ........... 

do. ........... ..... do. ........... 
S a l t . . .  ............ 

do  ............ 
do ............ 

.do. ........... 
do . . . . . . . . . . .  . 

.do.  ........... 
. . . . . . . .  d ~ . . . . . . . . . . . ~  ..... d o . . . . . . . . . . . .  

. . . . . .  d o . . . . . . . . . . . .  
Nongassy. NA Not 

c o n s i s t s  of  a  1 , 0 0 0 - f o o t - l o n g  

Mine 
c l a s s i f i c a t i o n  

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
G 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
G 
N 
N 
N 
G 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
G 
G 
G 
G 
G 
N 
N 
N 
N 
N 
N 
G 
N 
N 

A t  t h e  bot tom of  

Methane 
Re tu rn  a i r  

10 
6  
7  
6  
4  
4  

10 
7  

10 
4  
5  

10 
9  
2  
1 
3  

30 
2  
9  
6  
9  
4  
3  
3  

110 
5  
9  
3  

7  83 
4 1  

7 
1 

5  4  
10 
10 
10 
5  

3 1  
10 

115 
1 ,000  

6 1  
340 

2,000 
7  0  
30 

4  
90 
19 

165 
200 

2  
2  

a n a l y z e d .  
a d i t  

c o n c e n t r a t i o n ,  
Working a r e a  

8  
N A 

9  
7  
3  
9  

10 
7  
9  

N A 
N A 

7  
9  
2  
0  
3  

2  7  
2  
3  
8  
4  
3  
3  
2  

35 
5  
9  
2  

N A 
43  
11 
N A 
64 

8  
6  
8  
5  

49 
40 
85 
N A 
N A 

700 
N A 
7  0  
N A 
N A 
N A 
N A 
19 

130 
2  

2  b 

s l o p i n g  15' from 

ppm 
S u r f a c e  a i r  

2  
4  
3  
3  
1 
4  
2  
1 
2  
2  
1 
2  
4  
4  
0  
2  
2  
3  
1 
1 
3  
2  
2  
2  

NA 
N A 

2  
2  

13  
N A 

2  
1 

18  
2  

N A 
2  

N A 
N A 
N A 

2  
N A 

2  
2  

N A 
2  

N A 
N A 
N A 
N A 

2  
3  
3  
3  

h o r i z o n t a l .  



FIGURE 1. - Semi-logarithmic chart of methane concentrations found in  
returns o f  mines sampled. With only three exceptions, the 
broken l ine separates concentrations found in gassy mines 
from those found in  nongassy mines. This l ine is  at 100 
ppm, the simple guideline determined by this i nvestigation 

for identif ication of a methane hazard. 



Table 1 shows t h a t  f o r  t hose  mines where working a r e a  samples were taken  
t h e r e  i s  u s u a l l y  a  c l o s e  c o r r e l a t i o n  between methane concen t r a t i ons  i n  t h e  
r e t u r n s  and a t  t h e  working a r e a s .  I f  t h e  concen t r a t i on  i n  t h e  r e t u r n s  i s  h i g h ,  
t h e  working a r e a  c o n c e n t r a t i o n  i s  a l s o  high.  For  a lmost  every mine, t h e  s u r -  
f a c e  a i r  samples had very  low methane c o n c e n t r a t i o n s ,  i n d i c a t i n g  t h a t  no s i g -  
n i f i c a n t  amounts of methane were e n t e r i n g  t h e  mines w i t h  t h e  i n t a k e  a i r .  

A semi- logar i thmic c h a r t  ( f i g .  1 )  of t h e  methane concen t r a t i ons  found i n  
t h e  r e t u r n s  of both t h e  gassy and nongassy mines shows a  very  obvious t r e n d ,  
Of t h e  44 nongassy mines ,  43 have r e t u r n  methane concen t r a t i ons  below 100 ppm; 
But f o r  t h e  gassy mines ,  7  o u t  of 9 have r e t u r n  methane concen t r a t i ons  above 
100 ppm. 

The average methane concen t r a t i on  i n  r e t u r n  a i rways of  t h e  44 nongassy 
mines was about  17 ppm, and t h e  average f o r  t h e  9 gassy mines was about  
512 ppm. 

DISCUSSION 

An a n a l y s i s  of  t h e  d a t a  ob ta ined  from t h i s  s t udy  shows t h a t  c e r t a i n  gen- 
e r a l  t r ends  e x i s t .  Before  d i s cus s ing  t h e s e  t r e n d s ,  t h e  fo l lowing  p o i n t  
should be made. It  can be l o g i c a l l y  argued t h a t  t h e  methane concen t r a t i on  i n  
any mine i s  a  f u n c t i o n  of t h e  mine's v e n t i l a t i o n .  When more f r e s h  a i r  reaches  
t h e  working a r e a s ,  lower methane concen t r a t i on  can be expected i n  t he se  a r e a s  
and i n  t h e  r e t u r n s .  I t  might t h e r e f o r e  be assumed t h a t  mines having h igh  
methane concen t r a t i ons  a r e  poor ly  v e n t i l a t e d .  But i n  f a c t ,  i t  is  g e n e r a l l y  
t r u e  t h a t  t h e  mines w i t h  h igh  methane concen t r a t i ons  a r e  b e t t e r  v e n t i l a t e d  
than  t hose  w i th  lower concen t r a t i ons .  This i s  because t h e  mines having t h e  
h i g h e s t  concen t r a t i ons  a r e  c l a s s i f i e d  a s  ga s sy ,  and t h e r e f o r e  must meet t h e  
more r i g i d  MSHA v e n t i l a t i o n  s t anda rds  f o r  gassy mines (5) .  - 

I n  t h i s  s t udy ,  mine a i r f l o w s  were n o t  t aken  i n t o  account  f o r  t h r e e  
reasons  : 

1. MSHA c l a s s i f i c a t i o n  s t anda rds  f o r  gassy mines a r e  based s o l e l y  on 
methane concen t r a t i on  and do n o t  t ake  a i r f l o w  r a t e s  i n t o  account ,  

2. Concent ra t ion  d a t a  can both r e v e a l  a  h igh  methane r e l e a s e  r a t e  and 
a l s o  i n d i c a t e  whether o r  n o t  c u r r e n t  v e n t i l a t i o n  i s  adequate  f o r  t h a t  r a t e  of 
methane r e l e a s e .  Therefore ,  t h e  concen t r a t i on  f i g u r e  may be considered a  
reasonable  i n d i c a t o r  of t h e  t r u e  hazard a t  t h e  t ime of measurement wi thout  
a l lowance f o r  a i r f l ow .  

3. Airf low measurements i n  many metal/nonmetal mines a r e  sometimes 
d i f f i c u l t  t o  measure a c c u r a t e l y  because of l a r g e  a i m a y  s i z e s  and changes 
i n  t he  a i r f l o w  r a t e .  



THE 100-PPM GUIDELINE 

A s  noted e a r l i e r ,  43  of t h e  44 nongassy mines had r e t u r n  a i r  methane con- 
c e n t r a t i o n s  l e s s  than 100 ppm, and 7  of the  9 gassy mines had r e t u r n  a i r  con- 
c e n t r a t i o n s  g r e a t e r  than  100 ppm. One mine, a  copper mine c l a s s i f i e d  a s  gassy 
by MSHA, had a  r e t u r n  a i r  methane concen t r a t i on  of  on ly  5 ppm. A d i s c u s s i o n  
wi th  MSHA inspec to r s  from t h a t  d i s t r i c t  revea led  t h a t  a  gas i g n i t i o n  occurred 
i n  t h i s  mine over  20 yea r s  ago, bu t  no s i g n i f i c a n t  methane concen t r a t i ons  have 
been measured s ince .  The in spec to r s  f e e l  t h a t  the  mine should no t  be c l a s s i -  
f i e d  a s  gassy. Therefore ,  i t  i s  more r e a l i s t i c  t o  s t a t e  t h a t  seven ou t  of 
e i g h t  mines had concen t r a t i ons  above 100 ppm. The only  gassy mine below t h i s  
l e v e l  was a  t rona  mine w i th  a  r e t u r n  a i r  methane concen t r a t i on  of 61  ppm, 
which i s  s t i l l  s u b s t a n t i a l l y  above t h e  average f o r  t he  nongassy mines. These 
f i nd ings  sugges t  t h a t  100 pprn may be used a s  a  s imple gu ide l ine  f o r  determin- 
i n g  i f  p o t e n t i a l  methane hazards  e x i s t  i n  meta l  and nonmetal mines. 6 

COMMODITY MINED AND DEPTH AS GUIDELINES 

The f i r s t  17 mines i n  t a b l e  1 produce m a t e r i a l s  chemical ly  c l a s s i f i e d  a s  
t h e  t r a n s i t i o n  elements and t h e i r  neighbors and commonly r e f e r r e d  t o  a s  meta l s .  
A l l  17 of t he se  mines have low methane concen t r a t i ons ,  averaging about  8 ppm. 
Limestone and s a l t  mines tend t o  have h ighe r  methane concen t r a t i ons ,  a l though 
only a  few a r e  c l a s s i f i e d  a s  gassy. The 11 l imestone mines sampled had an  
average r e t u r n  a i r  concen t r a t i on  of 87 ppm. However, i f  t h e  one mine c l a s s i -  
f i e d  a s  gassy i s  excepted,  t h e  average concen t r a t i on  drops t o  about  17 ppm. 
The n ine  s a l t  mines had an  average concen t r a t i on  of 67 ppm. The o i l  mine and 
fou r  t rona  mines a l l  had h igh  methane concen t r a t i ons ,  and a l l  a r e  c l a s s i f i e d  
a s  gassy. F ive  of the  uranium mines sampled had low methane concen t r a t i ons .  
The s i x t h  mine, which i s  c l a s s i f i e d  a s  gassy ,  had more than  100 ppm. 

Table 2 p r e sen t s  t he  average methane concen t r a t i ons  i n  r e t u r n s  f o r  t h e  
va r ious  types of mines. While some gene ra l  t r ends  do e x i s t  between commodity 
mined and methane concen t r a t i on ,  t h i s  s tudy  i n d i c a t e d  t h a t  no r e l i a b l e  guide- 
l i n e  could be e s t a b l i s h e d  on the  b a s i s  of  commodity. 

G A S  a  r e s u l t  of a  mine explos ion  and subsequent r e c l a s s i f i c a t i o n  of s e v e r a l  
mines by MSHA, which occurred a f  t e r  t h i s  r e p o r t  was w r i t t e n ,  t h e  au thors  
sugges t  t h a t  t h e  gu ide l ine  be s e t  a t  a  lower concent ra t ion .  A more appro- 

~ r i a t e  concen t r a t i on  might be 70 ppm, the  au tho r s  sugges t ,  i n  l i g h t  of t h i s  
I -  - 

new information.  See  refac ace." 



TABLE 2. - Average r e t u r n  a i r  methane concen t r a t i ons  f o r  
va r i ous  types  of mines sampled 

Type of mine 

T r a n s i t i o n  e lements  and 
ne ighbors .  ............. 

Urani~m~~.....~~~.~..... 
Limestone..,............ 
Salt..O.Q......O..O....O 
Oil.OO.O.OO....o.O.O.O.. 
Tr~na.~..~~..~~....~.... 
other1 ....O......O...... 
G Gassy mines,  
1 Gypsum, s i l i c a t e s ,  marble ,  and o i l  s h a l e .  

Number 
of mines 
sampled 

17 
6 

11 
9 
1 
4 
5 

It i s  a commonly known f a c t  t h a t  deeper  c o a l  mines g e n e r a l l y  have more 
methane gas problems than  t hose  of l e s s e r  dep th ,  and one o b j e c t i v e  of t h i s  
s t udy  was t o  determine i f  t h i s  i s  a l s o  t r u e  f o r  me t a l  and nonmetal mines.  
Depth in format ion  was ob t a ined  f o r  35 of t h e  mines sampled i n  t h i s  s tudy.  For  
t h e  remaining mines,  depth v a r i e d  from l o c a t i o n  t o  l o c a t i o n  s o  much t h a t  a 
meaningful  va lue  could no t  be ob t a ined ,  A graph of  methane c o n c e n t r a t i o n  
ve r su s  mine dep th  ( f i g .  2) shows no obvious r e l a t i o n s h i p  between methane con- 
c e n t r a t i o n  and depth.  Many mines hav ing  h igh  methane concen t r a t i ons  a r e  q u i t e  
sha l low,  wh i l e  s e v e r a l  deep mines have low concen t r a t i ons .  Thus, dep th  a lone  
cannot  s e r v e  a s  an  i n d i c a t o r  of t h e  gas  hazard .  

Number 
of  gassy  
mines 

1 
1 
1 
1 
1 
4 
0 

Averagemethane c o n c e n t r a t i o n ,  ppm 
Gassy and 
nongassy 

mines 

8 
22 
87 
67 

115 
850 

7 

Nongassy 
mines on ly  

8 
5 

17 
50 

G 
G 
7 

Gassy 
mines on ly  

5 
110 
783 
200 
115 
850 

0 



CONCLUSIONS 
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Since  on ly  1 of 44 
nongassy mines and 7 of 9 
gassy  mines had methane con- 
c e n t r a t i o n s  g r e a t e r  than 
100 ppm, t h i s  l e v e l  o f  con- 
c e n t r a t i o n  may be cons idered  
a s imple  g u i d e l i n e  f o r  me t a l  
and nonmetal mine personne l  
t o  u se  i n  e v a l u a t i n g  t h e  
p o t e n t i a l  methane hazard  i n  
a mine. 7 

Although some g e n e r a l  
t r e n d s  do e x i s t ,  t h i s  s tudy  
i n d i c a t e s  t h a t  no r e l i a b l e  
g u i d e l i n e  f o r  p r e d i c t i n g  
methane hazards  can be based 
upon t h e  c o r r e l a t i o n  between 
commodity mined and me thane 
concen t r a t i on .  Fur thermore,  
no c o r r e l a t i o n  whatsoever  
was found between mine depth 
and methane concen t r a t i on .  

DEPTH OF MINE, lo3 f t  

FIGURE 2. - Methane concentration versus depth of mine. 
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I n  g e n e r a l ,  me t a l  and 
nonmetal mines c l a s s i f i e d  a s  
gassy  by MSHA have s i g n i f i -  
c a n t l y  h i g h e r  methane concen- 
t r a t i o n s  a t  t h e i r  workings 
a r e a s  and i n  t h e i r  r e t u r n s  
than  do nongassy mines. The 
average  r e t u r n  a i r  methane 
c o n c e n t r a t i o n  was 512 ppm 
f o r  t h e  9 gassy  mines 
sampled, and on ly  17 ppm f o r  
t h e  44 nongassy mines. 
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