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PEAK METHANE CONCENTRATIONS DURING COAL MINING 

An Analysis 

Fred  N. Kissell,' J. L. B a n f i e l d ,  J r . , 2  R. W. D a l ~ e l l , ~  

a n d  M. G. Z a b e t a k i s 4  

AB S TRAC T 

Methane concen t r a t i on  peaks  were measured by t h e  Bureau of  Mines a t  c o a l  
mine working f ace s  dur ing  e n t r y  development. The s t a t i s t i c a l  d i s t r i b u t i o n  o f  
peaks  was found t o  be normal o r  l o g  normal depending on how w e l l  t h e  methane 
was being mixed i n t o  t h e  v e n t i l a t i o n  a i r s t r e a m .  A normal d i s t r i b u t i o n  
i n d i c a t e d  good mixing, whereas a log-normal d i s t r i b u t i o n  i n d i c a t e d  t h a t  mixing 
was poor .  I n  a d d i t i o n ,  t h e  "h ighes t "  peaks over  s e l e c t e d  i n t e r v a l s  were found 
t o  f i t  a type I extreme-value d i s t r i b u t i o n ,  a r e s u l t  s i m i l a r  t o  t h a t  ob t a ined  
w h i l e  mining longwal l  f a ce s .  

INTRODUCTION 

Since  i t s  e s t ab l i shmen t  i n  1910, t h e  Bureau of Mines has  been a c t i v e l y  
concerned wi th  dec r ea s ing  t h e  haza rd s  a s s o c i a t e d  w i t h  t h e  p resence  of methane 
i n  coa l  mines.  I n  p r a c t i c e ,  a methane i g n i t i o n  i s  most l i k e l y  t o  occur  n e a r  
t h e  working f a c e ,  where a con t inuous  miner  r e l e a s e s  methane i n t o  t h e  mine 
atmosphere a s  i t  breaks  c o a l .  I f  t h e  c u t t e r  p i c k s  s t r i k e  a hard  s u r f a c e  such 
a s  sands tone ,  an i g n i t i o n  by f r i c t i o n a l  spark  may r e s u l t .  

The maximum a l lowable  methane c o n c e n t r a t i o n  i n  t h e  working p l a c e  a s  
measured no t  l e s s  than  12  i nches  from t h e  r o o f ,  f a c e ,  o r  r i b  must be l e s s  t h a n  
1 volume-percent ( 1 2 ) ~  whereas t h e  lower exp lo s ive  l i m i t  i s  5 pe r cen t .  
Although t h i s  d i f f e r e n c e  t h e o r e t i c a l l y  p rov ides  a s a f e t y  f a c t o r ,  i n  p r a c t i c e  
f a c e  i g n i t i o n s  a r e  not  uncommon i n  U.S. c o a l  mines.  The v a s t  m a j o r i t y  o f  such 
i g n i t i o n s  do no harm t o  t h e  men working nearby;  however, i n  some ca se s  
i n j u r i e s  and dea th  r e s u l t .  When a n  i g n i t i o n  occu r s  a t  t h e  f a c e  t h e  p o s s i b i l -  
i t y  o f  a major d i s a s t e r  i s  always p r e s e n t ,  p a r t i c u l a r l y  i f  t h e  burning methane 
i g n i t e s  c o a l  dus t .  

l P h y s i c a l  r e s ea r ch  s c i e n t i s t .  
2 Mining eng ineer .  
3 Chief ,  V e n t i l a t i o n  Group. 
4 Superv i sory  r e s e a r c h  chemis t .  
5 Underlined numbers i n  p a r e n t h e s e s  r e f e r  t o  i t ems  i n  t h e  l i s t  o f  r e f e r e n c e s  a t  

t he  end of t h i s  r e p o r t .  



TIME, hr  

FIGURE 1. - Recorder  char t  from methane  monitor loca ted  near working f a c e .  

Methane emission a t  t he  immediate working f a c e  v a r i e s  s u b s t a n t i a l l y ,  
g e n e r a l l y  i nc reas ing  a s  t h e  mining machine c u t s  i n t o  t h e  s o l i d  coa l  and then 
dropping t o  some background va lue  a s  t h e  machine backs away i n  p repa ra t i on  f o r  
ano the r  c u t .  A t y p i c a l  recorder  cha r t  from a methane monitor l oca t ed  near  t h e  
working f ace  i s  shown i n  f i g u r e  1. Each peak corresponds t o  one complete 
s h e a r ,  which i n  t h i s  ca se  involves  sumping i n  about 2 f e e t ,  rak ing  t h e  c u t t e r  
head down, and loading t h e  coa l .  The peak methane concen t r a t i ons  a r e  s eve ra l  
t imes h igher  than t h e  average. I n  p r a c t i c e ,  i f  t h e  working f ace  i s  no t  
adequate ly  v e n t i l a t e d ,  these  peaks may exceed t h e  lower explos ive  l i m i t  even 
when t h e  average concen t r a t i on  i s  s a t i s f a c t o r y  (10) .  - 

High peak concent ra t ions  of methane a l s o  occur during longwall  mining. 
Lavtsev ich  ( 5 )  has found t h a t  t h e  s t a t i s t i c a l  d i s t r i b u t i o n  of "highest"  con- 
c e n t r a t i o n s  at a longwall  f ace  i s  given by t h e  f i r s t  o r  second type - l im i t i ng  
d i s t r i b u t i o n  (extreme value)  laws: 

G1 (x) = exp [-e  -a(* -u>,  , 

and 32 (x) = @, ( In  X) , 

where @ (x) i s  t h e  p r o b a b i l i t y  t h a t  a  given maximum va lue  of a  random v a r i a t e  
(C& concent ra t ion)  i s  l e s s  than x,  and cu and u a r e  parameters  r e l a t e d  t o  t h e  
s l o p e  and i n t e r c e p t  of extreme p r o b a b i l i t y  p l o t s .  

The purpose of t h i s  i n v e s t i g a t i o n  was t o  examine the  d i s t r i b u t i o n  of 
methane concen t r a t i on  peaks ob ta ined  during e n t r y  development i n  room-and- 
p i l l a r  mining. Given t h e  proper d i s t r i b u t i o n  of  peaks w i t h i n  t h e  l e g a l  l i m i t ,  
i t  might be p o s s i b l e  t o  p r e d i c t  w i th  t h e  extreme-value laws t h e  p r o b a b i l i t y  
of surpass ing  t h i s  l i m i t ,  and perhaps the exp los ive  l i m i t ,  w i t h i n  a  given time 
i n t e r v a l .  
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ExFJERIMENT-4L WORK 

Face emission da ta  were c o l l e c t e d  by t h e  Bureau o f  Mines Technical  
Support  Center a s  p a r t  o f  a  s tudy  o f  the  e f f e c t  o f  i n t e g r a l  machine-mounted 
dus t  sc rubbers  on methane d i s t r i b u t i o n  i n  t h e  working p l ace .  Face a r e a  meth- 
ane concen t r a t i ons  were monitored i n  two mines c a l l e d  A and B i n  t h e  I l l i n o i s  
No. 6 coalbed and one i n  t h e  P i t t s b u r g h  coalbed c a l l e d  mine C .  Two-step and 
f u l l f a c e  continuous miners were used;  both i n s i d e  and o u t s i d e  e n t r i e s  were 
mined. Face v e n t i l a t i o n  was supp l i ed  by a u x i l i a r y  tub ing  (blowing o r  exhaust)  
o r  l i n e  b r a t t i c e  (blowing). I n t ake  a i r  q u a n t i t i e s  a t  t h e  i nby  end of t h e  
tub ing  o r  b r a t t i c e  ranged from 3,300 t o  8,500 cfm; t h e  d i s t a n c e  between t h e  
f ace  and t h e  tubing (or  b r a t t i c e )  end ranged from 5 t o  25 f e e t .  I n  every c a s e ,  
t h e  mining machine was equipped wi th  a  dus t  sc rubber .  The sc rubber  a i r  i n l e t  
was between and below t h e  c u t t e r  booms, d i r e c t l y  above t h e  shove l ,  and was 
7-1/2 f e e t  ou tby  t h e  face .  The exhaust  was approximately 12 f e e t  outby and 
v a r i e d  a s  i l l u s t r a t e d  i n  f i g u r e s  2-3. A l l  e n t r i e s  were i n  development 
s e c t i o n s .  With t h e  two-step miner ,  on ly  methane emission d a t a  ob ta ined  w i th  
box c u t s  were used because t h i s  y i e lded  r e s u l t s  t h a t  were comparable wi th  
t hose  ob t a ined  w i th  a  f u l l f a c e  miner where every  major c u t  i s  a  box c u t .  Data 
t aken  dur ing  t h e  mining of c r o s s c u t s  were n o t  used. 

Methane monitors were l oca t ed  on t he  body o f  t h e  machine, i n  t h e  i n t a k e ,  
and i n  t h e  r e t u r n  ( f i g s .  2 -3) .  A t  l e a s t  t h r e e  l o c a t i o n s  were monitored. The 
i n t a k e  ( A ) ,  t h e  scrubber  exhaust  ( D ) ,  and t h e  r e t u r n  ( F ) .  I n  most i n s t a n c e s  
monitors-were a l s o  l o c a t e d  on t h e  co rne r  of t h e  machine d i r e c t l y  behind t h e  
r i g h t  b i t  ( B ) ,  - and t he  l e f t  b i t  (C) ,  - and a t  t h e  d i f f u s e r  f an  (E). 

Monitoring was conducted over  i n t e r v a l s  rang ing  from s e v e r a l  days t o  
2 weeks. A mining engineer  was always p r e sen t  t o  r eco rd  t h e  p rog re s s  o f  
mining, t o  mark r eco rde r  c h a r t s ,  and t o  determine t h e  v e n t i l a t i o n  a i r  q u a n t i t y  
and t ub ing - to - f ace  d i s t a n c e .  Otherwise,  mining proceeded normally .  

During each s e r i e s  o f  measurements, methane peak h e i g h t s  were recorded on 
c h a r t s  s i m i l a r  t o  t h a t  i n  t a b l e  1. I n  g e n e r a l ,  peaks occu r r ed  almost s imu l t a -  
neous ly  a t  a l l  l o c a t i o n s  ou tby  t h e  face .  A s e p a r a t e  l i n e  appears  i n  t a b l e  1 
f o r  each sump c u t .  Thus ( t a b l e  I ) ,  t h r e e  c u t s  were made i n  t h e  va r ious  
e n t r i e s  o f  t h e  working s e c t i o n  w i th  a  f ace - to - tube  d i s t a n c e  of 8  f e e t ,  two 
c u t s  w i t h  a  f ace - to - tube  d i s t a n c e  of 9 f e e t ,  e t c .  T y p i c a l l y ,  each s e t  o f  d a t a  
had about  80 sump c u t s .  



TABLE 1. - Peak methane c o n c e n t r a t i o n s  from mine C ,  P i t t s b u r g h  c o a l b e d  

RESULTS AND DISCUSSION 

A l l  Methane Peaks 

A i r  
q u a n t i t y  

i n  t u b i n g ,  
cfm 

7 ,600  
7 ,600 
7 ,100 

7 ,600  
7 ,200 

7,600 
7 ,600 
7 ,200 
7 ,200 
7 ,100 

7 ,600 
7 ,200 
7 ,100 

7 ,200 
7 ,100 
7,100 

7,600 
7,200 
7 ,200 

Peak c o n c e n t r a t i o n  d a t a  o f  t h e  s o r t  l i s t e d  i n  t a b l e  1 were  ranked" and 
t h e n  p l o t t e d  on p r o b a b i l i t y  p a p e r  ( 4 ) .  Data p o i n t s  from each mining l o c a t i o n  
were  p l o t t e d  s e p a r a t e l y  w i t h  no i n i t i a l  a t t e m p t  t o  d e t e r m i n e  o r  s e p a r a t e  t h e  
e f f e c t  o f  b r a t t i c e  o r  t u b e - t o - f a c e  d i s t a n c e  o r  t h e  p a r t i c u l a r  e n t r y  mined. 

D i s t a n c e  
o f  t u b e  

from f a c e ,  
f t  

8  

9  

10 

11 

1 2  

1 4  

SRanking was done a s  f o l l o w s :  (1)  Rank t h e  peak h e i g h t s  x from t h e  s m a l l e s t  
100 t o  t h e  l a r g e s t .  Thus ,  xl(x,s%-% . (2 )  P l o t  t h e  x ' s  v e r s u s  ( i - 1 / 2 )  on  

t h e  p r o b a b i l i t y  p a p e r .  ( i  = 1, 2,  3 ,  n ) .  Thus t h e  l o w e s t  peak is  

R e t u r n  

- F 

0 .32  
.32  
.36 

. 3 9  
- 3 8  

.36 
- 3 0  
. 4 0  
- 3 5  
.40  

. 4 0  

.34  

.36 

. 2 9  

. 3 8  

.34  

.36  

. 4 3  

.42  

I n t a k e  

- A 

0 .08  
.04  
.07  

. 0 4  

. 0 7  

. 0 8  

. 0 8  

.07  

.07  

.07  

. 0 4  

.04  

. 0 7  

. 0 4  

. 0 7  

. 0 7  

.04 

. 0 7  

.07  

Sc rubber  

- D 

0.27 
.25 
- 4 6  

.41 

p l o t t e d  a t  ( 1 / 2 )  100; t h e  second  a t  ( 3 / 2 )  - l o o ;  and so  on (4). A s  an 
n  n  

D i  f f u s e r  
f a n  

- E 

0.24 
.24  
.18  

.15 

example,  suppose  t h e r e  a r e  50 p e a k s .  Then n  = 50 and  t h e  lowest  peak i s  
p l o t t e d  a t  1 p e r c e n t ,  t h e  n e x t  h i g h e s t  a t  3  p e r c e n t  and s o  on u n t i l  t h e  
h i g h e s t  peak i s  p l o t t e d  a t  99 p e r c e n t .  

R i g h t  
b i t  

- B 

0 .29  
. 3 1  
. 2 9  

. 3 5  

.31 

.31 

. 2 8  

. 2 9  

.26  

. 2 8  

. 3 5  

. 2 3  

. 3 1  

. 2 5  
. 2 8  
. 2 9  

. 2 8  

. 3 2  

. 3 5  

L e f t  
b i t  

- C 

0.64 
. 4 3  
. 5 3  

. 5 8  

. 4 3  

. 5 4  

. 4 3  

. 5 3  

. 4 3  

. 7 0  

. 6 4  

. 5 1  

.45  

. 3 3  

. 5 3  

.50  

. 5 9  

.56 

. 6 0  

.17  
.50 1 
- 3 6  1 . 09  
.30  
.46  
.38  
. 5 3  

.39  

. 2 7  

. 4 3  

. 2 3  

. 4 3  

.46  

- 3 9  
.46  
. 5 0  

.17  

. 1 5  

. 1 5  

. 2 8  

. 2 8  

.12  

. 1 9  

.10  

.19  

.24  

- 1 3  
. 2 2  
.20  
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Thus,  f i g u r e  4 shows t h e  peak methane c o n c e n t r a t i o n s  from t a b l e  1 a t  t h e  
s c r u b b e r  ( l o c a t i o n  D) and a t  t h e  r e t u r n  ( l o c a t i o n  F) f o r  a l l  e n t r i e s  and f o r  
t u b e - t o - f a c e  d i s t a n c e s  o f  8 t o  1 4  f e e t  p l o t t e d  on normal p r o b a b i l i t y  paper .  
The t r e n d  l i n e  through t h e  p l o t t e d  p o i n t s  i n d i c a t e s  t h a t  i n  t h i s  c a s e ,  t h e  
peak h e i g h t s  a t  t h e  s c r u b b e r  and r e t u r n  l o c a t i o n s  a r e  n o r m a l l y  d i s t r i b u t e d .  

Examinat ion  o f  t h e  a v a i l a b l e  d a t a  showed t h a t  t h e  peaks  f o r  any one s e t  
were  e i t h e r  normal ly  ( f i g .  4 )  o r  l o g  normal ly  ( f i g .  5)  d i s t r i b u t e d .  A t o t a l  o f  
4 3  s e t s  o f  emiss ion  peaks  s i m i l a r  t o  t h o s e  shown i n  t a b l e  1 w e r e  ranked and 
p l o t t e d  on normal o r  log-normal  p r o b a b i l i t y  p a p e r  t o  f i n d  which d i s t r i b u t i o n  
f i t  b e s t .  T a b l e  2 summarizes t h e  p e r t i n e n t  r e s u l t s  o b t a i n e d .  Column 5  g i v e s  
a  measure  o f  t h e  s c a t t e r  ( 8 4 . 1 3  p e r c e n t  v a l u e  minus t h e  m e d i a n ) ,  which i s  
a c t u a l l y  t h e  s t a n d a r d  d e v i a t i o n  (S)  f o r  a  normal d i s t r i b u t i o n ;  column 6 g i v e s  
t h e  r a t i o  S:median,  which i s  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  a  normal 
d i s t r i b u t i o n .  

Upon examining t a b l e  2 ,  s e v e r a l  c o n c l u s i o n s  can b e  drawn: 

1. For a g i v e n  t e s t ,  n o t  a l l  t h e  l o c a t i o n s  gave s i m i l a r  d i s t r i b u t i o n s .  
For i n s t a n c e ,  i n  t h e  t e s t  l i s t e d  as mine  A--scrubber  4 , 4 0 0  c f m - - e n t r i e s  l e s s  
t h a n  40  f e e t  i n  d e p t h ,  t h e  s c r u b b e r  and  r i g h t  b i t  peaks  were  n o r m a l l y  
d i s t r i b u t e d ,  b u t  t h e  l e f t  b i t  and r e t u r n  peak c o n c e n t r a t i o n s  were  l o g  normal ly  
d i s t r i b u t e d .  D i f f e r e n t  l o c a t i o n s  w i l l  g i v e  d i f f e r e n t  c o n c e n t r a t i o n s  and d i f -  
f e r e n t  d i s t r i b u t i o n s .  

2 .  I f  t h e  r a t i o  S:median was l e s s  t h a n  0 . 3 ,  t h e  peak h e i g h t s  i n  most 
c a s e s  fo l lowed  a  normal d i s t r i b u t i o n .  I f  t h e  r a t i o  was g r e a t e r  t h a n  0 .3 ,  t h e  
peak  h e i g h t s  i n  most c a s e s  f o l l o w e d  a  log-normal  d i s t r i b u t i o n .  

3 .  I f  t h e  peaks  were  n o r m a l l y  d i s t r i b u t e d  t h e  r a t i o  s c r u b b e r  
m e d i a n : r e t u r n  median t ended  t o  be below 2; whereas a  log -normal  d i s t r i b u t i o n  
was g e n e r a l l y  accompanied by a r a t i o  o f  s c r u b b e r / r e t u r n  medians  g r e a t e r  t h a n  2. 

T a b l e  3 l i s t s  t h e  r a t i o  S:median i n  i n c r e a s i n g  o r d e r ,  w i t h  an i n d i c a t i o n  
o f  t h e  t y p e  o f  d i s t r i b u t i o n  (normal  o r  l o g  normal)  and v a l u e s  f o r  t h e  r a t i o  
s c r u b b e r  median: r e t u r n  median. 

Environmenta l  a i r  p o l l u t i o n  samples  a r e  known t o  be  l o g  n o r m a l l y  d i s -  
t r i b u t e d  ( 6 ) ,  b u t  why c o a l  mine e m i s s i o n  peaks  should  be  n o r m a l l y  d i s t r i b u t e d  
i n  some i n s t a n c e s  and l o g  n o r m a l l y  i n  o t h e r s  has  n o t  been e x p l a i n e d .  However, 
i n  c o a l  mines t h e  t y p e  o f  d i s t r i b u t i o n  c o u l d  be de te rmined  by t h e  degree  o f  
mix ing  o f  methane w i t h  t h e  v e n t i l a t i o n  a i r .  A normal d i s t r i b u t i o n  would 
i n d i c a t e  r a p i d  and complete  m i x i n g ,  whereas  a  log-normal d i s t r i b u t i o n  would 
i n d i c a t e  t h a t  mixing ( a t  t h a t  l o c a t i o n )  i s  incomple te .  
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TABLE 3 .  - R a t i o  S:median, type of  d i s t r i b u t i o n ,  and 
r a t i o  s c r u b b e r  median:re turn  median1 

Not 
c l e a r  

 median 

0.069 
.072 
.072 
. 0 74 
-075 
.078 
. l o 4  
. l o 5  
1 4  
. I 1 8  
. I 2 3  
. I 2 4  
. I70  
. I 7 3  
.200 
.203 
.222 
.222 
.237 
.241 
.241 

Log normal 

s c r u b b e r  median 'values  i n  p a r e n t h e s e s  a r e  
r e t u r n  median 

Normal 

(1.71) 
(1.25) 

(1.25) 
(1.71) 
(1.06) 
(1 .09)  
(1.06) 

(1 .09)  
(1.09) 
(1.02) 
(1.06) 

(1.03) 
(1 .02)  
(1 .02)  

(1.03) 
(1.06) 

For i n s t a n c e ,  i f  mixing i n  t h e  f a c e  a r e a  were complete ,  t h a t  i s ,  i f  a l l  
t h e  v e n t i l a t i o n  a i r  swept t h e  f a c e  and t h e  methane was immediately mixed i n t o  
t h a t  a i r ,  t h e  methane c o n c e n t r a t i o n  a t  every  p o i n t  i n  t ime would be i d e n t i c a l  
a t  every  l o c a t i o n .  The r a t i o  s c r u b b e r  median : re tu rn  median would always be 
1 . 0 .  The f a c t  t h a t  h i g h e r  v a l u e s  o f  t h i s  r a t i o  a r e  g e n e r a l l y  accompanied by a  
log-normal d i s t r i b u t i o n  s u g g e s t s  incomple te  mixing.  

F u r t h e r  s u p p o r t  of t h i s  e x p l a n a t i o n  comes from examining t h e  f a c e  v e n t i -  
l a t i o n  system i n  each o f  t h e  t h r e e  mines  s t u d i e d .  I n  mine B ,  blowing t u b i n g  
was used f o r  f a c e  v e n t i l a t i o n .  The a i r f l o w  was 3,300 t o  6,200 cfm, and t h e  
e x i t  v e l o c i t y  from t h e  t u b i n g  was between 25 and 47 f t / s e c .  A blowing t u b i n g  
w i t h  a  h i g h  e x i t  v e l o c i t y  i s  g e n e r a l l y  regarded  a s  t h e  b e s t  way t o  i n s u r e  t h a t  
t h e  a i r s t r e a m  reaches  t h e  f a c e  (L, 8-9) .  Mixing was good, and t h e  peak d i s -  
t r i b u t i o n s  were g e n e r a l l y  normal .  

Not 
c l e a r  

(1 .03)  

Face mixing a t  mine C was a lmost  a s  good as a t  mine B. A t  mine C 
exhaust  tub ing  was used .  The a i r f l o w  was about 7,500 cfm, and mixing was 
enhanced by means o f  a  machine-mounted 2,000-cfm d i f f u s e r  f a n  (1, 8 ,  11). 
Exhaust v e n t i l a t i o n  a l o n e  i s  n o t  a s  e f f e c t i v e  a s  blowing v e n t i l a t i o n  w i t h  com- 
p a r a b l e  a i r  q u a n t i t i e s  and v e l o c i t i e s ;  however, t h e  d i f f u s e r  f a n  c o n s i d e r a b l y  

Log normal 

(1 .25)  
(1 .71)  

(2 .20)  

(2.20) 

 median 

0.248 
.273 
.290 
.294 
.300 
.301  
.?08 
.310 
.320 
.340 
.353 
.387 
.388 
-412 
.452 
.470 
.474 
.545 
.6  36 
.731 
.818 

Normal 

(1 .43)  
(4.15) 
(3 .10)  
(1 .43)  

(1.43) 

(1.43) 

(3.10) 
(4 .15)  



improved mixing i n  t h e  immedia te  f a c e  a r e a .  I n  most  i n s t a n c e s  t h e  peak d i s -  
t r i b u t i o n  was normal ( t a b l e  2 ) .  

At mine A ,  a  b lowing l i n e  b r a t t i c e  was u s e d .  The a i r f l o w  v a r i e d  between 
4 ,000  and 6 , 7 0 0  cfm, b u t  a s  t h e  a r e a  beh ind  t h e  l i n e  b r a t t i c e  averaged abou t  
20 f t 2 ,  t h e  e x i t  v e l o c i t y  was o n l y  between 3 . 3  and  5 . 6  f t l s e c .  Luxner ( I )  
found  t h a t  a  blowing l i n e  b r a t t i c e  w i t h  an  e x i t  v e l o c i t y  o f  12 .8  f t / s e c  
p r o v i d e d  a n  a d e q u a t e  sweep o f  t h e  f a c e  i n  an empty h e a d i n g ;  however, w i t h  a  
l o w e r  e x i t  v e l o c i t y  o f  6 . 4  f t / s e c ,  t h e  p r imary  a i r s t r e a m  i n  most i n s t a n c e s  d i d  

7 n o t  r e a c h  t h e  f a c e .  It seems l i k e l y  t h a t  t h e  3 . 3  t o  5 . 6  f t l s e c  v e l o c i t y  
o b s e r v e d  a t  mine A p r o v i d e d  poor  f a c e  mixing e s p e c i a l l y  s i n c e  t h e  head ing  was 
crowded w i t h  machinery .  Thus i t  f o l l o w s  t h a t  i n  a l l  o f  t h e  t e s t s  w i t h  t h e  
s c r u b b e r  - o f f  t h e  peak d i s t r i b u t i o n  s h o u l d  b e ,  and  was ,  l o g  normal.  T h i s  was 
i n  s p i t e  o f  t h e  f a c t  t h a t  mine  A had  t h e  l o w e s t  a v e r a g e  r e t u r n  methane con- 
c e n t r a t i o n  o f  a l l  t h r e e  m i n e s .  With t h e  s c r u b b e r  o n ,  mixing was improved 
somewhat;  peak d i s t r i b u t i o n s  became normal i n  a b o u t  h a l f  t h e  cases  ( t a b l e  2 ) .  

These  r e s u l t s  from t h e  t h r e e  mines i n d i c a t e d  t h a t  t h e  k i n d  o f  f a c e  v e n t i -  
l a t i o n  u s e d  determined t h e  d i s t r i b u t i o n  o f  me thane  p e a k s ,  and a l s o  p o s s i b l y  
t h a t  t h e  s c r u b b e r  had some e f f e c t .  Another  i m p o r t a n t  v a r i a b l e  i n  f a c e  v e n t i -  
l a t i o n  i s  known t o  be  t h e  l i n e  b r a t t i c e  p o s i t i o n ;  t h a t  i s ,  t h e  l i n e  b r a t t i c e -  
t o - f a c e  d i s t a n c e  ( I ) .  A c c o r d i n g l y ,  i t  seemed w o r t h w h i l e  t o  s e e  whether  t h e  
p e a k  d i s t r i b u t i o n  was d i f f e r e n t  a t  s h o r t e r  b r a t t i c e  d i s t a n c e s  than  i t  was a t  
l o n g e r  b r a t t i c e  d i s t a n c e s .  

S i n c e  mine A had t h e  p o o r e s t  m e t h a n e - a i r  m i x i n g ,  t h e s e  d a t a  were  
r e -examined  f i r s t .  I n  t h e  i n i t i a l  r a n k i n g ,  a l l  l i n e  b r a t t i c e  p o s i t i o n s  were  
lumped t o g e t h e r ;  however, t h e  methane  peaks  w e r e  now s e p a r a t e d  i n t o  two 
c a t e g o r i e s - - t h o s e  o b t a i n e d  when t h e  l i n e  b r a t t i c e  d i s t a n c e s  was 1 1 5  f e e t  and 
t h o s e  o b t a i n e d  a t  >15 f e e t - - a n d  each  c a t e g o r y  was r anked  s e p a r a t e l y .  

I n  p r a c t i c e ,  when t h e  l i n e  b r a t t i c e  i s  moved c l o s e  t o  t h e  f a c e ,  v e n t i -  
l a t i o n  improves and t h e  a v e r a g e  methane  c o n t e n t  o f  t h e  a i r  c l o s e  t o  t h e  f a c e  
s h a r p l y  d r o p s  ( 7 ) .  I t  i s  l i k e l y  t h a t  mix ing  i s  a l s o  improved,  and t h e r e f o r e  
i t  i s  p o s s i b l e  t h a t  peaks  r a n k e d  i n  t h e  5 1 5 - f o o t  c a t e g o r y  were more l i k e l y  t o  
s t a y  a s  normal d i s t r i b u t i o n s .  T h i s  was found t o  b e  t h e  c a s e .  For i n s t a n c e ,  
t h e  f i r s t  f o u r  d i s t r i b u t i o n s  i n  t a b l e  2  a r e  l o g  normal  (mine A ,  s c r u b b e r  
q u a n t i t y  0  c h ,  e n t r i e s  <40 f e e t ) .  When t h e  p e a k s  were  s e p a r a t e d  i n t o  t h e  two 
c a t e g o r i e s  and r e r a n k e d ,  t h e  5 1 5 - f o o t  peaks  more c l o s e l y  f i t  a  normal d i s t r i -  
b u t i o n ,  whereas  t h e  >15- foo t  peaks  r e t a i n e d  a  log -normal  d i s t r i b u t i o n . '  The 

7 L u x ~ e r  i n t e r p r e t e d  h i s  r e s u l t s  i n  te rms o f  " t i g h t  r i b  d i s t a n c e "  i n s t e a d  o f  
v e l o c i t y .  T h i s  i s  t h e  d i s t a n c e  between t h e  l i n e  b r a t t i c e  and t h e  n e a r e s t  
r i b .  For a  g iven  a i r f l o w  q u a n t i t y ,  a  d e c r e a s e  i n  t i g h t  r i b  d i s t a n c e  means 
a v e l o c i t y  i n c r e a s e .  Luxner  had conc luded  t h a t  a t  10 ,000  cfm, a  t i g h t  r i b  
d i s t a n c e  o f  2 f e e t  p r o v i d e d  b e t t e r  v e n t i l a t i o n  t h a n  a  d i s t a n c e  o f  4  f e e t .  
The e n t r y  was 6 . 5  f e e t  h i g h ,  and s o  t h e  r i b  d i s t a n c e s  of  2 f e e t  and 4 f e e t  
h a v e  been i n t e r p r e t e d  a s  c o r r e s p o n d i n g  t o  v e l o c i t i e s  o f  1 2 . 8  f t / s e c  and 
6 . 4  f t l s e c ,  r e s p e c t i v e l y .  

e The 1 5 - f o o t  v a l u e  was s e l e c t e d  b e c a u s e  t h i s  p r o v i d e d  enough peaks ,  both  above 
and below, f o r  an a c c u r a t e  r a n k i n g .  



same e f f e c t  was o b s e r v e d  w i t h  t h e  o t h e r  mine A log-normal  d i s t r i b u t i o n s .  The 
c l o s e r  t h e  l i n e  b r a t t i c e ,  t h e  b e t t e r  t h e  mix ing ,  and s o  t h e  g r e a t e r  t h e  chance  
o f  a  normal d i s t r i b u t i o n .  

T h i s  e f f e c t  was n o t  s o  pronounced i n  t h e  c a s e  o f  mines B and C e s p e c i a l l y  
s i n c e  mixing a t  a l l  o b s e r v e d  t u b i n g  d i s t a n c e s  was g e n e r a l l y  good and few l o g -  
normal  d i s t r i b u t i o n s  w e r e  o b t a i n e d .  I n  t h e  c a s e  of  mine B y  n o t  enough peaks  
w e r e  measured a t  d i s t a n c e s  l e s s  t h a n  15  f e e t  t o  make a n  a c c u r a t e  r a n k i n g ,  and 
s o  19 f e e t  was used  i n s t e a d .  When t h e  two log-normal  d i s t r i b u t i o n s  w e r e  
r e r a n k e d  f o r  S19 f e e t ,  t h e y  more c l o s e l y  f i t  a  normal d i s t r i b u t i o n ,  s i m i l a r  t o  
mine  A .  For mine C ,  December 1972,  r e r a n k i n g  f o r  s h o r t e r  t u b i n g  d i s t a n c e s  had  
no e f f e c t  on  t h e  o n e  log -normal  d i s t r i b u t i o n .  For  mine C ,  September 1972 ,  
r e r a n k i n g  was n o t  p o s s i b l e  b e c a u s e  a l l  peaks  were  o b t a i n e d  a t  t h e  same t u b i n g  
d i s t a n c e  o f  1 2 . 5  f e e t .  

Extreme Values  

I n  t h e  p r e v i o u s  s e c t i o n ,  t h e  d i s t r i b u t i o n  o f  - a l l  peaks  w i t h i n  a g i v e n  
d a t a  s e t  were  examined and found  t o  be normal o r  l o g  normal .  On t h e  o t h e r  
hand ,  i f  one  c o n s i d e r s  o n l y  t h e  h i g h e s t  peak ( ex t r eme  v a l u e )  i n  a  g i v e n  
i n t e r v a l ,  t hen  a  d i s t r i b u t i o n  o f  h i g h e s t  peaks  may be  o b t a i n e d  f o r  a  number o f  
s u c h  i n t e r v a l s .  A s  a n  example ,  i f  measurements a r e  made o v e r  50 h a l f - h o u r  
i n t e r v a l s ,  t h e  d i s t r i b u t i o n  o f  t h e  50 peaks  may b e  p l o t t e d  i f  t h e  h i g h e s t  peak 
i n  each  h a l f - h o u r  i s  t a k e n .  

T h i s  d i s t r i b u t i o n  o f  " h i g h e s t "  peaks i s  known a s  an  "extreme v a l u e "  d i s -  
t r i b u t i o n ;  t h e  s t a t i s t i c a l  t h e o r y  o f  ext reme v a l u e s  h a s  been s t u d i e d  most  
e x t e n s i v e l y  by E .  J .  Gumbel ( 2 ) .  Ext reme-value  t h e o r y  h a s  been a p p l i e d  s u c -  
c e s s f u l l y  t o  a  wide  v a r i e t y  07 n a t u r a l  phenomena ( 3 ) .  A s  no ted  p r e v i o u s l y ,  
L a v t s e v i c h  (5)  - h a s  f o u n d  t h a t  t h e  d i s t r i b u t i o n  o f  t h e  ext reme v a l u e s  ( h i g h e s t  
methane  c o n c e n t r a t i o n s )  a t  a  l o n g w a l l  f a c e  was g i v e n  by t h e  ex t r ene -va lue  l aws .  

To e v a l u a t e  a  g i v e n  s e r i e s  o f  extreme v a l u e s  ( h i g h e s t  p e a k s ) ,  t h e s e  d a t a  
a r e  f i r s t  ranked and  t h e  v a l u e s  p l o t t e d  i n  a  f a s h i o n  somewhat s i m i l a r  t o  t h a t  
u s e d  i n  s t u d y i n g  peak  v a l u e s .  However, ex t r eme-va lue  p r o b a b i l i t y  pape r  was 
now u s e d  r a t h e r  t h a n  t h e  no rmal  o r  log-normal p a p e r .  I f  t h e  p l o t t e d  p o i n t s  
f o l l o w e d  a  s t r a i g h t  l i n e ,  t h e  d a t a  f i t t e d  a n  e x t r e m e - v a l u e  d i s t r i b u t i o n .  

The q u a n t i t y  o f  d a t a  r e q u i r e d  f o r  an e x t r e m e - v a l u e  p r o b a b i l i t y  p l o t  i s  
q u i t e  l a r g e ;  t h e  most t h a t  L a v t s e v i c h  p r e s e n t s  a r e  16 h i g h e s t  ( o r  ex t r eme  
v a l u e )  p o i n t s .  Of t h e  t h r e e  mines  i n  t a b l e  2, o n l y  mine A ,  which was 
m o n i t o r e d  f o r  2  weeks ,  y i e l d e d  enough e m i s s i o n  d a t a  f o r  an ext reme v a l u e  p l o t .  

B e f o r e  a n  e x t r e m e - v a l u e  p l o t  can be  made, a n  i n t e r v a l  has  t o  be s e l e c t e d  
f rom which each h i g h e s t  peak  i s  t a k e n .  L a v t s e v i c h  used  1 / 2  hour f o r  one s e t  
o f  d a t a ,  and one  s h i f t  f o r  a n o t h e r  s e t  o f  d a t a .  I t  was found c o n v e n i e n t  t o  
s e l e c t  t h e  mining o f  o n e  e n t r y  between c r o s s c u t s  a s  t h e  i n t e r v a l .  Methane 
c o n c e n t r a t i o n  d a t a  o f  t h e  t y p e  shown i n  f i g u r e  1 were  grouped on a n  e n t r y - b y -  
e n t r y  b a s i s .  When a  s e r i e s  o f  c u t s  were made i n  a  g i v e n  e n t r y ,  t h e  h i g h e s t  
box-cut  emiss ion  peak  was d e t e r m i n e d .  Then t h e  h i g h e s t  peak was d e t e r m i n e d  i n  
t h e  n e x t  e n t r y  between c r o s s c u t s ,  a s  so  on. I n  t h e  c o u r s e  o f  2 weeks o f  





methane m o n i t o r i n g  i n  a  working s e c t i o n ,  56 such peaks  were  o b t a i n e d .  Extreme- 
v a l u e  p l o t s  f o r  t h e  l e f t  b i t  and r i g h t  b i t  l o c a t i o n s  a r e  show.  i n  f i g u r e  6 ,  
and e x t r e m e  v a l u e  p l o t s  f o r  t h e  s c r u b b e r  l o c a t i o n  a r e  shown i n  f i g u r e  7 .  The 
e x i s t e n c e  o f  s t r a i g h t  l i n e s  through t h e  p l o t t e d  p o i n t s  i n d i c a t e s  t h a t  t h e s e  
d a t a  f i t  t h e  f i r s t  ( t y p e  I )  l i m i t i n g  d i s t r i b u t i o n  law: 

T h i s  i s  t h e  e x p e c t e d  d i s t r i b u t i o n  f o r  t h e  h i g h e s t  v a l u e s  i f  t h e  i n i t i a l  d i s -  
t r i b u t i o n  i s  normal o r  l o g  normal .  

Accord ing  t o  L a v t s e v i c h ,  f o r  l a r g e  f l u c t u a t i o n s  of t h e  c o n c e n t r a t i o n  
( s t a n d a r d  d e v i a t i o n  - > 0 . 3 0 ) ,  t h e  h i g h e s t  v a l u e s  w i l l  f o l l o w  t h e  second l i m i t i n g  
l a w  o f  d i s t r i b u t i o n :  

P 2  (x)  = Gl ( l n  x) . 

S i n c e  t h e  l a r g e s t  s t a n d a r d  d e v i a t i o n  obse rved  i n  any t e s t  was 0 . 1 8  (mine C ,  
December 1972 ,  3 ,300 cfm, 

99.98. s c r u b b e r ) ,  i t  is  l i k e l y  t h a t  
1 41000 t h e  h i g h e s t  peaks  from mines 

99.95 - B and C would a l s o  f i t  a n  
99.93 - e x t r e m e - v a l u e  d i s t r i b u t i o n  
99.9 - o f  t h e  f i r s t  t y p e  r a t h e r  

99.8 - t h a n  t h e  second .  - 400 
99.7 - 

i: 99.5 - --I 200 
Al though t h e  h i g h e s t  

,w 99.3 - peak c o n c e n t r a t i o n  shown i n  
99.0 - f i g u r e  6 i s  0 .71  p e r c e n t  

o methane,  e x t r a p o l a t i o n  o f  
5 98.0 - t h e  p l o t t e d  p o i n t s  can y i e l d  
y 97.0 - t h e  p r o b a b i l i t y  o f  h i g h e r  
Lr 
W 95.0 - c o n c e n t r a t i o n s .  For 

93.0 - z 
w rr i n s t a n c e ,  e x t r a p o l a t i o n  o f  

90.0 - t h e  " l e f t  b i t "  v a l u e s  t o  
k 
A 83.0 - 1 . 0  p e r c e n t  methane g ives  
3 0.99967 f o r  t h e  p r o b a b i l i t y  
2 70.0 - 
2 o f  v a l u e s  l e s s  t h a n  1 . 0  p e r -  
0 

50.0 - c e n t .  T h i s  means t h a t  t h e  

30.0 - p r o b a b i l i t y  o f  a c h i e v i n g  
1 . 0  p e r c e n t  o r  more i n  any 

10.0 - g i v e n  e n t r y  i n  mine A i s  
5.0 - 
1.0 - 1 . 0  -0.99967 = 0.00033. 

.OOOI The e x t r a p o l a t i o n  i n  
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f i g u r e s  6 -7  a l s o  g i v e s  an 
CH4, P C t  i n d i c a t i o n  o f  t h e  " r e t u r n  

FIGURE 7. - Highest methone concentrations a t  p e r i o d .  I '  T h i s  i s  t h e  r e c i p -  
scrubber plotted on type I extreme-volve r o c a l  o f  t h e  1 . 0  p e r c e n t  o r  

probability paper. g r e a t e r  methane p r o b a b i l i t y ,  
which a l s o  means i t  i s  t h e  



a v e r a g e  number o f  o b s e r v a t i o n s  n e c e s s a r y  f o r  t h e  methane  c o n c e n t r a t i o n  t o  
assume a  v a l u e  o f  more t h a n  1 p e r c e n t  on  one  o c c a s i o n .  For  t h e  " l e f t  b i t "  
v a l u e s ,  t h e  r e t u r n  p e r i o d  i s  about  3 , 0 0 0 ,  meaning t h a t  i n  mine A a  c o n c e n t r a -  
t i o n  o f  1 p e r c e n t  o r  more i s  r eached  a t  t h e  l e f t  b i t  o n l y  o n c e  i n  min ing  
3 ,000  e n t r i e s  be tween c r o s s c u t s .  The r e t u r n  p e r i o d  f o r  t h e  r i g h t  b i t  ex t r eme  
v a l u e s  i s  4 , 0 0 0  f o r  1 . 0  p e r c e n t  o r  more methane  a n d ,  a s  e x p e c t e d ,  t h e  r e t u r n  
p e r i o d  i s  even g r e a t e r  f o r  t h e  s c r u b b e r .  

A s i m i l a r  e x t r a p o l a t i o n  could  be  made t o  h i g h e r  p e r c e n t a g e s  o f  methane  
and t h e  r e t u r n  p e r i o d  de te rmined .  However, f o r  t h e  mine A d a t a  t h e  r e t u r n  
p e r i o d  would b e  e x t r e m e l y  h i g h ,  and t h e  p r o b a b i l i t y  o f  r e a c h i n g  5 p e r c e n t  
me thane ,  f o r  i n s t a n c e ,  would b e  minuscu le .  

Not enough d a t a  a r e  a v a i l a b l e  t o  o b t a i n  r e t u r n  p e r i o d s  o r  p r o b a b i l i t i e s  
f o r  mines B and C ;  however ,  i t  i s  l i k e l y  t h a t  t h e s e  h a v e  a  much g r e a t e r  p r o b -  
a b i l i t y  o f  r e a c h i n g  1 p e r c e n t  o r  more methane .  T a b l e  2 shows t h e  median  
r e t u r n  c o n c e n t r a t i o n s  i n  mine A were a lways  below 0 . 1  p e r c e n t ,  whereas  t h o s e  
o f  mines B and C were  g e n e r a l l y  above 0 . 3  p e r c e n t .  

These  p r o b a b i 1 i . t ~  p r e d i c t i o n s  assumed t h a t  mining c o n d i t i o n s  do n o t  
change a p p r e c i a b l y  from t h o s e  t h a t  e x i s t e d  when t h e  d a t a  were  g a t h e r e d ;  
however ,  a s  i t  i s  q u i t e  p o s s i b l e  t h a t  t h e  c o n d i t i o n s  imposed by t h i s  r e s t r i c -  
t i o n  a r e  d i f f i c u l t  t o  m e e t ,  t h e  p r a c t i c a l  v a l u e  of  s u c h  p r e d i c t i o n s  f o r  t h e  
l o n g  r a n g e  i s  l i m i t e d .  F o r  i n s t a n c e ,  when i t  i s  assumed t h a t  " c o n d i t i o n s  do 
n o t  change a p p r e c i a b l y , "  i t  i s  assumed t h e  f o l l o w i n g  a l l  remain  t h e  same: 
(1 )  The amount o f  methane  i n  t h e  c o a l ;  ( 2 )  t h e  c h a r a c t e r i s t i c s  o f  t h e  
c o a l b e d  t h a t  a f f e c t  g a s  f l o w  t o  t h e  f a c e ;  (3) t h e  r a t e  o f  advance  o f  t h e  
min ing  machine;  ( 4 )  t h e  v e n t i l a t i o n  a i r  q u a n t i t y ;  (5 )  t h e  manner i n  which 
t h e  t u b i n g  o r  b r a t t i c e  i s  advanced.  

I t  i s  known t h a t  o v e r  t h e  long  r a n g e  many of  t h e s e  f a c t o r s  w i l l  change .  
F o r  i n s t a n c e ,  m i n i n g  i n  a  v i r g i n  a r e a  o f  t h e  c o a l b e d  w i l l  p roduce  more methane 
t h a n  m i n i n g  i n  a n  a r e a  t h a t  h a s  been degassed .  The r a t e  o f  advance  o f  t h e  
min ing  machine w i l l  be i n f l u e n c e d  by t h e  a v a i l a b l e  h a u l a g e .  The v e n t i l a t i o n  
a i r  q u a n t i t y  may f a l l  c o n s i d e r a b l y  below t h e  r a n g e  o f  q u a n t i t i e s  u s e d  w h i l e  
d a t a  was t a k e n .  Because of  t h e s e  f a c t o r s ,  i t  seems u n l i k e l y  t h a t  p r o b a b i l i t y  
p r e d i c t i o n  would h a v e  l o n g - r a n g e  a p p l i c a t i o n  o r  t h a t  d a t a  o b t a i n e d  i n  one  p a r t  
o f  a mine would a p p l y  t o  o t h e r  p a r t s  of t h e  mine .  However, p r o b a b i l i t y  p r e -  
d i c t i o n s  may f i n d  some u t i l i t y  f o r  s h o r t - r a n g e  f o r e c a s t i n g  i n  a  g i v e n  work ing  
s e c t i o n .  A d d i t i o n a l  r e s e a r c h  i s  needed.  

I CONCLCSIONS 

Peak me thane  e m i s s i o n s  measured a t  t h e  work ing  f a c e  d u r i n g  development  
r o o m - a n d - p i l l a r  m i n i n g  a r e  no rma l ly  o r  l o g  n o r m a l l y  d i s t r i b u t e d .  The d i f -  
f e r e n c e  i s  a t t r i b u t e d  t o  t h e  e x t e n t  t o  which  methane  and a i r  a r e  a d e q u a t e l y  
mixed i n  t h e  immedia te  f a c e  a r e a .  A normal d i s t r i b u t i o n  i n d i c a t e s  c o m p l e t e  
m i x i n g ,  whereas  log -normal  d i s t r i b u t i o n  i n d i c a t e s  i n c o m p l e t e  mixing.  



I n  mine A ,  t h e  h i g h e s t  peaks  f i t  a  t y p e  I ex t reme-va lue  d i s t r i b u t i o n .  
E x t r a p o l a t i o n  o f  t h e  p l o t t e d  p o i n t s  on t y p e  I ex t reme-va lue  p r o b a b i l i t y  p a p e r  
shows a  r e t u r n  p e r i o d  o f  3 ,000 o r  more f o r  1 . 0  p e r c e n t  o r  g r e a t e r  methane 
c o n c e n t r a t i o n s .  T h i s  means t h a t  1 . 0  p e r c e n t  o r  g r e a t e r  methane c o n c e n t r a t i o n s  
a r e  a c h i e v e d ,  on t h e  a v e r a g e ,  o n l y  o n c e  i n  mining 3 ,000  e n t r i e s  p r o v i d e d  
min ing  c o n d i t i o n s  do n o t  change a p p r e c i a b l y .  Mines B and C have a  g r e a t e r  
p r o b a b i l i t y  o f  r e a c h i n g  1 . 0  p e r c e n t  o r  more methane.  

P r o b a b i l i t y  p l o t t i n g  may be a  power fu l  t e c h n i q u e  f o r  p r e d i c t i n g  dangerous  
methane c o n c e n t r a t i o n s .  A d d i t i o n a l  r e s e a r c h  i s  needed t o  e s t a b l i s h  i t s  
a p p l i c a b i l i t y  f o r  u s e  underground.  
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