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METHANE EMISSION RATE STUDIES IN A NORTHERN WEST VIRGINIA MINE 

by 

Stephen Kr ickovic,  Charles ~ i n d l a ~ , ~  and W* M* Merr i t ts  

ABSTRACT 

Methane emiss ion  r a t e s  were s t u d i e d  i n  a  P i t t s b u r g h  coa lbed  mine i n  
n o r t h e r n  West V i r g i n i a .  A f u l l f a c e  bor ing- type  con t inuous  miner ,  equipped 
w i t h  a  methane m o n i t o r ,  was used i n  t h e  development of  a  s e t  of  e i g h t  main 
h e a d i n g s ,  one s i d e  of  which was n e a r  o l d  workings;  t h e  o t h e r  s i d e  a b u t t e d  
v i r g i n  c o a l .  Two a i r  s p l i t s  v e n t i l a t e d  t h e  s e c t i o n .  A i r  volumes and methane 
p e r c e n t a g e s  were r e c o r d e d ,  and t ime s t u d i e s  of  t h e  miner were made d u r i n g  f i v e  
c o n s e c u t i v e  o p e r a t i n g  d a y s ,  d u r i n g  which a  complete c y c l e  of mining t h e  head- 
i n g s  and one l i n e  of  r e l a t e d  breakthroughs was accomplished.  

Methane emiss ion  r a t e s  i n c r e a s e d  s i g n i f i c a n t l y  a s  mining p rogressed  from 
t h e  s i d e  n e a r  o l d  mine workings toward t h e  v i r g i n  a r e a ,  and g e n e r a l l y  
i n c r e a s e d  wi th  c o a l  e x t r a c t  ion.  

I 

Mining i n  t h e  heading immediately a d j a c e n t  t o  v i r g i n  c o a l  was i n t e r r u p t e d  
q u i t e  f r e q u e n t l y ,  owing t o  e x c e s s i v e  methane c o n c e n t r a t i o n s  a t  t h e  f a c e ,  
d e s p i t e  adequa te  a i r  volumes and a c c e p t a b l e  methane c o n c e n t r a t i o n s  i n  t h e  
immediate r e t u r n  a i rway .  

INTRODUCTION 

Methane i s  c o n t a i n e d  under p r e s s u r e  w i t h i n  t h e  mic ropores ,  j o i n t s ,  and 
f r a c t u r e s  of gassy  coa lbeds .  Breaking down t h e  c o a l  from s o l i d  f a c e s  t ends  
t o  s t e e p e n  t h e  p r e s s u r e  g r a d i e n t  i n  t h e  coa lbed  and exposes c o n s i d e r a b l e  a r e a  
i n  t h e  mined c o a l  and i n  t h e  newly exposed s o l i d  c o a l  s u r f a c e s Y 4  a l l  of which 
i n c r e a s e s  t h e  emiss ion  o f  methane. Th is  c o n d i t i o n  i s  p a r t i c u l a r l y  s e v e r e  w i t h  
t h e  f u l l f a c e  bor ing- type  con t inuous  miner because c o a l  i s  u s u a l l y  mined i n  one 
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P i t t s b u r g h ,  Pa. 
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workplace dur ing  a n  e n t i r e  s h i f t ,  and because r e s t r i c t e d  space around such 
miners makes i t  p r a c t i c a l l y  impossible t o  v e n t i l a t e  t h e  face  i n  t h e  develop- 
ment of  very  gassy mines with convent ional  l i n e  b r a t t i c e .  I n  some cases ,  it 
is d i f f i c u l t  t o  ob ta in  s a f e  d i l u t i o n  of methane even with an  a u x i l i a r y  f an  o r  
fans and r e in fo rced  tubing. 

The ob jec t ive  o f  t he  present  Bureau of Mines study was t o  determine the  
methane emission r a t e s  during ope ra t ing  and i d l e  per iods of a boring continuous 
miner during t h e  development of a set of  e i g h t  headings. S tud ie s  o f  t h i s  type 
a r e  a n  e s s e n t i a l  p a r t  o f  t h e  Bureau's comprehensive methane c o n t r o l  research  
program." 
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DESCRIPTION OF STUDY AREA 

The s tudy  a r e a  cons i s t ed  of a s e t  o f  e i g h t  headings wi th  a c t i v e  and mined- 
out  workings on one s i d e ,  and wi th  v i r g i n  c o a l  on t h e  oppos i te  s ide .  Figure 1 
shows the  l o c a t i o n  of  t he  study a rea  i n  r e l a t i o n  t o  a po r t ion  of t h e  mine. 

M I N I N G  METHOD AND EQUIPMENT 

The s e t  o f  e i g h t  headings and r e l a t e d  breakthroughs were developed on 
100-foot cen te r s .  Figure 2 shows t h e  l o c a t i o n  of t he  faces  and monitor ing 
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FlGU RE 2. - Location of Faces and Monitoring Instruments and Arrangement of Ventilation 
and Face Haulage at Start of Study. 
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inst ruments  a t  t h e  beginning of t h e  s tudy .  A cont inuous boring-type f u l l f a c e  
miner ,  equipped with a  methane monitor l oca t ed  5 f e e t  back of  t h e  r o t o r s ,  was 
used t o  d r i v e  t h e  headings 14 f e e t  wide (between semic i r c l e  r i b s  a t  c e n t e r )  
and 7 f e e t  h igh ,  wi th  6 t o  10 inches of  roof coa l  l e f t  i n  p lace  f o r  p ro t ec t i on .  
Coal was discharged onto t he  f l o o r  f o r  subsequent load ing  with a  convent ional  
loader  i n t o  s h u t t l e  c a r s ,  which trammed t h e  c o a l  t o  a  conveyor-belt  loading 
s t a t i o n .  

A s  shown i n  f i g u r e  2 ,  t h e  fou r  middle headings served a s  a i r  i n t akes  t o  
t h e  l a s t  complete l i n e  of breakthroughs where, by canvas s toppings  and a check, 
a i r  was confined i n t o  heading 5 f o r  s p l i t t i n g  i n t o  l e f t  and r i g h t  a i r  s p l i t s ,  
both of  which were regula ted .  

During mining, t he  faces  of t h e  headings and breakthroughs were v e n t i -  
l a t e d  by a  po r t ab l e  10,000-cubic-foot-per-minute,  f ree- f low c a p a c i t y ,  a u x i l -  
i a r y  fan  equipped wi th  16-inch-diameter r e in fo rced  tubing.  The fan  was 
r e l o c a t e d  p rog re s s ive ly  f o r  each working p l ace ,  t o  prevent  r e c i r c u l a t i o n  of  
a i r  and i n t e r f e r e n c e  with haulage;  t he  end of  tub ing  always was maintained a s  
f a r  ahead of t he  ope ra to r  a s  p r a c t i c a b l e  and s a f e .  Upon completion of mining, 
t h e  miner was trammed out  of t h e  p l ace ,  l i n e  b r a t t i c e  was i n s t a l l e d  immedi- 
a t e l y  t o  maintain v e n t i l a t i o n ,  and t h e  a u x i l i a r y  fan  was moved t o  t h e  proper 
l o c a t i o n  f o r  mining a t  t h e  next  working face .  

Rib 

Bottom 

Note: 
Cross-sectional area=88 sq f t  
Average air velocity = 359 f t  /min 

FIGURE 3. - Air  Veloc i t ies in Heading 1 Showing Locat ion of Average Air Veloci ty(Circled).  



Rib 

Bottom I 
Note: 1 

Cross-sectional area- 88 sq f t 
Average air velocity = 331 ft/min 

FIGURE 4. - Air Velocit ies in Heading 8 Showing Location of Average Air Velocity (Circled). 

MONITORING 

Reconnaissance 

Af t e r  t he  s tudy  a r ea  was s e l e c t e d ,  Bureau mining engineers  examined t h e  
a r ea  with t h e  company's r e p r e s e n t a t i v e  t o  note  d e t a i l s  of the  arrangement of 
temporary s  toppings ,  l i n e  b r a t t i c e  , canvas checks,  a u x i l i a r y  f a n ,  and haulage 
r o u t e s .  

Location of Instruments  

To s impl i fy  monitor ing,  t h e  r e t u r n  a i r  of each s p l i t  was confined t o  one 
heading in s t ead  of t h e  two normally used. Locations f o r  ins t rumenta t ion  i n  
t he se  headings were s e l e c t e d  t o  ob t a in  reasonably uniform a i r  v e l o c i t i e s  i n  
t he  c r o s s - s e c t i o n a l  a r e a s .  A g r i d  system of v e r t i c a l  and ho r i zon ta l  s t r i n g s  
t o  form 1 - foo t  squares  was s e t  up i n  each of t h e  two headings.  A i r  v e l o c i t i e s  
were then  measured with a  handheld vane-type anemometer iq  each square ,  and 
the  square  i n  which t h e  a i r  v e l o c i t y  most c l o s e l y  approached the  average f o r  
t he  t o t a l  c r o s s - s e c t i o n a l  a r ea  was determined. Figures  3 and 4 show t h e  a i r  
v e l o c i t i e s  i n  t h e  1 - foo t  squares  and the  average a i r  v e l o c i t y  i n  headings 
1 and 8,  r e s p e c t i v e l y .  I 



Ins t rumenta t ion  

The s ens ing  heads of t h e  cont inuous ly  r eco rd ing  methanometer and anemom- 
e t e r  developed by t h e  ~ u r e a u '  were i n s t a l l e d  i n  t h e  average v e l o c i t y  square  i n  
each c r o s s - s e c t i o n a l  a r e a  i n  headings 1 and 8. Due t o  i n t e r f e r e n c e  from hau l -  
age equipment, handheld anemometers and methanometers were used t o  measure a i r  
v e l o c i t i e s  and methane concen t r a t i ons  i n  t h e  i n t a k e  a i r  heading j u s t  outby t h e  
po in t  where t h e  a i r  was s p l i t .  

The methane monitor ing team c o n s i s t e d  of a  mining engineer  and an  engi -  
nee r ing  a i d  on each s h i f t .  The engineer  s t u d i e d  t h e  cont inuous miner t o  
record  t h e  ope ra t i ng  and i d l e  t imes ,  f e e t  o f  mining advance, and produc t ion  
per  s h i f t ,  t o  secure data on a l l  mining, v e n t i l a t i o n ,  and haulage equ lpzsn t ,  
and t o  observe any unusual cond i t i ons  r e l a t i n g  t o  t he  s tudy .  

The engineer ing  a i d e  was r e spons ib l e  f o r  t h e  adjustment  and replacement 
of  ins t ruments  and t he  changing of b a t t e r i e s  a s  r equ i r ed .  He a l s o  took p e r i -  
od i c  check measurements of  t h e  a i r  v e l o c i t i e s  and t h e  methane concen t r a t i on  
nea r  t he  "average squares"  with  handheld ins t ruments  t o  a s c e r t a i n  t h e  accuracy 
of t h e  record ing  inst ruments .  These check measurements and t h e  t imes taken  
were recorded on t h e  r e s p e c t i v e  inst rument  c h a r t s .  

RESULTS 

Figure  5  shows t h e  sequence of  c u t s  made wi th  t h e  cont inuous miner by 
d a t e s  and s h i f t  numbers. The f i r s t  s h i f t  i s  8 a.m. t o  4  p.m., t h e  second i s  
4 p.m. t o  midnight ,  and t h e  t h i r d  i s  midnight t o  8  a.m. 

Table  1 summarizes t h e  r e s u l t s  of t h e  s tudy .  For example, t h e  f i r s t  
t a b l e  e n t r y  shows t h a t  on s h i f t  3  (midnight t o  8  a.m.) on A p r i l  1 4 ,  1969, t h e  
cont inuous miner e x t r a c t e d  c o a l  i n  t h e  breakthrough between headings 2  and 1 
and i n  heading 1, worked 120 minutes and was i d l e  360 minutes ,  advanced 74 
f e e t ,  and produced 258 tons  of coa l .  S ix ty - e igh t  cub i c  f e e t  o f  methane pe r  
minute flowed i n t o  t he  l e f t  s p l i t  o f  a i r  (35,600 cfm), r e s u l t i n g  i n  a  methane 
concen t r a t i on  of 0.19 pe rcen t ;  112 cub i c  f e e t  o f  methane per  minute flowed 
i n t o  t h e  r i g h t  s p l i t  of a i r  (28,700 cfm), r e s u l t i n g  i n  a  methane c o n c e n t r a t i o n  
of 0.40 pe rcen t ;  t h e  t o t a l  methane flowing i n t o  t h e  s e c t i o n  inby t h e  i n s t r u -  
ments was 180 cubic  f e e t  per minute ,  r e s u l t i n g  i n  0.28 percen t  concen t r a t i on  
of methane i n  64,300 cubic  f e e t  of  a i r  per  minute flowing through t h e  s e c t i o n .  

During t h e  13  ope ra t i ng  s h i f t s ,  t h e  cont inuous miner was opera ted  46 per-  
c e n t  of  t h e  a v a i l a b l e  t ime,  advanced a n  average  of  98 f e e t  per  s h i f t ,  and 
produced an average of 339 tons  of coa l  per  s h i f t .  

GLaScola, J. C . ,  and Joseph Cervik.  Development of Recording Methanometers 
and Recording Anemometers f o r  Use i n  Underground Coal Mines. BuMines Tech. 
Prog. Rept. 15 ,  May 1969, pp. 9-14. 
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FIGURE 5 .  - Sequence of Mining. 

The e f f e c t  of the  proximity of o l d  workings on methane emission r a t e  i s  
c l e a r l y  shown by the  f a c t  t h a t  during the  two i d l e  s h i f t s  on Apr i l  16 ,  74 cubic 
f e e t  per minute flowed i n t o  the  l e f t  s p l i t  of a i r ,  while 114 cubic  f e e t  per  
minute flowed i n t o  the  r i g h t  s p l i t .  This is  f u r t h e r  subs t an t i a t ed  by the  f a c t  
t h a t  during the  s tudy per iod ,  541,000 cubic  f e e t  of methane flowed i n t o  t h e  
l e f t  a i r  s p l i t  during the  production of 2,646 tons of c o a l ,  while 893,000 
cubic f e e t  of methane flowed i n t o  the  r i g h t  s p l i t  during the  production of  
1,767 tons of coa l .  Thus, t he  methane emission r a t e  was 204 cubic f e e t  per 
ton  of coa l  mined i n  t he  l e f t  s p l i t  compared with 505 cubic f e e t  per  t on  of 
coa l  mined i n  t he  r i g h t  s p l i t .  

The e f f e c t  of coa l  production on methane emission r a t e  could not  c l e a r l y  
be shown. W h i l e  per iods of high coa l  production were gene ra l ly  accompanied 
by increased  gas emissions,  the  f a c t  t h a t  d i f f e r e n t  amounts of coa l  were not  
mined under s i m i l a r  circumstances precluded a  c l e a r  assessment of t h i s  f a c t o r .  



FIGURE 6. - Methane Emission Rates and A i r  Voiumes in  the L e f t  A i r  Split on Sh i i i  3, 
Apr i l  14, 1969. 

t I I I I I I  

- - - - - - - - - - _ _ _ _ _ _ _ _ _ _  - 
Methane emission - 

d In cD -0 o Q d N 

= 3 

93 
8 0 -  
6 4  

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l i ~ ~ l ~ ~ ~ l  
I0p.m. I l p.m. Midnight 

T I  ME 

Midnight 4 a.m. 5 a.m. 6 a.m. -a.m. 

TIME 

E rr) 

Z 9 0 L '  ' I  I "  " I I 1  

; e0 
---- ---------------------- 

-N 
Methane emission 

g 6 4 - a ,  
ro 
0, 

m 
E - \Air-split volume -31 -1 

r 0 
W l l l l , 1 1 1 , , 1  , I I I I I , I l  I I I I  l I I I 1 1 I  > 

7p.m. 8p.m. 9 p.m. I0p.m. I- 
z - 

FIGURE 7. - Methane Emission Rates and Ai r  Volumes in  the L e f t  A i r  Split on Shift 2, 
Apr i l  15, 1969. 
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Table  1 shows weighted average  methane emiss ions  over a n  8-hour s h i f t .  
F i g u r e s  6 ,  7 ,  and 8 show f l u c t u a t i o n s  i n  methane emiss ion  dur ing  a s h i f t  a s  a  
f u n c t i o n  of  p roduc t ion .  
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Figure  6  shows t h e  methane e m i t t e d  d u r i n g  t h e  t h i r d  s h i f t  on A p r i l  1 4 .  
Mining was i n  t h e  breakthrough between headings  1 and 2 and i n  heading 1. 
Although t h e  weighted s h i f t  average  was 68 c u b i c  f e e t  p e r  minute ,  pe r iods  of 
c o a l  e x t r a c t i o n  were accompanied by s h a r p  i n c r e a s e s  i n  methane emiss ion  
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FIGURE 8. - Methane Emiss ion Rates and A i r  Volumes in  the Right A i r  Sp l i t  on Shi f t  2, 
A p r i l  17, 1969. 
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fo l lowed  by l e s s  s h a r p l y  d e c l i n i n g  e m i s s i o n  r a t e s  f o l l o w i n g  c e s s a t i o n  of  
e x t r a c t i o n .  

F i g u r e  7  shows t h e  f l u c t u a t i o n  i n  methane e m i s s i o n  w i t h  p r o d u c t i o n  w h i l e  
mining i n  t h e  b r e a k t h r o u g h s  between h e a d i n g s  4  and 5 and between head ings  5  
and  6  on t h e  second s h i f t ,  A p r i l  15 .  As i n  f i g u r e  6 ,  i n c r e a s e d  methane emis-  
s i o n  accompanied c o a l  p r o d u c t i o n .  
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F i g u r e  8 shows methane f l u c t u a t i o n s  d u r i n g  mining i n  h e a d i n g  8 on t h e  
second s h i f t ,  A p r i l  17 .  T h i s  h e a d i n g  a b u t s  v i r g i n  c o a l ,  and i t  was a n t i c i -  
p a t e d  t h a t  maximum methane e m i s s i o n s  would be e n c o u n t e r e d  i n  t h i s  head ing .  
The methane e m i t t e d  d u r i n g  t h e  s h i f t  r anged  from 152 ( 0 . 5 0  p e r c e n t )  t o  
174 c u b i c  f e e t  p e r  minute  (0 .56  p e r c e n t ) .  The methane e m i s s i o n  r a t e  was 
r e s p o n s i v e  t o  m i n i n g ,  i n c r e a s i n g  r a p i d l y  d u r i n g  mining and d e c r e a s i n g  o n l y  
s l i g h t l y  l e s s  r a p i d l y  immedia te ly  f o l l o w i n g  t h e  c e s s a t i o n  o f  mining.  U s u a l l y  
a f t e r  mining had p r o g r e s s e d  f o r  l e s s  t h a n  1 0  m i n u t e s ,  t h e  c o n c e n t r a t i o n  o f  
methane a t  t h e  f a c e  exceeded s a f e  l i m i t s  and c a u s e d  t h e  methane moni to r  
mounted on t h e  c o n t i n u o u s  miner  t o  c u t  o f f  t h e  power s o  t h a t  mining c e a s e d .  
Power was r e s t o r e d  and mining resumed a f t e r  t h e  c o n c e n t r a t i o n  o f  methane 
r eached  a  s a f e  l e v e l .  Thus ,  c o a l  was mined f o r  o n l y  20 p e r c e n t  o f  t h a t  s h i f t ,  
and  t h r e e - f o u r t h s  o f  t h e  i d l e  t ime was caused  by e x c e s s i v e  methane c o n c e n t r a -  
t i o n s  a t  t h e  f a c e .  

I l l l l l l l l l l  I l l l l l l l l l l  I l l l l l l l l l  1 



While f i g u r e s  6 ,  7 ,  and 8 a r e  g e n e r a l l y  s i m i l a r ,  t h e  amount of  methane 
produced d u r i n g  i d l e  p e r i o d s  and d u r i n g  p roduc t ion  p e r i o d s  i n c r e a s e d  a s  mining 
p rogressed  from t h e  l e f t  headings  n e a r  o l d  workings t o  t h e  r i g h t  head ings  n e a r  
v i r g i n  c o a l .  

CONCLUSIONS 

While a l l  t h e  c a u s e s  o f  v a r i a t i o n s  i n  methane emiss ion  r a t e s  a r e  n o t  
known, some g e n e r a l  c o n c l u s i o n s  may be drawn from t h i s  s t u d y :  

1. The r a t e  a t  which methane flowed i n t o  t h e  s e c t i o n  ranged from 180 t o  
229 c u b i c  f e e t  per  minute and averaged 199 c u b i c  f e e t  pe r  minute over  t h e  
s t u d y  p e r i o d .  

2. Analyses o f  average emiss ion  r a t e s  d u r i n g  per iods  of p roduc t ion  and 
p e r i o d s  of i d l e n e s s  showed t h a t  c o a l  p roduc t ion  caused a  maximum i n c r e a s e  i n  
methane emiss ion  of 54 c u b i c  f e e t  pe r  minute.  

3. The e f f e c t  of  mining a d j a c e n t  t o  v i r g i n  c o a l  compared w i t h  mining 
a d j a c e n t  t o  o l d  workings (head ing  8 v e r s u s  headings  1 and 2) i s  e v i d e n t  when 
244 t o n s  of c o a l  produced i n  head ing  8  d u r i n g  s h i f t  17-2 r e s u l t e d  i n  t h e  
emiss ion  of 32 c u b i c  f e e t  per  minute of  methane more t h a n  when 494 t o n s  of  
c o a l  was produced i n  headings  1 and 2  d u r i n g  s h i f t  14-1 ;  t o t a l  mining t ime 
d u r i n g  bo th  s h i f t s  was approximately  t h e  same. 

4.  The f a c t  t h a t  t h e  methane m o n i t o r ,  mounted 5 f e e t  outby t h e  c u t t e r s  
on t h e  con t inuous  miner ,  f r e q u e n t l y  sensed  e x c e s s i v e l y  h igh  methane c o n c e n t r a -  
t i o n s ,  whi le  t h e  a i r  s p l i t  of 31,000 c u b i c  f e e t  p e r  minute a t  t h e  moni to r ing  
s t a t i o n  c o n t a i n e d  o n l y  161 c u b i c  f e e t  of methane per  minute (0 .52  p e r c e n t ) ,  
shows t h e  d i f f i c u l t y  of v e n t i l a t i n g  a  bor ing- type  con t inuous  miner t o  c o n t r o l  
methane . 

5. Th is  s t u d y  shows t h a t  i t  i s  p o s s i b l e  t o  p r e d i c t  t h e  magnitude of  t h e  
methane problem t h a t  might be encountered d u r i n g  f u t u r e  development and t h a t  
some q u a l i t a t i v e  i n f e r e n c e s  can  be made a s  t o  t h e  e f f e c t  of t ime on t h e  l e s s -  
e n i n g  of methane emiss ion  r a t e s .  




