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METHANE EMISSION RATE STUDIES IN A CENTRAL PENNSYLVANIA MINE 

by 

Stephen Krickovic ' and Charles ~ i n d l a ~ ~  

ABSTRACT 

A methane emiss ion  r a t e  s t u d y  was conducted i n  1969 on a  longwal l  s e c t i o n  
of a  Lower K i t t a n n i n g  coa lbed  mine i n  c e n t r a l  Pennsy lvan ia .  The longwal l  f a c e  
was mined w i t h  a  drum s h e a r e r  between developed head ings  on t h e  head end and 
head ings  on t h e  t a i l  end t h a t  were  d r i v e n  w i t h  a  r i p p e r - t y p e  con t inuous  miner 
a s  needed.  The s t u d y  was conducted over  22 c o n s e c u t i v e  s h i f t s  (7 -1 /3  d a y s ) .  

The a v e r a g e  methane e m i s s i o n  r a t e  from t h e  Lower K i t t a n n i n g  coalbed d u r -  
i n g  mining a t  t h e  f a c e  and deve lop ing  t h e  head ings  a t  t h e  t a i l  end of t h e  f a c e  
was 34 cfm. Caving of t h e  g a s s y  o v e r l y i n g  s t r a t a  a s  t h e  r e s u l t  of  mining a t  
t h e  f a c e  i n c r e a s e d  t h e  methane emiss ion  t o  r a t e s  r a n g i n g  from 702 t o  1,049 cfm. 

INTRODUCT ION 

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  c o a l b e d s  and may be  p r e s e n t  i n  a d j a c e n t  s t r a t a  a t  v a r i o u s  
d i s t a n c e s  above and below t h e  ~ o a l b e d . ~  Thus, methane may e n t e r  t h e  mine from 
t h e  coalbed,  from t h e  s t r a t a  o v e r l y i n g  t h e  coalbed a s  a  r e s u l t  of caving,  and 
from t h e  s t r a t a  u n d e r l y i n g  t h e  coalbed a s  a  r e s u l t  of f l o o r  heav ing .  

I n  mining systems where roof  c a v i n g  i s  p a r t  of t h e  mining c y c l e ,  a  prop-  
e r l y  des igned and main ta ined  b l e e d e r  sys tem u s u a l l y  i s  s a t i s f a c t o r y  t o  remove 
e x c e s s  methane t o  r educe  t h e  c o n c e n t r a t i o n  t o  a  s a f e  working l e v e l .  The gob 
a r e a  c r e a t e d  by t h e  cave  u s u a l l y  i s  smal l ,  and a  p roper  a i r  d i f f e r e n t i a l  p r e s -  
s u r e  can b e  a p p l i e d  a c r o s s  t h e  a r e a  t o  b l e e d  o f f  t h e  e x c e s s  g a s  t o  a  s u i t a b l e  
e x t e n t .  However, i n  l o n g w a l l  mining,  t h e  o v e r l y i n g  s t r a t a  a r e  caved a c r o s s  
t h e  e n t i r e  f a c e .  Over ly ing  g a s s y  s t r a t a ,  when caved,  emi t  a  f low of methane 
which t h e  u s u a l  t y p e  of b l e e d e r  sys tem canno t  remove e n t i r e l y .  

The purpose  of t h i s  Bureau of Mines s t u d y  was t o  d e t e r m i n e  t h e  c h a r a c t e r -  
i s t i c s  of methane e m i s s i o n s  d u r i n g  c o a l  e x t r a c t i o n  by a  longwal l  mining sys tem.  

S u p e r v i s o r y  mining e n g i n e e r .  
2 ~ i n i n g  e n g i n e e r .  
3 ~ e r v i k ,  Joseph .  An I n v e s t i g a t i o n  of t h e  Behavior and C o n t r o l  of Methane Gas. 

Min. Cong. J . ,  v .  53, J u l y  1967, pp.  52-57.  



Stud ie s  of t h i s  type  a r e  an e s s e n t i a l  p a r t  of t h e  ~ u r e a u ' s  comprehensive 
methane c o n t r o l  program.4 
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DESCRIPTION OF THE STUDY AREA 

Figure  1 shows the  l o c a t i o n  of t h e  longwall  s tudy  a r e a  i n  t he  Lower 
K i t t ann ing  coalbed.  The longwall  b lock  be ing  mined was 585 f e e t  wide and 
3,000 f e e t  long, and averaged 54 inches t h i c k .  A t  t h e  s t a r t  of t h e  study, 
1,200 f e e t  of t h e  b lock  had been mined ou t .  

An a r e a  on t h e  e a s t e r l y  s i d e  of t h e  longwall  block was mined out  w i th  a  
r i ppe r - type  continuous miner.  A 50- foot  b a r r i e r  was l e f t  between t h i s  a r e a  
and t h e  t h r e e  e n t r i e s  a t  t h e  head end of t h e  longwall  f a c e .  

M I N I N G  METHOD AND EQUIPMENT 

As shown i n  f i g u r e  2, t h r e e  headings (3 Right)  and r e l a t e d  breakthroughs 
were developed on 100-foot  c e n t e r s  t h e  e n t i r e  length  of t h e  longwall  panel  on 
t h e  head end, and fou r  headings (4 L e f t )  and r e l a t e d  breakthroughs were being 
developed wi th  a  r i ppe r - type  cont inuous miner keeping ahead of t he  f a c e  a s  
needed on t h e  t a i l  end. Three of t h e  4 Le f t  headings were d r iven  on 60-foot  
c e n t e r s ;  t h e  one f a r t h e s t  from t h e  longwall  panel  was d r iven  on a  90-foot  
c e n t e r .  

The c o a l  was mined wi th  a  15-foot- long,  b i d i r e c t i o n a l  shea re r  equipped 
w i t h  a  s i n g l e  48-inch-diam, doub le - sp i r a l  vane drum which made a  27-inch-wide 
shea r .  Approximately 200 tons  of c o a l  was produced dur ing  one pass  of t h e  
shea re r  ac ros s  t h e  f a c e .  The v e r t i c a l  p o s i t i o n  of t h e  drum could be  ad jus t ed  
t o  compensate f o r  undula t ions  i n  t h e  coalbed.  

Roof was supported w i t h  se l f -advanc ing  hydrau l i c  u n i t s ,  each equipped 
wi th  fou r ,  42-ton-capaci ty ,  h y d r a u l i c a l l y  operated s t e e l  props mounted on a 
r i g i d  base and topped wi th  sh ie lded- type ,  s t e e l  beams. Two u n i t s  were con- 
nec ted  t o  be operated j o i n t l y  a s  an e igh t -prop  chock. These chocks were 
spaced on 42-inch c e n t e r s  ac ros s  t h e  e n t i r e  l eng th  of t h e  f a c e .  

An armored f l e x i b l e  f a c e  conveyor discharged t h e  e x t r a c t e d  c o a l  i n t o  a  
s h o r t  cha in  conveyor hopper which, i n  tu rn ,  discharged onto a  36-inch b e l t  
conveyor. 

4 ~ e r v i k ,  Joseph.  Behavior of Coal-Gas Reservoi rs .  BuMines Tech. Prog. 
Rept.  10, A p r i l  1969, 10 pp. 

Deul, Maurice. Methane Drainage From Coalbeds: A Program of Applied 
Research. Proc. 60 th  Ann. Meeting of t h e  Rocky M t .  Coal Min. I n s t . ,  Es tes  
Park, Colo., June 28-July 1, 1964, pp. 54-60. 

Perkins ,  J.  H. ,  and Joseph Cervik.  Sorp t ion  I n v e s t i g a t i o n s  of Methane on 
Coal. BuMines Tech. Prog. Rept. 14, May 1969, 6  pp. 



FIGURE 1. - Location of the Study Area. 





VENTILATION 

As shown i n  f i g u r e  2, t h e  s tudy  a r e a  was v e n t i l a t e d  by two a i r  s p l i t s - -  
one f o r  t h e  4 Lef t  and one f o r  t h e  3 Right headings.  A l l  3 Right headings on 
t h e  head end of t h e  longwall served a s  i n t a k e  airways, w i t h  a  b e l t  conveyor 
f o r  c o a l  t r a n s p o r t  i n  t h e  c e n t e r  heading. Approximately 20,000 cfm of a i r  i n  
t h e  e a s t e r l y  heading of 3 Right ad jacent  t o  t h e  mined-out a r e a  could not  be 
t r aced  exac t ly .  It u l t i m a t e l y  en tered  t h e  main r e t u r n  airways a t  t he  back of 
t h e  longwall a r e a  (nor th  end) .  

Two of t h e  4 Le f t  headings were used f o r  i n t a k e  a i r ,  wi th  a  b e l t  conveyor 
i n  one, and t h e  next  ad j acen t  heading served a s  t h e  p o s i t i v e  r e t u r n  f o r  t h e  
development a i r  s p l i t  and f o r  t h e  longwall f a c e  a i r  reaching t h e  t a i l p i e c e .  
The i n t a k e  a i r  volume was 20,000 cfm i n  t h e  4 L e L t  headings, and was reduced 
t o  16,000 cfm near  t h e  t a i l p i e c e  of t h e  longwall conveyor. 

Of t h e  30,000 cfm of a i r  t h a t  en tered  the  longwall f a c e  a r e a  a t  t he  head 
end from 3 Right, approximately 7,000 cfm was measured a t  t h e  t a i l  end. 

Airflow was hard ly  p e r c e p t i b l e  i n  t h e  breakthroughs a t  t h e  back end 
(no r th )  of t h e  longwall panel,  and b leeding  occurred mostly by d i f f u s i o n  t o  
t h e  more permeable caved headings immediately ad jacent  t o  t h e  caved longwall 
a r e a  on both s i d e s .  Most of t h e  longwall f ace  a i r  found i t s  way t o  t h e  same 
two caved headings.  

MONITORING 

Reconnaissance 

Af t e r  a  study a r e a  had been se l ec t ed ,  Bureau mining engineers  and t h e  
company's v e n t i l a t i o n  engineer  examined t h e  a r e a  t o  no te  t h e  d e t a i l s  of t h e  
v e n t i l a t i o n  and haulage arrangements and t h e  cond i t i on  of p a r t i c u l a r  a irways 
t o  f i n d  s p e c i f i c  l o c a t i o n s  f o r  monitoring cont inuously wi th  recording and 
handheld instruments .  

Location of Instruments  

The cont inuously record ing  anemometers and methanometers were i n s t a l l e d  
a t  l oca t ions  where reasonably uniform a i r  v e l o c i t i e s  i n  t h e  c r o s s - s e c t i o n a l  
a r e a s  of two r e t u r n  airways were ca r ry ing  85 pc t  of t h e  t o t a l  volume of a i r  
v e n t i l a t i n g  t h e  s tudy  a r e a .  The l o c a t i o n s  of instrument  s t a t i o n s  A and B a r e  
shown i n  f i g u r e  2 .  

A gr id  system of v e r t i c a l  and h o r i z o n t a l  s t r i n g s  was s e t  up t o  form 
1 - foo t  squares  ac ros s  each of t h e  two r e t u r n  airways. A i r  v e l o c i t i e s  i n  each 
square then were measured w i t h  handheld, vane-type anemometers t o  l o c a t e  t h e  
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 t h e  average f o r  each 
t o t a l  c r o s s - s e c t i o n a l  a r e a .  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 t h e  average v e l o c i t y  ( c i r c l e d )  i n  t h e  r e t u r n  airways a t  
s t a t i o n s  A and B. 



Total  cross-sectional area = 66 sq ft 
Averageairveloci ty  = 4 9 5 f p m  

FIGURE 3. - A i r  Velocit ies at  Station A in Return Airway Show ing Average Velocity (Circled). 

W/['' / ' / '  ///// 
460 445 400 402 430 460 458 420 460 440 518 345 353 360 400 

545 525 485 500 495 486 475 440 415 435 430 40!3 393 392 385 

RIB 
555 547 525 525 515 500 501 465 465 459 461 

499 471 532 540 516 541 500 499 480 488 492 472 420 446 435 

3 492 495 495 330 378 332 375 

Total  cross-sectional area = 83 sq f t  
Average air velocity = 454 fpm 

FIGURE 4. - A i r  Velocit ies at  Station B in Return Airway Showing Average Velocity (Circled). 

Instrumentation 

The sensing heads of the recording methanometer and anemometer developed 
by the ~ u r e a u ~  were installed in the average velocity squares. It was 

~a~cola, J. C., and Joseph Cervik. Development of Recording Methanometers 
and Recording Anemometers for Use in Underground Coal Mines. BuMines 
Tech. Prog. Rept. 15, May 1969, pp. 9-14. 



necessary  t o  supplement t he  d a t a  c o l l e c t e d  by t h e  record ing  instruments  wi th  
handheld anemometers and methanometers i n  t h e  i n t a k e  ends of a i r  s p l i t s  i n  t h e  
r e t u r n  a i r  r e g u l a t o r  e a s t ,  and i n  t he  back end of t h e  s tudy  a r e a .  

A methane-monitoring team cons i s t ed  of a  mining engineer  and an engineer -  
ing a i d  on each s h i f t .  The engineer  t ime-studied t h e  longwall shearer  t o  
record t h e  opera t ing  and i d l e  t imes, f e e t  of mining advance, and product ion 
per  s h i f t ;  t o  secure  da ta  on a l l  mining, v e n t i l a t i o n ,  and haulage equipment; 
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  was r e spons ib l e  f o r  a d j u s t i n g  and r ep lac ing  i n s t r u -  
ments, and changing 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 o d i c  check 
measurements of t h e  a i r  v e l o c i t i e s  and the  methane concen t r a t ion  near  t he  
"average squares" w i th  handheld ins t ruments  t o  a s c e r t a i n  t h e  accuracy of the  
recording ins t ruments .  These check measurements and the  time a t  which each 
was taken during t h e  s h i f t  were recorded on t h e  r e s p e c t i v e  instrument c h a r t s .  

RESULTS 

Table 1 i s  a  sumnary of da t a  c o l l e c t e d  during the  s tudy.  The s tudy 
per iod  comprised 14 opera t ing  s h i f t s  and e i g h t  i d l e  s h i f t s ,  during which time 
t h e  longwall f a c e  was r e t r e a t e d  20 f e e t ;  an est imated 1,842 tons  of coa l  was 
produced, and t h e  shearer  was i n  opera t ion  1,457 minutes.  

More s p e c i f i c a l l y ,  t a b l e  1 shows t h a t  on November 20, 1969, during 
s h i f t  3, t h e  shearer  was operated f o r  140 minutes, was i d l e  f o r  340 minutes,  
and produced 180 tons of c o a l .  The 33,400 cfm of a i r  passing s t a t i o n  A con- 
t a ined  381 cu f t  of methane (1.14 p c t ) ;  t he  34,700 cfm pass ing  s t a t i o n  B con- 
ta ined  632 cu f t  of methane (1.82 p c t ) ;  and the  10,200 cfm of a i r  pass ing  
through t h e  r e g u l a t o r  end of t h e  s tudy a r e a  contained 36 cu f t  of methane 
(0.35 p c t )  . The 78,300 cfm of a i r  leaving t h e  sec t ion ,  a s  a  whole, contained 
1,049 cu f t  of methane f o r  an o v e r a l l  concen t r a t ion  of 1.34 p c t .  

Handheld instruments  were used t o  measure the  a i r f l o w  and methane content  
of t he  v e n t i l a t i n g  a i r  on t h e  longwall f ace  and a t  o the r  p o i n t s .  These mea- 
surements a r e  n o t  given i n  t a b l e  1 but  they showed t h a t - -  

1. Th i r ty  thousand cubic f e e t  of a i r  per  minute en tered  the  head end of 
t h e  longwall face ,  but  only 7,000 cfm reached the  t a i l  end. 

2 .  The concent ra t ion  of methane measured along t h e  e n t i r e  f a c e  during 
ope ra t ion  of t he  shearer  was 0.10 p c t .  

3. The concent ra t ion  of methane i n  t he  r e t u r n  a i r  from 4  Lef t  ranged 
from 0 .0  t o  0.2 pc t  near  t h e  t a i l  end of t he  f ace .  

4 .  Methane was not  de tec ted  i n  any i n t a k e  a i r .  

5 .  The 4  Lef t  i n t ake  averaged 19,000 cfm, which was reduced by leakage t o  
16,000 cfm a t  t h e  f ace .  
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The e f f i c i e n c y  of a  longwall  mining system i s  dependent upon t h e  con t inu -  
i t y  of t h e  ope ra t i on .  I d l e n e s s  du r ing  ope ra t i ng  s h i f t s  o r  on i d l e  weekends 
d i s r u p t s  t h e  normal cav ing  cyc le ,  and t h e  c o a l  i n  t h e  f a c e  becomes more d i f f i -  
c u l t  t o  mine. 

One advantage du r ing  i d l e n e s s  i s  t h a t  methane emission from t h e  f r e s h l y  
exposed f a c e s  and gob i s  reduced. This  i s  shown i n  t a b l e  1 where, du r ing  t h e  
per iod  November 20 through November 23, t h e  t o t a l  methane emi t ted  ranged from 
1,049 t o  884 cfm, which was reduced t o  791 cfrn dur ing  t h e  i d l e  s h i f t s  on 
November 24 and November 25. 

The emission r a t e  cont inued t o  drop dur ing  two s h i f t s  a f t e r  ope ra t i ons  
were resumed, bu t  on t h e  nex t  s h i f t  ( s h i f t  2, November 25) i t  began t o  
i n c r e a s e  and cont inued i nc rea s ing  through t h e  end of t h e  s tudy  pe r iod .  

Methane r e l e a s e d  by mining c o a l  a t  t h e  f a c e  was 0.10 pc t  of t h e  average  
of 18,000 cfrn of a i r ,  o r  18.0 cfm; t h e  4  Le f t  headings produced an a d d i t i o n a l  
16 cfrn of methane f o r  a  t o t a l  of 34.0 cfm. The average d a i l y  methane emission 
r a t e  dur ing  t h e  e n t i r e  s tudy  was 842 cfrn of methane, of which an  average of 
808 cfrn of methane was r e l e a s e d  from t h e  s t r a t a  above t h e  coa lbed .  

CONCLUSIONS 

The t o t a l  average methane emi t ted  from caving gassy  ove r ly ing  s t r a t a  
du r ing  mining was 808 cfm. 

The t o t a l  volume of v e n t i l a t i n g  a i r  ( t a b l e  1 )  would be more than adequa te  
were i t  not f o r  t h e  l a r g e  in f lows  of methane r e s u l t i n g  from caving.  

Bleeding of gob gases  occurred p r imar i l y  a long  t h e  long s i d e s  of t h e  long-  
w a l l  panel  (1,200 f e e t  had been mined ou t )  and t o  an unmeasurable e x t e n t  a t  
t h e  back end. 




