
Bureau of Mines Report o f  Invest igat ions/  1973 

T h e  Direct Method of Determining 
Methane Content of Coalbeds 
for Ventilation Design 

UNITED STATES DEPARTMENT OF THE INTERIOR 



Report of Investigations 7767 

T h e  Direct Method of Determining 

Methane Content of Coalbeds 

for Ventilation Design 

by F. N. Kissell, C. M. McCulloch, and C. H. Elder  

Pit tsburgh Mining and Safety Research Center ,  Pit tsburgh, Pa.  

U N I T E D  S T A T E S  D E P A R T M E N T  OF T H E  I N T E R I O R  
Roger s  C. B. Mor ton ,  Secre ta ry  

BUREAU OF MINES 
Elburt F. Osborn, Director 



This publication has been cataloged as follows: 

Kissell, Fred N 
The direct method of determining methane content of coal- 

beds for ventilation design,  by F. N. Kisse l l ,  C. M. McCulloch, 
and C. H. Elder. [Washington] U.S. Bureau of Mines [I9731 

17 p. i l lus, ,  table. ( U S .  Bureau of Mines. Report of investiga- 
tions 7767) 

Includes bibliography. 

1. Mine g a s e s .  2 .  Mine explosions.  3.  Mine ventilation. I. U.S. 
Bureau of Mines. 11. McCulloch, Charles M., jt. auth. 111. Elder, 
Curtis H. ,  jt. auth. IV. Title.  (Series) 

TN23.U7 no. 7767 622.06173 

U.S. Dept. of the Int. Library 

. .L 



CONTENTS 

Page 

Abs t r ac t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
I n t r o d u c t i o n  ............................................................ 1 
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Labora tory  f e a s i b i l i t y  t e s t  of t h e  d i r e c t  method f o r  v e r t i c a l  

borehole  cores  ........................................................ 2 ........................................ F i e l d  t e s t s  o f  t h e  d i r e c t  method 4 
R e s u l t s  from t h e  d i r e c t  method compared w i th  t he  i n d i r e c t  method ........ 6 
D i r e c t  method gas  q u a n t i t y  compared w i th  emiss ions  from nearby mines .... 8 ............................................................. Conclusions  9 
References  ......................................................... 10 ........................................ Appendix A...Measuring techn ique  11 
Appendix B...Vertical boreholes  ......................................... 14 

ILLUSTRATIONS 

1 . Desorpt ion r a t e  curves  f o r  P i t t s b u r g h  and Pocahontas No . 3 coa l s .  
114- t o  112-inch s i z e  ........................................... 3 .................................................. 2. Sample c o n t a i n e r  4  

3  . Emission r a t e  curve  ............................................... 5 
4 . Equi l ib r ium adso rp t i on  i so therms  .................................. 7 
5 . Coalbed gas  amount v i a  t h e  d i r e c t  method versus  a c t u a l  mine 

emiss ion ........................................................ 9 
A - 1  . Emission r a t e  curves :  Cores from Loveridge.  Howe. and B e a t r i c e  

s i t e s  ........................................................... 12 
A-2 . Emission r a t e  curves :  Cores from In land .  Kepler .  and 

P r i c e  s i t e s  ..................................................... 1 3  

TABLE 

................ 1 . Methane amounts by t h e  d i r e c t  and i n d i r e c t  methods 



THE DIRECT METHOD OF DETERMINING METHANE CONTENT 
OF COALBEDS FOR VENTILATION DESIGN 

by 

F. N. Kissel l , '  C. M. McCulloch,2 and C. H. E lder2  

ABSTRACT 

The a p p l i c a b i l i t y  o f  t h e  " d i r e c t  method" f o r  determining t h e  methane con- 
t e n t  o f  v i r g i n  coalbeds  was t e s t e d .  P r e l im ina ry  r e s u l t s  i n d i c a t e  t h a t  t h e  
d i r e c t  method, when a p p l i e d  t o  e x p l o r a t i o n  c o r e s ,  can be  s u c c e s s f u l l y  used t o  
e s t i m a t e  coalbed gas  con t en t  and a l s o  approximately  p r e d i c t  t h e  t o t a l  gas  emis- 
s i o n  from a  p r o s p e c t i v e  mine l o c a t e d  i n  t h e  coalbed a t  t h e  e x p l o r a t i o n  s i t e .  

INTRODUCTION 

One of  t h e  unknowns faced  by a  mine ope ra to r  p lann ing  a  new coa l  mine i s  
t h e  amount of methane t h a t  w i l l  be r e l e a s e d .  I t  i s  no t  uncommon t o  f i n d  t h a t  
a  mine i s  much g a s s i e r  than  was a n t i c i p a t e d ,  n e c e s s i t a t i n g  a d d i t i o n a l  v e n t i l a -  
t i o n  which may i n c r e a s e  t h e  c o s t  s u b s t a n t i a l l y ,  e s p e c i a l l y  i f  a d d i t i o n a l  a i r  
s h a f t s  must be dug. 

One way t o  e s t i m a t e  mine methane ou tpu t  i s  t o  use  t h e  c o r r e l a t i o n  e s t a b -  
l i s h e d  by M. C .  I r a n i  (3) .3  I r a n i  has  shown t h a t ,  f o r  a  given coa lbed ,  t h e  
methane ou tpu t  o f  a  mine c o r r e l a t e d  w i t h  a  f a c t o r  [depth x product ion] .  How- 
e v e r ,  t h e s e  c o r r e l a t i o n s  a r e  on ly  p r e sen t ed  f o r  f ou r  major coalbeds  
( P i t t s b u r g h ,  Pocahontas No. 3 ,  I l l i n o i s  5 and 6 ) ,  and they  a r e  no t  much he lp  
i n  e s t i m a t i n g  methane emiss ion from o t h e r  coa l s .  

Pos s ib ly  t h e  b e s t  t echn ique  f o r  measuring t he  gas  i n  coa l  i s  t h e  so -  
c a l l e d  d i r e c t  method, which has  been used i n  France f o r  some years  (1). The 
d i r e c t  method has  n o t  been a p p l i e d  t o  v i r g i n  coalbeds  bu t  has  on ly  been used 
t o  e s t i m a t e  t h e  gas  i n  c o a l  j u s t  ahead of a  working face .  T y p i c a l l y ,  a  
h o r i z o n t a l  ho le  i s  d r i l l e d  i n t o  t h e  coalbed from a  working f a c e  and t h e  
c u t t i n g s  from t h e  ho l e  a r e  c o l l e c t e d  and enc losed  i n  a  s e a l e d  con ta iner .  
The volume o f  gas  emi t t ed  from t h e  c o n t a i n e r  i s  then measured. L a t e r ,  t h e  
c o a l  i s  taken from t h e  c o n t a i n e r  and crushed t o  a  f i n e  powder ( a t  l e a s t  
200 mesh),  r e l e a s i n g  t h e  remainder of t h e  gas.  

lPhys i ca1  r e s e a r c h  s c i e n t i s t .  
2Geolog is t .  
3 ~ n d e r l i n e d  numbers i n  pa r en the se s  r e f e r  t o  i tems i n  t h e  l i s t  of r e f e r ences .  



Most of t h e  gas  i s  accounted f o r  i n  t h i s  way; however, t h e  gas which 
escaped t h e  c o a l  c u t t i n g s  a s  they  emerged from t h e  ho l e  must be accounted 
f o r .  Five minutes may e l a p s e  between t h e  i n s t a n t  t h e  coa l  i s  cu t  by t h e  
d r i l l  and t h e  t ime i t  i s  enclosed i n  t h e  sample c o n t a i n e r ,  and i n  t h i s  
i n t e r v a l  a q u a r t e r  of  t h e  gas  may be l o s t ,  depending on t h e  s i z e  o f  t h e  
c u t t i n g s .  This  " l o s t "  gas i s  accounted f o r  i n  t h e  fo l lowing  way: I t  i s  
known t h a t  t h e  volume of gas  emi t ted  froni-a f i n e  coa l  p a r t i c l e  i s  propor-  
t i o n a l  t o  t h e  square  roof  o f  t ime, V a 0, where V i s  t h e  volume emi t ted  and 
Q i s  t h e  time measured from t h e  i n s t a n t  t h e  emission began ( 6 ) .  From t h i s ,  
a s imple  equa t ion  can be der ived which r e l a t e s  t h e  " l o s t "  gas t o  p a r t  of t h e  
gas g iven  o f f  from t h e  c o a l  wh i l e  i n  t h e  sample c o n t a i n e r  (1). 

We reasoned t h a t  i f  t h e  d i r e c t  method could be app l i ed  t o  t h e  coa l  co re s  
e x t r a c t e d  from v e r t i c a l  boreholes ,  then t h e  amount o f  methane i n  a v i r g i n  
coalbed could be r e a d i l y  es t imated .  R u u ~ i n e  cv re  d r i l l i n g  ah tad  of mining i~ 
s t a n d a r d  p r a c t i c e  t o  measure coalbed th ickness  and a s s e s s  t h e  q u a l i t y  o f  t h e  
c o a l ,  and i t  would be a s imple  ma t t e r  t o  add a methane t e s t .  

The u se fu lnes s  of t h e  d i r e c t  method depends on a c c u r a t e l y  e s t ima t ing  t h e  
l o s t  ga s ,  which i n  t u r n  depends on t h e  accuracy of V a 6 . This  p ropo r t i on -  
a l i t y  ho ld s  f o r  f i n e  coa l  (60 mesh and sma l l e r )  i f  8 i s  no t  too l a r g e .  This  
i s  why t h e  d i r e c t  method works wi th  s h o r t  h o r i z o n t a l  ho l e s  d r i l l e d  i n t o  t h e  
coalbed from t h e  mine face .  However, t h a t  i s  no guaran tee  t h a t  V a f i  ho lds  
f o r  t h e  c o a l  co re s  e x t r a c t e d  from v e r t i c a l  boreholes .  For one t h i n g ,  t h e  
coa l  lumps a r e  many inches  ac ros s  i n s t e a d  of 60 mesh. For ano the r ,  t h e  t ime 
8 i s  t y p i c a l l y  s e v e r a l  hours i n s t e a d  of j u s t  a few minutes.  
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LABORATORY FEASIBILITY TEST OF THE DIRECT METHOD 
FOR VERTICAL BOREHOLE CORES 

To f i n d  o u t  whether V a !.m ho lds  f o r  coa l  co re s  a t  l a r g e  va lues  of  8 ,  
we i n i t i a t e d  some l abo ra to ry  de so rp t i on  experiments on lump c o a l  from t h e  
P i t t s b u r g h  and Pocahontas No. 3 coalbeds.  Desorpt ion curves f o r  t h e s e  c o a l s  
a r e  shown i n  f i g u r e  1. The s i z e  range was 114- t o  1/2- inch.  The c o a l  was 
p r e s su red  t o  200 p s i  and allowed a t  l e a s t  a month t o  e q u i l i b r a t e .  Then t h e  
p r e s s u r e  was r e l e a s e d  t o  a tmospheric ,  and t h e  emission from t h e  c o a l  was 
measured (appendix A). F igure  1 i n d i c a t e s  t h a t  t h e  V a fi p r o p o r t i o n a l i t y  
ho lds  up t o  approximately fi = 25 min1'" ( o r  8 2 10 hou r s ) .  The 114- t o  
112-inch s i z e  range was t h e  l a r g e s t  coa l  t h a t  cou ld  be t e s t e d  convenien t ly  i n  
t h e  labora tory .  However, i t  i s  probable  t h a t  l a r g e r  lumps would e x h i b i t  a 
s i m i l a r  emission behavior.  The reason  f o r  t h i s  i s  t h a t  coa l  has  a n a t u r a l  
f r a c t u r e  network, and lumps t h a t  a r e  much l a r g e r  than  t h e  network spac ing  
have about  t h e  same emission c h a r a c t e r i s t i c s  a s  lumps t h a t  a r e  about t h e  same 
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d imens ions  a s  t h e  ne twork  s p a c i n g  (1). I n  o t h e r  words ,  i f  t h e  ne twork  s p a c i n g  
i s  112 i n c h ,  t h e n  a  6 - i n c h  lump w i l l  h a v e  t h e  same e m i s s i o n  c h a r a c t e r i s t i c s  a s  
a  112- inch  lump. B i e l i c k i ,  P e r k i n s ,  and K i s s e l l  ( 2 )  have  found t h a t  t h e  
f r a c t u r e  s p a c i n g  i n  Pocahon tas  No. 3 c o a l  i s  about-1/16 i n c h  and t h a t  o f  
P i t t s b u r g h  c o a l  i s  a b o u t  112 i n c h .  The c o a l  we t e s t e d  was a t  l e a s t  t h i s  
l a r g e ,  and s o  we f e l t  i t  c o r r e c t l y  r e p r e s e n t e d  t h e  e m i s s i o n  behav io r  of  l a r g e r  
lumps. T h i s  t h e n  i n d i c a t e d  t h a t  t h e  " d i r e c t  method" c o u l d  p o s s i b l y  be a p p l i e d  
t o  c o r e s  from v e r t i c a l  b o r e h o l e s .  

FIELD TESTS OF THE DIRECT METHOD 

The Bureau o f  Mines i s  c o n d u c t i n g  an  e x t e n s i v e  methane  d r a i n a g e  r e s e a r c h  
program,  one phase  o f  which i n v o l v e s  d r i l l i n g  v e r t i c a l  b o r e h o l e s  from t h e  
s u r f a c e  i n t o  c o a l b e d s  i n  v a r i o u s  p a r t s  o f  t h e  c o u n t r y .  D r i l l  stem tests o n  
t h e s e  b o r e h o l e s  a r e  u s e d  t o  measure t h e  methane  g a s  p r e s s u r e  and t h e  cvalbecl 
p e r m e a b i l i t y .  L a t e r ,  t h e s e  a r e  opened t o  d r a i n  methane from t h e  c o a l .  I n  
t h e  c o u r s e  of t h i s  work ,  c o a l  c o r e s  were  b rough t  t o  t h e  s u r f a c e ,  which  c o u l d  
be  u s e d  t o  measure  t h e  c o a l b e d  methane  c o n t e n t  by t h e  d i r e c t  method. 

The b o r e h o l e s  were  d r i l l e d  9 i n c h e s  i n  d i a m e t e r  t o  w i t h i n  abou t  2  t o  
3 f e e t  o f  t h e  coa lbed .  A f t e r  l o g g i n g ,  7 - i n c h c a s i n g w i t h a g u i d e a n d  f l o a t s h o e  

FIGURE 2. - Sample container. Gas emission i s  measured by displacement of water. 



was run  t o  t h e  bottom and 
then  c e m e n t e d t o t h e  su r f ace .  
Af t e r  t h e  cement hardened, 
t h e  cement p lug  and f l o a t -  
shoe a t  t h e  bottom of t h e  
c a s i n g w e r e d r i l l e d  o u t ,  and 
a c o r e  b a r r e l  i n s e r t e d .  The 
l a s t  few f e e t  o f  ove r ly ing  
s t r a t a  and t h e  c o a l  were 
t hen  cored.  The core .  
4 i nches  i n  d iamete r ,  was 
brought t o  t h e  sur face .  

P a r t  o f t h e c o r e o b t a i n e d  
i n  t h i s  way was broken o f f  and 
i n s e r t e d  i n t o  a sample con- 
t a i n e r  ( f i g .  2 ) .  Genera l ly  
t h e  c o n t a i n e r  was f i l l e d  t o  
t h e  top.  A f t e r  t h e  l i d  was 
s e a l e d ,  t h e  va lve  was opened 
and t h e  volume of gas  emi t -  
t e d  was con t inuous ly  
recorded.  The va lve  was 
then  c lo sed  and t h e  sample 
brought t o  t h e  l a b o r a t o r y  
where t h e  emiss ion was moni- 
t o r e d  f o r  s e v e r a l  weeks, o r  
u n t i l  i t  diminished t o  a 
n e g l i g i b l e  r a t e .  The c o a l  
was t hen  crushed t o  a t  l e a s t  
200 mesh, and t h e  gas  g iven  

.> o f f  du r ing  t h e  c rush ing  was 
measured (appendix A). 

The techn ique  used t o  
determine theamount of " l o s t "  
gas was s l i g h t l y  d i f f e r e n t  
from t h a t  o f  Be r t a rd  (I). 
Rathcr  than  c a l c u l a t i n g  t h e  
l o s t  gas  by means o f  an  
equa t i on  (which uses  on ly  
one d a t a  p o i n t ) ,  we f e l t  a 
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t h e  co r i ng  was done w i t h  wa t e r ,  we assumed t h a t  t h e  methane p r e s s u r e  was 
r e l e a s e d  and emiss ion began when t h e  c o r e  was halfway ou t  o f  t h e  ho le .  

A s  an example, t h e  Vesta No. 5  c o a l  ( f i g .  3) was a i r - co r ed .  Here, 
t i s  t h e  t ime measured from t h e  i n s t a n t  t h e  coa l  was i n s e r t e d  i n  t h e  sample 
c o n t a i n e r .  The t ime a l apsed  between t h i s  i n s t a n t  and t h e  co r ing  of  t h e  c o a l  
was 150 minutes .  Then 8 = t + 150. By e x t r a p o l a t i n g  t h e  l i n e a r  p o r t i o n  of  
t h e  emiss ion curve back t o  8 = 0,  t h e  " l o s t "  gas  i s  ob ta ined .  For t h e  Vesta 
No. 5  example ( f i g .  3 ) )  i t  i s  960 cm3. The t o t a l  gas  by t h e  d i r e c t  method i s  
t h e  " l o s t "  ga s ,  p l u s  a l l  t h e  gas  emi t t ed  from t h e  coa l  w h i l e  i n  t h e  sample 
c o n t a i n e r ,  p lu s  t h e  ga s  r e l e a s e d  dur ing c rush ing .  Occas iona l ly  t h e  e x t r a -  
p o l a t i o n  f o r  t h e  l o s t  gas  may be q u i t e  rough; however, t h e  l o s t  gas  i s  gener-  
a l l y  on ly  about a  f o u r t h  o f  t h e  t o t a l ,  and s o  t h e  e r r o r  i n  t h e  t o t a l  i s  
reduced cor responding ly .  

It must be po in t ed  ou t  t h a t  i t  i s  n o t  nece s sa ry  t o  adhere  e x a c t l y  t o  t h e  
p rocedure  a s  o u t l i n e d  above. I n  d r i l l i n g  t h e  borehole ,  a l l  t h a t  i s  nece s sa ry  
i s  t o  b r i n g  a  c o a l  co r e  promptly t o  t h e  s u r f a c e  and p l a c e  i t  immediately i n  
t h e  sample con t a ine r .  For example, t h e  borehole  a t  t h e  Kepler l o c a t i o n  was a  
company e x p l o r a t i o n h o l e w h i c h w a s  cored  a l l  t h e  way from t h e  s u r f a c e  and never  
cased.  S i m i l a r l y ,  i t  i s  no t  necessa ry  t o  w a i t  s e v e r a l  weeks be fo r e  c ru sh ing  
t h e  coa l .  The d e t a i l e d  h i s t o r y  o f  each c o r e  sample i s  g iven  i n  appendix B.  

RESULTS FROM THE DIRECT METHOD COMPARED 
WITH THE INDIRECT METHOD 

Another p o s s i b l e  way t o  e s t i m a t e  t h e  amount o f  methane i n  a  v i r g i n  c o a l -  
bed would be t o  u se  what i s  c a l l e d  t h e  i n d i r e c t  method (&). I n  t h i s  method, 
a  v e r t i c a l  borehole  i s  d r i l l e d  i n t o  t h e  c o a l  from t h e  s u r f a c e .  A packer  i s  
s e t  j u s t  above t h e  c o a l  f o r  a  format ion t e s t  ( d r i l l  stem t e s t ) ,  and t h e  
p r e s s u r e  of t h e  methane gas  i s  measured. This  p r e s s u r e  i s  then  r e l a t e d  t o  
t h e  gas  amount by means of an  emp i r i c a l  curve  which i s  determined experimen- 
t a l l y  i n  t h e  l abo ra to ry .  However, t h e r e  i s  some doubt a s  t o  whether t h e  ga s  
amount measured i n  t h i s  f a sh ion  i s  c o r r e c t ,  f o r  two reasons :  

1. Coalbeds g e n e r a l l y  con t a in  wate r  a long  w i t h  t h e  g a s ,  and t h e  p r e s s u r e  
t h a t  i s  measured may be t h e  h y d r o s t a t i c  head of wate r  (4) .  - 

2 .  Most of t h e  gas  i n  coa l  i s  adsorbed under p r e s s u r e  on t h e  i n t e r n a l  
s u r f a c e  r a t h e r  than  compressed i n  t h e  po re  space  a s  i t  would be f o r  a  sand- 
s t one .  The l a b o r a t o r y  r e l a t i o n  between t h e  amount of gas  adsorbed and t h e  
p r e s s u r e  i s  c a l l e d  t h e  equ i l i b r i um adso rp t i on  isotherm.  Typ i ca l l y ,  t h e  
i so therm is  determined f o r  powdered coa l ,  and i t  ha s  always been assumed t h a t  
t he  same i so therm curves  ho ld  f o r  coa l  underground. However t h e r e  i s  no con- 
c l u s i v e  proof t h a t  t h i s  i s  so .  

A t  each borehole  where a  d i r e c t  method t e s t  was performed on t h e  c o r e ,  
an " i n d i r e c t  method" t e s t  was a l s o  performed, a s  fo l lows :  A f t e r  t h e  c o a l  
was withdrawn, a  w e l l  t e s t i n g  t o o l  was i n s e r t e d  and t h e  gas p r e s s u r e  i n  t h e  
coalbed was measured i n  a  convent iona l  d r i l l  stem t e s t .  A p o r t i o n  of t h e  
c o r e  was analyzed t o  o b t a i n  t h e  c o a l  mo i s tu r e  con ten t  ( 7 ) .  The gas p r e s su re  - 
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FIGURE 4. - Equi l ibr ium adsorption isotherms. Coal type 
and moisture levels se lected t o  correspond 
to the cores extracted from the ver t ica l  
boreholes. 

and t he  mois ture  con t en t  
were used t o  determine t h e  
amount of  gas adsorbed a t  
coalbed p re s su re  from t h e  
equ i l i b r i um adso rp t i on  
isotherms i n  f i g u r e  44 (5 ) .  

The methane r e l e a s e d  i s  
t h e  d i f f e r e n c e  between t h e  
methane adsorbed a t  coalbed 
p r e s s u r e  ( abso lu t e ,  no t  
gage) and t he  methane 
adsorbed a t  1 atm. For 
i n s t a n c e ,  a t  t h e  Vesta No. 5 
s i t e  t h e  d r i l l  stem t e s t  
gave 6 . 4  atm abs and t h e  
mois ture  conten t  of t h e  c o a l  
co re  was 1.4 pe rcen t .  
According t o  f i g u r e  4  
(P i t t sbu rgh  coalbed)  t h e  
amount of  methane adsorbed 
i s  4.4 cIT? ( s T P ) / ~ .  A t  
1 atm 1 .0  cm3/g i s  absorbed. 
Thus, i f  t he  p r e s su re  i s  
reduced from 5.8 t o  1 atm 
abs ,  t h e  i n d i r e c t  method 
i n d i c a t e s  3.4 cIT? (SSP) /g 
of methane w i l l  be r e l ea sed .  
This  va lue  may be compared 
w i t h  2.6 c$ (STP) /g  ob ta ined  
by t h e  d i r e c t  method 
(appendix B) . 

Methane amounts ob ta ined  
by t h e  i n d i r e c t  method and 
by t h e  d i r e c t  method f o r  
s e v e r a l  v e r t i c a l  borehole  
s i t e s  a r e  compared i n  
t a b l e  1. There i s  reason-  

50 a b l y  c l o s e  agreement i n  
every i n s t a n c e ,  except  
f o r  t h e  P r i c e  s i t e .  

4The isotherms were ob ta ined  from James I .  J o u b e r t ,  P i t t s b u r g h  Energy Research 
Cente r ,  Bureau of Mines, P i t t s b u r g h ,  Pa. 
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TABLE 1. - Methane amounts by t h e  d i r e c t  and i n d i r e c t  methods 

DIRECT METHOD GAS QUANTITY COMPARED WITH EMISSIONS FROM NEARBY MINES 

The main purpose of  determining t h e  gas  conten t  of  v i r g i n  coalbeds i s  i n  
f o r e c a s t i n g  t he  methane emission from a p rospec t i ve  mine. Of t h e  two methods, 
d i r e c t  and i n d i r e c t ,  t h e  d i r e c t  method i s  by f a r  t h e  most convenient  and l e s s  
expensive.  S ince  r o u t i n e  co re  d r i l l i n g  ahead of mining i s  s t anda rd  p r a c t i c e ,  
adding a  " d i r e c t  method" t e s t  t o  a s s e s s  t h e  methane conten t  o f  t h e  core  would 
be a  s imple  ma t t e r .  

D i r ec t  method, 
cm3 (STp)/g 

2.6 
5.8,5.8 

11.1 
12.1 

1 . 7  
.9 

7.9 
4.2 

Most s i t e s  shown i n  t a b l e  1 were l oca t ed  w i t h i n  a  mi l e  of  an ope ra t i ng  
coa l  mine. I n  f i g u r e  5  t h e  methane emission from t h e  mine ( f t 3  / t o n  of coa l  
mined) i s  p l o t t e d  a g a i n s t  t h e  amount of methane i n  t h e  coalbed measured by 
t h e  d i r e c t  method ( C ~ ~ ( S T P ) / ~ . ~  I f  methane came only  from t h e  coa l  t h a t  i s  
removed from t h e  mine, then t he se  amounts should be equa l .  For i n s t a n c e  a t  
t he  Loveridge s i t e  ( t a b l e  1 )  t h e  d i r e c t  method g ives  5 .8  cm3lg o f  methane i n  
t h e  coalbed. S ince  1 c m 3 / g i s  equ iva len t  t o  32 f t 3 / t o n ,  then t h e  emission from 
t h e  mine would be 5.8 X 32 = 186 f t 3 / t o n .  However, f i g u r e  5  shows t h e  a c t u a l  
emission from t h e  mine i s  about 1,700 ff?/ton, which i s  a  f a c t o r  of  9 h igher  
than t h e  gas  i n  t he  removed coa l .  This i s  no t  s u r p r i s i n g ,  f o r  methane i s  
emi t t ed  no t  on ly  by t h e  coa l  being removed, but by a l l  t h e  coa l  t h a t  i s  l e f t  
behind a s  r i b s  and p i l l a r s ,  a s  w e l l  a s  by t h e  ad j acen t  s t r a t a .  

I n d i r e c t  method 
cm3 (STP) /g 

3.4 
5.2 

10.5 
13.5 

2 .7  
.5 

7.8 
6 .2 ,5 .0  

Locat ion 

Vesta No. 5. .  
... Lover idge.  

Howe...... ... 
Bea t r i ce . .  ... 
In land .  ...... 

Do.... . . . .  
Kepler ....... 
P r i c e . . . .  .... 

The i n t e r e s t i n g  f e a t u r e  of  f i g u r e  5  i s  t h a t ,  f o r  a l l  except t he  l e a s t  

Coalbed 

P i t t s b u r g h  ................. 
.... do.. ................... 
Hartshorne ................. 
Pocahontas No. 3. . . . . . . . . . .  
I l l i n o i s  No. 6 . . . . . . . . . . . . .  
I l l i n o i s  No. 5. ............ 
Pocahontas No. 3 . . . . . . . . .  .. 
C a s t l e g a t e  (subseam No. 3 ) .  

gassy  In land  mine, t h e  r a t i o  mine emission i s  r e l a t i v e l y  f i x e d ;  i t  v a r i e s  
d i r e c t  amount 

between about 6  and 9. This i s  d e s p i t e  t h e  f a c t  t h a t  t h e s e  mines a r e  i n  
widely d i f f e r e n t  coalbeds w i t h  d i f f e r e n t  k inds  of ad j acen t  s t r a t a .  The mines 
themselves do have s i m i l a r i t i e s :  A l l  a r e  f a i r l y  l a r g e ,  deep mines w i t h  a  
s u s t a i n e d  and cons tan t  coa l  p roduc t ion  of a t  l e a s t  s e v e r a l  thousand tons  a  
day; v i r t u a l l y  a l l  have been i n  ope ra t i on  f o r  many y e a r s  and have ex t ens ive  
o l d  workings and gob a r ea s .  

Data a r e  a v a i l a b l e  f o r  o n l y  s i x  mines,  so t h e  c o r r e l a t i o n  shown i n  
f i g u r e  5  must be regarded a s  t e n t a t i v e .  However, i n  coalbeds f o r  which da ta  

50ne mine i s  inc luded  (Federa l  No. 2) f o r  which on ly  t h e  i n d i r e c t  t e s t  was 
pe r  formed. , 
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These p re l iminary  
s t u d i e s  have i n d i c a t e d  t h a t  
t h e  methane ou tpu t  of an 
e n t i r e  mine can be e s t ima t ed  
by a  d i r e c t  gas  measurement 
on an e x p l o r a t i o n  co re  i n  
con junc t i on  w i th  the  c o r r e -  
l a t i o n  i n  f i g u r e  5.  The 
method seems t o  work even 
i f  t h e  d r i l l  b i t  has c u t  
i n t o  t h e  coalbed by mi s t ake  
( a s  i n  Loveridge b o r e h o l e l ) ,  
o r  even i f  t h e  coalbed i s  
missed and j u s t  a  few lumps 
of r i d e r  coa l  a r e  ob t a ined  
( a s  i n  t h e  B e a t r i c e  s i t e  
bo reho l e ) .  

The technique appears  
t o  f i t  where t h e  mines a r e  
l a r g e  and deep, have a  
s u s t a i n e d  c o a l  p roduc t ion  
of a t  l e a s t  s e v e r a l  thousand 
t ons  a  day ,  and have been i n  
o p e r a t i o n  f o r  many yea r s .  
Th is  means t h a t  i t  i s  a  
long-range f o r e c a s t .  

I n  new mines-- those which have been i n  o p e r a t i o n  on ly  a  few yea r s - - t he  
emiss ion i n  cub ic  f e e t  p e r  ton  i s  much lower than  emiss ion from o l d e r  mines 
which have ex t ens ive  o l d  workings and gob a r e a s  t h a t  a r e  s t i l l  b leed ing  gas .  
Hence t h e  f a c t o r  o f  6 t o  9 from f i g u r e  5 w i l l  be on t h e  conse rva t i ve  s i d e .  
Neve r the l e s s ,  a f t e r  t h e  mine has  been worked f o r  some t ime ,  t h e  emiss ion 
may approach t h e  r e l a t i o n s h i p  g iven  i n  f i g u r e  5.  
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APPENDIX A .  --MEASURING TECHNIQUE 

The most conven ien t  way t o  measure methane emiss ion  from t h e  sample 
c o n t a i n e r  i s  t o  d i s p l a c e  w a t e r  i n  a n  i n v e r t e d  g radua ted  c y l i n d e r  ( f i g .  2 ) .  
Readings  of t h e  volume e m i ~ t e d  should  s t a r t  a s  soon a s  t h e  c o a l  i s  i n  t h e  
sample c o n t a i n e r  and b e  t aken  a t  l e a s t  e v e r y  15 minu tes  f o r  t h e  n e x t  s e v e r a l  
h o u r s .  Th i s  i n i t i a l  m o n i t o r i n g  i s  used t o  o b t a i n  t h e  emiss ion  c u r v e s  shown i n  
f i g u r e s  3, A - 1 ,  and A-2. During t h i s  i n i t i a l  p e r i o d  t h e  c o n t a i n e r  v a l v e  
should  b e  l e f t  open, t o  p r e v e n t  back p r e s s u r e  from b u i l d i n g  up . l  

A f t e r  t h e  i n i t i a l  m o n i t o r i n g  t h e  v a l v e  was c l o s e d  and t h e  sample 
c o n t a i n e r  was t a k e n  t o  t h e  l a b o r a t o r y  where t h e  e m i s s i o n  was moni tored  u n t i l  
i t  became n e g l i g i b l e .  G e n e r a l l y  t h i s  was done by opening t h e  sample c o n t a i n e r  
v a l v e  e v e r y  day o r  s o .  

When emiss ion  had v i r t u a l l y  s topped,  t h e  c o a l  was c rushed  t o  a t  l e a s t  
200 mesh i n  two s t a g e s - - f i r s t  t o  8 mesh i n  a  chipmunk c r u s h e r ,  and t h e n  t o  
200 mesh i n  a  r o t a r y  g r i n d e r .  The c r u s h i n g  d e v i c e s  were b o t h  enc losed  i n  a  
p l e x i g l a s s  box which was purged w i t h  n i t r o g e n .  The c o a l  was t h e n  c rushed  and 
t h e  methane c o n t e n t  i n  t h e  box was ana lyzed  w i t h  a  g a s  chromatograph.  Th i s  
p rocedure  was adopted because  a l l  t h e  equipment was on hand, b u t  t h e  c r u s h i n g  
t e c h n i q u e  used by B e r t a r d  (1) i s  much s i m p l e r .  

The t o t a l  gas  by t h e  d i r e c t  method i s  t h e  " l o s t "  gas  o b t a i n e d  by e x t r a p o -  
l a t i o n  from t h e  i n i t i a l  measurement, p l u s  a l l  t h e  g a s  e m i t t e d  f rom t h e  c o a l  
w h i l e  i n  t h e  sample c o n t a i n e r ,  p l u s  t h e  gas  r e l e a s e d  d u r i n g  c r u s h i n g .  

Any v e s s e l  c a p a b l e  of w i t h s t a n d i n g  modera te  p r e s s u r e s  w i l l  do f o r  t h e  
sample c o n t a i n e r .  The ones  used by t h e  Bureau a r e  f a b r i c a t e d  from 4 - i n c h  
aluminum p i p e .  The t o p  l i d  i s  s e a l e d  w i t h  a n  O-r ing and i s  equipped w i t h  a  
1 5 - p s i  gage  and a  v a l v e .  

l O c c a s i o n a l l y ,  when i t  was n o t  p r a c t i c a l  t o  moni to r  t h e  volume e m i t t e d  a t  t h e  
w e l l  s i t e ,  t h e  v a l v e  was c l o s e d  w h i l e  t h e  c y l i n d e r  was t r a n s p o r t e d  t o  a  
nea rby  m o t e l .  I n  such c a s e s ,  w e  t r i e d  t o  avo id  l e t t i n g  t h e  p r e s s u r e  b u i l d  
up beyond a  few p s i ,  a s  t h e n  t h i s  would b e g i n  t o  a f f e c t  t h e  e m i s s i o n  r a t e .  



FIGURE A-1 . - Emission rate curves: A, Core from Loveridge s ite-borehole 1, 
Pittsburgh coalbed; B,  core from Loveridge site-borehole 2, 
Pittsburgh coalbed; C, core from Howe site-Lower Hartshorne 
coalbed; and D, core from Beatrice site-Pocahontas No. 3 
coa lbed. 



FIGURE A-2. - Emission rate curves: A, Core from Inland s i t e  1-I l l inois No. 6 coalbed; 

R,  core from Inland s i te  2-I l l inois No. 5 coalbed; C ,  core from Kepler 
s ite-Pocahontas No. 3 coa lbed; and n, core from Price site-Castlegate 

coalbed (subseam 3). 



APPENDIX Be--VERTICAL BOREHOLES 

The r e s u l t s  f rom t h e  v e r t i c a l  b o r e h o l e s  a r e  d i s c u s s e d  i n d i v i d u a l l y ,  t o  
show how t h e  v a l u e s  i n  t a b l e  1 were  o b t a i n e d  and a l s o  t o  show how t h e  c i r cum-  
s t a n c e s  of  d r i l l i n g  may d i f f e r .  

Ves ta  No. 5  S i t e ,  P i t t s b u r g h  Coalbed 

By t h e  e v e n i n g  of  t h e  f i r s t  day  t h e  b i t  had p e n e t r a t e d  t o  w i t h i n  a  few 
f e e t  of t h e  c o a l b e d .  Seven- inch  c a s i n g  was set t o  t h e  bo t tom of t h e  h o l e  and 
t h e n  cemented t o  t h e  s u r f a c e .  On t h e  second day t h e  cement was d r i l l e d  o u t ,  
t h e  b i t  was r e p l a c e d  w i t h  a  c o r e  b a r r e l ,  and c o r i n g  ( w i t h  a i r )  began.  A t  
1:10 p.m. t h e  d r i l l i n g  f r o t h  t u r n e d  b l a c k ,  i n d i c a t i n g  t h a t  t h e  c o a l  had been  
r e a c h e d .  By 3:40 t h e  c o a l  was o u t  and a  p o r t i o n  of t h e  c o r e  was i n  t h e  sample  
c o n t a i n e r .  Emiss ion  was c a r e f u l l y  measured f o r  t h e  n e x t  7  h o u r s  ( f i g .  3 ) .  
Then, f o r  t h e  n e x t  month, t h e  g a s  was v e n t e d  o f f  and measured e v e r y  few d a y s .  
The e m i s s i o n  f o r  t h e  f i r s t  7  h o u r s  was used  t o  p l o t  f i g u r e  3 .  The t o t a l  emis-  
s i o n  f rom t h e  c o n t a i n e r  a f t e r  a month was 1,850 cm3. Another  960 c s  i s  
o b t a i n e d  f rom t h e  e x t r a p o l a t i o n  i n  f i g u r e  3 .  On t h e  a s s u n p t i o n  t h a t  t h e  c o r e  
began t o  r e l e a s e  g a s  a t  1 :10  p.m., t h e  e x t r a p o l a t i o n  was f o r  150 m i n u t e s .  The 
amount r e l e a s e d  i n  c r u s h i n g  was 1,790 cm3. When t h e s e  volumes a r e  added, 
c o n v e r t e d  t o  STP, and d i v i d e d  by t h e  sample w e i g h t  of 1 ,570 grams, t h e  t o t a l  
by  t h e  d i r e c t  method was 2.60 c m 3 ( s ~ p ) / g .  

The e x t r a p o l a t i o n  i n  f i g u r e  3  i s  a  long  one ( a s  a r e  many of t h e  o t h e r s ) ,  
and it  i s  q u i t e  l i k e l y  t h a t  c o n s i d e r a b l e  e r r o r s  may c r e e p  i n .  However, t h e  
l o s t  g a s  (960 c1-8) i s  l e s s  t h a n  a f o u r t h  of  t h e  t o t a l ,  and s o  a n y  e r r o r s  w i l l  
b e  reduced by a t  l e a s t  a  f a c t o r  of f o u r .  

A p o r t i o n  o f  t h e  o r i g i n a l  c o r e  was a n a l y z e d  f o r  m o i s t u r e ,  which  was found 
t o  b e  1 . 4  p e r c e n t .  A d r i l l  s t em t e s t  per formed immedia te ly  a f t e r  t h e  c o r e  was 
t a k e n  f rom t h e  b o r e h o l e  showed t h a t  t h e  methane p r e s s u r e  i n  t h e  c o a l b e d  was 
6 .37  atm a b s .  The i s o t h e r m  i n  f i g u r e  4  shows t h a t ,  f o r  P i t t s b u r g h  c o a l  a t  
6.37 atm and 1.4 p e r c e n t  m o i s t u r e ,  4 .4  cm3 (STP)/g of  methane  i s  adsorbed .  A t  
1 a t m  and 1 . 4  p e r c e n t  m o i s t u r e  a b o u t  1 .0  cm3/g i s  a d s o r b e d .  According t o  t h e  
i n d i r e c t  method 3 .4  c ~ ~ ( s T P ) / ~  would b e  r e l e a s e d .  The amount by t h e  d i r e c t  
measurement was 2 .6  cm3 ( s T P ) / ~ .  

Lover idpe  S i t e - - B o r e h o l e  1, P i t t s b u r g h  Coalbed 

T h i s  b o r e h o l e  was completed on t h e  f i r s t  day,  when t h e  d r i l l  b i t  
a c c i d e n t a l l y  c u t  i n t o  t h e  f i r s t  f o o t  of c o a l .  The b o r e h o l e  was t h e n  c a s e d  and 
cemented and l e f t  s t a n d i n g  t h a t  n i g h t .  A i r  c o r i n g  began on t h e  morning of  t h e  
second day.  By 9  a.m. t h e  c o r e  b a r r e l  had c u t  t h r o u g h  t h e  cement p l u g  and was 
c u t t i n g  t h e  c o a l .  The c o a l  was o u t  and i n  t h e  sample c o n t a i n e r  by  2:25 p.m. 
Emiss ion  was measured f o r  t h e  n e x t  few d a y s  ( f i g .  A-14). A t o t a l  of  6 ,420 cm3 
was g i v e n  o f f  f rom t h e  c o n t a i n e r  ove r  t h e  n e x t  2  months.  E x t r a p o l a t i o n  f o r  
325 m i n u t e s  ( 9  a.m. t o  2 :25  p.m.) gave  855 cm3, and c r u s h i n g  r e l e a s e d  
4 ,850 cm3. The sample w e i g h t  was 1,864 grams, and t h e  t o t a l  r e l e a s e d  
( c o r r e c t e d  t o  STP) was 5 . 8  cm3 (STP) /g . 



A d r i l l  s t em t e s t  gave a  coa lbed  methane p r e s s u r e  of 12.0 atm a b s .  Mois- 
t u r e  a n a l y s i s  on p a r t  of t h e  r emain ing  c o r e  gave 1 .5  p e r c e n t  w a t e r .  The 
i s o t h e r m  i n d i c a t e d  t h a t  6 .2  cm3Ig i s  adsorbed under  t h e s e  c o n d i t i o n s .  I f  
1 . 0  c ~ ~ ( s T P ) / ~  i s  adsorbed  a t  a tmospher i c  p r e s s u r e ,  t h e  amount r e l e a s e d  should  
b e  5 . 2  cm3Ig. The d i r e c t  method gave 5 . 8  c m 3 ( s ~ p ) I g .  

Lover idge  S i t e - - B o r e h o l e  2 ,  P i t t s b u r g h  Coalbed 

T h i s  b o r e h o l e  was completed  soon a f t e r  t h e  f i r s t  one.  Cor ing of t h e  c o a l  
began a t  11 a.m., and t h e  c o r e  was i n  t h e  sample c o n t a i n e r  by 4:30 p.m. 
Emiss ion from t h e  c o n t a i n e r  was measured c a r e f u l l y  f o r  t h e  n e x t  24 hours  
( f i g .  A-1g). The t o t a l  g i v e n  o f f  f o r  t h e  n e x t  6  weeks was 4 ,730 cm3. Ex t rapo-  
l a t i o n  of f i g u r e  A-1g f o r  330 min ( 1 1  a.m. t o  4 :30  p.m.) gave 700 cm3 and 
c r u s h i n g  gave  3,550 cm3. D i v i d i n g  hy t h e  sample weight  of 1,366 grams and 
c o r r e c t i n g  t o  STP, t h e  t o t a l  r e l e a s e d  was 5 . 8  cm3 ( s T P ) / ~ .  T h i s  was e x a c t l y  
t h e  amount r e l e a s e d  from t h e  c o r e  a t  b o r e h o l e  1, a  s h o r t  d i s t a n c e  away. 

Howe Site--Oklahoma (Lower) Har t shorne  Coalbed 

T h i s  b o r e h o l e  was d r i l l e d  i n  t h e  u s u a l  f a s h i o n ,  b u t  i t  was co red  w i t h  
w a t e r  whereas  t h e  p r e v i o u s  ones were co red  w i t h  a i r .  We assumed t h a t  t h e  
methane r e l e a s e  from t h e  c o r e  began when t h e  c o r e  was hal fway o u t  of t h e  h o l e ,  
and s o  t h e  t ime  t o  t h e  sample c o n t a i n e r  was on ly  30 m i n u t e s .  The e x t r a p o l a -  
t i o n  from f i g u r e  A - 1 s  g i v e s  1,150 cm3, and 8 ,010 cm3 was g i v e n  from t h e  sample 
c o n t a i n e r  i n  t h e  n e x t  3  weeks. Crushing y i e l d e d  a  n e g l i g i b l e  amount of g a s  
b e c a u s e  t h i s  p a r t i c u l a r  c o a l  i s  v e r y  f r i a b l e ,  s o  t h a t  gas  e s c a p e s  more q u i c k l y  
from i t  (2) .  By t h e  end of 3  weeks, emiss ion  was e s s e n t i a l l y  comple te .  The 
sample we igh t  was 725 grams, and s o  t h e  t o t a l  e m i s s i o n  a f t e r  c o r r e c t i n g  t o  STP 
was 11.1 

The d r i l l  s tem t e s t  was n o t  s u c c e s s f u l ,  s o  t h e  p r e s s u r e  was deduced by 
measur ing  t h e  w a t e r  l e v e l  h e i g h t  i n  t h e  cased b o r e h o l e .  I t  was 17.2  a tm a b s .  
The c o r e  c o n t a i n e d  1 . 3  p e r c e n t  m o i s t u r e .  The i s o t h e r m  i n  f i g u r e  4  g i v e s  
12 cm3 (STP)/g f o r  17.2 a tm and 1 . 3  p e r c e n t  m o i s t u r e .  A t  1 atm, 1 .5  cm3Ig i s  
adsorbed ,  and s o  t h e  i n d i r e c t  method i n d i c a t e s  10 .5  c m 3 ( s ~ p ) / g  should  b e  
r e l e a s e d .  

B e a t r i c e  S i t e - - P o c a h o n t a s  No. 3  Coalbed 

T h i s  b o r e h o l e  was d r i l l e d  w i t h  a  c a b l e  t o o l  and co red  w i t h  w a t e r  a s  a  
d r i l l i n g  medium. Cor ing began a t  3  p.m. of t h e  f i r s t  day, and by 7:17 p.m. 
t h e  c o r e  was o u t .  It c o n t a i n e d  no c o a l .  On t h e  n e x t  day, a n o t h e r  c o r e  was 
t a k e n .  T h i s  was s t a r t e d  a t  8 :30 a.m. and was ou t  of t h e  h o l e  by 1:30 p.m. 
The c o r e  was 3  f e e t  long and had 2  i n c h e s  of c o a l  a t  t h e  v e r y  t o p  and 3  i n c h e s  
a t  t h e  v e r y  bot tom.  The r e s t  was r o c k .  D e s p i t e  t h e  poor q u a l i t y  of t h e  
sample,  t h e  c o a l  was p laced  i n  t h e  sample  c o n t a i n e r  a t  3  p.m. I t  was assumed 
t h a t  e m i s s i o n  began a t  1 p.m. The e x t r a p o l a t i o n  from f i g u r e  A - 1 2  g i v e s  
2,100 cm3 of l o s t  gas ,  and a  t o t a l  of 5,230 cm3 was g i v e n  o f f  from t h e  sample 
c o n t a i n e r  ove r  a  p e r i o d  of 8  weeks. Only 54 cm3 was g i v e n  o f f  i n  t h e  c r u s h i n g ,  
a s  t h e  c o a l  i s  v e r y  f r i a b l e .  The sample we igh t  was 542 grams, s o  t h e  t o t a l  by 
t h e  d i r e c t  method was 1 2 . 1  c ~ ~ ( s T P ) / ~ .  The p r e s s u r e  was n o t  measured a t  t h i s  



ho l e ;  however, a  d r i l l  stem t e s t  i n  a  nearby h o l e  gave a  p r e s s u r e  of 40.4 atrn 
abs .  The coa l  mois tu re  con t en t  was 0.7 pe r cen t .  F igure  4  g i v e s  15 cm3Ig a t  
40.4 atrn and 1 .5  cm3Ig a t  1 atm, so  t h e  i n d i r e c t  method i n d i c a t e s  
13.5 cm3 (STP)/g should be  r e l e a s e d .  

Inland S i t e - - I l l i n o i s  5  and 6  Coalbeds 

These coalbeds  a r e  only 60 f e e t  a p a r t .  A t  t h i s  s i t e  t h e  No. 5  coalbed 
was t h e  deeper  a t  793 f e e t ,  whi le  t h e  No. 6  coalbed was a t  733 f e e t .  It might 
be expected t h a t  t h e  methane amounts would be  s i m i l a r ;  however, a  d r i l l  stem 
t e s t  i n  t h e  No. 6 coalbed gave 9 .3  atrn abs  ( o r  122 p s i g ) ,  wh i l e  a  t e s t  i n  a  
s e p a r a t e  borehole  d r i l l e d  i n t o  t h e  No. 5  coalbed gave 2.4 atrn abs  ( o r  21  p s i g ) .  
The corresponding amounts, u s ing  f i g u r e  4  and s u b t r a c t i n g  0 .5  cm3/g a s  t h e  
1 atrn va lue ,  a r e  2 .7  c m 3 ( s ~ p ) / g  f o r  t h e  I l l i n o i s  No. 6  and 0 .5  c ~ ~ ( s T P ) / ~  f o r  
t h e  I l l i n o i s  No. 5  coalbed.  The co re  mois tu re  va lue s  were high--about 
8  pe r cen t .  

The d i r e c t  method r e s u l t s  were a s  f o l l ows :  For t h e  No. 6  coalbed t h e  
e x t r a p o l a t e d  amount from f i g u r e  A-2A was 1,120 cm3, 1,730 cm3 were given o f f  
wh i l e  i n  t h e  sample con t a ine r ,  and c ru sh ing  y i e l d e d  180 cm3. The sample 
weight was 1,568 grams, and s o  t h e  d i r e c t  method gave 1.7 c ~ ~ ( s T P ) / ~ .  For t h e  
No. 5  coalbed t h e  e x t r a p o l a t e d  amount from f i g u r e  A-2g was 360 cm3, 943 cm3 
were given o f f  wh i l e  i n  t h e  sample con t a ine r ,  and c rush ing  y i e l d e d  310 cm3. 
The sample weight  was 1,644 grams, and so  t h e  d i r e c t  method gave 
0 . 9  c m 3 ( s ~ p ) I g .  I n  bo th  c a s e s  t h e  e x t r a p o l a t i o n  had t o  be made u s ing  two 
p o i n t s  . 

The d i r e c t  amounts from both  coalbeds  a r e  p l o t t e d  i n  f i g u r e  5, a l though  
t h e  mine i s  i n  t h e  No. 6  coalbed.  These a r e  p r o p o r t i o n a l l y  q u i t e  h igh  when 
compared w i t h  t h e  mine emiss ion.  For t h e  No. 6  coalbed t h e  r a t i o  

mine emission = 2.2, whereas f o r  g a s s i e r  coalbeds  i t  va r i ed  between 6 and 9. 
d i r e c t  amount 
There a r e  two p o s s i b l e  r e a sons  f o r  t h i s :  F i r s t ,  t h e  t o t a l  amount of ga s  
r e l e a sed  i s  q u i t e  smal l  and s o  e r r o r s  i n  t h e  a b s o l u t e  amount can lead t o  ve ry  
l a r g e  p ropo r t i ona l  e r r o r s .  Second, bo th  co re s  were no t  recovered qu i ck ly  
enough, and no t  enough d a t a  p o i n t s  were t aken  i n  t h e  f i r s t  hour .  I t  fo l lows  
t h a t  t h e  l o s t  gas  may be i n c o r r e c t l y  es t imated ,  and t h i s  may be e s p e c i a l l y  
t r u e  i n  t h e  ca se  of t h e  No. 6  coalbed, where t h e  l o s t  gas  was unusua l ly  h igh  
compared w i t h  t h a t  from t h e  No. 5  coalbed ( f i g s .  A-2A - and A-2g). 

Kepler S i te - -Pocahontas  No. 3  Coalbed 

This  was a  company e x p l o r a t i o n  ho le ,  which was cored a l l  t h e  way from t h e  
s u r f a c e  and never cased.  The h o l e  was water-cored,  and only 2 8  minutes 
e lapsed  be fo r e  t h e  c o a l  was enclosed i n  t h e  sample c o n t a i n e r .  The emiss ion 
curve and e x t r a p o l a t i o n  a r e  shown i n  f i g u r e  A-2C. Comparison w i t h  f i g u r e  A - 1 D  
shows t h e  advantages  of wate r  co r i ng  and enc lo s ing  t h e  coa l  i n  t h e  sample 
con t a ine r  a s  qu i ck ly  a s  p o s s i b l e .  The d a t a  a r e  much more l i k e l y  t o  be  i n  a  
l i n e a r  p o r t i o n  of t h e  emiss ion curve,  and t h e  " l o s t "  gas  i s  a  much smal le r  
percentage of t h e  t o t a l ,  e s p e c i a l l y  when t h e  c o a l  i s  f r i a b l e .  Here, t h e  l o s t  
gas was 560 cm3, t h e  amount g iven  of f  wh i l e  i n  t h e  sample c o n t a i n e r  f o r  4  weeks 



was 12,300 cm3, and the  amount from crushing was 3,010 cm3. The sample weight 
was 1,783 grams, and so the  t o t a l  cor rec ted  t o  STP, i s  7.9 cm3 (STP)/g. The 
core contained 1.1 percent  moisture,  and t h e  methane pressure,  measured a t  a  
nearby borehole,  was 11.8 atm abs .  Figure 4 i n d i c a t e s  9.3 cm3Ig i s  adsorbed 
under t hese  condi t ions .  I f  1.5 cm3Ig i s  subs t rac ted  a s  t h e  1-atm value,  then 
7.8 cm3 (STP) Ig should have been r e l eased .  

P r i c e ,  Utah S i t e - -Cas t l ega t e  Coalbed 
(Subseam 3)  

This borehole was a i r  cored and so  t h e  elapsed time s ince  emission began 
was 165 minutes.  The ex t r apo la t ion  of t he  emission curve i s  shown i n  
f i g u r e  A-2D. The l o s t  gas amounted t o  545 cm3, t he  amount re leased  while  i n  
the  s a m p l e  conta iner  was 4,720 cm3, and the  amount re leased  upon crushing was 
1,430 c d .  The sample weight was 1,427 grams, and t h e  t o t a l  amount of gas by 
t h e  d i r e c t  method was 4.2 c m 3 ( s ~ P ) I g .  

A d r i l l  stem t e s t  i n  the  borehole from which t h e  core was taken gave a  
p re s su re  of 24.4 atm abs .  Figure 4 shows 7 c rn3(s~P)Ig  i s  adsorbed a t  t h i s  
pressure  and 0.8 c m 3 ( s ~ P ) I g  i s  adsorbed a t  1 atm abs.  This i n d i c a t e s  
6.2 c m 3 ( s ~ P ) I g  should be re leased ,  which i s  somewhat higher  than t h e  4.2 from 
the  d i r e c t  method. The moisture content  of t he  core  was 2.2 percent .  

However, t h e  borehole pressures  were not c o n s i s t e n t .  A d r i l l  stem t e s t  
i n  a  nearby (1,500 f e e t  away) borehole gave 1 6 . 6  atm abs, and t h i s  i nd ica t e s  
about 5  cm3 (STP) /g should be r e l ea sed .  




