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THE COMPOSITION OF COALBED GAS 

by 

Ann G. Kim 1 

ABSTRACT 

Samples of gas were obtained d i r e c t l y  from the coalbed dur ing d r i l l i n g  of 
h o r i z o n t a l  and v e r t i c a l  boreholes i n  s i x  d i f f e r e n t  formations. The samples 
were analyzed by gas chromatography f o r  C1 t o  C5 hydrocarbons and f o r  4 ,  %, 
5, He, and C q .  Methane i n  the  gas va r ied  from 63 t o  99 pe rcen t ;  carbon 
dioxide  from 0 .1  t o  15 percent .  The C \ / C 4  r a t i o  varied and showed no 
apparent  c o r r e l a t i o n  wi th  age, rank, or  bed. The majori ty of samples 
contained ethane, propane, and butane; hydrogen and helium were found i n  some 
samples. Oxygen and n i t rogen  were usua l ly  present,  poss ib ly  a s  a r e s u l t  of 
a i r  contamination. A more extens ive  sampling program would be necessary t o  
e s t a b l i s h  r e l a t i o n s h i p  between t h e  amount and composition of t h e  gas i n  the 
coalbed and other  f a c t o r s .  

INTRODUCTION 

The exis tence  of gas  i n  coa l  and i t s  re lease  during mining has been 
common knowledge, probably s ince  t h e  beginning of coal mining. U n t i l  about 
t h e  middle of t h e  20th century coalbed gas was considered a mixture of methane 
(firedamp) and carbon dioxide  (blackdamp). Ethane, when detec ted ,  was 
a t t r i b u t e d  t o  contamination from n a t u r a l  gas horizons below t h e  c o a l  (wea 
More recent  analyses of coalbed gas have shown i t  t o  be a complex mixture, . 
conta in ing i n  add i t ion  t o  methane and C4, higher hmologs  of methane and 
other  inorganic gases (5 ll). 

. 
GAS I N  COAL: THEORY 

Coa l i f i ca t ion  involves a s e r i e s  of biochemical and geochemical react ions 
t h a t  transform plant  m a t e r i a l  i n t o  a combustible, carbonaceous s o l i d .  The 
rank designations,  l i g n i t e ,  bituminous, and a n t h r a c i t e  a r e  roughly equivalent 
t o  d i f f e r e n t  s tages  in a sequen t ia l  t ransformation.  Law molecular-weight 
hydrocarbons and carbon dioxide  a r e  gaseous byproducts of c o a l i f i c a t i o n .  A l i -  
p h a t i c  hydrocarbons can form by removal of a l k y l  s ide  chains from aromatic 

1 Chemist. 
2 ~ n d e r l i n e d  numbers i n  parentheses  r e f e r  t o  items i n  the  l i s t  of references  a t  

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



molecules, by decomposition of longer s t r a i g h t - c h a i n  molecules, or by conden- 
s a t i o n  of s t r a i g h t - c h a i n  molecules i n t o  r ing  s t r u c t u r e s .  Carbon dioxide i s  
produced by oxidat ion  of organic mater ia l ,  pr imar i ly  dur ing  e a r l y  s tages of 
c o a l i f i c a t i o n .  The r a t i o  of methane t o  carbon d ioxide  i s  believed t o  increase  
during c o a l i f i c a t i o n .  Hydrogen is  a l s o  thought t o  be a product of the c o a l -  
forming process .  Oxygen and ni trogen a r e  occluded during t h e  deposi t ion of 
the  organic sediment. They may a l s o  be introduced i n t o  t h e  coalbed by 
pe rco la t ing  ground water.  Most of t h e  oxygen i s  consumed by the  formation of 

C% . Helium i s  a product of radioact ive  decay (3-5) .  - - 

The pos tdepos i t iona l  h i s t o r y  a l s o  a f f e c t s  t h e  gas contained i n  the coa l .  
Coal i s  a highly porous s o l i d  with two d i s t i n c t  pore systems. The macropore 
system c o n s i s t s  pf cracks and f r a c t u r e s ;  t h e  micropores have an average diam- 
e t e r  of 5 t o  20 A.  Gases can e x i s t  a s  f r e e  gases i n  t h e  macropores or be 
adsorbed on t h e  sur face  of the nicropores.  The amount of gas i n  the  bed 
depends on temperature, pressure,  degree of f r a c t u r i n g ,  and permeability of 
coal  and adjacent  s t r a t a  (1, 12-13). 

PROCEDURES 

During s t u d i e s  on t h e  use of ho r i zon ta l  and v e r t i c a l  boreholes i n  methane 
emission c o n t r o l  (s I), Bureau personnel co l l ec ted  gas samples d i r e c t l y  from 
s i x  coalbeds.  The gas samples were obtained by i n s e r t i n g  a sea led  evacuated 
gas sampling b o t t l e  with a capaci ty of about 250 m l  i n t o  t h e  borehole. The 
t i p  of the  b o t t l e  was broken and t h e  b o t t l e  was allowed t o  f i l l  with the  
coalbed gas.  Then t h e  t i p  was capped with a wax-f i l led  c a r t r i d g e .  Contamina- 
t i o n  with a i r  was a se r ious  problem. Generally a sample conta in ing  more than 
8 percent  & and 2 percent  4 was considered t o  be highly contaminated and not 
included i n  c a l c u l a t i o n  of gas composition. 

The gas samples were analyzed by gas chromatography i n  t h e  Bureau gas 
a n a l y s i s  labora tory .  Samples are  introduced i n t o  t h e  sample loop of t h e  gas 
chromatograph through a mercury displacement valve.  A 1 - m l  sample i s  s p l i t  
between two p a r a l l e l  columns--molecular s ieve  5A colunm and a porous polymer 
(or s i l i c a  g e l )  column. The molecular s ieve  column leads  t o  thermal conduc- 
t i v i t y  and flame i o n i z a t i o n  de tec to r s  i n  s e r i e s  which d e t e c t  B, 4, and 
hydrocarbons, methane through pentane. Carbon d ioxide  i s  separated by t h e  
second column and i s  de tec ted  by thermal conduct iv i ty  d e t e c t o r .  Temperature 
of t h e  columns i s  100' C;  helium i s  the  c a r r i e r  gas (9).  

A second 1 - m l  sample was used t o  determine hydrogen and helium. The 
gases were separated on a molecular s ieve  5A column a t  room temperature; 
thermal conduct iv i ty  d e t e c t o r  and argon c a r r i e r  gas  were used. The s e n s i t i v -  
i t y  of a n a l y s i s  was 0.0001 percent f o r  hydrocarbons and 0.01 percent  f o r  C&, 
5 ,  H,, He, and C%. The accuracy of ana lys i s  i s  gene ra l ly  2 1  percent of the  
amount p resen t .  

GASES IN COAL: DATA 

Table 1 gives  coalbeds and loca t ions  where gases were sampled, a s  we l l  a s  
the  type of borehole and t h e  number of gas samples used t o  c a l c u l a t e  the  



average  composition of t h e  ga s .  The r e s u l t s  of the  ana lyses  a r e  summarized i n  t a b l e s  2 
and 4 through 6 .  The average  percentage  and s tandard  dev i a t i on  a r e  g iven  f o r  each 
component of the  gas .  

TABLE 1. - Coalbeds sampled 

I 1 I Average 
S i t e  

number 
1 Coalbed I Loca t ion 

I ( Buchanan County, Va. I 
1 

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

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

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

...... P i t t s b u r g h .  

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

. . . a * . .  do. . . . . . . .  

Pocahontas No. 3. 

...... .do. ....... 
Upper K i t t ann ing .  

( f e e t )  
Dismal Creek, 

Keen Mountain, 
Buchanan County, Va . 

Grundy, 
Buchanan County, Va . 

Van Sant ,  
Buchanan County, Va . 

I Bob town, 
Greene County, Pa. 

Marianna, 
Washington County, Pa. 

Fairview, 
Marion County, W .  Va. .......... d ~ . . . . . . . ~  

Ebensburg, 
Cambria County, Pa. 

~ o a  1' 
t h i c k -  

10 
11 

12 

13 

n e s s  
( i nches )  

54 

bo reho l e  samples 7 

lMethane Bnission From U.S. Coal Mines (2). 

. . . . . a .  do........ 
B Seam, Mesaverde 

Formation. 
Lower Hartshorne.  

Mary Lee. ........ 

.......... do. . . . . . . . . .  
Carbondale, 

P i t k i n  County, Colo. 
Heavener, 

LeFlore County, Okla. 
Oak Grove Area, 

J e f f e r s o n  County, A& 
V e r t i c a l . .  2 

V e r t i c a l . .  
Hor i zon t a l  

V e r t i c a l . .  
I Hor i zon t a l  

TABLE 2 .  - Composition of gas  from Pocahontas No. 3 c o a l  

2 
3 

3 
3 

S i t e  

.......... ......... 1.25 

5 .  .......... 2.79 

2 ~ 1 1  isomers.  
3 ~ r :  Trace, l e s s  than  
4ND: Not determined.  

The samples from t h e  Pocahontas No. 3 coalbed were taken from h o r i z o n t a l  
boreholes  d r i l l e d  i n  fou r  mines w i t h i n  one county. The c m p o s i t i o n  of t h e  g a s  from 

No. 2 No. 3 
Percent  I 2 Percent  1 2 

No. 4 
P e r c e n t  1 2 



t h r e e  of t h e  d r i l l i n g  s i t e s  (1, 2, and 4 )  is  r e l a t i v e l y  cons tan t .  Gas obtained 
a t  s i t e  No. 3 contains an excep t iona l ly  h igh  percentage of n i t rogen ,  which 
cannot be a t t r i b u t e d  t o  a i r  contaminat ion  ( t a b l e  2).  Gases from Pocahontas 
No. 3 commonly contain higher  hydrocarbons-ethane,  with smaller amounts of 
propane and butanes. I f  only hydrocarbon g a s e s  a r e  considered, t h e  ca l cu la t ed  
composition of the gas from a l l  fou r  s i t e s  shows c l o s e  agreement ( t a b l e  3 ) .  
Hydrogen and helium a r e  f r equen t ly  d e t e c t e d  i n  gas  samples from t h i s  bed. 

TABLE 3. - Hydrocarbons from Pocahontas No. 3 c o a l  

(Percent  ) 

Analyses of gas samples from t h e  P i t t s b u r g h  coalbeds a r e  sumnarized i n  
t a b l e  4 .  S i t e s  No. 5 and No. 6 were loca t ed  i n  Pennsylvania, approximately 
30 m i l e s  apar t .  Samples were obta ined  from h o r i z o n t a l  boreholes,  b u t  con ta in  
s u b s t a n t i a l l y  d i f f e r e n t  amounts of methane and (2%. S i t e  No. 7 was a v e r t i c a l  
borehole  and No. 8 was a h o r i z o n t a l  borehole ,  d r i l l e d  a t  t h e  same l o c a t i o n  i n  
West V i rg in i a .  The percentage of Cq, i n  samples obtained from No. 8 i s  sub- 
s t a n t i a l l y  higher than i n  samples from No. 7 .  Samples from t h r e e  of t h e  s i t e s  
conta ined  ethane, bu t  no o t h e r  h ighe r  hydrocarbons.  No hydrogen o r  hel ium was 
d e t e c t e d  i n  any of t he  samples. 

TABLE 4. - Composition of g a s  from Pit tsburgh c o a l  

S i t e  component 
CH, .............. 
G)k ............. 
GHB............. 
C,\ ,............ 
C g H 1 2 . .  .......... 

S i t e  component 

C& ............. 88.91 

No. 1 
98.73 

1.27 
0.0011 
0.0001 - 

No. 2 
98.36 

1.63 
0.0112 
0.0010 
Trace 

H;.. ........... .I m1 
1 ND: Not determined. 

No. 3 
98.67 

1.33 
- 
- 
- 

Gl& ............ 
C3 % ............ 
C I H  .ma.... 

CSYP ........... 
co,............. 
%. ............. 
& .............. -- 

5 1 No. 6 I No. 7 1 No. 
f I Percent  l + I Percent I 5 1 Percent  

No. 4 
98.66 

1.33 
0.0027 
0.0013 - 

0.04 
- 
- 
- 

10.97 
0.04 
0.05 

The composition of gas from t h e  Ki t t ann ing  coalbeds i s  swmar ized  i n  
t a b l e  5.  S i t e  No. 9 was a h o r i z o n t a l  borehole  d r i l l e d  i n  t h e  Upper Ki t tanning  
coa lbed;  s i t e  No. 10 was a v e r t i c a l  borehole  through the Upper and Middle 
K i t t ann ing  coalbeds in  t h e  same a r e a .  The composition of t h e  gases  from both 
boreholes  i s  s imi la r .  Methane was t h e  only hydrocarbon; hydrogen and hel ium 
were n o t  present .  





combustion of n a t u r a l  gas.  The h e a t  of combustion for  samples which contained 
a h igh  percentage of CQ would be  h ighe r  i f  t h e  C 4  were removed p r i o r  t o  use .  

TABLE 7. - Rat io  of C$ t o  CC& 

TABLE 8.  - Heat of combustion of coalbed gas and n a t u r a l  gas 

S i t e  
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 

12 
13  

Gas I Heat of combustion, I Heat of combustion 

Coa lbed 

Pocahontas No. 3.. ....... .do.. ...... ........ do...... . .  ........ do...... . .  ....... P i t t s b u r g h .  ....... .do.. ...... ....... .do.. . . . a * .  ...... ..do.. ...... 
Upper Ki t t ann ing . .  ........ do........ 
B Seam, Mesaverde 

Formation. 
Lower Hartshorne. . ........ Mary Lee.. 

c t t  1% 

4 95 
168 

1,051 
325 

8 
38 
20 

6 
955 
550 

7 

1,654 
96 1 

I ~ t u / f  t3 

S i t e  No. : 

SUMMARY 

% f r e e ,  ~ t u / f t ?  

l.............. 
Z.............. 
3 . . . . . . . . . . . . . .  
4.  ............. 
S.............. 
6. . . . . . .  ....... 
7 * . . *  .......... 
8. ............. 
9 . . . . . . . . . . . . . .  

l O . . . . . . . . . . . . . .  
ll.............. 
12.. . . . . . . . . . . . .  
13. ............. 

Natural gas. .  .... 
Natural gas...... 

The data i n  t a b l e s  2 and 4 through 6 show t h a t  t he  gas  i n  coals  sampled 
i s  a v a r i a b l e  mixture of C1 t o  Cg hydrocarbons and inorganic gases,  wi th  

l ca l cu la t ed  from Heat of Combustion f o r  Organic Compounds, 
Handbook of Chemistry and Physics  (17). 

a ~ e l s  and Combustion Handbook (lo). 
' ~ n e r ~ y  i n  t h e  American Economy, 1850-1975 (15). 

1 , 0 5 8  
1,053 

689 
1,066 

949 
1,043 
1,001 

900 
1,019 
1,059 

938 
1,058 
la 024 

950 
1,035 

1,061 
1,031 

689 
1,069 
1,043 
1,046 
1,011 
1,015 
1,019 
1,060 
1,066 
1,059 
1,026 - 

- 



methane a s  t h e  predominant component. There a r e  s i g n i f i c a n t  v a r i a t i o n s  i n  gas 
composi t ion even f o r  samples obtained a t  d i f f e r e n t  l oca t ions  i n  t h e  same bed. 
I h e  g r e a t e s t  v a r i a t i o n  was i n  t h e  r e l a t i v e  amounts of methane and carbon 
d ioxide ,  which d i sp layed  no apparent c o r r e l a t i o n  wi th  age o r  rank, l oca t ion ,  
o r  type  of borehole .  Ethane was found i n  t h e  major i ty  of samples; propane and 
butane  were not a s  common. Hydrogen and helium were found c o n s i s t e n t l y  only 
i n  samples from t h e  Pocahontas No. 3 c o a l .  

The smal l  number of beds sampled and t h e  l imi t ed  number of samples per 
bed p rec ludes  drawing genera l  conclusions about t h e  composition of coalbed gas 
o r  about  t h e  e f f e c t  of f a c t o r s  such a s  age, rank, permeabi l i ty ,  and degree of 
f r a c t u r i n g .  A much more extens ive  sampling program, wi th  r e s p e c t  t o  t h e  
number of beds sampled and number of samples per  bed, w i l l  b e  necessary t o  
determine t h e  s i g n i f i c a n c e  of v a r i a t i o n s  i n  t h e  r a t i o  of methane t o  C 4 ,  the  
p reva lence  of e thane  and o ther  higher hydrocarbons, t h e  prevalence of hydrogen 
and helium. Other f a c t o r s  t h a t  should be considered a r e  d r i l l i n g  techniques 
and t h e i r  e f f e c t  on t h e  composition of t h e  gas ;  and v a r i a t i o n s  i n  t h e  composi- 
t i o n  of samples from a s i n g l e  borehole with time and w i t h  changes i n  r e s e r v o i r  
gas  p r e s s u r e .  
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