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METHANE ABSORPTION IN OIL SHALE AND ITS POTENTIAL 
MINE HAZARD 

by 

J* E, Matta, 1 J. C* LaScola,2 and Fred N* K i s s e l l 3  

ABSTRACT 

The Bureau of Mines made l abo ra to ry  abso rp t ion  measurements on o i l  s h a l e  
samples ,  which showed t h a t  t h e  amount of methane absorbed i s  p ropor t i ona l  t o  
p re s su re  and o i l  y i e l d ,  and can be much l a r g e r  than  would be p red i c t ed  based 
s o l e l y  on poros i ty .  

O i l  s h a l e  co re s  c o l l e c t e d  i n  the  f i e l d  were a l s o  measured f o r  t h e i r  gas  
con ten t  u s ing  t h e  Bureau of Mines d i r e c t  method, Cores taken  from deep loca -  
t i o n s  and f a r  from outcrops y i e l d e d  more gas than  co re s  from shal lower l oca -  
t i o n s  o r  a t  ou t c rops ,  when t ak ing  i n t o  account v a r i a t i o n s  i n  o i l  y i e l d ,  and 
a l l  da t a  i n d i c a t e  t h a t  o i l  s h a l e  mines t h a t  a r e  both deep and f a r  from an o u t -  
c r o p  w i l l  emit low l e v e l s  of methane gas.  

INTRODUCTION 

One of t he  many d i f f i c u l t i e s  faced by any prospec t ive  o i l  s h a l e  mine i s  
t h e  p o s s i b i l i t y  t h a t  methane gas may seep i n t o  t h e  mine, c r e a t i n g  an  explos ion  
hazard and caus ing  t h e  mine t o  be c l a s s i f i e d  a s  gassy under S t a t e  o r  Federal  
laws. Methane has  never been de t ec t ed  a t  e x i s t i n g  o i l  s h a l e  mines i n  Colorado, 
However, t h e  e a r l y  h i s t o r y  of o i l  s h a l e  mining i n d i c a t e s  t h a t  a t  l e a s t  i n  some 
c a s e s  methane was de tec ted .  

Near t h e  t u r n  of t h e  cen tury  o i l  s h a l e  was being mined a c t i v e l y  i n  s eve ra l  
p a r t s  of  t h e  world,  most no tab ly  i n  Scot land ,  where f o r  many yea r s  i t  was t h e  
b a s i s  of a  l a r g e  i ndus t ry  (4) .4  I n  1912, Caldwell ( 2 )  r epo r t ed  t h a t  "The gases  
found i n  s h a l e  workings,  though not  of t h e  volume of-those i n  c o a l  seams, a r e  
of an  explos ive  a-nd dangerous cha rac t e r , "  I n  Colorado mining o f f i c i a l s ,  

l ~ e s e a r c h  phys i c i s t .  - 
 athe hem at i c i an .  
3Phys i ca l  research  s c i e n t i s t .  

A l l  au tho r s  a r e  with the  P i t t sbu rgh  Mining and Sa fe ty  Research Cen te r ,  Bureau 
of Mines, P i t t s b u r g h ,  Pa .  

4Underlined numbers i n  parentheses  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  
preceding t h e  appendix. 



a n t i c i p a t i n g  t he  p o s s i b i l i t y  of encounte r ing  methane, wrote  a  f i r e  boss 
i n s p e c t i o n  requirement f o r  o i l  s h a l e  mines i n t o  t h e  S t a t e  mining r e g u l a t i o n s  
of 1919 ( E ) .  However, because no methane was eve r  d e t e c t e d ,  t h i s  requirement 
was e v e n t u a l l y  dropped. 

Recent ly ,  K i s s e l l  recognized t h a t  t h e  nongassy n a t u r e  of t h e  e x i s t i n g  o i l  
s h a l e  mines i n  Colorado, which a r e  a l l  l oca t ed  a t  ou t c rops ,  might no t  be a  
very  good i n d i c a t o r  of what could be expected f o r  a  deeper mine l o c a t e d  f a r  
from any outcrop.  Coal mines l oca t ed  c l o s e  t o  o r  a t  an  ou tc rop  a r e  known t o  
be l e s s  gassy t han  mines i n  t he  same bed t h a t  a r e  deeper and f a r  from t h e  o u t -  
crop.  The s i t u a t i o n  might be t he  same f o r  o i l  sha l e .  A p re l iminary  s tudy  ( 7 )  - 
gave some suppor t  t o  t h i s  reasoning ,  based on t h r e e  main obse rva t i ons :  

1. D r i l l e r s  working a t  exp lo ra t i on  ho l e s  l o c a t e d  f a r  from outcrops had 
observed methane emiss ions ,  o f t e n  from t h e  t u f f  l a y e r s  nea r  t h e  o i l  sha le .  

2. The t rona  mines i n  southwestern Wyoming a r e  ga s sy ,  and t h e  gas i s  
thought  t o  o r i g i n a t e  i n  t h e  o i l  s h a l e s  l oca t ed  nea r  t h e  t rona .  

3. The Bureau of Mines d i r e c t  method (8 )  was app l i ed  t o  two f r e s h  o i l  
s h a l e  c o r e s ,  and both were found t o  c o n t a i n  Tow l e v e l s  of methane. Although 
t h e i r  methane c o n t e n t s  were cons iderab ly  l e s s  than  would be found i n  f r e s h  
c o a l  c o r e s  taken from a  deep coa lbed ,  they  were no t  n e g l i g i b l e .  

However, t h i s  p re l iminary  s tudy  l e f t  many ques t i ons  unanswered. For 
example, much of themethanemight  be a s s o c i a t e d  w i th  t h e  porous t u f f  l a y e r s  
r a t h e r  than  w i th  t h e  o i l  sha l e .  Nor was i t  c l e a r  t o  what e x t e n t  t h e  d i f f e r -  
ences i n  t h e  methane c o n t e n t s  measured by t h e  d i r e c t  method were due t o  l o c a -  
t i o n  ( d e p t h ,  d i s t a n c e  t o  ou tc rop)  and/or  t o  changes i n  t h e  o i l  y i e l d  of t h e  
sample t e s t e d .  This  might be an important  f a c t o r ,  s i n c e  i n  t h e  c a s e  of c o a l ,  
McCulloch and Diamond (10) have l i nked  i nc r ea sed  methane con t en t  t o  an 
i n c r e a s e  i n  t h e  f ixed-carbon conten t .  For o t h e r  sed iments ,  o rgan ic  r i chnes s  
i s  c u r r e n t l y  used a s  an  i n d i c a t o r  of t h e  hydrocarbon source  p o t e n t i a l ,  pro-  
v i d i n g  in format ion  i n  o i l  and gas e x p l o r a t i o n  (?). 

I n  t h i s  c u r r e n t  s t udy ,  di rect-method t e s t s  were conducted i n  t h e  f i e l d  t o  
measure t h e  methane l e v e l s  i n  f r e s h  o i l  s h a l e  cores .  I n  a d d i t i o n ,  l abo ra to ry  
abso rp t i on  measurements were made t o  determine i f  much more methane i s  
absorbed than  can  be accounted f o r  by t h e  low o i l  s h a l e  poros i ty .  I f  t h i s  i s  
t h e  c a s e ,  i t  would i n d i c a t e  t h a t  t h e  o i l  s h a l e  a t  l e a s t  had t h e  capac i t y  t o  
a c t  a s  a  source  of gas. Moreover, i f  methane i s  absorbed ,  a  c o r r e l a t i o n  
between methane abso rp t i on  and o i l  y i e l d  would be sought ,  because t h i s  would 
be necessary  i n  i n t e r p r e t i n g  r e s u l t s  from direct-method t e s t s  i n  t h e  f i e l d .  

LABORATORY RESULTS 

D e t a i l s  of t h e  l abo ra to ry  experiments a r e  presented i n  t h e  appendix. The 
r e s u l t s  of t h e s e  experiments may be summarized a s  fol lows : 

1. Methane i s  absorbed by t h e  o i l  sha le .  I n  f i g u r e  1 a  sample which had 
been pressured  t o  200 p s ig  and then  reduced t o  atmospheric p r e s su re  r e l e a s e d  



JTIME, min 'I2 

FIGURE 1. - Emission curve for a 50.8-c~al/ton oi l  shale pressured with methane and helium. 

10 times more methane than helium under t he  same condi t ions .  Since helium 
does not  absorb under t hese  cond i t i ons ,  t h e  d i f f e r e n c e  must be a t t r i b u t e d  t o  
absorp t ion  of methane. The amount of methane r e l ea sed  from t h i s  sample i s  
equiva len t  t o  what would be re leased  from a  nonabsorbing m a t e r i a l  wi th  
approximately 1 5  pct porosity.5 

2. For a  given p re s su re ,  t he  quan t i t y  of methane r e l ea sed  when t h e  pres -  
s u r e  i s  reduced t o  atmospheric v a r i e s  l i n e a r l y  wi th  the  o i l  y i e l d  of t h e  sam- 
p l e ,  a s  measured by the  s tandard  F ischer  r e t o r t  method ( f i g .  2).  This  
i n d i c a t e s  t h a t  fo r  direct-method samples, t he  depth and d i s t a n c e  t o  outcrop 
a r e  not t he  only f a c t o r s  t o  be considered i n  a s se s s ing  t h e  gas content .  O i l  
y i e l d  i s  a l s o  important.  

3, For a  given o i l  y i e l d ,  t h e  q u a n t i t y  of methane r e l ea sed  v a r i e s  
l i n e a r l y  with p re s su re ,  a t  l e a s t  up t o  about 350 ps ig  ( f i g .  3 ) .  

The r e s u l t s  from f igu res  2 and 3  a r e  combined i n  f i g u r e  4 ,  i n  which the  
methane r e l ea sed  i s  given a s  a  func t ion  of pressure  and o i l  y i e l d ,  wi th  t h e  
pressure  shown a s  a  s e r i e s  of i sobars .  

"or samples wi th  a lower o i l  y i e l d ,  t he  equiva len t  poros i ty  would be propor- 
t i o n a l l y  lower,  a s  i nd ica t ed  by the  second r e s u l t .  
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The mechanism by which 
1.2 

A .  

FIGURE 4. - Methane released as a function of oil  yield r e s u l t s  i n  f i g u r e  4 i n d i c a t e  
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and pressure. 

t h e  methane i s  h e l d  i n  t h e  
o i l  s h a l e  remains u n c l e a r ,  
bu t  i t  is   roba able t h a t  t h e  

t h a t  a  1 - t on  s h a l e  sample 
w i t h  a  kerogen y i e l d  of  42 
g a l / t o n  ( 1  b b l )  w i l l  c o n t a i n ,  

i n  c rude  o i l  under  s i m i l a r  
OILYIELD,  gal/ton cond i t i ons .  For e x a m ~ l e  . 

/ - / 
/ 

- 
/ / 

3 O O p s i g  / ZOO psig) / J/ - / - 

/ / 
/ / 

/ / 
/ 0 /' / 0 0 - 

/ 0 
/ 0 

0 ' /  IOOpsig , 
/ / 10 

/ / 0 0 - 
/ / 0 

0 

/ 1 0 
/ 0 

/ 
- @  

0 5 0 p s i g Z  _ - A / 0 
0 

0 / 
4 

+// / 0 /- 

- 
0 4 

MCC 

0 / 
C 

0 R :/-- 
I I 1 I 

10 20 30 40 50 60 

FIGURE 5. - Sample container-gas emission by displacement of water. 

gas absorbs  i n  the  o rgan i c  
m a t e r i a l  of t h e  sha l e .  The 
l i n e a r  r e l a t i o n s h i p  between 
methane r e l e a s e d  and t h e  o i l  
y i e l d  ( f i g .  2 )  s u p p o r t s  t h i s  
exp lana t ion .  One of  t h e  
l a b o r a t o r y  tests was con-  
ducted on an  impregnated t a r  
t u f f  which had been ground 
t o  a powder. I n t e r e s t i n g l y ,  
when p l o t t e d  a g a i n s t  o i l  
y i e l d  i t  cor responds  w i th  
t h e  o i l  s h a l e  samples 
( f i g .  2). 

The amount absorbed i s  
a l s o  roughly comparable t o  
t h e  methane h e l d  i n  s o l u t i o n  



a t  200 p s i g ,  about 0.95 cm3/g o r  30 f t 3  o f  methane. I f ,  on t h e  o t h e r  hand,  
one assumes t h a t  t h e  ton  of s h a l e  con ta ined  42 g a l  ( 1  b b l )  of c rude  o i l  
i n s t e a d  of kerogen,  t h e  amount of methane h e l d  i n  s o l u t i o n  a t  200 p s ig  would 
range from about 15  f t 3  f o r  c rude  o i l  wi th  an API g r a v i t y  of 10 t o  about 160 
f t 3  f o r  c rude  o i l  w i th  an API g r a v i t y  o f  60 (12) .  - 

FIELD TESTS AND RESULTS 

E x ~ l a n a t i o n  of t he  Di rec t  Method 

The d i r e c t  method developed i n  1973 by t h e  Bureau was designed a s  a sim- 
p l e  method of e s t i m a t i n g  t h e  gas con t en t  of coalbeds by t e s t i n g  co re s  t aken  
du r ing  e x p l o r a t i o n  d r i l l i n g  (8).  - The procedure fo l lows  : 

2,800 Beatrice / 
/ -I 

/ 
2,200 

2,000 / 
/' OHowe 

/ 
1,800 / Loveridge. Federal No. 2 

1,600 / 

1. A 1 - foo t  piece of 
c o a l  c o r e  i s  placed i n  a  
smal l  c o n t a i n e r  a s  soon a s  
t h e  c o r e  i s  brought out  o f  
t h e  ho le .  

2. Methane b leed ing  
from t h e  c o r e  i s  measured 
immediately by bubbling i t  
i n t o  an  i nve r t ed  w a t e r - f i l l e d  
graduated c y l i n d e r  ( f i g .  5). 

30 The methane " l o s t "  
from t h e  co re  whi le  i t  was 
be ing  brought out of t h e  
borehole  i s  c a l c u l a t e d  by 
p l o t t i n g  t h e  amount of gas 
r e l e a s e d  from t h e  c o n t a i n e r  
ve r sus  t h e  square  roo t  of 
t ime ,  and e x t r a p o l a t i n g  back. 

DIRECT METHOD, cm3/g 

800 

600- 

400 

200 

v i c i n i t y  of  c o a l  mines t o  
o b t a i n  a  rough c o r r e l a t i o n  

FIGURE 6. - Coalbed gas amount v ia  the direct method between t h e  gas con t en t  of 

0 2 4 6 8 10 12 14 16 18 20 from v i r g i n  c o a l  i n  t h e  

- / - 

~ e s t a  No. 5 
/ 

/ - 

/ 

3 l Inland 
- 

1 , I I i 

versus actual  mine emission. 

4. Eventua l ly ,  t h e  
c o r e  e s s e n t i a l l y  s t ops  bleed-  
i n g  methane, but i t s  r e s i d -  
u a l  gas can be measured by 
c ru sh ing  t he  c o r e  t o  a  f i n e  
powder. 

Cores have been desorbed 

t he  co re  and t he  amount of  
methane emerging from t h e  
nearby mine ( f i g .  6) .  Thus 



t he  d i r e c t  method can be 
used t o  roughly f o r e c a s t  t h e  
methane emission of a  pro- 
s p e c t i v e  c o a l  mine when it 
has reached f u l l  product ion.  
By analogy,  t he  method was 
a l s o  app l i ed  t o  o i l  s h a l e  
cores  t o  o b t a i n  some ve ry  
rough ind ica t ions  of how 
gassy an o i l  s h a l e  mine 
might be.  

Cores From the  Same Hole 

= .4 
Resul t s  i n  t h e  labo-  

r a t o r y  had ind ica t ed  t h a t  a t  / .  a given p re s su re ,  t he  amount 
.2 i1 0 10 20 30 40 50 60 propor t iona l  of methane r e l ea sed  t o  t he  was o i l  

OIL Y I E LD, gal/ton 
y i e l d .  To determine whether 

FIGURE 7, - Direct-method f ie ld  results for cores taken the  same would be t r u e  of 
from the same hole out of the Uinta basin, cores  taken  i n  t h e  f i e l d ,  

t he  d i r e c t  method was 
app l i ed  t o  four  o i l  s h a l e  
co re s  taken from a s i n g l e  

corehole  i n  t h e  Uinta bas in .  A l l  were w i t h i n  20 f e e t  of t he  Mahogany Marker, 
which was the  mining zone of i n t e r e s t .  The overburden depth t o  t he  marker was 
approximately 1,020 f e e t ,  and the  l o c a t i o n  was about 5:1/2 mi les  from a n  out-  
c rop .  A f t e r  completion of t he  co reho le ,  t he  mining zone was p a r t i t i o n e d  o f f  
w i th  packers ,  and a  d r i l l  stem equ i l i b r ium pressure  of approximately 300 ps ig  
was measured. Since these  cores  were a l l  w i th in  20 f e e t  of one ano the r ,  i t  

( was assumed t h a t  they a l l  were subjec ted  t o  about 300 ps ig  p r e s s u r e  The 
t o t a l 6  gas r e l ea sed  f o r  each of the  core samples i s  p l o t t e d  versus  o i l  y i e l d  
( i n  f i g u r e  7. A s  i n  t h e  labora tory  t e s t ,  r e s u l t s  from these  f i e l d  samples 

aga in  i n d i c a t e  t h a t ,  f o r  a given p re s su re ,  t he  methane r e l ea sed  v a r i e s  
l i n e a r l y  w i th  the  o i l  y i e l d  of t h e  samples. 

The 300-psig i soba r  from f i g u r e  4 i s  a l s o  shown i n  f i g u r e  7 t o  i n d i c a t e  
how much gas would be r e l ea sed  from l abora to ry  samples t h a t  have been pres-  
sured  t o  300 p s i g .  The d i r e c t  method samples taken  i n  t h e  f i e l d  y ie lded  about 
two-thirds  of t he  gas i n  t h i s  i n s t ance .  

I 

60f  t h e  t o t a l  g a s ,  t h e  l o s t  gas was 5 p c t  o r  l e s s .  The gas r e l ea sed  from the  
con ta ine r  i n  3 weeks was about 35 p c t ,  and the  remaining 60 pc t  was r e s i d -  
u a l  gas r e l ea sed  during crushing.  The low permeabil i ty  of t h e  o i l  sha l e  
does not  prevent a  s u b s t a n t i a l  po r t ion  of t he  gas from seeping from t h e  
s o l i d  co re .  



Cores From Di f fe ren t  Locations 

The four  cores  from the  same loca t ion  had a l l  presumably been subjec ted  
t o  300 ps ig  before  e x t r a c t i o n .  Cores taken from shal lower depths o r  loca- 
t i o n s  c l o s e r  t o  an outcrop w i l l  probably have been subjected t o  lower methane 
p res su res .  Figure 8 gives t h e  methane contents  and o i l  y i e l d s  of seven addi-  
t i o n a l  cores  taken a t  o the r  l oca t ions .  

Using f i g u r e  4 a s  a gu ide ,  var ious  i soba r s  a r e  drawn on f i g u r e  8 t o  
r ep resen t  the  r e s u l t s  t h a t  would be obtained f o r  samples subjec ted  t o  var ious  
pressures  i n  the  labora tory .  The core t h a t  contained the  most gas would f a l l  
on a 200-psig i s o b a r ,  t he  in termedia te  cores on 65- and 45-psig i s o b a r s ,  and 
t h e  l e a s t  gassy on a 0-psig i soba r .  

It seems from f i g u r e  8 t h a t  core samples taken from loca t ions  t h a t  a r e  
deeper and f a r t h e r  from outcrops a r e  subjec ted  t o  h igher  p re s su res ,  and t h a t  
t h i s ,  i n  conjunct ion wi th  the  o i l  y i e l d ,  a f f e c t s  t h e  amount of methane 
r e  leased .  

1.0 1 1 Cores From Trona Regions 

A s p e c i f i c  example of t he  e f f e c t  of overburden depth i s  shown i n  f i g u r e  8 
by t h e  samples taken from the  Green River bas in .  A l l  were taken approximately 
20 mi les  from an outcrop and have roughly the  same o i l  y i e l d ,  but  the gas 

content  of t he  sha le  
1.2 
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/ 
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/ 

increases  markedly w i t h  
increas ing  overburden depth.  
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FIGURE 8, - Direct-method f ield results for seven cores 
from f ive locat ions, (Distance to outcrop, 
overburden depth, and basin are given for 
each location,) 

Methane has been 
encountered i n  t h e  t rona  
mines a t  Green R ive r ,  Wyo. 
(7).  These mines a r e  c l a s s i -  
f i e d  a s  gassy and may serve  
a s  an i n d i c a t i o n  of what 
might be expected a t  c e r t a i n  
o i l  sha le  mines, s ince  t h e  
t rona i s  interbedded wi th  
o i l  sha le s  moderately r i c h  
i n  carbonaceous ma t t e r .  
Most of t he  gas i s  encoun- 
t e red  when the  roof i s  caved, 
i n d i c a t i n g  t h a t  i t  i s  
emi t ted  by the  ad jacent  
s t r a t a  r a t h e r  than by t h e  
t rona .  Table 1 gives the  
methane emission charac ter -  
i s t i c s  of two of these  mines, 
both of which a r e  about 20 
mi les  from the nea res t  
outcrop.  



TABLE I. - Methane emission c h a r a c t e r i s t i c s  of two gassy 
trona mines i n  southwestern Wyoming 

Of the  seven direct-method samples shown i n  f igure  8 ,  f i v e  (shown a s  
Green River)  were co l l ec ted  near these two trona mines. The sample a t  1,680 
f e e t  was taken from below the  trona a t  mine 2.  The samples a t  950 f e e t  were 
taken from below the t r o n a ,  and the samples a t  750 f e e t  were taken above the 
trona a t  mine I .  The f a c t  t h a t  mine 1 i s  shallower and does not i n t e n t i o n a l l y  
cave the  roof could account f o r  i t s  lower gas emission. However, the d i r e c t  
method does ind ica te  t h a t  the  shale  beds adjacent  t o  mine 1 a r e  about a t h i r d  
a s  gassy as t h e  bed adjacent  t o  mine 2 ( t a b l e  1 ) .  

............................. Approximate depth f e e t . .  ..................................... Daily tonnage.. .............................. Daily methane.. .MMcf.. 
Methane concentrat ion (main r e t u r n s )  ........... pc t . .  
Direct-method r e s u l t s  f o r  adjacent  shale  i n  

30- t o  45=gal/ ton range ................... . c d / g . .  

These Green River samples may be compared wi th  the  o thers  co l l ec ted  a t  
d i f f e r e n t  locat ions .  For ins tance ,  the two samples l i s t e d  a s  Piceance ( f i g .  8) 
have l e s s  gas ,  and the  four samples l i s t e d  as  Uinta ( f i g .  7)  have s imi la r  o r  
higher gas contents .  

Based on t h i s  labora tory  and f i e l d  s tudy,  the  following conclusions can 
be drawn: 

Mine 1 
800 

8,000 
0.4 
0 .1  

0.15-0.30 

1. Much more methane i s  absorbed by o i l  sha le  than can be accounted f o r  
by the  low o i l  poros i ty .  The amount absorbed i s  proport ional  t o  the  pressure 
t o  which the  sample has been subjected and t o  i t s  o i l  content .  The probable 
mechanism i s  absorption i n  the organic ma te r i a l .  

Mine 2 
1,500 

10,000 
2 .6 
0.2 

0 70 

2 .  The amounts of gas re leased from o i l  shale  samples i n  laboratory 
experiments a r e  roughly comparable t o  the amounts of gas r e  leased from d i r e c t -  
method samples taken i n  the f i e l d .  

3 .  Cores taken from locat ions  t h a t  a r e  deeper and f a r  from outcrops 
y i e l d  more gas than those taken a t  o r  near outcrops,  even a f t e r  va r i a t ions  i n  
o i l  y i e l d  have been taken i n t o  account. 

While the present  information i s  hardly conclusive,  a l l  the da ta  continue 
t o  ind ica te  t h a t  o i l  sha le  mines t h a t  a r e  both deep and f a r  from an outcrop 
w i l l  emit low leve l s  of methane gas. J u s t  what the  measured concentrat ions 
w i l l  be remains t o  be seen. Since the measured concentrat ions a l s o  depend on 
the  quan t i ty  of v e n t i l a t i o n  a i r  provided f o r  d i l u t i o n ,  i t  would seem t h a t  sane 
good v e n t i l a t i o n  planning i s  appropriate.  
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APPENDIX. --LABORATORY EQUIPMENT AND PROCEDURE 

1 I n  des ign ing  the  experiment t o  measure abso rp t ion  on o i l  s h a l e ,  t he  
approach used by many i n v e s t i g a t o r s  t o  measure absorption1 on c o a l  samples 
(1, g) was cons idered  f i r s t .  I n  t h i s  s tandard  abso rp t ion  procedure t h e  "dead 
space , I 1  which i s  t h e  pore volume of t he  c o a l  p lu s  t h e  " f ree  volume" of t he  
sample chamber, i s  determined by helium pressure-volume measurements because 
hel ium does n o t  absorb.  The amount of gas a c t u a l l y  absorbed by c o a l  i s  t h e  
t o t a l  gas r e l e a s e d  minus t h e  amount of gas t h a t  can be accounted f o r  by 
compression i n t o  t h e  dead space .  This technique i s  u s e f u l  f o r  coa l  where t h e  
amount of methane absorbed i s  much h ighe r  t han  the  q u a n t i t y  compressed i n t o  
t h e  dead space .  However, i t  was a n t i c i p a t e d  t h a t  only a  smal l  q u a n t i t y  of  
methane would be absorbed by o i l  s h a l e  and t h a t  t h i s  would be d i f f i c u l t  t o  
determine a c c u r a t e l y  by the  s tandard  procedure because of t he  p r o p o r t i o n a l l y  
l a r g e r  dead space c o r r e c t i o n .  Accordingly,  a  s impler  appara tus  and procedure 
were developed which a l s o  have more i nhe ren t  accuracy f o r  samples which emi t  
low methane q u a n t i t i e s .  

I The procedure used i s  an  a d a p t a t i o n  of t h e  direct-method t e s t  used i n  t h e  
f i e l d  (8). - Rather  than  a t tempt  t o  measure t h e  amount of gas compressed i n  t h e  
dead space ,  t h e  approach was t o  simply b leed  i t  o f f  qu ick ly .  N a t u r a l l y ,  while  
t he  dead space gas i s  be ing  b l ed  o f f ,  t h e  sample begins  t o  l o se  i t s  absorbed 
gas .  However, i f  t h e  absorbed gas does no t  come o f f  t o o  qu i ck ly ,  then  t h e  
q u a n t i t y  l o s t  du r ing  bleed-off  i s  c a l c u l a t e d  i n  t h e  same way a s  t h e  " l o s t  gas" 
i n  t h e  d i r e c t  method. 

This  approach has t h e  advantages t h a t  t h e  f r e e  volume of t he  con ta ine r  
does not  e n t e r  d i r e c t l y  i n t o  t h e  s o r p t i o n  c a l c u l a t i o n  and t h a t  no e l a b o r a t e  
s o r p t i o n  appara tus  i s  necessary.  Rapid d e p r e s s u r i z a t i o n  of t h e  sample 
c a n i s t e r  e l imina t e s  t he  gas t h a t  was compressed i n  t he  f r e e  volume from the  
s o r p t i o n  measurement, and thus  t h e  e r r o r  a s s o c i a t e d  with i t s  de te rmina t ion .  
The method has t h e  disadvantage t h a t  i t  only works f o r  m a t e r i a l s  w i t h  very  low 
pe rmeab i l i t y .  I f  t he  permeabi l i ty  i s  t o o  h igh ,  t he  l o s t  gas i s  t o o  h igh  a  
p ropor t i on  of  t he  t o t a l .  E r r o r s  i n  c a l c u l a t i n g  t h e  l o s t  gas t hen  become 
dominant. 

Rapid d e p r e s s u r i z a t i o n  of t h e  sample c y l i n d e r  causes  a  temperature drop 
t h a t  can a l s o  be a  source of e r r o r .  I f  t he  methane i n  t h e  dead space i s  
cooled s l i g h t l y ,  t hen  i t  w i l l  expand a s  t he  c y l i n d e r  r e t u r n s  slowly t o  room 
temperature  and be measured a long  wi th  t he  absorbed gas being r e l ea sed  from 
t h e  sample. To minimize t h i s  e r r o r ,  t h e  sample c y l i n d e r s  were f i l l e d  
completely w i t h  o i l  s h a l e ,  s o  t h a t  t h e  f r e e  c y l i n d e r  volume was u sua l ly  l e s s  
t han  250 cn?. Under t h e s e  c o n d i t i o n s ,  a  temperature  change of lo C would 
correspond t o  l e s s  t han  a  c$ change i n  volume. Tes t s  i n d i c a t e d  t h a t  r a p i d  
d e p r e s s u r i z a t i o n  of t h e  cy l inde r  caused l e s s  t h a n  a  3 O  C change i n  t h e  
i n t e r n a l  t empera ture ,  s o  methane from expansion dur ing  warming was l e s s  t han  
3 cm3. S ince  t h e  gas  r e l ea sed  from t h e  samples was i n  t h e  range 125 t o  250 
cm3 , t h e  3 c$ was considered t o  be n e g l i g i b l e .  

l ~ t r i c t l y  speaking ,  methane i s  adsorbed i n  c o a l  r a t h e r  t han  absorbed. For a  
d e f i n i t i o n ,  s ee  J o l l y  (6) .  - 



Apparatus 

The apparatus cons is ted  of a 500-c~8 aluminum sample cy l inde r  which could 
be pressur ized  t o  s e v e r a l  hundred pounds per  square inch ,  and a common labora- 
t o r y  b u r e t  f i l l e d  wi th  water and inver ted  i n t o  a pan of water .  Connected t o  
the sample cy l inde r  along with t h e  b u r e t  were helium and methane t a n k s ,  an 
accura t e  pressure  gage, and a vacuum pump ( f i g .  A-1). 

Procedure 

A l l  e i g h t  samples were from the  Uinta b a s i n ,  Utah. Prel iminary exper i -  
ments ind ica t ed  t h a t  i f  the  o i l  sha le  was crushed t o  l e s s  than  4 mesh, t h e  
samples could reach absorpt ion  equi l ibr ium w i t h i n  a few days ,  y e t  t h e  l o s t  gas 
would not be too  high.  

A crushed sample was placed i n  t h e  c y l i n d e r ,  which was then  evacuated 
and pressur ized  wi th  methane t o  a s e l e c t e d  pressure .  A va lve  between the  
methane tank and t h e  sample cy l inde r  was then  c losed .  As t h e  sample absorbed 
g a s ,  t h e  pressure  i n  t h e  sample cy l inde r  dropped. P e r i o d i c a l l y ,  the  va lve  
was reopened t o  r e s t o r e  the  i n i t i a l  pressure .  General ly 3 t o  4 days were 
requi red  t o  complete the  abso rp t ion ,  but  t he  sample was always pressur ized  
f o r  a t  l e a s t  a week. 

He and CH4 Pressure Vacuum 
tanks g a g e  

8 8 

Sample cylinder Pan of  water 

FIGURE A-1. - Apparatus to measure gas in oil  shale. 



After  absorpt ion  was complete, the desorpt ion  was measured. A second 
valve  on the  sample cy l inde r  was opened, and t h e  gas ins ide  was bled i n t o  the  
a i r  through a hose f o r  5 sec .  This was more than enough t o  b r ing  the  
i n t e r n a l  pressure  i n  t h e  sample cy l inde r  down t o  atmospheric. Then, the hose 
was i n s e r t e d  i n t o  the  w a t e r - f i l l e d  bure t  s o  the  gas being re leased  from the  
sample could be measured. 

A key assumption of the d i r e c t  method i s  t h a t  the  methane r e l ease  r a t e  
from the  sample follows the  d i f f u s i o n  equation f o r  sphe r i ca l  p a r t i c l e s  (2). 
I f  t h i s  i s  t h e  c a s e ,  then the  amount re leased  v a r i e s  l i n e a r l y  with (time)l12 
i f  t h e  time i s  not  too  la rge .  This was shown t o  be t r u e  f o r  coa l  cores  
ex t rac ted  from t h e  ground, and was found t o  be t r u e  f o r  the  o i l  sha le  samples. 
Therefore ,  by p l o t t i n g  the  amount of gas re leased  versus (time)l12 and ext rap-  
o l a t i n g  t h e  i n i t i a l  por t ion  of the curve l i n e a r l y  backwards t o  zero  time 
(when depressu r i za t ion  began), one can account f o r  the  gas l o s t  from the  
sample during depressur iza t ion .  The los s  was not  l a rge ;  f o r  example, i t  was 
about 0.025 c d  /g f o r  the  sample i n  f i g u r e  1. The 'hethane released" values 
i n  f i g u r e s  2 ,  3 ,  and 4 include t h i s  " los t"  methane. Results  from repeated 
t e s t s  were wi th in  5 pc t .  

To determine whether the  methane re leased  could be accounted f o r  by 
poros i ty  r a t h e r  than a c t u a l  absorpt ion ,  the  procedure was repeated using 
helium, which i s  known not  t o  absorb. The helium re leased  was much l e s s ,  
i nd ica t ing  t h a t  methane i s  absorbed by t h e  o i l  sha le .  




