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ABSTRACT 

I ,. 
Data  and i n t e r p r e t a t i o n s  r e l a t i n g  t h e  p h y s i c a l  : 

- - -, c h e m i s t r y  of Devonian s h a l e  t o  t h e  p r o d u c t i v i t y  of n a t u r a l  
- 

g a s  w e l l s  a r e  p r e s e n t e d  i n  t h i s  r e p o r t .  S p e c i f i c a l l y ,  

methane i s o t h e r n ~ s ,  hel ium p o r o s i t y ,  BET, and p e r m e a b i l i t y  

and d i f f u s i o n  d a t a  a r e  p r e s e n t e d  a t  p r e s s u r e s  r a n g i n g  up 

t o  1000 p s i .  Use of  t h e  d a t a  i n  p r o d u c t i v i t y  c a l c u l a t i o n s  

and r e s o u r c e  e s t i m a t i o n  h a s  been t h e  s u b j e c t  o f  o t h e r  

r e p o r t s  i n  t h i s  s e r i e s .  
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H I G H  PRESSURE ISOTHERMS AND DEGASIBILITIES: A COMPARISON 

- 1 n t r o d u c t  i o n  

T h i s  p ~ e l i u ~ i n a r ' y  r e p o r t  d e a l s  w i t h  t h e  i n t e r a c t i o n  o f  methane w i t h  samples  

of  Devonian s h a l e  a t  h i g h  p r e s s u r e .  We measured b o t h  t h e  s o l u b i l i t y  of  methane 

w i t h i n  s h a l e  a s  a  f u n c t i o n  of  p r e s s u r e  ( i s o t h e r m s )  a s  w e l l  a s  t h e  r a t e  o f  t r a n s -  

p o r t  of methane t h r o u g h  s h a l e .  S i n c e  we have a l r e a d y  g a t h e r e d  and ana lyzed  

c o n s i d e r a b l e  d a t a  a t  low p r e s s u r e ,  t h e s e  i n i t i a l  h i g h  p r e s s u r e  r u n s  were  made 

w i t h  " e q u i v a l e n t "  samples  r u n  th rough  t h e  s t a n d a r d  s e t  of low p r e s s u r e  measure- 
I '  
I 

ments a t  t h e  same t i m e .  I n  t h i s  r e p o r t  we c o n s i d e r  p r e d i c t i v e  e q u a t i o n s  - 
d e s c r i b i n g  t h e  h i g h  p r e s s u r e  d a t a ,  t h e  a c c u r a c y  of  t h e  f i t s  t o  h i g h  p r e s s u r e  

d a t a ,  and f i n a l l y  a  comparison o f  h igh  p r e s s u r e .  and low p r e s s u r e  d a t a  
. . 

Exper imenta l  

The p rocedure  and methods f o r  o b t a i n i n g  low p r e s s u r e  d a t a  h a s  been 

d e s c r i b e d  e l s e w h e r e .  (1.1 

The h i g h  p r e s s u r e  a p p a r a t u s  i s  shown i n  t h e  accompanying d iagram.  The 

components shown i n  r e d  a r e  mounted on a  p i e c e  o f  1 /4"  copper  p l a t e  t h e  back 

sLde of which i s  s o l d e r e d  t o  112" copper  p i p e s  spaced a t  r e g u l a r  - 5" i n t e r v a l s .  

Thermos ta t t ed  w a t e r  i s  r u n  t h r o u g h  t h e  p i p e s  a s  w e l l  a s  t h e  h e a t  e x c h a n g e r s ,  

a l s o  shown i n  b l a c k .  The copper  p l a t e  w i t h  t h e  mounted components i s  su r rounded  

by i n s u l a t  i n g  m a t e r i a l .  

A l l  i n t e r n a l  volumes. o f  t h e  t u b i n g  and components marked i n  r e d  a r e  

de te rmined  by comparison t o  a  s t a n d a r d  volume o b t a i n e d  by removing mercury from 

t h e  d r a i n  a s s o c i a t e d  w i t h  MV1. The pneumat l .~  v a l v e s  a r e  a c t u a t e d  th rough  

S k i n n e r  s o l e n o i d  3-way Magna La tch  v a l v e s  w i t h  n e e d l e  v a l v e s  i n s t a l l e d  on t h e  

. .  v e n t  s i d e  s o  t h a t  t h e  pneumatic v a l v e s  a r e  c l o s e d  v e r y  g e n t l y .  The S k i n n e r  

v a l v e s ,  a s  w e l l  a s  t h e  e l e c t r i c  b a l l  v a l v e s ,  a r e  o p e r a t e d  hy computer t h r o u g h  



an i n t e r f a c e  deve loped  by t h e  p r o j e c t .  S p e c i f i c a l l y  PV1, 2 ,  4  a r e  c lo .sed and 

t h e  p r e s s u r e  a t  t h e  h i g h  p r e s s u r e  t r a n s d u c e r  measured.  Then t h e  volume between 

F and MI1 i s  i n c r e a s e d  by d r a i n i n g  an amount of  mercury from M V 1  and d e t e r m i n i n g  
. . 

i t s  volume by we igh ing  i t .  The t o t a l  volume between PV4, PV1 and PV2 c a n  be 

de te rmined  from t h e  o r i g i n a l  p r e s s u r e ,  i t s  change ,  t h e  mercury volume measured,  

and t h e  e q u a t i o n  of  s t a t e  of  t h e  g a s .  The volume.between PV3 and t h e  s u r f a c e  

of  t h e  mercury c a n  t h e n  be de te rmined  by f i l l i n g  t h e  a p p a r a t u s  w i t h  g a s ,  c l o s i n g  

PV3, e v a c u a t i n g  t h e  a p p a r a t u s ,  c l o s i n g  PV4, PV1, and PV2, t h e n  open ing  PV3 and 

measur ing t h e  p r e s s u r e  a g a i n .  The volume between PV2 and a  Cajon,VCR c o n n e c t o r  

i n s t a l l e d  between F and t h e  sample h o l d e r  S  was t h e n  de te rmined  by i n s t a l l i n g  a - 
/' 

d i s k  i n  p l a c e  of t h e  washer of t h e  f i t t i n g  and m o n i t o r i n g  t h e  p r e s s u r e . c h a n g e  as 
,/ 

PV2 i s  opzned i n  t h e  same way a s  b e f o r e .  The volume of t h e  sample h o l d e r  S  was 

determined by we igh t  of  w a t e r  upon f i l l i n g  i t  and t h i s  volume compared w i t h  t h e  

volume o b t a i n e d  by r e p l a c i n g  t h e  . d i s k  w i t h  t h e  empty.  sample c e l l  and r e m e a s u r i n g  

t h e  volume below PV2. A s m a l l  d i s c r e p a n c y  e x i s t e d  and was c o r r e c t e d  s o  t h a t  a  

c e l l  f i l l e d ' w i t h  i n e r t  m a t e r i a l  gave "zero"  amount o f  s o r p t i o n .  

During t h e  c a l i b r a t i o n  p rocedure  i t  was d i s c o v e r e d  t h a t  t h e  volumes 

o b t a i n e d  d i f f e r e d  by about .  .15 m l / v a l v e  a c c o r d i n g  t o  whe the r  t h e  v a l v e  was 

opened o r  c l o s e d .  S m a l l e r  d i s c r e p a n c i e s  e x i s t e d  a s  t o  how f a s t  t h e  v a l v e s  were  

opened and c l o s e d .  We a s s o c i a t e d  t h e s e  d i s c r e p a n c i e s  w i t h  p r e s s u r e  t r a n s i e n t s  

from t h e , b e l l o w s  volume change and e l i m i n a t e d  them by c l o s i n g  t h e  pneumatic 

v a l v e s  s l o w l y .   h his' was accomplished by i n s t a l l i n g  t h r o t t l e s  on t h e  Sk inner  

v a l v e s . )  A l l  a c t u a l ,  p r e s s u r e  measurements were  made by p l a c i n g  a l l  PV va lves  

i n  t h e  c l o s e d  p o s i t i o n  f i r s t .  . Thcn t h e  p r e s s u r e  measurement was made, and t h e  

r e l e v a n t  v a l v e  (PV2 u s u a l l y )  was opened t o  ( r e ) e q u i l i b r a t e  p r e s s u r e ,  t h e n  
. . 

c l o s e d ,  and t h e  p r e s s u r e  measurement r e p e a t e d .  E q u i l i b r i u m  was a s c e r t a i n e d  on 

t h e  b a s i s  o f  e q u i v a l e n c y  o f  t h e  p r e s s u r e  r e a d i n g s  upon r e p e a t e d  c y c l i n g .  



Runs themse lves  a r e  made i n  a  manner s i m i l a r  t o  t h e  low p r e s s u r e .  A 

crushed  and s i e v e d  sample of known d e n s i t y  (de te rmined  by t o l u e n e  and 'a. pycnometer)  

i s  loaded i n t o  sample chamber S which i s  t h e n  f a s t e n e d  o n t o  t h e  sys tem and 
. . 

e v a c u a t e d .  A Dewar c o n t a i n i n g  ho t  w a t e r  i s  p l a c e d  around t h e  sample t o  h a s t e n  

d e g a s s i n g .  Runs a r e  made by p r o g r e s s i v e l y  c l o s i n g  PV2, i n c r e a s i n g  t h e  p r e s s u r e  

between PV3, PV4 and PV1, measur ing t h e  p r e s s u r e ,  open ing  PV2, e q u i l i b r a t i n g ,  
'i 

t h e n  measur ing t h e  p r e s s u r e  a g a i n .  T h i s  p r o c e s s  i s  r e p e a t e d  i n  abou t  s i x  s t e p s  

u n t i l  t h e  p r e s s u r e  on t h e  sample i s  about  1000 p s i .  From t h e s e  d a t a ,  t h e  number 

o f  moles of g a s  i n  t h e  g a s  phase  i s  de te rmined  b e f o r e  and a f t e r  opening PV2 and 
I 

t h e  d i f f e r e n c e  a s c r i b e d  t o  t h e  amount of  g a s  so rbed  i n t o  t h e  sample a s  h a s  been 

d i s c u s s e d  b e f o r e  f o r  t h e  low p r e s s u r e  c a s e .  The g a s  (methane)  i s  assumed t o  ,' 

obey t h e  Benedict-Webb-R.uhin e q u a t i o n  of  s t a t e .  

D e g a s i b i l i t y  d a t a  i s  o b t a i n e d  a s  b e f o r e  by f o l l o w i n g  t h e  r a t e  of g a s  

r e l e a s e  from t h e  sample upon change of t h e  a p p l i e d  gas  p r e s s u r e .  S p e c i f i c a l l y  

t h e  sample i s  e q u i l i b r a t e d  a t  a  h i g h  i n i t i a l  p r e s s u r e  (- 800 p s i )  t h e n  dropped 

d i s c o n t i n u o u s l y  by c l o s i n g  PV2, e v a c u a t i n g  t h e  s p a c e  between PV1, PV2, PV3, and 

PV4, t h e n  opening PV2. The d e g a s s i n g  r a t e  of  t h e  sample i s  fo l lowed  by m o n i t o r i n g  

t k c  pressure as a L u ~ l c ~ l u ~ i  uf c i m e  ( 'with r v 2  open and t h e  a p p r o p r i a t e  be l lows  

volull~e c o r r e c t  i o n  a p p l i e d ) .  

R e s u l t s  

The d e t a i l e d  r e s u l t s  a r e  shown a t  t h e  end o f  t h e  r e p o r t  a l o n g  w i t h  

T a b l e s  I - I V  which summarize' t h e  r e s u l t s  and compares them w i t h  t h e  e x p e c t a t i o n  

o f  t h e  low p r e s s u r e  d a t a .  . . 

S e v e r a l  f e a t u r e s  shou ld  be  ment ioned.  F i r s t ,  t h e  d a t a  i s  h i g h l y  r e p r o -  

d u c i b l e  i n  t h e  s e n s e  tllac r e p e a t  r u n s  on t h e  same sample g i v e  t h e  s a k e  r e s u l t s .  

Second, most o f  t h e  i s o t h e r m s  o b t a i n e d  f i t  t h e  e q u a t i o n  



F i t s  were  made by a  method of  s u c c e s s i v e  approx imat ions  which i n v o l v e d  l e a s t  

s q u a r e  f i t t i n g  A and B ,  a r r a n g i n g  t h e  e q u a t i o n  t o  a  form t h a t  was l i n e a r  i n  C ,  

t h e n  f i t t i n g  C .  The p r o c e s s  was r e p e a t e d  u n t i l  no f u r t h e r  improvement was 

o b t a i n e d .  The r e s u l t s  a r e  shown i n  F i g u r e s  2 - 8 and i n  t h e  d e t a i l e d  computer 

p r i n t o u t s .  I n  t h e  f i g u r e s  t h e  f i t s  a r e  r e p r e s e n t e d  by t h e  c u r v e s  and t h e  

e x p e r i m e n t a l  p o i n t s  by ( x ) .  The f i t s  a r e  somewhat low (abou t  l a )  a t  h i g h  
Y 

p r e s s u r e  which may be  an a r t  i f a e t  o f  t h e  somewhat u n u s u a l  f i t t i n g  p r o c e d u r e .  

We i n t e n d  CIJ r e p l a c e  t h i s  procedure  w i t h  a  d i r e c t  n o n l i n e a r  l e a s t  s q u a r e s  method 

u s i n g  t h e  Marquardt  a l g o r i t h m .  
1 ,  
I 

The e q u a t i o n  ( 1 )  i s  compat ib le  w i t h  a  d u a l  mechanism o f  s o r p t i o n .  The 

second t e r m  i s  t h a t  o f  a  Langmuir a b s o r p t i o n '  i s o t h e r m  where in  t h e r e  a r e  a  f i n i t e  

number of  s o r p t i v e  s i t e s  t h a t  p l a c e . a n  upper bound on a d s o r p t i o n  a t  B/C. A t  ' 

low p r e s s u r e s  t h e  number of  s i t e s  i s  much l a r g ~ r  t.han t h e  number o f  adsorbed  

molecu les  and t h e  amount adsorbed i s  p r o p o r t i o n a l  t o  p r e s s u r e  w i t h  s l o p e  B .  

The Langmuir a d s o r p t i o n  i s o t h e r m  i s  a p p r o p r i a t e  f o r  s i n g l e  l a y e r  a d s o r p t i o n  

such  a s  when t h e  a d s o r b a t e  i s  w e l l  above i t s  c r i t i c a l  t e m p e r a t u r e .  ( I n  t h i s  

c ,ase  m u l t i l a y e r  a d s o r p t i o n  i s  n o t  i m p o r t a n t  because  t h e  magnitude o f  t h e  f o r c e s  

invo lved  i s  of  t h e  o r d e r  of t h o s e  of c o n d e n s a t i o n  and c o n d e n s a t i o n  f o r c e s  a r e  

no t  impor tan t  above t h e  c r i t i c a l  t e m p e r a t u r e . )  The f i r s t  t e r m  o f  e q u a t i o n  ( 1 )  

can be a s s o c i a t e d  w i t h  a  second p r o c e s s  i n c l u d i n g  s o r p t i o n  i n t o  t h e  open p o r o s i t y  

of  t h e  s h a l e ,  s o l u t i o n  i n t o  kerogen o r  a d s o r p t i o n  o n t o  a  second t y p e  of s i t e  

w i t h  d i f f e r e n t  i s o t h e r m  c h a r a c t e r i s t i c s .  The e q u a t i o n  (1) t h u s  f i t s  e x i s t i n g  

c o n c e p t i o n s  . . o f  t h e  s o r p t i o n  of methane i n t o  s h a l e  i n v o l v i n g ,  m u l t i p l e  . p r o c e s s e s .  

Most of t h e  f i t s  were  good but i n  some c a s e s  e x c e p t i o n s  e x i s t .  F i g u r e s  

6 and 8 show d a t a  t h a t  i s  q u i t e  u n i n t e l l i g i b l e  by t h e  two s t e p  mechanism 

proposed above.  Nega t ive  i s o t h e r m s  such  a s  d i s p l a y e d ' f o r  F i g u r e s  6 and 8 a r e  

o f t e n  observed w i t h  micropor.ous' m a t e r i a l s .  ( 2 )  1 n  my o p i n i o n  such  n e g a t i v e  

i s o t h e r m s  ( imply ing  t h a t  t h e  amount o f  methane c o n t a i n e d  i n  t h e  r o c k r d e c r e a s e s  



w i t h  i n c r e a s i n g  gas  p r e s s u r e )  canno t  occur  when t h e  volume of  . t h e  r o c k  i s  ca ' lcu-  

l a t e d  f.rom a  bulk  d e n s i t y .  However, i f  a  f l u i d  used t o  d e t e r m i n e  a  "bulk d e n s i t y "  

p e n e t r a t e s  i n t o  t h e  porous  s t r u c t u r e  o f  t h e  sample ,  t h e  r e s u l t  i s  a  "bulk  d e n s i t y "  

. . 
d e t e r m i n a t i o n  t h a t  i s  t o o  high and c o r r e s p o n d s  t o  a  "volume" where in  some s o r p t i o n  

i s  a l r e a d y  i n c l u d e d .  ~ h &  n e g a t i v e  i s o t h e r m s  t h u s  o c c u r ,  i n  my o p i n i o n ,  i n  

s i t u a t i o n s  where in  some o f .  t h e  s p a c e  (phase  s p a c e )  a s s o c i a t e d  w i t h .  s o r p t i o n  i s  
3 

i n c l u d e d  t w i c e ,  once i n  t h e .  dens  i t  y  d e t  e rmina t  i o n  and a g a i n  . i n  t h e  p r o c e s s e s  

a s s o c i a t e d  w i t h  s o r p t i o n .  The v e r a c i t y  of  t h i s  v iew and i t s  i m p l i c a t i o n s  f o r  

g a s  p roducers  needs f u r t h e r  work.  I /,, 

The comparison o f  t h e s e  r e s u l t s  w i t h  low p r e s s u r e  d a t a  o b t a i n e d  from a  

second sample a t  t h e  same d e p t h  gave much u s e f u l  i n f o r m a t i o n  c o n c e r n i n g  t h e  ,' 

range  of p o s s i b l e  s o r p t i o n  models a p p l i c a b l e  t o  methane i n  s h a l e .  F i r s t  i t  shou ld  
. , 

be noted t h a t  t h e  p l a t e a u .  a s s o c i a t e d  w i t h  t h e  Langmuir i s o t h e r m  p a r t  of e q u a t i o n  ( 1 )  

i s  c o n s i d e r a b l y  h i g h e r  t h a n  t h a t  a s s o c i a t e d  w i t h  a  monolayer from t h e  BET e x p e r i -  

ment a s  Tab le  I shows. As a  g e n e r a l  r u l e  BET exper ' iments  g i v e  h i g h e r  a r e a s  a t  

h i g h e r  t e m p e r a t u r e s ;  f o r  example,  C 0 2  a t  -78.6Oc g i v e  l a r g e r  s u r f a c e  a r e a s  

a s s o c i a t e d  w i t h  a d s o r p t i o n  t h a n  N a t  - 1 9 6 ' ~ .  Normally t h e s e  d i f f e r e n c e s  a r e  
2 

a s s o c i a t e d  w i t h  t h e  s o r p t i o n  p r o c e s s  r e q u i r i n g  some s o r t  of  a c t i v a t i o n  e n e r g y .  

For '  s h a l e  t h e r e  i s  a l s o  t h e  p o s s i b i l i t y  of  s o l u t i o n  i n  ke rogen  b e i n g  i n v o l v e d ;  

s o l u t i o n  i n v o l v i n g  p e n e t r a t i o n  i n t o  t h e  m a t e r i a l  would be e x p e c t e d  t o  be g r e a t l y  

h i n d e r e d  a t  t h e  lower t e m p e r a t u r e s .  I n  any e v e n t  a  BET s u r f a c e  a r e a  u n d e r e s t i m a t e s  

t h e  h e i g h t  o f  t h e  L a n g m u i r . p l a t e a u  by a b o u t  a  f a c t o r  o f  3 .  

F i n a l l y  t h e r e  i s  p r e s e n t l y  some d i s c o r d a n c e  between t h e  low pr . e s sure  d a t a  

o b t a i n e d  w i t h  t h e  o l d e r  a p p a r a t u s .  and t h a t  o b t a i n e d  b y . t h e  new one .  . ,Table I11 

shows 1imi . t ing s l o p e s .  o f  e q u a t i o n  ( 1 )  a s  compared w i t h  t h a t  o b t a i n e d  w i t h  d a t a  

from t h e  low p r e s s u r e  a p p a r a t u s .  D i r e c t  compar ison of  t h e  n a t u r e .  of  ~ a b i e  I11 
. . 

i s  of  u n c e r t a i n  v a l u e  because  t h e  p r e s s u r e  r a n g e s  sf che two a p p a r a t u s e s  do. n o t  

even approx imate ly  o v e r l a p ,  bu t  we a r e  i n v e s t i g a t i n g  t h i s  p b i n t . f u r t l i e r ,  n e v e r t h e l e s s .  



T a b l e  I V  shows a comparison o f  h i g h  p r e s s u r e  v e r s u s  low p r e s s u r e  degas-  

i b i l i t y  d a t a .  An a s t o n i s h i n g  f e a t u r e  i s  t h a t  t h e  s p e c i f i c  d e g a s i b i l i t y  remains  

s o  c o n s t a n t  o v e r  a  r a n g e  of  p r e s s u r e s  ( f rom -- I atm-40 a t m ) .  A t  f a c e  v a l u e  t h e  
.. .. . 

cons tancy  obse rved  would seem t o  s u p p o r t  t h e  d i f f u s i o n  approach t o  g a s  t r a n s p o r t  

i n  s h a l e ' w h e r e i n  t h e  d i f f u s i o n  c o n s t a n t  i s  assumed t o  be  c o n s t a n t  a s  opposed t o  

t h e  Darcy Law approach where in  t h e  b u l k  v i s c o s i t y  o f ,  t h e  gas  i s  assumed t o  be 

a p p l i c a b l e  i n  i t s  t r a n s p o r t  t h r o u g h  mic ropassages .  We p l a n  t o  d o  a  more i n - d e p t h  

a n a l y s i s  bo th  f o r  samples  where in  t h e  agreement i s  e x c e l l e n t  ( e .  g  . , Pa#l :4799)  

and where in  some dependence i s  a p p a r e n t  ( e . g . ,  Pa#1:4949).  1 .. 

1. E. J e n s e n ,  S .  S teckbeck ,  and P.  D .  S c h e t t l e r ,  J r . ,  " D i f f u s i o n  C o n s t a n t s  i n  
Devonian s h a l e , "  Q u a r t e r l y  Repor t  0R0-5197-1 submi t t ed  t o  USERDA under .  
C o n t r a c t  No. E(40-1)5197.  

E. J e n s e n ,  P .  D .  ~ c h k t t l e r ,  J r . ,  I so the rms  o f  Devonian Shale;" 0R0-5197-1. 

2 .  Rober t  R. F r o s t  and Josephus  Thomas, Jr . , ."Use o f  I n t e r n a l  S u r f a c e  Area and 
High P r e s s u r e ' S o r p t i o n  ~ a t a  t o  E s t i m a t e  C a p a c i t y  f o r  Gas P r o d u c t i o n  from 
t h e  New Albany S h a l e  Group," P r o c e e d i n g s  2nd E a s t e r n  Gas S h a l e  Symposium, 
Morgantown, 1978.  



. .  T a b l e  I 

Wel l  I D '  

 MY#^: 1728 
~ a B 1 : 9 9 8  

:4799 
: 4949 
: 5053 

Low P r e s s u r e  . . 

BET Monolayer 
Volume Gas S T P / V O ~  Rock 

High P r e s s u r e  
B /C 

Volume Gas S T P / V O ~  Rock 

LP P o r o s i t y  
HP P o r o s i t y  from Term "A" f romHe I s o t h e r m  S l o p e  

Wel l  I D  (% ) (% ) 

N Y B ~ :  1728 .35 7 .7  
Pa# 1 : 998 .48  6 . 3  

- - :4597 . - - 3 . 0  

: 4799 . 4 1  7 . 1  i 

: 4949 
. - 

. 48  5 . 2  / 

4 

6 . 7  :5053 .42 

T a b l e  111 . 

L i m i t i n g  S lope  
from High Pres - su re  Data  (A + .B)  

Well  I D  Vol/Vol/Atm 

S lope  o f  
Low P r e s s u r e  Data 

~ o l / ~ o . l / A t m  

T a b l e  I V  

D e g a s i b i l i t y  
HP '~  

Well  I D  v o l  (STP) / ~ r e a  ( c c )  / ~ d r r  /Sec % 

D e g a s i b i l i t y  
Lp ;b'r 

VOI.(STP cm3) 

. > k  I n i ' t i . a l  e q u i l i b r i u m '  p r e s s u r e  -- 40 ,000  t o r r ;  . . 
end o f  jump. f i n a l  . e q u i l  p r e s s u r e  27 ,000  t o r r  ' 

Jt*b 11lliLial e g u i l i l r i u ~ l ~  * I J ' L ' ~ S S U X ~  900 LOL'L'.  ' 

end of  jump f i n a l  e q u i l  p ressur . e  zz 200 t o r r .  
. . , . 
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CH4 ISOTHERM PAfil--EGSP~,4799 
1 

P 4 

ba. 

=--/ /--- 

>//- 
/ + - .  

0 y  

9 

PRESSURE (TORW) 
&%RJ-3.3 . . 
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. . 
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CH4 ISOTHERM PA#fPI-EGSPo4949 
I 

. PRESSURE '(TORR) . . 

*.la-3 . . 



CH4 ISOTHERM PMl-EGSPs4597 

, 2 8  
. . , PRESSURE (TORR) . , 

*1&9'3 : 



.CH4 ISOTHERM NYiYI-EGSPa 1728 
3 

FIG 15a 7 



CH4 ISOTHERM PA#l-EGSPo 4899 
1 

28 
PRESSURE (TQRR) 
*la.-3 



FILE # 26 - 1 : 13 

PRESS LIRE 
Tor r- . 

k7 
242.85 
531.665 
82;. 485 
896'. 951 

. . 

. . 

ISOTHERM 

Gas : Helium 

I n i t i a l s  : PLIS 

Book : 5 

Pase : 44 

SAHFLE DATA i ;. 
r 

Weight : 5 . 8 3 9 7  israms.> 

'. - - . -_  

f a r - t i c l e  S i r e  : .OSS Ccm. d ian) )  . . 

' . DR T A  Cc7L L EC TED 

SLOPE OF ISOTHERM 

1 . k722~39E-84 VoI Gasi'Vol l ?ock /~o r - r  
5.28575E-85 Vol Gas,e*Vol roc k / P S I  
7 .  76731 E-82 Ilo l Ga_ci'(Jol ,Roc k i r 3  TPI 
1 . ?1,786E-L?9 EIol es Zas/Gram Rock/Por-r- 

5. UNCERTAINTY : 1.72874 ,. 
DETAILEL? Oc)Tc) 4 PO'iNTS .T&#EN 

. . 

ADS GRS CINCER T A I N T Y  FLAG . FL.AG . '  

, No1 esa'Zr-an) . .. 2 .  .Paranjefey . . 



F I L E  # 26 - 1 t . 1 3  
ISOTHERM - . 41%. Pare,,,,,--- 

Gas  - : Me t h a n e  

I n i f i a l s  : PDS 

B o o k  : 5 

f a r e  : 44 

SAMPLE DATA 
1 

S a m p l e  Temp .. : - I? ( c e n t . . ) '  
. . 

P a r t i c l e  S i z e  : .085-  Ccm. ' d i a m ?  

:. . DATA COLLECTED 

SLOPE 'OF ISOTHERPI 

1 . 9 8 ~ 7 1  $E-84 V o  1 G a s i V o  1 R o c  ki-.To r r 
1 . @24@5E-132 Val. Gas..'Vp l r o c  k i F S  I 
1 5 0 4 9 4  (Jol G a s / V o l  Rock.'ATM 
3 .  31 895E-89 PIol es Gas,-..Gram R o c  k / 'Tor - r  

@ETA I LED DATA . 4 POINTS TAICEN 

PRESSLIRE 
Tor- r- 

FLAG 
P a r - a r e  t e . r  



FILE # 26 - 1 : 13 
D IFFCISION 

- -. 
Sampl e I D  : NY#1 -EGSP : 1 728.. 

Gas : Methane 

I n i t i a l s  : PDS 
\ 

Book : 5 

P a w  : 4 4  

SANPLE D4T4 
I ,' 

Weight : 5.8397 Crt-ams.) 

@ensi f y : 2.6619 Csrams/cc) 

Same1 e' Temp 2 .-, I? (cent  .) 
. ... 

P.ar - ) ic le  S i z e  : .GSS- Ccm. Ji-3m.) 

DA T4 COLLECTED 

F i n i t i a l  : 983.225 

SPECIFIC , . DEGdSJBIL TS' 2 7781 JE-08 

UNCERTAINTY 3.1201 S Z 



FILE # 26 - d : 13 
BET 

Gas : N i  t r o r e n  

I n i t i a l s  : PDS 

Bonk : 5 

SAMPLE @AT& 

, W e i ~ h f  : 5.8397 i'9r-ants.) 

' @ens.i t y .  : 9 c'~rams,.'cc) 

~ a n ) ~ ' l e  ,Temp ... : B c'cen 4 .). 
- .  

- .  
. . 

. . F.ar. t . ic le S ize : '  .885 Ccm:.Jiari,? . . . . 
. . 

. . 
@A T A  COL L E,C TED . . . 

. . 

INTERNAL AREA 

2 .  5763E-L75. . .  I.101 esi'craw 
9.'.57S42E-t76 , I . t . I~les/n)l .  
1 :53616 m l .  rasa2mJ. u n r k  
2.451 35 S ~ e c i  f i c  Area Css. met et-s,*-.qr.am ? '  

. . . . 
. . . DETAILED D A T A '  5 POINTS TAKEN 

. . 
. . 

P R E S S C I ~ E  . . ADS GAS . . .' UNCERT&INTY. . FLAG ' . . '  : ' F L ; ~ & .  . '  

Torr- /.loles..-'Gram . 2 : . . . .  Para'meiet- 
. . . .  . 



FILE # 2 6  - 1 : 13 

Gas : N i f  rosen 

I n i 4 i a l s  : PDS 

Book : 5 

SAMPLE DGT# 

Densi t r : 2 . 6 6 1 9 .  Csrams/cc) 

S a m ~ l e  T e m f . :  -196 <cent . )  . .  , , - - 
Pat- f i 'c le ,  S i r e  : .085'. c'.cm. Jiam.) 

. . 

. DG T A  COLt ECTED 



A=- Pase-,,,-,,, 

D a t e  11/25,-z1979 

Gas : M e t h a n e  

I n i t i a l s  : PDS 
1 

B o o k  : 5. 

SAMPLE DATA ! ,. 

P a r t i c l e  S i r e  : .8S5. icm. d i m . )  

DATA' .  COLLECTED 

THE C O E F F I C I E N T S  OF THE EQCIATION N=AP+BP/C 1 + C P >  ARE ': ..................................................... 

D E T A I L E D  DATA OF AUTOMATED ISOTHERPI : . . ................................... 
. . 

PRESSURE 
T o r r  

ADS e A s  UNCERTAINTY FLAG'  FLAG. ADS. GAS CALC 
: Noles.. 'Grant ' .  

<.. 
. #. Par -an le fe r -  , Ploles, 'Grant 



FILE # 26 - 1 : 13 
HP DIFFUSION 

Dat e 11,~.25,-'1:979 

Gas : Meihane 

I n i t i a l s  : PDS 

Book : 5 

SAMPLE DATA ! ,, 

Weirhi .: 3.33528 ('sranls.) 

Sam~1.e. Temp : .8 Ccenf .Z 
. . ." 

. . 
Par- i i 'c .1~ Size : . 8 5 5 -  Ccn).'Ji.am.l . .  

. . . . . . .  

DATA COLLECTED.  ' 

P i n i f i a l  : 27735.4 

P esui l ibr ium : 18751.*3 

P o : 18614.5 



F i ' L E  # 26 - 1 : 14 
ISOTHERM 

Gas : Hel.ium 

I n i t i a l s  : PDS, 
I 

Book : 5 

SAPlfLE DgTA 
i 

Weirhf : 5.8772 Csr-ams.) 

S a m ~ l  . . e' T e m ~  : .  L3 i'cen f .) 
-. . - - -  . 

Par-f i,c,le , S i r e  : . . 885.- X'cm. . .iflam.) . . 

. , ' .  DATQ' COLLECTED. . . 

SLOPE OF ISOTHERM 

1 .  23656E-~34 . . ( lo l .  Gas,'Uol f iack/Tor-r 
5..33487E-83 (Joj Gas,*.(Jul rock/PSI 
9 .  39757E-k72 (Jo f Gas/Vo J Rock/A TM 
2 .  86SL7E-89 ' Moles Gas,g*Gram Roc k /To r r  

. . 

ADS GAS UNCER T A  N T v ... . 'MolesflGr-am' . . . . 
. , . . 

L? 8 
5 . 3 0 ~ 5 3 ~ - 8 7  ..' :4.43&?97' . .  
1.0347JE-o&.. '  3.218$2 

. 1 .63754E-L?6. . 2 .' 49358 ".:' 
1 $1861E-L?ty . 2.59496 - , . 

FLAG ' . ;  . 
. . 

FLAG ; 
. . . .  :. Parantefet-. 

. . 

L? L? . ., , 

. . 1. 4 7 . ' . '  
. . 

1 : '8 
1 . . . 13 : . 
1. . , k7. 



F I L E ' #  26 - 1 : 14 . . 
. . 

ISOTHERM . A z K .  Pare, --,,,, 

Gas : Methane 

I n i t i a l s  : FDS ' 

Pare : 48 

SAHPLE DATA 1 
Weight : 5.S772 Cqr-bks) 

Densi iy : 2.6712 C gr-ams/cc) 
. . 

S a n i ~ l e  Temp : d ( c e n t ) .  , - _ _  ' 
Par t  i c l e  S i r e  : .  .8S5. 4cm.  di*).)  

. .  . 

@c)Tf) CC~LLECTED , . ,  

SLOPE OF ISOTHERM 

3.66597E-84 Vol Gas,...Vol Rock/Torr 
I . S35SSE-&72 ucil Gas,..'(/o 1 rock/FSI. 
.275614 Vo 1 GassUo 1 Roc kesA TM 
6 .  12287E-89 Moles ~as..~.Gr,~m R o c  kiTer-r 

UNCERTAINTY : .5~39684 :: 

PRESSLIRE . . ADS GAS , ..UNCERTAINTY .FLAG . . . , 

0, 

: FLAG 
Tort- Moles,Gram s. . . . . .  .Par-dme 4 e'< 



Gas : P1,efhane 
. . 

I n i f i a l s  : FDS 
I . . 

. . Book .: 5 

Fase : ' 46 

, SAMPLE DATA 

We' i rhf  : 5 .8772  (st-anis.)  
. .  , 

DATA COLLECTED . . 

ClNCER Td TNT)' 2.22899 ,:- 
. . .  . .  . 

. . 

Srsiern . . :d  Moles.:' dF 2.1367E-06 . . 



F I L E  # .26 - 1 :. 1 4  
PET 

D a f e  12,' 2, '1979 

G a s  : N i  t r o r e n  

I n i t i a l s  : .  PDS, 
i .  

Book. : 5 

San1p.l e' Temp.  : 0 C c t l n  4 ) 
--. ~. . 

P a r - f i ' c l e  S i r e  : .. 855.. (cn). ' d iam.>  

. . DATA COLLECTED 
, , 

. . INTERNAL AREA 

FRESSClRE. 
T o r r  

7 .  1615SE-85  . . Molesa.'Gt-an) 
2 . 6 5 1 8 3 E - 8 5  N o l e s / ' m l . . '  . . 

4 . ~~S.ei 1 P m l .  sar. . 'n lJ,  r ~ ~ l :  
6 .  5 1 4 2 4  S p e i i  f i c  A r e a  i s s : m e f ' e t - s f k r - a m )  

, . 

'UNCERTflINTY : . 1 1 4 7 0 5 .  2 
. . 

c : ' 4 2 4 . 5 2 3  . .  . 

. I INCERTAINTP IN C :' 1 1 5 8 9 8 , . %  
5I)ROMETRIC PRESSURE 7 5 6  7 9 4  , mm F4 . . 

. . 

' DETAILED:DATA . . 5 P O I N T S ' T A K E N .  ' ' 
. . . . . . 

fiDS GRS ..'UNCER TA I N  TY FLdG , . F L A G ,  . ' 

1101 es/Gt-am . : ; , 2  . . P a r a m e t  er-  
. . , . '  

. . . . 
. L ? . '  ' 0  . h? :r?' . 

8 .  

.4 .. 5991 JE-~?S ,  ' .2,7~3.117 . 1 ' . .  . '0 . . '  . .. . 
' 7 . 4 9 5 6 9 E - 8 5 ,  , . 2 8 4 3 1  4 : I . '  : , .  .. , . . . 8  

. . .. Q . . 5 . 6 2 2 S 2 E - 8 5  ' ; 2 1 7554 .  1 ' .  . . .  
. .  . 

. . 
' 9 .  5 4 3 9 E - 8 5  . . L L ~ ) - . -  ' " . - 9 3 5  . . . I  . . . ,L? 

1 . @ 4 2 1 2 E - 8 4  . 2 3 2 4 5 3 .  , ' d  " ,  8 .  ' . 
. . 

. . 



F1'I.E # 26 .- 1 : 1 4  . . .  

DIFFUSION 

Dafe 12,' 2/1979 

Gas : N i t r o g e n  

Iniiials : PDS 

Pare : 56 
. . 

- -...-; 
Par i i'cl e ,  S.i r e .  i '. (355 . c'cm.. d l  am .) . . . .  , 



HP ISOTHERM 

Gas .: Me f h a n e  

I n i f i a l s  : PDS 
\ 

Book : 5 

Pave ': 46 

SAMPLE OAT4 
. . 1, 

W e i r h f  : S . 7 5 1 8 4  ('st-anis) 
I 

,/' 

S a m p l e .    ern^ : ' 0 . (cent .l - -_ --. . . -. - .. . 
f a r - f i c l e  . .  . S i i e  : .  . " ~ ? 8 5 - ' ( c n ) .  di3m.l . . , '  

. . 
. . ' . . D4TA COLLECTED . . .  . 

. .:. . . 

,'HE Cc7EFFICIENTS OF THE' E Q ~ I ~ T I ~ ~ N  N=AF+BPi;<' I.+CF .) ARE : . . ..................................................... 

'A  = 2 . 4 1 6 4 S E - 1 8  
8 = 1 . 5 3 8 7 E - B ?  
C = 2,54263&-84 

DETAIL  ED RATA / IF  4IITO!14TEC) ISOTHER11 ; ................................... , . .  , 

. . 
. . 

PRESSURE 4DS GAS . CINCERT4INT)f F L & ~  :. FLAG ADS G ~ S .  CALC' 
=,- T o r i -  : ' - Mol  e s f g r a r n  . '.. 8- . . . .P.ar.arnefer:..r.1Li1esae-Grani . ' . -  . : . . 



FILE # .  2 6  - 1  : 14 
HP. DIFFUSION 4 3 0  Pase -,,, , ,,. 

Daf e  1 2 /  2 / 1 9 7 9  

Samcle I D  : PA#I-EGSP:4899"" 
. . 

Gas : Hethane 

I n i t i a l s  : PDS. 
I 

'Book : ' 5 

SAMPLE OAT4 
I 

Neirhf  :. 8.75184 <grams.> 
- .. 

fl 

-. - Dens j t r .: 2 . 5 7 1  2 C qrams,'cc .) 
I' 

I 

Samcl e  Temc- : B k t en t : . )  - -_  . .  . 
.-- ._ 

, -. 
.Par- f ' i ' c le  S i z e  : ..8SS- Ccm .. Jiant 

. . 
. . 

P  e q u i l i b r i u m  : 35488:3 . . 

. . - , ., .- P : jbi04. 3 ' i , 

UMCERTAINTY .185212* 2 . . 
. . . . 

~ y s f e n ~ " .  'J flol esi8 dP .4 ,816$~~- '136'  . . 
. . .  . .  , - . .. , . . . .. 

. . . . . . 



' G a s  : H e l i u m  

I n i t i a l s  : PDS 
. . 

Bool :  : . 5 

P a r e  : 4 7  

SAPIPLE DATA 
I , . {'' 

N e i r h t  ': 9 . 3 9 3 5 6  i ' r t - a m s )  

S a n l ~ 1 . e .  Temp : B X c e n  f  .) ' - 
. . 

P a r - t . j . c l e  S i z e  : :055 i . c m .  J i a s . ) '  , '  

. . 
. . . 

' .. . DA Ti )  COLLECTED, 
. . 

SLOPE OF ISOTHERM 

9 .  4 4  13SE-85  (lo 1 Gas..'{t/d ROC k / T o  r-r 
4 . 8826E-L?3 (101 Gas.....Vo 1 rock,a8PSI 
7 .  1 7 5 4 5 E - 8 2  ( l o1  Gas.'(..'ol Rock."ATM 
I .47P15E-09 Mol ss (;as.(Gt-am Rock,"Ta r i -  

DETd ILED DdTA 4 POINTS Tdk'EN 
. . 

' ' .  i lNCERTAINTP PRESSLIRE ADS GAS FLAG '. . . . . FLAG 
To  r r- No1 es..'Gt-an) .-. a,. . , . .  P a r a m e t e r -  . . : .  



F I L E  # 26 - 1 : 1 5  

D a f e  1 2 /  $ / I 9 7 9  

S a m p l e  I D  : PA#1-EGSP:4799"  

I n i + i a l s  : PDS 
b 

B o o k  : 5 

P a r e  : 4 7  

SANPLE DATA 

l d e i i h f  : 9.39356 C r r - a m s )  
I 

S a m ~ l  e Temp : 8 ( c e n t  ? 
... _ 

--I_ 

P a r - t ' i c l e  S i r e  :' - . 8 8 5 -  . i c m .  d i a n ) ?  
. . . . . . 

DA,TA COLLECTED . 

SLOPE' OF ISOTHERM 

2 .  ,421 95E-134 Uo1 Gas.i(Jc7i ' Rock)?  T o r r  
1.. 2 5 2 5 1  15-02 V o l  Gas,'Vol r o c A . / P S I  
. 1 8 4 8 6 8  V o l  ' G a s . . ' ~ o l  Rocki't4 TTM 
4 . 8 5 ? 9 6 € - 8 3  Mo 1 e s  Gas.'Granr Roc /:(.'To r- r- 

. . 

UNCERTAINTY : . . , 4 7 4 6 4 5  . 2 

. . 

' I .  D E T A I L E ~  D A T ~  4 P O I N T S  TAKEN , , 

PRESSURE'. . ADS GAS ' , .. . . . UNCERTAlNTY. , FLAG ; . -  FLAG : . . 
T o r r  No1 esi'Gr-am '. #. Z- . . . '  f a r a m e . i e . r  

. . . .  . 



Dafe 12f 4 /1979 

Gas ' Plethane 

I n i  f i a l s  .: PDS 
! 

' B o o k  : 5 

SAMPLE DATA 

W e i . ~ h f  .: 9 .33356  Crr-an)s.> 
I //' 

, Samrle' Temp- : .B . (cenf ) ' . .  . . 
'- - 

P a r - t , i ~ I e  S i r e  : .  .885. I:cn). Jiam.>..  . . .  , 

f e s u i l i h r i u m  .: 224.133 

p 0 : . 2 2 g . 5 9 5  

SPECIF lC i7EGi)SIBIL T Y -  1 . 4 7 4 8 1 € - ~ 7  



PET 

Gas : N i  t r o r e n  

' I n i t i a l s  : FDS 
\ 

Book : 5 

SAMPLE DATA 
I 

Wei gh4 : 9 .  ,79356 C grams .,. 1 /,' 

Samr'l$ Temq- ': 8 C cen t 2 . ' 

. - -. -.- 

'Pa t - t j c le  S i r e .  : . ,  . .  ~78'5- :Ccm. xfiam?, 
. . 

. . : DATA Cc7L L'ECTED 

INTERNAL AREA , 

4 .  J885YE-85 Mof es,-..Gran) 
1 .64246E-65 Mol esf lml. 

, I ?  , 0tI  qas/ml, rock 
4.18716 S ~ e c i  f i c  Ar-ea C s s .  nte te r -s /~ t -an)?  

C : 145.398 
UNCERTAINTY I N  C : .I64528 :: 

B4Rc7t.IETRIC PRESSLIRE 734.789 ntm Hs 

' D ~ ~ f i r L E n o f i T n  s . p o r ~ i . i  T A ~ ( E N . .  , , 

. . 
. . 

PRESSLIRE ,- ADS ~ f i s  . . . . .. : . . I I N C E R T ~ ~ I N T Y  FLAG . : : FLAG, . , .  

. Tort- :  M i l  eifGt-am. . ' 2 ' . - Par-antefet-' 
. . . . . . - - . . . . 

0. : '  . , .  L? ' Q ' .  , .  0 . .  . . o . . . . . ,  
. . 

' 0  . '  18.5354 , . .3. g7345E-95.. : ,220807 ' .  , 1: " .. . . 
. . 

75.3252 ' 4.47374E-Lqs '. .21.1377.7 . '1 . 
., ., ., - ., .- . '  8 . :  

136. 1.1 1 5.25958E-85 . L : L ~ * L O  . . I  L?, 
189.89 5 .  8972!E-~?S:. .229485. , . 1 ,  . . . . '. . 0 .  . ' ,  . . 
240;32,7 : . 6 . . , 5 ~ 2 1 7 ~ - 0 5 .  : .231577 . I . .  . . . . e . .  . . . . . . . . .. . .  . 



, '  

Gas : N i  t r u g e n  

I n i t i a l s  : PDS' 
\ 

Book : S 

Page : 4 7  

SAPlPLE DATA 

W e i 4 h f  : 9.33356 C g r a m s )  
I 

SsmPle'  Temp : - 1 9 6  C ~ e n f  ) 
-. -_ 

-, . _ 
. -. . . 

P a r - 4 i c l e  S i z e  : .08S. . . . .Ccm,.  J i a a )  . , ... 
. . . . 

D A T ~  COLLECTED . 

P i n i t i a l  : 2 3 9 . 4 4 1  

S P E C I F I C  DEGASIBIL TY S . 5 9 8 4 6 E - 8 6  

UNCERTAINTY.  ' .  1 5 1  77 .2 
. . 



F I L E  # 26 - 1  : 1 5  

D a f e  IZ/ 4 / 1 9 7 9  

Gas : M e f h a n e  

I n i f i a l s  : PDS 
9 

Book : 5.' 

.SAMPLE DATA 
I 

I d e i s h t  : 9 .  7 1 4 7 9  ( 'qran ls?  

S a m ~ i ' e .  Temp : 8 . < c e n f  ) - . 
P a r - f i c l e  S i z e  : . 8 S 5 -  ( c m .  diam? 

DA TA COLLECTED 

THE COEFFICIENTS i7F THE EQU4TIi7N N=AP+BP#.'< 1 + C f  .) ARE : ..................................................... 

R F T A  11. ER n A T A  17F AIITOEI4TED ISOTHERM : ................................... 

f RESSURE 
T v r r  

8 
4133 
99k75 

19141 
28559 -. .-., .- . 3 e 1 ~ 6 4  
41 1 1 5  



7 .  - - -  -- - 

FILE # 26 - 1 : 15 

Gas : Fief hane 

I n i t i a l s  :' P@S 

437 Pase ,,,, . -,-- 

Date 12/ 4,1939 

Pase : 47 

SAMPLE DATA 1 ./,, 

Weisht : 3.71479 csrarnsl 

. . 

Sanw 1.e' Temp j 8 ('cen i .! . 

Par- t ' ic le  S ize  : . 8 8 5 .  i'cm. diam) 
. . 

DATG COLLECTED 

P i n i t i a l  : 40923..9 

P e q u i l i b r i u m  : 27959.7 



F I L E  # 2.5 - 1 : It; 
ISOTHERM 

Gas  : He l , i u rn  

I n i f i a l s  : PDS' . 
\ 

Rook  :. S 

F a r e  : J S  

SFbMPLE DFbTA 
I 

W e i r h f  : 5 . 4 5 1 5 6  Cs r -ams)  

A38., Pase ,-,, ,,,, 

~ a e r ' l  e .  Ternr . - : ,O i c e n  f ) 
-. . . - -  - 

F a t - f j c l e  Sire : . 8 8 5 - .  i c a .  dish), , . 

DFb T 4  COLLECTED 
' SLOPE. GF ISOTHERM 

8. 7 2 9 7 1  E-L7S U o l  Gas i 'Vo l  R o c k / T o r ~ -  
4 .  551376E-83 Val Gas,'(Joi , t - o c k / P S I  
t:. .5877$?E-82 Vo 1 Gasi.*Vo I R o c  k / $ J  Tt1 
I 4 S 5 9 8 F - 8 9  Moles @as/Gr-am Rock/Tor-r 

UNCERTAINTY : 2.. 191385 ; 7; , 
. . 

.. . DETAILED DATA ' 4 P O I N T S T A K E N  . . .  . , 

Fb67.5 Gp)S UNCERTAINTY 
. a .  M o l e s i G r a m  c; 

. . . . 

8 .' @ ! -. --.7 
3 .  i . 3 ,  JEE-07 '  6. 7sdL?7 
7,33,742E-07 4.8.1.5154. 

, 1 . 195$5E-k7.5 . ' 3 . 6 5 3 3 4  , , 

1 .3J59,3E-@6' , 3.  78862 

. . 
. '  . ' . F L A G '  . 

. , Par-ante f e.r: 
. . . . 

8 . ' .  , . . 
. @  

. 0 . .  

. . ' . 3 3 5 9 2 1  
4 . 2 1  9 2 4 E - 8 2  . . . .  . 

. . . . 



F I L E  # 26 - 1 : 1 6  
ISOTHERM 

S a m p l e  I D  : PA#1-EGSP:SOS,T"" 

Gas  : Medhane  

I n i f i a l s  : PDS 
\ 

B o o k  : 5 

Pase : 4 8  

/ ? a t - f i c i e  Sire : . 8 S S  Ccm. Jiam.) . . 

' .  . I 
. . 

' DdTA COLLECTED . . 

.SLOPE OF ISOTHERM 

' .3. 234C35E-84 ( jo l  Gas..-'Vol R o c k / T o r - r  
1 . 6 7 2 4 8 E - 8 2  U o l  Gas i "Vo1 rock,- . 'PSI 
. 2 4 5 7 5 7  O o l  GasYUo l  Rocl : /ATM 
5 . 4 6 1  1 YE-03 M o l e s  Gasi"Gr-am Rock ,  T o t - r  

UNCERTAINTY : . 6 1 8 5 8 3  . %  

DETAILEP DdTA 4 POINTS TAKEN 

ADS GfiS U ~ ~ C E R T M N  T\' 
M o l  e s / G r a n )  . .-. 

8 .. L3 
1 . 4 5 2 1 1 E - 0 6  ' 1 . 7 4 9 2 5  

FLAG FL4G . . . .  - . 

P a r a m e f  e r  . . 
. . 

43 . . 8 

: 0 '  . . 
@ 1 ' .  

; 0 
. 9: 451SSE-&Iz' 

. . . . .  
. . 

c. ' 



DIFFUSION 

Gas : Mefhane 

I n i t i a l s  : FDS 
I 

Book : 5 

Faye : ' 48 

SAMPLE DATA 

Neishf : 5.45156 Crrams? 

-- . Densi t v : , 2.642 ( ~t-ams..'cc .) 

. . . . . . 

'DATc) COLLECTED 

F i n i t i a l  : 873.97 

F e w i l i b r i u r n  : 235.511 



~J
J 

c
,
 

3
 

2 3
 

I-
. 

4
. 

k
 

t 
a
 

(v
 

0
 

c
,
 

0
'

-
-

6
J

c
,

 
z
 

'3
 

R
 

1f
l 

11
1 

,I
S

 

2 
P
 

C
~

J
 . 
'3

 
z
 

.. 
.. 

a
 

Pi
 

'
t
.
'
t
 

L
J

 I-.
 k 

L
J

 
3

b
.

 
.

.
.

.
 

z 
A

 
3
 

11
1 

st 
k
 a&

 
h

j 
ri

j 
I-
 

: 
e
.
 

I+ 
b
..
 

3
 

'32
 

(JJ 
- a

 
G

J
 1
4
 &

 I
4
 

. 
-

I
-

.
$

 
6

4
.

.
 

-7
 

- 
rA

 
k*

J 
W

J 
W

J 
b
 

k
 

. 
IL

 
'2
 

I 
*
k
c
4
9
 

a
 

'3
 

-I
 

4
 

m
 

D
 

't
 

Q
.

 
,

'
 

-
4
 -\J

 
&

 P
I 

't
 

.. 
'JJ 

3 
3 

c-
..
 

3
 

r/, 3
 

.3
 

Q
 Q

 
r

a
 
a
 

. 
ra

j 
. 

(J
l '4

 
.- 

'.a
 

P
J
 

c,
 

'.
. 

. 
m

 
PY

 
&

 
I- 

; 
Q

 
Pa

> 
fa

 
'3
 

fa
 

I- 
. 

'4
 

~
J
J
 

2
 
3
 a
 

0
.1

 
= 

A 

3
 
h

.0
 0

 
nr

 
.

:
 

-4 
'
t
.
 
k
c
,
 

, 
lg

j.
 
r
, 

A
.
 

f-I 
lt
 

I
t

 
V
J 

*O
 

C
-
. 

I-
. 
9
 

11
1 

1.q
 

m
 

cn
 

'
t

.
 s

 
5
.
 

. 
'.. 

'3
 

. 
3
 

a
J

.
7

 
b
.
 I.r

l 
.-..

 
-

@
-

3
6

J
 

r1
 

"..,
 k

 -
7 

., 
. 

I 
53

 
;; 

. 
2 

n
 

1.q
 

I
,
 I-
. 

3,
 

r: 
,
 

T
.

 
n
 



Gas : ~ i t r o s e n  

I n i i i a l s  : PDS : 
\ 

SAPlPLE D R T ~  1 ,,, 

Weishf : 5.45156 c~ran t s )  

- .. _ .. . 
~ ~ ~ f i i l ~ ' S i . r e  : ' .B85- c ' t m .  Jiam) 

. . . . 

P equil ihriunt : .49.5831 ' . 



G a s  : M e t h a n e  

I n i f i a l s  : PO$ 
\ 

B o o k  : 5 

P a r e  : 4 8  

SAMPLE DATA 

I : .  
N e i r h f  : 9 . 4 1 8 7 9  Crr-ams) 

S a n t ~ ~ l  e ' T e m , ~  : , 8 i' cen 4 ) . .  . . , 
P a r - f i c l t .  S i r e  : .OS5-.. i c n t . ,  Jiam) 

. . . . . 

DATi l  COLLECTED . . '  ; 

,.HE C O E F F I C I E N T S  OF THE EOUATION N=C)P+BP~.'CI+CP) 6IRE : ..................................................... 

PRESSURE 
T o  t- t- 

s 
35 7s 
951 3 

1 8.556 
.?~,i- 
i 1 '3 2 
.555.59 . . ' 

4 8 4 6 7 . '  . . , 

ADS GAS C1NCERTAINT.Y 
. . .. 

, ' Elo l es;* ' i ;ram . . . . .: 
. . 

r? . f lc3~3E900 . ' ,  S.&O 
, 2 .  6 6 2 E - 8 5 , .  . : ' . 8 . 8 3 4  
. '  5.43.3&-0.F . '  k7 . k7:724 - - 

S . 2 4 5 E - 8 5  ; 8.. '020 
I .  i ? 2 l E - 8 4 , : :  . . . .. ' 0.819 

, l , f l I E - L ? 4  0 . 0 2 0  
1 . 1 8 1  E-04 .  . 0 . 8 2 . 1  . , 

. . . . 
. . .  . . 

. . 

FLAG . FL.C)G' . . ,405 G ~ S S . ' C A L C  
Par-anie-f et- . Elol es /Gt -ant  . : 



FILE # 26 - 1 : 18 
. HP DIFFUSION . .  . 

Sample 10 : F ~ w ~ - E G s P : ~ ~ ~ ~  -.' 

Gas : Mefhane 

I n i f i a l s  : PPS 

Pare : 48 

SAMPLE DATA 
I i / ,  

Weirht : 9.41879 israms? 

- &nsi  f y : 2.842 C srams,-.'cc ? 

S i n l r  l'e . Temp- : 3 Cceni .> - -_ - .  

,/ 
P a r t i c l e  Size :. . 885 - '  c'cm. J iam) , . . . 

. . 

. .  DhTA COLLECTED' . . ', 

P i n i f  i a l  : 40226.8 

P e s u i l  ib r ium : 2 7 9 2 5  

fZ 13 : 27703.5 

UNCERTdINTY 4 . 5 7 1 8 6 ~ " ~ ~ '  -2' . '  
. . . . 

. . 
Srs'fen~ d . Moles,,' . df 4 . 5 6 8 3 1 ~ - 8 6  . . 



F I L E  # 26 - 1 : 17 
ISOTHERM 

S a n t ~ l  e I D  : NY#I-EGSf :9SS' 

Gas  : Me1 i unl 

I n i t i a l s  : DL14 

-. 
P a t - 4 i c l e .  Sire .: .Q55- . , ( ;em. : J i a m ?  

. . 
> . . -  . .  . ... . . .  

DA Ti9 COL LECTE! . . 
. . 

SLOPE OF ISOTHERPI . . 

' 8. ,71~?57~-~?5 (Jo l  G a s / ( J o l  ' R & c k / ~ o t - r  
4.29796E-83 (lo1 Gas/(. lal rock.--*PSI 
6 .  31 626E-(372 . (10 1 Gas..'(Ja 1 Rock i '4  TM 
1.387'1 4E-89 Moles G a s f ~ r - a m  R o c k / T o t - r  

FRESSCIRE 
T o r t -  . 

. . 

. DETAILED DATA . . 4  POINTS' TAKEN 
. . . , 

140s GAS UNCERTAINTY ' .FLAG .. . . 
F L A G '  . 

Plol es..-.'Gram . . 
. .  . 

4 , . . P a r a n w f e ' r  
. . . . . 

. . 

k7 8 '. . . 8 '  . 

2 .  J1394E-87: . '7.12fls8 1. 
?;!4FS5E-87 , , . .4047.3 . . .- - , .- ' I . , ' .  

2 '  

1 .  l ~ j b ~ E - ~ 6  ' : ,2.5644'1 ": , .  .l 
1 .2952~ -06  . . 2 . 6-62 71 . . L -3 

. . 
. . 

4 .  
. . . . . . 

. . 

. . 

. . 
. . 



FILE # 26 - 1 : 17 
ISOTHERM 

Gas : Mefhane 

I n i t i a l s  : DLN 

Book : 5 

SAMPLE DATA 
:, , 

l d e i ~ h f  : Y.81424 (st-ams) 
,- -- 

I 

- - Den5.i t y : 2 .  673 (.?ram+..'cc'.> 
/ ' 

S J ~ F ' ~  . e i e m ~  . . - : . B  (,cent ) , . ', . . . . 
- .  .. - - _ .  

P a r - f ~ ~ l e  ,Size : . . B s ~ -  i c e .  disc.? . . 1 . .  
. .  , . . . . 

. . . . 
. . .  . . 

DATA COLLECTED . '  

. . 

SLOPE OF'  ISOTHERM 

2 .  79957E-84 Uol Ga~.. / ( /o 1 ' Rock,'Tor- r 
1 . 44779E-82 Val Gas.....Vol r-ock/PSI 

:"12"" . , I' (Jol .  i 'asNo1.  Roc k fAPM 
. . 

I . 4.67267E-89 , Plul es Gas/Gr-am Rock/Tor-r 
. . 

ClNCERTfiINT)' : .482.317 :; 
. . 

. . 
. . . . 

. DEfAfiED DATA 4 P O I N T S  TAKEN 1 .; . . . . 

PRESSURE ' , 

Tor r- 
ADS GAS ,.CII.ICER PAINTI' 
No1 es..'Gram . . ' . 

. , 

. g i .  ' 0 .  
1 . 1 i?:lg@7E-@d . .' 1 $5646 
2.41153E-86 1.@11,72 

. 3..7258.5E-H&; . .80348 . ' .  

4 .  i?3594~-06 .857117.  

FLAG . . ; FLAG . . 

. . . . 
. . . . . . 

: Fauan~e f e r 
. . . .  . . . 

'0 .:. . i? . . .  ', ' 
' / 

1 .  , : '  , ,. . . 8  . . 

I . . 0 . . 
. . 

1 " , . ,  , 8 : .. ' 
. . . . 

1 .  . .  . . 8 '  .. . . 



S a n ~ ~ i e  I D  : NY#I-EGSP: 9 9 8  ' - "  

Gas ': MP f hane 
. . 

I n i t i a l s  : DL44 
5 

B o o k ' :  5 . . 

SdMFLE DATA 
,+ 

. . 

bleirhf : 5.81424 Crr-ams) 

Dens i f 9  : , 2 . 6 7 3  .Csr-an~s~'~cc) 
'--- --" - 

~ a m ~ j e .  Temf-. : 8 Ccen,f 1 
._ __ . - -.. . , 

.. . I .  

. F a r - f i c l i  S i ze  : .885- , Ccm. , J i m )  
.. . 



.- 

F I L E  # 26 - 1 : 1 7  
BET 

Gas : N i  f t-osen 

I n i t i a l s  : DL14 
P 

6 , ~ ~ k  : 5 

SAt IPLE DATA 

PRESSLIRE 
Tor r 

9 a m ~ l  e' Tems - .  : 8 (ten 4 .> 

Far-f i c l e .  S i z e  : . 8 S 5  ; (cm.. Jiam .) 

DATA COLLECTED, 

INTERNAL dREA 

3 .  7 7 7 8 2 E - 8 5  . Nu l es,-"Gr-am 
- . l - Y  1 E -  P 1 o l e ~ ~ ~ ~ ' m l .  

2 , 2 6 1 9 5  m l  . sas iml  . r-sck 
3,594 59. Sseci f ic f i red (54. mef er-slqr-an,) 

UNCERThINTY : . I 8 2 2 5 8  2 

, : 1 1 7 . 8 6 8  
. . .  ClNCERTi).)INT).'. I N  C :. . 3 4 6 7 5 6  '' .:; 

. ' . R ~ R L ~ P I E T E I C  PRESSURE , 748.997 mm HJ 

U N C E R T ~ ~ ~ N T Y  FLAG F L A G ;  . , A D S .  Cc)S " .,. . , ., . Pd t e r ' No .I es....'l; ram ... 



F I L E  # 26 - 1 : 17  

Page,,, 

Date 12/22/1979 

Sample ID.: NY#l-EGSP:33S '-" 

Initials : DL[{, 
1 

Rl30k : 5. 

. . 
SAMPLE DATA 

ldeirhi : 8.81424 (grams? 
I 

- - 

' - Dens i t 9 : 2 .  633 C 9 r an)s..*.'cc .I 
. , . . // 

Sample' Temp, : '-196 .'('cent? - .. 

. . 

P ini t.ial : ,237.111 

P equilibrium : % . - .  5~2 1274 



- 

F I L E  # 26 - 1 : 1 7  
HP ISOTHERM 

D a t e  120 ' r "2 /1979  

S a r n ~ l e  I D  : N\ ' # I -EGSP:998 '  ' - '  

Gas  :' P le thane  

I n i t i a l s  : DLN 

B o o k  : 5 

P a g e  : 4 9  

SAMPLE DATA 

. W e i r h t  : 9.9795 Cqt -an ts )  
i ., 

D e n s i  t y  : . 2 .  ,573 c;'gr.an)s..-.'cc) 
. - .  X 

. . - -.I _ - - . . 
-Pat- t i c 1 . e  S i r e  : . 1885.. c'crn. ' .  r j i .3n):) 

. . . , .  

' .  . DA TA CL7L.L ECTED 

,-HE COEFFICIENTS O F  THE E i?~ lATION N=AP+RPI(. I ' + C P )  ARE : 

DET4 I L E D  DATA OF AUTOMATED 'ISOTHERPI : 

PRESSURE ' ADS GAS . . UNCERTAINTY. 
Tor-  t- M o l  es,.'Gran) . .  D '  . ,i 

. . 

FLAG F L A G  . a a s  GA,S c n L c  ," 

, Par-ame.ter-  . Mol es8-'Gt-3n) 
. . 

. . . . 
. . . , 

' .  ~7 ' . 0,s ... ., . Q :..ase~,+se . . :; : 

1 ' .  . 0.8. 2 . 3 6 3 E - 8 5  . . 

1 '  ' . 8.. 0 5 . 4  j77E-&i5 ' . 

1 .  . . q .  .B ~ . :. 9. .  :7SOE-05 
' 1" . o :o  . I T . # € - 8 4 .  , . 

. . 
' , I  , B .  0 . . 1 . 3 4 1 E - 8 4 '  . 

, ,  . 1 . ' - 0 . @  . . j : 4 3 ~ , E - @ 4 .  
. , 



HP DIFFUSION 

Gas : Methane 

I n i t i a l s  : DL14 
: 

Book : 5 

Pare : 49 

SANFLE DATA 

- - 
. , 

~ a F f , i c l e  S i z e . :  .081 '(cni. diam) 
. . . . .  . 
. . . . 

DATd COLLECTED ' . . . . . . 

F i n i . f i a l  : 40970.5 

P e q u i l i b r i u m  : 27915..3 



7 

F I L E  # 26 - 1 : 1 9 .  

pare-  A L -  
D a f e  1.f1.3/'19SG 

S a n w l  e IQ : Pi jN I  -EGSP: 4 3 4 9  '-" 

Gas  : H e l  i u n )  

I n i  f . i a l s .  : .  PDS 
' . . &4 

SAHPLE DATA 
i 

N e i  g h f  : 7 . 3 2 2 3 2  C r r a n ) s ?  

- .. 
- - i - .  . 

D e n s i  f r : , 2.69 < q r - a m s / c c )  / 

. . SLOPE OF ISOTHERM 

6 .  8 8 1  1 1 ~-i.?5 (.lo l Gas...OVo l Roc  k,eaTo r- r 
3 . 5 1 7 1 9 E - 8 3  .VoI G a ~ i ' 0 0 . l  r oc l r . fPS I  
5 . 1  6 8 8 4 E - 8 2  (.lo1 GasJVL-tI Rock /ATM 
1 . 1279SE-89  M o l  ek Gasi0Gram Rock/ T o r r  

.' : ClNCERTdINTY : 2 . 1 2 9 4  ?; 

. . 
. . . . 

. . D E T ~ I L E D  D ~ T A  4 POINTS  EN 
. . . . 

. . 

PRESSURE . AQS GAS UNCERTAINTY . FLAG. FL f i ~  
To r t- M o l e s  ...' Gram . '  Pat-anle f ei' . .  ' , 



FILE # 26 - 1 : 19 
ISc7 THERPI 

. . A 53  Fase ,,,,- , ,, 

Gas ; Methane 

I n i t i a l s  : PDS 
1 

50ok : 5 

Fare : 52 

SAtIFLE DGTA 

Densi 49, : 2 . 6 9  C ~ r a m s / c c . >  ,/ 
/' 

S a / ) ) ~ l e '  Temp : 8 ' Ccenf .> 
* - -. .- . . . . 

~ ~ ~ - f i , i , ! e  S i z e  : .,8S5. c'cni.. dian) .! , : . . 
. . . . 

. . 
D A T A  COLLECTED' : . . : 

SLOPE L ~ F  ISOTHERM 

.. . 

F EESSCIRE ADS GAS . :  UNCERTAINTY F ia r ; '  . ' . F L A G  
Tot- r- . . No l e~..~.Gt-arn .-. . . : , Parameter- . . 

./ 



Date ,l.f13/'1388 

I n i t i a l s  : PDS 
\ 

Boo/: : 5 

Pare : 52 

SAEIPLE DATA 
i 

ldeighf : 7.,72232 (grams) I 

- .. . = -. -. . . 

F a r - t i ~ I e .  Size : .  .885- Ccm. Jian,'?' 
. . . . 

. - 
. . ,DC)TC) COLLECTED . . . . 

F i n i  t i a l  : 873.738 

SPECIFIC D E G A S I B I L T Y  3.19849E-88 

. . , . 
LlNCERTAINT)' 1.83824 ' .:: . . 

. . 
. . . . 

. . ~r i i te iy  ci Moles.' . d ~  2 :  07152~-06  . ' . . 
. . .  . . . , 

. . 
. . 

. . . .  . , . . 
, . .  .: . . . . 

. . . . . . .', . / .  
. . . . . . 

. .  . . :  .. . . . 
. . . . 

. . . . 
I . . . .  . . .  . . . . . . . 

. - -  
. .. . .. . . . . . . . . 

. . . . 
: ' .  . ' 

, . . . . . . .  '. . . .  . 

. . . .  . . . 
, .. 

. . .  
... . . . . . . . . . . . . . 

. ,  . . . , . 8 .  . ' 

. .  . . .  . .  
, . . . . . 

' / /  

. . .  . . 
.. . . , . , . 

' *I. 
. . 

. . . . 

. . . . , , 

. . . . 
. . . . 

: .  . . . .  . . .  . .  . .  . . . . . . . . . . . . .  , .. 
. . .  . . . ,: . ,  



F I L E  # 26 - 1 : 1 9  
HP ISOTHERPI 

Gas : Methane 

SAMPLE DdTA 
1 ,  
! r 

Wei rh f  : S . J S 1 9 5  Crr-ams) 

,___ _.. I O e n s i f r  : 2 . 6 9  ( s r a n ) s / c c )  . . / 

Par-,$ .i c l  r? Size . : . ,085-. (cn) . .. diam :), . 

THE C0EFFI .CIENTS OF THE EQUATIL7N N=AP+BP,( 1 +CP? &RE , : ..................................................... 
. . 

A = S . J S 3 1 1 E - 1 1  
B ' = 4.969[79E-09 
C. =. 3 .  @490,4E-85 . .  . 

DETAILED DATA OF AUTOMATED. ISOTHERPI : 
--------- - - - - - - - - - - - - - - - - - - - . - - - , - - - - ,  



Gas : Met hane 

Initials:: FDS 

. . 

S a n t ~ l e '  Temp. : 0 C ~ e n f )  ,. . -. -, .. . 

pat-+ ic:lj Sire. : . 885- .  Cent,.. d i a n ) )  . . 
i . . 

' D A T A  COLLECTED ' . .  



ISOTHERM 

Gas : Helium 

I n i t i a l s  : SAK . I 

SAMPLE DATA 1 ./ 

Weishf : 6.82331 ~ ~ r ! a m s )  

DATA COLLECTED . 

SLOPE OF ISOTHERM 

3.97885E-85 Vol Gasl(.'oI Rock/Tot-r- 
2.85352E-83 Val Gas/(lol r-ock/PSI 
3, 81 7S4F-02 Gas.'Ool Rscl:,"R TM 
6 .  54 794E- 18 No1 es Gas/Gt-ant Roc k,-pTo.t-r 

. . 

; . D E ~ A I L E D  DATA . .4 f '01~f.S. TAKENi, ' .  

. . 
, . 

. . 
. . . .  . FLAG 

PRESSURE.. , . ilDS GAS . ,UNCERTAINTY . ' . FLAG . : 
.. . Y Pa t-an)e f e r Tort- . . . Mole$/Granl . . . . 

. , . . 
' I .  

8 . . 8 . . ' .  8 L? . , . . O ' ,  . . , ' 
~ ~ $ 7 . 5 3 1 .  . -  1.9@666~-@7 ' 12.8458 . . '1 . .  8 ' .  

. .  . .  . . 531.64 '.3. 66&7:7rj'E-&j7,. . 8 ., 87@$5 - -  1. ' 

. . 5.01  645E-87 " . 7; 94335 .2 - . .  83$242 784.575 . . . . .  . .  . 

, 743.085 . 4.48468E-87 ' 18.2653 , '  . 2 .45238 . . , . .  . . . 



FILE # 26 - 2 : 3  I 
. . 

. ISOTHERM . . . . 
I i !  

. . 

Gas : Mefhane 

I n i f i a l s  : SAK 

Pase : 50 

SAMPLE DATA a,, 

\ 

Weishf : 6.82391 C ~ r a m s )  , 

Pa r . f i ' c l e  S i r e  : . .885 . CCm. Jianl)  

DATA COLLECTED 

SLOPE OF ISOTHERM 

4 .  61 834E-84 001 Gas/;Clal Rock/'Tot-t- 
2 .  3S423E-02 yo 1 Gas/Vo 1 t-ock/PSI 
.35~7356 Uo 1 GasfUo l Roc k / A  Tfl  
7 .  33077E-83 rjoi es L'as/L ram Roc k / l 'o  t-r 

G A S : ' , .  ~ N C E R T A ~ N T Y  . FL'flt . . FLAG , '  

Mo1,esiGrar . a .. : .:i . .. . . . Para ie  {.el-. 



FILE # 26 - ? : 3  

.'%i 

Sample ID : PA#I-EGSP:4597 

Gas : Me thane 

Initials : SAK 

'Book. : 5 

I 

SAMPLE DATA I 
1 

. . 

Far-fi'cle' Size : .'885 Ccn). J i m . >  

P initial : 876.475 

P equilibrium : 239.49 



G a s  : N i t  r -osen  

I n i t i a l s  I S A K .  Y 

~ o b k  : 5 

: SAMPLE DATA 1 ,  

INTERNAL AREA 

4 . 2 0 4  7 ~ - 8 5  Plo 1 e s i G r a n )  
1 . 6 2 5 3 2 E - 8 . 5  Mo,ll,~i.~~jl 
2 . 4 3 6 5 8  m l .  ras,ml. r o c k  
4  .8~?:707# S ~ e c i . f i c  A r e a  Csq. meter-s. . . . . rram? 

' UPICERTfSINTY r .24546,7 2 
. . 

C : .Jr;.II 
I INCERTAINTY . , I N '  C  : .93799# .$ 

. . BARC7PlETRIC PRESSURE. 741 .51 n)m Hr 
. . 

. ' D E T A I L E D  DATA, " 5 P L ~ I N T S  TAKEN . . . 

UNCERTAINTY . F L A G  



Gas : N i t r o ~ e n  

I n i f ' i a l s  : SAK 2 

Book : 5 

Page : 50 

SiiNPLE DATA i 

Santple ~em; ; '7 - -196 C.cent) -.. 
F a r - t i c l e  S i z e  : .885 Ccm. d ian) I  

DATA COLLECTED 

F i n i t i a l  : 239.833 

F e s u i i  i b t - i u n ~  ; 51.5342 

SPECIFIC DEGASIBIL T Y  2 . 7 7 7 4 ~ E - 0 6  
. .  ' . . . . 

ClNCERTAINTY s.59665E-.O2' . . 2 . : :  . . . . 
. . . . 



G a s  : M e t h a n e  

Rook : .5 

! SANPLE DATA 1 ,. 

- - W e i j h f  : 8.55665 C ~ r a n ~ s )  

- .-- 
- D e n s i  f y  : 2.557 ( ~ r a n ) s / c c ?  - - . 

S a n ) ~ l e   ten)^ : "  8 -  , ( c e n t  ? --. - 
P a r t i c l e  S i r e  : .855 (cn). d i a n ) ?  

DATA COLLECTED 

THE Ci7EFFICIENTS OF THE EBUt2TION N=AF+RPi'): 1 +CF .) ARE : ..................................................... 

DETAILED DiiTA i7F ALITOMATEL? ISC7,THERM : 
----------_--------3--------------- . . 

. . 



H f  D I F F U S I O N  i 

Gas : Mefhane 

Iniiials : SAK 1 

Book : 5 

Page : 50 

SAMPLE D ~ T A  

. . 

. DATd ~ L ~ L L E C T E D  

P inifial i 41179.7 

P equilibrium : 25156.9 
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Appendix B 



DATA SUMMARY 

T h i s  compact p r e s e n t d t i o n  i s  d e s i g n e d  t o  s a v e  p r o d u c t i o n  c o s t s .  Here in  

' .- * 
i s  a  summary o f  a l l  d a t a  on o u r  d a t a  f i l e s .  , T h e  * samples  have been r u n  d u r i n g  

t h e  p e r i o d  of t h i s  r e p o r t .  The complete  d a t a  ( a s  p r e s e n t e d  i n  p r e v i o u s . r e p o r t s )  

i s  a v a i l a b l e  on r e q u e s t .  

E x p l a n a t i o n  o f  Headings 

.' -- --.:. . . ' Table  I 

-._ . . --._ -- .__ - .  Well I D  

EGSP# when "Others  as f o l l o w s  : . . 

Brown - Be lmont, Cqunt y  , 0hi:o 
Dawson - ~ i c h l a n d  County, Ohio . , 

Egner - Rich land  County,  Ohio 
Romig - Richland County,  Ohio 
Warn - Chatauqua County,  New York 

D e n s i t y  Bulk 

D e n s i t y  measured u s i n g  to , luene a s  d i s p l a c i n g  f l u i d  

. . I s o t h e r m  S lope  . . 

Volume o f  g a s  sorbed,  i n t o  r o c k  (STP) p e r  u n i t  ,volbme r o c k  p e r  t o g r  p r e s s u k e  . ' , . . . . 

. . -  
. . . . BET Area  . . 

. . . , , / . / I  

Vululllt: uf  ~ ~ i t r s r ~ c ~ i  (STP) ' c a l e u l o i e d  from BET cqua t ' ion  r e q u i r e d  . .  

G - 
S p e c i f i c  d e g a s i b i l i t y .  Volume o f  g a s  (STP) r e l e a s e d  from a s q  cm o f  r o c k  
s u r f a c e  p e r  (set)% per  t o r r  of  d i s c o n t i n u o u s  p r e s s u r e  d r o p .  



E x p l a n a t i o n  o f  Headings ( c o n t )  

~ a b l ; !  "I; 

Well  I D  
\ ' 

Brown - .Belmont County,  Ohio 
Dawson - Rich land  County, Ohio . , 

Egner - Rich land  County,  Ohio 
Romig - Rich land  County, Ohiio 
Warn - Chatauqua County, New York ' 

I 

- - D i f f u s i o n  Cons tan t  
2 

Calcul .a ted  from d e g a s s i n g  d a t a .  Expressed i n  crn / s e c .  
=. . . . .  -- ., . . . -.__ - -._ 

D e n s i t y ,  Helium . '-L , 
- .  :3. . : , '. 

D e n s i t y  found using he l ium a s  t h e  d i s p l a c i n g  f l u i d r  i n  &/cm . , 
, , , 

Net Methane S o r p t i o n  

The amount o f  methane t h a t  must be i n  s o l u t i o n  i n  ke rogen ,  o r  adsorbed o n t o  
s u r f a c e s  e x p r e s s e d  i n  volume sorbed/volume r o c k / t o r r  p r e s s u r e .  

/' 

P e r m e a b i l i t y  

Expressed i n  d a r c i e s . .  

Apparent  Porosity 

C a l c u l a t e d  i n  t h e  s t , andard .manner  from he l ium and 'methane i s o t h e r m s .  These  
numbers do n o t ,  however, r e f l e c t  a c t u a l  v o i d  s p a c e s  i n  t h e  . s h a l e .  



I S 0  SLOPE 
HELIUM 
TORR.-\- 1 
.$E4 
L?. 21 1 
8.588 
8.314 
k?. 573 

I S 0  SLOPE 
PIE THfitJE 
Ti7RR-.\- 1 
fEJ 
2.132 
2 .  724 
1.678 

'2 .183 
I 

2 .  158 
1.578 
4 . C?L33 
1.573 

BET 
AREA 

16.7 
IS. 6 
11.6 

.$f.$.$.X 

T a b l e  I -- 



D E N S I T Y  
BULK 
G/CM.-\ 3' 

1.50 SLOPE 
H E L I U M  
TORR.4-1 
t E 4  

1 . 4 8 0  
1 . 1 5 3  

I S O S L O P E  BET 
PIETHANE ARE4 
TORE-.\ - 1 
XE4 ' 

7 .  I S 9  13 .8  
3 . 6 3 1  7 7  

I . I  

G G 
PIETHANE N l  TROGEM 
CPl.l/TORR CM ...' TORR 
$ E 7  t E 7  

8 . 1 7  1 6 4 . 3 7  
0 .  10 92.96 

T a b l e  I (cont)  



BET 
ARE4 

G 
NITROGEN 
CM/TORR 
XE7 

4 .68  
47.96 
55.99 
19.41 
8 .19  

61.23 

IS0 SLi7PE 
HEL IUPl 
TORRS-\ - 1 
dE4 
4.3. 845 
8.599 
1.931 
1 .672 
2.846 
8.478 

Table  I (cont)  



I S 0  SLOPE 
HELIUM 
TORR.-\ - 1 
XE4 

0 .S l6  
8.494 
1.033 
0.951 
8.647 
1.840 

IS0 SLOPE 
HE TNfl!.IE 
TORR.4- 1 
%E4 
3.205 
5.015 
tY.233 

36.118 
29.439 
113.815 

BET 
ARE4 

G 
METHANE 
CPlz'TORR 
dE7 

1.77 
4.95 -. .. s . 9 s  

13.46 
19.53 
4.53 

G 
NITROGEN 
CM*.'TORR 
f €7 

54.75 
85.92 
77.72 

142.84 
56.72 

123.18 

FGSP-WV#7:6516 
aJSP-WIJ#7:6i;21 ' .  

. . 
. . . .. . . . . . X A R N :  1517 . . 

w f . 
1 ." . $&)RN:3538 
i !dARN : 2658 
i YARN: 3575 8.; 

. . 3 . . 

: q . . i 7~ :2449  . .  .- k c -  
P g .  .:'"@336 : 2459 

38335 :..2539 
28336: 2579 

. . 2,9336 : 26-2 y -- . . .. 
. . 28335 : 2553. . . 

5 .  
. . 

-. . 
. . .. . 20336: 3829 . . . . 

20336 : 31 29 
--.c 

. .  . .2@.530 i.3139 
. Zgi33+3349 . . .. . 

T a b l e  I ( con t )  
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CIJ
 

C.1
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.
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.
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ai
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.3 
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f. 
rl.

j -
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k
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Z'Z 162 '0 
67 'Z "0zs-z. 
P 'S 4?9@ ' Z 
6 'S 67~6 ' 1 
8 '9 828 'Z 
8 'S, 6P,c .S 
6'1 258 '8 
S '9 @t.E 'Z 
9'P 'Z 
z .g 6782 ' Z 
0 'S' . S1D.Z 
fi 'Z ZS's ' 1 
8 ' p... ZS8 'Z 
8.1 889" 1 
2 'Z @lZ'Z 
c .L' - Z6Q '2 
2.1 90Z ' 1 
2-1 h1L.P 
'a -Z -. 29s -z 
2 'PI. 961 ' 1. 
2.1' SPS'l 
6 'S BPL 'Z 
8 '9 692 'r 2 -z t -7 

. . hbd C 
2.1s L'p9.2 
fieS BZZ'E 
8'9 2s8. 1 i 
1 'Z 4 QP,7 ' 1. 

.Et '9 91k.P 
P 'Z 6LS.z 
8 .Z 1.96 '2 

P3* 
1 -..ado1 

V38Y 3NUH13W 
139 3J07SOSI 



9zs ' 1 
t.9' ' 1 
DD1 'EI 
IZ6.1 

P3.* 
1 -\eeYaL71 

WOll ddL7S 
bH3 13N 'r I 



D I F  CONST 
HE THANE 
Cfl..\ 2,.'S 
.$E 7 

8.82 
8.82 

DENSITY 
HEL IClPl 
G,.'Cfl..\ 3 

NET CH4 
SORP T I O N  
TL7RR.. - 1 
t E 4  
. 5.789 

2.473 

14 ..983 
5.591 

1 1 -522 

PERM APP 
D A E C I E S  POROSI T\' 
XE9 HEL I U P 1  ...- ... 

0.81k7 18.6 
8.087 . 8.8 

.-. * 

Table I1 

13PP 
POEL7.5 I TY 
METHANE 
5- 
t. 

54.6 
2.7. 6 

(cont ) 



WELL f D DENSI  T Y  
HEL IUPI 
G,.'Cfl.+ 3 

2 .  77 
2.84 
2 - 8 9  
2 .74 
2.73 
2 .80 

NET CH4 
SORPT117N 
TORR.4-1 
*E4 

1.841 
2.861 . 

3.515 
5.589 
4 .  001 
2.784 

PERM 
DcSRCIES 
%E9 

APP . -. 
PL7EOSI TI '  
HEL I LIP1 
'8. 
8 .  

6 .4  
6 . 8  

14.7  
12.7 

APP 
Pr7EOSI T 1' 
METHANE 
;< 

14.4  
21.5 
26. 7 
42.5  
50.4 
28.6 

Table  I1 (cont )  



PP 'LL 
9s.: Z 
SZ.11 
LP'l 

SLL '6 1 22 'Z 
,761 ,' 82. S9.Z 
991 'Sl 

'I!-- 
LL c: 

661 'S 38 'Z 
,7ZS '2 82 'Z 
68Z 'Z 6L 'Z 

P3* 
l'-vYjll71 ,C '-.1*13/3 

NO11 dYOS 140 1 73H 
PH3 13N Af ISN3U 

.c7 'Z8 
1. -77 

L LGC. 
S 'ZZI 
P 'LP 
6 '09 
P 'PZ 0, 

.*. 

3NbH131.I 
A1 ISOYOd 
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GAS CHROMATOGRAPHIC ANALYSIS OF OFF-GASSING 

FROM WELLS OH114, 1 5 ,  116, 1 7  

Chromatographic  a n a l y s i s  and subsequen t  tr 'eatment of  d a t a  i s  t h e  same a s  

h a s  been p r e v i o u s l y  r e p o r t e d .  The p e r c e n t  compos i t ion  of  t h e  g a s  i n  t h e  c a n  

w i t h  t h e  sample ,  a s  de te rmined  by g a s  chromatography,  i s  c o n v e r t e d  t o  t h e  volume 
\ 

of  gas  o f f - g a s s e d  (STP) p e r  u n i t  volume of r o c k .  The formula  o f  c o n v e r s i o n  i s  

where 

i 
- -  t h e  computed 'volume of g a s  p e r  volume o f  r o c k  f o r  component i .  -- -. / ' 

0.916 - -  c o n v e r t s  g a s  .volumes' t o  s t a n d a r d  t e m p e r a t u r e  (O'C) 
/' 

----. ' . - -- 
VR 

- -  t h e  volume o f  rock  (es t imated. - -by-  (W - WC)/2:55) ' 
" 

. . 
. . 

vc - -  f r e e  volume i n  ' c a n  (Volume of  empty can  - Vg) 

P - -  p r e s s u r e  (a tm)  

Xi 
- -  f r a c t i o n  'of g a s  which i s  component i a s ' d e t e r m i n e d  by GC 

," - -  f r a c t i o n  of component i i n  a i r  ( i . e . ,  0 . 7 8  f o r  n i t r o g e n  and e t c . )  

The 

t h e  sample 

pr.evLuus l y  

r e s u l t s  a r e  ,shown i n  t h e  accompanying t a b l e .  Some oxygen t a k e - u p  o f  
. . 

from t h e  atmosphere o r i g i n a l l y  canned o c c u r r e d . a s  h a s  been no ted  : 

, 111 a J J l tFo l r  s.omc samples showed a n  uptalcc .of N Most : samples  
2 ' 

. . 

. . .  showed a compensat ing o f f - g a s  of .me thane  and i t h a d :  , . . ' . .  . 

1. ' L .  Hoeflich, E .  J e n s e n ,  D; wampler;-  P .  S c h e t t  l e r  , " A n a l y s i s .  o f  Hydrocarbon . , 

.Gases From C o r e s  of  We 11 1k20403, L i n c o l n  County , .  We,st V i r g i n i a ,  It  P r o g r e s s  . . ', 

..: . Report  / / I ,  0R0-5197-1, und.er'USERDA C o n t r a c t  No. E(.40-1)5197. . . 
< .  

. . . . .  
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