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ABSTRACT 

Water v a p o r  p r e s s u r e  lower ing  phenomenon i n  porous  media w a s  

i n v e s t i g a t e d  f o r  a r ange  of t e m p e r a t u r e s  by measuring vapor  p r e s s u r e  

v e r s u s  m a s s  of  water  adsorbed  i n  c o n s o l i d a t e d  Sandstone  c o r e s  and un- 

c o n s o l i d a t e d  s i l i ca  s a n d s  . Exper imen ta l  r e s u l t s :  showed t h a t  the m a s s  of 

water adsorbed  on t h e  r o c k  s u r f a c e  is  much more than t h e  amount of 

p o r e  steam. Exper imen ta l  r e s u l t s  a l s o  r e v e a l e d  t h a t  t h e  w a t e r  a d s o r p t i o n  

i s  mainly  caused  by mic ropores  i n  t h e  porous medium. Measurement of 

t h e  mass of  methane and e t h a n e  adsorbed on d ry  rocks  showed t h a t  t h e  

amount of  a d s o r p t i o n  i s  n o t  g r e a t  i n  comparison w i t h  t h e  p o r e  g a s .  

S e v e r a l  i n t e r e s t i n g  f i n d i n g s  w e r e  made i n  a d d i t i o n  t o  t h e  main 

o b j e c t i v e s  of the  s t u d y .  These  concerned b o t h  exper imen ta l  r e s u l t s  and 

t h e  a p p a r a t u s .  I n  r e g a r d  t o  e x p e r i m e n t a l  r e s u l t s ,  it w a s  found t h a t  

a d s o r p t i o n  d a t a  f o r  t h e  wa te r- sands tone  c o r e  s t u d i e s  could  b e  normal ized  

w i t h  r e s p e c t  t o  t e m p e r a t u r e .  Although t h i s  a p p e a r s  n o t  t o  have  been re- 

p o r t e d  p r e v i o u s l y ,  i t  does  a g r e e  i n  p r i n c i p l e  w i t h  f i n d i n g s  f o r  s o l i d  

powders w i t h  mic ropores .  

of p r e v i o u s  s t u d i e s  of c a p i l l a r i t y  i n  sands tone  i n d i c a t e s  tha t  exper i-  

menta l  d a t a  w e r e  mos t ly  i n f l u e n c e d  by a d s o r p t i o n .  

by- product r e s u l t  w a s  t h e  development of a c a p a c i t a n c e  probe  f o r  de tec-  

t i o n  of v e r y  low water c o n t e n t  i n  a s a n d s t o n e  c o r e  o r  sand pack. 

was a l s o  found t h a t  t h e  p robe  i s  s e n s i t i v e  t o  t h e  amount of methane and 

e thane  a d s o r p t i o n .  

Another  i n t e r e s t i n g  r e s u l t  w a s  that  r e a n a l y s i s  

F i n a l l y ,  an i n t e r e s t i n g  

It 
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1. INTRODUCTION 

I f  a c o n t a i n e r  i s  evacuated and p a r t i a l l y  f i l l e d  w i t h  a l i q u i d ,  

t h e n ,  a t  t empera tu re  T ,  t h e  e q u i l i b r i u m  p r e s s u r e  P can be  measured. 

T h i s  p r e s s u r e  P i s  c a l l e d  t h e  s a t u r a t e d  vapor  p r e s s u r e .  The phase diagram 

0 

0 

f o r  a p a r t i c u l a r  p u r e  l i q u i d  can b e  c o n s t r u c t e d  by us ing  sets of (T,  Po) , 
where P i s  a f u n c t i o n  of T on ly .  

0 

"Vapor p r e s s u r e  lowering" r e f e r s  t o  t h e  f a c t  t h a t  under some condi-  

This  means t i o n s ,  t h e  e q u i l i b r i u m  vapor  p r e s s u r e  P may b e  l ess  than  Po. 

t h a t  t h e  l iqu id- vapor  P-T r e l a t i o n s h i p  may depend on o t h e r  f a c t o r s .  

S o l u t i o n  of sa l ts  o r  g a s e s  i n  a p u r e  l i q u i d  w i l l  cause  t h i s  r e s u l t .  More 

i m p o r t a n t l y ,  t h i s  phenomenon can a l s o  b e  seen  when water i s  conta ined i n  a 

porous medium. 

From t h e  viewpoint  of pet roleum e n g i n e e r i n g ,  an i n v e s t i g a t i o n  of vapor 

p r e s s u r e  lowering i s  impor tan t  i n  unders tand ing  t h e  behav ior  of geothermal 

steam r e s e r v o i r s .  T r a d i t i o n a l l y ,  i t  h a s  been cons idered  t h a t  superhea ted  

s team and r o c k  are  t h e  on ly  two components i n  a d r y  steam geothermal  

r e s e r v o i r .  From t h e  fundamental  p h y s i c a l  p r o p e r t i e s  of f l u i d  and 

r o c k s ,  however, t h e r e  shou ld  e x i s t  a c e r t a i n  amount of l i q u i d  i n  a d d i t i o n  

t o  steam. 

q u a n t i t y  of superhea ted  steam i s  s i g n i f i c a n t ,  m a t e r i a l  ba lance  computa- 

t i o n s  shou ld  c o n s i d e r  t h i s  f a c t .  

If t h e  q u a n t i t y  of t h e  a d d i t i o n a l  l i q u i d  compared t o  t h e  

C a p i l l a r i t y  h a s  been thought  t o  b e  t h e  main f a c t o r  causing vapor 

p r e s s u r e  lowering i n  porous  medium. 

i t  became apparen t  t h a t  s u r f a c e  a d s o r p t i o n  was t h e  most important  f a c t o r  

caus ing  vapor  p r e s s u r e  lowering i n  d r y  steam geothermal  r e s e r v o i r s .  

However, i n  t h e  course  of t h i s  s t u d y ,  

- 1 -  



For  t h i s  s t u d y ,  a d s o r p t i o n  i so therms  were ob ta ined  f o r  s e v e r a l  

f l u i d s  and c o n s o l i d a t e d  sands tones  over  a range of t empera tu res .  Only 

p u r e  f l u i d s  w e r e  used i n  t h e  l a b o r a t o r y  i n  o r d e r  t o  reduce t h e  number of 

v a r i a b l e s .  For  t h e  fo l lowing  d i s c u s s i o n ,  " l i q u i d s "  r e f e r s  t o  s imple  

l i q u i d s ,  exc lud ing  s o l u t i o n s  and o t h e r  mix tures ,  and a l l  d i s c u s s i o n s  are 

l i m i t e d  t o  p u r e  " l i q u i d s  .I' 

- 2 -  



2 .  FUNDAMENTAL THEORIES 

Many f a c t o r s  can cause  vapor p r e s s u r e  lowering f o r  p u r e  l i q u i d s  i n  

porous media. The most important  are  c a p i l l a r i t y  and s u r f a c e  a d s o r p t i o n .  

C a p i l l a r i t y  o r i g i n a t e s  from s u r f a c e  t e n s i o n  and d e s c r i b e s  t h e  r e l a t i o n-  

s h i p  between a l i q u i d  phase  and a gas  phase  f o r  a s i n g l e  component f l u i d  i n  

a c a p i l l a r y  tube .  S u r f a c e  a d s o r p t i o n  i s  t h e  r e s u l t  of i n t e r a c t i o n  between 

molecules  of t h e  s o l i d  s u r f a c e  and t h e  g a s  molecules  i n  t h e  pore  space .  

The d i f f e r e n c e  between c a p i l l a r i t y  and s u r f a c e  a d s o r p t i o n  i s  t h a t  c a p i l -  

l a r i t y  c o n s i d e r s  on ly  s u r f a c e  t e n s i o n  f o r c e s  and s u r f a c e  a d s o r p t i o n  con- 

s i d e r s  f o r c e s  of a t t r a c t i o n  between t h e  l i q u i d  and t h e  s o l i d  s u r f a c e .  

The fo l lowing  s e c t i o n s  w i l l  d i s c u s s  b o t h  c a p i l l a r i t y  and s u r f a c e  

a d s o r p t i o n .  The d i s c u s s i o n  w i l l  s tart  w i t h  s u r f a c e  t e n s i o n  and then  con- 

s i d e r  c a p i l l a r i t y  and l i m i t a t i o n s ,  and t h e n  c o n s i d e r  a d s o r p t i o n  from t h e  

s t a n d p o i n t  of k i n e t i c  t h e o r y ,  

2-1 S u r f a c e  Tension 

I n  t h i s  s e c t i o n ,  t h e  o r i g i n  of s u r f a c e  t e n s i o n  w i l l  b e  d i scussed  from 

a molecular  s c a l e ,  and t h e n  some f a c t o r s  impor tan t  t o  s u r f a c e  t e n s i o n  w i l l  

b e  cons idered .  

2-1-1 The O r i g i n  of S u r f a c e  Tension 

I n  t h e  i n t e r i o r  of t h e  l i q u i d  phase ,  each molecule  i s  complete ly  

surrounded by o t h e r s ,  and t h e r e f o r e  s u b j e c t  t o  a t t r a c t i o n  i n  a l l  d i r e c-  

t i o n s .  Over a long  enough p e r i o d  of t i m e  (compared t o  molecular  v i b r a-  

t i o n ) ,  t h e  a t t r a c t i o n  on any molecule  i s  uniform i n  a l l  d i r e c t i o n s .  A t  

t h e  l i q u i d- g a s  i n t e r f a c e ,  however, c o n d i t i o n s  are  d i f f e r e n t .  F i g u r e  2 . 1  

- 3 -  
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shows t h a t  t h e  molecules  a t  t h e  s u r f a c e  a r e  a t t r a c t e d  toward t h e  l i q u i d  

phase  i n t e r i o r  and h o r i z o n t a l l y  by neighbor  molecules .  However, t h e r e  i s  

n o t  enough a t t r a c t i v e  f o r c e  from t h e  g a s  phase  t o  ba lance  t h e  a t t r a c t i v e  

f o r c e  from t h e  l i q u i d  phase ,  because  molecu la r  denrsity i n  t h e  gas  phase is  

lower t h a n  i n  t h e  l i q u i d  phase .  Hence, each s u r f a c e  molecule  i s  s u b j e c t  

t o  a n e t  a t t r a c t i v e  f o r c e  toward t h e  l i q u i d  phase ,  and t h e  a t t r a c t i v e  

f o r c e  i s  p e r p e n d i c u l a r  t o  t h e  s u r f a c e .  

dergo an  unbalanced f o r c e  toward t h e  l i q u i d  phase  is c a l l e d  t h e  i n t e r f a c i a l  

r e g i o n .  

The r e g i o n  i n  which molecules  un- 

The a t t r ac t ive  f o r c e  causes  t h e  s u r f a c e  t o  d imin i sh  i n  a r e a ,  because 

s u r f a c e  molecu les  move away from t h e  i n t e r f a c i a l  r e g i o n  more r a p i d l y  t h a n  

o t h e r s  move toward t h e  i n t e r f a c i a l  r e g i o n .  

t h e  i n t e r f a c i a l  r e g i o n  d e c r e a s e s  u n t i l  t h e  maximum p o s s i b l e  number of 

molecules  i s  i n  t h e  i n t e r i o r .  Th i s  means t h a t  t h e  s u r f a c e  a r e a  becomes 

t h e  smallest p o s s i b l e  f o r  a g iven  volume. 

The number of molecules  a t  

The f a c t  t h a t  t h e  l i q u i d  s u r f a c e  c o n t r a c t s  shows t h a t  t h e r e  i s  f ree  

energy a s s o c i a t e d  w i t h  i t .  Work must b e  done t o  extend t h e  s u r f a c e .  Ex- 

t e n d i n g  t h e  s u r f a c e  i s  e q u i v a l e n t  t o  b r i n g i n g  molecules  from t h e  i n t e r i o r  

of t h e  l i q u i d  t o  t h e  i n t e r f a c i a l  r eg ion .  I f  t h e  i n t e r f a c i a l  r e g i o n  has  

t h e  same n a t u r e  and s t r u c t u r e  everywhere, t h e  work. done i n  ex tend ing  t h e  

s u r f a c e  w i l l  b e  f i n i t e .  

The f r e e  energy i n  t h e  i n t e r f a c i a l  r e g i o n  i s  of fundamental  impor- 

t a n c e .  I n  s o l v i n g  many problems r e l a t e d  t o  t h e  f i m a l  c o n f i g u r a t i o n  of t h e  

s u r f a c e  e q u i l i b r i u m ,  t h e  s u r f a c e  f r e e  energy is  r e p l a c e d  by a h y p o t h e t i c a l  

t e n s i o n  a c t i n g  i n  a l l  d i r e c t i o n s  p a r a l l e l  t o  t h e  s u r f a c e  w i t h  a magnitude 

e q u a l  t o  t h e  s u r f a c e  f r ee  energy.  T h i s  i s  g e n e r a l l y  known as s u r f a c e  ten-  
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s i o n .  Such a s u r f a c e  t e n s i o n  

energy,  (mass/t ime ) ,  and t h e  

s u r f a c e  t e n s i o n  can always b e  

2 

h a s  t h e  same dimensions as a s u r f a c e  f r e e  

same numerical  magnitude. The concept of 

used i n  c o n s i d e r i n g  t h e  p r o p e r t i e s  of sur-  

f a c e s  which depend on ly  on t h e  e x i s t e n c e  of t h e  s u r f a c e  free energy.  

I n  t h e  proceeding model, s u r f a c e  f r e e  energy <is cons idered  t o  depend 

on t h e  t empera tu re  of t h e  l i q u i d ,  t h e  d e n s i t y  d i f f e r e n c e  between t h e  l i q u i d  

and g a s  phases ,  and t h e  s i z e  of t h e  l i q u i d  phase .  A l l  t h e s e  p r o p e r t i e s  

w i l l  b e  d i s c u s s e d  i n  t h e  fo l lowing :  

2-1-2 Temperature and S u r f a c e  Tension 

The h i g h e r  t h e  t empera tu re ,  t h e  less important  are t h e  f o r c e s  of 

molecu la r  a t t r a c t i o n .  Th is  means t h a t  t h e  molecules  i n  t h e  l i q u i d  phase  

t end  t o  overcome t h e  unbalanced inward a t t r a c t i v e  f o r c e ,  o r  t h e  s u r f a c e  

a r e a  i n c r e a s e s  more e a s i l y .  That i s ,  t h e  s u r f a c e  f r e e  energy d e c r e a s e s  

when tempera tu re  i n c r e a s e s .  A t  t h e  c r i t i c a l  t empera tu re ,  t h e  gas  phase  

i s  i d e n t i c a l  t o  t h e  l i q u i d  phase.  One can say  t h a t  no s u r f a c e  t e n s i o n  

exists a t  t h e  l i q u i d- g a s  i n t e r f a c e ,  o r  t h e  s u r f a c e  t e n s i o n  i s  e q u a l  t o  

ze ro .  

F i g u r e  2 .2  p r e s e n t s  t h e  s u r f a c e  t e n s i o n  of water as a f u n c t i o n  of 

The s u r f a c e  t e n s i o n  changes from 80 dynes/cm a t  -22OC t o  

For most materials,  t h e  r e l a t i o n  

t empera tu re .  

z e r o  a t  t h e  c r i t i c a l  t e m p e r a t ~ r e l - ~ .  

between s u r f a c e  t e n s i o n  and t empera tu re  i s  n e a r l y  :Linear. 

approximat ion can b e  w r i t t e n  as 

A reasonab le  
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where ci ' is  a c o n s t a n t ,  independent  of t e m p e r a t u r e ,  Equat ion 2 . 1  works 

w e l l  on ly  when t h e  t empera tu re  T i s  much less t h a n  c r i t i c a l  t empera tu re  

T . When t h e  t empera tu re  i s  i n  t h e  v i c i n i t y  of T f o r  some l i q u i d s ,  

Equat ion 2 . 1  shou ld  b e  r e w r i t t e n  as: 

C c I' 

= 6 '  (Tc - Tx - T) 
YO 

where & '  i s  a c o n s t a n t ,  independent of t empera tu re ,  

T i s  a c o n s t a n t  f o r  a p a r t i c u l a r  f l u i d .  Anot:her approximat ion w a s  
X 

developed by Van d e r  Waals from t h e  theory  of corresponding s t a t e s 5 :  

T n '  
= G (1 - T) 

C 
YO (2.3) 

where G i s  a c o n s t a n t  c h a r a c t e r i s t i c  of t h e  l i q u i d  and n '  i s  a c o n s t a n t ,  

which i d e a l l y  should b e  independent of t empera tu re  and t h e  f l u i d .  The 

t h e o r e t i c a l  v a l u e  of n '  i s  11/9.  T h i s  e q u a t i o n  a p p l i e s  f o r  some s imple  

f l u i d s ,  l i k e  n i t r o g e n ,  oxygen, and methane. The exper imenta l  v a l u e s  of 

n '  f o r  most of t h e  s imple  f l u i d s  f a l l  between 1.1 and 1.3. 

g i v e s  n '  v a l u e s  of some s i m p l e  f l u i d s  . 
Table  2 . 1  

6 

The tempera tu re  c o e f f i c i e n t  of s u r f a c e  tension.  a s  approximated by 

Equat ion 2 .3  t h u s  becomes: 

T n ' - 1  
T G (1- -) 

d ~ o  n '  
dT T 
- -  - -  

C C 

( 2 . 4 )  

Equat ion 2.4 shows t h a t  t h e  t empera tu re  c o e f f i c i e n t  of s u r f a c e  t e n s i o n  i s  

a f u n c t i o n  of t empera tu re .  Thus, Equat ion 2.3 may match exper imenta l  re- 
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Table 2.1:  The S u r f a c e  Tension of Simple F l u i d s  b.y Equat ion  2 . 3  

F l u i d  

CH , 
4 

He 
H, 
N L  

F2e 
O2  

126.26 
150.72 
132.92 
190.66 

5.19 
33.19 
44.38 
144 

158.78 

- 9 -  

G - 
28.42 
37.78 
27.77 
39.05 

0.5252 
5.523 
15.20 
39.50 
38.14 

n '  - 

1.232 
1.277 
1.126 
1 .221 
1.039 
1 . 1 1 2  
1.216 
1.202 
1.217 

Standard  
Dev ia t ion  

of F i t  

0.02 
0.02 
0 .03  
0.02 
0.001 
0.002 
0.02 
0.10 
0.02 



s u l t s  b e t t e r  t h a n  Equat ion 2 . 1  o r  Equat ion 2.2. 

From Equa t ions  2 . 1  through 2.3,  t h e  t empera tu re  c o e f f i c i e n t  of s u r f a c e  

t e n s i o n  i s  always n e g a t i v e  f o r  a l l  s u b s t a n c e s .  However, p o s i t i v e  tempera- 

t u r e  c o e f f i c i e n t s  have been observed i n  some exper iments .  Th i s  anomaly 

occurs  mainly  w i t h  metals and,  presumably, i s  caused by i m p u r i t i e s .  

2-1-3 E f f e c t  of S i z e  on S u r f a c e  Tension 

I n  t h e  p h y s i c a l  p i c t u r e  of s u r f a c e  t e n s i o n ,  t h e  i n t e r f a c i a l  re- 

g i o n  i s  d e f i n e d  as t h e  r e g i o n  where molecules  receive a n  unbalanced f o r c e  

p u l l i n g  them inward toward t h e  l i q u i d  phase .  

t h e  t h i c k n e s s  of t h e  i n t e r f a c i a l  r e g i o n .  The t h i c l m e s s  must be  a f i n i t e  

v a l u e ,  and should b e  on ly  a few t i m e s  more t h a n  t h e  molecu la r  s i z e ,  s i n c e ,  

i f  t h e  t h i c k n e s s  i s  g r e a t e r  t h a n  a few t i m e s  t h e  s i z e  of a molecule ,  t h e  

t o t a l  f o r c e  can b e  averaged t o  become z e r o .  The exact v a l u e  of t h e  th ick-  

n e s s  of t h e  i n t e r f a c e  i s  n o t  known. 

n e s s  of t h e  i n t e r f a c i a l  r e g i o n  h a s  been es t imated  L O  b e  i n  t h e  range of 

2 t o  7 8. One can be s u r e  t h a t  t h e  t h i c k n e s s  d e c r e a s e s  w i t h  i n c r e a s i n g  

t empera tu re ,  because  when t h e  t empera tu re  reaches  c r i t i c a l  t empera tu re ,  

t h e  t h i c k n e s s  of t h e  i n t e r f a c i a l  r e g i o n  w i l l  be  ze ro .  

The parameter  i n  q u e s t i o n  i s  

However, f o r  water a t  2OoC, t h e  t h i c k-  

I f  t h e r e  is  a d r o p l e t  of l i q u i d  w i t h  a r a d i u s  less t h a n  t h e  t h i c k n e s s  

of t h e  i n t e r f a c i a l  r e g i o n ,  i t  i s  obvious t h a t  t h e  s u r f a c e  t e n s i o n  of t h i s  

d r o p l e t  is  d i f f e r e n t  from t h a t  of a d r o p l e t  w i t h  r a d i u s  l a r g e r  than  t h e  

t h i c k n e s s  of t h e  i n t e r f a c i a l  r e g i o n .  

enough, t h e  s u r f a c e  t e n s i o n  changes w i t h  s i z e  of t h e  l i q u i d  d r o p l e t .  

Thus, when a l i q u i d  d r o p l e t  i s  s m a l l  

I n  1949 ,  To1man7-’ made some t h e o r e t i c a l  stud]-es of t h e  r e l a t i o n  be- 

tween s u r f a c e  t e n s i o n  and r a d i u s  of  c u r v a t u r e  by u s i n g  t h e  i d e a  of Gibb’s  
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s u p e r f i c i a l  d e n s i t y .  

modify Tolman's c a l c u l a t i o n .  The fo l lowing  e q u a t i o n  i s  t h e  Tolman-Koenig 

I n  1950, Koenig'' fo l lowed a similar  procedure  t o  

e q u a t i o n  : 

d r  ' (2 .5 )  >I ( 7 6 / r ' )  1 + ( 6 / r ' )  + 1 / 3  ( 6 / r ' ) '  + ----- 
I n - = j  - 1 + ( 2 6 / r ' )  1 + ( 6 / r ' )  + 1 / 3  ( 6 / r ' )  2 -C -- 

YO m 

where y i s  t h e  s u r f a c e  t e n s i o n  f o r  a l i q u i d  d r o p l e t  w i t h  r a d i u s  of 

c u r v a t u r e  r .  6 i s  a c o n s t a n t  f o r  a p a r t i c u l a r  f l u i d  a t  a p a r t i c u l a r  

t empera tu re .  

A f i r s t  o r d e r  approximat ion of Equat ion 2.5 can b e  w r i t t e n  as: 

S i n c e  t h e  t h i c k n e s s  of t h e  i n t e r f a c i a l  r e g i o n  i s  0 . 2 1 ~  a few t i m e s  t h e  

s i z e  of a molecu le ,  t h e  v a l u e  of 6 i s  on t h e  o r d e r  of 10 cm. The exac t  

v a l u e  of 6 i s  t o o  s m a l l  t o  b e  ob ta ined  p r e c i s e l y  from an experiment.  We 

t u r n  now t o  c o n s i d e r a t i o n  of t h e  e f f e c t  of phase  d e n s i t y  on s u r f a c e  ten-  

s i o n .  

-8 

2-1-4 S u r f a c e  Tension and Liquid-Gas Densi ty  D i f f e r e n c e  

From a p h y s i c a l  p i c t u r e  of s u r f a c e  t e n s i o n ,  s u r f a c e  t e n s i o n  or-  

i g i n a t e s  from t h e  d e n s i t y  d i f f e r e n c e  between t h e  l i q u i d  phase  and t h e  gas  

phase .  Thus, t h e  l a r g e r  t h e  d e n s i t y  d i f f e r e n c e ,  t ' h e  l a r g e r  t h e  v a l u e  of 

t h e  s u r f a c e  t e n s i o n .  A t  t h e  c r i t i c a l  t empera tu re ,  t h e  d e n s i t y  d i f f e r e n c e  

between t h e  l i q u i d  and g a s  phases  i s  z e r o ,  and t h e  s u r f a c e  t e n s i o n  a l s o  

e q u a l s  ze ro .  
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Both t h e  d e n s i t y  of f l u i d s  and s u r f a c e  t e n s i o n  of f l u i d s  are  fuiic- 

t i o n s  of temperature .  A s  t empera tu re  changes,  b o t h  d e n s i t y  d i f f e r e n c e  and 

s u r f a c e  t e n s i o n  change s imul taneous ly  in t h e  same d i r e c t i o n .  G e n e r a l l y ,  t h e  

r e l a t i o n  between d e n s i t y  and s u r f a c e  t e n s i o n  i s  inc luded  i n  t h e  r e l a t i o n  be- 

tween tempera tu re  and s u r f a c e  t e n s i o n .  

2-2 C a p i l l a r i t y  

The most impor tan t  consequence of t h e  e x i s t e n c e  of s u r f a c e  f r e e  

energy i s  t h e  founda t ion  of t h e  c l a s s i c a l  theory  of c a p i l l a r i t y  which i s  

r e s p o n s i b l e  f o r  most of t h e  methods used i n  measuring s u r f a c e  t e n s i o n .  

C a p i l l a r i t y  p l a y s  an impor tan t  r o l e  i n  de te rmin ing  t h e  i n t e r a c t i o n s  be- 

tween a porous medium, and t h e  f l u i d  i n  t h e  porous medium. 
ll, 12 

A s  shown i n  F i g u r e  2 . 3 ,  t h e r e  a r e  t h r e e  d i f f e r e n t  k i n d s  of l i q u i d- g a s  

i n t e r f a c e s .  A t  t h e  same tempera tu re ,  each kind of i n t e r f a c e  h a s  a d i f -  

f e r e n t  e q u i l i b r i u m  vapor  p r e s s u r e .  The e q u i l i b r i u m  vapor p r e s s u r e  a t  a 

convex l i q u i d  s u r f a c e ,  a s  shown i n  F i g u r e  2.3- a, is  l a r g e r  t h a n  t h e  

e q u i l i b r i u m  vapor  p r e s s u r e  a t  a f l a t  l i q u i d- g a s  i n t e r f a c e ,  as shown i n  

F i g u r e  2.3-b, s i n c e  t h e r e  i s  l e s s  unbalanced f o r c e  t o  p u l l  t h e  molecules  

a t  t h e  i n t e r f a c i a l  r e g i o n  inward t o  t h e  l i q u i d  phase.  S i m i l a r l y ,  t h e  

e q u i l i b r i u m  vapor  p r e s s u r e  a t  a concave l i q u i d  s u r f a c e  as shown i n  

F i g u r e  2.3-c i s  less t h a n  t h e  e q u i l i b r i u m  vapor  p r e s s u r e  a t  a f l a t  

l i q u i d- g a s  i n t e r f a c e .  

The e q u i l i b r i u m  vapor  p r e s s u r e  of a curved l i q u i d- g a s  i n t e r f a c e  

can b e  o b t a i n e d  mathemat ica l ly .  I n  F i g u r e  2.4,  ABCD i s  a small a r e a  of 

t h e  s u r f a c e  w i t h  s i d e s  a t  r i g h t  a n g l e s .  

p laced  p a r a l l e l  t o  i t s e l f  away from t h e  concave s i d e  by an i n f i n i t e s i m a l  

Suppose t h e  s u r f a c e  ABCD i s  dis- 
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Figure 2 .4  Analog Configuration to Expla in  the Surface Tension 
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d i s t a n c e ,  A S .  The new s u r f a c e  A ' B ' C ' D '  h a s  an area 

AB BC A ' B ' C ' D '  = (AB + - A S ) ( B C  + - AS) 
2 r r 1 

(2 .7)  

where r and r a re  two p r i n c i p l e  r a d i i .  Neg lec t ing  t h e  second under 

t ems : 

1 2 

AS AS 
111 r, 

A ' B ' C ' D '  = ABCD (1 + - + -) 

The f r e e  energy needed t o  create t h e  s u r f a c e  a r e a  is: 

1 1  Y ABCD AS (~+y) 
1 2 (2 .9)  

2 '  
i f  t h e  p r e s s u r e  of t h e  concave s i d e  i s  P 

The work done by a p r e s s u r e  d i f f e r e n c e  is :  

and t h e  'convex s i d e  i s  P 1 

(p2 - P1) AS ABCD (2.10) 

By c o n s e r v a t i o n  of energy,  Equat ions  2.10 and 2.9 (can b e  combined: 

(P2 - P1) AS ABCD = -y ABCD AS (- 1 1  + --) 
1 r 2  r (2.11) 

(2.12) 

Equat ion 2.12 is  t h e  fundamental  e q u a t i o n  of c a p i l l a r i t y ,  and i s  known 

as t h e  Lap lace  e q u a t i o n .  It d e s c r i b e s  vapor  p r e s s u r e  a t  curved l i q u i d-  
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g a s  i n t e r f a c e s .  I n  Equat ion 2.12,  (P -P ) i s  d e f i n e d  a s  c a p i l l a r y  

p r e s s u r e ,  P . Thus: 

1 2  

C 

(2.13) 

For  convenience,  t h e  mean r a d i u s  of a curved i n t e r f a c e  i s  d e f i n e d  as: 

2 r  r 1 2  
M r1+r2 

r = -  

Thus, Equat ion 2.13 can b e  w r i t t e n  as: 

P -  -2Y 
M c r  

( 2 . 1 4 )  

(2.15) 

I n  t h e  e q u a t i o n ,  t h e  r a d i u s  of c u r v a t u r e  can b e  e i t h e r  p o s i t i v e  o r  nega- 

. t ive.  I f  t h e  l i q u i d  s u r f a c e  i s  convex, t h e  r a d i u s  of c u r v a t u r e  i s  p o s i t i v e .  

I f  t h e  l i q u i d  s u r f a c e  is  concave, t h e  r a d i u s  of c u r v a t u r e  is  n e g a t i v e .  

The p r e s s u r e  d i f f e r e n c e  i s  always der ived  by s u b t r a c t i n g  t h e  p r e s s u r e  i n  

t h e  l i q u i d  phase  from t h e  p r e s s u r e  i n  t h e  g a s  phase.  

The assumption of t h e  Lap lace  e q u a t i o n ,  Equat ion 2.15,  i s  t h e  

" i n f i n i t e  s u b d i v i s i b i l i t y  of t h e  l i q u i d ."  

most macroscopic cases. 

c o n t a i n s  about  3500 water molecules .  

T h i s  assumption i s  v a l i d  f o r  

For example, a d r o p l e t  of water w i t h  r a d i u s  30 2 

2-3 Vapor P r e s s u r e  Lowering Due t o  C a p i l l a r i t y  

From t h e  Lap lace  e q u a t i o n ,  t h e  p r e s s u r e  d i f f e r e n c e  between t h e  

l i q u i d  and g a s  phases  can b e  ob ta ined .  However, t h e  exact v a l u e  of t h e  

e q u i l i b r i u m  vapor  p r e s s u r e  i s  n o t  known. I f  t h e  system i s  l a r g e  enough 
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to apply thermodynamics, the equilibrium vapor pressure can be related to 

thermodynamic quantities. 

The chemical potential of the liquid, vapor, and interfacial re- 

gions can be represented by 1-1 %, pv, and p respect:ively. At equilibrium: 
S ’  

Applying the Laplace equation: 

d (Pv - Pa)= -d(F) 2-Y 
M 

where P and P are the pressures in the gas and liquid phases. 

Differentiating Equation 2.16 yields: 
V l? 

13 According to the Gibbs-Duhem equation: 

SLdT + VRdPR + dp = 0 R 

and S dT + V dPv + dvv = 0 
V V 

(2.17) 

(2.18) 

(2.19) 

(2.20) 

where S and S are molar entropies of liquid and gas phases. R V 

V and V are molar volumes of liquid and gas phases. Under iso- 
R V 

thermal condition, dT = 0, combining Equations 2.18-2.20 leads t o :  

VRdPR = VvdPv 

- 17 - 

( 2  * 21) 



S u b s t i t u t i n g  Equat ion 2 .21 i n t o  Equat ion 2.17: 

V R  - v 
V 

dP 2Y V d(-) = - 
M vR 

r (2 .22)  

Assuming t h a t :  (1) t h e  molar volume of t h e  g a s  phase  i s  much l a r g e r  

t h a n  t h e  molar volume of t h e  l i q u i d  phase ,  and (2) t h e  vapor  behaves 

as a n  i d e a l  g a s ,  t h e n  Equat ion 2.22 can b e  r e w r i t t e n  as: 

I n t e g r a t i n g  Equat ion 2 .23,  one o b t a i n s :  

o r  

0 
P 

P I n  - _ -  2Y RT 

rM '1 

(2.23) 

(2.24) 

(2.25) 

where P i s  t h e  s a t u r a t i o n  vapor  p r e s s u r e  f o r  a f1a.t  i n t e r f a c e ,  P i s  

t h e  s a t u r a t i o n  vapor  p r e s s u r e  f o r  a curved i n t e r f a c e  w i t h  mean r a d i u s  

of c u r v a t u r e  r 

0 

M' 

Equat ion 2.25 i s  known as t h e  Kelvin  equa t ion .  Th is  is  t h e  c a p i l -  

l a r y  e f f e c t  t h a t  h a s  been thought  t o  b e  t h e  most impor tan t  r eason  f o r  

vapor  p r e s s u r e  lowering i n  porous  media. I n  a porous medium, when t h e  

l i q u i d  s a t u r a t i o n  i s  v e r y  low, t h e r e  would b e  a concave water- gas 

i n t e r f a c e ,  F i g u r e  2.5.  

t o  vapor  p r e s s u r e  lowering i n  a porous medium. 

Th is  k ind  of concave l i q u i d  s u r f a c e  would l e a d  

- 18 - 
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2-4 L i m i t a t i o n s  of Applying t h e  Kelvin  Equat ion 

It i s  e s s e n t i a l  t o  know t h e  l i m i t a t i o n s  of c a p i l l a r y  theory  t o  

pe rmi t  p roper  a p p l i c a t i o n  of t h e  theory .  The fo l lowing  d i s c u s s i o n  w i l l  

s t a r t  from t h e  assumptions invo lved  i n  d e r i v i n g  t h e  Kelvin  e q u a t i o n ,  and 

proceed t o  c o n s i d e r a t i o n  of t h e  l i m i t a t i o n s  of app ly ing  t h e  Kelvin  

equa t ion .  

The Laplace  e q u a t i o n  assumes t h a t  s u r f a c e  t e n s i o n  i s  a c o n s t a n t .  

Th i s  assumption i s  on ly  t r u e  when t h e  r a d i u s  of c u r v a t u r e  i s  l a r g e r  

t h a n  t h e  t h i c k n e s s  of t h e  i n t e r f a c i a l  r e g i o n ;  o t h e r w i s e ,  t h e  v a l u e  of 

s u r f a c e  t e n s i o n  shou ld  b e  c o r r e c t e d  by app ly ing  Equat ion 2.6 o r  Equa- 

t i o n  2.5. 

r e c t e d  when t h e  mean r a d i u s  of c u r v a t u r e  i s  less t h a n  40 8. 
It h a s  been v e r i f i e d  t h a t  t h e  Kelvin  e q u a t i o n  should b e  cor-  

1 4  

I n  d e r i v i n g  t h e  Kelvin  e q u a t i o n ,  i t  w a s  assumed t h a t  t h e  molar 

volume of t h e  gas  phase  should b e  much l a r g e r  t h a n  t h e  molar volume of 

t h e  l i q u i d  phase ,  and t h a t  t h e  gas  phase  w a s  an  i d e a l  gas .  

t h e  t empera tu re  range  between 100 C and 2OO0C, t h e  d e n s i t y  of steam is  

always less t h a n  one p e r c e n t  of t h e  l i q u i d  water. However, steam does 

n o t  behave l i k e  a n  i d e a l  gas  between 100°C and 2OO0C. 

p r e s s i b i l i t y  f a c t o r ,  2, f o r  steam i n  t h e  t empera tu re  range between 100 C 

and 2OO0C can change by 15 p e r c e n t  (from 1 . 0  t o  0.85). 

p rocedures  used t o  d e r i v e  t h e  Kelvin  e q u a t i o n  must b e  modi f i ed .  

t i o n  2.23 a v o i d s  t h e  i d e a l  g a s  assumption: 

For water i n  

0 

The gas  l a w  com- 

0 

I n  t h i s  case, t h e  

Equa- 

V 
V iY 

d (y) = - d Pv M vI1 
(2.23) 

- 20 - 



Applying the real gas law: 

P V = ZRT v v  

Equation 2.23 can be rewritten as: 

By integrating Equation 2.27, one obtains: 

- =  2y 0 
W 

2Y d(-) = 
M r J 

3 
M r 

Substituting Equation 2.6 

D 

into the left-hand side yields: 

V 

V 

PO dP 

P 

0 
2Y0 RT J 2Y d ( z 2 6 ) =  - J z - 

vR P r +26 M M 

(2.26) 

(2.27) 

(2.28) 

(2.29) 

(2.30) 

Equation 2.30 can be used to modify the Kelvin equation, Equation 2.25. 

The integration of the right-hand side of Equation 2.30 can be defined 

as I(P,T) 

0 
P 

I(P,T) = 1 p Z dPv 
V 

(2.31) 

P 

Table 2.2 gives numerical values for ln(Po/P) and I(P,T) for steam f o r  

comparison. 

- 21 - 
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The most impor tan t  assumption i n  t h e  Kelvin e q u a t i o n  i s  t h a t  t h e  

sys tem i s  l a r g e  enough t o  app ly  thermodynamic p r in iz ip les .  Thermodynamic 

p r i n c i p l e s  can b e  a p p l i e d  t o  macroscopic systems. But t h e  c r i t e r i a  f o r  

t h e  minimum s i z e  necessa ry  f o r  a system t o  q u a l i f y  as macroscopic h a s  

n o t  been d i scovered .  A d r o p l e t  of water w i t h  a d iamete r  of 20 2 con- 

t a i n s  about  140 molecules .  Th i s  i s  n o t  a v e r y  l a r g e  number. It i s  no t  

c l e a r  t h a t  such a s m a l l  water d r o p l e t  can b e  modelled thermodynamically.  

We t u r n  now t o  c o n s i d e r a t i o n  of s u r f a c e  a d s o r p t i o n .  

2-5 S u r f a c e  Adsorpt ion 

S u r f a c e  a d s o r p t i o n  i s  caused by s h o r t  range i n t e r a c t i o n  f o r c e s  be- 

tween molecules  of t h e  s o l i d  s u r f a c e  and gas  molecules .  There a r e  two 

k i n d s  of s u r f a c e  a d s o r p t i o n :  one i s  chemical  a d s o r p t i o n ,  t h e  o t h e r  i s  

p h y s i c a l  a d s o r p t i o n .  The d i s t i n c t i o n  between phys.ica1 and chemical  ad- 

s o r p t i o n  cannot b e  d i f i n e d  s h a r p l y .  Genera l ly  speak ing ,  chemical  ad- 

s o r p t i o n  h a s  a much h i g h e r  h e a t  of a d s o r p t i o n  and happens a t  lower p res-  

s u r e s  t h a n  p h y s i c a l  a d s o r p t i o n ,  which h a s  a lower h e a t  of a d s o r p t i o n  

and happens a t  h i g h e r  p r e s s u r e s  and i s  more i n t e r e s t i n g .  

2-5-1 The C r i g i n  of S u r f a c e  Adsorpt ion 

A t  t h e  i n t e r f a c e  of t h e  a d s o r b a t e  and adsor l ient ,  t h e r e  are many 

k i n d s  of shor t- range  i n t e r a c t i o n  f o r c e s  t h a t  b r i n g  about  s u r f a c e  ad- 

s o r p t i o n .  I n  a l l  of t h e  shor t- range  f o r c e s  t h e r e  are some b a s i c  com- 

ponents  which a r e  g e n r a l l y  thought  t o  b e  i m p o r t a n t .  Each component 

w i l l  b e  d i s c u s s e d  b r i e f l y  i n  t h e  f o l l o w i n g :  

(1) Repuls ive  f o r c e s :  There  a r i s e  from t h e  i n t e r a c t i o n  of t h e  e l c c t r o n  
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c louds  of t h e  atoms. 

(2) Dipole-Dipole i n t e r a c t i o n :  I f  molecules  have a permanent d i p o l e  

moment, t h e n  t h e r e  i s  i n t e r a c t i o n  energy caused by d ipo le- dipo le  

i n t e r a c t i o n  when t h e  d i p o l e s  are n o t  r e s t r i c t e d  by chemical  bonds. 

The average  i n t e r a c t i o n  energy is: 

2 2  
1 2  

6 

2m m 

3KT r 
(2.32) E =  

where m 1, m2 a r e  d i p o l e  moments of t h e  molecu les ,  

r i s  t h e  d i s t a n c e  between two d i p o l e s ,  

K i s  t h e  Boltzman c o n s t a n t .  

Coulomb i n t e r a c t i o n  f o r c e :  The s u r f a c e  of an  i o n i c  compound can 

b e  modelled as a two-dimensional network of ions .  When t h e  d i s t a n c e  

between gas  molecules  and t h e  molecules  of t h e  s u r f a c e  i s  small 

(3)  

enough, a coulomb i n t e r a c t i o n  f o r c e  w i l l  e x i s t .  

I n d u c t i o n  f o r c e :  

d i p o l e  moment i n t e r a c t s  w i t h  an e x t e r n a l  e l ec t r i c  f i e l d .  The ex- 

t e r n a l  f i e l d  can b e  produced by t h e  p resence  of moments of molecules  

o r  by t h e  charge d i s t r i b u t i o n  i n  t h e  s o l i d .  

( 4 )  T h i s  o c c u r s  when a molecule  having a permanent 

(5) Nonpolar d i s p e r s i o n  f o r c e s :  These are t h e  so - -ca l l ed  Van d e r  Waals 

f o r c e s .  The most impor tan t  d i s p e r s i o n  f o r c e  1:s t h e  London d i s-  

p e r s i o n  f o r c e  which a r i s e s  between mutually-induced, i n  phase  

components d u r i n g  t h e  o s c i l l a t i o n  of e l e c t r o n  c louds .  I n  o t h e r  words, 

t h e  London d i s p e r s i o n  f o r c e  i s  t h e  i n t e r a c t i o n  of i n s t a n t a n e o u s  d ipo le-  

d i p o l e ,  d ipole- quadrupole ,  quadrupole-quadrupole,  e t c ,  i n t e r a c t i o n s .  

Exchange f o r c e s :  When an  atom comes c l o s e  t o  t h e  s u r f a c e  of a ( 6 )  
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s o l i d ,  t h e r e  may b e  an exchange of e l e c t r o n s  r e s u l t i n g  i n  a chemical  

bond. T h i s  f o r c e  is  much more complicated and less unders tood than  

t h e  p r e v i o u s l y  d i s c u s s e d  f o r c e s .  

A l l  d e s c r i b e d  f o r c e s  p l u s  t h e  long- range e l e c t r o s t a t i c  fo rce15  a s s o c i a t e d  

w i t h  t h e  e q u a l i z a t i o n  of e l e c t r o c h e m i c a l  p o t e n t i a l  of t h e  f r e e  e l e c t r o n s ,  

a tomic d i f f u s e n e s s  of t h e  i n t e r f a c e ,  s t r a i n  energy a s s o c i a t e d  w i t h  d i s -  

l o c a t i o n s  a t  t h e  i n t e r f a c e ,  and s o  on, are impor tan t  t o  s u r f a c e  adsorp- 

t i o n ,  

2-5-2 Vapor P r e s s u r e  Lowering Due t o  S u r f a c e  Adsorpt ion 

I f  a c o n t a i n e r  w i t h  volume V i s  f i l l e d  w i t h  n moles of gas  a t  

t empera tu re  T ,  t h e  p r e s s u r e  i n  t h e  c o n t a i n e r  can b e  c a l c u l a t e d  by app ly ing  

t h e  r e a l  g a s  law: P '  = ZRT . n/V, provided t h e  i n t e r a c t i o n  between t h e  

molecules  of t h e  s o l i d  w a l l  and t h e  molecules  of  gas  can be  n e g l e c t e d .  

However, t h e  e x a c t  p r e s s u r e  which i n c l u d e s  t h e  i n t e r a c t i o n  between t h e  

molecules  of t h e  s o l i d  w a l l  and the molecu les  of g a s ,  can b e  c a l c u l a t e d  

as fo l lows :  

S (d2 - dl) ' ZRT V 
P = ZRTd = P '  - 1 ( 2 . 3 3 )  

where P i s  t h e  p r e s s u r e  i n  t h e  c o n t a i n e r  

P '  i s  t h e  p r e s s u r e  c a l c u l a t e d  by app ly ing  r e a l  gas  law 

A i s  t h e  t o t a l  s u r f a c e  area i n s i d e  t h e  c o n t a i n e r  

6 i s  t h e  range  of s u r f a c e  f o r c e s  

d 

d 

- 

S 

i s  t h e  d e n s i t y  of g a s  molecules  n o t  a f f e c t e d  by s u r f a c e  f o r c e s  

i s  t h e  average  d e n s i t y  of g a s  molecules  which are a f f e c t e d  by 

1 

2 
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s u r f a c e  f o r c e s  

From Equat ion 2.33, it  may b e  found t h a t  t h e  e x a c t  p r e s s u r e  P i s  s m a l l e r  

t h a n  t h e  p r e s s u r e  ob ta ined  from t h e  real  gas  l a w  P ' ,  w i t h  t h e  d i f f e r e n c e  

- 
be ing  (ZRT A 6s(d2 - dl)/V).  

I n  most c a s e s ,  A -6 /V i s  a very  s m a l l  q u a n t i t y  because  6 i s  on 
S 

t h e  o r d e r  of  a few angstrom and V / r i s  on t h e  o r d e r  of a few c e n t i m e t e r s  

o r  more. Thus, t h e  d i f f e r e n c e  between P and P '  i s  n e g l i g i b l e  i n  compari- 

son w i t h  P .  

small p o r e  volume i s  i n  t h e  c o n t a i n e r ,  t h e  d i f f e r e n c e  between P and P ' ,  

which i s  ZRT 

medium h a s  a l a r g e  s u r f a c e  a r e a  which makes t h e  term /V l a r g e .  

Thus, t h e  vapor  p r e s s u r e  i n  a porous medium i s  s i g n i f i c a n t l y  l ess  than  

t h e  p r e s s u r e  c a l c u l a t e d  from t h e  r e a l  gas  l a w .  It appears  t h a t  s u r f a c e  

a d s o r p t i o n  i s  an  important  f a c t o r  which causes  vapor p r e s s u r e  lowering i n  

a porous medium. A d i s c u s s i o n  of t h e  fundamental  phys ics  of s u r f a c e  

a d s o r p t i o n  w i l l  b e  i n t r o d u c e d  i n  t h e  fo l lowing  s e c t i o n s .  

However, i f  a porous  medium w i t h  l a r g e  s u r f a c e  a r e a  and 

' 6 s  (d2 - d > / V ,  cannot b e  n e g l e c t e d ,  because  t h e  porous 1 

2-6 P h y s i c a l  Modell ing of S u r f a c e  Adsorpt ion 

The s u b j e c t  of  a d s o r p t i o n  may b e  approached by many d i f f e r e n t  p h y s i c a l  

mode l l ings .  

The f o c a l  p o i n t  o f  k i n e t i c  t h e o r y  i s  t h e  i n t e r c h a n g e  of molecules  between 

t h e  gas  phase  and t h e  adsorbed f i l m .  I n  t h i s  s e c t i o n ,  k i n e t i c  theory  w i l l  

b e  d i s c u s s e d  from assumptions t o  r e s u l t s .  Also,  t h e  c r i t i c i sms  of t h e  

t h e o r y  w i l l  b e  considered.  

The most s u c c e s s f u l  and popula r  one i s  t h e  k i n e t i c  theory .  
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2-6-1 K i n e t i c  Theory of S u r f a c e  Adsorpt ion 

Following a p a t h  e s t a b l i s h e d  by Langmuir i n  1916,16 and Brunauer,  

1 7  
E m m e t t ,  and T e l l e r  i n  1938, an  e q u a t i o n  which d e s c r i b e s  s u r f a c e  ad- 

s o r p t i o n  can b e  o b t a i n e d .  Th is  e q u a t i o n  r e q u i r e s  c e r t a i n  assumptions d i s-  

cussed i n  t h e  fo l lowing :  

(1) The s u r f a c e  of a s o l i d  can b e  cons idered  e n e r g e t i c a l l y  as a two- 

dimensional  a r r a y  of i d e n t i c a l  s i tes.  Each s i t e  i s  capab le  of ad- 

s o r b i n g  on ly  one gas  molecule  and h a s  t h e  same p h y s i c a l  p r o p e r t i e s .  

I n  o t h e r  words,  t h e  s u r f a c e  of a s o l i d  i s  homogeneous. 

A molecu le  of t h e  gas  phase  w i l l  b e  adsorbed and remain on s t r i k i n g  

a n  empty a d s o r p t i o n  s i te .  

When a gas  molecule  s t r i k e s  a s p o t  a l r e a d y  occup ied ,  t h e  second gas  

molecule  w i l l  b e  adsorbed and form a second Layer. I f  t h e r e  a r e  

a l r e a d y  two l a y e r s ,  t h e n  a t h i r d  l a y e r  w i l l  b e  formed, and s o  on. 

F i g u r e  2.6 i s  a schemat ic  diagram of a s u r f a c e  and t h e  adsorbed 

molecules .  

A t  any a d s o r p t i o n  s i t e ,  t h e r e  i s  a maximum of n l a y e r s .  

The adsorbed g a s  molecules  w i l l  s t a y  a t  t h e  a d s o r p t i o n  s i t e  f o r  a 

p e r i o d  of t i m e  and t h e n  r e j o i n  t h e  gas  phase.  I f  more than one l a y e r  

(2) 

( 3 )  

( 4 )  

(5) 

of  g a s  molecules  has  been adsorbed,  on ly  one :Layer w i l l  evapora te  

a t  a t ine; 

A l l  l a y e r s  above t h e  f i r s t  l a y e r  have t h e  same p h y s i c a l  p r o p e r t i e s .  

By app ly ing  a l l  of t h e s e  assumptions ,  a d e r i v a t i o n  can b e  ob ta ined .  

(6)  

L e t  t h e  number of gas  molecules  a r r i v i n g  from t h e  gas  phase p e r  u n i t  

t i m e  t o  a u n i t  a r e a  of  f r e e  exposed s u r f a c e  b e  NP, where N i s  a c o n s t a n t  

a t  a p a r t i c u l a r  t empera tu re ,  a P i s  t h e  p r e s s u r e  of  t h e  gas  phase.  
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Then t h e  r a t e  of condensat ion t o  t h e  i t h  l a y e r  i s :  

N = NPaiOi-l 
i a (2.34) 

where a i s  t h e  c o e f f i c i e n t  of condensat ion f o r  t h e  i t h  l a y e r .  i 

0. i s  t h e  f r a c t i o n  of s u r f a c e  which i s  covered by i l a y e r s  of gas  

molecules .  

i i s  a p o s i t i v e  i n t e g e r  between 1 and n .  

1 

The r a t e  of evapora t ion  from t h e  i t h  l a y e r  is: 

Nd = X 0 .  b m i i  i 
2.35 

where X 

c o e f f i c i e n t  of e v a p o r a t i o n  f o r  t h e  i t h  l a y e r .  

i s  t h e  number of a d s o r p t i o n  s i tes p e r  u n i t  area, b .  i s  t h e  
m 1 

if t h e  system i s  i n  e q u i l i b r i u m ,  t h e  r a t e  of a d s o r p t i o n  and t h e  r a t e  of 

e v a p o r a t i o n  are t h e  same; t h a t  i s ,  Nai = Ndi. 

b e  w r i t t e n  as :  

Equat ions  2.33 and 2.34 can 

NPa. 0 = X O b  l i - 1  m i i  

o r  0 NPai i - = -  
X b  'i-1 m i 

(2.36) 

(2.37) 

From t h e  s i x t h  assumption,  a l l  l a y e r s  above t h e  f i r s t  l a y e r  have t h e  same 

p h y s i c a l  p r o p e r t i e s :  

(2.38) 

(2 .39)  
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Thus, Equation 2.35 can be divided into two parts, one is i = 1, the other 

is i = 2 ,  3 ,  4,----- n. Assuming 

O1 NPal 
, a = - = -  

'0 'mbl 
( 2 . 4 0 )  

( 2 . 4 1 )  

where C is a constant for a particular fluid at a particular temperature. 

Then, from Equations 2 .40  and 2 . 4 1  

The total amount of adsorption, X, can be written as: 

x = x (0 + 20 + 30 + ----- + non) m 1  2 3 

Substituting Equation 2 .42  into Equation 2 .43  gives: 

n 

i = l  

3 + nBn)So = xmc c iBi x = xmc ( 6  + 2B + 3 8  + ---- 2 
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The Summation term in Equation 2.44 can be calculated: 

n i d  n+l n 
( c  6 ) - c  ,i io = -  

dB 
i-2 i-1 i-1 

Thus, Equation 2.44 can be written as: 

Another fact is that: 

Substituting Equation 2.42 into Equation 2.47: 

+ CBn) = 1 
2 0 (1+  C B  + cf3 + ----- 

0 

From Equation 2.48: 

n+l 
0 + C 8 ,  6 - 6  

0 1- 3 

(2.45) 

(2.46) 

(2.47) 

(2.48) 

(2.49) 
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One can o b t a i n :  

(2.50) 

By s u b s t i t u t i n g  Equat ion 2.50 i n t o  Equat ion 2.45: 

n+l x C B  1 - (n+l> B~ + nB 

'm 
- -  - -  

1 + (c-1) B - cBn+I (2.51) 

Equat ion 2.51 c o n t a i n s  f o u r  pa ramete r s ,  6, C ,  Xm, imd n. 

h a s  a n  i n t e r e s t i n g  p h y s i c a l  meaning, and w i l l  b e  d i s c u s s e d  h e r e .  

The parameter  f3 

When t h e  e q u i l i b r i u m  vapor  p r e s s u r e  P e q u a l s  rthe s a t u r a t i o n  vapor 

p r e s s u r e  of  a f l a t  i n t e r f a c e ,  a l l  t h e  a d s o r p t i o n  s i t e s  have i n f i n i t e  

layers of adsorbed g a s  molecules ;  t h u s ,  B = 1. From t h e  d e f i n i t i o n  of 

B i n  Equat ion 2.41,  one o b t a i n s :  

NPoa 

'mb 
- -  - 1  

S u b s t i t u t i n g  Equat ion 2.52 i n t o  Equat ion 2.41; 

B = P/Po  

(2.52) 

(2.53) 

Equa t ion  2.53 shows t h a t  f3 i s  t h e  re la t ive  vapor  p r e s s u r e ,  which can be  

o b t a i n e d  by exper iment .  

I n  an a d s o r p t i o n  exper iment ,  X ,  t h e  q u a n t i t y  adsorbed,  and B ,  t h e  

r e l a t i v e  p r e s s u r e ,  can b e  o b t a i n e d .  By s u b s t i t u t i n g  exper imenta l  d a t a  

i n t o  Equat ion 2 .51  and performing a l eas t  s q u a r e s  f i t ,  Xm, n ,  and C may 

b e  o b t a i n e d .  A s  d e f i n e d  ea r l i e r ,  X i s  t h e  number of a d s o r p t i o n  s i t e s  m 
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p e r  u n i t  area. I f  every  s i t e  i s  occupied by one gas  molecule,  t h e  

q u a n t i t y  of ga s  adsorbed w i l l  be equa l  t o  t h e  q u a n t i t y  of monolayer ad- 

s o r p t i o n  p e r  u n i t  area. More p h y s i c a l  p r o p e r t i e s  of t h e  adso rba t e  can 

be  ob ta ined  by comparing t h e  a d s o r p t i o n  i so therms i3t d i f f e r e n t  t empera tu re s  

and t h e s e  w i l l  b e  d i s cus sed  l a t e r .  

2-6-2 Langmuir Theory of Su r f ace  Adsorpt ion 

I n  1 9 1 6 ,  Langmuir16 f i r s t  a p p l i e d  k i n e t i c  t heo ry  t o  s u r f a c e  ad- 

s o r p t i o n .  

t h e  on ly  d i f f e r e n c e  w a s  t h a t  a t  each a d s o r p t i o n  s i t e ,  only  one gas  molecule 

could be  adsorbed .  

happen t o  t h e  second a r r i v i n g  molecule.  

Equat ion  2 . 4 1  does no t  r e s u l t .  Thus, Equaton 2 .51  cannot  be app l i ed  by 

simply s u b s t i t u t i n g  n = 1. Equat ions  2 . 4 0 ,  2 . 4 7 ,  and 2.43  then  become: 

H i s  assumptions were s imi la r  t o  t h o s e  mentioned i n  s e c t i o n  2-6-1; 

If a s i t e  was a l r e a d y  occupied ,  t hen  noth ing  would 

Based on Langmuir 's assumption,  

NPa, 
1 8 /D0  - OP = - 

'mb 1 

o1 = 1 - oo 

x = x  0 
m 1  

By s u b s t i t u t i n g  Equat ions  2.40'  and 2.47'  i n t o  Equat ion  2 . 4 3 ' :  

O P  - 0  = x 
X 
_ -  

1 l + o P  m 
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When t h e  q u a n t i t y  adsorbed i s  much less t h a n  t h e  q u a n t i t y  f o r  a monolayer 

coverage,  t h a t  i s  0 i s  much less t h a n  1 . 0 ,  Equat ion 2.52 can b e  s i m p l i -  

f i e d  t o :  

1 

N e i t h e r  Equat ion 2.54 n o r  Eqi a t i o n  2.55 i s  v e r y  

(2.55) 

i s e f u l  because  they  

can on ly  b e  a p p l i e d  t o  monolayer a d s o r p t i o n .  I n  most r e a l i s t i c  c a s e s ,  ad- 

s o r p t i o n  i s  n o t  monolayer. N e v e r t h e l e s s ,  they  provided a r e a s o n a b l e  way 

t o  s o l v e  a d s o r p t i o n  problems. 

2-6-3 "BET" Theory of S u r f a c e  Adsorpt ion 

I n  1938, Brunauer,  E m m e t t ,  and Teller" (BET) extended Langmuir's 

i d e a  t o  m u l t i p l e  l a y e r  a d s o r p t i o n .  T h e i r  assumptions a r e  t h e  same as 

t h o s e  mentioned i n  S e c t i o n  2-6-1, excep t  t h a t  n = a) i n  t h e  f o u r t h  as-  

sumption. I f  n = O3 i s  a p p l i e d  t o  Equat ion 2 .51,  then :  

(2.56) 

Because B ,  t h e  r e l a t i v e  vapor  p r e s s u r e ,  i s  always less t h a n  1 . 0 ,  

and B i- i n  Equat ion 2 .51 are  ze ro .  Equat ion 2.56 i s  t h e  famous BET 

e q u a t i o n  f o r  a d s o r p t i o n ,  and i s  widely  used t o  ana lyze  exper imenta l  re- 

s u l t s  i n  t h e  range ,  0.05<@< 0.35. 

B" 

When t h e  r e l a t i v e  p r e s s u r e  of t h e  a d s o r p t i o n  system i s  less  t h a n  

0 .35,  Equat ion 2.56 i s  g e n e r a l l y  w i t h i n  a c c e p t i b l e  l i m i t s  of e r r o r  f o r  

Equat ion 2.51,  because  t h e  a d s o r p t i o n  l a y e r s  a r e  n o t  v e r y  t h i c k  i n  t h i s  
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range.  Equat ion 2.56 i s  used f o r  ana lyz ing  exper imenta l  d a t a  i n  t h e  

range 0 . 1  < B <  0.35 because  of t h e  e a s e  of a p p l i c a t i o n .  

2-6-4 Mathematical  Na ture  of t h e  BET Equat ion 

Equat ion 2.56,  t h e  BET e q u a t i o n ,  can b e  r e a r r a n g e d  i n t o  a more 

convenient  form: 

B c-1 + -  
m 

1 B = -  
X(1 - B )  cxm cx 

( 2 . 5 7 )  

X ,  t h e  q u a n t i t y  o f  a d s o r p t i o n ,  and B ,  t h e  re la t ive  p r e s s u r e ,  can be 

ob ta ined  d i r e c t l y  by experiment.  I f  i s  graphed a g a i n s t  B ,  a 

s t r a i g h t  l i n e  w i t h  s l o p e  (C-l)/CX 

From t h e  known v a l u e s  of s l o p e  and i n t e r c e p t ,  bo th  C and X 

t a ined .  

X(1- $1 
and y i n t e r c e p t  1 / C X  m m 

can be  o b t a i n e d .  

can be  ob- m 

Fur thermore,  Equat ion 2.56 can b e  used a n o t h e r  way t o  f i n d  t h e  

p o i n t  of i n f l e c t i o n :  

D i f f e r e n t i a t i n g  Equa t ion  2.58 twice w i t h  r e s p e c t  t o  B g i v e s  : 

2 3  

3 
d2  x (C - 1) B + 3(C - 1) B + (2  - C) - (-) = 2c [ 
dB2 'm (1 - B )  [ 1 + (C - 1) 8 1 3  

(2.58) 

( 2 . 5 9 )  

2 
The p o i n t  of i n f l e c t i o n  can b e  o b t a i n e d  by assuming d 

= o. 
t h u s ,  t h e  v a l u e  of B a t  t h e  i n f l e c t i o n  p o i n t  F can be  w r i t t e n  a s :  

dB2 'm 

(c - 1)2'3 - 1 
213  B, = 

(C - 1) + (C - 1) 
(2 .60)  

, 
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(2.61) 

:K 
and (-rIF. F i g u r e  2.7 r e p r e s e n t s  t h e  r e l a t i o n  between f3 

and Equa t ions  2.60 and 2.61,  when t h e  v a l u e  of C i s  less  than 2,  B ,  i s  

always n e g a t i v e ,  and no i n f l e c t i o n  p o i n t  ex i s t s  i n  t h e  a d s o r p t i o n  i s o-  

therm. When t h e  v a l u e  of C i s  more t h a n  6 ,  t h e  v a l u e  of X/X a t  t h e  

i n f l e c t i o n  p o i n t  w i l l  be  between 0.85 and 1.15; t h a t  i s ,  t h e  p o i n t  of in-  

f l e c t i o n  w i l l  a lmost  c o i n c i d e  w i t h  t h e  q u a n t i t y  of monolayer a d s o r p t i o n .  

From t h e  f i g u r e  
m F 

m 

2-6-5 C r i t i c i s m s  of t h e  BET Theory 

The assumptions  f o r  BET t h e o r y  have been mentioned i n  S e c t i o n  2-6-1. 

Those assumptions  are high1:- i d e a l i z e d  and d e s e r v e  f u r t h e r  d i s c u s s i o n .  

I n  assumption (l), t h e  s o l i d  s u r f a c e  i s  assumed t o  b e  e n e r g e t i c a l l y  

uniform;  t h a t  i s ,  a l l  a d s o r p t i o n  s i tes  are  i d e n t i c a l  e n e r g e t i c a l l y .  But 

most s o l i d  s u r f a c e s  a r e  heterogeneous .  Th is  was sugges ted  by Brunauer,  

Emmet t ,  and Teller'-/ as t h e  reason  f o r  t h e  f a i l u r e  of t h e  BET e q u a t i o n ,  

Equat ion 2.56, t o  f i t  exper imenta l  d a t a  a t  v e r y  low vapor p r e s s u r e s .  

Assumptions (5) and (6)  have been h e a v i l y  c r i t i c i z e d  f o r  n e g l e c t i n g  

t h e  h o r i z o n t a l  i n t e r a c t i o n  between molecules  of t h e  adsorbed l a y e r .  Th i s  

i s  probably  one of t h e  r e a s o n s  t h a t  t h e  BET e q u a t i o n  cannot b e  a p p l i e d  

when t h e  r e l a t i ve  p r e s s u r e  i s  more than  0.35. 

Assumption (6)  h a s  a l s o  been ques t ioned  as t o  whether molecules  i n  

a l l  l a y e r s  above t h e  f i r s t  are  i d e n t i c a l .  It i s  p o s s i b l e  t h a t  t h e  ad- 

s o r p t i o n  p o t e n t i a l  d imin i shes  g r a d u a l l y  a s  t h e  d i s t a n c e  from t h e  s u r f a c e  

i n c r e a s e s .  Some s t e p w i s e  a d s o r p t i o n  i so therms  do show an  a d s o r p t i o n  
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p o t e n t i a l  change above t h i s  f i r s t  l a y e r  of a d s o r p t i o n .  

Even though t h e  BET theory  h a s  been h e a v i l y  c r i t i c i z e d ,  i t  does 

match many exper imenta l  r e s u l t s  v e r y  w e l l  and t h u s  has  been accep ted  and 

widely  used.  The d e t a i l s  of a d s o r p t i o n  i n  a porous medium w i l l  be  d i s-  

cussed i n  S e c t i o n s  2-7 and 2-8. 

2-7 S u r f a c e  Adsorpt ion i n  Porous Media 

Adsorpt ion on a nonporous,  nonswel l ing adsorben t  and i n  a porous 

medium a r e  two d i f f e r e n t  c a s e s  of p h y s i c a l  a d s o r p t i o n .  The work of 

Brunauer ,  E m m e t t ,  and Tel ler  1 7  
concerns a d s o r p t i o n  on a nonporous, non- 

s w e l l i n g  adsorben t .  Adsorpt ion i n  a porous media, however, i s  beyond 

t h e  framework of t h e i r  i n v e s t i g a t i o n s .  A d i s c u s s i o n  of a d s o r p t i o n  i n  

porous media w i l l  b e  p r e s e n t e d  i n  t h e  fo l lowing  s e c t i o n s .  

2-7-1 The C l a s s i f i c a t i o n  of Porous Media 

I n  o r d e r  t o  d i s t i n g u i s h  p o r e s  w i t h  d i f f e r e n t  s i z e s  which have 

d i f f e r e n t  p h y s i c a l  a d s o r p t i o n  p r o p e r t i e s ,  i n  1972 ,  IUPAC ( I n t e r n a t i o n a l  

Union of Pure  and Applied Chemistry)18 c l a s s i f i e d  p o r e s  i n t o  t h r e e  

c a t a g o r i e s .  Pores  i n  which c a p i l l a r y  condensat ion i s  i n s i g n i f i c a n t  were 

c l a s s i f i e d  as "macropores." I n  g e n e r a l ,  "macropores" have a r a d i u s  more 

t h a n  5002. P o r e s  w i t h  a r a d i u s  less t h a n  202 were c l a s s i f i e d  as "micro- 

p o r e s  ." 
Pores  t h a t  do n o t  belong t o  t h e s e  two c a t a g o r e i s  w e r e  c l a s s i f i e d  a s  

I 1  mesopores ." 

I n  "micropores ," c a p i l l a r y  condensat ion does n o t  occur .  

C a p i l l a r y  condensat ion i s  important  i n  t h e  "mesopores .I' 

I n  f a c t ,  t h e  above c l a s s i f i c a t i o n  i s  n o t  a b s o l u t e  because  pores  can 

have i r r e g u l a r  shapes ,  and t h e  c l a s s i f i c a t i o n  a l s o  depends on t h e  p h y s i c a l  
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p r o p e r t i e s  of b o t h  t h e  a d s o r b a t e  and adsorben t .  The a d s o r p t i o n  phenomena 

i n  d i f f e r e n t  k i n d s  of p o r e s  w i l l  b e  d i s c u s s e d  i n  t h e  fo l lowing  s e c t i o n s .  

2-7-2 P h y s i c a l  Adsorpt ion o f  Gases i n  Macropores 

The s u r f a c e  a d s o r p t i o n  ( p h y s i c a l  a d s o r p t i o n )  phenomena i n  macro- 

p o r e s  i s  s i m i l a r  t o  t h a t  on nonporous s u r f a c e s  because  t h e  p o r e  s i z e  i s  

l a r g e  enough t o  b e  t r e a t e d  as i n f i n i t e  p o r e  r a d i u s , ,  The c u r v a t u r e  of t h e  

s u r f a c e  p r a c t i c a l l y  does n o t  a f f e c t  t h e  a d s o r p t i o n  p r o c e s s  i n  t h e  absence 

of c a p i l l a r y  condensat ion.  

t h e  k i n e t i c  t h e o r y  d i s c u s s e d  i n  S e c t i o n  2-6. The most important  parameter  

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

The a d s o r p t i o n  phenomena can b e  d e s c r i b e d  by 

2-7-3 P h y s i c a l  Adsorpt ion of Gases i n  Micropores 

Micropores a r e  t h o s e  pores  w i t h  v e r y  s m a l l  p o r e  r a d i u s .  For ad- 

s o r p t i o n  i n  micropores  ( o r  microporous a d s o r b e n t s ) ,  t h e  s u r f a c e  a r e a  of 

t h e  adsorben t  i s  n o t  v i t a l .  

on ly  a macroscopic  concep t ;  and i f  t h e  micropores  were c h a r a c t e r i z e d  a s  

v o i d s  i n  a s o l i d  which have dimensions commensurate w i t h  t h e  s i z e  of t h e  

a d s o r b a t e  molecu les ,  t h e  concept  of " s u r f a c e  area" can no longer  be  used 

f o r  de te rmin ing  a d s o r p t i o n  e q u i l i b r i u m .  

The n o t i o n  of a g e o m e t r i c a l  s u r f a c e  i s  

The p i c t o r i a l  models used t o  e x p l a i n  a d s o r p t i o n  i n  micropores  and 

macropores are  d i f f e r e n t .  I n  t h e  model f o r  macropores,  t h e  layer-by- 

l a y e r  coverage of t h e  adsorben t  s u r f a c e  as d e s c r i b e d  i n  S e c t i o n  2-6 is  

p e r t i n e n t .  I n  t h e  model f o r  micropores ,  t h e  concept  of ''volume f i l l i n g "  

of mic ropores ,  i s  used s i n c e  t h e  s i z e  of t h e  micropores  i s  s o  smal l  t h a t  

t h e  a d s o r b a t e  cannot  b e  regarded as a s e p a r a t e  phase.  
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The a d s o r b a t e  i n  micropores i n  t h e  a d s o r p t i o n  f o r c e  f i e l d  is s imi lar  

t o  a l i q u i d  i n  a s t r o n g l y  compressed s t a t e  w i t h  a h y d r o s t a t i c  p r e s s u r e  on 

t h e  o r d e r  of a few hundred atmospheres .  For tempera tures  much lower t han  

the  c r i t i c a l  tempera ture ,  the c o m p r e s s i b i l i t y  of l i q u i d  i s  n e g l i g i b l e .  

When t h e  tempera ture  approaches t h e  c r i t i c a l  tempe:rature, however, t h e  

d e n s i t y  of t h e  l i q u i d  phase  drops  and t h e  c o m p r e s s i b i l i t y  i n c r e a s e s  

s h a r p l y .  The d e n s i t y  of b u l k  l i q u i d  and t h e  adsorbed l i q u i d  can be  ve ry  

d i f f e r e n t .  

It w a s  found from exper iments  t h a t  t h e  c h a r a c t e r i s t i c  curve  of t h e  

p o t e n t i a l  f u n c t i o n  A = RT l n ( P  /P>  v e r s u s  t h e  q u a n t i t y  adsorbed i s  

t empera tu re  i n v a r i a n t ,  i f  t h e  a d s o r p t i o n  i s  due t o  micropores .  

0 

19 ,  20 

2-7-4 P h y s i c a l  Adsorpt ion of  Gases i n  Mesopores 

A s  p r e v i o u s l y  mentioned,  c a p i l l a r y  condensa t ion  i s  an impor tan t  

phenomenon i n  mesopore a d s o r p t i o n  only .  One of t h e  most s i g n i f i c a n t  re- 

s u l t s  of  c a p i l l a r y  condensa t ion  i s  h y s t e r e s i s .  H y s t e r e s i s  h a s  been 

found i n  many a d s o r p t i o n  i so therms.  There are many f a c t o r s  which can 

cause  h y s t e r e s i s ,  b u t  c a p i l l a r y  condensa t ion  does p rov ide  a s i m p l e  ex- 

p l a n a t  i on .  

H y s t e r e s i s  h a s  been thought  t o  be  due t o  i r :cegular ly  shaped po re s .  

F i g u r e  2 .8  p r e s e n t s  t h e  " ink  b o t t l e "  hypo thes i s  thiat Kraemer2I and 

McBain22 proposed t o  e x p l a i n  h y s t e r e s i s  phenomenona. 

E v e r e t t  p o i n t e d  o u t ,  t h e  analogy of a po re  as a narrow necked b o t t l e  

However, as 

23  

i s  r a t h e r  i d e a l i z e d .  Pores  are  more l i k e l y  t o  be  11 series of i n t e r connec t ed  

po re  spaces  r a t h e r  t han  a d i s c r e t e  b o t t l e .  A "botirle" would be  a dead- 

end pore .  F igu re  2 . 9  shows t h e  adso rp t ion -d i so rp t ion  c y c l e  of a porous 

- 40 - 



- 41 - 



S 
0 

n 
0 
v) 

.I 

c, 

L 

B 

E 

w- 
0 

S 
3 

c, 

a 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0 1.0 
P/ Po 

Figure 2.9 A Typical Adsorption-Desorption Isctherm of 
a Porous Medium 

- 4 2  - 



medium w i t h  mesopores. 

24  Blake and Haynes d i s c u s s e d  h y s t e r e s i s  e x t e n s i v e l y ,  proposing t h a t  

s u r f a c e  roughness ,  s u r f a c e  h e t e r o g e n i t y  and nonequi l ib r ium d i s t r i b u t i o n  

w i t h i n  t h e  adsorbed f i l m  shou ld  b e  considered.  Due t o  a l l  t h e s e  f a c t o r s ,  

t h e  concept  of a three- phase  model f o r  e x p l a i n i n g  c o n t a c t  a n g l e  (Fig-  

u r e  2 .10)  i s  on ly  v a l i d  f o r  a macroscopic and ideal .  case .  

i t  shou ld  b e  more p r e c i s e  t o  speak of a three-phase  zone. The v a r i a t i o n  

i n  s u r f a c e  f e a t u r e s  might make c a l c u l a t i o n s  v e r y  d i f f i c u l t  and reproduc i-  

b i l i t y  u n l i k e l y .  It i s  hoped t h a t  t h e s e  d i f f e r e n c e s  between macro- 

s c o p i c  and a c t u a l  p o r e s  are n o t  t o o  extreme. 

I n  r e a l i t y ,  

2-8 Thermodynamics of Adsorpt ion 

Thermodynamics and s t a t i s t i c a l  thermodynamics a r e  used t o  t r e a t  

a d s o r p t i o n  phenomena. A s  a s i m p l i f y i n g  assumption:,  t h e  adsorbent  can 

b e  cons idered  a s  i n e r t ;  t h a t  i s ,  t h e  a d s o r b a t e  and adsorben t  can be 

t r e a t e d  a s  a one component system. I n  o t h e r  words:, t h e  thermodynamic 

p r o p e r t i e s  of t h e  adsorben t  are  s e e n  as u n a f f e c t e d  by t h e  p resence  of 

adsorbed molecu les ,  and t h e  p h y s i c a l  p r o p e r t i e s  of t h e  adsorben t  a re  

seen  as u n a f f e c t e d  by t empera tu re  and p r e s s u r e .  Th i s  assumption might 

n o t  b e  complete ly  t r u e .  However, i t  would n o t  b e  c o n t r a r y  t o  t h e  f a c t s  

i n  many c a s e s .  

The easies t  way t o  h a n d l e  thermodynamics i s  t o  u s e  molar q u a n t i t i e s ,  

l i k e  molar en t ropy ,  molar volume, molar e n t h a l p y ,  and so on, and a l l  

o t h e r  p r o p e r t i e s  are  t h e n  r e l a t e d  t o  t h e s e  molar q u a n t i t i e s .  I n  t h e  

fo l lowing  d i s c u s s i o n ,  a l l  thermodynamic q u a n t i t i e s  are molar q u a n t i t i e s .  

The molar e n t r o p y ,  molar volume, and molar e n t h a l p y  of t h e  ad- 
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sorbed  molecules  can b e  d e f i n e d  a s :  

( 2 . 6 2 )  

( 2 . 6 3 )  

( 2 . 6 4 )  

and Had are  t h e  molar en t ropy ,  molar volume, and molar 
ad '  'ad' where S 

e n t h a l p y  of t h e  adsorbed molecu les ,  r e s p e c t i v e l y .  

'ad' 'ad' 

e n t h a l p y  of  t h e  adsorbed molecules ,  r e s p e c t i v e l y .  

i s  Che q u a n t i t y  of adsorbed g a s  molecules .  
Nad 

and Had are t h e  average  molar en t ropy ,  molar volume, and molar 

2-8-1 Equi l ib r ium P r e s s u r e  and Temperature 

When tempera tu re  and vapor  p r e s s u r e  are i n  e q u i l i b r i u m ,  t h e  

chemical  p o t e n t i a l  of adsorbed g a s  and unadsorbed g a s  have t h e  same v a l u e ,  

t h u s  : 

u =  g 'ad ( 2 . 6 5 )  

where p 

g a s ,  r e s p e c t i v e l y .  

and u 
g ad 

are  chemical  p o t e n t i a l s  f o r  uinadsorbed and adsorbed 
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From t h e  d e f i n i t i o n  of Gibb 's  f r e e  energy: 

- -  - S d T + V d P  
g g 

apad 

aNad 

- 
Nad dT - Vad dP + - - 

d'ad - - 'ad 

( 2 . 6 6 )  

( 2 . 6 7 )  

When a system,  which i s  composed of adsorbed and unadsorbed gas  and 

i s  a t  e q u i l i b r i u m ,  i s  d i s p l a c e d  r e v e r s i b l y  t o  a new tempera tu re ,  i f  t h e  

sys tem i s  s t i l l  a t  e q u i l i b r i u m ,  one would have: 

( 2 . 6 8 )  

ayad o r  -S dT + V dP = -s dT + TaddP + - 
aNad dNad g g ad 

( 2 . 6 9 )  

I f  t h e  q u a n t i t y  of adsorbed molecules  i s  n o t  changed, t h a t  i s  dNad = 0 ,  

t h e n  t h e  r e s u l t  would be:  

-S dT + V DP = -S dT + T  dP 
.!2 g ad ad ( 2 . 7 0 )  

( 2 . 7 1 )  

where q s t  

H g - Had' 

i s  t h e  i s o s t e r i c  h e a t  of a d s o r p t i o n ,  which i s  d e f i n e d  a s  

- 

- 
S i n c e  Vad ,  t h e  molar volume of adsorbed molecu les ,  i s  s i m i l a r  t o  t h e  molar 
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volume of l i q u i d  phase ,  i n  most cases. V < < V  . Thus, Equat ion 2 . 7 1  

becomes : 

ad g 

qstP 
(,,) = - -  2 - -  ap qst 

Nad ‘gT ZRT 
(2.72) 

S i n c e  Z i s  a f u n c t i o n  of P and T ,  Equat ion 2.72 cain o n l y  be  so lved  by 

pl) numer ica l  methods. L e t  Z = Z(T1, P1) + Z(T2 ,  P2>  / 2 ,  where (T1, 

a r e  t h e  i n i t i a l  t empera tu re  and p r e s s u r e ,  and (T2 ,  P2) a r e  t h e  f i n a l  

t empera tu re  and p r e s s u r e .  Equat ion 2.72 can be  w r i t t e n  a s :  

ap q s t  P 
(-) = - (7) 

a T  Nad ZR T 
(2.73) 

Here, Z can b e  cons idered  a s  a c o n s t a n t  s i n c e  i t s  v a l u e s  i n c r e a s e  wi th  

t empera tu re  i n c r e a s e  and d e c r e a s e  w i t h  p r e s s u r e  i n c r e a s e  and normally 

P > P when T > T S e p a r a t i n g  v a r i a b l e s  and i n t e , z r a t i n g  Equation 2.73 

from s t a t e  1 t o  s t a t e  2 g i v e s :  

1 2  1 2 ’  

p2  qst 1 1 I n  ( P ) ~  = - 
1 ad ZR ‘q - 7) (2.74) 

Equat ion 2 . 7 4  p r o v i d e s  t h e  r e l a t i o n s h i p  between tempera tu re  and e q u i l i b r i u m  

p r e s s u r e  when t h e  q u a n t i t y  of a d s o r p t i o n  i s  n o t  changed. I f  a series of 

a d s o r p t i o n  i so therms  a t  d i f f e r e n t  t empera tu res  were ob ta ined  from ex- 

per iment  from a p l o t  of I n  P v e r s u s  1 / T ,  t h e  s l o p e  of t h e  l i n e  would 

p r o v i d e  t h e  i s o t e r i c  h e a t  of a d s o r p t i o n .  

t h o s e  t empera tu res  n o t  ob ta ined  from experiment could  b e  ob ta ined  by 

i n t e r p o l a t i n g  Equat ion 2.74. 

Adsorpt ion i so therms  a t  
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2-8-2 Heat of Adsorpt ion 

The h e a t  of a d s o r p t i o n  i s  d i f f e r e n t  from t h e  i s o t e r i c  h e a t ,  

which was shown i n  S e c t i o n  2-9-1. The d e f i n i t i o n  of t h e  h e a t  of q s t '  

a d s o r p t i o n  is: 

A4 qad = (---I 
ANad ANad -+ 0 

(2.75) 

Sometines t h e  h e a t  of a d s o r p t i o n  i s  c a l l e d  t h e  d i f E e r e n t i a 1  h e a t  of ad- 

s o r p t i o n .  

There  a r e  two k i n d s  of h e a t  of a d s o r p t i o n :  one i s  t h e  i s o t h e r m a l  

h e a t  of a d s o r p t i o n ,  t h e  o t h e r  i s  t h e  a d i a b a t i c  h e a t  of a d s o r p t i o n .  The 

i s o t h e r m a l  h e a t  of  a d s o r p t i o n  can be w r i t t e n  a s :  
\ 

- 
(qad)T = V (&) + RT + Eg - Ead 

aNad T 

(2.76) 

where E 

molecules .  

i s  t h e  average  molar i n t e r v a l  energy f o r  t h e  adsorbed gas  
ad 

The a d i a b a t i c  h e a t  of a d s o r p t i o n  can b e  w r i t t e n  as: 

- 
g - Ead 

(qad)S = vg (- ap ) + R T + E  
aNad S 

(2.77) 

Equa t ions  2.76 and 2.77 a r e  d i f f e r e n t i a l  forms of .the h e a t  of ad- 

s o r p t i o n .  I n t e g r a l  forms of t h e  h e a t  of a d s o r p t i o n  can be  ob ta ined  by 

i n t e g r a t i n g  b o t h  s i d e s  of Equat ion 2.76 and 2.77 w i t h  r e s p e c t  t o  t h e  
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q u a n t i t y  of a d s o r p t i o n .  

2-8-3 Entropy of Adsorpt ion Phase 

The molar en t ropy  of t h e  adsorbed gas  can be  c a l c u l a t e d  from t h e  

en t ropy  of a known r e f e r e n c e .  

en t ropy  of t h e  unadsorbed g a s  w i t h  vapor p r e s s u r e  e q u a l  t o  t h e  s a t u r a t e d  

The most convenient  r e f e r e n c e  i s  t h e  

vapor over  a f l a t  i n t e r f a c e  a t  t h e  same temperature .  

A t  a p a r t i c u l a r  t empera tu re  T ,  i f  t h e  molar en t ropy  of t h e  s a t u r a t e d  

vapor  over  f l a t  i n t e r f a c e  i s  Sg, t h e n  t h e  molar en t ropy  of t h e  adsorbed 

gas  a t  e q u i l i b r i u m  p r e s s u r e  P can be  o b t a i n e d  by adding o t h e r  terms t o  

S 
g ’ 

Nad P o 

1 dn‘  (2.78) 
R dn’ + - 

Nad 

(‘ad)T 
1 i’” T 

- - s  --  sad g Nad 

O P  0 

Equa t ion  2.78 can a l s o  b e  w r i t t e n  as :  

The s t a t e  of t h e  a d s o r p t i o n  phase  can b e  d e s c r i b e d  by t h e  combination of  

en t ropy  and e n t h a l p y  of t h e  adsorbed molecules .  

The p receed ing  d i s c u s s i o n  i s  a b r i e f  review of b o t h  c a p i l l a r y  and 

a d s o r p t i o n  t h e o r y  i n  porous m e d i a .  The o b j e c t  of t h i s  s tudy  w i l l  b e  

d i s c u s s e d  i n  t h e  nex t  s e c t i o n .  
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3 .  STATEMENT OF PROBLEM 

I n  1949 Calhoun, e t .  a1. ,25 p r e s e n t e d  r e s u l t s  concerning t h e  c a p i l -  

0 0 l a r y  p r e s s u r e  of w a t e r  i n  porous media a t  97 F (36.1  C). Data were 

analyzed by u s i n g  t h e  Kelvin  e q u a t i o n ,  Equat ion 2.25. 

0 A t  87 F, t h e  s a t u r a t i o n  vapor  p r e s s u r e  of watler a t  a f l a t  i n t e r f a c e  

i s  44.81 mmHg (0.8667 p s i a ) .  Thus, t h e  assumptions f o r  t h e  Kelvin  equa- 

t i o n  which a r e  t h a t  t h e  gas  phase  can b e  viewed as an i d e a l  gas  and t h a t  

t h e  molar volume of t h e  gas  phase  i s  l a r g e  i n  comp.arison w i t h  t h e  molar 

volume of t h e  adsorbed phase ,  a r e  w e l l  s a t i s f i e d .  There fore ,  t h e  Kelvin  

e q u a t i o n  is  a p p l i c a b l e  i n  t h e i r  a n a l y s i s .  However, from t h e  fo l lowing  

d i s c u s s i o n  on t h e  minimum v a l u e  of t h e  r e l a t i v e  p r ' e s sure ,  P IPo ,  one can 

see t h a t  t h e  vapor  p r e s s u r e  lowering phenomena which were observed by 

Calhoun and h i s  coworker must r e s u l t  from something o t h e r  t h a n  c a p i l-  

l a r i t y ,  and l i k e l y  r e s u l t  from s u r f a c e  a d s o r p t i o n .  

Assuming t h a t  a water molecule  i s  a s p h e r e  w i t h  a mean r a d i u s  of 

22, a w a t e r  molecule  cannot  e n t e r  c a p i l l a r y  t u b e s  w i t h  a r a d i u s  less  

t h a n  28.  Thus, 22  can b e  cons idered  as t h e  lower l i m i t  of t h e  r a d i u s  

of c a p i l l a r y  t u b e s  i n  which c a p i l l a r y  condensat ion i s  p o s s i b l e .  I n  f a c t ,  

t h e  lower l i m i t  f o r  c a p i l l a r y  condensat ion shou ld  'be  several times 

l a r g e r  t h a n  2 i .  

s a t i o n  i n  t h e  Ke lv in  e q u a t i o n ,  one can c a l c u l a t e  t ' h e  minimum p o s s i b l e  

v a l u e  of t h e  r e l a t i v e  p r e s s u r e  due t o  c a p i l l a r y  condensat ion a s  fo l lows :  

By applyong 22  as t h e  lower l i m i t  of c a p i l l a r y  conden- 

3 cm 
mole ' A t  97'F, t h e  molar volume of l i q u i d  w a t e r  i s  18.1138 - t h e  

s u r f a c e  t e n s i o n  f o r  a f l a t  i n t e r f a c e  i s  about 70 d:ynes/cm. Thus, t h e  

s u r f a c e  t e n s i o n  of a d r o p l e t  a t  97'F w i t h  a 2 2  r a d i u s  can be  ob ta ined  by 
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app ly ing  Equat ion 2 . 6 ,  which i s  

Fur thermore,  t h e  v a l u e  6 f o r  w a t e r ,  e s t i m a t e d  by Tolman,” i s  about 

1.03fl. 

t i o n  2.25 y i e l d s :  

S u b s t i t u t i n g  a l l  t h e  known d a t a  i n t o  t h e  Kelvin  e q u a t i o n ,  Equa- 

/ u  
1 P 

P 

2 x 18.1138 x 1+2.06 
0 

I n  - = X 

7 2 x (3 .1 )  
8 .31 x 10’ x 309.1 

o r  
P /Po  = 0.08474 

Thus, t h e  r e l a t i ve  p r e s s u r e  ob ta ined  i n  Equat ion 3 . 1  can be  considered 

as t h e  t h e o r e t i c a l  lower l i m i t  f o r  vapor p r e s s u r e  lowering due t o  

c a p i l l a r i t y ,  Columns 2 and 3 of Tab le  3 . 1  show t h e  exper imenta l  va lues  

of P /P  and water s a t u r a t i o n  o b t a i n e d  by Calhoun, e t  a l .  Because t h e  

P I P  v a l u e s  are g e n e r a l l y  less t h a n  0.08474, i t  appears  t h a t  they 

measured something o t h e r  t h a n  c a p i l l a r y  condensat ion.  

.- 0 

0 

F u r t h e r  a n a l y s i s  of t h e  d a t a  p resen ted  by Calhoun, e t  a l . ,  were 

made. Columns 3 and 4 of Tab le  3.1 and F i g u r e  3.1 show t h e  r e s u l t s  

o b t a i n e d  from t h e i r  d a t a  by app ly ing  BET a n a l y s i s .  It was found t h a t  

c o r e s  w i t h  d i f f e r e n t  p r o p e r t i e s  have s imi lar  a d s o r p t i o n  c h a r a c t e r i s t i c s .  

T h i s  i s  a more s o l i d  proof t h a t  t h e  vapor  p r e s s u r e  lowering which Calhoun, 

e t  a l . ,  observed was caused by s u r f a c e  a d s o r p t i o n  r a t h e r  than  c a p i l l a r i t y .  26 
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Table  3 . 1  BET Ana lys i s  o f  t h e  Experimental  R e s u l t s  of Calhoun, e t  a1  
-- 

Core 
Xumber 

3 

3 

3 

3 

3 

6 

6 

6 

6 

6 

6 

6 

8 

8 

8 

8 

8 

8 

R e l a t i v e  
P r e s s u r e  

B 

0 .304  

0 .229  

0 .157  

0 . 0 9 0  

0 . 0 4 8  

0 .299  

0 .2085  

0 . 1 3  

0 .013  

0 . 0 5 2 2  

0 .0346  

0 .0268  

0 . 3 4  

0 . 2 5 5  

0 .169  

0 .107  

0 . 0 9 5  

0 . 0 4 1 5  

Water 
S a t u r a t i o n  

( SW) 

0.0744 

0 . 0 6 6 8  

0 .0560  

0 .0533  

0 .0407 

0 .079 

0 .069 

0 . 0 5 8  

0 . 0 5 3 6  

0 .0479  

0 . 0 3 8 2  

0 . 0 3 2 5  

0 .0676 

0 .057 

0 .0496  

0 .0487 

0 . 0 3 7 5  

0.0319 

B 
(1-8) sw 

5.872 

4.446 

3 .326 

1 .856  

1 .239  

5.400 

3 .818 

2.576 

2.142 

1 .150  

0 .9383  

0 .8473 

7 . 6 2 1  

’ 6.004 

4 .100  

2.460 

2.799 

1 .357 

B 
(1-6) x 

37 .9  

2 8 . 7 1  

21.47 

11.98 

8 . 0 0  

36 .98  

26.15 

17 .64  

14.67 

7 . 8 7 5  

6 .425  

5 .803 

42 .72  

33.66 

22 .98  

13 .79  

15 .69  

7 . 6 0 8  
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The problem of vapor  p r e s s u r e  lowering h a s  been i n v e s t i g a t e d  s i n c e  

1966 i n  t h e  S t a n f o r d  U n i v e r s i t y  Petroleum Engineer ing Department. Cady 

(1g69)27 and B i l h a r t z  (1971)28 reached t h e  conc lus ion  t h a t  vapor  p res-  

s u r e  lowering w a s  n o t  s i g n i f i c a n t  i n  unconso l ida ted  s i l i c a t e  sands .  Both 

30 S t r o b e l  (1973) 29 and Chicoine  (1975) 

i n  c o n s o l i d a t e d  sands tones .  However, t h e i r  exper iments  were complicated,  

d i f f i c u l t  t o  reproduce,  and hard t o  v e r i f y  whether  c a p i l l a r i t y  o r  s u r f a c e  

a d s o r p t i o n  w a s  t h e  dominant f a c t o r .  There fore ,  improvements i n  exper i-  

mental  t echn iques  and ins t ruments  were made t o  i n c r e a s e  t h e  accuracy and 

r e l i a b i l i t y  of t h e  exper imenta l  r e s u l t s .  The purpose  of t h e  exper imenta l  

work w a s  t o  i d e n t i f y  t h e  causes  of vapor  p r e s s u r e  lowering i n  porous 

media by o b t a i n i n g  a d s o r p t i o n  i so therms .  

t h e  q u a n t i t y  of f l u i d  adsorbed v e r s u s  e q u i l i b r i u m  vapor  p r e s s u r e  a t  a 

f i x e d  t empera tu re .  The d e t a i l s  of t h e  i n s t r u m e n t a t i o n  and exper imenta l  

p rocedures  w i l l  b e  d i s c u s s e d  i n  t h e  fo l lowing  s e c t i o n s .  

observed vapor p r e s s u r e  lowering 

These are  t h e  r e s u l t  of graphing 
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4 .  APPARATUS AND PROCEDURES 

Two sets  of appa ra tus  were cons t ruc t ed .  Both were designed t o  

measure t h e  a d s o r p t i o n  i so therms of f l u i d s .  One, however, w a s  f o r  

f l u i d s  w i t h  b o i l i n g  t empera tu re  lower t han  room tempera ture  (F igu re  4 . 1 1 ,  

t h e  o t h e r  w a s  f o r  f l u i d s  w i t h  b o i l i n g  tempera ture  g r e a t e r  t han  room 

t empera tu re  (F igu re  4 . 2 ) .  A few s p e c i a l  i n s t rumen t s  were f a b r i c a t e d  

f o r  the  c i rcumstances  of t h i s  experiment .  

4- 1  Apparatus 

The g e n e r a l  f e a t u r e s  o f  t h e  appa ra tus  and main components a r e  d i s -  

cussed  i n  t h e  fo l lowing  s e c t i o n s .  

4-1-1 Genera l  Descr iv  t i o n s  

F i g u r e s  4 . 1  and 4 . 2  are s imple  schemat ic  dfiagrams of t h e  expe r i-  

menta l  appa ra tus .  I n  p r i n c i p a l ,  t h e s e  two sets of  equipment are  t h e  

same. The only  d i f f e r e n c e  i s  t h a t  one i s  l e f t  i n  t h e  room (F igu re  4 . 1 ) ,  

w h i l e  t h e  o t h e r  i s  pu t  i n  a n  a i r  b a t h  (F igu re  4 . 2 ) .  

I n  F i g u r e  4 . 1  ( o r  4 . 2 ) ,  the  c o r e  h o l d e r  c o n t a i n s  t h e  rock  sample,  

and t h e  sampling b o t t l e  i s  f o r  t h e  purpose of measuring t h e  q u a n t i t y  

of  f l u i d  f lowing  i n t o  o r  o u t  of t h e  c o r e  ho lde r .  

two s t a g e s .  

a mercury d i f f u s i o n  pump. 

The vacuum pump has  

The f i r s t  s t a g e  i s  a mechanical  pump!, t h e  second s t a g e  is  

The sampling b o t t l e  i s  a b o t t l e  made of s t a i n l e s s  s t e e l  w i th  a 

known volume. 

t h e n  t h e  q u a n t i t y  of g a s  i n  t h e  b o t t l e  can b e  computed. 

I f  t h e  tempera ture  and p r e s s u r e  of t h e  b o t t l e  i s  known, 

From t h e  measure- 
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ment o f  t h e  i n i t i a l  t empera tu re ,  i n i t i a l  p r e s s u r e ,  f i n a l  t empera tu re ,  and 

f i n a l  p r e s s u r e ,  t h e  q u a n t i t y  of g a s  f lowing i n t o  c x  o u t  of t h e  c o r e  

h o l d e r  can b e  o b t a i n e d .  

The c o r e  h o l d e r  i s  shown i n  F i g u r e  4 . 3 .  I t :  i s  an  empty b o t t l e  

w i t h  a f l a n g e  and a cap.  The i n n e r  dimension f i ts  t h e  c o r e s .  A f l a t  

s h e e t  copper g a s k e t  w a s  used t o  s e a l  t h e  f l a n g e  i n s t e a d  of a p l a s t i c  

O- ring, because  a n  O-ring cou ld  n o t  seal  w e l l  through t h e  whole exper i -  

menta l  t empera tu re  range ,  -195 C t o  2OO0C,  f o r  t h e  long p e r i o d s  of 

t i m e  needed f o r  t h i s  exper iment .  

0 

A c a p a c i t a n c e  p robe  f o r  measuring t h e  q u a n t i t y  of water adsorbed on 

t h e  rock  samples w a s  des igned and t e s t e d .  The thermometer, p r e s s u r e  

t r a n s d u c e r s ,  and t h e  c a p a c i t a n c e  probe w i l l  b e  d i s c u s s e d  i n  t h e  fo l lowing  

s e c t i o n s .  

4-1-2 Thermometer 

The t empera tu re  of t h e  a i r  b a t h  i s  a c r i t i c a l  f a c t o r  i n  t h e  ex- 

0 per iment  because  when t h e  t empera tu re  i s  n e a r  200 C ,  each c e n t i g r a d e  

degree  of t empera tu re  change can change t h e  s a t u r a t i o n  vapor p r e s s u r e  o 

w a t e r  w i t h  a f l a t  i n t e r f a c e  up t o  2.5 p e r c e n t .  

0 Thermocouples may have an  e r r o r  on t h e  o r d e r  of 2 C .  A c a l i b r a t e d  

thermocouple h a s  b e t t e r  accuracy ,  bu t  i t  should b e  c a l i b r a t e d  a t  l e a s t  

once a week t o  keep i t s  accuracy.  

meters were used i n  t h e  experiment f o r  accuracy i n  t empera tu re  measure- 

ment. 

Thus, p la t inum r e s i s t a n c e  thermo- 
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The p r i n c i p l e  of t h e  pla t inum r e s i s t a n c e  thermometer i s  t h a t  t h e  

r e s i s t i v i t y  of p la t inum changes w i t h  temperature .  

m a t e r i a l s  have a s i m i l a r  p r o p e r t y ,  b u t  p la t inum has been chosen as a 

t empera tu re  s t a n d a r d .  The advantage of t h e  p la t inum r e s i s t a n c e  thermo- 

meter i s  t h a t  t h e  r e s i s t a n c e  i s  a f u n c t i o n  of temFlerature on ly  and no 

co ld  j u n c t i o n  o r  o t h e r  compensation dev ice  i s  need:ed. 

A c t u a l l y ,  most 

A f o u r  t e r m i n a l  measurement t echn ique  w a s  used t o  measure t h e  resis- 

t a n c e  i n  t h e  experiment.  Th i s  i s  probably  t h e  most a c c u r a t e  method of 

r e s i s t a n c e  measurement. F i g u r e  4 .4 (a )  shows t h e  two- terminal measure- 

ment. I f  an  ohmmeter i s  connected t o  Terminals  1 and 2 ,  t h e  r e s u l t  of 

t h e  measurement w i l l  b e  R + 2r, where R and r a r e  r e s i s t a n c e s  from t h e  

thermometer and wires r e s p e c t i v e l y .  Even i f  r i s  much s m a l l e r  t h a n  R ,  

i t  i s  imposs ib le  t o  exc lude  r and o b t a i n  an a c c u r a t e  v a l u e  f o r  t h e  resis- 

t a n c e  R. I f  two o t h e r  Terminals ,  3 and 4 ,  are  added, as i n  F igure  4 . 4 ( b ) ,  

and a known c u r r e n t  I f lows between Terminals  3 and 4 ,  and t h e  v o l t a g e  

between A and B ,  v 

b e  o b t a i n e d  w i t h  accuracy by d i v i d i n g  VAB by I. 

i s  measured through Terminals  1 and 2 ,  t h e n  R can 
AB ’ 

I n  t h i s  exper iment ,  t h e  c u r r e n t  I w a s  s u p p l i e d  by a c o n s t a n t  cur-  

AB r e n t  power supp ly  and monitored by a d i g i t a l  mul t imete r .  Vol tage V 

was measured by a d i g i t a l  v o l t m e t e r .  The c u r r e n t  I was 100vA. The 

t o t a l  power d i s s i p a t e d  i s  on t h e  o r d e r  of l u w .  Thus, t h e  t empera tu re  

r e a d i n g  changes due t o  s e l f  h e a t i n g  were on t h e  o r d e r  of 10 -40 
C. 

4-1-3 P r e s s u r e  Transducers  

A r e l u c t a n c e  t y p e  p l a t e  p r e s s u r e  t r a n s d u c e r  was used f o r  t h e  

a p p a r a t u s  a t  room tempera tu re  ( F i g u r e  4 .1) .  I f  t h e  vapor p r e s s u r e  of 
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t h e  a d s o r b a t e  i s  more t h a n  300 p s i  a t  t h e  experiment t empera tu re ,  a 

t u b e  t y p e  Heise Gauge was used.  For t h e  a p p a r a t u s  i n  t h e  a i r  b a t h  (Fig-  

u r e  4 . 2 ) ,  t h e  p r e s s u r e  t r a n s d u c e r  was p o s i t i o n e d  i n  t h e  a i r  b a t h ,  be- 

cause  t h e  q u a n t i t y  of w a t e r  adsorbed on t h e  rock  s u r f a c e  was ve ry  s m a l l  

and t h e  w a t e r  condensed i n  t h e  t r a n s d u c e r  c a v i t y  and t u b e  connect ing t h e  

exper imenta l  system and p r e s s u r e  t r a n s d u c e r  w a s  n o t  n e g l i g i b l e .  

maximum q u a n t i t y  adsorbed on t h e  rock  was e s t i m a t e d  on t h e  o r d e r  of 1 .0 grn. 

k commercial p r e s s u r e  t r a n s d u c e r ,  which was claimed t o  b e  a b l e  t o  

The 

w i t h s t a n d  t empera tu res  a s  h i g h  as 600°F was t e s t e d ,  bu t  d i d  n o t  work 

p r o p e r l y .  It w a s  necessa ry  t o  p l a c e  t h e  t r a n s d u c e r  o u t s i d e  t h e  a i r  b a t h  

and u s e  a h y d r a u l i c  f l u i d  t o  t r a n s m i t  p r e s s u r e  s i g n a l s  from a diaphragm 

d e t e c t o r  i n s i d e  t h e  a i r  b a t h .  F i g u r e  4.5 i s  a schemat ic  diagram of t h i s  

arrangement.  The p r e s s u r e  s i g n a l  was t r a n s m i t t e d  through a s t a i n l e s s  

s tee l  diaphragm w i t h  a t h i c k n e s s  of 0.003 i n c h e s  s o l d e r e d  a t  t h e  c e n t e r  

of a s t a i n l e s s  s t ee l  c y l i n d e r .  One s i d e  of t h e  diaphragm w a s  connected 

t o  t h e  exper imenta l  system i n  t h e  a i r  b a t h ;  t h e  o t h e r  s i d e  was connected 

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

The t u b e  which connected t h e  diaphragm t o  t h e  t r a n s d u c e r  was f i l l e d  w i t h  

Dow Corning 705 D i f f u s i o n  Pump F l u i d ,  which se rved  a s  t h e  h y d r a u l i c  

f l u i d .  

f l u i d .  

(1) 

( 2 )  

The r e s e r v o i r  R i n  F i g u r e  4.5 was a l s o  f i l l e d  w i t h  t h e  h y d r a u l i c  

The h y d r a u l i c  f l u i d  shou ld  have two impor tan t  p r o p e r t i e s :  

The a b i l i t y  t o  w i t h s t a n d  long p e r i o d s  of h e a t i n g  wi thou t  degrada t ion .  

The b o i l i n g  p o i n t  should b e  h i g h e r  t h a n  t h e  maximum exper imenta l  

t empera tu re .  

The f i r s t  requirement  g u a r a n t e e s  long- term s t a b i l i t y  of t h e  p r e s s u r e  

t r a n s m i s s i o n ;  t h e  second requirement  p r e v e n t s  t h e  fo rmat ion  of bubbles  
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due t o  v a p o r i z a t i o n  of t h e  h y d r a u l i c  f l u i d .  Most l i q u i d s  cannot meet 

t h e  f i r s t  requirement .  

When t h e  a i r  b a t h  beg ins  t o  h e a t ,  Valve A i n  F i g u r e  4 .5  should b e  

opened t o  b l e e d  h y d r a u l i c  f l u i d  u n t i l  t h e  t empera tu re  i n  t h e  a i r  b a t h  

i s  s t a b l e  and t h e  h y d r a u l i c  f l u i d  i s  thoroughly hea ted .  Valve A i s  then  

c l o s e d ,  and t h e  p r e s s u r e  of t h e  system can b e  measured by u s i n g  t h e  p l a t e  

p r e s s u r e  t r a n s d u c e r  o u t s i d e  t h e  a i r  b a t h .  

a i r  b a t h  i s  changed from one exper imenta l  t empera tu re  t o  a n o t h e r ,  Valve A 

must b e  opened u n t i l  a new s t a b l e  c o n d i t i o n  i s  reached. 

When t h e  t empera tu re  of t h e  

When t h e  p r e s s u r e  i n  t h e  exper imenta l  system i n c r e a s e s ,  t h e  

diaphragm w i l l  b e  d i s p l a c e d  toward t h e  h y d r a u l i c  f l u i d  s i d e  because  of 

t h e  low c o m p r e s s i b i l i t y  of h y d r a u l i c  f l u i d s .  Thus, t h e  p r e s s u r e  of t h e  

system can b e  t r a n s m i t t e d  by t h e  h y d r a u l i c  f l u i d  t o  t h e  p l a t e  t r a n s d u c e r .  

The p r e s s u r e  measurement w a s  s e n s i t i v e  t o  room tempera tu re  f l u c t u a-  

t i o n s .  

t r o l l e r  w i t h  a v e n t i l a t i o n  f a n ,  b u t  i t  was n o t  v e r y  s a t i s f a c t o r y .  

The room tempera tu re  was c o n t r o l l e d  by us ing  a t empera tu re  con- 

It was found t h a t  t h e  method of measuring p r e s s u r e  was independent 

of t h e  a i r  b a t h  t empera tu re  i n  t h e  experiment.  Th i s  e l i m i n a t e s  t h e  need 

f o r  c a l i b r a t i n g  t h e  p r e s s u r e  t r a n s d u c e r  a t  d i f f e r e n t  a i r  b a t h  tempera- 

t u r e s .  

4-1-4 CaDacitance Probe 

S i n c e  a porous  medium w i t h  d i f f e r e n t  w a t e r  s a t u r a t i o n s  has  d i f f e r e n t  

d i e l e c t r i c  p r o p e r t i e s ,  t h e  d i e l e c t r i c  c o n s t a n t  can be  measured and used 

f o r  d e t e c t i n g  t h e  water s a t u r a t i o n  of a porous medium. 

measurement can b e  used t o  f i n d  t h e  d i e l e c t r i c  c o n s t a n t ;  t h u s ,  capaci-  

Capaci tance 
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t a n c e  p robes  have been used f o r  measuring water s a t u r a t i o n  i n  a porous 

medium. 31-36 The range  of w a t e r  s a t u r a t i o n  from 0-100 p e r c e n t  w a s  t h e  

focus  of i n t e r e s t  of most of t h o s e  s t u d i e s .  I n  t h i s  s t u d y ,  t h e  range  of 

low w a t e r  s a t u r a t i o n  a t  which vapor  p r e s s u r e  lowering ex i s t s  i s  t h e  f o c u s  

of i n t e r e s t .  

When t h e  water s a t u r a t i o n  i s  i n  t h e  range  of i n t e r e s t ,  t h e  t h i c k n e s s  

of t h e  a d s o r p t i o n  l a y e r  on t h e  rock  s u r f a c e  changes w i t h  t h e  q u a n t i t y  of 

a d s o r p t i o n .  S i n c e  t h e  m o b i l i t y  of  t h e  adsorbed molecules  depends on t h e  

t h i c k n e s s  of t h e  a d s o r p t i o n  l a y e r ,  t h e  d i e l e c t r i c  c o n s t a n t  of rock should 

change w i t h  t h e  q u a n t i t y  adsorbed.  According t o  fundamental  p h y s i c s ,  

t h i s  d i e l e c t r i c  c o n s t a n t  should b e  f requency dependent.  When t h e  f r e-  

quency i s  low, t h e  p robe  w i l l  b e  more s e n s i t i v e  t o  low wate r  s a t u r a -  

t i o n ;  3 7 y  38 t h u s ,  a l o w  f requency (100 M z )  w a s  used f o r  t h i s  s t u d y .  

The probe i s  a m o d i f i c a t i o n  of t h e  one which Chen3' d e s c r i b e d  i n  

h i s  d i s s e r t a t i o n ,  and w i l l  b e  b r i e f l y  d i s c u s s e d  below. The schemat ic  

diagram of t h e  probe which Chen used i s  shown i n  F i g u r e  4 . 6 .  The probe 

i s  a conduct ing c y l i n d e r  w i t h  a metal wire a t  t h e  c e n t e r .  The c o n t r o l  

w i r e  i s  connected t o  E l e c t r o d e  1 and t h e  conduct ing c y l i n d e r  s e r v e s  a s  

E l e c t r o d e  2 .  

E l e c t r o d e  1 and E l e c t r o d e  2 .  When t h e  d i e l e c t r i c  c o n s t a n t  of t h e  

environment changes,  t h e  c a p a c i t a n c e  between E l e c t r o d e  1 and E l e c t r o d e  2 

The e l e c t r i c  f i e l d  l i n e s  are  d i s t o r t e d  a t  t h e  gap between 

a l s o  changes.  

The most s e r i o u s  d i sadvan tage  of Chen's probe i s  t h a t  t h e r e  i s  a 

l a r g e  r e s i d u a l  c a p a c i t a n c e  between E l e c t r o d e s  1 and 2.  Th i s  r e s i d u a l  

c a p a c i t a n c e  comes from t h e  c e n t r a l  w i r e  and t h e  conduct ing c y l i n d e r .  

The r e s i d u a l  c a p a c i t a n c e  w a s  measured i n  t h e  l a b o r a t o r y ,  and i s  on t h e  

- 65 - 



a 
W 

Q) 

W 
- ,  

a’ 
0 
t 

tn 
0 
0 
3 
U 
t 
0 

L 

.+ 

n 
c 
0 

!-I 
0 w 
E a 
h 
bc 
a 

- 66 - 



o r d e r  of 70 pF. The change of c a p a c i t a n c e  due t o  t h e  environment was 

a l s o  measured,  When t h e  d i e l e c t r i c  c o n s t a n t  of t h e  environment changes 

from 1 t o  about  80, t h e  c a p a c i t a n c e  between E l e c t r o d e s  1 and 2 changes 

about 2 pF. It i s  obvious t h e  d i f f i c u l t y  i n  o b t a i n i n g  an a c c u r a t e  re-  

s u l t  i s  a matter  of  probe des ign .  Thus, e f f o r t s  were made t o  improve 

t h e  probe s t r u c t u r e  i n  o r d e r  t o  o b t a i n  a b e t t e r  r e s u l t .  

F i g u r e  4 .7  i s  a schemat ic  diagram of a new, improved c a p a c i t a n c e  

probe.  From F i g u r e  4 .7 ,  i t  can b e  found t h a t  one more e l e c t r o d e  ( e l e c-  

t r o d e  3) w a s  added. The purpose  of adding t h e  t h i r d  e l e c t r o d e  is  t o  

e l i m i n a t e  t h e  r e s i d u a l  c a p a c i t a n c e  s o  t h a t  a b e t t e r  r e s o l u t i o n  can be 

o b t a i n e d .  T h i s  m o d i f i c a t i o n  i s  based on t h e  g e n e r a l  theory  of s h i e l d i n g ,  

which w i l l  b e  d i s c u s s e d  i n  t h e  fo l lowing .  

F i g u r e  4 . 8 ( a )  shows t h e  schemat ic  c i r c u i t  diagram of a b r i d g e  t o  

measure t h e  c a p a c i t a n c e .  The b r i d g e  u s e s  a t r a n s f o r m e r  i n s t e a d  of two 

arms used i n  t h e  Wheatstone b r i d g e .  A s  shown i n  F i g u r e  4 . 8 ( a ) ,  t h e  two 

E l e c t r o d e s  1 and 2 a r e  connected t o  Terminals  1 and 2. The s h i e l d i n g  

s h e a t h  of t h e  c o a x i a l  c a b l e s ,  which connect b o t h  t e r m i n a l s  t o  t h e  

E l e c t r o d e s  1 and 2 of t h e  c a p a c i t a n c e  probe,  are grounded t o  t h e  same 

ground p o i n t  of t h e  b r i d g e .  

F i g u r e  4 .8 (b)  i s  t h e  e q u i v a l e n t  c i r c u i t  of t h e  c i r c u i t  i n  Fig-  

4 . 8 ( a ) .  C and C a re  c a p a c i t a n c e s  between Terminals  1 and 2 and 

ground. When t h e  b r i d g e  i s  ba lanced ,  Terminal 2 h a s  t h e  same p o t e n t i a l  

Ig 2g 

as ground p o t e n t i a l ,  Thus, C does  n o t  a f f e c t  t h e  c a p a c i t a n c e  between 

E l e c t r o d e  1 and E l e c t r o d e  2 ,  . 
2g 

cx 

F i g u r e  4 .8 (c )  i s  an  e q u i v a l e n t  c i r c u i t  of t h e  c i r c u i t  i n  Fig- 

4 .8(b) .  From F i g u r e  4 , 8 ( c ) ,  i t  i s  obvious t h a t  c a p a c i t a n c e  C w i l l  no t  
:g 
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a f f e c t  t h e  b r i d g e  ba lance ,  and Cx i s  t h e  on ly  c a p a c i t a n c e  which should 

b e  measured wi thou t  r e s i d u a l  c a p a c i t a n c e .  Thus, t h e  r e s i d u a l  capaci-  

t a n c e  was reduced.  

The t h i r d  t e r m i n a l  of t h e  c a p a c i t a n c e  probe,  used i n  t h i s  i n v e s t i -  

g a t i o n ,  should b e  connected t o  t h e  ground p o i n t  of t h e  b r i d g e .  When t h i s  

i s  done,  t h e  r e a d i n g s  ob ta ined  from t h e  b r i d g e  show t h a t  on ly  t h e  capaci-  

t a n c e  a t  t h e  gap p l u s  a s m a l l  q u a n t i t y  (on t h e  o r d e r  of 1 . 0  pF) of 

r e s i d u a l  c a p a c i t a n c e  w a s  measured. 

For a t r a d i t i o n a l  Wheatstone b r i d g e ,  F i g u r e  4 . 9 ( a ) ,  i t  is  imposs ib le  

t o  have t h r e e  t e r m i n a l s .  To make i t  e q u i v a l e n t  t o  a t h r e e  t e r m i n a l  

b r i d g e ,  one must c o n s i d e r  a more g e n e r a l  i d e a  of s h i e l d i n g .  

u r e  4 .9 (b)  i s  a m o d i f i c a t i o n  of t h e  Wheatstone b r i d g e .  

Fig-  

The s h i e l d i n g  

s h e a t h  of t h e  c o a x i a l  c a b l e s  and Terminal  3 of t h e  c a p a c i t a n c e  probe 

shou ld  b e  connected t o  Terminal 3 of t h e  b r i d g e  i n  F i g u r e  4 .9 (b) .  

F i g u r e  4 .9(c)  i s  t h e  e q u i v a l e n t  of t h e  c i r c u i t  i n  F i g u r e  4 . 9 ( b ) .  

S i n c e  Terminals  1 and 3 have t h e  same p o t e n t i a l  when t h e  b r i d g e  i s  ba l-  

w i l l  n o t  a f f e c t  t h e  measurement. F i g u r e  4.9(d) i s  t h e  equiva-  

i s  changed by t h e  v o l t a g e  

‘13 anced,  

l e n t  of t h e  c i r c u i t  i n  F i g u r e  4 . 9 ( c ) ,  s i n c e  C 

f o l l o w e r .  Thus, 

t h e  b r i d g e  read ing  shows t h e  c a p a c i t a n c e  C w i t h  a s m a l l  amount of re- 

s i d u a l  c a p a c i t a n c e  on ly .  

23 

C23 w i l l  n o t  a f f e c t  t h e  b a l a n c e  p o i n t  o f  t h e  b r i d g e .  

X 

b 
Because h i g h  s e n s i t i v i t y  i n  t h e  low w a t e r  s a t u r a t i o n  zone i s  of 

i n t e r e s t ,  100 KHZ was chosen a s  t h e  f requency of measurement. The re- 

s u l t s  showed t h a t  t h e  c a p a c i t a n c e  probe i s  a v e r y  u s e f u l  t o o l  i n  wa te r  

s a t u r a t i o n  d e t e c t i o n .  It was a l s o  found t h a t  t h e  c a p a c i t a n c e  probe i s  

s e n s i t i v e  t o  t h e  a d s o r p t i o n  of methane and e thane  on a rock  s u r f a c e .  
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4-2 Core Samples 

S e v e r a l  c o r e  samples were used i n  t h i s  work. Three of them were 

Berea sands tones  w i t h  d i f f e r e n t  p e r m e a b i l i t i e s  and p o r o s i t i e s .  

c o r e s  were f i e l d  c o r e  samples from Southern C a l i f o r n i a .  

low p e r m e a b i l i t y ;  one c o r e  w a s  a c l e a n  unconso l ida ted  s i l i c a  sand 

w i t h  a g r a i n  s i z e  of 60 t o  65 mesh. 

l i s t e d  i n  Tab le  4 .1 .  

Two 

They had v e r y  

The p r o p e r t i e s  of a l l  c o r e s  are  

4-3 Procedures  

The p rocedures  f o r  o b t a i n i n g  a d s o r p t i o n  i so therms  f o r  d i f f e r e n t  

a d s o r b a t e s  are t h e  same, and w i l l  b e  d e s c r i b e d  by us ing F i g u r e  4 . 1  ( o r  

F i g u r e  4 .2 )  as fo l lows :  

Before  performing t h e  experiment,  t h e  volume of t h e  sampling b o t t l e  

w a s  measured. 

The sample w a s  p l a c e d  i n  t h e  c o r e  h o l d e r .  

were opened; t h u s ,  t h e  whole system was evacuated.  Several hours  were 

r e q u i r e d  f o r  o u t g a s s i n g .  

A f t e r  o u t g a s s i n g  t h e  whole sys tem,  Valves B and C were c losed  t o  

i s o l a t e  t h e  sampling b o t t l e  and c o r e  h o l d e r .  

The sampling b o t t l e  w a s  f i l l e d  w i t h  a p a r t i c u l a r  g a s  and t h e  p res-  

s u r e  P measured. Thus, t h e  amount of gas  i n  t h e  sampling b o t t l e  1 

was o b t a i n e d .  

Then Valve A w a s  c l o s e d ,  and Valve C opened. Thus, t h e  c o r e  h o l d e r  

and sampling b o t t l e  were connected t o g e t h e r ,  

reached e q u i l i b r i u m ,  t h e  e q u i l i b r i u m  p r e s s u r e  P w a s  measured and 

Valves A ,  B ,  and C 

A f t e r  t h e  whole system 

2 
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Valve C c l o s e d .  From t h e  v a l u e s  of P and P t h e  q u a n t i t y  of gas  

f low i n t o  t h e  c o r e  h o l d e r  was c a l c u l a t e d .  

1 2 '  

1 (6)  S t e p s  ( 4 )  and (5) were r e p e a t e d  f o r  a n o t h e r  set  of p r e s s u r e s  P 

and P2, u n t i l  P reached t h e  h i g h e s t  p r e s s u r e  d e s i r e d .  2 

( 7 )  Valve B w a s  opened t o  reduce t h e  p r e s s u r e  of t h e  sampling b o t t l e  

t o  P t h e n  Valve B was c l o s e d  and Valve C o.pened, u n t i l  t h e  whole 

sys tem w a s  i n  e q u i l i b r i u m .  Then t h e  e q u i l i b r i u m  p r e s s u r e  P was 

recorded and Valve C c losed .  From P and P t h e  q u a n t i t y  of gas  

f lowing from t h e  c o r e  h o l d e r  t o  t h e  sampling b o t t l e  w a s  c a l c u l a t e d .  

3'  

4 

3 4 

4' (8) S t e p  ( 7 )  w a s  r e p e a t e d  f o r  a n o t h e r  set of p r e s s u r e s  P and P 3 

u n t i l  P was low enough (normal ly  when t h e  re la t ive  p r e s s u r e  was 

less t h a n  0 .05) .  Then t h e  experiment w a s  t e rmina ted .  

4 

From t h i s  procedure ,  t h e  q u a n t i t y  of gas  e n t e r i n g  t h e  c o r e  h o l d e r  

and t h e  corresponding e q u i l i b r i u m  p r e s s u r e  w e r e  ob ta ined .  

I f  one assumes t h a t  hel ium w i l l  n o t  b e  adsorbed on t h e  rock s u r f a c e ,  

and i f  one u s e s  hel ium gas  as t h e  a d s o r b a t e ,  then  t h e  dead volume, which 

i s  t h e  v o i d  space  i n  t h e  c o r e  h o l d e r  and t h e  c o r e  pore  volume, can be  

ob ta ined .  The dead volume can b e  c a l c u l a t e d  by t h e  fo l lowing  formula:  

- p1 - p2 
'd - '1 P, - Pk 

L L 

( 4 . 1 )  

where V i s  t h e  volume of t h e  sampling b o t t l e  1 

P i s  t h e  p r e s s u r e  i n  t h e  sampling b o t t l e  1 

P i s  t h e  e q u i l i b r i u m  p r e s s u r e  a f t e r  connect ing t h e  sampling b o t t l e  2 

and t h e  c o r e  h o l d e r  

P ' i s  t h e  e q u i l i b r i u m  p r e s s u r e  b e f o r e  connect ing t h e  sampling 2 
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b o t t l e  and t h e  c o r e  ho lde r .  

I f  t h e  dead volume V i s  known from helium a d s o r p t i o n ,  t h e  q u a n t i t y  

of gas  i n  t h e  c o r e  h o l d e r  and t h e  cor responding  e q u i l i b r i u m  p r e s s u r e  can 

b e  ob ta ined  from an  experiment .  S ince  t h e  s u r f a c e  area of c o r e  h o l d e r  

is  s m a l l  i n  cornparision w i t h  t h a t  of c o r e ,  the  amount of gas  adsorbed 

on t h e  c o r e  h o l d e r  i s  n e g l i g i b l e .  Then t h e  amount of ga s  which w a s  

adsorbed on t h e  rock  s u r f a c e  can b e  c a l c u l a t e d .  Adsorpt ion i so therms 

can b e  c o n s t r u c t e d  by knowing t h e  q u a n t i t y  adsorbed and t h e  cor responding  

e q u i l i b r i u m  p r e s s u r e .  We t u r n  now t o  a d i s c u s s i o n  of the r e s u l t s  of 

t h i s  s t u d y .  

d 
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5. RESULTS AND DISCUSSION 

Measurement of t h e  a d s o r p t i o n  of water molecules  on a rock  s u r f a c e  a t  

e l e v a t e d  t empera tu res  i s  t h e  main o b j e c t i v e  of t h i s  s t u d y .  Other ad- 

s o r b a t e s  a t  d i f f e r e n t  c o n d i t i o n s  were a l s o  s t u d i e d , ,  A l l  of t h e  exper i-  

menta l  r e su l t s  w i l l  b e  g iven  i n  t h e  appendices  and a r e  d i s c u s s e d  i n  t h e  

fo l lowing .  

5-1 N i t r o g e n  Adsorpt ion a t  77.3'K 

0 A t  77.3  K ,  t h e  s a t u r a t i o n  vapor  p r e s s u r e  of  l i q u i d  n i t r o g e n  w i t h  a 

f l a t  l iqu id- vapor  i n t e r f a c e  i s  one atmosphere of p r e s s u r e .  

a d s o r p t i o n  a t  77.3 K i s  one of t h e  s t a n d a r d  methods f o r  i n v e s t i g a t i n g  t h e  

s u r f a c e  area of a porous  medium. F i g u r e s  5.1-5.14 a r e  t h e  n i t r o g e n  ad- 

s o p r t i o n  i so therms  f o r  d i f f e r e n t  rock  samples a t  7;7.3 K. Numerical ex- 

p e r m i e n t a l  r e s u l t s  a r e  g iven  i n  Appendix A. 

Ni t rogen  

0 

0 

I n  t h e  a d s o r p t i o n  i so therms  f o r  Berea sands tone  samples ,  F i g u r e  5.1- 

5.8, a h y s t e r e s i s  loop  w a s  observed i n  each a d s o r p t i o n  i so therm.  The 

h y s t e r e s i s  phenomenon i s  always found when t h e  r e l a t i v e  p r e s s u r e ,  P I P o ,  

i s  more t h a n  0.4-0.44. I n  t h e  i so therms  f o r  f i e l d  c o r e s ,  F i g u r e s  5.11- 

5 .14 ,  h y s t e r e s i s  loops  are  n o t  as s i g n i f i c a n t .  But:, w i t h  c a r e f u l  in-  

s p e c t i o n ,  one can f i n d  t h a t  h y s t e r e s i s  d i d  occur  a t  about  t h e  same 

re la t ive  p r e s s u r e .  H y s t e r e s i s  loops  i n  a d s o r p t i o n  i so therms  f o r  uncon- 

s o l i d a t e d  s i l i c a  sand ,  F i g u r e s  5.9-5.10, are v e r y  hard  t o  r e c o g n i z e  

because  t h e  s p e c i f i c  s u r f a c e  area of t h e  s i l i c a  sands  i s  s o  small t h a t  

t h e  d a t a  are  n o t  ve ry  p r e c i s e .  

I n  t h e  n i t r o g e n  a d s o r p t i o n  i so therms ,  t h e  c l o s u r e  p o i n t s  a r e  always 
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found when t h e  r e l a t i v e  p r e s s u r e  i s  between 0.4 and 0 . 4 4 .  This  i s  con- 

s i s t e n t  w i t h  r e s u l t s  r e p o r t e d  by Avery and Ramsay i n  197340 and 

Dubinin ,  e t .  a l . ,  41 i n  1960. Avery and Ramsay a l s o  r e p o r t e d  t h a t  h y s t e r e s i s  

loops  d i d  n o t  ex is t  i n  t h e  a d s o r p t i o n  i so therms  on uncompressed s i l i c a  

and Z i r c o n i a  powders. Th i s  i s  s imi lar  t o  t h e  resu:Lts o b t a i n e d  i n  t h i s  

experiment.  A l l  t h e  r e s u l t s  from t h i s  experiment showed t h a t  t h e  

c a p i l l a r y  condensa t ion  mechanism can on ly  occur  i n  pores  w i t h  r a d i u s  

l a r g e r  t h a n  a c r i t i c a l  r a d i u s .  The c r i t i c a l  r a d i u s  can be  e s t i m a t e d  from 

t h e  re la t ive  p r e s s u r e  corresponding t o  t h e  c l o s u r e  p o i n t  of t h e  h y s t e r e s i s  

loops  by combining Equat ions  2.6 and 2.25; t h a t  i s :  

1 0 2yOvl l  1 
P 

P RT rM + 2 
I n  (-) = -- ( (5.1) 

Assume t h a t  t h e  c l o s u r e  p o i n t  of t h e  n i t r o g e n  a d s o r p t i o n  i so therm 

occurs  a t  a r e l a t i ve  p r e s s u r e  of 0.42,  t h a t  t h e  s u r f a c e  t e n s i o n  of l i q u i d  

n i t r o g e n  a t  7 7 . 3  K w i t h  a f l a t  i n t e r f a c e  i s  Y = 8,,85 dyneslcm, and t h a t  

t h e  molar volume of l i q u i d  n i t r o g e n  i s  37.9  cm /mole. S u b s t i t u t i n g  t h e s e  

v a l u e s  i n t o  Equat ion 5 . 1  one o b t a i n s  r 

b e f o r e ,  6 i s  a c o n s t a n t  f o r  a p a r t i c u l a r  f l u i d  a t  a p a r t i c u l a r  tempera- 

t u r e ,  whose v a l u e  i s  on t h e  o r d e r  of 1 8. Thus, r14, t h e  mean r a d i u s  of 

c u r v a t u r e ,  i s  on t h e  o r d e r  of 108. The p h y s i c a l  meaning of t h i s  ca lcu-  

l a t i o n  i s  t h a t  when t h e  r a d i u s  of c u r v a t u r e  of t h e  l i q u i d  n i t r o g e n  

i n t e r f a c e  i s  less t h a n  10Ao, c a p i l l a r y  condensat ion w i l l  n o t  occur .  

0 

0 

3 

+ 2 6  = 12.04 8. A s  mentioned M 

The t h i c k n e s s  of t h e  adsorbed n i t r o g e n  l a y e r s  can a l s o  b e  c a l c u l a t e d  

from t h e  exper imenta l  d a t a .  

shape  w i t h  a 16 .22  

I f  a n i t r o g e n  molecule  i s  of a s p h e r i c a l  

2 
c r o s s  s e c t i o n ,  t h e n  t h e  r a d i u s  of: t h e  n i t r o g e n  mole- 
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c u l e  i s  2.272. From t h e  q u a n t i t y  adsorbed a t  a r e l a t i v e  p r e s s u r e  of 0 .42,  

t h e  t h i c k n e s s  of t h e  adsorbed n i t r o g e n  l a y e r s  can be  o b t a i n e d .  For 

example, t h e  q u a n t i t y  of n i t r o g e n  on Berea sands tone  Number 1 a t  a 

r e l a t i v e  p r e s s u r e  of 0.42 i s  3460 u moles,  and t h e  s u r f a c e  a r e a  of t h e  

sample i s  207 m . The t h i c k n e s s  of t h e  n i t r o g e n  l a y e r  i s  2 

( 3 4 6 0 ~  moles) x ( 6 . 0 2 ~ 1 0  17 molecules  mole { x ( 2 . 2 7 ~ 1 0 - * ) ~  cm3 1 
t =  mo l e c u  1 e 

4 2  
2.07 x 10  c m  

= 4.94 2 (5 .2)  

T h i s  c a l c u l a t e d  t h i c k n e s s  i s  c o n s i s t a n t  w i t h  a t h i c k n e s s  of 5.22 ob- 

t a i n e d  by Dubinin ,  e t .  a l .  ,41 f o r  a c t i v a t e d  carbons .  

The minimum r a d i u s  of  p o r e s  t o  have c a p i l l a r y  condensat ion can be 

c a l c u l a t e d  from r and t ,  which i s  r = r + t 158. Th is  v a l u e  is  

comparable w i t h  t h e  v a l u e  o b t a i n e d  by Avery and R a ~ n s a y , ~ '  10  ? 51, from 

a d i f f e r e n t  t e c h n i c a l  approach.  W e  now c o n s i d e r  mlethane and e thane  ad-  

s o r p t i o n .  

M M 

5-2 Methane and Ethane Adsorpt ion a t  Room Temperature -- 

F i g u r e s  5.15-5.19 p r e s e n t  a d s o r p t i o n  i so therms  f o r  methane and 

F i g u r e s  5.20-5.24 p r e s e n t  a d s o r p t i o n  i s o t h e r m s  f o r  e thane .  A t  tempera- 

t u r e s  n e a r  room tempera tu re ,  t h e  g a s  c o n t e n t  of t h e  p o r e  space  can be  

e s t i m a t e d  by t h e  fo l lowing  c a l c u l a t i o n s .  

3 3 3 I n  1 c m  of r o c k s ,  t h e r e  i s  about 0.2 cm p o r e  space  and 0.8 cm 
n 
3 of rock  m a t r i x .  

t h e n  t h e  q u a n t i t y  of g a s  i n  t h e  p o r e  space  of 1 gm rock  m a t r i x ,  S 

I f  t h e  d e n s i t y  of t h e  rock m a t r i x  is  2.65 gm/cm , 

1' can 
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b e  ob ta ined :  

2 

1150 p moles - -  - 
T (Atm) (gm rock)  (5.3) 

where T i s  t h e  a b s o l u t e  t empera tu re  i n  degrees  Kelvin .  

When t h e  t empera tu re  i s  room temperature ,  XI is  about 4 (vmoles/Atm-gm r o c k ) .  

From exper imenta l  r e s u l t s  i n  Appendix B ,  and a d s o r p t i o n  i so therms  i n  

F i g u r e s  5.15-5.19, t h e  q u a n t i t y  of methane adsorbed on t h e  rock  s u r f a c e  

i s  v e r y  s m a l l ,  on ly  about  6 p e r c e n t  of t h e  q u a n t i t y  of methane i n  t h e  

p o r e  space .  Large h y s t e r e s i s  loops  f o r  methane a d s o r p t i o n  i so therms  

might b e  caused by t h e  h y s t e r e s i s  of p r e s s u r e  gauge. 

F i g u r e s  5.20-5.24, t h e  q u a n t i t y  of e thane  adsorbed i s  on t h e  o r d e r  of 

25 p e r c e n t  of t h e  q u a n t i t y  of e thane  i n  t h e  p o r e  space.  S i n c e  t h e  methane 

exper imenta l  r e s u l t s  have l a r g e  e r r o r s ,  no f u r t h e r  q u a n t i t a t i v e  conc lus ions  

can b e  reached.  The d a t a  i s  p r e s e n t e d  on ly  f o r  t h e  s a k e  of i n t e r e s t .  

Such d a t a  i s  r a r e .  

From Appendix B and 

Due t o  t h e  l i m i t a t i o n s  of bourdon t u b e  p r e s s u r e  gauges ,  and t h e  s m a l l  

q u a n t i t y  adsorbed,  BET a n a l y s i s  of e thane  a d s o r p t i o n  i so therms  i s  n o t  

meaningful ,  and BET a n a l y s i s  of methane a d s o r p t i o n  i so therms  i s  n o t  pos- 

s i b l e .  These r u n s  were p r e l i m i n a r y  ones  made t o  check exper imenta l  de- 

s i g n  and c o n s t r u c t i o n .  More p r e c i s e  p r e s s u r e  measurement i s  needed f o r  

f u r t h e r  conc lus ions .  We t u r n  now t o  water a d s o r p t i o n  r e s u l t s ,  

5-3 Water Adsorpt ion a t  E leva ted  Temperatures 

The a d s o r p t i o n  of water a t  t empera tu res  between 100°C and 2 O O 0 C  
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w a s  s t u d i e d  c a r e f u l l y  f o r  p o t e n t i a l  geothermal  steam r e s e r v o i r  i n f o r-  

mat ion.  F i g u r e s  5.25-5.86 p r e s e n t  t h e  r e s u l t s  f o r  w a t e r  adsorbed on d i f -  

f e r e n t  rock  samples a t  e l e v a t e d  t emera tu res .  Exper imental  r e s u l t s  a r e  

g iven  i n  Appendix C.  

I n  1977, Nonaka and I s h i z a k i 4 '  observed t h a t  t h e r e  e x i s t s  a s t e p -  

w i s e  m u l t i p l e  a d s o r p t i o n  of w a t e r  vapor  on s i l i c a  a t  t empera tu res  be- 

tween 1 3 O o C  and 15OoC.  

The reason  f o r  t h i s  i s  probably  because  t h e  composit ion of rock  samples 

are much more complicated from t h a t  of t h e  p u r e  s i l i c a  used by Nonaka and 

I s h i z a k i .  

Th i s  phenomenon w a s  n o t  found i n  t h i s  experiment.  

0 0 A s  t empera tu re  exceeds  165 C-170 C ,  i r r e v e r s i b l e  a d s o r p t i o n  w a s  oh- 

s e r v e d  i n  t h e  exper iment .  

w i t h  water when t h e  t empera tu re  i s  more t h a n  165 C ,  chemical  r e a c t i o n  

might occur  and cause  t h e  i r r e v e r s i b l e  a d s o r p t i o n .  

It h a s  been sugges ted  t ' h a t  s i l i c a  can i n t e r a c t  

0 

I n  g e n e r a l ,  t h e  a d s o r p t i o n  d a t a  are  much more a c c u r a t e  than  t h e  

d e s o r p t i o n  d a t a  because  t h e  d e s o r p t i o n  d a t a  con ta ined  much accumulated 

e r r o r .  Data were taken  by a n  accumulat ive  method; t h u s ,  a l l  d e s o r p t i o n  

d a t a  n e c e s s a r i l y  con ta ined  more accumulated e r r o r  than a d s o r p t i o n  d a t a .  

The fo l lowing  a n a l y s i s  i s  based on a d s o r p t i o n  d a t a  only .  

No s i g n i f i c a n t  h y s t e r e s i s  loops  were o b t a i n e d  i n  w a t e r  a d s o r p t i o n  

i so therms .  A f u r t h e r  a n a l y s i s  of exper imenta l  d a t a  suggested t h a t  wa te r  

a d s o r p t i o n  i s  due t o  t h e  e x i s t e n c e  of micropores .  

F i g u r e s  5.87-5.96 a r e  t h e  c h a r a c t e r i s t i c  curves  of rock samples.  

The " c h a r a c t e r i s t i c  curve' '  i s  a graph of t h e  p o t e n t i a l  of t h e  adsorbed 

f l u i d ,  A ,  v e r s u s  t h e  q u a n t i t y  of a d s o r p t i o n .  

i s  t h e  d i f f e r e n c e  of chemical  p o t e n t i a l  between t h e  adsorbed f l u i d  and 

The p h y s i c a l  meaning A 
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bulk liquid. From the characteristic curve for all Berea sandstone samples 

and field core Number 5, it was found that the curve for a sample is 

independent of temperature. This means that the dominant factor in water 

vapor pressure lowering for these rock samples is micropore adsorption. 

The unconsolidated silica sands do not show this temperature invariance 

characteristic curve; thus, there are none or very few micropores in 

unconsolidated sands. This is consistent with the results from nitrogen 

adsorption by Avery and Ramsay. 4 0  

The temperature invariant characteristic curve can be used to 

extrapolate from these experimental resuls to obtain adsorption isotherms 

at temperatures not studied in these experiment. 

The isoteric heat of water adsorbed on the rock surface can be ca lcu-  

lated by using the temperature invariant property. For simplifying t h e  

problem, the compressibility factor will be assumed to be 1; thus, 

Equation 2.73 can be rewritten as: 

( 5 . 4 )  

The potential function A ,  which was defined as RT In P fP, can be re- 

written as: 

0 

A 1nP = 1nP -- o RT 

Substituting Equation 5 . 5  into Equation 5 . 4  one obtains: 

- 177 - 

( 5 . 5 )  

( 5 . 6 )  



For a p a r t i c u l a r  t empera tu re ,  t h e  f i r s t  term i n  Equat ion 5.6 i s  a con- 

s t a n t ,  F i g u r e s  5.97-5.104 a r e  t h e  i s o t e r i c  h e a t  of wa te r  a d s o r p t i o n  on 

rock  samples a t  t empera tu res  between 100°C and 200°C. 

The en t ropy  of t h e  adsorbed wate r  can a l s o  b e  c a l c u l a t e d .  The 

c o m p r e s s i b i l i t y  f a c t o r ,  2, w i l l  a l s o  b e  assumed t o  be  1 i n  o r d e r  t o  

s i m p l i f y  t h e  problem. Equat ion 2.79 can be  r e w r i t t e n  as: 

R In €'/Po = s  -- -  qst sad g T 

S u b s t i t u t i n g  Equat ion 5.6 i n t o  Equat ion 5.7,  one o b t a i n s :  

(5.7) 

F i g u r e  5.105 shows t h a t  -the a d s o r p t i o n  phase  i s  less random than  t h e  

b u l k  l i q u i d  w a t e r .  

5-4 S u r f a c e  Area 

The s u r f a c e  area i s  an important  p r o p e r t y  of i i  porous medium. The 

most impor tan t  problem i n  making s u r f a c e  a r e a  c a l c u l a t i o n s  is  t h a t  t h e  

s u r f a c e  area i s  n o t  w e l l  de f ined .  

medium i s  l i k e  de te rmin ing  t h e  a r e a  of an i s l a n d .  On a smal l  s c a l e  map, 

t h e  a r e a  can b e  o b t a i n e d  e a s i l y ,  b u t  perhaps  n o t  a c c u r a t e l y  enough. 

t h e  r e s u l t s  of s u r f a c e  area measurements u s i n g  d i f f e r e n t  methods, o r  

from d i f f e r e n t  exper iments  u s i n g  t h e  same method might b e  d i f f e r e n t .  

Determining t h e  s u r f a c e  a r e a  of a porous 

Thus, 

BET a n a l y s i s  i s  o f t e n  used t o  o b t a i n  t h e  s u r f a c e  a r e a  of a f i n e- g r a i n e d  

m a t e r i a l .  The s t a n d a r d  method t o  o b t a i n  s u r f a c e  a:cea i s  t o  app ly  BET 
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0 
a n a l y s i s  on n i t r o g e n  a d s o r p t i o n  a t  7 7 . 3  K. The s u r f a c e  area ob ta ined  from 

t h e  BET a n a l y s i s  on n i t r o g e n  a d s o r p t i o n  i so therms  a t  7 7 . 3  K i s  o f t e n  

comparable w i t h  o t h e r  methods. 

0 

The theory  of t h e  BET a n a l y s i s  i n  determining t h e  s u r f a c e  a r e a  i s  

based on t h e  assumption of a homogeneous s u r f a c e .  Th is  may n o t  b e  t r u e  

f o r  many porous s y s t e m ,  b u t  t h e  assumption i s  reasonab ly  a c c u r a t e  i n  

most c a s e s  when t h e  r e l a t i v e  p r e s s u r e  i s  n o t  t o o  low. Another problem 

o f t e r  r a i s e d  concerns  t h e  s u r f a c e  area occupied by each adsorbed molecule .  

For n i t r o g e n  molecu les  a t  l i q u i d  n i t r o g e n  b o i l i n g  t empera tu re  ( 7 7 . 3  K ) ,  

t h e  a r e a  occupied by each n i t r o g e n  molecule  has  been g e n e r a l l y  recognized 

t o  b e  16.2g2. 

i so therms  i n  t h i s  experiment.  For  water and e thane  molecu les ,  t h e  d e n s i t y  

of t h e  adsorbed phase  i s  assumed t o  b e  t h e  same as t h e  d e n s i t y  of t h e  

l i q u i d  phase ,  and such molecule  i s  assumed t o  b e  a. s p h e r e ,  

occupied by each molecule ,  S a ,  can be  w r i t t e n  as: 

0 

T h i s  v a l u e  w a s  a p p l i e d  i n  ana lyz ing  n i t r o g e n  a d s o r p t i o n  

The a r e a  

J V  

( 5 . 9 )  s = a a 

where V i s  t h e  molar  volume of l i q u i d  phase ,  N i s  Aveargadro 's  number. a 

The s u r f a c e  area of rock  samples was obtained.  by u s i n g  BET a n a l y s i s  

on n i t r o g e n  a d s o r p t i o n  i so therms  and given i n  Tab le  5.1.  Experimental  

d a t a  i s  p r e s e n t e d  i n  Appendix A. 

s ands tones  are  on t h e  o r d e r  of 1 m /gm, which is  c .onsis tent  w i t h  t h a t  

The s p e c i f i c  s u r f a c e  a r e a s  f o r  Berea 

2 

o b t a i n e d  i n  o t h e r  i n v e s t i g a t i o n s .  The s p e c i f i c  s u r f a c e  a r e a  was found t o  

b e  l a r g e r  i f  t h e  p e r m e a b i l i t y  of t h e  Berea sands tone  w a s  s m a l l e r .  

BET a n a l y s i s  h a s  a l s o  been a p p l i e d  t o  t h e  ads ,orpt ion i so therms  of  



w a t e r  and e thane .  A l l  t h e s e  r e s u l t s  are  a l s o  l i s t e d  i n  Table  5 .1  f o r  

comparison. S i n c e  t h e  c r i t i c a l  t empera tu re  of methane i s  w e l l  below 

room tempera tu re ,  t h e  a r e a  occupied by each methane molecule  i s  n o t  known, 

and BET a n a l y s i s  cannot b e  a p p l i e d .  

From Table  5.1,  i t  can be  seen  t h a t  t h e  speci : f ic  a r e a s  f o r  f i e l d  

c o r e s  ob ta ined  from water a d s o r p t i o n  are  n o t  c o n s i s t e n t  w i t h  t h a t  ob ta ined  

from n i t r o g e n  a d s o r p t i o n .  S i n c e  water a d s o r p t i o n  can b e  modelled by 

micropore  f i l l i n g  r a t h e r  t h a n  layer- by- layer  coverage,  t h e r e  i s  a good 

p o s s i b i l i t y  t h a t  t h e  s u r f a c e  a r e a  from water a d s o r p t i o n  i s  n o t  meaningful.  

Th i s  d i f f e r e n c e  might a l s o  b e  due t o  t h e  c l a y  con ten t  of t h e  f i e l d  c o r e s .  

5-5 Capac i tance  Probe 

I n  t h i s  exper iment ,  100 KHz was chosen as t h e  f requency used f o r  t h e  

c a p a c i t a n c e  probe.  F i g u r e s  5.106-5.121 are exper imenta l  r e s u l t s  and 

t h e  numer ica l  d a t a  a r e  g iven  i n  Appendix C .  Exper imental  r e s u l t s  showed 

t h a t  t h e  c a p a c i t a n c e  p robe  i s  a v e r y  u s e f u l  t o o l  i n  w a t e r  s a t u r a t i o n  de-  

t e c t i o n .  

It i s  hard  t o  r e a c h  q u a n t i t a t i v e  conc lus ions ,  s i n c e  t h e  geomet r ica l  

shape and t h e  g l a s s  probe gu ide  are  d i f f i c u l t  t o  model. However, t h e  

r e s u l t s  match pub l i shed  i n f ~ r m a t i o n . ~ ”  38y 4 3  

s u l t s ,  i t  seems t h a t  t h e r e  i s  a t empera tu re  i n v a r i a n t  r e l a t i o n s h i p  between 

t h e  q u a n t i t y  of w a t e r  adsorbed and t h e  c a p a c i t a n c e  change. 

c i s e  b r i d g e  i s  n e c e s s a r y  f o r  a more d e t a i l e d  s tudy  of t h e  f requency 

response  of t h e  c a p a c i t a n c e  p robe ,  

From t h e  exper imenta l  r e-  

A more pre-  

It was a l s o  found t h a t  t h e  c a p a c i t a n c e  probe .is s e n s i t i v e  t o  methane 

S ince  and e t h a n e  a d s o r p t i o n .  Exper imental  d a t a  a r e  g iven  i n  Appendix B. 
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t h e  c a p a c i t a n c e  change i s  n o t  s i g n i f i c a n t ,  t h e  q u a n t i t y  of methane and 

e thane  a d s o r p t i o n  i s  smal l .  No f u r t h e r  i n t e r p r e t a t i o n  has  been made. 

5-6 M a t e r i a l  Balance and Energy Balance Equat ions  

Material b a l a n c e  and energy b a l a n c e  equa t ions44  become complicated 

when a d o s r p t i o n  i s  inc luded .  It i s  h e l p f u l  t o  i n c l u d e  some assumptions  

t o  s i m p l i f y  t h e s e  e q u a t i o n s  f o r  r e s e r v o i r  s i m u l a t i o n  s t u d i e s .  The mos t  

important  f i n d i n g  i s  t h a t  t h e  a d s o r p t i o n  e f f e c t  should  n o t  b e  n e g l e c t e d  

because  t h e  m a s s  of w a t e r  adsorbed on t h e  rock s u r f a c e  i s  much more t h a n  

t h a t  of rhe  superhea ted  steam i n  t h e  p o r e  space.  
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6. CONCLUSIONS 

The adsorption of methane and ethane should be done at much higher pres- 

sure levels. When pore pressure is not high, the quantity of gas ad- 

sorbed is not very significant. However, the adsorption of methane and ethane 

should be carefully studied on rocks containing water or heavier hydrocarbons 

since the quantity of methane or ethane adsorption on wet rocks might be 

very different from that on dry rocks. 

The adsorption of water at elevated temperatures on consolidated rocks 

was found to be very important. Adsorbed water may be an important source 

of steam in vapor dominated geothermal systems. The temperature 

invariant characteristic adsorption curves showed that water vapor pres- 

sure lowering is related to micropore filling. Thus ,  it is believed that 

the clay content of rocks is an important factor in water vapor pressure 

lowering. Further study is needed to prove this point. 

The temperature invariant characteristic curve for consolidated 

cores is the most important finding of this investigation. It not only 

proves that the water vapor pressure lowering in rock is dominated by 

micropore adsorption, but also serves as a useful tool in the research of 

dry steam geothermal reservoirs. 

Finally, the capacitance probe is a promising tool in detecting water 

saturation. Further study of the frequency response to the water satura- 

tion is needed. It is believed that a capacitance logging tool can be 

derived from this probe. 
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NOMENCLATURE 

A 
A 
a 
b 
d 
E 
H 
I 
K 
m 
N 
N 

- 

;: 
P 
PO 
qc 

9,st 

r 
r 
rM r 2 

S 
Ta 
T 
vc 

B 
0 
Yi 

?J 

= p o t e n t i a l  f u n c t i o n  = RT I n  (Po /P>  
= s u r f a c e  a r e a  
= c o e e f f i c i e n t  of condensa t ion  
= c o e f f i c i e n t  of e v a p o r a t i o n  
= d e n s i t y  
= energy 
= molar en tha lpy  
= c u r r e n t  
= Boltzman c o n s t a n t  
= d i p o l e  moment 
= number of molecules  
= r a t e  of condensat ion 
= r a t e  of e v a p o r a t i o n  
= p r e s s u r e  
= s a t u r a t i o n  vapor  p r e s s u r e  
= c a p i l l a r y  p r e s s u r e  
= h e a t  
= i s o s t e r i c  h e a t  
= gas  c o n s t a n t  
= d i s t a n c e  between molecules  
= mean r a d i u s  of c u r v a t u r e  
= p r i n c i p a l  r a d i i  of c u r v a t u r e  
= molar en t ropy  
= s u r f a c e  a r e a  occupied by each molecule  
= t emp era t u r  e 
= c r i t i c a l  t empera tu re  
= molar  volume 
= dead volume 
= number of a d s o r p t i o n  s i t e s  p e r  u n i t  s u r f a c e  area 
= c o m p r e s s i b i l i t y  f a c t o r  
= r e l a t i v e  p r e s s u r e  
= f r a c t i o n  of s u r f a c e  which i s  covered by i l a y e r s  of molecules  
= s u r f a c e  t e n s i o n  
= s u r f a c e  t e n s i o n  over  f l a t  l i q u i d  vapor  i n t e r f a c e  
= chemical  p o t e n t i a l  

i a', B ' ,  G ,  
n', Tx,  6 7  

0 1 7  c = c o n s t a n t  

Subs cr i p  t 

II 

S 
F 
ad 
g 

V 

= l i q u i d  phase  
= vapor  phase  
= s u r f a c e  phase  
= i n f l e c t i o n  p o i n t  
= a d s o r p t i o n  phase  
= gas  phase  
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Appendix A 

Data f o r  Ni t rogen  Adsorpt ion a t  7 7 . 3  K 0 

T h i s  appendix p r e s e n t s  a l l  t h e  n i t r o g e n  a d s o r p t i o n  d a t a  ob ta ined  i n  

t h e  l a b o r a t o r y .  The s t a r t i n g  p r e s s u r e  of t h e  experiment was ze ro  

(vacuum). I n  t h e  f i r s t  p a r t  of t h e  d a t a ,  t o t a l  amount o f  g a s  i n  t h e  

c o r e h o l d e r  w a s  o b t a i n e d  by t h e  p r e s s u r e  change of a known volume sampling 

b o t t l e ,  which w a s  d e s c r i b e d  i n  S e c t i o n  4 . 3 .  The amount of g a s  i n  t h e  

v o i d  s p a c e  of t h e  c o r e h o l d e r  i s  l i s t e d  under t h e  t i t l e  of dead volume, which 

w a s  c a l c u l a t e d  by u s i n g  Equat ion 4 . 1 .  The amount of n i t r o g e n  adsorbed on 

t h e  rock  s u r f a c e  i s  t h e  d i f f e r e n c e  between t h e  amount of n i t r o g e n  i n  t h e  

coreho lder  and t h a t  i n  t h e  v o i d  space.  Data w i t h  r e l a t i v e  p r e s s u r e  l i e s  

between 0 . 1  and 0 . 3 5  were chosen t o  do t h e  BET a n a l y s i s  (Equation 2 . 5 7 ) .  

The s p e c i f i c  s u r f a c e  a r e a  w a s  c a l c u l a t e d  by l e a s t  s q u a r e s  f i t  and assuming 

t h a t  s u r f a c e  a r e a  occupied by each n i t r o g e n  molecules  i s  10.6  . 2 
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NueB E R 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
1 3  
1 4  
1 5  
1 6  
1 7  
1 6  
19 
20 
21 
22 
2 3  
24 
2 5  
26 
2 7  
2 8  
2 9  
30 
31 
32 
33 
34 
35 
36 
37 
36 
3 9  
40 
41 
4 2  
4 3  
44 
4 5  
46 
47 

EEREA SAh'DSTOIJE hVMSER 1 
tJITROSEt4 ADSORPTICII  AT 77.3"K 
DATA FROM PRESSWE TRANSDUCER 1 

PRESSURE OF SYSTEM TOTAL AMOUNT FLOW IN 
(ATPl. 1 

0.0003375 
0.0020248 
0.01 1 O Z 3 6  
0.041 61 9 8  
0.1052866 
0.1778402 
0.2247469 
0 .2775028 
0.3203600 
0.3668165 
0.414C605 
0.4761 775  
0.5287962 
0.5626546 
0.6040494 
0.6332958 
0.6727762 
0.7044995 
0.7325064 
0.762392 1 
0 .7867265 
0.6043567 
0 .e255342 
0.8463441 
0 -8501688  
0.631 7209 
0. El 43932 
0.7946005 
0 -7660292 
0.7341 956 
0.6999997 
0.6640043 
0.6322833 
0.5776153 
0 -5283464 
0.4899886 
0.4535432 
0.4101235 
0.367041 3 
0.3005999 
0.245761 7 
0.2001 1 2 5  
0.1624296 
0.1323959 
0.1064364 
0.0699887 
0.0755905 

( MICEOMOLES 1 

260.291 3 
91 5 . 5 9 7 7  

1531 .e500  
1'366.1050 
24%. 7230 
301 9.6030 
3352.7680 
3733.9560 
4049.74.iO 
4393.0COO 
4757.3670 
5243.9410 
5446  -4840 
5?30.0740 
6292.76 1 0 
6563.5150 
6957.9560 
7308.1360 
7648.7730 
8057 .0540  
6+12.3280 
8713 .2920  
9059.62 1 0  
9526.3040 
9663.4570 
9291.2350 
9022.3+70 
8728.0460 
6330.41 40  
7929.4170 
7534.9600 
7159.5620 
6829.1990 
6339.8200 
5922.Q410 
5540.4450 
5161 .3120  
4603.2'320 
4475.9170 
3cs9 .7170  
3591 .3380 
3 2 6 3 . i 6 3 0  
3307.41 1 0  
2795.6690 
2623.0470 
2460.2880 
236 1 .4470 

DEAD VOLUME 
( MICROMOLES 1 

1.0804 
6 .4823  

35.29C6 
133.2477 

569.3636 
71 9.5376 
8%. 4380 

1025.6470 
11 74.3790 
1326.51 50 
1530.9070 
1692.9650 
I80  1 .3640 
1933.  SO20 
2027.5260 
21 53.931 0 
2255.4880 
2345.1600 
2442.7550 
251 3.7420 
2575.2820 
2642.9360 
2709.6100 
2721.8550 
2662.7930 
260 7.3340 
2543.951 0 
2452.4760 
2350 -5620 
2241 .os;o 
2125.8410 
2024.2840 
1849.2620 
1691.5250 
1566.721 0 
1452.0400 
131 3.0290 
I 175 .  I 000  

963.3450 
786.8616 
6 $0.66 94  
520.0259 
423.871 8 
347.1643 
283.1033 
242.0067 

337.oe.06 

AMCL'NT OF ADSORPTION 
(I.1ICROIlOCES 1 

259.2 107  
909.1152 

1496.5580 
1832.8570 
2157.6420 
2450.2390 
2633.23 10 
2645.51 GO 
3024.0970 
3218.62CO 
3428.6510 
3713.0330 
3955.51 E 0 
41 28.7070 
4356.8470 
4535.9680 
4804.0350 
5C52.64 i o  
5303.61 -70 
5 6  14.2560 
5834.0850 
61 33.0070 
6446.4320 
6816.691 0 
6041 .6010 
6628.4410 
6415.01 1 0  
6 1 84.0C30 
5E77.9330 
5578.6550 
5213 .a750 
5033.71 6 0  
4804.9140 
4490.5540 
4231 -4140  
3971.7230 
3709.2720 
3490.2630 
3300.8170 
3020.3720 
i604 .4570  
26C7.5330 
2487.3550 
2372.01 70 
2275.86:O 
2 1 02.1 850  
21 19.4400 
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BEREA SANDSTONE t4W:BER 1 
NITROGEN ADSCRPTION AT  77.3'K 
DATA FROM FHESSUQE TRANSDUCER 1 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
PRESSURE ( ATM. 

0.1052668 
0.1778402 
0.2247469 
0.2775028 
0.3203600 

THE FACTOR P / ( l - P ) X (  l /P lOLE l  
54.5394 
86.2805 
110.0933 
1 34. "0 1 
155.6704 

THE VALUE OF "C" FACTOR I N  BET A N A L Y S I S  I S  

THE MOt4OLAYER ADSORPTION IS 21 04.91 30 MICROMOLES 
THE WEIGHT OF THE SAI lFLE I S  161.30CO CRAMS 
THE TOTAL SURFACE AREA I S  205.3819 SQUP.F!E I IETERS 
S P E C I F I C  SURFACE AREA IS 1.2733 SWAF?E HETERS/GRAM 

100.2559 

*** ANALYSIS  BASED ON DESORPTION DATA *** 

PRESSURE (ATPI. THE FACTOR P / ( l - F ) X ( l / M O L E )  
0.3OOS999 1 42.2 1 93 
0.2457617 116.1993 

95.2109 0.2001125 
77.9652 0.1624296 

0.1323959 
0.1 OS4364 
0.089$387 
0.0755905 

. .__ 

64.3331 
53.4409 
45.1031 
38.5S17 

THE VALUE OF "C" FACTOR I N  GET A N A L Y S I S  IS 126 .a747 
THE MQNOLAYER ADSORPTION I S  2161.43?0 
THE UEIGHT OF THE SAFlPLE I S  161.3000 
THE TOTAL SURFACE AREA IS 21 0.6973 
S P E C I F I C  SURFACE AREA IS 1.3075 

t l ICRC)~1OLES 
GR ,VIS 
SWAF'E METERS 
SGUAF'E METERWGRAt l  
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BEREA S4NCSTONE NUtlSER 1 
NITROGEN ADSORPTION AT 77.3’K 
DATA FFOM PRESSURE TRANSDUCER 2 

NUVBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28  
29 
30 
31 
32 
33 
34 
35 
35 
37 
39 
39 
40 
41 
42 
43 
44 
45 
46 
4 7  

FRESSURE OF SYSTEM TOTAL AMOUNT FLOW IN 
( ATfl. 1 

0.0005554 
0 -0033361 
0. C132592 
0.0459557 
0.1 1 1 71 94 

0.2336183 
0.2874251 
0.3379510 
0 .3 i53574 
0.4272026 
0.4903336 
0.5393499 
0.57861 41 
0.6129170 
0.6410607 
0.679 1273 
0. 7008375 
0.7366?60 
0.7660393 
0.76Q0503 
0 .PO53503 
0.8272583 
0 . & t i 4 7 6 4  
0 .850?837 
0.8202736 
0 . S t 4  t 058 
0.7853720 
0.7560838 
0.7281 435 
0.6051239 
0.6600512 
0.62Q5077 
0.5772453 
0.5295545 
0.493251 9 

0. 1 E 5 0 i 0 9  

0.45b5438 
0.4 1 2-036  
0.36P0476 
0.30171 06 
0.2455067 
0.19’2301 
0.161 3345 
0.1 31 3943 
C.1071001 
0.0677673 
0.07271 17 

(M ICROt lOLESI  

266. 2859 
054.15Z3 

1590.531 0 
2031.0430 
256 7 .  i 5 i O  
3076.9390 
3435.281 0 
3817.2470 
4121.1990 
4459.2530 
461 3.0820 
5231.4450 
5670.3710 
5030.41 40 
6277.9920 
6537.6000 
691 5.3060 
7249.61 20 
7574.0370 
7064.2920 
8303.0580 
6588.6790 
8947.6250 
9363.2650 
9456 -4530 
9131.6360 
8873.7220 
8591.2260 
SC09.2570 
7622.8920 
7441.1990 
7075.4250 
6753.?$60 
6265.1670 
5645.5420 
5457.0390 
5071.6040 
4708.0230 
4374. 9370 
3879.0!?60 
3472.31 40 
3141 .OX10 
2674.6300 
2656 .Q410 
2.i79.6000 
2333.9460 
2Ct3.1610 

DEAD VOLUME 
(MICROI.lOLE5 1 

2.7357 
10.6807 
42.4499 

147.0693 
357.6 745 
575 * 3?43 
747.9399 
920.2048 

1082.0620 
1211.3280 
1367.7090 
1569.0250 
1726. 7530 
1652.4600 
1962.2620 
2052.3S50 
21 74.2580 
2272.5780 
2353.5730 
2452.51 00 
2526.1610 
2561 -5040 
2646.6020 
2713.2350 
2724.4640 
2425.1440 
2574.3520 
2514.4050 
24?7.0400 
2331.1850 
2225.471 0 
2115.1840 
201 5.6560 
1848.0770 
1696.3530 
1579.1350 
1461.6460 
13,O. 3Z90 
1181.2020 

965.0407 
786.0076 
637.6492 
51 6.51 98 
4C0.6648 
342 .E857 
280.0910 
232.7899 

AElOUNT OF ADCORPTION 
(MICROHOLES 1 

265.5471 
953.4714 

1543.051 0 
1393.9740 
2 2 1 O . O P 2 0  
2501.5.tSO 
2687.341 0 
2897.0420 
3030.1370 
3247.9250 
3445.37;O 
371 1.61 90 
3743.6170 
4077.5530 
4315.7070 
4485.5030 
4761.0450 
4977.23r0 
521 6.3430 
551 1.7810 
5776 -8750 
6007.171 0 
6299.01 90 
6650.0270 
6 763. 95 E 0 
65O5.4Q20 
62W.33QO 
6076.6200 
5782.2140 
5491.6950 
5215.7260 
4933.25CO 
4733.30SO 
4417.06QO 

3377.co:o 
341 0.15b0 
3337.6070 
31 q3.7340 
‘ 2913 .00~~0  
2686.3070 
2534.0E60 
235s. 1200 
2236 . 2 i 4 0  
2 1  36.7140 
2052.9550 
1980.371 0 

4 I 4 9.1 a70 
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BEREA SANDSTONE t4UtlBER 1 
NITROGEN ADSORPTICII  AT  77.3OK 
DATA FR3M PRESSURE TRAt4SDUCER 2 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
PRESSURE (ATM. ) 

0.1117194 56. 9075 
91 -3264  0.1859709 

0.2536183 11 3.4329 
0.2874251 139.2321 
0. X79S10 167-9854 

THE FACTOR P/(l-P)X( l /MOLE)  

THE VALUE OF "C" FACTOR I N  BET  ANALYSIS  I S  
THE MCNOLAYER ADSORPTION I S  2050.2270 H1CRC)IIO'LES 
THE WEIGHT OF THE SAMPLE IS 161.3000 CRAMS 
THE TOTAL SURFACE AREA IS 200.0460 SQUAF!E METERS 
S P E C I F I C  SURFACE AREA IS 1.2402 SQUAF!E I-lETERS/GRAFI 

399.0872 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
PRESSURE (AT f l .  1 

0.301 71 06 
0.2455087 
0.1092301 
0.161 3345 
0.131 3943 
0.1071001 
O.OSii673 
O . O i . 2 7 1  1 7 

THE FACTOR P/( 1 - P  )X(  1 /MOLE 1 
148.32 17 
121.1314 

99.3558 
81.57751 
67.643s 
56.1359 
46.8648 
351.5052 

THE VALUE OF "C" FACTOR I N  PET  ANALYSIS  I S  
THE t!CNOLAYER ADSORPTION I S  2090.5420 MICRCIIIOLES 
THE KE IGHT OF THE SAMPLE I S  161.3000 GRAMS 
THE TOTAL SURFACE AREA I S  203.9796 SOUAA'E I IETERS 

OO.OiO8 

S P E C I F I C  SURFACE AREA I S  1 .2646 SQUARE IIETERS/GRAIl  
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EEREA SAEIDSTOFJE NUKSER 2 
NITRCGEI I  ADSCTPTION AT  77.3OK 
DATA FROM FRESSURE TRANSDUCER 1 

M M S E R  PRESSL'RE OF SYSTEH TOTAL AMOUNT FLOW IN DEAD VOLUWZ AMOUNT OF ADSORPTIOtI 
(ATM.  I (blICRCI.:OLES I ( t1ICROtlOLE:j  1 ( f l ICROMOLE5 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24  
25 
26 
27 
i8 
29 
30 
31 
32 
33 
34 
35 
36 
37 
Xi 
39 
40 
41 

0.0000000 
0.0005624 
0.0071 991 
0.0385527 
0.0700i87 
0.1.275590 
0.1784027 
0.2037120 
0.231 1586 
0.2671541 
0.3206972 
0.3744655 
0.4537681 
0.5390199 
0.6087735 
0.6529806 
0.71 07955 
0.75691 78 
0.7953979 
0.6376824 
0.6649042 
0.687(iO 15 
0.6678284 
0.6449340 
0.8003369 
0.751 2932 
0.6925756 
0 -6555675 
0.6147351 
0.57$5644 
0.5265213 
0.4S51639 
0.4243?11 
0.3542178 
0.2913330 
0.2335333 
0.181 7772 
0.141 5073 
0.1106861 
0. C870641 
0.0689538 

107.6295 
31 2.4243 
665.7703 
1003.7930 
1221.8550 
1577.81 70 
1 874. 9200 
2024.2180 
2185.1020 
23%. 2500 
2703.7950 
3027.5370 
3509.9150 
4045.C960 
4524 . i 3 0 0  
4849.2960 
5321 .lo90 
5i49.3S20 
61 58.2220 
6635.3320 
7104.8320 
7520.0270 
7233.7610 
6OC3.2030 
6390.6280 
5904.0820 
5355.3670 
5013.4060 
4774.7160 
45?3.?570 
4 153.4540 
3519.6930 
335+.1300 
2Q42.5880 
2571.3040 
223%. 21 50 
1933.3750 
1 6 99.2440 
1516.1240 
1371 .P i10 
1257.701 0 

0.0000 
2.0109 
25.7390 
13;. Q449 
250.5530 
455.0627 
637.8442 
728. 3330 
826.4629 
955.1577 
1146.5900 
1335.8230 
1622.3500 
1926 .E030 
21 76.5520 
2334.6050 
2541.3220 
2706.2120 
2643.7550 
29S4.9710 
30?2.2970 
31 72.7320 
3102.7520 
3021.1120 
2861.4400 
2686.1030 
2476.1670 
2343.6540 
21 37.8660 
2073.1950 
18Sl.7600 
1734.?670 
1524.2280 
1266.4370 
1041 - 6 2 2 0  
835.3103 
649.90@2 
505.931 9 
3C5.7358 
31 1 .E935  
246.53 12 

107.6295 
310.4133 
640.031 3 
665.8489 
971 -3025 

1121 .is50 
1237.0750 
1 295.625 0 
1358.6320 
1441 .OCCO 
1563.2040 
1690.6760 
1867.5540 
21 22.1920 
2348.1760 
251 4.691 0 
2779.7870 
3043.1690 
3314.4670 
3693.31500 
401 2.5340 
4347.2920 
41 31 .0070 
3902.0900 
3533.1790 
3217.9760 
2909.19TO 
2739.55 IO 
2576.6520 
2450.7630 
2276.7040 
ZOSi.i:60 
1859. COC O  
1676.151 0 
1529.6810 
1398.9040 
1 283.4660 
1103.31 20 
1 1  20.3870 
1060.5100 
101 1.1700 
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BEREA SANDSTOIIE NUI?E,ER 2 
NITROGEN ADSORPTION AT 77.3'K 
DATA FROM PRESSUSE TRANSDUCER 1 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
PRESSUYE (ATM. 1 

0.0700787 
0.1275590 
0.1784027 
0.2037120 
0.231 1586 
0.2671541 
0.3206972 

THE FACTOR P/( 1-P)X( l /HOLE) 
77.5863 
130.3398 
1 75.5278 
197.41 48 
22 1 .2?36 
252.0632 
302.0O61 

THE VALUE OF "C" FACT@R I N  BET AN4LYSIS I S  
THE MOtlOLAYER ADSORPTION I S  1 103.01 PO MICEO!IOLES 
THE WEIGHT OF THE SAllPLE I S  15:.1000 GRAMS 
THE TOTAL SURFACE AREA I S  107.6243 SQUAFIE tlETERS 
SFECIFIC SURFACE AREA IS 0.7076 S4UAF'E METERS/GRAM 

57.0514 

*** ANALYSIS BASED ON DESORPTION DATA *** 
PRESSURE (ATM.) 

0 -291 3380 
0.2336333 
0.181 7772 
0.141 5073 
0.1106861 
0.0870641 
0.0689538 

THE FACTOR P/( 1 -P )X(  1 /MOLE 1 
268.7551 
21 7.9264 
173 -0945  
138.1300 
111.0866 
89.9188 
73.2424 

THE VALUE OF "C" FACTOR I N  PET ANALYSIS I S  
THE HONOLAYER ADSORPTICN I S  1 1  23. $91 0 flXCRClKOLES 
THE NEIGHT OF THE SAMPLE IS 152.1000 GRAMS 
THE TOTAL SURFACE AREA I S  109.6698 SGUAF'E tlETERS 
SPECIFIC SURFACE AREA IS 0.7210 SQUARE HETERWGRAM 

65.2994 
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NUNG E R 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
I 1  
I 2  
1 3  
14 
1 5  
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
33 
34 
35  
36 
37 
38 
39 
40 
41 

BEREA SANDSTOIIE NUMBER 2 
NITRCGEt4 PDSCRPTIOII AT 7 7 . 3 O K  
DATA FRCM FRESSURE TRANSDUCER 2 

FRESSURE OF SYSTEM 
(ATM.  1 

0.0000856 
0 .00  17965 
0.00 94 098  
0.041 4665  
0 .0739093 
0.1326775 
0 .1 f45167  
0.21 03508 
0.2383232 
0.2551066 
0.3295979 
0.3642600 
0.46484 16 
0.5511549 
0.61 02473 
0.6618477 
0.71 77074 
0 . i 421699  
0.7992301 
0.8401 1 9 8  
0.86621 0 5  
0 .8855963 
0 .8551753 
0.8334472 
0.7909322 
0.7441 401 
0.6891094 
0.6526656 
0 -61  37722 
0 .5502393 
0.5266694 
0 .4852008 
0.4254062 
0 .352181 1 
0.2385370 
0.2300254 
0.1 766467 
0.1358426 
0 .1044463 
O.OE.O3;51 
0.061 8476 

TOTAL AMOUNT FLOW IN 
( M I C R O H O L E S  I 

109.701 6 
31 7.0261 
676.2563 

1020.9$20 
1242.81 IO 
1605.0250 
1907.5570 
2059.321 0 
2222.7360 
2437.1660 
2755.1570 
3076.3240 
3549 -5290 
4065.7650 
4524.4500 
4535.6790 
5266.1360 
569+  .2460 
60 f4 .0270  
6589.4560 
6987.2 1 40  
7384.101 0 
71 10.9500 
6313.56;O 
6303.9880 
5S16.4290 
5303.4570 
5004.9020 
4676.2570 
4443.3160 
4072.2?10 
3728.2660 
32-55.1970 
2635.4480 
2456.0400 
21 11.3040 
1804.2240 
1564.6430 
1376.9280 
1229.001 0 
11 12.0520 

@EA0 VOLUEIE AflOUtiT OF ADSORPTIOtI 
( PIICROIlOLElj  ) ~ n I C R O n O L E S  I 

0.3061 
6.4230 

33 .6427 
146.3339 
254.2485 
474.3628 
659.7034 
752.0561 
852.OiP4 
983.5Q08 

1 1  78.41 30 
1373.6470 
1661.0500 
1970.5470 
2213.99SO 
2364.3070 
2566.0230 
2725.0620 
2857.4WO 
3003.6850 
30% .?670 
31 73.4280 
3057.51 30 
2979.5290 
2327.1250 
2660.5200 
2460.201 0 
2334.1C40 
21 94.4230 
2 0 74.533 0 
1683.0750 
1734.7400 
1520.  $570 
1 259.1 550 
1031.6@90 

822.41  11 
631.5559 
435.6787 
373.4346 
297.1858 
221 -1247  

109.3954 
31 0.6030 
642  -61 35 
872.6524 
978.5627 

11 30.6620 
1247.8510 
1307.2530 
1370.6580 
1453.5750 
1576.7790 
1704.4770 
1897.5760 
2096. 21 70 
2310.4910 
2469.371 0 
2720.11 20 
2969.1640 
3226.5340 
3585.791 0 
3190.2470 
421 0.671 0 
4053.4660 
3833.7330 
3476.1630 
3157.9060 
26+3.2550 
2670.70cCO 
2501.6340 

2189.2150 
lQ93.5C50 
1764.2390 
1576.2930 
1 (12G.43CO 
1 tP6.SQ30 
1 1  72.6580 
1 OT8.96.iO 
1003.4530 

9 9 1 . 6 l q 5  
690.9275 

m a . 7 e 3 0  
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BEREA SANDSTO!!E NUMeER 2 
NITROGEN ADSORPTIO:4 AT 77.3OK 
DATA FROM PRESSURE TRANSDUCER 2 

*** AIIALYSIS BASED ON ADSORPTION DATA *** 
PRESSURE ( ATM. 1 

0.0739093 
0.13C6775 
0.18451 6 7  
0.2103508 
0.2383232 
0.2751068 
0.3295979 

THE FACTOR P / I l -P IX ( l /MOLE l  
81.5562 

135.2955 
181.3245 
203.7745 
228.2791 
261 .0894 
31 1 .e022 

THE VALUE OF "C" FACTOR I N  PET ANALYSIS IS 58.1866 
THE tlC?:OLAYER ADS09PTION IS 1057.5180 MICROflOLES 
THE KEIGtIT OF THE SAMPLE I S  152.1000 GRAMS 
THE 'TOTAL SURFACE AREA IS 107.0877 SGUAF;!E IIETERS 
SPECIFIC SURFACE AREA IS 0.7041 SQUAS'E IIETERWGRAM 

*** ANALYSIS BASED ON DESORPTION DATA *** 
PRESSURE ( ATM. 1 

0.2885370 
0.2300254 
0.1766467 
0.1358426 
0. IO44483 
0.0803251 
0 .Ob1 8478 

THE FACTOR P/( 1 -P lX( l/blOLE 1 
294.7129 
231.783% 
182.9563 
145.6920 
116.2240 

92.7366 
73.9060 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  
THE MOl?JLAYER ADSORFTIOH I S  
THE "EIGHT OF THE SAMPLE I S  
THE TOTAL SUQFACE AREA I S  
SPECIFIC SURFACE AREA I S  

50.9020 
1058.4360 I-IICRDMOLES 

15?.1000 GRliflSi 
103.2744 SGU4F'E IlETERS 

0.6790 SQUARE flETERS/GRAM 
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NUMBER 

t 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
15 
16 
1 7  
1 8  
19 
20 
21 
22 
2 3  
2 4  
2 5  
26 
27 
Z8 
2 9  
30 
31 
32 
33 
34  
35 
36 
37 
38 
3 9  
40 
41 
4 2  
4 3  
44  
4 5  
46 
4 7  
4 8  
49 
50  
51 
5 2  
53 
54 
55 

BEREA SAIIDSTONE NUMSER 3 
NITROGEt4 ADSCRPTION AT 7 7 . 3 O K  
DATA FROM FRESSURE TRANSDUCER 1 

PRESSURE OF SYSTEM 
( ATM. 1 

0 .ooooooo 
0.0003375 
0.00:5872 
0.0276715 
0.0993251 
0.1553431 
0.1 859267 
0.2304837 
0.2607424 
0.2675 1 41 
0.3030370 
0.3173226 
0.3400447 
0.3951 6 2 9  
0.4404947 
0.48391 41 
0.5295836 
0 -5640044 
0.6025868 
0.6403922 
0.6761 5 2 8  
0.70866 1 1 
0.7380Z01 
0.7595047 
0.7815521 
0.80Q4991 
0.8372326 
0.861 1922 
0.8307646 
0 .S%S502 
0 .?145 104 
0.930 1461 
0 -91 05734 
0 .  9031495 
0 .  8581888  
0 .8767  1 5 2  
0.830SlC8 
0.8014620 
0.7546680 
0.  i0';6240 
0.6516557 
0.5$6;178 
0.5325206 
0.4SZ3304 
0.4253091 
0.36681 65 
0.3160852 
0.2726660 
0.2365953 
0.2043369 
0.16141 73 
0.1  30371 2 
0.1023622 
0 .OS05399 
0.0635545 

TOTAL AMOUNT FLOW I N  
( P I I C R O H O L E S  1 

144.6271 
395.201 9 
644.281 7 

1 193.2660 
1685.8100 
2034.6690 
2220.4170 
2496.2180 
2689.8020 
2657.7650 
2960.7430 
3052.4590 
3200.2930 
3561.6740 
3365.8740 
4154.7530 
4466.05GO 
4703.921 0 
4056.6320 
5242.6250 
5544.3980 
5840.191 0 
61  28.6950 
6354.2300 
6591 .34iO 
6876.1170 
731 1.3040 
7715.4720 
8114.5970 
8476.9100 
8943.6 750 
9q57.9020 
9250 .E630 
9044.7570 
8724.4840 
8409.6280 
781 1 .5600 
7 2 75. $6 SO 
6676.3430 
6 163 .2540  
5663.2030 
5 185.3:SO 
4693.0720 
4209.5150 
3720.6350 
3317.0220 
2981.6140 
27C0.2C80 
2467 .9 i50  
2263.6970 
20C0.6160 
111 0.2090 
lb3r .1900  
1494.421 0 
1382.4940 

DEAD VOLUME AI-IOUIIT OF ADSO9PTIOt4 
( El ICROKOLES)  (~lICEOI1OLES 1 

0.0000 
1.1778 
9.0295 

96.5761 
346 .6533  
542 .  t 6 0 9  
648.551 5 
894.4082 
91 0.01 4 2  

1003.4490 
1057.6250 
1107.4840 
1 196.  7850 
1379.1530 
1537.3650 
1685.  9030 
1848.2930 
1968.4250 
21 03.0310 
2234.9900 
2359.8330 
2473.2500 
2575.7550 
2650.7390 
2727.6850 
2807.7730 
2922.01 6 0  
3005.6370 
3073.9470 
31 3O.OS70 
31 91.7220 
3246.2920 
31 77.9820 
31 52 .0720  
3099.8570 
3059.8140 
2931.0450 
2797.1730 
2633. 8580 
2462.6900 
2 275.03.tO 
2081.0970 
1 8 5 s  .E930 
1683.4070 
148'+.3560 
1280.221 0 
1103.1650 

951 .6284 
826.7859 
713.3281 
563.3606 
455.0071 
357.2532 
281 -091 3 
221.61 10 

144.62 71 
394.0239 
635.2522 

1096.6900 
1342. 1570 
1492 .  7 C I O  
1571 .E660 
1691.8100 
1 779.78iO 
1854.3'260 
1903.1170 
1945.0050 
2013.50iO 
2182.5:OO 
2326.5100 
2465.8500 
26 17.7600 
2755.4950 
2893.551 0 
3007 .63r0  
3 184.5640 
3366.90 10 
3552.9390 
3703.49 I O  
3863.661 0 
4068.3430 
4399.2850 
4709.8320 
5040.6480 
5346.8200 
5751.9.(QO 
621 1.6090 
6072. 8780 
5892.6830 
5624.6"LO 
5349.81 2 0  
4830.4530 
4478.7QLO 
4042.4840 
3700.5430 
3338.16E 0 
3107.3010 
2635. O i C O  
25,5.10;0 
2235.2660 
20?6.8000 
1678.44QO 
17~t8 .5800  
1641.1570 
1550.5oCO 
1437.2560 
1355 .20f0  
1276.9370 
121 3.3300 
1160.68ZO 
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BEREA S4tKSTOtIE NUtIEER 3 
tiITROGEti ADSORPTICN AT 77.3OK 
DATA FEOM PRESSUTE TRANSDUCER 1 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
PRESSURE ( ATM. 1 

0.0993251 
0.1553431 
O.lS55267 
0.2304637 
0.2607424 
0.26751 41  
0.5030370 
0.31 73226 
0.3400447 

THE FACTOR P/( 1 -P lX(  1 /MOLE 1 
82.1650 

123.2072 
1 (t5.2030 
177.0397 
1@6.1743 
217.6177 
223.4652 
238. Ti31 6 
255.8?63 

THE VALUE OF "C" FACTOR I N  6ET ANALYSIS I S  
THE MCNOL4'rER ADSORPTIGN I S  1371 .2470 MICRCl~701.ES 

THE TOTAL SUPFACE APEA I S  133.7962 SQUARE METERS 
SPECIFIC SURFACE AREA IS 0.8660 SQUARE tIETERS/GRAM 

64.41 1 8  

THE KEIFHT OF THE S4klPLE I S  154.5000 G9AtlS 

*** AIJALYSIS BASED ON DESORPTION DATA *** 
PRESSURE (ATM.) 

0.31 60852 
0.2726660 
0.2368953 
0 . 2 0 4 3 S 6 9  
0.161 41 7 3  
0.13O3712 
0.10235?2 
0.0205399 
0.0635545 

THE FACTOR P/( l -P )X (  l/MOLE) 
246.03S2 
2 14.3934 
189.1566 
165.6760 
133-9275 
110.6224 
69.3035 
72.1?35 
53.4723 

THE VALUE OF "C" FACTOR I N  EET ANALYSIS I S  
THE tl0t:OLAYER ADSORPTION IS 1336.7090 MICRClb!Ol.ES 

THE TOTAL SURFACE AREA I S  129.4505 SGURRE HETERS 
SPECIFIC SURFACE AREA I S  0.6379 SQUARE HETERS/GRAIl 

57.3331 

THE KEI tHT OF THE S.VIPLE I S  154.5000 GRAM9 



NUMEER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

BEREA SQNDSTONE tWHSER 3 
I I ITROGEN CDSCFPTION AT 77.3OK 
DATA FROH PRESSURE TRANSDUCER 2 

PRESSURE OF SYSTEM 
( A T H .  1 

0 .ooooooo 
0.0004277 
0.0024507 
0.0282293 
0.1015397 
0.1583403 
0.1893070 
0.234901 5 
0.2659681 
0.2928142 
0.3091530 
0.3236 5354 
0.3466207 
0.4024605 
0.4465S64 
0.4925575 
0.5387509 
0.5736236 
0.61 27458 
0.6494439 
0.6840033 
0.7155543 
0.7436268 
0.7639562 
0.7850299 
O.eo65011 
0.63i4679 
0 .e605645 
0.6S03249 
0.805551 6 
0.9124036 
0.9277160 
0 .8SS2590 
0.6599'31 3 
0 .Si55346 
0.8601 359 
0.8246029 
0 .7850239 
0.7431 137 
0.6959939 
0.6440547 
0.59041 91 
0 -5253206 
0.4732237 
0.41 60820 
0.3564562 
0.3047902 
0.26O4786 
0.2233531 
0.1 SO24BO 
0.1461932 
0.1144278 
O.OS57142 
0.0633019 
0.045851 1 

TOTAL AMOUNT FLOW IN 
( t l ICROf1OLES 1 

1 tt8.3E.29 
404.41 77 
658.9199 
1218.51 10 
1723.3940 
2076.3720 
2265.6500 
2546.2990 
L / 9 2 . 8 2 4 0  
291 3.91 30 
3017.7680 
31 10.6640 
3261 .2060 
3627.8260 
3925.1 890 
4224.7690 
4532.2920 
4766.61 30 
5039.671 0 
5325.2070 
561 4 -5230 
5397. 1600 
6173.2610 
6359.3940 
661 7.3200 
6590.2920 
7306 -6440 
7692.4450 
8072.1'.60 
841 8.71 80 
8365.0540 
9356 .Si60 
91 52.0930 
8956.41 70 
8650.7570 
8350.0700 
7763.$020 
7237 . i o 3 0  
664 1 . E750 
61 29.1750 
5629.71 80 
5140 -8530 
4430.2460 
41 45.7300 
3643.8040 
3237.6S30 
2896.0970 
2609.3380 
2373.451 0 
21 65.41 60 
1896.41 90 
1702.31 00 
1522.6370 
1379.7410 
1265.3500 

e-, 

DEAD VOLUNE AMOUNT OF ADSOEPTION 
[ MICROilOLE!; 1 [ r1ICRO:lOLES 1 

0.0000 
1.4925 
8.6578 
93.5226 
354,3823 
552.621 8 
660.6980 
81 9.8269 
927.9031 

1021 -9470 
1 078.971 0 
1129.7250 
1209.7370 
1404.6920 
1565.61 30 
171 9.0690 
1880.2680 
2002.6950 
2138.5360 
2266.6 160 
2367.2310 
2497.6960 
2595.3230 
2566.3790 
2739.8230 
28 14.76 00 
2922.8370 
3003.4460 
3072.41 20 
3125.5540 
31 84.3690 
3237.81 10 
3135.1030 

3055 -6930 
3001 . $530 
2676. $+90 
2750.2750 
2593.5320 
2428.7310 
2247.8970 
2060.6140 
1833.41 50 
1653.6860 
1452.1630 
1244.0700 
1063.7440 
909.0S42 
779.5220 
663.9819 
51 0.2271 
400.061 0 
299.1501 
LLO .?292 
160.0243 

31 06.140 

.-.e, 

140.3529 
402.9;46 
650.2620 

1 1 19.96?0 
1 369.0 120 
1523.7500 
1604.95:O 
1726.4720 
161 4.921 0 
1691 .9660 
1933.8170 
1991 -1350 
2051.4670 
2223.1320 
2359.5760 
2505.7190 
2652.0040 
2 763.9 1 G O  
2901.3340 
3055.5900 
3227.2910 
3303,4630 
3577.9370 
3723.0140 
3577.4%0 
4075.5320 
4353.6040 
4668.9QoO 
4999.7220 
5233.16%0 
5680.6630 
61 16.7650 
6016. sei0 
5650.2650 
55?5.@620 
53q3.1130 
483%.94?0 
4437.4:30 
4046.3420 
3iOO .4++0 
3376.91 00 
3030.2460 
2605.6300 
2402.0430 
2196.6.tlO 
1993.7790 
1632.3530 
1700.2440 
1593.9200 
1501 .430 
1356.1920 
1302.2410 
1 L63.6570 --- 
1 1  58.61 20 
1 1  05.3260 
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B E R E A  S A t t O S T O t l E  tVJtl@ER 3 
N I T R O G E N  ADSCRPTIO:4 A T  77.3OK 
DATA FROH P R E S S U R E  TRANSDUCER 2 

*** A N A L Y S I S  B A S E D  ON A D S O R P T I O N  D A T A  *** 
P R E S S U R E  (ATM.  

0.1015397 
0.1583403 
0.1393070 
0.2549015 
0.2658581 
0.2926142 
0.3091530 
0 , 3 2 3 6 %  
0.3466207 

T H E  F A C T O R  P/( l-P)X( l / H O L E )  
82.5523 

123.4642 
145.4949 
177.S315 
199.5420 
21 8.8493 
230.8100 
241.5901 
258.5972 

T H E  VALUE O F  "C" F A C T O R  I N  6 E T  A N A L Y S I S  IS  
T H E  MCtiOLAYER A O S O R P T I C N  IS 1375.9040 B I C R O t l O I - E S  

T H E  T O T A L  S U R F A C E  AREA IS 134.5433 S Q U A R E  M E T E R S  
S P E C I F I C  S U R F A C E  AREA IS 0.8708 SQUAE E t lETERS/GRAM 

73.21 86  

T H E  N E I G H T  O F  T H E  S A I I P L E  IS 154.500 0 GRAMS 

*** A N A L Y S I S  B A S E D  011 D E S O R P T I O N  DATA *** 
P R E S S U R E  ( A T r l .  

0.3047902 

0.2233531 
0.19024SO 
0.1461 932 
0.1 146278 
0 . 0 8 5 i  I 4 2  
0.063301 9 

0.26947a8 

T H E  F A C T O R  P/( 1 - P I X (  1 / M O L E )  
239.2632 
207.1621 
180.4260 
156.4809 
123.5219 

99.41CO 
76.6125 
58.3181 

T H E  VALUE OF "C" F A C T O R  I N  R E T  A N A L Y S I S  IS 
T H E  HCNOL4Y ER A D S O R P T I C N  IS  1315.801 0 M I C R C M O L E S  

T H E  T O T A L  S U R F A C E  AREA IS 128.3362 SBUARE M E T E R S  
S P E C I F I C  S U R F A C E  A R E A  IS 0.8310 S G U A R E  I I E T E R W G R A M  

58.5616 

T H E  N E I G H T  O F  T H E  S A M P L E  IS 154.5000 GRAMS 

- 226 - 



NUmER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23  
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

39  
40 
41 
4 2  
43 
4 4  
4 5  
46 
47 
4 8  
4 9  
50  
51 
52  
53 
54 
5 5  
56 
57 
5 8  
5 9  
6 0  
61 
6 2  
6 3  

38 

BEREA SAFIDSTOt!E NUMSER 4 
t4ITROGEII 6DSORPTION AT 7 7 . 3 O K  
DATA F E O n  PRESSURE TRANSDUCER 1 

PRESSURE OF SYSTEM 
(ATM.  1 

0.0014250 
0.0036326 

-0.0023598 
0.0066915 
0.0 120051 
0.0275309 
0.0653656 
0.1173364 
0.1601185 
0.1983557 
0.2366854 
0.2693813 
0.3024566 
0.3269283 
0.361 0553 
0.381 8944  
0.4037853 
0.4290218 
0.46391 33 
0.4871425 
0.52451 95 
0.5653377 
0.5971 7 0 3  
0.6399004 
0.6693211 
0.6829173 
0.71 67572 
0.752 1269 
0.7725837 
0.791 7981 
0.8025044 
0.7768854 
0.7579579 
0.7391261 
0.7207721 
0.7044258 
0.6865572 

0.6554821 
0.6375106 
0.61 C5390 
0.6016631 

0.5553059 
0.5314022 
0.5010992 
0.4739506 
0.4446036 
0.41 47785 
0.3354315 
0.3561 799  
0.3314214 
0.3033168 
0.2736830 
0.2434757 
0.2174744 
0.1935761 
0.168721 9 
0.1 471 1 77 
0.1 283816 
0.1120351 
0 -097791 8 
0.0854601 

o .6 i36448 

0 .5783383 

TOTAL AHCWT FLOW IN 
(flICEO~lOLES 1 

152.4434 
339.0276 
548.1606 
781 .5894 

1027.5620 
1303.7070 
1790.6900 
2394.4700 
tSS5.7820 
331 1.6710 
3737.5590 
4105.9500 
4478.3320 
4760.8280 
51 54.1500 
5398.2260 
5654.9960 
5956.3@60 
6365.1250 
6641.9020 
7068.9100 
7608.OOiO 
7995.6250 
8529.3320 
891 7.4250 
9094.0030 
9558.0000 

10091.0700 
10422. 1600 
10754.3500 
1 101 4.3000 
10722.1200 
10438.5100 
10160.7700 

9SC0.6640 
9646.2770 
9&17.6090 
9131 .CbOO 
8937.0930 
8694.1360 
8454.1950 
6206.6320 
7905.7140 
7617.8160 
731 8.8040 
6933.6480 
6581.0390 
41 74.9360 
5803.6900 
5449 .  9330 
5995.5000 
4802.5190 
4476.0350 
41 35.1010 
3789.0870 
3490.0750 
3216.9480 
2936.0390 
2689.5890 
2474.1040 
2255.931 0 
21 21 . l o20  
1 974.7570 

DEAD VOLUME 
(HICROl10LE! j  1 

1 3.751 2 
30.7393 

-20.2229 

109.2040 
232 .%89 
553.2991 
993.3521 

135'1.9380 
1678.5050 
2002.8s00 
2279.5300 
2559.4160 
2766 -6990 
3055.2640 
3231.6260 
341 6.8700 
3630.4240 
3925.6790 
41 22.2460 
4435.5310 
4753.9+10 
5053.3120 
541 4 .SO80 
5668.0890 
5778.9100 
6065.2650 
6364.57~70 
6537.6750 
6700.2650 
6790.8570 
6574.0740 
6413.9100 
6254.5540 
60'?9.2420 
5950.91 70  
5626.6360 
5700.4450 
5546.7500 
5394.6750 
5242.5WO 
5091 .3290 
4893.0550 
4699.8120 
4496.7730 
4240 -3670 
401 0.6150 
3762.2780 
3509.8950 
3261.5580 

2804 .E1 90 
2566.6960 
2315.951 0 
2060.3140 
1 840.2870 

1427.7400 
1244.  $E40 
1086.3770 

948.051 5 
627.5234 
723.171 9 

5 6 . 6 2 ~ t 3  

30 14.O;SO 

1639.0590 

hHOUIT  OF ADSORPTION 
(H ICROXOLES 1 

138.6921 
308.2631 
568.3835 
724.0551 
91 8.3596 

1070.7399 
1237.5QlO 
1401.1 l e 0  
1 5 3 3 . 64 4 0 
1633.1660 
1754.6790 
1826.4300 
1918.9150 
1994.3290 
2078. 8750 
2166.5990 
2238.1250 
2325.96CO 
2459.4450 
251 9.6500 
2650.37PO 
2824.0650 
2942.31 2 0  
3114.4330 
3 ~ 4 9 . 3 3 5 0  
531 5.0930 
3492.7540 
3726.5030 
5894.4840 
40%. 0330 
4223.4370 
4148.0460 
4024.601 0 
3006.2220 
3791.4210 
3685.3590 
3500.9720 
3 i31  .5150 
3390.3430 
3203.46OO 
32 1 1.5970 
31 15.30iO 
301 1.7610 
2918.0030 
2822.031 0 
2698.3000 
2570.4230 
241 2 .71  70 
2293.9340 
21 E S .  3750 
2081.4 i lO 
1 935.0003 
1$09.3350 
181 9.1600 
i 7 ~ 8 . 7 7 2 0  
1649. i t - 6 0  
1578.88SD 
1506.2 920 
1444.6640 
1367.7260 
1337.6500 
1293.5760 
1253.5850 

-.?, 
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6 4  
6 5  

0.0747538 
0.0654813 

1650.1970 
1739.0400 

632 .5735  
554 .1089  

1217.6240 
1 1 64.931 0 
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BEREA SAt!DSTONE KUMBER 4 
N1TROGEt.I ADSORPTION A T  77.3OK 
DATA FR@H PRESSURE TRANSDUCER 1 

*** ANALYSIS  EASED ON ADSORPTION DATA *** 
PRESSURE (ATM. ) 

0.0653856 
0.1173384 
0.1601 185 
0.1783557 
0.2366884 
0.269381 3 
0.3024566 
0.3269283 

THE FACTOR P/( 1 - P I X (  1/HOLE 1 
56.5291 
94.9249 

1 24.5352 
151.5069 
1 78.7540 
201.8707 
225.9623 
243.5535 

THE VALUE OF "C" FACTOR I N  6 E T  ANALYSIS  I S  

THE MONOLAYER ADS@RPTI@N I S  1353.8850 MICROHOLES 
THE WEIGHT OF THE SAt lPLE I S  11  7.9000 GRAHlj 
THE TOTAL SURFACE AREA I S  135.0293 SQUAllE PIETERS 
S P E C I F I C  SURFACE AREA I S  1 .1453 SQUARE METERS/GRAM 

69.1815 

*** ANALYSIS  6ASED ON DESORPTION DATA *** 
PRESSURE (ATM. 1 

0.331 4214 
THE FACTOR P / ( l - P ) X ( l / M O L E )  

0.3033168 
0.2736830 
0.2434757 
0.21 74744 
0.15135761 
0.168721 9 
0.1471177 
0.1283S16 
0.1 1 20351 
0 . 0 9 7 9 1  8 
0. c .s5 46 0 1 
0.0747538 
0.065481 3 

248.1033 
228.0227 
297.1325 
1 66.1635 
168.4541 
152.0326 
1 34.5666 
119.4012 
106.1383 

94.3063 
83.7920 
74.5430 
66.3532 
59.1338 

THE VALUE OF "C" FACTOR I N  B E T  ANALYSIS  I S  
THE t10KOLAYER ADSCRFTICN IS 
THE WEIGHT OF THE SAMPLE IS 
THE TOTAL SURFACE AREA I S  
S P E C I F I C  SURFACE AREA I S  

49.3382 
1388.3500 MICR0t:OLES 

117.9COO GRAMS 
135.4650 S9UARE METERS 

1.1490 SQUARE METERS/GRAM 
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BEREA SANDSTONE NUnEER 4 
NITROGEN ADSORPTION AT  77.3OK 
DATA FRO11 PRESSURE TRANSDUCER 2 

NUPIBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
34 
37 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

38 

PRESSURE OF SYSTEM 
(ATH.  1 

0.00 1791 4 
0.0036680 
0.00051 19 
0.0064831 
0.0127102 
0.0275527 
0.0653rt17 
0.1 176321 
0.1608304 
0.19901 05 
0.2371820 
0.2701528 
0.3032500 
0.32 78 1 71 
0.3620232 
0.3830077 
0.4047598 
0.4300094 
0.4649834 
0.4680151 
0.5252922 
0.5657254 
0.5974578 
0.6403650 
0.6699649 
0.6829310 
0.7166255 
0.751f552 
0.7721572 
0 .i911797 
0.80 13308 
0.77881 06 
0.7596735 
0.741 1924 
0.7227670 
0.7065595 
0.6906080 
0.6755947 
0.6573401 
0.6393rtl2 
0.6210012 
0.6027465 
0.57?7149 
0 -5565979 
0.5325426 
0.5020043 
0.4745-224 
0.4453636 
0.4153373 
0.365$1079 
0.3563932 
0.3314650 
0.3032500 
0.2733942 
0.243xz4 
0.2167534 
0.1926981 
0.1677045 
0.1450378 
0.1271007 
0.11 0 7 2 5  
0.0953064 
0.0838522 

TOTAL AtlOWiT FLOW I N  
(tl1CROMC)LES ) 

152.1064 
339.6563 
549.7983 
784.0295 
1030.7290 
1307.8960 
1796.3330 
2400.4070 
2591.8250 
3317.91 90 
3743.3040 
41 1 1  .8570 
4483.9720 
4765.6710 
5155.0390 
5401.3350 
5657.3860 
5957.9330 
6365.3200 
6641 .21 00 
7086.2890 
7603.2 1 00 
7QPS.9170 
851 9.3000 
8905.2920 
9081 .2650 
9542.0930 
10071 -4800 
10400.3700 
10730.1000 
10989.4100 
10698.9200 
10416.7900 
101 40.6200 
9872.0970 
9628.9370 
9401.5070 
91 77.1950 
8923.8320 
8681 .?4?0 
8443.0390 
8197.3280 
7897.76 00 
761 1.3"OO 
731 3.6750 
6934.4840 
6577.6790 
6171 .io70 
5600.4190 
5446.3350 
5091.6560 
4798.4760 
4471.4290 
41 29.6440 
3782.0320 
3482.4980 
3208.7320 
2927.0310 
2679.9@50 
2463.8120 
2275.0660 
21 09.701 0 
1 965.0250 

DEAD VOLUME 
( MICROHOLES 1 

15.1593 
31.0394 
4.3314 

54.8503 
107.5548 
233.1538 
552.9277 
995.41 43 
1361.3850 
1684.0460 
20 09. 5950 
2C66.0500 
2566.131 0 
2774.0200 
3063.4760 
3241.0490 
3425.1 170 
3638.7820 
3934.7350 
41 29.6280 
4445.0740 
4787.2220 
5055.7460 
541 8.8280 
5669.3080 
5779.0270 
6064.1480 
6362.2690 
6534.0620 
6695.0390 
6780.9330 
6590.3570 
6430.1 170 
6272.0390 
61 16.11 70 
5973.9720 
5843.9880 
571 6. $490 
5562 . ( t i60 
541 0 . 1 6 7 0  
5254.9720 
5100.5000 
4905.6010 
4709.9340 
4506.4250 
4248.0070 
4016.301 0 
3768.71 00 
351 4.0240 
3265.591 0 
3015.e340 
2805.0580 
2566.131 0 
2313.4880 
2058.6790 
1634.1680 
1630.6300 
1419.1320 
1235.7860 
1075.5380 
936. 9446 
8 14.95rt6 
709.5654 

AMOUNT OF ADSORPTION 
(t1ICROtlOLES 1 

137.0271 
308.6167 
545.4663 
729.1692 
923.1750 
1074.7420 
1243.4100 
1404.9330 
1530.4390 
1633.6720 
1733. 7083 
18^c5.8070 
191 7.641 0 
1991.6510 
2094.5620 
2160.2f60 
2232.2690 
2319.1510 
2430.5810 
251 1.56:O 
2641.2140 
281 5 .os50 
2933.1710 
31 00.4720 
3235.96.tO 
5302.2570 
3477.9450 
3709.21 40 
385-0.3C80 
4035.0660 
4ZOG.4600 
4108.5580 
39r6.6790 
3e68.5820 
3755.9800 
3649.9640 
3557.5190 
3460.2460 
335 1 .3550 
3271.7810 
31 58.05-60 
3096.8C90 
2992.1670 
290 1 .4060 
2607.2500 
2686.4760 
2561 .3770 
2402.9960 
2285.8240 
21 80.74AO 
2075.8210 
1993.4160 
1 905.29,CO 
1816.1560 
1723.3730 
164s. 3090 
1 5 7 8 . 1 0 1  0 
1507.69QO 
1444.1 1 $0 
1398.2730 
1338.1220 
1 29.1. 7470 
1 255.46 00 
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6 4  
65  

0.0731804 
0.063891 5 

1838.0620 
1726.5430 

61 9.3359 
540.6563 

121 8.7260 
1165.6870 
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BEREA SAIiDSTONE NUtlGER 4 
IUTROGEN ADSORPTION AT  77.3OK 
DATA FROM PRESSURE TRANSDUCER 2 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
PRESSURE (ATM. 

0.065341 7 
0.11 76321 
0.1608304 
0.1990105 
0.23iL1820 
0.2701 528 
0.3032500 
0.32781 71 

THE FACTOR PA i - P ) x ( i / r i o L E )  
56.2241 
94.8859 

1 C5.2746 
152.0655 
179.6405 
202.7320 
226.9339 
244.8673 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS  I S  
THE NONOLAYER ADS@RPTI@N IS 1378.551 0 NICRClt?OLES 
THE WEIGHT OF THE SAMPLE I S  11 7.9000 GRAMS 
THE TOTAL SURFACE AREA I S  134.5088 SQUAF'E NETERS 
S P E C I F I C  SURFACE AREA I S  1.1403 S4UAI;'E METERS/GRAM 

72.9590 

*** ANALYSIS  GASED ON DESORPTION DATA *** 
PRESSURE ( ATM. THE FACTOR P/( l - P ) X (  l /MOLE)  

248.7449 
228.4339 
207.1749 
1 86.5509 
167.8914 
151.2538 
133.6272 
11 3.41 $5 
1 0 4 .  E839 

93.0470 
82.3093 
72.9030 
64.7964 
57.5537 

52.5470 
1381.8680 NICROMOLES 

117.9000 GRAMS 
134.6324 SQUAFE METERS 

I .  1436 SQUARE blETERS/GRAM 

0.3314850 
0.3O32500 
0.2733942 
0.2432824 
0.2167534 
0.1926981 
0.1677045 
0.1460378 
0.1271007 
0.11 07225 
0.0 96 3064 
0.083E522 
0.0731594 
0.063691 5 

THE VALUE OF "C" FACTOR I N  B E T  AIJALYSIS I S  
THE k10t:OLAYER ADSORPTION I S  
THE WEIGHT OF THE SAMPLE I S  
THE TOTAL SURFACE AQEA I S  
S P E C I F I C  SURFACE AREA I S  
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UNCCNSOLIDATED S I L I C A  SANDPACK 
t.IITROGEI4 .tDS@RPTIOti  AT  77.3OK 
DATA FRCtl  FRESSURE TRANSDUCER 1 
SAND G R A I N  SIZE : 60 TO 6 5  MESH 

NUW3ER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
14  
15 
16 
17 
18 
19 
20 
21 
22 
23  
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
36 
39 
40 
41 
42 
4 3  
44 
45  
46 
47 
4 8  
4 9  
5 0  
51 
52 
5 3  
5 4  
5 5  
56  
5 7  
58  
59 
60 
61  
6 2  
6 3  

PRESSUSE OF SYSTEM TOTAL AtlCUNT FLOW IN 
(ATM.  1 

0 . 0  195725 
0.0266639 
0.0372328 
0.045701 8 
0.0624297 
0.0769551 
0.1024747 
0.1301462 
0.1460067 
0.17255534 
0.1854693 
0.20'?6738 
0.2359955 
0.2551 181 
0.2676040 
0.289201 4 
0.31 361 0 9  
0.3393700 
0.3583803 
0.3751 406 
0.3908866 
0.4155229 
0.4362205 
0.4574603 
0 -4750262 
0.4062879 
0.5195650 
0 -5401 574  
0.5577053 
0.57660 30 
0 -6006749 
0.6200224 
0.6300327 
0.6620023 
0.6830 145 
0.7331834 
0.7725534 
0.8353?93 
0.631 271 1 
0 .e047243 
0.7600900 
0.7366052 
0.6?60630 
0.6654666 
0.629021 3 
0.5833519 
0.551 9684 
0.521 9347 
0.4934757 
0.465391 3 
0.4478064 
0.4222721 
0.36$4262 
0.3464556 
0.3008?99 
0.2607424 
0.2164229 
0.1725908 
0.1352081 
0.1057367 
0.0826771 
0.06+5794 
0.0491 5 6 3  

(MICROI.IOLES 1 

172.0051 
227.2 1 78 
279.5376 
329.8020 
429.2097 
526.1862 
664.4622 
8C6 -6536 
919.Eq53 

1 075.  9200  
1 152.3440 
1294.1680 
1449.6330 
1562.3080 
1636.8640 
1 764.30 0 0  
191 3.9710 
2C67.9420 
2182.2980 
2283.5740 
2377.  9370 
2525.6750 
2651.3060 
2779.6780 
2834.5600 
3015.6780 
3157.31 6 0  
3262.6370 
3359.5780 
3504.6620 
3650.8030 
3767.4020 
3686.61 60 
4029.7460 
4161 -4800  
4477.6400 
4726.5E50 
4942.7220 
51 14.2530 
6 9 3 0 . i 5 i O  
4769.6970 
4493.51 10 
4234.71 40 
4040.01 0 0  
3812.0440 
356 1 .6430 
3367.3250 
31 60 .e420 
3003 .e390 
2945.4340 
2716.371 0 
2'.62.1590 
2363. 9040 
21 04.5470 
1857.14%0 
161 2.5520 
1347.4050 
1089.541 0 

664.0603 
690.041 3 
552 . i o 1 4  
445.4456 
36 3.769 1 

DEAD VOLUWI~ AtlOUNT OF ADSCPPTIOt l  
( MICROPlOLE!~ 1 (MICROMOLES 1 

110.7232 
162.2569 
21 0.6286 
258.  ??@5 
353.1689 
446.7109 
579.7061 
736.246 1 
825.9702 
976.1462 

1049.3250 
1186.1360 
1335.0420 
1443.2200 
151 3.6540 
1636.0320 
1774.1 170 
1919.6390 
2027.381 0 
21 22.1960 
221 1.2630 
2350.641 0 
2467.7290 
2567.9970 
2667.2660 
2807.5540 
2939 .a330 
3055.7070 
3154.9770 
3C61.8620 
3303.0590 
35 07.5090 
351 5 .0520 
3745.50 I O  
3663.E600 
4147.6670 
4370.3E60 
4555.1990 
4702.5540 
4552 -3780 
44 13.01 90 
41 48.6440 
3337.6760 
3764.5000 
3556.41 6 0  
3300.0610 
3122.5230 
2q52.6 200  
2791.6;50 
2649.7210 
2533.2700 
2358.6220 
2203.01 0 0  
1959.9290 
1702.2 100 
1475.0370 
1224.3100 

978.0554 
764.E913 
5?6.1599 
467.71 02 
305 .e056 
276.0608 

61.3718 
64.9509 
68.9CE3 
70.81 15 
74.0403 
79.4773 
64.755 1 
90.4077 
93.9;50 
93.77+2 

103.01 93 
106.0303 
114.5011 
119.0876 
1 23.00 06 
1 26 .2676 
1 3 9 . 8 5 ~ 0  
146.10:6 
154.91 65  
161 -3782 
144.6531 
176.0332 
163.57=1 
191.6614 
199.2037 
208.1433 
217.4224 
226.5305 
234.60 13 
242.7903 
252.7449 
253.6033 
271.5643 
284.2463 
297.620 1 
329.9727 
356 .  1932 
3C6.5234 
41 1.6022 
376.370 7 
356.66EO 
324 .es77 
277.0333 
275.4100 
253.6 264 
261.7822 
244.0C22 
226.22 19 
21 2.2632 
1 95.71 26 
185.1006 
173.3374 
160.6936 
144 .6179  
154.9377 
137.5156 
123.0355 
111.4856 
101.1700 

91 .8313 
E4.9912 
7 9 . 5 4 c s  
85.7083 
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UNCCNSOLIDATED S I L I C A  SANDPACK 
IUTROGEN NJSCRPTION AT  77.3OK 
DATA FCCH FRESSUEE TRANSDUCER 1 
SAND GRAIN  S I Z E  : 60 TO 65 MESH 

*** ANALYSIS  BASED O N  ADSORPTION DATA *** 
PRESSUEE (ATM. 1 THE FACTOR P/( 1 -P  )X(  1/MOLE 1 

0 .Ob24297 
O.Oi69551 
0.1024747 
0.1301462 
0.1460067 
0.1725534 
0.1 e54693 
0.20$6738 
0.2359055 
0.2551 181 
0.2676040 
0.2832014  
0.31 361 09 
0.3393700 

THE VALUE OF “C” FACTOR I N  6 E T  ANALYSIS  IS 
THE HONOLAYER ADSORPTICN IS 
THE REIGHT OF THE SAMPLE IS 
THE TOTAL SURFACE AREA I S  
S P E C I F I C  SURFACE AREA IS 

*** ANALYSIS  GASED O N  DESORPTION DATA *** 

875.6699 
1076.7370 
1347.0960 
1654.9290 
16?0.27’.0 
2090.0910 
221 0.5650 
2455.7950 
2605.6080 
2675.9870 
2970.34$0 
31 72.0270 
3266.9730 
3466.5810 

24.8168 
101 .?I72 MICRCIIIOLES 
118.60OO GRAkEi 
9.8858 SQUAF; E ME7 ERS 
0.0632 SQUAF; E 11ETERS/GRAM 

PRESSURE ( ATf l .  1 
0.3464566 
0.3OOS999 
0.2607424 
0.2164229 
0.1728008 
0.13520S1 
0.1057367 
0.0826771 
0.0646794 

THE FACTOR PA 1 -P IX( 1 / r ioLE 1 
3665.6610 
2777.9550 
2564.PSOO 
2243.9750 
1674. 9520 
1545.2570 
1286 .e640 
1060.4+70 
669.2925 

THE VALUE OF “C” FACTOR I N  BET  A N A L Y S I S  I S  31.4613 
THE KONOLAYER ADSCRPTICN I S  107.2263 PIICRCitlOLES 
THE KE IGHT OF THE SAMPLE IS 118.8000 GRAtlC, 
THE TOTAL SUFFACE AREA I S  10.4623 SQU4EE METERS 
S P E C I F I C  SURFACE AREA IS O.OS61 SQUARE METERS/GRAfl 
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UTKONSOLIDATED S I L I C A  SANDPACK 
NITROrJEN ADSCRPTION AT 77.3OK 
DATA FROM FRESSUZE TPAIEDVCER 2 
SAND G R A I N  S I Z E  : 60 TO 65 MESH 

N U K 3 E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2 2  
23 
24 
25 
26 
27 
28 
29 
30 
31 
32  
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
55 
57 
58 
59 
60 
61 
62 
63 

PRESSUPE OF SYSTEM 
(ATM. 1 

0.0 1 9 6 m 5  
0.02C.6794 
0.0373rtZ2 
0.0456368 
0.0626576 
0.079P579 
0.1031 958 
0. 1308662 
0.1465036 
0.1732547 
0.185l227 
0.2101765 
0.236501 0 
0.2555928 
0.2679561 

0.3142974 
0,3399493 
0.3587687 
0.3756096 
0.391 2529 
0.4157273 
0.4363329 
0.4574431 
0.4749347 
0.4?61311 
0.51 91756 
C .5306 129 
0.5569385 
0.5756076 
0.5992430 
0.6185C29 
0.63751 05 
0.660366s 
0.680571 9 
0. 7275,O50 
0.7644238 
0.7@52900 
0.6105121 
0.7165433 
0.7632462 
0.7224556 
0.6837676 
0.6541629 
0.61 79141 
0.57645 07 
0.5449116 
0.51 46340 
0.4857544 
0.4602184 
0.4393605 
0.41 35405 
0.3506559 
0.3374261 
0.2951 2 1  6 
0.2541629 
0.2093353 
0.1656854 
0.1276702 
0.0977291 
0.0743481 
0.0541616 
0.0419680 

0.2694.357 

TOTAL AKOUNT FLOW IN 
[PlICRO!lOLES 1 

150-7476 
205.7716 
C59.4424 
310.0173 
409.7705 
507.0088 
645.0425 
807.9445 
901 -5508 
1058.1660 
113.i.5670 
1276.9520 
1432.8660 
15Q5 .Sa40 
1620. 6390 
1748.6140 
1807. $640 
2052.0640 
2 166.4670 
2267.7770 
2352.0620 
2511.0130 
2635.4950 
2763.7490 
2670.4C80 
209?.3GOO 
3140.9670 
3266.0080 
3372.6070 
34S7. 6660 
353?.3?80 
3747.3100 
3962 .E500 
3909.C070 
41 23.6870 
4420.0680 
4657.3750 
4658.5540 
501 9.9170 
41G7.0930 
4695.2260 
4425.5320 
4169.6320 
3976.1340 
374S.8240 
3492.0370 
3298.1180 
311Z.1640 
2935.7090 
2777.6970 
2651.1100 
2495.3410 
2297.0?20 
2037.5100 
1763.Q360 
1539.1630 
1273.5740 
1014.551 0 
789.6S67 
61 3.3025 
475.2616 
367.41 2 1 
262 .E872 

DEAD VOLClt.lIE AFlOUNT OF AD53RPTICN 
(MICROtIOLE! j  1 (MICRONOLES 1 

11 2.28143 
162.24 I6 
21 1.2476 
259.3020 
354.4585 
447.2363 
5S3. it5 1 
740.3191 
829.2005 
9e0.1143 
1052.9O80 
lle3.9S30 
1337.9020 
1445 .?Ob0 
151 5.8660 

1 7T8.0020 
1923.1160 
2029.6930 
21 24.8490 
221 3.3450 
2351.7980 
2468.3650 
2587.7670 
2686.7500 
280b.6i80 
2937.01 20 
3052.6260 
31 50.6400 
3256.2640 
3339.96CO 
3496. 9 140 
3606.44 1 0 
3735.8540 
3650.04:O 
41 16.0030 
4324.3980 
4409.0070 
L;636.0350 
444 9.5 2 79 
431 7.7340 
4086 .08?0 
3868.121 0 
3700.6G50 
3495.5830 
3261 -0220 
3052.6030 
291 1.3210 
2740.0750 
2603.4880 
2485.4030 
2339.4270 
2 153.3960 
1 908.8430 
1649.5230 
1437.6170 
116(t. 2240 
937.2035 
722.2393 
552.8604 
420.5923 
31 7.8230 
237.41 59 

1637.6q60 

38.4633 
44.5300 
48.1748 
50.7153 
55.3120 
57.7725 
61.2563 
67.6C57 
72.2693 
75.0516 
81.6765 
87.96SS 
94.9663 
99.9SSO 
104.7930 
110.9675 
1 19.961 7 
128.9460 
136.7947 
142.9220 
14s. 7371 
159.21 46 
167-1299 
175.961 7 
103.73FO 
19Z.6521 
203. 9543 
21 3.3704 
221.9666 
231.6033 
242.3t.P: 
243.3960 
254.4037 
263.35C5 
273.6445 
304.9844 
332.9766 
359.5469 
353.8828 
337.5664 
357.4022 
339.5994 
301.51 10 
275.4E?O 
253.24 IO 
231.0146 
215.5156 
200.8430 
1 E6.6316 
174.2000 
165.6257 
155.91 41 
143.6956 
1 Z8.6675 
114.4124 
101.3452 
89.3499 
77.2578 
67.6575 
60.4421 
54.6763 
49.5891 
45.471 3 
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UNCONSOLIDATED SILICA SAIJDPACK 
NITROSEN ADSORPTION AT 77.3OK 
D4TA FRCM PRESSURE TRAtJSDUCER 2 
SAND GSAIN SIZE : 60 TO 6 5  MESH 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
PRESSUFE (ATM. 1 THE FACTOR P/l1 -P 1X( l/HOLE 1 

0.0626576 1208.5250 
0.0790579 
0.1 031 958 
0.1308662 
0.1465936 
0.1732547 
0.1861 227 
0.21 01 765 
0.236591 0 
0.2555928 
0.2679561 
0.2804867 
0.3142974 
0.3399493 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  
THE KONOLAYER ADSDRFTION I S  
THE UEIGHT OF THE SAHPLE I S  
THE TOTAL SURFACE AREA IS 
SPECIFIC SURFACE AREA I S  

1436.1880 
18i8.5080 
2226.5200 
2377.1660 
2684.9140 
2799.8350 
3025.0010 
3261.7810 
3433.91 80 
3492. $660 
3671 .61120 
3820.8720 
3994.1290 

12.8905 
93.2260 MICROMOLES 

118.6000 ERkMZi 
9.0963 SQUPF'E METERS 
0.0766 SOU4F;'E METERS/GRAM 

*** ANALYSIS BASED OII DESORPTION DATA *** 
PRESSUEE IATH. 1 THE FACTOR P/l 1 -P 1x1 l/MOLE 1 

0.3574261 
0.2051 2 16 
0.2541629 
0.2093353 
0.165585Q 
0.1 ?;i702 
0.0977291 
0.0743481 
0.0561616 

THE VALUE OF "C" FACTOR I N  6ET ANALYSIS I S  
THE K?!@LAYER ADSORPTICN I S  
THE KEIGHT OF TEE SAMPLE I S  
THE TOTAL SURFACE ARE4 I S  
SPECIFIC SURFACE AREA I S  

3957.9970 
3659.4240 
3362.4870 
2963.1670 
2570.4640 
2163.1300 
1792.0350 
1469.0030 
1200.3900 

12.6916 
04.66 2 0 F l I C R  ClflO LES 

118.8000 GRAtlSt 
9.2364 SQUARE METERS 
0.0777 SQUAEE NETERS/GRAM 
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tRIKDER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1 7  
18  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

F I E L D  CORE NUMBER 3 (FROY HELL HGS2O-13) 
tJITROSEt4 LDSCSPTION AT 77.3'K 
DATA FFCM FRESSURE TPANSDUCER 1 
DEPTH FELIX 9552 F T  9 I N  TO 9553 F T  3 I N  

PRESSURE OF SYSTEM TOTAL AMOUNT FLOW I N  
(ATPI. 1 ( HICKOt lOLES 1 

0 .oocoooo 
0.00 1 9 i 3 6  
0.0090379 
0.0366377 
O.Oi55104 
0.1236153 
0.1760935 
0.2350545 
0.2f34354 
0.341 5937 
0.3318269 
0.4264334 
0.4694850 
0.51 94353 
0 -5751 2 15 
0.6 0 6 x 5 5  
0.6503t01 
0 -681  4382 
0.718?505 
0. 7470559 
C.5385S11 
0.72671 9 3  
0.6C5918Q 
0.6570457 
0.5850390 
0.5139970 
0.456351 4 
0.4001 5144 
0.3330417 
0.2765iO3 
0.23251 23 
0.1'?2$357 
0.1622334 
0.1375121 
0.1 173CS5 
0.101 C600 
0.0878524 
0.0 77 1624 
0.0683168 

154.0083 
704.4963 

11 39.401 0 
1681.1730 
2 147.8790 
2628.1450 
3085.4870 
3582.381 0 
4006.4680 
4435.3630 
4757.9370 
51 23.261 0 
5492.4400 
5012.5110 
6432.0030 
6733.7220 
7216.41 00 
7S76.8$00 
7946.7340 
8331.1050 
8253.0370 
81 12.5190 
7747.031 0 
7320.0350 
65SS.1870 
5054.1400 
5403.3240 
4930.8C40 
43515.81 20 
3952.6760 
3585.5750 
3260.9490 
3027.3360 
281 4.7270 
2635.6970 
2463.7880 
2353.8330 
2241.6360 
2144.1300 

DEhD VOLLWE 
(MICROHOLE 5 1 

0.0000 
8.0033 

37.21 5 3  
150.8521 
31 0.9270 
509.0076 
725.0955 
971.9958 

1187.6820 
1406.5720 
1572.23$0 
1755.01 30 
1933.1E60 
2 1  38.8600 
2366.1620 
2498.2 150 
2677.8880 
a305.9400 
2960.4040 
3 0 i 6 . @ 5 @ 0  
3041 -2360 
2993.21 70 
2565.5650 
2705.5OOO 
2408.9790 
2116.0600 
1881.1650 
1647.8700 
1371 .3570 
1138.8630 

949.5862 
7C4.3230 
665.2715 
566.2300 
4e 3.3C65 
41 6.1692 
34 1 .7476 
31 7.7297 
281 -3145 

AMOUNT OF A D X R P T I O N  
(HXCROMOLES) 

154.0083 
6$6.4$+9 

1102 * le50 
1530.31 10 
1636. $5ZO 
2119.1370 
2350.3920 
261 0.3650 
2618.7250 
3029.7910 
31 E5.6C: 0 
3367.3470 
3559.2740 
3773.641 0 
4063.641 0 
4235.5030 
4538.51 70 
4770.9490 
4986.3280 
5255.0540 
5212.6990 
5119.3000 
4811.46qO 
461 4.531 0 
4176.2070 
3035. (1800 
3522.1560 
3282.9340 
3924.4550 
281 3. 81 Z O  
2635.93CC 
2456.6:t.O 
2359.0640 
224S.4970 
21 52.301 0 
2067.61 C O  
19?2.0350 
1923.9060 
1662. 8 I60 
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F I E L D  CORE tJUMSER 3 (FRCIII WELL PlGSZO-13) 
NITROGEN ADSORPTION AT  77.3OK 
DATA FROM PRESSURE TRAN33UCER 1 
DEPTH FRO3 9552 FT 9 I N  TO 9553 F T  3 I N  

*** ANALYSIS  BASED OS ADSORPTION DATA *** 
PRESSURE [ATH.  1 THE FACTOR F/(l-F)X(l/NOLE) 

0.07551 04 44.4638 
0.1 236 153 66.5607 
0.1760935 90.50.34 
0.2360545 1 18.371 0 
0.28S4354 143. e044 
0.3+15937 171 .2392 

THE VALUE OF “C” FACTOR IN B E T  ANALYSIS  I S  62.0081 
THE NCNOLAlER ADSORPTION I S  2075.5270 M I C R W O L E S  
THE UE ICHT  OF THE SAWPLE IS 144.2000 ERAPIC; 
THE TOTAL SURFACE AREA I S  202.5146 SQUCEE MSTERS 
S P E C I F I C  SURFACE AREA I S  1 . + O W  SQ‘JAFE flETERS/GRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
FRESSJRE (ATM.) 

0.333041 7 
0.2763793 
0.23061 23 
0.1 ?;?057 
0.1622934 
0.13751 21 
0.1 173955 
0.101 0690 
0.0878524 
0.077 1624 
0.06331 68 

THE FACTOR P/ (  1 -F 1x1 1 /HOLE I 
165.1021 
135.8731 
113-7086 
96.1192 

70.9090 
61 .io91 
54.3777 
4 8 . 3 4 6 2  
43 .6606  
39.3643 

62. i 238 

THE VALUE OF ”C” FACT@R I N  B E T  ANALYSIS  I S  71.851 9 
THE P;CI:OLAYER PDSORPTIOt I  IS 2099.4600 ElICRClNOLES 
THE UE ICHT  OF THE SAi lPLE IS 
THE TOTAL SUEFACE APEA I S  204.8498 SQUARE PlETERS 
S P E C I F I C  SURFACE AREA I S  1.4206 SQUARE METERS/GRAM 

144.2000 GRAMS, 
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INMSER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
I 4  
15 
16 
1 7  
1 8  
1 9  
20 
21 
22 
2 3  
24 
2 5  
26 
27 
2 8  
2 9  
30 
31 
32 
33 
34 
35 
36 
3 7  
33 
39 

F I E L D  CORE NUtlGER 3 I F R O H  WELL tlGS20-13) 
N I T R C G E N  ADSCRPTIC:4 A T  77.3OK 
DATA FROM PRESSURE TRANSDUCER 2 
DEPTH FROM 9552 FT 9 I N  TO 9553  F T  3 IN 

PRESSURE OF SYSTEM TOTAL AMOUNT FLOW I N  
( ATH. 1 [ M I C R O k l O L E S  1 

0 .0000000  
0.0017337 
0.0090 1 54 
0.0365511 
0.0756761 
0.1235263 
0.1759709 
0.C353501 
0.2871 01 1 
0.3399791 
0.3P02'009 
0.42501 7 3  
0.4679264 
0.51 77704 
0.5741158 
0.6051 4 8 9  
0.6500518 
0.6F07385 
0.71 61 S64 
0 -7462'724 
0.741 7648 
0.7301490 
0.6993758 
0.66 09743 
0.51995455 
0 . 5  185505 
0.451 3383  
0.4046463 
0.3372052 
0.26C4264 
0.23431 00 
0.1 963418 
0.1655586 
0.1 405 167  
0.1 2331OO 
0 .103 i620  
0 .OQO&994 
0.07$6638 
O.OiOOOS5 

152.9253 
705.7322 

1141.9OOO 
1655.7790 
21 54 .0590  
2635.3970 
3094.9390 
3593.4580 
40  18.8270 
4449.3710 
4769.3390 
51 33.3630 
5501.7070 
5920.4490 
6436.6790 
6 735.7850 
721 7.0000 
7576.41 70 
80?1.0150 
841 3.3280 
8336.2890 
81 95.3 120 

7404.6170 
6668.5000 
6035.4920 
5184.8350 
501 0.9370 
4473.8240 
4025.7260 
365  7.6620 
3353.6670 
3095.7910 
2885.3870 
2705.5340 
2553.0410 
2422.5780 
231 0.1160 
221 2.1970 

7831 -1400  

DEAD VOLUFK AMOUNT OF AOSOSPTICN 
( MICROtlOLE'; 1 ( t l I C R O P i O L E S  1 

0 .oooo 
7.0991 

36.91 57 
149.7904 
309.6750 
505 .8093  
720.5566 
963.6997 

11 75.6070 
1392.12QO 
1556.8270 
1740.3390 
1916.041 0 
21 20.1400 
2 350.85 00 
2477.9330 
2661 . X 9 0  
2787.4540 
2940.7930 
3055.7980 
3037.31 10 
2959.7770 
2853.7590 
27C6.53tO 
2414.O.ilO 
21 23.3340 
1889.0640 
1656. 9250 
1350.7;OO 
1 148.2760 

959.4407 
803 .9707  
677.951 9 
5 7 5 - 3 3 0 6  
492.6763 
424.8796 
37C.5 i23  
3C6 .;031 
290.3525 

152  - 9253 
C 95.6 331 

1 1  04.9340 
1535.9SqO 
1 644.18'tO 
2130.4970 
23i4.3S2'0 
2629.7560 
2543.21 90 
3056.2410 
321 2.512'0 
3393.0230 
3535.6650 
3500.30?0 
40E5.6170 
4260.851 0 
4555.1990 
4788.  9600 
5OQ~l.2180 
5357.5270 
5298.9450 
5205.531 0 
4967.3710 
46$8.06'0 
4254.4570 
3913.1570 
3595.7700 
3354.01 2 0  
3033.0530 
2880.451 0 
2700.2210 
2549.6970 
2 4 2 0 . 8 3 0 0  
231 0 .0060  
221  2.6550 
21 28.161 0 
;052.OCb0 
1983.91 30 
1921 .W50 
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FIELD CORE hVI13ER 3 (FROfl WELL MGS20-13) 
tlITR@GEtI ADSGRPTION AT 77.3OK 
DATA FFIOH FRESSVRE TRANSDUCER 2 
DEPTH FROM 9552 FT 9 I N  TO 9553 FT 3 I N  

*** ANALYSIS BASED 014 ADSORPTION DATA *** 
PRESSURE (ATfl. THE FACTOR P/( 1 -P )X( 1 /PIOLE 1 

0.07566761 44.3946 
0.1255263 66.1515 
0.1759709 87.9383 
0.2353501 
0.2Gi1011 
0.3399791 

~ ~. 

1 1  7.0404 
141.6434 
168.561 4 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  57.5624 
THE P134OL.AYER ADSORPTICN I S  21 03.4260 

144.2000 THE WEIGHT OF THE SAtlPLE IS 
THE TOTAL SLTFACE AREA I S  205.2367 
SPECIFIC SURFACE AREA I S  1.4233 

*** ANALYSIS BASED ON DESORPTION DATA *** 

MICROMOLES 
GRP,flCi 
SQUAL'E PlETERS 
SQUARE PlETERS/GRAFl 

PRESSURE ( ATPl. 
0.3372052 
0.2804?64 
0.23431 00 
0.1 $6341 8 
0.1655686 
0.1405167 
0.12031 90 
0.1037620 
0.0904994 
0.0796638 
0.0709085 

1 THE FACTOR P/( I-PIX(l /PlOLE) 
164.4955 
1 35.2954 
1 1  3.3283 
95.8192 
81.9539 
70.7745 
61 .EO95 
54.401 4 
43.4913 
43.6306 
39.71 19 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  
THE MCt40LAYER ADSCRPTION I S  21 30.i670 flICRClHOLES 

THE TOTAL SLRFACE AREA I S  207.9045 SQUAKE METERS 

77.2354 

THE M I G H T  OF THE SAMPLE I S  144.2000 GRAf lS  

SPECIFIC SURFACE AREA IS 1.441 8 SGUAPE tlE1 ERSiGRAN 
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W B E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
25 
29 
30 
31 
32 
33 
34 
35 
36 
37 
78 
39 
40 

FIELD COEE tIUHSER 5 (FRON NELL MGS20-13) 
NITRCGEt I  RDSCRPTIOtJ AT 77.3OK 
DATA FROM FRESSURE TRCNSOUCER 1 
D E F T H  FROM 9562 FT 10 I N  TO 9563 F T  7 I N  

PRESSURE OF SYSTEM TOTAL AMOUNT FLCW I N  
( ATM. 1 ( MICROtlOLES 1 

0.0020075 
0.01 07064 
0.0317369 
0.051 5521 
0.11 17485 
0.1661409 
0.2 1 07829 
0.2735875 
0.342 1277 
0.4161 170 
0.4890544 
0.5597933 
0.61 72449 
0.6753288 
0.71 79045 
0.7570977 
0.7765S54 
0.7957175 
0.6112035 
0.8337434 
O.E59%781 
0.8729565 
0.65f4 175 
0.635 1531 
0.6109167 
0.7625455 
0.7094634 
0.64726 10 
0.5645538 
0.4884609 
0.4122033 
0.32931 63 
0.2545646 
0.1957748 
0.1523756 
0.1199694 
OfO?538CO 
0.0779054 
0.0642755 
0.0536278 

151.0140 
403.9746 
676.1477 
933.3977 
1271 -9460 
1533.9030 
1332.1770 
2 1 6 3.4 24 0 
2525.4770 
2922.3060 
3323.2640 
3732.0020 
4095.6430 
4533.6670 
481 1.4560 
5146.6090 
5345.98SO 
5539.5550 
571 6.:940 
601 2 .is90 
6355.3940 
6603.1600 
6399.9020 
6093.1 090 
5757.1090 
531 4.0580 
4868.3200 
441 1 . i s 1 0  
3876.4830 
341 9.6290 
29SO. 0 34 0 
2533.8700 
21 34.81 80 
1617.2270 
1571.7300 
1380.0640 
1227.9380 
1105.6660 
1 005.9420 
923.8457 

O E P D  VOLUME 
(MICROMOLE 5 1 

6 -8058 
36.2956 
107.5908 
206.7010 
370.8372 
563.231 9 
71 4.5723 
927.4854 
1159.6430 
1410.6730 
1657.9370 
1697.7480 
2092.51 40 
2 2 9 9 -504 0 
2433.7590 
2566.6270 
2633.7090 
2497.5520 
2750.0510 
2826.5310 
291 3.7060 
2959.3990 
291 0.78SO 
2634.6320 
2749.0780 
2585.0790 
2405.e530 
2 194. Z i l  0 
191 4.9240 
1655.9C30 
1397.71 00 
1 1  16.4170 
€62.9@61 
663.6936 
516.5664 
406.7045 
325.0415 
C64.1162 
21 7 -7743  
1st .8031 

AMOUNT OF ADSOPPTIOt4 
(MICROHOLES 1 

144.Z082 
347.6 790 
566.5560 
724.6965 
893.11 16 
1023.671 0 
1 1  17.6050 
1235.93SrO 
1365.63qO 
151 I .6330 
1665.3270 
183:t. 2540 
2003.1290 
22OQ.0730 
2377.72eO 
2551 .9310 
271 2.2760 
2642.0060 
2$66.Z450 
31 85.75,EO 
3442.be80 
3643.7600 
3489.11 30 
3258.4740 
3038.0300 
2728.95EO 
2462 .~ t310  
2217.5090 
1961.5530 
1763.6350 
1592.3740 
141 7.4520 
1271 .82:0 
1153.53t0 
1055.1630 
973.3579 
932.6070 
541.5498 
788.1 bE5 
1 - c .  0425 - ’ -  
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F I E L D  CORE NUMGER 5 (FRCIM WELL MGS20-13)  
tUTROGEN ADSCPPTIOI4 AT 77.3'K 
DATA FROM PRESSURE TRPNSDUCER 1 
DEPTH FROM 9562 F T  10 I N  TO 9563 F T  7 I N  

*** A t l A L Y S I S  PASEU ON ADSORPTIOti  DATA *** 
PRESSURE (ATM. 

0.0615621 
0.11 17485 
0.1661409 
0.2 1 07629 
0.2735875 
0.3421 277 

THE FACTOR P / [ l - P ) X ( l / M O L E )  
90.5215 
14 0.8640 
1 94 - 2554 
238.9738 
304.7302 
380.8132 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  I S  

THE HOE!OLAYER ADSORPTION I S  947.9895 MICRCIMOLES 
Tt iE  NE IGHT OF THE SAl lPLE I S  156.9000 GRAMS; 
THE TOTAL SURFACE AREA I S  92.4978 SQUAF E HETERS 
S P E C I F I C  SURFACE AREA I S  0.5895 SQUARE METERS/GRAM 

42.4088 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
PRESSURE (ATM. 

0.3293183 
0.254C.646 
0.1957iM 
0.1523756 
0 . 1 1  9C694 
0.095ES00 
0.0779384 
0.06423S5 
0.0536278 

1 THE FACTOR P/( 1 - P I X (  l /E lOLE)  
346.4102 
268.51 05 
21 1.0320 
170.3695 
140-0554 
117.4523 
100.5991 
87.0985 
76.3559 

THE VALUE OF "C" FACTOR JN B E T  ANALYSIS  IS 
THE HOh'OLAI ER ADSORPTION I S  1006.6120 MICRCXOLES 
THE WEIGHT OF THE SAHPLE I S  156.9000 GRAMS 
THE TOTAL SURFACE AREA IS 93.2178 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  0.6260 SQUARE METERS/GRAM 

41.5?37 

- 242 - 



tRME ER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
35 
37  
33 
39 
40 

F I E L D  CORE t JUHSER 5 ( F R O M  N E L L  flGS2O-13) 
N I T R O S E N  A D S O R P T I O N  A T  77.3'K 
DATA FROM F R E S S U R E  TRANSDUCER 2 
D E P T H  FROM 9562 F T  1 0  I N  TO 9563 F T  7 I N  

P R E S S U R E  OF S Y S T E M  T O T A L  AMOUNT FLOW I N  
( A T M .  1 ( M I C R O H O L E S  1 

0.001 7060 
0.01 04068 
0.031 6473 
0.  e513325 
0.1 1 16315 
0.1665956 
0.21 13793 
0.2745442 
0.3431 71 5 

0.4C32328 
0.5611191 
0.6181010 
0.6793(+82 
0.71867Z6 
0.7577412 
0.7771900 
0.7050567 
0.81 08946 
0.8333192 
0 .f.IjS8461 
0 .Pi?CS48 
0.8567391 
0 .e353048 
0.81 11405 
0.7621769 
0.7OC4500 
0.6470 166 
0.5642;53 
0.4F30148 
0.4 1 2 0 1 06 
0.3284QSir 
0.2534335 
0.1 a45748 
0.1509000 
0.1183143 
0.0741739 
0.0750191 
0 . 0 6 2 1  856 
0.0516079 

0.41 74698 

154.7370 
403.6062 
681 -4330 
940.1831 

1279.8390 
1597.1060 
1641.2570 
21 72 .a360 
2534.5960 
2330.3670 
3329.9630 
3737.0690 
4099.2530 
4510.3240 
481 1.2920 
5146.1280 
5342.6640 
5534.9490 
571 0.9370 
6005.3900 
6347.171 0 
6592.6780 
6300.8120 
6085.7300 
5781 . 3 5 0  
531 1.0500 
4867.3S20 
441 2.5230 
3877.8960 
3421 . l e 6 0  
2980.9'220 
Z533.9980 
2133.69qO 
181 4 .E680 
1568.4500 
1 375.1790 
12C2.9840 
1 1 00.1 200 

917.3352 
093.9468 

DEAD VOLUHIE AMOUNT O F  A D S O R P T I O N  
[ M I C R O i l O L E S  1 ( H I C R O P I O L E S  ) 

5.7837 
35.2801 

107.2870 
207.9228 
379.1187 
55q. 7734 
71 6.5?45 
951.7463 

1 163.351 0 
141 5.2590 
1661.9320 
1 902.2430 
2095.4170 
2303.0500 
2436.3640 
2568.8090 
2634.7420 
2696.3540 
2748.9700 
2625.0250 
2914.951 0 
2959.4950 
2911.2010 
2835.1470 
2749.6350 
2563. E470 
2405.13:O 
2 103.4500 
t 91 2.9430 
1654.41 30 
1336.7520 
11 13.6420 
859.161 9 
657.6'257 
51 1.5645 
401.0762 
319.2531 
257.3726 
21 0.8146 
1 74.9555 

148.9534 
373.5259 
574.1509 
732.2603 
000.7207 

1032.3330 
11 2q .6620 
1241.0700 
1371.2160 
151 5.1090 
1668.031 0 
1834.EZ50 
2003.8310 
2207.2730 

2577.31 TO 
2707.921 0 
2836.5550 
2961.9650 
3190.3640 
3432.21 00 
3633.3830 
3479.6100 
3250.5830 
3031.51 70 
2727.2030 
246 2 . 2 5 0 0 
2219.0720 
1 964.9430 
1766.7720 
1584.1700 
14i0.3560 
1 274.5320 
1155.2420 
1056 .E850 

974.7832 
903.726 1 
842.7571 
7S?. 1321 
742.3796 

2374.9ZEO 
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F I E L D  CORE NUMBER 5 (FROM WELL HrJS20-13) 
t4ITROGEt.I NJSCRPTIO I I  AT  77.3'K 
DATA FFOH PRESSURE TRANSDUCER 2 
DEPTH FROH 9562 F T  10 I N  TO 9563  F T  7 I N  

*%* ANALYSIS  BASED DtJ ADSORPTION DATA *** 
PRESSURE ( ATtl. 1 

0.061 3325  
0.11 16315 
0.1665956 
0.2113793 
0.2741442 
0.3431 71 5 

THE FACTOR P/( 1 -P  ) X f  l /HOLE  1 
89.2306 

139.7907 
193.6366 
238.3Z63 
305.3377 
381 -0247  

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  IS 
THE tl0NC)LAYER ADSORPTION I S  948.0 1 1 7 MICRCtNOLES 
THE L'EIGHT OF THE SAt lPLE I S  156.9000 GRAMS 
THE TOTAL SURFACE AREA I S  92 .SO00 S W A F ' E  EIETERS 
S F E C I F I C  SURFACE AREA IS 0 .5895  SqUAfi'E METERS/GRAM 

44.6486 

*%* ANALYSIS  @ASED ON DESORPTION DATA **+I 
PRESSURE (ATH.  

0.3254996 
0.2534335 
O.lSrt5748 
0.150?000 
0.1183143 
0.0541 739 
0.07571 91 
0.062 1356 
0.051 6079  

1 THE FACTOR P / ( l - P ) X ( I / H O L E )  
344.422 1 
266.3447 
209.1 164 
168.1521 
137.6624 
115.0400 

97.4851 
ICt.0278 
73.2998 

THE VALUE OF "C" FACTOR I N  BET  ANALYSIS  IS 
THE MOt!DLAYER ADSOEPTION IS 1 007.9800 PlICRC'!lOLES 
THE KE IGHT OF THE S A W L E  I S  156.0000 GRAMS 
THE TOTAL SUPFACE AREA I S  98.3513 SGUARE tIETERS 
S P E C I F I C  SURFACE AREA I S  0.6265 S3UAAE METERS/GRAH 

43.1218 
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Appendix B 

Data f o r  Methane and Ethane Adsorpt ion a t  Room Temperature 

This  appendix c o n t a i n s  a l l  d a t a  f o r  methane and e thane  adso rp t ion .  

A l l  t h e  terms i n  t h e  t a b l e  have t h e  same meaning as t h o s e  i n  Appendix A .  

The l a s t  column l i s t e d  i n  the  t a b l e  is  t h e  response  of t h e  capac i t ance  

probe  t o  the  q u a n t i t y  of adso rp t ion .  

molecule w a s  c a l c u l a t e d  by us ing  Equat ion 5.9.  S ince  t h e  c r i t i c a l  

t empera ture  of  methane is  much lower t han  room tempera ture ,  no s u r f a c e  a r e a  

c a l c u l a t i o n  w a s  done on methane a d s o r p t i o n  d a t a .  

The s u r f a c e  area occupied by each 
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Index: 

Data for Methane Adsorption 

Berea Sandstone Number 1 
Berea Sandstone Number 2 
Berea Sandstone Number 3 
Unconcolidated Silica Sands 
Field Core Number 5 

Data for Ethane Adsorption 

Berea Sandstone Number 1 
Berea Sandstone Number 2 
Berea Sandstone Number 3 
Unconsolidated Silica Sands 
Field Core Number 5 

247 

249 
250  
2 5 1  

248  

252  
2 5 4  
256  

260  
258 
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BEREA SAt:DSTOtJE NU3EER 1 
METHANE ACSCRPTIOIJ AT 23.89"C 
DATA F F C l  1 0 0 0  P S I  H E I S E  GAUGE 

DEAD VOLUUE FACTOR= 1.0670 

NURSER PRESSURE OF SYSTEM 
[ P S I A  1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
1 3  
1 4  
1 5  
16 
1 7  
18 
1 9  
20 
21 
22 
23 
24  
2 5  
26 
27  
2 8  
29  
30 
31 
32 
33 
34 
55 

1 0 0 . 2  
190 .4  
243.0 
266.1 
324.1 
353.2  
383.7 
437 .3  
490 .4  
540 .5  
598.7  
644.2 
69G.8 
746.4  
767.0 
805.6 
1 1 3 . 0  

i'25.4 
683.3 
630.2 
583.6 
543.0  
507 .5  
461.9  
415.3  
368.7 
322.1 
274.5  
226.9 
171 .3  
123.7 
E6 - 2  
51.1 
27.6 
15 .0  

--- 

TOTAL AMOUNT FLOI I  
I N  (MICR0t:OLES 1 

20695.670 
38933.480 
5046.i.840 
56551.870 
66179.560 
72026.870 
7S116.670 
88950.560 
09298.180 

109286.500 
120425.800 
129526.600 
139144.500 
149011.100 
156 748.700 
160663.300 
154894.000 
146065.400 
138092 .800 
128101.800 
1 1  9053.600 
111419.800 
104516.500 

95409.680 
854Q3.250 
77151 .Oh0 
67974.120 
5 S m .  750 
4,C547.000 
36924.480 
26906 .760 
lC026.570 
1 1470.370 
6509.269 
3379 -53s 

DEAD VOLUPIE AEIOUNT ADSORBED CbPACITANCE 
(MCROMOLES)  (MICROMOLES/GM. 1 ( PICOFCRLDS ) 

206 14.270 
3981 2.270 
50%5.620  
581 54.51 0 
65199.930 
70836.000 
76732.120 
86SS3.000 
97029.000 

106407.800 
1 171 65. '300 
125522.900 
13it705.300 
143973.600 
151194.900 
154474.000 
148705.200 
140206.000 
132622.500 
122960.600 
114397.900 
105874.200 
103226.500 

91 640.370 
62781 . l e 0  
I :0>7.930 
64S09.920 
55499.150 
460S8.170 
349SS. 120 
25396.160 
17753.440 
10555.620 

571 0 .746 
31 18 .906 

--.,.. 

0.162 
0.236 
0.431 
0 .839 
1.924 
2.335 
2 .724 
3.865 
4 .359 
5 .654  
6 .397 
7 .868 
8 .720  
9.895 

10 .909 
12.169 
12.156 
11 .509 
10 .745 

9 .145  
8 . 9 2 9  
5 .427  
7.522 
7 .303 
6 .508 
6 .215  
5.350 
4.610 
3.784 
2 .963 
2 .535  
1 .777 
1 .569  
1.494 

i o . o s e  

1 .275 
1 .277 
1 .279  
1 .279  
1.231 
1.261 
1.262 
1 .283  
1 .284 
1 . 2 8 4  
1 .207  
1 .289  
1 .283  
1 .291 
1 . 2 9 3  
1.2993 
1 .202  
1.291 
1.290  
1.259 
1 . 268  
1 .257 
1 .;E6 
1 . 2 0 5  
1 . 2s;+ 
1 .283 
1.262 
1 .2s1 
1 . 2 3 0  
1 .279  
1 .273 
1 . 2 7 7  
1.276 
1 . t i 5  
1.275 
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BEREA S4NDSTOIIE NUPEER 2 
METHANE ADSORPTION AT 24.44'C 
DATA FRO11 1000 PSI HEISE GAUSE 

DEAD VOLUME FACTOR= 1.2334 

NUHEER FRESSURE OF SYSTEM 
( P S I A  1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
2 2  
23 
24 
25 
26 
27 
28 
29 
30 

63.6 
118.2 
162.8 
200.9 
c44.4 
290.5 
342.6 
390.7 
442.3 
400.9 
543.0 
591.6 
622.6 
641.1 
651.7 
614.1 
573.5 
527.4 
474.8 
434.8 
302.7 
340.6 
C65.5 
241.9 
1T6.9 
153.3 
112.2 
78.6 
51 . l  
29.1 

TOTAL AHOUtIT FLOW 
I N  ( MICROHOLES 1 

15034.150 
27859.940 
38550.440 
47292.230 
57735.440 
66463.81 0 
80449.000 
92680.250 
103231 .loo 
114046.800 
125891.100 
13651 2.600 
143956.400 
148644.800 
151 356.300 
143633.600 
1346S1.000 
125163.100 
1 1  3409.400 
104669.300 
95237.430 
83731 .OOO 
71 139.560 
60865.130 
50267.900 
39789.900 
29852 .OOO 
21 698.560 
151 24.290 
9667.473 

DEAD VOLUME APlOUNT ADSODBED CAPACITANCE 
[ PIICROIIOLES 1 (MICROtlOLES/Grl.  1 ( PICOFARADS) 

151 57.450 
2301 1.770 
334C2.630 
47201.650 
571 91.300 
67659.560 
79376.160 
91413.430 
101454.100 
112055.500 
123306.700 
13360/+.600 
140281 .200 
144192.400 
146405.500 
138479.300 
129851 .IO0 
1 1  9765.500 
108559.600 
9,?605.430 
90526.370 
78927.610 
66526 -370 
56619.530 
46278.620 
361 92.230 
26603.560 
18709.530 
121 89.1 10 
6945.523 

-0.253 
-0.312 
-0.107 

0.166 
1.118 
1.653 
2.205 
2.603 
3.652 
4.092 
5.31 1 
5.997 
7.557 
9.150 
10.195 
10.502 
9.926 
10.723 
9.946 
10.407 
9.682 
9.871 
9.480 
8.725 
6.239 
7.393 
6.696 
6.533 
6.032 
5.633 

1.694 
1.695 
1.696 
1.696 
1.697 
1.697 
1.698 
1.699 
1 . i o 0  
1.701 
t -701 
1.703 
1.703 
1.704 
1.704 
1.704 
1.703 
1 . i o 2  
1.701 
1.700 
1.700 
1.699 
1.698 
1.697 
1.696 
1.695 
1.695 
1.604 
1.694 
1.693 

- 248 - 



BEREA SC,t!DSTONE t U t l E E R  3 
HETHANE ADSORPTION AT  25.56OC 
DATA FROM 1000 P S I  H E I S E  GAUGE 

DEAD VDLUllE FACTOR= 1.1981 

N W E R  

1 
2 
3 
4 
5 
6 
7 
6 
9~ 

10 
11 
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1s 
1 9  
20 
21 
22 
2 3  
24 
25 
C6 
27 
2s 
29 
30 
31 

PRESSURE OF SYSTEM 
( F S I A  1 

71.6 
135.6 
185.7 
229.7 
271.2 
310 .3  
359.8 
4 0 1 . 4  
4 5 5 . 4  
5 0 8 . 5  
552.0 
601 .o 
642.6 
667.6 
718 .7  
734.7 
743 .7  
6 9 9 . 6  
640 .6  
587.5 
5 3 0 . 0  
4 6 0 . 4  
401 .9  
339 .3  
293 .3  
220.7 
162.1 
109.6 

70.1 
43 .0  
24.0 

TOTAL AKCUNT FLOW 
I t 4  (P1ICF;OHOLES 1 

1651 2.570 
30066.510 
42339.500 
52336.620 
61 622.130 
705 i1 .680  
81316.310 
90651 -930  

102433.100 
114012.600 
123441.000 
134060.400 
143504.000 
152570.800 
159630.600 
163331.500 
165635.300 
156272.100 
143576.. 100  
131 984.000 
119613.900 
104000.600 
90 91 8 .550  
76921 .StO 
63963.630 
40509.330 
35533.300 
23133.@60 
13731 - 2 2 0  

l i t 2 . 6 4 5  
292 1 -922  
-- - 

DEAD VOLUME AFlOUNT ADSORBED C A P A C I T A I X E  
( M I C R O I I O L E S I  (MICROMOLES/GM. (P ICOFARADS)  

16489.040 
31047.740 
42291.41 0 
52092.260 
61 2 5 6 . 7 2 0  
69799.250 
80545.310 
89G7E. 370 

100976.600 
1121.56.800 
121226.000 
131358.300 
139862.100 , 

155252.500 
158452.800 
160264.000 
151 426.900 
130453.800 
1 29576.6 00 
1166q4.200 
lOC035.500 
63579.430 
761 08.060 
63892.360 
50094.640 

25155.980 
16145 -560  

9045.02 3 
556 1 .355 

i 4 9 0 0 3 . ~ 1 o  

37o:i .oao 

0.048 
-0.163 

0.099 
0.503 
0.752 
1.589 
1.585 
2.427 
2.996 
3.838 
4 .557  
5 .559  
7.492 
7.956 
9.131 

10.016 
11.050 

9 .06s  
8.686 
7.009 
6 . 1 0 9  
4 .043  
2.755 
1 .674  
0.147 

- 1.204 
-3.050 
- 4.147 
-4. 967 
- 5 . 4 9 s  
-5.430 

1 . 4 4 5  
1 .447  
1.445 
1 .449  
1.450 
1.451 
1 .452  
1 .453  
1.454 
1 . 4 5 5  
1 .455  
1.457 
1 .459  
1 .GOO 
1.451 
1.461 
1.462 
1.461 
1.459 
1 . 4 5 3  
1.456 
1 .455  
1 . 4 5 3  
1.452 
1.451 
1 .449  
1 . 4 4 3  
1 .447  
t .446 
1 .445  
1 .445  
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UNCONSOLIDATED SIL ICA SANDPACK 
M5THAt:E ADSCRPTICN AT 24.72"C 
DATA FROYI '1000 PSI HEISE GAUGE 
SAtXl G R A I N  SIZE : 60 TO 6 5  MESH 

DEAD VOLUME FACTON= 1.6637 

NUMBER PRESSURE OF SYSTEt-1 TOTAL AMCUt4T FLOW 
( PSIA 1 I N  ( I.1ICRCMCLES 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
16 
17 
16 
19 
20 
21 
22 
23  
24  
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

112.2 
136.7 
173.8 
217.8 
263.4 
301 .o 
352.5 
409.1 
476.2 
520.8 
570.9 
596.4 
651 .O 
700.5 
736.1 
766.2 
793.7 
617.2 
773.2 
730.1 
663.5 
646.0 
615.9 
583 .9  
539.8 
493.2 
437.2 
357.1 
337.0 
264.4 
2 3 2 . 8  
183.8 
147.2 
109.2 
75.1 
46.1 
31 .O 

34207.100 
42728.600 
5 3 s 1 . 5 0 0  
67473.160 
61 536.750 
93%0.250 

106975. 100 
1260+9.100 
146376.900 
1593Zl  .600 
174036.800 
162450.000 
197812.600 
21 21 19.400 
222861.600 
232146.300 
240076.300 
2469W.500 
235055.700 
22281 7.100 
209499.000 
1$8752.300 
190365.200 
161 1 2 1  .SO0 
166145.600 
1541 ZO -000 
1371 13.100 
121lE5.000 
106000.500 
89222.750 
72812.610 
56885.020 
45144.260 
3C714.770 
2 1733.620 
12O j j . 410  

71 16.592 

DEAD VOCUPE AMOUNT ADSO26ED CAPACITANCE 
f MICROMOLES 1 ( M  ICROtIOLESiGtl. 1 ( PICOFARADS 1 

35841.190 
44203.100 
551 78.560 
6SS66.120 
82892.560 
94355.930 

109957.500 
126887.800 
147302.900 
159736.300 
174227.700 
1621 35.900 
1971 12.000 
2110S6.000 
2210C5.700 
229023.000 
236972.1 00  
243436.500 
231306.000 
219351 .OOO 
206303.SOO 
195692.600 
187145.600 
177971.800 
165260.300 
151703.400 
1352O6.500 
120318.600 
105279.000 
69322.660 
73504.560 
58300.11 0 
46875. i 6 0  
34891.720 
24OCO.690 
15450.190 
10001 -890 

-4.264 
-3.848 
- 3 . 4 6 3  
-3.635 
-3.533 
-2.651 
-2.556 
-2.189 
-2.41 1 
-1.032 
-0.458 

0.646 
1.629 
2.691 
4.792 
5.802 
6.106 
9.296 
9.780 
9.051 
8.336 
7.984 
8.402 
6.220 
7.530 
6.332 
4.075 
2.263 
1.653 

-0.261 
-1 .e05 
-3.693 
-4.51 9 
-5.611 
-6.133 
-6.504 
-7.530 

1.474 
1.475 
1.476 
1.476 
1.477 
1.476 
1.476 
1.479 
1.491 
1.461 
1.482 
1.453 
1.483 
1.484 
1.485 
1.466 
1.456 
1.486 
1.486 
1.464 
1.464 
1.463 
1.452 
1.462 
1.461 
1.451 
1.490 
1.479 
1.476 
1.477 
1.476 
1.476 
1.475 
1.474 
1.474 
1.473 
1.473 
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F I E L D  CORE h'UH6ER 5 ( F R O M  WELL MGS20-13) 

DATA FROM 1000 PSI H E I S E  GAUGE 
METHANE ADSORPTION AT 2 3 . a ~ ~  

DEPiH  FROM 9562 FT 10 IN TO 9563  F T  7 IN 

DEAD VOLUnE FACTOR= 0.5742 

W S E R  PRESSURE OF SYSTEM TOTAL AMOUNT FLOW DEAD VOLUME AMOUNT ADSORBED CAPACITANCE 
( P S I A )  I N  ( MICRCIIOLES 1 (MICRONOLES 1 ~ ~ l I C R O M O L E S / G P 1 . ~  ( PICOFARADS 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

43.6 
107.1 
153.9 
205.0 
257.2 
310.6 
355.4  
414.0 
469.0 
523.8  
559.4 
574.5 
496 - 3 
436.1 
369.4  
306.8 
247.1 
167.5 
129.3 

80.7 
34.1 
14.5 

551 5.81 6 
1 1  782 .290 
16831.150 
22407.270 
280:7.91 0 
33764.440 
39561 .?SO 
44709.630 
50448.830 
56452.650 
60252.680 
621 36.390 
5391 3.190 
47829.460 
40639.630 
3k031 .9SO 
27709.260 
21242.550 
14874.720 

4246.000 
1907.416 

9494.a96 

5522.754 
11846.730 
16946.590 
22460.970 
2SO24.E40 
33668.140 
39394.350 
44419.390 
50037.970 
55594.3 I 0 
59151.020 
60650.410 
52803.600 
46682.520 
3 x 1  0.640 
33266.850 
26959.450 
20575.21 0 
14277.120 

3799.380 
1653.536 

a953.262 

-0.044 
-0.41 1 
-0.71 7 
-0.342 

0 . 0 2 0  
0.614 
1.196 
1.651 
2.619 
5.536 
7.021 
9.471 
7 .072 
7.310 
5.264 
5 . 1 C 5  
4.779 
4 .253 
3.809 
3.452 
2.847 
1 .SO9 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.0'30 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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BEREA SANDSTONE NUKPER 1 
ETHANE ADSORPTION AT 25.28OC 
DATA FROM 1000 PSI HEISE GAUGE 

DEAD VOLUME FACTOR= 0.9722 

tRIHRER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19  
2 0  
2 1  
22 
23 
24 
25 
26 
27 
28 

PRESSURE OF SYSTEM TOTAL AMOUNT FLOW DEAD VOLUME AMl!UtiT ADSORBED CAPACITAIJCE 
P/FO 

0.04262 
0.08851 
0.13440 
0.18603 
0.23274 
0.27946 
0.32207 
0.37206 
0.42287 
0.47204 
0.52040 
0.56432 
0.62939 
0.65726 
0.61 628 
0.56547 
0.51133 
0.45401 
0.40566 
0.35567 
0.30696 
0.26471 
0.22291 
0.161 93 
0.14014 
0.10490 
0.05819 
0.02950 

( P S I A  1 I N  ( MICROHOLES 1 MICROHOLES 1 (H ICROKOLES 1 ( PICOFARADS 1 

26.171 
54.356 
62.540 

114.248 
142.936 
171.624 
197.795 
228.496 
259.700 
289.698 
319.593 
358.850 
386.531 
403.643 
378.478 
347.274 
314.056 
278.625 
249.131 
218.430 
189.742 
162.564 
136 -896 
1 1  1.732 
86.064 
64.422 
35.734 
16.119 

6594.703 
13177.51 0 
19,955.21 0 
26942.580 
33500.91 0 
4001 5 .570 
4601 2.620 
53028.150 
59921 .280 
66491.560 
73045.120 
81 260.870 
87480.120 
91432.31 0 
861 08.750 
70453.000 
72240.810 
64157.020 
57740.41 0 
5091 3.300 
4441 7 .440 
38263.100 
52352.750 
26367.460 
20413.980 
15161.520 
80 18.996 
4184.675 

5533.434 
11449.990 
17319.530 
23870.400 
29748.690 
35580 .a90 
40861.590 
47007.850 
53201 -460  
59144.590 
64940.100 
72528.750 
77829.810 

76291 . S i 0  
70299.680 
63863.140 
56971 -270 
51 109.640 
44998.400 
33240.820 

25514.980 
23352.550 
18050.250 
13550.780 

7545.555 

a1 O M .  31 o 

33744.120 : 

3634.990 

1061.270 
1728.523 
2535.633 
3072.188 
3842.227 
4434.676 
5151.027 
6020.505 
671 9.820 
7546.969 
81 05.023 
8732.125 
9650.31 3 

10346.000 
981 6.875 
91 83.31 3 
6377.668 
71 85.750 
6630.770 
591 4.902 
51 76.621 
451 8 .993 
3137.777 
3014.930 
2363.734 
161 0.734 
473.441 
349.655 

1.449 
1.450 
1.451 
1.452 
1 .453 
1 .454 
1 .456 
1 .458 
1.460 
1.461 
1 .462 
1.464 
1.466 
1.468 
1.466 
1.464 
1.462 
1.460 
1 .459 
1.458 
1.456 
1 .455 
1 .454 
1.453 
1.452 
1.451 
1.450 
1.449 
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BEREA SANDSTONE 14UMGER 1 
ETHAt4E ADSORPTION A T  25.28OC 
DATA FROM 1000 P S I  H E I S E  GAUGE 

THE SATURATION VAFOR PRESSURE = 
DEAD VOLUME FACTOR= 0.9722 

41.7895 ATM. ( 614 .13  P S I A )  

*** ANALYSIS  BASED ON ADSORPTION DATA **+ 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR PI( 1 -P  )X ( 1/MOLE 1 

0 .1  3440 1 
0.186031 
0 .232744 
0.279456 
0.322071 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  I S  
THE MOh'OLAYER ADSORPTION I S  
THE WEIGHT OF THE SAMPLE I S  
THE TOTAL SURFACE AREA I S  
S P E C I F I C  SURFACE AREA I S  

*** ANALYSIS  BASED ON DESORPTION DATA +*+ 

R E L A T I V E  PRESSURE (P/FO 1 
0.309959 
0 .204705 
0 .222910 , 
0.181 934 
0.1401 38 
0 .104899 

61.2351 
74.3926 
78.9504 
87.4564 
92.2305 

4 .8554  
4937.5000 

509.1001 
8 . 5 6 4 5  
0 .0169 

MICROMOLES 
GRAM!$ 
S W A I ? E  METERS 
SQUA17E PIETERS/GRAII 

THE FACTOR P / (  1 - P ) X  ( l r 'HOLE)  
86.3676 
79.6635 
74.7441 
73.7644 
68.9490 
72 - 7567 

1 

, 

THE VALUE OF "C" FACTER I N  B E T  A N A L Y S I S  IS 
THE MONOLAIER ADSORPTION I S  751 7.0270 MICROIIOLES 
THE CIEIGHT OF THE SAMPLE I S  509.1001 GRAMS 
THE TOTAL SURFACE AREA IS 12.6297 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  0 .0248  SQUAFIE HETERS/GRAM 

2.1651 
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BEREA SANDSTONE NUMBER 2 
ETHANE ADSORPTION AT 24.72OC 
DATA FROM 1000 PSI H E I S E  GAUGE 

DEAD VOLUME FACTOR= 1.1239 

M I I I G E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 

I 20 
21 
22 
23 
24 
25 
26 
27 
2 9  
29 
30 

PRESSURE OF SYSTEM TOTAL AMOUNT FLON 
P/PO 

0.03482 
0.07212 
0.1 1688 
0.16778 
0.2296 1 
0.25101 
0.33240 
0.38993 
0.43618 
0 -46443 
0.5341 6 
0.5E72 1 
0.63082 
0.66679 
0.62087 
0.58274 
0.54428 
0.50449 
0.46420 
0.42358 
0.37633 
0.331 90 
0.26764 
0.24702 
0.20392 
0.16627 
0.12815 
0.10279 
0.071 29 
0.03979 

[ P S I A  1 

21.129 
43.766 
70.932 
101 .e19 
t 39.348 
170.537 
201.727 
236.640 
264.710 
293.988 
324.172 
356.368 
382.829 
404.662 
376.792 
353.651 
330.309 
306.162 
281.714 
257.064 
228.389 
201.425 
174.562 
149.912 
123.753 
102.121 
77.773 
62.379 
43.263 
24.147 

I N  (MICROMOLES 1 

5737.063 

18779.840 
26815.320 
36234.520 
44049.300 
51944.370 
60439.220 
67498.060 
74732.560 
82488.620 
90218.250 

102351.500 
95579.250 
89947.620 
84389.810 
78760.930 
72770.250 
66703.750 
59393.370 
52582.41 0 
45724.840 
39321.270 
3C6 17.570 
26619.780 
20226.160 
16275.91 0 
11181.910 
6029.984 

1 1689.540 

96781 .so0 

DEAD VOLUME A!IC)UNT ADSORBED 
[ tlXCROMOLES) (PIICROIIOLES 1 

51 77.477 
10692.120 
17265.21 0 
24660.280 
33605.760 
40954.11 0 
48239.640 
56320.640 
62761.51 0 
69426.060 
56240.060 
83445.120 
8931 8.500 
9(1131 .810 
87982.500 
82839.81 0 
776 18.500 
72181 -310 
65638.560 
61012.010 
544 18.020 
43 169.480 
41 897.770 
36101.610 
23907.940 
24752 -460 

15Z01 -130 
10569.940 
5914.723 

1891 3.020 

559.586 
997.418 
151 4.633 
21 35.039 
2628.754 
3095.191 
3704.734 
41 68.578 
4736.543 
5306 .EO0 
6248.563 
6773.125 
7463.000 
8219.688 
7596.750 
7107.813 
6771.313 
6579.625 
6131.688 
5b91.730 
49 75.352 

3S27.074 
32 19.465 
2 70 9.6 25 
2057.316 
1 3 1 3.1 6 0 
1077.777 
61 1.973 
115.262 

4412.938 

~~ 

CAPACITANCE 
[ PICOFARADS 1 

1.772 
1.773 
1.773 
1.774 
1.776 
1.777 
1.778 
1.779 
1.780 
1 .is1 
1.783 
1.784 
1.785 
1.786 

1.783 

1.762 
1.780 

1 -779 
1.778 
1.777 
1.776 
1.775 
1.774 
1.774 
1.773 
1.773 
1.772 

1.785 

1 .7a3 

I .7ao 
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B E R E A  S A N D S T O N E  NUMBER 2 
ETHANE A D S O R P T I O N  AT 24.72OC 
DATA FRCM 1000 PSI H E I S E  GAUGE 

T H E  S A T L ' R A T I O N  VAPOR P R E S S U R E  = 41.2958 ATM. I 606.88 P S I A )  
DEAD VOLUME F A C T O R =  1.1239 

*** A I I A L Y S I S  E A S E D  O N  A D S O R P T I O N  DATA *** 
R E L A T I V E  F R E S S U R E  ( P / P O  1 T H E  F A C T O R  PI( 1 -PIX f 1 . /MOLE 1 

0.116879 87.3795 
0.167775 94.4239 
0.22061 4 1 1 3.3907 
0.281 007 126.2716 
0.332401 134.3970 

T H E  VALUE O F  "C" FACTOR I N  BET A N A L Y S I S  IS 4.9435 
T H E  M@NOLAYER A D S O R P T I O N  IS  3437. $570 M X C R O M I L E S  
T H E  W E I G H T  O F  T H E  S A t l P L E  IS  486.6001 GRAPl9 
T H E  T O T A L  S U R F A C E  AREA IS  5.8805 S Q U A R E  M E T E R S  
S F E C I F I C  S U R F A C E  AREA IS 0.0 1 2 1 S Q U A R E  M E T E R W G R A M  

*IS A N A L Y S I S  B A S E D  ON D E S O R P T I O N  DATA *** 
R E L A T I V E  F R E S S U R E  ( P / P O  1 

0.331 904 
0.287639 
0.24702 1 
0.203917 . 
0.168273 
0.128153 
0.102787 

T H E  FACTOR P/( 1 -P )X  (1, 'MOLE) 
112.5758 
105.5067 

94.5334 
$7.8647 
111.9358 
106.2955 

1 0 1  .e995 

T H E  VALUE OF "C" FACTCR I N  B E T  A N A L Y S I S  IS 1.1169 
T H E  H@t:OLAYER A D S O R P T I O N  IS 8788.7890 MICROI .10LES 
T H E  K E I G H T  O F  T H E  S 4 H P L E  IS 486.6 0 0 1 GRAM!; 
T H E  T O T A L  S U R F A C E  AREA IS 18.5696 S Q U A R E  E l E T E R S  
S F E C I F I C  S U R F A C E  AREA IS 0.03S2 SQUAF?E M E T E R S I G R A H  
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BEREA SANDSTONE NUMBER 3 
ETHANE ADSCRPTION AT 23.89OC 
DATA FROM 1000 P S I  H E I S E  GAUGE 

DEAD VOLUME FACTOR= 1 .'Os18 

NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 '  

10 
1 1  
12 
13 
1 4  
15 
16 
1 7  
18 
1 9  
20 
21  
22 
2 3  
24 
25  
26 
27 
28 
29 
30 
31 
32 

PRESSURE OF SYSTEM TOTAL AMCUFIT FLOW 
P/PO ( P S I A  1 

0.04017 23.948 
0.09029 53.832 
0 .12995 77.478 
0 .17383 , 103.640 
0.23036 
0.27796 
0.3Z572 
0.36960 
0.41 550 
0.46444 
0.51 051 
0.55051 
0.58696 
0 .62865 
0.65903 

0.63456 
0.58983 
0.54033 
0.50039 
0.45651 
0.41769 
0.37466 
0.33415 
0.28690 
0.2421 8 
0.19830 
0.15611 
0.11560 
0.07594 
0.04253 
0.02396 

a .6so1 z 

137.348 
165.723 
1 $4.1 $9 
220.361 
247.730 
276.91 0 
304.380 
328 .227  
349.96 1 
374.81 5 
392.027 
405.504 
378.336 
351.672 
327.522 
298.342 
272.181 
249.038 
223.380 
199.230 
171 .056 
144.392 
118.230 

93.075 
68 .  $26 
45.280 
25.357 
14.268 

I N  ( HICROKOLES 1 

6343.637 
141 54.430 
20440.030 
27253.440 
35057.790 
43226.450 
5051 9.280 
572 77.54 0 
64392.020 
71 590.370 
76608.680 
84969.000 

96779.870 
101568.600 
1051 72.800 

983it0.680 
91828.120 
86057.310 
78650.500 
71965.680 
66197.060 
59678.940 
5351 7.370 
46091.190 
39067.930 
32151.670 
25325.940 
18749.630 
12096. 1 8 0  

6555.363 
3428.487 

90599.620 

DEAD VOLUME AMCUEIT ADSORBED CAPACITANCE 
( l l ICROMOLES 1 ( MICROHOLES 1 ( PICOFARADS 1 

571 4 .473 
12793.810 
18354 - 730 
24465.580 
322 74.960 
38733.01 0 
45283.080 
51 200.800 
57345.840 
63546.11 0 
69917.250 
751 50 - 120 

85272.620 
89172.31 0 
91648.620 
86032.430 
80260.620 
74996.060 
68586.870 
62796. 21 0 
57638.280 
51 880.840 
46424.430 
40012.370 
33897.670 

22003.000 
16347.470 
10773.600 

6049.469 
341 3 .923  

79888. 930 

21854.640 

629 .164  
1 360.6 1 7 
2085.297 
2787.852 
3682.824 
4433.438 
5236.199 
6076.738 
7046.176 
7744.258 
8591 .438  
$81 8 .875  

1071 0 .680 
11507.250 
12396.31 0 
13504. 180 
12308.250 
11567.500 
11061.250 
10063.620 

91 89 .477  
8548.777 
7798.102 
7092.945 
6078.828 
5170.254 

3322.949 
2402.164 
1322.582 

505.895 
14.564 

4297 .a31 

1 .493  
1 . 4 9 4  
1 .495  
1 .496 
1 .497 
1 .499 
1 .500 
1.501 
1.502 
1 . 5 0 4  
1 .505  
1 .506 
1 .507  
1 .509  
1.51 1 
1.51 1 
1.510 
1 .508  
1 .506  
1 .504 
1 .SO3 
1.502 
1 .500 
1.499 
1 .493  
1 .497  
1 . 4 9 6  
1 . 4 9 5  
1 .494 
1 . 4 9 3  
1 .492 
1.491 
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BEREA SANDSTOt{E t4UMGER 3 
ETHANE ADSQRPTION AT 23.89OC 
DATA FROM 1000 P S I  H E I S E  GAUGE 

THE SATL'RATION VAPOR PRESSURE = 
DEAD VOLUME FACTOR= 1.0918 

40.5706 ATM. ( 596.22 P S I A )  

*** AtJALYSIS BASED O N  ADSORPTIOti  DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P/( 1-P)X (1r'MOLE) 

0.129949 71 -6242 
0,173828 75.4708 
0.230364 81.2734 
0.277956 86.8303 
0.32571 6 92.2531 

THE VALUE OF "C" FACTOR I N  BET A N A L Y S I S  IS, ' 
THE MOtlOLAYER ADSORPTION I S  61 16.2650 MICROIlOLES 

THE TOTAL SURFACE AREA IS 10.4444 SQURF!E METERS 
S P E C I F I C  SURFACE AREA I S  0.0215 SQUARE METERS/GRAM 

2.8519 

. THE WEIGHT OF THE SAt lPLE I S  486.1 0 0 1 GRAEIS 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 

0.3341 55  
0.286900 
0.2421 78 
0.198299 
0.1561 08 
0.115604 

THE FACTOR P / ( l - P ) X  ( I r 'MOLE)  
70.7534 
66.1852 
61.8094 
57.5624 
55.6689 
54.41 56 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  IS 
THE MCXOLAYER ADSORPTICN I S  8256.9370 MICROMOLES 
THE WEIGHT OF THE SAMPLE I S  486.1001 GRAMS 
THE TOTAL SURFACE AREA I S  16.3954 SC;UAF!E METERS 
S P E C I F I F  SURFACE AREA I S  0.0337 SQUAF!E tlETERS/GRAM 

2.7580 
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UNCONSOLIDATED SILICA SANDPACK 
ETHAIdE ADCORPTIOII  AT 23.1 l0C 
DATA FROH 1000 P S I  H E I S E  GAUSE 
SAND G R A I N  S I Z E  : 60 TO 6 5  MESH 

DEAD VOLUtlE FACTOR= 1.5160 

" E E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
14 
15 
16 
17 
18 
19  
20 
21 
22 
23 
2 4 
25 
26 
27 
28 
29 
30 
31 
32 

PRESSUQE OF SYSTEM 
P/PO 

0.03351 
0.06874 
0.10826 
0.14607 
0.19075 
0.22763 
0.26327 
0.31 877 
0.37376 
0.41930 
0.46656 
0.51416 
0.56021 
0.60833 
0.64699 
0.68738 
0.65765 
0.62122 
0.58083 
0.54045 
0.49405 
0.44250 
0.39095 
0.34283 
0.28056 
0.23886 
0.19500 
0.14865 
0.10998 
0.07733 
0.04726 
0.02921' 

( P S I A  1 

19.647 
40.302 
63.476 
65.642 

1 1  1 .E33 
133.501 
1 54.357 
186 .  $ 0 1  
219.142 
245.842 
273.550 
301.459 
328.462 
356.673 
379.343 
403.020 
3E5.590 
364.230 
340.552 
316.875 
289.671 
259.444 
229.218 
201.006 
169.772 
140.050 
114.861 
87.153 
64.483 
45.340 
27.708 
17.128 

rOTAL AMOUNT FLOW 
I N  (HICROI.lOLES 1 

6749.91 0 
,13907.990 
2 1949.640 
29562.830 
38474. 160 
45995.030 
531 6 0.540 
63850.620 
74727.750 

92924.430 
102378.500 
111660.500 
120831.600 
128699.600 
136765.500 
131531 . Z O O  
124827.500 
1 1  7407.000 
109778.500 
100668.300 

90247.31 0 
801 99.580 
70434.930 
5931 7.920 
4891 1 .750 
40020.370 
302 l8 .170 
22191.210 
15303.160 

9346.625 
5583.797 

83726.560 

DE40 VOLUME ANOUNT ADSORBED CAPACITAEICE 
( HICROPlOLES 1 

6530.676 
13358.91 0 
20974.350 
28213.830 
36713.140 
43695.430 
50378.700 
60730.560 
70894.680 
79243.180 
87841.310 

104685.400 
113239.000 
120063.400 
1271 44.500 
121 9%. 100 
115518.800 
108359.500 
101152.700 

92813.310 
83472.430 
74052.430 
6518S.620 
55293.780 

37683.000 
28705.830 
21304.380 
1501 8 .520 

91 99.906 
5695.348 

96434. a i  o 

45798.150 

(HICROHOLES 1 ( PICOFARADS) 

219.234 
549,066 
975.297 

1761.039 
2299.602 
2781.836 
31 20.055 
3833.063 
4483.375 
5083.125 
5943.668 
6975.063 
7592.625 
6636. t 68 
9621 .OOO 
9595.063 

9047.438 
6625 -81 3 
7655.063 
6774.875 
6147.063 
5246.309 
4024.145 
3113.598 
2330.477 
151 2.344 
886 .E28 
284.641 
146.71 9 

-105.551 

1349.000 

9308.625 

1 .674 
1.675 
1.675 
1.676 
1.677 
1 .677 
1 .678 
1.678 
1.679 
1.680 
1.681 
1 .683 
1 .684 
1 .685 
1.686 
1.687 
1.686 
1.685 
1.684 
1.683 
1.682 
1 .681 
1.680 
1.679 
1.678 
1.678 
1.677 
1.676 
1.676 
1.675 
1.675 
1.674 

I 
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UNCONSOLIDATED S I L I C A  SPNDPACK 
ETHANE ADSORPTION AT 23.11OC 
DATA FROn 1000 P S I  H E I S E  GAUGE 
SAND G R A I N  S I Z E  : 60 TO 6 5  MESH 

THE SATURATION VAPOR PRESSURE = 33.8966 ATM. [ 586.32 P S I A )  
DEAD VDLUtlE FACTOR= 1 -51 6 0  

*** ANALYSIS  BASED ON ADSORPTIOt4 DATA *** 
RELATIVE P R E ~ S U R E  ( P/PO) THE FACTOR P I (  1 -P )X ( 1 t'I1OLE ) 

0.108262 124.4805 
0.146068 126 :7999 
0.190747 1 33.8459 
0.227694 128.2062 

128.4552 0.263266 
0.31 877  1 149.9768 

THE VALUE OF "C" FACTOR I N  B E T  ANALYSIS  I S  
THE MONOLAYER ADSORPTION I S  4871.4800 FIICRONOLES 
THE KE IGHT OF THE SAIIPLE IS 383.2000 GRAMS 
THE TOTAL SURFACE AREA IS 8.5737 SQUAF?E HETERS 
S F E C I F I C  SURFACE AREA I S  0.0224 SQUARE METERS/GRAfl 

1 .8235 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P / [ l - P ) X  (1,'MOLE) 

0.342830 99.4366 
0.289558 101 .2822 
0.238864 100.791 8 
0.195903 1 04.5410 
0 - 148645 115.4490 
0.109980 139.3401 

THE VALUE OF "C" FACTOR I N  B E T  ANALYSIS  I S  
THE MONOLAYER ADSORPTION I S  -266085.6000 M1CRC)NOLES 
THE EIEIGHT OF THE SAMPLE I S  333.2000 GRAMS 
THE TOTAL SUEFACE AREA I S  -530.4727 SQUAF!E NETERS 
S F E C I F I C  SLrRFACE AREA I S  -1.3843 SQUAS!E PlETERS/GRAN 

-0.0264 

I 
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F I E L D  CORE NUNBER 5 IFROEI WELL MGS20-13) 
ETHANE ADSORPTION AT 24.1 73C 
DATA FRCM 1000 PSI H E I S E  GAUGE 
DEPTH FROt1 9562 F T  10 I N  TO 9563 F T  7 I N  

DEAD VOLUnE FACTOR= 0.5742 

t.RR16ER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14  

’ 15 
16 
17 
18 
19  
20 
21 
22 
23 
24 
25 
26 
27 
28 

PRESSURE OF SYSTEM TOTAL APlOUNT FLOW 
P/PO 

0.10095 
0.13845 
0.1891 7 
0.23019 
0.251 1 1  
0.29046 
0 I 32729 
0.36579 
0.39760 
0.43694 
0.48549 
0.56501 
0.62276 
0.6721 5 
0.6261 1 

0.51646 
0.46707 
0.42355 
0.37835 
0.33733 
0.28460 
0.23856 
0.19754 
0.13;25 
0.07785 
0.03064 
0.01222 

0 -58258 

( P S I A  I I N  ( MICROflOLES 1 

60 .549  
83.041 

113.467 
138.068 
150.619 
174.216 
196.307 
219.402 
238.480 
262.077 
291.197 
338.893 
373.536 
403.157 
375.544 
349.437 
309.773 
280.152 
254.044 
226.933 
202.332 
170.702 
143.088 
118.487 

79.326 
46.692 
18.376 

7.330 

6967.965 
9547.61 3 

13008.130 
15892.850 
17367.700 
19960.540 
22547.260 
2531 1.140 
27520.230 
30 1 78.900 
33458.280 
38575.140 
42253.000 
45563.900 
42533.400 
39737.790 
35356.640 
32021.160 
291 09.020 
261 63.160 
23372 -550 
19702.150 
16645.520 
13847.560 
9363.820 
5564.578 
2291.157 

963.996 

DEAD VOLUME AMOUNT AUSORGED CAPkCITANCE 
I t l ICROt lOLES)  [ NICROHOLES I PICOFARADS 1 

671 0.906 
91 75.902 

12k86.260 
151 42.890 
16491.410 
1901 4.070 
21 360.820 
23799.000 
25801.41 0 

31 279.470 
361 66.850 
39675.9 2 0 
42649.450 
39378.320 
37238.450 
331 90.730 
30 138.350 
27427.150 
24590.730 
21 998.390 
18639.390 
15682.850 
13029.890 
8769.781 
5 184.773 
2048.269 
81 8.288 

2 8 26 3 - 440 

257.059 
371.71 1 
521 -863  
749.965 
876.297 
946.469 

1 1  E6.438 
1512.148 
171 8.824 
1915.461 
21 78.605 
2408.293 
2577.078 
291 4.449 
2655.078 
2499.344 
21 65.906 
1882.81 3 
1681 -871 
1572.434 
1374.160 
1152.762 

962.672 

534.039 
379.805 
242.889 
145.708 

a i  7.672 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
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F I E L D  CORE t4UMPER 5 (FROM U E L L  MGS20-13) 
ETHANE ADSORPTION A T  24.17OC 
DATA FROM 1000 F S I  H E I S E  GAUGE 
DEPTH FROM 9562 F T  10 I N  TO 9563 F T  7 I N  

THE SATLIRATION VAPOR PRESSURE = 
DEAp VOLUME FACTOR= 0.5742 

40.8143 ATPl. ( 599.60 P S I A )  

1 
*** ANALYSIS  BASED ON ADSORPTION DATA **I 

R E L A T I V E  FRESSURE (P/PO 1 
0.100948 

0.1 891 73 
0.230188 
0.251 114 
0.290656 
0.327266 

0.13844a 

THE FACTOR P/( 1 -P )X ( 1 /'HOLE 1 
436.7974 
432.31 32 
447.0679 
398.7100 
382.6523 
452.5076 
41 0.0637 

THE VALUE OF "C" FACTCR I N  B E T  A N A L Y S I S  I S  
THE tlOt!OL4YER ADSORPTICN I S  31 99.3770 MICRCMOLES 
THE WEIGHT OF THE SAMPLE I S  156.9000 GRAMS 
THE TOTAL SURFACE AREA IS 7.1813 SGU4RE METERS 
S P E C I F I C  SURFACE AREA I S  , 0.0453 SQUARE METERSIGRAM 

0.6946 

*** ANALYSIS  BASED O t I  DESORPTION DATA *** 
R E L A T I V E  FRESSUFE (P/PO)  THE FACTOR P/ (  1-P)X  ( l / H O L E )  

0.337330 370.4424 
0.284596 345.0947 
0.238559 325.4463 
0.197543 3h 1 .0657 
0.132254 256.5659 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  IS 
THE t10113LAYER ADSCRPTION I S  1354.3050 MICROMOLES 
THE G!EIGHT OF THE SAMPLE I S  156.9POO GRAIIS 
THE TOTAL SURFACE AREA I S  2.5 142 SQUARE NETERS 
S P E C I F I C  SURFACE AREA I S  0.01 60 SQUARE HETERS/GRAM 

3.9079 
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Appendix C 

Data f o r  Water Adsorpt ion a t  Eleva ted  Temperature 

T h i s  appendix c o n t a i n s  a l l  t h e  d a t a  f o r  water a d s o r p t i o n  a t  e l e v a t e d  

tempera ture .  A l l  t h e  d a t a  w e r e  a r ranged  w i t h  t h e  same format  as those  i n  

Appendix B .  The q u a n t i t y  of water i n  t h e  co-reholder l i s t e d  on t h e  t a b l e  

w a s  c o r r e c t e d  by apply ing  t h e  c o m p r e s s i b i l i t y  f a c t o r  Z ,  s i n c e  water vapor 

i s  f a r  from i d e a l  ga s  a t  the  exper imenta l  condi t ic lns .  The s u r f a c e  area 

occupied by each water molecule  w a s  c a l c u l a t e d  by us ing  t h e  molar volume 

of l i q u i d  water a t  s a t u r a t i o n  vapor  p r e s s u r e  and Etquation 5.9.  
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Index : 

Data f o r  Berea Sandstone Number 1, a t  

107. lOzC 
119. 7g0C 
135. 850C 
147.61 C 
171. 7OoC 
172.60zC 
195.61 C 

Data f o r  Berea Sandstone  Number 2, a t  

109.50:C 
129. 140C 
143.90 C 
166 05OC 
188.26OC 

Data f o r  Berea Sandstone Number 3, a t  

104.73OC 
131.35OC 
145.97OC 
162.13:C 
189. 2OOC 
189.94 C 

Data f o r  Unconsol ida ted  S i l i c a  Sandpack, a t  

109. 6loC 
125.64OC 
145. Ol°C 
165.92zC 
187.32 C 

Data f o r  F i e l d  Core Number 3, a t  

106.65OC 
124.39OC 
142. 8OoC 

Data f o r  F i e l d  Core Number 5, a t  

105.69OC 
125.56zC 
147. 350C 
166.61 C 
187.93OC 

- 263 - 

264 
268 
272 
276 
280 
284 
288 

292 
296 
300 
3 04 
308 

312 
316 
320 
324 
328 
332 

336 
340 
344 
348 
352 

356 
360 
364 

368 
372 
376 
380 
384 



G E R E A  SAIIDSTOFIE t.IUI.IPER 1 
I d A r E R  A D S O E P T I O I 4  A T  107.1 O°C 
DATA FROM P R E S S U R E  TRANSDUCER 1 

T H E  S 4 T U R A T I O P I  VAFOR P R E S S U R E  = 1.2816 ATM. ( 

DEAD VOLUME F A C T O R =  0.4687 

NLrHBER P R E S S U R E  O F  S Y S T E M  T O T A L  AMOUNT FLOW 
P/FO ( P S I A )  It4 ( P l I C R O H O L E S  

1 0.01 146 
2 0.09356 
3 0.18912 
4 0.26823 
5 0.35653 
6 0.42878 
7 0.50219 
8 0.55839 
9 0.5281 

10 0.63296 
1 1  0.67426 
12 0.72131 
13 0.5'3526 
14 0.51 467 
15 0.431 74 
16 0.35335 
17 0 .a3546 
18 0.2301 5 
19 0.19182 
20 0.15256 
21 0.12368 

0.216 
1.856 
3.562 
5.052 
6.715 
8.076 
9.459 
10.517 
11.165 
11.922 
12.700 
13.536 
11.211 
9.694 
8.132 
6.655 
5.395 
4.504 
3.613 
2.673 
2.329 

933.521 
43(39.733 
6770.637 
0799.555 
10935.660 
1 276.i .510 
14646 -51 0 
16164.100 
17420.510 
18503.550 
19764.61 0 
20962.030 
18182.680 
15762.21 0 
13197.800 
11028.000 

9240 -777 
720.679 
6440.328 
5458.504 
4646.738 

18.83 P S I A )  

DEAD VOLUI'IE AE1CIL'tiT ADSORGED C A F A C I T A N C E  
( H I C R O M O L E S  ( M I C R O M O L E S  ( P I C O F A R A D S .  1 

35.183 
303.072 
582.482 
PZ7.320 
1101.432 
1326.406 
1555.604 
1731.534 
1839.433 
1 965.5 15 
2095.406 
2243.596 
1847.1 15 
1594.658 
1335.622 
1091.560 
893.831 
737.228 
590.819 
469.555 
360.474 

898.338 
4046.667 
6 188.152 
7972.234 
9834.230 
11458.11 0 
130?0.900 
14432.570 
15581 .070 
16543.070 
17689.210 
1871 8.430 
16335.570 
141 87.550 
1 1€62.180 
9936 -441 
E356.9+5 
6953.646 
5869.508 
4988.949 
4266.262 

0.99(r 
1.009 
1 .@23 
1.037 
1.060 
1.085 
1.120 
1.151 
1 . I 7 6  
1 .lo3 
1.227 
1.259 
1.212 
1.169 
1.126 
1.003 
1.070 
1.053 
1.041 
1.032 
1.026 
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BEREA SANDSTONE t4L'tlEER 1 
WATER LDSORPTIOI4 AT 107.1 O°C 
DATA FROX PRESSURE TRAIISDUCER 1 

THE SATURATIOI.4 VAPOR PRESSURE = 1.2816 ATM. ( 18.83 PSIA) 
DEAD VOLUME FACTOR- 0.4687 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE FRESSURE (P/PO) THE FACTOR P/( 1 -P ) X  ( l/'FlOLE 1 

0. 1891 23  37.6901 
0.268232 45.9788 

THE VALUE OF "C" FACTOR It{ 6ET ANALYSIS IS 6.8615 
THE NCh'OLAYER ADSORPTICN I S  81 53.371 0 MICROYIOLES 
THE NEIGHT OF THE SAMPLE IS 509.1001 ERAPIS 
THE TOTAL SU8FACE AREA IS 590.6223 SQUAF!E METERS 
SPECIFIC SURFACE AREA I S  1.1601 SQUAF!E tlETERS/GRAM 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE FRESSURE ( P i p 0  1 THE FACTOR P/( 1 -P )X ( l/'MOCE 1 

0.266459 48.0392 
0.Z39149 65.0077 
0.19!620 40.4375 
0.152555 3 5 . 0 6 4 0  
0.123680 33.081 7 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS IS 5.2691 
THE MWOLA'rER ADSORPTION IS 8655.31 20 NICRCIFIOLES 
THE KEIFHT OF THE S4tlFLE I S  5 0 9 .  1001 GRAKS 
THE TOTAL SU'ZFACE AREA I S  626.9324 SQUiKE HETERS 
SFECIFIC SURFACE AREA I S  1.2316 SWAF'E P!ETERS/GRAtI 
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BEREA SANDSTONE t!L'llBER 1 
UATER ADSORPTION AT 10i.iO0t 
DATA FROH PRESSURE TRANSDUCER 2 

THE SATURATICbl VAPOR PRESSURE 1.2616 ATM. ( 

DEAD VOLUIIE FACTOR= 0.4687 

EWIBER PRESSURE OF SYSTEI I  TOTAL AMOUNT FLOW 
P/PO 

1 0.01173 
2 0.10055 
3 0.16559 
4 0.26912 
5 0.35641 
6 0.43029 
7 0.50337 
8 0.55967 
9 0.59497 
10 0.63532 
1 1  0.67651 
12 0.72276 
13 0.601 15 
14 0.52095 
15 0.43712 
16 0.35643 
17 0.29070 
18 0.24159 
19 0.19330 
20 0.15347 
21 0.12466 

( F S I A  1 It1 ( MICROPlOLES 1 

0.221 
1.694 
3.552 
5.069 
6.713 
8.104 
9.461 
10.541 
11.206 
11.966 
12.742 
13.613 
11.322 
9.810 
6.233 
6.751 
5.475 
4.550 
3.641 
2.891 
2.348 

935.675 
4361.527 
6813.833 
8646.675 

1 1  006.050 
12S65.500 
14749.850 
16285.630 
17551.210 
16648.600 
19941.450 
21145.660 
18346.21 0 
15927.320 
13325.280 
1 1 140.660 
9343.563 
76Z6.777 
6556.469 
5545.6 13 
4730.426 

16.63 P S X A )  

DEAD VOLllME AtlClUt4T ADSOREED CAPACITANCE 
(MICROHOLES 1 ( k1XCROk:OLES 1 [ PICOFARADS 1 

36.007 
309.205 
580 -858 
830.077 
1101.052 
1331.129 
1559.309 
1735.525 
1 845.  ZCS 
1972.91 1 
21 02.478 
2248.189 
1855.604 
16 13.965 
1552.415 
1 1  07.339 
897.000 
74G. 775 
595.393 
472.381 
363.484 

899.868 
4052.322 
6233.043 
60 1 6.797 
9005.012 

1 1535.370 
13190.550 
14550.100 
15705.000 
1 6675.690 
17835.970 
18897.470 
16450.600 
1431 3.350 
11972.960 
10033.320 
6446.563 
7092.000 
5051.074 
5076.230 
4346.941 

0.994 
1.009 
1.023 
1.037 
1 .Ob0 
1.065 
1.120 
1.151 
1.176 
1.198 
1.227 
1 .259 
1.212 
1.169 
1.126 
1.093 
1.070 
1.053 
1.041 
1.032 
1.026 
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GEREA SANDSTONE tiUXBER 1 
WATER ADSORPTION AT 107.10°C 
DATA FROM PRESSURE TRAIISDUCER 2 

THE S4TURATIOEI VAPOR PRESSURE = 1.2816 ATM. ( 18.83 PSIA)  
DEAD \'OLUME FACTOR= 0.4587 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE FRESSURE (P/PO 1 THE FACTOR P/( 1 -P )X ( 1 ./I1OLE 1 

0.100554 27.5880 
0.1 PO591 37.2890 
0.2691 22 45.9307 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  7.5239 
THE HCKOLAYER ADSORPTION I S  7955.91 70 MICROMOLES 
THE WEIGHT OF THE SAIIPCE IS 509.1001 GRAF1:j 
THE TOTAL SURFACE AREA I S  577.1 157 S9U417E HETERS 
SPECIFIC SURFACE AREA I S  1 .13j6 SQUARE tlETERWGRAP1 

*** AIIALYSIS GASED 01.1 DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO 1 THE FACTOR P/( 1 -P ) X  ( l.'tlOLE 1 

0.2W705 48.5227 
0.241587 44.9791 
0.193300 40.1972 
0.153473 35.71 50 
0.124656 32.7606 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  5.5834 
THE MONOLAYER ADSORPTION I S  8504.6820 MICROblOLES 
THE KEIC-HT OF THE SAMPLE I S  509.1001 GRAM!; 
THE TOTAL SURFACE APEA I S  6 16.0854 SQUARE HETERS 
SPECIFIC SURFACE AREA I S  1 .2101 SQUARE METERS/GRAPl 
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P E R E A  SAt.DSTCt!E NUPIGER 1 
W4TER ADSORPTION AT 119.79OC 
DATA FROM F R E S S U R E  TRANSDUCER 1 

THE SATlV?ATION VAPOR PRESSURE = 1 .9463  ATM. ( 20.60 P S I A I  
DEAD VOLUME FACTOR= 0.4687 

t4UPEER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
1 5  
16 
17 
18 
1 9  
20 
21 
22 
2 3  
24 
25  
26 
27  

PRESSURE OF SYSTEM TOTAL APIOUIdT FLOW D E 4 D  VOLCltlE AtlOUHT ADSOREED CAPACITANCE 
P/PO 

0.03849 
0 .09963  
0 .19098  
0.27254 
0.34882 
0.4z?S6 
0.49783 
0 .54577  
0.591 35 
0.62460 
0 .65257  
0.68506 
0.71 003 
0.73941 
0.76593 
0.65531 
0.58504 
0.52450 
0.43062 
0.33437 
0.26002 
0.20459 
0.15824 
0.12099 
0.09057 
0.06927 
0.05329 

( P S I A  1 I N  ( HICROtIOLES 1 ( t l I C R O H O L E S  I ( N I C R O H O L E S  I ( PICOFARADS 1 

1 . l o 1  
2.853 
5.462 
7 .795  
9.977 

12 .095  
13.?53 
15 .639  
16 .914  
17 .865  
18.665 
19 .591  
20 - 307 
20 .S91 
21 .907  
18.743 
16.819 
15.002 
12 .317  

9 .564  
7.437 
5.852 
4.5E6 
3.461 
2.591 
1 .951 
1.524 

2851.551 
4957.781 
761 5 . 8 2 8  
0859.910 

121 72.700 
14344.260 
16297.430 
181 95.31 0 
19654.070 
20799.750 
21891.7OO 
23127.080 
241 e4 .590  
2521 2.920 
26418.020 
21 856.530 
19478.060 
17025.E!OO 
140!58.140 
11 188.740 

8927.664 
71 25.21 9 
5706.429 
4546.238 
3672.734 
3004.998 
2491.492 

173.766 
450.436 
E65.317 

1237.249 
1586.474 
1926.639 
2226.215 
2498 .808  
2705.557 
2860.062 
2990.189 
3141 - 6 6 9  
3258.094 
3353.465 
3519.726 
3002.994 
2690.183 
2395.724 
1962.397 
1 2 0 . 1 5 ' 9  
11 80 .054  

927.277 
716.431 
5 4  7 . 3  1 0 
409.41 1 
31 2 .968  
240.660 

2677.785 
4507.344 
6750.508 
8622.660 

10586.220 
12417.620 
lri071.210 
15697.500 
16948.51 0 
17929.680 
18891.590 
1 9955 -41  0 
20926.500 
21 859 .460  
22895.290 
18853.530 
16788.780 
14630.070 
12095.740 

9668.543 
7747.6 0 3 
61 97.941 
4990.195 
39QS. 92 9 
3263.323 
2692.030 
2250.81 1 

1.021 
1 .032  
1 .047  
1 .064  
1 . O B 8  
1 . 1  18 
1.151 
1 .187  
1 . 2 1 5  
1 .237  
1 . 2 5 9  
1 .2?6 
1 .310  
1 .330  
1 .348  
1 . 2 6 9  
1.242 
1 .193  
1.140 
1.096 
1 . 0 6 9  
1.052 
1.041 
1 . 0 3 3  
1 . 0 2 7  
1 . 0 2 1  
1 .017  



BEREA SAt4DSTOI4E tlU>lSER 1 
U4TER ADSCRPTIOtt  AT  1 19.79OC 
DATA FRCtl  PRESSURE TRANSDUCER 1 

THE SATLTAT I@?I  VAFOR PRESSURE = 1.9463 ATH. ( 26.60 P S I A I  
DEAD VOLUPlE FACTOR= 0.4687 

*** A I IALYS IS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE ( P/PO 1 THE FACTOR P/(l-P)X (1,'tIOLE) 

o . 1 s o s s o  34.9693 
0.272533 43.4466 
0.366824 50.601 9 

THE VALUE OF "C" FACTOR I N  BET  ANALYSIS  IS 7.1265 
THE MCNOLA'rER ADSCRPTION IS 8675.5000 MlCR13110LES 
THE EIEIC-HT OF THE S4 f lPLE  I S  509.1001 G??AtI!j 
THE TOTAL SURFACE AREA IS 632.7722 SqUARE NETERS 
S P E C I F I C  SURFACE AREA IS 1.2429 SQUARE METERS/GRAPl 

*** At IALYS IS  BASED OS DESORPTION DATA Y** 

R E L A T I V E  FRESSLJ!?E (P /PO)  THE FACTOR PA I - P  )x [ 1 m o L E  I 
0.334369 51.9554 
0.260017 45.3537 
0.2045S9 41.4995 
0.158242 57.671 9 
0.1 20994 34.4212 

THE VALUE OF "C" FACTOR I N  BET A N A L Y S I S  IS 4.2736 
THE W3:OLAYER ADSORPTIOI4 IS 946 3.6 050 M I C R W O L E S  
THE UEIGHT OF THE S W P L E  IS 509.1001 GRAflS 
THE TOTAL SUXFACE ADEA I S  600.2549 SQUIF'E METERS 
S P E C I F I C  SURFACE AREA I S  1.3558 . SQUAFlE MTERS/GRAI l  
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BEREA S.4tIDSTCtIE t IVXsER 1 
WATER ADSCRFTIOH AT 119.79'C 
DATA FEGN FRESSURE TRANSDUCER 2 

THE SATL'RATION VAFOR PRESSURE = 1.9463 ATH. ( 28.60 P S I A )  
DEAD VOLUIIE FACTOR= 0.4687 

NUNGER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

FRESSURE OF SYSTEM TOTAL AllOUEIT FLOW DEAD VOLUHE AMOUIIT ADSESBED CAPACITAE!CE 
P/PO 

0.03562 
0.10044 
0.19214 
0.27395 
0.35384 
0.42500 
0.49035 
0.54907 
0.59340 
0.62666 
0.65493 
0.6E320 
0.71371 
0.73423 
0.77195 
0.665it4 
0.59935 
0.53101 
0.43759 
0.34298 
0.2;002 
0.21206 
0.16522 
0.12729 
0.09660 
0.07483 
0.05808 

( F S I A  1 I N  ( HICROt lOLES (M ICRO~IOLES 1 ( FlTCROMOLES 1 ( PICOFARADS 

1.105 
2.873 
5.496 
7.836 

10.035 
12.156 
14.025 
15.704 
16.972 
17.924 
18.732 
19.684 
20.413 
21 .ooo 
22.079 
19.033 
17.143 
15.1E8 
12.516 

9.810 
7.723 
6.065 
4.726 
3.641 
2.763 
2.140 
1.661 

2670.181 
4986.645 
7652.832 
991 0.344 

12232.620 
1441 6.030 
16331.150 
18303.070 
19780.780 
20934.290 
22039.760 
23303.000 
24373.290 
25422.580 
26652.850 
22017.430 
1 9602.350 
17177.720 
14183.440 
11280.830 

8993.759 
7206.344 
5787.586 
46 18.059 
3586.304 
2964.E35 
2405.149 

174.364 
454.135 
870.593 

1243.71 2 
1595.723 
1935.526 
2237.829 
2509.450 
271 5.056 
zE69.6 0 2 
3001.197 
3156.290 
3275.398 
3371 .325 
35+7.027 
3050.147 
2742.701 
2425.825 
1994.491 
1 5 9 . 6 8 6  
1225.747 

$61.312 
748.157 
575.878 
436.713 
338.129 
262.348 

2OO5.816 
4552.503 
6 i 8 2 .  238 
8b66.629 

1 Ob36.900 
12479.51 0 
141 43.320 
15703.620 
17055.720 
1 6054.650 
19038.570 
20146.71 0 
21 097 .E90 
22051.250 
23104.920 
13967.280 
16859.650 
1475 1 .890 
1 i? 1 88. 940 

972 1 .145 
7768.03s 
6245.031 
5039.426 
4042.181 
3249.500 
2C?;b. 756 
21G2.801 

1.021 
1.032 
1.047 
1.064 
1 .088 
1.119 
1.151 
1.187 
1 .215 
1.237 
1 .259 
1.286 
1.310 
1.330 
1.348 
1.289 
1.242 
1.193 
1.140 
1.096 
1.069 
1.052 
1 . O ' t l  
1.033 
1.027 
1.021 
1.017 
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BEREA SAtIDSTOtIE tIW16ER 1 
WATER ADSO?PTIOI.I AT 11 9.79OC 
DATA FFOil FRESSURE TRANSDUCER 2 

THE S4TURATIW VAPOR PRESSURE = 1.9463 ATH. ( 28.60 PSIA)  
DEAD VOLUllE FACTOR= 0.4687 

*** ANALYSIS BASED Ott ADSORPTION DATA *** 
RELATIVE FRESSURE (P/PO) THE FAClOR P/’I 1 -P )X [ 1 MOLE ) 

0.100444 24.6353 
0.1721 39 35.0676 
0.273952 43.5371 

THE VALUE OF “C” FACTOR I N  6ET ANALYSIS IS 8.8884 
THE fl0t:OLAYER ADSOPFTICN I S  81 39.4450 HICROHOLES 
THE WEIGHT OF THE SAHFLE IS 509.1001 E9APlS 
THE TOTAL SLJFACE AREA I S  5Q3.6736 SGUAF?E METERS 
SPECIFIC SURFACE AREA I S  1.1661 SQUAF?E MTERS/GRAM 

**E ANALYSIS EASED ON DESORPTION DATA *** 
RELATIVE PRESSmE (P/PO 1 THE FACTOR P / ( l - P ) X  (l / ’ f lOLE) 

0.342982 53.7004 
0.270021 47.61 6 4  
0.  C l 2 0 4 1  43.0954 
0.165223 37.2751 
0.127290 36.0836 

THE VALUE OF “C” FACTOR I N  BET ANALYSIS IS 4.1505 
THE H0:DLA) ER ADS!XFTION I S  9341.3960 HXCR[)IlOLES 
THE KEIGHT OF THE SAMPLE I S  50O.1001 GRAMS 
THE TOTAL SU?FF*CE PREA IS 681.3413 SQUhFlE METERS 
SFECIFIC SURFACE A4EA IS 1 -3383 SQUAF’E I‘lETERS/GRAM 
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EEREA SAl!DSTONE t!UI.lBER 1 
UATER CDSCRFTIOt l  AT 135.85'C 
DATA FROM PRESSURE TRANSDUCER 1 

THE SATURATION VAPOR PRESSURE = 3.1661 ATrl. ( 46.53 P S I A )  
DE.AD VOLUI.lE FACTOR= 0.4687 

NUtIGER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
16 
19 
20 

PRESSURE OF SYSTEH TOTAL AtlOUtJT FLOW DEAD VOLUME AMCIL'IIT ADSOI?EED C A P K I T A N C E  
P/PO ( P S I A  1 IN ( MICROMOLES 1 ( NICROI lOLES 1 t IlICROI!'JLES PICOFARADS 1 

0.03258 
0.13352 
0.28243 
0.37107 
0.4641 1 
0.54704 
0.60360 
0.651 34 
0.70202 
0.73956 
0.78405 
0.83923 
0.62066 
0.45285 
0.32236 

0.16697 
0.11513 
0.0771 9 
0.05408 

0.23683 

3.842 
6.227 
13.141 
17.265 
21.595 
25 - 453  
28.065 
30.306 
32.664 
34.411 
36.481 
39.049 
28.879 
21.071 
14.919 
1 1  .o:o 
7.769 
5.357 
3.502 
2.517 

431 4.91 4 
6036.086 
103C.6.320 
13099.440 
15954.890 
18656.620 
20952.060 
22735.940 
24431.6OO 
2531 9.150 
27275.660 
291 15.580 
21701 -440 
15720.060 
11609.020 
8334.602 
6706.461 
51 00.11 7 
3971.295 
31 56 -41 0 

563.663 
947.445 

2009.167 
2547. 454 
3321.654 
3926.271 
4540.656 
4591 -742 
5065.835 
5343. E63 
5674.289 
6085.699 
4466.000 
3239.870 
2206.227 
1652.307 
1 1  83.366 

545.51 6 
381 .937 

514.627 

3731 .251 
5088.641 
5377.160 
10451 .$SO 
12663.230 
14730.350 
16621.410 
16044.200 
19425.770 
20475.200 
21601.370 
23029.800 
17235.440 
124.30.190 
9312.797 
71 52.293 
5523.094 
4285.488 
3425.779 
2774.474 

0.976 
0.966 
1.019 
1 .019 
1.090 
1.133 
1 .la7 
1.225 
1.267 
1.292 
1.315 
1.333 
1.228 
1.118 
1.063 
1.036 
1 .020 

1 .OOl 
0.995 

I . a m  
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EEPEA SAt!DSTO!!E IILINEER 1 
W4TER ADSE?PTION A T  135.85OC 
DATA FFO3 PRESSURE TRAt.ISDUCER 1 

THE SATURATION VAPOR PRESSURE = 3.1661 ATM. ( 46.53 P S I A )  
DEAD VOLUME FACTOR= 0.4687 

*** A I IALYS IS  BASED OH ADSORPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO 1 THE FACTOR P/ (  1 - P  )X ( 1 /MOLE I 

0.133825 30.3618 
0.282429 46. Q838 

THE VALUE OF "C" FACTOR I N  BET A N A L Y S I S  I S  8.2664 
THE HO:!OLAYER ADSORPTION IS 7858.i890 t l ICRONOLES 
THE WEIGHT OF THE SAMPLE I S  509.1001 GRAMS 
THE TOTAL SURFACE AREA IS 578.6853 SQUAi!E PlETERS 
S P E C I F I C  SURFACE AREA I S  t -1367 SQUARE METERS/GRAM 

*** ANALYSIS  EASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P/( 1 - P I X  ( 1/710LE 1 

0.322358 51 .OB08 
0.236835 43.3892 
0.166971 36.2908 
0.1 151 3 3  30 -361 4 

THE VALUE OF "C" FACTOR I N  PET  A N A L Y S I S  I S  6.1507 
THE tlO'K)LA\ ER ADSQRPT1Ot.I IS 8408.7890 MICRC1::OLES 
THE K E I C Y T  OF THE SAHPLE IS 509.1001 GRAMS 
THE TOTAL SU7FACE AREA I S  619.1848 SQUARE. HETERS 
S P E C I F I C  SURFACE AREA IS 1.2162 SQUARE METERWGRAM 
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GEREA SANDSTONE tIUK3ER 1 
WATER CDSORPTIOtl  AT 1 3 5 . 6 5 O C  
DATA F R 3 i l  FRESSURE TRANSDUCER 2 

THE SATU?ATICN VAPOR PRESSU3E = 3.1661 ATM. ( 4 6 . 5 3  P S I A )  
DEAD VOLUHE FACTOR= 0.4667 

W S E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
14 
15 
16 
1 7  
16 
1 9  
20 

FKESSURE OF SYSTEM TOTAL AHOUblT FLOW D E . i D  VOLlIHE AHOU!(T ADSORBED CAPACITANCE 
P/FO [ P S I A )  I t4  [ f l ICKOI :OLES1 ( f 1 I C R O t l O L E S )  (HICRONOLES)  (P ICOFARADS)  

0.06494 
0.13909 
0.28+02 
0.371 61 
0.46456 
0 - 3 7 4 5  
0.60534 
0.65326 
0.70559 
0.74419 
0.7$060 
0 .64713 
0.61472 
0.44636 
0 .31667 
0.25046 
0.15995 
0 .10993 
0.07531 
0.05321 

3. 952 
6.4;5 

13.215 
17 .300 
21 .616 
25 .473 
26.166 
30 .3% 
32.831 
34.627 
36 .766 
39 .417 
26.603 
20  . E 6 2  
14 .  7?i  
10 .723  

7 .444  
5 .117 
3.504 
2.476  

4262.964 
5950.51 2 

10284.640 
1 301 3 .590 
1591 1 .560 
18630.240 
20952.640 
22775.500 
24565.630 
25713.690 
Z7378.170 
29231.590 
21 622.720 
15883.440 
11850.640 

91 55 .703 
7137.004 
5629.31 3 
4 5 4 . 5 0 8  
3772.071 

600.449 
977.7S1 

2020.5’72 
2652 .E36 
3324.935 
3929.294 
4353.41 4 
4705.916 
5092.230 
53713.203 
5723.035 
6144 .793  
4422.371 
3207.205 
2255.263 
1635.675 
11 33 .563 

776.063 
532.1  ?5 
375.718 

3662.537 
4972.730 
6264 - 2 5 0  

1 0 360.750 

14700.940 
16609.230 
18069.580 
19475.400 
20535.4SO 
2 1655.140 
23066.800 
17400.350 

9595.353 
7519.027 
6003.436 
4851.246 
401 6.31 3 
3396. 353 

1 2 555 .6 5 0 

12681 . N O  

0.976 
0 . 9 8 5  
1 .019  
1 .049 
1 .O?O 
1 .138  
1 .187  
1 . 2 2 5  
1 .267 
1 .292  
1 .315  
1 .333  
1 .228  
1.116 
1 .063 
1.036 
1.020 
1 -008 
1.001 
0 .995 
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GEREA SANDSTOtdE tWIISER 1 
WATER CDSORPTIOII  AT 135.85'C 
DATA FF33 P;IESSURE TRAt4SDUCER 2 

THE SATURATION VAPOR PRESSLPE = 3.1661 ATM. ( 46.53 P S I A )  
DEAD VOLUME FACTOR= 0.4587 

**f ANALYSIS  BASED O N  ADSCRPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO 1 THE FACTOR P / ( l - P I X  I l / M D L E )  

0.138091 32.21 C6 
0.X402 1 45.0005 

THE VALUE OF "C" FACTOR I t 4  SET A I I A L Y S I S  IS 7.2569 
THE HO!:OLAYER ADSCJRPTICN I S  7972.4450 MICROilOLES 
THE KEIf31T OF THE SkKPLE  I S  509.1001 GRAMS 
THE TOTAL SUZFACE AREA IS 587.0544 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  1.1531 SQUAT?E METERS/GRAPI 

*** AI IALYS IS  BASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO 1 THE FACTOR P/( 1 - P  )X ( 1 /MOLE 1 

0.316666 48.2955 
0.230458 39.8289 
0.159979 31.7Z30 
0.109993 25.4727 

THE VALLIE OF "C" F K T O R  IN 6 E T  A N A L Y S I S  IS a. 9797 
THE tl?h'OL4'YER ADSCSPTION IS BO61 - 8200  
THE K E I E H T  OF THE S W P L E  I S  503.1001 
Tt iE  TOTAL SURFACE AREA I S  553.6357 
S F E C I F I C  SURFACE AREA I S  1.1660 

MICE(!klOLES 
GRAMS 
SQUAF!E HETERS 
S3UAPE METERS/GRAN 
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EEREA SANDST0I:E tKJIlSER 1 
WATER A O S C F P T I O I ~  AT 147.61OC 
DATA FROM PRESSURE TRANSDUCER 1 

THE SATURATION VAPOR PRESSURE = 4.4028 ATN. [ 64.70 PSIA) 
DEAD VOLUHE FACTOR= 0.4687 

N U t f 6 E R  FRESSURE OF SYSTEM TOTAL AMOUNT FLOW DEAD VOLUIIE AI-1CUNT ADSL'VEED CAPACITANCE 
P i P O  

1 0.02564 
2 0.05379 
3 0.16435 
4 0.27581 
5 0.38040 
6 0 -44281 
7 0.4;684 
8 0.53569 
9 0.56908 
10 0.63020 
1 1  0 .it640 
12 0.751 70 
13 0.781 23 
14 0. 79096 
15 0.67938 
16 0 -58939 
17 0.5041 2 
18 0.43343 
19 0.36395 
20 0.25384 
21 0.16667 
22 0.10494 

( P S I A )  IN ( IlICROPlOLES 1 ( M I C R O ~ I O L E S  1 

1.659 
3.480 
10.634 
17.P46 
24.613 
28.651 
32.147 
34.660 
36.821 
42.005 
46.353 
45.637 
50.548 
51.177 
43.990 
38.135 
32.618 
28.044 
23.549 
16.424 
10.764 
6.790 

2522.531 
3951.721 
7833.199 
11350.690 
14855.770 
17070.890 
19029.780 
20543.720 
2 1857.440 
2501 6.440 
27851.690 
29547.330 
31 112.130 
3 1740.290 
2 751 4.550 
23477.550 
20127.550 
17551.820 
151 16.910 
1 1  104.390 
8119.387 
5905.078 

t44.602 
513.630 
1576.221 
2656.91 8 
3660.177 
4295.094 
4S30.090 
5216.41 0 
5549.547 
6352.879 
7031.305 
I 209.395 
7669.898 
7769.039 
6662.113 
5752.570 
4902.398 
4202.461 
351 6.632 
2443.171 
1 50s. 537 
1004.027 

7-n  

( I l I C R O E l O L E S ~  (PICOFARADS)  

2277.929 
3335.091 
6C56.977 
E693.773 
11175.5'?0 
12775.790 
14199.690 
15327.510 
16307.900 
18663.570 
20830.390 
22157.940 
23422.230 
2x951 -250 
2065C.430 
17724.980 
15225.160 
13349.350 
1 1599.280 
S66l .223 
6520.84s 
4991.051 

1.001 
1.008 
1.028 
1.051 
1 .@E5 
1.113 
1.142 
1.169 
1.193 
1.262 
1.323 
1.349 
1.367 
1.378 
1.335 
1.256 
1.184 
1.139 
1.106 
1.064 
1.040 
1.027 
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BEREA SANDSTONE E!UMBER 1 
WATER AOSOP.PTIOt4 AT 147.61OC 
DATA FROM PRESSURE TRANSDUCER 1 

THE SATLRATICN VAFOR PRESSLIRE = 4.4028 A lM.  ( 64.70 P S I A )  
DEAD VOLUME FACTOR= 0.4687 

H* At iALYS IS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE ( P/PO 1 THE FACTOF! P/( 1 - P I X  ( l/’PlOLE 1 

0.164354 31 -4336 
0.275809 43.8073 

1HE VALUE OF “C” FACTOR I N  BET  A N A L Y S I S  I S  9.4189 
THE ElC;l!OLAYER ADSORFTICN IS 8051 .01 10 t I ICROfIOLES 
THE UEIGHT OF THE SAKPLE IS 509.1001 GRAMS 
THE TOTAL SURFACE APEA IS 597.3416 SPUAr?E METERS 
S P E C I F I C  SURFACE AREA I S  I .1733 SQUARE ElETERS/GRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSLIRE (P/PO 1 THE FACTOR P/1  1 - P  ) X  ( I /‘HOLE ) 

0.253845 39.2790 
0.166666 30.6707 
0.104935 23.4505 

THE VALUE OF “C” FACTOR I N  6 E T  A N A L Y S I S  I S  9.3380 
THE KOMLAYER CDSC!?EPTIC!N IS 8459.441 0 MICRCIFIOLES 
THE UEIGHT OF THE SAMPLE IS 509 .  1001 GRAM!; 
THE TOTAL SU9FACE AREA IS 627.6446 SI;lJAF!E NETERS 
S F E C I F I C  SURFACE AEEA IS 1.2329 SQUARE METERS/GRAM 
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BEREA SAEI3STONE tlUKBER 1 
HATER CDSCRPTICH AT 147.61OC 
DATA FROM PRESSURE TRANSDUCER 2 

THE SATURATIOI I  VAPOR PRESSURE = 4.4028 ATM. ( 64.70 P S I A )  
DEAD V O L U X  FACTOR= 0.4687 

W I S E R  PRESSURE OF SYSTEM TOTAL At!OUNT FLOW DEAD VOLUIIE AMOW4T ADSOREED CAPACITAKCE 
P/PO 

1 0.02650 
2 0. Wt09 
3 0.16305 
4 0.27455 
5 0.33070 
6 0.44(114 
7 0.47920 
8 0.5350 1 
9 0.57140 
10 0.65070 
1 1  0.71 702 
12 0.751 50 
13 0.78101 
14 0.7S078 
15 0.671 17 
16 0.5‘S270 
17 0.47653 
18 0.42776 
19 0.35719 
20 0.24561 
21 0.15576 
22 0.07842 

( P S I A  1 It1 ( MICROHOLES 1 ( I l ICROt lOLES 1 

1.714 
3.5CO 
10.550 
17.765 
24.632 
28.737 
32.300 
34.61 1 
34.971 
42.102 
46.393 
48.624 
50 -533 
51 .I65 
43.427 
37.702 
32.260 
27.677 
23.111 
15.692 
10.272 
6.368 

2473.984 
3777.367 
/ I  t6.277 

11335.810 
14869.560 
17090.400 
190C8.010 
20529.360 
2 1824.930 
24935.930 
27752.460 
29413.000 
30958.630 
315i2.680 
27404. @60 
23372.170 
19985.610 
17360.030 
14894.500 
11022.230 
8203.742 
6220.988 

--- 
252.759 
51 6 .SO7 
1543.664 
2644.746 
3693.0P5 
4308.176 
4853.570 
5239.512 
5572.641 
6357.973 
7037.559 
7387.371 
7687.594 
4 /o7.188 
6574.207 
5685.672 
4847.496 
41 46 -434 
3452.320 
2353.1 1 4 
1522.21 2 
$41.469 

--0 

(MICROMOLES 1 ( PICOFARADS 1 

2221 .225 
3260 .e61 
621 2.61 3 
6691 . O i O  
11186.470 
12782.230 
14174.440 
15289.850 
16252.290 
16567.960 
20714.900 
22025.630 
23271 .040 
23765.490 
2O630.760 
17685.500 
15141.110 
1321 3.540 
1 1  442.180 
8659.12 1 
6681 -527 
5279.520 

1.001 
1.008 
1.028 
1.051 
1.085 
1.113 
1 .I42 
1.149 
1.193 
1.262 
1.323 
1.349 
1.357 
1.378 
1.335 
1.256 
I .  184 
1.139 
1.106 
1.064 
1.040 
1.027 
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EEREA SAt:T)STOtlE NUMBER 1 
WATEF! ADSCRFTIOt4 AT 147.61OC 
DATA FRUI FRESSURE TRAIJSDUCER 2 

THE SATURATICN VAFOR PRESSURE = 4.4028 ATI.1. ( 64.70 PSIA)  
DEAD VOLUME FACTOR= 0.4687 

*** ANALYSIS BASED OtJ ADSORPTION DATA *** 
RELATIVE PAESSURE [ P/PO 1 THE FACTOR P/( I - P I X  ( 1,'tlOLE 1 

0.163053 31 .3586 
0.274560 43.5473 

THE VALUE OF "C" FACTOR It1 BET AN4LYSIS I S  0.0757 
THE KCb4OLII'ER ADSCRFTION I S  8140.3860 tlICROI:OLF-S 
THE KEICHT OF THE SlHPLE IS 509.1001 GRAI.19 
THE TCTAL SUZFACE AQEA IS 603.9727 SQUARE MTERS 
SPECIFIC SURFACE AREA IS 1.1864 SQUARE PlETERS/GRAM 

*** ANALYSIS BASED 013 DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO) THE FACTOR P/1 i -P )X ( 1i'MOLE 1 

0.245609  37.5987 
0.153759 28.2447 

THE V4LUE OF "C" FACTOR It4 PET AIIALYSIS IS 10.6529 
THE t1CSO L 4 Y  ER AOSCR FTICN IS 8414.C110 IIICROMOLES 
THE WEIC-HT OF THE SAMPLE IS 509.1001 GRAMS 
THE TOTAL. SUFFACE AREA IS 624.2742 SQUA2E HETERS 
SPECIFIC SLRFACE AREA I S  1.2262 SWAF?E METERS/GRAtl 
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BEREA SAIIOSTCNE NUHPER 1 
WATER ADSORPTIOII AT 171 .7OCC 
DATA FPOPI FRESSURE TRANSDUCER 1 

THE SATLTRATION VAPOR PRESSURE = 8 .1390  ATEI. ( 119.61 PSIA) 
DEAD VOLUME FACTOR= 0.4687 

NUMEER PRESSURE OF SYSTEM TOTAL AllOUtIT FLOW DEAD VOLUME ANC)VNT ADSOPeED C A F A C I T k t X E  
P/PO 

1 0.01017 
2 0.03769 
3 0.10159 
4 0.16381 
5 0.23536 
6 0.31601 
7 0.39832 
8 0.47754 
9 0.59691 

10 0 .68573  
11 0.74698 
12 0.79578 
1 3  0.83569 
1 4  0 .65033  
15 0.87730 
16 0.72625 
1 7  0.61528 
18 0.4;60 1 
1 9  0.50676 
20 0 .  22472 
21 0 .1  331 7 
22 0.07760 
2 3  0.04602 
2 4  0.02602 
2 5  0.0 1784 

( PSIA) IN ( f l ICROt1OLES) f i’lICROMOLES 1 

1 .?17 
4.508 

12.151 
19.594 
28.510 
37.798 
47 .643  
57.119 
71.397 
82 .020  

95 .184  
100.316 
102.965 
104.934 
65 .668  
73.594 
50.956 
36.692 
26.679 
16.646 

9.262 
5 . 5 6 4  
3 .352  
2 .134  

89 .347  

692 .377  
2502.670 
4700.414 
71 95 .277  
9985.655 

13004.750 
16289.880 
19579.920 
25303.330 
29727.550 
33201 .770 
36037.270 
38637.590 
4CG43.690 
42099.150 
33867.790 
281 04.170 
19735.600 
14485.030 
lOOS1.490 

749: .477 
4793.129 
3153.082 
21 55.306 
1520.537 

169.564 
629.359 

1702.270 
2 i 5 Q  .815 
6025 -91 9 
5342 .277  
6792.977 
81 84.578 

10309.850 
11 914.430 
13033.320 
1393?.150 
14728.050 
151 40.620 
15448.680 
1C653.560 
10640.060 

7277 .863  
5 f02 .367  
3792.560 
2337.069 
1208 .563  

768.690 
4 6 7.658 
237.516 

(PlICRC)P1OLES 1 ( FICOFARADS 1 

522 .813  
1673.51 1 
297e.144 
4440.441 
3959.934 
7642.480 
9406.906 

11495.340 
14993.480 
1781 3.120 
20 168.450 
221 05.11 0 
23509.530 
25303.070 
26650.460 
21 21 4.210 
17Y64.110 
12457.740 

$282.71 9 
71 8 8 . 9 3 4  
51 55 .406  
3494.566 
2324.393 
1687.648 
1223.021 

1 .030  
1 . 0 3 5  
1.047 
1 .058  
1 .072  
1 .@9l  
1 . 1 1 8  
1.154 
1 .239  
1 .330  
1 .405  
1.444 
1.472 
1 .495  
1 .535  
1 . 4 7 3  
1 . 3 6 3  
1 . 1 8 9  
1 .134  
1 .108  
1 .OB7 
1 . 073  
1.064 
1.059 
1.056 
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BEPEA SAtKISTWE HUIIDER 1 
WATER ADSORPTIOIJ AT 171. 7OoC 
DATA FRO! l  PRESSURE TRANSDUCER 1 

THE SATURATION VAPOR PRESSURE = 8.1390 ATM. [ 119.61 PSIA)  
DEAD VOLUME FACTOR= 0 .4687 

*** AtlALYSIS BASED OtI ADSORPTION DATA *** 
RELATIVE PRESSURE (P/FO) THE FACTOR P/ (1-P lX (1r'MOLE) 

0.101 585  37.7133 
0.163S14 44.1187 
0.236360 52.5099 
0.316012 60.4534 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  4.9700 
THE MOh'GLAYER ADSORPTION I S  7437.3000 MICROtlOLES 
THE WEIGHT OF THE SAtlPLE IS 509.1001 GRAMS 
THE TOTAL SLRFACE AREA I S  565.1250 SQUAF!E METERS 
SFECIFIC SURFACE AREA I S  1. 11 0 0  SQUAF!E METERWGRAPI 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO) THE FACTOR P/'( 1-PIX ( l / ' t lOLE) 

0.306759 47.6693 
0.224723 40.3206 
0.139169 31 .390 

THE VALUE OF "C" FACTCR I N  BET ANALYSIS IS 6.4053 
THE MONOLAYER ADSO@PTIOEI I S  8666.2260 MICROMOLES 
THE REIGHT OF THE SAMPLE I S  509.1001 GRAM5 
THE TOTAL SUGFACE AREA IS 654.1079 SWAF'E METERS 
SPECIFIC SURFACE AREA I S  1. 2348 SQUAF'E HETERS/GRAM 
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BEREA SA!.IDSTCt.IE tJL'PIPER 1 
RATER ADSORPTION AT 171 .7OoC 
DATA FROPI FRESSURE TRAIEXIUCER 2 

THE SATURATION VAFOR PRESSURE = 8.1390 ATH. [ 119.61 PSIA)  
DEAD VOLUME FACTOR= 0.4687 

tNNGER FRESSURE OF SYSTEM TOTAL AHOUNT FLOW DEAD VOLlIME AHCIU!tT ADSOEf  E D  CAFACITAIKE 
P/FO 

1 0 .00990 
2 0.03683 
3 0.09645 
4 0.1591 3 
5 0.23330 
6 0 -31  007 
7 0.33273 
8 0.47337 
9 0.59460 

10 0.66601 
11 0. iL i669 
12 0.79577 
13 0.83923 
14 0.661 24 
15 0.87787 
16 0.73559 
17 0.62766 
18 0.43722 
19 0.31787 
20 0.23562 
21 0.151 55 
22 0.0E854 
23 0.05557 
24 0.03858 
25 0.02817 

( P S I A )  I N  ( M I C R O M O L E S )  

1.164 
4.405 

11.776 
19.034 
27.905 
37.089 
46.975 
56.619 
71.121 
82.054 
89.312 
95.182 

100.380 
103.014 
105.002 
68.343 
75.074 
52.206 
38.021 
28.183 
18.128 
10.590 
6.767 
4.614 
3.369 

677.234 
2 4 2 3.45 5 
521 2.761 
7647.793 

10401.160 
1341 4.090 
16735.21 0 
201 09.050 
25932.170 
30376.010 
33884.000 
36745.850 
39'247.710 
41 178.560 
42828.640 
34584.720 
25774.260 
20326.000 
15005.070 
11450.290 

7181.379 
521 7.133 
3551.156 
2495.154 
1 805.676 

1 f l I C R O I 1 O L E S  1 

164.963 
614.908 

1649.46q 
2675.327 
3939.285 
5259.637 
6605.367 
81 10.930 

10268.430 
1 191 9.550 
130?7.910 
13331.91 0 
14737.970 
15148.490 
15459.400 
12839.360 
10863.0ZO 

7474.51 6 
5394.484 
3979.01 3 
2546.866 
1482.559 

945.613 
644.127 
470.110 

(EIICROIIOLES) (PICOFARADS) 

51 2.271 
1608.547 
3563.297 
4972.465 
606 1 .875 
61 55.254 

10039.850 
12078.120 
15SS3.740 
16456.450 
20G56.060 
22813.930 
24609.740 
26030.070 
27363.230 
2 1705.350 
17911.230 
12651.460 

9610.586 
7471 .281 
5334.51 2 
3734.574 
2605.543 
1851.027 
1 335.566 

1.050 
1.035 
1.047 
1.058 
1.072 
1.091 
1.118 
1.154 
1.239 
1.330 
1.405 
1.444 
I .472 
1.495 
1.535 
1.473 
1.363 
1.189 
1.134 
1.108 
1.087 
1.073 
1 .064 
1.059 
1.056 
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BEREA SAIIDSTOIE NUtlBER 1 
W4TER ADSCPPTIOt4 AT 171 .7OoC 
DATA FROM PRESSURE TRANSDUCER 2 

THE SATURATION VAFOR PRESSURE = 8.1390 ATM. ( 119.61 PSIA)  
DEAD V0LU:lE FACTCR- 0.4667 

*** ANALYSIS BASED O N  ADSORPTION DATA *** 
RELATIVE PRESSURE P/PO 1 THE FACTOR P/( 1-PIX (1,'MOLE) 

0.1591 29  38.0583 
0.233300 47.0902 
0.31 0074 55.1094 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  6.5588 
THE KCNOLAYER ADSCRFTION IS 7506.1350 PlICROIlOLES 
THE WEIGHT OF THE SRllPLE I S  509.1001 GRAMS 
THE TOTAL SURFACE AREA IS 566.5469 SWAF!E METERS 
SPECIFIC SURFACE AREA I S  1 .1126 SQUAF!E I'lETERWGRAPl 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE PRESSURE (P/PO 1 THE FACTOR P/( 1 -P )X ( 1 /'biOLE 1 

0.317675 46.4888 
0.235620 41  .2580 
0.151 555 33.4850 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS IS 5,5395 
THE M0':OLAYER ADSORPTION I S  0063.2 160 tlICRCIt1OLES 

THE TOTAL SURFACE AFEA IS 665.5815 SGUAKE METERS 
SPECIFIC SURFACE AREA I S  1.3467 SQULKE IIETERS/GRAM 

THE HEIGHT OF THE S4HPLE IS 509.1001 GFAMS 



BEREA SAtJDSTCNE NUHPER 1 
WATER ADSORPTIOtd AT 172.6OoC 
DATA FROfl  PRESSURE TRAHSDUCER 1 

THE SATLRATICt l  VAPOR PRESSURE = 8.3161 ATM. ( 122.21 P S I A I  
DEAD VOLUilE FACTOR= 0.4687 

NUtlEER FRESSURE OF SYSTEfl  TOTAL AblOUNT FLOW DEAD VOLUME AMCIUIIT ADSOEEED CAPACITANCE 
P/’F 0 

1 0.04364 
2 0.12295 
3 0.21476 
4 0.2$551 
5 0.37139 
6 0 -42369 
7 0.56772 
8 0.63563 
9 0.73618 

10 0.76372 
11 0.76376 
12 0.601 41 
13 0.81 550 
14 0.64162 
15 0.S5051 
16 0.72464 
17 0.60177 
18 0.49459 
1 9  0.40353 
20  0.28269 
21 0.15208 
22 0.02515 
23  0.051 19 
24 0.03269 

( P S I A  ) I N  (MICROKOLES 1 ( MICROMOLES I 

5.334 
15.026 
26.246 
36. C50 
45.399 
51.761 
69.382 
77.662 
89.971 
03.336 
05.785 
97.943 
99.665 

102 -681 
105.164 
88.560 
73.543 
60.445 
4Q.322 
34.549 
18.5f5 
10.528 
6.256 
3.996 

3303.756 
6533.2227 

10225.150 
13314.690 
15652.640 
17871 .240 
23900.700 
27049.560 
31 990 .E80 
33636.070 
34867.640 
35958.21 0 
368S6.000 
38608.690 
39952.460 
33336.760 
2 7406.930 
22633.770 
19023.490 
13871 .230 

E61 3.281 
5747.816 
4106.504 
3078.345 

743.351 
2103.606 
3696.156 
51 27.391 
6449.645 
7382.160 
$984.297 

11229.610 
13096.440 
13512.620 
1 3969.660 
1 4332.870 
14589.420 
15068.830 
15444. 720 
12850.740 
10607.080 
6656.652 
7022.6F5 
4892.645 
2606.346 
1470 .e27 
872.266 
556.51 2 

(PlICROl?OLES 1 ( PICOFARADS 1 

2560.405 
4629.61 7 
6531 .OOO 
61 87.508 
9203.000 

104S9.080 
1391 6.4 10 
1581 9.970 
1 6894.1 4 0 
20023.440 
20877.960 
21635.330 
22216.570 
2351 9.650 
24537.740 
20458.020 
16797.890 
14177.1EO 
12000.600 
6956.566 
6006.934 
4276.986 
3234.233 
2521.833 

0.972 
0.  $69 
1.007 
1.032 
1.051 
1.073 
1,160 
1 . 3?4  
1.332 
1.351 
1.350 
1.393 
1.407 
1.430 
1.447 
1.335 
1.275 
1 .!69 
1.120 
1 .074 
1.041 
1.028 
1 . O l O  
1.014 
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BEREA SAtDSTOfE )!UMBER 1 
WATER PDSORPTION AT 172.6OoC 
DATA FRCM FRESSURE TRAtlSDUCER 1 

THE SATURATION VAPCR PRESSURE = 8.3161 ATM. ( 122.21 PSIA)  
DEAD VOLUME FACTOR= 0.4687 

*** ANALYSIS BASED O N  ADSORPTION DATA *** 
RELATIVE PRESSURE (P/PO) THE FACTO7 P/( 1-P)X ( l/'tlOLE 1 

0.122951 30.2604 
0.214757 41 .S i56  
0. C966 1 4 51  -5045  

THE VALUE OF "C" FACTOR I t 4  6ET ANALYSIS I S  8.9512 
THE MC?!OLA'I El? ADSORPTION IS 7264.351 0 HICROMOLES 
THE WEIGHT OF THE SArlPLE I S  509.1001 GFAMII 
THE TOTAL SUFFACE AREA IS 548.6738 SQUAFIE tlETERS 
SPECIFIC SURFACE AREA IS 1.0777 SQUAPE METERWGRAH 

*** AHALYSIS BASED Ot4 DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO 1 THE FACTOR P/( 1 -P )X ( 1 /'HOLE 1 

0.282694 43.8451 
0.152077 29.6576 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS IS 8.8903 
THE Pl@CC)LAYEF! ADSO?PTION I S  8287.7500 HICROPIOLES 
THE UEIGHT OF THE SAflPLE IS 509.1001 GRAPiS 
THE TOTAL SU2FACE AREA IS 625.9707 SQUAFIE EIETERS 
SPECIFIC SL'RFACE AREA IS 1.2296 SqUAF!E HETERWGRAM 
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BEREA SAIKISTONE NU?lBER 1 
WATER ADSORPTIOt4 AT 172.6OoC 
DATA FEOM PRESSURE TRANSDUCER 2 

THE SATURATICt I  VAPOR PRESSL'RE = 8.3161 ATM. ( 122.21 F S I A )  
DEAD VOLUtlE FACTOR= 0.4687 

ERMGER PRESSURE OF SYSTEM TOTAL AMOUNT FLOW DEAD VOLUME AMC'UNT ADSOFBED C A P A C I T A t K E  
F/FO 

1 0.0461 3 
2 0.1 2 2 4  1 
3 O.cO975 
4 0.Z8878 
5 0.36213 
6 0.41428 
7 0.56042 
8 0.63027 
9 0.73tO 1 

10 0.76326 
1 1  0.76359 

13 0.61622 
14 0. E4355 
15 O.E.5276 
16 0 . 7 2 6 6 4  
17 0.60235 
18 0.49307 
19 0.40045 
20 0.27942 
21 0.151 58 
22 0.08678 
23 O.CS211 
24 0.03332 

12 o.poia4 

( F S I A  1 I N  ( Pl ICROtIOLES 

5 -638 
14.960 
25.63 
35.202 
44.257 
50.630 
68.490 
77.026 

93.279 
95.764 
97.995 
99.753 
103.092 
105.441 
6s .  825 
73.615 
60.260 
48.940 
34.149 

10.6C6 
6.368 
4.072 

89. 705 

18.525 

3168.375 
6429.781 
9504.188 
12833.350 
151 77.760 
1741 6.570 
23637.350 
26871.180 
31971.330 
33667.420 
34362.230 
36093.160 
37059.330 
3r.826.760 
40231.310 
3351 1.790 
27439.370 
2271'5.290 
16968.020 
1 3942.430 
6926.636 
6005.61 6 
4344.641 
3276.839 

(NICROttOLES 1 

785.818 
2094.250 
3607.020 
4989.570 
6285.156 
721 3.789 
9851 .lo5 

1 1  130.790 
13055.650 
13603.960 
1 3986.460 
14330.920 
14603.060 
15121.720 
15487.830 
12921,740 
1 06 17.690 
8629.21 1 
6766.957 
4SC5.156 
25 97.6 87 
1481 .734 
687.932 
567.101 

(HICROMOLEZi) ( P I C O F A R A D S )  

2382.555 
4335.551 
61 37.168 
7649.789 

10202.750 
13786.250 
15740.3eO 
1691 5.480 
20063.450 
20375.770 
21 762.240 
22456.260 
23705.030 
24743.480 
205?0.050 
16821.570 
14166.030 
12001 -070 
9117.281 
6229.148 
4525.0S2 
3456.709 
2509.798 

8392 .bo5 

0.972 
0.989 
1 .007 
1.032 
1 .os1 
1.073 
1.160 
1.224 
1.332 
1.361 
1.390 
1.393 
1.407 
1.430 
1.447 
1.3E5 
1.275 
1.169 
1.120 
1.074 
1.041 
1.028 
1.019 
1.014 
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BEREA SAIIDSTONE NUMBER 1 
WATER ADSORPTIOt4 A T  1T2.60°C 
DATA FROM FRESSURE TRAtC3XlCER 2 

THE SATLFATIC!I VAPOR PRESSURE = 8.3161 ATM. ( 122.21 P S I A )  
DEAD VOLUME FACTOR- o -4687 

*** ANALYSIS  BASED ON ADSCRPTION DATA *** 
R E L A T I V E  FRESSURE ( P / F O )  THE FACTOR P / (  1 -P )X  1i ' I lOLE 1 

0.122407 32.1712 
0.209753 42.8305 
0.288779 51 .7252 

THE VALUE OF "C" FACTOR I N  GET At4ALYSIS I S  7.5708 
THE HCNOLAYER ADSO2PTION I S  7379.5420 MICROElOLES 
THE UEIGHT OF THE SANPLE I S  509.1001 GRAMS 
THE TOTAL SURFACE AREA I S  557.3743 SQUAF!E METERS 
S F E C I F I C  SURFACE AREA I S  1 -0948 SQUARE METERS/GRAH 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P / ( l - P I X  ( l / M O L E )  

0.27?+?1 42.531 7 
0.151577 25.6508 

THE VALUE OF "C" FACTOR I N  B E T  AtJALYSIS IS 9.8360 
THE tENOLAYER ADS@?FTI@t4 IS 8291 .PO40 MICRCIMOLES 
THE WEICHT OF THE SAMPLE I S  509.1001 GRAMS 
THE TOTAL SURFACE AREA IS 626.2771 SSUARE METERS 
S F E C I F I C  SURFACE AREA I S  1.2302 SQ'JAF!E METERS/GRAM 



BEREA SANDSTOIIE tIUtlF3ER 1 
WATER ADSDEPTIOI I  AT  195.61OC 
DATA FROH FRESSURE TRAflSDUCER 1 

THE S4TUPATIOI t  VAFOR FRESSURE = 13.9759 ATM. ( 205.39 PSIA) 
DEAD VOLVIIE FACTOR= 0.4687 

t~UPIBER FRESSURE OF SYSTEM TOTAL AI!OUFIT FLOW DEAD VOLCME AMC)V!I'r ADSODOED CAPACITANCE 
P/'PO 

1 0.03269 
2 0.15213 
3 0 .29?68  
4 0.42937 
5 0.57501 
6 0.66775 
7 0.75005 
8 0.7€S03 
9 0.59292 

10 0.50533 
1 1  0.4Z190 
12 0.35384 
13 0.30278 
14  0.26340 
15 0 .  17.365 
16 0.C9957 
17 0.05047 
18 0.02555 

( F S I A  1 It4 (MICROtl3LES 1 ( PlICROf<OLES 1 

6 .715 
33.299 
61.345 
83.187 

118.717 
137.143 
154.052 
161.653 
119.726 
103.783 
86.654 
73.701 
62.188 
49.952 
36.692 
20.450 
10.366 

5.305 

2821 .a30 
9285.46 1 

15851.170 
22615.750 
31 333.190 
37436.180 
43045.530 
4'3554.300 
38186.110 
54166.1 10 
29843.520 
26540.71 0 
23693.200 
20705.540 
17454.21 0 
13468.240 
10674.520 

91 74.31 3 

689.935 
4453.000 
6305.570 

12076.200 
16461.430 
1?205.610 
21 754.020 
22945.570 
16629.280 
1431 1.010 
11858.360 
10029.960 
8422.531 
6737.188 
491 8.676 
2724.249 
1375.651 

703.147 

HICROHOLES ) ( PICOFARADS ) 

1931 .895 
4827.46 1 
7545.605 

10!;39.540 
14G51 .760 
16229.370 
22111.510 
26605.720 
21 558 .a30 
19855.090 
179S5.150 
165 1 0.75 0 
15270.670 
13Q66.350 
12535.530 
10743.9$0 

$298.87 1 
8471 .164 

1 . 0 2 0  
1 . O(t6 
1.076 
1 .123  
1 .210 
1.313 
1.430 
1 .546 
1.247 
1.198 
1 .154  
1.126 
1.105 
1 .OS6 
1 . 0 6 8  
1 .e50 
1 .037  
1.028 
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BEREA SAt4DSTOUE EIUNSER 1 
WATER ADSORPTIOt~ AT 195.61OC 
DATA FPOM PPESSL'RE TRANSDUCER 1 

THE SATLRATION VAPOR PRESSURE = 13.9759 ATP!. ( 205.39 P S I A l  
DEAD VOLUME FACTOR= 0.4687 

*** ANALYSIS BASED ON ADSCRPTION DATA *** 
RELATIVE FRESSURE ( P/PO l THE FACTOR P/( 1-P)X (Ir'MOLE) 

0.162129 40.0834 
0.238680 56.4411 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS IS 
THE HOt:OLA\ ER ADSORPTION I S  71 19.7460 MICROMOLES 
THE UEIGHT OF THE SAtlPLE I S  509.1001 GRAPIS 
THE TOTAL SURFACE AREA I S  547.9319 SGUAF?E METERS 
SPECIFIC SURFACE AREA I S  1.0763 SG!UAF?E METERWGRAIl 

6.7979 

*** ANALYSIS BASED 014 DESORPTION DATA *** 
RELATIVE PRESSURE (P/FO) 

0.302781 
0.243402 
0.1 76645 

THE FACTOR P/( 1 -PIX ( l/'ltOLE l 
28.4331 
23.031 1 
17.3507 

THE VALUE OF "C" FACTOR I N  PET ANALYSIS IS 
THE HCSOLAYER ADSCPPTICN I S  11 030.4200 PIICPOflOLES 
THE UEIFHT OF THE SAMPLE IS 509.1001 G'?AHS 
THE TOTAL SUSFACE LPEA I S  648.8960 SCUAF!E HETERS 
SPECIFIC SURFACE AREA I S  1 -6674 SQUAF!E NETERWGRAPl 

66.3525 
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BEREA S4NUSTOIdE NUPIBER 1 
IdATER AUSCRPTION A T  195.61'C 
DATA FRUY FRESSUZE TRAt4SDUCER 2 

THE SATURATION VAFOR PRESSURE 13.9759 ATM. ( 205.39 P S I A )  
DEAD VOLUllE FACTOR= 0.4687 

NVtlBER FRESSURE OF SYSTEH TOTAL At?OUt.IT FLOW DEAD VOLUME AMCIVIIT ADSOECED CRFACITANCE 
P/FO 

1 0.03268 
2 0.16232 
3 0.29963 
4 0.42870 
5 0.57669 
6 0.66625 
7 0.74850 
8 0.78612 
9 0.551 73 
10 0.50434 
1 1  0.42142 
12 0.353e8 
13 0.3331 9 
14 0.3404 
15 0.17943 
16 0.10055 
17 0.05141 
18 0.02674 

I P S I A  1 It4 (MICROHOLES 1 (HICROIIOLES 1 

6.713 
33.333 
61.335 
88.051 
118.445 
155.840 
153.733 
161.460 
119.481 
103.5t6 
86.555 
73.709 
62.272 
50.122 
36. e52 
20.652 
10.5B 
5.491 

2828.908 
9236.11 7 
15333.180 
22581.950 
31300.650 
37333.230 
43773.180 
49422.720 
37377.170 
33365.850 
29060.250 
25756.01 0 
229O8.760 
1?918.?80 
16568.100 
12670.650 
8861 .238 
8303.254 

889.629 
4463.2 1 9 
83C4.168 
12055.760 
16441.650 
13160 .S90 
21705.530 
22835.320 
16.593.300 
14281.820 
1184C.370 
10031 .070 
8434.316 
6755.063 
4940,457 
2751 .353 
1401 .277 
727.414 

(EIICROEIOLES ( FICOFARAOS I 

1939.279 
4E24.608 
7523.0 16 
10525.190 
14E59.000 
1 8: 22.340 
2Z067.650 
26537.390 
20783.850 
19081.030 
17215.880 
15724.940 
14474.440 
13163.320 
11727.640 
991 9.297 
8459.96 1 
7581.640 

1 .020 
1.046 
1.076 
1.123 
1 .?lo 
1.313 
1.430 

1.247 
1.198 
1.154 
1.126 
1 .lo5 
1 .OE6 
1.068 
1 .C50 
1.037 
1.028 

1 .54a 
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BEREA SAIIDSTOtIE NUMEER 1 
WATER ADSCRPTION A T  l?5.6loC 
DATA FROM PRESSURE TRANSDUCER 2 

THE SATL’RATION VAFOR PRESSURE = 13.9759 ATM. ( 205.39 P S I A )  
DEAD VOLUME FACTOR= 0.4687 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSLIRE (P/PO 1 THE FACTOR F/( 1 - P I X  ( I i ’HOLE I 

0.162316 40.1600 
0.293631 56.5522 

THE VALUE OF “C“ FACTOR I N  BET  A N A L Y S I S  I S  
THE t1OI:OLAYER ADSCRFTICN I S  7097.5620 MICROVOLES 
THE WEIGHT OF THE SAMFLE I S  509.100 1 G R P X j  
THE TOTAL SURFACE AREA IS 546.2244 S7UAF!E METERS 
S P E C I F I C  SURFACE AREA I S  1.0729 SGUARE PlETERS/GRAM 

6. E256 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSURE ( P/PO 1 THE FACTOR P/( 1 - P I X  ( Ii’MOLE 1 

0.3031 94 39.0612 
0.244035 24.5236 
0.179425 18.6447 
0.10O551 1 1  -2701 

THE VALUE OF “C” FACTOR I N  PET  A N A L Y S I S  I S  
THE KO!:OLAYER ADZORFTION I S  10576.0400 t l ICROt lOLES 
THE KE IGHT OF THE SAKPLE I S  509.1001 GRAMS 
THE TOTAL SURFACE AREA I S  813.9270 SGUAPE I’!ETERS 
S P E C I F I C  SURFACE AREA I S  1.5938 S3UAF!E l’lETERS/GRAM 

47.7332 
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BEREA SANDSTONE NUVBER 2 
WATER CDSORPTI0t.I AT 1O9.5O0C 
DATA FROII  FRESSURE TRANSDUCER 1 

THE SATURATION VAPOR PRESSURE = 1.3904 ATfl. ( 

DEAD VOLUXE FACTOR= 0.5+18 

NUIIE; E R 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I t  
12 
13 
14  
1 5  
16 
1 7  
1 8  
1 9  
20 
t l  
22 
2 3  
24 
25  
26 
27 
2 8  
29  
30 
31 
32 
33 
3 4  
35 
35 
37 
38 
39  
40 

PRESSUKE OF SYSTEM TOTAL AXOUNT FLOW 
P/FO 

0.01268 
0.05282 
0.10353 
0.16384 
0.23246 
0.29376 
0 .32124 
0.36036 
0.39736 
0.43542 
0.47454 
0.50638 
0 .53799 
0.56548 
0.596 15 
0.62682 
0.66066 
0.6881 6 
0.71143 
0.74210 
0.75797 
0.71 302 
0 .65957 
0.62512 
0 -551 E 8  
0 .52218 
0.46487 
0.42240 

0 .31934 
0 .25767 
0.20129 
0.15559 
0.12040 
0.08351 
0.C6821 
0.05329 
0 .  C4050 
0.03091 
0.02452 

0.33204 

( F S I A  1 

0.259 
1.079 
2 .115 
3.755 
4.750 
6 .002  
6 .564 
7 .363 
8.119 
8 . 8 9 7  
9 .696 

10 .388 
10 .993  
11 .554 
12.181 
1 2  .608 
13 .499 
14.061 
14 .536 
15 .163  
15 .487 
14 .569 
13.681 
12 .793 
11 .277 
10 .670 

9 .499  
8.631 
7 .806 
6 . 5 2 5  
5 .265  
4.113 
3 .200 
2.460 
1 .829 
1.394 
1 .OF9 
0 .828 
0 . 6 3 2  
0.501 

I N  ( MICROtlOLES 1 

t025.203 
2398.  C04 
3562.020 
51 24.992 
6091 .233  
7302.934 
7909.406 
9039.637 
9791.586 

10620.980 
11543.430 
12314.160 
13055.21 0 
13774.140 
14563.070 
15383.780 
16262.690 
l i 074 .710  
17798.090 
186 22.850 
1 9285. 860 
17974.410 
16771 . i 4 0  
15494.460 
13551.550 
12582 . i 5 0  
1 1  114.690 
101 33 .700 

9252.81 3 
79 i2 .211  
6675.496 
5176.918 
4188 .535  
3396 .826 
2763.81 1 
2251.658 
1705.056 
1 6 18.689 
1400.529 
1227.361 

20 .43  P S I A )  

DEAD VOLUME AMCtUNT ADSORGED 
( I I ICROHOLES)  (N ICROHOLES)  

48.500 
202.244 
396.801 
705.666 
873.098 

1 1 29. $58 
1236.327 
1337.905 
1531.519 
1679.464 
1831.761 
1953.673 
2079.255 
2186.706 

24P6.8‘19 
2559.6 10 
2667.618 
2759.105 
2879.841 
2952.360 
2765.352 
2594.605 
2424.075 
2 133.553 
20 17.5C8 
1 794.075 
1628. 81 5 
1472 - 0 1 8  
1228. 954 

990.462 
772. $09 
600.766 
461.574 
342.967 
261.230 
2 0 4 . 0 i 3  
155.045 
113.308 

93.822 

2306.698 

976.704 
21 95.960 
3166.0 19 
44 19.324 
51 98.137 
61 72.973 
6672.078 
7651.730 
8260.066 
8941 -520  
971 1 .672  

10350.490 
10975.960 
11587.430 
12256.350 
12956.930 
13723.070 
14407.080 
15038.970 
15743.0 10 
16343.500 
15209.050 
14177.140 
13070.380 
11417.990 
10565.220 

9520.6 13 
8504.891 
781 0 .793 
6743.254 
5485.031 
4404.008 
3587.769 
2935.251 
2420.644 
2020.423 
1701.012 
1453.844 
1 282.221 
11 33.539 

C A PAC I TAtIC E 
(P ICOFARADS)  

1.101 
1.110 
1.120 
1 .129  
1.137 
1.146 
1 .156 
1 .177  
1.191 
1 . 2 0 7  
1 .228  
1 .248  
1 . 2 6 8  
1 . 2 8 8  
1.310 
1 . 3 3 3  
1 .357 
t ,376 
1 . 3 9 3  
1 .415 
1 .430 
1 .406 
1.383 
1.357 
1 .313 
1 .293  
1 .250 
t .227 
1 .209 
1 .189  
1 .169 
1 .157  
t . 149  
1 .143  
1.139 
1 .135  
1.132 
t .1?9 
1 .127 
1.126 
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BEREA SAtlDSTONE tlUtlBER 2 
WATER ADSORPTION AT 1O9.5O0C 
DATA FEOIl  PRESSURE TRANSDUCER 1 

THE SATVRATIOLI VAF@R PRESSURE = 1.3904 ATM. ( 20.43 FSIA) 
DEAD VOLUIIE FACTOR= 0.5418 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO 1 THE FACTOR P/( 1 - P  )X ( 1 /MOLE 1 

0.103534 36.4782 
0.183842 50.9701 
0 .232457 50.2628 
0.29376 1 67.3826 
0.321 244 70.9350 

THE VALUE OF "C" FAC lOR I N  BET  A N A L Y S I S  IS 8.51 07 
THE HON3LAYER AOSCRPTION I S  5594.4760 E1ICROMOLES 
THE K E I E H T  OF THE SAIIPLE I S  486.2000 GRAMS 
THE TOTAL SURFACE AREA I S  405.7664 SQUAI'E METERS 
S P E C I F I C  SURFACE AREA IS 0.8346 S?U4FIE HETERS/GRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/FO) THE FACTOR P/ (  1 -P )X ( l/ 'MOLE 1 

0.31 9340 69.5750 
0.257674 63.2845 
0.2012'34 57 .2263 
0.156595 51.7507 
0. i 20396 46.6315 

THE VALUE OF "C" FACTOR I N  BET  ANALYSIS IS 4.4056 
THE H0NC)LAYER ADSORPTION I S  6762.1600 MICRCMOLES 
THE WEIGHT OF THE SAtIPLE 15 485 .ZOO0 GRAEK 
THE TOTAL SUPFACE AREA I S  690.4563 S9UAF'E HETERS 
S P E C I F I C  SURFACE AQEA I S  1 .Oca8 SQUAF'E HETERS/GRAfl 
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BEREA SAI.ID5TONE NUMBER 2 
UATER ADSORPTION A T  1OQ.5O0C 
DATA FROM FRESSURE TRANSDUCER 2 

THE SATLFATICt4 VAPOR FRESSURE = 1.3904 ATM. ( 
DEAD VOLUtlE FACTOR= 0.5418 

tWM5 E R 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

PRESSURE OF SYSTEM TOTAL AM@UNT FLOW 
P/PO 

0.01236 
0.05252 
0.10273 
0.16312 
0.23163 
0.29371 
0.52157 
0.35181 
0.39974 
0.43645 
0.47717 
0.51125 
0.54146 
0.56858 
0.59957 
0.63058 
0.66391 
0.601 82 
0.71 585 
0.74532 
0.76238 
0.70629 
0.66549 
0.621 1 1  
0.54712 
0.51751 
0.45062 
0.41931 
0.37954 
0.31669 
0.25626 
0.20033 
0.15709 
0.121 94 
0.09225 
0.07114 
0.05529 
0.04535 
0.03597 
O.OCS93 

( P S I A  1 

0.252 
1.073 
2.099 
3.742 
4.737 
6.001 
6.571 
7.393 
8.168 
6.959 
9.750 
10.446 
11.064 
11.618 
12.251 
12.884 
13.565 
14.136 
14.627 
15.229 
15.578 
14.472 
13.593 
12.691 
11.179 
10.574 
9.412 
8.568 
7.755 
6.512 
5.236 
4.103 
3.210 
2.492 
1 .885 
1.454 
1.150 
0.727 
0.735 
0.591 

IN (MICROMOLES 1 

1023.287 
2334.253 
3533.003 
5085.023 
6051.918 
7260.672 
7864.660 
8987.844 
9733 .a93 
10559.500 
1 1476.780 
12274.080 
1301 3.160 
13750.670 
1 4 5 1 6 -75 0 
15337.770 
16239.140 
1 7328.550 
17750.950 
16593.330 
19260 -620 
17942.800 
16733.460 
15453.140 
13506.780 
125X.3QO 
1 1064.01 0 
10081.610 
9226.445 
791 0.805 
641 8.754 
51 22.516 
41 37.152 
3340.542 
2683.153 
21 85.201 
1787.351 
1466.014 
121 2.809 
1008.443 

20.43 P S I A )  

DEAD V0LUt .E AMOUIIT ADSOFPED 
( MICRCllOLES 1 MICROMOLES 1 

47.271 
201 ,082 
393.733 
702.878 
690 -688 
1129.774 
1237.578 
1393.537 
1540.757 
1691.243 
1841.994 
1974.875 
2092.827 
2190.522 
2320.117 
2441.5S6 
2572.357 
2631 .995 
2776.51 9 
2892.528 
2 959.753 
2746.772 
2538.55 1 
2904.480 
2114.935 
1999.329 
1 i77.554 
1616.802 
1462.322 
1226.445 
985.001 
771.113 
602.686 
467.504 
353.464 
272.499 
21 5.555 
173.6 13 
137.674 
1 1  0.726 

976.01 6 
21 63.171 
31 39.270 
4332.145 
5161.227 
61 30.895 
6627.082 
7594.305 
E 198.141 
6878.253 
9654.793 
10299.200 
109i20.330 
11531 .e50 
1 C196.640 
12896.180 
13566.780 
14346.550 
14974.430 
15700 .SO0 
16300 .E50 
151 96.030 
14154.910 
13048.660 
11391 .a33 
10533.050 
9266.457 
E464 .809 
7766.121 
6651 * 359 
5433.730 
4351.395 
3534.467 
2573.033 
23%. 6E9 
1912.702 
1571 .7?5 
1293.301 
1075.136 
897.718 

C A F A C I T A t K E  
(PICOFARADS 

1.1c1 
1.110 
1.120 
1.129 
1.137 
1.146 
1 .156  
1.177 
1 . l o 1  
1.207 
1.228 
1.248 
1.268 
1 .:E8 
1.310 
1.333 
1.357 
1.376 
1.305 
1.415 
1.433 
1.406 
1.383 
1.357 
1.313 
1.293 
1.250 
1.227 
1 .203 
1.169 
1.169 
1.157 
1.149 
1.143 
1.139 
1.155 
1.132 
1.129 
1.127 
1.126 
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BEEEA SAt!DSTONE t!UII@ER 2 
WATER ADSORPTION AT  1O9.5O0C 
DATA FRCN PRESSURE TRAtISDUCER 2 

THE S4TURATI@N VAFOR PRESSURE = 1.3904 AIM.  ( 20.43 P S I A )  
DEAD VOLUHE FACTOR= 0.5418 

*** A t l A L Y S I S  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE (P /PO)  

0.1027?5 
0.1831 18 
0.231 832 
0.29371 3 
0.321567 

THE FACTOR P/( 1 - P I X  ( l / ' M O L E )  
36.4327 
51.1548 
58.4743 
67.8295 
71.5225 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  I S  

THE MCt:OLAYER ADSORPTION I S  5541.?660 MICRClMOLES 
THE WEIGHT OF THE SAMPLE I S  4S6.2000 GRAMS 
THE TOTAL SURFACE AREA IS 401.9158 SQUREE METERS 
S P E C I F I C  SURFACE AREA I S  0.8266 SQ'JAA E METERS/C-RAH 

8 .6158  

*** ANALYSIS  GASED ON DESORPTION DATA *** 
R E L A T I V E  PRESZURE (P /PO)  

0.318692 
0.256260 

THE FACTOR P/( 1-PIX ( l / M O L E )  
69.9791 
6x.ciincr - - . . . - . 

0.200829 57.7509 
0.157094 
0 . 1 2 1  939 

52.7297 
48.3366 

THE VALUE OF "C" FACTOR I N  BET  A N A L Y S I S  I S  
THE t1O::DLAlER ADSCFPTICN I S  691 9.5930 HXCRC'PlOLES 

THE TOTAL SURFACE AREA IS 501.8770 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  1.0322 SQUARE HETERS/GEAtl 

4.0793 

THE HEIGHT OF THE SAMPLE IS 456.2000 GRAMS, 
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BEREA SAIIDSTO:.IE HUMF~ER 2 
WATER ADSORPTION AT 129.14'C 
DATA FPOV PRESSURE TRANSDUCER 1 

THE SATURATION VAPOR PRESSURE = 2.5976 ATM. ( 
DEAD VOLUME FACTOR= 0.5418 

tNM5ER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  
15 
16 
17 
1 8  
1 9  
20 
21 
22 
2 3  
24  
25  
26 
27  
2 3  
29  
30 
31 
32 
33 
34 
35 

PRESSURE OF SYSTEM TOTAL AMOUNT FLOW 
P i P o  

0.01527 
0.05302 
0.06729 
0 .10689  
0.13348 
0 .17647  
0.21 4 9 5  
0.24891 
0.28287 
0.34066 
0 .37287  
0 .42263  
0 .45383  
0.40573 
0.5421 7 
0.57841 
0.69614 
0 .65543  
0.68431 
0.72395 
0.75283 
0.771 5 2  
0.79247 
0.67364 
0.62223 
0 -5741 8 
0.4S421 
0.4C756 
0.34318 
0.28745 
0.19523 
0.13354 
0.07179 
0 -06330 
0.04506 

( F S I A  I 

0 . 5 8 3  
1 .489  
2.569 
4.080 
5 .095  
6 .737  
8.206 
9.502 

10 .798  
13 .348  
14.234 
14.136 
17 .325  
18.924 
20 .697  
22.080 
23 .139  
25.020 
26.123 
27.636 
28.738 
29.452 
30.252 
25.715 
23.753 
21  - 9 1 8  
15.48% 
16.322 
13.291 
1 0 . 9 7 3  
7.557 
5.113 
3 .504  
2.41 7 
1.720 

I N  (MICRCMOLES 1 

1181.968 
2165.506 
3021.957 
3995.203 
46  1 8 . 2 7 3  
5633 .875  
6495.648 
7332.914 
8113.766 
9736.039 

10331 -940 
11624.400 
12450.21 0 
13550.020 
14822.720 
15876.570 
16702.960 
18163.350 
19127.670 
20415.240 
21 458.520 
2221 1.550 
23085.320 
19823.680 
181 05.670 
16724.670 
13874.G80 
12377.600 
10358.580 

8783.902 
6433.367 
4803.961 
3685.147 
2703.866 
2337.825 

38 .17  P S I A l  

DEAD VOLVtlE AMOUI4T ADSOREED 
( MICROIIOLES l ( MICROMOLES l 

103.318 
255.502 
455.285 
728.734 
910.687 

1205 .527  
1469.987 
1 703.851 
1 938.204 
2400.521 
2561.607 
2908.136 
3125.254 
341 8 . 0 5 5  
3743.409 
3998 .003  
4193.320 
4540 .953  
4745.250 
5026.251 
5231 - 4 7 3  
5364.449 
5513.727 
4669.734 
4306 .SO2 
3368.222 
3337.41 1 
2 9 U . 0 5 3  
2390.272 
1 969.  8 7 3  
1 354 .993  

913.845 
625 .568  
431 .Os6 
306.681 

1078 .150  
1900.005 
2563.672 
3266.469 
3507.587 
4433 .348  
5 0 S . 6 5 9  
5629 .063  
61 75.559 
7335.51 6 
7770.336 
871 6 .270  
9324.957 

10131.960 
1 1  079.310 
11878.570 
12503.640 
136L'2.400 
14362.420 
15388.960 
16227.050 
16847.100 
17571.590 
15153.950 
13199.090 
1 2  756 -450  
10537.470 
9'335 -555 
7968.313 
6814.027 
5073.371 
3S90.116 
3059.579 
2472.810 
2031.144 

CAFACITANCE 
( PICOFARADS 1 

1 .136  
1.140 
1 . 1 4 5  
1.150 
1 .154 
1 .160  
1 .166  
1 .172  
1 .179  
1 .196 
1 .204  
1 . 2 2 3  
1.238 
1 .;60 
1 .:a9 
1.314 
1 . 3 3 4  
1 . 3 6 8  
t . 3 s 9  
1 . 4 1 7  
1 .440  
1 . 4 5 5  
1 .474  
1 .421  
1.300 
1.361 
1 . 2 9 5  
1 . 2 6 3  
1 .226  
1 .;OB 
1.185 
1 .175  
1.170 
I .  165 
1.161 
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BEREA SAtlDSTOIIE EIUPBER 2 
NATER ADSCRPTION AT 129.14OC 
DATA FROM PRESSURE TRAl!SDUCER 1 

THE SATLVATION VAPOR PRESSURE = 2.5976 ATtl. ( 38.17 PSIA)  
DEAD VOLUtlE FACTOR= 0.5418 

**% ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE PRESSURE (P/PO 1 

0.106888 

0.176475 
0.21 4953 
0.246908 
0.282867 
0.349661 

0.133476 

THE FACTOR P/( 1-PIX (l / ' t lOLE) 
35.6389 
41 .5461 
43.3353 
54.4799 
58.8721 
63.6712 
73.2 953 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  7.9714 
THE tlONOLAYER ADSCRPTION I S  5838.9880 BICRONOLES 
THE UEI6HT OF THE SAMPLE I S  4S6.20 00 GRAM:; 
THE TOTAL SURFACE AREA IS 428.2014 SGUAKE METERS 
SPECIFIC SURFACE AREA IS 0 .e807 SQUARE NETERS/GRAN 

*** ANALYSIS BASED ON DESORPTION DATA **% 

RELATIVE PRESSURE (P/PO 1 ME FACTOR P/( 1 -P )X ( l lHOLE 1 
0.3491 83 67.0370 
0.267450 59.2030 
a. 198232 48.6856 
0.133937 39.7547 

THE VALUE OF "C" FACTCR I N  BET ANALYSIS I S  6.4312 
THE tlOEIOLAY ER ADSUFPTIQN I S  6704.2SrhO tlICR@flOLES 
THE REIGtlT OF THE SAIIPLE I S  484.2000 GRXIIS 
THE TOTAL SURFACE AREA IS 491.65S7 SGUARE METERS 
SFECIFIC SURFACE AREA IS I .0112 SQUARE HETERS/GRAM 
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BEREA SAIDSTONE tRIHBER 2 
WATER ADSORPTIOIJ AT 129.14OC 
DATA FROM PRESSURE TRANSDUCER 2 

THE S4TURATION VAFOR PRESSURE = 2.5976 ATH. ( 

DEPD VOLUME FACTOR= 0.5418 

WJlEER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20  
21 
22 
23 
24 
25 
25 
27 
26 
29 
30 
31 
32 
33 
34 
35 

Ff?E+SV!?E OF SYSTEI I  TOTAL AHOUI4T FLOW 
P/PO 

0.01447 
0.03721 
0.06533 
0.10422 
0.13030 
0.1741 9 
0.21148 
0.24504 
0.27945 
0.34582 
0.35864 
0.41 804 
0.44918 
0.49030 
0.53663 
0.57298 
0.60042 
0.64907 
0.67775 
0.71 666 
0.74556 
0.76367 
0.76467 
0.66730 
0.61622 
0.56502 
0.47778 
0.42076 
0.34579 
0.26493 
0.10605 
0 . 1 3 2 1 5  
0.09077 
0.0631 8 
0.04477 

( P S I A f  

0 -552 
1.420 
2.494 
3.979 
4.974 
6 -650 
8.073 
9.354 

10.666 
13.201 
14.072 
15.956 
17.147 
16.716 
20.493 
21.673 
22.920 
24.777 
25.873 
27.365 
28.461 
29.160 
29.954 
25.473 
23.523 
21.683 
10.239 
16.062 
13.200 
10.877 

7.464 
5.045 
3.455 
2.412 
1.709 

IN ( ElICROPlOLES 1 

1176.624 
2156.774 
30 12.961 
3992.191 
4621 .078 
5626.102 
6480.359 
7320 .695 
8093.996 
9709.624 

10391 .040 
11591.510 
12411 .490 
13514.080 
14782.640 
15831.670 
16655.020 
18113.630 
19072.250 
20367.680 
2141 3.070 
221 74.250 
23062 .?40 
1981 0.580 
16183.490 
16715.810 
13370.460 
12370.750 
10298.760 
8745.070 
6434.645 
4838.805 
3739.070 
2 966 - 05 3 
2403.619 

38.17 P S I A )  

DE4D VOLUME AIlOUt~T ADSOREED 
( HICROl1OLES 1 

98.379 
253.172 
444.856 
710.512 
683.936 

1189.857 
1446.069 
1677.220 
191 4.635 
2373.678 
2532.230 
2875 -695  
3092.760 
3380.002 
3705.942 
3959 .e52 
41 52.898 
4496.01 2 
4696.902 
4975.96 1 
5179.801 
531 0.004 
5456.156 
4624.91 8 
4264.230 
3924.950 
3292.507 
2694.637 
2373.677 
1952.438 
1340.01 6 

901.617 
618.600 
430.202 
304.726 

( I I ICROMOLES 1 

1 078.445 
1903.602 
2568.095 
3261.679 
3732.143 
4435.242 
5034.239 
5643.473 
61 79.359 
7335.945 
7766.836 
671 5.820 
931 8.730 

10 134.060 
1 1 076.700 
11872.020 
12502.120 
13617.660 
14373.350 
15391.720 
16233.260 
16864.230 
17604.760 
151 G5.660 
1391 9.260 
12790 -650 
1 0577. 950 

9476.063 
7025.109 
6792.629 
50 94.6 25 
3S37.188 
31 20.470 
2535.65 1 
2093.893 

C APAC I T A t K  E 
PICOFARADS 1 

1.136 
1.140 
1.145 
1.150 
1.154 
1.160 
1.166 
1.172 
1.179 
1.196 
1.204 
1 .c:3 
1.236 
1.260 
1.219 
1.314 
1.334 
1.368 
1.369 
1.417 
1.440 
1.455 
1.474 
1.421 
1.390 
1.361 
1 .299 
1.263 
1 .226 
1.203 
1.165 
1.175 
1 .170 
1.165 
1.161 
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BEREA SAt4DSTCIIE tIUI1SER 2 
WATER ADSORPTION AT  129.14OC 
DATA FROFI PRESSURE TRANSDUCER 2 

THE SATC'RATION VAPOR PRESSURE = 2.5976 ATM. ( 38.17 P S I A )  
DEAD VOLUME FACTOR= 0.541 8 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
RELATI \ 'E  PRESSURE [ P/PO)  

0.10$223 
0.130300 
0.174192 
0.211476 
0 .245045 
0.279454 
0.34581 8 

THE FACTOR P/( 1 -PIX ( i / ' l IOLE 1 
35.454 1 
40.1435 
47.5492 
53.2731 
57.5145 
62 .7633 
72.0599 

THE VALUE OF "C" FACTOR I N  P E T  ANALYSIS  I S  8.2842 
THE NONOLAYER ADSORPTION IS 5845.51 90 f l ICROMOLES 
THE NEIGHT OF THE SAI IFLE IS 456.2000 GRAMS 
THE TOTAL SUPFACE AREA I S  428.6804 SCIUAF'E METERS 
S P E C I F I C  SURFACE AREA IS 0 -881 7 SQUAF'E METERWGRAH 

*** ANALYSIS  BASED ON DESOFPTION DATA *** 
R E L A T I V E  PRESSURE (P /PO)  THE FACTOR t ' / ( i - F ) X  (1/ 'MOLE) 

0.345759 66.6943 
0.  264927 58.6604 
0.196053 47 18667 
0.132151 33.6760 

THE VALUE OF "C" FAC'IOR I N  BET  A N A L Y S I S  I S  6.9317 
THE flONOLAYER ADSOZFTICN I S  6595.6000 HICROHOLES 
THE UE ICHT  OF THE SAt lPLE I S  4Si. 2000 GRPJIE.~ 
THE T O l A L  SUZFCCE AREA IS 483.7021 S C U N E  METERS 
S P E C I F I C  SURFACE AREA IS 0.9949 SQUARE M T E R W G R A M  
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GEREA SANDSTOtJE NUMRER 2 
NATEF! ADSORPTION AT 143.9OoC 
DATA FROtl PRESSURE TRAtEDUCER 1 

THE SATUPATICN VAPOR FRESSURE = 3.9768 ATM. ( 

DEAD VOLUME FACTOR= 0.5418 

hUtIEER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
39 
31 
32 
33 
34 
35 
36 
37 
38 
39 

FRESSURE OF SYSTEM TOTAL AtlO!.INT FLOW 
Pt’PO 

0.00849 
0.04063 
0.06095 
0.06427 
0.076 1 0 
0.09753 
0.13597 
0.16920 
0.20029 
0.24392 
0.29274 
0.34045 
0.33509 
0.42737 
0.46840 
0.52391 
0 -55757 
0.57939 
0.60047 
0.63153 
0.64707 
0 -66555 
0.67738 
0.71324 
0.7431 9 
0.76564 
0.7890 1 
0.80823 
0.7541 8 
0.70939 
0.66347 
0.60208 
0.50673 
0.40200 
0.29482 
0.18627 
0.11796 
0.07484 
0.04954 

( P S I A  1 

0.496 
2.375 
3.562 
3.756 
4.447 
5.700 
7.946 

11.057 
11.706 
14.256 
17.108 
19.897 
22.448 
24.977 
28.544 
30.619 
32.566 
33.661 
35.093 
34.909 
37.617 
38.697 
39.563 
41.664 
43.434 
44.817 
46.112 
47.235 
44.076 
41.459 
36.775 
35.167 
29.615 
23.494 
17.230 
10.686 
6.85’4 
4.374 
2.895 

It4 ( MICROtlOLES 1 

854.956 
2239.532 
2955.006 
3101 .C52 
3439.506 
4047.107 
5073.008 
6436.375 
6730.543 
7863 -449  
9148.633 

10467.040 
11712.060 
1301 8.420 
14753.7OO 
15640.940 
16945.450 
1 7677.750 
1 8382.540 
19399.800 
20020.530 
20692.890 
21 141.340 
22340.330 
23440.070 
24344.570 
25280.020 
26136.320 
24372.960 
22722.570 
21 098.690 
18850.440 
15890.680 
12943.170 
9781.851 
6735.41 4 
4651 .270 
361 9.743 
2796.950 

58 .44  PSIA) 

DEAD VOLUME AM(!L!?U ADSOREED 
(flICROIlOLES) (tlICRO11OLES) 

65.297 
400.461 
613.185 
646.717 
766.01 2 
932.520 

1371.663 
1912.444 
2025.396 
2470.638 
2070.554 
316 1 .007 
391 1.287 
4353.309 
4993.820 
5364.449 
5716.766 
5945.699 
6167.262 
6494.492 
6658.422 
6653.844 
6979.046 
735’7.41 0 
7677.895 
7950.094 
8166.966 
6372.648 
7704.992 
7318.469 
6831.832 
41 84.156 
51 85.004 
4096.434 
2991.912 
1882.657 
1189.258 

753.31 1 
498.170 

799.659 
1681.072 
2371.822 
2455.236 
2 67 3.4 94 
3064.537 
370 1 .345 
4525.930 
4705.145 
5392 -609  
6 1 78.078 
7006.035 
7800.773 
8 i59 .117  
9759.977 

10476.500 
11228.660 
11 732.050 
12215.280 
12905.31 0 
13352.100 
13339.040 
141 62.290 
14930. 920 
15i52.170 
16414.470 
171 13.030 
17763.670 
16577.960 
15404.100 
14267.060 
12666.290 
10705.670 
6366.746 
6789.C!t9 
4352.754 
3662.01 2 
2866.432 
2298.790 

CAFACITAI!CE 
( PICOFARkDS) 

1.176 
1.160 
1.183 
1.163 
1 . 184 
1.137 
1.192 
1 . z o o  
1.201 
1.207 
1 .;17 
1.2:7 
1.242 
1.253 
1.286 
1.306 
1.3C6 
1.343 
1.356 
1.379 
1.392 
1 .(to7 
1.416 
1.440 
1.462 
1.478 
1 .4c5 
1.513 
1.463 
1.457 
1.428 
1 .334 
1.321 
1.267 
I .226 
1.204 
1.192 
1.1:5 
1.160 
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BEREA SANDSTONE tWPlSER 2 
HATER ADSPRPTIOt4 A T  143.90"C 
DATA FROM FRESSURE TRANSDUCER 1 

THE SATURATION VAPOR PRESSURE 3.9768 ATM. ( 5 8 . 4 4  P S I A )  
DEAD VOLUME FACTOR= 0.5418 

*** ANALYSIS  6E.SED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE [ P/PO THE FACTOR P/ (  1 - P  )X [ 1 /'MOLE 1 

0.135067 42.51 51 
0.1891 99 51 -5579  
0.200290 53.2297 
0.243921 59.6228 
0.292736 6 6 . 9 9 4  
0.340447 73.676 1 

THE VALUE OF "C" FACTOR IN BET A N A L Y S I S  I S  
THE t1OKOLAYER A D S @ R P l I O N  I S  5748.9750 MICROtlOLES 

THE TOTAL SURFACE AREA IS 425.5027 S9U4FE METERS 
S P E C I F I C  SURFACE AREA I S  0.6752 SQUAF E IlETERS/GRAM 

7.7019 

THE UE IGHT OF THE SAtlPLE I S  4P6.  2000 GRAMS 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSURE [ P/PO 1 THE FACTOR P/ [  1 -P  )X [ 1 /'MOLE 1 

0.29481 7 61.57Z1 
0 . 1  85272 47.1715 
0.11 7964  36.521 1 

Tt iE  VALUE OF "C" FACT@R I N  6 E T  A N A L Y S I S  I S  
THE IiCt3JLAYER ADSCTPTION I S  6206.261 0 blICRC'tlOLES 
THE WEIGHT OF THE SAMPLE I S  4.36.2000 GRAMC 
THE TOTAL SURFACE AREA I S  459.5406 SQUARE PIETERS 
S P E C I F I C  SURFACE AREA I S  0.9448 S W A R  E PiETERWGRAI.1 

7.9370 
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BEREA SANDSTONE NUMBER 2 
WATER ADSCRPTIOIl AT 143.?OaC 
DATA FROM FRESSURE TRANSDUCER 2 

THE SATURATICN VAPOR PRESSURE = 3.9768 ATM. ( 

DEAD VOLUKE FACTOR= 0.5418 

tWTlPER 

1 
2 
3 
4 
5 
6 
7 
6 
9 

I O  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20  
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
35 
37 
33 
39 

FRESSURE OF SYSTEM TOTAL AtlOUtiT FLOW 
P/PO 

0.00891 
0.04132 
0.061 84 
0.05510 
0.07700 
0.09663 
0.13578 
0.1901 2 
0.20122 
0.2451 2 
0.23393 
0.341 69  
0.36539 
0.42657 
0.4S943 
0.52531 
0.55'01 
0.58104 
0.60224 
0.63352 
0.64902 
0.66724 
0.67920 
0.71510 
0.74502 
0.76695 
0. 70371 
0.81002 
0.75565 
0.71 055 
0.66662 
0.60324 

0.40304 
0.29'.04 
0.1 E747 
0.11906 
0.07595 
0.05055 

o .50742 

( FSIA 1 

0.521 
2.41 5 
3.615 
3.805 
4.500 
5.764 
7.494 

11.111 
11.760 
14.326 
17.173 
19.969 
22.524 
25.047 
28.604 
30.701 
32.671 
33.953 
35.197 
37.025 
37.931 
38.995 
39.695 
41.793 
43.541 
44.940 
46.212 
47.340 
44.162 
41.527 
38. E43 
35.256 
29.655 
23.555 
17.301 
10.956 
6.953 
4.439 
2.954 

It4 ( MICROtlOLES 1 

877.947 
2278.558 
2968.830 
3034.647 
3432.51 6 
4034.020 
5064.746 
6433.188 
6728.875 
7862.301 
9150.543 

104 i0 .270 
11717.010 
130:6.100 
14779.260 
15857.610 
16975.040 
17703.870 
1641 2.290 
19431 .300 
20052.530 
20733.370 
21 185.720 
22394.350 
23504.000 
2441 1.450 
25352 .?SO 
26209.720 
24441 .34 0 
22789.260 
21 158.430 
168?8.080 
15933.070 
12932.600 

9500.391 
6753.258 
4673.21 5 
3644.622 
2822.797 

58.44 PSIA)  

DEAD VOLCIPIE AMOUNT ADSOGBED 
( MICROtlOLES) (tlICROPlOLES 1 

89.467 
415.419 
622.358 
655.066 
775.068 
793.641 

1379.890 
1921 .792 
20 34.905 
2482 -943  
2982.856 
3473.7P2 
3924.717 
4371.777 
5C04.539 
5379.023 
5731 .402 
5962.969 
6 185.91 4 
6515.383 
6679.020 
6871.645 

7379.145 
7697.4 14 
7952.645 
61 65.137 
8301.840 
781 0.668 
7330.820 
68+3. 984 
6196.443 
51 92.188 
4107.281 
3004.459 
1 894.650 
1200.333 

764.460 
506.400 

6996.328 

768.479 
1663.139 
2345.522 
2429.579 
2657.429 
3040.380 
3684.656 
451 1.395 
4693.069 
5379.355 
6 167.664 
6996.492 
7792.30 I 
6654.328 
9774.730 

10468.560 
11243.140 
1 1745.91 0 
12226.390 
12915.91 0 
13373.51 0 
13861.730 
141 87.390 
15015.180 
15806.5?0 
16458.51 0 
1 71 67.840 
17Z 17 .SSO 
16630.670 
15453.460 
1431 4.450 
12701.630 
10740.8?0 
8065.326 
6705.930 
4864.406 
3672.881 
2850. I 4 2  
231 4.397 

CAPACITANCE 
( FICOFARADS 1 

1.176 
1.160 
1.163 
1 . l e 3  
1 . l e+  
1.167 
1.192 
1 .ZOO 
1 . c o t  
1 . ?07  
1.217 
1.227 
1 .24? 
1.256 
1 .286 
I .306 
1.328 
1 .?43 
1.353 
1.319 
1.372 
1.407 
1.416 
1.440 
1.452 
1.473 
1.496 
1.513 
1.453 
1.457 
1.428 
1.354 
1.321 
1 .C47 
1 .226  
1.204 
1.192 
1.135 
1.180 
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BEREA SANDSTONE 1W!<OER 2 
WAlER ADSORPTIOII  AT 143.9OoC 
DATA FROM PRESSURE TRANSDUCER 2 

THE SATURATION VAPOR PRESSURE = 3.9768 ATM. ( 58.44 P S I A )  
DEAD VOLUME FACTOR= 0.5418 

*** ANALYSIS  BASED ON ADSORPTIOfI  DATA *** 
R E L A T I V E  FRESSL'RE ( P/PO 1 THE FACTOR P/(  1 - P  )X ( 1 /'HOLE 1 

0.136778 43.0006 
0.1901 17 52.0340 
0.201224 53.6677 
0.2451 25 60.3645 
0.29393;t 6 7.4968 
0,541687 74. IS51 

THE VALUE OF "C" FACTOR I N  BET  A N A L Y S I S  I S  7.5304 
THE HONOLAYER ADSORPTION I S  5741.2100 MICRCIMOLES 

THE TOTAL SLTFACE AREA IS 424.9280 SGUAEE W T E R S  
S P E C I F I C  SURFACE AREA IS 0.8740 SQUAEE t lETERS/GRAtl  

THE WEIGHT OF THE SAl lPLE I S  486.2000 GRAIIS, 

*** ANALYSIS  BASED 011 DESORPTIOI4 DATA *** 
R E L A T I V E  PRESSURE (P/FOl THE FACTOR P/( 1 - P  )X ( (/MOLE I 

0.296040 61.8803 
0.157470 47.4310 
0 . 1  19058 36.7962 

THE VALUE OF "C" FACTOR I N  B E T  ANALYSIS  IS 7.9112 
THE tlONOLAYER ADSORPTION I S  61 98.2300 MICROIIOLES 
THE WEIGHT OF THE SAMPLE I S  4 3 6 . 2 0 0 0  GRAMS 
THE TOTAL SURFACE ARE4 IS 458.7537 S3UARE ElETERS 
S P E C I F I C  SURFACE AREA IS 0.9435 SQUARE E!ETERS/GRAM 
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BEREA S4NDSTClJE 1iL'MPER 2 
WATER ADSCRPTION AT  166.05OC 
DATA FROM PRESSURE TRAIISDUCER 1 

THE SATURATION VAPOR PRESSURE = 7.0946 ATM. ( 104.26 P S I A )  
DEAD VOLUME FACTOR= 0.5418 

NLMSER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

23 
24 
25 
26 
27 
Z8 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

-3 L L  

PRESSURE OF SYSTEN TOTAL  P.MOUNT FLOW 
P/PO 

0.01304 
0.06047 
0.09300 
0.14336 
0.1871 0 
0.22442 
0.25515 
0.29367 
0.31 569 
0.34944 
0.39183 
0.44020 
0 -47334 
0.50108 
0.52483 
0.557W 
0.60367 
0.63652 
0.66625 
0.70751 
0.76047 
0.79525 
0.84048 
0.88544 
0.92256 
0.651 38 
0.7721 8 
0.65927 
0.61695 
0.51 050 
0.43344 
0.35775 
0.30221 
0. 2t016 
0.15135 
O.OE673 
0.04562 
0.03306 
0.01900 
0.01211 

( P S I A  1 

1.360 
6.305 
9.696 
14.947 
19.503 
23.399 
26.706 
30.619 
33.018 
36.433 
41.166 
45.895 
49.351 
52.244 
54.725 
58.176 
62.940 
66.365 
69.464 
73.766 
79.288 
82.915 
87.630 
92.318 
96.187 

80.509 
71 .e65 
64.325 
53.225 
45.191 
37.508 
31.509 
22.954 
15.781 
9.043 
5.069 
3.13% 
1.981 
1.263 

68.766 

I N  (t1ICROMOLES 1 

1232.613 
3162.752 
4281.301 
5890.625 
7254.357 
8456.438 
9481.496 
10713.080 
11461.410 
12490.330 
1 401i2. E50 
15630.560 
1681 8.080 
1 7864.370 
18761 .330 
19904.640 
21778.830 
23134.670 
2441 1 .Os0 
26137.930 
26451.290 
301 16.440 
32306.61 0 
34558.260 
36478.540 
331 6k.650 
2?279.070 
25254.720 
22345.540 
18434.550 
15756.640 
lZ096.050 
1 1  GOO. 140 
e249.102 
5035.552 
3696.165 
2271.215 
1470.473 
E93.123 
51 2.674 

CEAD VOLUtlE AMOUNT ADSORPED 
( f l ICROi lOLES 1 ( l l ICRCt lOLES 1 

2 2 1  .a48 
1031.500 
1589.048 
2456.055 
32 12.881 
3E61.462 
441 4.879 
5072.109 
5476.51 2 
6053.941 
6857.758 
7665 -62 1 
8F58.402 
8756.523 
9 1 85.227 
9783.543 

1 Oh1 3.570 
1 1  21 3 . 3 2 0  
11758.340 
12516.320 
13499.920 
14148.530 
14996.600 
15e45.030 
16549.450 
15C01.700 
1371 7.000 
12101 .E70  
1 0855.800 
8925.953 
7544.05 7 
6236.1 17 
5222.035 
3787. ;64 
25%. l ' t l  
1481.512 
628.887 
51 2.012 
323.467 
206.127 

101 0.665 
2131 .251 
2602.252 
3434.570 
4O'tl -486 
4594.973 
5066.61 7 
5640.977 
5984.906 
6436.308 
71 85.094 
7964.965 
8559.688 
9107.852 
9576.1 13 
1021 1 .OQO 
1 1  165.260 
11921.550 
12652.700 
1361 9.61 0 
14051.370 
15947.91 0 
1731 0.01 0 
1871 3.230 
10029.000 
179S2.940 
15551.070 
13072. E40 
11492.740 
0508.605 
621 1.664 
6859.941 
57i8.113 
4461 .836 
JI)L~ 4.44 1 
2214.653 
1442.327 
S58.46 1 
569.657 
306.547 

- - .  

CAPACITAt!CE 
( PICOFARADS 1 

1.135 
1.141 
1.145 
1.150 
1.156 
1.162 
1.167 
1 .174 
1.179 
1.186 
1.199 
1.215 
1.228 
1.241 
1 . 2 5 2  
1 . ; i o  
1.300  
1.325 
1.352 
1.399 
1.459 
1.497 
1.547 
1.5?3 
1.630 
1.595 
1.527 
I .448 
1 .374 
1.260  
1.246 
1 . 2 1 4  
1 . 2 0 1  
1.152 
1.171 
1.161 
1.155 
1 .151  
1.149 
1.148 
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BEREA SANDSTCNE tlUP1SER 2 
WATER CDSCRPTIOtl  AT  166.05'C 
DATA FR3M PRESSURE TRANSDUCER 1 

THE S4TUEATIO' j  VAFCR FRESSURE 7.0946 ATH. ( 104.26 P S I A )  
DEAD VOLUtlE FACTOR= 0.5418 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE (P /PO)  

0.143361 
0.1871 0 2  
0.224423 
0.256146 
0.295674 
0.316687 
0.349441 

THE FACTOR P / ( l - P ) X  ( 1 A I O L E )  
48.7259 
56.951 1 
62.9735 
67.0643 
73.7046 
77.4378 
63.4534 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  IS 7.4359 
THE tlOt:OLAYER ADSC2PTION I S  5250.421 0 MICROMOLES 
THE UE ICHT  OF THE SAHPLE I S  466.2000 GRAIIS 
THE TOTAL SURFACE AREA I S  396.6179 SQUAF'E METERS 
S P E C I F I C  SURFACE AREA I S  0 -81 16 SGUAF!E PlETERS/GRAtl 

*** ANALYSIS  BASED O N  DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P /PO)  

0.332213 
0 .  220  16 1 
0.151 357 

THE FACTOR P / ( l - P ) X  ( l / T l O L E )  
74.9556 
63.2734 
53.3278 

THE VALUE OF "C" FACTOR I N  6 E T  ANALYSIS  I S  
THE MONOLAIER ADSC9PTICN I S  5714.3660 MICROMOLES 
THE WEIGHT OF THE S4HPLE I S  484.t000 GRAHCi 
THE TOTAL SURFACE APEA I S  429.4890 SQU4F!E METERS 
S P E C I F I C  SURFACE AREA I S  0 .E834 SQUAF'E METERS/GRAtl 

5.5269 
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BEREA SAIIDSTOYE NUMBER 2 
WATER ADS@!?PTI@II AT  166.05OC 
DATA FROM PRESSURE TRANSDUCER 2 

THE SATURATION VAPOR PRESSURE = 7.0946 ATM. ( 104.26 P S I A )  
DEAD VOLUllE FACTOR= 0.5418 

EWE.ER 

1 

3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
1 4 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

- 
PRESSURE OF SYSTEM TOTAL AtlOUNT FLOW 

P/ PO 

0.01 287 
0.05968 
0.091 84 
0.14166 
0.18?84 
0.22166 
0.25318 
0.2901 9 
0.31274 
0.34490 

0.43469 
0.46731 
0.49459 
0.51806 
0.55067 
0.59574 
0.62844 
0.65781 
0.67954 
0.75091 
0.78533 
0.82984 
0.8744; 
0.91 1 1 1  
0.84325 
0.76415 
0.68226 
0.61 129 
0.50626 
0.42993 
0.35694 
0.29961 
0 .21816 
0.14979 
0.08615 
0.04762 
0.0t549 
0.01854 
0.01241 

0.38972 

( P S I A  

1.341 
6.223 
9.576 
14.769 
19.271 
23.111 
26.397 
30.256 
32.607 
35.950 
40.633 
45.322 
48.723 
51.557 
54.014 
57.414 
62.113 
65.525 
68.585 
72.832 
78.292 
81 .880 
-56.521 
91.170 
94.994 
87.919 
79.672 
71.134 
63.735 
52. 784 
44.825 
37.215 
31 -239 
22.746 
15.617 
6.982 
4.965 
2.970 
1.033 
1.204 

IN ( MICROHOLES I 

1221.274 
3139.570 
4243.367 
5836.270 
7168.324 
8389.41 8 
9407.875 
10624.240 
1 1  372.290 
12392.330 
13934.580 
15505.260 
16686.940 
177j0.230 
1861 8.670 
19842.280 
21616.900 
225'59.400 
24228.650 
25945.260 
28241.81 0 
29335.500 
32073.71 0 
34309.620 
362 16.670 
32923.660 
29053.810 
25064.51 0 
22165.410 
18269.870 
1561 1.320 
1 2960.600 
1 OS70.530 
8123.832 
5,521.219 
3567.374 
2203.796 
141 4.120 
650.985 
461.209 

DEAD VOLUME AMCIUNT ADSORBED 
( MICROllOLES I ( t l ICROt lOLES I 

218.927 
101 8.039 
1569.223 
2426.651 
31 73.593 
381 3.359 
4362.977 
501 0.965 
5407.056 
5975.727 
6766.977 
7567.203 
S150.353 
8639 .895 
9062.266 
9651 -109 
10469.140 
1 1  065.950 
11603.500 
12352.820 
13322.320 
13@63.170 
14796.620 
15636.760 
16331.730 
15045%. 750 
13568.41 0 
12052.800 
10752.480 
88'19.777 
7482.246 
6186.461 
5176.344 
3752.5;5 
2557.01 0 
1471.442 
81 1 .768 
4P5.1€3 
315.531 
211.181 

1 002.347 
2121 .531 
2674.144 
3409.6 1 8 
401 4.731 
45%. 059 
5044.698 
561 3.281 
5765.207 

7167.613 
7935.066 
8536.563 
C090.336 
0556.41 4 
101 91.170 
11147.760 
11873.440 
12625.170 
13592.440 
14319.400 
15932.320 
17'277.090 
16472.660 
19886.940 
17874.910 
15455.400 
1301 1 -71 0 
1 lltl2 .a20 
0420.102 
8129.074 
6774.145 
5674.163 
4371.305 
3254.209 
2@95.932 
1392.028 
9CS.932 
535.454 
250.028 

64ia.605 

CAPACITANCE 
( PICOFARADS 

1.135 
1.141 
1.145 
1.150 
1.156 
1.162 
1.167 
1.174 
1.179 
1.186 
1.199 
1.215 
1.228 
1.241 
1 .?52  
1 .270 
1.300 
1.325 
1.352 
1.399 
1.459 
1.497 
1.547 
1.593 
1.630 
1.505 
1.527 
1.448 
1 .3?4 
1.2.30 
1 .?46 
1.218 
1 .:01 
1.152 
1.171 
1 .I61 
1.155 
1.151 
1.149 
1.148 
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GEREA SANDSTOIJE WMBER 2 
WATER LDSCRPTION AT  166.05OC 
DATA FROM FRESSURE TRANSDUCER 2 

THE SATURATIOH VAPOR PRESSURE = 7.0946 ATM. [ 104.26 P S I A )  
DEAD VOLUtlE FACTOR= 0.5418 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO 1 

0.141657 
0.164837 
0.221650 
0.2531 76 
0.290190 
0.312741 
0.344898 

THE FACTOR P/( 1 -P )X ( 1 /MOLE ) 
48.4030 
56.4790 
62.2337 
67.1971 
72.8320 
76.2848 
82.0241 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  I S  7.2244 
THE HOt!OLAYER ADSORFTION I S  531 9.4580 MICROtlOLES 
THE WEIGHT OF THE SAl lPLE I S  486 .ZOO0 CRAMS 
THE TOTAL SURFACE AREA IS 399.8088 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  0.8223 SQUARE flETERS/GRAH 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSURE (P/FO 1 THE FACTOR P/( 1 -P )X  ( 1/ f lOLE ) 

0.20961 2 75.1255 

0.149787 54.1 376 
0.218165 63.a~+9 

THE VALUE OF "C" FACTOR I N  6ET A N A L Y S I S  I S  5.2173 
THE MO'lOLAYER ADSPRPTION I S  5772 -31 20 M I t R C l l O L E S  
THE WEIFHT OF THE S4MFLE I S  485.2000 GRAMS 
THE TOTAL SURFACE AREA IS 433.8428 SQUAF!E METERS 
S F E C I F I C  SURFACE AREA I S  0.8923 SQUARE HETERS/GRAM 
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BEREA SAt4DSTOlE t:UFlBER 2 
NATER ADSC!RPTIOtl AT 186.26OC 
DATA FROY PRESSURE TRANSDUCER 1 

THE SATLIRATICN VAPOR PRESSURE = 11.9141 ATM. ( 175.09 PSIA) 
DEAD VOLUNE FACTOR= 0.5418 

NLWEER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17  
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

PRESSURE OF SYSTEM TOT4L AtlOUIiT FLOW 
IN (HICRONOLES 1 P/PO 

0.02663 
0.03848 
0.08450 
0.13722 
0.15661 
0.17661 
0.23240 
0. E691 6 
0.30455 
0.35303 
0.37879 
0.40817 
0.43235 
0.47968 
0.52165 
0.57436 
0.60248 
0.63601 
0 . & i o 1  8 
0.71331 
0.75714 
0.7871 4 
0.81180 
0.78609 
0.74041 
0.64730 
0.584F6 
0.4941 9 
0.40094 
0.33479 
0. X i 2 1  
0.19765 
0.13505 
0.07703 
0.041 4 8  
0.02386 
0.01417 

( PSIA 1 

4.663 
6.737 

14.776 
24.026 
27.420 
30. 922 
40.690 
47.127 
53.323 
61.819 
66.322 
71.465 
75.701 
83.087 
91 .33+ 

100.564 
105.487 
111.357 
117.340 
124.893 
132.566 
137.81 9 
142.137 
137.635 
129.636 
113.334 
102.401 
86.526 
70.199 
58.617 
43.583 
34.607 
23.645 
13.4E5 

7.563 
4.178 
2.462 

2124.871 
2735.237 
4855.402 
71 73.281 
7937.777 
8850.145 

1 121iO. 270 
12807.830 
14337.570 
16433.360 
17604.660 
18951.580 
201 17.940 
22341 .490 
24382.740 
27009.620 
28396.480 
30113.640 
31 699.500 
34220.930 
35550.400 
35405.230 
39992.21 0 
38654.230 
35152. 190 
31 405.120 
28345.600 
24107.660 
19501 .240 
16701 .Z70 
12604.000 
10634.150 

7924.008 
531 2.953 
3569.040 
2550.837 
1638.996 

O E 4 D  VOLUIIE AFlOUtiT ADSORBED 
(MICROHOLES (b1ICKOMOLES 1 

725.326 
1048.671 
2310.657 
3766.247 
4304.324 
4541 .152 
6423.309 
7460.020 
646 3.4C6 
$849.0 12 

10587.640 
11435.390 
121 36.61 0 
13516.950 
14750.540 
15313.420 
17153.250 
18160.510 
19193.790 
20507.920 
21 654.660 
2 2763.600 
23551 .440 
22750.180 
21 339.100 
18501.270 
16626.360 
13942.270 
11226.340 

9325.531 
6B i iO .  102 
5446.891 
3705.971 
2105.051 
11 30 .PS5 
649.743 
355.676 

1399.545 
1686.566 
2555.746 
3407.035 
3693.453 
3988.992 
4816.969 
5347.820 
5874.078 
6554.352 
7017.020 
751 6.199 
7081.324 
8824.53 1 
9632.195 

10606.190 
11 243.230 
11953.330 
12705.700 
1371 3.000 
14705.71 0 
15621.620 
16440.760 
15903.350 
1461 3.090 
12703.840 
1 171 9.240 
101 65.390 
8574.902 
7375.746 
5963.902 
51 $5.266 
42 18.035 
3207.903 
2435.155 
1901 -094  
1453.32 1 

CAPACITANCE 
( PICOFARADS 

1 .145 
1.147 
1.154 
1.161 
1.164 
1.167 
1.176 
1.162 
1.139 
1 .200 
1.207 
1.217 
1.226 
1.244 
1.265 
1.296 
1.315 
1.341 
1.371 
1.422 
1.4E8 
1.525 
1.565 
1.546 
1.505 
1.416 
1.331 
1 .278 
1.233 
1.215 
1.194 
1.135 
1.174 
1.164 
1.157 
1.154 
1.152 
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BEREA SANCSTONE NUPlEER 2 
WATER CDSORPTIOtl AT 188.26OC 
DATA FKOH PRESSURE TRANSDUCER 1 

THE SATURATICN VAFOR PRESSURE = 11.9141 ATM. ( 175.09 PSIA)  
DEAD VOLUME FACTOR= 0.5418 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE PRESSJRE ( P/PO THE FACTOR P/( 1 -P )X ( 1i'MOLE f 

0.1 3722 1 46.6813 
0.156605 50.2738 
0.176607 53.7696 
0.Z3Z400 62.8532 
0.269165 68.8686 
0.304549 74.5505 

THE VALUE OF "C" FACTOR I N  8ET ANALYSIS IS 7.8237 
THE HCb4OLAYER ADSORPTION IS 5266.91 00 MICROMOLES 
THE KEIGHT OF THE SAMPLE I S  486.2000 6RAllS 
THE TOTAL SURFACE AREA I S  402.8110 SQUAF?E HETERS 
SFECIFIC SURFACE AREA I S  0.8285 SQUARE METERWGRAM 

*** ANALYSIS 8ASED ON DESORPTION DATA *** 
RELATIVE PRESSURE P/PO THE FACTOR P / ( l -P )X  (Ii'MOLE) 

0.334787 68.2341 
0.247206 55.0620 

0.135046 37.0149 
0.197654 47.5 086 

THE VALUE OF "C" FACTOR I N  BET AIIALYSIS IS 10.5258 
THE MOWLAYER ADSXPTICN I S  581 1.8160 MICROPIOLES 
THE WEIGHT OF THE S4tlPLE IS 486 .ZOO0 GR,VlS 
THE TOTAL SUSFACE AREA IS 444.4854 SQUAF!E METERS 
SPECIFIC SURFACE AREA I S  0.91 42 SQUAPE PlETERS/GRAM 
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BEREA SANDSTONE t.IUt!OER 2 
HATER ADSCRPTIOII AT 188.26'C 
DATA FRCM PRESSURE TRANSDUCER 2 

THE S 4 T U P A T I O N  VAPOR P R E S S U Q E  = 11.9141 ATM. ( 175.09 P S I A I  
DEAD VOLUllE FACTOR= 0.5418 

NUMEER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
16 
17 
1 8  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

PRESSURE OF SYSTEM TOTAL AMOUNT FLOW 
P/PO 

0.02642 
0.03816 
0.08408 
0.13662 
0.15584 
0.17593 
0.231 52 
0.26820 
0.30351 
0.35185 
0.37759 
0.40683 
0.43116 
0.47829 
0.52026 
0.57278 
0.60079 
0.63425 
0.66541 
0.71 156 
0.75521 
0.78505 
0.60972 
0.78467 
0.73574 
0.64600 
0 .58375 
0.49301 
0.40009 
0.33420 
0.  24682 
0.19730 
0.13490 
0.07703 
0.041 47 
0.02389 
0 -01 423 

( P S I A  1 

4.626 
6.6P1 

14.722 
23.920 
27.286 
30.61 2 
40.537 
46.959 
53.140 
61.605 
66.111 
71 .232 
75.491 
83.743 
91 . O O l  

100.ZE6 
105.190 
111.050 
11 7.031 
124.586 
132.228 
137.454 
141.772 
137.336 
129.379 
113.107 
102.20s  
66.320 
70.051 
58.514 
43.216 
34.544 
23.619 
13.486 

7.261 
4.183 
2.492 

I N  (MICROIIOLES 1 

2117.074 
2728.106 
4863.199 
71 72.172 
8006.141 
6E56. 961 

11 2 i9 .090 
12816.000 
14352.750 
16458.680 
17639.320 
18398.650 
201 63.330 
22390.860 
24432.1 PO 
27068.410 
26453.030 
301 79.900 
31 072.010 
34291.400 
36724.430 
33438.460 
40074.260 
38744.260 
36247.070 
31 504.980 
28440.660 
24217.060 
1991 3.260 
16806.830 
1??09.140 
10736.960 
8024.859 
5409.059 
3561 .370 
2643.856 
1929.210 

DEAD VOLUME AMCUtlT ADSORBED 
(MICROMOLES 1 ( f l ICROI lOLES 1 

719.562 
1040.006 
2C99.054 
374?.544 
4283.066 
4543.645 
6398.695 
71t32.754 
8433.879 
9613.945 

10553.0SO 
11396.800 
12101.910 
13476.250 
14709.660 
16266.220 
17102.580 
18107.700 
1?140.260 
20454.400 
21 7a5.130 
2 271 8.760 
23486.440 
25706.760 
21293.890 
16462. 100 
16593.440 
13907.780 
11 201 .820 

?30S. 648 
6829.293 
5438.879 
3701.813 
21 05.051 
1139.515 
650.530 
387.195 

1 397.51 2 
16E.8.099 
2564.146 
3422.628 
3723.074 
401 3.31 3 
4850.398 
5393.250 
5ClE.871 
6644.738 
7066.238 
76P2.059 
8061.418 
891 4.605 
9722.523 

10802.190 
11350.440 
12072.190 
12831.750 
13837.000 
14929.300 
15769.6 90 

16037.500 
14953.1 YO 
13042 .e70 
1 lR47.220 
10309.280 

871 1.449 
7496.184 
6079.64s 
5:SS. 105 
4323.043 
3304.008 
2530.855 
1993.326 
1542.01 5 

1 6 5 8 7.8 2 0 

CAPACITAIJCE 
( P I C O F A R A D S  1 

1.145 
1.147 
1.154 
1.161 
1.164 
1.167 
1.176 
1.182 
1.189 
1.200 
1.207 
1.217 
1.226 
1.244 
1.265 
1.296 
1.315 
1.341 
1.371 
1.422 
1.488 
1.525 
1.565 
1.546 
1.505 
1.416 
1.331 
1.278 
1.238 
1.215 
1 . I 9 4  
1.185 
1.174 
1.164 
1 .157 
1.154 
1.152 
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EEREA SANDSTOHE EIUPIEER 2 
WATER ADSO2PTIOt4 AT 188.26"C 
DATA FROM PRESSURE TRANSDUCER 2 

THE SATUPATICN VAFOQ PRESSURE = 11.9141 ATM. ( 175.09 PSIA)  
DEAD VOLUME FACTOR= 0.5418 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE FEESSURE f F/PO) THE FACTOR P/( 1 -F ) X  ( 1 /MOLE 1 

0.13661 8 46.2322 
0.1 E.5840 49.5554 
0.175979 53.2131 
0.251525 62.1141 
0.  E68200 6s .  0804 
0.303507 73.6231 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS IS 7.7876 
THE MCtIOLAYER ACS'JRFTION I S  5324 . E O 0  MICROtlOLEIj 
THE WEIGHT OF THE SAMPLE I S  4 8 6 . 2 0 0 0  GRAMS 
THE TOTAL SUPFACE AREA I S  407.2349 SQUARE METERS 
SPECIFIC SURFACE AKEA I S  0.8376 SQUARE METERWGRAM 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE FRESSUEE (P/PO 1 THE FACTOR F/( ( -P IX  (1,'PlOLE) 

0.3341 96 66,9419 
0.246823 53.9007 
0.197296 46.3918 
0.1348% 36.0694 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS IS 10.9077 
THE MO1!3L4t'ER ADSORFTION I S  5883.8160 MICRI?tIOLES 
THE KEIGHT OF THE S4MFLE I S  466. Z O O 0  GRAPlS 
THE TOTAL SUFFACE AcEA I S  449.9919 SQUAI7E IIETERS 
SFECIFIC SC'RFACE AREA IS 0.9255 SQ'JARE ME1 ERS/GRAM 
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BEREA SANDSTOHE t!UMPER 3 
WATER ADS9CPTJOI4 AT 104.73OC 
DATA FROX FRESSURE TRANSDUCER 1 

THE SATUEATICN VAFOR PRESSURE = 1.1612 ATV.  ( 

DEAD VOLUFlE FACTOR- 0.5265 

kNtlGER 

1 
2 
3 
4 
5 
6 
7 
S 
9 

10 
11 
12 
1 3  
14  
15 
16 
1 7  
18 
19 
20 
21 
22 
2 3  
24 
25  
26 
27  
28 
29 
30 
31 
32 
33 

PRESSURE OF SYSTEM TOTAL AROLV4T FLOW 
P I P 0  

0.00249 
0.01 368  
0.04549 
0.13057 
0.18405 
0.25869 
0.31S40 
0.36444 
0.40425 
0.42914 
0.46149 
0.4E887 
0.51 998  
0.54437 
0.571 01 
0.59539 
0.63822 
0.66560 
0.69672 
0.72411 
0.74776 
0 . 7 0 1 7  
0.69204 
0.6C839 
0 .51093  
0.41091 
0.31707 
0.24321 
O.lS’t34 
0.15049 
0.11414 
O.ON04 
0.061 4 7  

( P S I A  1 

0 .043  
0.237 
0 .  e42  
2.267 
3.195 
4.491 
5 1527 
6 .326  
7 .017  
7 .449  
8.011 
8.486 
9.026 
9 .459  
9.912 

1 0 . 3 8 s  
11 .Oi9 
11.554 
12.035 
12.570 
12.980 
13 .369  
12 .013  
10.561 

8 .859  
7 .133  
5.504 
4 .309  
3.374 
2.612 
1.951 
1.459 
1.067 

I N  (MICROKOLESI 

151.118 
670 .429  

2047.11 3 
3594.49:. 
4659 .355  
6293.E13 
756;: -254  
8464.648 
9317.531 
9993.761 

10636.620 
11418.610 
121 20.530 
1 X 1 5 . 3 7 0  
13479.91 0 
142 i6 .970  
15166.490 
153C8.680 
16775.340 
174S2.720 
181 Oh. 990 
1 6663.790 
16224.890 
13C61.390 
11 407.650 

9031.441 
71 16 .047  
55C6.973 
4442.664 
3SE6.309 
2831.735 
2320.546 
1946.600 

17 .36  P S X A )  

DEAD \’OLC!ilE AMOUtIT ADSORGED CAPRCITAEXE 
(MICROI-IOLES 1 ( FlICROPlOLES) ( PICOFARADS 1 

7 .953  
43 .747  

155.201 
41 6.470 
590 .414  
S30.696 

lC23.757 
1 1  72.707 
1301.736 
1382.472 
1487.545 
1576.552 
1677.805 
1753. E92 
1834.1 16 
1933.486 
2‘263.647 
2 1 5 3 - 2 4  7 
2255.174 
2344.969 
242: - 5 9 4  
2406 .203  
2239.846 
1 066.147 
1 6 4 3 . 3 r 7  
1323.3C3 
101 9.439 

797.087 
623.538 
482.461 
365 .693  
269.141 
1 % .  777 

143.166 
82b .681 

1891.911 
31 76.022 
4079.442 
5 ~ t 6 2 . 9 1 4  
6558.496 
7Z91 -941 

E61 1.488 
91 99.082 
9842.059 

10442.720 
11056.470 
11635.800 
123s3 .480  
131 04.640 
1 3845.430 
14520.180 
15 1 37.750 
15632.390 
161 92.550 
13994.990 
1 2 0  15.240 

9759.305 
7705.117 
60 98.605 
4829 .e83 
381 9.126 
3043.  E47 
2466.043 
2051.405 
1750.023 

m i 5 . 7 9 3  

1 . 2 2 5  
1 . 2 2 8  
1.235 
1 . 2 5 3  
1 .266  
1 . 2 6 5  
1 .312 
1.532 
1.356 
1 .376  
1.401 
1 . 4 2 9  
1 . 4 5 9  
1.490 
1.521 
1.560 
1 . 6 0 7  
1 .653  
1 .698  
1 . 7 3 9  
1 .776  
I .a11 
1.712 
1 . 6 0 6  
1.491 
1.392 
1 .327  
1 .268  
1 .265  
1.250 
1 . 2 3 9  
1 .230 
1 .225  
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BEREA SAIRISTOIJE t4L'fiSER 3 
WATER ADSCRFTION AT 104.73OC 
DAT.4 FROM FRESSURE TRANSDUCER 1 

THE SATURAT1OI.I VAFOR PRESSURE = 1.1612 ATM. ( 17.36 PSIA)  
DEAD V0LU:lE FACTOR- 0 -5265 

*** ANALYSIS GASED ON ADSO2PTION DATA * X +  

RELATIVE FKESSL'RE (F/FO 1 THE FACTOR P/( 1 -P )X ( 1i'MOLE 1 

0.164052 55.2940 
0.258667 63.8775 
0.31 640 1 71 .2265 

0.130571 47.2855 

THE VALUE OF "C" FACTOR It4 6ET At4ALYSIS IS 5.0004 
THE MOHOLAYER ADSORPTION I S  6366.02 1 0 MICROPlOLES 
THE UEIGHT OF THE SAtIPLE I S  456.6001 GRAMS 
THE TOTAL SUXFFACE AREA IS 460.6'526 SQU.kF!E METERS 
SPECIFIC SURFACE AREA IS 0.9467 SQUAF!E NETERS/GRAII 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO) THE FACTOR P / ( l -P )X  (l/'PlOLE) 

0.31 7066 76.1272 
0.248206 68. 3559 
0.194344 63.1622 
0.150486 56.1973 
0.1 141 35 52.2459 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  3.8355 
THE KOI:OLAYER ADSWPTION IS 6478.6750 ElICRClMOLES 
THE WEIC-YT OF THE SAMPLE I S  456.6001 GRAMS 
THE TOTAL SUCFACE APEA IS 468.7383 SWAEE HETERS 
SFECIFIC SURFACE AREA IS 0.9633 SQUAE E METERS/GRAtl 
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BEREA SAE(DST@ttE t:UMBER 3 
KATEF! A D 5 3 8 P T I O I I  A T  104.73OC 
DATA F F C n  PRESSURE TRANSDUCER 2 

THE SATURATICN V A K R  PRESSURE = 1.1812 ATH. I 
DEAD VOLUtlE FACTOR= 0.5265 

NUM8 E R 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

PRESSURE OF SYSTEM TOTAL APf3UNT FLOW 
P/PO 

0.091 82 
0.01 272 
0.04635 
0.1 2820 
O.lS187 
0.25741 
0.31 203 
0.365i5 
0.40765 
0.43589 
0.46960 
0.50058 
0.53340 
0.56074 
0.58900 
0.62000 
0.65195 
0.69205 
0.72489 
0.75500 
0.78054 
0.80245 
0.63342 
0.60089 
0.50548 
0.40542 
0.31266 
0. 24374 
0.18950 
0.14629 
0.11 042 
O.OS306 
0.05798 

( P S I A  1 

0.032 
0.221 
0.605 
2.225 
3.157 
4.468 
5.417 
6.349 
7.076 
7.567 
8.152 
8.690 
9.259 
9.734 
10.225 
10.763 
11.471 
12.013 
12.584 
13.106 
13.550 
13.930 
1 1  -854 
10.431 
8.775 
7.035 
5.427 
4.231 
3.290 
2.539 
1.917 
1.390 
1.006 

I N  (MICROtlOLES 

154.659 
879.908 
2068.050 
3624.01 9 
4700.992 
63C1 ,457 
7652.008 
6559.684 
9339.367 
10045.070 
10741 -570 
11464.250 
12159.570 
12833.650 
13495.800 
1 rt 2 7 3.2 2 0 
15160.300 
15334.270 
16749.350 
17451.030 
18079.070 
16667.600 
16190.210 
13927.030 
11339.330 
8954.754 
7015.563 
5558.977 
4404.250 
351 3.523 
2841.613 
2354.685 
2002.189 

17.36 P S I A )  

DEAD VOLUNE AI.1OLVIT ADSOEEED C A P A C I T A t X E  
(FlICRO!lOLES 1 ( MICROElOLES 1 ( PICOFARADS)  

5.81 3 
40.701 
140.356 
410.858 
583.402 
8C6.764 
1003.148 
1 1 76.969 
131 2.755 
1404.392 
151 3.906 
16 14.668 
1721.500 
181 0.632 
1902.846 
2004.101 
2141 -300 
2239.873 
2347.541 
2446.369 
2530.320 
2602.344 
221 1.577 
1941 -656 
1630.591 
1305.531 
1005.18S 
782.666 
607.952 
468. ‘968 
353.760 
256.368 
185.589 

148.846 
839.207 
1919.684 
321 3.161 
41 17.590 
5494.691 
6643.859 
7362.71 1 
8076.609 
6543.676 
9227.672 
9649.5S6 
10438.070 
11028.020 
11592.960 
12269.120 
13’31 9.000 
13734.390 
14401.800 
15004.660 
15548.750 
16065.250 
13978.630 
1 19$5.370 
9703.738 
7649.2 2 3 
6040.371 
4776.269 
3796. 286 
3c44.555 
2487.853 
2009.317 
1816 -600 

1.225 
1.228 
1.235 
1 .t53 
1.266 
1.288 
1.312 
1.332 
1.356 
1.376 
1.401 
1.429 
1.459 
1.490 
1.521 
1.560 
1.607 
1.653 
1.698 
1.739 
1.776 
1.811 
1.712 
1.608 
1.491 
1.392 
1.327 
1.288 
1.265 
1.250 
1.239 
1 .230 
1.225 
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BEREA SANDSTONE NUMBER 3 
WATER ADSORPTION AT  104.73OC 
DATA FRCM PRESSURE TRAIEDUCER 2 

THE SATURATIOI4 VAPOR PRESSURE = 1.1812 ATM. ( 17.36 P S I A )  
DEAD VOLUME FACTOR= 0.5265 

*** ANALYSIS  BASED OtJ ADSORPTIOtl  DATA **I 

R E L A T I V E  FRESS'JRE (P/PO 1 THE FACTOR P/( 1 -P )X ( 1 /MOLE 1 
0.128201 45.7659 
0.181873 53.9889 
0.257406 63.0846 
0.31 2026 68.2138 

T t iE  VALUE OF "C" FACTOR I N  BET  A N A L Y S I S  I S  4.9332 
THE HOF49LAYER ADSORPTION I S  6544.2070 MICRO!1OLES 
THE k 'E IC3T  OF THE SAt lPLE I S  486.6001 GRAMS 
THE TOTAL SLFFACE AREA I S  473.4775 5QUAF!E NETERS 
S F E C I F I C  SURFACE AREA I S  0.9730 SQUAPE I.IETERS/GRAfl 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P /PO)  THE FACTOR F/( 1-PIX  ( l / ' M O L E 1  

0.31 2658 75.3065 
0.243740 6 7.4784 
0.189505 61 -5900 
0.146288 56.2824 
0.11 0418 49.8918 

THE VALUE OF "C" FACTOR IN BET A N A L Y S I S  I S  4.2552 
Tt iE  tlC'!OLA\ ER ADS@RFTIC!J I S  6253.4840 MICRCtlOLES 
THE E I G H T  OF THE SAtlPLE I S  486.6001 GRAtZt 
THE TOTAL SCRFACE AREA I S  452.4453 SQUCFE METERS 
S P E C I F I C  SURFACE AREA I S  0.9298 SGUAF; E HETERS/GRAM 
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B E R E A  SCHDSTONE t4UI.lBER 3 
HATER ADSORPTIOI4 A T  131.35OC 
DATA FFOM P R E S S U R E  T R A t E O I J C E R  t 

T H E  S A T U R A T I C N  VAFOR P R E S S U R E  = 2.7748 ATM. ( 40.78 PSIA) 
DEAD VOLUME F A C T O R =  0 -5265  

It'JlIP E R 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
14  
15 
16 
17 
18 
1 9  
20 
21 
22 
23 
2 4  
25 
26 

P R E S S U R E  O F  S Y S T E M  T O T A L  AtlOUt4T F L O N  DEAD VOLL'ME At lCUtIT  ADSORBED CAFACITAE!CE 
P/PO 

0.03705 
0.10059 
0.17844 
0.23830 
0.28970 
0.35541 
0.40523 
0.52131 
0.59235 
0.64377 
0.67611 
0.71004 
0.75457 
0.78319 
0 .  804?2 
0.81 870 
0.69243 
0.56978 
0.43354 
0.33072 
0.23293 
0.15415 
0.1051 3 
0.07046 
0.0491 2 
0.03471 

( P S I A )  I N  ( M I C R O P I O L E 5  1 ( M I C R 0 F ; O L E S  1 

1.51 1 
4.102 
7.277 
9.718 

11.814 
14.493 
16.5'25 
21.259 
24.155 
26.252 
27.571 
2s. 955 
30.770 
31.958 
32.824 
33.336 
28.237 
23.235 
20.126 
13.486 

9.499 

4 .287  
2.873 
2.003 
1.415 

6.286 

2Z24.936 
3957.208 
5705.281 
7034.422 
81Q4.473 
Q722.582 

11036.950 
1 ~ 0 9 0 . 0 0 0  
15992.900 
17493.61 0 
1 S525.280 
19550.980 
21 137.660 
22050.260 
22O24.300 
23572.600 
1 9755.41 0 
15673.230 
1321 7.340 

9 1 '95 .18 0 
6623.121 
4703.730 
3402.91 0 
2461 .793 
1506.138 
1343.034 

260.31 1 
707.972 

1258.81 0 
1654.097 
2050.469 
2520.577 
2675.2Sl  
3716.155 
4;31.9T3 
4606.575 
4643.301 
5091.8?8 
541 9.039 
5529.P52 
5790.188 
5891 .984 
4962.840 
4067.821 
3515.139 
2343.708 
1645.833 
1 055.662 

740.003 
495.498 
345.202 
243.824 

( M I C R O M O L E S  1 ( P I C O F A R A D S  1 

1954.625 
3249.236 
4446.469 
51i50.324 
6144.000 
;:02.004 
81 58 .703  

10273.840 
1 1  760.930 
1 t876 .740  
13681 .080 
14559.080 
15718.820 
16430.41 0 
171 34.1 10 
17690.620 
14792.570 
11605.400 

9702.203 
6042.469 
4077.265 
3622.063 
2662.907 
1 966.296 
1460.936 
1099.21 0 

1 .203  
1 .;21 
1.240 
1 .:56 
1.276 
1.306 
1.340 
1.444 
1.536 
1.609 
1.661 
1 .717 
1 . E O 1  
1.856 
1 .?01 
1 .?33 
1.781 
1.604 
1.497 
1.360 
1 .303  
1 .276 
1.260 
1 .E47 
1.239 
1.232 
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BEREA SANOSTOtE tlUHBER 3 
WATER ADSORPTICti AT 131.35'C 
DATA FROM PRESSURE TRANSDUCER 1 

THE SATLRATICN VAPOR PRESSURE = 2.7768 ATE!. ( 40.78 P S I A )  
DEAD VOLUME FACTOR- 0.5265 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE [ P/PO 1 THE FACTOR P / [ l - P ) X  ( l / ' H O L E )  

0.100589 34.4200 
0.176443 4 8 . 8 4 i 8  
0.238304 58.4750 
0.289699 66.3826 

THE VALUE OF "C" FACTOI? I N  P E T  A N A L Y S I S  IS IO .4167 
THE HCt:OLAVER ADSCRPTION I S  5350.4140 MICROMOLES 
THE WEIGHT OF THE SANPCE I S  486.6001 GRAtIS 
THE TOTAL SLTFACE AREA I S  392.6936 SC,UCI?E METERS 
S P E C I F I C  SURFACE AREA I S  0.6074 SQUARE tlETERS/GRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSUPE (P/PO 1 THE FACTOR P / (  ! - P I X  ( l / M O L E )  

0.33071 9 72.21 6 8  
0.232927 41 .0086 
0.154150 50.3147 
0.1051 26 44 .  1 155 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  IS 5.0249 
THE MOh'OLAYER CDSCRFTION IS 6392.0420 HICRC!IIOLES 
THE GEIGHT OF THE SAt!PLE IS 486.6001 GRAMS 
THE TOTAL SURFACE AREA I S  469.3831 SQUAF'E METERS 
S P E C I F I C  SURFACE AREA I S  0.9646 SQUAc!E HETERS/GRAH 
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BEREA SAt!DSTCtJE NUV3ER 3 
WATER ADSORPTIOF4 AT 131.35'C 
DATA FROM FRESSUQE TRANSDUCER 2 

THE SATURATICIi VAFOR PRESSURE = 2.7748 ATH. ( 40.78 PSIA)  
DEAD VOLUtlE FACTOR- 0.5265 

NUMBER FRESSURE OF SYSTEN TOTAL AMOUNT FLOW DEAD VOLUPlE AMClUHT ADSORBED CAPACITANCE 
P/PO 

1 0.03522 
2 0.09334 
3 0.17508 
4 0.23443 
5 0.28489 
6 0.34975 
7 0.39794 
8 0.51 381 
9 0.55502 

10 0.63563 
11 0 -6671 7 
12 0.70027 
13 0.74467 
14 0.77233 
15 0.79i t l5 
16 0.60701 
17 0.69460 
18 0.571 80 
19 0.49320 
20 0.331 11 
21 0.23314 
22 0.15460 
23 0.10493 
24 0.07089 
25 O.Oi935 
26 0.03526 

( PSIA 1 I N  (MICROEIOLES I 

1.436 
4.010 
7.140 
9.550 

11.618 
14.263 
16.227 
20.953 
23.857 
25.9LO 
27.206 
28.556 
30.367 
31.495 
32.385 
32.909 
28.325 
23.317 
20.112 
13.502 

9.507 
6.305 
4.279 
2.891 
2.013 
1.438 

2246.922 
3959.626 
5752.460 
7099.840 
8282.520 
9827.539 

1 1 174.750 
14151.120 
161 67.550 
17679.390 
18748.C50 
17895.640 
21 402.920 
22359.190 
232 34.660 
23907.960 
20046.910 
15970. t o 0  
13527.190 

9472.81 6 
6903.230 
4979.488 
3670.602 
2723.625 
2065.051 
1594.643 

(tlICROHOLES I 

247.394 

1234.975 
1656.557 
2016.160 
2450.024 
2825.842 
355 t .838 
41 78.6SO 
4547.434 

692.a94 

4777.883 
5oza.266 
5346.273 
5549.8?8 
571 0.676 
5805.570 
4978.746 
4062,492 
3512.692 
2346.500 
1647.381 
1069.863 

538.632 
498.478 
346.844 
247.670 

( MICRO~lOLES) ( PICOFARADS 1 

1993.527 
3297.533 
451 7.484 
5443.281 
6266.359 
7347.512 
8348.91 0 

104S9.280 
11988.900 
13131.960 
139iO. 170 
14875.370 
16056.650 
16309.360 
17523.980 
1-31 02.390 
15OSS.160 
11857.610 
1001 4.490 

71 26.31 6 
5255.848 
3889.626 
2931 .969 
22:5.3+7 
1718.207 
1346.973 

1.203 
1.221 
1.240  
1.256 
1.276 
1.306 
1.340 
1.444 
I .536 
1.609 
1.661 
1.717 
1 .BO1 
1 .S56 
1.901 
1.939 
1.781 
1.604 
1.497 
1.360 
1.303 
1.276 
1.260 
1.247 
1.239 
1.232 
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BEREA S4NDSTOI4E NUFISER 3 
WATER ADStRPT ION AT 131.35OC 
DATA FROFI PRESSURE TRAt4SDUCER 2 

THE SATURATION VAPOR PRESSURE = 2 .7748  ATM. ( 40.78 PSIA)  
DEAD VOLUIIE FACTOR= 0 .5265  

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO) THE FACTOR P/'( 1 - P I X  ( l / 'PIOLE) 

0.1 75084 46 .9829  
0 .234434  56.2571 
0.284693 6 3 . 5 7 6 4  
0.349752 73.2050 

THE VALUE OF "C" FACTOR I N  B E T  ANALYSIS  I S  8 . 1 5 2 5  
THE tlO!<OLA) ER ADCORPTICN I S  5860 -91 70 MICROFIOLES 
THE WEIGHT OF THE SAMPLE I S  486 .6  0 0 1 GRAMS 

S P E C I F I C  SURFACE AREA I S  0 -6345 SQUAF?E METERS/GRAbl 
THE TOTAL SURFACE AREA I S  430.301 3 S9UAF!E METERS 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P / (  1 - P I X  ( l / 'MOLE)  

0 .331  109 69 .4626  
0.233145 57 .8455  
0.154602 47.0161 
0.104932 39.9844 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  IS 5 .6616  
THE KONOLAYER ADSORPTION I S  6363.8000 MICROMOLES 
THE K E I E H T  OF THE SAMPLE I S  486.6001 GRAMS 
THE TOTAL SURFACE AREA IS 467.3093 SQUAF'E METERS 
S P E C I F I C  SURFACE AREA I S  0.9604 SQUAF'E PIETERS/GRAM 
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BEREA SANDSTO!lE NU:!BER 3 
WATER ADSO2PTIOt I  AT 145.97OC 
DATA FEO:1 FRESSURE TRANSDUCER 1 

THE SATL'RATIOI.1 VAFOR PRESSL'RE 4.2102 ATM. ( 61.87 P S I A )  
DEAD VOLUilE FACTOR- 0.5265 

NUREER FRESSURE OF SYSTEM TOTAL ACOUNT F LON DEAD VOLUME ArlOUtIT ADSOREED CAPACITANCE 
F/FO 

1 0.02337 
2 0.05722 

4 0.13646 
5 0.17278 
6 0.22237 
7 0.25625 
8 0.29048 
9 0.321 58  

10 0.35447 
1 1  0 .43333 
12 0.49278 
13 0.5381 9 
14  0.60561 
15 0.66643 
16 0.71072 
17 0.75785 
18 0.79309 
19  0.75673 
20 0.66707 
21 0.60205 
22 0.43908 
23 0.36297 
24 0.Z6589 
25 0.15541 
26 0.1 1634 

3 0.0.5445 

( P S I A  1 IN ( tlICROFIOLES 1 (MICROMOLES 1 

1.446 
3.540 
5.225 
8 .443  

10.690 
13.758 
15.655 
17.973 
19.897 
23.763 
26.814 
30.489 
33.299 
37.471 
41.360 
43.974 
46.890 
49.071 
46.821 
42.510 
37.250 
30.261 
22.453 
16.451 
11.472 

7.193 

15%. 745 
2531.324 
371 5 -481 
51 17.332 
6044.551 
7358.750 
8320.320 
9235.62 1 

100?0.120 
1 191 7.420 
13361.400 
15276 .&60 
16783.820 
165'?2.140 
21219.650 
22907.000 
24597.900 
26 t23 .460  
24916.640 
225r2.120 
19504.890 
16007.830 
12395.370 

7258.484 
5280.250 

o540.039 

240.414 
559.295 
870.542 

1409.550 
1757.138 
2304.524 
2659.166 
301 8 . 4 8 3  
3345.684 
4010.026 
4529.160 
51 62 .395  
5648.770 
6 3 i 4 . 3 1 3  
7054.727 
7514.168 
8028.746 
841 5.098 
8016.535 
7256.680 
6335 .S67 
51 22.038 
3782.597 
2760.279 
1 91 8.726 
1200.782 

(I lICEOI1OLES) [ PICOFARADS 1 

1306.330 
2302.030 
2844.939 
3707.782 
4257.410 
5054.223 
5641.152 
6217.137 
6744.441 
7907.395 
8332.242 

10114.470 
1 1  135.050 
1261 7.830 
14164.020 
15354.830 
16569.160 
177C8.370 
16?00.110 
15265.440 
13169.020 
10884.900 

661 5.793 
6779.758 
5339.758 
4079.463 

1.248 
1.257 
1.266 
1.277 
1.285 
1.297 
1.308 
t .321 
1.334 
1.370 
1.407 
1.465 
1.522 
1.616 
1.720 
1.797 
1 - 8 7 9  
1.949 
1.895 
1.791 
1.660 
1 . 5 1 3  
1.397 
1.334 
1 .299  
1.273 
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6EREA SAtKlSTOt4E NUKEEP 3 
W4TER ADSO?PTIOfj AT 145.97OC 
DATA FROH FRESSUFE TRAIJSDUCER 1 

THE SATURATION VAPOR PRESSUTE = 4.2102 ATfl. ( 61.87 P S I A l  
DEAD VOLUME FACTOR= 0.5265 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE FRESSURE (P/PO l 

0.136461 
0.172775 
0.222368 
0.256249 
0.29O.iM 
0.321577 

THE FACTOR P/( 1-P)X ( l / t IOLE) 
42.6198 
49.05G3 
56.5775 
60.85QS 
65.852 1 
70.2810 

THE VALUE OF "C" FACT@R I N  BET ANALYSIS I S  7.3534 
THE KOt!OLAYER ADSORPTION IS 5866.7570 MICROIIOLES 
THE WEIGHT OF THE SAMPLE I S  486.6001 GRAMS 
THE TOTAL SURFACE AREA I S  434.8093 SQUARE ElETERS 
SFECIFIC SURFACE AREA IS 0.8936 SGUAKE NETERS/GRAM 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE FRESSURE ( P/PO 1 

0.265893 
0.185407 
0.116339 

THE FACTOR P/( 1 -P )X ( 1 AIOLE 1 
53.4235 
42.6248 
32.2727 

TtiE VALUE CF "C" FACTO? I N  6ET ANALYSIS I S  9.7994 
THE H@NOLAYER ADSORFTICII I S  63%. OS90 tIICRt)WLES 
THE E I G H T  OF THE SANPLE I S  486.6001 GRAMS 
THE TOTAL SURFACE AREA I S  471 .2239 SBUAF!E METERS 
SFECIFIC SURFACE AREA I S  0. $684 SQUARE KTERS/GRAfl 
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BEREA SANDSTONE hVlV3ER 3 
WATER ADSURFTION AT 145.97OC 
DATA FROM FRESSURE TRANSDUCER 2 

THE SATURATION VAFOR FRESSURE = 4.2102 ATM. ( 61.87 P S I A )  
DEAD VOLUflE FACTOR= 0.5265 

NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
2 2  
23 
24 
25 
26 

PRESSURE OF SYSTEM TOTAL At?OUFIT FLOW DEAD VOLVME AMOUIIT ADSOPPED CAPACITANCE 
P/PO 

0.02321 
0.05741 
0.08499 
0.13661 
0.17267 
0.22232 
0.25715 
0.291 74 
0.32249 
0.39532 
0.43458 
0.4941 4 
0.54061 
0.60942 
0.67136 
0.71400 
0.76 1 27 
0.79697 
0.76066 
0.69081 
0.60583 
0.49260 
0.36635 
0.26936 
0.18917 
0.12070 

( F S I A  I N  (P1ICROHOLES 1 ( PlICROI.lOLES 

1.436 
3.552 
5.25s 
8.452 
10.664 
13.756 
15.910 
18.050 
19.953 
23.641 
26.689 
30.573 
33.449 
37.644 
41.539 
44.177 
47.102 
49.311 
47.064 
42.742 
37.484 
30.478 
22.667 
16.666 
1 1  . i o 4  
7.468 

1552.183 
2807.76 1 
3iC2.287 
51 38.871 
6076.934 
7402.629 
8358.375 
9265.632 
10129.510 
11974.460 
13420.400 
15541.690 
16843.eSO 
19051 .lo0 

22954.440 
24699.91 0 
Z6237.450 
25016.51 0 
22634.630 
195'18.530 
16077,790 
12462.870 
9588.746 
7289.055 
52 95.625 

21287.000 

238.728 
591.226 
876.165 
141 1 .lo9 
1766.063 
2304.034 
2663.589 
3031.637 
3355.331 
401 9.093 
4541 .953 
51 76.930 
5674.734 
6404.609 
7086.01 2 
7549.910 
8066.223 
8457.71 5 
S059.562 
7297.414 
6376.6 1 3 
5160.504 
381 8.31 1 
2796.650 
1957.958 
1246.024 

( f l ICRONOLES 1 ( PICOFARADS 

131 3.460 
2306.535 
2645.122 
372 7.76 2 
4290.867 
5008.504 
5669.785 
6234.191 
6774.1 E4 
7955.367 
8878.449 
101 64.760 
1 1  169.140 
12646.490 
14200.990 
15434.530 
16633.690 
17779.740 
16956.920 
15337.41 0 
13211.9iO 
1091 7.280 
8644.559 
6792.094 
5331.094 
4049.601 

1.248 
1.257 
1.266 
1.277 
1.285 
1.297 
1.308 
1.321 
1.334 
1.370 
1.407 
1.465 
1.522 
1.616 
1.720 
1.797 
1.879 
1 .949 
1.895 
1.791 
1.660 
1.513 
1.397 
1.334 
1.299 
1.273 
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GEREA SAII'JSTOKE HUXEER 3 
W4TER ADSORPTION AT 145.97OC 
DATA FF9M FRESSURE TRAtCXUCER 2 

THE SATURATION VAFOR PRESSLTE = 4.2102 ATM. [ 61.87 P S I A )  
DEAD VOLUIlE FACTOR= 0.5265 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE [ P i P o  1 THE FACTOR F/( 1 -P  )X ( 1 r'E1OLE 1 

0.13561 1 42.4454 
0.172672 48.6406 
0.222321 56.0699 
0.2571 45  60.8335 
0.291 736 66.0714 
0.322492 70.2664 

THE VALUE OF "C" FACTOR I N  6 E T  ANALYSIS  I S  7.5668 
THE HONOLAYER ADS@RPTI@N IS 5838.8160 MICROIIOLES 
THE UE IGHT OF THE S.&tlPLE I S  486.6001 GRAMS 
THE TOTAL SLFFACE AEEA I S  432.7355 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  0 .SS93 SQUAF!E I IETERS iGRAt l  

*** ANALYSIS  BASED OH DESORPTION DATA *** 
R E L A T I V E  FRESSURE ( P/PO 1 THE FACTOR P / ( l - P ) X  ( l / ' M O C E I  

0 . 3 9 3 5 9  54.2781 
0.1691 70 4 3.7629 
0 .  t 2070: 33.6974 

THE VALUE OF "C" FACTOR I N  E E T  A N 4 L Y S I S  I S  8.8059 
THE KCIDLAYER ADSCRFTICN I S  64 i3 .7530  ElICROtlOLES 
THE L!EIGHT OF THE SAMPLE I S  486.6001 GTANS 
THE TOTAL SUPFACE AEEA IS 479.7364 SQUAF'E METERS 
S P E C I F I C  SURFACE AREA I S  0.9860 SGUAL'E t lETERSiGRAM 
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BEREA SAIIDSTONE t1U;lEER 3 
WATER ADSO2PTIOPI AT 162.13OC 
DATA FROH FRESSURE TRANSDUCER 1 

THE SATUPATION VAFOR PRESSURE = 6.4347 ATtl. ( 94.56 PSIAI 
DEAD VOLUME FACTOR= 0.5265 

NUMGER PRESSU9E OF SYSTEM TOTAL AMOUNT FLOW DEAD VOLUPlE AtlCILPIT ADSO?BED CAPACITAtKE 
PI’PO ( PSIA I I N  ( MICROilOLES 1 ( t l ICROHOLES 1 (tlICfiOPIOLES I ( PICOFARADS 1 

1 0.03059 
2 0 . O X 1 5  
3 0.10596 
4 0.12401 
5 0.16149 
6 0.16046 
7 0.22732 
8 0.25132 
9 0.30024 

10 0.3491 6 
11 0.37408 
12 0.40630 
13 0 -47644 
14 0.58829 
15 0.68313 
16 0.74299 
17 0.79007 
16 0.73308 
19 0.44659 
20 0.52683 
21 0.19043 
22 0.10575 
23 0.061 19 
24 0.03798 
25 0.02348 

2.893 
6.823 

1o.o;o 
11.727 
15.271 
17.065 
21.496 
23.766 
25.392 
33.018 
35.374 
38.422 
45.054 
55.631 
65.073 
70.261 
74.712 
69.324 
42.232 
30.907 
18.0C8 
10.019 
5.786 
3.591 
2.221 

2000.414  
3577.434 
4657.035 
5233.004 
6353.664 
6964.051 
6438.945 
9227.930 

10768.650 
12392.600 
13294.400 
14453.620 
16925.940 
20902.120 
24977.650 
27441.660 
30091 .OOO 
27940.920 
17232.780 
13265.330 
6584.992 
58,6.809 
4292.648 
5305.724 
2630.438 

463.295 
1 cIC4.918 
16 1 0.743 
1 ES6.806 
2461.576 
2753.370 
3476.537 
3848.339 
4603.016 
5373.637 
5764.605 
6271 .a87 
f 282 * 355 
01 71.8+0 

10789.370 
116E6.680 
12461.560 
11524.180 
6905.6 C5 
5 0 3 . 0 9 8  
2907.01 1 
161 0.543 

928.130 
575.357 
355.538 

-- 

1537.119 
2632.446 
3076.292 
3 55 2 - 1  98 
3C27.068 
421 0.660 
4 W  .406 
5379.590 
6 159.641 
701 8.973 
7523.883 
8181.742 
9543.566 

1 1730 - 280 

15755.170 
1 76 2 9.430 
16416.740 
10324.000 
8261 .238 
5677.980 
4266.262 
3364.519 
2730.347 
22 74.900 

141 €86.260 

1.253 
1.264 
1 .?72 
1.275 
1.262 
1 .;67 
1.301 
1.309 
1.327 
1 .350 
1.366 
1.337 
1.448 
1.556 
1.761 
1.661 
1 .962 
1.173 
1.475 
1.381 
1.309 
1 .?80 
1.262 
1 .251  
1.245 
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EEREA SAtJDSTOtJE tJUf3ER 3 
WATER ADSORPTIO I~  AT  162.13OC 
DATA FROt l  FRESSLIRE TRANSDUCER 1 

THE SATURATICN VAFOF FRESSURE = 6.4347 ATM. I 94.56 P S I A )  
DEAD VOLUME FACTOR= 0.5265 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO 1 

0.105962 
0.12401 3 
0.161491 

0.227320 
0.251 323 
0.30035 
0.349163 

0.18046 1 

THE FACTOR P/( 1 - P I X  (1I 'MOLE) 
36.5272 
42.2317 
49.0423 
52.2950 
59.2651 
62.4007 
69.6585 
76.4333 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  I S  7.5529 
THE M@::OLAYER ADSORPTION I S  5632 .e860 M1CRC)rlOLES 
THE N E I t H T  OF THE SAHPLE I S  496.6001 G R A W  
THE TOTAL SURFACE AREA I S  422.1558 SGUALIE METERS 
S P E C I F I C  SURFACE AREA I S  0.6676 SQUAE'E flETERS/GRAM 

*** ANALYSIS  EASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSURE I P/PO) THE FACTOR P/( 1 - P  )X ( 1 /'t:OLE 1 

0.326633 58.7702 
41 -4286 0. I90435 

0.105949 27.7772 

THE VALUE OF "C" FACTOR I N  BET A N 4 L Y S I S  I S  1 1  .@988 
THE NCt!@LAl ER ADSORPTION I S  6553.1320 HICRCl~ lOLES 
THE ClEIPHT OF THE SAMPLE I S  496.6001 GRAMS 
THE TOTAL SU2FACE APEA I S  4S0.3740 SYJAK'E METERS 
S P E C I F I C  SUXFACE AREA IS 1 .@078 SGUAKE METERS/GRAfl 
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BEREA SAIJDST@L!E t4UHPER 3 
WATER ADSORPTIOtI  AT  162.13OC 
DATA FROM FRESSURE TRANSDUCER 2 

THE SATCRATIOI4 VAPOR PRESSURE = 6.4347 ATM. ( 94.56 PSIA) 
DEAD VOLUME FACTOR= 0.5265 

NUPEER 

1 

3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

0 

PRESSURE OF SYSTEM TOTAL AtlOUNT FLOW DEAD VOLUtlE AMC'JIIT ADSOQEED CAPACITANCE 
P/FO 

0.03055 
0.07182 
0.10561 
0.1:403 
0.16171 
0.11099 
0.22761 
0.25161 
0.30030 
0.3491 8 
0.37422 
0.40682 
0.47691 
0.56349 
0.68555 
0.74371 
0.79094 
0.73330 
0.44632 
0.32682 
0 .  1 9002 
0 .  1 0559 
0.06077 
0.05783 
0.02331 

( P S I A  1 I N  (EIICROPIOLES 1 (tIICROElOLES I 

2.889 
6 .792 
9.987 

1 1  - 7 2 3  
15.292 
17.115 
21.524 
23 .793 
28.397 
33.020 
35.3FIQ 
38.471 
45 .099 
55.651 
65.112 
70.3C9 
74.795 
69 .344 
42.206 
30.5'06 
17.969 

9.985 
5.745 
3.577 
2.204 

1995.704 
3552.61 7 
4697.488 
5243.207 
6400.273 
6974.51 6 
8448.  035 
$240.367 

107O6.640 
12427.190 
13336.640 
144?2.100 
16969.770 
20954.230 
25069.780 
27551 . 120 
30224 .660 
28961 .200 
17331.950 
133S2.820 
8660.  1 1 3 
5946.563 
4365.863 
3379.335 
2709.072 

462.648 
lOtJ9.959 
1605.406 
1867.01 6 
Z465.029 
2761.493 
3481.043 
3952.746 
4609.832 
5373.91 0 
5T66.820 
6 2 E O .  109 
73E9.8?5 
91 T5.1 1 7 

10796. I60  
11698.460 
1 C456.030 
1 1527.670 

69C4.359 
5023.936 
2900.539 
1605.067 

921.691 
573.075 
352.694 

~ M I C R O I I O L E S  1 ( PICOFARADS 1 

1533.056 
2992.659 
3092.062 
3361 .I91 
3935.244 
421 3.020 
4966.980 
5387.617 
6 186.809 
7053.289 
7569.824 
621 2.000 
9579.879 

1 178?. 1 1 0 
14273.620 
15852.650 
17748 .6 f0  
16533.520 
10427.590 

8335.895 
5759.574 
4341.432 
3444.173 
2806.260 
2356.178 

1 .253 
1 .264 
1.272 
1 .275 
1.282 
1.287 
1.301 
1.309 
1.327 
1 .350 
1.366 
1.337 
1.448 
1.586 
1.761 
1 .e61 
1 . $ 6 2  
1.673 
1.475 
1.381 
1 .309 
1.280 
1.262 
1.251 
1.245 
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PEREA SAt:DST@t!E t4UYSER 3 
WATER CDSSRPTION AT  152 .13°C  
DATA FAOH PRESSURE TRAfiSDUCER 2 

THE SATURATION VAFOR PRESSU?E = 6.4347 ATM. ( 94.56 P S I A )  
DEAD VOLUIlE FACTOR= 0.5265 

*** ANALYSIS  BASED ON ADSCRPTION DATA *Cy* 

R E L A T I V E  PRESSURE (P/PO 1 
0.10561 3 
0.124026 
0 .161714 
0 .18008s  
0.22761 1 
0 - 251 608 
0.300297 
0.3491 81 

THE FACTOR P/( 1 -P )X ( l/'MOLE 1 
38.1892 
4Z.1240 
49.021 1 
52.4526 
59.3286 
62.4019 
69.3699 
76.0674 

THE VALUE OF "C" FACTOR I N  B E T  AE!ALYSIS I S  7 .5185  
THE MOl4OLAYER AI ISORPTICN I S  5654.9S40 MICRCIIIOLES 
THE WEIGHT OF THE SAt lPLE I S  486.6001 GRAMS 
THE TOTAL SURFACE AREA IS 423.6118 SIUAF!E METERS 
S P E C I F I C  SURFACE AREA I S  0 ,671  0 S3UAF!E HETERS/GRAtl  

*** ANALYSIS  BASED Otl  DESORPTION DATA Y** 

R E L A T I V E  FPESSUQE (P/PO 1 THE FACTOR P/( I -P )X  ( l/'fl3LE 1 
0.3Z6S22 58.2202 
O . l W O I 5  40.7506 

27.19C6 0.105591 

THE VALUE CF "C" FACTOR I N  PET  ANALYSIS  IS 11.5378 
THE MONOLAIEF! ADSCTFTICN I S  6567.8620 t1ICRC)MOLES 
THE WEIGHT OF THE SANPLE IS 496.6001 GPAMS 
THE TOTAL SURFACE APEA I S  402-2288  SQUAPE METERS 
S P E C I F I C  SUDFACE AREA I S  1 .O 1 16 SQUAK'E PlETERS/GRAM 
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BEREA SAIJDSTONE tIUKBER 3 
WATER CDSClRPTION A T  1S9.2OoC 
DATA FF;OEl PRESSURE TRANSDUCER 1 

THE SATURATION VAPCR PRESSURE = 12.1636 ATM. ( 178.75 P S I A )  
DEAD V O L U f l E  FLCTOR= 0.5265 

NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

PRESSURE OF SYSTEM TOTAL AflOUIiT FLOU 
P/FO 

0.03527 
0.09716 
0.13102 
0.15218 
0.22002 
0.26811 
0.31194 
0.36090 
0.41303 
0.45400 
0.50472 
0.55315 
0.6q564 
0.68946 
0.74657 
0. i q4so  
0.71 072 
0.56056 
0.40956 
0.25605 
0.16351 
0.07787 
0.04051 
0.02301 
0.01352 
0 . 0 0 ,S$5 
0.00585 

( P S I A  1 IN ( MICROtfOLES 1 

6.305 
17.368 
23.4CO 
27.204 
39.329 
47. 926 
55.761 
64.513 
73.e31 
81.155 
90.221 
96.878 
115.41 1 
123.245 
133.828 
142.074 
127.044 
100.203 
73.210 
45.770 
29.227 
13.919 
7.242 
4.113 
2.417 
1.546 
1.045 

2579.843 
5174.935 
6907.863 
780 0.020 
10721.820 
12893.550 
14850.930 
171 28.730 
19i32.000 
22203.210 
24343.710 
27351.570 
32479.390 
3521 9.950 
39003.290 
42053.200 
37540.090 
30052.560 
23062.11 0 
15942.940 
1 1  87.090 
7955.676 
6003.531 
4881.531 
4202.301 
3359.932 
3460,690 

DEAD VOLL'llE AMCILrl.4 r ADSOFBED CAPACITANCE 
( MICROllOLES [ MICROIIOLES 1 [P ICOFARADS 1 

951.588 
2632.954 
3559.240 
4140.582 
601 6.457 
7358.469 
8590.375 
9977.000 
11465.830 
1 Z645.640 
14117.730 
15535.990 
18260.600 
19598.280 
2 13T6.870 
2281 3.530 
20241.5iO 
15754.170 
11 366.270 
7020. 969 
4452.348 
21 07.262 
1003.399 
620.249 
354.172 
232.907 
157.446 

1628.255 
2 0 4  1 .954 
3 3 W .  624 
3659.438 
41305.363 
5535.086 
6 ;:6 0 .55 9 
7151.738 
8266.109 
9557.574 
10825.950 
1 li05.580 
14195.760 
15621.670 
1 7606.420 
19239.660 
17298.520 
14298.41 0 
11695.840 
8921.977 
7424.746 
5048.410 
4910.129 
4261 -281 
3838.128 
3527.025 
3303.445 

1.428 
1.448 
1.457 
1.463 
1.484 
1.501 
1.519 
1.545 
1.580 
1.616 
1.670 
1.724 
1.376 
1.958 
2.080 
2.180 
2.033 
1.601 
1.641 
1.538 
1.502 
1.469 
1.452 
1.442 
1.438 
1.435 
1.433 
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BEREA SAtDSTONE NUIiEER 3 
WATER ADSCRPTION AT 189.2OoC 
DATA FROM FRESSURE TPAt4SDUCER 1 

THE SATL'RATION VAFOR FRESSURE = 12.1636 ATN. ( 178.75 PSIA)  
DEAD VDLUNE FACTOR= 

*** ANALYSIS BASED ON 

0 -5265 

DSCRPTION 

RELATIVE PRESSURE (P/PO 1 
0.131 020 
0.152184 
0.220018 
0.268113 
0.31 1941 

4 *** 
THE FACTOR P / ( t -P )X  ( I /NOLE) 

45.0256 
49.0515 
59.9487 
66.1835 
72.41 58 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  6.7920 
THE tlOl40LA'IER ADSCRPTION I S  5675.4760 PlICROIlOLES 
THE WEIGHT OF THE SAMPLE IS 485.6001 G R A M  
THE TOTAL SUSFACE AEEA I S  434.3994 SGUARE NETERS 
SPECIFIC SURFACE AREA I S  0.8927 SGUAF!E METERS/GRAM 

*** ANALYSIS BASED @N DESORPTION DATA *** 
RELATIVE FRESSUFE (P/PO 1 THE FACTOR P/( 1 -P )X  ( l/'tlOLE I 

0.256052 38.5766 
0.163506 26.3263 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  29.2701 
THE tlCI.!OLAYER ADSCIEPTICN I S  7296.3470 M1CRC)P:OLES 
THE WEIGHT OF THE SAtlPLE IS 456.6001 GR,'JlCi 
THE TOTAL SUQFACE AFEA I S  558.461 9 SQUAK'E NETERS 
SPECIFIC SUDFACE AREA I S  1.1477 SQUAF'E METERS/GRAIl 
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BEREA S4hTJSTONE NUHBER 3 
WATER 60SOKPTIO:4 AT 189.20'C 
DATA FFOM PRESSURE TRAt4SDUCER 2 

THE SATURATIOI l  VAPCR PRESSURE = 12.1636 ATM. ( 178.75 P S I A l  
DEAD \'OLU:lE FACTOR= 0.5265 

W S E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20  
21 
22 
23 
24 
25 
26 
27 

PRESSURE OF SYSTEM TOTAL AIIOUNT FLOW 
P/PO 

0.03490 
0.09672 
0.13044 
0.15158 
0.21 948 
0.26759 
0.31 141 
0.35026 
0.41 222 
0.45346 
0.50439 
0.55278 
0.64530 
0.66926 
0.74867 
0.79474 
0.71029 
0.56004 
0.40901 
0.25570 
0.16484 
0.07758 
0.04017 
0.02287 
0.0 1360 
0.00858 
0.00599 

( P S I A )  I N  (MICROMOLES 1 

6.238 
17.289 
23.317 
27.095 
39.234 
47.633 
55.666 
64.398 
73.687 
81.053 
90.162 
98.611 

115.351 
123.208 
133.623 
142 .063 
126.967 
100.109 

73.112 
45.708 
29.465 
13.668 

7.1S1 
4.058 
2.3C6 
1.534 
1 .OiO 

2537.483 
55 i2 .395 
6067.969 
7674.375 

1 0802. 209 
12954.510 
14960.530 
17243.050 
19391.580 
22357.320 
251 17.370 
ZT5i 6.780 
32691 -170 
35445.320 
39230.400 
42283.21 0 
37757.430 
30260.740 
23Z52.470 
161 07.110 
1 1936.480 

7994.621 
6026.633 
4392.426 
4211.254 
3772.460 
3466.548 

DEAD VOLUME AMClUIIT ADSOBeED CAPACITANCE 
(~11CROtlOLES 1 ( H I C R O K I L E S  1 ( PICOFARADS 1 

941.569 
2620 .992 
3543.392 
4123.922 
6001.629 
7343.797 

9758.601 
1 1442.760 
12629.980 
14103.120 
15525.01 0 
18270.550 
19592.11 0 
21397.020 
2261 1.580 
20228.41 0 
15733. 760 
11350.640 

701 1.230 
4489.023 
2099.450 
1064.263 
616.405 
35 1 .0+3 
231.025 
161.221 

8575.464 

1655.91 4 
2891.402 
3424.577 
3750.453 
4800.578 
5540.71 9 
6585.055 
7304.258 
6448.809 
9737.356 

11009.250 
119?1.770 
14420.61 0 
15353.200 
17633.370 
19471.620 
1 7529.0 1 0 
t4521.9SO 
11$01.830 

9095.S83 
7447.465 
5395.168 
49s2.367 
4276.020 
3659.21 1 
3541.435 
3305.027 

1.428 
1.443 
1.457 
1.463 
1.484 
1.501 
1.51 9 
1.545 
1.580 
1.618 
1 .670 
1.724 
1 .S i6  
1.958 
2.060 
2.160 
2.033 
1 .eo1 
1.641 
1.538 
1.502 
1.469 
1.452 
1.442 
1.438 
1.435 
1.433 
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BEREA SAHDSTONE N'JHSEF! 3 
WATER ADSORPTICtt  AT  187.20°C 
DATA FRO11 FRESSURE TRANSDUCER 2 

THE SATURATION VAPOR PRESSUPE 12.1636 ATM. ( 178.75 P S I A )  
DEAD VOLUtlE FACTO%= 0.5265 

*** AI IALYS IS  GASED 014 ADSCRPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO) THE FACTOR P / ( l - P ) X  (1,'MOLE) 

0.13C442 43.8037 
0.151 578 47.6366 
0.21 9434 59.5771 
0.26755'0 ~ 64.7709 
0.31 141 3 70 .a293 

T H E  VALUE OF "C" FACTOR I N  6 E T  ANALYSIS  IS 6.9551 
THE HCNOLAYER ADSORPTICN I S  5756.0390 t l ICROM0LES 
THE UE IGHT OF THE SAt lPLE I S  4% .6001 G R k t l S  
THE TOTAL SLqFACE AREA IS 440.5657 SWAF!E HETERS 
S F E C I F I C  SURFACE AREA I S  0.9054 SPUAF!E METERS/GRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO 1 THE FACTOR P/( 1 -P  ) X  ( 1 /'PIOLE 1 

0. C55704 37.7699 
0. I64637 2 6 . 5 0 1 7  

THE VALUE OF "C" FACTOR I N  BET  A N A L Y S I S  I S  21.4617 
THE K3ROLAYER ADSOPPTICN IS 7698.1870 HICROI lOLES 

THE TOTAL SUCFACE APEA IS 588.45 1 7 SQUAE E METERS 
S F E C I F I C  SURFACE AREA IS t .2093 SQUARE HETERS/GRAII 

THE WEIGHT OF THE S4HPLE IS 486.6001 GRAM53 
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BEREA SAt!DSlO!JE NUMPER 3 
WATER ADSCRPTION AT 189.94OC 
DATA FROM PRESSURE TRANSDUCER 1 

THE SATURATION VAFOR PRESSUFE 12.3628 ATfl .  ( 181.68 P S I A )  
DEAD VOLUEE FACTOR= 0.5265 

NUMSER PRESSURE OF SYSTEfl TOTAL AX3LRiT FLOW DEAD VOLLIflE AMOUFIT ADSOPPED CAPACITANCE 
P/PO 

1 0 .04005  
2 0.07323 
3 0.11 166 
4 0 . \5465  
5 0.21100 
6 0.26264 
7 0.31404 
8 0.35461 
9 0.32660 

10 0.19539 
1 1  0.12373 
12 0.09864 
13 0.04S65 
14  0.02623 
15 0.0 1474 
16 0.009F5 
17 0.00755 
18 O.CO563 
19  0.00479 
20 0.00444 
21 0.00408 
22 0.00444 
23  0.00276 

I P S I A  1 I N  ( f l ICROtlOLES 1 ( MICROHOLES 

7.277 
13.305 
20.265 
28.133 
33.335 
47.754 
57.055 
64.426 
59.665 
35.682 
22.460 
17.9C2 

9.021 
4.765 
2.673 
1.807 
1.372 
1.024 
0.871 
0.805 
0.740 
0.806 
0.501 

2884.145 
451 5.148 
6301 .879  
61 69.125 

10585.640 
131?3.910 
155FS.910 
18362.020 
17746.270 
12302.420 

9092.000 
8028 .543  
5693.832 
4410.457 
3732.263 
3340.325 
3072.630 
2598.658 
2763.031 
2668.506 
2593.864 
2500.559 
2488.11 9 

1096.936 
201 0.403 
3073.870 
4276.523 
5851.938 
7318.645 
8779.  I 4 1  
9955.402 
9191.188 
5440 .e59 
3409.299 
271 3.068 
1360.858 
717.621 
402.912 
271 .847 
206.327 
153.918 
130.991 
121  -166  
111.340 
121.166 

75.316 

( I l ICROHOLES ( PICOFARADS 1 

1737.209 
2404.745 
3:28.009 
3872.652 
4033.71 1 
5605.273 
661 9.777 
8416.625 
8555.0cS6 
6361.570 
5582.699 
531 5 .453  
4337.973 
3632.836 
3329.351 
3068.478 
2866.502 
2744.740 
2637.040 
2547.340 
2422.523 
2379.393 
2412.803 

1.383 
1.393 
1.406 
1.420 
1.433 
1.461 
1.4E5 
t . 5 t 2  
1.504 
1.456 
1.432 
1.423 
1 .408  
1.402 
1.398 
1.396 
1.396 
1.394 
1.394 
1.394 
1 .393  
1.332 
1.392 

f 
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BEREA SCNDST@t!E ELIFIBER 3 
WATER ADSCRPTION AT  169.94OC 
DATA FROM PRESSURE TRCNSDUCER 1 

THE S.~TURATION VAPOR PRESSURE = 12.3628 ATII. ( 181.68 PSIA) 
DEAD VOLUME FACTOR= 0.5265 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE ( P/PO 1 

0.11 1655 

0.2 I 1  001 
0.262640 
0.314036 

0.154847 

THE FACTOR P / (  1 -P  ) X  ( l /MOLE 
38.9370 
47.0682 
55.3256 
61.4197 
67.1265 

THE VALUE OF "C" FACTOR I N  BET  AIJALYSIS I S  6.5147 
THE flDKOL4Y ER ADS@RPTICN IS 6151.0150 
THE WEIGHT OF THE SAt lFLE I S  466.600 1 
THE TOTAL SURFACE AREA I S  471 -0896 
S P E C I F I C  SURFACE AREA I S  0.9681 

f4ICR(!IlOLES 
GRAHS 
SGUAFZE METERS 
SGUARE METERS/GRAM 

*** ANALYSIS  BASED OM DESORPTION DATA *** 
R E L A T I V E  FRESSURE ( P / P O )  

0.X8402 
Of1$03S5 
0.123730 

THE FACTOR P i (  1 - P  )X  ( 1,'MOLE) 
57.1573 
35.6175 
24.8475 

THE VALUE OF "C" FACTOR I N  BET A N A L Y S I S  I S  

THE KO!!OLAYER ADSC2PTICN I S  61 18.1550 MICRC!NQLES 
THE UE IGHT OF THE SAXPLE I S  486.6001 GRAIiS 
THE TOTAL SURFACE AKEA I S  468.5730 SQUAPE METERS 
S F E C I F I C  SURFACE AREA I S  0.9630 SGUAF'E METERS/GRAM 

33.0631 
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GEREA SANDSTONE NUPlGER 3 
WATER CDSORPTIOt4 AT 189.94OC 
DATA FKDPl PRESSURE TRANSDUCER 2 

THE SATURATICN VAFOR FRESSURE = 12.3626 ATM. ( 161.66 P S I A )  
DEAD VOLUME FACTOR= 0.5265 

NUTlBER PRESSURE OF SYSTEfl  TOTAL AKOUNT FLOH DEAD VOLUME AblCVt4T ADSORBED CAPACITAFICE 
F/PO 

1 0.03973 
2 0.07266 
3 0.1 1 192 
4 0.15454 
5 0.21175 
6 0.26258 
7 0.31330 
6 0.35244 
9 0 -32639 
10 0.19463 
1 1  0.12144 
12 0.09776 
13 0.04638 
14 0.02434 
15 0.01 266 
16 0.00774 
17 0.005Z8 
18 0.00334 
19 0.00246 
20 0.00202 
21 0.001 67 
2 2  0.00237 
23 0.001 67 

( P S I A  I N  ( tlICROMOLES 1 t MICRONOLES 1 

7.219 
13.201 
20.334 
26.096 
33.471 
47.706 
56.921 
64.033 

35.393 
22.064 
17.762 
8.791 
4.423 
2.300 
1.406 
0.959 
0.607 
0.447 
0.367 
0.304 
0.431 
0.304 

59.300 

2834.774 
44 19.676 
6271.145 
8169.102 
10636.420 
13099.630 
15599.630 
18445.410 
17641.620 
12356.730 
9190.281 
8045.137 
5737.60 9 
4472.754 
3815.51 1 
3423.063 
3158.41 3 
2955.035 
2857.288 
2766.040 
2693.042 
2563.543 
251 5.1 06 

1068.164 
19,?4.669 
3081.2Q1 
4270.773 
5872.992 
731 1. 156 
8756.066 
9832.988 
91 33.543 
53%. 949 
3345.735 
2666.735 
1 325.044 
665.945 
346.038 
21 1.428 
144.142 
91.283 
67.259 
55.2+3 
45.639 
64 -857 
45.639 

(M1CROE;OLES) ( PICOFARADS 

1 776.590 
2424.987 
3189.904 
3806.328 
4763.438 
5776.676 
6641.570 
S562.430 
6708.078 
6969.769 
5944.543 
5357.398 
441 t .664 
3806.609 
3469.473 
321 1.635 
3014.271 
2893.752 
2790.028 
271 0.792 
26q7.404 
251 8.686 
2469.469 

1.383 
1.393 
1.406 
1.420 
1.439 
1.461 
1.465 
1.512 
1.504 
1.456 
1.432 
1.423 
1.406 
1.402 
1.396 
1.396 
1.396 
1.394 
1.394 
1.394 
1.393 
1.392 
1.392 
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GEREA S4t:DSTCNE 14UIlSER 3 
WiTER ADSORFTIOIi  AT 189.94OC 
DATA FKOM PRESSURE TRANSDUCER 2 

THE SATURATION VAPOR PRESSURE 12.3628 ATM. ( 181.68 P S I A )  
DEAD VOLUHE FACTOR= 0.5265 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE (P/FO 1 

0.1 1 1921 
0.154641 
0.211745 
0.262577 
0.31 3300 

THE VALUE OF "C" FACTOR I N  B E T  ANALYSIS  I S  
THE KONOLAYER ADSCRPTION I S  
THE WEIG!1T OF THE SAt lPLE I S  
THE TOTAL SLYFACE AREA I S  
S P E C I F I C  SURFACE AREA I S  

THE FACTOR P/( 1 -P  ) X  ( 1,'PlOLE 
39.5077 - . . - - . . 
46.9252 
56.3939 
61 .61S4 
66.6864 

6.2441 
6 2  18.8040 

486.6001 
476.2813 

0.9768 

PIICROMOLES 
G R A H S  
SQUAf!E METERS 
SGUARE METERWGRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 

0.325394 
0.194833 
0.121 443  

THE FACTOR P/ (  1-PIX ( l / 'P IOLE)  
55.6434 
34.7181 
23.6512 

THE VALUE OF "C" FACTOR I N  B E T  A I I A L Y S I S  IS 
THE RO!!OLAYER ADSCRPTION I S  6 2  1 3.62 10 ~1ICRC)PlOLES 
THE WEISHT OF THE SANPLE IS 436.6001 GRAMS 
THE TOTAL SU9FACE AREA I S  475 .  8943  SGUAF'E NETERS 
S F E C I F I C  SURFACE AREA IS 0.9780 SQUAF!E METERWGRAM 

35.8472 
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U"OtISCL1DATED S I L I C A  SAt!DPRCK 
WATER ADSCRFTIOt4 A T  109.61OC 
DATA FFCM PRESSURE TRANSDUCER 1 
S A M  G R A I N  SIZE : 60 T O  6 5  MESH 

THE SAlLTt'RATICt4 VAFOR PRESSU2E = 1.3955 ATH. ( 20.51 P S I A I  
DEAD VOLLTIE FACTOR= 0.7309 

tRRI6ER PFESSURE OF SYSTEM TOTAL AMOUNT FLOW DEAD VOLUME AMOUt4T ADSOREED C A P A C I T A t X E  
P/PO ( F S I A I  I t 4  ( H I C R O K 3 L E S  1 (t1ICROHOLES I (H1CROt:OLES 1 ( PICOFARLDS ) 

1 

3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12 
13 
14 
15 
16 

0 

0.04210 
0.12736 
0.23160 
0.36650 
0.50228 
0.59721 
0.67086 
0.73936 
0.78467 
0.81 207 
0.69455 
0.41 131 
0.21963 
0.12544 
0.07008 
0.03611 

0.863 
2.612 
4.750 
7.555 

10.301 
12.269 
13.759 
15.163 
16.093 
16.655 
14.244 

6.435 
4.534 
2.634 
1.437 
0.740 

463.637 
1086.735 
1 760.474 
2660 -602  
353 0.360 
421 1.777 
4502.953 
5457.570 
581 2 .234 
6136.337 
5085.957 
2661 . 2 i 4  
1317.173 
645.977 
254.248 
- 1  -706 

218.156 
661.055 

1204.456 
1'921.536 
2525.939 
3136.770 
3519.125 
3883.776 
41 c5.593 
4272.047 
3645.098 
21 46.546 
1141.957 
666.644 
363.323 
187.077 

245.481 
425.679 
576.0 19 
739.066 
904.371 

1073.003 
1283.8;9 
1573.61 4 

1664.340 
1440.859 
51 4.727 
175.216 
- 20.657 - 109.075 

- 189.784 

1686.637 

1 .185 
1 .188 
1 .198 
t . 2 1 2  
1 .:38 
1.274 
1 .324 
1 .410 
1.501 
1.532 
1.407 
1 .255 
1.230 
1.225 
1 . 2 2 2  
1.222 
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UtJCONSOLIDATED SIL ICA SANOPACK 
WATER CDSORPTIOII AT 109.61OC 
DATA FROM FRESSURE TRLtEDUCER 1 
SAND GRAIN SIZE : 60 TO 6 5  MESH 

THE SATURATION VAPOR FRESSURE = 1.3955 ATM. [ 20.51 PSIA)  
DEAD VOLUtlE FACTOR= 0.7309 

*** ANALYSIS BASED ON ADSORPTIOII DATA *** 
RELATIVE PRESSURE (P/PO I THE FACTOR P / ( l - P ) X  ( l / 'MOLEl 

0.12736% 342 .P696 
0.231 5 9 7  523.2485 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  15.1311 
THE NONOLAYER ADSCRPTION I S  539.6682 tlICRCMOLES 
THE WEIGHT OF THE SAMPLE IS 3S3.2000 GRAtlS 
THE TOTAL SUEFACE AREA I S  39.1443 SQUARE METERS 
SPECIFIC SURFACE AREA IS 0.1022 S?UARE METERWGRAM 

*** ANALYSIS GASED ON DESOEPTION DATA *** 
RELATIVE FRESSURE (P/PO 1 THE FACTO!? P/( 1 - P I X  [ l /HOLE) 

0.219630 1606.2670 
0.128438 -71 30.3590 

THE VALUE OF "C" FACTCR I N  BET ANALYSIS I S  -3.9294 
THE MONOLAYER ADS@RFTI@N I S  13.0943 MICRCMOLES 
THE WEIGHT OF THE SAKPLE I S  383.2000 G R A M 9  
THE TOTAL SL'RFCCE AREA I S  0.9498 SCUASE HETERS 
SPECIFIC SURFACE AREA I S  0.0025 SQUARE NETERS/GRAM 
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UHCONSOLIDATED S I L I C A  SANDPACK 
WATER ADSORPTIOt4 AT 109.61OC 
DATA FEOY FRESSURE TRAt!SOUCER 2 
SAND GRAIN  S I Z E  : 60 TO 65  PlESH 

THE SATLIRATION VAFOR PRESSL'RE = 1.3955 ATM. ( 20.51 P S I A )  
DEAD VOLUME FACTOR= 0 - 7309 

tWtlBER PRESSURE OF SYSTEM TOTAL AMOUNT FLOW DEAD VOLUME AII(lUI4T ADSOPBED CAPCCITAtKE 
P/PO ( P S I A )  I N  (MICEOMOLESI  (fl ICROElOLES) (HICRQMOLES) (P ICOFARADS)  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 

0.04001 
0.12391 
0.22712 
0.35556 
0.49778 
0.59504 
0.65609 
0.73464 
0.77811 
0.60825 
0.70257 
0.41620 
0.22342 
0.13005 
0.07088 
0.0366 1 

0.821  
2.541 
4.658 
7.456 

10.209 
12.203 
13.661 
15.071 
15.958 
16.576 
14.409 
8.536 
4.582 
2.667 
1.454 
0.751 

470.229 
105'6.209 
1796.975 
2685.81 8 
3552.101 
4233.969 
4827.473 
5488. 1 05 
5861.172 
6161.109 
51 07,781 
2682.789 
1 336.265 
677.780 
25'0.910 

31 .354 

207.321 
643.101 

1181.085 
1895.549 
2602.225 
3116.666 
3493.741 
3859.690 
4090.557 
4251 -602  
3587.81 2 
21 72.274 
1161.769 
675.035 
367.501 
189.710 

262.903 
453.109 
615.690 
790.270 
949.876 

1 1 1 4.3 0 3 
1333.732 
1628.415 
1770.61 5 
1909.508 
141 9.970 
510.515 
174.497 

2.744 
-76 -592 

-1 58.356 

1.165 

1.198 
1.212 
1.238 
1 .274 
1.324 
1.410 
1 .so1 
1.582 
1.407 
1.255 
1.230 
1.225 
1 .:22 
1.222 

1.1e5 
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UNCONSOLIDATED SIL ICA SANDPACK 
WATER ADSORPTION AT 1O9.6l0C 
DATA FROM FEESSURE TRAtJSDUCER 2 
SAtJD GRAIN SIZE : 60 TO 65  HESH 

THE SATURATION VAPOR PRESSURE = 1.3055 ATPl. [ 20.51 PSIA)  
DEAD VOLUME FACTOR= 0.7309 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE FRESSURE (P/PO 1 THE FACTOR P/( 1 -P )X  [ 1 /?(OLE ) 

0.123912 31 2.1516 
0.2271 23 477.141 6 

THE VALUE OF "C" FACTOR I N  BET AIIALYSIS IS 15.0144 
THE HONOLAYER ADSORPTIOH I S  553.6948 MICFCliiOLES 
THE I!EIGHT OF THE SAMPLE I S  363.COOO G R A M  
THE TOTAL SURFACE AREA I S  42.3522 SQUARE METERS 
SPECIFIC SURFACE AREA I S  0.11 05 SQUARE HETERS/GRAM 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE FRESSURE [ P/PO 1 THE FACTOR P / ( l - P ) X  (l/'HOLE) 

0.Z23424 1648.76f.O 
0.130050 54476.7000 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  -3.4162 
THE llO!!OLAYER ADS@RPTICH I S  -2.2846 tlICROI!OLES 
THE WEIGHT OF THE SAMPLE I S  383.2000 GRAMC, 
THE TOTAL SURFACE AREA I S  -0.1657 SQUARE METERS 
SPECIFIC SURFACE AREA I S  -0.0004 SQUARE HETERS/GRAH 

1 
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UNCONSOLIDATED S I L I C A  SANDPACK 
WATER ADS?PPTIOEI A T  125.64OC 
DATA FEOf l  PRESSURE TRANSDUCER 1 
SAt:D G R A I N  S I Z E  : 60 TO 65 I1ESH 

THE SATVRATICIN VAPOR FRESSVRE = 2.3357 ATH. ( 34.33 P S I A )  
DEAD VOLUPIE FACTOR= 0.7309 

NUPEER PRESSU?E OF SYSTEM TOTAL AMOUNT FLOW DEAD VOLl!flE AklOUNT ADSORGED CAPACITANCE 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2 2  
23 
24 
25 
26 

P/PO 

0.04213 
0.11 195 
0.16116 
0. 26737 
0.33094 
0.36194 
0.42978 
0.47197 
0.55257 
0.61302 
0.66530 
0 .&Si34 
0.71379 
0.74067 
0.76039 
0.60070 
0.85108 
0.75658 
0.67816 
0.60658 
0.53403 
0.43Oll 
0.31 3q9 
0.24006 
0.16731 
0.07674 

( P S I A  1 I N  ( M I C R O M I L E S  1 ( MICROtlOLES 1 (I1ICROMOLES I ( PICOFARADS 1 

1.446 
3.843 
6.218 
9.178 
11.360 
13.110 
14.753 
16.201 
18.967 
21.042 
22.837 
23.593 
24.501 
25.431 
26.101 
2 7.415 
29.214 
26.039 
23.276 
20.752 
16.333 
14.764 
10.778 
8.240 
5.343 
2.634 

551 ,835 
1 31 0.464 
1963.929 

341 2.702 
3903.291 
4373.191 
4792.676 
5569.773 
6 146.624 
6692.402 
6990.461 
7341 .265 
7632.81 3 
784 9.6 0 1 

8767.125 
7686.636 
6954.660 
6171.223 
541 2.336 
433%. 750 
31 69.504 
2466.936 
1750.367 
875.335 

2806.5i3 

8232.508 

350.642 
933.922 
1514.025 
2239. 718 
2777.021 
3209.350 
3616.158 
3975.724 
4665.141 
51 64.352 
5634.758 
5625.105 
6053.S63 
626s. 438 
6457.769 
6606.035 
7247.059 
6442.023 
5745.777 
51 11.699 
4506.71 1 
361 8.91 9 
26 33.55 1 
2009 -444 
t 397.783 
639.575 

230.993 
376.542 
469.904 
566.655 
635.66 1 
693.941 
757.033 
61 6.952 
904.633 
96$. 473 
1057.645 
1165.355 
1267.422 
1344.375 
1392.01 2 
1424.473 
1520.066 
14't6 .e13 
1208.902 
1059.523 
905.625 
315.631 
555.953 
459.492 
352.604 
235.760 

1.290 
1.292 
1.296 
1.303 
1.31 1 
1.319 
1.329 
1.3'40 
1.370 
1.409 
1.464 
1.501 
1.556 
1.614 
1.660 
1.760 
1.895 
1 . i o 5  
1.540 
1.4it7 
1.391 
1.343 
1.315 
1.305 
1.295 
1 .:si 
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UNCONSOLIOATED S I L I C A  SANDPACK 
W4TER ALISC!?PTICN AT 125.64OC 
DATA FROM FRESSURE TRAEISDUCER 1 
SAND G R A I N  S I Z E  : 60 TO 65 NESH 

THE SATURATION VAFOR PRESSURE = 2.3357 ATI.1. ( 34.33 P S I A )  
DEAD VOLUflE FACTOR= 0.7309 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO) THE FACT09  P/( 1 - P I X  (l/tlOLE) 

0.1 1 1 951 334.7937 
0.181 157 470.8086 
0 . 2 6 7 3 7 1  643.El23 
0.330944 7 7 8 . 1 3 2 3  

THE VALUE OF "C" FACTOR I N  BET  ANALYSIS  I S  2 0 . 0 0 4 8  
THE MOKOLAYER ADSORPTION IS 469.941 4 NICRCMOLES 
THE E I G H T  OF THE SAMPLE I S  383.2000 GRAMS 
THE TOTAL SURFACE AREA I S  34.391 9 SQUARE ME7 ERS 
S F E C I F I C  SURFACE AREA I S  0.0697 SGUARE METERWGRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P/( 1 -P ) X  ( 1 /HOLE 1 

0.313991 823.2539 
0.240058 687.4756 
0.16731 0 569 .a359 

THE VALUE OF "C" FACTOR I N  6 E T  ANALYSIS  I S  7.2165 
THE NO:!OLAYER ADSORFTION I S  493.4675 HICRCMOLES 
THE W I G H T  OF THE SAHPLE I S  3E3.2000 GRAMS 
THE TOTAL SVRFACE &REA I S  36.4795 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  0.0952 SGUARE NETERS/GRAH 
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UNCONSOLIDATED S I L I C A  SAKDPACK 
WATER ADSORPTIOFi AT  125.64cC 
DATA FROM FRESSURE TRANSDUCER 2 
SAKD G R A I N  S I Z E  : 6 0  TO 6 5  MESH 

THE SATURATION VAPOR FRESSURE = 2.3357 ATM. ( 34.33 P S I A )  
DEAD VOLUElE FACTOR= 0.7309 

ENMEER FRESSURE OF SYSTEM TOTAL AMGUNT FLOW DEAD VOLUME AMOUNT ADSOPBED C A P A C I T A t X E  
P/PO 

1 0.04230 
2 0.11130 
3 0.17990 
4 0.26560 
5 0.32877 
6 0.37997 
7 0.42797 
8 0.47044 
9 0.55080 

10 0.61068 
1 1  0.66357 
12 0.69576 
13 0.71258 
14 0.73648 
15 0.75537 
16 0.77861 
17 0.84997 
18 0.75643 
19  0.67652 
20 0.60257 
21 0.53273 
22 0.42857 
23  0.31 316 
2 4  0.23939 
25 0.16555 
26 0.07770 

( F S I A  1 I N  (MICROMOLES 1 (MICROMOLES ( ElICROMOLES 1 ( PICOFARADS 1 

1.452 
3.821 
6.175 
9.117 

1 1  .;E5 
13.043 
14.690 
16.148 
18.907 
20.959 
22.777 
23.539 
24.460 
25.349 
26.031 
27.413 
29.176 
25.965 
23.222 
Z0.684 
18.2E5 
14.711 
10.749 
8.21 7 
5 .683  
2.667 

577.881 
1306.356 
1979.591 
2600.778 
341 0.769 
3904.508 
4372.81 3 
47E5.363 
5564.855 
6 153.266 
6694.41 0 
6905 .255  
7346.063 
7642.473 
7962.270 
8259.133 
6779.188 
7925.734 
6935.617 
6233.738 
5459.723 
4372.250 
3226.161 
251 5 .553  
1807.134 

921.072 

352.21 4 
925.516 

1503.492 
2224.787 
2755.600 
31 92.686 
3500.700 
3962.683 
4650.01 2 
51 65 .863  
561 9 .  E57 
531 1 - 4 8 8  
6043.406 
6267.707 
6440.199 
6759.863 
7237.320 
6423.336 
5731.699 
50 94.465 
4495.160 
3605.6 16 
2626.514 
2003.789 
1383.028 
647.622 

225.667 
377.640 
476.099 
575.091 
652.169 
71 1.622 
772.113 
825.660 
91 4.844 
987.402 

1 054.543 
1163.797 
1302.656 
1 374.766 
1422.070 
1469.270 
1541 .867 
1502.308 
1 256.91 8 
1 1  39.273 

964.563 
766 .434  
599.647 
51 1.764 
424.106 
273.450 

1.290 
1.292 
1 .2?6 
1 .333  
1.31 t 
1.319 
1 .329  
1 . 3 i O  
1.370 
1.409 
1.464 
1.501 
1.556 
1.614 
1.660 
1.760 
1 .e95 
1 . i o 5  
1.540 
1.447 
1.391 
1 .3k3  
1 .315  
1 .305  
1.295 
1.267 
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UNCONSOLIDATED S I L I C A  54N3PACK 
WATER ADSC2PTIOt4 AT 125.64OC 
DATA FROM PRESSUQE TRANSDUCER 2 
SAND G R A I N  S I Z E  : 60  TO 65 MESH 

THE SATURATION VAPOR PRESSURE = 2.3357 ATM. ( 34.33 P S I A )  
DEAD VOLUME FACTOR= 0.7309 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO THE FACTOR P / ( l - P ) X  ( l / 'HOLE)  

0 . 1 1  1305 331.4758 
0.179903 460.7605 
0.265602 6 27.6896 
0.326768 751.0298 

THE VALUE OF "C" FACTOR I N  B E T  ANALYSIS  I S  17.7877 
THE PlOt40LAIER ADSCRPTION I S  483.526 1 HICRCPIOLES 
THE WEIGHT OF THE SAMPLE I S  383.2000 GRAMS 
THE TOTAL SUKFACE AREA I S  35.7520 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  0.0933 S9UAF;E METERS/GRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO THE FACTOR P/ (  1 - P  )X  ( l / N O L E  

0.31 31 59 760.3501 
0.239387 61 4 .9866  
0.165551 467.7979 

THE VALUE OF "C" FACTCR I N  6 E T  ANALYSIS  I S  
THE MONOL4YER ADSCRPTION I S  471 -2725 f1ICROMOLES 
THE KE IGHT OF THE SAMPLE I S  383.2000 GRAMS 
THE TOTAL SUEFACE AREA IS 34 .4593  SGUAKE METERS 
S P E C I F I C  SURFACE AREA I S  0.0900 SQUARE WETERWGRAM 

15.15'38 
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UNCONSOLIDATED S I L I C A  S4h'DPACK 
WATER ADSORPTIOII  AT 145.0 1 OC 
DATA F R O I l  PRESSURE TRANSDUCER 1 
SAND G R A I N  SIZE : 60 TO 65 MESH 

THE SATURATION VAPOR PRESSURE 4.1006 ATM. ( 60.26 P S I A )  
DEAD V0LU:IE FACTOR= 0.7309 

NUTlSER FRESS'JRE OF SYSTEM TOTAL AKOUtlT FLOW DEAD VOLUIZE AMOUIdT AOSOSGED C A F C C I T A I X E  
P/PO 

1 0.12720 
2 0.23333 
3 0.33306 
4 0.45680 
5 0.52352 
6 0.59346 
7 0.66160 
8 0.70354 
9 0.72828 

10 0.74799 
1 1  0.76463 
12 0.78454 
13 0.83138 
14 0.61500 
15 0.76557 
16 0.69530 
17 0.69206 
18 0.53251 
19  0 .36S i8  
20 0.23673 
21 0.1 OS28 
22 0.0520 1 

f P S I A  1 I N  ( MICROROLES 1 (HICROMOLES 1 (MICROMOLES f ( PICOFARADS 1 

7.666 

20.372 
27.528 
31.541 
35.763 
39.869 
42.397 

45.076 
46.193 
47.279 
48.293 
49.114 
46.135 
42.051 
41.759 
32.090 
23.429 
14.266 
6.525 
3.134 

14.061 

43.888 

21 54.042 
3793.986 
5303.629 
721 8 .824 
8253.809 
9424.41 0 

10529.31 0 
11275.210 
11739.3E0 
12080.740 
12400.81 0 
12714.070 
12998.550 
13239.550 
12547.800 
11137.300 
11115.760 
8403.496 
6091 . i 2 3  
3667.707 
1596.332 
637.823 

1 779.855 
3277. CS2 
4768.594 
6473.852 
7439.44 1 
S457.512 
9455.234 

10072.450 
10437.490 
10729.000 
11  005.060 
11270.920 
11521.200 
117;3.E;20 
1 OS89.320 

9995.191 
991 6 . 5 0 4  
7569.061 
5495.055 
3326.160 
I51 3 .  $68 

725.745 

374.188 
516.003 
630.035 
744 .973  
81 4.367 
966.898 

1074.078 
1 202.758 
1301 .e91 
1351.736 
1395.754 
1443.148 
1477.352 
1515.727 
1558.4SO 
1 142.109 
1 1  99.262 
833.535 
5% .668 
341 -547  

82.364 
- 87.922 

1 .294 
1.300 
1 . 3 1  1 
1.335 
1.355 
1.395 

1.540 
1 .574  
1.646 
1.700 
1 .759 
1 .813  
1 .E58 
1 .744 
1 .577 
1 .bo4 
1.406 
1.348 
1 .319  
1.306 
1 . 30 r  

1 ,458 
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UNCONSOLIDATED SIL ICA SANDPACK 
WATER ADSCXPTION AT 145.Ol0C 
DATA FRO11 PRESSURE TRAIlSDUCER 1 
SAND GRA1t.I SIZE : 60 TO 6 5  MESH 

THE SATLIRATICN VAPOR PRESSURE = 4.1006 ATM. ( 60.26 PSIA)  
DEAD VOLUtlE FACTOR= 0.7309 

*** ANALYSIS BASED ON ADSOFPTION DATA *** 
RELATIVE PRESSURE (P/PO 1 THE FACTOR P/( 1 -PIX ( 1 /'MOLE I 

0.127202 369.4846 
0.233329 589  .e044 
0.338060 610.6052 

THE VALUE OF "C" FACTOR I N  5ET ANALYSIS I S  16.1723 
THE HOIIOLAYER ADSORPTION I S  469.6032 MICRO?1OLES 

THE TOTAL SURFACE AREA I S  34.7971 SQUARE METERS 
SFECIFIC SURFACE AREA I S  0.0908 SQUARE METERWGRAM 

THE UEIC-HT OF THE SAflPLE I S  383.2000 GRAM5 

*** AIIALYSIS BASED 014 DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO) THE FACTOR P/( 1 -P IX ( l/'tlOLE 1 

0.235728 908.0718 
0.108276 1474.2380 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  -1 .2586 
THE HCNOLAYER ADSORPTION I S  -407.1394 MICRCNOLES 
THE L!EIGHT OF THE SAllPLE I S  383.2000 GRAMS 
THE TOTAL SURFACE AREA I S  - 30.1557 SGULRE METERS 
SFECIFIC SURFACE AREA I S  -0.0787 SGUARE flETERS/GRAM 
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UNCONSOLIDATED S I L I C A  SANDPACK 
WATER ADSCOPTION AT 145.01OC 
DATA FROM FRESSURE TRANSDUCER 2 
SAND G R A I N  S I Z E  : 60 TO 65 tlESH 

THE SATURATION VAFOR PRESSURE = 4.1006 ATM. [ 60.26 P S I A I  
DEAD VOLUtlE FACTOR= 0.7309 

NUMBER PRESSURE OF SYSTEH TOTAL AMOUNT FLOW DEAD VOLLIHE AH(1UNT ADSOSEED CAPACITAtKE 
P/PO 

1 0.12635 
2 0.23247 
3 0.33716 
4 0.45594 
5 0.52263 
6 0.5%61 
7 0.6631 8 
8 0.70466 
9 0.72938 
10 0.74917 
1 1  0 .i6763 
12 0.76530 
13 0.80192 
14 0.81484 
15 0.77314 
16 0.69353 
17 0.69351 
ia 0.53333 
19 0.38956 
20 0.23699 
21 0.1 OS32 
22 0 . 0 5 ~ ~ 8  

[ P S I A  1 IN (MICROEIOLES 1 ( t l ICROtlOLES I ( I l ICROMOCES 1 ( PICOFARADS1 

7.614 
14.009 

27.476 
31.495 
35.833 
39.965 
42.476 
43.c55 
45.147 
46.259 
47.3:4 
48.326 
49.104 
46.5511 
42.095 
41.793 
32.140 
23.476 
14.282 
6.528 
3.066 

20.318 

2161.543 
3804.220 
5416.039 
7244.578 
6273.691 
9471 .?97 
10577.050 
1 1  333.830 
11603.570 
1 2 145.690 
124i2.300 
12788.690 
13073.300 
13320 .E80 
12631.130 
t 1356.340 
11383.230 
8577.465 
6360.848 
3938.22 1 
t 665.963 
919.945 

t 767. a76 
3265 .?51 
4755.773 
6461.539 
7426.512 
6474.297 
9478.531 
10091.810 
10453.850 
10746.420 
1 101 9.940 
11262.170 
1 152O.110 
11721.440 
11101.620 

9924.668 
7551.934 
5506.191 

151 4.596 
709.924 

w8.5a6 

--.-I >>LO. 867 

333.667 
538.469 
660.266 
783.039 
867.379 
937.500 
1093.527 
1242.027 
1349.71 5 
1399.262 
1452.352 
1506.527 
1544.188 
1599.141 
1529.508 
1357.758 
1463.570 
1095.531 
854.656 
608.354 
351 .385 
210.021 

1.294 
1.300 
1.311 
1.335 
1.355 
1.395 
1.468 
1 .590 
1.594 
1.646 
1.700 
1.757 
1.813 
1.658 
1.7.14 
1.577 
1.604 
1.406 
1.348 
1.319 
1.306 
1.304 
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UNCOtEOLIDATED SILICA SANDPACK 
UATER ADSCRPTIOIt AT 145.0t°C 
DATA FROM FRESSURE TR4NSDUCER 2 
SAND GRAIN SIZE : 60 TO 6 5  MESH 

THE SATURATIW VAPOR FRESSL'RE = 4.1006 ATM. I 60.Z6 PSIA)  
DEAD VOLUME FACTOR- 0.7309 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE FRESSURE ( P/PO 1 THE FACTO!? P/( 1 -P  ) X  ( l/'blOLE ) 

0.126350 357.3738 
0.232467 562.4756 
0.3371 6 2  770.3945 

THE VALUE OF "C" FACTO? I N  BET AIIALYSIS IS 16.5070 
THE MONOLAYER ADSORPTION I S  491.4358 MICRC~IOLES 
THE CIEIGHT OF THE SMIPLE I S  383.2000 GRAHS 
THE TOTAL SURFACE AREA IS 36.3994 SQUARE METERS 
SPECIFIC SURFACE AREA IS 0.0950 SQUARE METERS/GRAH 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE PRESSURE ( P/PO 1 THE FACTOR P/( 1-PIX ( l / t IOLE)  

o .2359a9 510.5547 
0.103321 345.71 73 

THE VALUE OF "C" FACTOR I N  6ET ANALYSIS IS 7.1906 
THE t1Cb:OLA'I ER ADSCRPTION IS 672.01 33 MICROYOLES 
THE KEIC-HT OF THE SAHFLE IS 383.2000 GRAMS 
THE TOTAL SUFFACE AREA I S  49.7743 SCUAPE METERS 
SFECIFIC SURFACE AREA I S  0.1299 SQUARE METERWGRAI.1 
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UNCONSOLIDATED S I L I C A  SANDPACK 
WATER ADSORPIIOt4 AT 165.92OC 
DATA FROM PRESSURE TRAIISDUCER 1 
SAIKl GRAIN SIZE : 60 T O  65 NESH 

THE SATURATI@N VAFOR PRESSURE = 7.0719 ATM. I 103.93 P S I A )  
DEAD VOLUNE FACTOR= 0.7309 

NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
35 
37 

PRESSURE OF SYSTEM TOTAL AllOUNT FLOW 
P/PO 

0.03760 
0. 0631 0 
0.12823 
0.15567 
0.20601 
0.26383 
0.30231 
0.33081 
0.371 36 
0.40 1 71 
0.43081 
0.45824 
0.49168 
0.52553 
0.50379 
0.64768 
0.71475 
0.79203 
0.80512 
0.83576 
0.76493 
0.69350 
0.64710 
0.60907 
0.57657 
0.54467 
0.49648 
0.44907 
0.43174 
0.34209 
0 -26972 
0.15991 
0.13039 
0.09:42 
0 -04250 
0.0?3@4 
0.01362 

( P S I A  1 

3.903 
9.156 
13.326 
16.179 
21 -41 0 
27.420 
31.41 9 
34.360 
35.534 
41.749 
44.773 
47.624 
51.100 
54.617 
61.712 
67.312 
74.282 
82.314 
83.987 
85.659 
81.576 
72.697 
67.252 
63.299 
59.922 
56.6;s 
51.50s 
48.750 
44.870 
35.553 
30.110 
19.737 
13.551 
8.566 
4.417 
2.3?5 
1.415 

IN ( MICROPlOLES ) 

1 1  18.431 
241 4.692 
3432.0P3 
4107.613 
5354.285 
6824.254 
7100.852 
6516.707 
0534. 789 
1031 7.600 
1 1  061.91 0 
11753.600 
12606.170 
1 3475.730 
15237.410 
16672.550 
18571.030 
20642.600 
21 1 1  9.440 
21 904.71 0 
20421.170 
160oO. 140 
16649. 980 
15630.700 
14752.170 
1391 7.600 
12685.370 
1 1  980.270 
1 1  033.540 
8776.668 
7454.773 
4972.680 
3494.266 
2276.546 
1264.974 
739.820 
477.31 6 

DEAD VOLL'llE AMOUNT ADSOReED 
(H ICROI IOLES 1 

841.675 
2024.31 3 
2952.471 
3559.664 
4763.020 
61 19.066 
7026. 305 
7700.660 
8664.160 
9388.305 
10055.140 
10744.100 
11550.550 
12370. 050 
14033.420 
15356.760 
1701 6.820 
18948.31 0 
19353.21 0 
20050.51 0 
18770.070 
16635.080 
15342.490 
14407.580 
1361 2.330 
12639.990 
11666.450 
11CO4.8SO 
10107.400 
7965.265 
6729.004 
4367.125 
5002.674 
1893.216 
974.337 
527.685 
31 1.735 

( MICROtlOLES 1 

256.756 
390.379 
479.612 
517.929 
571.266 
705.168 
774.547 
61 6.047 
670.629 
929.21 1 
976.766 
1009.492 
1055.621 
1 1  05.676 
1203.992 
131 5.789 
1 554.203 
1694.488 
1766.230 
165%. 203 
1651 .lo5 
1422.059 
1307.498 
1223.125 
1 1  39.832 
1077.613 
101 ?. 922 
975.387 
926.141 
608.333 
725.770 
5E5.555 
491.612 
353.330 
25'0.636 
21 2.135 
165.582 

CAPhC1TAI:CE 
( PICOFARADS 1 

1.291 
1.292 
1.294 
1.296 
1.2$3 
1.303 
1.307 
1.31 1 
1.317 
1.323 
1.330 
1.333 
1.350 
1.364 
1.416 
1.479 
1.620 
1.044 
1 .903 
1.993 
1 . e 3 3  
1.625 
1.520 
1 .G54 
1.426 
1.334 
1 .l55 
1.353 
1.341 
I .  320 
1.311 
1.273 
1.293 
1 . 230 
1.253 
1.257 
1 .ZO6 
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WKONSOLIDATED S I L I C A  SANDPACK 
WATER ADSCPPTION AT 165.92'?C 
DATA FROM PRESSURE TRANSDUCER 1 
SAt!D G R A I N  S I Z E  : 60 TO 65 MESH 

THE S4TURATIO\4 VAPOR PRESSL'RE = 7.0719 ATM. 103.93 P S I A )  
DEAD VOLUME FACTOR= 0.7309 

*** ANALYSIS  BASED ON ADSORPTIOtI  DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P I (  I - P I X  ( l / 'MOLE 1 

0.128226 306.6760 
0.155675 355. $397 
0.206007 438.81 59 
0.263633 503.2146 
0.30231 3 559.4326 
0.330807 605.76 90 

THE VALUE OF "C" FACTOR I N  BET  A N A L Y S I S  I S  11.9774 
THE NOKOLAYER ADSORPTIOg IS 638.5926 NJCRClHOLES 
THE WEIGHT OF THE S X I P L E  I S  3S3.2000 GRfiH5 
THE TOTAL SLRFACE AREA I S  47.0916 SQUARE IIETERS 
S P E C I F I C  SURFACE AREA I S  0.1252 SQUARE HETERSiGRAM 

*** ANALYSIS  BASED 013 DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P/ (  1 -P )X  ( 1 /NOLE 1 

0.342069 643.21 19 
0.289721 562.021 7 
0 . t 6 0 9 1 2  4 0 0 . 3 6 2 3  
0.130391 305.001 5 

THE VALUE OF "C" FACTOR I N  6 E T  A N A L Y S I S  I S  17.6201 
THE MONOL4YER ADS@RPTICY I S  588.8657 MICROMOLES 
THE WEIGHT OF THE SAMPLE IS 383,:oOo P A I I S  
THE TOTAL SURFACE AREA IS 44.2545 SQUARE NETERS 
S P E C I F I C  SURFACE AREA I S  0.1 155 SQUARE HETERWGRAM 
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UNCONSOLIDATED SILICA SANDPACK 
WATER ADSCRPTIOt4 AT 155.0L°C 
DATA FROM FRESSURE TRLNSDUCER 2 
SAND GRAIN SIZE : 60 TO 6 5  PIESH 

THE SATLRATIOtl VAPOR PRESSURE = 7.0719 ATM. ( 103.93 PSIA) 
DEAD VOLU!lE FACTOEZ 0.7309 

NUHEER PRESSURE OF SYSTEM TOTAL AtlCUtlT FLOW DEZI? VOLL'ME AM(1lINT ADSORBED CAPACITAt!CE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18  
19  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

P/FO 

0.03752 
O.Of803 
0.  I 2 8 3 9  
0.15584 
0.2@519 
0.26433 
0.30:89 
0.331 17  
0.371 8 5  
0.40259 
0.43165 
0.45867 
0.49251 
0.5;645 
0.50460 
0.64910 
0.71 633 
0.79333 
0.61019 
0.63797 
0.76215 
0.60654 
0.64395 
0.60584 
0.57301 
0.54157 
0.4931 9 
0.46590 
0.42842 
0.33877 
0.2E626 
0.18534 
0.12685 
0.07861 
0.03Si2 
0.01921 
0.00968 

( PSIA 1 I N  (MICROKOLES I ( PlICRONOLES 1 (HICROMOLES) ( PICOFARADS 1 

3.900 
9.149 

13.344 
16.196 
21.429 
27.476 
31 -479  
34.418 
38.646 
41.841 
44.861 
47.600 
51.186 
54.713 
61.796 
67.453 
74.447 
82.512 
84.201 
87.069 
81 .287 
72.390 
66.925 
62.964 
59.552 
55.264 
51.256 
48.420 
44.525 
35.208 
29.750 
19.366 
13.184 
8.169 
4.024 
1.997 
1.006 

1124.922 
2431.414 
3448.591 
4133.512 
5356 - 5 2 3  
6856.367 
7835.71 9 
8561 .734 
9585.323 

10356.750 
11 115.620 
11616.410 
12677.070 
13556.360 
15331.050 
16769.650 
18577.650 
20758.790 
21 240.670 
22023.800 
20541.010 
18162.0?0 
16739.030 
15705.960 
14822.730 
13SS2.640 
12752.070 
12038.130 
1 1088.370 
6823.613 
74'4.070 
501 0.082 
351 7.71 4 
2275.612 
1278.887 

750.873 
494.144 

859.914 
2022.64s 
2Q56.367 
3593.422 
4767.242 
6131 .8?5 
7039.969 
7709.367 
6675.91 0 
$4 0 9.422 

101 05.270 
10i59.320 
11570.590 
12392.440 
14053.160 
15331.690 
17056.180 
13996- 160 
19405.210 
201 06.370 
18700.300 
16564.730 
15264.930 
14ZC8.580 
1 3525.480 
12754.740 
11586.940 
109:8.480 
10027.850 

7889.605 
6647.293 
4303.820 
2920.776 
1805.256 
867.341 
439.869 
221.626 

265.008 
408.766 
4S2.2L3 
540.090 
619.281 
724.473 
706.750 
852.367 
909.418 
957.332 

101 0.352 
1057.004 
1 1  06.477 
1163.922 
1277.663 
1378.168 
1621.469 
176 2.621 
1635.465 
1917.434 
1840.71 9 
1597.367 
1474.105 
1377.375 
1297.250 
1227. $02 
1165.129 
1 1  09.646 
1060.520 

934.207 
646.777 
706.262 
596.936 
490.356 
391 .546 
319.004 
272.51 8 

1.291 
1.292 
1.294 
1.296 
1.295 
1.303 
1.307 
1.31 1 
1.317 
1.323 
1.330 
1.333 
1.350 
1.364 
1.416 
1.479 
1.620 
1.644 
1.903 
1.993 
1 .e38 
1.625 
1.520 
1.464 
1.426 
1.3q1 
1.365 
1.353 
1.3-tl 
1.3:0 
1.31 1 
1.299 
1.233 
1.290 
1 .:e3 
1.287 
1 .?E6 
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UNCONSOLIDATED S I L I C A  SAIPJPACK 
W4TER AOSCRPTIOH AT 165.92'C 
DATA FROM FRESSURE TRAtWJUCER 2 
SAND G R A I N  S I Z E  : 60 TO 65  MESH 

THE SATURATION VAPOR PRESSURE = 7.0719 ATM. ( 103.93 P S I A I  
DEAD VOLUME FACTOR= 0.7309 

*** ANALYSIS  GASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P/( ( - P I X  ( l / ' M O L E )  

0.128394 299.2686 
0.155835 341 .e005 
0.206188 419.4270 
0.264378 496.0764 
0.302891 545.3557 
0.331 174 580.9199 

THE VALUE OF "C" FACTOR IS BET A I I h L Y S I S  IS 1 1 .9579 
THE t lOtDLAYER ADSCRPTICN I S  661.4194 MICRCflOLES 
THE WEIGHT OF THE SAMPLE IS 383.2000 GRAMS 
THE TOTAL SURFACE AREA I S  49.7071 SQUARE HETERS 
S P E C I F I C  SURFACE AREA I S  0.1297 SQUARE PlETERWGRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSURE ( P/PO 1 THE FACTOR P/( 1 -P )X ( 1 /MOLE 1 

0.338773 54 8 .4  2 3 1 
0.286258 473.6175 
0.184342 324.2661 
0.126858 243.3020 

THE VALUE OF "C" FACTOR I N  BET  At14LYSIS IS 26.2046 
THE H@b:OLAYER CDS'JRPTION IS 663.6826 t lICRCFIOLES 
THE WEIEHT OF THE SAMPLE IS 353.2000 GRAMS 
THE TOTAL SUXFFACE AREA IS 49.E772 SQUARE HETERS 
S P E C I F I C  SURFACE AREA I S  0.1302 SQUARE METERSKRAM 
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UFICONSOLIDATED S I L I C A  SANDPACK 
WATER ADSCRPTIOtl  AT 187.32'C 
DATA FEOt l  PRESSURE TRAIISDUCER 1 
SAND G R A I N  S I Z E  : 60 TO 65 MESH 

THE SATURATICN VAFOR PRESSURE = 1 1  -6686 ATH. ( 171.48 PSIAI 
DEAD VOLUtlE FACTOR= 0.7309 

W B E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
t3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

PRESSW.E OF SYSTEH 
P/PO 

0.02820 
0.09359 
0.17793 
0.25430 
0.29536 
0.351 45 
0.40847 
0.45976 
0.51227 
0.54871 
0.561 96 
0.6276 9 
0.66053 
0.68353 
0.70440 
0.53201 
0.74875 
0.771 23 
0.79097 
0.60346 
0.76760 
0.72975 
0.69121 
0.67089 
0.59280 
0.55161 
0.51678 
0.47746 
0.40337 
0.37723 
0.3/1046 
0.30926 

0.21 309 
0.16102 
0.12001 
0.06690 
0.0321 0 
0.01473 

0.24928 

( P S I A  1 

4.836 
16.049 
30.51 1 
43.607 
50.819 
60.268 
70.045 
80.554 
87.845 
94.093 
99.796 
107.636 
113.263 
117.213 
120.792 
125.526 
128.395 
132.250 
135.635 
137.777 
131.629 
125.139 
1 16.528 
115.044 
101.654 
94.591 
86.617 
81 .875 
70.023 
64.688 

53.033 
42.746 
36.541 
27.61 2 
t 0 . 5 8 0  
11.472 
5.504 
2.525 

58.332 

TOTAL AEIOUIIT F LClJ 
I N  ( t l ICROt lOLES 1 

1309.862 
3E84.653 
7159.082 
101 43.920 
1 1804.430 
13949.050 
16222.030 
18692.720 
20420.530 
21914.510 
23286.6 10 
25194.950 
2661 4 .OOO 
276 14.41 0 
21548.910 
29774.220 
30507.780 
31490 -940 
32366.030 
32924.750 
31246.070 
29623.21 0 
27993.530 
27225.730 
23929.660 
22218.31 0 
20794.730 
1 91 96. E40 
16429.890 
151 95.680 
13746.2E0 
12521 -620 
101 77.430 
8773.5% 
6745 -645 
5164.750 
31 20.040 
1 767.636 
1065.598 

DEAD \'OLVHE AHOUIIT ADSOREED 
MICROllOLES 1 ( flICROPlOLES 1 

101 6.887 
3390.031 
6483.520 
931 8.375 
10873.830 
12973.570 
151 45.490 
17502.960 
19153.010 
20577.140 
2 1 134.990 
23696.290 
25006 .820 
25929.690 

27883.070 
26558.300 
2S485.770 
30294.920 
30803.520 
29337.670 
27796.430 
26236.390 
25421 .SO0 
2231 2.950 
20690.930 
19326.550 
17800.930 
15141.670 
1 3952.950 
12557.030 
1 1  379.300 
91 31 . OS0 
7784.832 
5860.3Z6 
4355.063 
24 13.578 
1157.635 
530.502 

26770 .500 

292.975 
434.822 
675.563 
825.547 
91 0.605 
975.477 
1076.539 
1189.762 
1267.523 
1337.357 
1401.617 
1498.660 
1607.1 S4 
1664.71 5 
1778.402 
1566.152 
1939.477 
2005.145 
2071 .lo9 
2116.227 
1908.402 
1826.761 
1755.141 
1806.930 
1616.703 
1527.332 
1466.168 
1395.926 
1286.215 
1245.727 
1191.242 
1142 -230 
1046.345 
9e3.762 
885.309 
609.6S8 
701 -461 
610.0P3 
555.036 

CAPACITAI4PE 
( PICOFARADS 1 

1.322 
1.325 
1.329 
1.335 
1.333 
1.347 
1.359 
1.377 
1.394 
1.416 
1 .442 
1.499 
1.556 
1.605 
1.659 
1.135 
1.791 
1.855 
1 .934 
1 .ceo 
1 .E63 
1.753 
1.656 
1.603 
1.436 
1.4+5 
1.420 
1.393 
1.373 
1.354 
1.356 
1.350 
1 .;.to 
1.335 
1.329 
1.325 
1.3;; 
1.320 
1.319 
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UNCOtSOLIDATED SIL ICA SAKDPACK 
WATER CDSCRPTIOt4 AT 167.32OC 
DATA FROM FRESSURE TRAIEDUCER 1 
SAND GRAIN SIZE : 60 TO 6 5  HESH 

THE SATL'RATICN VAFOR FRESSURE = 11.6686 ATM. ( 171.48 P S I A l  
DEAD VOLUME FACTOR= 0.7309 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE FRESSURE ( P/PO 1 

0.177926 
0.254297 
0.2 96 356 

THE FACTO? P/( 1-PIX (l/'MOLE) 
320.3789 
41 3.0784 
462.51 9 3  

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  
THE HONOLAYER ADSOAPTIOEI I S  764.1553 M1CRCI:IOLES 
THE E I G H T  OF THE SAHPLE I S  383.2000 GRAMS 
THE TOTAL SURFACE AREA I S  58.5967 SQUAK E METERS 
SPECIFIC SURFACE AREA I S  0.1524 SQUAFE HETERS/GRAM 

12.2559 

*** ANALYSIS GASED ON DESORPTION DATA *** 
RELATIVE FRISSURE (P/PO 1 

0.340453 
0.309263 
0.249273 
0.21 3093 
0.161021 
0.12001 2 

THE FACTOR P/( 1 -P IX  ( 1/1lOLE I 
433.33ZO 
391.9783 
317.3'135 
273.3755 
216.7851 
166.4337 

THE VALUE OF "C" FACTOR I N  PET AN4LYSIS I S  
THE H@!:OLAYER ADSCRFTICN I S  820.8677 MICRCMOLES 
THE REIGHT OF THE SAMPLE I S  3f3.2000 CRAMS 
THE TOTAL SURFACE APEA I S  62.7306 SQUARE METERS 
SPECIFIC SURFACE AREA I S  0.1637 SQUAFE HETERS/GRAM 

53.644G 
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UNCONSOLIDATED S I L I C A  SkNDPACK 
WATER ADSORPTION AT 187.32’C 
DATA FPOY PRESSURE TRANSDUCER 2 
SAND G R A I N  SIZE : 60 TO 6 5  MESH 

THE SATURATION VAPOR PRESSURE = 11.6686 ATM. ( 171.48 P S I A )  
DEAD VOLUME FACTOR= 0.7309 

NUXEER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
25 
27 
28 
29 
30 
31 
32 
33 
34 
35 
34 
37 
38 
39 

FRESSURE OF SYSTEM 
P/PO 

0.02845 
0.09389 
0.17838 
0.  f 5 5 0 3  
0.29710 
0.5521 3 
0.40920  
0.47048 
0.51320 
0.54174 
0.58300 
0.62875 
0 -661 51 
0.68456 
0.70518 
0.732% 
0.74979 
0.77226 
0.79190 
0 .604C5 
0.76517 
0.72726 
0.68895 
0.65799 
0.59000 
0.54399 
0.51 408 
0 . 4 7 4 i 6  
0.49429 
0.37461 
0.33320 
0.30745 
0.24SC6 
0.21 242 
0.16065 
0.11997 
0.05733 
0.03267 
0.01 500 

( P S I A  1 

4.879 
16.101 
30.599 
43.732 
50.948 
60.383 
70.170 
60 -679  
88.003 
94.270 
09.972 

107.818 
11 3.435 
117.389 
120.976 
125.6E5 
128.574 
132 -428  
135.796 
137.914 
131.212 
124.71 1 
118.055 
114.548 
101.17% 

94.141 
68.154 
61.413 
69.3:s 
64.233 
57.904 
52.721 
42.537 
36.4Z5 
27.549 
20.573 
11.5:+5 
5.603 
2.571 

TOTAL AtIOCR4T FLOW 
IN (MICROMOLES I 

DEAD VOLUElE AMOUNT ADSORBED 
(MICR0110LES 1 ( I l ICRObIOLES ) 

1301.433 
3881.203 
71 63.641 

10150.51 0 
1181 2.720 
13060.730 
16231.670 
1871 1 .070 
20444.320 
21942.550 
2331 7. 290 
25230.760 
26655.890 
27664.270 
28609.420 
293+2.650 
30570.630 
31551.320 
32437.820 
33002.300 
31 31 7.230 
27690.3OO 
26065.960 
2721 0.630 
23C25.560 
2221 9.350 
2OSO4.270 
19219.420 
16554.790 
15330.230 
1 7s39.550 
12t.79.850 
10356.300 

8C50.332 
6030.406 
5?52..387 
33 17.074 
1975.447 
131 6. $60 

1025.955 
3400.935 
6500.398 
9345.62 1 

10921.960 
12993.050 
15173.280 
17531 .OS0 
191 89 .  070 
206 17.720 
21925.630 
23738.370 
25045.960 
25970.970 
2681 3.900 
27925.61 0 
28610.780 
29528.  270 
30333.350 
30841 .3+0 

27695.290 
26 1 27.350 
25305.8OO 
2?:02.410 
20585.070 
19223.420 
176Sb. 590 
1 GC95.460 
13852. 930 
lE471.530 
11 31 1 .OOO 

9055.551 
7759.730 
5546.652 
4353.555 
2434.169 
1178.492 

540.190 

9 -- ~ S ~ 3 3 . 2 4 0  

275.473 
480.265 
663.242 
E04.895 

961 . i 3 8  
1 058.574 
11 79.996 
1255.250 
1324.824 
1391.605 
1492.3S7 
1609.926 
1693.305 
1 795.520 
1317.234 
1 559.848 
2023.047 
21 04.465 
21 60.965 

1995.094 
1938.602 
1705.035 
1723.148 
1631.297 
1580.844 
1522.832 
1569.332 
1477.297 
1427.023 
1366.8qB 
1270.758 
1 1 ?O .602 
1053.555 

682.8S5 
776.C1.5 
776.770 

sso .75a 

2078.992 

996.832 

CAPACITANCE 
( PICOFARADS)  

1.322 
1.325 
1.329 
1.335 
1.333 
1.347 
1.357 
1.377 
1.394 
1.416 
1.4G2 
1.499 
1.554 
1.605 
1.659 
1.738 
1.791 
1.865 
1.934 
1.980 
1.363 
1.753 
1.656 
1.600 
1.42G 
1 .4 r5  
1.420 
1.3% 
1.373 
1.354 
1.356 
1.350 
1 .3+0 
1.335 
1.329 
1.326 
1.323 
1.3:0 
1.319 
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WCOt4SOLIDATED S I L I C A  SANDPACK 
UATER ADSORPTIOtJ AT  187.32OC 
DATA FRCIM PRESSURE TRANSDUCER 2 
S A t D  GRAIN  S I Z E  : 60 TO 65 MESH 

THE SATURATIClN VAPOR FRESSURE = 11.6666 ATrl .  ( 171.48 P S I A )  
DEAD VOLUHE FACTOR= 0.7309 

*** ANALYSIS  EASED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO 1 

0.176364 
0.255026 
0.2971 05 

THE FACTO? P/( ( - P I X  (1,’tlOLE) 
327.351 1 
425.3093 
474.5251 

12.7332 THE VALUE OF “C” FACTOR I N  BET  A N 4 L Y S I S  I S  
THE MC!:3LAYER ADSORPTION I S  740.51 00 bIICR(lE1OLES 
THE UEIGHT OF THE SAMPLE I S  383.2000 GRAI.111 
THE TOTAL SURFACE AREA I S  56.5897 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  0.1477 SQUARE tlETERS/GRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 

0.33S108 
0.307447 
0.246056 
0.21 241 6 
0.160654 
0.119970 

THE FACTOR P/( 1 -P )X  ( 1i’t lOLE 
356.1064 
324.2988 
259.6001 
226.5290 
176.6445 
1 36.4848 

THE VALUE OF “C” FACTOR I N  E E T  ANALYSIS  I S  77.0863 
THE KO1:OLAYER CDSOKPTION I S  976. X 6 2  
THE WEIGHT OF THE S4HPLE I S  383.2003 
THE TOTAL SUPFACE AREA I S  74.6107 
S P E C I F I C  SURFACE AREA I S  0.1947 

MICRCI! IO LES 

S9U4K E I IETERS 
SQUAF E METERS/GRAM 

GRAM5 
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F I E L D  CORE NLC1E)ER 3 ( F R @ M  W E L L  NGSZO-13) 
WATER ADSCRPTICN AT 106.65OC 
DATA FEOII  PRESSURE TRAIISDUCER 3 
DEPTH FROM 9552 F T  9 I N  TO 9553 F T  3 IN 

THE 2 4 T U R A T I C N  VAPOR FRESSURE = 1.2620 ATfl.  ( 
DEAD VOLUME FACTOR= 0.1449 

NUMB E R 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2 2  
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
39 
39 
40 
41 
42 
43 
44 
45 

PRESSURE OF SYSTEM TOTAL AMOUNT FLOW 
P/FO 

0 . 0 1  566 
0.12661 
0.22551 
0.300^,0 
0.35241 
0.39157 
0.43334 
0.4581 4 
0.47902 
0.50382 
0.51948 
0.56647 
0.61847 
0.65130 
0.67871 
0.70873 
0.73613 
0.75310 
0.76676 
0.67359 
0.6531 0 
0.64285 
0.56349 
0.52768 
0.40927 
0 .470 15 
0.40755 
0.37053 
0.32587 
0.29653 
0.26849 
0.23250 

0.18567 
0.16146 
0.144C4 
0.12840 
0.11557 
0.10295 
0.09024 
0.08:61 
0.07752 
0.07243 
0.06735 
0.05226 

o .20605 

( F S I A  1 

0.290 
2.348 
4.1P8 
5.568 
6.536 
7.262 
6.037 
8.497 
8.684 
9.344 
9.635 
10.506 
11.474 
12.080 
12.5E8 
13.145 
13.653 
13.968 
14.258 
12.493 
12.113 
1 1  .923 
10.451 
9.757 
9.241 
8.720 
7.559 
6.872 
6.044 
5.500 
4. 9SO 
4.318 
3.622 
3.4q4 
2.905 
2.625 
2.351 
2.145 
1 .909 
1.674 
1.532 
1.433 
1.343 
1.249 
1 .155 

I N  (f l ICRCblOLES 1 

1403.605 
5254.063 
80e3.547 
10454.030 
12255.670 
14216.470 
15574.220 
16605.420 
17723.71 0 
1 9007.230 
201 35.870 
2 1 89 9.760 
23267.100 
2451 0.030 
25815.120 
26847.490 
27759.050 
28566.710 
292%. 480 
26535.580 
26239.460 
281 46.370 
26770.670 
25859.610 
25026.930 
23931.990 
2 1 930.760 
20576.400 
1001 0.730 
17809.640 
16518.440 
1524s. 600 
14051.050 
12973.140 
1 1 903.150 
1 I 1  36.970 
10310.6$0 
5'515.125 
61'55.594 
83S2.059 
7z47.934 
7316.742 
6878,473 
6459.520 
6031.676 

18.55 P S I A )  

DEAD VOLLWE AMIlUtlT ADSOF!PEO 
( MICROHOLES 1 (MICROMOLES ) 

14.654 
118.668 
212.058 
232.305 
331.715 
368.836 
408. 490 
432.063 
451.931 
475.545 
690.470 
535.298 
585.199 
61 6 -438 
642.703 
671.51 1 
697.640 
714.151 
729.219 
637.602 
618.158 
603.344 
532.457 

470.258 
443.489 
38.i. 002 
348.883 
3 C b  .552 
278.636 
252.333 
2 1  8.655 
193.437 
174.244 
151.473 
1 35.91 8 
120.359 
106.418 
06.473 
84.537 
77.378 
72.607 
67.838 
63.049 
58.302 

498.283 

1483.951 
51 35.371 
7876.468 
10181.720 
1 1  025.150 
13847.630 
151 65.730 
161 73.360 
17271.770 
18531.690 
1T645.400 
21364.460 
22681.900 
23093.590 
251 72.41 0 
25 175. 960 
27061 .ZOO 
27852.560 
26567.260 
27897. 760 
27521.300 
27538.030 
26238.220 
25391.530 
24556.670 
23486.500 
21546.760 
20227.520 
18704.150 
17530.600 
16366.100 
15029. 940 
12867.61 0 
12793.903 
11841.670 
1 1 0 0 1  .OF0 
1021 0.320 
9596.707 
e859.117 
82 ?7.520 
7770.555 
IL r4.133 
6810.633 
63?6.449 
6023.371 

-1- 

C A F A C T T A K E  
( PICOFARADS 1 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0. O C O  
0.000 
0.020 
0.000 
0.000 
0.000 
0.000 
0. c c o  
0.000 
0.000 
0.00'3 
0. c o o  
0.000 
0.000 
0.c03 
0.000 
0.090 
0.000 
0.000 
0.000 
0.000 
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F I E L D  CORE t ’ r !BER 3 I F R O I I  WELL tES20-13) 
WATER ADSORPTIOII  AT  106.65OC 
DATA FROM PRESSURE TRAtlSDUCER 3 
DEPTH FROM 0552 F T  9 I N  TO 9553 F T  3 I N  

THE SATURATION VAPOR PRESSURE = 1.2620 ATU. ( 18.55 P S I A )  
DEAD VOLUME FACTOR= 0.1449 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P / ( l - P ) X  ( l / ’ i I O L E )  

0.126607 26.2278 
0.225806 37.0298 
0.300204 42.1331 

THE VALUE OF “C” FACTOR I N  B E T  ANALYSIS  I S  
THE MOI!OLAYER ADSCRPTION I S  101 17.5500 MICRCIMOLES 

THE TOTAL SUPFACE AREA IS 732.7354 S9UAK E METERS 
S P E C I F I C  SURFACE AREA I S  5.0S14 SQUAI; E EIETERS/GRAU 

5.4038 

THE UE IGHT OF THE SAIIPLE I S  144.2000 GRAMS 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO ) THE FACTOR P/( 1 - P I X  ( l / r l O L E )  

0.32C;869 25.8440 
0.25‘6534 24.0453 
0.268485 22.4260 
0.232802 20. is93 
0.206050 18.7145 
0.1 E5674 17.8148 
0.161495 16 .2632 
0.144939 15.4082 
0.129396 14.4276 
0 . 1  15674 13.7592 
0.102953 12.9403 

THE VALUE OF “C” FACTOR I N  BET  ANALYSIS  I S  
THE MCI:@LAYER ADSORPTION I S  15549.8900 f lICR0:lOLES 
THE KE IGHT OF THE SAHPLE I S  144.2000 GRAMS 
THE TOTAL SU?FACE AREA IS 1 1  26.1560 S l U A E E  NETERS 
S P E C I F I C  SURFACE AREA I S  7.8097 SQUARE METERS/GRAkl 

9.1078 
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FIELD CORE tiUMPER 3 (FROM WELL MGSZO-13) 
WATER ADSORPTIOti AT 106.65'C 
DATA FROM FRESSUZE TRANSDUCER 4 
DEPTH FROM 9552 FT 9 I N  TO 9553 FT 3 IN 

THE SATMATION VAPOR PRESSURE = 1.2620 ATM. ( 

DEAD VOLUHE FACTOR= 0.1449 

NUNEER PRESSURE OF SYSTEN TOTAL AI.IOU!tT FLOW 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
23 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43  
44 
45 

P/PO 

0.01 725 
0.12849 
0.22634 
0.30025 
0.35305 
0.39050 
0.431 80 
0.45773 
0.47837 
0.50192 
0.51 634 
0.55342 
0.61 532 
0.44800 
0.67588 
0.70569 
0.73261 
0.74896 
0.76435 
0.66900 
0.64914 
0.63874 
0.56030 
0.52442 
0.4'?422 
0.46592 
0.401 82 
0.36693 
0.32086 
0.291 70 
0.26444 
0.23061 
0.20432 
0.18460 
0.16020 
0.14519 
0.12025 
0.11519 
0.10394 
0.09 1 76 
0.08332 
0.07854 
0.07302 
0.06833 
0.06552 

[ PSIA) 

0.320 
2.383 
4.198 
5.569 
6.540 
7.243 
8.009 
8.490 
8.881 
9.309 
9.576 

10.450 
11.412 
12.018 
12.536 
13.088 
13.585 
13.691 
14.176 
12.408 
12.040 
11.847 
10.392 

9.725 
9.166 
8.641 
7.453 
6.806 
5.951 
5.410 
4.905 
4.277 
3.789 
3.4;4 
2.971 
2.693 
2.3?7 
2.136 
1.928 
1.702 
1.5+5 
1.45s 
1.354 
1.267 
1.215 

I N  [ HICROFlOLES 1 

1493.325 
5251.512 
8095.81 6 

10486.240 
12279.500 
14342.920 
15703.080 
16 727.960 
178 i6 .340 
19117.670 
20253.260 
2C030.370 
23413.860 
24780.020 
26013.050 
27051.510 
27995.620 
28840.500 
29602.440 
26834.810 
28535.000 
28441.270 
27047.250 
261 88.280 
25329.21 0 
24231 .850 
22235.380 
20570.400 
19307.420 
181C4.760 
1691 5.930 
15547.830 
14362.870 
13281 .&SO 
12317.100 
11455.790 
10655.610 

9952.660 
C304.523 
871 1.137 
8178.406 
7682.051 
7222.052 
681 0.551 
6429.289 

18.55 PSIA)  

DEAD VOLUtlE AtlOVNT ADSORPED 
( PlICROIlOLES 1 NICROHOLES 1 

16.144 
1 20.454 
212.566 
282.345 
332.319 
367.820 
407.026 
431.678 
451.785 
473.739 
487.473 
532.339 
581.991 
613.278 
639.998 
658.594 
604.455 
71 0.171 
724.972 
6 33.402 
6 14.365 
604.403 
529.405 
405.174 
466.399 
439.465 
378.564 
345.515 
301 .e42 
274.257 
268.51 1 
21 6.590 
191 .802 
1 73.234 
150.273 
136.157 
121.172 
107.961 

97.398 
85.963 
78.051 
73.657 
68.386 
63.994 
61.359 

1477.181 
51 31 .055 
7851 .250 

10203.890 
1 1  947.180 
13975.100 
15296.050 
16296.280 
1 7354.550 
18643.920 
19765.780 
21 497.980 
22831.870 
241 66.740 
25373.050 
26392.910 
27301 .170 
281 30.330 
28377.490 
28201.410 
27920.630 
27834.870 
26537.840 
25693.1 I O  
24852.810 
25792.390 
2 1857.820 
20524.880 
19005.530 
17830.500 
1 6647.480 
15531 ,240 
14171 .070 
13108.660 
I 2 1  66 .e30 
11319.630 
10534.440 
9844.719 
9207.125 
8625.172 
8100.352 
7605.391 
7153.695 
6746.555 
6367.930 

CAPACITANCE 
[PICOFARADS 1 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.0c0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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F I E L D  CORE NUMBER 3 (FRO11 WELL MGSZO-13) 
WATER ADSORPTION AT  106.65OC 
DATA FROM PRESSURE TRANSDUCER 4 
DEPTH FROM 9552 F T  9 I N  TO 9553 F T  3 I N  

THE SATURATION VAPOR PRESSURE = 1.2620 ATM. ( 18.55 P S I A )  
DEAD VOLUME FACTOR= 0.1449 

*** ANALYSIS  GASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE (P/FO) THE FACTOR P/ (  1 -P )X t l / 'blOLE 1 

0.128487 28.7328 
0.226344 37.1216 
0.300248 42.0503 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  I S  5.1157 
THE MONOLAYER ADSORPTION I S  1031 8.8500 MICRCIMOLES 
THE WEIGHT OF THE SAMPLE I S  144.2000 t iRAt lS  
THE TOTAL SURFACE AREA I S  747.31 37 SWAF 'E  METERS 
S P E C I F I C  SURFACE AREA I S  5.1825 SQUARE HETERS/'GRAM 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  PRESSURE ( P/PO ) 

0.320859 
0.291 701 
0.264438 
0.23O611 
0.20431 5 
0.184601 
0.160203 
0.1451 94 
0.129251 
0.1 15187 
0.103939 

THE FACTOR P/( 1- P I X  ( l / M O L E )  
24.8584 
23.0971 
21.5692 
19.5505 
18.1 199 
17.2705 
15.6790 
15.0054 
1 4.0 ? 05 
13.2234 
12.5984 

THE VALUE OF "C" FACTOR I N  BET  A N A L Y S I S  IS 9.2297 
THE MOh'OLAYER ADSORPTION I S  15939.0600 MICROMOLES 
THE RE IGHT OF THE SAMPLE I S  144.2000 CRAMS 
THE TOTAL SU?FACE AREA I S  1154.3430 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  8.0052 SQUAPE METERS/GRAM 
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FIELD CORE FIUtlBER 3 (FROM WELL MGS20-13) 
NATER CDSORPTION AT 124.39OC 
DATA FEOM FRESSURE TRANSDUCER 3 
DEFTH FROM 9552 FT 9 I N  TO 9553 FT 3 I N  

THE SATURATION VAFOR FRESSWE = 2.2476 ATM. ( 
DEAD VOLUtlE FACTOR= 0.1449 

NUtlSER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1 7  
18 
1 9  
20 
21 
2 2  
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33  
39 

PRESSURE OF SYSTEM TOTAL AMCUJT FLOW 
P/PO 

0.02345 
0.03078 
0.04031 
0.10347 
0.189kV 
0.25652 
0.32467 
0.36933 
0.42654 
0.451 5 0  
0.51003 
0.55253 
0.5E848 
0.62291 
0.68436 
0.73207 
0.77090 
0.80505 
0.631 69  
0.e5513 
0.68921 
0.65955 
0.65443 
0.59353 
0.54900 
0.47255 
0.41 925 
0.38330 
0.358S3 
0.34875 
0.32287 
0.2561 0 
0.C1164 
0.17438 
0.14432 
0.1 2785 
0.11049 
O.OQ630 
0.09068 

( FSIA 

0.775 
1.017 
1.331 
3.553 
6.270 
8.473 

10.724 
12.201 
14.089 
15.904 
16.543 
18.252 
19.433 
20.575 
22.608 
24.181 
25.463 
26.624 
27.471 
23.245 
22.765 
21.7E5 
21.618 
19.779 
18.134 
15.609 
13.845 
12.eL6 
12.184 
11.519 
10.665 

6.459 
6.901 
5 . 7 6 0  
4.767 
4.223 
3.656 
3 .1Pi  
2.995 

I t 4  (MICECNOLES) 

1496.443 
32'3.120 
4805.11 3 
61 45.527 

11323.960 
13915.140 
16497.01 0 
185?6.050 
20603.020 
22627.690 
23938. 850 
25662.180 
27162.890 
28440.250 
30652.470 
32693.640 
34337.080 
35737.9 1 0 
3691 1 .970 
37854.130 
35007.370 
34145.410 
33300.1 SO 
31943.200 
301 09.260 
26@34.400 
24735.320 
23464.220 
22496.750 
21 502.790 
20359.330 
17654.140 
15503.320 
13704.450 
12C22.990 
10970.600 
9837.363 
8897.180 
7806.773 

33.03 FS IA)  

DEAD VOLUME AMOUEIT ADSOREED 
(tlICROtlOLES1 ( IlICROtlOLES 

37.346 
49.026 
64.216 

173.101 
303.565 
41 0.934 
521.057 
593.505 
686.397 
775.937 
822.680 
892.256 
951.163 

1007.775 
1109.229 
1167.933 
1252.340 
1 31 0.757 
1 353.425 
1332.494 
1117.074 
1068.121 
1 059.773 

968.166 
856.403 
761.385 
674.534 
624.226 
592.697 
560.048 
518.144 
41 0.266 
335.645 
278.765  
230.520 
204.146 
176.661 
153.783 
144.639 

1 459.097 
3245.095 
4743.695 
7972.426 

11 020.4CO 
13507.21 0 
15975.950 
17932.550 
10916.620 
21551 .900 
23116.170 
24769.920 
2621 1.720 
27432.470 
29573.240 
31505.890 
33054.740 
34427.150 
35558.550 
36491.640 
335?0.3@0 
33077.2TO 
32740.410 
30975.030 
29222.640 
26223.01 0 
241 1 0.780 
22860.000 
21 904.050 
20942.740 
19S41.190 
17?73.570 
15164.670 
13e5.7EO 
11992.460 
10766.450 

9660.699 
E653.395 
7644.133 

CAPACTTAt!CE 
(PICOFARADS 

0.000 
0 .000  
0.000 
0.000 
0.000 
0 .000  
0 .000  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 . 0 0 0  
0.000 
0.000 
0 .000  
0 .000 
0.  O C O  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 . 0 0 0  
0 . 0 0 0  
0 .000  
0.000 
0.003 
0 .000  
0.c00 
0 .000  
0.000 
0 .000  
0 . 0 0 0  
0.c00 
0.000 
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FIELD CORE NUMBER 3 (FRCPl KELL MGSZO-13) 
WATER CDSCRPTION AT 124.39OC 
DATA FROM PPESSURE TRANSDUCER 3 
DEPTH FROM 9552 FT 9 I t1  TO 0553 FT 3 I N  

THE SATURATION VAPOR PRESSURE 2.2476 ATtl. ( 33.03 F S I A I  
DEAD VOLUME FACTOR= 0.1449 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE PRESSURE (P/PO 1 THE FACTOR P/( 1 -P )X  ( l/MOLE 1 

0.108470 15.261 0 
0.189822 21.2603 

0.324674 30.0931 
0.25651 6 25.5433 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  
THE M0:JOLA'rER ADS@RPTI@N I S  13103.3700 MICRCltlOLES 

THE TOTAL SURFACE AREA I S  958.2505 SOUAE E NETERS 
SPECIFIC SURFACE AREA I S  6.6453 SOUAFE ElETERS/GRAH 

9.51 10  

THE UEIGHT OF THE SAMPLE I S  144.2000 GRAPE 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE PRESSURE (P/PO I 

0.343747 
0.322374 
0.2561 01 
0.21 1640 
0.174334 
0.144316 
0.127859 
0.11 0694 

THE FACTOR P/( 1-PIX ( l /MOLEl  
25.5697 
24.0323 
10.0300 
17.7027 
15.7323 
14.0535 
13.6167 
1 2.8343 

THE VALUE OF "C" FACTCR I N  BET At4ALYSIS I S  
THE MXOLAYER ADSORPTIOti I S  16573.0100 MICRC~PIOLES 
THE E I G H T  OF THE SAMPLE IS 144.2000 G R A P E  
THE TOTAL SURFACE AREA I S  121 2.051 0 SQLJARE HETERS 
SPECIFIC SURFACE AREA I S  8.4053 SWAP E KETERWGRAM 

9.2359 
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F I E L D  CORE NUMBER 3 (FROM WELL MGS20-13) 
WATER AOSCRFTIOEI A T  124.39'C 
DATA FROfl  FRE+SURE TRAtlSDUCER 4 
DEPTH FROM 9552 F T  9 I N  TO 9553 F T  3 114 

THE S A T L F A T I O N  VAFOR PRESSLTE = 2.2476 ATH. ( 

DEAD VOLUME FACTOR= 0.1449 

NVIIGER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
1 1  
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
2 2  
23 
24 
25 
26 
27 
28 
29 
33 
31 
32 
33 
34 
35 
35 

39 
39 

37 

FRESSURE OF SYSTEM TOTAL AHOUNT FLOU 
P/FO 

0.0231 5 
0.02961 
0.C3984 
0.10S24 
0.16908 
0.25648 
0.32446 
0.34926 
0.42541 
0 -481 58 
0.50913 
0.55236 
0.5891 1 
0 -62208 
0.68318 
0.73023 
0.76863 
0. E0434 
0.82923 
0.65303 
0.6951 6 
0.66412 
0.65930 
0.60369 
0.55297 
0.47672 
0.42137 
0.39053 
0.37097 
0.351 76 
0.32522 
0.25897 
0 .2t 399 
0.17700 
0.14479 
0.12791 

O.OQ522 
0.09101 

0 . 1 0  9 7 3  

( F S I A  1 

0.765 
0.978 
1.316 
3.575 
6.245 
8.472 
10.717 
12.197 
14.051 
15.907 
16.617 
18.245 
19.458 
20.545 
22.566 
24.120 

26.568 
27.390 
28.176 
22.961 
21.935 
21.777 
19.940 
18.265 
15.746 
13.918 
12.699 
12.259 
11.619 
10.742 
8.554 
7.060 
5.546 
4.792 
4.225 

3.145 
3.006 

25.398 

3 . 0 3 3  

I N  (MICROHOLES 1 

1450.246 
3271 .827 
4777.457 
5092.21 1 

1 1246.770 
13834.890 
16409.320 
18427.61 0 
20508.070 
22509.580 
2381 9.180 
25533.0 10 
27026.180 
2831 6.050 
3057O.760 
3C612.460 
342 74.550 
356 E3.540 
36858. 0 10 
37681.240 
34591.620 
34147.300 
33806.670 
31 $51.640 
301 Z2.070 
26977.750 
247oO.840 
234 37.870 
22537.420 
21525.380 
20336.150 
17724.360 
15551 .I90 
137.i8. 1 1  0 
122cS4.430 
1 1  042.160 

991 7.163 
8903.203 
7901 .113 

33.03 P S I A )  

DEAD VOLL'HE AMOUItT ADSOFlBED 
(MICROMOLES 1 ( I I ICROMOLES 1 

36.658 
47.153 
63.462 
172.730 
3C2.367 
410.882 
520.71 4 
593.313 
684.560 
776.120 
821 .I35 
891.901 
952.201 
1006.41 1 
1107.123 
1164.924 
1 248.584 
1307.902 
1349.322 
1-189.000 
1 1  26.913 
1075.657 
1067.71 7 
976.165 
E92 .e95 
765.191 
677.960 
627.646 
595.930 
564.926 
521.943 
414.895 
342.434 
2 3 2 .  960 
231.201 
204.225 
175.520 
151.912 
145.172 

1443.387 
3224.671t 
4713.992 
7919.480 
10944.400 
13424.000 
15898.600 
1 7534.300 
13523.51 0 
21 733.460 
22995.050 
24641.11 0 
26075.960 
27309.640 
29472.640 
31427.550 
33025.960 
34375.640 
35539.690 
36492.240 
33664.710 
33071.640 
32735.950 
30975.470 
29229.170 
26203.560 
241 12.860 
2^L870.020 
21941.480 
20960 -4.59 
19964.21 0 
17303.460 
15206.760 
13465.150 
l2053.150 
10837.940 
9741.668 

7755.938 
8751 .299 

C A P A C I  TAE!CE 
(PICOFARADS 1 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.0c0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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c 

F I E L D  CORE NUMBER 3 (FROM N E L L  MGSZO-13) 
WATER ADSORPTIOII  AT  124.39OC 
DATA FROM PRESSURE TRANSDUCER 4 
DEPTH FROM 9552 F T  9 I N  TO 9553 F T  3 I N  

THE SATURATION VAPOR PRESSURE = 2.2476 ATH. ( 33.03 P S I A )  
DEAD VOLUME FACTOR= 0.1449 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 THE FACTOR P / (  1 - P I X  ( l/ 'MOLE 1 

0.108?37 15.3261 
0.189077 21.30+3 
0.256483 25.6971 
0.324462 30.2293 

THE VALUE OF "C" FACTOR I N  B E T  ANALYSIS  IS 
THE MONOLAYER ADSORPTION I S  13033.41 00  HICRCIMOLES 
THE WEIGHT OF THE SAEIPLE I S  1 44.2 000 GRAPE; 
THE TOTAL SURFACE AREA I S  953.1343 SQUARE METERS 
S F E C I F I C  SURFACE AREA I S  6 -6098 SQUARE METERS/GRAH 

9.5153 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSURE (P/PO)  

0.325221 
0.258971 
0.21 3993 
0.176997 
0.144791 
0.127909 
0.109981 

THE FACTOR P / ( l - P ) X  ( l / ' H O L E )  
24.2631 
20.16CS 
17.001 1 
15.3717 
14.0455 
13.5329 
12.6848 

THE VALUE OF "C" FACTOR IN BET ANALYSIS  I S  9.2332 
THE MONOLAYER ADSOORPTICN I S  16599.4600 FlICRCltlOLES 

TI lE TOTAL SURFACE AREA I S  1213.0210 SSUCEE METERS 
S F E C I F I C  SURFACE AREA I S  8.4183 SQUAA E kIETERS/C-RAM 

THE UE IGHT OF THE SAMPLE I S  144.2000 6PAtl5,  
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F I E L D  CCRE EIUMBER 3 (FROM K E L L  MSS20-13) 
WATER ADSORPTIOI{ AT 142.6OoC 
DATA FR3H FRESSURE TRbtEDUCEF! 3 
DEPTH FROM 9552 F T  9 IN TO 9553 F T  3 I f 4  

THE SATURATION VAFCR PRESSLRE = 3.6571 ATM. I 56.68 P S I A )  
DEAD VOLUME FACTOR= 0.1449 

ERME E R 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

FRESSURE OF SYSTEPl TOTAL AMOUNT FLOW DEAD VOLUME AM(3UNT ADSORBED CAPACITANCE 
P/FO 

0 .017@8 
0.03557 
0.04570 
0.11 104 
0.14691 
0.17467 
0.10944 
0.22293 
0. E5262 
0.26904 
0.331137 
0.41 378 
0.48762 
0.54992 
0.62928 
0.60240 
0.742 71 
0.76656 
0.70216 
0.62661 
0.59396 
0.54949 
0.50126 
0.45520 
0.39923 
0.34994 
0.32201 
O.COli4 
0.21 034 
0.15601 
0.12458 
0. OSSC6 
0. CC-243 
0.06659 

( PSIA 1 IN ( MICR0;lOLES 1 ( MICROMOLES 1 

0.968 
2.033 
2.590 
6 . 2 0 4  
6.329 
9.901 
11.335 
12.635 
14.331 
15.251 
18.954 
23.455 
27.640 
31.17’2 
35.670 
39.243 
42.100 
43.453 
44.933 
35.519 
33.668 
31.147 
28.413 
25.E92 
22.573 
19.779 
16.:53 
16.537 
1 1  -923 
6.957 
7.062 
5.571 
4.672 
3.774 

1135.049 
2426.659 
3858. 889 
671 3.653 
61 46.644 
9296. 922 
10227.600 
1 1  194.190 
12346.160 
13061.210 
15756.610 
16996.870 
2 1 774.920 
24240.450 
273 16.420 
30375 .830 
322t?0.120 
33555.880 
34342.530 
31671 .8;0 
30596.370 
29033.930 
27398. ‘730 
25543.130 
233W.100 
21231.830 
20110.350 
18603.220 
15384.580 
127C3.690 

6991.601 
7607.166 
6404.602 

10633.900 

44.617 
93.75s 
119.472 
290.985 
385.493 
458.794 
524.326 
586.579 
665.966 
709.135 

1096.574 
1295.939 
1465 . O X  
1681.741 
1855.122 
1 993.958 
2050.087 
2131.052 
1674.437 
1585.146 
1463.884 
1332.880 
1206.253 
1054.751 
$22.477 
650.422 
760.613 
553.205 
414.790 
326.625 
257.425 
2 15.733 
174.215 

833.476 

(MICROI IOLES I [ P I C O F A R A D S )  

1090.433 
2332.901 
3739.41 8 
6422.695 
7765.346 
C835.125 
9703.273 

1 0557.6 1 0 
116eO. 190 
12352.080 
14873.330 
17902.300 
20476.980 
22775.380 
26134.680 
2852 0.700 
30266.130 
31 495.790 
3271 1.480 
29997.390 
2’?011.2?0 
2i620.050 
26066.100 
24334.870 
22342.340 
20309.350 
19259.930 
17923.600 
14S31.370 
12Z08.690 
10307.270 
6734.375 
7391.383 
6230.363 

0.000 
0.030 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0. OC O  
0.000 
0.000 
0. c o o  
0.090 
0.000 
0.000 
0.009 
0.c00 
0.000 
0.000 
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F I E L D  CORE NUMGER 3 (FROM WELL NGSZO-13) 
WATER ADSORPTION AT 142.8OoC 
DATA FFCM FRESSURE TRANSDUCER 3 
DEPTH FROM 9552 F T  9 I N  TO 9553 F T  3 I N  

THE SATURATION VAFCR 
DEAD VOLUXE FACTOR= 

PRESSURE = 3.8571 
0.1449 

ATM. 56.68 P S I A )  

*** ANALYSIS  BASED ON ADSCRPTIOtl  DATA *** 
R E L A T I V E  FRESSURE ( P/PO 1 

0.11 1038 
0.146912 
0.174671 
0.199439 
0.222927 
0.25261 8 
0.269045 
0.334373 

THE FACTOR P/(l-P)X (l/MOLE) 
19.4473 
22.1627 
23.9460 
25.6743 
27.1728 
26.0589 
29.7964 
33.7747 

THE VALUE OF "C" FACTOR I N  BET  ANALYSIS  I S  
THE PlONOLAYER ADSORFTION IS 130$5.6700 MICROHOLES 
THE WEIGHT OF THE SAMPLE I S  144.2000 GXI).MS 
THE TOTAL SLFFACE AREA I S  968.5676 SGUARE KETERS 
S P E C I F I C  SURFACE AREA IS 6 ,7168  SQUARE IIETERS/GRAN 

5 .9807  

*** ANALYSIS  EASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSURE (P/FO f THE FACTOR P i (  1 - P ) X  (l/NOLE) 

0.34S943 26.3900 
0.32201 2 24.660 1 
0.291 7 4 4  22.96 1 9 
0.210340 17.  9597 
0.15601 3 15.2465 
0.124578 13 .8063  

THE VALUE OF "C" FACTOR I N  BET  ANALYSIS  I S  
THE NONOLAYER ADSORPTICN IS 15821.6100 MICROMOLES 
THE WEIGHT OF THE SAMFLE I S  144.2000 GRMIS 
THE TOTAL SURFACE AREA I S  11 70.1790 SSUARE ElETERS 
S P E C I F I C  SURFACE AREA IS 8.1 150 S W A R E  tlETERS/GRAH 

9.8002 
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F I E L D  CORE M B E R  3 (FROM WELL llGS20-13) 
WATER ADS@RPl IOI4  AT 142 .6OoC 
DATA FROM PRESSURE TRANSDUCER 4 
DEPTH FROM 9552 FT 9 I N  TO 9553  FT 3 I N  

THE SATl lRATICN VAPOR PRESSVAE 3.8571 ATfl. ( 

DEAD V0LU:lE FACTOR:: 0.1449 

hU?lGER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14  
1 5  
16 
1 7  
18 
1 9  
20 
21 
22 
2 3  
24 
25  
26 
27  
2 8  
29 
30 
31 
32 
33 
34 

PRESSURE OF SYSTEM TOTAL APlOUIJT FLOW 
P/PO 

0.01757 
0.03576 
0.04581 
0.11143 
0.14757 
0.17523 
0 .20007  
0.22356 
0.25355 
0.25960 
0.33509 
0.41 355 
0.48761 
0.54973 
0.62859 
0.69106 
0.74154 
0.76521 
0.791 40 
0.62777 
0 -59478  
0.55054 
0.50228 
0.45598 
0.39352 
0.34960 
0.32191 
0.291 76 
0.20902 
0.15862 
0.12439 
0.03914 
0.0822Z 
0.06654 

( P S I A  I 

0.996 
2.027 
2.537 
6 .316  
8 .365  
9.933 

11.341 
12 .678  
14 .372  
15.282 
18.994 
23.459 
27.640 
31.161 
35.631 
39.172 
42 .034  
43.375 
44.860 
35.585 
33.715 
31.207 
28.471 
25 .647  
22.590 
19 .817  
18.247 
16 .538  
11.699 

8.991 
7.051 
5 .619  
4.660 
3.772 

I N  (MICROKOLES 1 

1129.291 
241 4.287 
3843.146 
6686 .387  
81 04.777 
9249.504 

10165.600 
11071.990 
12255.110 
12977.690 
15669.970 
18903.000 
2 1678.620 
24151.350 
27729.680 
30305.660 
32217.460 
33494.760 
34774.980 
31570.490 
30516.330 
2LiQ31.640 
2 i X 3 . 9 3 0  
25412.4ttO 
23250.61 0 
21 084.270 
19060.530 
18541.320 
15260.780 
12565.230 
10521.710 

6CS7.125 
7491.738 
6259.922 

56 .68  P S I A )  

DEAD VOLUME AMOUIJT AOSOFBED 
( RICROl lOLES 1 (tlICROHOLES) 

45 .e80 
93.471 

119.760 
292.024 
387.227 
460.278 
526.006 
583.556 
667.923 
710.626 
685 .395  

1096 .767  
1295.91 3 
1454.552 
t 679  . a54  
1851.436 
1990.761 
2056.278 
2 1 28 .943  
1677.61 8 
1 587.383 
1456.742 
1335.663 
1 2 1  0 .373  
1055.534 

924.235 
850.141 
769.664 
552 .095  
41 6.391 
326.124 
259.685 
215.235 
174.107 

1083.41 1 
2520.816 

63$%. 359  
771 7 .547  
8789 .223  
9639.594 

10483.450 
1 1597.190 
12267.060 
14784.570 
17806.230 
20362.700 
22686.800 
26049.81 0 
28454.230 
30226.690 
31 438.480 
32646.030 
2991 2.870 
28923. 940 
27524.900 
25948.270 
24202.070 
221  05.070 
201 50 .030 
191 19.3EO 
17771.650 
14 i03 .690  
121 68.830 
10 195.590 
e607 .434  
72 i6 .500  
61 15.813 

3723.386 

C A F C C I T A I X E  
 PICOFARADS ) 

0.000 
0.000 
0.000 
0.000 
0. c o o  
0.000 
0.000 
0.000 
0.000 
0.009 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.0c0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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FIELD CORE t4UtlSER 3 (FROPI RELL MGS20-131 
WATER ADSORPTIOti AT 142.8OoC 
DOTA FEOM FRESSURE TRANSDUCER 4 
DEPTH FROM 9552 FT 9 I N  TO 9553 FT 3 I b J  

THE SATURATION VAFOR FRESSURE = 3.8571 ATM. [ 56.68 P S I A l  
DEAD VOLUHE FACTOR= 0.1449 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE FRESSURE (P/PO I 

0.11 1433 
0. I 47569  
0.175232 
0.200074 
0.223664 
0.253555 
0.249605 
0.335091 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  
THE M!XOLAYER ADSORPTION I S  
THE KEIGHT OF THE SAMPLE I S  
THE TOTAL SURFACE AREA I S  
SFECIFIC SURFACE AREA I S  

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO I 

0.349599 
0.321 907 
0.291 763 
0.209021 
0.15cS520 
0.12436S 

THE FACTOR P I (  1 -PIX [ l/'HOLE 1 
1 9 . h l ? X  . . . - . - - 
22.4314 
Z4.1730 
25.9467 
27.4916 
29.2901 
30.0905 
34.0873 

5.9830 
12951.3500 

144.2000 
060.1 1 1 s 

6.6582 

MICRCHOLES 
GRAMS 
SQUARE METERS 
SQUARE METERSIGRAM 

THE FACTOR P/( 1 -P )X ( l/PlOLE I 
26.6623 
24.6295 
23.1805 
18.0639 
15.4923 
13.9332 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS IS 
THE MONOLAYER ADSORPTION IS 15729.3700 MICRCHOLES 

THE TOTAL SURFACE AREA IS 1163.3570 SQUARE METERS 
SPECIFIC SURFACE AREA IS 8.0677 SQUARE PlETERS/GRAtl 

9.7644 

THE WEIGHT OF THE SAMPLE I S  144.2000 GR,iri': 
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FIELD CORE NUMBER 5 (FROM WELL MSSZO-13) 
WATER ADSORPTION AT 105.69OC 
DATA FROM PRESSURE TRANSDUCER 3 
DEPTH FROM 9562 FT 10 I N  TO 9563 FT 7 I N  

THE SATURATION VAPOR PRESSLIRE 1.221 1 ATM. ( 
DEAD VOLUtlE FACTOR= 0.1395 

" 6 E R  PRESSURE OF SYSTEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
36 
39 
40 
41 
42 

P/PO 

0.00944 
0.021 5 s  
0.05261 
0.10387 
0.15918 
0.20370 
0.24957 
0.26060 
0.31 637 
0.34265 
0.36269 
0.40201 
0.45327 
0.51397 
0.56658 
0.61515 
0.65561 
0.69203 
0.72171 
0.74734 
0.77162 
0.791 8 5  
0.63939 
0.59995 
0.62153 
0.71 870 
0.64589 
0.54670 
0.4E.655 
0.41331 
0.34998 
0.29330 
0.24720 
0.20243 
0.16557 
0.14191 
0.12087 
0.10641 
O.OSE52 
0.09195 
0.03535 
0.07749 

I PSIA 

0.169 
0.387 
0.944 
1.664 
2.857 
3.655 
4.47s 
5.035 
5.713 
6.149 
6.512 
7.214 
8.13% 
9.223 

10.167 
11.039 
11.765 
12.419 
12.951 
13.41 1 
13.&47 
14.210 
14.52% 
14.355 
14.742 
12.697 
11.570 

9.610 
6.767 
7.417 
6.280 
5.263 
4.436 
3.633 
2.971 
2.547 
2.169 
1.909 
1 .768 
1.650 
1.532 
1.391 

TOTAL AHOUNT FLOW 
I N  (MICROXOLES 1 

143.723 
643.255 

2634.667 
3762.527 
5241.449 
6265.46 1 
7291 -160 
8343.746 
9354.60 1 
9928.660 

10597.400 
11697.740 
13085.500 
14433.000 
1565'6.270 
16787.910 
17811.580 
18723.420 
19566.550 
20323.310 
20993.51 0 
2 1 5 5'4.430 
22160.630 
22300.030 
22631.760 
21611.660 
20016.300 
17916.510 
16393.450 
14643.980 
130 15.400 
11572.540 
10256.360 

91 65.105 
6256.695 
7464.453 
6337.496 
6276.785 
5864.41 8 
5452.1 60 
5064.762 
471 0.406 

17.94 PSIA)  

DEAD VOLUME ArlOUNT ADSGREED 
( tlICROI.lOLES (EIICROHOLES 1 

8.254 
16.671 
46.023 
90.946 

133.507 
178.661 
21 9.066 
246.437 
279.798 
301 .268 
31 9.1 74 
353.629 
399.31 5 
453.269 
500.163 
543.5 1 2 
579.695 
61 2.308 
638.913 
661.913 
683.726 
701.916 
717.692 
709.197 
726.622 
636.213 
570.996 
482.436 
430.679 
353.847 
307.756 
257.655 
21 6.974 
177.543 
145.134 
124.330 
105.857 

93.166 
86.251 
80.4E8 
74.727 
67.616 

135.475 
624.364 

2588.844 
3371 .581 
5101.941 
6066.797 
7072.094 
6097.309 
9075.00 0 
$627.391 

10276.220 
11 343.91 0 
12686.160 
13979.71 0 
151 $6.1 10 
t6Z44.400 
17231 .ESO 
181 11.1 10 
16927.640 
10661.390 
20309.75'0 
208?2.510 
21 443.140 
21 590.830 
221 03.130 
2 0975.470 
19447.300 
17434.060 
15762.770 

12707.640 
11 314.690 
10039.370 

61 11.559 
73Ct0.121 
6731.637 
6 153.6 17 
5776.164 
5371 .691 
4$$0.031 
4642.590 

i42ao.140 

8957.553 

C A P A C I T A I J C E  
(PICOFARADS 1 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 .000  
0.000 
0 .000  
0 .000  
0 .000  
0 . 0 0 0  
0.000 
0.000 
0 .000  
0 .000  
0.000 
0 .000  
0 .000  
0.c00 
0.000 
0.000  
0.000 
0.c00 
0.000 
0 .000  
0.000 
0.000 
0.000 
0.000 
0 .000  
0 .000  
0 .000  
0.000 
0 . 0 0 0  
0.030 
0 . 0 0 0  
0.000 
0.0c0 
0.000 
0.000 
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FIELD CORE NVPIGER 5 ( F R O M  K E L L  MSS20-131 
WATER ADSORPTION AT 105.69OC 
DATA FPOIl PRESSURE TRANSDUCER 3 
DEPTH FROM 9562 FT 10 I N  TO 9563  FT 7 I N  

THE ShTURATICN VAPOR FRESSURE = 1.2211 ATM. ( 17.94 PSIAI 
D E A D  VOLUME FACTOR= 0 .1395  

*** ANALYSIS GASED 014 ADSORPTION DATA *** 
RELATIVE PRESSURE (P/PO 1 

0 . 1 0 3 8 i 4  
0.1591 84 
0.203702 
0.249568 
0.  280595 
0.31 8 3 6 6  
0.342651 

THE FACTOR P/( 1-PIX (l/'MOLEl 
29.9397 
37 .1075  
42.0271 
47.0252 
43.1690 
51.4675 
54 .1436  

THE VALUE OF "C" FACT@R I N  6ET ANALYSIS IS 5.6314 
THE tlO!!OLAYER ADSORPTION I S  841 1.5030 MICRCiMOLES 
THE NEIGHT OF THE SAMPLE IS 156.9000 GI?AHSs 
THE TOTAL SURFACE & R E A  IS 608 .8789  SQUARE H E T E R S  
SPECIFIC SURFACE A R E A  IS  3.8807 SQUARE HETERS/GRAM 

*** ANALYSIS BASED @ E l  DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO I 

0.349985 
0 .293303  
0.2471 94 
O.ZOZ431 
0.165584 
0.141909 
0.1 20E69 
0.106407 

THE FACTOR P/(  1 -PIX ( 1ltlOLE I 
42.3702 
36 .6803  
32.7078 
C8.2402 
Z4.4644 
22.5306 
20.4239 
19.2569 

THE VALUE OF "C" FACTOR IN EET ANALYSIS IS 
THE RCEIOLAYER ADSOFPTIO!4 I S  9602.9290 MICROMOLES 
THE WEIGHT OF THE SAMPLE IS 155.9300 GRAMS 
THE TOTAL SURFACE A R E A  IS 695.1221 SQUARE METERS 
SPECIFIC SURFACE A R E A  IS  4.4304 SQUARE HETERS/GRAM 

11 .6059  
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FIELD CORE tUrl5ER 5 (FROM WELL MGS20-131 
WATER ADSORPTIOI4 AT 105.69OC 
DATA FROM PRESSURE TRANSDUCER 4 
DEPTH FROM 9562 FT 10 IN TO 9563 FT 7 I N  

THE SATURATION VAFOR PRESSURE = 1.2211 ATM. ( 

DEAD VOLUME FACTOR= 0.1395 

t.RR;EER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
35 
37 
38 
39 
40 
41 
42 

FRESSURE OF SYSTEM 
P/PO 

0.00991 
O.OC061 
0.051 52 
0.10207 
0.15657 
0.20220 
0.24663 
0.27657 
0.31627 
0.34009 
0.361 92 
0.40062 
0.45323 
0.51 181 
0.56544 
0.61411 
0.65334 
0.69160 
0.72141 
0.74725 
0.7721 0 
0.791 98 
0.80SS7 
0.79S93 
0 .62080 
0.71 492 
0.64062 
0.54103 
0.46350 
0.40849 
0.34426 
0.2e691 
0.24029 
0.19564 
0.15782 
0.13552 
0.11518 
0,09C68 
0.09290 
O.OS612 
0.07934 
0.07256 

( PSIA 

0.178 
0.373 
0.925 
1.632 
2.646 
3.6;9 
4.429 
4.999 
5.675 
6.103 
6.495 
7.169 
8.133 
9.164 

10.147 
11 .o:o 
1 t .733 
12.411 
12.946 
13.409 
13.655 
14.212 
14.515 
14.337 
14.729 
12.829 
11.496 

9.709 
8.676 
7.330 
6.178 
5.149 
4.312 
3.51 1 
2.832 
2.432 
2.067 
1.769 
1.667 
1.545 
1.424 
1.302 

TOTAL AMOUNT FLOW 
IN (MICROMOLES I 

134.612 
634.162 

2623.693 
3S43.648 
5209.934 
6220.141 
7244.773 
6269.664 
92SS. 199 
9671.563 

10533.900 
11622 -060 
12956.380 
14328.41 0 
15583.81 0 
16668.720 
17691 .290 
18599.890 
19426.120 
201 76.100 
20836.820 
2 1427.340 
21992.540 
22 133.590 
22673.320 
21 459.870 
19873.510 
1 7773.870 
16249.530 
14505.320 
12888.540 
11464.760 
10165.690 

9087.723 
8193.543 
740 3.352 
6777.516 
6230.930 
581 7.671 
541 7.062 
5040.680 
4682.590 

17.94 PSIA)  

DEAD VOLL’ME AMOUNT ADSOREED 
( bIICROI.1OLES I (MICROMOLES 

8.660 
16.190 
45.070 
S9.362 

138.970 
177.341 
21 6.653 
244.651 
277.945 
298.999 
318.316 
352.602 
399.281 
451.363 
499.139 
542.584 
578.112 
61 1.918 
638.644 
661.833 
684.155 
702.W8 
717.231 
705.287 
727.970 
632.819 
566.281 
477.385 
426.176 
359.574 
302.695 
252.010 
21  0.656 
171.570 
138.308 
118.723 
100.661 

87.265 
81.320 
75.377 
69.436 
63.497 

127.952 
615.972 

2578.623 
3854.264 
5070.96 1 
6042.797 
7028.11 7 
6045.01 2 
9020.254 
9572.563 

1 02 15.5PO 
11269.460 
12557.100 
13877.050 
15084.670 
161 C6.140 
171 13.170 
1 7997.980 
16787.460 
1951 4.260 
20152.670 
20725.310 
2 1 275.31 0 
2 1 4 25.30 0 
21 945.350 
20827.050 
19307.230 
17296.460 
15823.350 
141 45.750 
1 2585.850 
11212.750 

9954.81 3 
8916.152 
8055.234 
7264.625 
6676.652 
61 43.664 
5736.551 
5 3 1 . 7 0 3  
4971 .242 
46 1 9.090 

CAFACITCIXE 
( PICOFARADS) 

0.000 
0.000 
0.000 
0.0c0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.030 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.0c0 
0.000 
0.000 
0.000  
0 .000  
0.  c o o  
0.000 
0.000 
0 .000  
0.000 
0.0c0 
0.000 
0.cp0 
0.090 
0.000 
0.000 
0.000 
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FIELD CORE t4UMBER 5 (FROM WELL tIGS20-13) 
WATER ADSORPTION AT 105.69'C 
DAT4 FPOH FRESSUEE TRANSDUCER 4 
DEPTH FROM 9562 FT IO I N  TO 9563 FT 7 I N  

THE SATURATION VAFOR PRESSURE = 1,2211 ATH. ( 17.94 PSIA)  
DEAD VOLUtlE FACTOR= 0.1395 

*** ANALYSIS EASED ON ADSORPTION DATA *** 
RELATIVE FRESSURE (P/PO 1 

0.102068 
0.156573 
0.202202 
0.246831 
0.278573 
0.316272 
0.340085 

THE FACTOR P / ( l - P ) X  (l/FlOLE) 
29.491 7 
37.1640 
41 .9425 
46.6303 
47.9977 
51.2813 
53.8358 

THE VALUE OF "C" FACTOR I N  6ET ANALYSIS IS 5.6846 
THE MEKOLAYER ADSCRFTION I S  8389.01 10  MICRC'MOLES 
THE NEIGHT OF THE SAMPLE I S  156.9000 GRAMS 
THE TOTAL SUEFACE APEA I S  607.251 0 SQUARE METERS 
SPECIFIC SURFACE AREA I S  3.8703 SWARE PlETERS/GRAM 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO 1 

0.344264 
0. CE6910 
0.240289 
0.105644 
0.157620 
0.135525 
0.1 151 76 

THE FACTOR PA 1 -P )x ( i / r ioLE 
41.7139 
35.8830 
31 .7725 
27.2703 
23.2537 
21.5208 
19.4959 

TIlE VALUE OF "C" FACTOR I N  BET ANALYSIS IS 12.7389 
THE M@l.;OLAYER ADSORPTION IS 9502.2500 MICROMOLES 
THE HEIGHT OF THE SAFIPLE IS 156.9000 GRAMS 
THE TOTAL SWFACE AREA I S  687.6342 SQUARE METERS 
SPECIFIC SURFACE AREA I S  4.3539 SQUARE METERWGRAM 
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THE C TUA T 01 

F I E L D  CORE NLEBER 5 (FRCt1 WELL NGS20-13) 
WATER ADSCRPTION AT 125.56'C 
DATA FROM PRESSURE TRAtWJUCER 3 
DEPTH FROM 9562 F T  10 I N  TO 9563 FT 7 I N  

'APOR PRESSURE = 2.3300 A M .  ( 
DEAD VOLUME FACTOR= 0.1395 

NUMEER PRESSURE OF SYSTEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

P/PO 

0.04242 
0.06099 
0.12655 
0.16119 
0.21351 
0.2431 5 
0.27007 
0.29410 
0.30753 
0.3C521 
0.34654 
0.35762 
0.30095 
0.4246.8 
0.46517 
0.40204 
0.54293 
0.62774 
0.70053 
0.77945 
0.81356 
0.73397 
0.66902 

0.51705 
0.45210 
0.39748 
0.32185 
0.26276 
0.20069 
0.15?24 
0.11989 
0.0?2?9 
0.07506 
0.05921 
0.04474 
0.03510 
0.02822 

0.56044 

( P S I A  1 

1.452 
2.397 
4.333 
5.519 
7.31 1 
6.497 
9.247 

10.070 
10.530 
11.136 
1 1  .034 
12.568 
13.367 
14.549 
15.926 
16 .8 i8  
18.591 
21.4?5 
23.967 
27.374 
27.658 
25.132 
22.903 
19.675 
17.705 
15.623 
13.610 
1 1 . 0 2 1  

9.004 
7.180 
5.452 
4.1C5 
3.160 
2.570 
2.027 
1.532 
1 . 2 0 2  
0.966 

TOTAL AMOUNT FLOW 
I N  (MICROf1OLES) 

1105.017 
2001.189 
3501.399 
4548.316 
5634.918 
6756.016 
7334.977 
8053.738 
6576.6 17 
9280.215 

101 07.820 
10722.720 
11 321.970 
11968.240 
1301 9.660 
13729.600 
14932.000 
17363.71 0 
19535.770 
20750.210 
21 783.21 0 
20433.540 
16675.560 
16713.150 
151 04.01 0 
13762.230 
1 2 1  OS. 140 
10261.720 
8466.660 
6$44.43$ 
5325.941 
4077.620 
3089.62 1 
2C66 .?24 
1593.580 
1084.941 
666.004 
373.187 

34.24 P S I A )  

DEAD VOLUME AMOL'NT ADSORBED 
(MICROI IOLES 1 (MICROMOLES 1 

67.269 
111.106 
201.188 
256.4?6 
340 .2 1 7 
395.762 
430.990 
469.653 
491.281 
519.762 
557.400 
568.230 
625.956 
650.915 
746.31 4 
769.995 
872.940 

1011.711 
1131.360 
1294.800 
1318.227 
1 166.51 2 
1079.500 

934.230 
630.744 
741.312 
636.515 
514.350 
410-576 
334.092 
253.372 
190.562 
146.506 
119.168 
$3.965 
70.961 
55.672. 
44.744 

1037.728 
1690.083 
3300.21 1 
4291.820 
5494.699 
6360.230 
6703.964 
7534.082 
6965.336 
8760.449 
9550.422 

10134.490 
1 C696.010 
11307.320 
12273.340 
12939.8OO 
14059.050 
16?52.000 
1 6404.41 0 
17655.41 0 
20464.980 
19247.030 
17709.260 
15778.920 
14273.260 
13040.920 
11471.620 

9747.375 
6067.082 
651 0.340 
5072.566 
3867.056 
2945.023 
2147.755 
1499.6 14 
101 3.960 
630.332 
328.443 

CA PAC I T A I K  E 
( PICOFARADS 1 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.c00 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0. G O O  
0.000 
0.0g0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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FIELD CORE NUYSER 5 [FROM RELL HGSZO-13) 
WATER ADSORPTIOt4 AT 125.56OC 
DATA FROM PRESSURE TRAIISDCCER 3 
DEPTH FROM 9562 FT 10 I N  70 9563 FT 7 I N  

THE SATLIPATION VAPOR PRESSURE = 2.3300 ATM. ( 34.24 PSIA) 
DEAD VOLUME FACTOR= 0.1395 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE PRESSURE (P/PO 1 

0.126550 
0.161 192 
0.21 3508 
0.248150 
0.270066 
0.2941 02 
0.307534 
0.325208 
0.348537 

THE FACTOR P/( 1 -P ) X  ( 1 /'HOLE 1 
43.9016 
44.7753 
49.4056 
51 .e931 
53.5902 
54.9355 
54.9284 
55.0128 
56.01 90 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  
THE MONOLAYER ADSORPTION I S  10595.8300 NICRC!llOLES 
THE UEIC-HT OF THE SAtlPLE I S  155.9000 GRAMS 
THE TOTAL SURFACE AREA IS 761.0556 SPUARE METERS 
SPECIFIC SURFACE AREA I S  4.8506 SQUAEE METERS/GRAM 

2.6446 

*** ANALYSIS BASED ON DESORPTION DATA *H 

RELATIVE FRESSURE (P/PO) 
0.32 1 850 
0.262$6 3 
0.2 0 9666 
0.159237 
0.11 9887 

THE VALUE OF "C" FACTOR I N  6ET ANALYSIS I S  
THE ECGOLAYER ADS@RPTION I S  
THE UEIGHT OF THE SAtlFLE I S  
THE TOTAL SURFACE AREA I S  
SPECIFIC SURFACE AREA IS 

THE FACTOR P/(I-P)X ( i / ' r i o L ~ )  
48.690 1 
44.2272 
43.7536 
37.3371 
35.0438 

3.5277 
1061 2.1500 

156.0000 
776.5062 

4.9496 

HICRCMOLES 
GRAMS 
SQUARE METERS 
SQUARE METERS/GRAM 
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F I E L D  CCRE NUMBER 5 (FROM WELL MGS20-13) 
WATER ADSORFTIOI I  AT 125.56cC 
DATA FROM PRESSUFE TRANSDUCER 4 
DEPTH FROM 9562 F T  10 I N  TO 9563 FT 7 It4 

THE SATURATION VAPCR PRESSURE = 2.3300 ATM. ( 

DEAD VOLUME FACTOR= 0 .1395  

W G E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
16 
1 7  
18 
1 9  
20 
21 
22 
2 3  
24 
25 
26 
27 
28 
29 
30 
31 
32 
3 3  
34 
35 
35 
37  
38 

PRESSURE OF SYSTEM TOTAL APlOUtIT FLOW 
P i P O  

0.041 5 4  
0 .06908 
0.12624 
0 .16055 
0.21256 
0.24637 
0.26979 
0 .29373 
0.30726 
0.32392 
0 .34735 
0.36557 
0.38649 
0.42287 
0.46246 
0 .46904 
0.54064 
0.62459 
0.6971 0 
0 .?'a572 
0.61033 
0 .73053 
0.66541 
0.57922 
0.51539 
0.45966 
0.3%;0 
0.31 935  
0.26003 
0.20744 
0.15749 
0.11 773  
0.00084 
0 .07407 
0.05364 
0.04462 
0 .03498 
0.02639 

( PSIA 1 

1.423 
2.365 
4 .323 
5 .497  
7 .278 
8 .436 
9.238 

10 .058  
10.521 
11.091 
1 1 .89(+ 
12.518 
13.302 
14.460 
15 .635  
16.745 
18.512 
21.367 
23.870 
21.247 
27.747 
25.014 
22.765 
19.799 
17.648 
15.746 
13 .557  
10.935 
8 .  $ 0 4  
7.103 
5 . 3 0 3  
4 .033  
3.110 
2.535 
2.015 
1 .528 
1 . 1 9 s  
0.972 

114 ( MICROPIOLES) 

1102.602 
1 992.794 
3464.0e6 
4526.941 
551 1 .562 
6735 .668  
7305.973 
6027.750 
8551.199 
9262.262 

100%.  330 
1071 7 .470 
11 322.320 
1 1 9S3.130 
13023.440 
13741 .900 
14940.71 0 
17371.420 
19564.030 
20982.21 0 
21602.700 
20451.250 
16654.190 

15071.650 
13744.170 
1SC5?.980 
10203.420 
8432 -350 
6779.769 
5260.538 
402 2.634 
3040.524 
2 2  15.094 
15%5.994 
1033.709 

641.115 
324.276 

i 6708.490 

34.24 PSIA) 

DEAD VOLUME AHOUNT ADSOPBED 
(MICROMOLES) 

65 .899  
109.650 
200.691 
255.470 
335.689 
392.925 
430.541 
469.047 
490 . e 3 8  
517.682 
555 - 4 7 9  
584.91 4 
621.967 
677 .645  
741.907 
785.120 
669.21 1 

1006.551 
1 125.714 
lZS6.625 
1 31 2 .849  
1160.826 
1073.569 

930.604 

737.662 
634.456 
510.314 
41 4 .  E60 
330.500 
250.583 
167.21 6 
144.281 
117 .598  

93 .373  
70.792 
55 .484  
45.018 

628.035 

[ tlICROMOLES 1 

1036.703 
1863.144 
3283.3Q5 
4273.469 
5472.691 
6342.723 
6875.430 
7558.699 
6C60.359 
6744.578 
9539.652 

101 32.550 
10700.350 
11305.480 
12281.530 
12956.780 
14071.500 
16354.870 
16438.320 
19693.550 
20469.650 
19270.420 
1761 0.620 
15777.830 
14243.61 0 
13006.490 
11416.520 

9693.113 
8017.867 
6449.289 
501  0.01 2 
3535.41 8 
2806.242 
2097.497 
1452.621 

$67.917 
5S5.631 
279.256 

CAPACITAIXE 
[P ICOFARADS 1 

0.000 
0.000 
0.c00 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0. c o o  
0.0c0 
0.000 
0.000 
0.000 
0.0c0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.090 
0.000 
0.000 
0.000 
0.000 
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F I E L D  CORE NUVBER 5 (FROM WELL MGS20-13) 
WATER ADSORPTIOII  AT  125.56OC 
DATA FROtl  FRESSVRE TRANSDUCER 4 
DEPTH FROM 51562 F T  10 I N  TO 9563 F T  7 I N  

THE SATURATION VAPOR PRESSURE = 2.3300 ATM. ( 34.24 P S I A )  
DEAD VOLUPlE FACTOR= 0.1395 

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE (P/PO 1 

0.126238 
0.160549 
0.21 2555 
0.246370 
0.269786 
0.293726 
0.307260 
0.323918 
0.347347 

THE FACTOR P/[ 1-PIX ( l / 'P lOLE)  
44.0022 
44.7541 
49.3213 
51 -541 2 
53.7365 
55.0202 
55.0276 
54.7833 
55.7878 

THE VALUE OF "C" FACTCR I N  B E T  A N 4 L Y S I S  I S  2.6233 
THE MONOLAYER ADSORPTION I S  10445.5000 
THE WEIGHT OF THE SAMPLE I S  156.9000 

764.401 1 THE TOTAL SURFACE bDEA I S  

S F E C I F I C  SURFACE AREA I S  4.8719 

MICROMOLES 
GRAMS 
SQUAE'E HETERS 
SQUARE METERVGRAM 

*** ANALYSIS  BASED @N DESORPTION DATA *** 
R E L A T I V E  FRESSURE (P /PO)  

0.31 9347 
0.2600;8 
0.207444 
0.1 5749 1 
0 . 1  17768 

THE FACTOR P/(l-PlX (l/MOLE) 
48.4032 
43.8273 
40.5843 
37.3115 
34.81 10 

THE VALUE OF "C" FACTOR I N  BET  A N A L Y S I S  I S  
THE MONOLAYER ADSOi?PTICN I S  1068it .0500 MICRONOLES 
THE WEIGHT OF THE SAtIPLE I S  155.  $000 GRAlfS 
THE TOTAL SURFACE AREA I S  781.8582 SQUARE METERS 
S P E C I F I C  SURFACE AREA I S  4.9832 SQUARE F:ETERS/GRAM 

3.4927 
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FIELD CORE NUMBER 5 (FROPI WELL r i ~ s 2 0 - 1 3 )  
WATER ADSORPTIOH AT 147.35OC 
DATA FRCN PRESSURE TRAIISDUCER 3 
DEPTH FROM 9562 F T  10 I N  TO 9563 F T  7 I N  

THE SATURATION VAPOR PRESSURE = 4.3718 ATM. ( 
DEAD VOLUtlE FACTOR= 0.1395 

NlRIBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

PRESSURE OF SYSTEM 
P/PO 

0.01959 
0.06820 
0.10588 
0.15788 
0.20987 
0.25546 
0.26765 
0.331 55 
0.36239 
0.44528 
0.51 631 
0.61 164 
0.63251 
0.77935 
0 -79326 
0.612SO 
0.75349 
0.65025 
0.59066 
0.4971 3 
0.43255 
0.35619 
0.29004 
0.21702 
0.13683 
0.09037 
0.0591 1 

( P S I A  I 

1.259 
4.362 
6.602 

10.143 
13.484 
16.412 
16.494 
21 -301 
24.568 
28.60s  
33.300 
39.2?6 
44.492 
50.071 
50.065 
52.220 
46.410 
41 -777 
37.948 
31.939 
27.790 
22.884 
18.634 
13.943 

8.791 
5.607 
3.798 

TOTAL AllOW4T FLOW 
I N  f MICROtlOLES I 

901 .053 
2636.055 
3543.293 
5053.191 
6523.500 
7729.91 0 
6631.477 

10075.930 
1164 l . 930  
15573.440 
16141.320 
18946.100 
21 473.530 
24272.650 
25502.730 
26015.990 
24709.310 
21646.640 
19906.760 
171 29.740 
15467.820 
1 31 93.780 
1 1  066.350 
841 7.566 
6046.756 
4481 .332 
3469.732 

64 .25  P S I A )  

DEAD VOLUFlE ANO’Jt.(T ADSOPEED CAPACITANCE 
(klICROIIOLES 1 ( kiICROIlOLES I ( PICOFARADS 1 

55.275 
192.760 
299.695 
447.761 
596.474 
727.354 
620.665 
946.915 

1094.406 
1277.708 
1491.847 
1 767.51 3 
2008.263 
2258.663 
231 0.766 
2369.792 
2191.038 
1882.235 
1705.329 
1429.598 
1240.524 
1016.31 3 
626.982 
616.975 
337.766 
255.697 
167.024 

845.778 
2443.295 
3343.55’8 
4640.410 
5027.023 
7002.555 
7860.809 
9127.020 

1 0 547.5 2 0 
12295.730 
14649.470 
17180.580 
19465.240 
m 0 3 . 9 6 0  
231 91 .940 
23646 . Z O O  
2251 8.270 
19764.400 
18t01.430 
15700.140 
14227.300 
12175.460 
10239.370 

i’600.5qO 
5659.000 
4C25.633 
3302.708 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 .ooo 
0.000 
0.000 
0.000 
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F I E L D  CORE NUt!GER 5 (FROM WELL MGS20-13) 
WATER ADSORPTIOt4 AT  147.35OC 
DATA FROH PRESSURE TRANSDUCER 3 
DEPTH FROM 9562 F T  10 IN TO 9563 F T  7 I N  

THE SATURATION VAPOR PRESSURE = 4.3718 AIM.  ( 

DEAD VOLUtlE FACTOR= 0.1395 
64.25 P S I A )  

*** ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  PRESSURE (P /PO)  

0.105679 
0.157676 
0.209670 
0.255455 
0.287853 
0.331 548 

T t iE  FACTOR F/( 1 - P I X  ( l / ' t lOLE I 
35.41 6 1 
40.4002 
44.61 41 
48.9968 
51.4201 
54.331 4 

THE VALUE OF "C" FACTOR I N  B E T  A N A L Y S I S  I S  4.1470 
THE tlONOLAYER ADSORPTIOt4 I S  6969.9720 
THE KE IGHT OF THE SAMPLE I S  156.9000 
THE TOTAL SUBFACE AREA I S  665.4087 
S P E C I F I C  SURFACE AREA I S  4.2410 

MICROMOLES 

S W A 6  E METERS 
S W A E E  HETERS/GRAM 

GRAMS 

*** ANALYSIS  BASED ON DESORPTION DATA *** 
R E L A T I V E  FRESSURE ( P / P O )  THE FACTOR P / ( l - P ) X  ( l / H O L E I  

0.290043 39.8085 
0.21 7022 35.5325 
0.136629 26.01 18 

Tt iE  VALUE OF "C" FPCTOR I N  BET  ANALYSIS  I S  

THE MOXOLAYER ADSCRPTION I S  1045s. 1800 MICRCIIOLES 

THE TOTAL SURFACE AREA I S  775.6071 SQUAPE HETERS 
S P E C I F I C  SURFACE AREA IS 4.9446 SQUARE flETERS/GRAM 

5.5801 

THE K E I C H T  OF THE SAf lPLE I S  156.9300 GPAMC 
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F I E L D  CORE NUMBER 5 (FROM WELL MGS20-13) 
WATER ADSORFTION AT 147.35OC 
DATA FGOti PRESSURE TRANSEUCER 4 
OEPTH FROM 9562 F T  10 IN TO 9563 F T  7 I N  

THE SATURATION VAPOR PRESSURE = 4.3718 ATM. ( 64.25 P S I A )  
DEAD VOLUtIE FACTOR= 0.1395 

EIUHEER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

PRESSURE OF SYSTEM TOTAL AtlOUNT FLOW DEAD VOLUME APIOUEIT ADSORBED C A F A C I T A t K E  
P/FO 

0.01937 
0.06728 
0.10524 
0.15682 
0.20844 
0.25397 
0.26520 
0.32983 
0.38043 
0.44328 
0.51479 
0.60776 
0.66765 
0.77423 
0.7891 4 
0.10763 
0.75129 
0.64745 
0.56800 
0.49343 
0 .42907 
0.35244 
0.2C621 
0.2 1 362 
0.13287 
0 .OS71 9 
0.05519 

[ P S I A  It4 ( M I C R O ~ l O L E S  ( PlICROHOLES) [ EIICk?OMOLES ) I PICOFARLDS 1, 

1.245 
4.323 
6.762 
10.075 
13.372 
16.317 
18.357 
21.1so 
24.441 
28.480 
33.074 
39.047 
44.180 
49.742 
50.636 
51 .as3 
48.269 
41.597 
37.777 
31 - 704 
27.567 
22.643 
18.3% 
13.725 
8.556 
5.602 
3.546 

014.739 
2642.907 
3644.41 0 
5039.961 
6531 .008 
7736.328 
8665.648 

1 OOS5.010 
11654.200 
1 3578.91 0 
161 56.020 
16970.860 
21511.220 
24333.310 
25557.450 
26054.160 
24742.490 
21 685.550 
19928.070 
171 68.540 
155O2.400 
13;31.080 
1 1  102.290 
8440.980 
6098.191 
4558.336 
3535.754 

54.654 
190.155 
297.891 
444.775 
592.357 
723.092 
815.691 
941.934 
1088.686 
1271 -877 
1461.497 
1 756.00 1 
1993.772 
2253.423 
22'95.361 
2354.163 
2 1 84.44 0 
1873.912 
16'97.454 
141 8.871 
1 230.365 
1007.428 
615.919 
607.229 
376.482 
246.628 
155.904 

860.085 
2452.752 
3345.515 
4645.184 
5935.641 
70 1 3.234 
7869.754 
91 43.076 
10565.51 0 
12307.030 
14674.520 
1 72 1 4.860 
1 951 7.440 
22079.890 
23262.090 
23709.990 
22558.050 
1981 1.640 
18230.61 0 
15749.670 
14272.030 
12223.660 
10265.370 
7833.750 
5721 -707 
4291.707 
3379.850 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0. O C O  
0.000 
0.000 
0.000 
0.030 
0.000 
0.000 
0.000 
o.oo!l  
0.000 
0.000 
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FIELD CORE IJJr7BER 5 (FROM WELL flGS20-13) 
WATER ADSDRFTION AT 147.35$C 
DATA FROH FRESSURE TRAIISOUCER 4 
DEPTH FROM 9562 FT 10 I N  TO 9563 FT 7 I N  

THE SATL'RATION VAPOR PRESSURE = 4.3718 ATH. ( 64.25 PSIA)  
DEAD VOLUNE FACTOR= 0.1395 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE PRESSURE (P/PO) THE FACTOR P/( 1 -P )X ( 1 /'MOLE 1 

0.105245 35.1462 
0.156823 40.0393 
0.208437 44.3406 
0.253974 48.5419 
0.286197 50.9479 
0.329827 53.8278 

THE VALUE OF "C" FACTOR I N  BET AIIALYSIS I S  4.1460 
THE HONOLAYER ADSORPTION IS 9032.0740 FIICRClNOLES 
THE UEIGHT OF THE SAMFLE IS 156 .$OOO CRAMS 
THE TOTAL SLRFACE AREA I S  6iO.  01 5 4  SQUAC E tlETERS 
SPECIFIC SURFACE AREA IS 4.2703 SQUAFE PlETERS/GRAH 

*** ANALYSIS BASED ON DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO 1 THE FACTOR P / ( l - P ) X  (l/ 'NOLE) 

0 .2 f6207  36.9803 
0.21 3623 34.6774 
0.132668 26.7799 

THE VALUE OF "C" FACTOR I N  6ET ANALYSIS IS 5.6057 
THE HONOLAIER ADSORFTION I S  1035?.1600 MICRCHOLES 
THE REIGHT OF THE SAMPLE I S  156.9000 C-RhPIS 
THE TOTAL SUPFACE AREA IS 766.4614 SQUARE HETERS 
SPECIFIC SURFACE AREA I S  4.6978 SQUARE HETERS/GRAIl 
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F I E L D  CORE NUPIBER 5 (FRCM U E L L  MGS20-13) 
W4TEP CDSORPTION AT 166.6loC 
DATA FPOtl PRESSURE TRAtISDUCER 3 
DEPTH FRO3 9562 F T  10 I N  TO 9563 FT 7 IN 

THE SATL'RATIOPI VAPOR PRESSURE = 7.1932 ATM. ( 105.71 PSXA) 
DEAD VOLUME FACTOR- 0.1395 

NUn6ER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

PRESSURE OF SYSTEtl  
P/PO 

0.03366 
0.05290 
0.06733 
0.10626 
0.11885 
0.18960 
0.22920 
0.26285 
0.20236 
0.32462 
0.43117 
0.50632 
0.57867 
0.66575 
0.72949 
0.76407 
0.64405 
0.81262 
0.62333 
0.531 56 
0.47463 
0.39429 
0.33828 
0.29692 
0. 24477 
0.20O89 
0.14699 
0.0$505 
0.05113 
0.03369 
0.02007 
0.01 204 
0.00763 

( F S I A )  

3.559 
5.532 
7.117 

11.232 
12.564 
20.043 
24.229 
27.765 
30.906 
34.316 
45.579 
53.523 
61 .171 
TO. 376 
77.115 
82.884 
89.224 
85.902 
65.945 
56.191 
50.173 
41.680 
35.759 
31.367 
25.874 
21.235 
15.537 
10.048 
5.495 
3.562 
2.122 
1.273 
0.625 

TOTAL AtlOUNT FLOW 
I t 1  (MICR0t:OLES 1 

1302.795 
1837.490 
251 9.857 
3478.01 9 
3809.797 
5529.523 
6530.137 
7654.516 
8631.832 
9725.002 

13591.140 
16246.190 
18766.690 
21 747.550 
24400.610 
26796.880 
29375.630 
28514.590 
2 x 1  8.090 
1 9939.800 
15235.240 
15845.560 
14037.790 
12731 .320 
1 0930.670 

9694.020  
7950.5 12 
6187.051 
47 13.555 
3747.1 10 
31 22.692 
2735.62 1 
2491.758 

D E 9 D  VOLUPIE AMOUNT ADSOREED CAPACITAIICE 
(MICROHOLES)  (MICROMOLES) ( P I C O F A R A D S )  

149.563 
235.263 
299.650 
473.677 
530.396 
649.329 

1028.934 
1182.140 
1317.044 
1464.983 
1957.641 
2306.957 
2650.273 
3065.327 
3372.226 
3637.116 
3930.514 
3776.455 
2864.930 
2427.659 
2140.360 
1 iE6.406 
1527.774 
1337.635 
1 099.734 

900.412 
656.902 
423.646 
227.390 
149.697 
69.114 
53.430 
34.617 

1153.232 
1602.227 
2220.207 
3004.142 
3279.40 1 
4660.191 
5501.199 
6472.375 
7314.785 
8260.91 0 

11633.500 
13937.230 
161 16.620 
16662.250 
21 028.380 
23161.760 
25445.320 
25033.130 
19953.160 
17512.140 
160 77.650 
14059.160 
12570.01 0 
1 1393.420 

9820.938 
8793.586 
7293.609 
5763.402 
4486.172 
3597.41 3 
3033.578 
2686.391 
2457.141 

o .oeo  
0 .ooo 
0.000 
0 .000  
0 .000  
0.000 

0 .000  
0.000 
0.000 
0.000 
0 .000  
0.000 
0 . 0 0 0  
0.000 
0 .000  
0.000 
0 .000  
0.000 
0.000  
0.000 
0.000 
0.000 
0.000 
0 .  000 
0.  c o o  
0.003 
0.000 
0.003 
0.000 
0.000 
0.000 
0.000 

0.000 
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FIELD CORE NUtlBER 5 (FROM WELL tlGS20-13) 
WATER ADSORPTIOII AT 166.61OC 
DATA FROI-I FRESSURE TRANSDUCER 3 
DEPTH FROM 9562 FT 10 I N  TO 9563 FT 7 I N  

THE SATURATION VAPOR PRESSURE = 7.1932 ATH. ( 105.71 PSIA)  
DEAD VOLUI-IE FACTOR= 0.1395 

*** ANALYSIS BASED O N  ADSORPTION DATA **f 
RELATIVE PRESSURE (P/PO) 

0.106257 
0.116851 
0.189601 
0.229203 
0.262846 
0.292365 
0.324623 

THE FACTOR P/( 1 -PIX ( l/'HOLE I 
33.5753 
41.1301 
49.9893 
54.0533 
55.0908 
55.4825 
58.1841 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS I S  3.7522 
THE KONOLAYER ADSORPTION I S  8415. I 6 0 0  
THE HEIGHT OF THE s m p u  IS 156. 9000 
THE TOTAL SURFACE AREA I S  632.7390 
SPECIFIC SURFACE AREA I S  4.0328 

tl I C R  CII 10 LES 
GRAMS 
SPUAFE MTERS 
SQUAE'E METERSIGRAM 

*** ANALYSIS PASED ON DESORPTION DATA *** 
RELATIVE PRESSURE ( P/PO 1 

0.3?8276 
0.2$6918 
0.244766 
0.200856 
0.146979 

THE FACTOR P/( 1 -P )X  ( l/MOLE 1 
40.6685 
37.0661 
32.7998 
28.5874 
23.6240 

THE VALUE OF "C" FACTOR I N  EET ANALYSIS IS 9.3095 
THE t10f:OLAYER ADSORPTION IS 10034.1500 
THE KEIGHT OF THE SAMPLE I S  156.9000 
THE TOTAL SURFACE AREA I S  754.4722 
SPECIFIC SURFACE AREA IS 4.8066 

MICRCHOLES 
GRhMS 
SQUARE tlETERS 
SFUARE HETERWGRAM 
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FIELD CORE NUNSER 5 (FROM KELL MGSZO-13) 
WATER ADSCRPTIOI4 AT 166.61'C 
DATA FRCtl  PRESSURE TRANSDUCER 4 
DEPTH FROM 0562 F T  10 I N  TO 9563 F T  7 IN 

THE SATURATION VAPOR PRESSURE = 7.1932 ATM. ( 105.71 P S I A )  
DEAD VOLUME FACTOR= 0.1395 

NUtlBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

FRESSWE OF SYSTEM TOTAL AHOUNT FLOW 
P/PO 

0.03332 
0.05234 
0.06666 
0.1 e526 
0.  I 1 791 
0.1831 3 
0.22749 
0.261 13 
0.29338 
0.32218 
0.42792 
0.50252 
0.57421 
0.661C1 
0.72446 
0.77658 
0.83893 
O.S l lZ8 
0.62226 
0.52970 
0.47271 
0.39266 
0.33679 
0.29555 
0.Z43S.i 
0.19999 
0.14613 
0.  OS452 
0.05095 
0.0335+ 
0.02021 
0.01215 
0.00772 

( P S I A  1 

3.522 
5.533 
7.047 

11.127 
12.464 
19.837 
24.043 
27.604 
30.696 
34.057 
45.235 
53.121 
60  . i o 0  
69.696 
76.553 
82.335 
88.663 
85.761 
6 5 - 7 7 ?  
55.994 
49.970 
41.508 
35.602 
31.242 
25.775 
21 . I41  
15.447 
10.024 
5.375 
3.546 
2.136 
1.285 
0.816 

IN (IIICROHOLES 1 

1297.230 
1630.604 
251 0.907 
3471.865 
3797.731 
551 7.461 
6520.965 
7645.184 
6528.672 
9733.359 

13600.060 
16263.600 
18798.860 
21774.670 
24430.150 
26641.320 
29435.440 
26871.420 
22671.190 
19979.760 
16271 . 1 00 
15879.320 
141 25.640 
1 275 1 - 1  40 
1 oss2.710 

9665.609 
79 i3 .977  
6 172.445 
4703.457 
3734.752 
31 02.  21 3 
271 5.705 
2470.333 

DE4D VOLUPlE AMl3Vt<T ADSOREED 
(MICRONOLES 1 ( EIICROMOLES 1 

145.012 
232.774 
2Cb.671 
469.407 
5E6.168 
842.666 

1021.163 
1 1 74.31 2 
1307.969 
1453.760 
1942.508 
2291.102 
2629.158 
3043.558 
3347.909 
3611.812 
3905.36 7 
3769.925 
2657.465 
241 8 .895 
2151.428 
1778.8%,'3 
1520.953 
1331.614 
1095.506 
896.367 
653.073 
422.639 
226.118 
147.019 
89.727 
53.937 
34.242 

1149.218 
1537.831 
2214.236 
3002.458 
3271 .563 
4674.793 
5479.801 
6470.871 
7320.699 
8: 79.598 

11657.550 
13972.500 
16169.700 
18731.110 
21 082.240 
23229.500 
25530.070 
25101 .SO0 
20013.720 
17540.870 
161 19.760 
14100.480 
12604.690 
11419.550 

9987.21 1 
6759.242 
7290.902 
5749.605 
4477.336 
3595.733 
301 2 -486 
2661 .%a 
Z436.091 

C A P A C I T A t J C E  
f PICOFARADS 1 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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FIELD CORE NUEIGER 5 ( F R C M  KELL HGS20-131 
WATER ADSORPTION AT 166.6 1 O C  

DATA FROM FRESSURE TRAl4SDUCER 4 
DEPTH FROM 9562 FT 10 I N  TO 9563 FT 7 I N  

THE SATURATICN VAPOR PRESSURE = 7.1932 ATkl. ( 105.71 P S I A I  
DEAD VOLUME FACTOR= 0.1395 

*** ANALYSIS BASED ON ADSORPTION DATA *** 
RELATIVE FRESSURE lP/POl THE FACTOR P/( 1-PIX (1/'110LE) 

0.105260 
0.1 1 791 0 
0.18S12S 
0.227493 
0.261 130 
0.290382 
0 . 3 2 1  79 

THE VALUE OF "C" FACTOR I N  BET AN4LYSIS I S  
THE HCNOL4YER ADSORPTIL" I S  
THE WEIGHT OF THE SAMFLE I S  
THE TOTAL SURFACE AREA I S  
SFECIFIC SURFACE AREA I S  

*** ANALYSIS BASED 014 DESORPTION DATA *** 
RELATIVE FRESSURE (P/PO 1 

0.335794 
0.205547 
0.243837 
0.199989 
0.146 129 

39.1824 
40.8584 
49.5682 
53,5449 

55.5976 
57.4080 

54.61 68  

3.7242 
8505.1790 

156.9000 
639.5 078 

4.0759 

H1CRC)llO LES 
GRAMS 
SQUAF!E HETERS 
SQUAFIE METERS/GRAM 

THE FACTOR P/( 1-PIX (l/'MOLEl 
40.2887 
36.7589 
32.6145 
28.441 9 
23.4727 

THE VALUE OF "C" FACTOR IN 6ET ANALYSIS I S  

THE KEI tHT OF THE SAtlPLE I S  156.9000 GRAMS. 
THE TOTAL SURFACE AEEA I S  761.3320 SGUAEE METERS 
SPECIFIC SURFACE AREA I S  4.8523 SQUARE EiETERS/GRAfl 

9.1355 
THE MONOLAYER ADSORPTION I S  101 25.3900 t1ICRCtlOLES 
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F I E L D  CORE EIVHGER 5 (FRCM WELL MSSZO-131 
UATER kDSQRPTION AT 167.93OC 
DATA FROH PRESSURE TRAIISDVCER 3 
DEPTH FROM 9552 FT 10 114 TO 9563 FT 7 IN 

THE SATURATION VAFOF! PRESSLIRE = 11.6274 ATM. ( 173.81 F S I A )  
DEAD VOLUtlE FACTOR= 0.1395 

NUMEER 

1 
2 
3 
4 
5 
6 
7 
6 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24  
25 
26 
27 
23 

FRESSLJRE OF SYSTEM TOTAL AHOUIIT FLOW D E 4 D  VOLUHE AHOUNT ADSORBED CAPACITAIICE 
P/'PO 

0.00933 
0.02103 
0.03231 
0.14268 
0.20007 
0.24763 
0.29057 
0.33001 
0.36336 
0.39492 
0.42304 
0.44657 
0.46552 
0.5441 0 
0.57415 
0.67134 
0.75805 
0.63S67 
0.70424 
0.57F47 
0 .44 4 2 0 
0.31 766 
0.21520 
0.13400 
0.05S5 
0.02685 
0.01424 
0.00800 

( P S I A  1 I N  ( HICRONOLES I (N1CROF:OLES I (MICROHOLES 1 ( PICOFARADS 1 

1.622 
3.655 
5.616 
24.834 
34.775 
43.042 
50.5C6 
57.350 
63.244 
68.642 
73.530 
77.620 
60.914 
94.572 
99.795 
116.669 
131.916 
145.774 
122.407 
100.721 
77.203 
55.246 
37.058 
23.291 
10.143 
4.672 
2.476 
1.391 

674.639 
1197.356 
1656.709 
5701 .871 
7036.734 
6319.551 
9405.070 

1 OG16.390 
11322.690 
12255.000 
13242.620 
14159.560 
14633.780 
17520.450 
16491 .8SO 
22672.21 0 
26337.41 0 
29534.180 
25935.41 0 
Z2257.460 
161 14.670 
13511.260 
10323.650 
76 16.539 
4645.031 
3604.124 
2940.795 
2541 .E25 

64.945 
144.487 
225.263 
1003.777 
141 1.462 
1 i53.165 
2063.634 
2351.009 
2598.998 
2827.696 
3035.81 8 
321 0.732 
3352.125 
3943.439 
41il.754 
491 9.051 
5604.766 
6 2 39.438 
51 75.160 
4212.352 
31 93.100 
226 2-31 8 
1505.542 
940.7$8 
407.510 
187.312 
99.167 
55.676 

609.694 
1050.869 
141 1.667 
4698.094 
5627.270 
6566.303 
7341.234 
8065.379 
8723.691 
9427.301 
10206.600 
10948.620 
11281.660 
13577.01 0 
14320.140 
17753.160 
20732.650 
23574.750 
20760.250 
18075.11 0 
14921.570 
11548.940 
8516.305 
6675.736 
4437.520 
3416.81 1 
2841.628 
2456.149 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.090 
0 .003  
0.000 
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L 

F I E L D  CORE NUTISER 5 I F R C H  UELL MGS20-13) 
WATER AOSORPTIOt4 AT  167.93OC 
DATA FROM PRESSURE TRANSDUCER 3 
DEPTH FROPI 9562 FT 10 I N  TO 9563 F T  7 I N  

THE SATURATICN VAPOR PRESSURE = 11.8274 ATM. ( 173.81 P S I A l  
DEAD VOLUME FACTOR= 0.1395 

*+f* ANALYSIS  BASED ON ADSORPTION DATA *** 
R E L A T I V E  FRESSURE ( P/PO 1 THE FACTOR PA 1 - p i x  ( i / ' r I o L E )  

0 .142Si6  35.4507 
0.200071 44 .4463  
0 .  X i 6 3 3  50 .1247  
0 .290573  55 .7929  
0.33Q009 61 .0705 

THE VALUE OF "C" FACTOR I N  BET ANALYSIS  I S  9 .0682  
THE HCE:OLAYER ADSORPTION IS 6597.2770 MICROMOLES 
THE WEIGHT OF THE SAMPLE IS 156.  $000 GR/?MS 
THE TOTAL SLRFACE AREA I S  504 .4187  SPUAF'E METERS 
S F E C I F I C  SURFACE AREA IS 3.2 149 SPUAF'E t lETERS/GRAtl  

*** ANALYSIS  BASED ON DESORFTION DATA *** 
R E L A T I V E  PRESSURE (P/PO) THE FAC'TOR P/( 1 -P )X ( 1 /'MOLE 1 

0 . 3 1  7856 40 .3471  
0.21 3203 30 .7288  
0.133997 23.1779 

THE VALUE OF "C" FACTOR IN B E T  ANALYSIS  I S  9.6926 
THE flOVOLA) ER ADS92PT ION I S  961 1.6470 MICECMOLES 
THE WEIGHT OF THE SAMPLE IS 156.9900 GRAMS 
THE TOTAL SUFFACE AREA I S  734.91 02 SWAP E t lETERS 
S P E C I F I C  SURFACE AREA I S  4 .6839  SQUARE METERS/GRAH 
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F I E L D  CORE NUtlGER 5 (FROM WELL HCS20-13) 
WATER ADS@RPTIOt I  AT 187.93OC 
DATA FROM FRESSURE TRANSDUCER 4 
DEPTH FROM 9562 FT 10 I N  TO 9563 F T  7 I N  

THE SATURATION VAFOR PRESSCjRE = 11.8274 ATH. ( 173.81 P S I A )  
DEAD V0LU:lE FACTOR= 0.1395 

W G E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24  
25 
26 
27 
28 

PRESS'LJRE OF SYSTEM 
P/PO 

0.00900 
0.02067 
0.03183 
0.14226 
0.19034 
0.24667 
0.26937 
0.32845 
0.36238 
0.39330 
0.421 1 2  
0.44399 
0.46274 
0.54085 
0.57092 
0.66807 
0.75552 
0.63527 
0.70287 
0.57767 
0.46324 
0.31689 
0.21231 
0.13332 
0.05797 
0.0t651 
0.01 399 
0.00759 

( P S I A  1 

1.565 
3.593 
5.533 

24.727 
34.648 
42.874 
50.206 
57.OCO 
62.967 
68.351 
73.196 
77.171 
SO. 430 
94.  COB 
99.235 

116.120 
131 -320 
145.1e2 
122.169 
1 00.443 

77.041 
55.079 
36.903 
23.174 
10.076 
4.605 
2.432 
1.320 

TOTAL At!OU!IT FLOM DEAR VOLUME AM'JUNT AOSOEBEO CAPACITANCE 
I N  (HICROKOLES ( H I C R C M 3 L E S  1 ( EIICROMOLES ( PICOFARADS 

674.879 
1197.345 
1638.683 
5684.624 
70 22.578 
8300 .E33 
9358.707 

10407.390 
11317.040 
12246.990 
13246.000 
141 98.750 
14681.500 
l i51 '6 .910 

22770.550 
26464.970 
29063.980 
26069.070 
22385.820 
1821 3.1'30 
13833.740 
10?97.260 
76 07. $65 
4926.309 
3692.066 
3038. e05 
2660.238 

16566.070 

62.656 
143.979 
221 .a98 
999.420 

1405.203 
1746.199 
2055.086 
2330.657 
2526.1 OS 
2315.756 
3C21.576 
31 91.505 
3331 .349 
3915.826 
4147. E03 
4893.656 
5577.71 1 
6212.109 
51 64.504 
4200.152 
3185.938 
2255.252 
1439.189 

93b. 028 
404 .844 
1 64. 739 

97.412 
52.829 

612.223 
1053.366 
141 6.765 
4685.402 
56 16.375 
655'1.630 
7333.707 
8067.738 
87:s. 934 
9631.227 

10224.4CO 
11007.240 
11 350.150 
13668.050 
1441 8.670 
1 7576.890 
20867.260 
~ > / 5 1  .870 
20864.570 
181 85.660 
15027.260 
11644.430 
6398. OS8 
6761.934 
45C1 .465 
3507.326 
2941 -392  
2607.408 

*-- 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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F I E L D  C O R E  NURBER 5 ( F R O M  WELL HGS2O-131 
WATER A D S O R P T I O I i  A T  187.93OC 
DATA FPOM F R E S S U R E  T R A C S D U C E R  4 
D E P T H  FROM 9562 F T  10 I N  T O  9563 FT 7 I N  

T H E  S A T U R A T I C N  VAPOR 
DEAD VOLUME F A C T O R =  

P R E S S W E  = 11.8274 A I M .  
0.1395 

( 173.81 P S I A  1 

*** A N A L Y S I S  B A S E D  ON A D S O R P T I O N  DATA *** 
R E L A T I V E  P R E S S U R E  (P/PO 1 T H E  FACTOR P/( 1 - P I X  ( l / H O L E  1 

0.142262 35.3986 

0.246667 49.9542 
0.289368 55 - 5242 
0.328455 60.6245 

0.199336 44.3282 

T H E  VALUE O F  "C" F A C T O R  I N  B E T  A N A L Y S I S  IS  
T H E  MONOLAYER A D S O R P T I O N  IS 6639.7420 H I C R O M O L E S  
T H E  W E I G H T  OF T H E  S A M P L E  IS 156.9000 GRAMS 
T H E  T O T A L  S U R F A C E  AREA I S  507.6655 S Q U A R E  M E T E R S  
S P E C I F I C  S U R F A C E  AREA IS 3.2356 S Q U A R E  t i E T E R S / G R A M  

8.9028 

*** A H A L Y S I S  B A S E D  O N  D E S O R P T I O N  D A T A  *** 
R E L A T I V E  P R E S S U R E  (P/PO 1 T H E  FACTO? P/(l-P)X ( l / M O L E )  

0.31 6887 39.8374 

0.133324 22.7499 
0.21 231 5 30.2922 

T H E  VALUE O F  "C" FACTOR I N  6 E T  A I I A L Y S I S  IS 
T H E  MONOLAYER A D S C R P T I C N  IS 9669.6910 EIICROMOLES 
T H E  W E I G H T  O F  T H E  S A M P L E  I S  156.9000 GRAMS 
T H E  T O T A L  S U R F A C E  A R E A  I S  739.3315 S Q U A E E  M E T E R S  
S P E C I F I C  S U R F A C E  A R E A  IS 4.7121 S Q U A R E  blETERS/GRAM 

9.9217 
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