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QUARTERLY PROGRESS REPORT 

A p r i l  1 - J u n e  3 0 ,  1979 

C o n t r a c t  No. DE-AS05-76MC05197 

c o n c e n t r a t e d  on t h e  h i g h  p r e s s u r e  a p p a r a t u s .  

I 
Summary: P r o g r e s s  h a s  been made on a l l  a s s i g n e d  t a s k s .  I n  p a r t i c u l a r  we have 

A .  T e c h n i c a l  Progres ' s  

I . '  High P r e s s u r e  D e g a s i b i l i t y / I s o t h e r m .  The c o n s t r u c t i o n  o f  t h e  a p p a r a t u s  
i s  complete  and two d e m o n s t r a t i o n  r u n s  have been madel(Appendix A ) .  

+. ' 

11. Low P r e s s u r e .  P r o g r e s s  h a s  proceeded normal ly .  

App2ndix B - Gas Chromatographic  A n a l y s i s  of  O f f - g a s s i n g  from / 
Wel l s  KY#4-EGSP,  PA#^-EGSP , PA#2-EGSP , OH#3-EGSP .' 
and IL#4-EGSP-, - 

Appendix C - Temperature  c o e f f i = i e n t s  o f  D e g a s i b i l i t i e s  and 
I s o t h e r m  Paramete r s  i n  Devonian S h a l e  ( con t  . ) 

Appendix D - D e g a s i b i l i t y / I s o t h e r m  Data  Summary 

111. Models. A computer s i m u l a t i o n  o f  a  m a t r i x  d i f f u s i o n / f r a c t u r e  f low 
model i n  t h e  r a d i a l  c a s e  is  d i s c u s s e d  (Appendix E ) .  

I V .  O the r  L a b o r a t o r y  S t u d i e s .  A s m a l l  i n f r a r e d / X - r a y  d i f f r a c t i o n  s t u d y  i s  
p roceed ing  on s e l e c t e d  samples (Appendix F ) .  

B .  F i n a n c i a l  P r o g r e s s .  Formal a c c o u n t i n g  i s  s e n t  by o u r  b u s i n e s s  nffice on a 
rnonthfy r e p o r t .  An i n f o r m a l  summary i s  a s  f o l l o w s .  

S u p p l i e s  $ 899.22 
- 

Maintenance C o n t r a c t  on Computer 603.00 - 

S a l a r i e s  

F a c u l t y  $8,919.66 
S t u d e n t  1 ,406 .25  - -  

I n d i r e c t  C o s t s  

TOTAL $19,923.29 

NOTICE 

sponsored by the United States Government. Neither the 
Univd Stater nor the United Stater Dcpartrncnt of 
Enerw, nor any of their ernpioyccr, nor any of their 
contractors, subcantracton, or their employees, makes 
any warranty, cxpres or implied, or w m e r  any legal 
liability or rcsponribiity for the accuracy, cornplcvncra 
or usefulnns of any information, apparatus, pmduct or 
proceu disclosed, or rcpresenU that its use would not 
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STATUS REPORT: HfOH PRESSURE 

Paul  B .  Schettler, Jr. 



STATUS REPORT: HIGH PRESSURE 

C o n s t r u c t i o n  o f  a n  a p p a r a t u s  t o  e x t e n d  o u r  d e g a s i b i l i t y / i s o t h e r m  measure- 

ments t o  p r e s s u r e  o f  1000 p s i  i s  comple te .  I n i t i a l  checkout  r e v e a l e d  some l e a k s  

I which have now been r e p a i r e d .  An i n i t i a l  volume c a l i b r a t i o n  h a s  been completed 

f o r  t h e  v a r i o u s  p a r t s  of  t h e  sys tem w i t h i n  a n  accuracy  o f  abou t  2%. 

We p l a n  n e x t  t o  make measurements o n  a n  i n e r t  (non-sorb ing)  s u b s t a n c e  a s  

a s t a n d a r d  a g a i n s t  which t o  compare s h a l e .  
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Appendix B 

GAS CWMATQGRAPHIC ANALYSIS OF OEg-€%i$OIM6 FROM =US 

Dale L. W q l c r  



GAS CHROMATOGRAPHIC ANALYSIS OF OFF-GASSING FROM 

WELLS KY#~-EGSP, PA#~-EGSP,  PA#^-EGSP, OH#3-EGSP , IL#4-EGSP 

Chromatographic a n a l y s i s  and subsequen t  t r e a t m e n t  o f  d a t a  i s  t h e  same a s  

has  been p r e v i o u s l y  r e p o r t e d  ( 1 ) .  The p e r c e n t  compos i t ion  o f  t h e  g a s  i n  t h e  c a n  

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

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

where 
- .  

vi 
-- t h e  computed volume o f  g a s  p e r  volume o f  r o c k  f o r  component i. - 

/' 

0.916 - -  c o n v e r t s  g a s  'volumeg..to s t a n d a r d  t e m p e r a t u r e  (0' C )  
.. - ._ 

v~ -- t h e  volume o f  r o c k  (es t imated"by (W - WC)/2.55) 

vc -- f r e e  volume i n  c a n  (Volume o f  empty c a n  - 
v ~ )  

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

Xi 
-- f r a c t i o n  o f  g a s  'which i s  component i as 'de termined by GC 

O - -  f r a c t i o n  of  component i i n '  a i r  ( i . e . ,  0 . 7 8  f o r  n i t r o g e n  and e t c . )  'i 

The resu1,t-s a r e  shown i n  the accuulpangting t a b l e .  

A l l  samples  showed a d e p l e t i o n  o f  oxygen a l t h o u g h  f o r  some samples  

(I(Y#4-EGSP: I Sf)?, PA#1-ECEP :3407, OHf/3-EGSk' : 1161 and IL#4-EGSP: 137)  t h e  amount o f  

d e p l e t i o n  i s  p robab ly  n o t  s i g n i f i c a n t .  S e v e r a l  of  t h e  samples  showed no oxygen 

a t  a l l .  E x t e n s i v e  oxygen d e p l e t i o n  seems t o  .be r e l a t e d  t o  t h e  p r e s e n c e  o i  c a r b o n  

' , ,/: 
d i o x i d e  i n  t h e  g a s  and /o r  t h e  p r e s e n c e  of  s i g n i f i c a n t  amounts o f  methane. '  P o s s i b l y ,  

i n  some c a s e s  t h e  d o s e  of oxygen i s  d u e - t o  c o n v e r s i o n  t o  c a r b o n  d i o x i d e  (by b a c t e r i a l  

o r  chemica l  a c t i o n )  w h i l e  i n  o t h e r  c a s e s  chemica l  r e a c t i o n s  which do  n o t  y i e l d  

gaseous  p r o d u c t s  may be r e s p o n s i b l e .  



The a v e r a g e  amounts o f  methane and e t h a n e  o u t g a s s i n g  f o r  t h e  f i v e  w e l l s  

v a r y  c o n s i d e r a b l y .  The KY#4-EGSP w e l l  samples  showed by f a r  t h e  l a r g e s t  a v e r a g e  

amount o f  methane o u t g a s s i n g ,  0 . 4 1  volume o f  methane p e r  volume o f  r o c k .  The two 

PA and t h e   OH#^ w e l l s  showed a v e r a g e  methane o u t g a s s i n g  r a n g i n g  from 0.16 t o  0 .10 ,  
6 

w h i l e  t h e  IL#4 w e l l  showed no methane o u t g a s s i n g .  S u r p r i s i n g l y ,  t h e  PA#2 w e l l  

samples r e v e a l e d  t h e  l a r g e s t  amount o f  e t h a n e  o u t g a s s i n g ,  t h e  a v e r a g e  o f  0 . 0 8  V / V  
I 

be ing  c o n s i d e r a b l y  l a r g e r  t h a n  t h e  0 .05 v / V  e x h i b i t e d  by t h e  ntost methane p r o d u c t i v e  

w e l l  samples ,  KYiI4. The low methane/e thane d e g a s s i n g  r a t i o s  f o r  many o f  t h e  PA#1 

samples i s  p u z z l i n g ,  p a r t i c u l a r l y  t h e  samples  which showed no methane,  but  l a r g e  
1 .  

q u a n t i t i e s  "bf e t h a n e .  A l l  of  t h e  samples  w i t h  v e r y  low methane le thane  r a t i o  show 

r e a s o n a b l y  . l a r g e  q u a n t i t i e s  o f  c a r b o n  d i o x i d e  and low oxygen c o n t e n t ,  s u g g e s t i n g  
. -- 

p o s s i b l e  c o n v e r s i o n  o f .  some o r  a l l  o.f, t h e  methane t o  c a r b o n  d i o x i d e .  An a l t e r n a t i v e  

e x p l a n a t i o n  f o r  t h e  low methane v a l u e s  i n  s&i? c a s e s  i s  s e l e c t i v e  d i f f u s i o n  t h r o u g h  

p o s s i b l e  s m a l l  l e a k s  i n  t h e  c a n .  

B i b l i o g r a p h y  

1. L .  H o e f l i c h ,  E. J e n s e n ,  D .  Wampler, P.  S c h e t t l e r ,  "Ana lys i s  o f  Hydrocarbon 
Gases From Cores o f  Well  #20403, L i n c o l n  County,  West V i r g i n i a , "  P r o g r e s s  
Repor t  #1, 0R0-5197-1, under USERDA C o n t r a c t  No. E(40-1)5197. 
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ffunt ingdon , Pennsylvania 16652 



TEMPERATURE COEFFICIENTS OF DEGASIBILITY AND ISOTHERM PARAMETERS 

I N  DEVONIAN SHALES (PART 1 1 )  

I n t r o d u c t i o n  

We p r e v i o u s l y  r e p o r t e d  ( 1 )  on t h e  i n i t i a t i o n  o f  a  s t u d y  o f  t h e  t e m p e r a t u r e  

dependence of  d e g a s i b i l i t y  and i s o t h e r m  paramete r s  f o r  Devonian s h a l e s .  Our e a r l i e r  

paper  i n c l u d e d  t h e  r e s u l t s  of  t h e  s t u d y  o f  t h r e e  s h a l e  samples  ( 2 ) .  We now a r e  

r e p o r t i n g  on t h e  r e s u l t s  o f  t h e  s t u d y  of a n  a d d i t i o n a l  samples ,  WV#5-EGSP :2935. 

We a l s o  a r e  i n c l u d i n g  g r a p h i c a l  p r e s e n t a t i o n  o f  t h e  a n a l y s e s  r e p o r t e d  p r e v i o u s l y .  
I 

Exper imenta l  / 

--,. 

Exper imenta l  p rocedures  were  -the . saye  as r e p o r t e d  p r e v i o u s l y  . Data  were  
.. . . .. . 

t a k e n  f o r  t h e  sample f o r  seven  t e m p e r a t u r e s  r a n g i n g  from -28.5  t o  3 1 . 3 2 ~ ~ .  During 

t h e  d a t a  g a t h e r i n g  f o r  t h e  sample ,  i t  was no ted  t h a t  t h e  c i r c u l a t o r  from t h e  

t e m p e r a t u r e  c o n t r o l  b a t h  was n o t  f u n c t i o n a l .  The e x a c t  t i m e  of  f a i l u r e  o f  t h e  

pump i s  n o t  known. I n s p e c t i o n  o f  t h e  d a t a  r e v e a l e d  t h a t  t h e  r e s u l t s  f o r  t h e  two 

t e m p e r a t u r e  s e t t i n g s  r u n  j u s t  p r e v i o u s  t o  n o t i n g  t h e  f a i l u r e  were  i n c o n s i s t e n t  

w i t h  t h e  o t h e r  d a t a .  The d a t a  f o r  t h e s e  two t e m p e r a t u r e  s e t t i n g s  a r e  no t  i n c l u d e d  

i n  t h i s  a n a l y s i s .  

The d a t a  t a k e n  a r e  summarized i n  Tab le  I .  The r e s u l t s  of t h e  d a t a  a n a l y s i s  
- 

a r e  g iven  i n  Tab le  11. The g r a p h i c a l  p r e s e n t a t i o n  o f  t h e  a n a l y s e s  f o l l o w  Tab le  11. 

' .' .' - - 

  is cuss ion 

The h e a t  o f  s o r p t i o n  c a l c u l a t e d  from t h e  methane i s o t h e r m  i s  -2 .55  f 0 . 1 3  K c a l l  

mole.  T h i s  v a l u e  i s  s i m i l a r  t o  t h o s e  found' f o r  t h e  t h r e e  samples  p r e v i o u s l y  examined.  

o f  t h e  f o u r  samples  t h u s  f a r  examined,  t h e  h e a t s  o f  s o r p t i o n  f o r  t h r e e ,  WV#5-EGSP:3035 
i 



( -2 .72 f 0.58 Kca l /mole ) ,  WV#5-EGSP :2935 ( -2 .55 f 0 .13  Kcal /mole)  and 20403:2926.1 

( -2 .78  f 0 . 2 3 . ~ c a l / m o l e ) , a p p e a r  t h e  same w i t h i n  e x p e r i m e n t a l  e r r o r .  The -3 .44 

f 0 .13  Kcal/mole v a l u e  f o r  t h e  WV#6-MERC-IX:7474 sample seems s i g n i f i c a n t l y  

l a r g e r  t h a n  t h a t  f o r  t h e  o t h e r  t h r e e  samples .  

The s y s t e m a t i c  i n c r e a s e  o f  t h e  d i f f u s i o n  c o n s t a n t  w i t h  t e m p e r a t u r e  i s  

c o n s i s t e n t  w i t h  a model o f  a c t i v a t e d  d i f f u s i o n  f o r  t h e  sample .  A l i n e a r  l e a s t  

s q u a r e s  a n a l y s i s  o f  !&ID v e r s u s  1/T g i v e s  a computed h e a t  of a c t i v a t i o n  o f  

The he l ium i s o t h e r m  d a t a  r e v e a l e d  t o o  much s c a t t e r  t o  dr,aw ,any c o n c l u s i o n s  

- ... about  t h e i r  t e m p e r a t u r e  dependence.  
, :  

. . -% _ 
'-. R e f e r e n c e s  

-.. 
- * 

1. Jay C .  Nelson and Dale  L .  Wampler, "Temperature C o e f f i c i e n t s  o f  D e g a s i b i l i t y  
and I s o t h e r m  P a r a m e t e r s  i n  Devonian S h a l e s , "  P r o g r e s s  Repor t  #13,  0R0-5197-13 

2.  I n  o u r  a n a l y s i s  o f  d a t a  from sample WVYk5-EGSP:3035 we have i n a d v e r t e n t l y  
r e f e r r e d  t o  t h e  sample a s  WVjk5-EGSP:3085 i n  s e v e r a l  p l a c e s .  A l l  r e f e r e n c e s  
t o  WVfk5-EGsP :3085 a r e  a c t u a l l y  f o r  WVjk5-EGSP :3035. 



TABLE I I 
1 

Data from t h e  Study of Temperature Dependence of Isotherm and D e g a s i , b i l i t i e s  . 
f o r  Sample WV#5 -EGSP : 2935 

. \  Helium 
' Isotherm 

10-5 

Methane Methane 
I so therm D e g a s i b i l i t y  

10-5 x 10-7 

Methane 
Dif fusion."Constant  

x ' 10-6 



TABLE 11 

Resu l t s  of Linear  Least  Squares Analysis  
o f  Data from Study o f  Temperature Dependence of  Isotherms and D e g a s i b i l i t i e s  

f o r  Sample WV #5-EGSP : 2935 

Methane Isotherm Data 

Slope = 1285 w i t h  a s tandard  d e v i a t i o n  of 65 

-. - AHsorpt i on  = -2.55 f 0.13 Kcal/mole 
. . 

-.---..- . - 1. - . _  
Methane   if fus'ion Data 

Slope = . - I 2 4 6  w i t h  a  s tandard  d e v i a t i o n  of 197 

AHact i v a t  i on  = 2.48 f 0.39 ~ c a l / m o l e  

Helium 1sotherrn.Data 

S lope  = 1016 wi th  a s t anda rd  d e v i a t i o n  of *776 
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Appendix D 

DATA SilMALXY 

Juniata College 



- 

DATA SUMMARY 

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

i s  a summary o f  a l l  d a t a  on o u r  d a t a  f i l e s .  The * samples  have been r u n  d u r i n g  

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

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

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

. - .- _ _ Table  I 
- - -.. 

Well I D  

EGSPi! when p o s s i b l e .  O t h e r s  a s  f o l l o w s  : 

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

Romig - Rich land  County,  Ohio 
Warn - Chatauqua County,  N e ~  York 

D c n s i t y  Dulk 

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

I s o t h e r m  S lope  

Volume o f  g a s  so rbed  i n t o  r o c k  (STP) p e r  u n i t  volume r o c k  p e r  t o r r  p r e s s u r e  

BET Area  
! , d 

V n l ~ ~ m e  o f  n i t r o g e n  (STP) c a l c u l a t e d  1rv111 BET e q u a r i o n  r e q u i r e d  , 

G . .- - . ". 
S p e c i f i c  d e g a s i b i l i t y .  Volume of  g a s  (STP) r e l e a s e d  from a  s q  c m  o f  rock  
s u r f a c e  pe r  ( s e c ) k  p e r  t o r r  o f  d i s c o n t i n u o u s  p r e s s u r e  d r o p .  



- 

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

T a b l e  I1 

Well  I D  

Brown - Belmont County,  Ohio 
Dawson - Rich land  County, Ohio 
Egner - Rich land  County,  Ohio 
Romig - Rich land  County,  Ohio 
Warn - Chatauqua County,  New York 

.- . - - - D i f f u s i o n  Cons tan t  
L 

C a l c u l a t e d  from d e g a s s i n g  d a t a .  Expressed  i n  c m  I s e c .  

D e n s i t y ,  Hel ium,  

D e n s i t y  found u s i n g  he l ium a s  t h e  d i s p l a c i n g  f l u i d .  

Net Methane S o r p t i o n  

The amount o f  methane' t h a t  must be  i n  s o l u t i o n  i n  ke rogen ,  o r ' a d s o r b e d  o n t o  
s u r f a c e s  e x p r e s s e d  i n  volume sorbed/volume r o c k l t o r r  p r e s s u r e .  

./' 

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

Expressed i n  d a r c i e s .  

h a r e n t  P o r o s i t y  

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

Well product ion i s  examined i n  they-case where i n  both d e g a s i b i l i t y  

e f f e c t s  through t h e  rock mat r ix  and flow e f f e c t s  through a  h o r i z o n t a l  

f r a c t u r e  system t o  t h e  w e l l  bore must be-cons idered .  The p r o d u c t i v i t y  

v s .  time curves  a r e  f l a t t e r  than  f o r ; & h e r  c a s e s  i nc lud ing  t h e  v e r t i c a l  

f r a c t u r e  c a s e  and t h e  s h o r t  o p e n , f r a c t u r e  c a s e .  Some impl i ca t ions  a r e  

d iscussed .  



> 

In t roduc t ion  

A model was r ' ecent ly  introduced (1 )  t h a t  c a l c u l a t e s  w e l l  p r o d u c t i v i t y  a s  a  

func t ion  of t ime t h a t  t akes  i n t o  account both t h e  processes  of flow of gas  i n t o  

a  f r a c t u r e  from t h e  rock matr ix a s  w e l l  a s  i t s  subsequent flow along the  f r a c t u r e  

t o  t h e  w e l l  bore.  The model assumed a  s i n g l e  v e r t i c a l  f r a c t u r e  of cons t an t  t h i c k -  

ness  and def ined  he igh t .  One end of t he  f r a c t u r e  was terminated by t h e  w e l l  bo re ;  

t he  o the r  te rmina t ion  was a t  i n f i n i t y .  Thus l i n e a r  d i f f u s i v e  flow through t h e  

rock mat r ix  was coupled wi th  P o i s e u i l l e  flow of t h e  gas through the  f r a c t u r e .  The 

r e s u l t i n g  ' s o l u t i o n  ind ica t ed  t h a t  
\ 

where M = cumulative w e l l  product ion,  
T  

t = t ime,  , 
/' 

A = a  cons tan t  con ta in ing  t h e  s p k c i f i c  d e g a s i b i l i t y ,  G ,  t h e  rock p re s su re ,  
P 2 ,  e t c .  

These r e s u l t s  were compared wi th  an open f r a c t u r e  ca se  (wherein r e s i s t a n c e  through 

the  f r a c t u r e  could be neglec ted)  and. a  " cons t r i c t ed  f r a c t u r e  c a s e  . I '  

The purpose of t h i s  paper i s  t o  cons ide r  t he  ca se  of r a d i a l  flow t ak ing  

i n t o  account both f r a c t u r e  flow and 'ma t r ix  flow i n  a  manner s i m i l a r  t o  t h a t  of t he  
-. 

l i n e a r  c a s e .  We s h a l l  cons ider  t he  case  of a . s i n g l e . h o r i z o n t a 1  f r a c t u r e  of uniform - 
I 

/' , - A* width i n t e r s e c t e d  a t  r i g h t  angles  by t h e  w e l l  b o r e .  The f r a c t u r e  wilf be assumed 

t o  be of uniform width,  h,  and of great--enough e x t e n t  i n  e a c h  d i r e c t i o n  s o  t h a t  
.. 

"end" e f f e c t s  a r e  not d e t e c t a b l e .  A t  time ze ro  the  p re s su re  iii"the w e l l  bore 
. . 

i s  assumed t o  drop from r o c k . p r e s s u r e ,  p2, t o  a  new cons tan t  v a l u e ,  po ,  a s  

produc~lon begins.  A s  a r e s u l t  of flow through the  f r a c t u r e ,  a  r a d i a l  p ressure  



g r a d i e n t  w i l l  be s e t  up which w i l l  determine a  p re s su re  p r o f i l e  w i t h i n  t h e  

f r a c t u r e .  This  flow i s  maintained by d i f f u s i v e  flow through t h e  f r a c t u r e  f a c e s  

i n t o  t h e  f r a c t u r e . '  Flow changes w i t h  t ime because a s  t h e  concen t r a t i on  of  gas  

w i t h i n  t h e  rock dec reases  t h e  p re s su re  g r a d i e n t  dec reases  cor respondingly .  T h i s  

i n  t u r n  decreases  t h e  flow i n t o  t h e  f r a c t u r e  which causes  a  decreased p re s su re  

g rad i en t  a long t h e  f r a c t u r e  and hence a  decrease  i n  product ion  wi th  t ime .  

T h e o r e t i c a l  

,,' 

~ h e ' v o l u m e  f l u x  of  gas a t  any g iven  po in t  w i t h i n  t h e  f r a c t t r e  i s  g iven ,  a s  

- .. 
before  (11, a s  

- .  .- .- --. _ _ - 

This  can be immediately i n t e g r a t e d  around t h e  r a d i u s  t o  g ive  a  t o t a l  flow ( in  

moles) of 

a t  r a d i u s  r .  A s  before  we t ake  t h e  f l u x  i n t o  t h e  f r a c t u r e  a s  

where J i s  the  c o n t r i b u t i o n  t o  flow per u n i t  a r e a  of f r a c t u r e  f a c e .  Defining 
n  

we o b t a i n  ( s e t t i n g  t h e  divergence of  flow e q u a l  t o  t h e  d i f f u s i v e  f l u x )  

f o r  t he  p re s su re  p r o f i l e  o f  t he  gas i n  t h e  f r a c t u r e  as a  func t ion  of  r a d i u s .  

E 3 



The t o t a l  flow is  given by 

where t h e  eva lua t ion  i s  made a t  r = t h e  w e l l  bore r a d i u s .  0 

Equation 8) i n t e g r a t e s  d i r e c t l y  t o  g ive  

d ~ 2  
Noting t h a t  PP' = % - du 

o r  by i n t e g r a t i n g  

The s o l u t i o n  of t h i s  l a t t e r  equa t ion  permi ts  e v a l u a t i o n  of t h e  p r e s s u r e  a t  any 
, 

r a d i u s  given the  v a l u e  of P  and t h e  reduced flow F a t  some o t h e r  r a d i u s .  The 
I 

/ / 
func t ion  A i s  most e a s i l y  solved f o r  sma l l  va lues  of h  corresponding'to smal l  

I 

__. -* 
changes i n  r a d i i .  S p e c i f i c a l l y  ; . . ,A 

jl _.,- 
, 

2  . ,---- 
h  

13) A & (1 - PO) h + (1 - PO - uOPO1) -2- 
0 .  



where 

and 

R e s u l t s  I / 

. Figure- - I  -shows a  p l o t  of  product ion r a t e  vs .  t ime f o r  t h e  fo l lowing  assump- 
/ 

t i o n s .  The c a l c u l a t i o n s  w e r e  made assuming a  . O 1  cm wide f r a c t u r e ,  a  s p e c i f i c  - -_ -- - 
3 2  ', .. 

d e g a s i b i l i t y  o f  4 x cm gas (S~P)/crn r . ack / tor r ,  s rock p r e s s u r e  of 500 p s i  

- 6  
and t h a t  t h e  v i s c o s i t y  of methane i s  102.6 x 10  po i se ,  and t h a t  t h e  w e l l  bore 

r a d i u s  was 10 cm. A primary f e a t u r e  of t h e  p r o d u c t i v i t y  curve  ob t a ined  (Fig.  I )  

i s  i t s  f l a t n e s s .  c . 
I 

/ ' 
A second f e a t u r e  i s  t h e  r e l a t i v e ' l y  l a r g e  r a t e  of flow a s s o c i a t e d  w i t h  t h e  

s i n g l e  LcacLurr.  I n  c h i s  regard  i t  should be noted t h a t  t h e  flow r a t e  i s  a  

s e n s i t i v e  f u n c t i o n  of  t h e  assumed f r a c t u r e  w id th ;  an e r r o r  of  a  f a c t o r  of two 

makes alrnosr: an o r d e r  of magnitude d i f f e r e n c e  i n  f low.  A s  a  second po in t  i t  should 

be noted t h a t  a  r a d i a l  Q.z., h o r i z o n t a l )  f r a c t u r e  i s  much more e f f e c t i v e  per  u n i t  

l eng th  of  i n t e r s e c t i o n  w i t h  t h e  w e l i  bore than  a  v e r t i c a l  f r a c t u r e .  Comparing' our  - 

r e s u l t  he re  w i t h  t h e  l i n e a r  c a s e  of i d e n t i c a l  f r a c t u r e  w i d t h ,  i t  beknmes apparen t  . . 
t h a t  t h e  . 6 3  meters of r a d i a l  f r a c t u r e - w e l l  bore i n t e r s e c t i o n  involved i n  t h i . s  

,' 

c a l c u l a t i o n  produces 10 times more gas  than  40 meters  of  t h e  v e r f i c a l  f r a c t u r e -  _ _-. 

w e l l  bore i n t e r s e c t i o n .  The q u a l i t a t i v e  reason  f o r  t h i s  i s  t h a t  t h e  geometry of 

t h e  r a d i a l  f r a c t u r e  moves t h e  p re s su re  g r a d i e n t  toward t h e  w e l l  bore .  S ince  flow 

i s  a s s o c i a t e d  w i t h  t h e  g r a d i e n t  a t  t h e  b o r e - f r a c t u r e  i n t e r s e c t i o n  t h g r a d i a l  
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f r a c t u r e . s h o u l d  be more e f f i c i e n t  per u n i t  l eng th  of  bore i n t e r s e c t i o n .  (This  

conc lus ion  w i l l  need t o  be reexamined t o  determine t h e  e x t e n t  t o  which i t  holds  

i n  t he  case  of f i n i t e  f r a c t u r e s . )  

The r a d i a l  model c l o s e l y  f i t s  t h e  equa t ion  

3 .  

This  small ' \ ra lue of  b  compares w i t h  - .5 f o r  t h e  "open f r ac tu re t l /mode l ,  - -25 f o r  

- - A  

t h e  i n f i n i t e  l i n e a r  ( v e r t i c a l )  f r a c t u r e  and 0.0 f o r  t h e  c o n s t r i c t e d  e x i t  model ( 1 ) .  -- - - .- - ...- i4 
I t  should be noted t h a f ' f o r  t h e  f o u r  c a s e s  cons idered ,  t h e  c l o s e r  t h e  exponent , ' i s  -. -- 

-1 -. 
t o  ze ro  t h e  more t h e  p re s su re  g r a d i e n t  a long . , the  f r a c t u r e  has  been s h i f t e d  toward 

... . . 

t h e  w e l l  bore.  

Conclusion 

)..I 

As i n  prev ious  ca se s  t h e  w e l l  p;oductivity i s  a  func t ion  of rock  mat r ix  

pticat~~rLers (i.~., s p e c i f i c  d e g a s i b i l i t y ) ,  f r a c t u r e  parameters  (+.e . ,  f r a c t u r e  

wid th ,  geometry and e x t e n t )  and w e l l  bore parameters  ( rock p re s su re  and wel lhead .  : 

p r e s s u r e ) .  Succes s fu i  product ion can on ly  (or  b e s t )  occur  when a l l  t h r e e  types  of 

parameters. have f avo rab l e  v a l u e s .  
.' 

The c a l c u l a t i o n s  shown he re  f o r  t h e  r a d i a l  f r a c t u r e  c a s e  a r e  suppor t i ve  - -" 

of t h e  n o t i o n  t h a t  t h e  product ion from wells w i t h  f l a t t e n e d  p roduc t&i ty  chrves  c a n .  . 

be increased  bekause t h e s e  f l a t t e n e d  curves  c o r r e l a t e  w i t h  h igh  p re s su re  g r a d i e n t s  
*..- 

I' 

and hence c o n s t r i c t i o n s  near  o r  a t . t h e  w e l l  b o r e - f r a c t u r e  i n t e r f a c e .  For example 

propping of an ( i n f i n i t e )  r a d i a l  f r a c t u r e  could be p a r t i c u l a r l y  e f f e c t i v e  because 

of t he  high s e n s i t i v i t y  of t h e  flow . r a t e  t o  t h e  f r a c t u r e  width '  combined w i t h  t,he 
. . 

r e l a t i v e  importance of t h e  a r e a  of  t h e  f r a c t u r e  near  t h e  bore .  The od ly  excep t ion  

t o  this g e n e r a l i ~ a t i o n  i s  soue modeling work a  couple  of yea r s  ago which a t t a i n e d  



- 4 
I # - 

f l a t t ' ened  curves  by p o s t u 1 a t i n g . a  s k i n  e f f e c t  due t o  s l i c k e n s i d i n g  o r  mine ra l i za t ion  

of t he  f r a c t u r e  s u r f a c e ( 2 ) .  We have had p lans  t o  look a t  t he ,degass ing  k i n e t i c s  
/ 

of n a t u r a l  f r a c t u r e  s u r f a c e s  in '  o r d e r  t o  a s c e r t a i n  whether a  "skin" e f f e c t  i s  i n  

f a c t  a  r e a l i s t i c  p o s s i b i l i t y  o r  n o t .  ~ e g a r d l e s s ' o f  t h e  outcome of t h i s  p o s t u l a t e d  

' 'exception," it seems inescapable  t o  avoid the  conclus ion  t h a t  many, i f  not a l l ,  

f l a t t e n e d e p r o d u c t i o n  curves  are. 'produced by cond i t i ons  t h a t  can be co r r ec t ed  o r  
/ ./ 

: 

a t  lgas  t,i&proved by a p p l i c a t i o n  of  a p p r o p r i a t e  technology such a s  propping. 

We a r e  cont inuing  work on t h e  v a r i o u s  imp l i ca t ions  and g e n e r a l i z a t i o n s  of 

t h e s e  c a l c u l a t i o n s .  
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INFRARED AND X-RAY STUDIES 

A s y s t e m a t i c  s t u d y  h a s  been i n i t i a t e d  dn t h e  i n f r a r e d  s p e c t r a l 1  p r o p e r t i e s  

o f  a  group o f  14 s e l e c t e d  s h a l e  samples  d i s p l a y i n g  bo th  a v e r a g e  and ex t reme  v a l u e s  

o f  t h e  p h y s i c a l  p a r a m e t e r s  a r i s i n g  f rom t h e  J u n i a t a  EGSP measurements ( i s o t h e r m s ,  

d e g a s j b i l i t i e s ,  e t c . ) .  P r imary  emphasis  i s  b e i n g  p l a c e d  on t h e  wave leng th  r e g i o n  

from 11-23 mic rons ,  r e a d i l y  a c c e s s i b l e  u s i n g  K B r  o p t i c s .  Samples a r e  p r e p a r e d  as 

K B r  p e l l e t s  u s i n g  s h a l e  c r u s h e d  and s i e v e d  t o  p a s s  400 mesh (38  p)  at  a  we igh t  

c o n c e n t r a t i o n  i n  t h e  range  o f  0.5-1%. The s t a n d a r d  NaCl r e g i o n  (3-.14 p) i s  a l s o  1 , .  

b e i n g  scanned ,  though t o  d a t e  i t  a p p e a r s  l e s s ' p r o m i s i n g  i n  t h a t  few d i f f e r e n c e s ' a r e  - .> - -. 

a p p a r e n t  f r o m - s a m p l e - t o  sample .  I n  t h e  K B r  r e g i o n  some v a r i a b l e  f e a t u r e s  have 

been i d e n t i f i e d ,  p r i m a r i l y  a s  w'eak-absorption - -. bands o r  s h o u l d e r s ,  bu t  it  i s  
-.. 

premature  t o  a t t e m p t  t o  a s s e s s  t h e i r  s i g n i f i c a ~ c e .  

The samples  s e l e c t e d  f o r  IR s t u d y  w i l l  . a l s o ,  i n  coming weeks,  b e . e x t e n s i v e l y  

i n v e s t i g a t e d  u s i n g  powder X-ray d i f f r a c t i o n  t e c h n i q u e s ,  and i t  i s  f u r t h e r  p lanned 

/' 

t o  u t i l i z e  them f o r  more s o p h i s t i c a t e d  t e m p e r a t u r e  and p r e s s u r e  v a r i a t i o n  s t u d i e s  
,' 

s o  t h a t  r e a s o n a b l y  complete  phys icochemica l  p r o f i l e s  c a n  be c o n s t r u c t e d  i n  an 

a t t e m p t  t n  i s o l a t e  new p a r a m e t e r s  t h a t  c a n  be used t o  p r e d i c t  g a s  p r o d u c t i o n  

p o t e n t i a l .  




