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ABSTRACT 

Los Alamos N a t i o n a l  Labora tory  has  conducted 
a number of  pumping and f low-through tests a t  
t h e  H o t  Dry Rock ( H D R )  t es t  s i t e  a t  Fenton 
H i l l ,  N e w  Mexico. These tes ts  c o n s i s t e d  of  
i n j e c t i n g  f r e s h  water  a t  c o n t r o l l e d  r a t e s  up 
t o  12 BPM (32  p/s) and s u r f a c e  p r e s s u r e s  up 
t o  7,000 p s i  ( 4 8  MPa) i n t o  t h e  HDR format ion  
a t  d e p t h s  f r o m  1 0 , 0 0 0  - 1 3 , 1 8 0  f e e t  ( 3 0 5 0  
- 4 0 0 0  m ) .  The f o r m a t i o n  i s  a n a t u r a l l y  
f r a c t u r e d  g r a n i t e  a t  tempera tures  of  a b o u t  
250OC. The m a t r i x  p o r o s i t y  i s  < 1 %  and 
p e r m q a b i l i t y  i s  on t h e  o r d e r  of  1 nD 
( l o 4  m Z ) .  Hence m o s t  of  t h e  i n j e c t e d  f l u i d  
is b e l i e v e d  to  move through f r a c t u r e s .  There 
h a s  been no ev idence  of  f r a c t u r e  breakdown 
phenomena,  and h e n c e  i t  i s  b e l i e v e d  t h a t  
p r e - e x i s t i n g  j o i n t s  i n  t h e  format ion  a r e  
opened  by  f l u i d  i n j e c t i o n .  Water l o s s e s  
d u r i n g  pumping are s i g n i f i c a n t ,  most l i k e l y  
r e s u l t i n g  from f low i n t o  secondary f r a c t u r e s  
i n t e r s e c t i n g  t h e  main f l u i d  conduct ing  p a t h s .  

The pressure- t ime response  observed i n  t h e s e  
tes ts  can  be i n t e r p r e t e d  i n  terms o f  
non-isothermal ,  f rac ture-dominated  flow. A s  
t h e  f l u i d  p r e s s u r e  i n c r e a s e s  from small 
v a l u e s  t o  t h o s e  comparable t o  f r a c t u r i n g  
p r e s s u r e s ,  t h e  format ion  response  changes 
from l inea r  f r a c t u r e  f low to  t h e  h i g h l y  
n o n l i n e a r  s i t u a t i o n  where f r a c t u r e  l i f t  o f f  
o c c u r s .  A numer ica l  h e a t  and mass f low model 
w a s  used t o  match t h e  observed p r e s s u r e  
r e s p o n s e .  Good m a t c h e s  were o b t a i n e d  f o r  
p r e s s u r e  b u i l d  up and s h u t - i n  d a t a  by 
a s s i g n i n g  p r e s s u r e  dependent  f r a c t u r e  and 
leak-off  p e r m e a b i l i t i e s .  

I n t r o d u c t i o n :  The response  o f  a f r a c t u r e  
dominated,  non-isothermal  system to  h igh  
i n j e c t i o n / f a l l o f f  p r e s s u r e s  i s  s t r i k i n g l y  
d i f f e r e n t  from c o n v e n t i o n a l  petroleum o r  
geothermal  r e s e r v o i r s .  Petroleum r e s e r v o i r s  
o f t e n  behave l i k e  media w i t h  c o n s t a n t  
p o r o s i t y  and p e r m e a b i l i t y  and i s o t h e r m a l  
flow. I n  geothermal  r e s e r v o i r s ,  a l though t h e  
tempera ture  dependence o f  f l u i d  properties 
m u s t  b e  a c c o u n t e d  f o r ,  t h e  f o r m a t i o n  c a n  
s t i l l  be  t r e a t e d  as having  c o n s t a n t  p o r o s i t y  
and p e r m e a b i l i t y .  Non-isothermal i n j e c t i o n /  
f a l l o f f  t es t s  a t  l o w  p r e s s u r e s  h a v e  b e e n  
ana lyzed  f o r  geothermal  r e s e r v o i r s  

(Bodvarsson,  P r u e s s ,  and O ' S u l l i v a n  1985; 
Cox and Bodvarsson, 1985; Miller, 1980) .  
I s o t h e r m a l  p r e s s u r e  behavior  d u r i n g  h y d r a u l i c  
f r a c t u r i n g  t r e a t m e n t s  (Nolte ,  1982; Nol te  and 
Smith,  1981 ) and i n - s i t u  stress measurements 
(Hickman and  Zoback ,  1 9 8 1 )  h a s  a l s o  b e e n  
d i s c u s s e d .  

T h i s  behavior  i s  i n  c o n t r a s t  t o  t h e  case of 
h o t  d r y  rock  (HDR) r e s e r v o i r s  a t  Fenton H i l l ,  
N e w  Mexico, where c o l d  water  i s  i n j e c t e d  i n t o  
a h o t  rock mass a t  p r e s s u r e s  approaching  t h e  
e a r t h  s t resses .  The p r e s s u r e  b e h a v i o r  o f  
t h i s  r e s e r v o i r  can be e x p l a i n e d  by 
c o n s i d e r i n g  t h e  f l u i d  f l o w  through a s m a l l  
number o f  f r a c t u r e s .  T h e s e  f r a c t u r e s  a r e  
i n f l a t e d  a s  f l u i d  p r e s s u r e  i n c r e a s e s ,  g i v i n g  
r ise  t o  a s t r o n g l y  pressure-dependent  
a p e r t u r e  a n d  c o n d u c t i v i t y .  A s  t h e  f l u i d  
p r e s s u r e  i n  t h e  f r a c t u r e  approaches t h e  
normal e a r t h  stress t h e  f r a c t u r e  l i f t s  o f f  
and any f u r t h e r  f l u i d  i n j e c t i o n  r e s u l t s  i n  
f r a c t u r e  volume i n c r e a s e ,  g i v i n g  r i se  t o  a 
n e a r l y  c o n s t a n t  w e l l b o r e  p r e s s u r e .  I f  t h e  
w e l l  i s  s h u t - i n  a f t e r  r e a c h i n g  t h e  c o n s t a n t  
p r e s s u r e  range ,  a sudden d r o p  i n  p r e s s u r e  i s  
observed  fo l lowed by a more g r a d u a l  decay ,  
r e s u l t i n g  f rom t h e  l e a k - o f f  o f  t h e  f l u i d  
stored i n  t h e  w e l l b o r e  t o  the  f o r m a t i o n  
through f r a c t u r e s .  

The t w o  most i m p o r t a n t  format ion  parameters  
determined from p r e s s u r e  tests i n  t h e  Fenton 
H i l l  r e s e r v o i r  are t h e  n e a r  w e l l b o r e  
impedance an? f r a c t u r i n g  p r e s s u r e s .  The n e a r  
w e l l b o r e  impedance a t  l o w  p r e s s u r e s  can be 
de te rmined  from t h e  square- root  t i m e  p o r t i o n  
o f  t h e  i n j e c t i o n  d a t a .  I n  a t y p i c a l  t e s t  
t h i s  o c c u r s  d u r i n g  e a r l y  pumping when t h e  
t r a n s i e n t  thermal  e f f e c t s  i n  t h e  w e l l b o r e  a r e  
i m p o r t a n t .  The p r e s s u r e  f a l l  o f f  from t h e  
s h u t - i n  d a t a  can  be used t o  e s t i m a t e  
impedance and leak-of f  p e r m e a b i l i t i e s  a t  
h i g h e r  p r e s s u r e s .  Again thermal  t r a n s i e n t  
e f f e c t s  are impor tan t .  F r a c t u r i n g  p r e s s u r e s  
are o b t a i n e d  from e x t r a p o l a t i n g  t h e  f r a c t u r e  
e x t e n s i o n  p r e s s u r e s  t o  z e r o  f l o w  rate.  
Although t h e  f r a c t u r e  extension p r e s s u r e s ,  i n  
p r i n c i p a l ,  are i n s e n s i t i v e  t o  thermal  
t r a n s i e n t s ,  t h e  t i m e  r e q u i r e d  t o  a p p r o a c h  
f r a c t u r i n g  p r e s s u r e s  depends on f r a c t u r e  
impedance and temperature-dependent  f l u i d  
p r o p e r t i e s .  Hence, i n  pract ical  s i t u a t i o n s  
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where t h e  pumping times are l i m i t e d ,  
e r roneous  r e s u l t s  can be o b t a i n e d  u n l e s s  
tempera ture  e f f e c t s  a r e  taken  i n t o  account .  

These c o n s i d e r a t i o n s  have mot iva ted  a 
d e t a i l e d  m o d e l i n g  s t u d y  o f  t h e  e a r l y  t i m e  
p r e s s u r e  b u i l d u p  and f a l l - o f  d a t a  a c q u i r e d  
from f i e l d  tests. I n  t h i s  paper a numer ica l  
model of a p r e s s u r e  dependent  j o i n t  is used 
f o r  s t u d y i n g  i t s  p r e s s u r e  response .  The d a t a  
from a r e c e n t  pumping t es t  (Fxpt .  2061) i s  
ana lyzed ,  p r o v i d i n g  a q u a n t i t a t i v e  assessment  
of  t h e  e f f e c t  of bo th  t h e  pressure-dependent  
a p e r t u r e  and tempera ture  on r e s e r v o i r  
p r o p e r t i e s .  

D e s c r i p t i o n  of t h e  Pumping Experiment: 
Experiment 2061 was c a r r i e d  o u t  by i n j e c t i n g  
1.38 m i l l i o n  g a l l o n s  (5.2 m i l l i o n f  )of  f r e s h  
w a t e r  i n t o  t h e  w e l l  EE-3A a t  d e p t h s  between 
1 2 , 5 5 5 '  ( 3 8 2 7  m )  and  1 3 , 1 8 0 '  ( 4 0 1 7  m ) .  A 
" t h i e f "  zone accepts water a t  p r e s s u r e s  
s i g n i f i c a n t l y  l o w e r  than  t h o s e  encountered  i n  
t h e  t es t s ,  and hence t h e  t e s t  i n t e r v a l  was 
i s o l a t e d  u s i n g  an i n f l a t a b l e  packer  (Dreeson 
e t  a l ,  1 9 8 6 ) .  The i n j e c t i o n  r a t e s  r a n g e d  
f r o m  1 bpm ( 2 . 7  P/s) t o  1 2  bpm ( 3 2  f / s ) .  
Water was a l s o  i n j e c t e d  down t h e  annulus  i n t o  
t h e  t h i e f  zone t o  improve packer  performance 
by lower ing  t h e  p r e s s u r e  d i f f e r e n t i a l  a c r o s s  
t h e  element .  P r e - t e s t  and p o s t - t e s t  
t empera ture  l o g s  w e r e  used t o  i d e n t i f y  t h e  
f l u i d  o u t l e t s .  Most of t h e  f l u i d  e x i t e d  a t  
13 ,180 '  wi th  minor f l o w  e x i t s  th rough 6 o t h e r  
f r a c t u r e s .  

The p r e s s u r e  v s  t ime response  of  t h e  system 
e a r l y  i n  t h e  tes t  i s  shown by t h e  s o l i d  l i n e  
i n  F i g u r e  1 .  T h i s  i s  t h e  d a t a  u s e d  f o r  
h i s t o r y  matching. A t  v e r y  e a r l y  t i m e s  t h e  
response  i s  l i n e a r ,  i n d i c a t i n g  w e l l b o r e  
s t o r a g e .  A t  a p r e s s u r e  o f  a b o u t  800 psi 
(5.5 MPa), t h e  curve  d e v i a t e s  from t h e  
s t r a i g h t  l i n e  and  p r e s s u r e  i n c r e a s e s  a t  a 
slower ra te ,  i n d i c a t i n g  f l o w  o u t  of  t h e  
w e l l b o r e  i n t o  a system w i t h  i n c r e a s i n g l y  
lower f l o w  impedance. A t  about  4200 p s i  (29  
MPa), f u r t h e r  pumping produced p r a c t i c a l l y  no 
c h a n g e  i n  t h e  p r e s s u r e .  The pumping was 
s topped  a f t e r  45 min., r e s u l t i n g  i n  a sudden 
d r o p  o f  1 4 5  p s i  ( 1  MPa),  f o l l o w e d  by  a 
g r a d u a l  decay. 

D e s c r i p t i o n  of t h e  Model: C a l c u l a t i o n s  w e r e  
performed u s i n g  t h e  3-D f i n i t e  e lement  
r e s e r v o i r  s i m u l a t o r  FEHM (Zyvoloski ,  1983) .  
The r e s e r v o i r  w a s  modeled i n  r a d i a l  geometry 
as a w e l l b o r e  i n t e r s e c t i n g  a h o r i z o n t a l  penny 
shaped f r a c t u r e  w i t h  r a d i a l  f l o w  bounded by a 
permeable s t ra ta .  Heat and mass t r a n s f e r  was 
al lowed between t h e  f r a c t u r e ,  t h e  w e l l b o r e  
and t h e s e  s t ra ta .  The e lement  g r i d  i s  shown 
i n  F igure  2. All of t h e  boundar ies  a r e  "no 
f l o w . "  A l s o  shown i n  the f i g u r e  i s  a 
f r a c t u r e  n e a r  bot tomhole r e p r e s e n t i n g  t h e  
main f l u i d  o u t l e t ,  as w e l l  as  an  upper  zone 
f r a c t u r e  connected o n l y  t o  t h e  annulus .  T h i s  
upper  zone f r a c t u r e  r e p r e s e n t s  t h e  l o w  

p r e s s u r e  t h i e f  zone,  i s o l a t e d  from t h e  t e s t  
i n t e r v a l  by t h e  packer .  F l u i d  f l o w  through 
t h e  f r a c t u r e  was modeled u s i n g  t h e  p a r a l l e l  
p l a t e  law. 

k = wL/12 ( 1 )  

where k i s  t h e  p e r m e a b i l i t y ,  f a c t o r ,  and w i s  
t h e  a p e r t u r e .  The f r a c t u r e  a p e r t u r e ,  w ,  was 
r e l a t e d  to  t h e  local p r e s s u r e  u s i n g  an  
empirical equation (Zyvoloski, 1985) given by 

w = w exp  ( M P )  ( 2 )  

where w and B a r e  c o n s t a n t s  determined such 
t h a t  w Oequals some prede termined  v a l u e  (see 
Eq. 3 )  a t  a f r a c t u r i n g  p r e s s u r e  AP . The 
form of t h e  a p e r t u r e  law was m o t i v a t e d  by t h e  
work of  Par ton  e t .  a l .  ( B a r t o n ,  19841, whose 
d a t a  s u g g e s t  an e x p o n e n t i a l  r i se  i n  f r a c t u r e  
c o n d u c t i v i t y  w i t h  p r e s s u r e .  The e x p o n e n t i a l  
r e l a t i o n  p r o v i d e s  " p r e s s u r e  r e g u l a t i o n "  by 
a l l o w i n g  t h e  a p e r t u r e  t o  open t o  l a r g e  v a l u e s  
o n c e  t h e  p r e s s u r e  r e a c h e s  a p r e d e t e r m i n e d  
e x t e n s i o n  c o n d i t i o n .  The e f f e c t  i s  
i l l u s t r a t e d  i n  F i g u r e  3 ,  w h i c h  shows t h e  
r e l a t i o n s h i p s  of  a p e r t u r e  and j o i n t  
p e r m e a b i l i t y  w i t h  p r e s s u r e .  S ince  t h e  
pumping t es t  i s  s h o r t ,  t h e  p r e s s u r e  affects  
o n l y  a s m a l l  r e g i o n  a r o u n d  t h e  w e l l b o r e .  
Thus t h e  f o r m u l a  o f  G e e r t s m a  and  d e  K l e r k  
(Geertsma, 1969) f o r  maximum a p e r t u r e  i s  
used : 

w = 2 ( p Q  R / G ) ' 2 5  = wo exp  ( B A P f )  ( 3 )  max 

where p i s  t h e  v i s c o s i t y ,  Q i s  t h e  f low r a t e ,  
R i s  t h e  f r a c t u r e  r a d i u s ,  and G i s  t h e  rock  
s h e a r  modulus. Using v a l u e s  a p p r o p r i a t e  t o  
F n ton  H i l l  and Experiment f861 ( Q  = .00265 
m /S, R = 5 m ,  G = 2.65 x 10 P a ) ,  w e  o b t a i n  
a maximum a p e r t u r e  of 0.0002 m .  I n  a d d i t i o n  
t o  t h e  p r e s s u r e  dependence of  t h e  j o i n t s ,  i t  
w a s  a lso n e c e s s a r y  t o  assume p r e s s u r e  
dependent  leak-off  p e r m e a b i l i t i e s  i n  o r d e r  t o  
match s h u t - i n  d a t a .  

9 

R e s u l t s  and Discuss ion:  F igure  1 shows t h e  
computer model r e s u l t s  of  t h e  s i m u l a t i o n  of 
Fxp. 2061, a l o n g  w i t h  t h e  e x p e r i m e n t a l  d a t a .  
The match i s  v e r y  good f o r  bo th  t h e  b u i l d  up  
and s h u t - i n .  The parameters used t o  f i t  t h e  
e x p e r i m e n t a l  d a t a  are  shown i n  Table  I. I n  
o b t a i n i n g  t h e  match s e v e r a l  i n t e r e s t i n g  f a c t s  
were uncovered. F i r s t ,  i t  was i m p o s s i b l e  t o  
m a t c h  t h e  s h a r p  l e v e l i n g  o f f  o f  p r e s s u r e  
w h i l e  pumping w i t h o u t  a pressure-dependent  
a p e r t u r e .  Second, it w a s  n e c e s s a r y  t o  assume 
pressure-dependent  p e r m e a b i l i t i e s  o r t h o g o n a l  
t o  t h e  main f r a c t u r e .  Without t h i s  
assumption,  the p r e s s u r e  dropped much f a s t e r  
than  t h e  e x p e r i m e n t a l  r e s u l t s ,  as shown i n  
F igure  4. I t  was a l so  encouraging  t o  n o t e  
t h a t  t h e  same a p e r t u r e  l a w  w a s  n e e d e d  f o r  
bo th  t h e  bui ld-up  and s h u t - i n  modeling. T h i s  
means, i n  c o n t r a s t  to  t h e  commonly h e l d  
b e l i e f ,  t h a t  a t  l e a s t  f o r  t h e  l o w  p r e s s u r e  
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pumping i n  t h e  new P h a s e  I1 r e s e r v o i r  a t  
Fenton H i l l ,  i t  i s  n o t  n e c e s s a r y  t o  invoke 
" s e l f  propping" i n  o r d e r  t o  e x p l a i n  t h e  
observed " s o f t "  s h u t - i n  hehavior  . 
~ l s o  shown i n  F i g u r e  1 a r e  t h e  c a l c u l a t e d  
p r e s s u r e s  f o r  t h e  case o f  i s o t h e r m a l  f l o w  
u s i n g  t h e  same parameters a s  t h o s e  i n  Table  
I. F igure  5 shows a match o b t a i n e d  f o r  t h e  
i s o t h e r m a l  case by a d j u s t i n g  t h e  format ion  
parameters .  The parameters  needed f o r  t h e  
match are g iven  i n  Table  11. N o t e  t h a t  t h e  
match i s  n o t  as good as  t h a t  f o r  t h e  
temparature-dependent  s i m u l a t i o n .  While it 
was n o t  n e c e s s a r y  t o  change t h e  a p e r t u r e  l a w  
t h e  maximum p e r m e a b i l i t i e s  i n  t h e  x a n d  y 
d i r e c t i o n s  w e r e  l a r g e r  by a l m o s t  an o r d e r  of  
m a g n i t u d e .  The d i s c r e p e n c y  i s  d u e  t o  t h e  
d i f f e r e n c e  i n  v i s c o s i t i e s  of  t h e  s u r f a c e  and 
b o t t o m h o l e  f l u i d s .  Thus  w e  h a v e  a r e s u l t  
s i m i l a r  t o  t h a t  observed f o r  non-isothermal  
p r e s s u r e  t e s t i n g  i n  homogeneous r e s e r v o i r s .  
The a p p a r e n t  f r a c t u r e  e x t e n s i o n  p r e s s u r e  f o r  
t h e  i s o t h e r m a l  case i s  10 p e r c e n t  h i g h e r  than  
t h a t  f o r  t h e  non-isothermal  case. Also t h e  
slope of t h e  s h u t - i n  c u r v e  i n d i c a t e s  a l o w e r  
a p p a r e n t  f r a c t u r e  impedance f o r  t h e  non- 
i s o t h e r m a l  c a s e .  Future  work w i l l  be focused  
on f u r t h e r  q u a n t i f y i n g  t h e s e  e f f e c t s  and 
e x t e n d i n g  them t o  longer  d u r a t i o n  tests. The 
parameters  o b t a i n e d  from t h e s e  s i m u l a t i o n s  
w i l l  t h e n  b e  u s e d  f o r  e s t i m a t i n g  l o n g t e r m  
r e s e r v o i r  behavior .  

CONCLUSION 

1. 

2. 

3. 

4. 

The assumption of  a p r e s s u r e  dependent  
a p e r t u r e  law i n  a r e s e r v o i r  s i m u l a t o r  i s  
an  e f f e c t i v e  way t o  model p r e s s u r e  
bui ld-up  tests i n  f r a c t u r e d  r e s e r v o i r s .  

P r e s s u r e  dependence of  leak-of f  
p e r m e a b i l i t y  w a s  n e c e s s a r y  t o  e x p l a i n  
s h u t - i n  d a t a  i n  a r e c e n t  F e n t o n  H i l l  
pumping test. 

Apparent  impedance v a l u e s  and ISIP 
p r e s s u r e s  w e r e  l o w e r  f o r  t h e  non- 
i s o t h e r m a l  a n a l y s i s  than  f o r  t h e  
i s o t h e r m a l  case .  

Pressure-dependent  a p e r t u r e s  a r e  
n e c e s s a r y  t o  d e s c r i b e  p r e s s u r e  behavior  
of  t h e  Fenton H i l l  r e s e r v o i r .  
S i m u l a t i o n s  i n d i c a t e  t h a t  t empera ture  
dependent  properties must be accounted 
f o r .  
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Table  I 

Parameters  f o r  Non-Isothermal Model 

Table I1 

Parameters  f o r  I so the rma l  Modal 

~~ 

Parameter  Value 

Pe rmeab i l i t y  r - d i r e c t i o n  
y - d i r e c t i o n  
j o i n t  

f r a c t u r e  
P o r o s i t y  Matr ix  

Rock Dens i ty  
Rock S p e c i f i c  Heat 
J o i n t  Radius 

F r a c t u r e  Width 
I n i t i a l  P r e s s u r e  
I n i t i a l  Temperature O<y<750m 

750<y<4100m 

I n j e c t i o n  r a t e  O<time<46 min 
46< t i m e <  56mi n 

W 

BO 

.01 
1.0 
2500kg/m 
1000J/kg°C 
300m (maximum) 
5 m  (nominal )  
.0002m (maximum) 
O.MPa 

72.29 + 0.0 996y 
+O. 00001 05y 
lBPM(2.65 l/s) 
0.0 
.001 
32.7 

12.35 -.0956y OC 

9 

Parameter  Value 

P e r m e a b i l i t y  r - d i r e c t i o n  
y - d i r e c t i o n  
j o i n t  

f r a c t u r e  
P o r o s i t y  Matr ix  

Rock Dens i ty  
Rock S p e c i f i c  Heat 
J o i n t  Radius 

F r a c t u r e  Width 
I n i t i a l  P r e s s u r e  
I n i t i a l  Temperature 
I n j e c t i o n  Rate O<time<46 min 

46< time<56min 
W 

BO 

2 
L 

-15 2 
5x1 0 -18m2 (max) 
5 ~ 1 9 ~  2m (max) 
10 m (max) 
. O l  
1.0 
2500kq/m 
1 OOOJ/kg°C 
300m (maximum) 
5m (nomina l )  
.0002m (maximum) 
O.MPa 
12.35OC 
lBPM(2.65 l/s) 
0.0 
.001 
32.7 

-1 

Data 
Temperature Model 
Isothermal Model 

a 4  . . I . , . . , , 
a la a m m 

MINUTES 

Figure 1 .  Observed and Model Pressure Response, Expt 2061 

D ' ! ! ! ! ! ! ! ! ! !  ! l o  

Figure 2 .  Scnematics o f  tne Model and Numerical Gria 
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2.0 

1.5 

1 .o 

.5 

10 m 30 40 

A P  (MPa) 

F igu re  3. F rac tu re  Apper tu re  and Permeab i l i t y  v s .  
Pressure Used For Model i t i c :  

YINUTU 

F igu re  4.  Model Resu l ts  Using 
Constant Leako f f  Pe rmeab i l i t y ,  
Compare? r l i t h  Exoer imental  Data. 

a 
$ 2o 

10 

:Data 

....... : Iso thermal  
Si mu1 a t  i on 

0 20 40 I 

MINUTES 

F igu re  5. I so thermal  S imu la t i on  o f  the  
Exper imental  da ta  -Us ing  Values 
From Tabel 2. 
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