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1. Definition and use o f  the pseudopressure 
I n  a porous medium containing steam and immobile water, 

the equation for the flow of  (saturated) steam is (Grant 1978): 

and p = p ( T )  . 

?'his is a nonlinear diffusion equation, nonlinear because 

of the 

also a function of T and hence P .  

to obtain 

multiplying V p ,  and because the coefficient of 8 is 
It can be linearised in P ,  

P 

k where 
0 

is evaluated at the assumed initial uniform state. 

Ne can also write 

SO thiit 

( 3 )  

( 4 )  

This can again be linearised by setting K equal to its initial 

value K : 
0 
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removed, b u t  t h e  v a r i a t i o n  i n  K has  n o t  been accounted  f o r .  

However, i t  i s  n e a r l y  always b e t t e r  p r a c t i c e ,  w i t h  n o n l i n e a r  

d i f f u s i o n  e q u a t i o n s ,  t o  r e p r e s e n t  t h e  d ive rgence  t e rms  e x a c t l y  

( h e r e  V m). The e r r o r s  i n c u r r e d  by i g n o r i n g  t h e  v a r i a t i o n s  i n  

K seem less  i m p o r t a n t .  A rough r e a s o n  can  be advanced.  Both 

(5)  and ( 2 )  a r e  v a l i d  i f  t h e  p r e s s u r e  changes  a r e  small. But 

( 5 )  i s  a l s o  v a l i d  f o r  s t e a d y  p r e s s u r e  changes  o f  any magni tude.  

I f  a bo re  i s  runn ing  f o r  a long  t i m e ,  t h e r e  i s  a q u a s i - s t e a d y  

2 

r e g i o n  n e a r  t h e  b o r e .  The approx imat ion  (5)  may b e t t e r  r e p r e -  

s e n t  t h i s ,  f o r  l a r g e  drawdowns, t h a n  ( 2 ) .  

I t  s hou ld  be no t ed  t h a t  t h e  p seudop re s su re  d e f i n e d  h e r e  
3 does  n o t  have t h e  d imens ions  o f  p r e s s u r e ,  b u t  pp/p (= kg/m s ) .  

Convent iona l  ga s  p seudop re s su re s  a r e  d i f f e r e n t l y  d e f i n e d .  Such 

a p seudop re s su re  f o r  s u p e r h e a t e d  s team i s  g iven  by Atkinson 

and Mannon (1977) .  

The boundary c o n d i t i o n s  a r e  a l s o  s c a l e d .  I f  we have two- 

(m3/sec> = dimens iona l  f low t o  a bore  p roduc ing  a t  a r a t e  q 

W *  ( k g / s e c ) ,  t h e  c o n d i t i o n  i s  

t h i s  i s  

T h u s ,  wh r e  t h e  e x p r e s  i o n  q p  c c u r s ,  i t  i 

For example ,  i n  t h e  s t a n d a r d  2-d s o l u t i o n  

r 1 3. b: 

we have ,  u s i n g  t h e  p s e u d o p r e s s u r e ,  
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Since it is usually mass flow rates that are specified, 

use of the pseudopressure usually makes some small saving of 

effort in looking up densities and viscosities. 

2. Formulae for m * ( p )  - . . 

Use of the pseudopressure is convenient only if there is 

a simple expression for it as a function of pressure. 

Fortunately this is so.  

pressure, we need its derivative d m * / d p  represented to some 

order of accuracy, for we always use differences m * f p , )  - m * f p 2 ) .  

Thus we approximate p /p  t o  some order of accuracy, and integrate 

In any approximate formula for pseudo- 

to get m*.  

The following expression is accurate to 1% (130-240°C) 

2% (10O-26O0C). 

I P  4 6/7 
v u  
- = - = 4 . 7 9 3  x 1 0  p 

where p is in bars. Keeping p in bars from now on: 

drn * 4 6/7 - = l o 5  e 1.I = 4.793 x I O  dP 

9 1 3 / 7  m* = 2 . 5 8  X 10 p 

For convenience, define 

I I 

= m " f 2 . 5 8  X l o 9 )  

3. Eauations in field units 

3.1. Units bar, tonne/hr, darcy-metre 

It is simplest to work with these u n i t s ,  anb the funct,on 
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The standard drawdown formula (10) n,ow becomes: 

m *  = 2 . 5 8  X 1 0  

W *  = W/3.6 

- 1 2  k h  -+ 10 

p 13/7 = 2 . 5 8  X lo9 m 

k h  

9 W 1 2 . 5 8  X 1 0  A m  = - 
3 * 6  47r k h  

or 

If a bore is running for time t ,  and then switched off for 

time A t ,  

2 2 A m  = - 8 . 5 7  - W { E  I-"-) - E l  ( k ( t + A t ) ) }  
kh  1 4 ~ A t  

t + A t  = 8 . 5 7  -1n W [T] 
k h  

t + A t  l3l7 vs t ,  or - Then, if M is the slope of a plot of p A t  ' 
on semilog paper (slope of M per cycle), 

M = 1 9 . 7  W/kh 

o r  1 k h  = 1 9 . 7  W / M  I . 

Summary 
1 3 / 7  

m ( p )  = p 
W A m  = m - m o  = 8 . 5 7  - E k h  1 [&] 

k h  = 1 9 . 7  W / M  (M = slope of m per cycle.) 
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3 . 2 .  Units kg/cm 2 , tonne/hr, darcy-metre 
It is simplest to redefine 

Since 1 kg/cm2 = 0.981 bar, a factor of (0.9 

multiplies the formula for m* 

m* = 2.49 X lo9 p l 3 l 7  = 2.49 X 1 0  9 m . 

Then the drawdown formula is 

W Am = 8 . 8 8  E ,  (19) 

and 1 k h  = 2 0 . 4  W / M  I . (20 )  

M = slope of a plot of p'3/7 vs t 

or  ( t f At 1 / A t  on semilog paper 

(slope of M per cycle). 
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NOTAT I ON 

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

t 

P 

- v  I 

P 

T 

P 
Ps 
H 
C 

4) 
k 
h 
m* 
m 

W *  
W 

K 

M 

time 
dynamic v i s c o s i t y  
k i n e m a t i c  v i s c o s i t y  
d e n s i t y  
t e m p e r a t u r e  
p r e s s u r e  ( a l s o  b a r  and ksc) 
s a t u r a t i o n  p r e s s u r e  o f  steam 
s p e c i f i c  e n t h a l p y  
s p e c i f i c  h e a t  
p o r o s i t y  
p e r m e a b i l i t y  ( a l s o  d a r c y )  
a q u i f e r  t h i c k n e s s  
p s e u d o p r e s s u r e  
= ~ ' ~ 1 % ~  = s c a l e d  p s e u d o p r e s s u r e  
mass f low 
mass f low,  t o n n e / h r  
d i  f f u s  i v i  t y  
s l o p e  o f  m vs l o g l o  t 

1 - u  E 1 ( x )  = 1 u e du (Abramowitz tj S tegun 1 9 6 5 )  
2 

a b o r e  r a d i u s  
r r a d i a l  d i s t a n c e  

S u f f i c e s :  

0 i n i t i a l  s t a t e  
m rredium 
S s team 
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