
-1 21 - 

PRODUCTION DECLINE ANALYSIS 
USING INFLUENCE FUNCTIONS 

E l l i o t  J, Zais 
E l l i o t  Zais & Assoc.,  I n c .  

7915 NW S i s k i n  Drive 
C o r v a l l i s  OR 97330 

We prev ious ly  r epor t ed  (Zais, 1979)  t h a t  Arps 's  exponen t i a l  
equa t ion  works q u i t e  w e l l  on geothermal product ion  d a t a .  The 
hype rbo l i c  equa t ion  should probably n o t  be used.  I n  t h i s  paper 
we show the  p rogres s  made i n  us ing  in f luence  f u n c t i o n s  t o  
d e s c r i b e  r e s e r v o i r  product ion  behavior .  

Inf luence  f u n c t i o n s  a r i s e  i n  many a r e a s  o f  s c i ence  and 
eng inee r ing  under the  names o f  Green's f u n c t i o n ,  memory func-  
t i o n ,  response f u n c t i o n ,  and r e s i s t a n c e  f u n c t i o n .  They a r e  
used t o  r e l a t e  t h e  response o f  a system t o  an i n p u t .  I n  a 
geothermal  r e s e r v o i r  we can f i n d  an in f luence  f u n c t i o n  r e l a t i n g  
r e s e r v o i r  p re s su re  t o  product ion  r a t e .  Once t h i s  f u n c t i o n  is  
c a l c u k l t e d ,  it can be used t o  p r e d i c t  the behavior  of t h e  
r e s e r v o i r .  van Everdingen and Hurs t  (1949) developed an  
i n f l u e n c e  f u n c t i o n  method f o r  a q u i f e r  d r i v e  petroleum r e s e r v o i r s  
u s ing  Laplace t r ans fo rms .  Hutchinson and S i k o r a  (1959) and 
Jargon and van Poolen (1965) developed a l g e b r a i c  water  d r i v e  
a n a l y s i s  methods f o r  r e s e r v o i r s  and i n d i v i d u a l  w e l l s ,  r e s p e c t -  
i ve  l y  . 

C o a t s  e t  a1 (1964) made a major improvement over t h e  
a l g e b r a i c  methods mentioned above by r e q u i r i n g  d e r i v a t i v e  
c o n s t r a i n t s .  H i s  f o rmula t ion  may be w r i t t e n  as 
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These c o n s t r a i n t s  a r e  necessa ry  t o  ensure t h a t  t he  f u n c t i o n  
der ived  is  p h y s i c a l l y  meaningful.  We analyzed some d a t a  f r o m  
Cerro P r i e t o  both wi th  and wi thout  the  c o n s t r a i n t s .  The 
der ived  in f luence  f u n c t i o n s  a r e  shown i n  F igure  1. The ir:- 
r e g u l a r  curve is  t h e  "bes t  f i t "  t o  d a t a ,  b u t  it is  p h y s i c a l l y  
meaningless and cannot be e x t r a p o l a t e d .  
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Some o t h e r  r e s u l t s  obtained by C o a t s ’ s  method a r e  shown 
i n  F igu res  2 and 3 .  The p i s  a measure of  goodness of f i t  
and is def ined  as 

p = - 1 1  -(ui + V i )  
n api (4) 

where u .  and v .  a r e  s l a c k  v a r i a b l e s  i n  the  
l i n e a r  6 r o g r a d i n g  fo rmula t ion .  

We used t h r e e  d i f f e r e n t  k inds  of  e x t r a p o l a t i o n s  f o r  t h e  
in f luence  f u n c t i o n s  assuming 1) a bounded a q u i f e r ,  2 )  an 
a q u i f e r  which crops o u t ,  and 3)  a n  i n f i n i t e  a q u i f e r .  Geologic 
d a t a  can h e l p  i n  choosing t h e  c o r r e c t  e x t r a p o l a t i o n .  

The methods s o  f a r  d iscussed  a r e  a l l  “b lack  box” methods 
because no p h y s i c a l  model of t he  r e s e r v o i r  mechanism i s  assum- 
e d .  We a l s o  s tud ied  a l i n e a r i z e d  f r e e  s u r f a c e  (LFS) model 
proposed by Bodvarsson ( 1 9 7 7 ) .  If a r e s e r v o i r  has  a f r e e  
l i q u i d  s u r f a c e  wi th  r e l a t i v e l y  s m a l l  v e r t i c a l  movement, t h e  
equa t ions  d e s c r i b i n g  t h e  movement can be l i n e a r i z e d .  The 
equa t ion  f o r  s u r f a c e  drawdown a t  a g e n e r a l  f i e l d  p o i n t  P 
becomes 

h(t) = G(t - T ) q ( T ) d T  ( 5 )  

(6) 
1 

E G ( t  - T)q(T)nT 

q ( t )  i s  a product ion  r a t e  and G ( t )  is  a Green’s f u n c t i o n  
which can be def ined  f o r  an i n f i n i t e  h a l f  space ,  a r e s e r -  
v o i r  wi th  an  impermeable bottom l a y e r ,  and o t h e r  conf ig-  
u r a t i o n s  as necessa ry .  The equa t ions  f o r  t h e  f i r s t  t w o  ca ses  
are 

G = -  -’ ( w t  + d ) ( x ”  + y” + ( w t  + d ) 2 )  -3/5 t > 0 ( 7 )  
2 W P  

- 3 h  1 2H - d w t  
(x”  + y2 + (2H - d + w t ) ” )  

w is t h e  s i n k i n g  v e l o c i t y  and equa l s  = permeab i l i t y  .x g r a v i t y  
d iv ided  by kinematic  v i s c o s i t y  x p o r o s i t y .  The o t h e r  symbols 
a r e  d i s t a n c e s  as shown i n  F igu res  4a and ICb. 

Only t h e  Wairakei d a t a  s e t  ( P r i t c h e t t  e t  a l )  w a s  complete 
enough f o r  us t o  use the  LFS method. The r e s u l t s  a r e  shown 
i n  F igure  5 .  Curve 1 i s  the  observed p res su re  drawdown, curve 
2 t he  c a l c u l a t e d  drawdown u s i n g  equa t ion  7 ,  and curve 3 t h e  
c a l c u l a t e d  drawdown us ing  equa t ion  8 .  The f i t  is  q u i t e  good 
over 25 y e a r s .  

The f u l l  r e s u l t s  of t h i s  p r o j e c t  a r e  a v a i l a b l e  i n  Zais 
and Bodvarsson (1980) .  
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Figure 1 (F;tncss meastire p = iOCO5S) 
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INFLUENCE FUNCTION -- WAlRAKEl TOTAL FIELD -- 1955 TO 1975 

Figure  2 (Fitness measure p =.195863) 
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~i~~~~ 3 (F;tness measure p = 023756) 

Double source 

4 a .  I n f i n i t e  half space f o r  l inear -  
ized f r e e  surface method. 

T f " 

4 b .  Reservoir half space f o r  l inear -  

Q " ,  the  image of the image of 
ized f r e e  surface method with bottom 
layer .  
Q with respect  t o  the equilibrium L 
p l a n e  i s  n o t  i n c l u d e d .  Q"  t ,  t h e  
moving image of the image of Q ,  i s  a l so  
n o t  included. 
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Fig. 5 Linearized f r e e  surface f i t s  t o  
Wairakei data 




