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The convent 
a cons tan t  r a t e  o f  

onal  methods o f  w e l l  t e s t s  a n a l y s i s  u s u a l l y  assume 
d ischarge o f  t h e  producing w e l l .  The procedure 

i n v o l v e s  matching a log-log p l o t  o f  t e s t  da ta  (drawdown versus t ime)  
t o  a n a l y t i c  o r  s e m i - a n a l y t i c  s o l u t i o n s  t h a t  a r e  based on a model o f  
t h e  p r o d u c t i o n  w e l l  as a l i n e  source o f  cons tan t  s t r e n g t h  i n  an i n f i n i t e  
r e s e r v o i r .  However, v a r i a b l e  d ischarge w e l l  t e s t  c o n d i t i o n s  may 
a r i s e  under a v a r i e t y  o f  c o n d i t i o n s ,  such as e x i s t i n g  w e l l - f i e l d  p ro-  
d u c t i o n  schedules, step-drawdown t e s t s ,  and i n f l u e n c e  o f  t h e  pumping 
water  l e v e l  on t h e  p r o d u c t i o n  r a t e .  I t  i s  very  d e s i r a b l e  t o  have t h e  
c a p a b i l i t y  t o  r e l i a b l y  i n t e r p r e t  da ta  from t h e  t e s t s .  I n  f a c t ,  the  
present  s tudy was prompted by a s e t  o f  recent  geothermal w e l l  t e s t  da ta  
i n  which due t o  v a r i o u s  mechanical problems, t h e  f l o w  r a t e  d u r i n g  t h e  
f i r s t  70 hours o f  p r o d u c t i o n  v a r i e d  w i d e l y  and c o u l d  n o t  e f f e c t i v e l y  
be t r e a t e d  as a mean cons tan t  r a t e .  The present  paper r e p o r t s  t h e  
development o f  a genera l  technique o f  a n a l y z i n g  w e l l  t e s t s  w i t h  v a r i -  
a b l e  f l o w  r a t e s .  

Method o f  A n a l y s i s  

The v a r i a b l e  f l o w  i s  approximated by a s e r i e s  o f  sequent ia l  
s t r a i g h t  l i n e  segments o f  a r b i t r a r y  l e n g t h  and s lope ( F i g u r e  1 ) .  The 
pressure  response o f  each l i n e a r l y  v a r y i n g  p r o d u c t i o n  p u l s e  a t  any t i m e  
i s  d e r i v e d  a n a l y t i c a l l y  i n  terms o f  t h e  well-known exponent ia l  i n t e g r a l .  
The change i n  pressure  head a t  t i m e  t and d i s t a n c e  r f rom t h e  
produc ing  w e l l  t h a t  i s  caused by a p r o d u c t i o n  p u l s e  n, o c c u r r i n g  
between T~ and T"+, i s  g i v e n  by 

r2  

I f  we d e f i n e  1 
x1 = - 4nkH 
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and the linear flow rate is given by 

The result of the integration is given by 
- U  

Ah,(t,r) = X I / [ A ~ + B ~ ( T ~ + X Z ) ~  [,!(un) -W(u,+,r]- [ B n ~ n e  n - T e n+l I 
where 

and W(U) is the well function, which is related to the exponential 
integral Ei (x) by 

W(U) = -Ei(-u) 

The total pressure drop as a function of time is obtained by a super- 
position of the reservoir responses attributable to each production 
pulse: 

To account for the influence of one linear boundary, a third parameter 
i s  defined as 

u@CHri2 
4kH x3 = 

where r. is the image well distance, and the pressure drop is then given 
I 

by 

Ah(t,r) =c Ah,(t,r) 2 Ahn t,ri 

where the position or negative sign indicated an impermeable or fully 
leaky boundary respectively. 
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These equat ions a r e  used t o  c a l c u l a t e  p ressure  drawdown values 
t h a t  correspond t o  a s p e c i f i c  f low r a t e  v a r i a t i o n  and a g i v e n  s e t  o f  
r e s e r v o i r  parameters. Thus w i t h  a s e t  o f  i n i t i a l  guess va lues  o f  
r e s e r v o i r  parameters a mul t iparameter  l e a s t - s q u a r e - f i t  computer rou-  
t i n e  i s  employed t o  compare w e l l - t e s t  da ta  w i t h  p r e d i c t e d  va lues  i n  a 
search f o r  t h e  bes t  s e t  o f  r e s e r v o i r  parameters. Input  da ta  f o r  t h e  
program a r e  An and ‘I,,, c o o r d i n a t e  p o i n t s  on t h e  p r o d u c t i o n  h i s t o r y  
record,  Ah and t, c o o r d i n a t e  p o i n t s  on t h e  w e l l - t e s t  p ressure  draw- 
down record,  and a few program c o n t r o l  parameters. 

Corresponding t o  op t ima l  va lues o f  X I ,  x 2 ,  and x3 obta ined,  
t h e  program ass igns va lues r e s p e c t i v e l y  t o  t r a n s m i s s i v i t y ,  kH; 
s t o r a t i v i t y ,  @CH; and t h e  image w e l l  d i s t a n c e  r i .  Both i n t e r f e r e n c e  
and p r o d u c t i o n  t e s t s  can be analyzed. I n  t h e  l a t t e r  case: work i s  
i n  progress t o  account f o r  t h e  i n f l u e n c e  o f  w e l l b o r e  s to rage and 
s k i n  e f f e c t s ,  a l s o  i n  a paramet r ic  fash ion .  

The method has been a p p l i e d  t o  da ta  from seven w e l l  t e s t s  t o  
e v a l u a t e  i t s  u t i l i t y  (see Table 1 ) .  Three o f  the  analyses i n v o l v e  
t h e o r e t i c a l l y  generated w e l l - t e s t  da ta  and f o u r  analyses i n v o l v e  f i e l d  
data.  

The f i e l d  da ta  were f rom two w e l l  t e s t s  conducted a t  t h e  East 
Mesa Geothermal f i e l d  i n  southern C a l i f o r n i a  and from two w e l l  t e s t s  
conducted a t  t h e  R a f t  R i v e r  i n  southern Idaho. The t h r e e  t h e o r e t i c a l  
cases i n v o l v e  w e l l  t e s t  da ta  c a l c u l a t e d  assuming: (1 )  cons tan t  
d ischarge;  (2 )  v a r i a b l e  d ischarge i n  s teps,  and (3 )  e x p o n e n t i a l l y  
decaying d ischarge.  
charge i n t e r f e r e n c e  t e s t s ,  t w o  o f  which i n d i c a t e d  t h e  presence of a 
boundary. The l a s t  remain ing f i e l d  t e s t  i n v o l v e d  a d ischarge r a t e  
w i t h  a v e r y  wide f l u c t u a t i o n .  

Three o f  t h e  f o u r  f i e l d  t e s t s  were c o n s t a n t  d i s -  

I n  a l l  o f  these cases, a s o l u t i o n  was p o s s i b l e  and an unambig- 
uous s e t  o f  r e s e r v o i r  parameters was determined. I n  t h e  t h r e e  t e s t s  
u s i n g  generated data,  known parameters a r e  reasonably  reproduced. 
The f i r s t  t h r e e  f i e l d  i n t e r f e r e n c e  t e s t s  analyses y i e l d e d  reasonable 
parameters. F igures  2, 3 and 4 show r e s p e c t i v e l y  t h e  t h e o r e t i c a l  
case o f  e x p o n e n t i a l l y  decaying d ischarge r a t e ,  t h e  East Mesa 31-1 
cons tan t  d ischarge i n t e r f e r e n c e  f i e l d  t e s t s  a n a l y s i s  i n v o l v i n g  t h e  
d e t e c t i o n  o f  a b a r r i e r  boundary, and t h e  a n a l y s i s  o f  t h e  R a f t  R i v e r  
#3 p r o d u c t i o n  t e s t ,  i n  which the  f l o w  r a t e  v a r i e d  markedly.  I n  the  
f i g u r e s ,  t h e  c i r c l e s  represent  observed drawdown data  and t h e  squares 
represent  t h e  b e s t - f i t  drawdown values.  The c l o s e  agreement w i t h  
a n a l y t i c a l  and convent iona l  r e s u l t s  i n  cases where they a r e  a v a i l a -  
b l e  i n d i c a t e s  t h e  v a l i d i t y  o f  t h e  method. Furthermore, t h e  r e s u l t s  
o f  t h e  RRGE 3 p r o d u c t i o n  t e s t  a n a l y s i s  i n d i c a t e  t h a t  t h e  methods 
can s u c c e s s f u l l y  analyze v a r i a b l e  f l o w  f i e l d  da ta .  
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Conclusions 

This method will make it poss 
when a constant discharge flow rate 
permit detection of boundaries even 
markedly varying flow rate. Work i s  
the analysis to the study short-term 

Nomenclature 
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A h  Pressure head drop 
n 
t 
r 
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Designation of production segment 
Ti me 
Distance from well 
permeabi 1 i ty 
Thickness o f  aquifer 
Time 
Flow rate 
k /  ( @PC ) 
Porosity 
Total compressi b i  1 i ty 
Image well distance 

ble to do well test analyses 
s difficult to maintain, and 
n situations where there is a 
currently in progress to extend 
data. 
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TEST C A S E S  

S y n t h e t i c  Data 

Constan t  D ischarge 

Stepped D ischarge  

E x p o n e n t i a l  Decay 
D ischarge  

~ _ _ _ _ _  

F i e l d  Data 

R a f t  R i v e r  No. 2 

Eas t  Mesa Wel l  31-1 

Eas t  Mesa Wel l  6 - 2  

R a f t  R i v e r  No. 3 

D I S C H A R G E  

Constant 

a 

a 
a 
a 

V a r i  ab1 e 

a 

a 

a 

B A R R I E R S  

None 

a 
e 

a 

9 

e 

Impermeable 

e 
a 

T Y P E  T E S T  

I n t e r f e r e n c e  

a 

a 
a 
a 

P r o d u c t i o n  

a 

a 

a 

TABLE ! .  WELL TESTS ANALYZED.  



Figure 1. Time-Dependent Flow Rate 
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Figure 2. Exponential Decay o f  Discharge 
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Figure 3. East  Mesa 31-1 Interference Test 
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Figure 4b. RRGE 3 Production Test 
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