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ABSTRACT 

This  paper  p r e s e n t s  methods and r e s u l t s  of pre- 
d i c t i n g  geothermalwel l  performance us ing  a c t u a l  f low 
tes t  d a t a  taken  fromatypicalgeopressuredgeothermal 
w e l l .  DOW/DOE L.R. Sweezy No. 1 Well was used f o r  
t h e  flow rate predic t ions .  Using t h e  method of 
e i t h e r  Jones  (1976) o r  Fetkovich (19731, t h i s  s tudy 
shows t h a t  t h e  p r o d u c t i v i t y  index of geothermal 
w e l l s  changes n o t  only wi th  flow rate but  a l s o  w i t h  
t i m e .  

INTRODUCTION 

T h r e e  r e s e r v o i r  f a c t o r s ,  f l u i d  tempera ture ,  
product ion r a t e  per  w e l l  and s i z e  of t h e  r e s e r v o i r ,  
are most important  t o  t h e  commercial development of 
geothermal resources .  I f  t h e  f l u i d  temperature  and 
product ion rate per  w e l l  are given, then t h e  g r o s s  
power genera t ion  per  w e l l  and t h e  number of wells 
r e q u i r e d  f o r  a d e s i r e d  power p l a n t  o r  h e a t i n g  
process  can be  est imated.  

The c o s t  of development and opera t ion  of a geo- 
thermal resource  i s  l a r g e l y  dependent on t h e  number 
of wells t o  b e  d r i l l e d  and operated.  Therefore ,  a n  
estimate of t h e  product iv i ty  of a s i n g l e  w e l l  i s  
necessary t o  determine whether t h e  development and 
o p e r a t i o n  of a geothermal f i e l d  is economically 
f e a s i b l e .  Thus,  t h e r e  i s  a need f o r  a c c u r a t e  
p r e d i c t i o n  of flow rates f o r  geothermal w e l l s .  

I n  ear l ie r  s t u d i e s  conducted by Gudmundssonl and 
Or t iz2 ,  t h e  product iv i ty  index (PI)  , w a s  assumed t o  
be  cons tan t  no t  only wi th  flow rate  but  a l s o  w i t h  
t i m e .  The PI  is  t h e  r a t i o  of t h e  product ion rate, 
t o  t h e  p r e s s u r e  drawdown a t  t h e  producing i n t e r v a l .  

I n  o i l  w e l l  product ion p r a c t i c e ,  it i s  commonly 
assumed t h a t  t h e  PI  is  cons tan t  f o r  a wide range of 
flow rates which f o r  most o i l  wells are less than  500 
STB/day. However, t h e  b r i n e  product ion of geothermal 
w e l l s  i s  g e n e r a l l y  100 t o  200 times g r e a t e r  than  t h a t  
of o i l  wells. A t y p i c a l  geopressured geothermal w e l l  
i n  t h e  Gulf Coast area can produce a s  much as 100.000 
b a r r e l s  p e r  day of hot water a t  a well head p r e s s u r e  
i n  ex ess of 2,000 p s i g  f o r  a cons iderable  per iod  of 
time . s 

The PI  of geothermal wells is  not  a cons tan t  
pr imar i lybecause  of t h e  e f f e c t s  of tu rbulencecaused  
by high flow rates. Also,  t h e  deple t ion  of r e s e r v o i  
pressure  w i l l  cause t h e  PI  t o  decrease.  Vogel 
suggested t h a t  t h e  inf low performance r e l a t i o n s h i p s  
(IPR) curve can b e  used t o  provide more a c c u r a t e  
flow rate p r e d i c t i o n s  than  can be es t imated  w i t h  
cons tan t  PI  methods. 

s 

THEORY 

This  s tudy  p r e s e n t s  two methods f o r  p r e d i c t i n g  
present  and f u t u r e  product ion performance of geo- 
thermal w e l l s .  These methods w i l l  provide engineers  
t h e  a b i l i t y  t o  p r e d i c t  geothermal f low rates w i t h  
high accuracy. 

Method A: Jones,  Blount and Glaze Method 

The Jones,  e t  a ~ , ~  method has  been s u c c e s s f u l l y  
appl ied  i n  both  o i l  and gas  f low rates p r e d i c t i o n  
problems. The method can a l s o  b e  used f o r  p r e d i c t i n g  
product ion performance f o r  geothermal w e l l s  because 
it  cons iders  t u r b u l e n t  f low e f f e c t s  on t h e  wel l ' s  
product iv i ty .  

The Jones '  method uses  flow tes t  d a t a  t o  determine 
a well 's  f low c a p a c i t y ,  Data are requi red  from 
e i t h e r  two o r  more s t a b i l i z e d  flow tes ts  o r  from 
two o r  more i sochronal  f low tests. I n  e i t h e r  case, 
flow rates and flowing bottomhole pressures  must 
be e i t h e r  measured o r  c a l c u l a t e d .  

Jones,  e t  al . ,5 suggested t h a t  f low rate and 
pressure  drawdown can be  r e l a t e d  and w r i t t e n  as: 

where: q = flow rate  i n  STB/day 
C = laminar  flow c o e f f i c i e n t  
D = tu rbulence  c o e f f i c i e n t  

From Eq. 1, it  i s  apparent  t h a t  a p l o t  of (pr- 
pwf)/q v s .  q has  a s l o p e  of D, and an i n t e r c e p t  of 
C = Ap/q, as q approaches zero .  

Eq. 1 can b e  rearranged as: 

P I  = (C + Dq)'l (2) 
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With v a l u e s  of C and D given. t h e  PI  va lue  of t h e  
w e l l  can be  c a l c u l a t e d  f o r  any flow rates. Eq. 3 
shows t h a t  t h e  PI is  a dependent of flow rate, as 
t h e  flow r a t e  i nc reases ,  t h e  P I  decreases .  

Met hod B: Fe tkovich ' s  Method 

Fetkovich6 suggested t h a t  gas  w e l l s  and o i l  w e l l s  
behave q u i t e  s i m i l a r l y  and could be  analyzed us ing  
t h e  same flow equat ion:  

(3) 

This  equat ion  w i l l  r e s u l t  i n  a s t r a i g h t  l i n e  w i  h 
a s ope of l/n on a p l o t  of l o g  qo VS. l o g  (pr - 
p Eq. 3 cons ide r s  t h e  e f f e c t s  of h igh  flow r a t e  
tErough t h e  i n c l u s i o n  of exponent n. Generally,  t h e  
va lue  of n ranges  from 0.568 t o  1.0. 

I h ) . 

A s  i nd ica t ed  e a r l i e r .  t h e  P I  a l s o  changes wi th  
time: as t h e  r e s e r v o i r  p re s su re  decreases  t h e  PI 
decreases .  Fetkovich used t h e  fo l lowing  equation f o r  
f u t u r e  flow rate c a l c u l a t i o n s :  

(4) 
I 

where Joi i s  t h e  i n i t i a l  p roduc t iv i ty  index a t  
condi t ions  of i n i t i a l  r e s e r v o i r  p re s su re .  

EXAMPLE 

I n  t h i s  s tudy ,  a c t  a1 flow test da ta  from DOW/DOE 
L.R. Sweezy No. 1 Well was used t o  p r e d i c t  flow rates 
us ing  both  method A and B mentioned above. L.R. 
Sweezy No. 1 is a geopressured geothermal w e l l  l oca t ed  
i n  Vermi l ion  P a r i s h ,  Louisiana.  This  w e l l  was 
completed wi th  a 5-1/2 inch  production tub ing  and a 
7-5/8 inch  cas ing .  The producing i n t e r v a l s  were 
p e r f o r a t e d  a t  13,349-13.388 f t .  and a t  13,395- 
14.406 f t .  A downhole temperature of 237'F w a s  
measured a t  a depth of 13,395 f t . .  and t h e  i n i t i a l  
r e s e r v o i r  p re s su re  a t  13.395 f t .  was 11.410 p s i a .  

9 

I n  o rde r  t o  determine t h e  production performance 
of t h e  geopressure  r e s e r v o i r ,  t h i s  well was sub jec t ed  
t o  a series of s h o r t  term flow tests. However, t es t  
da t a  from t h e  f i r s t  two flow tests were not r e l i a b l e  
enough f o r  a n a l y s i s .  Flow tes t  r e s u l t s  from flow 
tes ts  3, 4, and 5 are given i n  Table 1. 

TABLE 1. Flow Tes t  Data on L.R. Sweezy No. 1 Well 

Flow Tes t  Average Flow Rate Pressure  Drawdown 
No. ( STB/ day 1 ( p s i )  

3 
4 
5 

6.4SS 
8.615 

10.977 

3 80 
560 
820 

Method A: Jones. e t  al . ,  method 

r e s u l t s  a r e  p l o t t e d  on Figure  1. It is  i n t e r e s t i n g  
t o  no te  t h a t  t h e  va lues  of Ap/q p l o t t e d  aga ins t  q 
de f ine  a s t r a i g h t  l i n e .  

TABLE 2. 
Performance Data f o r  L.R. Sweezv No. 1 Well 

Pres s u r  e 
Flow Rate Drawdown APk PI 
( STB/ day 1 ( p s i )  (psi/STB/day) (STB/day/psi) 

6.455 3 60 0.056 17.8 
8,615 560 0.065 15.4 

10.977 820 0.075 13.3 

- 
- 
- 
- 

INTERCEPT, C = 0.0285 r 
i a 

0' IO 15 
0 5 3 

FLOW RATE q(TH0USANDS STB/DAY) 
Fig. I : Analysis of flow test data for 

L.R.Sweety No.1 well.  

i n  F igure  1, t h e  s lope  of l i n e .  D i s  4.222 * 
10- , and t h e  i n t e r c e p t .  C i s  0.0285. With C and 
D given. Jones'  IPR curve  i s  p l o t t e d  i n  Figure 2. 

FETKOV I C H 'S 

- - 
- - - 
0 IO 20 30 40 50 

FLOW RATE,q (THOUSANDS bbl/DAY) 
Fig. 2 : Inflow performance curve for 

L.R.Sweery No. I well .  Based on t h e  flow tes t  da t a  l i s t e d  i n  Table 1. 
well performance d a t a  a r e  Eiven i n  Table 2 and the  
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Method B: Fetkovich 's  Method 

With t h e  same flow test d a t a  given i n  a b l e  1, 

as a s t r a i g h t  l i n e  w i t h  a s lope  of 0.66 and a J o  v a l u e  
of 0.178 f o r  a n  i n i t i a l  r e s e r v o i r  pressure  of 
11,410 p s i .  

F igure  3 shows t h a t  l o g  q vs .  l o g  (pr 2 -pwT)I  p l o t s  

108- 

5 1 
n 

?!! 

2 2- 

- 107, 

Y 

c. 

clu 

3 a 
I 

5- 
a - 

/ 

SLOPE 
n = 0.66 

I 5 IO 20 50 I( 
FLOW RATE q(TH0USANDS STWDAY) 

Fig. 3 : Flow test performance curve for 
L.R.Sweezy No. I we1 I .  

TABLE 4: Future  P I  Values f o r  a Fixed Flow Rate 
of 8,000 STB/day 

Reservoir  Pressure  P I  Values 
( p s i )  ( STB/ day/ p s i 

11,410 ( c u r r e n t )  15.9 
10,000 11.3 
9,000 8.5 
8,000 6.1 
7,000 5.2 

Using  Eq. 3, f l o w  tes ts  f o r  v a r i o u s  flowing 
b o t t o m h o l e  p r e s s u r e s  c a n  b e  c a l c u l a t e d .  For  
comparison, Fetkovich 's  IPR curves is  a l s o  p l o t t e d  
i n  F igure  2. The PI va lues  c a l c u l a t e d  by Jones '  
and Fetkovich 's  methods are l i s t e d  i n  Table 3. 

Eq. 4 was used f o r  f u t u r e  flow rate  p r e d i c t i o n s .  
Future  IPR curves f o r  r e s e r v o i r  p r e s s u r e  of 10,000 
p s i  and 9.000 p s i  were then  p l o t t e d  i n  F igure  4. 
Also, f u t u r e  PI v a l u e s  f o r  a f i x e d  flow rate of 
8,000 STB/day are given i n  Table 4. 

14 

0 I I I I  I I I I  I " ' " ' '  1 ' 1 '  

0 Ib 2b 30 4b ! 
FLOW RATE, q (THOUSANDS bbl /DAY) 

Fig.4: Current and future IPR curves for 
L.R.Sweezy No. I well. 

TABLE 3. 
PI  Values Calculated by Jones '  C Fetkovich 's  Methods 

PI  v a l u e  c a l c u l a t e d  PI  v a l u e  c a l c u l a t e d  
Flow Rate by Jones'  method by Fetkovich 's  method 
(STB/day) (STB/day/psi) (STB/day/psi) 

4,000 
8,000 
12,000 
16,000 
20,000 
24,000 
28,000 
32,000 

22 .o 
16.1 
12.6 
10.4 
8.9 
7.7 
6.8 
6.1 

23.1 
15.9 
12.6 
10.6 
9.2 
8.0 
7.1 
6.2 

DISCUSSION 

As shown i n  F igure  2, Jones '  IPR curve is  - 
concave downward curve,  which r e s u l t s  from high 
flow rate turbulence  e f f e c t s :  t h e  PI  decreases  as 
t h e  flow ra te  i n c r e a s e s .  For example, a t  a f low 
r a t e  of  12,000 STB/day, t h e  PI would b e  12.6 
STB/day/psi, and t h e  p r e s s u r e  drawdown would b e  
950 p s i .  However, if t h e  flow rate i n c r e a s e s  t o  
24,000 STB/day, t h e  PI  decreases  t o  7.7 STB/day/psi 
and t h e  p r e s s u r e  drawdown increases  t o  3,116 p s i .  

From Figure  2, it is i n t e r e s t i n g  t o  n o t e  t h a t  
Fetkovich '  s and Jones ' methods produce very  similar 
IPR curves.  The PI v a l u e  c a l c u l a t e d  by both methods 
are  q u i t e  c l o s e  t o  each o t h e r ,  as l i s t e d  i n  Table 
3. However, t h e  maximum flow r a t e  p r e d i c t e d  by 
Jones '  method w a s  l a r g e r  than  t h a t  p r e d i c t e d  by 
Fe t k o v  i c  h s m e t  hod, b e c a u s e ,  Jones method is 
p r i m a r i l y  f o r  c a l c u l a t i o n s  of one-phase flow, and 
Fetkovich 's  method can b e  used f o r  two-phase flow 
c a l c u l a t i o n s .  F igure  4 shows t h a t ,  t h e  shapes of 
both c u r r e n t  and f u t u r e  IPR curves are similar. 
Table  4 i n d i c a t e s  t h a t  t h e  PI  va lue  f o r  a f i x e d  
flow rate  of 8,000 STB/day decreases  wi th  decreas ing  
r e s e r v o i r  pressure .  However, t h e  n a t u r e  of t h e  
change i n  t h e  p r o d u c t i v i t y  index w i t h  r e s e t v o i r  
p r e s s u r e  d e p l e t i o n  r e q u i r e s  f u r t h e r  f i e l d  s tudy .  
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CONCLUSIONS 

The major conclusions reached by t h i s  s tudy are: 

1. Jones '  and Fetkouich 's  methods each provide more 
accura te  geothermal well performance p r e d i c t i o n s  
than does t h e  constant  PI method. 

2. Theproductivityindexofgeothermalwellsdecreases 
as flow rate increases .  Also, a reduct ion i n  
r e s e r v o i r  pressure  w i l l  cause t h e  P I  t o  decrease.  

3. Good flow test d a t a  a r e  e s s e n t i a l  f o r  accura te  
flow r a t e  pred ic t ions .  
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