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USE.OF OBSERVATION WEU DATA I N  DETERMINING 
OPTIMUM WELL SPACING AND RECHARGE 

I N  A GEOTHERMAL FIELD 
(CERRO PRIETO) 

M. Sal tuklaroglu ,  Elc-Electroconsult  
Milan, I t a l y  

ABSTRACT 

Change of s tanding  water level o r  pressure  i n  an  observat ion w e l l  
wi th in  t h e  drainage area of a n  explo i ted  f i e l d  can be analyzed t o  g i v e  
an important w e l l  parameter which relates recharge,  s t o r a t i v i t y ,  and 
t o t a l  f i e l d  drainage area. 
mine t h e  optimum w e l l  spacing wi th in  t h e  f i e l d ,  assuming that t h e  pro- 
duc t ion  rate and enthalpy do not  change appreciably during t h e  foreseen  
economic l i f e  of t h e  f i e l d ,  and t h a t  t h e  f i e l d  can be considered ap- 
proximately i s o t r o p i c  and "pseudo-porous." An example of t h i s  appl i -  
c a t i o n  i s  given using t h e  d a t a  of t h e  Cerro P r i e t o  Geothermal F ie ld ,  
Baja Ca l i fo rn ia ,  Mexico, between May 1974 and March 1977. 
one expects  changes i n  both enthalpy and production rate i n  years  t o  
come (usua l ly  a dec l ine  i n  production ra te  and an inc rease  i n  enthalpy) ,  
t h e  f i g u r e s  obtained may serve as f i r s t  approximations of gu ide l ines  
f o r  t h e  f i e l d  development. 

This  parameter then can be used t o  de te r -  

Although 

INTRODUCTION ANI) THEORY 

The pressure  drop a t  a w e l l  a t  t h e  center  of a bounded dra inage  
area during semisteady (pseudosteady) condi t ions  is given by: 

(1) 
pD = 2ntDA + 7 1 gn (-j-)++gn ( 2.2458 cA ) + s 

1 Where Iln C is a shape f a c t o r  (its va lues  can be found i n  Table C . l  
i n  r e f .  1). AIt w i l l  be  noted t h a t  f o r  many dra inage  shapes i t  i s  
negat ive  and has  its maximum value  f o r  a circle, ind ica t ing  t h a t  f o r  
t h e  same production rate, pressure  drop a t  t h e  c e n t e r  of a c i r c u l a r  
drainage area is  less than the  o the r  shapes,  The c i r c u l a r  shape is  
c l o s e l y  followed by a hexagon and then  a square.  However, i n  a f i e l d ,  
i f  t h e  production wells are d r i l l e d  i n  a r egu la r  square g r id ,  f o r  t h e  
same dra inage  area, one g e t s  a s l i g h t l y  smaller spacing than t h e  hexa- 
gon conf igura t ion  along t h e  main g r i d  l i n e s  wi th  a s l i g h t l y  b e t t e r  
evening-out of pressure  d i s t r i b u t i o n .  Therefore,  i n  a geothermal f i e l d  
which can be considered approximately i s o t r o p i c  and pseudo-porous and 
a t  semisteady state during production, a r egu la r  square-grid produc- 
t i o n  w e l l  p a t t e r n  can  be considered convenient.  
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Equation 1 takes  t h e  following form f o r  a w e l l  a t  t h e  cen te r  of a 
square drainage area i f  one uses  t h e  metric u n i t s :  

A 1.1382 + - 1.151 
Wvrt = - + m r  "r W A$hct 

2 where A = d 

I f  one now assumes t h a t  as t h e  pressure  dec l ines  wi th in  t h e  dra in-  
age volume, recharge comes i n t o  i t ,  a t  semisteady-state  condi t ions ,  t h e  
rate of decrease of pressure  would be: 

e 
aWvr 
A m ,  

where a would i n d i c a t e  t h e  f r a c t i o n  of t h e  production coming from t h e  
s to rage  wi th in  t h e  drainage volume. The d i f f e rence  between t h e  bounded- 
r e s e r v o i r  rate of decrease of pressure  and recharged r e s e r v o i r  rate of 
decrease of pressure  would be caused by t h e  recharge which would be  sup- 
plying a f r a c t i o n  of (I-) of t h e  production. 
recharge i n t o  t h e  drainage area is taken i n t o  account,  Eq. 2 becomes: 

Therefore,  when t h e  

1.151 
A 

r w  
=- aWvrt + m r  [ log 7 - 1.1382 + - 

Therefore,  i n  a' producing geothermal f i e l d  of t h e  above desc r ip t ion ,  i f  
t h e  temperature of t h e  recharge water does not  diminish wi th  time, t h e  
maximum al lowable pressure  drop a t  t h e  w e l l  bottom, wi th  a reasonably 
cons tan t  production rate, would determine t h e  production l i f e  of each 
w e l l .  However, during t h e  l i f e  t i m e  of a w e l l ,  product ion rate usua l ly  
diminishes with t i m e ,  bu t ,  on t h e  o the r  hand, enthalpy usua l ly  goes up, 
hence moreor lessmain ta in ing  t h e  power output  cons tan t .  
t h e  pressure  drop per  k i lowa t t  hour generated would go down wi th  t i m e ,  
and t h e  w e l l ' s  economic l i f e  would inc rease ,  becoming g r e a t e r  than t h e  
one ca l cu la t ed ,  assuming cons tan t  enthalpy and production rate. 
fo re ,  i f  one assumes a cons tan t  production rate t o  c a l c u l a t e  a w e l l ' s  
economic production l i f e ,  one errs on t h e  s a f e  s i d e .  

I f  th is  happens, 

There- 

Then, i f  t h e  average production ra te  of each w e l l  and t h e  maximum 
al lowable pressure  drop are spec i f i ed ,  by us ing  Eq. 3,  one can calcu- 
la te  t h e  economic production l i f e  of t h e  w e l l s  f o r  a f ixed  dra inage  
area o r  t h e  optimum drainage area of each w e l l  ( t he re fo re ,  t h e w e l l  
spacing) f o r  a predetermined economic l i f e .  Equation 2 can be  wr i t t en :  

1.1382 + - (4 1 - -  
1.151 

'prw avrt + 5 

d 4 h t  TJ - 2  W 

i 
Y 

t 



LJ 
ct 

I 

d 

t 

6.I 

-63- 

. Apw vrt  
- r  
W W 

But, 

( 5  1 

= E  avr 
Vhct 

a parameter of t h e  f i e l d  under semisteady-state condi t ions ,  and can be  
determined 
t i o n  w e l l s .  

Then, 

y observing the-pressure o r  water level d e c l i n e  i n  observa- P 

- 7 c - + -  1.1382 + - (6) W 1.151 d2 

mowing %, t h i s  equat ion can be solved f o r  d ,  t h e  optimum w e l l  spacing. 

Fur ther ,  i f  t h e  s k i n  e f f e c t s  of t h e  wells are neg l ig ib l e ,  which is 
usua l ly  t h e  case wi th  normal producing w e l l s ,  Eq. 6 becomes: 

-0-a- mr d2 - (1,1382 + l og  r W d2 
(7) 

s 
m r  2 Normally, w l o g  d 

not  vary  much between d = 100 and d = 500 m (which may be considered t h e  
genera l  range of t h e  w e l l  spacing),  as can be seen below: 

is  smaller than t h e  l i n e a r  pressure  drop, and i t  does 

d A 

100 

log  A 

5.20 

500 2 5 ~ 1 0 ~  5.40 

By consider ing an  average va lue  (4.701, one induces an  e r r o r  of 

= S),  t h e  e r r o r  becomes 58%. I n  doing t h i s ,  t h e  expression 
- +15X.2 I f ,  however, one considers  a range of 200 - 500 m (i.e., 
l og  d 
wi th in  t h e  bracket  has  a cons tan t  value,  and Eq. 7 can be solved f o r  

Then, knowing d2,  t h e  power capac i ty  2 each w e l l  under t h e  production condi t ions  assumed, approximate t o t a l  
power generat ion capac i ty  of t h e  f i e l d  can be ca l cu la t ed  without know- 

, i.e., n, t h e  number of w e l l s .  

ing  + 
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This  i s , ' o f  course,  a r e s u l t  of t h e  f a c t  t h a t  as long as m r  is  small, s 

i.e., a h igh  permeabi l i ty  f i e l d ,  genera l  f i e l d  pressure  d e c l i n e  is con- 

w e l l  production rate and t h e  number of t h e  producing w e l l s .  
f i x i n g  E, one a l s o  t akes  i n t o  account t h e  e f f e c t  of % o r  i t s  r e l a t i o n -  
s h i p  wi th  o the r  f a c t o r s ,  such as a and 4hct. 

t r o l l e d  by semisteady pressure  drop, which is d i r e c t l y  propor t iona l  t o  9, 
Also, by 

APPLICATION 

The conclusions reached i n  t h e  previous s e c t i o n  are i l l u s t r a t e d  by 
using t h e  da t a  from Cerro P r i e t o  Geothermal F ie ld ,  Baja Ca l i fo rn ia ,  
Mexico. In  r e f .  2,  t h e  va lue  of E w a s  obtained by us ing  t h e  production 
d a t a  of t h e  f i e l d  between May 1974 and March 1977, and t h e  s tanding 
water level dec l ine  i n  two observa t ion  wells, M-6 and M-10. 

Figure 1 shows the  conf igura t ion  of t h e  wells as of March 1978 i n  
t h e  Cerro P r i e t o  Geothermal F ie ld .  

Cerro P r i e t o  Geothermal F ie ld  is  loca ted  wi th in  t h e  Mexicali Valley,  
i n  an  area of ho t  spr ings ,  approximately 35 k i lometers  south of Mexicali, 
Baja Ca l i fo rn ia .  The r e s e r v o i r  c o n s i s t s  of a series of sandstones,  silt- 
s tones ,  and sha le s  composing p a r t  of t h e  Colorado River d e l t a .  
western p a r t  of t h e  f i e l d  ( t o  t h e  w e s t  of t h e  r a i l r o e d ) ,  w e l l s  were d r i l l e d  
t o  about 1,400 m average, encountering t h e  r e s e r v o i r  a t  an average depth 
of about 1,000 t o  1,200 m, wi th  maximum temperatures i n  t h e  w e l l s  varying 
between 230 t o  310OC. The w e l l s  d r i l l e d  later, t o  t h e  east of t h e  rail- 
road (along which runs t h e  Cerro P r i e t o  f a u l t )  found t h e  r e s e r v o i r  a t  
deeper levels (1,400 t o  2,000 m) and wi th  higher  temperatures (up t o  
35OOC). 
solved s o l i d s  content  reaching about 2%. 

I n  t h e  

The water i s  h ighly  charged with chemicals, with t h e  t o t a l  d i s -  

6 2 m r  
W From r e f .  2,  E = 0.0538~10 kg/cm /t. The va lue  of - can  be ob- 

ta ined  from published da ta ,  as follows: 

m r  - Reference w Remarks 

h 

*- 

0.034 (3  4) Two-rate test, M-21-A 

0.024 (4 1 In t e r f e rence  test  between M-50, 
51, 90, and 91, and M-101 

c 

The al lowable pressure  drop can be assumed aboui 66 kg/cm2, leav ing  
t h e  al lowable w e l l  bottom pressure  a t  about 20 kg/cm , which2should be 
s u f f i c i e n t  t o  produce with a wellhead pressure  about 7 kg/cm 
overcome t h e  f r i c t i o n a l  and o the r  pressure  lo s ses .  

and 

The average w e l l  i n  t h e  western p a r t  of Cerro P r i e t o  f i e l d  pro- 
duces about 140 tons/hour and has a genera t ion  capac i ty  of 5 MW ( e ) .  

i 

b 
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Then : 

2 = 0.471 kg/cm / t  W 

Taking t = 20 years  = 20 x 8000 hours: 

r = 0.08 m 
W 

m r  2 - =  0.024 kg/cm /log-./t W 

(assuming t h i s  va lue  is more r ep resen ta t ive  of t h e  f i e l d ) ,  and using Eq. 
7: 

0.471 0 - ’ (0.86l~lO’~) + 0.024 ( log d2 + 1.056) .2 
d 

I f  one assumes d i f f e r e n t  va lues  f o r  A and d,  t h e  right-hand s i d e  
of Eq. 8 can be ca l cu la t ed  and p lo t t ed  as I n  Fig.  2.  
t h e  optimum w e l l  d i s t a n c e  and t h e  number of wells can be determined, as 
shown i n  Fig. 2. 

Then, f o r  each %, 

It w i l l  be  noted t h a t ,  no matter what % is ,  t h e  optimum w e l l  num- 
ber  is between 37 and 39. 
f i e l d  capac i ty  can be ca l cu la t ed  as about 190 MW. 

Taking t h e  average w e l l  number, n = 38, t h e  

Also, it can be seen t h a t ,  vhen log  d2 = 5 is assumed i n  so lv ing  
Eq. 8, AT/d 
are kept  200 t o  500 m a p a r t ,  t h e  genera l  r e s u l t s  would no t  change. 

= n = 38 is obtained, i nd ica t ing  t h a t  as long as t h e  wells 

DISCUSSION 

As pointed o u t  before ,  t h e  above r e s u l t s  do not  take  i n t o  account 
change of w e l l  production and enthalpy wi th  time. 
of i nc rease  i n  enthalpy wi th  production is taken i n t o  account,  more w e l l s  
wi th  smaller d i s t ances  can be  t o l e r a t e d .  

I f  t h e  usua l  t rend  

Moreover, i n  t h e  e a s t e r n  s i d e  of t h e  f i e l d ,  t h e  production is from 
deeper levels. 
about 50%. 
expect a d i s t ance  of about 400 m, g iv ing  i n  t o t a l  about 62 wells. 
t h e  same t o t a l  area t o  t h e  west of t h e  r a i l r o a d ,  t h e  spacing would be 
about 520 m ,  g iv ing  37 wells. 

This would inc rease  t h e  al lowable pressure  drop by 
I f  t h e  same E value  is assumed, f o r  AT = 10 l a 2 ,  one would 

For 

I f ,  however, t h e  e a s t e r n  and western s i d e s  of t h e  f i e l d  are hy- 
d r a u l i c a l l y  and f r e e l y  connected (i.e., t h e  Cerro P r i e t o  Zault  does 
not  form a hydraul ic  b a r r i e r ) ,  then  a t o t a l  area of 20 km 
t h e  w e s t  and 10 km2 t o  t h e  east of t h e  f a u l t )  would mean about 1 9  
producing w e l l s  on t h e  western and 31 producing wells on t h e  e a s t e r n  
s ide ,  wi th  d i s t ances  of about 725 m and 565 m r e spec t ive ly .  

(10 km2 t o  

This would 
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mean a minimum 50 w e l l s  p rovid ing‘a  capac i ty  of a t  least 350 MW (e). 

w e l l .  ) i. 

Y 

(The w e l l s  a t  t h e  e a s t e r n  p a r t  would have a t  least 8.25 MW (e) pe r  

CONCLUSIONS 

The parameter obtained by r e l a t i n g  s tanding  water level o r  pres- 
4 s u r e  in an observat ion w e l l  t o  cumulative d ischarge  can be  used in 

ca lcu la t ing  t h e  optimum w e l l  spacing and f i e l d  capac i ty ,  assuming 
cons tan t  enthalpy and production rate during t h e  f i e l d ’ s  economic l i f e .  
In f i e l d s  where t h e  enthalpy and production rate change quick ly  (es- 
p e c i a l l y  i f  t h e  f i e l d s  would tend t o  evolve r a p i d l y  t o  d r i e r  produc- 
t ion) ,  t h e  method would no t  give. realist ic r e s u l t s .  

NOMENCLATURE 

pD = dimensionless pressure  (as def ined i n  r e f .  1 )  

CA = shape f a c t o r  ( r e f .  1, Table C.1) 

A = drainage area, m 

% = t o t a l  drainage area, m 

s = s k i n  e f f e c t  

AP I: e=PO ‘PWr = pressure  drop a t  w e l l ,  kg/cm 

dimensionless t i m e  (as def ined in r e f .  1) t ~ ~ =  

2 

2 

= w e l l  rad ius ,  m 
rW 

2 

f 

PO 
Pwr= 
w =  
vr = 

m r  = 

u =  
k =  

h =  

9 =  
c =  t 
a =  
t =  

E =  

i n i t i a l  r e s e r v o i r  pressure  

pressure  a t  re ference  l e v e l  a t  production zone, kg/cm 

w e l l  product ion  rate, tons/hour 

s p e c i f i c  volume a t  r e s e r v o i r  condi t ions ,  m / t  

2 

3 

0.526 Wvrp 
kh 

v i s c o s i t y ,  cen t ipo i se  

absolu te  permeabi l i ty ,  d a r c i e s  

e f f e c t i v e  production thickness ,  m 

e f f e c t i v e  poros i ty  

t o t a l  isothermal  compressibil i ty,(kg/cm )-1 

f r a c t i o n  of production coming from dra inage  volume 

production time, hours 

2 

avr 

%dhCt 

t 
c- 

d 

i 
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Fig. I Cerro Prieto Qeolhtrmol  f ie ld well locations 
(or  o f  Morch  1978). 
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FOR $ 8 o 4 7 1  (WESTERN PART) 

V 30, x IO' mL 
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455 38.6-39 

4 x IO' 325 37.9-38 
230 37.8-38 
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8 x IO' " 350 65 
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0 x IO' " 175 65 
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