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RECENT RESULTS OF THE WELLDRILLING PROGRAM AT CERRO PRIETO 

Bernard0 Domfnguez A. ("), Marcel0 J. Lippmann") and F ranc i sco  Bermejo M. (1) 

'Coordinadora E i e c u t i v a  d e  Cerro P r i e t o  'Lawrence Berkeley Labora tory  - 
ComisiBn F e d e r a l  d e  E l e c t r i c i d a d  
Mex ica l i ,  B a j  a C a l i f o r n i a ,  MSxico 

Abs t r ac t  

The  r e s u l t s  o f  t h e  1980 and 1981  w e l l  
d r i l l i n g  a c t i v i t i e s  a t  t h e  Cerro  P r i e t o  geo- 
t h e r m a l  f i e l d  a r e  summar ized .  D e t a i l s  a r e  
g iven  on t h e  new s e r i e s  of deeper w e l l s  com- 
p l e t e d  i n  t h e  wes te rn  ("older") p a r t  of t h e  
f i e l d  (Cerro  P r i e t o  I ) ,  and on t h e  development 
and s t ep -ou t  w e l l s  d r i l l e d  i n  t h e  e a s t e r n  p a r t  
of t h e  f i e l d  (Cerro  P r i e t o  I1 and 111). Pro- 
duc t  ion c h a r a c t e r i s t i c s  of on- l ine  and s tand-  
by w e l l s  a r e  d i scussed .  Recent changes i n  w e l l  
c o m p l e t i o n  p r o c e d u r e s  a r e  a l s o  d e s c r i b e d .  

I n t r o d u c t i o n  

D u r i n g  t h e  l a s t  two y e a r s  s i g n i f i c a n t  
advances have  been made i n  t h e  development of 
t h e  Cer ro  P r i e t o  f i e l d .  The purpose  of t h i s  
paper is t o  upda te  t h e  informat ion  p resen ted  
du r ing  t h e  F i f t h  Geothermal Rese rvo i r  Engineer- 
ing  Workshop (Alonso e t  a l . ,  1979).  

The i n s t a l l e d  e l e c t r i c a l  power c a p a c i t y  a t  
t h e  f i e l d  con t inues  t o  be 150 MW ( f o u r  37.5-MW 

Ear th  Sc iences  Div. Univ.of CA. 
Berke ley ,  C a l i f o r n i a  94720 

h igh-pressure  t u r b o g e n e r a t o r s ) .  A 30-MW lower- 
p re s su re  u n i t  h a s  been undergoing t e s t i n g  s i n c e  
mid-1981. Before  going  i n t o  f u l l  o p e r a t i o n ,  
some ins  t a l l a t  ions of t h e  f l a s h i n g  p l a n t  f o r  
t h i s  u n i t  w i l l  have  t o  be  modified t o  improve 
i t s  performance. A t  t h i s  p l a n t ,  water  a t  about 
169OC sepa ra t ed  from t h e  h igh-pressure  steam 
is f l a s h e d  a t  4.36 and 2.11 kg/cm2 abs .  The 
c o n s t r u c t  ion of two 220-MW power p l a n t s ,  each 
wi th  two 110-MW tu rbogene ra to r s ,  has  begun. 
These p l a n t s  a r e  scheduled t o  go i n t o  o p e r a t i o n  
du r ing  1983 and 1984, r e s p e c t i v e l y .  

D r i l l i n g  program 

In November 1981 t h e r e  were f i v e  d r i l l i n g  
r i g s  and two work-over r i g s  a c t i v e  i n  t h e  a r e a ;  
a b o u t  96 d e e p  w e l l s  h a v e  b e e n  c o m p l e t e d .  
Between December 1979  and November 1981  27 
w e l l s  were d r i l l e d .  These w e l l s  a r e  shown i n  
F i g u r e  1 ,  w i t h  t h e  e x c e p t i o n  o f  w e l l  G - 1 ,  
l oca t ed  about 6 km ENE of w e l l  NL-1. The t o t a l  
dep ths  and maximum tempera tures  measured i n  
these  w e l l s  a r e  g iven  i n  Table  1. 

TABLE 1 

CERRO P R I E T O  

TOTAL DEPTHS AND M A X I M U M  MEASURED TEMPERATURES 
WELLS DRILLED BETWEEN DECEMBER 1979 AND NOVEMBER 1981 

Well To ta l  Depth Max. Temp. Well T o t a l  Depth Max. Temp. 
(m 1 (OC 1 (m) (OC) 

E-1 1996 338 
E- 2 1945 328 
E- 3 1814 333 
E-4 1767 333 
E-5 1966 322 
E- 7 under c o n s t r u c t  ion 

H- 2 3535 288 
M-47 1730 >219 
M-73 1885 3 24 
M-79 1813 245 
M-109 2396 355 

G- 1 3000 <loo* 

NOTE : * w e l l  f i l l e d  wi th  d r i l l i n g  mud 

M-115 
M - 1 1 7  
M-118 
M-122 
M-125 
M-132 
M-133 
M-137 
M-139 
M-147 
M-157 
M-172 
M-189 
T-328 
T-364 

under c o n s t r u c t  ion 
2495 360 
2664 299 
under c o n s t r u c t  ion 
2315 3 54 
3268 284 
2356 310 
2506 >233 
under c o n s t r u c t  ion 
1908 353 
2545 331 
3287 282 
3495 267 
2695 349 
2926 320 

1 



NOVEMBER 1981 

0 1 
k H H  I 

Scale  

\ \VOLCANO\, 

'\ \ 
' \  

' I  
'4 

\ \ 

2 km 3 $ f 
XBL81 IO- 12136A 

Figure  1. Location of v e l l s  a t  Cerro P r i e t o .  Wells i nd ica t ed  wi th  concen t r i c  
c i r c l e s  were d r i l l e d  between December 1979 and November 1931. 
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In the  e a s t e r n  p a r t  o f  the  f i e l d  t h e  pur- 
pose of  t h e  d r i l l i n g  a c t i v i t y  has  been t o  in- 
c r e a s e  t h e  number of  product ion  wells f o r  t h e  
power p l a n t s  under c o n s t r u c t  ion ,  and t o  e x p l o r e  
f o r  t h e  boundar ies  o f  t h e  geothermal system. 
The tempera ture  p r o f i l e s  ob ta ined  i n  t h e  most 
r e c e n t l y  d r i l l e d  w e l l s  confirmed t h e  tempera- 
t u r e  d i s t r i b u t i o n s  developed e a r l  i e r  t h i s  y e a r  
by C a s t i l l o  e t  a l .  (1981) (See F igures  2 and 
3 ) .  The w e l l s  d r i l l e d .  dur ing  1980 and 1981 
h a v e  e s s e n t i a l l y  d e l i n e a t e d  t h e  n o r t h e r n ,  
e a s t e r n  and s o u t h e a s  t e r n  b o u n d a r i e s  o f  t h e  
thermal anomaly. Outs ide  of  t h i s  r e g i o n ,  t h e  
1977 P r i a n  w e l l  (3496 m depth)  and t h e  r e c e n t  
G - 1  w e l l  (3000 m depth)  have shown v e r y  low 
tempera tures .  

I n  t h e  wes tern  p a r t  o f  the f i e l d ,  new pro- 
d u c t i o n  and stand-by w e l l s  were d r i l l e d  f o r  t h e  
e x i s t i n g  power p l a n t .  In t h a t  r e g i o n  t h e  w e l l s  
o f  the  deeper  "E-series" (average  t o t a l  depth :  
1900 m) have confirmed t h e  presence of a h o t t e r  
a q u i f e r  ( a b o u t  335OC) b e l o w  t h e  r e s e r v o i r  
which has  been under e x p l o i t a t i o n  s i n c e  1973, 
and whose average  tempera ture  and depth  a r e  
about  28OoC and 1250 m ,  r e s p e c t i v e l y .  

Well p r e s s u r e s  and product ion  r a t e s  

Shut- in  wel lhead p r e s s u r e s  i n  the  north-  
wes te rn  p a r t  o f  t h e  f i e l d  (CP I N o r t e ) ,  ex- 
c l u d i n g  t h e  E - w e l l s ,  have reached up t o  about  
800 p s i ;  i n  t h e  southwes tern  p a r t  (CP I S u r )  
about  900 p s i ;  i n  t h e  s o u t h e a s t e r n  p a r t  (CP 11) 
about  1300 p s i ;  and i n  t h e  n o r t h e a s t e r n  reg ion  
(CP 111) about 1200 p s i .  . 

I n  C P  I N o r t e  ( e x c l u d i n g  t h e  d e e p e r  
E - w e l l s )  t h e  maximum s t e a m  p r o d u c t i o n  e v e r  
measured i n  a w e l l  was 125 t / h .  In CP I S u r ,  
some w e l l s  reached 140 t / h  o f  steam. In CP 11, 
where t h e  r e s e r v o i r  is  a t  2700-3000 m d e p t h ,  
s team product ions  o f  up t o  300 t / h  have been 
m e a s u r e d .  In C P  111, t h e  r e s e r v o i r  is  a t  
2000-2500 m d e p t h ,  and some wells have produced 
above 100 t / h  o f  steam. 
1981) .  

(Dom'inguez and S&nchez, 

The p r o d u c t i o n  c h a r a c t e r i s t i c s  o f  t h e  
wells supply ing  steam t o  t h e  power p l a n t  as  of  
A u g u s t  1 9 8 1  a r e  g i v e n  i n  T a b l e  2 .  A t  t h a t  
t ime,  t h e  average  e l e c t r i c a l  power g e n e r a t i o n  

TABLE 2 

CERRO PRIETO WELLS ON LINE 
PRODUCTION CHARACTERISTICS 

(AUGUST 1981) 

Well O r i f i c e  P r e s s u r e  ( i n  p s i g )  Product ion  ( m e t r i c  t o n s / h )  Enthalpy 
diam. ( i n )  Wellhead S e p c r a t o r  Steam B r i n e  ( c a l / g )  

M - 5  7 718 110 98 25.7 69.4 3 04 
M - 11 4 119 104 13.5 47.9 281 
M - 14 3 718 168 107 20.5 70.5 284 
M - 19A 7 718 110 100 56.3 135.7 315 

M - 29 7 718 120 113 15.8 60.5 277 
M - 30 7 718 110 100 41.4 106 .1  309 

M - 35 7 718 1 2 2  105 53.8 130.1 316 
M - 42 8 190 104 43.7 146.5 285 
M - 43 8 108 107 18.7 54 .O 300 
M - 48 8 130 106 46 .1  72.3 3 64 
M - 50 8 125 108 75.4 167.8 326 
M - 51 8 122 110 78.2  133.1 355 
M - 53 8 124 103 17.3 25.2 370 
M - 84 8 100 95 41.4 22.3 489 
M - 90 8 108 106 41.4 129.0 292 
M - 91 8 1 r2 109.5 67.4 133.1 339 
M - 101 8 104 102 17.6 27.9 361 
M - 102 5 100 96 22.0 8.2 5 28 
M - 103 4 185 104 48.5 48.3 418 
M - 104 6 132 103 63.4 25.6 522 
M - 105 8 130 115 56.1 81.6 3 75 
M - 114 8 105 104 41.6 136.8 2 87 
M - 130 8 115 107 53.3 131.8 315 
E - 1  4 112  410 130 103.6 172.4 363 
E - 2  3 118 872 131 64.4 108.7 361 
E - 3  3 1 1 2  580 98 4 1 . 1  121.8 295 

M - 25 4 24 0 1 1 2  38.5 73.1 34 4 

M - 31 5 106 97 16.7 38.8 318 

TOTALS : 1223.4 2478.5 

3 



Figure 2. 

Cerro Prieto; isotherms at 
2000 m depth. (modified 
from Castillo et al., 1381) 
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was 112 .5  MW ( o n l y  t h r e e  o f  t h e  f o u r  turbogen- 
e r a t o r s  were on l i n e  because  of r e p a i r s  t o  one 
o f  t h e  c o o l i n g  t o w e r s ) .  T a b l e  3 shows t h e  
p r o d u c t i o n  c h a r a c t e r i s t i c s  of  t h e  s t a n d - b y  
w e l l s .  

Well comple t ion  

A number of m o d i f i c a t i o n s  have been made 
i n  t h e  way t h e  w e l l s  a r e  completed a c  Cer ro  
P r i e t o ,  p a r t l y  because deeper  product  ion and 
e x p l o r a t i o n  w e l l s  are be ing  d r i l l e d ,  and p a r t l y  
t o  reduce  mechanical and c o r r o s i o n  problems i n  
t h e  c a s i n g s  (Table  4 ) .  

3 

The c a s  ing comple t ion  desc r ibed  by Alonso 
e t  a l .  (1979 ,  Tab le  2 )  u s i n g  p roduc t ion  c a s i n g s  
wi th  A P I  N-80 t ub ing  was no t  ve ry  s u c c e s s f u l .  
The l i f e t i m e  of t h e s e  c a s i n g s  is about  6 months 
(Dominguez e t  a l . ,  1981) .  Cor ros ion ,  c o l l a p s e s  
and f r a c t u r e s  have been d e t e c t e d .  

Up- to -da te  r e s u l t s  h a v e  shown t h a t  t h e  
wells completed d u r i n g  1977-78 u s i n g  M I  K-55 
product  ion c a s i n g s  have performed w e l l .  These 
h e a v i e r ,  s o f t  s t e e l  c a s i n g s  have shown g r e a t e r  
r e s i s t a n c e  t o  mechanical s t r e s s e s  and c o r r o s i o n .  
The damages observed  i n  some of t h e  1977-78 
w e l l s  a r e  b e l i e v e d  t o  b e  r e l a t e d  t o  f a u l t y  
cementing of  t h e  c a s i n g s  caused  by c i r c u l a t i o n  
l o s s e s  and/or f a i l u r e  of c a s i n g  a c c e s s o r i e s  
du r ing  t h e  cementing o p e r a t  ions.  

P r e s e n t l y  A P I  C-75  g r a d e  p r o d u c t i o n  
c a s i n g s  a r e  be ing  i n s t a l l e d  a t  C e r r o  P r i e t o  
(Table  4 ) .  Because of t h e  r e c e n t  i n s t a l l a -  
t i o n ,  it h a s  a s  y e t  n o t  been  p o s s i b l e  t o  
eva  h a t e  t h e i r  performance. 

To reduce  c i r c u l a t i o n  l o s s e s  w h i l e  cement- 
ing  long  s t r i n g s  of c a s i n g s  (up  t o  2000 m l o n g ) ,  
low-dens i t y  cement s l u r r i e s  have been used. 
Recen t ly ,  good r e s u l t s  have  been ob ta ined  by 
adding s m a l l  d iameter  ceramic  s p h e r u l e s  t o  t h e  
s l u r r y ,  r educ ing  i t s  s p e c i f i c  g r a v i t y  t o  about 
1 . 3  ( 1 0 . 8  l b l g a l ) .  

In some wel ls ,  mainly because  of c i r c u l a -  
t i o n  l o s s e s ,  none of t h e  cement s l u r r y  r e t u r n s  
t o  t h e  s u r f a c e .  Recent ly ,  t h e  non-cemented 
annu la r  space  behind c a s i n g s  h a s  been f i l l e d  by 
pour ing  f i n e  s i l i c a  sand .  I t  not  on ly  reduces  
t h e  open space  behind t h e  p a r t i a l l y  cemented 
c a s i n g ,  b u t  a l s o  g i v e s  it mechanical suppor t .  
Up t o  now t h e  wells where t h i s  procedure  was 
used have no t  shown problems. 

F i n a l  remarks 

The d r i l l i n g  of  p roduc t ion  and e x p l o r a t i o n  
w e l l s  w i l l  c o n t i n u e  a t  Cer ro  P r i e t o .  The h e -  
d i a t e  goa l  is t o  d r i l l  enough w e l l s  t o  s a t i s f y  
t h e  long-term steam requi rements  o f  t he  power 
p l a n t s .  I t  is e s t i m a t e d  t h a t  t h e  e x i s t i n g  
p l a n t  w i l l  need 30 w e l l s  ( 6  MW/well), wh i l e  
each of  t h e  two power p l a n t s  under c o n s t r u c t i o n  
w i l l  r e q u i r e  t h e  s t e a m  f rom a b o u t  25 w e l l s  
( 8 . 8  MW/well) t o  r e a c h  a t o t a l  g e n e r a t i n g  
c a p a c i t y  o f  620 MWe by 1984. 

I n  o rde r  t o  e s t a b l i s h  t h e  a r e a l  e x t e n t  and 
t h e  energy p o t e n t i a l  of  t he  sou the rn  p a r t s  of  
t h e  f i e l d  (CP I S u r  and CP 11) a number o f  
w e l l s  a r e  planned t o  be  d r i l l e d  soon i n  t h e  
a r e a  be tween  w e l l s  M-101, 9 3 ,  1 8 9  and 9 2 .  

TABLE 3 

CERRO PRIETO STAND-BY WELLS 
PRODUCTION CHARACTER1 STICS 

Well Date O r  i f  i c e  Wellhead Product  ion ( m e t r i c  t o n s / h )  Enthalpy 
diam. ( i n )  P res su re  Steam Water ( c a l / g )  

( p s i g )  

M - 7  7 /25/79 5 100 1 5 . 0  101.5 235 
100.1  165 .0  357 

8 0 . 7  186.0 320 
M - 73 7/29/81 8 182 
M - 93 6 /22 /79  8 170 
M - 94 9/03/80 4 100 6 . 5  76 .9  210 
M - 110 11/18/79 10 220 185.3 335.7 34 6 
M - 120 4/21/80 10 129 121.7 148 .7  392 
M - 129 2/12/80 5 700 216.0 301 .2  37 6 
M - 147 2/05/80 6 670 297 .1  249.6 4 38 
M - 149 3 /02 /80  8 104 6 6 . 4  124 
M - 169 3/28/80 9 183 123.3 2 04 
M - 172 9/09/81 6 101 2 3 . 3  117 
T - 366 7/29/79 8 291 223 .5  269 
T - 386 10/07/81 10 110 8 6 . 0  159 
T - 388 5/22/80 7 3 24 169 .8  278 
Q - 757 12/05/79 3 101 5 . 8  51 

8 342 
9 35 6 
3 25 3 
5 383 
5 343 
5 357 
4 222 

5 



TABLE 4 

CERRO PRIETO 
PRESENT CASING COMPLETIONS 

S i z e  API Weigh t J o i n t  Appr ox h a  t e  
Cas in& O . D .  ( i n )  Grade ( l b / f t )  Threads Depth (m) 
_I 

PRODUCTION WELLS 

Conductor 30 B 
Surf ace 20 5-55 
I n t e r m e d i a t e  13 318 K-55 
Product ion 9 518 c- 75 
L ine r  7 c- 75 

98.9 Welded 0 - 50 
106.5 RT.8T.SC. 0 - 300 

68.0 BT . 0 - 1200 
47.0 SEU .HT. 0 - 2500 
29.0 SEU .HT. 2450 - 3000 

EXPLORATION WELLS 

C onduc t o r  20 H-40 94.0 RT .8 T . S C . 0 - 100 
Surf ace 13 318 K-55 54.5 BT . 0 - 500 

0 - 1600 I n t e r m e d i a t e  9 518 c-75 47.0 SEU .HT. 
Product  ion 7 c-75 29.0 SEU.HT. 1550 - 3300 
L ine r  4 112 c-75 13.5 CS.HT. 3250 - 3800 

Notes 
BT . = B u t t r e s s  t h read  
RT.8T.SC. = Round th read ,  8 t h r e a d s l i n ,  s h o r t  j o i n t  
SEU.HT. = Super E . U .  H y d r i l l  t h r e a d  
CS .HT. = C.S. H y d r i l l  t h r e a d  

- 
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