
UPDATE OF RESERVOIR ENGINEERING ACTIVITIES AT CERRO PRIETO 

'* 
F 

U 

2 H. Alonso E . l ,  B .  Domhguez A.', M. J .  Lippmann , 
2 R. Molinar C.', R .  E. Schroeder2, and P. A. Witherspoon 

'Comisi6n Federal, de Elec t r ic idad  2Lawrence Berkeley Laboratory 
Coordinadora Ejecutiva de Cerro P r i e to  ' Earth Sciences Division 
Mexicali , Baja Cal i forn ia ,  Mgxico Berkeley, Cal i forn ia  9h720 

1,NTRODUCTION 

During 1979 a number of important developments occurred at t h e  Cerro 
P r i e t o  Geothermal F ie ld ,  Mexico. I n  Apr i l ,  t h e  t o t a l  generating capacity 
a t  t h e  f i e l d  reached l5OMWe as t h e  t h i r d  and fou r th  37.5 MW u n i t s  went on 
l i n e .  Last August, a f t e r  carefu l  analyses and planning, high temperature 
b r i n e  r e i n j e c t i o n  w a s  i n i t i a t e d  i n  one of t h e  wells.  
treatment p lan t  f o r  fu tu re  r e in j ec t ion  t e s t s  at low tempers twe began 
operation. 
f i e l d  confirmed t h e  existence of very hot (>320 C )  r e se rvo i r s  below 
2000 m depth. 

Also a p i l o t  b r ine  

The new wells i n  the  eas te rn  and sogtheastern p a r t s  of t h e  

NEW WELLS (Figure 1 and Table 1) 

I n  addi t ion  t o  two work-over r i g s ,  four MSCO d r i l l i n g  r i g s  (one 
GB-500, one 5-750 and two GB-800) were ac t ive  i n  t h e  f i e l d .  Between 
December 1978 and November 1979, f i f t e e n  wells were d r i l l e d  at Cerro 
P r i e t o ;  two of  which were f o r  exploration (NL-1 and 0-473). A t  t h e  
present  time (December 1979) four wells are being d r i l l e d ,  two f o r  pro- 
duction (M-147 and T-328) and two f o r  exploration (E-1 and M-189). 
Next i n  t h e  d r i l l i n g  program a re  M-109, M-117, M-125, and T-364. 

WELL COMPLETION AND DEVELOPMENT 

The evolution of t h e  procedures f o r  completing and developing t h e  
we l l s  at f e r r o  P r i e t o  has been described i n  d e t a i l  r ecen t ly  by 
Domhguez . C a  ng completions present ly  being used a re  i l l u s t r a t e d  
i n  Table 2. 

The intermediate casings have A . P . I .  But t ress  t h reads ,  t h e  production 
casings have S.E.U. Hydr i l l  threads t o  obta in  a b e t t e r  s e a l  under 
high-temperature conditions and t o  avoid erosion problems caused by 
c a v i t a t i o n  o r  abrasion usually encountered i n  But t ress  c o l l a r s .  

e lower p a r t  of  t h e  
through a 1 2  1/4 i n .  ho le ,  
i s  taken so t h a t  t h e  cement does not penetra 
The depth t o  which casing i s  cemented is decided based on: 
ology and mineralogy ( co r re l a t ing  with neighboring w e l l s )  , 2)geo- 
phys ica l  wel l  l ogs  , 3)  d r i l l i n g  mud temperature ( t h g  change of tempera- 
t u r e  during c i r c u l a t i o n  should be between 10  and 15 C )  and 4) major 

production cas  
i s  cemented i n  a sha le  i n t e r v a l .  Care 

he geothermal reservoi r .  
1) l i t h -  
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c i r cu la t ion  losses .  Once t h e  production casing i s  cemented, t h e  
d r i l l i n g  continues (8  1 /2  i n .  ho le ) .  After adequate permeable 
and hot aquifers have been in t e r sec t ed ,  a 7 i n .  N-80, 29 l b / f t .  
l i n e r  with Hydril l  Super EU thread  is i n s t a l l e d  i n  t h e  open hole .  
The upper pa r t  of t h e  l i n e r ,  on t h e  average 300 m y  i s  cemented 
in .  The t o t a l  length of t h e  i n s t a l l e d  l i n e r s  averages about 550 m. 

. -  

t 
- ?  DRILLING PROBLEMS 

__.. 

A s  reported last year ,  t h e  main d r i l l i n g  problems encountered 
a r e  t h e  l o s s  of c i r cu la t ion  during d r i l l i n g  and cementing opera t ions .  
To reduce these  lo s ses  low density muds and cements .are used. 

Presently,  ligno-sulphanate muds with 4 t o  8% d i e s e l  o i l  and 
low spec i f i c  grav i ty ,  varying between 1.11 and 1.20 (about 9.5 
l b / g a l )  a r e  u t i l i z e d .  
inorganic polymer i s  added t o  t h e  mud so  t h a t  i t s  v i scos i ty  remains 
adequate f o r  long enough periods (about 40 hours) t o  allow w e l l  
logging o r  lowering t h e  casings i n t o  t h e  hole .  
tends t o  f loccu la t e  a f t e r  about 10 t o  1 5  hours. 

I n  high temperature wel l s  (>320 C) an 

Otherwise the mud 

The conductor casings are cemented using s u l f a t e - r e s i s t a n t  
API c l a s s  B cements. 
classGcements with 40% s i l i c a  f l o u r  and ac t iva t ed  pozzolan o r  
p e r l i t e  a r e  used. This type of  cement w i l l  give t h e  casing more 
freedom t o  expand and provide enough insu la t ion  t o  avoid thermal 
shocks because of temperature d i f fe rences  between t h e  i n s i d e  and 
outside of t h e  casings. I n  add i t ion ,  t h e  s l u r r y  has low dens i ty  
(about 1 4  l b / g a l )  which might reduce poss ib le  lo s ses  of c i r cu la -  
t i o n .  

For t h e  intermediate and production cas ings ,  API 

I n  ea r ly  1980, t e s t s  w i l l  be ca r r i ed  out at t h e  f i e l d  w i t h  a 
new ceramic based cement; i t s  slurry i s  of r a t h e r  low dens i ty  
(11-12 l b / g a l )  . Before cementing t h e  production casings , t h e  hole 
i s  f i l l e d  with a mud column whose weight i s  similar t o  t h e  maximum 
which t h e  formation w i l l  have t o  withstand during t h e  cementing 
operation. Experience has ind ica ted  t h a t  t h e  column height should 
not exceed 2000 m. If no s i g n i f i c a n t  l o s ses  a r e  observed, t h e  
spec i f i c  grav i ty  of t h e  mud is reduced and t h e  cementing operation ' 
i s  completed i n  two o r  t h r e e  s t ages .  

PROBLEMS WITH EXISTING WELLS 

There a r e  evidences of cement degradation and casing corrosion 
i n  some of t h e  ex i s t ing  w e l l s .  The d i s in t eg ra t ion  of t h e  cement 
has permitted f l u i d  movement behind t h e  casings,  acce le ra t ing  
t h e i r  ex te rna l  corrosion and t h e  sca l ing  of t h e  s l o t t e d  l i n e r s  . 
I n  some w e l l s  (e .g .  M-3, M-7, M-45) p a r t s  of t h e  production cas ing  
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are  missing o r  i t s  thickness has been s i g n i f i c a n t l y  reduced. 
occurrence can r e s u l t  i n  troublesome complications. 

This 

In  wel l  M-3, completed i n  1864, t he  de t e r io ra t ed  casing and 
cement permitted hot w a t e r  (>200 C) t o  invade t h e  sediments and 
crea te  a hot-water zone a t  about 125 m depth, above a cement plug 
a t  622 m. Recently, when t r y i n g  t o  r e p a i r  t h e  casing t h e  d r i l l e r  
almost l o s t  con t ro l  of t h e  wel l  because of t h i s  anomalously hot  
zone. The we l l  w a s  f i n a l l y  cont ro l led  by d r i l l i n g  through t h e  
plug and squeezing cement i n t o  t h e  hot aqui fe r ,  between 630 and 895 m. 
Presently CFE is c lose ly  monitoring the  water l e v e l  i n  M-3 i n  case 
t h e  hot w a t e r  may s t i l l  be flowing upwards around t h e  cement plug 
and behind t h e  casings.  I f  t h i s  happens, fu r the r  cement will be 
squeezed i n t o  t h e  aqui fe r .  
w i l l  not so lve  t h e  problem. 

I n  t h e  long run plugging only t h e  casing 

Even where t h e  r e p a i r s  a r e  f eas ib l e ,  they are very expensive 
and r e  uce appreciably t h e  o r i g i n a l  production capacity of  t h e  
wells.  I 

FLUID PRODUCTION (Table 3) 

With t h e  generating capacity at Cerro P r i e to  doubled, t h e  t o t a l  
f l u i d  ex t r ac t ion  has correspondingly increased. For example, i n  
September 1979, 26 wel l s  were producing a t o t a l  of 1370.7 metric tons  
of steam pe r  hour t o  generate an average of '134.2 MVe. That i s ,  10.2 
tonnes/hr of steam a r e  needed per  megawatt. 
w e l l s  send t h e  steam through seven main steam l i n e s  which are fn t e r -  
connected at  t h e  power p l an t .  

Present ly ,  t hese  26 

TWO-PHASE FLUID TRANSMISSION LINE 

e produced by M-53 has 
been sen t  through a p ipe l ine  t o  wel l  M-39 where 
separated from t h e  br ine .  The 1738.5 mlong ,  1 
schedule 40, carbon s t e e l ,  seamless p ipe l ine  i s  covered by a 2 i n .  
t h i c k  f i b e r g l a s s  i n su la t ion  l a y e r .  
29 Bourdon manometers and 8 thermocouples. 
ca r r i ed  49.2 tonnes/ r of steam and 56.2 tonnes/hr of b r i n e ,  f o r  a 
wellhead pressure  a t  
M-39 of 97 p i g .  

I ts  performance i s  monitored by 
Or ig ina l ly ,  t h e  p ipe l ine  

-53 of 170 ps ig ,  and a separa t ion  pressure  a t  
ovember 1979, these  values dropped t o  32.3 

3 ps ig ,  respec t ive ly .  

f t e r  18 months s operation, no major 
problems have been de d. Signi f icant  and continuous sca l ing  
has occurred a t  M-39 i n  t h e  valves and pipes car ry ing  t h e  separated 
water. 
seven omega expansion loops jumped from t h e i r  support. The pipe- 
l i n e  w a s  not ruptured and w a s  back fn operation a f t e r  a f e w  days. 

I n  September 1978, because of a water hananer, t h r e e  of t h e  
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REINJECTION 

Beginning i n  August 1979, untreated separated b r ines  from wel l  M-29 
were r e in j ec t ed  i n t o  wel l  M-9. Using t h e  M-29 separa t ion  pressure  (130 
ps ig )  about 40 tonnes/hr of approximately 165Oc f l u i d  a r e  i n j e c t e d  v i a  
well M-9. i n t o  an aqu i f e r  loca ted  between 721 and 864 m depth. .The 
in jec t ion  r a t e  had decreased by December 1979 t o  about 25.tonnes/hr.  

The t e s t  i s  being ca re fu l ly  monitored. Temperature, p ressure  
and spinner surveys have been conducted i n  well M-9. 
temperature of neighboring producing w e l l s  a r e  a l s o  being observed t o  
detect  any changes which might r e s u l t  from i n j e c t i n g  b r i n e s  i n t o  t h e .  
shallower aqui fe r .  
i s  more than 1100 m . )  

The pressure  and 

(The depth t o  t h e  geothermal r e se rvo i r  around M-29 

I n  t h e  f u t u r e ,  because of a 30 MW low pressure tu rb ine  which w i l l  
be on l i n e  i n  1981, l a r g e  amounts of 100°C br ines '  supersa tura ted  w i t h  
s i l i c a  w i l l  be ava i l ab le  f o r  r e in j ec t ion .  
i n  the  pipes and r e s e r v o i r ,  t h e  excess s i l i c a  w i l l  have t o  be e l i m i -  
nated .before r e in j ec t ion .  P i l o t  plant-scale t e s t s  at  rates varying 
between 3 and 15 tonnes/hr have begun t o  determine t h e  isothermal 
(%~OOOC) r a t e  of polymerization of s i l i c a  f o r  d i f f e r e n t  PH values.  
Also, sgdimentation t e s t s  with and without f locculan ts  are being con- 
ducted. 

To avoid major problems 

WELL TESTS 

In 1979 CFE conducted two long-term in te r fe rence  tests.  The 

The o ther  t e s t ,  between w e l l s  M-93 
f i r s t  one between M-102 and M-103 ind ica ted  t h a t  t h e  r e s e r v o i r  
permeability w a s  about 90 md.  
and T-366, has j u s t  been completed and no r e s u l t s  a r e  y e t  ava i l ab le .  

A two-rate flow t e s t  w a s  c a r r i e d  out i n  well  M-93 using Kuster 
t o o l s  with high temperature clocks developed by Sandia. The t e s t s  
demonstrated t h a t  t h e  modified clocks could operate a t  temperatures 
of up t o  34OoC f o r  12  hour periods.  
seemed t o  be determined by t h e  f a i l u r e  of t h e  Viton O-rings, and not 
of t h e  clocks. 

The maximum downhole time 

The LBL pressure-temperature-flow t o o l  w a s  tested with t h e  
improved sur face  equipment during an in j ec t ion  test  of w e l l  M-9. 
The pressure and temperature t ransducers ,  and sur face  equipment, 
functioned wel l  up t o  t h e  h o t t e s t  temperature encountered i n  t h e  well  
(%22OoC). 
flow below t h e  per fora ted  i n t e r v a l  and d id  not recover when it w a s  
pulled up t h e  well .  
tu rb ine  bearings were f a i l i n g  during each survey of t h e  hot  w e l l  
section. Bearings were brought from t h e  Kuster p l an t  near 
Los Angeles t o  allow new bearing i n s t a l l a t i o n  f o r  each w e l l  p r o f i l e .  
This helped, bu t  d i d  not solve t h e  problem. 

However, t h e  LBL-modified Kuster flow-tool i nd ica t ed  no- 

It w a s  observed during t h e  tests t h a t  t h e  
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The exploratory w e l l  NL-1 (Fig.  1) has cooled considerably 
s ince  it w a s  completed 
wel l  logs ,  and LBL completed temperature and flowmeter surveys of  
t h e  w e l l  t o  try t o  f i n d  any poss ib le  casing f a i l u r e .  
of  t h e  t o o l s  was not s u f f i c i e n t  t o  de tec t  cracks i n  t h e  casings o r  
flow within t h e  w e l l .  

(Table 1). CFE ran  a number of  geophysical 

The r e so lu t ion  

FUTURE DRILLING ACTIVITIES 

Over t h e  l as t  two years  CFE c a r r i e d  out  an extensive explorat ion 
program i n  t h e  Mexicali Val ley,  e spec ia l ly  at Cerro P r i e t o ,  Tule 
Check and Mesa de Andrade. (See Figure 2 , )  Self  p o t e n t i a l ,  seismic 
r e f l e c t i o n ,  r e s i s t i v i t y ,  thermal g rad ien t ,  mercury-sniffing, gravimetry 
and magnetometry surveys have been completed at the  l as t  two s i t e s .  
Only deep confirmation d r i l l i n g  i s  needed t o  assess  t h e  p o t e n t i a l  of 
t h e  new areas .  

In  1980 t h e  Comisi6n Federal  de E lec t r i c idad  plans t o  dr i l l  
between 21 and 30 new deep wel l s  i n  t h e  Mexicali Valley. The ac tua l  
number w i l l  depend on t h e  a r r i v a l  da te  of  two addi t iona l  d r i l l i n g  
r i g s ,  br inging t o  s i x  t h e  number ava i l zb le  f o r  new wel l s .  Eight of 
t h e  new wel l s  planned w i l l  be exploratory,  four  a t  Cerro P r i e t o ,  t w o  
a t  Tule Check and two a t  Mesa de Andrade. 

REFEREYCES 

1. Domfnguez A . ,  B . ,  1979. "Well completion and development at Cerro 
Prieto" ,  Froceedings from t h e  F i r s t  Symposium on t h e  Cerro 
P r i e t o  Geothermal F i e l d ,  San Diego, CA.,  September 20-22, 
1978. 
Geothermics ( i n  p r e s s ) .  

Lawrence Berkeley Laboratory repor t  LBL-7098 , and 

2. Alonso E . ,  H. e t  al., 1979. "Recent A c t i v i t i e s  at the  Cerro P r i e t o  
Field" ,  Proceedings from t h e  Fourth Workshop - Geothermal 
Reservoir Engineering, Stanford,  CA.,  December 13-15, 1978. 
Stanford Geothermal Program repor t  SGP-TR-30. 

"Cement Degradation 
and Casing Corrosion i n  Cerro P r i e t o  Geothermal Wells", 
Abstracts  of t h e  Second Symposium on t h e  Cerro P r i e t o  Geo- 
thermal F ie ld ,  October 17-19, 1979. 

3. Domfnguez A . ,  B. and F. V i t a l  B . ,  1979. 

4.  Hurtado, R .  e t  a l .  , 1979. "Brine Treatment f o r  ReinJect ion and 
Reinject ion Tests Without Treatment", Abstracts  of  t h e  
Second Symposium on t h e  Cerro P r i e t o  Geothermal F i e l d ,  
October 17-19, 1979. 

ACKNOWLEDGMENTS 

Work p a r t i a l l y  performed under t h e  auspices of t h e  U. S. 
Department of Energy , under Contract W-7405-ENG-48. 



-252- 

0 CXlSTlNG WELLS \VOLCANO\, 
0 PROPOSED WELLS \ 

'\ \ 
\ 

0 
P 

Scale 

262 I-\ 8 X ~ L  79 I 1 -13432 

FIGURE 1. Location of  wells dr i l l ed  between December 1978 
and November 1979 (Well numbers are c i rc led.)  
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M E X I C A L I  VALLEY 

LOCATION OF GEOTHERMAL AREAS 

a. X B L  791 1-13431 

FIGURE 2. Location of Geothemal Areas i n  the Mexicali Valley. 



-254- 

TABLE 1 

Well Completed (m) 

M-107 1/79 2225 

M - 1 1 0  5 /79 1996 

M-120 8/79 2101 

M-12 3 12/78 1905 

M-127 5 179 2504 

M-129 7/79 2198 

M-149 3/79 2395 

M-150 12/78 2104 

M-169 7 179 2393 

NL-1 ? 1-79 3347 

0-473 4/79 2267 

Q-757 3/79 935 

T-348 11/79 2895 

T-386 9 179 2657 

T-388 10179 2570 

CERRO PRIETO FIELD 

WELLS DRILLED AFTER NOVEMBER 1978 

TemDerature ( OC 1 

(1) 

310 

>327' 2 )  

(1) 

(1) 

344 

338 

353 

331 

(3 )  

278 

218 

(1) 
2 )  

>302' 

(1) 

t 

P -  

i 
t Notes: (1): Tne lower part of the well was filled with mud, 

preventing the lowering of the temperature probe. 

( 2 )  : Temperature still increesing, wellbore not yet 
in thermal equilibrium. 

( 3 )  : Temperature dropping due to unknown causes (e .g. 
9/7!79 %252OC, 10/1/79 %15loC, at 2900m depth). 

c - 
6.i 
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TABLE 2 

Dim. 
. (in) 

Y 
d 

API Depth 
Grade (m 1 

Cerro Prieto - Present casing completions 

Conduct or I 20 I H-40 1 0-60 

Intermediate I 13 3/81 K-55 I 0-1000 

Production 
or Lower 1 9 5/81 N-80 1 0-1800 

Exploration wells 

Dim. 
(in) 

20 

13 3/8 

7 

4 1/2 

Depth 
Grade 

N-80 I . 0-2000 

2000 - 
N-80 1 3000 

3000 - 
N-80 1 3500 
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Well Aperture (1) Pressure ( i n  ps ig)  Production (metric t o n s / h r )  Enthalpy(2) 
dim. (in.) Wellheed Separstor Steam Brine ( ca l /R)  

M-5 7 7/8 105 90 33.3 89.3 301 

U-8 6 100 92 36.2 92.4 307 

M - l l  6 98 97 16.1 32.0 334 
~ ~~ 

WELL PRODUCTION CHARACTERISTICS 

M-14 3 7/8 260 91 32.0 115.2 

M-19A 7 7/8 102 93 54.1 127.0 

M-21A 2 3/4 550 90 29.3 71.5 

U-25 4 228 97 36.9 85 .o 

M-26 3 1 /2  397 95 43.0 142.0 

M-27 7 7/8 93 92 27.0 62.3 

M-29 7 7/8 127 125 18.0 86.5 

K-30 7 7/8 110 96 48.6 132 -7 

M-31 7 718 98 97 39.3 129.2 

M-35 7 1 /2  129 97 64.2 129.4 

M-42 8 199 97 49.7 3-57 2 

M-45 7 718 98 9b 22.5 12.0 

M-4 8 a 128 109 72.1 79.3 

M-50 8 126 10.9 82.6 184.3 

M-51 8 120 112 96.6 135 -4 

M-53 8 142 93 32.3 56.1 

M-84 8 110 100 69.2 58.5 

M-90 8 110 109 51.8 128.9 

* M-91 8 127 117 83.7 178.4 -- ppr 

M-103 4 780 lli0 138.4 7 

z 

* 

275 

Y 6  

311 

318 

284 

317 

1 

263 

302 

285 

333 

288 

490 

407 

326 

378 

348 

437 

315 

333 

390 

Bote : 

(1) Minimum aperture between wellhead and separator. b 

M-105 8 131 118 72 -9 125.2 356 

M-130 8 100 98.5 69.4 i 155.5 1 322 1 
M-114 8 102 98.5 51.5 171.2 284 

I 1 

TO”AX3: 1370.7 2921.7 

(2) The enthalpy of the steam/brinn mixture is obtained from standard 
steam tables based on t h e  scpcrator FrC3SU-e and t h e  fractions of 
steam end brine produced. 




