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Resumen 
De 1960 a l a  fecha, se han perforado en Cerro 

P r i e t o  85 pozos, con un t o t a l  que excede a 160,000 
m., c i f r a  modesta s i  se compara con l a 8  perfora- 
ciones real izadas en pozos petroleros .  Esta a c t i -  
vidad se ha desarrollado en cinco etapas,  d i s t i n -  
guie'ndose cada una por cambios y modificaciones 
para resolver problemas diversos,  tanto en l a  
perforacidn como en l a  terminacibn de 10s pozos 
perforados, 

Inicialmente , 10s procedimientos t lcnicos se  
ajustaron a 10s u t i l i zados  en l a  perforacibn de 
pozos petroleros ,  s i n  embargo, surgieron var ios  
problemas que en  esencia tenfan como origen las 
temperaturas relativamente elevadas que en este 
campo se han detectado en e l  reservorio geote 'nico 

En forma resumida, 10s d i s t i n t o s  problemas 
detectados se pueden r e f e r i r  a: f lu idos  de perfo- 
racidn, cemntos y cementaciones, c e r a e t e r l s t i c a s  
l i t o l d g i c a s  y contenido de f lu idos  geote'rmicos, 
tuberl'as de ademe y sus  accesorios. 

En forma similar, 10s c r i t e r i o s  para la tenni- 
nacidn de 10s pozos inicialmente siguieron 10s 
habi tuales  en pozos petroleros ,  per0 a medida que 
se entendi5 mejor l a  importancia de l a  temperatura 
y las ca rac t e r4s t i ca s  de 10s f lu idos  geotdmicos 
contenidos en e l  reservorio,  se modificb dicho 
c r i t e r i o  para optimizar l a s  terminaciones, logrgn- 
dose a l a  fecha res l tados muy s a t i s f a c t o r i o s .  

Las eoluciones logradas para la mayor parte de 
10s problemas, consfderamos que eon razonablemente 
s a t i s f a c t o r i a s ,  no obstante que debedn  optimizar- 
se algunas y encoutrar respuesta mSs conveniente 
para Qtras, como es e l  caso de 1 

as tuber€as de ademe 

discrimina- 
cidn de formacioaes impregnadas 
por medio de ansilisis l i t o l d g i c o  
as€ como petrogr$ficos,  r e l a t i v o  a minerales 
hidroterrnales y metambrficos, auxiXiSndose t a l  
vez con geoqusmica de rocas y aGn a n l l i s i s  de 
rayos X, pensamos que este sistema d a d  a l a  
postre  Las soluciones m l  a t l s f a c t o r i a s  para 
obtener l a  mayor cantidad %e 
en eel reservorio,  

. 

(Jt t roducc idn 

1 desa r ro l lo  de l a  perforaci6n en e l  Campo Geo- 
t6rmico de Cerro P r i e to ,  ha sufr ido d i f e ren te s  
cmbios:  e s t o s  cambios siempre han s ido ocasio- 

nados por problemas y deficiencias  detectadas 
en cada una de las etapae de perforacibn, tra- 
tando de e v i t a r  o resolver  dichas def ic iencias .  

Podemos d i s t ingu i r  cinco etapas pr incipales  
en las que ha habido modificaciones substancia- 
les a l o  largo de 15 afios en que se han real izado 
perforaciones en Cerro P r i e to ,  partiendo de 1964. 

Los cambios m5s s ign i f i ca t ivos  se pueden re- 
sumir en: u t i l i z a c i h  de roscas especiales ,  ya 
que en un pr incipio $e u t i l i z a r o n  roscas redondas 
normas MI, 8 h i l o s  por pulgada, cuya capacidad 
meclnica fue insuf i c i en te ;  d i f e ren te s  a r r eg los  
en 10s elementos tubulares y dentro de ese aspec- 
t o  modificaciones por e l  grado de 10s aceros en 
las tuber'ias, que en algunos casos 
incremento importance en e l  espesor de l a  pared 
de 10s ademes, d i f e ren te s  t i pos  de mezclas en 
cement0 y ad i t ivos  qu€micos que han modificado 
esas mezclas, la u t i l i z a c i b  de d i s t i n t o s  modelos 
y diseiios en accesorios para tuberfas  de ademe, 
y a& modificacibnes a l o  largo d e l  desa r ro l lo  en 
e l  t i p 0  de anclaje  de Lrboles de navidad, as€ 
como c i e r t o s  a jus t e s  en 10s disefios de cruces 
bridadas-y aGn ciertas ca t ac t e rZs t i cas  de las 
m i m n a s  va'lvulas con i a s  que se han integrado 10s 
Zrboles de va'lvulas. 

s ign i f i cd  un 

Lascausasde dichas modificaciones podemos 
agruparlas en dos: f a l l a s  mec&iicas en 10s 
ademes, ocasionadas por esfuerzos de tensidn y 
compresfsn debidas a las elevadas temperaturas 
habi tuales  en  el reservorio geotdmico,  
gundo grupo h w  sido inerustaciones t a n t o  dentro 
de l a  tuberfa de  producci6n como en algunos casos 
en las tubereas cortes ranuradas, y e l  problema 

Un se- 

ndo t ranscurr ido c i e r t o  tiempo 
nstrucc56n de $os pozos, ha s i d o  
10s ademes, asociado a l a  degra- 

d a c i h  de 10s cementantes que 

ones que paulatinamente 

una de las e t apas  se presen- 
obtener vna mejoria cons t rw-  

t i v a  y resul tados generales que en conjunto 
estimamos ventajosos; no obstante,  deber%n optimi- 
zarse algunos de 10s sistemas, procedimientos, 
equipo y materiales que actualmente se aplican, y 
en algunos casos deberiln intencarse nuevas soh- 
ciones o m l s  sdecuadas, ya que a la  fecha 10s re- 
sul tados han s i d o  modestos, can0 por ejernplo; las 
perdidas de rirculac€6n a1 cementar 10s ademes 
profundos, y buscar a lear iones metalergicas que 
Sean m 8 s  capaces de soportar  el. fenbmeno de co- 
r rosGn  externa,  t i p o  electroqufmico, que de mo- 

n ido intentando para resolver  3 o s : d i s t i n t o s  
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mento estB acortando en forma muy drdst ica  l a  
vida G t i l  de 10s pozos productores. 

Valle de Mexicali 

a1 3Toreste d e l  Estado de Baja California,  e x i c o ;  
forma par te  d e l  Delta d e l  RZo Colorado que ha 
originado, a d e d s  d e l  Valle de Mexicali, 10s 
Valles de Imperial y Yuma, en 10s Estados de Ca- 
l i f o r n i a  y Arizona, respectivamente, en 10s 
Estados Unidos. (Fig. 1) 

E l  Valle de Mexicali se encuentra localizado 

Se considera que l a  gsnesis geoldgica de 
e s tos  v a l l e s  es e l  resultado d e l  r e l l eno  de ma- 
teriales a luv ia l e s  que en s u  oportunidad han s ido  
arrastrados por e l  Rfo Colorado, r e l l eno  de la  
fosa tectdnica que actualmente forma e l  Golfo de 
California y cuyo lineamiento en l a  pa r t e  Conti- 
nental  es e l  Mar Salton en 10s Estados Unidos. 

E l  Campo Geotdrmico de Cerro P r i e t o  se en- 
cuentra aproximadamente a unos 30 km. a1 Sureste 
de l a  ciudad de MexiCali, Baja California.  En 
dicho lugar existe un volc6n pequeiio llamado 
Cerro P r i e to ,  que se considera asentado sobre la  
f a l l a  pr incipal  de Cerro Prieto,  y que pudiera 
ser e l  origen de 10s focos hidrotermales que 
alimentan e l  reservorio de Cerro P r i e to ,  cuya 
magnitud es de m5s o menos 12 km2. 

Sensiblemente a1 Sur d e l  VolcSn de Cerro 
P r i e to  y aproximadamente a 10 km, existe una 
zona conocida como Laguna Volcano, ya regis t rada 
en planos geoldgicos de 1905, y en donde exis ten 
algunas fumarolas, manantiales de agua hidroter- 
mal ,  lodo h i rv i en te  y aGn e l  desarrol lo  de pe- 
queiios volcanes de lodo que en ocasiones alcanzan 
una a l t u r a  de 2 m. D e  inmediato se piensa en una 
poderosa recarga de agua geotdrmica que en forma 
na tu ra l  se ha estado liberando en esta zona y que 
con toda faci l idad hace pensar en las  posibi l ida-  
des energdticas d e l  subsuelo d e l  drea de Cerro 
P r  i e t o  . 
Pozos Perforados 

d e l  t i p o  exploratorio como de explotacidn y de 
ampliacidn, con una profundidad t o t a l  acumulativa 
que excede 10s 160,000 m. perforados; e s t o s  pozos 
se han realizado en tres dreas que se denominan 
e l  Bloque de Cerro P r i e t o  I, Bloque de Cerro 
Pr2eto XI y e l  Bloque de Cerro P r i e to  111. 

A la  fecha se han perforado 85 pozos, tanto 

Podemos agrupar a es tos  pozos como se indica 
en l a  Tabla 1: 68 pozos de explotaciSn, 18 pozos 
de exploraciih,  3 pozos abandonados, y dentro d e l  
t o t a l  de esos pozos, 4 pozos han sufr ido graves 
descontroles,  

Las profundidades d e l  reservorio y que lo'gica 
mente corresponden a l a  profundidad perforada, ha 
variado en t r e  10s 1,300 - 3,000 m. 

Antes de continuar, deseamos dar 6n fas i s  a 
10s aspectos pa r t i cu la re s  que consideramos 
t fp i cos  de 10s pozos geotgrmicos y que en una u 
o t r a  forma 10s distinguen de 10s pozos conven- 
cionales petroleros ,  f ac to re s  que en ocasiones 
son l a  causa de problemas y sobre todo, de la  
implementacidn tdcnica para resolver las carac- 
terfsticas d i s t i n t i v a s  d e l  pozo geotgrmico; est0 

se resume en l a  Tabla No. 2. 

Asimismo, consideramos importante no perder 
de v i s t a  las ca rac t e r f s t i ca s  l i t o l d g i c a s  que 
prevalecen en todo e l  campo geot6rmico de  Cerro *< 
P r i e t o  y que si bien t ienen variaciones en sus  
c a r a c t e r l s t i c a s  f l s i c a s  generales, a s f  como en 
s u s  espesores y profundidades, sin embargo, en 
todos 10s casos podemos hacer un agrupamiento en 
tres secciones pr incipales  de la  columna l i t o l 6 -  
gica.  La primera y 6 s  supe r f i c i a l ,  materiales 
a luv ia l e s  de granulometrfa f i n a  y media, preva- 
leciendo a r c i l l a s  pla 'st icas arenosas; este primer 
cuerpo se ha presentado e n t r e  10s 600 y 1,300 m. 
de profundidad. Enseguida un cuerpo 6 s  o menos 
metanorfizado por temperatura y f luidos hidro- 
termales que originan una cierta consolidaci6n 
en 10s primeros metros ma's superiores,  pasando 
a materiales francamente compactos hacia e l  
fondo; e l  espesor de este cuerpo va r fa  e n t r e  100 
y 250 m. dependiendo de la posici6n d e l  pozo 
dentro d e l  &ea de Cerro Prieto.  
de las fases  son materiales l u t f t i c o s  con cierta 
intercalaci6n de areniscas.  Finalmente, tenemos 
las formaciones que almacenan agua ca l i en te ,  for- 
madas por a l ternancias  de l u t i t a s  compactas de 
color  g r i s  y negro, dependiendo d e l  grado termico 
en cada caso, y areniscas  de grano f i n o  a medio 
con cementaci6n var iable;  de estas areniscas  se 
tienen las aportaciones m 5 s  s i g n i f i c a t i v a s  de agua 
cal iente .  En este cas0 e l  espesor de estas al- 
ternancias va r i a  de 150 a 300 m. 

4 d  

En l a  mayorfa 

La profundidad d e l  reservorio v a r l a  dependien 
do de su posicidn; en e l  Bloque I que como 
decfamos, era d e l  orden de 1,300 - 1,500 m.; en 
e l  Bloque I1 puede v a r i a r  e n t r e  2,700 - 3,000 m., 
y en e l  Bloque 111 puede v a r i a r  e n t r e  2,000 - 
2,500 m. 

En l a  Figura No. 2 se i l u s t r a  con c i e r t o  
d e t a l l e  l a  columna l i t o l d g i c a  que representa,  en 
tdrminos generales,  las ca rac t e r f s t i ca s  en e l  
subsuelo de Cerro Prieto.  

La local izaci6n de 10s pozos perforados para 
cada una de las Breas en que se ha subdividido e l  
campo, se indican en l a  Figura No. 3. Indudable- 
mente, l a  zona m 5 s  densamente perforada es l a  
que se denomina Cerro P r i e to  I, que t i ene  l a  
par te  Norte, donde se inicio' l a  explotaci6n d e l  
campo para alimentar las primeras dos turbinas 
de l a  Planta Geotermoele'ctrica y Cerro P r i e to  I 
Sur, en donde e l  espaciamiento de 10s pozos ha 
s ido de 400 a 500 m.; en Cerro P r i e t o  I Norte, 
fuede 250 m., s i tuaci6n que a l a  postre  ha pro- 
vocado una tendencia a formaruna Srea de depre- 
si&. Los espaciamientos e n t r e  pozos, tanto de 
Cerro P r i e t o  II como de Cerro P r i e to  1x1, tambign 
son con un mfnimo de 400 m. 

Hasta l a  fecha, tanto las presiones a1 c i e r r e  
que en Cerro P r i e t o  I fueron.de 800 lbs/plg2, en 
Cerro P r i e t o  I1 han llegado a 1,250 lbs/plg2, si- 
tuaci6n que se asocia 16gicamente a l a  posicio'n 
d e l  reservorio,  que a su vez implica una mayor 
temperatura y consecuentemente, una mayor pro- 
duccidn por pozo. En Cerro P r i e to  I Sur, la 
presi6n a1 c i e r r e  se increment6 a m l s  o menos 
900 lbs/plg2, obteniendo en pozos como e l  M-51 
hasta  140 tonlhr.  de vapor y una temperatura de 
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reservorio a r r iba  de 10s 320'C. 
en Cerro Pr i e to  I, la  produccio'n n6xima fue de 
pozos como e l  U-8 y e l  11-5, que dieron 80 tonfhr. 
de vapor y l a s  temperaturas de fondo fueron 
vacticamente 300'C. En 10s pozos perforados en 

u r r o  P r i e to  11, en 10s que e l  reservorio quedd 
situado entre 10s 2,700 - 3,000 m., se han obte- 
nido producciones de hasta 300 tonlhr. de vapor 
y temperaturas en e l  reservorio de practicamente 
35OoC., en cambio en Cerro Pr ie to  111, en donde 
l a  profundidad d e l  reservorio est5 e n t r e  10s 
2,000 - 2,500 m., las temperaturas de fondo se 
han detectado de 300 a 32OoC., y l a s  producciones 
obtenidas han s ido  arriba de las 100 ton/hr. de 
vapor. 

Recordemos que 

Ademes y Tubergas de Produccith 
Correlacimando 10s diferentes  eventos de las 

cinco etapas en que se han realizado l a s  perfora- 
ciones de Cerro Prieto,  podemos destacar l a s  
caractercsticas de las tuberfas que se han id0 
ut i l izando,  ya sea para r e v e s t h i e n t o  de 10s 
pozos o para la produccio'n de 10s mismos. Esta 
informaci6n se resume en la Tabla No. 3; en Bsta 
facilmente apreciamos que ha habido cambios por 
d i h e t r o s  de 10s ademes, en 10s grados, en 10s 
pesos y en las roscas. 

En cada etapa,  como ya antes hemos mencionado, 
se trat6 de evitar e l  problema asociado a 10s re- 
vestimientos que en las etapas anter iores  se pre- 
sentaron; e s t o  se vincula con 10s arreglos  de 10s 
ademes y l a s  profundidades que tambidn han sufr i -  
do variaciones. 
para incrementar l a s  capacidades mecdnicas t an to  
en roscas como en 10s cuerpos de las tuberfas 
para soportar mejor 10s esfuerzos que por efecto 
tdrmico se llegaron a presentar.  
y despuks de haber transcurrido un c i e r t o  tiempo 
y a1 apreciar  l a  gravedad de l a s  corrosiones que 
en 10s ademes operaron, se ha intentado e v i t a r  
este problema haciendo modificaciones t an to  en 
grados como en espesores de 10s ademes u t i l i zados  
en l a  producclbn. 

E l  primer0 de e s tos  cambios fue' 

Posteriormente, 

Problemas Principales  durante l a  Perforaci6n y. 
Terminaci6n de Pozos. 

que 10s problemas d s  severos presentados a l o  
largo de 10s aiios de perforacibn en Cerro Prieto,  
(Tabla No. 4), son: 

1.- Pdrdidas en 10s fluidos de perforaci6n, sobre 
todo a 1  penetrar 10s primeros cuerpos l u t f t i c o s  
con al ternancias  de areniscas,  y ya vecinos a l a s  
zonas ma's ca l i en te s  d e l  reservorio,  .En ocasiones 
este problema fue tan agudo que ha s ido  necesario 
perforar con circulaci6n totalmente perdida ut i -  
lizando'baches' previamente tratados,  penetrando 
tramos cortos  en tanto e l b a c h e  u t i l i zado  se 
pierde,  y as4 sucesivamente hasta  penetrar en 
ocasiones 10s 100 m.; e l  sistema ha funcionado 
satisfactoriamente con un minimo de problemas. 

2.- Derrumbes durante l a  
de l a s  tuberfas de ademe 
nos de 10s pozos ha s ido  extremadamente grave, y 

En forma breve y especffica,  podemos seiialar 

rforaci6n y/o corridas 
Este problema en algu- 

a1 parece que es e l  resultado de dos causas: una u ecsnica,  asociada a f racturas ,  f a l l a s  o t r i t u r a -  
ci6n de cuerpos l u t f t i c o s  y areniscas,  sumada a 
cierta d6sis  de f i l t r a c i 6 n  de f luidos,  y sobre 
todo, a un aparente e fec to  de choque te'rmico 

e n t r e  l a s  zonas relativamente ca l i en te s  y l a  in- 
vasi& de f i l t r ados .  Todo e s t o  sumado y dentro 
de un per'lodo de tiempo relativamente corto,  han 
provocado, en ocasiones, derrumbes exagerados y 
que unicamente se han podido controlar recementan- 
do todo l o  perforado en l a  zona afectada, para 
que d e s p d s  de M fraguado razonable, limpiar e l  
cement0 p confirmar e l  buen equ i l ib r io  de l a s  
formacimes; en cas0 contrario,  habrd que repe- 
tir la operaci6n. Por supuesto, que esta t a rea  
se ha desarrollado despuBs de incrementar en l o  
posible e l  peso d e l  lodo de perforaci6n, ya que s i  
se exagera este peso, con f ac i l i dad  se inducen l a s  
p6rdidas de circulaci6n ya antes mencionadas. M6s 
que un atrapamiento de barrenas de perforaci6a, 
se han tenido "pegaduras" por presi6n diferencial ,  
ya que l a  inf luencia  t6rmica d e l  lodo de perfora- 
c i h ,  junto a las pcrdidas de circulacGn,  tal  
parece que propicia dicho t i p o  de problemas, e s tos  
se han r e sue l to  agregando adi t ivos a1 f lu ido  de 
perforaci6n para liberar las herramientas con 
buenos resultados. 

3.- Altas temperaturas en zona productora. 
lo'gicamente, es e l  objetivo y l a  raz6n de cons- 
t r u i r  10s pozos geote'rmicos; sin embargo, podemos 
juzgar que gran par te  de f a l l a s  en materiales, 
equipos, empacamientos, problemas de corrosi&i, 
t an to  en ademes como en instalacicines superficia- 
les, est& necesariamente asociadas a l a s  tempe- 
ra turas  elevadas, y en t r e  d s  elevadas Sean Lstas, 
10s problemas son mayores. 
r iesgo surge a1 penetrar 10s acuiferos cal ientes ,  
ya que las pe'rdidas de circulaci6n comunmente son 
to t a l e s ;  no se pueden recuperar muestras; es c a s i  
imposible obtener r eg i s t ros  e lhctr icos ,  ya que 10s 
cables y las sondas no siempre soportan las tem-  
peraturas d e l  reservorio,  y a& es posible que en 
e s t a s  circunstancias se presenten problemas graves 
de pesca como enseguida se indican. 

4.- Problemas de pesca. Como es habi tual  en l a  
perforacibn de pozos petroleros,  pueden ocur r i r  
accidentes mecLnicos que requieran l a  aplicacibn 
de tgcnicas de pesca, y como es comh, 10s recur- 
so$ son e l  ap l i ca r  las herramientas y 10s proce- 
dimientos habituales;  sin embargo, y precisamente 
cuando e l  problema se presenta en l a  vecindad o 
enfrente de 10s es t r a tos  impregnados de agua ca- 
l i e n t e ,  l a  s i t u a c i h  se torna sumamente peligrosa,  
ya q t e  10s detectores  de coples, de punto l i b r e ,  
herramientas de disparo para provocar e l  desenros- 
cad0 de 10s elementos de l a  s a r t a  de perforacibn, 
etc. ,  se encuentran casi i d t i l e s  precisamente 
por e l  daiio que sufren 10s cables y l a s  cabezas 
de las sondas, que impiden l a  operacio'n debida de 

imposibilidad de organizar y sostener las opera- 

E s t e  

De hecho, e l  mayor 

1 cada herramienta; consecuentemente, l a  casi 

A medida que 10s e s t r a t o s  ca l i en te s  quedan 
en reposo s$n establecer  una ctrculacibn adecuada 
para r e f r ige ra r los ,  e l  incremento de temperatura 
contra e l  tiempo es muy rdpido y cada yez se 
torna de d i f 2 c l l  operar 10s equipos y l a s  he- 
rramientap habituales,  en lugar de recuperar 10s 
llpescados'l, es frecuente perder d s  equipo o 
herramlentas por atrapgmientos o por imposibilidad 
de recuperar 10s elementos mec&icos en tales 
circunstancias;  

' 
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Por l o  a n t e r i o r ,  s i  no e x i s t e  un mecanismo 
o un medio para poder c i r c u l a r  con una cierta 
e f i c i e n c l a ,  serg c a s i  lmposible da r  cometido 
ex i toso  a l a s  pescas, tornhndose as5 en un pro- 
blema grave y que debe planearse a fu tu ro  con 
sistemas propios a las c i rcuns tanc ias  hab i tua l e s  
d e  pozos geotgrmicos. 

5.- Pgrdidas de c i rcu lac ibn  a1 cementar t ube r l a s  
de ademe. 
asociado a aquel los  ademes que se ins t a l an ,  sobre 
todo 10s de produccibn, cuando ya se ha perforado 
e l  r e se rvor io  y para dar  cumplimiento a1 programa 
de l a  terminaci6n d e l  pozo, Las p6rdidas se 
originan con nucha f a c i l i d a d  puesto que en este 
t i p o  de pozos deben cementarse 10s 
su  profundidad t o t a l h a s t a  l a  supe r f i c i e ;  de no 
hacer lo  as€, facilmente se or ig inan  colapsos y 
aGn f r a c t u r a s  de 10s mismos. Dado que l a  debi- 
l i dad  de las formaciones asociadas a 10s reser- 
vor ios  geot6rmicos es excesiva,  s i  ademLs consi- 
deramos una c i e r t a  canalizaci6n o disolucio'n de 
ciertas formaciones que ocasionan f l u i d o s  hidro- 
termales,  se en t iende  l a  f a c i l i d a d  con l a  que 
l a s  Lechadas, dada s u  densidad, rompen las  for -  
maciones o simplemente se pierden, impidiendo 
en forma d e f i n i t i v a  e l  log ra r  una cementacio'n 
s a t i s f a c t o r i a  que cumpla con 10s requerimientos 
tgcnicos,  dejando as€ comprometida l a  capacidad 
mecznica de 10s ademes. 

Este t i p o  de problemas es tL  tambisn ~ 

ademes desde 

Adema's de las pdrdidas que ya seiialamos, es 
f recuente  que las zapatas,  10s coples f lo tado-  
res, 10s coples e spec ia l e s ,  tapones, etc., que 
son necesarios para r e a l i z a r  las cementaciones, 
sufran: con gran frecuencia daiios o a l t e r ac iones  
que finalmente impiden s u  operaci6n para l a  que 
fueron diseiiados; por e s to ,  y como ya es muy 
conocido dent ro  de l a  per forac i6n  pe t ro l e ra ,  
cementaciones de dos, tres o mbs e tapas  han s i d o  
poco e f i caces ,  ya que se estiman l a s  f a l l a s  
de las m i s m a s  en por l o  menos de un 60% a 70%, y 
solamente cementaciones en una e t apa  han operado 
con mejores resu l tados ;  s i n  embargo, cuando es 
necesar io  r e a l i z a r  cementaciones de columnas de 
ademes a 2,000 m. de profundidad, es materialmen- 
te obligado planear cementaciones en dos etapas.  

Un cambio importante ha s i d o  l a  u t i l i zac io 'n  
de lechadas de cemento ma's l i g e r a s  que las habi- 
t u a l e s  y que se han astado aplicando en fechas  
r ec i en te s ,  y as€ se ha  podido operar en v a r i a s  
ocasiones,  en cementaciones profundas en una s o l a  
etapa; sin embargo, las soluciones para un cont ro l  
e f i c a z  en las cementaciones deben optimizarse en 
forma s i g n i f i c a t i v a .  

6.- Fallas mecihicas en l a  tuber ia .  
problema ha ten ido  dos e'pocas; f a l l a s  mecLnicas 
por es fuerzos  en pozos reci6n construidos y pre- 
cisamente en l a  e t apa  de calentamiento, desa r ro l lo  
y evaluaci6n, asociados a 10s choques te'rmicos, 
problemas cons t ruc t ivos  y sobre todo, a causas 
operacionales durante l a  e v a l u a c i h  de 10s pozos. 
En 10s primeros aiios de perforaciones en Cerro 
P r i e to ,  e l  primer grupo de 20 pozos que se cons- 
truyeron su f r i e ron  colapsos y f r a c t u r a s  que de- 
b ie ron  oportunamente r epa ra r se  para poder u t i l i -  
za r los  con seguridad. 
haber entendido e l  problema, mejorado 10s siste- 
mas cons t ruc t ivos ,  u t i l i z a d o  grados y sobre todo 

E s t e  t i p 0  de 

Sin embargo, despue's d e  
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espesores m z s  adecuados en las tube r l a s ,  y asi- 
mismo rea l izado  las operaciones de calentamiento, 
desa r ro l lo  y evaluaci6n con gran cuidado, se han 
reducido a1 mhimo este t i p o  de contingencias. 

N o  obs tan te ,  y despuds de algunos aiios de L 
producir v a r i o s  de  10s pozos, se empezd a de tec t a r  
o t r o  t i p o  de problema en ademes, que se resume 
como corrosibn i n t e r i o r  y e x t e r i o r  de 10s mismos, 
sobre todo en las tube r l a s  de producci6n. 
daiio mhs grave se considera por corrosiones elec- 
troqufmicas por migraci6n d e l  acero d e l  e x t e r i o r  
de 10s ademes hac ia  l a s  formaciones y este fen& 
meno esta' asociado a l a  zona t r ans i c iona l ,  poco 
an te s  de e n t r a r  francamente a1 reservor io  ca l i en te .  

E l  

D e  10s es tud ios  y a n g l i s i s  rea l izados ,  10s 
pozos geot6rmicos de Cerro P r i e t o  reunen por l o  
menos cinco de 10s fac to res  p r inc ipa le s  que 
pueden facilmente o r ig ina r  d i f e renc ia  de po tenc ia l  
na tu ra l ,  que en una forma u o t r a  vienen a cola- 
borar  en e l  fen6meno que an te s  hemos mencionado. 
A esta fecha, l a  Gnica soluci6n p rhc t i ca  que se 
t i ene  es l a  u t i l i z a c i 6 n  d e  una tube r l a  de sac r i -  
f i c i o  y una tube r l a  de producci6n; c l a r o  que e s t o  
ocasiona un incremento s i g n i f i c a t i v o  en 10s cos tos  
por pozo; por l o  t an to ,  debera'n buscarse 
a leac iones  mds capaces que soporten 10s f e n b e n o s  
an te s  desc r i to s  y sistemas de producci6n econb- 
micos o e fec t ivos  que ev i t en  o reduzcan 10s 
daiios electroqu'imicos, que en muchos casos 
prscticamente "desaparecen" 10s ademes en un 
perfodo de dos a dos y medio aiios, despue's 
d e  haberse terminado e l  pozo. 

7.- Invasi6n con lodo o con cemento de l a  zona 
productora. 
se l l e g a  a presentar  sobre todo cuando e l  diseiio 
de l a  terminaci6n implica u t i l i z a r  un s o l o  
didmetro desde e l  n i v e l  n a t u r a l  d e l  t e r reno  has ta  
e l  fondo d e l  pozo, ya que son necesar ias  las 
cementaciones precisamente desde l a  cima de l a  
zona productora a l a  supe r f i c i e ,  y est0 puede 
provccar con gran f a c i l i d a d  las p6rdidas de 
c i rcu lac i6n  que ya an te s  hemos mencionado, pro- 
vocando invasiones con lechada d e  cemento o lodo 
de c i r cu lac i6n ,  generando un daiio que ocasional- 
mente puede ser grave y e l  menoscabo de l a  capa- 
cidad productiva d e l  reservor io .  

E s t e  problema en algunas ocasiones 

La s o h c i 6 n  a este respec to ,  es por una 
pa r t e  cementaciones pa rc i a l e s  pequeiias para 
formar un empacado con cemento, y por o t r a ,  per- 
f o r a r  h a s t a  inmediatamente a r r i b a  d e l  reservor io ,  
en donde se coloca y cementa e l  ademe p rev i s to  
para posteriormente l impiar  y cementar coples y 
zapatas,  prosiguiendo con l a  perforaci6n f ranca  
d e l  r e se rvor io  y en forma adecuada colocar y 
cementar en ocasiones una tube r i a  c o r t a  ranurada. 

Ambos sistemas se han u t i l i z a d o  con resu l ta -  
dos s a t i s f a c t o r i o s .  

Diagramas Pro to t ipos  Tubulares 

ya l o  habiamos mencionado, uno de 10s aspectos 
que mds han cambiado, h a s i d o  e l  diseiio d e l  
conjunto de tube r l a s  de ademe y d e  produccGn, 
que en cada una de las e tapas  se han u t i l i zado .  
Podemos r e s m i r l o s  como se ind ica  en las Figuras 
Nos. 4 y 5,  en a r r eg los  p r inc ipa le s  o bbsicos. 

Dentro de las e tapas  de perforaci6nn, y como 



a )  e l  primero que se u t i l i z d  de 1964 a 1965, y 
que fue  e l  diseiio i n i c i a l ,  era muy s e n c i l l o ,  
compuesto par un conductor de 22" 0 ,  en agu- 
j e r o  de 26" 0 ,  tuber fa  de grado B soldada; 
una tubersa  s u p e r f i c i a l  de 16" 0 ,  rosca redon- 
da, una tube r l a  de ademe y anc la j e  de 11 3f4"Q 
en agujero de 15" 0, una tuber fa  c o r t a ,  ranu- 
rada y de 7 5/8" 0, en agujero de 10 5 /8"Q.  

b) Los pro to t ipos  de 1976 a 1978, tuvieron como 
c a r a c t e r f s t i c a  d i s t i n t i v a ,  e l  i n s t a l a r  una 
tuberl'a de produccidn de UQ s o l o  d i h e t r o  
desde e l  n i v e l  n a t u r a l  d e l  t e r reno  hasta e l  
fondo, ranurando p a r t e  de l a  m i s m a  para s i t u a i  
l a  enf ren te  d e l  reservor io ;  con esta solucibn 
se t r a t a b a  de e v i t a r  las incrus tac iones  exage- 
radas que se de tec ta ron  en e l  primer a r r eg lo  
tubular ;  ademhs ya en este diseiio se t r a t b  de 
i n s t a l a r  una tuberca de anclaje y de protec- 
cidn a l a  tuber fa  de produccidn, para e v i t a r  

solucionar en pa r t e ,  f a l l a s  d e l  primero y de 
10s segundos, dado que en este cas0 las pro- 
fundidades t o t a l e s  p r e v i s t a s  excedzan con mucho 
las profundidades de 10s primeros pozos cons- 
t ru idos ,  as4  en 10s primeros 1,000 m. se 
colocd una tube r l a  de proteccibn y anc la je ;  de 
10s 1,000 a 2,000 m. ha quedado una s o l a  tube- 
r la  para hacer funciones de ademe y produccidn, 
y de e l la  se han dejado suspendidas las tube- 
r f a s  c o r t a s  parcialmente ranuradas en con- 
gruencia a 10s reservor ios  detectados en cada 
caso; este a r r eg lo  tubular  prevee que en e l  
momento en que por e fec tos  corrosivos l a  tu- 

/8" 0 ,  se da6e gravemente, pueda 
a ins ta lando y cementando en forma 

adecuada una tuber€a extra de 7" 0. 
Los a r r eg los ,  profundidades, diefme 

c a r a c t e r f s t i c a s  de ademes se han diseiia 
do en r e so lve r  problemas mecefnicos ylo de corro- 
s idn ,  y a1 mismo tiempo hacer l a  inversidn m& 
econ6mica, dejando en un cas0 dado, p rev i s t a s  las 
mejorcas para i n v e r t i r  l o  necesar lo  en reparaci6n 
y segui r  aprovechando 10s pozos cons 

Propiedades Tip icas  d e l  Lodo d e l  Perforacidn 
E l  lodo de perforaci6n es determinante e? e l  

desa r ro l lo  y resu l tados  sa t i s fac tor ios ,cuando e l  
f l u i d o  de perforacidn conserva las propiedades 
t i xo t rdp icas  durante toda l a  ejecucidn 
jo. En nues t ro  caso, e l  f l u i d o  de per  
ha ten ido  algunos cambios, s i n  embargo 
m a  m5s econ6mico y e f i c a z  a l a  pos t r e  ha s i d o  
e l  lodo base bentoni ta  con l ignosul fona tos ,  para 

En cuanto a l a  inc idencia  de problemas por 
pdrdidas de c i rcu lac idn ,  tambi6n en dicha Tabla 
se mencionan 10s materiales que se han l legado 
a u t i l i zar ,  incluyendo cemento, c loruro  de ca l c io ,  

c io ,  e t c .  Estos elementos siempre 
ados aazonablemente s a t i s f a c t o r i o s ;  

iamente ba j a  l a  e f i c i e n c i a  en a1 tra- 
entando, consecuentemente, 10s cos tos .  

Problemas f recuentes  durante l a  Cementacibn de 
las Tuberfas de Revestimiento 

pen 10s problemas pr inc ipa les ,  10s e fec tos  que 
se manifiestan y algunas de las soluciones que 
se han in ten tado  en 10s pozos de Cerro P r i e to .  

Dentro d e l  grupo de problemas podemos b l -  

Podemos hacer un resumen en donde se agru- 

sicamente seiialar tres subgrupos: 

1) Pe'rdidas de c i rcu lac i6n ,  pa rc i a l e s  o t o t a l e s .  

2) P a l l a s  mecefnicas en coples,  zapatas,  coples 
miil t iples,  etc. 

3) Fa l l a s  en canastas m e t l l i c a s  para sopor ta r  
las cementaciones y evitar daiios sobre todo 
a l a  zona impregnada de agua ca l i en te .  

Dentro de 10s e fec tos  podemos seiialar: 

1) Canalizaci6n de cemento. 

2) Ausencia t o t a l  de cemento e n i l o s  espacios 
anulares  . 

3) efec t iv idad  en aquel los  casos en que se 
han in ten tado  las \cementaciones Sorzadas. 

Las soluciones adoptadas a 1 

1) Us0 de lechadas de cementos l i g e r o s  en  zonas 
de a l t a  permeabilidad, sobre todo, y/o cemen- 
taciones en dos e tapas ;  en este cas0 10s 
dx i tos  han s i d o  aproximadamente un 60% de las 
operaciones in ten tadas ,  o sea que existe un 
c i e r t o  r iesgo  en que l a  operacidn no quede 

almente controlada.  

cementadores y canas- 
do y que prome- 

Pozos Perforados 

poder sopor ta r  e l  incremento racteri'st icas d is -  

s. En l a  Tabla No. 6 se e n l i s t a n  10s ad i t ivos  

con las formaciones o con las temperaturas, es 
necesar io  d o s i f i c a r .  

Gltimos 100 m. de dicha tube r i a  deberfan quedar 
ranurados para permi t i r  e l  ingreso de l a  mezcla 
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agua-vapor a 1  pozo. 

S i  analizamos la  grhf ica  de penetraciGn, sobre 
todo en l a s  etapas de perforaci6n de 20" 0 primero, 
y despue's en 15" 0, para a l o j a r  l a s  primeras dos 
tuber'las, claramente se aprecia que fue un t rabajo 
bastante sa t i s f ac to r io ,  ya que prhcticamente se 
desarrol l6  en un perlodo de c a s i  25 dPas, inclu- 
yendo l a  instalacidn y cewntaci6n de la tuber'la 
superf ic ia l .  

Atendiendo a l a s  condiciones l i t o lbg icas  
encontramos materiales c lhs t i cos  no consolidados, 
con temperatura no mayor de 100°C. en 10s pri-  
meros 500 m., a continuaci6n una zona de t ransi-  
ci6n con temperaturas de hasta  150°C., l igera- 
mente compacta por e fec to  de metamorfismo. A 
continuaci6n de l a  zona de t ransici6n entramos 
a l a  zona francamente metamdrfica, sobre todo 
de las intercalaciones de l u t i t a s  y areniscas  
claramente definidas,  con una temperatura de 150 - 
21OoC., en l a  zona d e l  reservorio. 

La colocacidn y cementaci6n de l a  tuberia  in- 
termedia represent6 c a s i  e l  17X d e l  tiempo t o t a l  
empleado en l a  p e r f o r a c i h  de este pozo, y a 
p a r t i r  de e s t a  profundidad hasta  l l e g a r  a l a  
t o t a l ,  se emple6 un 25%; en e s t a  etapa l a  
penetraci6n fue bastante m& moderada que en las 
etapas anter iores ,  s i n  tener graves problemas a 1  
perforar en dicha zona. La colocaci6n y cementa- 
ci6n de l a  tuberia de 7 518" 0 nos represent6 e l  
13.43% d e l  tiempo t o t a l  empleado, pudiendo consi- 
derarse en conjunto que la  construcci6n de este 
pozo fue normal s i n  incidentes,  ya que e l  conjun- 
t o  t o t a l  de l a  g r l f i c a  de tiempos y penetraciones, 
as'l nos l o  se6ala (Fig. No.  5 ) .  Hacemos e'nfasis 
en que las temperaturas en este caso, fueron re- 
lativamente moderadas. 

Por o t ro  lado, e l  c r i t e r i o  de terminacidn 
en este pozo se apoyb principalmente en r eg i s t ros  
e ldc t r i cos ,  columna l i t o l6g ica  y r eg i s t ros  de - 
temperatura. 

POZO M-150 
E s t e  pozo se local iza  en e l  bloque Cerro 

P r i e to  111, y aproximadamente a unos 400 m. d e l  
pozo M-53, que en 1974 confirm6 la  exis tencia  de 
un reservorio importante en esta zona. E l  pozo 
M-150 se construyb de Septiembre a Diciembre de 
1978. 
y prlcticamente se necesitaron 87 d l a s  para 
terminarlo . 

Su profundidad t o t a l  fue de 2,104.15 m. 

E l  diseiio tubular en este caso, consider6 
un conductor supe r f i c i a l  de 20" Q en agujero de 
26" 0 ,  en 10s primeros 50 m., una tuberla de 
ademe y anclaje  d e l  t i p o  intermedia hasta  992.35 
m . ,  tuberfa de 13 318" 0 alojada en un agujero 
de 17 112" 0, una tuberla  de produccidn y ademe 
de 9 518" 0, alojada pa r t e  en agujero de 12 114" 
0, y e l  rest0 dentro de la  tuberia de 13 318" 0, 
e s t a  tuberia  l l egb  a l a  profundidad de 1,837.95 m. 
y por Gltimo un l i n e r  de 7" 0 ,  colgado de la  tu- 
be r l a  de 9 518" g ,  a p a r t i r  de 10s 1,812.39 m., 
y has t a  10s 2,104.15 m. 
en una perforaci6n de 8 112" 0 .  

E s t e  l i n e r  qued6 alojado 

Cuando analizamos l a  g r l f i c a  de penetraciones, 
tanto l a  instalaci6n d e l  conductor como l a  tube- 

r f a  intermedia, que penetraron sedimentos c l ls t i -  
cos no consolidados, fue normal y s i n  mayores 
dif icul tades;  s i n  embargo, l a  etapa de perforaci6n 
en 12 114" 8 ,  penetr6 t an to  sedimentos cla 'st icos 
no consolidados como una zona de t ransici6n y a h .  
formaciones t fp i cas  d e l  reservorio. b 

Esta perforacidn l leg6 hasta  10s 1,890.15 m. 
representando e l  11% d e l  tiempo t o t a l  empleado 
en e l  pozo, y de hecho hasta  este evento 10s 
problemas fueron practicamente nulos o mkimos; 
s i n  embargo, y precisamente a1 l l e g a r  a la  pro- 
fundidad antes  mencionada, se presentaron 
perdidas de circulaci6n que obligaron a realizar 
inyecciones forzadas de lechada y precisamente, 
a 1  cenentar e l  ademe de 9 518" 0 se agudizaron 
10s problemas por l a s  pe'rdidas de c i r cu lac i ih  y 
las def ic iencias  a1 cementar dicho ademe. Todo 
est0 absozrbi6 e l  52.80% d e l  tiempo t o t a l  requeri- 
do para l a  construcci6n de este pozo, est0 pone 
de manifiesto l a  gravedad d e l  problema an te  
formaciones l i t o l 6 g i c a s  con temperaturas e n t r e  
190 y 28OoC., si tuaci6n que como en varios  o t ros  
casos similares acrecentaron significativamente 
las d i f i cu l t ades  y sobre todo e l  t h p o  t o t a l  
requerido. 

La p e r f o r a c i h  en 8 112" I, para colocar l a  
tuber'la cor ta ,  y su  instalaciih, se pudo desa- 
r r o l l a r  tazonablemente bien per0 absorbiendo en 
conjunto e l  14% d e l  tiempo total. 

En este ejemplo hemos querido destacar 10s 
problemas d s  s ign i f i ca t ivos  que como antes  se 
ha seiialado, se deben a pLrdidas de circulaci&, 
derrmbes,  cementaciones, sobre todo en zonas 
ca l i en te s  d e l  reservorio. En l a  Figura No. 6 
se resumen 10s datos te'cnicos asociados a la  
construcciik de este pozo. 

Terminaci6n de Pozos Geote'rmicos 

en 10s pozos actuales, se consideran 10s par& 
metros f4sicos siguientes:  

Para poder apoyar e l  c r i t e r i o  de terminaci6n 

1) Columna l i t o l 6 g i c a  
2) Registros e ldc t r i cos  
3) Temperatura d e l  lodo de perforaci6n en 

circulaci6n 
4) <Registros de temperatura 
5) Porcentaje de areniscas en muestras de 

canal 
6) Anl l i s i s  mineraldgico con microscopio 

En un pr incipio se tomaron en cuenta para las 
determinaciones, 10s p a r h e t r o s  que se se6alan 
con 10s n h e r o s  1,  2 y 3, y parcialmente 4 .  
Sin embargo, nunca se pudo tener una seguridad 
t o t a l  en las decisiones que se tomaron para hacer 
l a s  terminaciones de 10s pozos y en ocasiones, 
10s pozos fueron terminados en zonas moderadamen- 
te cal ientes ,  con a l t o  contenido de s a l e s  y 
gases que indudablemente, y ya en l a  etapa de 
explotaci6n, dieron origen a incrustaciones, 
problemas de corrosi6n y una r e l a t i v a  modesta 
producci6n. 

- 

i d  Adem& de tener l a s  seiiales de 10s r eg i s t ros  
e l&tr icos ,  ha s ido  necesario de f in i r  con e l  
mdximo cuidado 10s procentajes de areniscas a 
trave's de l a s  muestras de canal colectadas; as i -  
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mismo, 10s anLl i s i s  mineraldgicos de dichas 
muestras para de f in i r  e l  t i po  de cenentante y el  
t i po  de mineral contenido en 10s cortes  de l a  
barrena; a d e d s  se considera indispensable l a  
obtencidn de por l o  menos tres reg i s t ros  de 
temperatura tomados de manera sucesiva con e l  

w p o z o  s i n  c i r cu la r ,  y en un perlodo de 24 horas. 

Con esos parsmetros, facilmente se distinguen 
dentro d e l  reservorio penetrado, l a s  zonas de 
mlxima temperatura y penneabilidad; as5 se han 
incrementado l a s  producciones de var ios  de 10s 
pozos en forma s ign i f i ca t iva ;  en algunos de 
e l l o s  se han obtenido cerca de 100 tonfhr.  de 
vapor separado, cuando anteriormente se obtenfan 
e n t r e  50 y 60 ton. 
penetrado e l  reservorio a las profundidades de 
2,700 - 3,000 m., se han llegado a encontrar 
temperaturas de casi 35OoC., y a s f ,  hay pozos 
que producen a r r i b a  de las 200 tonfhr. de vapor 
separado, l o  que nos demuestra que l a  optimiza- 
cidn en e l  c r i t e r i o  de terminaci6n de 10s pozos, 
ha s ido  particularmente importante. 

En e l  cas0 de FOZOS que han 

En l a  Tabla No. 8, se resumen dichos parsme- 
t ros .  Adem& en l a  Figura No. 7 que corresponde 
a1 pozo T-366, se hace una comparaci6n grSfica 
en t r e  l a  columna l i t o l b g i c a ,  atendiendo a 1  color 
de las l u t i t a s  que puede v a r i a r  de g r i s  oscuro 
a negro, en relacidn a las menores o mayores 
temperaturas d e l  reservorio: dicha informacidn 
se compara con 10s contenidos de arena, informa- 
cidn que se establece en una grLfica de porcen- 
t a j e s ,  y de igual  manera se hace una comparacidn 
con 10s cementantes y minerales contenidos pre- 
cisamente en e l  reservorio.  En este caso, se en- 
cuentran p i r i t a ,  cuarzo blanco, carbonato de 
calcio,  sflice y epidota; precisamente e s tos  dos 
Gltimos minerales son 10s que con toda propiedad 
nos definen cuales son las formaciones que 
t ienen l a  d s  al ta  temperatura. 
gra'fica de temperatura de lodo en circulaci&, 
nos dL una d i f e renc ia l  e n t r e  l a  entrada y s a l i d a  
a1 pozo que de hecho es un valor  importante, en 
relaci6n a 10s aspectos cua l i t a t ivos  y no cuan- 
t i t a t i v o s .  En este cas0 l a  zona con cementaciones 
de s r l i c e  y p i r i t a  corresponde con toda claridad, 
a l a  zona de mayor d i f e renc ia l  en l a s  temperatu- 
r a s  de lodo de circulaci6n. 

bimismo, l a  

En este pozo se obtuvieron tres reg i s t ros ,  
uno a l a s  7 horas de reposo, o t r o  a las 10 y 
media horas y o t r o  a las 13 y media horas. Las 
tres g r l f i c a s  que se obtuvieron con e s tos  regis- 
t r o s  tambiQ facilmente se pueden correlacionar 
con 10s datos anter iores ,  confirmando s i n  lugar 
a duda que l a  zona de isxima temperatura se 
encuentra abajo de 10s 2,118 m. 

. 

Finalmente, tambiln se correlacionaron 10s 
r eg i s t ros  e ldc t r i cos  que de dicha zona se obtu- 
vieron, r e g i s t r o s  que con toda clat idad definen 
cada uno de 10s cuerpos porosos permeables, y con- 
frontan claramente las seiiales elgctricas con 10s 
porcentajes de arenisca que en e l  laborator io  de 
geologfa ya se hablan definido. D e  esta manera, 
se pudo con toda seguridad programar l a  coloca- 
cidn d e l  l i n e r  ranurado en t r e  10s 2,118.40 m . . a  
10s 2,985 m., i n t e rva l0  excesivamente largo, para 
asegurar que l a  produccidn t o t a l  fuera  adecuada; 
en este caso, rebasd con mucha amplitud l a s  200 
ton/hr. de vapor. 

Este c r i t e r i o  es e l  que se sigue a l a  fecha, 
para d e f i n i r  l a s  terminaciones de 10s pozos que 
actualmente se construyen, y en pozos que actual-  
mente se han perforado en zonas que ya anter ior-  
mente habfan s ido  construidos POZOS, se han podi- 
dosincrementar l a s  producciones a1 ap l i ca r  e l  
c r i t e r i o  antes  descr i to ,  en comparaci6n a las 
producciones que anteriormente se tuvieron. 

Conclusiones y Recomendaciones 
En l a  Tabla No. 9 se hace un resumen de l a s  

conclusiones y recomendaciones a l a s  que se han 
llegado, despuss de 10s diferentes  eventos rea- 
l izados en e s tos  Gltimos 15 a6os. 
que va r i a s  de l a s  soluciones y a jus t e s  obtenidos 
dentro de l a  perforacidn de pozos geote'rmicos 
de Cerro P r i e to ,  son razonablemente sa t i s f ac to r ios ,  
aunque algunos aspectos deben optimizarse, sobre 
todo buscar cementos mss capaces que soporten 
mejor l a  degradacidn por flufdos geot6rmicos y 
nuevas aleaciones de aceros menos vulnerables a 
l a s  corrosiones. 

Se piensa 

En las operaciones de pesca, que es uno de 
10s capl tulos  mSs d i f i c i l e s  y peligrosos debido 
a l a s  altas temperaturas en e l  reservorio de 
Cerro Prieto,  deben adoptarse sistemas ma's e f i -  
c ientes  para l a  recuperacidn de 10s "pescados". 

Las barrenas, etc,, sufren desgastes y pi%- 
didas de cal ibraci6n con gran rapidez; si l a s  
barrenas son d e l  t i p o  con elementos de empaque o 
s e l l o  en sus rodamientos, este t i p 0  es excesiva- 
mente'vulnerable por l a s  altas temperaturas, y 
e'sta es una de las causa8 d s  frecuentes de 
"pescados", por l o  tanto,  debe optimizarse l a  
clase y t i p o  de barrenas que deseen u t i l i z a r s e  
en e l  futuro. 

Asimismo, y dado que las pe'rdidasde circula-  
c i h ,  sobre todo a1 cementar, han dado un exceso 
en tiempos de ejecucibn, que en ocas imes  como e l  
que hemos comentado l l e g a  a1 50% d e l  t o t a l ,  debe- 
r sn  adoptarse o t ros  sistemas y procedimientos 
para reducir  a1 minim0 este t i p 0  de contingencias. 
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Figura 1. 
campo geot'ermico de Cerro Pr ie to .  

Localizaci'on d e l  v a l l e  de Mexicali y 

Figure 1 .  
Valley and the  Cerro P r i e t o  geothermal f i e l d .  

Map showing the  loca t ion  of the  Mexicali 

0 
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U 
COLUMNA ESTRATIGRAFiCA 

AREA GEOTERMICA DE CERRO PRIETO 

DESCRIPCION LlTOLOGlCA 

ANDESITAS, ARCILLAS, ARE- 
NAS Y ESCASAS GRAVAS, 
DIQUES DE DIABASA. 

LODOLITAS DE COLOR CAFE 
CON INTERCALACIONES DE A- 
RENA Y ARENISCA DE COLOR 
CREMA. 

LUTJTAS Y LIMOLITAS D E  
COLOR CAFE, INTERCALADAS ' 
CON ARENISCAS DE COLOR 
CREMA. 

LUTITAS Y LIMOLITAS DE CO- 
LOR GRlS A NEGRO CON AL- 
TERNANCIA OE ARENISCAS 
DE COLOR BLANC0 Y BLAN-  
CO GRISACEO. 

I 
GRANITO DE B l O f l T A .  

Figura 2. Columna estratigriifica d e l  'area gsot'er- 



M-132 I '  

€ S C A L A  , 
0 500 1000 2000 1 
k-.L-' 

M E T R O S  

Figura 3. Localizaci'on de pozos perforados. 

Figure 3. 
dri l led at  Cerro Prieto. 

Map showing the location of wells 

XBL 824-447 
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1964- 4 POZOS 7 966 m 
1966-1968 15 PCeOS 20825m 
1972-1974 14 KROS 18838m 

~ 1600C.m 

1977-1978 18 POZOS 35400m. 

- 2 O m O m  

- - 2 5 M ) O m  

1978-1980 26 POZOS 62450m 

Figura 4. Diagramas tubulares prototipo. 

p Y O  20" 0 

-I3 y8'0 

I 

20'20 O m  

-7- 0 

-2600Om 

XBL 824-453 

Figure 4. Prototype casing p r o f i l e s .  
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DIAGRAMA COLOR 

LUTITAS 

ARENISCA % 
m + a ( o E n  

MATERIAL 
LUTITICO 

iNlSCAS 

- 

CEM. 
Y MIN 

T EMPERATLIRA 

CEMENTANTES Y MINERALES 

REG.TEMP REG ELECT. 
(KUSTER) 

a .  .. . 
.~ . . .  

-. 
,i - .. , 

\ .  ,' - . 
. :  

REG. TEMPERATURA (KUSTER) 
0 PlRlTA //// SILICA - I- 15 7 HRS CON LODO ESTATICC 

EPIDOTA - T- 16 10 30 HRS CON LOW ESTATI' 

T -  17 13 30 HRS CON LODO ESTATI 

11111[1 GRlS MEMO 1 COLOR OSCURO - CUARZO BLANC0 

I 1 CARBONATO D t  CALCIO 

COLOR NEGRO - 
XBL 824-448 

Figura 7. Correlaci6n grgfica de par'ametros que definieron l a  terminaci'on d e l  
POZO T-366. 

t.' 

Figure 7. 
w e l l  T-366. 

Graphical correlation of the parameters which defined the completion o f  

,- 

Lr 
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Tabla 1. 
de  Cerro Prieto.  

Table 1. Wells d r i l l e d  a t  the Cerro P r i e t o  geo- 

Pozos perforados en e l  campo geot’ermico 

LJ thermal f i e l d .  

T O T A L  P O Z O S  P E R F O R A D O S  85 

T O T A L  M E T R O S  PERFORADOS 162,638 mts 

I. - POZOS D E  E X  P L O T A C  ION 68 

2.- POZOS D E  EXPLORACION 18 

3. - POZOS ABANDONADOS 3 

4. -POZOS DESCONTROLADOS 4 

Tabla 3. 

Table 3. 

Datos de las  tuberzas de revestimiento 

Data on the casings used between 1964 

Tabla 2. Pozos geot‘ermicos. Aspectos particu- u t i l i z a d a s  de 1964 a 1980. 
l a r e s .  
Table 2. Geothermal wells. p a r t i c u l a r  aspects. a d  1980. 

a) TEMPERATURA 
b) CORROSION 

CONSTRUCTIVO ~ ~ $ “ ~ N E ~ ~ ~ ~ l A L E S  ~ , 1.- PROYECTO 

a) ALTA PERMEABILIDAD PRIMARIA 
Y SECUNDARIA 2- PERDIDAS DE C~RCULAC~ON b) LAVADO HIDROTERMAL 

C) ZONAS DE CONTACT0 LlTOLOCl- i co 

EQUIP0 ESPECIAL PARA ALTA 
TEMPERATURA 

3- REGISTROS 

4.- REGlSTROS TERMICOS { EQUIP0 KUSTER, AMERADA 

ELECTRI  COS 

PERLITA, PUZOLANA ACTIVADA, t SILICE. 
5- CEMENTOS 

MODIFICADOS 
EN EL  TOTAL DE LAS TUBERIAS 
INSTALADAS. ACCESORIOS ES - 
PECIALES. 

Tabla 4. 

Table 4. 
completion. 

Problemas pr incipales  durante l a  perfora- 

Main problems with d r i l l i n g  and well 

6 -CEMENTAClONES 

ROCAS ci6n y teminaci’on. 
b) ANALISIS MINERALOGIC0 ”- 
(1) COLUMNA LlTOLOGlCA 

{ 7- TERMINACION C) REGlSTRO DE TEMP. DEL -ROCAS ‘ONEAS 

LODO DE CIRCULACION 

a) REGISTROS KUSTER (TEMP) 
b) REGISTROS ELECTRICOS 

a) ESTIMULAC\ON 
b) CALENTAMIENTO 

- PERDIDAS DE FLUID0 PERFORACION AL ESTAR PERFORANDO. 
-. DERRUMBES WRANTE PERFORACION 0 CORRIDAS DE T. R . 
,ALTAS TEMPERATURAS EN ZONA PRODUCTORA. 
,PROBLEMAS DE PESCA . - PERDIDAS M CIRCULACION AL ESTAR CEMENTANDO 1. R .  

- INVASION CON LODO 0 CON CEMENT0 A LA ZONA PRODUCTORA 

I 
L I 

RUSSELL JAMES 

SEPARAOOR - FALLAS MECANICAS EN 1. R. 
SILENCIADOR 

U p R b N D F J E l O N  c) DESARROLLO i d) EVALUACION 
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Tabla 5. 
ci6n. 
t emperatura. 

Table 5. Typical d r i l l i n g  mud proper t ies .  Equip- 
ment f o r  the  con t ro l  of s o l i d s  and temperature. 

Propiedades t i p i c a s  de lodos de perfora- 
Equipo para con t ro l  de s'olidos y 

~ 

DENSIDAD g / c c  
VISCOSIDAD EMBUDO MARSH Seg/Lt 
GEL a 0 y I O  min  ( L b s / 1 0 0 F t 2 )  
PUNT0 DE CEDENCIA Lb/100 F t 2  
FILTRADO c c  30 m i n  
ESPESOR DEL ENJARRE m m  
P H  
CONTENIDO DE SOLIDOS % 
CONTENIDO DE ACEITE % 
CONTENIDO DE AGUA % 
CONTENIDO DE ARENA % 

I 08 - I20 
3 8  - 45 
0 - 6  

0 - 5  
6 - I O  
1 - 2  
8 - 9 5  
8 - 12 
5 - 8  

83  - 90 
2 6 MENOS 

E Q U I P 0  PARA CONTROL DE S O L I D O S  
Y TEMPERATURA 

T l P O  I N TE RVALO 

UNA SARANDA VIBRADORA 
T lPO " T A N D E M "  CON DO- 
BLE M A L L A .  0.0 A PROF T O T A L  

DOS SEPARADORES DE A- 
RENA T lPO SWECO CON 
8 HY DROCYCLONS 00 A PROF TOTAL 

UNA TORRE DE ENFRIAMIEN- 
TO PARA MANEJAR 2 650 L/min T >40 "c 

Tabla 6. 
Mater ia les  para p'erdida de c i r c u l a c i h .  

Materiales para lodo de perforaci'on. 

Table 6. Materials used i n  the  d r i l l i n g  mud. - 

Materials uaed t o  con t ro l  c i r c u l a t i o n  losses .  L' 

MATERIALES PARA LODO 

B E N T O N I T A  
S U L F A T O  DE B A R I O  
T A N I N O S  MODIFICADOS 
LIGNOSULFONATO DE SODlO 
L l G N l T A  CAUSTICA 
HlDROXlDO D E  SODlO 
CARBONATO D E  SOD10 
P O L  I E L E C T R O  LI T O  ORGAN IC0 

__ MATERIALES PARA PERDIDA 
- DE CIRCULACIM 

G R A N U L A R  
F I B R O S O  
H O J U E L A S  
C E M E N T O  
S IL ICATO DE SOD10 Y 
CLORURO DE C A L C I O  

Tabla 7. Problemas frecuentemente encontrados 
durante l a  cementaci'on de tube r i a s ,  e f ec tos ,  
y soluciones ac tua les .  
Table 7. 
problems, t h e i r  e f f e c t s ,  and present  so lu t ions .  

Frequently encountered casing cementing 

1.- PERDIDAS DE CIRCULACION PARCIAL 0 TOTAL 

2.-FALLAS MECANICAS EN COPLES DE CEMENTACION 

3.,FALLAS EN CANASTAS OE CEMENTACION 

E F E C T O S  

L-CANALIZACION DE CEMENTO 

2-AUSENCtA TOTAL DE CEMENTO 

3.-INEFECTtVlDAD DE CEMENTACION FORZADA 

S O L  U C I O N E S  ACTUALES 

L-EL US0 DE CEMENTOS LIGEROS EN ZONAS DE ALTA 

PERMEAElLtDAD Y I 0 CEMENTACION EN DOS ETAPAS 

2.,NUEVOS TtPOS DE COPLES CEMENTADORES Y 

- CANASTAS. 
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Tabla 8. Par'lmetros utilizados para definir l a  

Parameters used to design the comple- 

j terminacicn. 
! 

Table 8. 
, - u t i o n  of a well. 

I - COLUMNA LlTOLOGlCA 

2 - REGISTROS E L E C T R I C O S  

3 -  TEMPERATURA DEL LODO DE PERFORACION E N  CIR- 
CULACION 

4 - REGISTROS DE TEMPERATURA 

5 - PORCENTAJE DE ARENISCAS EN MUESTRAS DE CANAL 

6 - ANALISIS MINERALOGIC0 CON MICROSCOPIO 

Tabla 9 Conclusiones 'y recomendaciones. 

Table 9. Conclusions and recommendations. 

Consideramos que hon sldo sotlsfoctorios 10s soluciones y mdtodos 

utl l izodos enlo perforaclh de lor pozos de cerro p r i e t o .  pero d e b e -  

rdn opf lmtzorse ,  robre todo la ca l idod de 10s ademes, c lose de cemen- 

10s y cementoclones. 

Lo operacldn de beSC0' es en nuestro cas0 lo mds dlf rc l l .  drto por  

los altos temperoturas en el reservorlo. 

Lo clase y t iPo de barrenos deberon ser ma's adecuodos o lor condicrones 

erosrvas y formociones que hobitualmente se penerron en Ias zonas p r o -  

ductoror,  10s follos en lor t lpos de borrenas actuoles es u n a  de f a s  - 
causas frecuentes de las operaclones de  'percoy 

Deberdn de optlmrzarse 10s procedrmrentos para reducrr el t iempo de per- 

foracldn, sobr6 todo lor correspondlentes a Io penetracldn de l  reservo - 
r lo .  
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COMMENTS ON SOME OF THE DRILLING AND COMPLET€ON 
PROBLEMS IN CERRO PRIETO GEOTHERMAL WEUS 

ABSTRACT 

From 1960 to the present, 85 wells wifh a 
total drilling length exceeding 160,000 m hawe been 
constructed at iCerro Prieto, a modest T5gm-e com- 
pared to an oil field. This activity took plaoe in 
five stages, each characterized by changes and 
modifications equired by various drilling and 
well-completion problems. 

Initially, the technical procedures Iollmed 
were similar to those used in the ail industry. 
However, several problems emerged as a result of 
the relatively high temperatures found in the 
geothermal reservoir. 

Stated briefly, the various problems that have 
been encountered can be considered to be related to 
drilling fluids, cements and cementing operations, 
lithology, geothermal fluid characteristics, and 
casings and their accessories. 

Similarly, the criteria used for well comple- 
tion initially followed those commonly used in oil 
wells. However, as the importance of high tempera- 
tures and the characteristics of the geothermal 
reservoir fluids were better understood, the cri- 
teria were modified to optimize well-completion 
operations, and very satisfactory results have been 
achieved to date. 

We consider that reasonably satisfactory solu- 
tions have been found to most of the problems. 
Nonetheless, some of the solutions need to be 
further optimized, and other problems need better 
answers, as in the case of corrosion damage to the 
casings. 

With regard to well completions, the criteria 
need to be improved, especially to identify forma- 
tions saturated with hot waters. We think that a 
systematic lithologic and mineralogic analysis, as 
well as petrographic analysis of hydrothermal and 
metamorphic minerals combined perhaps with rock 
geochemistry and x-ray analysis, would ultimately 
yield better methods of maximizing the extraction 
of the energy stored in the reservoir. 

INTRODUCTION 

The development of drilling operations at the 
Cerro Prieto geothermal field has undergone various 
changes. These changes developed in response to 
problems and deficiencies encountered in each of 
the drilling stages. Over the last 15 years, 
starting in 1964, we have been able to distinguish 
five main stages in which substantial modifications 
were made to the d-illing operations at Cerro 
Prieto. 

The most significant changes can be summarized 
as follows: 

a. Use of special threads because, at the begin- 

ning, round threads fo1l.cwlng API n o m  were 
used, with 8 threads per inch and of insuffi- 
cient mechanical capadg, 

b. Use of different easing amangemmts. The 
grade of steels used spas also modified, which 
in stme cases aneimt a significant increase in 
the easing wall thickness. 

c. Use of different types of cement mixtures and 
chealcal additives to modify these mixtures. 

Use of different mdels and designs of casing 
accessories. K i a  Included modifications in the 
type of anchoring used for the Christmas trees, 
as well as some adjustments in the desigus of 
flanged crosses and even of the characteristics 
of the valves used in the valve trees. 

d. 

Two groups of problems led to the modifica- 
tions. The first were mechanical failures of the 
casings caused by tension-compression stresses 
brought about by the high temperatures commonly 
found in the geothermal reservoir. The second 
group included scaling, both in the production cas- 
ings and, in some instances, in the short slotted 
casings. 
tered, one which was only noticed some time after 
the construction of the wells, was the corrosion of 
the casings associated with the degradation of the 
cements used at that time. 

The worst problem of this sort encoun- 

However, solutions, which were gradually 
attempted to resolve the various problems appearing 
in each of the stages, improved construction 
methods. The general results, on the whole, we 
consider positive. Nevertheless, some of the sys- 
tems, procedures, equipment, and materials 
currently used will have to be improved further. 
In some cases, new solutions will have to be found 
because some of the results obtained to date have 
been rather modest, for example, controlling circu- 
lation losses during the cementing of deep casings, 
and searching for metallurgical alloys capable of 
withstanding external electrochemical corrosion 
which drastically shortens the useful life of the 
producing wells. 

MEXICALI VALLEY 

The Mexicali Valley is located in the 
northeastern part of the state of Baja California, 
Mexico. It is part of the Colorado River delta, 
which has also formed the Imperial and Yuma Valleys 
in California and Arizona, respectively (Figure 1). 

Geologically, these valleys were formed by the 
filling of the tectonic trough, presently forming 
the Gulf of California, with sediments carried by 
the Colorado River. The Salton Sea in the United 
States represents the extension of this trough on 
the continent. 

- 

u) 
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The Cerro Prieto geothermal field is located 
appro-tely 30 km soythe%st of the city of ylexf- 
Cali, Baja Calffornb. kt this site, there is I 
s-1 volcano named Germ Prieto, Weh is can- 
-idered to lie over the 5h Cerro &€eta fault. 

which covers an area of attaut t2 km2. 

them? is a zone h a m  as Fagma Volcano, uhich 
appeared in geologic raps as far back as lW5. 
Eere one can fXnd f*umaroles, hydrothema1 springs, 
boiling mud, and f f e m  the foFnration o? small m d  
volcanoes wbich occasionally reach heights of 2 P. 
These features bring to &rid the presernce of a 
powerful recharge of geothenaal water, which has 
been discharging naturally in this area, and one 
can easily ipragine the energy potential of the sub- 
surface of the Cerro Prieto area. 

is volcano could be the ~owsce of the hydrother- b$ al foci that feed the Ukrm Prieto reservoir, 

About 10 kut south of the Cerro Frieto volcano, 

. 

WLIS DRILLED 

To date, 85 uells have been drilled, for both 
The cumula- 
The wells 

exploration and deveJopment purposes. 
tive drilling length exceeds 160,000 m. 
are located in three areas named the Cerro Prieto 
I, 11, and I11 blocks. 

The wells can be grouped as shown in Table 1: 
68 production wells, 18 exploration wells, 3 aban- 
doned wells. Of the total, only 4 wells have gone 
badly out of control. The depth of the reservoir, 
which logically corresponds to the depth of dril- 
ling, varies setween 1300 m and 3000 m. 

Before continuing, we would like to emphasize 
those features that are typical of geothermal wells 
and that, in one form or another, distinguish them 
from conventional oil wells. These factors are 
occasionally the source of problems, especially in 
the implementation of technical measures to solve 
the unique problems of the geothermal wells. This 
is summarized in Table 2. 

Furthermore, we think it is important not to 
lose sight of the lithologic characteristics that 
prevail across the whole Cerro Prieto geothermal 
field. Although there are some variations in gen- 
eral physical characteristics, thicknesses, and 
depths, the geologic column can be considered to 
consist of three principal units. The first and 
shallowest consists of fine- and medium-grained 
alluvial materials, with a prevalence of plastic 
sandy clays. This first unit occurs at depths 
between 600 and 1300 m. Immediately below, there 
is a unit that has been more or less metamorphosed 
by temperature and hydrothermal fluids. This 
caused a consolldation in the upper few meters and 
in highly compacted materials at the bottom. The 
thickness of this unit varies between 100 and 
250 m, Qepending on the position of a wbll within 
the Cerro Prieto field. Most of the facies consist 
of shale materials with interbedded sandstones. 
Finally, there is the unit in which the hot water 
is stored. 
?ompact shales gray to black in color, depending on 

medium-grain sandstones with varying degrees of 
cementation. These sandstones contribute the most 
significant amounts of hot water. 

It is made up of alternating layers of 

he degree of thermal alteration, and fine- to u 
In this case, 

the thickness of these beds varies between 150 and 
300 m. 

The CkPptEn to the reservoir wries depending on 
lomtim. Hn Cern, Prieto I, the depth is about 
1300 to 1 5 m  P. 
vary betweem ZWk and 3000 m; and in Germ Prieto 
lXI, the depth =pies between 20CM am? m. 
ngUre 2 skms in some detail the geologic column 
Wch,  in gweral terms, represents the subsurface 
at C e m  Prieto. 

PH Cerro Prieto XI, the depth can 

Figure 3 shim the location of the w e l l s  
drilled in each of the three areas of the field. 
Uithout question, the most &tensely drilled zone 
is Cerro Prieto I, uhlch consists of &nu, Prieto 1 
North, where E)roduction started and ubich fed the 
first kro tlrrbines of the m e r  plant, and Cerro 
Prieto I South, &ere 400 to 500 P well spacings 
uere used. 
North MS 250 m, a situation that has had a ten- 
dency to form a drawdown zone. Well spacings for 
both Cerro Prieto If and Cerro Prieto I11 will be 
at least 400 m. 

The well spacing at Cerro Prieto I 

To date, 800-psi shut-in pressures have been 
measured at Cerro Prieto I. At Cerro Prieto 11, 
these pressures have reached 1250 psi. This condi- 
tion i s  related to the depth of the respective 
reservoirs and implies, in turn, a greater tempera- 
ture and consequently a greater steam-production 
rate per well. At Cerro Prieto I South, the shut-in 
pressure increased to about 900 psi, with well M-51 
yielding up to 140 tons of steam per hour with a 
reservoir temperature exceeding 32OoC. 
remember that at Cerro Prieto I the largest produc- 
tion came from wells such as M-8 and M-5, which 
produced 80 tons of steam per hour and where bottom 
well-temperatures were practically 30OoC. In wells 
drilled at Cerro Prieto 11, where the reservoir is 
located between 2700 and 3000 m, steam production 
rates of Up to 300 tons per hour and reservoir tem- 
peratures of practically 35OoC have been measured, 
whereas at Cerro Prieto 111, where the reservoir is 
located from 2000 to 2500 m depth, the measured 
bottom well temperatures range from 300°C to 32OoC, 
with steam production rates above 100 tons per 
hour. 

WELL CASINGS 

We should 

Correlating the different events of the five 
stages in which the drilling has been carried out 
at Cerro Prieto makes it possible to point out the 
characteristics of the casings that have been used. 
This information is summarized in Table 3. From 
this table it can easily be seen that there have 
been changes in the diameter, grade, weight, and 
threads of the casings. 

At each stage, as already mentioned, we tried 
to avoid the casing problems encountered in the 
previous stage. 
changes in the arrangement of the casings and their 
depths. The first change was to increase the . 
mechanical capacity or strength of the threads qnd 
tubing to enable them to withstand any stresses 
caused by thermal effects. After some time had 
elapsed and the extent and gravity of the corrosion 
of the casings had been realized, attempts were 
made to avoid this problem by making modifications 

This is also reflected by the 
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in both the grade of steel and the thickness of the 
casings used. 

MAIN PROBLEMS ENCOUNTERED DURING PRODUCTION AND 
WELL COMPLETION 

Briefly and specifically, the most severe 
problems encountered during drilling operations at 
Cerro Prieto over the years are (Table 4): 

1. Loss of drilling fluids near the hottest zones 
of the reservoir, mainly upon penetrating the 
first shale bodies with interbedded sandstones. 
Occasionally, this problem was so acute that it 
was necessary to drill with total circulation 
loss, using previously treated batches, dril- 
ling through short intervals while the batch 
was being lost, and repeating the cycle. At 
times, it was possible to drill 100 m. In this 
way, the system has functioned satisfactorily 
with minimal problems. 

Collapses during drilling and/or while placing 
the casings. This problem has been extremely 
serious in some of the wells and appears to 
have two causes: first, a mechanical effect, 
associated with fractures, faults, or crushed 
shale and sandstone layers, added to some 
amount of fluid filtration; and second, an 
apparent thermal shock effect between the rela- 
tively hot zones and the invasion of the fil- 
trates. 
relatively short period of time, has occasion- 
ally caused extensive collapses. The only way 
to control this is by recementing all of the 
affected section, letting the cement cure, 
redrilling the section, and checking to deter- 
mine if the formations are stable. If this 
fails, the operation must be repeated. 
practice was developed after increasing the 
ueight of the drilling mud as much as possible; 
if the ueight is increased too much, the previ- 
ously mentioned circulation losses could be 
triggered. A related problem, which occurs 
more frequently than having the drill bit 
caught in the well, is caused when tools stick 
due to a differential pressure caused by the 
combination of thermal effects on the drilling 
muds and circulation losses, which seem to 
favor this occurrence. These problems have 
been resolved successfully by using additives 
in the drilling fluid to keep tools from stick- 
ing. 

3. High temperatures in the production zone. This 
is, of course, the objective of drilling geoth- 
ermal wells. However, in our judgment, corro- 
sion problems and a great number of failures in 
material and equipment, both in casings and in 
surface installations, are associated with the 
high temperatures. The higher the temperatures, 
the higher the number of problems. 
the risk is greatest when the hot aquifers are 
penetrated because,comonly, there is a total 
loss of circulation at this point. It is then 
not possible to recover any samples and almost 
impossible to obtain electric logs because 
cables and logging tools cannot withstand the 
reservoir temperatures. Under these cir- 
cumstances, it is even possible to encounter 

2. 

All of this, acting together over a 

This 

In fact, 

serious fishing problems, as will be described 
next. 

4. Fishing problems. As commonly occurs in oil 
wells, there may be mechanical accidents that - 
require the use of fishing methods. When t h i L ,  
happens, one resorts to the commonly used tools 
and techniques. When the problem occurs near 
or opposite layers saturated with hot water, 
however, the situation becomes extremeIy 
dangerous because the collar detectors and 
tools used to unscrew the elements in the dril- 
ling string are almost useless, due to the dam- 
age to the cables and the head of these probes 
impeding their proper functioning. Conse- 
quently, it is almost impossible to design and 
sustain basic fishing operations. 

Because of the presence of hot strata, if 
there is no adequate circulation in the hole, 
the increase in temperature-vs-time is very 
rapid, and it becomes increasingly harder to 
operate conventional fishing equipment. 
Instead of recovering the llfishes,n it is com- 
mon to lose even more equipment or tools 
because they also stick or because it is impos- 
sible to recover them under those cir- 
cumstances. 

For these reasons, if there is no way of 
obtaining efficient circulation, it would be 
almost impossible to complete a fishing opera- 
tion successfully. 
uhich must be solved in the future with systems 
adapted to operate properly under the condi- 
tions commonly found in geothermal wells. 

Loss of circulation during cementing of cas- 
ings. This type of problem is also associated 
with those casings, especially production cas- 
ings, that are installed after the reservoir 
has been reached and is part of the well com- 
pletion operations. 
easily becaussin this type of well, the cas- 
ings must be cemented from the bottom to the 
surface of the well. If this is not done, cas- 
ing collapses and fractures can easily occur. 
Given the excessive weakness of the formations 
associated with geothermal reservoirs and the 
frequent channeling and dissolution of some 
formations caused by the geothermal fluids, one 
can understand the ease with which the cement 
slurries, given their density, break the forma- 
tions or simply get lost. This keeps the 
cementing operation from being successful and 
thus may compromise the mechanical integrity of 
the casings. 

the shoes, floating couplings, special cou- 
plings, plugs, etc., needed for the cementing 
operations frequently experience damage or 
changes that ultimately impede the operations 
for which they were designed. For this reason, 
as is well. known in oil drilling, two-, three-, 
or several-stage cementation operations have 
not been very efficient. Their failure rate is-. 
estimated to be between 60 and 70 percent; 
single-stage cementating operations have 
yielded better results. 
necessary to cement a casing column 2000 m 

This is a serious problem 

5 .  

The losses start very 

In addition to the losses Just described, 

"lyf 
However, when it is 
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long, it is absolutely necessary to plan the 
operation in two stages. 

important change in the cementing opera- 
tions has been the use of lighter-than-usual 
cement slurries. On several occasions 
recently, this procedure has been used in 
single-stage deep-cementing operations. How- 
ever, the solution for controlling these opera- 
tions must be improved significantly in the 
future. 

6. Mechanical failure f the casing. This prob- 
lem has had two causes. The first has been 
mechanical failures due to stresses in recently 
constructed wells during their warm-up, 
development, and evaluation stages. These 
failures have been associated with thermal 
shock, construction problems, and, above all, 
with operational problems while the wells were 
under evaluation. During the early years of 

err0 Prieto, the first set of 20 
xperienced collapses and fractures 

that had to be repaired to enable the wells to 
operate safely. However, after understanding 
the problem better, the construction techniques 
were improved by using different grades and, 
especially, more suitable casing thicknesses. 
Also, the warm-up, development, and evaluation 
operations are carried out with greater care, 
thus reducing this type of contingency to a 

r ,  after several years of production, 
he wells began to show another problem which 
ffects mostly production casings. We have 

labelled this internal and external casing cor- 
rosion. 
caused by electrochemical corrosion which pro- 

the migration of the stee1,from the exte- 
f the casings into the formation. 
enon is associated with the transition 

zone, just above the hot reservoir zone. 

The most severe of these problems is 

This 

ncluded that there are at 
in Cerro Prieto wells that can easily cause a 
natural potential difference that, in one fo 
or another, favors corrosion. To date, the 

ich has been found for this 
e separate sacrificial 
This, of course, signifi 
the cost of a well, There 

must search for alloys which will be 
better able to withstand corrosion and develop 
production systems which will economically and 

rs after the well has 
s practically disappea 

drilling muds and causing formation damage that 
occasionally can be serious and can undermine 
the production capacity of the reservoir. 

To solve this problem, one can either resort 
to small, partial cementing to form a cement 
packing or drill to a point just above the 
reservoir, then place and cement the proper 
casing._ After cleaning and cementing in cou- 
plings and shoes, the drilling then proceeds 
through the reservoir itself, placing and occa- 
sionally cementing a short slotted casing. Both 
systems have given satisfactory results. 

PROTOTYPE CASING PROFILES 

One of the aspects that has changed the most 
during the stages of the drilling program has been 
the design of the group formed by the intermediate 
and production casings. 
summarized as follows (Figures 4 and 5): 

a. 

This development can be 

The inicial design, used in 1964 and 1965, was 
a very simple arrangement, consisting of a 22- 
in. diameter casing of B grade welded tubing 
placed in a 26-in. hole; a 16-511. diameter sur- 
face casing, round threads, a 1 1  3/4-in. diame- 
ter intermediate casing placed in a 15-in. 
diameter hole, and a short, slotted 7 5/0-in. 
diameter casing placed in a 10 5/0-in. diameter 
hole. 

b. The prototypes used from 1976 to 1978 are 
characterized by the installation of a single 
diameter production casing extending from the 
surface to the bottom. Part of this casing was 
slotted opposite the reservoir. 
ment was developed to avoid the problems of 
excessive scaling that were encountered with 
the first arrangement. 
mediate casing was installed to protect the 
production casing from collapses. 

Finally, prototype B1 was tried to solve in 
part the failures of the first two types. In 
this case, the total depths far exceeded that 
of the first wells built. In the first 1000 m, 
an intermediate casing was installed. From 
1000 to 2000 m, a production casing was used. 
From this casing, a short casing, partially 
slotted opposite the reservoirs, was hung. 

This arrange- 

In addition, an inter- 

his casing arrangement prevents the 9 5/8-in. 
iameter casing from suffering extensive corro- 

The arrangement, depths, diameters, and 
characteristics of the casings were designed for 

invasi 
zone. This ‘problem 

ottom of the well because this requires 
ementing from just above the production zone 

cause circulatLon losses, as already mentioned, 
producing invasions by the cement slurry or the 

hd all the way to the surface. This can easily To perform satisfactorily, drilling muds must 
retain their tixotropic characteristics throughout 
the entire drilling job. AJthough some changes 
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were made in drilling fluids, the bentonitic sul- 
fonate lignitic type muds were found to be the most 
effective and economical to use. To withstand the 
temperature increases encountered when drilling 
into the geothermal reservoir, the use of organic 
polyelectrolytes is required. 

Table 5 shows the limiting requirements which 
the muds must satisfy to yield optimal results. 
The table also shows the type of equipment used for 
the control of solids and high temperatures. 
Table 6 lists the most important chemical additives 
that must be used, depending on the type and tem- 
perature of the formation being drilled. 

Table 6 also shows the materials used includ- 
ing cement, calcium chloride, calcium silicate, 
etc., used to control of circulation losses. 
Although these compounds have always yielded rea- 
sonably good results, they have made.the work less 
efficient, thus increasing the costs. 

FREQUENT PROBLEMS ENCOUNTERED DURING THE CEMENTING 
OF THE CASINGS 

Below, we summarize the problems encountered 
in Cerro Prieto wells, their effects, and the solu- 
tions that have been attempted. 

The problems can be basically divided into 
three groups: 

1. Partial or total circulation losses. 

2. Mechanical failures of couplings, shoes, 
multiple couplings, etc. 

Failure of the metallic baskets used to 
support the cement applications and to 
avoid damages, above all, in the zone 
saturated with hot water. 

3. 

Among the effects, we can distinguish the fol- 
lowing: 

1. Channeling of the cement. 

2. Total absence of cement in the annular 
spaces. 

Little effectiveness in those cases where 
forced cementing was attempted. 

3. 

The solutions that were adopted to date are: 

1. Use of lighter cement slurries in high 
permeability zones and/or two-stage 
cementing operations. In this case the 
success ratio has been 60 percent, indi- 
cating that there is some risk that the 
operation cannot be totally controlled. 

Use of new types of cementing couplings 
and baskets. They have been tested and 
show promise of improved operation. 

2. 

These comments are summarized in Table 7. 

WELLS DRILLED 

In this section we will comment on some of the 
wells drilled at Cerro Prieto that have unique 
characteristics and represent groups of relativelv' . 
similar wells. L 
WELL M-21A 

This well was drilled at the end of 1973. The 
general design contemplated the use of a 16-in. 
diameter surface casing down to 250 m. This was to 
be followed by a 1 1  3/4-in. diameter intermediate 
casing down to about 1000 m, and a 7 5/8-in. diame- 
ter production casing extending from the surface 
down to 1300 m. The final 100 m of this casing 
would be slotted to permit the entry of the steam- 
water mixture into the well. 

If the drilling progress graph is analyzed, 
especially during the drilling of the 20 15-in. 
diameter holes for the first and second casings 
mentioned above, it is apparent that the results 
were quite satisfactory. 
including the installation and cementing of the 
surface casing, was performed in a period of almost 
25 days. 

The whole operation, 

In the first 500 m, unconsolidated clastic 
materials with temperatures below 100°C were 
encountered. This was followed by a transition 
zone lightly compacted due to metamorphism, with 
temperatures of up to 15OoC. Below it, a clearly 
metamorphic zone was encountered with well defined 
sandstone and shale intercalations, reaching tem- 
peratures of 15OoC to 21OoC in the reservoir zone. 

The placement and cementing of the intermedi- 
ate casing took almost 17 percent of the total 
drilling time. From this depth, it took 25 percent 
of the drilling time to reach total depth. In this 
stage, the penetration rate was slower than in the 
previous stages, without any serious drilling prob- 
lems. The placement and cementing of the 7 5/8-in. 
diameter casing took 13 percent of the time. On 
the whole, we consider the construction of this 
well to have been normal and without incidents, as 
shown by the drilling progress graph (Figure 5 ) .  
In this case the temperatures were relatively 
moderate. The completion criteria used in this 
well were based primarily on the electric logs, the 
lithologic column, and the temperature logs. 

WELL M-150 

This well is located in the Cero Prieto I11 
area approximately 400 m from well M-53, which in 
1974 confirmed the existence of an important reser- 
voir in this zone. Well M-150 was built between 
September and December 1978. 
2104.15 m; it took practically 87 days to complete. 

sisted of a 50-m long, 20-in. diameter surface con- 
ductor placed in a 26-in. diameter hole, followed -- 
by a 13 3/8-in. diameter intermediate casing plae 

992.35 m. It was followed in turn by a 9 5/8-in. 
diameter production casing placed in part in a 

Its total depth was 

In this instance,the casing arrangement con- 

in a 17 1/2-in. diameter hole extending down to I 
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12 1/4-in. diameter hole, in part within the 
13 3/8-in. diameter casing. 
reached a depth of 1837.95 m. 
hung from the 9 578-111. diameter casing, between 
'812.39 and 2104.15 m. 

&j 1/2-in. diameter hole. 

The production casing 
Finally, a liner was 

This liner was placed in an 

When we analyze the drilling progress graph, 
we see that the installation of both the conductor 
and the intermediate casing, which penetrated the 
unconsolidated clastic sediments, was normal and 
without great difficulties. The 12 1/4-in. diame- 
ter hole penetrated both the clastic unconsolidated 
sediments, the transition zone,and even formations 
typical of the reservoir. 

This drilling stage reached a depth of 
1890.15 m, representing 1 1  percent of the total 
well drilling time. 
encountered down to this depth. Then, however, 
circulation losses were experienced that required 
the injection of cement slurry. The circulation 
losses became particularly acute while cementing 
the 9 5/8-in. diameter casing. All of this took 
about 52.8 percent of the well construction time 
and manifests the gravity of the problem of dril- 
ling into formations with temperatures between 190 
and 28OoC. 
considerably increased the difficulties, and above 
all, the total well-construction time. The dril- 
ling of the 8 1/2-in. diameter hole to place and 
install the short casing proceeded reasonably well, 
taking about 14 percent of the total time. 

Almost no problems were 

This situation, as in similar cases, 

This example illustrates the most significant 
problems encountered, which, as mentioned above, 
were the loss of circulation, sloughing, and 
cementing problems, especially in the hot reservoir 
zones. Figure 6 summarizes the technical details 
pertaining to the construction of this well. 

COMPLETION OF GEOTHERMAL WELLS 

The criteria used presently for well comple- 
tion are based on the following physical parame- 
ters: 

1. Lithologic column 

2. Electrical logs 

3. Temperature of the circulating drilling 
mud 

4. Temperature logs 

5. 

6. Microscope mineralogic analysis. 

Percent sandstones in the cutting samples 

Initially, only parameters 1-3, and partially 
4 were taken into account. However, one was never 
totally sure of the well-completion decisions, and 
occasionally the wells were completed in moderately 
hot zones with a high salinity and gas content; 
this caused scaling and corrosion problems and a 

u a t i v e l y  modest production rate. 

In addition to using the electrical logs, it 
has been necessary to determine with the utmost 
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care the percentage of sandstones found in cutting 
samples. It has also been necessary to make 
mineralogic analyses of those samples to define the 
mineralogy and the type of cementing mineral in the 
drill cuttings. Furthermore, it is essential to 
obtain Bt least three temperature logs taken con- 
secutively in the well over a 24 h 
without circulation. 

' With these parameters, it is easy to distin- 
guish within the reservoir the zones.of maximum 
temperature and permeability. In this way, signi- 
ficant increases in production have been obtained. 
In some of the wells, nearly 100 tons/hr of 
separated steam have been produced where previously 
between 50 and 60 tons/hr had been obtained. In 
the case of wells that have penetrated the reser- 
voir at depths of 2700-3000 m, temperatures of 
35OoC have been found, and there are wells that 
produce more than 200 tons/hr of separated steam, 
which shows that the optimization of the well com- 
pletion criteria has been particularly successful. 
Table 8 summarizes these parameters. 

Figure 7, corresponding to well T-366, shows a 
correlation between the color of the shales, which 
vary from dark gray to black, and reservoir tem- 
perature. This information is compared to sand 
content and to the cementing materials and minerals 
found in the reservoir itself. In this case, one 
can find pyrite, white quart'z, calcium carbonate, 
silica, and epidote. It is precisely these last 
two minerals which indicate the highest temperature 
formations most accurately. The graph of circulat- 
ing mud temperature gives the difference between 
the inlet and outlet temperatures, an important 
qualitative piece of information. In this case, 
the zone where silica and pyrite are the cementing 
minerals corresponds to the zone of greatest tem- 
perature differentials in the circulating mud. 

In well T-366, three temperature logs were 
obtained: one after 7 hours of rest, another after 
10.5 hours, and the third after 13.5 hours. The 
three graphs thus obtained can be easily correlated 
with the previous data, confirming without a doubt 
that the zone with the highest temperature is below 
2118 m. 

Finally, the electric logs obtained in that 
zone were also correlated. They clearly define each 
of the permeable porous bodies and clearly agree 
with the percentages of sandstones obtained in the 
geological laboratory. To insure an adequate total 
production rate, we were able to plan in this 
fashion with a great deal of certainty the place- 
ment of the slotted liner between 2118.40 and 
2985.00 m depth, an excessively long interval, In 
this case, it went far above 200 tons/hr of steam. 

To date, these criteria are still being used 
to design the completion of the wells presently 
under construction. In areas where wells already 
exist, we have been able to increase production by 
applying the above criteria, yielding higher pro- 
duction rates. 

CONCLUSIONS AND RECOMMENDATIONS 

Table 9 shows a summary of the conclusions an 



recommendations we have reached based on the 
experience gained over t he  l as t  15 years.  We 
bel ieve  t h a t  the var ious  so lu t ions  and adjustments 
made i n  the  d r i l l i n g  of the  Cerro P r i e t o  geothermal 
wells are reasonably s a t i s f a c t o r y ,  although some 
.aspec ts  must be improved fu r the r .  Espec ia l ly ,  w e  
must continue to look for cements that are better 
able to withstand degradation by geothermal f l u i d s  
and for new a l l o y s  which w i l l  be less vulnerable t o  
corrosion. 

I n  f i s h i n g  opera t ions ,  more e f f i c i e n t  systems 
for recovery of "fishes" must be adopted i n  
response t o  the d i f f i c u l t i e s  and dangers assoc ia ted  
wi th  t h e  high Cerro P r i e t o  r e s e r v o i r  temperatures. 

The d r i l l  b i t s  experience very r a p i d  wear and 
c a l i b r a t i o n  loss. D r i l l s  w i t h  sealed bearings are 
p a r t i c u l a r l y  vulnerable  t o  high temperatures. This  
is one of t he  most common causes f o r  "fishes." 
Therefore,  the class and type of d r i l l  b i t  t o  be 
used i n  the f u t u r e  must be improved. Li 

Given that c i r c u l a t i o n  losses, e spec ia l ly  dur- 
i n g  cementing opera t ions ,  have increased the w e l l  
cons t ruc t ion  time, reaching  up t o  50 percent  of  the 
t o t a l  time as described above, new systems and pro- 
cedures w i l l  have t o  be adopted t o  reduce t h i s  type 
of contingency t o  a minimum. 

L 
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