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ABSTRACT 

The l i n e r .  p i p e s  of we1 1 H - l k  f r o m  Los 
Hi.rmer.os rJeother .mal  f i e l d  were  s t r o n g l y  
c o r r o d e d  and i n c r u s t e d  by s i l i c a  ancl i r o n  
s u l p h i d e s .  The c o r r o s i o n  p r o c e s s  seems t o  
h e  h a p p e n e d  t o  a n  a v e r a g e  r a t e  of 0.752 
mm/year and HC:1 f rom d e e p  zones of t h e  
g e o t h e r m a l  r e s e r v o i r .  seems t o  be t h e  
c a u s e .  The s c a l i n q  of  t h e  l i n e r  p i p e  w a s  
i n d u c e d  by m i x i n g  o f  t h e  d e e p  f 11.ri1.1~ a n d  
a n o t h e r .  f l i - t ids  pu.odi-\ced f r o m  a s l - ~ a l l o w e r .  
i o 1-1 e F 1-r t L\ I-' e 
w e l l s  l o c a t e d  a t  t h e  same a rea  of t h e  
f i e l d  ( : t h e  C e n t r a 1  C o l l a p s e ) ,  shoct11.1 t o  
a v o i d  t h e  m i x i n q  of f 11-rids f \-.om B o t h  z o n e s  
i n  o r d e r  t o  p r , e v e n t  t h e  s c a l i n g  and t o  
r e d u c e  t h e  C O I - . I - . O S ~ O P I  r a t e s  = 

( a I-' o 1.1 rl 1.1 1 4 00 - 1 4 50 m c? e p t h 1) 

INTRODUCTION 

Well  H-16 w a s d t - . i l l e d  i n  t h e  Los 
Hume 1-0 s , f i e 1 d 
i n  1'389. A f t e r  i t s  1.1r.i 1 1  incj was a s s e s s e d  
r . e s c r l t i i - ~ g  w i t h  4::: t o n  / h o u r .  of  s t e a m  arid 
3 .6  tor1 /hoi.rr. of  w a t e r ,  a t  0 . :3  M p a  o f  
s e p a r a t i o n  pr ' esscr re .  Suhseyi-rent I.y, t h e  
w e l l  w a s  f l o w i n g  k~y o t - i f i c e s  o f  d i f f e r e n t  
1.1 i ame t e 1- and 1.1iffer.en.t . w e l l  - heacl 
p r . e s s u r e s ,  and a p r o g r e s s i v e  1.1ecr.ement of  
i t s  p r o d u c t i o n  w a s  otiserwe1.1. I n  Augus t  of 
198:3, t h e  we1 1 pr.odi.rction had d e s c e n d e d  t o  
.:- 1 . 2 t o 1-1 / h o 1-1 r o f s t e a m  an ct C, . 5 t o 1-1 / ti o u r- 
o f w a  t e 1- . I t-1 J an ua  r.y a \-I cl F e ka r. 1-\a t-y o f 1 ' 3 3 9  
was observec l  t ha t  t h e  w e l l  had h e e n  
i n c r i - r  s t e 1.1 . 

P 1-te kt 1 a , Me :.: i c o , g e o t h e \-.ma 1 

- 

I n  May of 1'3:Z:Y a d r . i l l i n y  r i g  was 
i n s t a l l e d  and 72.3 m of  t h e  7" d i a m e t e r .  
1 i r~ e r p i VI e we r' e I-' r c o v e r. e d . A r. o u 1-1 1.1 a t ti i r 1.1 
p a I' t o f I-. e c o v e I-. e 1.1 1 i r~ e r. PI I-. e s e n t s 
a dvart c e 1.1 c o I-. r o s i o 1-1 an d 5 c a I. i 1-1 9 . T h i s w o r I:: 
r e p o r t s  t h e  t y p e  o f  c o r r o s i o n ,  s c a l i n g  
c h a r a c t e r . i s t i c s ,  a n d  s l i s c u s s  some i d e a s  
akocrt i t s  o r i g i n  and 5ome s u g g e s t i o n s  t o  
a v o i d  them. 

t h a t 

THE LOS HUMEROS GEOTHERMAL FIELD 

T h i s  g e o t h e r m a l  f i e l d  . i s  locakecl  
b e t w e e n  t h e  e a s t e r n  p o i - . t i o n  of  t h e  S t a t e  

o f  Pi-rehla and t h e  w e s t e r n  p o r . t i o n  o f  t h e  
S t a t e  of  V e r a c r . u z  ( F i g .  1 ) .  The f i e l d  l i e s  
i n t o  a v o l  c a n i  c IJ!uater.rar.y c a l d e r a ,  riamed 
L o 5  Hcimeros C a l d e r a ,  which  i s  p1ar.t o f ,  t h e  
e a s t e r n  s e c t o r  o f  t h e  Mexican  V o l c a p i c  
B e l t .  

Geothermal  f i e l d  

Veracruz st 

-.  
- i g .  1.- L o c a t i o n  o f  Los Humeros. 

'\i' 2 a t e  

I I ~ - I  e o 1-1 s , me t a m o  r p  tt i c arc cl s e d i me 1-1 t ar.y 
-ocL:s o u t  c r o p  i n  t h e  g e o t h e r m a l  f i e l d  and 
i t 5 s 1-1 r. 1- o c r n  d i 1-1 g . I n t 1- 1-1 s i v e an d me t a m  o ~ V I  h i c 
r.ocl::s r e p r e s e n t  a Pei-vnian k a s e m e n t  over .  . 
w h i c h J CI ra s s i c an 1.1 C: r e  t a c e o 1-1 s s e d i m e r~ t a r.y 
~ o c k s ,  m a i n l y  l i m e s t o n e s ,  were  d e p o s i t e d  
( A l o n s o  et a(., 138.5:). By m i d d l e  of  
M i o c e n e ,  akocrt 14 m i l l i o n  y e a r s  c:m.y.:) 
ago, g r a n i t i c  s t o c k s  were  intr.uBe1.1 i n t o  
1 i m e s t o n e s ,  a n d  h o r n f e l s  skarns and 
mar-Lle wer.e l o c a l l y  f o r m e d  as a c o n t a c t  
m e t a m  o i- .p h i s m p 1- o d u c t 6 

V o l c a n i c  r o c k s  seem t o  h a v e  h e e n  
f o r m e d  d u r i n g  t h v e e  v o l c a n i c  p e r i o d s  (Gcr- 
t: i I-. I-. e z N. , 1'332). F i r s t  of them h a p p e n e d  
f r o m  M i d d l e  Miocene  t o  L a t e r .  P l i o c e n e  ( 1 1  
t o  2 m.y. a g o ) ,  and for.met.1 th ic l : :  m a i n l y  
an d e  5 i t i c f l o w s  w i t h i n  w h i c h  t h e 
y e  o t h e r m a  1 f 1 1-1 i ds a r e  p r e  s en t 1 y e 1-1 c 1 (3 s e d . 
S e c o n d  v o l c a n i c  per.io1.1 s t a i - . t e d  0.51 m - y .  
ago, w i t h  t h e  e:.:tri-r5ion of  r . h y o l i t i c  13.omes 
f o l l o w e ~ j  k y  1:3(1) \::m3 (:Fei-.l-.iz, 19:;:!5:) o f  
r .hyo 1 i t  i c p y r o  c 1 as t i  c f lows . C Z a v a g o z  a. 
Ignimktr i  t e >  ; a c a l d e r i c  co'l l a p s e  ( t h e  L o s  
Humeros C:alder .a j  i n  a si-i.r.face of 21 :.: 15 
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k m  was f o r m e d  as a c o n s e q u e n c e  o f  si-ich a 
s u d d e r ~  p y r . o c l a s t i c  e r . u p t i o n .  Two s i m i  1 a r  
e r u p t i o n s ,  b u t  w i t h  minor. amount  o f  
p y r o c l a s t i c  f l o w s ,  for.med two motre 
c a l d e i - i c  c o l l a p s e s  ( L o s  P o t r e r . o s  C:a ldera  
and the  C:entr .a l  C o l l a p s e )  i n s i c l e  t h e  Los 
Humei-os C a l d e r a ,  k e t w e e n  (I)= 1 and C).<)k m.y. 
a g o .  The L.os P o t r e r o s  C:a ldera  has 1 0  I:m i n  
d i a m e t e r  and t h e  C e n t r a l  C o l l a p s e  has 
ar.oi.rrid 3 km i n  d i a m e t e r .  Thir .d  and l a s t  
v o l c a n i c  p e r i o d  h a p p e n e d  f r o m  0.06 t o  0 . 0 3  
m y ago , an d e x t r u  d e ct ha sa 1 t i c , an d e  s i t i c 
and d a c i t i c  l a v a s  and some a i r - f a l l  t u f f s .  

T h e r m a l  p o i n t s  i n  L o s  Hi.imer.os ai--e' 
o n l y  f u m a r . o l e s  and h o t  s o i  I s ,  1acI::ing of  
h o t  s p r i n g s ;  h y  t h e  way, "humeros" means 
smoky, j u s t l y  h e c a u s e  of  t h e  l a r g e  amount  
of  f u m a r o l e s -  G e o t h e r m a l  r e s e r v o i r  i n  L o s  
Humeros seems t o  b e  c o n f i n e d  t o  . t h e  
s u k s u r f a c e  of  t h e  C e n t r a l  C o l l a p s e ,  
r . e l a t e d  t o  i t s  c i r . c u l a r  s t r . ~ c t u r e ,  and t o  
a narr.ow z o n e  r e l a t e d  t o  an impoi-.tant NW- 
SE t r e n d  f a u l t ,  named M a s t a l o y a  F a u l t  ~OI- i -  
t i & . r . r e z  N. , 19:37). 

T h i r t y  t h r e e  g e o t h e r m a l  w e l l s  h a v e  
b e e n  d r i  1 l e d  i n  t h e  f i e l d ,  whose d e p t h s  
r a n g e  f r o m  20(:) t o  32:SO m.  L i t h o l o g i c a l  
a n a l y s i s  o f  c u t t i n g s  and c o r e  s a m p l e s  of  
t h e s e  we1 1s i n d i c a t e  tha t  t h e  g e o t h e r m a l  
f l u i d s  a r e  i n c l u d e d  i n  t h e  M i o c e n i c  t o  
P l i o c e r r i c  a n d e s i t i c  s e r i e s  w i t h  a r o u n d  
1MK) m of  t h i c k n e s s  - O v e r l y i i i g  t o  t h e s e  
a n c ( e s 4 t e s  t h e r e  a r e  i g n i m k r i t e s ,  which  a c t  
as a sei>su Ia&o s e a l i n g  c a p ,  t o g e t h e r  w i t h  
t h e  u p p e r  p o r t i o n  o f  t h e  a n d e s i t i c  u n i t  
CViggiano  and R o b l e s ,  1'333:) . M e t a m o r p h i c  
r o c k s ,  l i k e  h o r n f e l s ,  skarns and m a r . k l e s ,  
some u n m e t a m o i - r h i i e d  1 i m e s t o i i e s  and 

M i  o c en i c t h e  
k a s e m e n t  u n d e r l y i n g  t o  t h e  a i i d e s i  t e s  T h i s  
ktasement  resents low p o r o s i t y  and 
p e rme ah i 1 i t y , g e o- 
t h e r m a l  f luilsls ticit w i t h  h i g h  t e m p e r a t u r e -  
N e v e r t h e l e s s ,  t h e  b a s e m e n t  seems t o  a1 low 
t o  some d e e p  g e o t h e r m a l  f l u i c l s  pass 
t t-I ro 1-i gh i t 

g ran  i t i c i rl t r 1-1 s i v e  s , a re 

w i t ti o 1-1 t e x p 1 o i tab 1 e 

Rocks  o f  t h e  s u h s u r f a c e  a r e  hydro-  
t h e  r m a  1 1 y a 1 t e ,-*e d b y  t h e  i r i n  t e r*a c t i on 
w i t h  t h e  geother .ma1 f l u i d s .  T h r e e  m i n e r a l  
zones  h a v e  k e e n  c l a s s i f i e d ;  f r o m  t h e  
s u v f a c e  t o  h o t t o m  t h e y  a r e  ( V i g g i a n o  a n d  
R o b l e s ,  198:3:): 

Z e o l i t e  zone.-  Ternper .a ture  f r o m  50 t o  
1 5 0 ° C .  I n c 1 I-! d e s z e o l i t e s  C e x c e p  t 

w a i  r - a k i  t e  I), tiemat i t e ,  c a l  c i t e  , p y r i t e ,  
c h l o r i t e s  and q u a r t z -  T h i s  z o n e  a f f e c t s  t o  
a1-1 d e  i t e s  , basa 1 t 'i , a i  r-f a 1 1 t uf f s an cl 
i gn i mk r i t e s - 

Epidote ro i>e - -  T h i s  t o n e  has kleerl 
d i v i d e d  i n t o e  E ~ i d o t e  s c t b - r ? ~ ~ g ,  w i t h  
t e m p e r a t u r e s  f r o m  190 t o  200°C and 
mi rl e ra 1 s p y r i  t e ,  

. r u t i l e ,  s p h e n e ,  c l a y s ,  c h l o r . i t e s ,  qi.rai-.tz 
1 i k e hemat  i t e ,  c a l  c i t e ,  

and e p i d o t e  (tf1er.e a r e  a l s o  some miner .a l  
j - e l i c  o f  amphik lo les  arid g a r n e t ) ;  E p i d o t a -  
wair .aI : : i te  si-ih-ione, w i t h  t e m p e r a t u t - e s  f r o m  
200 t o  300°C: a n d  h e m a t i t e ,  c a l c i t e ,  
a n h y d r i t e ,  p y r i t e ,  r . u t i l e ,  s p h e n e ,  c l a y s ,  
c h 1 o r i 1; e 5 , q u a r t  z , e p  i d o  t e , w a  i r a k  i t e an cl 
p r . e h n i t e -  The e p i d o t e  z o n e  a f f e c t s  , 

e s s e n t i a l l y  t o  t h e  T e r t i a r y  a n d e s i t e s .  The 
e p i c l o t e  sub-zone  h a s  kleerl a s s o c i a t e d  t o  
low p e r m e a k i  1 i t y ,  w h i l e  t h e  e p i d o t e -  
w a i r a k i t e  h a s  h e e n  c o n s i d e r e d  as an 
i n d i c a t i v e  e v i d e n c e  f rom p r o d u c t i o n  z o n e  
of  t h e  r e s e r v o i r .  

Amph-z..kolss zone=- T h i s  z o n e  shows 
t e m p e r . a t u r e s  o f  300°C o r  h i g h e r .  I s  
c h a r a c t e r i z e d  kly p y r i t e ,  ch1or . i  t e s ,  
qua r t i , amp h i b o 1 e s , 
p o t as s i um-m i c a , B i o t i t e , g a  r.n e t , d i o p s i d e  
and w o l l a s t o n i t e  ( t h e s e  t h r e e  l a s t  
m i n e r a l s  h a v e  k e e n  i d e n t i f i e d  a l s o  as 
p r i m a r y  m i n e r a l s  i n  metaniorphic  r o c k s  f )-.om 

e p i d o t e , r e  tin i t e , 

H-16 

"Ce 

H -27 
a 

x 
7 

Fig. 2.-  L o c a t i o n  o f  we31 H-16 a t  Los Humeros. 

1592 



G u t i e r r e z  N e g r i n  & V i g g i a n o  Guerra  

h a s e m e n t ) .  Amphiktoles z o n e  a f f e c t s  t o  
l o w e r  p a r t s  of  t h e  T e r t i a r y  a n d e s i t e s  and 
some p o r t i o n s  of  t h e  b a s e m e n t a l  r o c k s  

m3/hoi . r i - .  t h e  g r e a t e s t  However., t h e r e  w e r e  
t o t a l  c i r . c u l a t i o n  l o s s e s  131.tr.ir1g t h e  f i r s t  
1CK) m e t e r s ,  as i n  L o s  Humer.os o f t e n  
h a p p e n s  

Most geother .ma1 w e l l s  h a v e  an a v e r a g e  
p r o d u c t i o r ~  of  30 t o n  ./hoi-tr. o f  s t e a m ,  w i t h  
v e r y  low o r  z e r o  water .  p r o d u c t i o n -  The 
g r e a t e s t  temperat1Jr .e  i s  340°C: i n  t h e  
a n d e s i t i c  z o n e  and a l m o s t  6O(:)"C i n  t h e  
ktasement .  The non-condens  i h l e  g a s e s  
c o n t e n t  ( X  i n  w e i g h t )  i n  t h e  s t e a m  i s  
b e t w e e n  1 and more t h a n  30: C 0 2  and H 2 S  
a r e  t h e  main g a s e s  i n  s t e a m  w i t h  
s i g n i f i c a t i v e  H2 c o n t e n t  ( T a k l e  1:). HC1 
w a s  d e t e c t e d  (Alorlso et. a t . ,  1385:) i n  w e l l  
H - 4 , .  which  h,ad t o  h e  cemel-ited and c l o s e d  
d u e  t o  t h e  h i g h  c o r r o s i o r ~  okiser.ve13 i n  t h e  
p r.0 13 1.1 c t i o )-I cas i 1-1 g . 

M i c r o s c o p i c  ev ic le r lces  f o r .  s t r e s s e s  
and f a i . t l t i n g  w e r e  o h s e r v e d  i n  t h e  
r .ecover .ed c u t t i n g s  f r o m  t h e  h o t t o m  o f  t h e  
w e l l  a n d  f r o m  t h e  i n t e r v a l s  r e c o r d e d  i n  
Figcrre  3.  3 1 ' 3 ° C :  w a s  t h e  h i g h e s t  s t a h i l i r e c l  
t e m p e r a t c r r e  a t  t h e  h o t t o m ,  h ~ t t  a 
temper.ati.tr.e of  258°C: was c a l  c u l a t e c l  s i n c e  
14 1 C) m d e  p t h . 

D i s t I-. i k ct t i or1 an 13 ah ctrl clarl c e o f 5 om e 
h y d 1-0 t h e r m a  1 m i 1-1 e ra 1 s p y I-. i t e , 
e p i d o t e ,  h i o t i  t e  and amphiboles:) a r e  a l s o  
shown i n  F i g u r e  3 .  I t  i s  remar.l::ak~le t h e  
p r . a c t  i c a 1  l a c k  o f  c a l c i t e  heyond 1 1 0 C )  m 
d e p t h  - A c c o r d i n g  t o  t h e  m i n e r a l  z o n e s  
ah o v e -me n t i on e d , I e o 1 i t e z o n  e wo 1.1 1 d t l  e 
f r o m  0 t o  900 m d e p t h ,  E p i d o t e  Z O ~ P  f r o m  
' 3 0 0  t o  1500 m ,  and A m p h i h o l e s  z o n e  from 
150(:) m t o  h o t t o m .  

(: c a 1 c i t e , 

of  g a s  

c 111 2 

H'ZS 

NH3 

He 

H2 

N2 

C:HQ 

The c h e m i c a l  c o m p o s i t i o n  of pr .oduced 
w a t e r  o f  t h e  w e l l  w a s  i n i t i a l l y  o f  a 
sodii-tm-hi cai-.tlonate t y p e ;  a f t e r .  t h e  w a t e r .  
changecl t o  a s o d i u m - c h l o r . i d e  t y p e ,  h u t  hy  
e n d i n g  of  1'333 t h e  w a t e r  became t o  t h e  
soodium-hi c a r h o r l a t e  t y p e  ( T e l  l o ,  19:?:9; s e e  
T a b l e  2). I t  i s  i m p o r t a n t  t o  remarl:: t h e  
s t r. o rl g tl e t w e e 1-1 
J u n e  1'3:X and J u l y  1'337: t h e y  ~ : lescended  
f r o m  t h e  f i r s t  p l a c e  o f  a n i o n s  t o  t h e  
t ti i r d c 1-1 1 o r i 13 e s a r i  d 
s 1-1 1 V I  ha t e 5 .) B 1-1 t i r~ j 1-1 s t t h r' e e m o )-I t h s (: f r' o m 
I ~ I  c t ob e 1- 1 '3'2'' t 0 Jan 1-\a r'y 1 '3:3'3 1) , t h P 

h i c a r ~ t ~ o n a t e s  r . e c o v e r e d  t h e  f i v s t  p l a c e  
among t h e  a n i o n s .  

d e  c reme 1-1 t o f h i c a r.h on a t  e s 

o )-I e , a f t e r t h e 

I 

TAGLE 1 . C H E M I C : A l  COMPOS1 T I O N  ~ J F  GASES I N  
SOME WELLS IN LOS H U M E R O S .  

A t  this moment, f o u r . .  5 MW h a c k -  
r e s s u \-. e 1.1 r~ i t 5 a r. e u 1-1 13 e r. c o 1-1 5 t \-. 1-r c t i o \-I a r~ d 

f o u r .  m o r e  u n i t s  of  2C) MW a r e  p l a n n e d  t o  h e  
i n s t a l l e d  i n  t h e  f i e l d .  Two 5 MW u r i i t s  
w i l l  b e  i n  o p e r a t i o n  t h i s  y e a r -  

WELL H-14 

T h i s  w e l l  i s  l o c a t e d  a t  t h e  n o r t h e r - n  
p o r . t i o n  o f  C:entr .a l  C:ol l a p s e  ( : F i g =  2 : ) .  Has 
a t o t a l  d e p t h  of  20~18 m ,  and i t s  l i t h o l o g y  
i s  as f o l l o w s  (:Viqgiar1o, 196:'3): 

Well  H-16 w a s  cons t t - I - rc ted  according 
t o  t h e  d i a g r a m  s h o w n  i n  Figrtr.e 3 .  D u r i n g  
i t s  d r i l l i r l g  small c i r . c i . t l a t i o n  l o s s e s  w e r e  
o h s e r v e d  i n  t h e  l a s t  506 m e t e r s ,  h e i r l g  10 
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D E P T H  HOLE AND CIRCULATION HYDROTHERMAL MINERALS AND TEMPERATURE LITHOLOGY ( m )  CASING PIPES L O S S E S  o 50 100 150 200 

Ci rcu la t ion  
l o s s e s  i n  
a n d e s i t e s  
( F ~  / h r  ... I--- :::. :*: - a:. 

..... ..... . *. 
:*. . -. ...... . . .  .... .... . .:. .... ... ........... "' ........ 

Fi.7. 3 . -  General character is t ics  of well H-16. 

In  May o f  1'33'3 i t  w a s  a t t e m p t e d  t o  
r e c o v e r .  t h e  7" d i a m e t e r .  1 i n e r .  p i p e s  w i t h  a 
d r i l l i r l g  r i g ,  a f t e r .  t o  c o n f i r m  tha t  i t  was 
blocked up and, 1 i k e l y .  s t r o n g l y  damaged.  
I t  w a s  k e l i e v e d  t h a t  w e l l  coulcl f l o w  a g a i n  
w i t h o 1-1 t t i-t e i r~ c r'ct s t e d 1 i 1-1 e r. . On 1 y 72 . 3 m 
l e n y h t  of  1 i n e r .  p i p e s  w e r e  r . e c o v e r e d .  From 
t h e m ,  50.2 m a r e  o f  u n s l o t t e d  1 i n e r .  { j u s t ;  
focrr p i e c e s : )  a n d  22.1 m a r e  o f  s l o t t y  
1 i n e r  ( two p i e c e s ,  second u n c o m p l e t e )  - 
Becacrse of  its a d v a n c e d  c o r r o s i o n ,  t h e  
1 i n e r .  w a s  h r o k e n  a r o u n d  1430 m d e p t h ,  
l a y i n g  t o  t h e  ktottom o f  w e l l  (Figure 4; 
see a l s o  F i g u r e  3 t o  compar .e)= 

F o 11 I-' p i e c e s o f 1-1 1-1 s 1 o t t e d 1 i 1-1 e I-. a r e 
p r . a c : t i c a l  ly f r e e  o f  cor . ros ior i  or. s c a l  i.rlg; 
o n l y  t h e  lower. p i e c e  p r e s e n t s  s c a r c e  i r o n  
s i - ~ l p h i d  d e p o s i t s .  However ,  i n  two p i e c e s  
o f  s l o t t y  l i n e r  t h r e e  yol-.tioris can b e  
n o t i c e d  ( F i g .  4). Upper. p o r t i o n  ( : 1 4 1 0  t o  
1425 m d e p t h : )  p r ' e s e n t s  e s s e n t i a l l y  t h e  
same c o n d i t i o n s  o f  t h e  lower. p a r t  o f  
1-1 1-1 s 1 o t t e d 1 i r~ e r. : o f 
i I-' a - I  M i d d 1 e 
p o r t  i o n  (1 2415 t o  242C) m d e p t h )  p r . e s e n t s  

s o m e a n 1-1 1-1 1 a r' IA e p o 5 i t 5 

o p e ri s 1.1 1 FI h i d e w i t h s 1 o t s 

.............. 
t - 1  9 

0 IO 20 2 
C A L C I T E  

I 

........ 
3 

I 

YO 0 I O  20 
P Y R I T E  EPIDOTE 

250  
I 

......... 

......... 

\ 
e 

k.-.. - 
% 

3 3 5 O o C  

......... 

........ 

B@= 
I.\. ...... 

I 

\ 

& 
IO 20 

B I O T I T E  AMPHIBOLES 
1 %  

c o m p l e t e  s c a l i n g ,  w i t h  s e a l e d  s l o t c -  Lower 
p o r t  i o n  i: 14'- 20 t o  1432 m d e p t h )  p r e s e n t s  
11 i g h c o r. r. Q s i o r~ a 1-1 IA t ti i 1-1 rr i r i  g o f 1 i 1-1 e r. FI i pi e 
t h i c k n e s s ;  i t s  s l o t s  a r e  s e a l e d  w i t h  
s c t l p h i d e s  and, i n  some p l a c e s ,  a r l n u l a r  
d e p o s i t s  o f  s u l y h i d e s  can a l s o  b e  o h s e r v e d  
( L 6 ~ 1 e z  M. , 2'33'3). 

ANALYSIS OF LINER AND SCALING 

R e c o v e r e d  1 i n e r  w a s  a n a l y z e d  by 
m e t a l l o g r a p h y  in order. t o  d e t e r m i n e  i f  i t s  
c o r. I-' o s i o \-I c o 1-1 1 cl ki e i 1-1 d 1-1 c e d ti y a de f i c i e n t 
man 1.t f a c t 1.1 re . Th e 1 i 1-1 e r. p i p e w a  s an a 1 y z e d 
i n  l a h o r a t o r i e s  o f  t h e  I n s t i t ! . t t o  T e c n o l d -  
g i c o  d e  M o v e l i a  &rid of  t h e  I n s t i t u t o  d e  

R e s u l t s  I n v e s t  i g a c  i o n e s  
i n d i c a t e  t h a t  m e c h a n i c a l  c h a r . a c t e i - . i s t i c s  
o f  t h e  s t e e l  of l i n e r .  p i p e  are in 
c o n c o r d a n c e  t o  t h e  API CAmeri c a n  P e t r o l e u m  
I 1-1 6 t i t 0-1 t e :) an a 1 y I: e d 
s a m p l e s  p t - e s e n t  h i g h  d e n s i t y  o f  non- 
m e t a l l i c  i n c l u s i o n s  and ~ e g r . e g a t i o r 1 5  
(car.hoi-1 a n d  c a r . k i d e ,  m a r t e n s i t e ,  m a n g a n e s e  
s 1-1 1 p h i d e  s ) Ev err t h o 1-1 g h t h e s e i r~ c 1 1-1 s i on s 

E 115 c t r i  c a s  

s t an da r IA s , h 1-1 t t h e 
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The R o c k w e l l  C: CRc) h a r . d n e s s  of t h e  
1 i r ie r .  p i p e  was d e t e r m i n a t e d  i n  an aver .age  
o,f 27. i ,  b e i n g  t h e  g r a i n  s i z e  h e t w e e n  :3--9 
( : f i n e  g r . a i n ,  a f t e r  5ta1-1dar.cts:) a n d  t h e  
chem i c a  1 compos i t i on was qua 1 i t a t  i v e  1 y 
cleter.mii-ied h y  X-ray f 11-ror.escence as 
f 0 1 1 0 w 5 C M a  1 a y bl-i , 1 9:39 ; C; a j-. c P a , 1 '3 :3 '3 :) : 

- Heavy e t e m e n t s :  F e ,  M o ,  Zn, 31, SI-., 
Ph, C:u, Mn, B a ,  N i =  

- 1:Z.yht: e tements :  A l ,  S ,  M g ,  S i ,  P .  

T h e  s c a l  i i i g  p r o d u c t s  were a n a l y z e d  k y  
c h e m i c a l ,  p e t  rograph i c a l  a n d  X-ray 
d i f f r . a c t i o n  m e t h o d s .  I n  F i g u r e  4 h a v e  h e e n  
marked  two zoi ies  i n  t h e  t r a n s v e r s a l  
s e c t i o n  o f  t h e  inc i .us te td  l i n e r  p i p e .  ~ o i n e  
1 h a I-. , 
h r i t t l e  and w i t h  h i g h  cIer is i ty  ( 4 . 5  g/cm3 
i n  a v e r a g e : ) .  Zone 2 i s  t h e  c e n t i - . a l  o r i e ,  
l i g h t  c o l o u r . e d  ( w h i t e  t o  y e l l o w : ) ,  g l a s s y  
and w i t h  a lower. d e n s i t y  (2.21 g/cm.3 
a v e r a g e )  The a v e r a g e  chemi c a l  c o m p o s i t i o r i  
i n  a v e r a g e  o f  k o t h  z o n e s  i s  C I I E ,  19:39): 

i ?j p e I-' i p h e t-. i c a 1 , t l  1 a c I:: c o 1 o 1-1 I-. e d , 

Fe 
S i lr12 
s 
A1 
C 1  
c: CI 

c: a 

N a  
)::: 
P k 

I 1-1 5 0 1 ub 1 e 

Mg 

A c c o r d i n g  t o  t h e  m i c r o s c o p i c  a n a l y s i s  
o f  s c a l i n g  s a m p l e s ,  t h e  z o n e  1 i s  m a i n l y  
f Q r.me d h y i r-on s 1-1 1 p t i  i d e  s an d o :.: i d e  s , w i t ti 
mirier amount  o f  amorphoi-ts s i  1 i c a ,  c r y p t o -  
c r y s t a l  1 i n e  quar.t:z and c h a l  cedoriy i n  
a1 t e r n a t  i v e  l a y e r s  (: 1 I E ,  19:3'3:, = The z o n e  2 
i si e s s e r l t  i a l  l y  f or.med hy  amor.phoi-ts opal. i n e  
s i  1 i c a  C V i g g i a n o ,  1'33'3) and m i c r o c r y s t a l -  
l i n e  q u a r . t z  C I I E ,  19:39:>; t h e s e  s i l i c a  
m i n e r a l s  a1 t e r n a t e  w i t h  f 1aF:es o f  
a n h y d r i t e  and gypscrrn ( :Uiggiarro,  1'3:3'3:) arid 
w i t h  some mangarlese and carbon m i n e r a l  5 .  

S o  m e C y I-' i t e , 
m a g n e t  i t e ,  hema t i t e :) w e r e  a 1  s o  okser .ved  
among t h e  s i l i c a  m i n e r a l s :  a c t u a l l y ,  5ome 
s i  1 i c a  n o d u l e s  seem t o  h e  f o r m e d  ar.oi.rnd 
i s o l a t e d  p y r i t e  m i n e r a l s .  

1. I-' o PI 5 1-1 1 p ti i d e s a rl cl o :.: i cl e 5 

1360 m4 
e -  - 

\ 
. .  . .  . .  * :  . .  . .  . I  . .  . I  \ 
a .  \ 

\ 1415m 

l i n e r  

2048 m 

S T A T U S  OF W E L L  
I N  A P R I L ,  1989 

""'I 

U n s l o t t e d  7 " 0  
l i n e r , w i t h  scarce , 

' depos i t ion  a t  its,, 
lower  portion,' 

S c a r c e  deposit ion 

Incrjs ta t  ion portion 

S l o t t y  li'nGr 'kith- - 
L-:-- I--- h i g h  - corros ion  
..... d 

RECOVERED I N T E R V A L  
OF 7 "  fl L I N E R  

/ 
ZONE 2 

TRANSVERSAL SECTION OF 
INCRUSTATION PORTION OF 
RECOVERED 7 " @  SLOTTY LINER 

Ficl. 4.- Status of well a f t e r  the corrosion and scaling period. 
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I n  u p p e r  a n d  l o w e r  p o r t  i o n s  of  t h e  
5 c a 1  i n g  z o n e ,  t h e r . e  a r e  some artr~t-rlar. 
d e p o s i t i o \-I s o ;.: i ~rl e 5 
w i t h i n  t h e  l i n e r .  p i p e ,  as w a s  n i e r ~ t i o n e d .  
Those  d e p o s i t s  h a v e  a d e n s i t y  of  13.07 
g/cm3 in a v e r a g e ,  ai-lcl a v e r a g e  c o n t e n t s  o f :  
Fe:  :3'3. 17'%., S: 12.58%, atid SiiIl2: 2 .  I:=:%. 
( 1  I E ,  1'3:34) - The s e a l e d  s l o t s  o f  lower .  
p o r. t i on s o f t h e 1 i )-I e I-. p i p e p r. e s e 1-1 t o >: i ~rl e s 
(: m a  g 1-1 e t i t e , m a  r c a s i t e :) an d s 1-1 1 p h i e s 
C p y r i  t e  , p y ~ - ' r ' o t  i t e  , t r o  i 1 i t e  1) ( G a r c  la, 
1'3:3'3) . 

o f i r. o - I  s 1-t 1 p I-I i d e s an d 

DISCUSSION AND SOME CONCLUSIONS 

1 t has h e e n  s ~ . r g g e s t e d  t ha t  t h e  * w e  1 I 
H- 1 6 p r.0 d 1-1 c e d f om two ~rl i s t i 1-1 c t p I-' o d 1.1 c t i on 
z o n e s :  one s h a l l o w  C a r o ~ r n d  14(:)0-145(:) m 
d e p t h : )  and obne d e e p e r .  ( :Ldpez,  1'3:3'3; T e l  l o ,  
1 9 : W ;  I I E ,  19:39:) A c t u a l l y ,  t h i s  c o n d i t i o n  
seems t o  h e  c u r r e n t  i n  another. we1 1 s  
I d r i  1 l e d  i n  t h e  C e n t r a l  c : O ~  l a p s e  a r e a  
(:Lbpez , 1989:) = Deep zone  would pr .oduce 
s u p e r h e a t e d  s t e a m  CTel l o ,  1'3:33) h a v i n g  a 
v e r y  low l i q u i d  p h a s e  (:IIE, 19:33:), anC( 
s h a l l o w  z o n e  w o u l d  procluce s t e a m  a n d  watei-. 
C I I E ,  IP:::~:) o r  c o n d e n s a t e d  water .  fr.om d e e p  
s t e a m  C T e l l o , '  1'3:34:). Deep z o n e  p t - e s e n t s  
some amount  o f  'HC1 which  cor.r.odes t h e  
deeper .  p o r t  i o n s  o f  1 it-ler p i p e ,  f o~-.mirtg 
i i - o r ~  c h l o r i d e s  i n  d e e p  .. f lcricls. T h e s e  
f l u i d s ,  hy  m i x i n g  w i t h  s h a l l o w e r .  f l u i d s  -- 
w h i c h  has H2S and a lower. v#H--, . a l l o w  t h e  
d e p o s 2 t i o )-I s t a 1-1 t i rt IJ 

t h e n  the  s c a l i n g  p r ~ o ~ e s s  - o f  ' t h e  p i p e s  
o f i 1-0 1-1 s 1-r 1 p 1-1 i d e s , 

(: 1 1 E , 1 '3:.!:'3 y )  . 
T e m p e r a t u r e  of  t h e  deeper .  zoi-le I n  t h e  

r e s e r v o i r .  h a s  b e e n  e s t i m a t e d  h e t w e e n  300 
and 330°C:, and 3. s a l i n i t y  of  i t s  f l u i d s  
has b e e n  a l s o  e s t  i m a t , E ! c t  f rom ~ O O O  i;o 70(:)(:) 
ppm o f  NaCi1 ( I I E , :  1?:39j. pH o f  t h e  same 
d e e p  z o n e  s e e m s  t o  .he -lower than !5.(:1, 
a c c o r . d i n g  t o  1 t s  h y d r o ~ t h t i r ~ m a l  m i n e r . a i o g y  
(: V i gg i an o , 1 '3W :) - Llnd e 1' s cr c h a c o n  ct i t i 01-1 s , 
d e e p .  f l u i d s  caulk h a v e  f , r o m  10 t o  x), ppm 
of  H C ~  i , t h i s  a c i l j  w01-11d.tle ctl-ivpd . .  i n  s t e a m  
phas 'e ,  kaecacrse t h e  1 iqcrict? p h a s e -  s.aturat i o n  
s h ~ u l 1 3  h e  low C I I . E ,  1'389:). . '  

. :  . .. . 

E :.: i s t e t-I c e . o f . t w o p I-. o d 1-i i t  i o ii z o i-1 e s i 1-1 

t h e  w e l l  H- I6  w a s  e v i d e r ! c e d  h y  t h e  s t r . o n g  
v a r i a n c e s  i n  t h e  . c h e m i c a l  c o m p o s i t i o n  o f  
i t s d i f f e 1- e 1-1 t 
o I-' i f i c e s i n t h e 
same month--, hy t h e  . e x c e s s  of. e n t h a l p y ,  
and  t ~ y  t h e  lacl.:: o f  watei-.-ror--I:: ey i - r i  1 ibrii.tm 
(:Te 11  0 ,  1'339) 

f 1 1-1 i CI s -- s amp 1 i i-i g a t 
a 1-1 IA w e 1 1 - I-I e a d p I-. e s s 1-r I-. e 5 

T h e e v o  1 1-1 t i 01-1 o f c h em i c a 1 c omp o 5 i t i o \-I 
o f t ti e s e p a I- a t e ~1 w a t e I-. c a 1-1 t~ e s e e 1-1 i 1-1 

Fiqi-rre 5. A l l  t h e  r e c o r d e d  a n a l y s i s  i n  
t h a t s a m  r 
s a m p l i n g  c o n c ! i t i o r ~ ,  i n  t h i s  c a s e  h o l e  of 
.L i n  d i a m e t e r .  L a s t  d a t a  (:Octoket-. 1'3:39:) 
w e r e  o b t a i n e d  a f t e r  t h e  l . i r ~ ~ t r  w a s  
I-' e c o v e r e d - 

f i 11 1-r re c o I-. I-' e s p o 1-1 IA t c) t h e 

.-, II 

Ta 11: i ri g i 1-1 a c c o 1-1 1-1 t t h a t t~ o 1- o 1-1 i 5 a 
t y p i c a l  component  f r o m  d e e p  ol-igil-1, 
r e p r e s e n t a t i v e  of  t h e  s u g g e s t e d  d e e p  
pr .oduct ior r  zoi-le, and t h a t  t h e  behavior. of  
c h l o r i d e s  and s c r l p h a t e s  a r e  s y m m e t r i c a l  
( F i g -  S > ,  as o n e  cart e x p e c t  i f  t h e  
g e o t h e r m a l  f l u i d s  a r e  o t - i g i n a t e d  f r o m  two . 
d i s t i n c t  z o n e s ,  t h e  evol i - r t ior l  o f  w e l l  H-16 
c a n  he s u m m a r i z e d  as f o l l o w s .  A t  t h e  
k e g i n n i n g ,  p e r h a p s  t h e  f ii-st h a l f  o f  1'386, 
t h e  we1 1 p r o d u c e d  f r o m  t h e  two s c r g g e s t e d  
z o n e s ,  g e o t h e r m a l  f l c r i d s  p r e s e n t i n g  
c ha ra c t e r. i s t i c s i n c r e  a s i 1-1 g 
amo u i - t  t an d 
h i  c a r b o n a t e s  The r.emar.kable v a r i a n c e s  i n  
b o r o n  of  t h e  a n a l y s i s  p e r f  ormed i n  t h e  
f i r s t  months  o f  1'3% a t  d i f f e r e n t  
c o n d i t i o n s  ancl v e r y  near .  d a t e s  ( T e l  l o ,  
19:39:>, a l s o  e v i d e n c e  t h e  s u g g e s t e d  j u s t  
5 i m u  1 t a n  e o 1-r s FI r. o d 1-1 c t i o 1-1 

f rom 
b 0 r' 0 rl , 

I:# o t h : 
0 f c h 1 o r' i d e  s 

P r o h a h l y  s i n c e  t h e  second h a l f  of  
1'3:3&., t h e  f l u i d s  f r o m  d e e p  zorle hecame t h e  
p r . e v a i l i i - ~ g ,  as t h e  r e l a t i v e l y  h i g h  amoi.rn?:s 
o f  c h l o r i d e s  ancl bar-on and t h e  r . e l a t i v e l y  
low a m o u n t s  of  h i c a r h o n a t e s  s u g g e s t .  T h i s  
cor ldi  t i o n  p r e v a i - l e d  u n t i  1 m i d d l e  o f  1988, 
a1 l o w i n g  t h e  c o r r ~ o s i o n  o f  t h e  h o t t o m  l i n e r  
p i p e s  and t h e  f i r s t  d e r o s i t i o n  o f  i r o n  
s a l p h i d e s  on t h e  s h a l l o w  p o r t i o n s  o f  t h e  
1 i n e r . .  By that  d a t e ,  s r rdder~  clecrement  of  
h o I- o 1-1 and c h 1 o r .  i de s an d i r l  c r e  men t o f 
5 1 - r l p h a t e s  a n d  pH, s u g g e s t  t h a t  s c a l i n g  w a s  
h a p p e n e d  a n d ,  t h e n ,  t h e  s h a l l o w  pr.odilctioon 
z o n e  p r e v a i  1 e d  = 

The c o r . r o s i o n  p r o c e s s  c o u l B  b e  
s t a r t e d  p r a c t i c a l l y  s i n c e  t h e  f i r s t  days 
of  1$8&., when t h e  w e l l  s t a r . t e d  t o  f l o w ,  
h u t  c e r - . t a i n l y  h a p p e n e d  s i n c e  t h e  m i d d l e  of  
that year-, when d e e p  f l u i d s  seem t o  hecome 
p i - . e v a i l i n g =  I n  t h a t  d a t e ,  d e e p  geother .ma1 
f 1i.rids w e r e  f l o w i n g  ir! vapor .  p h a s e  w i t h  10 
t o  20 ppm of  HC1 - Near. o f  t h e  w e l l  or. 
w i t h i n  d e e p  p a l r t s  of i t ,  a p a r t i a l  
c o 1-1 d e  1-1 s a t i o n o f s t eam w a s  hap p en i n.g , 
a l l o w i n g  t h e  a p p e a r a l n c e  of  a v e r y  a c i d  
c o 1-1 d e r~ s a t e . D 1-1 I-. i n g i t s I-- i s i n g a 1 o 1-1 g t t-I e 
1 i n e r .  p i p e ,  this c o n d e n s a t e  r e a c t e d  upon 
i r o r ~  o f  t h e  p i p e s ,  cor . r .oding t h e m ,  and 
~ r l i s s o l v i n g  t h e  i r o n .  

When t h e  c o n d e n s a t e  w i t h  d i s s o l v e d  
i r o n ,  p e r h a p s  as i r .on c h l o r . i d e s  CLbpez,  
1'3:33>, r e a c h e d  t h e  s h a l l o w  s u p p l y i n g  z o n e ,  
r e a c t e d  w i t h  i t s  f l u i d s  d e p o s i t i n g  i r o n  
s i ~ l p h i d e s  f o r m e d  f r o m  H2S= B e s i d e s ,  t h e  
m i x i n g  of  t h e  r i s i n g  c o n d e n s a t e  w i t h  t h e  
s h a l l o w  f l n i d s  neu\T;r.alizecl t h e  a c i d i t y  o f  
c o n d e n s a t e ,  as i s  shown i n  Figut-e  5 .  

A p p a r e n t l y ,  t h e  d e p o s i t i o n  o f  s i 1  i c a  
d i d  n o t  o c c u r  i n m e d i a t l y  a f t e r -  o f  t h e  
s u l p h i d e s  one Pr .ohahly  i n  J u n e  o f  1'388 
i t s  d e p o s i t i g n  had n o t  s t a r t e d  y e t ,  
h e c a u s e  i n  t ha t  d a t e  t h e  concent r .a t io t -1  of  
s i l i c a  in t h e  s e p a r . a t e d  w a t e r  w a s  s t i l l  
h i g h  ( : F i q .  5:)= I t  i s  p o s s i h l e  t h a t  t h e  
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t p H  0 B o r o n  x S i l i c a  El C a l c i u m  A C h l o r i d e  0 B i c a r b o n a t e  

0 S u l p h a t e  ( S c a l e s  in p p m )  ( A l l  s a m p l i n g  w i t h  2" 0 h o l e )  

Fig. 5.- Chemical variances o f  the separated water o f  well H-16 

s u l p h a t e s  d e p o s i t i o n  Cas ant1yclr.i t e  and 
gypsum:) hegar1 h e f  o r e  of t h e  s i  1 i c a  h u t  
a f t e r -  o f  t h e  s i ~ l p h i d e s ,  h e c a u s e  t h e  
s u l p h a t e s  c o n t e n t  w a s  r e l a t i v e l y  ].ow i n  
J u n e  o f  1988 ( :F ig .  5 ) .  

However ,  two m o n t h s  a f t e r . ,  t h e  
c o n t e n t  of  s i l i c a  had a d e c r e m e n t .  
T h e r . e f o r - e ,  i t  i s  e v i d e n t  t h a t  i n  A u g u s t  o f  
1988 t h e  d e p o s i t i o n  of  Si02 (as q u a r t z  and 
amor-phous  s i l i c a )  had s t a r t e d ,  a n d  
c o n t i n u e d  t o  Fekr.uar.y of  1'33'3 a t .  l k a s t  
{ F i g .  5 : ) .  The d e p o s i t i o n  o f  S u l p h a t e s  
seems t o  b e  c e a s e d  o r  hecome l o w e r  f r o m  
that  d a t e .  

Cir~ t h e  o t h e r .  h a n d ,  d e p o s i t i o n  of 
s i  1 i c a  and s i . r lpha tes  p r . e s e r t t s  some 

, pr .ohlerns ,  h e c a u s e  t h e  w a t e r  fr.om w e l l  ti-lri 
i s  n o t  s a t u r e d  w i t h  r e l a t i o n  t o  c a l c i t e ,  
q u a r t z  a n d  ar1hydr.i t e  ( T e l  l o ,  1'33'3:) 
N e v e r t h e l e s s ,  i f  t h e  d e e p  s t e a m  i s  
s up e r' h e a t  e d i n 
t h e  1 i q u i d  p h a s e  of  s h a l l o w  z o n e  h y  m i x i n g  
w i t h  i t ,  a l l o w i n g  p r . e c i p i t a t i o n  o f  q u a r t z :  

c o 1.1 1 d VI r' o d 1-1 c e s a t  1-1 ra t  i o rt 

(: I I E ,  1'33'3; T e l l o ,  1'334:) . A l s o  has h e e n  
s u g g e s t e c l  t h a t  s i l i c a  cart h e  d e F t o s i t e d  h y  
r . e a c t i o ~ - I  w i t h  some k ~ e f o r e  d e p o s i t e d  i r o n  
h i d r o x i d e s  ( T e l l o ,  1'333:). 

The w e l l  H-16 w a s  r e p a i r e d  i n  
Decemker. of 1984. A f t e r .  t h e  8 1,/2" 
d i a m e t e r .  h o l e  ( s e e  F i g .  3 )  was f i l l e d  w i t h  
high d e g s i t y  m u d  f r o m  t h e  h o t t a m  t o  around 
1600 m d e p t h ,  two p l u g s  were  p l a c e d :  o n e  
o k t u r a n t i n g  p l u g  a n d  one cement  p l u g ,  
which  t o p  r e a c h e d  1570 m c lepth.  Thcrs, t h e  
d e e p  z o n e  w a s  i s o l a t e d ,  e x p e c t i n g  t ha t  t h e  
well pi - .oduce f r o m  t h e  s h a l l o w  o n e .  

E v i d e n t l y ,  m0r.e w e l l s  l o c a t e d  a t  t h e  
C : e n t r a l  C o l l a p s e  o f  L o s  Hc.1mer.os f i e l B  w i l l  
p r e s e n t  c j i m i  l a r .  c o r r . o ~ i o r i  a n d  s c a l  i r ty  
problems. A c t i - r a l l y ,  a l l  t h e  w e l l s  that  
h a v e  p e n e t r . a t e d  a n d  pr.oduce f r.om t h e  t w o  
p r . o d ~ t c t i o n  z o n e 5  w i l l  h e  a f f e c t e c l  t ~ y  t h e  
same p r o c e s s .  T h e r e f r o m ,  a r e p a i r .  a s  made 
i n  t h e  w e l l  H-16. c a i ~ l i j  tte rtecessaj- 'y i n  
t h o s e  we1 1 s. 

1597 
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0 1-1 t h e cz t h e I-' ti an d i \-I f I-( t 1.1 r' e w e 1 1 cj 

woi-rld be  app ' roKl r i a t e  t o  a v o i d  t h e  d e e p  
z o n e  and t o  attempt t h a t  w e l l s  pr.odi.rce 
ft-om t h e  s h a l l o w  one CIIE .  1?:3'3; Viggiai- io ,  
i'3E:?) . C : e ~ - . t a i n l y ~  , t h e  amoi.rnt o f  fli-tj.~:lcj 
c o 1-t 1 IA b e 1 o we 1- , b I-r t t h e  r4e 1 1 s w o II 1 d ti e 
5ha l lowei - . .  I n  some c a s e s  c o ~ 1 . d  t ie  
n e c e s s a r y  t o  r e a c h  t h e  d e e p  z o n e  , ktecause  

p e r m e a h i  1 i ty. Then ,  t h e  s h a l l o w  z o n e  
s h o u l d  h e  c o m p l e t e l y  i s o l a t e d  w i t h  c a s i n q  
p i p e s  and cement  , t o  a v o i d  t h e  m i x i n g  w i t h  
d e e p e r  f 1 1 ~ i d s .  P e r h a p s  some c o ~ - . r o s i o n  
w0~11d OCCI-~I - . ,  h u t  s c a l i n g  coi-tlcl b e  s a v e d -  
In  s u c h  a c a s e s ,  wou ld  h e  a g o o d  idea t o  
l e a v e  t h e  s m a l l e s t  d i a m e t e r .  h o l e  o f  w e l l  
w i t h o u t  l i n e r .  p i p e s  - 

t h e  s h a l l o w  one  p r . e s e n t  t o o  low 
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