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ABSTRACT 

A study was conducted t o  determine the  cu r ren t  
requirements f o r  ca thod ic  p ro tec t i on  o f  geothermal 
we l l s .  O i l  we l l  technology was app l ied  i n  t h i s  
study. Resul ts o f  l abo ra to ry  t e s t s  and f i e l d  
t e s t s  are presented. A t tenuat ion  ca l cu la t i ons  
i n d i c a t e  t h a t  t he  cathodic p ro tec t i on  cu r ren t  
determined from f i e l d  t e s t s  would p r o t e c t  the  
s p e c i f i c  i n d i v i d u a l  geothermal w e l l .  

INTRODUCTION 

The co r ros i ve  na ture  o f  Imper ia l  V a l l e y  geothermal 
b r ines  i s  we1 1 documented. Corrosion problems may 
be c l a s s i f i e d  as surface o r  underground problems. 
Surface cor ros ion  problems are o f t e n  "solved" by 
us ing  r e l a t i v e l y  inexpensive ma te r ia l s  and con- 
s t r u c t i o n  techniques t o  y i e l d  components w i t h  
l i m i t e d  1 i f e .  
as requ i red .  

Underground o r  we l l  cor ros ion  problems may be 
caused by ex terna l  o r  i n t e r n a l  cor ros ion  t o  the 
pipe w a l l .  External  casing co r ros ion  r e s u l t i n g  
from contac t  w i t h  aerated ground water has been 
c o n t r o l l e d  w i t h  m u l t i p l e  casings and w i t h  ca re fu l  
cementing o f  t he  annu l i  i n  New Zealand ( 1 ) .  

Typ ica l l y ,  geothermal we l l s  i n  the  Imper ia l  Va l ley  
are e x t e r n a l l y  cemented down t o  the  r e s e r v o i r  
depths. This cement can func t ion  a s  a p r o t e c t i v e  
b a r r i e r  t o  ground water as long as the  cement 
remains i n t a c t  and bonded t o  the  we l l  casing. 
Problems w i t h  b r i n e  i n f i l t r a t i n g  the  space between 
the  cement and t h e  casing r e s u l t i n g  i n  a we l l  
f a i l u r e  was repor ted  a t  Cerro P r ie to ,  Mexico ( 2 ) .  
I n t e r n a l  co r ros ion  problems i n  we l l s  have a l s o  
been repor ted  a t  Cerro P r ie to .  

This paper w i l l  cover a study conducted t o  inves- 
t i g a t e  the  a p p l i c a t i o n  o f  o i l  f i e l d  ca thod ic  
p ro tec t i on  technology t o  reduce ex terna l  cor ros ion  
o f  geothermal we1 1s.  

These components a r e  then replaced 

CATHODIC PROTECTION CURRENT REQUIREMENTS 

Current requirements f o r  p ro tec t i on  may be e s t i -  
mated from labo ra to ry  p o l a r i z a t i o n  data o r  from 
f i e l d  t e s t s .  Po la r i za t i on  curves f o r  A P I  a l l o y s  
K-55, N-80 and C-75 were determined using e i t h e r  

a syn the t i c  b r i n e  ( 3 )  a t  100 f 5°C o r  a s o i l  w i t h  
15 w/o syn the t i c  b r i n e  as an e l e c t r o l y t e .  
p o l a r i z a t i o n  data were obtained us ing  the  
p o t e n t i o s t a t i c  method descr ibed i n  ASTM 6-5 ( 4 ) .  
Figure 1 i s  t y p i c a l  curve (N-80 i n  s o i l / b r i n e ) .  
Resul ts o f  these t e s t s  a re  summarized i n  Tables 
1 and 2. 

Several c r i t e r i o n  may be used w i t h  p o l a r i z a t i o n  
diagrams t o  est imate cu r ren t  requirements f o r  
cathodic p ro tec t i on  ( 5 ) .  Two c r i t e r i o n  were 
se lec ted  f o r  t h i s  study. The f i r s t  c r i t e r i o n  
was s u f f i c i e n t  cu r ren t  t o  g ive  a p o l a r i z a t i o n  
p o t e n t i a l  o f  the  s t ruc tu re ,  i n  a d d i t i o n  t o  any 
I R  drop, o f  -.85 v o l t  w i t h  reference t o  a 
copper-copper s u l f a t e  e lec t rode.  The second 
c r i t e r i o n  was s u f f i c i e n t  cu r ren t  t o  change the  
p o t e n t i a l  o f  the  cor rod ing  s t r u c t u r e  0.2 t o  0.3 
v o l t s  from i t s  average co r ros ion  p o t e n t i a l .  
Table 3 sumar i zes  the  cu r ren t  requirements ob- 
ta ined by these two c r i t e r i o n .  

The 

F i e l d  t e s t i n g  o r  we l l  head measurements were 
obtained f o r  geothermal we l l  mesa 5-1 and 6-1. 
These w e l l s  a re  l oca ted  a t  t he  O.O.E. Geothermal 
Test F a c i l i t y ,  East Mesa Test S i te ,  Imper ia l  
Val ley,  Ca. E-Log I method was used f o r  we l l  
head measurements ( 6 ) .  The experimental proce- 
dure i s  shown i n  Figure 2 .  
e lec t rode was placed 100 fee t  from the  we l l  and 
i n  the  opposi te d i r e c t i o n  from the  anode. F i e l d  
personnel a t  East Mesa ind i ca ted  t h a t  the  we l l  
cas ing  a l l o y  f o r  5-1 and 6-1 was API a l l o y  N-80. 
F i e l d  t e s t  r e s u l t s  a re  shown i n  Figures 3 and 4 
and compared w i t h  l abo ra to ry  data i n  Table 3. 

The two labo ra to ry  c r i t e r i o n  descr ibed above and 
the  E-Log I t e s t  a re  sub jec t  t o  c r i t i c i s m .  The 
ob jec t i on  t o  these c r i t e r i o n  are discussed e lse-  
where ( 5 ,  7 ) .  A cas ing  p o t e n t i a l  p r o f i l e  (CCP)  
i s  considered a t  t h i s  t ime t o  be the  most 
accurate method t o  determine cu r ren t  requ i red  
f o r  ca thod ic  p ro tec t i on .  Equipment l i m i t a t i o n s  
prevent t h i s  technique from being used a t  t he  
present t ime i n  geothermal we l ls .  

The v a r i a t i o n  i n  cu r ren t  requirements between 
labo ra to ry  and f i e l d  t e s t i n g  i s  no t  su rp r i s ing .  
Dup l i ca t i on  o f  ac tua l  down-hole cond i t ions  i n  the  
authors '  l abo ra to ry  i s  n o t  poss ib le  a t  the  
present t ime. Pa r t  o f  t he  c r i t i c i s m  o f  the  
c r i t e r i o n  used above i s  t h a t  t he  c r i t e r i o n  are 
no t  accurate p red ica to rs  o f  ca thod ic  cu r ren t  

The Cu/CuSO4 
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The data from E-Log I t e s t s  ( l e a s t  conservat ive) 
were used t o  ob ta in  a t tenua t ion  data along t h e  
we l l  leng th .  The Pope equat ion was used f o r  these o f  Cathodic P ro tec t i on  ,'I Corrosion Science, 

b .  The i n d i c a t i o n  from these p l o t s  i s  t h a t  t he  
ireli casing would be protected, i . e .  the  p o t e n t i a l  (8 )  Pope, R., 1946, "A t tenuat ion  o f  Forced 
i s  l ess  than -.85 v o l t s  referenced t o  a Cu/CuSO4 Drainage E f f e c t s  on Long Uniform Structure,"  
e lec t rode.  The cement coa t ing  was assumed t o  be Corrosion, Vol. 2, p. 307, Reprinted-- 
i n t a c t  and o f  very h igh  e l e c t r i c a l  res is tance.  Ma te r ia l s  Performance, 1981, 12, Vol. 20, 
The b r i n e  was a l s o  assumed t o  be o f  h igh  e l e c t r i -  p. 29. 
ca l  res is tance.  

A t tenuat ion  c a l c u l a t i o n  va r ied  cons iderab ly  
depending on values o f  e l e c t r i c a l  res is tance 
assumed f o r  t h e  cement and the  br ine .  
res is tance values f o r  t he  b r i n e  and cement 
requ i red  very l a rge  cu r ren ts  and provided l i t t l e  
p ro tec t i on .  The E-Log I f i e l d  t e s t  i nd i ca tes  t h a t  
the h igh  res is tance values f o r  the  cement and 
b r ine  are more r e a l i s t i c .  

(7)  Jones, D. A., 1971, "The App l ica t ion  o f  
E lec t rode K i n e t i c s  t o  the  Theory and Prac t ice  

ca l cu la t i ons  ( 8 ) .  Resul ts a re  shown i n  Figure 5a, Vol. 11, p. 439-451. 

Very low 

CONCLUSIONS 

Current requirements f o r  ca thod ic  p r o t e c t i o n  o f  
geothermal w e l l s  can be est imated from labo ra to ry  
p o l a r i z a t i o n  t e s t s  and from E-Log I t e s t s  per-  
formed a t  t he  we l l  head. I n  t h i s  study, labora- 
t o r y  p o l a r i z a t i o n  t e s t s  i nd i ca ted  conservat ive 
cur ren t  dens i t y  (h igh  cu r ren t  requirements) 
compared t o  t h e  E-Log I t e s t .  
l a t i o n s  us ing  cu r ren t  and p o t e n t i a l  values from 
the E-Log I t e s t  i n d i c a t e  t h a t  mesa we l l  5-1 and 
6-1 would be .protected bqsed on the  c r i t e r i o n  o f  
the  we l l  having a p o t e n t i a l  o f  -.85 v o l t s  
referenced t o  a Cu/CuSO, e lec t rode.  

A t tenuat ion  calcu- 
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A P I  A l l o y  
Desi gnat ion 

K55 

c75 

N80 

N80 

N80 

TABLE 1. SUMMARY OF POLARIZATION DATA FOR A P I  GRADE ALLOYS 
( A l l  t e s t  i n  a h igh  s a l i n i t y  s y n t h e t i c  b r i n e  a t  100 5°C) 

N2 

Purge Gas 

Ai  r 

Ecorr (Val t s )  

E vs. SCE 

- .67 

- .68 

- .69 

- .66 

- .67 

2a 

28 

36 

10 

15 

Corrosion 
Rate 

i n l y r .  

0.013 

0.013 

0.017 

0.005 

0.007 

Ecorr( Vol t s  1 
E vs. SCE 

-.67 

-.64 

- .65 

- .67 

-.67* 

Corrgsi oc 
Rate 

i n / y r .  

c o r r  

(ua/Cm 1 2 

0.017 

0 . O i  3 7 f l . (  9 0 ; ;  ‘JiJ 

270* 0 . 1 2 ? *  
. 

*Problems i n  a d j u s t i n g  pH o f  b r ine ,  excess HCL and NaOH used. 

TABLE 2.  SUMMARY OF POLARIZATION DATA FOR 
A P I  GRADE ALLOYS ( A l l  t e s t  i n  s o i l  + 15 

w/o s y n t h e t i c  b r i  ne-ambient temp. ) 

TABLE 3. CATHODIC PROTECTION CURRENT 
DETERMINATION FOR A P I  ALLOY GRADE 

N-80 (mA/f tZ)  

Ecorr(VOlts) Corrosion 
Rate 

(ua/Cm2) ( i n l y r .  E v s .  Cu/CuS04 

From P o l a r i z a t i o n  Data 
S o i  1 

Br ine  15 W / O  S1.i71u 

K55 -.70 7 .O .003 

c75 -.70 7.5 .003 

N80 - .67 7.5 .003 

f o r  -.85 v o l t s  139-214 7 7 . 7  

f o r  . 2  t o  .3V noble # * 

From E-Log 1 
- 

Well 5-1 4.6 

Well 6-1 5.5 

*vol tage -.85. 

#vo l tage = -.85. 
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Ohnysty e t  a l .  

FIGURE 1. POLARIZATION DIAGRAM FOR N-80 
I N  SOIL -t 15 W/O SYNTHETIC BRINE- 
POTENTIOSTATIC MEASUREMENT 
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FIGURE 5 ( a ) .  ATTENllATION PROFILE, EAST 
MESA WELL 5-1 
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FIGURE 2 .  E-LOG I PROCEDURES 

A. ELECTRICAL CONNECTIONS 

- 
(Test  
We1 1 ) 

Geothermal 

B.  TEST PROCEDURE 

1.  Read n a t i v e  p o t e n t i a l  (Power Supply OFF) a t  
DVM , 

Power Supply ON - Ad jus t  t o  2 amps. 2. 

3.  Wait th ree  ( 3 )  minutes, Power Supply OFF, 

4. Turn Power Supply ON, increase c u r r e n t  an 

5. Repeat s teps 3 and 4 u n t i l  22 amps i s  

read p o t e n t i a l  a t  DVFl. 

a d d i t i o n a l  2 amps. 

reached. 

6.  P l o t  E-Log I. 

FIGURE 5 ( b ) .  ATTENUATION PROFILE, EAST MESA 
WELL 6-1 
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FIGURE 3. E-LOG I CURVE, GEOTHERMAL WELL MESA 5-1 (FLOW INTO WELL, 220 GPH; 
PRESSURE 460 p s i  ; TEMPERATURE OF EXHAUSTED BRINE, 8OoF) 
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FIGURE 4. E-1CS I CU:;iL, GEOTHERMAL WELL MESA 6-1 
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