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ABSTRACT 

Scale  incidence on production p ipes  of Cerro P r i e t o  
geothermal w e l l s  i s  a problem and occurs f requent ly ,  
bu t  has  been diminished by s e l e c t i o n  of t h e  main 
product ive strata o r  using o r i f i c e  r e s t r i c t i o n s  a t  
the  wellhead discharge. This l as t  technique made ' 
i n  some new w e l l s  t h a t  have 120 b a r s  pressure  a t  
wellhead. 150 wel l s  have been d r i l l e d  wi th  t h e  
deepest  explora t ion  w e l l  being 4,300 m. The 
d r i l l i n g  f o r  explora t ion  and production w e l l s  
cont inue a t  the  present  t i m e .  Around 100 x lo6  
tons of water-steam mixture is  ext rac ted  every 
year ,  40% i s  separated steam which is  used i n  three  
geothermoelectr ic  power s t a t i o n s  having a t o t a l  of 
620MW of i n s t a l l e d  capaci ty .  

INTRODUCTION 

The Cerro P r i e t o  geothermal f i e l d  a c t u a l l y  covers 
an a rea  of 40 square ki lometers .  The wel l s  cover 
aproximately two t h i r d s  of t h i s  a r e a  and the  
evaporat ing pond the  rest. More than 150 w e l l s  
have been d r i l l e d  i n  t h i s  f i e l d  t o  depths ranging 
from 1,000 t o  4,300 m. High temperature geothermal 
f l u i d s  flow through t h i s  l i n e r  and a r e  conducted t o  
the  s u r f a c e  through the  product ion casing (19 t o  
24 cm OD). 
s s a r y  steam t o  maintain f u l l  load a t  CP-1 power 
s t a t i o n  wi th  180MW of i n s t a l l e d  capaci ty ' ,  27 wells 
f o r  CP-I1 and 28 wel l s  f o r  CP-I11 with a 220MW of 
i n s t a l l e d  capac i ty  each2. 

30 wel l s  a r e  used t o  supply the nece- 

The wellhead pressure under normal opera t ion  a t  the  
d i f f e r e n t  w e l l s  v a r i e s  from 9 b a r s  t o  103 b a r s ,  
t h i s  l a s t  p ressure  because some of t h e  wells have 
an o r i f i c e  r e s t r i c t i o n .  
f l a s h i n g  pressures  are 13 and 5.5 b a r s  on t h e w e l l s  
of CP-I1 and CP-I11 areas ,  and 8 b a r s  on the w e l l s  

The separa t ion  and 

of CP-13. 

The separated steam flow rate f o r  normal operat iom 
v a r i e s  from 25 t / h  on some w e l l s  o f  CP-I t o  120 
t / h  on w e l l s  of CP-I1 area. I n  some wel l s  the  
maximum flow r a t e  of separated steam during ini t ia l  
discharge reach 250 t/h'. 

The bottom hole  temperatures i n  most of t h e  produc- 
t i o n  wel l s  a r e  between 280 and 367OC, the  h ighes t  
being measured i n  CP-I11 area .  

BRINE CHEMISTRY 

A t y p i c a l  chemical a n a l y s i s  of the  separa ted  b r i n e  
ex t rac ted  by the  w e l l s  a t  CP-I is shown i n  Table I5 
and b a s i c  a n a l y s i s  of b r i n e  of CP-I1 i s  shown i n  
Table I12. 

Table I. Typical  chemical a n a l y s i s  of br ine*  from 
Cerro P r i e t o  I w e l l s  a r e a  i n  mg/Kg 

Na 
K 
Ca 
Mg 
L i  
Rb 
cs 
S r  
B 
C r  

8,300 
2,210 

52 1 

27 
11 
39 
15 

0.5 

9.4 
0.5 

Mn 0.6 
Fe 1.5 
B r  17.7 
Cu 0.5 
Zn 0.01 
Cd 0.4 
Pb 0.005 
B i  0.08 
A s  1.5 
I 0.6 

2.4 
0.05 
0.002 
0.004 
864 

16,030 
2 

44 

8.0 

* Separated water  a t  atmospheric pressure .  

Table 11. Basic t y p i c a l  a n a l i s y s  of br ine* from 
CP-I1 and CP-I11 wel l s  a r e a  i n  mg/Kg 

Na 12,222 Mg 0.4 sob 4 
B 39 HC03 56 K 3,541 

L i  30 C 1  22,664 
Ca 475 Si02 1,126 

* Separated water  a t  atmospheric pressure.  

A s  can be seen i n  both cases ,  t h e  fol lowing 
r e l a t i o n s h i p  can b e  s tab l i shed:  

Cations: Na+ > K+ > Ca2+ > Mg2 

Anions: C1-  > HCOS > SO:' 

According t o  the  geothermal water c l a s s i f i c a t i o n ,  
the  b r i n e  is of subterranean o r i g i n  and formed 
under r e s t r i c t e d  c i r c u l a t i o n  o r  s tagnat ion .  
means of i s o t o p i c  a n a l y s i s  of the  geothermal f l u i d  
i t  has  been s t a b l i s h e d  t h a t  the  water  from the  
geothermal r e s e r v o i r  is mainly of meteoric  o r i g i n  
and is derived from the  Colorado River. 

By 

The high concentrat ion of  dissolved s o l i d s  i n  the  
b r i n e  is the r e s u l t  of water leaching and/or water- 
rock i n t e r a c t i o n  a t  high temperatures on the  
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sedimentary rocks. The water rock i n t e r a c t i o n  t h a t  
occur take p lace  over thousand of years  and reach 
an equi l ibr ium s ta te  with surrounding minerals  
(KC1, NaC1,  e t c . )  o r  s a t u r a t i o n  wi th  respec t  t o  
some salts  such a s  s i l i c a ,  bicarbonate ,  s u l f i d e  
and s u l f a t e  salts, e t c .  The predominant rocks i n  
the  Cerro P r i e t o  production s t ra ta  are sandstone 
and sha le .  
core recovered from Cerro P r i e t o  I wel l  a t  1,090 m. 
is shown i n  Table 111. 

A chemical cornposition of sandstone 

Table 111. Chemical composition of sandstone core  
recovered from CP-I w e l l  i n  mg/Kg. 

Na 4,875 Mg 8,505 c1 2,100 
K 11,200 R 244 Si02 266,000 
L i  72 Fe 520 
C a  28,000 B r  65 

The geothermal f l u i d s  a l s o  conta in  s u b s t a n t i a l  
amounts of dissolved gases  mainly COz and HzS and 
minor amounts of "3, CH4, Hz ,  e t c .  s e e  Table I V .  
Some of these  gases  p lay  an important r o l e  i n  t h e  
occurrence of s c a l e s .  

Table I V .  Gas content* on s e p a r a t e r  steam from 
w e l l s  of  CP-I1 and CP-I11 area  i n  mg/Kg 

C02 11,674 NH3 81 A r  5 
H2S 688 N z  36 H e  0.5 
CHI, 142 H2 

* Median va lves  f o r  t h e  samples analysed i n  19872 

The high content  of dissolved s i l i c a  i n  the  w e l l  
b r i n e  is  the r e s u l t  of  d i s s o l u t i o n  of rock by water 
a t  t h e  r e s e r v o i r  temperature. Experimental t e s t i n g  
conducted i n  our  labora tory  wi th  a sandstone core  
sample obtained from a w e l l  depth of 1,090 m and 
using geothermal b r i n e  ( p r i o r  t o  t h e  t e s t ,  s i l i c a  
was removed from the  b r i n e ) .  As expected, the  
concentrat ion of s i l i ca  i n  s o l u t i o n  increases  with 
temperature, and fol lows aproximately the  s o l u b i l i -  
ty  curve obtained by o ther  i n v e s t i g a t o r s  and a l s o  
are i n  agreement with the  s i l i c a  q u a n t i f i e d  on 
CP-I wells brfne.  

It has  been p o s s i b l e  t o  s t a b l i s h e d  t h a t  the  f l u i d  
dfscharged by t h e  Cerro P r i e t o  w e l l s  is s a t u r a t e d  
with r e s p e c t  t o  s i l i c a  a t  t h e  temperature a t  which 
the  b r i n e  is found i n  the  r e s e r v o i r .  

I n  a similar manner, t h e  b r i n e  is s a t u r a t e d  with 
respec t  t o  carbonate and o t h e r  minerals  a t  the 
temperature of  t h e  br ine .  

OCCURRENCE OF SCALE ON PRODUCTION WELLS PIPE. 

Mainly due t o  the  s a t u r a t i o n  condi t ion  of some of 
t h e  b r i n e  components, depos i t ion  of s c a l e  occurs  
i n s i d e  the  production pipe of the  w e l l s  as the  . 
geothermal f l u i d  undergoes p h y s i c a l  changes on i t s  
way t o  the  sur face .  The phys ica l  process by which 
s c a l i n g  occurs  is based on t h e  Pact t h a t ,  when the  
high temperature water ascends through t h e  produc- 

t i o n  casing and the  pressure  t o  which it  i s  subjec- 
ted  is reduced, p a r t i a l  f l a s h i n g  occurs  of  t h e  
water i n t o  steam. The zone of t h e  cas ing  where 
t h i s  change of phase occurs  depends on the  o r i g i n a l  
enthalpy of the  f l u i d s .  Fig.  1 shows t h e  r e l a t i o n  
between the  enthalpy measured i n  each w e l l  and the 
depth a t  which the  depos i t s  were found. This  con- 
d i t i o n  i s  v a l i d  only f o r  CP-I w e l l s  because only a 
s i n g l e  phase l i q u i d  w a s  e x t r a c t e d  from r e s e r v o i r .  

200- 

400- 

600- 

800- 

IOOC- 

m- 
1400- 

- PRODUCTION PIPE (3Ocm 0 )  ----- SLOTTED LINNER (19 cm 0 )  
1600- 

I I I I I 

600 800 1000 1200 MOO 
ENTHALPY ( j i g )  

Fig. 1 Scale  depth occurrence v s  enthalpy on 
Cerro P r i e t o  I w e l l s .  

For Cerro P r i e t o  I1 and Cerro P r i e t o  I11 t h e  
r e s e r v o i r  f l u i d  is i n  two phases  and hence wel l s  
produce steam-water mixtures .  Therefore  s c a l e  
occurrence i s  not  uniform and some w e l l s  fol low an 
inverse  of the  curve of Cerro P r i e t o  I w e l l s  (Fig.2) 

Chemically, depos i t ion  occurs  when t h e  b r i n e ,  
o r i g i n a l l y  s a t u r a t e d  with r e s p e c t  t o  s i l i ca ,  carbg 
na tes ,  s u l f i d e s ,  e t c .  a t  the  r e s e r v o i r  temperature 
become supersaturated as a p o r t i o n  of t h e  water  
f l a s h e s  i n t o  steam and t h e  temperature of t h e  br ine  
is reduced by t h i s  change of phase. Also ( f o r  
carbonates) the  COz o r i g i n a l l y  p r e s e n t  i n  t h e  b r i n e  
i s  t r a n s f e r r e d  t o  t h e  steam phase when b o i l i n g  
starts, the i n i t i a l  equi l ibr ium is d is turbed ,  and 
bicarbonates  a r e  p r e c i p i t a t e d  as carbonates .  

S i l i c a  and carbonate s c a l e  t y p i c a l l y  occur i n  the  
w e l l s  of CP-I area pr imar i ly  because of t h e  lower 
temperature r e s e r v o i r  than is p r e s e n t  a t  CP-I1 and 
CP-I11 area ,  s e e  Table 5 and Figs .  3 t o  7. 

Because higher  r e s e r v o i r  temperatures  a t  Cerro 
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Fig. 2 Scale occurrence zone vs. enthalpy on CP-I , CP-I1 and CP-I11 wel l s .  
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Table 5. Chemical composition of s c a l e  i n  production p ipes  of CP-I wel l s .  

W e l l  
x (w) 

M29 M39 1 A  M 7  M9 M10 M 1 1  M 1 1  M29 

Si02 
CaCO 3 

MgCO 3 
FeS 
N a C l  
KC1 
CaC12 
Mn 
cu 
Zn 
Au 
Ag 

0 6.0 
94.6 68.8 

4.2 21.3 
- 0.7 
1.1 r 

- 4.0 
r - 

19.5 
75.7 

3.2 
1.6 - 
- 
c 

- 
- 
c - - 

60.5 
30.2 

5.4 
0.8 

- 

- 
- 
- 
- 
- 
7. 

P 

12.5 
80.3 

3.2 
2.1 
0.37 
0.23 
0.44 
0.69 
0.01 
0.16 
0.0001 
0.0061 

0.52 
94.07 - 
0.071 
0.08 
I - 
c 

c 

- 
- 
- 

25.63 
60.00 

4.15 
9.78 
0.27 - - - - - 
- - 

18.43 
76.55 

1.37 
0.15 

- 

- 
- 
- 
- 
- 
- 
- 

Depth 51s 230m 750m 1080m 25m 720m 694m 1030m 1140m 
date  Feb69 Ju168 Ju175 Nov68 Jan68 Jun68 Nov75 Dec79 Sep75 

PIPE 2ecm1~ 7- 

Fig.  4 Chemrcaf depos i t ion  d e t a e l  on w e l l  PI13 a t  
591 .m depth. 

P r i e t o  Xx and Cerro P r i e t o  111 areas, s i l ica  and 
s u l f i d e  s c a l e  5s more f requent ly  found. See Table 
6 and Fig. 8. I n  t h h  f i g u r e  are shown the  possi-  
b l e  colqpaundsof 5ron and copper formed on t h e  pipe 
w e 1  1s. 

The m e t a l l i c  s u l f i d e s  (Fe, Pb, Cu, e t c . )  have a 
very low s o l u b i l i t y 6  I n  proport ion d f r e c t l y  t o  the  
temperature. For which small temperature v a r i a r -  
t f o n s  cqpse instantaneous deposi t ion.  Normally 
these type of s c a l e s  occurs i n  w e l l  p i p i e s ,  i n c l u d  
ing  t h e  s l o t t e d  l h e r  and r e s e r v o i r  strata causing 
heqvy damage t o  la t ter .  

I n  gener.al s c a l i n g  problems i n  the  product ion p i p e  
are ,more or  less severe,  depending on the  zone 
were s c a l e  3s produced and the depth of t h f s  zone. 

5 

Ef f o r  h s t a n c e ,  the  deposft is formed i n  the  upper 
por t fon  of the  production p i p e  (Fig. 31, reamfng 
of the  w e l l  recovers  the  w e l l  output .  If however, 
t h e  depos i t  2s formed i n  the s l o t t e d  l i n e r ,  f l u i d  
flow. is r e s t r i c t e d  and the  outs ide  p a r t  of  t h e  
s l o t s  c a n ' t  be cleaned by reaming (Fig. 5 w e l l  M34). 

WELL MI3 DEPTH WELL M34 

Fig. 5 D e t a i l s  of s c a l e  on w e l l s  M 1 3  and M34. 

Scale  a l s o  occurs  i n  the  surrounding ground ( i n  t h e  
production strata) s c a l i n g  i t  completely o r  dimi- 
nishing its permeabi l i ty  wi th  no means of cleaning 
it. To prevent t h i s  scale occurrence, o r i f i c e  
r e s t r i c t i o n s  are c u r r e n t l y  i n s t a l l e d  on t h e  
wellheads, which mairitainhigher p r e s s u r e s  i n  the  
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Fig.  6 Chemical v a r i a t i o n  depos i t s  vs  depth on 
w e l l  M - 1 1  
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Fig.  7 Chemical v a r i a t i o n  depos i t s  v s  depth on 
wel l  M-39 

Table 6 .  Chemical composition of s c a l e  i n  production p ipes  of CP-I1 and CP-I11 w e l l s  area.  

W e l l s  

M91 M l O l  MI17 M149 M155 M202 M350 
%: (w) 

E7 

NM M NM M NM NM NM M 

Si02 
Ca 
Mg 
Fe 
S2- 
Na 
K 
cu  
Pb 

62.5 
0.9 
0.5 
8.0 

19.9 
0.8 
0.1 
nd 
nd 

59.3 82.5 
0.5 0.4 
0.04 0.1 
5.7 1.5 
3.0 0.4 
2.0 0.5 
1.0 0.2 
nd 0.2 
nd 0.5 

44.0 
7.4 
1 .7  
4.7 
0.2 
0.1 
0.8 
nd 
nd 

56.3 0 
0.7 0.6 
0.5 0.3 
5.6 53.8 
2.7 14.8 
0.1 0.1 
0 .1  0.1 
nd nd 
nd nd 

62.9 
0.6 
0 .3  
4.5 
2 .o 
0.7 
0.5 
0.3 
0.3 

16.4 33.8 3.3 25.8 0.3 0.2 7.7 

0.5 0.1 
28.2 4.8 61.2 25.0 6.2 
18.2 0.4 7.5 23.0 29.8 
0.6 0.3 0.03 0.4 0.1 
0.1 0.3 0.07 0.2 0 .1  

9.5 2.3 9.1 nd nd 
6.0 nd nd 5.7 24.2 

0.3 16.4 4.2 
1.1 0.9 0.5 

Depth 1762m 1002m 1337m 1978m 1095m 2360m 60m 2230m 3590111 3542m 90m 2240111 
Date Aug87 Ju186 Jan88 Apr85 Feb85 Dec87 Apr85 Dec87 

NM: non magnetic powder M: Magnetic powder sample nd: not  determ. 

CONCLUSION 

Scal ing  i n  the  production p ipes  of Wells and i n  the  
r e s e r v o i r  s t ra ta  has  caused problems and r e s t r i c t e d  
t h e  i n t e g r a l  use of the  geothermal f l u i d s .  However 
i t  has  been poss ib le  u n t i l  now t o  prevent p a r t i a l l y  

t h e  occurrence of s c a l i n g  i n  production p i p e s  
using o r i f i c e  cont ro l  a t  t h e  wellheads and by rea- 
ming t h e  scale when i t  occurs .  
techniques, the  w e l l s  and of the  geothermoelectr ic  
power s t a t i o n s  has  been continous s i n c e  inaugura- 
t i o n  of ,the first u n i t s  i n  Apr i l  1973. 

Using these  

In  t h e  
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Fig .  8 Scale composition SiO2, Fe, Cu and Pb v s  
depth i n  w e l l  M144 of Cerro P r i e t o  11. 

f u t u r e  we hope t o  use b e t t e r  prevent ive  systems 
t h a t  w i l l  make t h e  explo ta t ion  of high enthalpy 
water-dominant geothermal r e se rvo i r s  much easier. 
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