
GEOTHERMAL MATERIALS SURVEY: BACA 
GEOTHERMAL DEMONSTRATION POWER PLANT 
BACA, NEW MEXICO 

BY 
Peter F. Ellis I1 

October 7, 1980 

Work Performed Under Contract No. AC02-79ET27026 

U. S. DEPARTMENT OF ENERGY 
Geothermal Energy 

iXSRIWTL0N OF TtCLS DOCU MfNT IS UNLl M ITZD 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



DISC LA1 M ER 

“This book was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor any 
of their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government or any agency 
thereofi.The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.” 

This report has been reproduced directly from the best available copy. 

Available from the National Technical Information Service, U. S. Department of 
Commerce, Springfield, Virginia 22161. 

Price: Printed Copy A03 
Microfiche A01 



DCN 80 - 2 12 - 00 3 - 2 3 

GEOTHERMAL MATERIALS SURVEY: 

BACA  GEOTHERMAL DEMONSTRATION 
POWER PLANT 

BACA, NEW MEXICO 

Prepared by: 

Peter F. Ellis 11 

DOE Contract No. DE-AC02-79ET27026 
< 

DO E/ ET/27026-T5 
Distribution Category UC-66d 

I 

7 October  1980 



TABLE OF CONTENTS 

Section 

1.0 
2 . 0  
3 . 0  
4 .0 

5.0 

Page 

EXECUTIVE SUMMARY . . .  
INTRODUCTION . . . . . . . .  
PLANT DESCRIPTION . . .  
GEOTHERMAL ENVIRONMEN 
DISCUSSION . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

................................ 3 

................................ 4 
TS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

4 . 1  Corrosion by Plan t  Atmosphere . . . . . . . . . . . . . . . . . .  10 
4 . 1 . 1  Painted S t ruc tures  ....................... 10 
4.1.2 E l e c t r i c a l  Equipment and Instrument 

A i r  Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
4.2 Corrosion i n  Two-Phase Fluid . . . . . . . . . . . . . . . . . . .  1 2  
4 . 3  Corrosion i n  Geothermal Steam P ipe l ine  . . . . . . . . .  13 . 

4 . 4  Corrosion i n  the  Recirculat ing Condensate 
Cooling Water System . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  
4 .4 .1  Use of S t a i n l e s s  S t e e l  . . . . . . . . . . . . . . . . . . .  16  
4.4.2 Cooling Tower ............................ 27 
4 . 4 . 3  Cooling Tower Basin ...................... 27 

RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  
REFERENCES ......................................... 3 2  

il 

i i  



EXECUTIVE SUMMARY 

This r epor t  p resents  t he  r e s u l t s  of a materials survey 
f o r  t he  Baca 50 MW(e) s i n g l e  f l a s h  geothermal p l a n t  i n  the  Valles 
Caldera of New Mexico. From the  design documents provided both 
by Union Geothermal Company and by t h e  Publ ic  Service Company 
of New Mexico, mater ia l s  proposed f o r  use i n  contac t  with the  
p l a n t  atmosphere, t he  two-phase geof lu id ,  the  separated steam, 
and t h e  r e c i r c u l a t i n g  condensate cooling water were assessed f o r  
s u i t a b i l i t y .  S p e c i a l  emphasis w a s  given t o  records of perform- 
ance of t h e  materials i n  o the r  geothermal p l a n t s .  
these  considerat ions of chemical r e a c t i v i t y  and p l a n t  opera t ing  
experience,  a number of recommendations w e r e  made. No p r i o r i t y  
i s  intended by the' o rder  of presenta t ion .  

Based upon 

F i r s t ,  t he  use of condensate t r aps  on t h e  geothermal 
steam l i n e s  o r  of a demister-separator near the turb ine  i n l e t  
i s  recommended i n  order  t o  reduce t h e  amount o f  l i q u i d  w a t e r  and 
dissolved s o l i d s  en te r ing  the  turb ine  and the amount of ch lor ide  
i n  the  cooling w a t e r .  
Fa i lu re  t o  remove condensate formed during transmission of steam 

may a l s o  produce turb ine  i n l e t  steam of q u a l i t y  unacceptable t o  
the  tu rb ine  manufacturer. 

This w i l l  reduce corrosion problems. 

Type 304 s t a i n l e s s  s tee l  i s  no t  recommended f o r  Tecir-  
cu la t ing  cooling water because of the  s i g n i f i c a n t  r i s k  of p i t t i n g  
and stress corrosion cracking. Type 316 and 317LM o r  E-Brite 26-1  
s t a i n l e s s  s teel  i s  recommended f o r  condenser and cooler s e r v i c e ,  
providing the  temperature does n o t  exceed 108°F and the  ch lor ide  
ion content of t he  tu rb ine  i n l e t  steam does not  exceed 22 ppm ,I 

( f o r  316) o r  29-37 ppm ( f o r  317LM o r  E-Brite 26 -1 ) .  The cooling 
water must be kept  clean t o  prevent foul ing  of the  cooling system, 
which w i l l  r e s u l t  i n  p i t t i n g  and possibly i n  ch lor ide  s t r e s s  
corrosion cracking. 
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A copper-free antimicrobial treatment of wooden cool- 
ing tower components should be used in order to prevent contamin- 
ation of the cooling water with copper ions which may promote 
pitting in the stainless steel cooling system members; and a PVC 
lining, coal-tar epoxy coating, or preferably, a polymer concrete 
coating should be used for the cooling tower basin to resist the 
concentrations of sulfate ions and acidic pH's in the cooling 
water. Two inch sacrificial concrete is probably not satisfactory. 

Austenitic stainless steels (AIS1 300 series) are not 
recommended for steam valve stems due to the risk of pitting.or 
chloride stress corrosion cracking by aerated condensate at the 
packings. An alternate material is 17-4PH stainless steel. 

Limitations are imposed on the design of 12Cr turbine 
blades by the severity of corrosion-fatigue in geothermal sLeam 
and by the low strength requirements imposed by the presence of 
hydrogen sulfide in the steam. These limitations may require a 
blade which is thicker than would be required for boiler quality 
steam. 

Electrical contacts throughout the plant should be 
plated with chromium, tin, platinum, cadmium, nickel, or gold to 
avoid problems with hydrogen sulfide which may be present in the 
atmosphere, and the intakes of air compressors, especially instru- 
ment air compressors, should be equipped with filters to remove 
hydrogen sulfide. 

The Larderello Painting Cycle should be used for any 
metal structures which may be exposed to hydrogen sulfide con- 
taminated air in order to prolong the service life of the metal 
and reduce maintenance costs. 
ing Cycle is significantly longer than common painting systems 
in geothermal environments. 

The life of the Larderello Paint- 
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1 . 0  INTRODU CT 1,ON 

7 The Public,  Service Company of New Mexico and t h e  Union 
Geothermal Company of,New Mexico are cons t ruc t ing  a 50MW(e) s ing le -  
f l a s h  geothermal p l a n t  i n  t h e  Valles Caldera of New Mexico t o  
u t i l i z e  the  Baca Known Geothermal Resource. This Geothermal 
Materials Survey i s  based upon design documents provided by Union 
Geothermal Company [Union, 19801 and The Publ ic  Service Company 
of New Mexico (PNM) [PNM, 19803, and on presenta t ions  made a t  a 
d e t a i l e d  design review held  i n  Albuquerque, NM on 24 September. 
The ob jec t ive  i s  t o  review the  proposed mater ia l s  s e l ec t ions  i n  
l i g h t  of o t h e r  geo eirmal p l an t  experience. 

ri- 

This work w a s  funded under DOE Contract No. DE-ACO2- 

/, geothermal energy u t i l i z a t i o n .  

I 

79ET27026 i n  a con uing e f f o r t  t o  gain i n s i g h t  i n t o  t h e  
mate r i  a1 s p rob l e m s  

I 

Disc Zaimer 

Mention of a, spec i f ic  product, process, or vendor 
i s  not intended t o  excZude other products, processes, 
or vendors which may give comparabZe results or 
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2 . 0  PLANT DESCRIPTION 

The steam gather ing system cons i s t s  of t h ree  s i n g l e  
f l a s h  separat ion f a c i l i t i e s ,  c a l l e d  s a t e l l i t e  s t a t i o n s ,  each 
supplied with two-phase geothermal f l u i d  from a number o f  pro- 
duction w e l l s ,  two-phase flow l i n e s ,  steam l i n e s ,  l i q u i d  l i n e s ,  
and r e i n j e c t i o n  w e l l s .  

Two-phase f l u i d  from a number of w e l l s  i s  piped t o  the  

The estimated drople t  carry-over from t h e  second 
s a t e l l i t e  f a c i l i t y  where i t  en te r s  two separa tors  connected i n  
series. 
separa tor  i s  estimated t o  be 0.5 percent .  The sa tu ra t ed  steam 
(337°F) i s  piped t o  the  p l a n t  and the  separated l i q u i d  i s  piped 
t o  r e i n j e c t i o n  w e l l s .  
the  th ree  s a t e l l i t e  f ac i l i t i e s  i s  about 925,000 l b / h r ,  and the  
t o t a l  separated l i q u i d  i s  about 11,040,000 lb/hr [Union, 19801. 

The t o t a l  estimated steam production from 

A t  t he  turbine-generator bui lding about 74,000 l b / h r  
of s a tu ra t ed  steam (about 337°F) i s  d iver ted  t o  t he  gas e j e c t o r s  
while the  balance en te r s  the  turb ine  [PNM, 19801. The steam i s  
condensed i n  t h e  s h e l l  s i d e  of a tube-and-shell condenser. This 
condenser i s  suppl ied with 35,100,000 l b / h r  of cooling water a t  
a design temperature of  70°F. The condensate from the  condenser 
ho t  w e l l  (120°F) i s  ex t rac ted  by pumps and used as  make-up water 
for t h e  cooling system. The cooling tower bas in  i s  "blown down!' 
a t  a ra te  s u f f i c i e n t  t o  maintain a constant  water level . ,  

Noncondensable gases ,  p r imar i ly  carbon dioxide and 
hydrogen s u l f i d e ,  a r e  removed from the  main condenser by a s e r i e s  
of steam e j e c t o r s .  About 25,310 l b / h r  carbon dioxide and 183 l b /  
h r  of hydrogen s u l f i d e  a r e  routed t o  t h e  Holmes-Stretford hydrogen 
s u l f i d e  ab atemen t s y s t e m  . 

4 



3.0 GEOTHERMAL ENVIRONMENTS 

The a b i l i t y  o f .  a ma te r i a l  t o  r e s i s t  corrosion i s  con- 
t r o l l e d  by t h e  na ture  of  t he  environment;including i t s  chemistry, 
temperature, phase, and v e l o c i t y ,  a s  w e l l  as ,  t he  physical-chemical 
p rope r t i e s  of  t h e  ma te r i a l  under considerat ion.  An understanding 
of t h e  chemistr ies  var ious geothermal environments i s  e s s e n t i a l  
t o  t h e  Geothermal Mater ia ls  Survey. Numerous chemical analyses 
of separated geothermal f l u i d ,  geothermal steam, and condensate 
have been performed during t h e  development of t he  Baca geothermal 
resource [Union, 19801. 

Geothermal Steam 

, 
The estimated concentrations of the  key corrosive species  

i n  steam a t  t h e  turb ine  i n l e t  a r e  presented i n  Table 2 [PNM, 19801. 
The concentrat ions of hydrogen s u l f i d e  and carbon dioxide depend 
on t h e  temperature and pressure of separa t ion ,  while t h e  concen- 
t r a t i o n s  of ch lor ide  and s u l f a t e  depend on the  f r a c t i o n  of drople t  
carry-over from t h e  separa tors .  Based on t h e  ch lor ide  concen- 
t r a t i o n  (3061 ppm) f o r  separated f l u i d  given i n  Table 1, the  2 1  
ppm of  ch lo r ide  i n  the  separated steam corresponds t o  a 0.7 pe r -  
cen t  d rop le t  carry-over. The d rop le t  carry-over from the  second 
s e p a r a t o r  i s  estimated by Union t o  be 0 . 5  percent  o r  l e s s  so t h e  
21  ppm estimated provides a s a f e t y  f a c t o r  of  40 percent .  

I 

The proposed Baca p l a n t  i s  s i m i l a r  t o  t h e  f a c i l i t y  a t  
Wairakei, New Zealand, i n  t h a t  separated sa tu ra t ed  steam i s  p i p e d  
t o  t h e  power house. Experience a t  Wairakei has shown t h a t  con- 
densate formation on the  steam p i p e  w a l l s  causes e f f e c t i v e  ch lor ide  
scrubbing: mcre than 90 percent of t h e  carry-over ch lor ide  i s  
scrubbed by the  condensate i n  the  f i r s t  750 f e e t  of p ipe l ine  
[McDowell, G . D . ,  19751. If t h i s  form of scrubbing does occur 
i n  t h e  Baca system, and i f  s u f f i c i e n t  s u i t a b l e  condensate t r aps  

I 
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TABLE 1. KEY CORROSIVE SPECIES CONCENTRATIONS 

a MEASURED DURING DEVELOPMENT OF THE 
BACA GEOTHERMAL FIELD 

~ 

Separated f l u i d  Steam Condensate 
ave (samples) 

_ *  

Parameter ave (samples) ave (samples) 

7.2 (26) N.R. 4.5 (20) PH 
e1 3061 ppm (43) , N.R. 1 7  pPm (25) 
HCO 3 127 ppm (26) N. R. 6.6 ppm (20) 

Co 3 19 ppm (26) N.R. 0 (20) 
c02 N.R. 28254 ppm (wt) (28) N.R. 

So4 6 4  ppm (23) N.R. 1.8 ppm (17) 

H2 S 2 ppm (15) 204 ppm (wt) 31 8.6 ppm (1) , 

N H 3  N.R. N.R. N.R. 

N.R. - Not reported 
[Union, 19 80 I 

TABLE 2 .  ESTIMATED CONCENTRATIONS OF KEY CORROSIVE 
SPECIES I N  TURBINE SEPAUTED STEAM 

Parameter Concentration (ppm wt) 

28,250 
205-300 

N.R. 

2 1  
2 

con 
H2 S 
m3 

e1 
so 4 

HCO 3 5 

N.R. - Not Reported 

[PNM, 19801 
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o r  a f i n a l  s e p a r a t o r " a t  the  turb ine  i n l e t  are i n s t a l l e d ,  the 
concentrat ion o f  ch lor ide  i n  t h e  steam a t  the' tu rb ine  i n l e t ,  and 
hence i n  t h e  h o t  wel l -condensate ,  may be much lower than es t i -  
mated i n  the  design documents. 
separa tor  are ind ica ted  i n  t h e  design drawings ,' however, and a l l  
condensate formed during t ransmission,  as w e l l  a s  a l l  carry'-over 

N o  such condensate t r a p s  o r  

water with i t s  dissolved spec ie s ,  i s  assumed t o  pass through the  
tu rb ine  and i n t o  t h e  hot  w e l l .  

Condensate 
i 

A f t e r  t he  sieam passes through the  tu rb ine ,  i t  i s  con- 
densed i n  t h e  sur face  contact  condenser. The estimated key 
cor ros ive  species chemistry of t h e  steam condensate i s  presented 
i n  Table 3 .  I n  P N M ' l 9 8 0 ,  the  ch lor ide  concentrat ion i n  the  con- 
densate w a s  estimated t o  be 15 .1  ppm, which corresponds t o  a 0 .5  
percent  d rop le t  carr))-over. However, the  est imated ch lor ide  i n  
the  steam w a s  2 1  ppm';and a l l  of  t h i s  ch lor ide  must appear i n  the  
condensate. Therefore,  Table 3 gives two values f o r  ch lor ide .  

I - Recirculat ing Cooling Water 

A l l  o f  t he  condensate from the  hot  w e l l  i s  used f o r  

I 
I 

' i  
cooling water make-up, and the re fo re  t h e  make-up ra te  i s  
e s s e n t i a l l y  constant  during normal p l an t  operat ion.  Blowdown 

occurs a t  a ra te  s u f f i c i e n t  t o  maintain a constant  level of  t he  
cooling tower bas in ,  land the cycles of concentrat ion o f ' t h e  
cooling water i s  cont ro l led  by t h e  r a t e  of evaporation. Table 4 ,  
based on da ta  presented i n  PNM, 1980, gives the  estimated concen- 
t r a t i o n  of  t h e  r e c i r c u l a t i n g  condensate cor ros ive  species  during 
t h e  winter arLd summer, and f o r  per iods of maximum cooling tower 
evaporation. 

1 

.l . 
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TABLE 3 .  ESTIMATED CONCENTRATIONS OF KEY CORROSIVE 
SPECIES I N  STEAM CONDENSATE 

Parameter  Concent ra t ion  

4.8 

15.1~ - 2 1  ppm 

8.7 ppm 

3.3 ppm 

0 

0.09-0.41 p p  

N.R. 

b 

N.R. - Not r e p o r t e d  

a as estimated i n  [pm, 19801 

based on e s t i m a t e d  steam composition (Table 2) 

TABLE 4 .  ESTIMATED CONCENTRATION OF KEY CORROSIVE 
SPECIES I N  CIRCULATING COOLING WATER 

CONCENTRATION 
Summer Maximum 
( a d  tower e v a p o r a t i o n  

P a r  ame t e r Winter  
(me> 

PH 
c1 
HCO 3 

so 4 

H2 S 
N H 3  

>4.5 
b 33a-46 ppm 

7.3 ppm 

19.1  ppm 

~ 0 . 9 ~  ppm 

N.R. 

>4.5 

10ga-14gb ppm 

23.8 ppm 

62.4 ppm 
b ~ 2 . 9  ppm 

N.R. 

>4.5 

147a-204b ppm 

35 PPm 

84 PPm 

G a  PPm 
N.R. 

N.R. - Not r e p o r t e d  

a as e s t i m a t e d  i n  [PNM, 19801 

based on estimated steam composition (Table  2)  
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- Plant Atmosphere 

The Holmes-Stretford hydrogen sulfide abatement system 
has been shown to be.very effective in geothermal applications. 
However, traces of hydrogen sulfide (less than 10 ppm) can still 
be expected in the plant atmosphere. Minute quantities of this 
compound can be very damaging to many painting systems and to 
silver or copper electrical contacts. 

' I  

I 

I 
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4 . 0  DISCUSSION ~ 

I 

This por t ion  of t h i s  r epor t  w i l l  consider the  s u i t -  

This survey i s  based on extensive s tud ie s  of corrosion 
a b i l i t y  of some of  the  'proposed mater ia l s  s e l e c t i o n s  f o r  Baca 
Unit 1. 
problems assoc ia ted  w i  geothermal appl ica t ions  [DeBerry, et G . ,  
1979 ;  E l l i s  and Conove undated]. Four environments w i l l  be con- 
s idered ,  t he  p l an t  a 
and the  r e c i r c u l a t i n g  condensate cooling water. 

4 . 1  

phere,  two-phase f l u i d ,  separated '  steam 

4.1.1 

I 

Within one t o  two years  of app l i ca t ion ,  f a i l u r e  of  con- 
vent iona l  pa in t ing  systems has occurred a t  Otake (Japan) ,  
Hatchobaru (Japan),  Larderel lo  ( I t a l y ) ,  The Geysers, and a t  
o the r  p l a n t s .  
pa in t ing  cycle  which i s  reported t o  give a t  least  f i v e  years  
service without maintenance i n  atmospheres with hydrogen sul'fi.de 
contamination much more I severe than i s  a n t i c i p a t e d  a t  Baca Unit 1 
[ENEL, 19791.  The Pa in t ing  Cycle i s  described a s  

follows : 

11 

Throughiresearch, t he  I t a l i a n s  have developed a 

g t o  Swedish Standards 
- 3 (SSPC grade 1 0  o r  b e t t e r ) .  

I 

S t e p  2 Application 
inch) I of flame-sprayed z inc .  

Application of a t  l e a s t  3 m i l s  of o i l  based 

of 2 . 5  - 3 m i l s  (1 m i l  = 0,001 

I 

S t e p  3 
l i c  r e s i n ,  z inc  chromate-rich p r i m e r .  

I 

I 
I 

~ 
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Step 4 Application of an intermediate cost of 
phenolic paint with passivating pigments to 
a thickness of at least 2 . 3  mils. 

Application of a final coat of phenolic/ 
glycerophathalic paint, free of lead or 
other heavy metals which can react with 
hydrogen sulfide. Recommended thickness 
is )at least 3.5 mils. 

Step 5 

h 

Note: Polyurethane-based paints are not used at 
Larderello. 

In cases where flame galvanizing cannot be used, the 
Italian practice is to use an epoxy resin paint of high zinc 
content to a thickness of 2 . 5  mils in place of zinc galvanizing 
in Step 2 .  
area is cleaned and the painting cycle is begun at Step 3. 

4.1.2 

For surfaces with rust or deteriorated paint, the 

Electrical Equipment ,and Instrument Air Supply 

The plans for Baca Unit 1 call for the use of positive' . 

I 

pressure clean rooms :(hydrogen sulfide-free) for the protectionl 
of electrical equipment, especially copper and silver conductors 
and/or contac ts .  This approach has been used a t  Wairakei, New 

Zealand, and at The Geysers [DeBerry -- et al., 19791. Experience 
at The Geysers has shown that, in practice, the maintenance of 
sulfide-free atmospheres is difficult [Friedrich, personal I 

communication]. 
connectors with chromium, tin, platinum, cadmium, nickel, or gold. 

! '  

1 

An alternative is the plating of all electrical 

r 

Particular attention should be given to equipment in 
the power plant switch yard and to equipment in the steam gathering 

11 



system. 
poss ib le  f o r  some p a r t s ,  but requi res  l i t t l e  maintenance. 
use of p l a t ed  contacts  whenever poss ib l e ,  coupled with clean 
rooms o r  boxes f o r  unprotected equipment, should give the  b e s t  
long- term r e s u l t s  . 

Pla t ing  requi res  more i n i t i a l  e f f o r t ,  and may not  be 

The 

Care should a l s o  be taken t o  p r o t e c t  t h e  instrument 
a i r  supply from contamination with hydrogen s u l f i d e .  
en te r ing  t h e  compressor should be f i l t e r e d  t o  remove any hydrogen 
s u l f i d e .  

The a i r  

4.2 Corrosion i n  Two-Phase F lu id  
I 

I n  two-phase (or  superheated l i q u i d )  p ipe l ines  drople t  
v e l o c i t i e s  of several hundred feet /second may occur ,  e spec ia l ly  
i n  regions of  l o c a l  f l a sh ing  due t o  pressure drop from va lves ,  It 

o r i f i c e s ,  and s i m i l a r  equipment. The drople t  densi ty  i s  ' o f t e n  
high,  and ser ious  impingement o r  erosion damage may occur. 

j 

Like the  proposed Baca p l a n t ,  t he  Ahuachapan geothermal 
p l a n t  ( E l  Salvador) u t i l i z e s  bore-f lashing w e l l s ,  and piping be t -  
ween the  w e l l ,  s epa ra to r ,  and d i f f u s e r  (muffler) t r anspor t s  two- 
phase f l u i d .  A t  Ahuachapan, the  wellhead valve i s  never cycled 
unless  both the  separa tor  and d i f f u s e r  valves have been closed.  
Thus, t he  wellhead valve i s  protected from eros ion .  
and separa tor  valves a r e  carbon s teel  ga te  va lves .  They have a 
se rv ice  l i f e ,  without leaking,  o f  s i x  open-shut cyc les .  
r e s u l t s  from erosion of t h e  ga t e  and s e a t  a s  t he  valve opens o r  
c loses  [Ellis and Conover, undated].  

The d i f f u s e r  

Fa i lu re  

r 
I 

I n i t i a l l y  a t  Ahuachapan, two wel ls  were t h r o t t l e d  by 
the  separator valves t o  reduce flow. 
seats r ap id ly  occurred. These w e l l s  are now t h r o t t l e d  by 
a u s t e n i t i c  s t a i n l e s s  s t e e l  o r i f i c e s  which show l i t t l e  erosion 

Fa i lu re  by erosion of the 
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1 

[ E l l i s  and Conover, undated]. This suggests t h a t  s t a i n l e s s  s tee l  
t r i m  may be s u i t a b l e :  f o r  two-phase valves .  However, 'at Matsukawa 
(Japan),  erosion t e s t s  performed i n  280°F steam containing 30 
percent  drople t s  a t  a ve loc i ty  of  656 feet /second showed Type 
304 t o  have an e r o s i o n . r a t e  of  more than 200 mpy (0.200 inch/  
year ) .  S t e l l i t e  No. 6 showed an erosion r a t e  of fou r  mpy 
[ E l l i s  and Conover , undated].  

1 

A t  t h e  Geothermal Loop Experimental F a c i l i t y  (GLEF) 

a t  t he  Sa l ton  Sea and a t - C e r r o  P r i e t o  f a i l u r e s  of carbon s tee l  
elbows r e s u l t e d  from impingement by high ve loc i ty  drople t s  i n  
f l u i d  l i n e s .  This problem was a l l e v i a t e d  by i n s t a l l i n g  bl ind-  
flanged tees i n  place of the elbows. A l a y e r  of water trapped 
i n  the  b l i n d  l e g  of the tee prevents impingement of t he  drople t s  
on t h e  s teel  [ E l l i s  and Conover, undated].  

4 . 3  - Corrosion i n  Geothermal Steam P ipe l ine  

The a n t i c i p a t e d  composition of t he  sa tu ra t ed  separated 
geothermal steam w a s  given i n  Table 2 .  This steam w i l l  contain 
drople t  carry-over' estimated t o  be not  more than 0 . 5  percent  ~ 

[Union, 19801. A s  w a s  mentioned previously,  transmission conden- 
sate i s  an e f f i c i e n t  scrubber 'of  i o n i c  species  i n  d rop le t  carry-  
over ,  and the  presence of carbon dioxide and hydrogen s u l f i d e  
and the  absence of  amnonia i n  the steam phase w i l l  cause the  pH 
t o  be a c i d i c ,  perhaps i n  the  range of 4 t o  5 .  The low pH means 
t h a t  t h e  condensate w i l l  be cor ros ive ,  but t he  ava i l ab le  da ta  
do not  j u s t i f y  an est imate  of the  corrosion r a t e  of s teel  p i p e  
exposed t o  t h i s  condensate. 

Studies  a t  Wairakei showed t h a t  t h e  condensate forms a 
l a y e r  of f i l m  along the  bottom of t h e  p ipe l ine  [James, 19801. 
Or ig ina l ly  , numerous ,condensate t r aps  were i n s t a l l e d  near the  

13 
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I 

I 

separa tors  t o  e f f e c t i v e l y  remove t h e  contaminated condensate. 

and i t  w a s  found t h a t  ? the u l t ra -pure  condensate formed downstream i 

of t h e  condensate t r a p s  w a s  far  more cor ros ive ,  due t o  dissolved 
gases ,  than w a s  condensate contaminated with drople t  carry-over.  I 

Current p r a c t i c e  a t  W i r a k e i  i s  t o  u t i l i z e  condensate t r a p s  i n  
t h e  200-600 f t .  of p i  cline c l o s e s t  t o  the  powerhouse i n f o r d e r  t o  
minimize the  amount of pipe exposed t o  u l t ra -pure  condensate 
(James, 19801. This ference and James, 1975, gives methods 
f o r  ca l cu la t ing  t h e  
t r a p s .  

Hydrogen s u l f i d e  and carbon dioxide are not  scrubbed, however, I a 

A t  Larderel  I t a l y ,  i n  cases where steam pipe w a s  
i n  contact  wi th  the  s eel support with no intervening t h k n a l  
i n s u l a t i o n ,  condensat 3 which was reported t o  be q u i t e  cor ros ive ,  
formed at the r e s u l t i n g  cold spots [ENEL, 1 9 7 9 1 .  The s t e a m  at 
Larderel lo  has about 50°F superheat and about 40 ,000  ppm I (wt) 
carbon dioxide.  
steam l i n e s  i s  no t  known, but  t he  I t a l i a n  experience s 

t h e  d e s i r a b i l i t y  of minimizing cold spots  and avoiding t h e  '/ 

ing of condensate. 

Whether similar corrosion w i l l  occur i 

pool- 

I I 

Introduct ion of a i r  i n t o  the steam w i l l  cause d r a s t i c  
increases  i n  c o r r o s i  t Y  
confirms t h i s  and w 
f o r  . inspect ion,  they a r e  f lushed with f r e s h  water [ E l l i s  'I and 
Conover, undated; DeBerry et e., 19791.  

Experience a t  Wairakei , New Z'ealand, 
p ipe l ines  a t  Wafrakei are t o  be Opened 

, 

I 

1 

For va lves ,  a u s t e n i t i c  (AIS1 300 s e r i e s )  s t a i n l e s s  
s tee l  t r i m  with S t e l l i t e  hard-facing i s  probably s u i t a b l e  i n  
both two-phase and steam se rv ice  because of t he  lack of oxygen. 
However, i f  steam condensate forms on the  atmospheric s i d e  of 
valve stem packings, evaporation may lead  t o  high temperature, 

14 



high ch lor ide  concentrat ions and aera ted  condi t ions which make 
a u s t e n i t i c  s t a i n l e s s  s teel  valve stems susceptable  t o  s t r e s s  
corrosion cracking. A common a l t e r n a t i v e  s t e m  material i s  17-4 
PH. This a l l o y ,  with 1 7  percent  chromium and 4 percent n i c k e l ,  
i s  r e s i s t a n t  t o  stress corrosion cracking (SCC) i n  bo i l ing  
magnesium chlor ide ,  an extremely severe t es t  [DeBerry, - e t  -. a l . ,  
19791.  I t s  chromium and n i cke l  content gives considerable 
r e s i s t a n c e  t o  p i t t i n g  and crev ice  corrosion.  
less s teel  t r im ,  S t e l l i t e  No. 6 hardfacing and 17-4 PH stems 
are s p e c i f i e d  i n  the  Union design document [Union, 19801. 

Valves with s t a i n -  

Turbine 

Calculat ions by the  method of James [James, 19803, 
assuming t h a t  steam flow i s  925,000 l b / h r ,  t h a t  t h e  p ipe l ine  i s  
i n s u l a t e d  with two inches of rockwool ( i n s u l a t i o n  i s  not  addressed 
i n  t h e  design documents), and t h a t  drople t  carry-over from the  
separa tors  i s  0 .5  percent ,  i n d i c a t e  t h a t  about 10 ,000  l b / h r  of 
l i q u i d  water (about 1 .08  percent  moisture) w i l l  e n t e r  t he  turb ine .  
This may be unacceptable t o  the  turb ine  vendor. The p o t e n t i a l  
problem can be el iminated by i n s t a l l a t i o n  of a s e r i e s  of  conden- 
sate t raps ,  o r  a f i n a l  separator-demister ,  i n  t he  steam l i n e  
near  t he  tu rb ine  i n l e t .  
a t  Cerro P r i e t o  (Mexico) and a t  Ahuachapan, while t h e  condensate 
t r a p  method i s  used a t  Wairakei. 
t h e  quan t i ty  of dissolved s o l i d s  i n  t h e  turb ine  i n l e t  stream, and 
thus i n  the  condensate cooling water. 

The separator-demister approach w a s  used 

Both methods also g r e a t l y  reduce , 

Steam a t  Cerro P r i e t o  i s  supplied t o  t h e  turb ines  with 
I/ about 0 .01 percent  moisture.  

opera t ion ,  nc blade f a i l u r e s  were reported.  Similar  r e s u l t s  have 
been obtained a t  Wairakei [ E l l i s  and Conover, undated].  Compld'te 
drying of the  steam may no t  be des i r ab le ,  however. 
feed steam ac The Geysers causes an on-going problem with cracking 

During t h e  f i r s t  f i v e  years o f  

Superheated 
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of  the  second s tage  b lades ,  where condensate f i r s t  forms. 

The ma te r i a l  s p e c i f i e d  for the Baca Unit 1 turb ine  
blades i s  12Cr s t a i n l e s s  s teel .  
a number of  geothermal p l a n t s  including Otake, Wairakei, Cerro 
P r i e t o ,  and The Geysers w i t h  s a t i s f a c t o r y  r e s u l t s .  
s a t i s f a c t o r y  performance requi res  t h e  s p e c i f i c a t i o n  of low 
s t r e n g t h  and hardness p rope r t i e s  f o r  r e s i s t a n c e  t o  s u l f i d e  stress 
cracking (SSC), and because corrosion-fat igue i s  more severe 
i n  geothermal steam than i n  b o i l e r  q u a l i t y  steam, a th i cke r  blade 
than i s  t y p i c a l  of  tu rb ines  operat ing on b o i l e r  steam. 

This material has been used i n  

However, 

Table 5 shows t h e  r e s u l t s  of corrosion-fat igue tests 
of 12Cr blading a l l o y  and l o w  a l l o y  r o t o r  s tee l  a t  Otake, Japan, 
Cerro P r i e t o ,  Mexico, Baca, and The Geysers. The reduct ion i n  
Fat igue Endurance L f m i t  (FEL) r e l a t i v e  t o  a dupl ica te  specimen 
fa t igued  i n  a i r  i s  presented,  as a r e  r e s u l t s  f o r  a con t ro l  
specimen exposed t o  b o i l e r  q u a l i t y  steam. 
i n  t h e  case of Otake and The Geysers (where t h e  specimens were 
c y c l i c l y  s t r e s s e d  during exposure) t he re  w a s  no i n f l e c t i o n  o r  
"knee" i n  t h e  s t r e s s - l o g  cycle  p l o t ,  i nd ica t ing  a continuing 
reduct ion i n  FEL wi th  t i m e .  

It should be noted t h a t  

4 . 4  Corrosion i n  t h e  Reci rcu la t ing  Condensate Cooling 
Water System 

I 

4.4.1 Use of S t a i n l e s s  Steel  

The cooling water system design contains l a r g e  amounts 
of Type 304 and Type 304L s t a i n l e s s  steel .  
equivalent  r e s i s t a n c e  t o  loca l i zed  corrosion. 
condenser, i n t e r  and a f t e r  condensers of t h e  gas e x t r a c t o r  system, 
and the  hydrogen and lub r i ca t ing  o i l  coolers  are a l l  tubed with 

Both grades have 
The ma.in steam 
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TABLE 5 .  

0 0 2  - 2200 ppm (wt) 
HzS - 220 ppn ( w t )  
nHs - 400 ppm ( w t )  
T - 338'P 
P - 100 p i g  

CO2 = 19500 ppm (wt)  
HzS - 2000 ppm (ut)  

T = 297'P 
P = 61  p s i g  

S i t e  

otake' 

Qclic s t r e s e e s  Type 403 (12Cr) 
appl ied during 
exposure t o  
environment. 

Exposed t o  3.511-Cr-bo-V 
environment with 
o u t  stress, then 
f a t igued  in air. 12Cr 

The Geysers' 

Cerro Prieto '  

Baca' 

con t ro l '  

CORROS ION-FATIGUE I N  GEOTHERMAL STEAM ENVIRONMENTS 

Environment Uethod Ha te r i a l .  
I I 

COZ - 4950 ppm (ut) 
HzS - 51 ppm ( w t )  
T - 212'P 
P - atm 

~ . _  

2.5Ni-Cr-Ho-V 

13Cr 

Cycl ic  s t r e s e e s  
appl ied during 
exposure t o  
environment. 

COz - 33700-47390 ppm 

HzS - 290-570 ppm (ut 
(wt) 

P - 110 ps ig  
T 340'F 

Boiler q u a l i t y  steam 
T - 212'P ~ 

P - a t m  

Exposed t o  
environment 
without stress, 
then f a t igued  
i n  a i r .  

Cyclic stresses 
appl ied du r ing  
exposure to 
environment 

Type 403 and 
Type 616 
(12Cr and 
12Cr-lb- .  25V) 

I I 

Reduction i n  PEL 
Rela t ive  t o  Air 

26% a t  10' cycles  
43%. a t  10' cyclee 
50% at  10' cycles  

22% a t  10' cyc le s  
32% at-lO' c y c l e s  
38% a t  10' cycles  

39% a f t e r  180 days 
exposure 
- 

18% a f t e r  180 days 
exposure 

16-24% a f t e r  34 days 
exposure 

36-52% a f t e r  160 days 
exposure 

12% a t  10' cyc le s  
17% at  lo7  cyc le s  
17% a t  10' cyc le s  

11% a t  lo6 cyc le s  
13% at  10' cycles  
13% at  10' cyc le s  



r 

Type 304 s t a i n l e s s  steel .  Condensate and c i r c u l a t i n g  water pumps 
are Type 316 o r  i t s  ca t equivalent .  

The onset  o f , p i t t i n g  and crevice corrosion of s t a i n -  
less s teels  i n  aera ted  waters i s  a funct ion of  t h e  chromium 
and molybdenum content  o f  t h e  a l l o y  and the  ch lor ide  content  and 
temperature of t he  w a t e r .  
increase  the  threshold temperature above t h a t  a t  which p i t t i n g  o r  
crevice corrosion occurs.  Increasing chlor ide content  lowers the  
threshold temperature. I n  the  range 4 t o  8 ,  pH probably has 
l i t t l e  effect on the  threshold  temperature, although an a c i d i c  
pH favors  more numerous p i t s  wi th  more rap id  pene t ra t ion  rates.  
P i t  pene t ra t ion  rates re extremely d i f f i c u l t  t o  p r e d i c t ,  ' and 
corrosion allowances c n not be def ined.  Especial ly  f o r  t h i n  
walled components, a go/no-go p i t t i n g  c r i t e r i a  should be used 

Increases  of chromium and molybdenum 

f o r  ma te r i a l  s e l e c t i o n .  I 

Once p i t t i n g  conditions have been obtained, i n i t i a t i o n  
t y p i c a l l y  occurs wi th in  hours,  Once t h i s  has  occurred, an auto- 
c a l y t i c  process ( p i t t i n g )  i s  e s t ab l i shed  and i n  many cases w i l l  
be se l f - sus t a in ing  even when process condi t ions moderate. '  For 
t h i s  reason, t he  upper l i m i t s  of temperature and ch lor ide ,  t o  which 
a component w i l l  be exposed, are of p a r t i c u l a r  i n t e r e s t .  

I 

As w a s  discus'lsed i n  Section 3 and Table 4 ,  t he  
est imated range o f  ch lor ide  concentration i n  the  r e c i r c u l a t i n g  
condensate i s  33-147 ppm [PNM, 19801, while,  based on the  
estimated steam composition [PNM, 19801, the  ch lor ide  concen- 
t r a t i o n  w i l l  be 46-204 ppm. 
removal o f  ch lor ide  enriched condensate upstream of the  turb ine  
i n l e t .  

Both of these est imates  neglec t  

The design temperature f o r  t h e  cooling water i s , 7O0F  
i n l e t  (cooling tower basin)  and 96°F r e tu rn .  However, the  

1 
I 
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sur faces  of the  condenser tubing w 11 be h o t t e r  than tLLe bulk 
cooling water a n d , i t  i s  the  temperature of t h e  tube w a l l  which 
w i l l  determine whether o r  no t  p i t t i n g  w i l , l  occur a t  a given 
ch lor ide  concentrat ion.  The design condensate temperature i s  
120"F, and as a rst approximation, i t  i s  assumed t h a t  t he  
m a x i m u m  tube w a l  
s a t e  temp e r a  t u r e  
108°F. 

I 

temperature w i l l  be mid-way between the  conden- 
6 1  

d m a x i m u m  cooling water temperature,  o r  about 

I 

hold tempefature f o r  l o c a l i z e d  corrosion of  
Type 304 and Type 316 as  a funct ion of ch lor ide  concentrat ion w a s  
explored by E f i r d  and Moller [E f i rd  and Moller', 19781. 
shows the  r e s u l t s  of t h e i r  work. The shaded rec tangle  super- 
imposed on the  f i g u r e  shows the  estimated range of temperature 
and ch lor ide  ion  concentration expected i n  the  Baca Unit 1 cool- 
ing loop. The more darkly shaded rec tangle  assumes 99.5 percent  
steam q u a l i t y  a t  t h e  separa tor  o u t l e t ,  while t he  l i g h t e r  rec tangle  
assumes 99.3 percent separa t ion .  Table 6 summarizes the  operat ing 
experience wi th  $ype 304 and Type 316 i n  r e c i r c u l a t i n g  condensate 
a t  t h ree  o t h e r  geothermal p l a n t s .  
agreement wi th  Figure 1. 

Figure 1 

That experience i s  i n  reasonable 

Figure '1 shows t h a t  a t  .even a 99.5 percent  separa tor  
e f f i c i e n c y ,  t he  nominal operat ing conditions in t rude  i n t o  the  
region where p i t t i n g  and/or crevice corrosion of Type 304 (or  
Type 304L) may occur,  
Type 316 (o r  Type 316L) i s  marginal. 

A t  a separa tor  e f f i c i ency  of 99.3 pe rcen t ,  

Studies  of t he  threshold p i t t i n g  temperature f o r  a 
number of s t a i n l e s s  s teels  i n  10 percent  f e r r i c  ch lor ide  s o l  
have been conducted and an expression f o r  t h e  threshold p i t t i  
temperature i n  f e r r i c  ch lor ide  a s  a func t ion  o f  chromium and 
molybdenum content has  been derived. 
neg l ig ib l e  e f f e c t s  on threshold p i t t i n g  temperature [Brigham 
and Tozer, 19761 ,  

Nickel w a s  shown t o  have 
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r crevice corrosion may occur t o  the 
the  curves. Shaded area  indicates ,  
h e m a l  S ta t ion  cooling loop condi t ions,  
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TABLE 6 .  GEOTHERMAL PLANT EXPERIENCE WITH TYPE 304 AND TYPE 316 I N  RECIRCULATING 
CONDENSATE COOLING WATER 

Wairakei. N.Z. 

~ - ~- 

Cerro Pr i e to ,  k x i c o  

Geothermal 
P lan t  

'C1 - unknown 
T - 140°F 

-~ ~- ~ -- ~ 

'C1  E 50-60 ppm 
* T = 104-113°P 

C 1  = unknown 
T 114-145OP 

Conditions 

The Geysers, CA 'CI - 1-10 ppmc 

before  f e r r i c  
a u l f a t e  add i t ions  

' T - 81-134OY 

I 
a (DeBerry et&.. 19791 

( E l l i s  and Conover. undated1 

[HcAlpin and E l l i s ,  19aOl 

(Friedrich.  personal  com~lunicat ion~ 

Weter is la  Teat Resulta 

P i t t i n g  of  a u s t e n i t i c  !cede 
equivalent  to  Type 304. 

equivalent  to Type 316a. 
No p i t t i n g  of a u s t e n i t i c  grade _ .  

_i ~-~ _ _  
*-No p i t t i n g  of Type 304 coupons 

a f t e r  180 days'. 

~ ~~~ 

S i g n i f i c a n t  p i t t i n g  of  Type 
304 in both s o l u t i o n  annealed 
and hea t  s e n s i t i z e d  condi t ions.  
Seve r i ty  of a t t a c k  increaaed 
with t i m e .  a 

* No p i t t i n g  of Type 316 observed.' 

Haterial Operating 
Experience 

Type 304 o i l  cooler  tubes 
pe r fo ra t ed  a f t e r  s e v e r a l  months. 
Hydrogen cooler  tubes not  
f a i l e d  because of g r e a t e r  
w a l l  th i rkness .  Occlusion cel 
corrosion a f a c t o r  in f a i l u r e .  

Or ig ina l  barometric condensers 
Type 304 clad. 
to  b e  Type 316L clad.b 

Or ig ina l  Type 304 piping has 
been replaced with Type 316 on 
an aa  needed basisd.  
Occasional minor p i t t i n  
Type 316 pipe observed. 
Addition of f e r r i c  s u l f a t e  f o r  
hydrogen s u l f i d e  abatement - . 
caused serious corrosion pro- 
blems.' 

t 

A l l  f u t u r e  units 

B Of 

i 



The f e r r i c  ch lor ide  tes t  i s  an acce lera ted  t e s t  a n d ,  
t h e  ac tua l  threshold p i t t i n g  temperatures ind ica ted  probably a r e  
n o t  appl icable  t o  low chlor ide so lu t ions ,  but the  f e r r i c  ch lor ide  
tes t  can be used t o  rank the  re la t ive threshold p i t t i n g  temper- 
a tu re s  of  d i f f e r e n t  s t a i n l e s s  s t e e l s .  

E - B r i t e  26-1 (ASTM XM27) i s  an ul t ra- low i n t e r s t i t i a l  
f e r r i t i c  s t a i n l e s s  s teel  tubing a l loy  containing 26 percent 
chromium and one percent  molybdenum. I t s  r e l a t i v e  threshold 
p i t t i n g  temperature ( i n  terms of absolute  temperature) i s  1 .105  
with respect t o  Type 304 and 1.043 with respect  t o  Type 316. 
Assuming t h a t  t h i s  re la t ive r e s i s t ance  i s  appl icable  t o  low 
chlor ide  s o l u t i o n s ,  t h  threshold p i t t i n g  temperature f o r  E - B r i t e  
26-1 i s  estimated t o  b 123-137"F a t  200 ppm chlor ide .  A t  108"F, 
t h e  allowable ch1o;ide concentration i n  the  cooling water would 
be 280-360 ppm, cor res  onding to drople t  carry-over of 0 .95-1 .2  
percent  .. 

' .  

, It i s  worth not ing t h a t  threshold p i t t i n g  temperatures 
ca l cu la t ed  f o r  Type 316, using t h e  r e l a t i v e  threshold p i t t i n g  
temperature f o r  Type 316 and Type 304 i n  f e r r i c  ch lor ide  and I the  
threshold p i t t i n g  temperature f o r  Type 304 i n  Figure 1, a r e  1 7  
t o  28 percent  lower than the  threshold p i t t i n g  temperatures shown 
f o r  Type 316. 
26-1 may a l s o  be b e t t e r  than w a s  estimated i n  t h e  previous para- 

This i nd ica t e s  t h a t  t he  performance of E-Brite 

graph. 

Another a l t e r n a t i v e  a l l o y ,  comparable t o  E - B r i t e  26-1 
i n  t h e  f e r r i c  ch lor ide  t e s t ,  i s  Type 317LM. The LM grade must be 
spec i f i ed  t o  obta in  the  des i red  4.25 percent molybdenum content.  

A.poten t ia1  concern with a u s t e n i t i c  (AIS1 300 series) 

The phenomenon i s  a funct ion of pH, chlor ide concentrat ion,  
s t a i n l e s s  steels i s  ch lor ide  s t r e s s  corrosion cracking (chlor ide-  
SCC). 
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Figure 2 .  Effec t  of pH, Chloride, and Tempera twe  on 
Stress Corrosion Cracking of Type 304L Sta in-  
less Steel Under Residual Weld Stresses ' 
[DeBerry e t  a l . ,  1 9 7 9 ) .  -- 

I 

Welded tube specimens i n  sodium chlor ide 
so lu t ion  under a i r .  
t o  8000 hours. 

Exposure per iod  up 

I 
I , 

I 
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a t  near y i e l d  s t r e s s e s ,  the  thresLiold chlor ide-  
SCC temperature i s  between 140°F and 150°F. 

On th'e bas i s  of Figure 1, Type 316 piping w i l l  
b e ' s u b j e c t  t o  p i t t i n g  if the  ch lor ide  l e v e l  i n  
t h e  r ec i r cu la t ing  cooling water exceeds 850 
ppm a t  70°F and 250 ppm a t  96°F (cooling w a t e r  
i n l e t !  and o u t l e t  design condi t ions) .  
Type 316 heat  exchanger tubing w i l l  be subjec t  
t o  p i t t i n g  a t  cooling w a t e r  ch lor ide  levels i n  
excess o f  210 ppm. 

Type 316 i s  subject  t o  chloride-SCC but t he  
threshold temperature i s  somewhat higher  than 
t h a t  of Type 304. 

E-Brite 26-1 and Type 317LM a r e  pred ic ted  t o  
have similar p i t t i n g  and crev ice  corrosion 
r e s i s t ance .  These a l l o y s  should t o l e r a t e  a t  
l e a s t  280 ppm chlor ide i n  hea t  t r a n s f e r  s e rv i ce  
a t  Baca Unit 1. 

E - B r i t e  26-1 i s  e s s e n t i a l l y  immune t o  chlor ide-  
SCC because of i t s  microstructure .  Type 317M 
i s  r e s i s t a n t  t o  chloride-SCC i n  the  wick t e s t  
and i n  the  bo i l ing  sa tu ra t ed  a c i d i c  sodium 
chlor ide  t e s t ,  and should therefore  not  be 
a t ' t h e  r i s k  of chloride-SCC i n  the  Baca cooling 
system. 

Fouling of  the cooling water system would 
probably r e s u l t  i n  p i t t i n g  of any of the a l loys  
under considerat ion and would a l so  increase 
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Q 
I 

4.4.2 Cooling Towr  
I 

The s t r b c t h r a l  support of  the, cooling tower i s  chemically 
I . ,  1 .  

t r e a t e d  wood, but the treatment ( f o r  i n h i b i t i o n  of microbiological 
degradation) i s  no t  spec i f i ed  [PNM, 1980].6 Treatment with copper 
compounds i s  a common p r a c t i c e  but w i l l  cause contamination of 
t he  cooling water wcth copper ions which can promote p i t t i n g  of 
s t a i n l e s s  s tee l .  ; F o r  t h i s  reason, unless  a copper i n h i b i t o r  i s  
used i n  the  cooling lloop, a copper-free wood treatment should be 

'1 I 

I 

spec i f i ed .  I 

I 1  

4 .4 .3  Cooling Tower Basin 
I 

# I  

The cool i& tower bas in  water i s  expected t o  have a 
temperature of abou 
t r a t i o n s  o f  about -84 ppm. The pH may be as  low as  4 . 5 .  
Consultation with t$ DOE Brookhaven National Laboratory 
[Kukacka, personal ~~ommunication] i nd ica t e s  t he  proposed two-inch 
s a c r i f i c i a l  concrete' l a y e r  w i l l  not survive the  l i f e  of the  p l a n t  
due t o  a t t a c k  by ac id  and s u l f a t e .  
not be uniform and c:leanup of t h e  basin concrete f o r  resur fac ing  
w i l l  be very d i f f icu l l t .  

70°F and t o  .contain s u l f a t e  (SO4=) concen- I 

Furthermore, wastage w i l l  

I* 

I 

Use of  Type 5 cement (which i s  s u l f a t e  r e s i s t a n t )  would 

Ava i l ab i l i t y  o f  Type 5 cement may 
reduce the severity of attack, but t he  cement would s t i l l  be 
degraded by a c i d i c  conditions.  
also be a problem. I 

'I I 

1 .  

< 
r 

Brookhavenl recommends l i n i n g  t h e  bas in  with polymer con- 
c r e t e  about 0.375 inch th i ck  and est imates  t h a t  under t h e  a n t i c i -  
pated operat ing conditions t h i s  coating should l a s t  more 'than 
twenty years. Application of t h i s  polymer concrete l aye r  does 
not  r equ i r e  e rec t ion l  of forms and can be done despi te  t he  many 

I, 

i r r e g u l a r i t i e s  i n  the basin geometry. 
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The suggested monomer is: 

55 wt% styrene 
36 wt% acrylonitrile 
9 wt% trimethylolpropane trimethacetylate (TMPTMA) 

The liquid monomer mixture would be applied to the 
concrete surfaces to be protected. 
sand would be spread an'd pressed into the monomer mixture with 
a roller. The resultant layer would be about 0.125 inch thick. 
Three applications woul d give the desired thickness. 

Before it cures to a polymer, 

Other basin coating alternatives to sacrificial con- 
crete include the use of coal-tar epoxy coatings or PVC liners as 
has been done at other [geothermal power plants. 
and Larderello, the coal-tar epoxy coating require replacement 

At Cerro ,Prieto 

after a few years [ E l l i ' s  and Conover, undated]. 
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I 

5 . 0  RECOMMENDATIONS 
I 

The recommendations below are not  l i s t e d  i n  any order  
of p r i o r i t y .  

. The use of  condensate t r aps  on the  geothermal 
steam l i n e s  o r  of a demister-separator near  
the  turb ine  i n l e t  i s  recommended i n  order  t o  
reduce t h e  amount of  l i q u i d  w a t e r  and dissolved 
s o l i d s  en ter ing  t h e  turb ine  and the  amount of 
chlor ide i n  t h e  cooling water. F a i l u r e  t o  
remove condensate formed during steam t r ans -  
mission may r e s u l t  i n  tu rb ine  i n l e t  steam of 
i n s u f f i c i e n t l y  q u a l i t y  t o  meet t h e  turb ine  manu- 
factul-erl s s p e c i f i c a t i o n s .  

I 

On t h e  b a s i s  of experience a t  f lashed  steam 

geothermal p l an t s  a t  The Geysers, Wairakei (New 
Zealand), and Cerro P r i e t o  (Mexico), Type 304 
s t a i n l e s s  s tee l  i s  n o t  recommended f o r  r e c i r c u l a t i n g  
cooling w a t e r  s e rv i ce  because of t he  r i s k  of p i t t i n g .  

Type 316 should be s u i t a b l e  f o r  condenser and 

cooler  s e rv i ce  provided t h a t  t he  tube w a l l  
temperature does not exceed 108°F and the 

I 

chlor ide  content of the  turb ine  dinlet steam 
does no t  exceed 22 ppm. A prudent s a f e t y  f a c t o r  
shoulh be appl ied t o  t h e  ch lor ide  l i m i t .  

8 Consideration of E - B r i t e  26-1 and Type 317LM 
i s  recommended. 
f o r  condenser and cooler  s e rv i ce  provided the  
tube w a l l  temperature does no t  exceed 108°F 
and the  turb ine  i n l e t  steam chlor ide  content 

These a l l o y s  should be s u i t a b l e  
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1 

does no t  exceed 29-37 ppm. Again, a prudent 
s a f e t y  f a c t o r  should be appl ied by the  pl'ant 
designer .  I 

I 

(I 

Fouling of the  cooling water sys t em w i l l  cause 
p i t t i n g  of a l l  of the a l loys  under considerat ion 
and may cause ch lor ide  s t r e s s  corrosion cracking 
of  Type 304 and Type 316. 
ance of  system c leanl iness  i s  recommende 

rous ant imicrobiological  treatment 
e required.  

'I Great care  i n  ;mainten- 

/I . I n  the  event t h a t  i t  i s  n o t  f e a s i b l e  t o  spec i fy  
I 

a l t e q a t e  mater ia l s  f o r  a l l  condensers and 
coo le r s ,  i t  i s  recommended t h a t  p r i o r i t y  I I should 
be given t o  those components i n  which minor 

cross-leakage would r e s u l t  i n  a prolonged forced 
outage due t o  a long lead-time f o r  replacement 

The hydrogen cooler  should probably have 
f i r s t  p r i o r i t y  . I 

I 
i 

Aus ten i t i c  s t a i n l e s s  s t e e l s  ( A I S 1  300 series) 
are n o t  recommended f o r  steam valve s t e m s  due t o  
a r i s k  of  p i t t i n g  or  ch lor ide  s t r e s s  corrosion 
cracking by aerated condensate a t  t he  packings. 
An a l t e r n a t i v e  mater ia l  i s  17-4PH. 

. Limitat ions a r e  imposed on the  design of.'12Cr 
turb ine  blades by the s e v e r i t y  of corrosion- 
f a t i g u e  i n  geothermal steam and by the  l o w  
s t r eng th  requirements imposed by the  presence I 

of hydrogen s u l f i d e  i n  the stream. 
l i m i t a t i o n s  may requi re  a blade which i s !  t h i cke r  
than would be required f o r  b o i l e r  q u a l i t y  steam. 

These 
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I 

The antimicrobial treatment of  wooden cooling 
tower components should be specified to be copper- 
free in order to prevent contamination of the 
cooling water with copper ions which may have a 
deterimental effect on the pitting resistance of 
stainless steel. 

It is recommended that a polymer concrete coat- 

cooling tower basin should be considered as an 
alternative to the proposed 2-inch sacrifical 
concrete layer because the sacrificial layer 
would probably require replacement during the 
plant life. This would represent a difficult 
(and costly) maintenance task. Of the above 
options, the polymer concrete coating may be 
the bes't option because it is estimated to have 
a life of more than twenty years. + It does not 
requird the erection of forms. 

Because of practical difficulties in maintaining l~ 

hydrogen-sulfide-free rooms, it is recommended 
that whenever possible electrical contacts and 

PVC lining, or coal-tar epoxy coating of the 

I' 

I 

connectors should be plated with chromium, tin, 1 

platinum, cadmium, nickel, or gold.  Copper t 
or silver contacts will fail rapidly if exposed 
to air contaminated with traces of hydrogen 
 sulfide^. 

It is recommended that the intakes of air 
compressors, especially instrument air compressors, 
be filtered to remove hydrogen sulfide. 

Use of the Larderello Painting Cycle is recommended 
for metal structures which may be exposed to 
hydrogen sulfide contaminated air in order to 
significantly prplong the protection of metal 
and reduce O&M activities, 
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