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ABS TRACT 

C o r r o s i o n  performance and r e l i a b i l i t y  w i l l  b e  of 
primary impor tance  i n  t h e  s p e c i f i c a t i o n  o f  m a t e r i a l s  
f o r  new p r o c e s s  equipment f o r  t h e  more e f f i c i e n t  u s e  
of  geothermal energy  i n  Rotorua.  E l e c t r i c a l  r e s i s t -  
ance  Corrosometer  probes  were used t o  e v a l u a t e  t l i&  
m a t e r i a l s  performance of  t h r e e  commonly s p e c i f i e d  
a l l o y s  i n  a r a n g e  of  geothermal envi ronments  d e r i v e d  
from w e l l s  i n  t h e  Rotorua a r e a .  In  a d d i t i o n ,  a 
d e t a i l e d  s t u d y  of t h e  c o n t r o l  v a l v e s  b e i n g  f i e l d  
t e s t e d  by t h e  Rotorua  Geothermal Task Force  was 
c a r r i e d  o u t  t o  a s s e s s  t h e  r e l i a b i l i t y  a s p e c t s  of t h e  
m a t e r i a l s  exposed t o  t h e  geothermal f l u i d s .  

Tile Performance o f  t n e  t e s t  m a t e r i a l s  was found t o  b e  
s t r o n g l y  dependent  on f l u i d  a e r a t i o n .  
s t e e l  and C26000 b r a s s  e x h i b i t e d  low c o r r o s i o n  r a t e s  i n  
n o n- a e r a t e d  f l u i d s .  The s t a i n l e s s  s t e e l  a l l o y  S31600 
s u f f e r e d  p i t t i n g  c o r r o s i o n  a t  h igh  t e m p e r a t u r e s  i n  
a e r a t e d  f l u i d s .  C o n t r o l  v a l v e  f a i l u r e s  were a t t r i b u t -  
a b l e  t o  i n a d e q u a t e  c o r r o s i o n  r e s i s t a n c e ,  s c a l i n q ,  and 
b u i l d- u p  of  c o r r o s i o n  p r o d u c t s / s c a l e  c a u s i n g  s e i z u r e .  
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The Rotorua  geothermal  f i e l d  ha s  been used f o r  h e a t i n g  
and b a t h i n g  f o r  over  40 y e a r s .  
s h a l l o w  w e l l s  and t h e r e  is a c o n f l i c t  of  i n t e r e s t  
between e x p l o i t a t i o n  a d  p r e s e r v a t i o n  of thermal  
f e a t u r e s .  The Rotorua Geothermal Task Force  was s e t  up 
t o  recommend ways of r e d u c i n g  geothermal  f l u i d  drawoff  
from t h e  f i e l d .  I t  i s  l i k e l y  t h a t  h e a t i n g  systems w i t h  
b e t t e r  thermal  e f f i c i e n c i e s  w i l l  b e  r e q u i r e d  and t h a t  
t h e s e  sys tems will r e q u i r e  c r i t i c a l  c o n t r o l  wi th  proven 
r e l i a b i l i t y .  The s u c c e s s f u l  implementa t ion  of such  
sys tems w i l l  depend on t h e  r e l i a b i l i t y  and c o r r o s i o n  
r e s i s t a n c e  of t h e  p r o c e s s  c o n t r o l  d e v i c e s  used .  One 
o b j e c t i v e  of  t h e  Rotorua Geothermal Task Force has been 
t o  a p p r a i s e  commercial ly a v a i l a b l e  t e m p e r a t u r e / f l o w  
c o n t r o l  v a l v e s .  On t h e  b a s i s  of  an i n i t i a l  s c r e e n i n g  
by A l a b a s t e r  e t  a l ,  1983, s e v e r a l  c o n t r o l  v a l v e s  were 
s e l e c t e d  f o r  long  term r e l i a b i l i t y  t e s t i n g  on a number 
of  Rotorua w e l l s .  C u r r e n t  p r o d u c t i o n  t e c h n i q u e s  a r e  a 
major f a c t o r  i n  t h e  c a u s e  o f  c o r r o s i o n  problems,  which 
a r e  male even more d i f f i c u l t  by t h e  wide r a n g e  of 
phys i c a l  and ch emi c a l  c h a r a c t e r i s t i c s  o f  t h e  geo t herma 1 
f l u i d s  i n  t h e  Rotorun a r e a .  

There  a r e  over 350 

I n f o r m a t i o n  on t h e  i n t e r n a l  c o r r o s i o n  of p r o c e s s  equ ip-  
ment i s  s c a r c e .  Repor t s  a r e  o f t e n  based  on v i s u a l  
o b s c r v a t i o n s  and e n g i n e e r i n g  e x p e r i e n c e  w i t h  no o v e r a l l  
c o r r e l a t i o n  between c o r r o s i o n  c h e m i s t r y  and i n a t c r i a l s  
performance.  A 1  though g u i d e l i n e s  a r c  ; i v a i l n b l c ,  t h e s e  
a r e  s c a t t e r e d  and v a r i e d  and g c n c r n l l y  den1 w i t h  
b u i l d i n g  s c r v i c c s :  Robe r t s ,  197s; Burns e t  31,  1372; 
Sewe l l ,  1973; and t h e  U n i v e r s i t y  of Aucklarid, 19S3. 
Pub 1 i c a t i oils d ea 1 i ng w i t h  niat e r  i a  1 s p e r f  ornia nc c i n  1 ow 
t e m p e r a t u r e  gcothe imal  r e s o u r c e s  i n  o t h c r  coiiii t r i e s  
a r e  a v a i l a b l e  for g u i d a n c e  ( fo r  esaniplc: E l l i s  and 
Conovcr,  19S3; L i c h t i ,  1982; NorL and Iiantz,  1383; 
and E l i a s s o n  and E i n a r s o n ,  1 9 S 3 ) .  

'The o b j e c t i v e s  of t h i s  s t u d y  have bceii t o :  
- Obtain b a s e l i n e  cor.rosi .on d a t a  f o r  t h r e o  en::ineeriiig 

a1 l oys  i n  t y p i c a l  geothermal f l u i d s  d e r i v e d  from 
Ro t o r u a  w e l l s .  

- P r o v i d e  a d v i c e  on t h e  m a t e r i a l s  per formance  of  eng- 
i n e e r i n g  a l l o y s  used f o r  t e m p e r a t u r e / f l o w  c o n t r o l  
d e v i c e s  by t h e  Rotorua Geothermal Task Fo rce .  

GENERAL CORROSION CHEMISTRY 

Approximately 90% o f  t h e  w e l l s  i n  Zotorua  a r e  low 
p r e s s u r e  bo re s  i n  t h e  r a n g e  0 . 5  t o  2.5 b a r ( g )  (110 t o  
14OOC). 
n a t u r a l l y  n o n - a r t s e i a n  and r e q u i r e  an a i r  l i f t  s t a r t i n g  
sys tem.  Most of t h e s e  w e l l s  c o n t i n u e  t o  f low a f t e r  t h e  
a i r  l i f t i n g  i s  s topped.  A sma l l  number (10 t o  20) 
r e q u i r e  cont inuous  a i r  i n j e c t i o n  t o  s u s t a i n  p r o d u c t i o n .  
The 20 o r  so h igh  p r e s s u r e  b o r e s ,  3 . 5  t o  7 . 0  ba r (g )  
(150 t o  17OoC), which n a r u r a l l y  d i s c h a r g e  can supply  
s u f f i c i e n t  b o r e  f l u i d  f o r  h e a t i n g  40 t o  90 homes each 
w h i l e  t h e  low p r e s s u r e  b o r e s  can p r o v i d e  f l u i d  f o r  o n l y  
4 t o  1 2  homes each .  

These w e l l s  a r e  SO t o  100 m i n  d e p t h ,  a r e  

Most o f  t h e  w e l l s  produce a l k a l i n e - c h l o r i d e  waters  of  
near  n e u t r a l  pH which have  a loli s team f r a c t i o n  ( 3  t o  
5 wto;). 
f l u i d s  coupled w i t h  t h e  complex f l u i d  d i s t r i b u t i o n  
systems - predominant ly  by sma l l  b o r e  above ground 
p ipe s  - r e s u l t s  i n  a v a r i a b l e  f l u i d  c h e m i s t r y  which i s  
d i f f i c u l t  t o  t h e o r e t i c a l l y  d e f i n e  as t h e  two s e p a r a t e  
phases  a r e  o f t e n  p r e f e r e n t i a l l y  tapped by s i d e  l e g s  f o r  
i n d i v i d u a l  u s e r s ,  Dre;i, 1985. In  a d d i t i o n  t h e  i n d i v i -  
d u a l  w e l l s  have a wide range  o f  water  c h e m i s t r y  as 
r c p o r t e d  by G l o v e r ,  1967: 

The two phase  n a t u r e  o f  t h e  Rotorua  geothermal 

PH 5.5  t o  9 . 6  
c1- 
so; - 
Si02  
NH - 
t1cijg 
H+ 

100 t o  1000 mg kg-1 
10 t o  1500 mg kg-' 

150 t o  350 mg kg- l  
n i l  t o  2.5 mg kg-1 

40 t o  SO0 mg kg-' 
1 t o  150 mg kg-I 

CORROSION RATE STUDIES 

The c o r r o s i o n  r a t e s  o f  t h r e e  e n g i n e e r i n g  a l l o y s ,  
commonly used i n  t h e  c o n s t r u c t i o n  of c o n t r o l  d e v i c e s ,  
were o b t a i n e d  i n  a v a r i c t y  of  environments u s i n g  
e l e c t r i c a l  r e s i s t a n c e  Corrosometer  ( ( R )  Rohrback 
C o r p o r a t i o n )  p robes .  

The m o n i t o r i n g  t e c h n i q u e  u t i l i s e s  t h e  change i n  e l c c -  
t r i c a l  r e s i s t a n c c  of an exposed c o r r o d i n g  element t o  
p r o v i d e  a mcasurc of m a t e r i a l  l o s s .  The r e s i s t a n c c  (X) 
of  t h e  exposed t e s t  element i s  i n v e r s e l y  p r o p o r t i o n a l  
t o  t h e  c r o s s - s e c t i o n a l  a r e a  (A) f o r  a g i v c n  m a t e r i a l  
r e s i s t i v i t y  (p )  and e lementa l  l eng th  ( L ) .  As c o r r o s i o n  
p r o g r c s s e s  the c r o s s - s e c t i o n a l  area i s  reduccd by A A  
rind t h e  c h n n g u  i n  r c s i s t a n c e  is g i v e n  by:  

A R  = pL/AA 

Temperature f l u c t u a t i  oils may r c s u l  t i l l  chan!:cs i n  
m a t c r i a l  r c s i s t i v i t y  , hoivcvcr this c r r o r  i s  rcduccd 
wi th  t h e  u s c  of ;in uncxposcd " r c f e r c n c c "  elcmcnt 
(iili i ch i 1 1  e f f cc  t 11 o mi n 1 is c s t h e in a t cr i a1 res  i s  t i  v it  y ) 
.4 genci.al c o r r o s i o u  r a t c  may b e  obtn incd  a t  s t e a d y  
s t a t e  by d i f f e r c n t i a t  iiig m a t e r i a l  loss ( p e n c t r a t i o n )  
w i t h  r c s p c c t  t o  t i a c .  No pi tt i i i! :  i n f o r m a t i o n  may b e  
obt:iincd from t h i s  tcchi i iquc  d u r i n g  tlrc cxposure 
p e r i o d ,  and mi examination of the probcs i s  rcqiiir-ed 
a f t e r  t h c  cxposurc .  
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Corrosometer  Probe Exposure C o n d i t i o n s  

T h i s  s t u d y  i n c l u d e d  t h r e e  b o r e  (o r  w e l l )  t ypes  t o  c h a r -  
a c t e r i s e  c o r r o s i o n  i n  t h e  Rotorua sys tem (Table  1 ) .  
C o r r o s i o n  r a t e s  were monitored at  t h e  well head and i n  
a h e a t  exchanger geothermal  e f f l u e n t  s t ream f o r  each 
b o r e  t y p e  t e s t e d  (Tab l e  1 ) .  The l a t t e r  l o c a t i o n  ~ 3 s  
s e l e c t e d  t o  p r o v i d e  an environment s i m i l a r  t o  t h a t  
exper ienced  by t h e  t e m p e r a t u r e  c o n t r o l  v a l v e s .  
c o r r o s i o n  c h e m i s t r y  fo r  t h e s e  l o c a t i o n s  i s  summarised 
i n  Table  2 .  
flowed c o n t i n u o u s l y  once s t a r t e d ,  however t h e  a i r  l i f t  
b o r e  r e q u i r e d  compressed a i r  t o  be c o n t i n u o u s l y  pumped 
down t h e  b o r e  t o  b r i n g  s l u g s  of geothermal  f l u i d  t o  t h e  
s u r f a c e .  F i g u r e  1 shows a s i m p l i f i e d  p r o c e s s  d e s c r i p -  
t i o n  of t h e  h e a t i n g  systems t e s t e d  and i n d i c a t e s  t h e  
l o c a t i o n s  where Corrosometer  probes  were i n s t a l l e d .  

The 

Both t h e  h igh  and low p r e s s u r e  bar-es 

F u l l y  welded t u b u l a r  element carbon  s t e e l  and s t a i n l e s s  
s t e e l  Corrosometer  probes  were used i n  t h e  s t udy .  
Brass probes  were of  t h e  '\V40' w i r e  element v a r i e t y .  
Before exposure ,  each element was pumice b l a s t e d  t o  
p r o v i d e  a uniform b a s e  s u r f a c e ,  wet abraded  w i t h  
s i l i c o n - c a r b i d e  paper  t o  a 600 g r i t  f i n i s h  and u l t r a -  
s o n i c a l l y  c leaned  i n  2-propanone. The r e s i s t a n c e  of 
each p r o b e  was measured and t h e  s u r f a c e  i n s p e c t e d  t o  
e n s u r e  it was d e f e c t - f r e e .  The welded s e c t i o n s  of  t h e  
carbon  s t e e l  and s t a i n l e s s  s t e e l  p robes  were c o a t e d  
wi th  an epoxy t o  p r e v e n t  premature  f a i l u r e .  
Corrosometer  probes  were i n s t a l l e d  i n  such  a manner t o  
p r e v e n t  gas  pocke t  f o r m a t i o n  o r  t h e  c o l l e c t i o n  of 
d e b r i s  around t h e  element which might  produce e r r o n e o u s  
r e s u l t s .  S t a i n l e s s  s t e e l  p robes  were i n s u l a t e d  from 
t h e  pipework u s i n g  nylon f i t t i n g s  t o  avoid any g a l v a n i c  
e f f e c t s .  
e l e c t r i c a l l y  i s o l a t e d  from t h e  probe  body. 
o s u r e  p e r i o d  was 98 days .  During t h e  l a b o r a t o r y  
examina t ion  t h e  probes  were c l e a n e d  f o l l o w i n g  t e c h -  
n i q u e s  d e s c r i b e d  i n  ASml Standard  Recommended P r a c t i c e  
f o r  P r e p a r i n g  , Cleaning  and E v a l u a t i n g  Corros ion  Tes t  
Specimens (Gl-77) and B r a i t h w a i t e  and L i c h t i ,  1981. 
Evidcnce o f  p i t t i n g  c o r r o s i o n  was de te rmined  i n  
accordance  wi th  ASDl  S t a n d a r d  Recommended P r a c t i c e  f o r  
Examination and E v a l u a t i o n  of  P i t t i n g  Corros ion  (G46-78). 

The 

l i e  t e s t  e lements  of  t h e  b r a s s  probes  a r e  
The exp- 

Corrosometer  Probe R e s u l t s  

C o r r o s i o n  d a t a  f o r  t h e  v a r i o u s  t e s t  s i tes is  p r e s e n t e d  
i n  F i g u r e s  2 t o  4 i n  t h e  format  of  m a t e r i a l  l o s s  
(accumulated) v e r s u s  t ime.  R e s u l t s  were n o t  o b t a i n z d  
f o r  t h e  carbon  s t e e l  p robe  s i t e d  at  t h e  we l l  head of 
t h e  h i g h  p r e s s u r e  bore  (Bore 501) b e c a u s e  of probe  
f i t t i n g  f a i l u r e .  
F i g u r e s  3 and 3 d i s p l a y  d i s c o n t i n u i t i e s  i n  both  h i g h  
and low p r e s s u r e  b o r e s  and t h e s e  were t h e  r e s u l t  o f  
system u p s e t s  (shutdowns f o r  main tenance  which r e s u l t  
i n  a i r  i n g r e s s ) .  The d e t a i l e d  r e s u l t s  o f  t h e  l a b o r a -  
t o r y  examina t ion  of t h e  Corrosometer  probes  a r e  
p r e s e n t e d  i n  Table  3 .  Nhere s u f f i c i e n t  m a t e r i a l  was 
a v a i l a b l e  , X-ray d i f f r a c t i o n  a n a l y s i s  was used t o  
i d e n t i f y  t h e  c o r r o s i o n  p r o d u c t s  and s c a l e s  removed 
from t h e  Corrosometer  probes .  I n i t i a l  and long term 
c o r r o s i o n  r a t e s  were c a l c u l a t e d  f o r  a l l  p robes  ( a t  
s t e a d y  s t a t e  c o n d i t i o n s )  and a r e  p r e s e n t e d  i n  Table  4 .  
Regress ion  a n a l y s i s  was performed t o  p r o v i d e  t h e  b e s t  
approximat ion  of' long term c o r r o s i o n  r a t e s .  
31so summarises p i t t i n g  c o r r o s i o n  r a t e s .  

(The probe was blown o u t  one n i g h t . )  

Table  4 

DISCUSSION OF CORROSQMETER PROBE RESULTS 

The Corrosomcter  probe r e s u l t s  show d i s t i n c t l y  t h e  
d i f f e r e n c e  i n  c o r r o s i v i t y  bctwcen a c r a t c d  and non- 
a e r n t c d  geothermal  f l u i d s .  Corrosometcr  probes  
exposed t o  h i g h  ;ind low p r e s s u r e  geothermal  f l u i d s  
gave r e s u l t s  that were s i m i l a r  t o  t h o s e  observed 
p r c v i o u s l y  f o r  non- aera ted  s o l u t i o n s .  The a i r  l i f t  
bore gave s i g n i f i c a n t l y  h i g h e r  c o r r o s i o n  r a t e s  and 
a g a i n  t h e  r e s u l t s  were s i m i l a r  t o  t h o s e  observed 
p r e v i o u s l y  f o r  acratcd gcothcrm:il f l u i d s  (Bra j  t h w a i t e  
and L i c h t i ,  19S1; L i c h t i  e t  a l ,  l 9 S l ) .  

Non- Acr ti t ed Geo t herma 1 I: 1 u id s  

Tile r e s u l t s  o b t a i n e d  f o r  non-acra ted  f l u i d s  i n d i c a t e  
t l ic  f o r m a t i o n  of p a s s i v c  f i l m s  o r  p r o t e c t i v e  s c a l e s  f o r  

Table I :  Experimental Matrix of Corrosometcr Probes and Exposure Locations 

Probe Location Bore Type and Material Exposed 

High Pressure (501) Low Pressure (654) Air Li f t  (725) 

Well liead GlOlOO 

Control Valve GlOlOO 
531600 
C260U0 

GlOlOO 

G l O l O O  
S31600 
C26000 

GlOlOO 
551600 

G10100 
S31600 
C26000 

Unified Numbering System, UNS. i s  used t o  descr ibe  a l l o y s  i n  t h i s  report .  

UNS GlOlOO - Carbon S t e e l  0 .1  u t %  C 
UNS 531600 - S t a i n l e s s  S t e e l  20 ut5 Cr 12 w t %  N i  2.5 wt5 $40 

UNS C26000 -. 70/30 Brass 70 w t t  Cu 50 w t l  Zn 

Table 2:  Corrosion Chemistry of Corrosometer Probc Test S i t e s  

Bore S i t e  Details  

Higb Pressure L o w  Pressure Air Li f t  
Bore No. so1 654 752 
Location Uell Control Well Control Well Control 

llead Valve Head Valve Head Valve 

Pressure bar(g) 5 . 5  =0.0S 0 .8  - 0.05 0 . 3  0.05 to 0.3  
Temperature OC 160 90 max 117 90 max 107 70 m u  

Wetness w t %  91,s 100 96.5 100 100 I00 
Gas Fraction In CJS Gas 

Enthalpy W k g - l  850 - 565 - =4so 

Steam wt5 0.18 may be 1.9 may be Gas may bc present 
present present 

Gas As A Fraction of Non-Condensible Gas mnol/mol (water free) 
co2 771 - 906 
H2S 196 - 79.1 - 
hH 3 2 . 4  - 0.2 - 
H2 0.6 - =o.s - 

27.1 - =11.: - 
2.9 - .1.9 - 

Water Chemistry A t  17OC And Atmospheric Pressure, mg kq-' 

74s 514 347 32.1 
PH 
53 
K 41.6 28.5 25 20.5 - 15.5 
ta 7.4 b.6 2 .5  2.1 - s.4 
Xg ~ 0 . 0 1  0.01 0.03 0 .05  - 0.06 
'C1 1129 778 285 266 - 20s 

71 82 227 259 - 379 

8.98 8.4s a.3 8.4 - 7.25 - 290 

9.1 6.5 5.5 2.5 - 2.3 p 

H2S3[:0t31) 29 24 4 0  SU - 7  

Si02 276 22s 284 235 - 333 
M I 3  (Total) <0 .5  0.71 - 0.73 - 1.12 
K O -  Tota l )  25 2: ?3¶ 288 - 101 

Results provided by Glover and Cliddendorf of Chemistry Oivision. DSIR. Wairakei. 
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systcm showing t o c s t i o n s  used for  
Corrosoincter  probe s t u d i c s .  
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UNS G l O l O O  ca rbon  s t e e l  and C2601)O b r a s s  a t  s t e a d y  
s t a t e  c o n d i t i o n s  ( F i g u r e s  2 and 3 ) .  Both m a t e r i a l s  
i n i t i a l l y  d i s p l a y  h i g h  g e n e r a l  c o r r o s i o n  r a t e s  p r i o r  t o  
s t a b l e  p a s s i v e  f i l m s  forming and d u r i n g  which t ime  t h e  
m a t e r i a l s  f r e e l y  cor roded .  The f o r m a t i o n  o f  s t a b l e  
f i l m s  and s c a l e s  reduced  t h e  g e n e r a l  c o r r o s i o n  r a t e s  
t o  e x t r e m e l y  low l e v e l s  ( < 2  um/y r ) .  llowcver, a c c i -  
d e n t a l  o r  d e l i b e r a t e  a e r a t i o n  of t h e  f l u i d  caused t h e  
p a s s i v e  f i l m  t o  b reak  down a s  e v i d e n t  w i t h  t h e  probes 
l o c a t e d  i n  bo th  t h e  low p r e s s u r e  and h i g h  p r e s s u r e  
sys tems .  A e r a t i o n  o f  t h e  low p r e s s u r e  b o r e  betweeti 
J a y s  J S  and 55 i s  shown i n  F i g u r e  2 ;  a system u p s e t  
i n  t h e  h i g h  p r e s s u r e  b o r e  betrjeen d a y s  38 and 55 i s  
d i s p l a y e d  i n  F i g u r e  3 .  Carbon s t e e l ,  i n  t h e  h i g h  
p r e s s u r e  b o r e  f l u i d ,  was c o n s i d e r a b l y  more s u s c e p t i b l e  
t o  t h i s  "system u p s e t 1 '  than  t h e  b r a s s ,  which sho\ied 
l i t t l e  i n c r e a s e  i n  c o r r o s i o n  r a t e .  I n i t i a l  c o r r o s i o n  
ra tes  g i v e n  i n  T a b l e  4 can be expec ted  f o r  s h o r t  
p e r i o d s  a f te r  each  shutdown o r  "system u p s e t t '  as a 
r e s u l t  of c r a c k i n g  and l o s s  o f  t h e  p r o t e c t i v e  films 
and scales. L i c h t i  e t  a l ,  1981 p r o v i d e  a d e t a i l e d  
d i s c u s s i o n  of t h e  e f f e c t  of shutdowns on c o r r o s i o n  i n  
non- aera ted  geo thermal  sys tems .  

Genera l  c o r r o s i o n  rates were lower t h a n  t h e  p i t t i n g  
c o r r o s i o n  r a t e s  exper ienced  by mos; p robes  i n  non- 
a e r a t e d  env i ronments  (Tab le  4 ) ,  however similar t r e n d s  
were e v i d e n t  f o r  b o t h  t y p e s  o f  c o r r o s i o n  w i t h  r e s p e c t  
t o  l o c a t i o n  and m a t e r i a l .  The p i t t i n g  d e n s i t y  f o r  UNS 
G l O l O O  ca rbon  s teel  was h i g h  (A3 t o  AS) a l t h o u g h  t h e  
p i t  s i z e  was s m a l l ;  t h e  maximum p i t  d e p t h  d e t e c t e d  
was 75  pm. S e v e r a l  a r e a s  on t h e  s u r f a c e  o f  t h e  ca rbon  
s t e e l  p r o b e  l o c a t e d  a t  t h e  c o n t r o l  v a l v e  i n  t h e  low 
p r e s s u r e  b o r e  d i s p l a y e d  a t o t a l  a b s e n c e  o f  p i t t i n g  
c o r r o s i o n  and would s u g g e s t  t h a t  s t a b l e  p r o t e c t i v e  
l a y e r s  formed r a p i d l y  011 t h e s e  a r e a s  when exposed t o  
t h e  geo thermal  f l u i d .  The p i t t i n g  r a t e s  f o r  ca rbon  
s t e e l  were h i g h e r  i n  t h e  low p r e s s u r e  b o r e  t h a n  t h e  
h i g h  p r e s s u r e  b o r e ,  b u t  t h i s  may b e  a t t r i b u t e d  t o  
v a r i a t i o n s  i n  s o l u t i o n  c h e m i s t r y ,  s t a b i l i t y  arid pro-  
t e c t i v e  q u a l i t i e s  o f  t h e  p a s s i v e  l a y e r s  o r  s c a l e s ,  o r  
h i s t o r i c a l  v a r i a t i o n s  such  a s  t h e  open ing  o f  t h e  b o r e .  
Tempera tu re  d i f f e r e n c e s  i n  t h e  low p r e s s u r e  b o r e ,  
b e t u e e n  t h e  wel lhead  ( 1 1 7 O C )  and c o n t r o l  v a l v e  (90°C) 
gave l i t t l e  v a r i a t i o n  i n  p i t  d e p t h .  The d i f f e r e n c e s  
i n  ca rbon  s t e e l  p i t t i n g  rates a t  t h e  tibo l o c a t i o n s  f o r  
non- , ierated s o l u t i o n s  were n o t  c o n s i d e r e d  unusua l  or 
ur?ac> zpta 'uly h i g h .  

The UNS C 2 6 0 0 0  b r a s s  and S31600 s t a i n l e s s  s t e e l  p robes  
i n  t h e  h igh  p r e s s u r e  b o r e  f l u i d  s u f f e r e d  lower p i t t i n g  
r a t e s  t h a n  ca rbon  s t e e l ,  and p i t t i n g  c o r r o s i o n  was n o t  
d e t e c t e d  on e i t h e r  m a t e r i a l  i n  t h e  low p r e s s u r e  b o r e  
env ironinent . 

The i d e n t i f i c a t i o n  of c o r r o s i o n  p r o d u c t s  was n o t  pos-  
s i b l e  f o r  some o f  t h e  p robes  exposed t o  non- aera ted  
f l u i d s  because  t h e  amount p r e s e n t  was i n s u f f i c i e n t  t o  
a l l o w  X-ray a n a l y s i s .  llowever, p r o d u c t s  were c o l l e c t e d  
from t h e  ca rbon  s t e e l  p robe  exposed t o  t h e  h i g h  
p r e s s u r e  b o r e  f l u i d  a t  t h e  c o n t r o l  v a l v e  and t h e  p r e -  
dominant  c r y s t a l l i n e  s p e c i e s  was i d e n t i f i e d  as G r e i g i t e  
(Fe3S4). Quart: was a l s o  observed  (a-Si.02). E.uamin- 
a t i o n  of t h e  probe r e v e a l e d  t h a t  abou t  1O"G o f  t h e  
e lement  s u r f a c e  was covered wi th  a ~ ~ i i t e  m i t e r i a 1  
( p o s s i b l y  s i l i c a ) .  An i n s p e c t i o n  of t h e  s t a i . i i l e s s  arid 
b r a s s  p robes  a t  t h e  samc l o c a t i o n  showed uniform 
s c a l i i i g  2 t o  5 urn i n  t h i c k n e s s ,  o v e r  most o f  t h e  
s t a i i i l e s s  s t c e l  s u r f a c e  and between 10 t o  70vo o f  t h e  
surf:icc s c n l  ed on t h e  b r a s s  probc.  'The i n f e r e n c e  m:iy 
b e  d 1 . 3 ~ 1  t h a t  tlie c o r r o s i o n  p roduc t  011 ccirbon s t c e l  and 
b r a s s  i s  non-adheren t ,  periodically spa11iIig o f f  rind 
t:iltirig any d e p o s i t e d  s c a l c  wit11 i t .  ?'tic s t a i n l e s s  
s t c e l  surt 'rice was s t a b l e ,  nl lowii ig s c n l e  d e p o s i t i o n  
t o  occur .  An csnminat ioi i  of t h e  p robes  exposcd t o  t h e  
low p r e s s u r e  b o r e  f l u i d  stiowcd s c n l e  f o r m a t i o n  on t h e  
c a r b o n  s z c e l  p robes  a t  t.lic c o n t r o l  valve. C a l c i t e  W;IS 

s e t n  o i l  the  probe cspo.;cd a t  t h e  rcc.11 1ic;icl of t l ie  low 
pressure bore .  T h i s  i s  f r c q u c n t l y  obsci-vcd where 
f l a s h i n g  of  the two phase f l u i d  o c i u r s .  

A e r  a t  ed G c o t  h c r mi 1 r.' 1 u i d s 

Exposlire o f  thc UNS G l O l O O  ca rbon  s t c c l  arid C260C0 b r a s s  
p r o b e s  i n  t h c  a i r  l i f t  borc ( a c r a t c d  f l u i c l )  ;n-odiiccd 

TIME I Days  I 

RESULTS FOR THE lllGd PRESSURE aORE (501) 
----___ 

9.0 
B(ME arm 

316 STAltlLESS STEEL (COITROL VALVE) 

0 10 20 30 40 50 60 70 80 90 100 
T I M E  I Days  I 

1 FIGURE 5: CORROSMETER PROBE RESULTS FOR THE LOW PRESSURE JORE (654) 
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\SELLS AND LICHTI 

T a b l e  5: Summary of Labora tory  Exaniination of  E l e c t r i c a l  R e s i s t a n c e  Corrosorneter Probes 

Appcarancc of 
Corrosion 

P i t  P i t  Size Naximum Crys ta l l ine  Products 
Density P i t  Depth Identif ied by 
(Sce ASTT.1 GJ6-72) Detected X-Ray Diffraction'  

Posit  ion Materia 1 Appearance After 
U NS Exposure 
Class i f ica t ion  

High Pressure 
(Control Valve) 

High Pressure 
(Control Valve) 

Carbon S tee l  
ClOlOO 

3 l b  Sta in less  
s3 1 hOO 

70/30 Brass 
C26000 

Carbon S tee l  
G10100 

Carbon S tee l  
G l O l O O  

516 S ta in less  
S5 1600 

70/30 Brass 
C26000 

Scale on 10% of 
surface 

Scale 2 t o  5 u m  
thich 

Narrow t o  medium A5 
s i z e  p i t t ing  

< < E l  2s urn Quarrz (n-Si02) 
Greigite ( F ~ ~ S J )  

< a 1  20 ym Even general and 
some p i t t ing  

Even general 

A1 

High Pressure 
(Control Valve) 

Some sca le  and black 
adherent films 

A I  c B 1  

B1 

20 urn 

b5 um 5 Mediim s i z e  p i t t i n p  A4 Low Pressure 
(Well Head) 

L o w  Pressure 
(Control Valve) 

Lou Pressure 
(Control Valve) 

Low Pressure 
(Control Valve) 

Scale on ?Oak of 
surface 

Some sca le  

Ca lc i te  (CaCOs) D 

Wide and medium 
s i z e  p i t t ing  

NIL 

A5 to  A4 <CB1 t o  B1 75 um 

No sca le  

Scale t o  EO urn and 
black adherent films 

Thick poorly adherent 
films 

Uneven general 

Magnetite (FejOJ) 
Goethite (?-Fe?Oj H20) 

A i r  L i f t  
(#e l l  Head) 

A i r  L i f t  
(Well Ilead) 

A i r  L i f t  
(Control Valve) 

Carbon S tee l  
G l O l O O  

316 Sta in less  
S31600 

Carbon S tee l  
GlOlOO 

Medium s i z e  p i t t inq  A4 t o  AS B I  t o  B3 

B1 

200 um 

30 um 

400 ym 

Scale t o  100 urn Some medium s ize  
p i t t i n g  

Medium s i z e  p i t s  

A 2  

Thick poorly adherent 
f i  IQS 

A4 t o  A5 61 to  B4 )lagnet i te  (Fe j 0 ~ )  
Goethite (a-Fe?Oj + H20) 
Akacaneite (3-FeOOH) 
Pyrite (FeSz) 

A i r  L i f t  
(Control Valve) 

Air L i f t  
(Control Valve) 

316 S ta in less  
53 1600 

70/50  Brass 
C26000 

No sca le  None detected 

Scale and fi lms General even and A S  t o  A4 B1 100 UQ 
medium s i z e  p i t t i n g  

1. X-ray d i f f r a c t i o n  r e s u l t s  taken from Chemistry Division Reports by M Ryan. 

Table  4:  Summary of Labora tory  Examination of E l e c t r i c a l  R e s i s t a n c e  Corrosometer  Probes 

Posi t ion  Hater i a  1 I n i t i a l  Corrosion Steady S t a t e  
R a t e h f t e r  5 Days) General Corrosion 

Rate (98 Days) . 

Maximum P i t  
Depth Detected 
(96 Days) 

Extrapolated 
P i t  Depth 
( lf ter  1 Year) 

High Pressure 
(Control Valve) 

High Pressure 
(Control Valve) 

lligli Pressure 
(Control Valve) 

Low Pressure 
(Well Head) 

Low Pressure 
(Control Valve) 

Low Pressure 
(Control Valve) 

Low Pressure 
(Control Valve) 

Air L i f t  
(Well Ilead) 

Air L i f t  
(We1 1 Head) 

A i r  L i f t  
(Control Valve) 

Air L i f t  
(Control Valve) 

A i r  L i f t  
(Control Valve) 

Carbon Stee l  
G l O l O O  

316 S t a in l e s s  S tee l  
S3 1600 

70/30 Brass 
C26000 

Carbon S t ee l  
G l O l O O  

Carbon Stee l  
G l O l O O  

316 Sta in l e s s  S t ee l  
531600 

70/30 Brass 
C26000 

Carbon Stee l  
GlOlOO 

316 S t a in l e s s  S t ee l  
S31600 

Carbon Stee l  
G l O l O O  

316 Sta in less  S t ee l  
S31600 

70/30 Brass 
C26000 

80 un/yr 

15 d y r  

33 urn/yr 

220 prn/yr 

220 urn /yr  

17 urn/yr 

37 u m / v  

1320 p m / y r  

14 urn/yr 

1460 urn/yr 

7 urn/yr 

65 um/yr 

25 urn 

20 urn 

20 urn 

65 urn 

75 urn 

90 urn 

65  urn 

65 urn 

235 urn 

275 urn 

None detected 

None detected 

730  urn 

110 urn 

1460 urn 

None detected 

200 urn 

30 urn 

400 urn 

100 urn 365 urn 

much highcr c o r r o s i o n  r a t e s  and d i d  no t  r e s u l t  i n  t h e  
for;natioii  of s t n b l e  p a s s i v e  f i l m  or  p r o t e c t i v e  s c a l e s .  
I l igh i n i t  i 3 1  c o r r o s i o n  r a t c s  werc expcr icnccd  by 
cnrbon s tee i  2nd b r a s s  (Table  4 ) .  For carbon s t e e l  
t h e s e  corrosioii  r a t e s  \cere an order of magnitude 
g r e a t e r  ttim t h o s e  exper ienced  i n  t h e  non- aera ted  
enviroiiinciit and between 2 and 5 t imes  g r c n t c r  for  
1:r;i:;s. I t  i s  noter (or thy  t h a t  t h e  carbon  s t e e l  probe 
cxposeci a t  t t ie  c o n t r o l  v a l v e  ( 7 0 " ~ )  i n  t h e  a e r a t c d  
f l u i d  produced h i g h e r  c o r r o s i o n  r a t e s  t h a n  t h c  we1 1 
head probe (107OC). lliis may be i n  p a r t  d u e  t o  the 
s t a b i l i t y  of c o r r o s i o n  p r o d u c t s  and v: i r ia t io i i s  i n  
s o l u t i o n  c h e m i s t r y  a t  t h e  lower tc inpernturcs .  'rhc 
i n s t a l l a t i o i l  of inore e f f i c i e n t  h e a t  exciiaiigers i n  t h e  
a i r  l i f t  sys tcms could  t h e r e f o r e  bc  expected t o  

i n c r e a s e  t h c  gcne rn l  c o r r o s i o n  r a t c  of  cnrbon s t c c l  
components dowistrcani of t!ic t icat exchanger .  

The S31600 s t a i n l e s s  s t e e l  a l l o y  produced low gencr;il 
c o r r o s i o n  r a t a  when exposed t o  the a i r  l i f t  b o r c  
environment as i n d i c a t e d  i n  F i g u r e  4 .  ?'lie i n i t i a l  
c o r r o s i o n  r a t e s  were s i m i l a r  t o  tiic r a t c s  csper iericccl 
i n  l ion-acratcd F lu id s  by t h i s  a l l o y  and t h e  s t e n J y  
s t a t c  r a t e s  show t h c  c x i s t c n c c  oT a s t a b l e  passive f i l m  

I n  t h e  a c r a t c d  f l u i d s  general c o r r o s i o n  r a t e s  wcre a1 50 
lower t han  t h e  p i t t i n g  corrosion ra tes . .  Cnrbon s t c c l  
p i t t e d  r: ipidly ( F i g u r e  s ) ,  producin;: p i t t i n g  r a t e s  of 
750 um/yr and 1500 pm/yi- for  well hcacl and c o n t r o l  
v a l v e  l o c a t i o n s  r c s p e c t i v c l y  . I I I  f x t  nitich o f  the 
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measured g e n e r a l  c o r r o s i o n  r a t e  can be expec ted  t o  have 
r e s u l t e d  from p i t t i n g  c o r r o s i o n  and i t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  t h e  i n i t i a l  s l o p e  of F i g u r e  J is s i m i l a r  
t o  t h c  p i t t i n g  r a t e .  As t h c  m a t e r i a l  cor roded  a t h i c k  
f i l m  formed over t h e  s u r f a c e  which,  a l t h o u g h  i t  may no t  
be d e s c r i b e d  a s  p a s s i v e ,  provided some d e g r e e  o f  pro-  
t e c t i o n  t o  t h e  a d j a c e n t  meta l  and reduced  t h e  g e n e r a l  
c o r r o s i o n  r a t e .  
s t e e l  p robes  was high  (A4 t o  A S ) ,  being  t h e  same as t h a t  
exper ienced  i n  t h e  non- aera ted  f l u i d s ,  however ,the p i t  
s i z e s  were c o n s i d e r a b l y  l a r g e r  ( B 3  o r  B4 as opposed t o  
Sl). The b r a s s  probe  i n d i c a t e d  s u b s t a n t i a l  i n c r e a s e s  
i n  p i t t i n g  d e n s i t y  and p i t  s i z e  i n  t h e  a e r a t e d  f l u i d ,  
and t h e  maximum p i t  depth  was a t  l e a s t  5 t imes  g r e a t e r  
t han  t h a t  found i n  t h e  non- aera ted  f l u i d  (Table  4 ) .  
The s t a i n l e s s  s t e e l  a l l o y  d i d  no t  p i t  a t  t h e  c o n t r o l  
v a l v e  l o c a t i o n  b u t  p i t t e d  a t  t h e  we l l  head s i t e  of  t h e  
a i r  l i f t  bore .  
e x p e r i e n c e  (Wells ,  1985a) which s u g g e s t e d  U N S  31600 
would p i t  a t  a t e m p e r a t u r e  between 55 and 75OC i n  
c h l o r i d e  c o n t a i n i n s  geothermal  c o n d e n s a t e .  

The p i t t i n g  d e n s i t y  f o r  bo th  carbon 

T h i s  i s  c o n s i s t e n t  w i t h  p r e v i o u s  

Large amounts of a d h e r e n t  c o r r o s i o n  p r o d u c t s  were seen  
on t h e  s u r f a c e  of  t h e  carbon s t e e l  and b r a s s  probes and 
s c a l e  f o r m a t i o n  (approximate ly  100 um t h i c k )  on t h e  
s t a i n l e s s  s t e e l  p robe  l o c a t e d  a t  t h e  w e l l  head.  X-ray 
d i f f r a c t i o n  a n a l y s i s  of  c o r r o s i o n  p r o d u c t s  i n d i c a t e d  
m a g n e t i t e  (Fe j04 ) ,  g o e t h i t e  (u-Fe,03.H20), a k a g a n e i t e  
(6-FeOOH) and p y r i t e  (FeS2) were :he predominant  
c r y s t a l l i n e  s p e c i e s  on t h e  carbon  s t e e l  ( c o n t r o l  
va lve )  probe .  These s p e c i e s  c l e a r l y  d i d  no t  c o n s t i t u t e  
a p a s s i v e  f i l m  i n  t h i s  environment however p r o t e c t i o n  
a g a i n s t  g e n e r a l  c o r r o s i o n  was a f f o r d e d ,  as evidenced i n  
t h e  r e d u c t i o n  from t h e  i n i t i a l  c o r r o s i o n  r a t e  and t h e  
long- term r a t e .  

Imp1 i c a t  i o n s  f o r  M a t e r i a l s  S e l e c t i o n  

P i t t i n g  c o r r o s i o n  r a t e s  a r e  c o n s i d e r a b l y  g r e a t e r  t han  
g e n e r a l  c o r r o s i o n  rates f o r  a l l  m a t e r i a l s  exposed t o  
b o t h  a e r a t e d  and non- aera ted  f l u i d s  and should  be  
adopted  as t h e  e f f e c t i v e  c o r r o s i o n  r a t e s .  Carbon 
s t e e l  and b r a s s  s u f f e r  u n a c c e p t a b l y  h i g h  p i t t i n g  r a t e s  
i n  a e r a t e d  f l u i d s  and should  not  be s e l e c t e d  f o r  t h e s e  
a p p l i c a t i o n s .  
pumping will r e s u l t  i n  ex t remely  h i g h  c o r r o s i o n  r a t e s  
because  o f  f l u i d  a e r a t i o n  and r e q u i r e s  h i g h l y  r e s i s t a n t  
a l l o y s  t o  be s p e c i f i e d  (eg UNS S30400 or  S31600 s t a i n -  
l e s s  s t e e l  components may be r e p l a c e d  w i t h  h i g h e r  a l l o y  
s t a i n l e s s  s t e e l s  such a s  Avesta 25dSMO o r  Sandvik 
2RK65). P i t t i n g  c o r r o s i o n  of  t h e  low a l l o y  s t a i n l e s s  
s t e e l s  would be expec ted  a t  t e m p e r a t u r e s  above 7OoC 
and s t r e s s  c o r r o s i o n  c r a c k i n g  is a l s o  p o s s i b l e .  
A l t e r n a t e  p r o d u c t i o n  t e c h n i q u e s  l i k e  pumping would 
probably  b e  cheaper  than  u s i n g  c o r r o s i o n  r e s i s t a n t  
m a t e r i a l s  i n  t h i s  s i t u a t i o n .  

The p r o d u c t i o n  t e c h n i q u e  of a i r  l i f t  

C o r r o s i o n  r a t e s  f o r  m a t e r i a l s  i n  n o n- a e r a t e d  envi ron-  
ments a r e  a f u n c t i o n  of t h e  number o f  system shutdo\ms  
p e r  y e a r .  For example carbon  s t e e l  would be expec ted  
t o  p i t  t o  a d e p t h  i n  t h e  o r d e r  of 50 urn f o r  a 10 day 
shutdown. O n  t h i s  b a s i s  carbon s t e e l  and b r a s s  would 
b e  expec ted  t o  p r o v i d e  a d e q u a t e  c o r r o s i o n  r e s i s t a n c e  
i n  n o n- a e r a t e d  f l u i d s  provided  s u f f i c i e n t  Corros ion  
a l lowance  i s  s p e c i f i e d  f o r  shutdown p e r i o d s  and proper  
main tenance  p r o c e d u r e s  a r e  adopted .  

CONTROL VALVE SURVEYS 

C o n t r o l  v a l v e s  b e i n g  t c s t c d  by t h c  Rotorua  Geothermal 
Task Force  were i n s p e c t e d  a t  n p p r o s i m a t e l y  6 monthly 
i n t e r v a l s  t o  document t h e i r  c o r r o s i o n  performance.  
The r e l i a b i l i t y  o f  t h e  v a l v e s  was a s s e s s c d  on t h e  b a s i s  
of  a 10 y e a r  economic l i f e ,  w i t h  y e a r l y  maintcnance 
d u r i n g  t h i s  pe r i od .  llie survey  c o n c e n t r a t c d  on f o u r  
s p e c i f i c  a r e a s  t h a t  wcre c o n s i d e r e d  l i k e l y  t o  r e s u l t  i n  
f a i l u r e  of t h e  v a l v e  b c f o r e  t h i s  t ime :  

- Corros ion  of t h e  " c o n t r o l  s u r f a c e s"  ( e x  v a l v e  s e n t ) .  
- D e t e r i o r a t i o n  of components producing  a d r a s t i c  l o s s  

of  performance o r  v a l v e  i n t e g r i t y  ( c g  thcrmal  s e n s o r  
urii t )  . 

- Atmospheric c o r r o s i o n  
- S c a l e  f o r m i t i o n .  

Three  s u r v c y s  were conducted a f t e r  5 ,500 ,  10,000 and 
15,000 hours  o f  s e r v i c e .  During t h e  s u r v e y s ,  t h e  va lves  
werc removed from s e r v i c e ,  exnmined and photographed,  
and then  r e i n s t a l l e d .  Q u a n t i t a t i v e  c o r r o s i o n  r a t e  
measurements were n o t  o b t a i n e d  t o  p r e s e r v e  t h e  c o n t r o l  
v a l v e s .  Cont ro l  v a l v e s  which f a i l e d  i n  s e r v i c e  wcre 
examined i n  g r e a t e r  d e t a i l  t o  e s t a b l i s h  t h e  c a u s e  o f  
f a i l u r e .  

SURVEY RESULTS AND DISCUSS IO3 

S i g n i f i c a n t  d e t e r i o r a t i o n  was e v i d e n t  i n  most of t he  
v a l v e s ,  however t h e  o p e r a t i o n a l  per formance  was 
g e n e r a l l y  n o t  impa i r ed .  
exposed v a l v e s  was e v a l u a t e d  by the  Rotorua  Geothermal 
Task Force  i n  t h e i r  t e s t  f a c i l i t y .  The f o l l o w i n g  
comments bummarise t h e  p r i n c i p a l  o b s e r v a t i o n s  of t h e  
su rveys .  D e t a i l e d  r e s u l t s  of  t h e  v a l v e  s u r v e y s  will be 
r e p o r t e d  e l sewhere  (Wel ls ,  1985b) . 

The performance o f  new and 

Temperature s e n s o r s  made from copper b a s e  a l l o y s  
p l a c e d  d i r e c t l y  i n t o  t h e  geothermal  f l u i d  d i s p l a y e d  
s i g n i f i c a n t  l e v e l s  o f  c o r r o s i o n  and f a i l e d  
r a p i d l y .  S e n s o r s  c o a t e d  and s e a l e d  by t i n  based 
a l l o y s  were a l s o  n o t  s u f f i c i e n t l y  r e s i s t a n t  and 
c o n s e q u e n t l y  f a i l e d .  A u s t e n i t i c  s t a i n l e s s  s t e e l  
thermopockets  have  performed s u c c e s s f u l l y ,  
however t h e  s p e c i f i c a t i o n  of  a more r e s i s t a n t  
s e n s o r  m a t e r i a l  would p r o v i d e  s u i t a b l e  performance,  
a l l o w i n g  d i r e c t  immersion i n t o  t h e  geothermal  
f l u i d  and avoid  t h e  need f o r  thermopockets .  

Atmospheric e x t e r n a l  c o r r o s i o n  ( a l t h o u g h  n o t  
a f f e c t i n g  t h e  i n t e g r i t y  of  t h e  c o n t r o l  va lve s )  was 
r e l a t i v e l y  s e v e r e ,  e s p e c i a l l y  on f l e x i b l e  c a p i l l a r y  
c o u p l i n g  between t h e  v a l v e  s e n s o r  and t h e  v a l v e  
a c t u a t o r .  Coat ing  of e x t e r n a l  . s u r f a c e s  ha s  been 
recommended, as f a i l u r e  o f  uncoa ted  components 
could  b e  expec ted  w i t h i n  f i v e  y e a r s .  

D e t e r i o r a t i o n  o f  r u b b e r  components, r e s u l t i n g  
p r i m a r l y  from wear ,  was observed  and would neces-  
s i t a t e  r e g u l a r  i n s p e c t i o n s  and main tenance  t o  
e n s u r e  r e l i a b i l i t y .  The u s e  of  t h e s e  t y p e s  of 
m a t e r i a l s  i n  c r i t i c a l  a p p l i c a t i o n s  may r e q u i r e  
a d d i t i o n a l  main tenance  and should  b e  i n c l u d e d  i n  
t h e  economic a p p r a i s a l  o f  i n d i v i d u a l  v a l v e s .  

S t a i n l e s s  s t e e l  v a l v e  t i p s ,  v a l v e  s tems and v a l v e  
s e a t s  p r o v i d e  Zood c o r r o s i o n  r e s i s t a n c e  i n  t h e  
m a j o r i t y  o f  c o n t r o l  d q v i c e s  s u r v e y e d .  P i t t i n g  and 
c r e v i c e  c o r r o s i o n  were noted  on some v a l v e  compon- 
e n t s ,  e s p e c i a l l y  v a l v e  s t ems ,  where a i r  i n g r e s s  
was s u s p e c t e d .  A i r  i n g r e s s  i s  a l s o  expec ted  t o  
make some s t a i n l e s s  s t e e l  components s u s c e p t i b l e  
t o  s t r e s s  c o r r o s i o n  c r a c k i n g  a t  o p e r a t i n g  temper- 
a t u r e s  above 7OoC ( a l t h o u g h  no c r a c k i n g  was 
observed  d u r i n g  t h e  s u r v e y s ) .  

Cas t  i r o n  and leaded  b r a s s  v a l v e  components d i s -  
p layed  s u b s t a n t i a l  amounts o f  un i form c o r r o s i o n ,  
p r i o r  t o  a p r o t e c t i v e  f i l m  forming.  
of  t h e  c a s t i n g s  i n  a l l  v a l v e s  surveyed  s u g g e s t  
t h a t  p remature  f a i l u r e  would n o t  b e  expec ted  i n  
t h e  n o n- a e r a t e d  environments.  The e l e c t r i c a l  
r e s i s t a n c e  Corrosometer  probe  s t u d y  r e p o r t e d  above 
for  similar m a t e r i a l s  i n  geothermal  f l u i d s  s u g g e s t s  
t h a t  e x t r e m e l y  h i g h  c o r r o s i o n  r a t e s  would a l s o  
occur  w i t h  thcse m a t e r i a l s  i n  a e r a t c d  envi ronments .  
These c o n d i t i o n s  may a r i s e  i n  non- aera ted  env i ron-  
ments a t  shutdown or  from poor d e s i g n  or f a b r i c a t i o n  
o r  from l ack  of main tenance ,  and can no t  be t o l e r -  
a t e d  f o r  long  p e r i o d s .  

The t h i c k n e s s  

Cont ro l  d e v j c c s  i n  which s c a l e  d e p o s i t i o n  had 
o c c u r r e d ,  were r c l a t i v c l y  u n a f f e c t e d  due  t o  wide 
t o l c r a n c c s  and few flow r e s t r i c t i o n s .  Premature 
f a i l u r c  J u c  t o  s c a l i n g  had bcen exper ienced  i n  some 
o f  t h e  o r i g i n a l l y  i n s t a l  Icd t e s t  v a l v c s  which had 
f i n e  t o l c r n n c e s  and r e l a t i v e l y  s e v e r e  f low res-  
t r i c t i o n s  ( i n  t h c  form of  p c r f o r a t e d  p l a t e  s t r a i n e r s ) .  
Corros ion  p r o d u c t  f o u l i n g  and s c a l i n g  a r e  c s p e c t e d  
t o  be s i g n i f i c a n t  for  some v a l v e s  i n  a e r a t e d  
environments.  
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;he m a j o r i t y  o f  c o n t r o l  va lve s  d i s p l a y e d  adequate  
c o r r o s i o n  r e s i s t a n c e  t o  e n s u r e  a l i f e t i m e  of from 5 t o  
10 y e a r s ,  i f  a p p r o p r i n t e  main tenance  procedures  a r e  
adopted .  I t  i s  c l e a r  t h a t  p remature  f a i l u r e s  can be 
e x p e c t e d ,  p r i m a r i l y  i n  s i t u a t i o n s  where t h e  v a l v e  stem 
packing is  not  m a i n w i n e d  and leakage  occu r s .  A i r  
i n g r e s s  can no t  b e  t o l e r a t e d  f o r  long  p e r i o d s  and 
main tenance  p r o c e d u r e s  should  a t t e m p t  t o  minimise t h i s  
r i s k .  (For example,  heavy emphasis on f r e q u e n t  supe r -  
f i c i a l  i n s p e c t i o n s . )  The u s e  of  more r e s i s t a n t  
m a t e r i a l s  (eg Avesta 254 SEI0 o r  Sandvik 2RK65 s t a i n l e s s  
s t e e l s )  may r e d u c e  t h e  maintenance requi rements - b u t  will 
be r e f l e c t e d  i n  a c o n s i d e r a b l y  h i g h e r  c a p i t a l  c o s t .  

CONC LUS IONS 

The geothermal w a t e r s  of Rotorua may be c l a s s i f i e d  a s  
e i t h e r  a e r a t e d  o r  nori-aerated f l u i d s .  
p robe  s t u d y  showed UNS G l O l O O  carbon  s t e e l  and C26000 
b r a s s  (70 Cu/30 Zn) cor roded  a t  u n a c c e p t a b l y  h i g h  
r a t e s  i n  a e r a t e d  f l u i d  b u t  p r o v i d e  r e l a t i v e l y  good 
c o r r o s i o n  per formance  i n  non- aera ted  s o l u t i o n s .  
s t a i n l e s s  s t e e l  produced a c c e p t a b l e  c o r r o s i o n  r a t e s  i n  
non- aera ted  envi ronments  and i n  a e r a t e d  f l u i d s  below 
7OoC. 
r e g u l a r ,  s u p e r f i c i a l  i n s p e c t i o n s  t o  e n s u r e  l e a k a g e  and 
a i r  i n g r e s s  had n o t  occu r r ed .  

The Corrosometer  

S31600 

C o n t r o l  v a l v e  s u r v e y s  h i g h l i g h t e d  t h e  need f o r  
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