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ABSTRACT 

DSIR has c o n s t r u c t e d  a Mobile Corros ion  T e s t  F a c i l i t y  
f o r  s h o r t  term c o r r o s i o n  moni tor ing  t r ia ls  a t  remote  
f i e l d  s i t e s .  The f a c i l i t y  was assembled t o  t e s t  t h e  
c o r r o s i v i t y  of  geothermal  steam c o n t a i n i n g  h igh  l e v e l s  
o f  p o t e n t i a l l y  c o r r o s i v e  g a s e s ,  C02, H2S and NHj. 

Commissioning exper iments  were conducted u s i n g  g e o t h e r -  
mal steam d e r i v e d  from Broadlands wel l  BR22  c o n t a i n i n g  
2 .5% by \$eight  o f  gas  i n  November/December 1984. 
Automated moni tors  were used t o  d e t e r m i n e  c o r r o s i o n  
r a t e s  o f  carbon  s t e e l  s u b j e c t e d  t o  a r a n g e  o f  s i m u l a t e d  
geothermal  power s t a t i o n  environments o v e r  s h o r t  
exposure  p e r i o d s .  
o p e r a t i o n a l  procedures  were e s t a b l i s h e d  f o r  m a i n t a i n i n g  
and moni tor ing  t h e  v a r i o u s  t e s t  environments.  
l i m i t a t i o n s  of  automated moni tors  were i d e n t i f i e d  and 
t h e  need f o r  immediate,  o n - s i t e  assessment  of c o r r o s i o n  
r e s u l t s  was also i n d i c a t e d .  During t h e s e  and subsequent  
t r i a l s  a Slow Cons tan t  Extens ion  Rate Machine was a l s o  
proved c a p a b l e  o f  t e s t i n g  s t a i n l e s s  s t e e l s  f o r  s u s c e p-  
t i b i l i t y  t o  s t r e s s  c o r r o s i o n  c r ack ing .  
i n g  r e s u l t s  will a l l o w  a r e a l i s t i c  comparison of  t h e  
e x i s t i n g  Broadlands d a t a b a s e  of  m a t e r i a l s  r e s u l t s  w i t h  
t h o s e  o b t a i n e d  from subsequent  h igh  gas t r i a l s .  

During t h e  commissioning t r ia ls  

The 

The commission- 

Zea 1 and 

Economics: The f a c i l i t y  was des igned  t o  u s e  automated 
c o r r o s i o n  moni tors  t o  minimise on s i t e  manpower 

. and p o s t  exper iment  assessment  t ime. 

t r a n s p o r t  w i t h  i n d i v i d u a l l y  mounted t e s t  v e s s e l s .  

measure c r i t i c a l  s o l u t i o n  parameters  and expe r i -  
ments were des igned  t o  be comparable t o  t h o s e  o f  
t h e  e x i s t i n g  Broadlands  d a t a b a s e .  

M o b i l i t y :  The f a c i l i t y  was t r a i l e r  mounted f o r  ease  o f  

Known Corros ion  R e s u l t s :  Equipment was o b t a i n e d  t o  

INSTRUNENTAT1 ON 

Table  1 d e s c r i b e s  t h e  i n s t r u m e n t a t i o n  which was 
s e l e c t e d  t o  meet t h e  g u i d e l i n e s  l i s t e d  above.  The 
t a b l e  g i v e s  an  i n d i c a t i o n  of t h e  r o l e  o f  each i n s t r u -  
ment , t h e  d e g r e e  of au tomat ion ,  and t h e  environments 
where t h e s e  w i l l  be  u sed .  
moni tor ing  t e c h n i q u e s  o f  e l e c t r i c a l  r e s i s t a n c e  t ype  
probes  and e l e c t r o c h e m i c a l  probes  have been p r e v i o u s l y  
cliarac t e r  i s  ed d u r i n g  t h e  m a t e r i a l  s t e s  t i n g  programme 
a t  Broadlands we l l  BR22 ( L i c h t i  e t  31, 1951; L i c h t i  
and Wilson,  1980) .  Both moni tors  were s e l e c t e d  f o r  
s p e c i f i c  a p p l i c a t i o n s :  
two phase  f l u i d s  and h i g h  t e m p e r a t u r e  water  f o r  long  
term c o r r o s i o n  r a t e  p r e d i c t i o n :  
f o r  u s e  i n  l i q u i d  c o n d e n s a t e s  f o r  i n s t a n t a n e o u s  
c o r r o s i o n  r a t e  measurements. 

The r a p i d  c o r r o s i o n  

Corrosometers  f o r  u s e  i n  steam, 

e l e c t r o c h e m i c a l  probes  

INTRODUCTION 

The concept  of  a Mobile Corros ion  Tes t  F a c i l i t y  was 
i n i t i a l l y  prompted by t h e  need t o  r a p i d l y  a s s e s s  t h e  
c o r r o s i v i t y  of  f l u i d s  d e r i v e d  from t h e  g a s - r i c h  Ngawha 
geothermal f i e  Id towards common c o n s t r u c t  i o n  m a t e r i a l s  
(Wilson and L i c h t i ,  1982) .  Although development of t h e  
Ngawha f i e l d  ha s  been postponed,  t h e  Mobile Corros ion  
T e s t  F a c i l i t y  ha s  proceeded because  of t h e  need t o  
r e d u c e  t h e  manpower r e q u i r e d  f o r  running  m a t e r i a l s  t e s t s  
i n  geothermal f l u i d s .  

The r a n g e  and complexi ty  of f l u i d s  encountered  i n  geo- 
thermal  f i e l d s  n e c e s s i t a t e s  an e v a l u a t i o n  o f  t h e  
c o r r o s i v i t y  of  t h e  f l u i d s  towards  e n g i n e e r i n g  m a t e r i a l s  
b e f o r e  it can be assumed t h a t  e x p l o i t a t i o n  of  new 
f i e l d s  i s  economically f e a s i b l e .  T h i s  t y p e  o f  p r o g r m -  
was c a r r i e d  o u t  a t  Broadlands geothermal wel l  BR22 f o r  
which an e x t e n s i v e  d a t a b a s e  o f  m a t e r i a l s  performance.  
r e s u l t s  i s  now a v a i l a b l e  ( s e e  f o r  example L i c h t i  and - 
Wilson, 1953) .  For o t h e r  geothermA1 f i e l d s  e n g i n e e r i n g  
d a t a  of  a "go/no-go" n a t u r e  can be  r a p i d l y  g c n e r a t e d ,  
d i i c h  t o g e t h e r  wi th  a v a i l a b l e  s c i e n t i f i c  d a t a  e n a b l e s  
e x t r a p o l a t i o n  of  t h e  e x i s t i n g  d a t a b a s e  of  r e s u l t s  t o  
c l o s e l y  r e l a t e d  environment arid m a t e r i a l s  combina t ions .  

Tile i n s t r u m e n t a t i o n  and hardware which make up t h e  
> lob i l e  C o r r o s i o n  Tes t  F a c i l i t y  havc becn s e l e c t c d  t o  
a d d r e s s  this t ype  of  problem, w i t h  311 emphasis on t h e  
c h a r a c t e r i s a t i o n  of new environments i n  te rms  of  t h e i r  
c o r r o s i v e  e f f e c t s  on two o r  t h r e e  common e n g i n e e r i n g  
m a t c r i n l s .  However, t h e  t e s t  f a c i l i t y  a s  b u i l t  i s  
s u f f i c i e n t l y  versatile so  t h a t  more p r e c i s e  s c i e n t i f i c  
i n f o r m a t i o n  can be o b t a i n e d  i f  r e q u i r e d  i n  s e l e c t e d  
i n v  e s t  i g;i t i on s . 

DESIGN OF NOBILE CORROSION TEST RIG 

The c r i t i c a l  d e s i g n  a s p e c t s  d c s c r i b c d  p r e v i o u s l y  by 
Ur ivcr  e t  a l ,  19S4 a r e  summariscd as f o l l o w s .  

The Corrosometer  41/55 system a l lows  automated d a t a  
a c q u i s i t i o n  t o  b e  ach ieved  f o r  c o r r o s i o n  r a t e  measure- 
ments i n  v i r t u a l l y  any environment.  The system i s  
c a p a b l e  of  c o n t i n u o u s l y  moni tor ing  up t o  15  probes ,  
r e c o r d i n g  probe  r e a d i n g s  on magnet ic  t a p e  f o r  p e r i o d s  
up t o  30 d a y s ,  and p r o c e s s i n g  and o u t p u t t i n g  d a t a  as 
a v e r a g e  c o r r o s i o n  r a t e s ,  long  term c o r r o s i o n  r a t e s ,  
meta l  l o s s  and probe  h i s t o r y .  The automated p o l a r i s -  
a t i o n  r e s i s t a n c e  c o r r o s i o n  r a t e  m o n i t o r ,  t h e  P e t r o l i t e  
bl lC)lO,  w i l l  c o n t i n u o u s l y  moni tor  up t o  10 channels  and 
r e c o r d  c o r r o s i o n  r a t e  and e l e c t r o d e  p o t e n t i a l  d a t a  i n  
s t r i p  c h a r t  form. 
i n s t r u m e n t s  f u n c t i o n  have been wel l  d e s c r i b e d  i n  the 
c o r r o s i o n  l i t e r a t u r e ,  Hines ,  e t  a1 1978, and with some 
i m p o r t a n t  r e s t r i c t i o n s  i n  t h e i r  a p p l i c a t i o n  and i n t e r -  
p o l a t i o n  a r e  g e n e r a l l y  accepted  by t h e  c o r r o s i o n  
community. 

The p r i n c i p l e s  upon which t h e s e  

The Slow Cons tan t  Extens ion  Rate T e s t  (SCERT) was 
s e l e c t e d  f o r  t e s t i n g  m a t e r i a l  s u s c e p t i b i l i t y  t o  S t r e s s  
Corros ion  Cracking (SCC) and f o r  i d e n t i f y i n g  a s p e c t s  of 
p a r t i c u l a r  geothermal  f l u i d s  which cause  SCC. The 
t e c h n i q u e  was chosen because  o f  i t s  a b i l i t y  t o  provide  
a yes /no  answer i n  a very  s h o r t  t ime - 4 t o  7 days 
(Dr iver  e t  a l ,  19S1).  For t h c  c o m i s s i o n i n g  t r i a l s  
t h e  it channel  machine was equipped wi th  t e s t  v e s s e l s  
r a t e d  f o r  u s e  w i t h  h o t  condensa te  up t o  100°C w i t h  a 
2 m head o f  l i q u i d .  
ho t  (up t o  90°C) a e r a t e d  geothermal condensa te  would 
c a u s e  SCC o f  AIS1 503 and 316 s t a i i i l c s s  s t e e l s ;  
p r e v i o u s  r e s u l t s  had shoiin t h a t  a e r a t e d  geothermal 
s t e m  a t  l05OC would c a u s e  SCC of both o f  t h e s e  a l l o y s .  

I t  was planned t o  a s s e s s  whether . 

T e s t i n g  f o r  r e s i s t a n c e  t o  p i t t i n g  c o r r o s i o n  i s  perhaps 
t h e  most d i f f i c u l t  t o  automate. For t h e  commissioning 
t r i a l s  h i s t o r i c a l  assessinents of t h c  carbon  s t e e l  
nionitors wcrc used t o  a s s e s s  this parameter .  
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Table  1: MCTF; November 1984; D e s c r i p t i o n  of 
I n s t r u m e n t s  and Moni tors  Used During 
Commissioning T r i a l s ;  2 . 5  wto ;  Gas 

Monitor D e s c r i p t i o n  b loni tur ing  D e t a i l s  

Corrosometer  
41/85 System (R) 
(Rohrback) 

P e t r o l i t e  
>I1010 System (R) 
( P e t r o  1 i t e )  

ASTM Weight 
Loss Coupons 
(E l ec t rodes  ) 

Slow Cons tan t  
Extens ion  Rate 
T e s t  (SCERT) 
(ASlN STP 665) 

HP3421A/HP85B 
Data Logger ( R )  

S u r f a c e  Corroz ion  ; . lonitor ( P i t t i n g )  
E l e c t r i c a l  R e s i s t a n c e  Probes 
Automatic,  15 Channels,  1-Iourly 
A l l  Environments,  Limited M a t e r i a l s  

S u r f a c e  Corros ion 'Moni tor /P i t t ing  
Linear  P o l a r i s a t i o n  R e s i s t a n c e  

Automatic,  10 Channels,  Hourly 
Liquid  Environments,  Moderate 

S u r f a c e  C o r r o s i o n  Moni t o r / P i  t t  ing  
Manual, H i s t o r i c ,  S i n g l e  Time 

A l l  Environments,  A l l  M a t e r i a l s  

S t r e s s  Corros ion  Cracking  Noni tor  
Load v s  Extens ion  T e n s i l e  T e s t  

Automatic,  4 Channels ,  Continuous 
Liquid Environments t o  100°C (Steam 

With A p p r o p r i a t e  Tes t  V e s s e l s )  

C o r r o s i o n  Parameters ,  Chemistry 
Parameters ,  P h y s i c a l  Parameters  

Probes 

C o n d u c t i v i t y  

Per iod  

Mach i n e 

(Hewlett  Packard) With A p p r o p r i a t e  D e t e c t o r s  

C o n d u c t i v i t y  Meter S o l u t i o n  C o n d u c t i v i t y  
CDM 80 (R) Manual (Automatic N i t h  HP3421A) 
(Radiometer)  S i n g l e  Channel ,  Low Temperature 

231 pH/T (R) S o l u t i o n  pH and Temperature 
(Orion) blanual (Automatic w i t h  HP3421A) 

S i n g l e  Channel ,  Low Temperature 

Load C e l l s  on SCERT Machine 

Environment btonitor i ng  

A 20 channel  HP3421A d a t a  a c q u i s i t i o n  system was 
o b t a i n e d  t o  p r o v i d e  long term d a t a  s t o r a g e  and p r o c e s s -  
i n g  c a p a b i l i t y .  During t h e  commissioning t r i a l s  i t  was 
used t o  moni tor  t e m p e r a t u r e s  w i t h  Type T and Type K 
thermocouples and t o  moni tor  t h e  load  c e l l s  of t h e  
SCERT machine. Channels  were a v a i l a b l e  f o r  l o g g i n g  
o t h e r  r e s u l t s  such as s o l u t i o n  pH and c o n d u c t i v i t y .  
An Orion 231 p o r t a b l e  p1-l meter and Radiometer CDM80 
c o n d u c t i v i t y  meter  were purchased  f o r  m o n i t o r i n g  t h e  
c h e m i s t r y  of low t e m p e r a t u r e  f l u i d s .  

Tes t  Rig 

F i g u r e  1 shows a s i m p l i f i e d  f low diagram f o r  t h e  
f a c i l i t y  a s  used f o r  t h e  commissionirig t r ia ls .  Apart  
from t h e  s e p a r a t e d  water  and t h e  two phase  f l u i d  t e s t  
v e s s e l s ,  a l l  o t h e r  v e s s e l s  a r e  connected t o  a d ry  
steam m a n i f o l d ,  a l t h o u g h  each v e s s e l  can b e  i s o l a t e d  
and removed from t h e  system as r e q u i r e d .  P r e s s u r e s ,  
t e m p e r a t u r e s ,  and f low r a t c s  can b e  independent ly  
c o n t r o l l e d  f o r  each  v e s s e l ,  and t h e  condensers  can b e  
used t o  g i v e  f l u i d s  r a n g i n g  from d r y  s t e m  t o  conden- 
s a t e .  An a d d i t i o n a l  condenser  (no t  s h o w )  was uscd t o  
supply  c o n d e n s a t e  f o r  t h e  SCERT machine. 

Tes t  V e s s e l s  

lligh p r c s s u r e  t e s t  v e s s e l s  w r c  approved by k ~ r i n e  
D iv i s i on ,  M i n i s t r y  of  T r a n s p o r t .  N a t c r i a l s  s p c c i f i -  
c a t i o n s  were based on ASDl, XPI and BS s t a n d a r d  
s p e c i f i c a t i o n s .  Design and c o n s t r u c t i o n  was based 011 
t h e  Rules f o r  New Zealand Fus ion  Welded P r e s s u r e  
V e s s e l s  a s  i s s u c d  by klariiie D i v i s i o n  i n  1967, and t h e  
Ncw Zealand B o i l e r  Code, 1975. llie steam t e s t  v e s s e l s  
were s p e c i f i e d  t o  10 b a r  (150 p s i )  c l a s s  150. T h i s  
p r e s s u r e  was s e l e c t e d  t o  a l l o w  t h e  planned geothermal  
t e s t s  as we11 3s work on most s team r a i s i n g  b o i l e r s  
and h e a t  cxch;ingers encountered  i n  i n d u s t r i : i l  p l a n t s .  
Carbon s t e e l s  and low c o s t  a u s t e n i t i c  s t a i n l e s s  s t e c l s  
were s e l e c t e d  f o r  t h e  m a j o r i t y  of t h e  components. 
C o r r o s i o n  o f  t h e s e  componcnts i n  t h e  planncd geothermal 
t e s t s  was p r e d i c t e d  as  b c i n g  s u f f i c i c n t l y  low w i t h i n  

t h e  t ime p e r i o d  of o p e r a t i o n  so  as t o  avoid  s i g n i f i c a n t  
contamina t ion  of t h e  t e s t  eriviroiiment and f a i l u r e  i n  a 
c a t a s t r o p h i c  manner. 

C o n s t r u c t  i on  

"lie d e t a i l s  of  t h e  t r a i l e r  have been d e s c r i b e d  by 
Dr iver  e t  a l ,  1984. The v e s s e l  and p i p i n g  c o n s t r u c t i o n  
work r e q u i r e d  f o r  t h e  f a c i l i t y  was under taken  by IPD 
DSIR workshop s t a f f .  The t e s t  v e s s e l s  were mounted 
v e r t i c a l l y  w i t h  s team and two phase  f l u i d  e n t r y  a t  t h e  
t op  of t h e  v e s s e l s  and d i s c h a r g e  from t h e  bottom. For 
t h e  s e p a r a t e d  water  t e s t  v c s s e l  t h i s  s i t u a t i o n  was 
r e v e r s e d .  The t r a i l e r  and frame assembly a l lows  r a p i d  
mounting and demounting of t h e  t e s t  v e s s e l s .  The l ayou t  
o f  v e s s e l s  p r o v i d e s  r e a d y  a c c e s s  t o  a l l  p robe  and 
i n s t r u m e n t  p o r t s  and t o  a l l  c o n t r o l  v a l v e s  from t h e  
s i d e  o f  t h e  t r a i l e r ,  and t h e  frame p r o v i d e s  handholds 
f o r  a cce s s  t o  t h e  t o p  v e s s e l  f l a n g e s  €or removal and 
i n s e r t i o n  of coupon r a c k s .  
t h e  t r a i l e r  f o r  t r a n s p o r t  o f  t h e  SCERT machine, condens-  
ing  h e a t  exchanger t anks  and f o r  a d d i t i o n a l  p i p i n g .  
Once o n - s i t e ,  t h e  t r a i l e r  can b e  f u l l y  suppor ted  by 
f o u r  j a c k s  a t t a c h e d  t o  t h e  c o r n e r s  of  t h e  t r a i l e r ,  so  
t h a t  t h e  weight  can  b e  removed from t h e  wheels .  This  
a l s o  enab l e s  l e v e l l i n g  of t h e  t r a i l e r .  

Space  i s  a lso a v a i l a b l e  on 

The f a c i l i t y  will normal ly  be o p e r a t e d  under a permanent 
cover  such as i n  a garage .  For example, f o r  t h e  com- 
m i s s i o n i n g  t r ia ls  and f o r  t h e  h i g h  gas exper iments  
which w i l l  s i m u l a t e  t h e  Ngawha steam c h e m i s t r y ,  3 
I1k i t s e t - t ype1 '  d o u b l e  g a r a g e  was i n s t a l l e d  on t h e  
Broadlands well BR22  s i t e .  I t  should  b e  noted  t h a t  
t h e  u s e  o f  t h e  f a c i l i t y  i n  such a conf ined  s p a c e  
r e q u i r e s  c o n s i d e r a b l e  c a u t i o n  t o  be e x e r c i s e d  a s  
r e g a r d s  d i s p o s a l  o f  f l u i d s  and t o x i c  gases  w i th ,  i n  
p a r t i c u l a r ,  a p p r o p r i a t e  gas  d e t e c t o r s  and a larms.  I n  
a d d i t i o n  t o  t h e  g a r a g e  t o  house t h e  t r a i l e r  assembly,  
t h e  f a c i l i t y  r e q u i r e s  t h e  u se  o f  an  a p p r o p r i a t e l y  
des igned  i n s t r u m e n t  room o r  c a r avan .  A t  Broadlands,  a 
h u t  w i t h  a i r  c o n d i t i o n i n g  and a i r  f i l t r a t i o n  f a c i l i t i e s  
was a v a i l a b l e .  The a i r  f i l t r a t i o n  u n i t  c i r c u l a t e s  a i r  
w i t h i n  t h e  h u t  th rough a p a i r  of  a c t i v a t e d  c h a r c o a l  
f i l t e r s  t o  remove any H2S which may e n t e r  t h e  b u i l d i n g .  

COI\.tclISS I ON ING TRIALS 

O b j e c t i v e s  

The o b j e c t i v e s  o f  t h e  commissioning t r i a l s  were as 
f o l l o w s  : 

- To conf i rm t h e  m o b i l i t y  o f  t h e  f a c i l i t y  by t a k i n g  

- To d e t e r m i n e  t h e  time p e r i o d  w i t h i n  which t h e  
it t o  a remote s i t e  

f a c i l i t y  could  be connected t o  t h e  f l u i d  s u p p l i e s  
and d r a i n s ,  and t h e  i n s t r u m e n t a t i o n  made o p e r a t i o n a l .  

f o r  t h e  f a c i l i t y .  

t h e  automated i n s t r u m e n t a t i o n  a t  a remote s i t e .  

- To e s t a b l i s h  t h e  moni tor ing  and manning requi rements  

- To d e t e r m i n e  t h e  medium t o  long term r e l i a b i l i t y  of  

V4, V4A: Wet 
S E earn 

orroso- 

V3. V3A: Dry V1: Two Phase Flu id  
Stearn 

meter 
Probe 

4 0  

V?,  V7A: A e r n t d  
CoiiJ ensat  e 

L Two Phase F lu id  

Separa t cd 

Probe 

V:: Separated Water 

VB: Condensate 

Water . 

F i g u r e  1: 31CTF; November 19S1; Schematic r c p r e s e n t -  
n t i o n  o f  t e s t  v e s s e l s  used d u r i n g  coinmi s -  
s i on ing  t r i a l s .  
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To f i e l d  t e s t  f low c o n t r o l  v a l v e s ,  o r i f i c e  p l a t e s ,  
condensers  and p r e s s u r e  r e l i e f  va lves  and t o  e n s u r e  
t h a t  s p e c i f i e d  f l u i d  f l ows ,  t e m p e r a t u r e s ,  and 
wetness  f a c t o r s  cou ld  be o b t a i n e d  and maintairicd i n  
t h e  tes t  v e s s e l s .  
To t e s t  t h e  a b i l i t y  of t h e  f a c i l i t y  t o  d u p l i c a t e  
s e l e c t e d  r e s u l t s  o f  t h e  p r e v i o u s l y  used immobile 
c o r r o s i o n  t e s t  r i g  a t  Broadlands  we l l  B R 2 1  w i t h i n  a 
t e s t  p e r i o d  o f  one  month. 
To prove t h e  a b i l i t y  of SCERT machine t o  moni tor  
SCC i n  gcotherrnal f l u i d s .  

T e s t  F a c i l i t y  Performance 

Mob i 1 i t y  : 

The t r a i l e r  mounted f a c i l i t y  was towed t o  Broadlands  
from Wel!ington u s i n g  a s h o r t  wheel bast. 4 wheel d r i v e  
v e h i c l e ,  F u t u r e  towing o p e r a t i o n s  would b e n e f i t  from 
u s e  of  a v e h i c l e  o f  abou t  3 t onnes  ( t h e  maximum f o r  a 
" l i g h t"  v e h i c l e )  and/or  a long wheel base .  A reduced 
l o a d  on t h e  t r a i l e r  would a l s o  r e s u l t  i n  improved road 
hand l ing .  

I n s  t a l  l a t i o n :  

Major time commitments d u r i n g  t h e  i n i t i a l  r i g  i n s t a l l a -  
t i o n  were i n  connec t ion  o f  p i p i n g  f o r  i n l e t  p r o c e s s  
f l u i d s ,  v e s s e l  d i s c h a r g e s  t o  d r a i n s  and c o o l i n g  wa te r  
and i n  i n s t a l l a t i o n  o f  automated mon i to r s  and c a b l e s .  
The t o t a l  time t a k e n  t o  comple t e ly  p r e p a r e  t h e  f a c i l i t y ,  
t o  o b t a i n  l o c a l  Marine D i v i s i o n  app rova l  and t o  conduct  
a s h o r t  steam c l e a n i n g  p r i o r  t o  i n s t a l l a t i o n  o f  t h e  
Corrosometer  p robes  was 11 days .  

Manning During Commissioning: 

Three  s c i e n t i s t s  and t h r e e  s c i e n c e  t e c h n i c i a n s  sha red  
t h e  workload invo lved  i n  s e t t i n g  up t h e  f a c i l i t y  a t  
w e l l  BR22 f o r  t h e  commissioning t r i a l s .  Fol lowing t h e  
s t a r t  of t h e  c o r r o s i o n  mon i to r ing  t h e  f a c i l i t y  was r u n  
p r i m a r i l y  by one s c i e n c e  t e c h n i c i a n ,  and was unmanned 
f o r  two weekends. The t ime  r e q u i r e d  f o r  s e t - u p  p r i o r  
t o  steam-on could  have been r educed  wi th  more s t a f f  
however t h e  f i n a l  c o s t s  i n  terms o f  manpower would no t  
have  changed - t h e  work s t i l l  needed t o  b e  done.  
F u t u r e  work i n v o l v i n g  a l a r g e r  number of  tests  would 
r e q u i r e  one  s c i e n t i s t  and one s c i e n c e  t e c h n i c i a n  on- 
s i t e  e v e r y  day  w i t h  a t  l e a s t  two s c i e n t i s t s  and two 
s c i e n c e  t e c h n i c i a n s  a v a i l a b l e  f o r  t h e  f i r s t  week of 
s e t - u p .  More s taff  t h a n  f o u r  would l i k e l y  r e s u l t  i n  
con fus ion  and d i s o r g a n i s a t i o n  on t h e  s i t e .  

Re 1 i a b i  l i  t y  o f  Automated I n s t r u m e n t a t i o n  : 

The performance o f  e l e c t r o n i c  equipment a t  remote  s i t e s  
i s  d i r e c t l y  dependent  on t h e  r e l i a b i l i t y  o f  t h e  power 
s u p p l y ,  t h e  environmenta l  p r o t e c t i o n  sys tem and t h e  
s e c u r i t y  sys tem.  E l e c t r i c a l  supp ly  was from a 
r e c e n t l y  i n s t a l l e d  s u b s t a t i o n  a t  t h e  Ohaaki Power 
S t a t i o n  c o n s t r u c t i o n  s i t e .  
were a l s o  o b t a i n e d  t o  p r o t e c t  t h e  e l e c t r o n i c  equipment.  
S e c u r i t y  a t  t h e  Broadlands  s i t e  was good. The a i r  
c o n d i t i o n e d  in s t rumen t  h u t  was o f  p a i n t e d  g a l v a n i s e d  
i r o n ,  was l i n e d  and i n s u l a t e d ,  and tiad a d o u b l e  door  
e n t r a n c e  wi th  t h e  e x t e r n a l  door  opening o u t .  Both 
d o o r s  could  b e  lochcd and t h e  h u t  had no windows. 
Regular  v i s i t s  were made t o  t h e  s i t e  th roughou t  n i g h t  
times and on weekends by t h e  Ohaaki Power S t a t i o n  
c o n s t r u c t i o n  s i t e / B r o a J l a n J s  f i e l d  s e c u r i t y  gua rds .  
Work a t  l c s s  s e c u r e  s i t e s  may r c q u i r e  c o n s t a n t  
s u r v e i l  l a n c e .  

Vo l t age  s u r g e  p r o t e c t o r s  

?lie Corrosonieter 31/S5 sys tem s o f t w a r e  was w r i t t e n  f o r  
i n d u s t r i a l  u s e r s ,  and n s  such has l i m i t e d  d a t a  s to rage . .  ., 
and r e t r i e v a l  c a p a b i l i t i e s .  System s t a r t  an3 i n t e r r o -  
g a t i o n  p rocedures  have been s i m p l i f i e d  t o  a l l ow 
o p e r a t i o n  by pe r sonne l  w i t h  l i m i t e d  computer expcr icncc .  
However, minor e r r o r s  i n  r c s c t t i . n g  p a r t s  o f  t h e  progrnm 
can r e s u l t  i n  l o s s  o f  s t o r e d  d a t a .  l h e  sys tem can b e  
set  t o  g i v e  p:iper p r i n t - o u t s  a t  a r a t e  o f  one p c r  hour  
and this al lo \vs  a manual check f o r  a l l  r e s u l t s .  During 
t h e  commissioning t r i a l s  t h e  program t a p e  malfunct ioned 
and d a t a  s t o r a g e  was e r r a t i c ,  a l t hough  complete  f a i l u r e  
o f  t h c  sys tem ncver o c c u r r e d .  A r cp l acemen t  t:ipe was 
o b t a i n e d  bu t  t h i s  a l so  inalfuiictioned \ < i t h  3 clays o f  t h c  
commissioning t r i a l  rcmai i i ing ,  a l t h o u g h  t h c  l a s t  d a y ' s  

r e a d i n g s  were r ecove red  when tlic systcni was shu t  down. 

Previous  exper iments  u s i n g  t h c  P e t r o l i t e  >llL)10 l i n e a r  
p o l a r i s a t i o n  r e s i s t a n c e  moni tor  had i d e n t i f i c t i  a nccd 
t o  r educe  t h e  measurement f requency o f  t h i s  i n s t rumen t ,  
Nells and D r i v e r ,  1984. A m o d i f i c a t i o n  u t i l i s i n g  t ime 
swi t ches  on t h e  i n s t r u m e n t ' s  power su;3ply was uscd 
d u r i n g  t h e  commissioning t r i a l s  t o  g i v e  one  measurenent 
o f  each probe pe r  hour .  

The main d r i v e  motor speed o f  t h e  SCERr machine was 
found t o  be  e r r a t i c  d u r i n g  connnissionirig. A squa re  
wave f requency g e n e r a t o r  was found n e c e s s a r y  t o  accu ra-  
t e l y  run  t h e  synchronous motor c o n t r o l l e r .  Rigid  f l u i d  
i n l e t  and o u t l e t  f i t t i n g s  on t h e  t e s t  v e s s e l s  tended t o  
twist t h e  t e n s i l e  t e s t  specimens and a l t e r  t h e  d i r e c t i o n  
o f  a p p l i e d  s t r a i n .  F l e x i b l e  coup l ings  were r e q u i r e d  t o  
minimise  t h i s  e f f e c t .  

Few. problems were expe r i enced  w i t h  t h e  HP3421A d a t a  
a c q u i s i t i o n  sys tem o p e r a t i o n  a l t hough  d u r i n g  commission- 
i n g ,  t h e  program c o n s i s t e n t l y  r e a d  Type K thermocouples 
as much a s  10°C lower t h a n  was measilred manually.  Th i s  
was t r a c e d  t o  e r r o r s  i n  s e l e c t i o n  o f  thermocouple  
connec t ing  w i r e  and t o  t h e  t ypes  of  connec to r s  being 
used.  

Flow Con t ro l /Tes t  Cond i t i ons  : 

Cons ide rab l e  d i f f i c u l t y  was expe r i enced  i n  o b t a i n i n g  
r e p r e s e n t a t i v e  two phase  f l u i d  i n  tes t  v e s s e l  1. 
S e v e r a l  p i p i n g  changes  were t r i e d  af ter  t h e  comxlission- 
i n g  t r i a l s ,  w i th  t h e  f i n a l  s e l e c t i o n  be ing  a system 
which a l l ows  ponding of  some water  t o  e n s u r e  water  i s  
p rov ided  t o  t h e  v e s s e l  and t h e  mixing of wa te r  and 
steam t o  a c h i e v e  d e s i r e d  we tnes s .  The wetness  o f  t h i s  
v e s s e l  d u r i n g  t h e  commissioning t r i a l s  was n o t  r e a d i l y  
i d e n t i f i a b l e .  

Minor problems were encountered i n  r e g u l a t i n g  low f lows 
o f  steam through t e s t  v e s s e l s  3 and 4 and i t  was found 
n e c e s s a r y  t o  r e p l a c e  t h e  1" d i s c h a r g e  b a l l  va lves  w i t h  
3" b a l l  va lves  i n  o r d e r  t o  extend t h e  r a n g e  o f  c o n t r o l .  

The s e p a r a t e d  wa te r  t e s t  v e s s e l  2 f a i l e d  t o  f u l l y  f i l l  
w i t h  water when l o c a t e d  i n  a v e r t i c a l  a s p e c t .  
occu r r ed  because  t h e  v e s s e l  d i s c h a r g e  v a l v e  was 
l o c a t e d  h ighe r  t han  t h e  wa te r  l e v e l  i n  t h e  s e p a r a t o r .  
Ra i s ing  t h e  wa te r  l e v e l  i n  t h e  s e p a r a t o r  r e s u l t e d  i n  
u n s t a b l e  s e p a r a t o r  o p e r a t i o n  and f r e q u e n t  h igh  water  
c o n d i t i o n s  r e q u i r i n g  b a l a n c i n g  of  f l ows  through 
v a r i o u s  bypass  l i n e s .  For t h i s  r ea son  t h e  v e s s e l  was 
p l aced  h o r i z o n t a l  a t  a h e i g h t  which was below t h e  
l e v e l  o f  t h e  s e p a r a t o r  s i g h t  g l a s s .  The v e s s e l  was 
subsequen t ly  kep t  f u l l  o f  w a t e r  and seldom requ i r ed  
a d j u s t i n g  f o r  f low,  p r e s s u r e  o r  t e m p e r a t u r e  c o n t r o l .  

This 

Cons ide rab le  d i f f i c u l t y  was encountered i n  c o n t r o l l i n g  
t h e  t empera tu re s  and t h e  amount o f  d e l i b e r a t e  contam- 
i n a n t  c o n c e n t r a t i o n  i n  t h e  SCERT t e s t  v e s s e l s .  These 
problems were a t t r i b u t e d  t o  low and v a r i a b l e  f l u i d  f low 
r a t e s  and t o  h igh  h e a t  losses r e s u l t i n g  from t h e  once  
through f l u i d  supp ly  sys tem chosen.  These problems were 
n o t  f u l l y  r e s o l v e d  d u r i n g  t h e  commissioning exper iments .  

Commissioning Experiment D e t a i l s  and R e s u l t s :  

During t h e  s team c l e a n i n g  p e r i o d  t h e  p h y s i c a l  c o n d i t i o n s  
f o r  t h e  commissioning t r i a l s  were e s t a b l i s h e d  (Tablc  2 )  
and carbon s t e e l  c o r r o s i o n  moni tors  were prepared f o r  
a11 t e s t  v e s s e l s .  E l e c t r i c a l  r e s i s t a n c e  Corrosometer 
probes  wel-e exposed i n  t h e  s t eam,  two phase and 
s epar  a t e J  w a t c r  env i r oiimeii t s wh i 1 s t e 1 e c t r oc h em i c ;i 1 
probes  w i th  removable weight  l o s s  e l e c t r o d e s  were u scJ  
t o  moni tor  t h e  c o r r o s i v i t y  of  t h e  s team condensa t e s .  
The exposures  were conductcd f o r  a pe r iod  of 30 days .  

Four environments wcrc s e l c c t c d  fo r  a comparison o f  
c o r r o s i o n  chemis t ry  of  t h c  Mobile Cor ros ion  Tes t  
F a c i l i t y  w i th  t h a t  ob t a ined  p r e v i o u s l y  i n  t e s t  
v e s s e l s  opcr:ited under s i m i l a r  p h y s i c a l  c o n d i t i o n s  a t  
BR12 (see Tablc  3 ) .  Chcmical samples werc col lcc tccl  
on day 10 of  t h c  t r i a l s .  The sampl ing of  f l u i d s  from 
V1: 'lko Phasc F l u i d  proved d i f f i c u l t .  Water could no t  
b e  ob ta ined  from s i d e  p o r t s  on t h e  v e s s e l  and t h e  t o t a l  
d i s c h a r g c  was then passcd through a k b r c  sampl ing 
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s e p a r a t o r  p laced  on t h e  v e s s e l  d i s c h a r g e  l i n e .  Tlie 
chemical  a n a l y s i s  r e s u l t s  shown i n  Table  3 f o r  V 1 :  TNO 
Phase F l u i d ,  NCTF a r e  f o r  f l u i d s  c o l l e c t c d  from this 
s e p a r a t o r  o p e r a t e d  a t  770 kPa(3) .  T h i s  p r e s s u r e  was 
made h i g h e r  than  t h e  s e l e c t e d  o p e r a t i n g  p r e s s u r e  i n  an 
a t t e m p t  t o  i n c r e a s e  t he  water  c o n t e n t  of  t h e  v e s s e l  - 
i e  by moving t h e  v e s s e l  p r e s s u r e  c l o s e r  t o  t h e  bypass 
l i n e  p r e s s u r e .  A f t e r  day 14 t h e  v e s s e l  o p e r a t i n g  
p r e s s u r e  was i n c r e a s e d  t o  800 kPa(a) f o r  this same 
r e a s o n .  

Table I ? :  NCTF; November 1984; P h y s i c a l  Condi t ions  
for  Commissioning T r i a l s ;  2 . 5  wte6  Gas 

Test Vessel 
Designation 

Pressure Temperature Mass Flow Fluid Fluid 
Rate Veloci ty  Wetness 
k g h - l  tuns-' w t %  Lra (a) O c  

(nomina 1) 
~ ~~ ~~ ~~ ~~ 

Unknown Unknown 
V I  : T\io Phase 650 50 162 + 2 

Fluid 800 1 5 0  170 3 5 5  

V2 : Separated 
Warer 

630 L 10 158 L 2 100 2 50 (7) Liquid 

Corros ion  r e s u l t s  i n  t h e  forrn of cumula t ive  m a t e r i a l  
l o s s  were o b t a i n e d  f o r  Corrosometer  probes  a s  i l l u s t r a -  
t ed  i n  F i g u r e s  7 and 3 .  The t a p e  m a l f u n c t i o n  which 
occur red  d u r i n g  t h e  i n i t i a l  10  d a y s  r e s u l t e d  i n  low 
r e a d i n g s  be ing  o b t a i n e d  fo r  p a r t  of each day.  
o n l y  t h e  h i g h e s t  v a l u e s  r e c o r d e d  normal Bla ter ia l  Loss 
v s  Exposure Time p l o t s  could s t i l l  be c o n s t r u c t e d .  
The r e a s o n  f o r  t h e  m a l f u n c t i o n  a t  t h e  end of  t h e  
exposure  p e r i o d  is  n o t  known, however, t h e  f i n a l  
recovered  d a t a  r e a d i n g s  were s u f f i c i e n t  t o  r e a l i s t i c a l l y  
e x t r  apol  a t  e t h e  o b t a i n e d  r esu 1 t s . 

By u s i n g  

V3 : Dry Steam 650 40 162 2 2 
l l igh Pressure 

VSA : Dry Steam 130 5 107 r. 2 
Lou Pressure 

20 5 

20 2 5 

( 2 2 0 )  c c l  

(910) < < l  

V4 . :  Wet Steam 
l l i gh  Pressure 

650 SO 160 r. 2 t o  5 ( -184)  15 f. 5 

V J A  .: Wet Steam 130 2 5 107 L 2 
Low Pressure 

10 f. 5 (=850 )  15 5 

V6 : Condensate 2 m head SO L 5 
of liquid 

12 2 (0 .42)  Liquid 

Table  4 summarises t h e  Corrosometer  probe r e s u l t s  a s  
c o r r o s i o n  r a t e s  a t  day  1 and a t  day  30 and m a t e r i a l  
l o s s  a t  d a y  30 .  For t h e  c o n d e n s a t e  environments 
c o r r o s i o n  r a t e  r e s u l t s  (Table  4) were o b t a i n e d  from 
removable weight  l o s s  e l e c t r o d e s  , assuming t h a t  
c o r r o s i o n  was l i n e a r  th roughout  t h e  commissioning 
t r i a l s .  The t a b l e  a l s o  l i s t s :  t h e  a d h e s i v e  p r o p e r t i e s  
o f  t h e  s c a l e s  and c o r r o s i o n  p roduc t s ;  t h e  p i t t i n g  - 

c h a r a c t e r i s t i c s  o f  t h e  c o r r o d e d  s u r f a c e s ;  X-ray 
d i f f r a c t i o n  r e s u l t s  f o r  c o l l e c t e d  c o r r o s i o n  p r o d u c t s  
( taken  from DSIR, Chemistry D i v i s i o n  r e p o r t s  by h1 Ryan) ; 
and c o r r o s i o n  r e s u l t s  of  comparable t e s t s  conducted i n  
s i m i l a r  envi ronments  i n  t h e  o ld  BR22 c o r r o s i o n  r i g .  

V7 : Aerated Atm 
Condensate 

2uu + XI (0.55) Liquid 
Recirculating 

A t m  28 V7A : Aerated 12 + 2 (0.12) Liquid 
Condensat e - 

Notes: Conditions i n  V I ,  V3A and VJ were not  previously tested.  

Table  3:  MCTF; h'ovember 1984; Comparison of Measured 
Corros ion  Chemistry v e r s u s  o ld  BR27 
Corros ion  Rig 

The e l e c t r o c h e m i c a l  m o n i t o r s  exposed i n  condensa te  
both  gave  o c c a s i o n a l  e r r o n e o u s  (very  low) i n s t a n t a n e o u s  
1ine.ir  p o l a r i s a t i o n  r e s i s t a n c e  r e s u l t s .  
were assumed d u e  t o  c o n d u c t i v e  c o r r o s i o n  p r o d u c t s  
b r i d g i n g  t h e  measurement e l ec t rodes  which were 8 Prn 
a p a r t .  Examination of t h e  p r o b e s  a f t e r  t h e  30 day  
exposure  r e v e a l e d  t h i c k  f l a k i n g  c o r r o s i o n  p r o d u c t s  were 
indeed p r e s e n t  on t h e  e l e c t r o d e s  exposed i n  V7: Aerated 
Condensate.  Br idging  of e l e c t r o d e s  exposed i n  V 6 :  
Condensate however could o n l y  have occurred  a long  a 
p a t h  a t  t h e  base  of t h e  e l e c t r o d e s  a c r o s s  t e l f o n  
i n s u l a t i n g  washers a s  t h e  p r o d u c t s  remain ing  on t h e  
e l e c t r o d e s  were r e l a t i v e l y  t h i n .  Tlie measured i n s t a n t -  
aneous l i n e a r  p o l a r i s a t i o n  r e s i s t a n c e  c o r r o s i o n  r a t e  
r e s u l t s  were c o r r e c t e d  f o r  probe  s o l u t i o n  r e s i s t a n c e  
f a c t o r s  which a r e  known t o  v a r y  as a f u n c t i o n  of 
s o l u t i o n  c o n d u c t i v i t y ,  L i c h t i  and Wilson,  1980 .  T h i s  
c o r r e c t i o n  y i e l d e d  p o s i t i v e  v a l u e s  f o r  V 6 :  Condensate 
but  f o r  V7: Aerated Condensate n e g a t i v e  c o r r o s i o n  r a t e  
v a l u e s  were o b t a i n e d  a f t e r  d a y  S of t h e  exposure .  

These r e s u l t s  
(a) Gas Fhase Chemistry in Steam. mg kz-' 

C02 H2S h7i3 N: CllJ 112 

Vl : Txo Phase F l u i d  ( S t e m  Only) 
Old Rig ( 2 . 5  ut% Gas 650 kPa(a)) 244JO 387 37 97 113 1.1 
WCTF ( 4 . 8  w t %  Cas 770 kPa(a)) 47087 691 72 196 231 S4 

V3 : Dry Steam, HP 
Old R i g  ( 2 . 1  wt0 Cas) 20750 357 39 123 93 1 
NCTF ( 2 . 1  w t ? #  Cas) 20558 53s 51 122 94 0 . 9  

(b) Warer and Condensate chemistry a t  23'C and Atmospheric Pressure. ing kg-' 

pll I( IICO- H S MI Fe 50:' Si02 C1-  
(Sm-5  (Tot) (?or] (T2tl (Tot) 

~~~ ~~ ~~ - 
V I  : Two Phase Fluid 

(Water Only) 
Old Ri$bSO kPa(a))7.8 0.48 192 7 5 . 5  0 . 3  10 706 1.110 
MCTF (770 kPa(a)) 6 . 0  0.45 201 11 na cO.1 37 502 1054 

V Z  : Separated Water 
( Wa t er ) 
Old Rig 
ElCTF 

SCERT t e s t s  were conducted on AISI 303 and 316 s t a i n -  
l e s s  s t e e l  i n  condensa te ,  a e r a t e d  condensa te  and 
c h l o r i d e  contamina ted  condensa tes .  Many of t h e  e a r l y  
r e s u l t s  were of l i t t l e  v a l u e  because of  t h e  problems 
wi th  c o n t r o l  of motor speed ,  t e m p e r a t u r e  and c h l o r i d e  
c o n t e n t .  F i g u r e  4 i l l u s t r a t e s  t y p i c a l  r e s u l t s  f o r  
AISI 304 and 316 i n  a e r a t e d  condensa te  c o n t a i n i n g  
600 m g k g - l  of added c h l o r i d e  i o n s .  Temperatures 
ach ieved  were l e s s  than  d e s i r e d  - t h e  system i s  
c u r r e n t l y  be ing  modif icd  t o  overcome t h i s  problem. 

7 .9  - 0 . S  196 9 5 . 4  no 7 727 1536 
7 . 6  0.60 219 13 n3 C O . 1  27 720 1J5b 

V3 : Dry Steam, IIP 
(Condensate) 
Old Rip 
MCTF 

5 . 5  0.042 1401 54 52 1 .6  < I  2 na 
5 . 6  0.041 1001 '45  na C O . l  IS < l  < I  

V4A : Wet S t e m .  LP 
(Condensate) 
Old Rig (VJ) 5 . 2  0.021 1277 57 JU 173 c l  c l  na 
WCTF 5.6 0.0bl 1291 49 na c0.l 113 < I  1 

D i s cu s s ion  of Comm is s i  on ing  R e m  1 t s : 

Thc s u r f a c e  c o r r o s i o n  r e s u l t s  obtriincd were g e n e r a l l y  
i n  a c c o r d  wi th  t hose  o b t a i n e d  p r e v i o u s l y  u s i n g  t h e  old 
~ 1 1 3 2  c o r r o s i o n  r i g .  Long term p r t d i c t i o n s  of corro .s ioL 
r e s i s t 3 n c c  riere p o s s i b l e  from t h e  r e s u l t s  of  t h c  31) d a y  
t r i a l s .  

Notes:  1. R e s u l t s  taken  from Chcmistry D i v i s i o n  
Repor ts  by Glover (19S2) mid Middendorf 
(19S5) on a n a l y s i s  of samples c o l l e c t e d  
by Klein. 

2 .  na = no t  ana ly scd .  
Previous  a t t e m p t s  a t  t e s t i n g  i n  "bore f l u i d "  u s i n g  n 
h o r i z o n t a l  v e s s e l  resulted i n  phase sepi l ra t io l l  and 
most c o r r o s i o n  moni tors  were esposcd t o  t l ic  s t e m  phase  
o n l y  ( L i c h t i  e t  a l ,  1981) .  The v e r t i c a l  a s p e c t  of  t h e  
new v c s s e l  promoted s t r a t i f i c c l  f low and s i l i c a  s c a l i n g  
w i t h  some c o r r o s i o n  was o b s c r v c d ,  a l t h o u g h  t h c  
c o r r o s i o n  chemistry N;IS a l t c r c d  by p r c f c r c n t i a l  draw 
o f f  of s t e m  from t h c  two pliase sampling p o i n t .  
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COMl4ISSIONI~ TRIALS n 2.5 .C . I  G m  
PRSSURF: I l 3 l  4- 5 kPo(o) R.4TERIP.L I CARBON STEEL 
TEMYKRATLRE I 107 -/- 2 C MONITUI I CCRROSOMETER 
WETNESS I!ST.VMHT I 4 1 0 0  /HPS b y  SC- 
FLOYRATE I XI  */- 5 hglh CHAhhEL I PRIO 

ooooo 

o o o ~ o  HEMCRY 

coooo 
C0OO0 S Y S I W  

oooo ERDR 

0 

sysTEn EWIOR Y O 0  REV. 0 TAPI 

0 0 0 ~ ~  o.o,o], . , , , . , . , , , . , . , , , . , , , 0, OO%? , 
2 4 6 8 io 12 14 16 18 20 22 24 26 28 30 

Table  4: MClT-; November 1983; Comparison of , \ l e a s u r d  Corros ion  R e s u l t s  v e r s u s  01J BR12 Corros ion  Ris 

C o r r o s i o n  Rates  P i t t i n g  C h a r a c t e r i s t i c s  >la t e r  i a 1 Corros ion Products  
Loss Densi cy 

wn Naior + Plinor 

P i t  Depths 
mcan(nux) ASTN C46-76 D3Y 50 u m ( u m )  

Test Eiiv ironment 
Designat ion  

Uay 1 
umy- 

Day- j O  
u my 

V I :  Two Phase F lu id  
>ICTF 120 

3 

370 

146 
490 

= 50 

C0.5 

c0.5 
<1.0 

5.0 
6.4 

c0 .5  ( S i l i c a ) + P y r r + T  A 2  t o  A3 l i ( 4 - l )  

V?: Scpara tcd  Watcr 
Old Rig 
NC 'F  

c 0 .  5 
c 1 . 0  

( S i l i c a )  
( S i l i c a )  

c A l  
A3 

V3: Dry Ste:im, IIP 
Old Rig 
KTF 

2 . 8  
3.5 

pblac+Pyrr  4 
T+Pyrr +Wac+U 

>AS 
A5 

2 4  (4b) 
S(1') 

V3A: Dry Steam, LP 
K T F  53 4 . 3  F Non-Uniform 

Corr os ion 
- ( 2 2 )  

VJ: Wet Steam, IIP 
SlCTF 146 5 .0  2 . 8  A/F T+Pyrr 

$9 
- T+Mac+U+Pyrr 

Large A1 
Small AS 

V4A: Wet S t e m ,  LI' 
Old Rig (VJ) 
MClT 

-2.0 
30 

3 . 2  
7 . 0  

A 
F 

A 3  
Large A1 
Small A 2  

Vb: Condensate 
Old Rig 
XTF 

180 t o  670 
280 

180 t o  670 15 t o  55 >& 
290 (L inea r )  23 >=+Cr+ 

Pyr r +Ma r 

F 
I: 

(Rough Su r f ace )  
A 2  t o  A3 

(Rough Su r f ace )  

- ( - I  
Z S ( 8 2 )  

V7: AcratCd Condcnsatc 
Old R i g  
SlCll: 

4400 
1100 

1200 320 
1100 (Linear)  90 

F 
F 

(Rough Su r f acc )  - ( - )  

(Rough Su r f ace )  
A2 t o  A3 34(74) 

Flqn*Ccm+Sid 

Gr *Go+bIar 
>lac+S+Lcp* 

S = Sulphur  : S 
r = P y r i t e  : FcS, 
?tar = . \ t a r c s i t e  : FcS, 
Cr = G r c i g i t c  : Fe S i  
I'yrr = P y r r h o t i t e  : ?e ( l -x )S  
7' = T r o i l i t e  : I:cS 
.\lac = j tackinawitc  : F e ( l + x ) S  

( S i l i c a )  = Amorphous : Si02  
U = Unknown 
Cem = Cementite : Fc C 
Sid = S i d e r i t e  : F ~ C &  
N y  = Magnctire : FcjOl  
Go = Goe th i t e  : fJ-FeO(011) 
Lep = Lepidocroci te :  .f-I:c.0(011) 

A = Adherent P roJuc t s  o r  S c a l e s  
F = Flaking Products  o r  S c a l e s  
A/F = Kon-Uniform Adhesion 

P i t  dep th s  obta ined from an average  of >40 r ead ings /  
moni tor .  
s e l c c r n f  f o r  measurement. 

P i t s  showing t h e  g r e a t e s t  dep th  Kcre 

5.0- U)MMISSI0141ffi TRIALS 2.5 r L X  Ga 
PRESSWE I 850 -/- 40  k P a W  MATERIAL I CARBON STEEL 

4.5 - TEMPERATLW I 182 */- 2 C WONITCR I CORROSOMETER 

' 

. WETNESS I Dry Stoa. it.sTRwEnT I 41m MPES 

4.0 - FLOWlUTEi 20 */- 5 k p  CHALPSL PW 

3.5 

3.0 

2.5 

2.0- 0 

ERROR 

Improved sampling was s u b s e q u e n t l y  achieved  however a s  
a r e s u l t  of t h i s  d i f f i c u l t y  s e v e r a l  p robe  a c c e s s  p o r t s  
were i n s t a l l e d  i n  a v e r t i c a l  s e c t i o n  of t h e  h igh  
p r e s s u r e  two phase  f l u i d  s u p p l y  l i n e  f o r  f u t u r e  work. 

Separa ted  s t e m  and s e p a r a t e d  water  chemical  a n a l y s i s  
r e s u l t s  i n d i c a t e d  s u f f i c i e n t  s team q u a l i t y  was 
achieved  (low C1- and low S i 0 2 )  bu t  t h a t  some steam 
e n t r a i n m e n t  i n  t h e  s e p a r a t e d  water  may have occu r r ed .  
The s e p a r a t e d  water  r e s u l t s  f o r  t h e  Mobile Corros ion  
T e s t  F a c i l i t y  show s l i g h t l y  lower pH and a smal l  
i n c r e a s e  i n  t o t a l  HCOS and t o t a l  H2S over t h a t  
observed p r e v i o u s l y  wi th  t h e  "old r i g " .  This  mode of  
s e p a r a t o r  o p e r a t i o n  was p r e f e r r e d  over  t h e  a l t e r n a t i v e  
o p t i o n  o f  a l lowing  exces s  c a r r y o v e r  of \b*ater t o  t h e  
steam v e s s e l s .  

1.5/o; ,stL; , ,  . , , , . , , , , , . , . , , . , . , 
1.0 O 3  

. 5  

0.0 2 4 6 8 10 12 :4 16 i8 20 22 24 26 28 30 
TlME C Doys j 

FIGLaE 2 I KTFI Nov 841 M(Y HP STEAM, CUBON STEEL1 VESSEL 1. 

The carbon  s t e e l  Corrosometer  probe  exposed t o  V3A: 
Dry Steam a t  low p r e s s u r e  f a i l e d  t o  p a s s i v a t e  o r  s c a l c  
i n  t h e  30 d a y  exposure  p e r i o d .  A l l  o t h e r  steam and 
h i g h  p r e s s u r e  water  t e s t s  gave  low c o r r o s i o n  r a t e s  
a f t e r  o n l y  1 0  t o  20 days (compare F i g u r e s  2 and 3 and 
s e e  Table  4 ) .  'lhe non-uniform c o r r o s i o n  o b s e r v d  on 
t h e  V 5 A  probe  and poor a d h e s i o n  of c o r r o s i o n  p r o d u c t s  
sugges ted  a c o n t i n u o u s  p r e s e n c e  of oxygen i n  t h e  t e s t  
v e s s e l .  The p o i n t  of a i r  ingress was thought  t o  be 
t h e  i n l e t  c o n t r o l  v a l v e  where steam was expanded from 
650 kPa(a) t o  150 kPa (n ) ,  t h e  l eakage  be in2  p a s t  t h e  
v a l v e  stcm packing  t o  a r c g i o n  where v a l v e  d e s i g n  
promoted f o r m a t i o n  of a v e n t u r i  and sub-a tmosphcr ic  
p r e s s u r c  c o n d i t i o n .  I n s t a l l a t i o n  o f  a second v a l v e  
and p r e s s u r e  gauge al lowcd n Jouble expcinsion from 
650 kPa(a)  t o  300 kPa(a) t o  150 kPn(a)  f o r  f u t u r e  
t e s t s .  T h i s  r e s u l t  h i g h l i g h t e d  t h e  nced f o r  immediate 
a n a l y s i s  of corrosion r e s u l t s  and chemical  a n a l y s i s  o f  
f l u i d s  p r e s e n t  i n  a l l  t c s t  v e s s e l s .  

- 
E 

Y 

cn 
!4 

FICJE 5 I KTFI tbv 841 DRY LP SlEhHr CARBDN STEEL, VESSEL 3A. 
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CONCLUSIONS 

Thc o b j c c t i v e s  o f  t h c  commissioning t r i a l s  of  t h e  >!obile 
Corros ion  Tes t  F a c i l i t y  have been achicved .  Tlie f a c i l i t y  
has  appropriate m o b i l i t y  f o r  t r a n s p o r t  t o  rcmote s i tes  
and w i t h  p r a c t i c e  t h e  s e t - u p  t ime coiild be rcduccd below 
t h a t  needed fo r  t h i s  f i r s t  u se  o f  t h e  f a c i l i t y .  The 
manpower r e q u i r e m e n t s  f o r  running  t h e  f a c i l i t y  have bccn 
e s t a b l i s h e d  t o g e t h e r  w i t h  o p e r a t i o n a l  procedures  f o r  
o b t a i n i n g  s p e c i f i e d  f l u i d  c h a r a c t e r i s t i c s .  S i m i l a r l y  
o p e r a t i o n a l  procedures  n e c e s s a r y  f o r  o b t a i n i n g  r e l i a b l e  
r e s u l t s  have been i d e n t i f i e d  and t h e s e  i n c l u d e  t h e  need 
f o r  immediate o n - s i t e  e v a l u a t i o n  o f  c o r r o s i o n  r e s u l t s .  
The c o r r o s i o n  r e s u l t s  o b t a i n e d  w i t h  t h e  ?4obile C o r r o s i o n  
T e s t  F a c i l i t y  were comparable t o  t h o s e  of  prev ious  t e s t s  
conducted w i t h  t h e  o ld  wel l  BR22 r i g .  The Slow Cons tan t  
Extens ion  Rate  T e s t i n g  machine was proven capable  o f  
d e t e r m i n i n g  t h e  s u s c e p t i b i l i t y  of  s t a i n l e s s  s t e e l s  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  i n  geothermal condensa te .  

m a. 
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F i g u r e  4: blCTF; November 1984; SCERT R e s u l t s  for 
S t a i n l e s s  S t e e l s  i n  Aerated Geothermal 
Condensate w i t h  Added C h l o r i d e  Ions  

The e l e c t r o c h e m i c a l  l i n e a r  p o l a r i s a t i o n  r e s i s t a n c e  
t e c h n i q u e  f o r  d e t e r m i n i n g  c o r r o s i o n  r a t e s  o f  carbon  
s t e e l  i n  c o n d e n s a t e  was n o t  s u i t a b l e  f o r  c o r r o s i o n  r a t e  
p r e d i c t i o n .  
format ion  o f  c o r r o s i o n  product  f i l m s  which n o t  o n l y  
a f f e c t  t h e  e l e c t r o c h e m i c a l  t h e o r y  on which t h e  system 
i s  based b u t  occas io i i a l l y  br idged  t h e  t e s t  e l e c t r o d e s .  
The e f f e c t i v e  probe s o l u t i o n  r e s i s t a n c e  f a c t o r s  
appeared t o  change from t h o s e  p r e v i o u s l y  o b t a i n e d  t o  
such 311 e x t e n t  t h a t  n e g a t i v e  c o r r o s i o n  r a t e  v a l u e s  
were o b t a i n e d .  Although t h e  t e c h n i q u e  s t i l l  has v a l u e  
i n  s i t u a t i o n s  where e x c e s s i v e  m o u n t s  o f  c o r r o s i o n  
product  are n o t  formed and where p i t t i n g  c o r r o s i o n  may 
be t h e  dominant  form of c o r r o s i o n  both  Corrosometer  
probes  and coupons will be used i n  f u t u r e  t e s t s  t o  
e n s u r e  r e l i a b l e  r c s u l t s  a r e  o b t a i n e d .  Probes having  
lower s o l u t i o n  r e s i s t a n c e  f a c t o r s  were a l s o  o b t a i n e d .  
O n - s i t e  assessment  of c o r r o s i o n  r e s u l t s  \vould aga in  
have allowed e a r l y  d e t e c t i o n  o f  e r r o r s  a r i s i n g  from 
f a  i 1 ur  e of t l i  e measur emen t t echn iqu  c . 

The main s o u r c e  of  e r r o r  was d u e  t o  

The SCERT r e s u l t s  shown i n  F i g u r e  4 dcmons t rn te  t h c  
a b i l i t y  of :he machine t o  t c s t  f o r  s u s c c p t i b i l i t y  t o  
SCC i n  geothermal  c o n d e n s a t e .  Both AIS1 304 and 31b 
show a r e d u c t i o n  i n  d u c t i l i t y  a t  70 t o  8OoC o v e r  t h a t  
observed a t  -15 t o  50'1: which i n d i c a t e s  t h a t  t h e s e  
m a t e r i a l s  havc  o n l y  ninrginal  r c s i s t a n c c  t o  SCC i n  this 
s o l u t i o n  a t  t h e  l i ighcr  t e m p e r a t u r e .  llowevcr f u r t h e r  
t e s t s  a r e  r e q u i r c d  t o  conf i rm this bchaviour  i n  
p a r t i c u l a r  a t e s t  a t  ~ U ' C  w11erc an even g r e a t e r  
r c d u c t i o n  i n  d u c t i l i t y  would bc cxpectcd .  Tcsts arc 
also r e q u i r e d  t o  d e v e l o p  load v s  e l o n g a t i o n  r c s u l t s  
f o r  ;i c h e m i c a l l y  i n e r t  f l u i d  :it a s i m i l a r  te inpera turc  
and s t r a i n  r a t e .  

The' succe s s  of  t h e s e  commissioning t r i a l s  shows t h a t  t he  
c o s t  of  c o r r o s i o n  t e s t i n g  and t h e  d u r a t i o n  o f  t h e  t e s t s  
can be reduced s i g n i f i c a n t l y  wi thout  a f f e c t i n g  t h e  
r e l i a b i l i t y  of t h e  r e s u l t s .  
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