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ABSTRACT -Leak d e t e c t i o n  Fo r  I n v e n t o r y  P r o t e c t i o n :  

The CANDU n u c l e a r  r e a c t o r  r e q u i r e s  s e v e r a l  
s p e c i a l  p u r p o s e  i n s t r u m e n t a t i o n  s y s t e m s  t h a t  a r e  
u n i q u e  t o  CANDU and  n o t  w i d e l y  a p p l i c a b l e  t o  any  
o t h e r  i n d u s t r y .  Many o f  t h e s e  s y s t e m s  we re  
deve loped  i n  AECL l a b o r a t o r i e s  o r  under  c o n t r a c t  i n  
p r i v a t e  i n d u s t r y ,  a t  a  t i m e  when t h e  p r o j e c t e d  
e x p a n s i o n  o f  t h e  n u c l e a r  i n d u s t r y  would p r o v i d e  a  
l a r g e  enough market  t o  f i n a n c i a l l y  j u s t i f y  t r a n s f e r  
o f  t h e  t e c h n o l o g y  t o  p r i v a t e  i n d u s t r y  f o r  
m a n u f a c t u r e  a n d  l ong - t e rm  s u p p o r t .  A l t hough  t h e  
m a n u f a c t u r i n g  c a p a b i l i t y  was e a s i l y  t r a n s f e r r e d ,  
t h e  c a p a b i l i t y  t o  p r o v i d e  l ong - t e rm  s u p p o r t  was 
l e s s  s o .  With t h e  downs i z ing  of  CANDU b u s i n e s s  i n  
t h e  s e v e n t i e s ,  i n d u s t r y  found it uneconomica l  t o  
e s t a b l i s h  o r  m a i n t a i n  a  l o n g - t e r m  s u p p o r t  
c a p a b i l i t y ,  a n d  o v e r  t h e  f o l l o w i n g  y e a r s ,  s t a f f  
t u r n o v e r  r e s u l t e d  i n  t h e  i n i t i a l  r e s o u r c e  a n d  
knowledge i nves tmen t  b e i n g  l o s t .  At t h e  same t ime ,  
u t i l i t y  o p e r a t o r s  were f a c e d  w i t h  m a i n t a i n i n g  t h e s e  
sy s t ems  f o r  an  o p e r a t i o n a l  l i f e  o f  t h i r t y  y e a r s .  

An example  o f  one  such  sy s t em i s  t h e  B a r r i n g e r  
D 2 0  A n a l y z e r .  T h i s  p a p e r  w i l l  r e v i e w  t h e  

e x p e r i e n c e  i n  s u p p o r t i n g  t h e s e  i n s t r u m e n t s  i n  f i e l d  
o p e r a t i o n  and  d i s c u s s  t h e  l e s s o n s  l e a r n e d  f rom t h e  
d e v e l o p e r ,  m a n u f a c t u r e r  and  o p e r a t o r  p e r s p e c t i v e s .  
A s t r a t e g y  t o  p r o t e c t  i n d u s t r y  i nves tmen t  i n  f u t u r e  
c a s e s  w i l l  b e  o u t l i n e d .  

INTRODUCTION 

The development  o f  s p e c i a l i z e d  i n s t r u m e n t a t i o n  
f o r  a p p l i c a t i o n  w i t h i n  t h e  n u c l e a r  i n d u s t r y  i s  v e r y  
e x p e n s i v e .  The i n i t i a l  l a b o u r  and  c a p i t a l  c o s t s  o f  
r e s e a r c h ,  development and  manufac tu r i ng  can  o n l y  b e  
j u s t i f i e d  i f  t h e  p o t e n t i a l  marke t  is  v e r y  l a r g e ,  o r  
i f  t h e  equ ipmen t  f u n c t i o n  i s  e s s e n t i a l  t o  p r o t e c t  
p l a n t  s a f e t y  o r  i n v e s t m e n t .  Thus,  many o f  t h e  
s p e c i a l i z e d  a p p l i c a t i o n s  f o r  i n s t r u m e n t a t i o n  w i t h i n  
t h e  CANDU p r o g r a m  were  n o t  f e a s i b l e  a s  s e l f -  
s u p p o r t i n g  i n d u s t r i a l  d e v e l o p m e n t  p r o j e c t s .  
C o n s e q u e n t l y ,  t h e s e  i n s t r u m e n t s  w e r e  e i t h e r  
d e s i g n e d  and  d e v e l o p e d  d i r e c t l y  by  AECL i n  t h e i r  
own f a c i l i t i e s ,  o r  were  s u p p o r t e d  i n  p r i v a t e  
i n d u s t r y  by  development c o n t r a c t s .  

I n  t h e  mid 6 0 1 s ,  o n - l i n e  m o n i t o r i n g  of  heavy 
w a t e r  was r e c o g n i z e d  a s  a  r e q u i r e m e n t  t o  p r o t e c t  
t h e  m u l t i - m i l l i o n  d o l l a r  c a p i t a l  i n v e s t m e n t  i n  
heavy  w a t e r  i n  CANDU r e a c t o r s .  A  CANDU r e a c t o r  
r e q u i r e s  a p p r o x i m a t e l y  one  megagram o f  heavy w a t e r  
p e r  megawatt  of  e l e c t r i c i t y  g e n e r a t e d .  The p r e s e n t  
c o s t  o f  heavy wa t e r  is  app rox ima te ly  $300/kg;  t h u s  
t h e  heavy  w a t e r  i n v e n t o r y  r e p r e s e n t s  a b o u t  15% of  
t h e  p l a n t  i n i t i a l  c o s t .  

A t  t h e  o u t s e t ,  two g e n e r a l  r e a s o n s  f o r  o n - l i n e  
heavy w a t e r  m o n i t o r i n g  were i d e n t i f i e d :  

P r o c e s s  s y s t e m s  have  t h e  p o t e n t i a l  f o r  l e a k i n g  
heavy  w a t e r  t o  s e c o n d a r y  f l u i d  s t r e a m s  a s  a  
r e s u l t  o f  c o m p o n e n t  f a i l u r e .  O n - l i n e  
i n s t r u m e n t a t i o n  c a n  p r o v i d e  t i m e l y  d e t e c t i o n  
of  l e a k  o c c u r r e n c e .  

-Op t imiza t i on  of P roce s s  Per formance:  

Heavy w a t e r  i n  r e a c t o r  s y s t e m s  must  b e  k e p t  
above a  c e r t a i n  l e v e l  o f  p u r i t y  t o  m a i n t a i n  h i g h  
f u e l  b u r n u p .  T h i s  p u r i t y  i s  m a i n t a i n e d  
u s i n g  o n - l i c e  u p g r a d i n g  f a c i l i t i e s  t h a t  remove 
a n y  n a t u r a l  w a t e r  t h a t  d i l u t e s  h e a v y  w a t e r  
p u r i t y .  Con t i nuous  m o n i t o r i n g  i n s t r u m e n t s  a r e  
recommended f o r  e f f i c i e n t  o p e r a t i o n  o f  upg rad ing  
f a c i l i t i e s .  

A  summary o f  t h e  sy s t em s p e c i f i c  a p p l i c a t i o n s  
f o r  heavy  w a t e r  m o n i t o r i n g  i n  CANDU r e a c t o r s  i s  
summar ized  i n  T a b l e  1 (1 ) .  On-Line A n a l y s i s  i s  
f e a s i b l e  i n  s i x  of  t h e  t e n  a p p l i c a t i o n s .  

DEVELOPMENT BACKGROUND 

At t h e  o n s e t  of  t h e  deve lopmen t  p rog ram,  a  
rev iew o f  t h e  measurement t e c h n i q u e s  a p p l i c a b l e  t o  
o n - l i n e  h e a v y  w a t e r  m o n i t o r i n g  was p e r f o r m e d .  
I n f r a r e d  s p e c t r o s c o p y  was i d e n t i f i e d  a s  t h e  
t e c h n i q u e  h a v i n g  t h e  g r e a t e s t  p o t e n t i a l  f o r  
r e a l i z a t i o n  a s  a n  o n - l i n e  i n s t r u m e n t .  T h i s  
t e c h n i q u e  is b a s e d  on t h e  r e l a t i v e  measurement o f  
s p e c i f i c  i n f r a r e d  a b s o r p t i o n  p e a k s  t h a t  a r e  a  
f u n d a m e n t a l  c h a r a c t e r i s t i c  o f  t h e  h e a v y  w a t e r  
m o l e c u l e .  The i n f r a r e d  s p e c t r o s c o p y  t e c h n i q u e  was 
s e l e c t e d  o v e r  o t h e r  o p t i o n s  b e c a u s e  : 

it was s u f f i c i e n t l y  p r e c i s e ,  
it was r e l a t i v e l y  immune t o  i n t e r f e r e n c e  
from chemica l  and  p a r t i c u l a t e  c o n t a m i n a t i o n ,  
a n d  
s u c c e s s f u l  o p e r a t i o n a l  e x p e r i e n c e  w i t h  
l a b o r a t o r y - b a s e d  i n s t r u m e n t s  h a d  
b e e n  a c h i e v e d  a t  C h a l k  R i v e r  N u c l e a r  
L a b o r a t o r i e s  (CRNL) ( 2 ) .  

The i n i t i a l  i n s t r u m e n t  deve lopmen t  b y  Atomic 
Energy o f  Canada L i m i t e d  spanned  t h e  p e r i o d  f rom 
1965 t o  1974 ( 3 ) .  The i n s t r u m e n t  t e c h n o l o g y  was 
t r a n s f e r r e d  t o  B a r r i n g e r  R e s e a r c h  L i m i t e d  f o r  
manu fac tu r e ,  and  by 1975,  twenty-seven  i n s t r u m e n t s  
had  been  m a n u f a c t u r e d  f o r  t h e  n u c l e a r  i n d u s t r y .  
The f i n a l  p r o d u c t  was c a l l e d  t h e  B a r r i n g e r  S e r i e s  
400 R o t a t i n g  F i l t e r  Heavy Water  A n a l y z e r .  A  
p i c t u r e  of  a  t y p i c a l  l e a k  m o n i t o r ,  i n s t a l l e d ,  i s  
shown i n  F i g u r e  1. 

The recommended complement o f  o n - l i n e  heavy w a t e r  
m o n i t o r s  f o r  a  CANDU r e a c t o r  i s  two m o n i t o r s  f o r  
l e a k  d e t e c t i o n  p e r  r e a c t o r  and  two m o n i t o r s  f o r  
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c o n t r o l  o f  u p g r a d e r  p e r f o r m a n c e .  The i n s t a l l a t i o n  
d e t a i l s  f o r  t h e s e  i n s t r u m e n t s  were l e f t  p r i m a r i l y  
t o  t h e  s y s t e m  d e s i g n e r s ,  w i t h  l o c a l  i n s t a l l a t i o n  
b e i n g  t h e  r e s p o n s i b i l i t y  o f  t h e  c u s t o m e r ' s  
c o n s t r u c t i o n  a n d  o p e r a t i o n s  p e r s o n n e l .  F o l l o w i n g  
i n i t i a l  s y s t e m  c o m m i s s i o n i n g ,  o p e r a t i o n a l  s t a f f  
e n c o u n t e r e d  p r o b l e m s  w i t h  t h e s e  i n s t r u m e n t s ;  t h e  
measurement  p e r f o r m a n c e  a n d  i n s t r u m e n t  r e l i a b i l i t y  
were much p o o r e r  t h a n  e x p e c t e d .  Many s y s t e m  u p s e t s  
were n o t e d  a n d  u n i d e n t i f i e d  f a i l u r e s ,  compounded by 
m a i n t a i n e r s '  l a c k  o f  t r a i n i n g  a n d  f u n d a m e n t a l  
u n d e r s t a n d i n g  o f  i n s t r u m e n t  p r i n c i p l e s ,  r e s u l t e d  i n  
a  v e r y  n e g a t i v e  r e p u t a t i o n  f o r  t h e s e  i n s t r u m e n t s ,  
t h a t  c o n t i n u e s  i n  some a r e a s  t o  t h i s  d a y .  

Manuals  were  r e w r i t t e n  f r o m  a  deve lopment  t o  a  u s e r  
f o c u s .  CRNL a n d  BRL i d e n t i f i e d  p e r s o n n e l  t o  b e  
a v a i l a b l e  o v e r  t h e  l o n g  t e r m  f o r  c o n s u l t a t i o n  t o  
a s s i s t  u t i l i t y  o p e r a t i o n s  p e r s o n n e l .  As a  r e s u l t  
o f  t h e s e  e f f o r t s ,  a l l  s t a t i o n s  t h a t  h a v e  c h o s e n  t o  
u s e  o n - l i n e  h e a v y  w a t e r  m o n i t o r s  h a v e  b e e n  a b l e  t o  
m a i n t a i n  t h e  i n s t r u m e n t s  i n  work ing  o r d e r  o v e r  t h e  
p a s t  t e n - y e a r  p e r i o d .  The c u r r e n t  o p e r a t i n g  
l o c a t i o n s  a n d  s t a t u s  o f  t h e s e  i n s t r u m e n t s  i s  
summarized i n  T a b l e  2 .  

TABLE 1:  SYSTEM SPECIFIC APPLICATIONS FOR ON-LINE HEAVY WATER MONITORING 

System Range Accuracy  Frequency  F e a s i b l e  f o r  P r e s e n t  
S p e c i f i c  (weigh t  % D20) ( w e i g h t  % D20) ( p e r  week) On-Line M o n i t o r i n g  

~ p p l i c a t i o n  M o n i t o r i n g  Technique  

Heat  
T r a n s p o r t  

L a b o r a t o r y  I n f r a r e d  
S p e c t r o s c o p y  

Moderator  L a b o r a t o r y  I n f r a r e d  
S p e c t r o s c o p y  

D20 Supply > 9 9 . 7  0 . 0 1  a s  r e q u i r e d  no  L a b o r a t o r y  I n f r a r e d  
S p e c t r o s c o p y  

Upgrader  
P r o d u c t  

o n - ~ i n e  I n f r a r e d  
S p e c t r o s c o p y  

L a b o r a t o r y  
R e f r a c t o m e t e r  

S e r v i c e  Hz0 0 .014  On-Line I n f r a r e d  
S p e c t r o s c o p y  

Mains t ream 0.014 
System 

On-Line I n f r a r e d  
S p e c t r o s c o p y  

Upgrader  < 1 
T a i l s  

On-Line I n f r a r e d  
S p e c t r o s c o p y  

A c t i v e  Sumps < 1 L a b o r a t o r y  I n f r a r e d  
S p e c t r o s c o p y  

S t a c k  < 1 L a b o r a t o r y  T r i t i u m  
A n a l y s i s  

As a r e s u l t  o f  p o o r  f i e l d  p e r f o r m a n c e ,  AECL 
u n d e r t o o k  a  r e v i e w  o f  t h e  i n s t r u m e n t  s t a t u s .  A 
W o r k i n g  P a r t y  was c r e a t e d  i n  1 9 7 5  t o  r e v i e w  
o p e r a t i n g  e x p e r i e n c e  and  t o  r e s o l v e  t h e  i d e n t i f i e d  
d i f f i c u l t i e s  t h a t  t h e  u s e r s  were e n c o u n t e r i n g .  The 
Working P a r t y  i n i t i a t e d  an  o v e r a l l  d e s i g n  r e v i e w  o f  
t h e  i n s t r u n e n t  a s  a  c o o p e r a t i v e  e f f o r t  between BRL, 
C h a l k  R i v e r  N u c l e a r  L a b o r a t o r i e s  (CRNL) a n d  O n t a r i o  
H y d r o .  The  W o r k i n g  P a r t y  c o n c l u d e d  t h a t  t h e  
i n s t r u m e n t s  w e r e  s t i l l  j u s t i f i e d ,  a n d  t h a t  t h e  
o p e r a t i o n a l  p r o b l e m s  c o u l d  b e  overcome v i a  d e s i g n  
c h a n g e s  a n d  improved d o c u m e n t a t i o n .  

From t h i s  d e s i g n  r e v i e w  a n d  s u b s e q u e n t  t e s t i n g ,  
c o m m i s s i o n i n g  a n d  t r a i n i n g  e f f o r t s ,  a number o f  
l e s s o n s  were  l e a r n e d .  

s o n  I: F i e l d  T e a  

B e f o r e  a n  i n s t r u m e n t  i s  p a s s e d  f r o m  d e s i g n e r s ,  
a n d  p l a c e d  i n  a  m a n u f a c t u r i n g  a n d  p r o d u c t i o n  
e n v i r o n m e n t ,  f i e l d  t e s t i n g  of  t h e  d e s i g n  i n  its 
f i n a l  c o n f i g u r a t i o n  s h o u l d  b e  p e r f o r m e d .  The 
r e s u l t s  o f  f i e l d  t e s t i n g  s h o u l d  b e  r e v i e w e d  by 
i n s t r u m e n t  d e s i g n e r s ,  m a n u f a c t u r e r s  a n d  p o t e n t i a l  
u s e r s  t o  i d e n t i f y  a n y  s h o r t c o m i n g s  p r i o r  t o  
c o m m e r c i a l  m a n u f a c t u r e .  U s e r s  p r o v i d e  a  more  
c r i t i c a l ,  u n b i a s e d  r e v i e w  o f  i n s t r u m e n t  p e r f o r m a n c e  
s i n c e  t h e y  r e c o g n i s e  t h e  p r o b l e m s  t h a t  t h e y  w i l l  
f a c e  w i t h  t h e  i n s t r u m e n t  o n c e  i t  becomes t h e i r  
r e s p o n s i b i l i t y .  

A  t e a m ,  a s s e m b l e d  a t  CRNL, o b t a i n e d  i n s t r u m e n t s  
f r o m  O n t a r i o  H y d r o ' s  Bruce  G e n e r a t i n g  s t a t i o n  "A" 
a n d  m o d i f i e d  them t o  c o r r e c t  t h e  p rob lems  t h a t  had  
b e e n  i d e n t i f i e d .  T h e s e  i n s t r u m e n t s  were i n s t a l l e d  
a n d  commiss ioned  a t  Bruce  by  p e r s o n n e l  f rom CRNL, 
a n d  t h e i r  p e r f o r m a n c e  m o n i t o r e d  c l o s e l y  f o r  o n e  
y e a r .  Hands-on t r a i n i n g  c o u r s e s  w e r e  o f f e r e d  t o  
m a i n t e n a n c e  g r o u p s  f r o m  t h e  d i f f e r e n t  CANDU 
s t a t i o n s  t o  e n s u r e  t r a i n e d  f i e l d  s u p p o r t  p e r s o n n e l .  

I f  f i e l d  t e s t i n g  of  t h e  S e r i e s  400 A n a l y z e r  h a d  
b e e n  p e r f o r m e d ,  o n e  c a u s e  o f  o p e r a t i o n a l  
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FIGURE 1 :  HEAVY WATER LEAK MONITOR INSTALLATION AT BRUCE NGS "A" 

d i f f i c u l t i e s  c o u l d  h a v e  been  a v o i d e d .  A m a j o r  c a u s e  
o f  i n s t r u m e n t  f a i l u r e s  i n  t h e  o r i g i n a l  S e r i e s  4 0 0  
a n a l y z e r  i ras  t h e  s a m p l e  c e l l  o r i e n t a t i o n .  The  
o r i g i n a l  CRNL d e s i g n e r s  r e c o g n i z e d  t h e  l i k e l i h o o d  
of  a i r  b e i n g  i n c l u d e d  i n  t h e  l i q u i d  s a m p l e  b e i n g  
s e n t  t o  t h e  i n s t r u m e n t  f r o m  t h e  s a m p l e  d e l i v e r y  
s y s t e m .  I f  a  b u b b l e  p a s s e s  t h r o u g h  t h e  o p t i c a l  
p a t h  i n  t h e  i n f r a r e d  s p e c t r o m e t e r ,  a n  i n c o r r e c t  
c o n c e n t r a t i o n  r e s u l t  i s  d i s p l a y e d  b y  t h e  
i n s t r u m e n t .  To d i v e r t  e n t r a i n e d  b u b b l e s  f r o m  t h e  
o p t i c a l  p a t h ,  a  s e c o n d  s a m p l e  p a t h  h a d  b e e n  
i n c l u d e d  i n  t h e  o r i g i n a l  d e s i g n .  T h i s  was a n  
o p e r a t i o n a l  a i d  w h i c h  i m p r o v e d  t h e  m e a s u r e m e n t  
r e l i a b i l i t y ,  b u t  d i d  n o t  e n t e r  i n t o  t h e  a c t u a l  
o p t i c a l  d e s i g n .  

F o l l o w i n q  t r a n s f e r  o f  t h e  d e s i g n  t o  BRL, t h e  
a l t e r n a t i v e  s a m p l e  p a t h  was n o t  i n c l u d e d  i n  t h e  
m a n u f a c t u r e d  d e s i g n .  Once t h e  i n s t r u m e n t s  were  
c o m m i s s i o n e d  a t  s i t e ,  u n r e l i a b l e  p e r f o r m a n c e  
r e s u l t e d .  T h i s  p r o b l e m  was i d e n t i f i e d  d u r i n g  t h e  
d e s i g n  r e v i e w  a c d  p r e v i o u s l y  m a n u f a c t u r e d  
i n s t r u m e n t s  were m o d i f i e d  t o  i n c l u d e  a  s a m p l e  
b y p a s s  st ream. 

I f  f i e l d  t e s t i n g  h a d  b e e n  p e r f o r m e d  o n  t h e  
i n s t r u m e n t  i n  i t s  f i n a l  c o n £  i g u r a t  i o n ,  measurement  
u n r e l i a b i l i t y  w o u l d  h a v e  l e d  t h e  d e s i g n  a n d  
m a n u f a c t u r i n g  teami 'rc. r e c c i g n i z e  t h i s  o v e r s i g h t  
s i n c e  i r  was a  w a r t  s f  t h e i r  o r i g i n a l  c o n c e p t .  The 

f e e d b a c k  p a t h  f r o m  f i e l d  t e s t i n g  t o  t h e  d e s i g n e r s  
i s  a n  i m p o r x a n t  deve lopment  i n p u t .  

No m a t t e r  how w e l l  a n  i n s t r u m e n t  i s  d e s i g n e d ,  
p r o b l e m s  w i l l  o c c u r  w i t h  c o m p l e x  a n a l y t i c a l  
i n s t r u m e n t a t i o n ,  a n d  u s e r s  must  have  a  r e a d y  s o u r c e  
o f  i n f o r m a t i o n  a n d  a s s i s t a n c e  i f  s u c c e s s f u l  
o p e r a t i o n  i s  t o  b e  a c h i e v e d .  The o n - l i n e  h e a v y  
w a t e r  i n s t r u m e n t s  were  n o t  a n  o v e r l y  c o m p l i c a t e d  
d e s i g n ,  b u t  t h e  c o m p l e x i t i e s  o f  t h e  sample  d e l i v e r y  
s y s t e m  a n d  i n s t r u m e n t  r e s p o n s e s  t o  s e e m i n g l y  
t r i v i a l  u p s e t s  f a i l e d  t o  c r e a t e  u s e r  c o n f i d e n c e .  
Many o f  t h e  o p e r a t i o n a l  p r o b l e m s  w i t h  t h e  
i n s t r u m e n t s  r e s u l t e d  f r o m  l a c k  o f  u n d e r s t a n d i n g  of 
t h e i r  r e s p o n s e s .  E x p e r i e n c e  s h o w e d  t h a t  
p e r f o r m a n c e  was mos t  s u c c e s s f u l  when o p e r a t i o n a l  
s t a f f  : 

- h a d  a  k n o w l e d g e a b l e  c o n t a c t  p e r s o n  t o  
a d d r e s s  t h e i r  q u e s t i o n s  a n d  c o n c e r n s  

- r e c e i v e d  i n s t r u c t i o n  o n  t h e  m a i n t e n a n c e  
a n d  o p e r a t i o n  of  t h e  e q u i p m e n t ,  a n d  

- p e r f o r m e d  a  r e g u l a r  m a i c t e n a n c e  s c h e d u l e  
w h i c h  k e p t  t h e  i n s t r u m e n t s  s e r v i c e d  a n d  
m a i n z a i n e r s  f a m i l i a r  w i t h  t h e  m o n i t o r s .  
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TABLE 2: THE CURRENT STATUS OF BARRINGER SERIES 400 ANALYZERS 

Customer Locat ion Appl ica t ion  
Number I n s t a l l a t i o n  Current  
of  Monitors Date S t a t u s  

Onta r io  Hydro Bruce Heavy Water Product I s o t o p i c  1 
1972 P lan t  Shut Down 

Plan t  "A" 
CRNL 
CRNL 
WNRE*, Pinawa 
Douglas Po in t  
Douglas Po in t  
Glace Bay Heavy 
Water P lan t  
Cordoba 
Cordoba 
Gent i l ly -2  
Wolsung 
Wolsung 
P icker ing  Nuclear 
Generat ing S t a t i o n  "A" 
P icker ing  Nuclear 
Generat ing S t a t i o n  "A" 
Bruce Nuclear 
Generat ing S t a t i o n  "A" 
Bruce Nuclear 
Generat ing S t a t i o n  "A" 

NRU I s o t o p i c  
NRU Upgrader 
WR1 I s o t o p i c  
HTS I s o t o p i c  
Stack Loss Monitor 
Product I so top ic  

Operat ing 
Operat ing 
P lan t  Shut Down 
Plan t  Shut Down 
Plan t  Shut Down 
Plan t  Shut Down 

AECL 
AECL 
AECL 
AECL 
AECL 
AECL 

Operat ing 
Operat ing 
Operat ing 
Operat ing 
Operat ing 
Out o f  S e r v i c e  

Leak Monitors 
Upgrader Monitors 
Leak Monitors 
Leak Monitors 
Upgrader Monitors 
Leak Monitors 

CNEA*" 
CNE A 
Hydro Quebec 
KECO * * * 
KECO 
Ontar io  Hydro 

Out of  S e r v i c e  Upgrader Monitor Onta r io  Hydro 

Leak Monitors Units  Operat ing 
Ontar io  Hydro 

Operat ing Upgrader Analyzers Onta r io  Hydro 

Leak Monitors Operat ing 
Ontar io  Hydro P icker ing  Nuclear 

Generat ing S t a t i o n  "B" 

Upgrader Analyzers Operat ing 
Ontar io  Hydro P icker ing  Nuclear 

Generat ing S t a t i o n  "B" 

Operat ing Leak Monitors Onta r io  Hydro Bruce Nuclear 
Generat ing S t  a t  ion  "B" 

* WNRE = Whiteshel l  Nuclear Research Establ ishment  

+ *  CNEA = Comision Nacional de Energia Atomica, Argentina 

* * *  KECO = Korean E l e c t r i c  Company 

T h i s  f e e d b a c k  f r o m  u s e r s  t o  a  d e v e l o p m e n t  t e a m  
c o n t a c t  p e r s o n  was o f t e n  u s e f u l  i n  i d e n t i f y i n g  
s h o r t c o m i n g s  i n  t h e  i n s t r u m e n t  d e s i g n  a n d  
d o c u m e n t a t  i o n ,  o r  m i s c o n c e p t i o n s  r e g a r d i n g  
i n s t r u m e n t  c h a r a c t e r i s t i c s .  

s e r v i c e  m a n u a l s  r e m a i n e d  t h e  o n l y  s u p p o r t  t h a t  t h e  
u s e r s  i n i t i a l l y  h a d .  I n  most c a s e s ,  t h e  i n s t r u m e n t  
w a r r a n t y  h a d  e x p i r e d  l o n g  b e f o r e  t h e  i n s t r u m e n t s  
were r e a d y  t o  b e  p l a c e d  i n t o  s e r v i c e .  

The d e s i g n  r e v i e w  p r o d u c e d  a  g r o u p  of  e x p e r t s  
k n o w l e d g e a b l e  i n  t h e  p e r f o r m a n c e  c h a r a c t e r i s t i c s  o f  
t h e  i n s t r u m e n t .  T h i s  g r o u p  s h a r e d  t h e i r  e x p e r i e n c e  
w i t h  t h e  o p e r a t o r s  a n d  m a i n t e n a n c e  s t a f f  v i a  
s p e c i f i c  t r a i n i n g  c o u r s e s  g e a r e d  t o  o p e r a t i n g  a n d  
m a i n t e n a n c e  i s s u e s .  These  c o u r s e s  were a t t e n d e d  b y  
p e r s o n n e l  f r o m  Hydro  Q u e b e c ,  G-2; New B r u n s w i c k  
E l e c t r i c  Power Commiss ion ,  P t .  L e p r e a u ;  O n t a r i o  
Hydro, Bruce  NGS "A" ; AECL; CRNL; CANDU O p e r a t i o n s ;  
G l a c e  Bay Heavy Water  P l a n t  a n d  BRL. 

The a v a i l a b i l i t y  o f  f i e l d  s u p p o r t  was v a l u a b l e  i n  
i n s t i l l i n g  c o n f i d e n c e  i n  o p e r a t i o n s  p e r s o n n e l  t h a t  
t h e  i n s t r u m e n t s  would  o p e r a t e  s u c c e s s f u l l y .  As 
l o n g  a s  a  r e s o u r c e  p e r s o n  was a v a i l a b l e  t o  a s s i s t  
a n d  a d v i s e ,  o p e r a t i o n s  p e r s o n n e l  were n o t  r e l u c t a n t  
t o  t a c k l e  a l m o s t  a n y  prob lem.  Each i n s t a l l a t i o n  had  
i ts  own i n s t a l l a t i o n  i d i o s y n c r o c i e s .  Some s t a t i o n s  
h a d  w a t e r  q u a l i t y  p r o b l e m s  t h a t  a f f e c t e d  t h e  
c o o l i n g  w a t e r  r e l i a b i l i t y .  L i n e  v o l t a g e  s t a b i l i t y  
a n d  s a m p l e  q u a l i t y  were  a  s o u r c e  o f  p r o b l e m s  i n  
o t h e r  l o c a t i o n s .  E a c h  s i t u a t i o n  r e q u i r e d  a 
u s e r - d e v e l o p e r  d i a l o g u e  t o  o p t i m i z e  p e r f o r m a n c e ,  
a n d  d e v e l o p m e n t  a s s i s t a n c e  c o u l d  o n l y  b e  s u p p l i e d  
b y  a n  e x p e r i e n c e d  f i e l d  s u p p o r t  p e r s o n  who h a d  
adequate knowledge o f  a l l  a s p e c t s  of  t h e  d e s i g n .  

S u b s e q u e n t  f i e l d  s u p p o r t  c o n t a c t s  i n d i c a t e d  t h a t  
s t a t i o n s  w i t h  t r a i n e d  m a i n t a i n e r s  h a d  f e w e r  
p rob lems  i n  o b t a i n i n g  r e l i a b l e  o p e r a t i o n  f rom t h e s e  
i n s t r u m e n t s .  

F o r  v e r y  complex  a n d  e x p e n s i v e  i n s t r u m e n t a t i o n ,  
t h e  j u s t i f i c a t i o n  f o r  d e p l o y m e n t  m u s t  b e  v e r y  
c l e a r l y  i d e n t i f i e d .  I n s t r u m e n t  l o c a t i o n s  s h o u l d  b e  
i n d i v i d u a l l y  j u s t i f i e d  b a s e d  on t h e  v a l u e  o f  t h e  
a n a l y s i s  a s  compared  t o  a  r e a s o n a b l e  a l t e r n a t i v e .  
The c o s t  o f  o p e r a t i n g  t h i s  equ ipment  s h o u l d  i n c l u d e  
a n  e s t i m a t e  o f  m a i n t e n a n c e  e f f o r t .  

Adequa te  t r a i n i n g  of  m a i n t e n a n c e  p e r s o n n e l  i s  a n  
e s s e n t i a l  component i n  o b t a i n i n g  s a t i s f a c t o r y  f i e l d  
p e r f o r m a n c e  o f  a n y  i n s t r u m e n t  a t  s i t e .  F o r  t h e  
o n - l i n e  h e a v y  w a t e r  m o n i t o r ,  t h e  o r i g i n a l  
d e v e l o p m e n t  t e a m  h a d  p l a c e d  v e r y  l i t t l e  e f f o r t  on  
u s e r  t r a i n i n g  a n d  s i t e  s u p p o r t .  The i n s t r u m e n t s  
were p l a c e d  i n t o  o p e r a t i o n  f o l l o w i n g  t h e  
m a n u f a c t u r e r  ' s i n s t r u c t i o n s  a n d  t h e  o p e r a t i n g  a n d  
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The a p p l i c a t i o n s  t h a t  were o r i g i n a l l y  e n v i s i o n e d  
f o r  t h e  o n - l i n e  h e a v y  w a t e r  m o n i t o r s  were 
s u m m a r i z e d  i n  T a b l e  1 .  I n  some c a s e s  t h e  
r e q u i r e m e n t s  a s  e n v i s i o n e d  b y  t h e  i n s t r u m e n t  
d e v e l o p e r s  w e r e  d i f f e r e n t  f r o m  t h e  p r a c t i c a l  
r e q u i r e m e n t s  t h a t  t h e  o p e r a t i o n s  p e r s o n n e l  
i d e n t i f i e d  a f t e r  a  few y e a r s  o f  e x p e r i e n c e .  T h e r e  
was a  t r a d e - o f f  b e t w e e n  t h e  v a l u e  o f  o n - l i n e  
a n a l y s i s  r e s u l t s  a n d  t h e  c o s t  o f  t h e  m a i n t e n a n c e  
e f f o r t  r e q u i r e d  t o  k e e p  t h e  i n s t r u m e n t s  i n  a d e q u a t e  
o p e r a t i n g  c o n d i t i o n .  I n  some c a s e s  t h i s  a s s e s s m e n t  
r e s u l t e d  i n  t h e  c o n c l u s i o n  t h a t  o f f - l i n e  l a b o r a t o r y  
a n a l y s i s  was s u f f i c i e n t l y  p rompt  a n d  a c c u r a t e  t o  
s a t i s f y  s t a t i o n  r e q u i r e m e n t s  a t  l o w e r  o p e r a t i o n a l  
c o s t .  Two e x a m p l e s  o f  t h e  c o n f l i c t  b e t w e e n  t h e  
j u s t i f i c a t i o n  i d e n t i f i e d  b y  t h e  d e v e l o p e r s  a n d  t h a t  
o f  t h e  o p e r a t i o n a l  s t a f f  f o l l o w .  

F i r s t ,  o n e  o f  t h e  j u s t i f i c a t i o n s  f o r  o n - l i n e  
h e a v y  w a t e r  m o n i t o r s  h a d  b e e n  t h e  i n a b i l i t y  o f  
s t a t i o n  l a b o r a t o r y  a n a l y s i s  t o  p r o v i d e  t h e  
p r o m p t n e s s  a n d  m e a s u r e m e n t  a c c u r a c y  t h a t  i s  
r e q u i r e d .  T h e  B a r r i n g e r  S e r i e s  4 0 0  A n a l y z e r s  
p r o v i d e d  a n  o n - l i n e  a c c u r a c y  t h a t  was a t  l e a s t  a  
f a c t o r  o f  t e n  b e t t e r  t h a n  t h e  c o m p a r a b l e  l a b o r a t o r y  
measurement  t e c h n i q u e s .  However, i n  p r a c t i c e ,  t h e  
o n - l i n e  i n s t r u m e n t s  were p e r c e i v e d  t o  b e  u n r e l i a b l e  
a n d  i n a c c u r a t e ,  s o  t h i s  o r i g i n a l  j u s t i f i c a t i o n  was 
v i e w e d  a s  n o  l o n g e r  v a l i d  b y  some o p e r a t i o n a l  
s t a f f .  

S e c o n d ,  t h e  CANDU r e a c t o r  s y s t e m  i s  r e l a t i v e l y  
new i n  t e r m s  o f  o p e r a t i n g  e x p e r i e n c e .  The  
B a r r i n g e r  A n a l y z e r  i t s e l f  h a s  b e e n  j u s t i f i e d  a s  a  
d i a g n o s t i c  t o o l  s e r v i n g  t h e  l a r g e r  r e a c t o r  p r o c e s s  
s y s t e m s .  As t h e  number o f  o p e r a t i n g  y e a r s  o f  
e x p e r i e n c e  o n  t h e s e  r e a c t o r  s y s t e m s  i n c r e a s e s ,  
b e t t e r  s t a t i s t i c a l  i n f o r m a t i o n  i s  c o m p i l e d  t o  
i d e n t i f y  t h e  r e l i a b i l i t y  of components  s u c h  a s  h e a t  
e x c h a n g e r s  a n d  s e a l s  whose f a i l u r e  i s  t h e  t a r g e t  o f  
t h e  h e a v y  w a t e r  l e a k  m o n i t o r  l o c a t i o n  a b i l i t i e s .  
The  p r o b a b i l i t y  o f  l e a k a g e  o f t e n  d e c r e a s e s  w i t h  
i n i t i a l  o p e r a t i n g  e x p e r i e n c e ,  a s  t h e  c a u s e s  of  
r e c u r r i n g  l e a k s  a r e  i d e n t i f i e d  a n d  d e s i g n  c h a n g e s  
a r e  i n c o r p o r a t e d  t o  a v o i d  t h e  s i t u a t i o n  i n  t h e  
f u t u r e .  T h e r e  i s  a  c o n t i n u a l  e v o l u t i o n  o f  
component  q u a l i t y  which r e s u l t s  i n  an  i n c r e a s e  i n  
r e l i a b i l i t y  f o r  t h e  o v e r a l l  d e s i g n  p r o v i d e d  
s t a n d a r d i z e d  d e s i g n  components  a r e  u s e d .  O p e r a t o r  
e x p e r i e n c e  a l s o  e n h a n c e s  r e l i a b i l i t y  a s  o p e r a t o r s  
become more  a w a r e  o f  s y s t e m  w e a k n e s s e s .  I n  t h e  
l o n g  t e r m ,  i n c r e a s e s  i n  l e a k a g e  a r e  l i k e l y  t o  o c c u r  
a s  c o m p o n e n t s  a p p r o a c h  t h e  e n d  o f  t h e i r  s e r v i c e  
l i f e .  T h u s ,  w h i l e  o n - l i n e  m o n i t o r i n g  may b e  
j u s t i f i e d  d u r i n g  e a r l y  o p e r a t i o n  a n d  n e a r  t h e  e n d  
of  s t a t i o n  l i f e ,  i t  may n o t  b e  j u s t i f i e d  d u r i n g  a  
p e r i o d  o f  m a t u r e  o p e r a t i o n  i f  p e r f o r m a n c e  i n d i c a t e s  
t h e  c h a n c e  o f  l e a k a g e  i s  r e m o t e .  I n d i v i d u a l  
s t a t i o n  e x p e r i e n c e  a n d  p e r c e p t i o n s  w i l l  d e t e r m i n e  
t h e  r e q u i r e m e n t  f o r  o n - l i n e  heavy  w a t e r  m o n i t o r i n g  
t h r o u g h o u t  t h e  v a r i o u s  p h a s e s  o f  s t a t i o n  l i f e .  

THE REMAINING PROBLEMS 

A f e w  y e a r s  a f t e r  t h e  t r a i n i n g  c o u r s e s  w e r e  
c o m p l e t e d ,  it was a p p a r e n t  t h a t  t h e  p e r s o n n e l  who 
h a d  t a k e n  t h e  c o u r s e s  w e r e  no  l o n g e r  r e s p o n s i b l e  
f o r  m a i n t e n a n c e  of  t h e  m o n i t o r s ,  a n d  p r o b l e m s  w e r e  
r e p o r t e d  i n  some l o c a t i o n s  t h a t  r e s u l t e d  f rom l a c k  
o f  t r a i n i n g  o r  i n f o r m a t i o n  r e g a r d i n g  t h e  s y s t e m  
d e s i g n ,  o p e r a t i o n ,  o r  p e r f o r m a n c e .  A c o n t i n u i n g  
e f f o r t  i s  r e q u i r e d  t o  a s s i s t  s t a t i o n  o p e r a t i o n a l  
s t a f f  i n  o p t i m i z i n g  t h e  i n s t r u m e n t  p e r f o r m a n c e  a n d  

m a i n t e n a n c e  o v e r  t h e  l o n g  t e r m .  I f  t h i s  e f f o r t  i s  
n o t  e x p e n d e d ,  u s e r s  c a n  become d i s e n c h a n t e d  w i t h  
t h e  i n s t r u m e n t a t i o n  a n d  it f a l l s  i n t o  a  s t a t e  o f  
d i s u s e  a n d  d i s r e p a i r .  

A  s e c o n d  d i f f i c u l t y  b e c a m e  o b v i o u s  a s  t h e  
d e v e l o p m e n t  t e a m  was d i s b a n d e d  a n d  r e l o c a t e d  t o  
o t h e r  p r o j e c t s .  The  e x p e r t i s e  t h a t  h a d  b e e n  
a s s e m b l e d  t o  d e a l  w i t h  t h e  i n i t i a l  o p e r a t i o n a l  
p r o b l e m s  r a p i d l y  became i n a c c e s s i b l e  b e c a u s e  new 
p r o j e c t s  t h a t  t h e  e x p e r t s  were a s s i g n e d  t o ,  would  
n o t  t o l e r a t e  t h e  u p s e t s  a n d  i n t e r f e r e n c e  t h a t  w e r e  
g e n e r a t e d  i n  p r o v i d i n g  s i t e  s u p p o r t .  I f  a  c l e a r  
r e s p o n s i b i l i t y  f o r  s i t e  s u p p o r t  is  n o t  d e f i n e d ,  
t h e n  n o  o n e  a s s u m e s  i t .  As t i m e  g o e s  o n ,  t h e  
e x p e r t i s e  i s  l o s t  a s  t h e  d e s i g n e r s  r e t i r e  o r  move 
o n  t o  o t h e r  j o b s  a n d  l o c a t i o n s .  The  k e y  t o  
a d e q u a t e  s i t e  s u p p o r t  i s  t h e  a v a i l a b i l i t y  o f  a  
d i a l o g u e  b e t w e e n  a  d e v e l o p m e n t  s u p p o r t  p e r s o n  a n d  
t h e  u s e r .  T h e  m o n o l o g u e  p r o v i d e d  a s  u s e r  
d o c u m e n t a t i o n  a l o n e  w i l l  n o t  s e r v e  t h i s  p u r p o s e .  

APPROACHES FOR THE FUTURE 

To d e a l  w i t h  t h e s e  p r o b l e m s ,  CFWL is  e x p l o r i n g  
t h e  a p p l i c a b i l i t y  o f  a  new a p p r o a c h  t o  t h e s e  
g e n e r a l  CANDU s u p p o r t  p r o b l e m s .  The i n t e n t  o f  t h i s  
a p p r o a c h  i s  t o  p r e s e r v e  t h e  d i a l o g u e  c a p a b i l i t y  
b e t w e e n  t h e  d e v e l o p e r  a n d  t h e  u s e r  t h a t  s u c c e s s f u l  
f i e l d  s u p p o r t  d e p e n d s  o n ,  w i t h o u t  t h e  i n v e s t m e n t  
r e q u i r e d  by  f u l l - t i m e  a s s i g n m e n t  o f  p e r s o n n e l  f o r  
l o n g  t e r m  i n s t r u m e n t  s u p p o r t .  

The a p p r o a c h  t a k e s  a d v a n t a g e  o f  low-cos t  p e r s o n a l  
c o m p u t e r s  a n d  a p p l i c a t i o n  t o o l s  b a s e d  o n  
Knowledge-Based S y s t e m s  ( E x p e r t  S y s t e m s )  . E x p e r t  
S y s t e m s  p r o g r a m s  c a n  r e c o r d  t h e  k n o w l e d g e  a n d  
e x p e r t i s e  o f  t h e  o r i g i n a l  d e s i g n  t e a m  a n d  
i n s t r u m e n t  m a i n t a i n e r s  i n  a  manner t h a t  i s  r e a d i l y  
a c c e s s i b l e .  The i n s t r u m e n t  knowledge b a s e  embedded 
i n  a n  E x p e r t  S y s t e m  may b e  a c c e s s e d  a s  a n  
i n t e r a c t i v e  d i a l o g u e  f o r  t r a i n i n g  o r  
t r o u b l e - s h o o t i n g  p u r p o s e s .  

T h i s  a p p l i c a t i o n  s o f t w a r e ,  a s  a n  e x t e n s i o n  o f  
d e s i g n  d o c u m e n t a t i o n ,  o f f e r s  many a d v a n t a g e s .  
F i r s t ,  E x p e r t  Sys tems  p r o v i d e  a n  a u d i t  t r i a l  o f  t h e  
r e a s o n i n g  p r o c e s s e s  u s e d  t o  f i n d  a  r e s p o n s e  t o  a  
u s e r  r e q u e s t .  T h i s  a b i l i t y  t o  e x p l a i n  how a n  
answer  i s  r e a c h e d  p r o v i d e s  a  v a l u a b l e  t r a i n i n g  r o l e  
f o r  o p e r a t i o n a l  s t a f f  i n  t h a t  it u n c o v e r s  t h e  
r e a s o n i n g  b e h i n d  a  g i v e n  s o l u t i o n .  T h i s  
e x p l a n a t o r y  f e a t u r e  i s  a l s o  a n  i n e x p e n s i v e  m e t h o d  
o f  a l l o w i n g  s u p p o r t  p e r s o n n e l  t o  a c c u r a t e l y  r e f r e s h  
t h e i r  knowledge  when t h e y  h a v e  b e e n  away f r o m  t h e  
s u p p o r t  r o l e  f o r  some t i m e .  S e c o n d ,  i f  t h e  
knowledge  b a s e  i s  a c c u m u l a t e d  b y  t h e  d e v e l o p m e n t  
t e a m ,  i t  w i l l  v e r y  l i k e l y  i n c l u d e  t h e  o r i g i n a l  
c o n c e p t s  o f  t h e  i n s t r u m e n t  d e s i g n ,  a n d  a s s i s t  i n  
c o v e r i n g  q u e s t i o n s  t h a t  may o t h e r w i s e  b e  
o v e r l o o k e d .  T h i r d ,  i n  a n s w e r i n g  t h e  q u e s t i o n s  t h a t  
t h e  c r e a t i o n  o f  t h i s  knowledge b a s e  p r e s e n t s ,  t h e  
d e v e l o p e r s  a r e  t e m p o r a r i l y  p l a c e d  i n  t h e  p o s i t i o n  
o f  a  p o t e n t i a l  u s e r .  Thus t h e y  g a i n  i n s i g h t  b y  
v i e w i n g  t h e i r  d e v e l o p m e n t  f r o m  a  u s e r  f o c u s ,  
l e a d i n g  t o  a  b e t t e r  o v e r a l l  p r o d u c t .  

To test  t h e  s u i t a b i l i t y  o f  t h i s  a p p r o a c h  t o  f i e l d  
m a i n t e n a n c e ,  t h e  I n s t r u m e n t a t i o n  and  C o n t r o l  B r a n c h  
s t a f f  a t  CRNL a r e  d e v e l o p i n g  a n  E x p e r t  S y s t e m  
a p p l i c a t i o n  t o  a s s i s t  o p e r a t i o n a l  s t a f f  i n  t h e  
o p e r a t i o n  a n d  r e p a i r  o f  t h e  S e r i e s  4 0 0  B a r r i n g e r  
A n a l y z e r s .  I n f o r m a t i o n  f o r  t h e  knowledge  b a s e  h a s  
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been assembled from the original development team, 
user experience and instrument documentation. This 
application runs on an IBM PC and is implemented 
with a low-cost commercially available Expert 
System shell. The product will be offered for 
field evaluation by the end of 1987. 

SUMMARY 

The lessons that were learned in the development 
of the Barringer Heavy Water Analyzers were costly. 
Future development projects will benefit from this 
experience. New technology now offers assistance 
in reducing the impact of these lessons as 
computer-aided information storage and retrieval 
systems are used by design teams to back-up their 
expertise and transfer it to their customers in a 
readily useable form. 
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