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1.0 INTRODUCTION 

1 .I An Overview of  t h e  BHWP 

I would l i k e  t o  b e g i n  my p a p e r  today  by 
p r e s e n t i n g  an  overv iew of t h e  o p e r a t i o n  
of  t h e  Bruce Heavy Water  P l a n t .  T h i s  
overv iew w i l l  c o n t a i n  a  b r i e f  h i s t o r y  of  
t h e  BHWP a s  w e l l  a s  a  s h o r t  d e s c r i p t i o n  
of t h e  p r o c e s s  t h a t  is used .  

1.1.1 A B r i e f  H i s t o r y .  I n  1967 Atomic 
Enerqy of  Canada L t d .  (AECL) .- - 
d e c i d e d  t h a t  a  p l a n t  t o  p roduce  
heavy  w a t e r  i n  O n t a r i o  was 
r e q u i r e d  t o  meet  t h e  expandinq  
needs  of t h e  Candu N u c l e a r  
I n d u s t r y .  AECL was t h e  i n i t i a l  
owner ,  The Lummus Company was 
c o n t r a c t e d  t o  d e s i g n  and c o n s t r u c t  
t h e  p l a n t  and O n t a r i o  Hydro was 
c o n t r a c t e d  t o  commission and 
o p e r a t e  i t  w i t h  a  view t o  
p u r c h a s i n g  t h e  p l a n t ,  a f t e r  
s u c c e s s f u l  commiss ion ing .  The 
p l a n t ,  b u i l t  a t  t h e  Bruce  N u c l e a r  
Power Development S i t e ,  on t h e  
S h o r e s  of  Lake Huron, was c a l l e d  
t h e  Bruce Heavy Water  P l a n t .  

The o r i g i n a l  p l a n t ,  P l a n t  A was 
b u i l t  between 1968 and 1971. 
Dur ing  t h e  n e x t  two y e a r s  O n t a r i o  
Hydro s u c c e s s f u l l y  commissioned 
P l a n t  A and p l a c e d  it i n  s e r v i c e .  
They purchased  it i n  1973. 

The p r o j e c t e d  need f o r  a d d i t i o n a l  
n u c l e a r  power i n  1973 r e s u l t e d  i n  
a n  announcement t o  expand t h e  
P l a n t  t o  B, C and D. The 
c o n s t r u c t i o n  o f  P l a n t  B s t a r t e d  i n  
1975 and  P l a n t  D i n  1976. 

I n  1979 a r e d u c t i o n  i n  t h e  
p r o j e c t e d  demand f o r  e n e r g y  
r e s u l t e d  i n  o n l y  P l a n t  B b e i n g  
comple ted .  I t  was p l a c e d  i n  
s e r v i c e  i n  1981 . 
In 1984 a f u r t h e r  r e d u c t i o n  i n  t h e  
demand f o r  heavy  w a t e r  f o r  t h e  
n u c l e a r  power i n d u s t r y ,  r e s u l t e d  
i n  P l a n t  A b e i n g  shutdown and  
m o t h b a l l e d .  Today,  h a v i n g  been  
d e c l a r e d  s u r p l u s ,  i t  s t a n d s  
s i l e n t l y  a w a i t i n g  d i s a s s e m b l y .  It 
p r o d u c e d  6833 P l q .  of heavy w a t e r  
(D20) i n  i t ' s  t w e l v e  y e a r  l i f e .  

A summary of t h e  h i s t o r y  i s  shown 
i n  F i g u r e  1. 

1 . I  . 2  The P r o c e s s .  The BHWP was 
o r i g i n a l l y  d e s i g n e d  t o  e x t r a c t  
96.6 kg/hour  of  99.77 m o l e c u l a r  

F i a u r e  1 : B r i e f  H i s t o r y  of t h e  Bruce Heavy Water  P l a n t  

( m o l )  % D20 from Lake Huron. 
Dur ing  o p e r a t i o n  t h i s  f i g u r e  was 
u p r a t e d  t o  105.6 k q / h o u r .  The 
c o n c e n t r a t i o n  of  heavy  w a t e r  
o c c u r i n g  n a t u r a l l y  i n  Lake Huron 
i s  148 p a r t s  p e r  m i l l i o n  (ppm). 
Approximate ly  19% (27ppm) of t h i s  
heavy  w a t e r  is e x t r a c t e d  by  t h e  
P l a n t ,  t h e  rest ( a p p r o x i m a t e l y  
1 2lppm) i s  r e  t u r n e d  t o  t h e  l a k e .  

D20 i s  produced  from o r d i n a r y  
w a t e r  by a two s t e p  p r o c e s s  a s  
f o l l o w s :  

S t e p  1 .  I n  t h e  f i r s t  s t e p  t h e  
E n r i c h i n g  U n i t s  e x t r a c t  d e u t e r i u m  
from t h e  t r e a t e d  l a k e  w a t e r  and 
p r o v i d e  a  30 mol % D20 s t r e a m  t o  
t h e  F i n i s h i n g  U n i t .  T h i s  is 
accompl i shed  by a p r o c e s s  c a l l e d  
t h e  ~ i r d l e r - s u l p h ' i d e  p r o c e s s  which 

Year - Events  - 
1968 - 1971 P l a n t  A was b u i l t .  

1971 - 1973 O n t a r i o  Hydro commissioned P l a n t  A a n d  p l a c e d  it i n  
s e r v i c e .  

1973 Announcement t o  expand t o  BHWP 8, C ,  and D .  

O n t a r i o  Hydro purchased  P l a n t  A. 

1975 - 1978 P l a n t  R was b u i l t .  

1978 - 1981 P l a n t  R was commissioned and p l a c e d  i n  s e r v i c e .  

1976 C o n s t r u c t i o n  of P l a n t  D s t a r t e d .  

1979 Announcement t o  s t o p  and s t o r e  P l a n t  D.  

1984 Shutdown and mothba l led  P l a n t  A. 

P l a n t  B produced 99.999 mol.% D20 f o r  marke t iny  
p u r p o s e s .  Normal p r o d u c t i o n  i s  99.92 mol.% 020. 

1387 P l a n t  R is o p e r a t i n g  s a t i s f a c t o r i l y .  
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is  a  d u a l  t e m p e r a t u r e  i s o t o p i c  
exchange  p r o c e s s  u s i n g  w a t e r  and 
Kydrogen S u l p h i d e  ( H2S) a s  p r o c e s s  
f l u i d s  . 'he p r i n c i p l e  u t i l i z e s  
t h e  f a c t  t h a t  d e u t e r i u m  t e n d s  t o  
c o n c e n t r a t e  i n  t h e  w a t e r  a t  a  low 
t e m p e r a t u r e  b u t  t e n d s  t o  
c o n c e n t r a t e  i n  t h e  H2S g a s  a t  an  
e l e v a t e d  t e m p e r a t u r e  a s  
i l l u s t r a t e d  i n  F i g u r e  2.  

The p r o c e s s  is c a r r i e d  o u t  i n  
t h r e e  s t a g e s  i n  a  number of l a r g e ,  
t r a y e d  t o w e r s .  The f i r s t  s t a g e  
c o n s i s t s  o f  t h r e e  p a r a l l e l  s e t s  o f  
t o w e r s ,  w i t h  a  s i n g l e  second  and 
t h i r d  s t a g e .  Each o f  t h e  s t a g e s  
h a s  a  h o t  and c o l d  tower  s e c t i o n .  
Whi le  t r e a t e d  w a t e r  f l o w s  down t h e  
tower  t h e  H2S g a s  is blown u p  
t h r o u g h  t h e  p e r f o r a t e d  t r a y s  and  
b u b b l e s  t h r o u g h  t h e  w a t e r  on  t h e  
t r a y ,  p romot ing  t h e  n e c e s s a r y  
i n t i m a t e  c o n t a c t .  m e  f i r s t  and 
second  s t a g e s  p h y s i c a l l y  h a v e  
t h e i r  c o l d  s e c t i o n s  o n  t o p  o f  
t h e i r  h o t  s e c t i o n s ,  p e r m i t t i n g  t h e  
two t o  s h a r e  a common p r e s s u r e  
v e s s e l .  The t h i r d  s t a g e  h a s  
p h y s i c a l l y  s e p a r a t e d  h o t  and c o l d  
s e c t i o n s .  

. . . . . . . .  Exchange c. : : . % 

'Ihe g a s  and w a t e r  i n  t h e  m i d d l e  o f  
t h e  f i r s t  s t a g e  tower  have  t h e  
h i g h e s t  D20 c o n c e n t r a t i o n  (600ppm) 
and it 1s from h e r e  t h a t  a  s t r e a m  
of  g a s  i s  moved f o r w a r d  t o  t h e  
s e c o n d  s t a g e .  A s i m i l a r  exchange  
p r o c e s s  t a k e s  p l a c e  i n  t h e  s e c o n d  
and t h i r d  s t a g e  t o w e r s ,  w i t h  t h e  
g a s  l e a v i n g  t h e  m i d d l e  o f  t h e  
second  s t a g e  w i t h  a  c o n c e n t r a t i o n  

o f  0 .24  mol % ~ 2 0 1  and  w a t e r  
l e a v i n g  t h e  bo t tom o f  t h e  t h i r d  
s t a g e  c o l d  tower  a t  30 mol % D20. 

S t e p  2. I n  t h e  second s t e p  of  t h e  
p r o c e s s  t h e  w a t e r  a t  t h e  bottom o f  
t h e  t h i r d  s t a g e  is  f e d  t o  t h e  
F i n i s h i n g  U n i t  where ,  i n  a  vacuum 
distillation p r o c e s s ,  D 2 0  i s  
produced  a t  a c o n c e n t r a t i o n  of  
99 .77  mol % o r  h i q h e r .  

Each E n r l c h i n q  U n i t  h o l d s  
a p p r o x i m a t e l y  5 5 0  blq  of H2S. The 
q a s  i n  t h e  d e p l e t e d  w a t e r ,  o r  
o t h e r  w a s t e  s t r e a m s ,  i s  r e c o v e r e d  
a n +  r e t u r n e d  to t h e  p r o c e s s .  The 
c o n c e n t r a t i o n  of qas i n  t h e  P l a n t  
e f f l u e n t  is  reduced  t o  l e s s  t h a n  
t w e n t y  ( 2 0 )  ppb i n  t h e  E n r i c h i n g  
I l n i t s  and i s  f u r t h e r  d i l u t e d  
before h e l n q  r e  t u r n e d  t o  Lake 
Haron . 
D20, h e i n q  a p r e s c r i b e d  s u b s t a n c e ,  
comes under  t h e  Atomic Energy  
C o n t r o l  Board R e q u l a t i o n s .  A s  
s u c h  r k  AECR i s s u e s  O n t a r i o  Hydro 
i ~ i  t h  .?n Opeza t inct ! > i c e n c e  t o  
c p e r a  te T.t!WF. 

F i g u r e  2 

2 The E a u i ~ m e n t  a t  BHWP 

Some of  t h e  equ ipment  a t  BHWP i s  l a r g e  b y  
c h e m i c a l  p l a n t  s t a n d a r d s .  Most of  it i s  
s i t u a t e d  o u t s i d e ,  s o  m a i n t a i n i n g  i t  
d u r i n q  t h e  w i n t e r  months i n  s u b z e r o  
t e m p e r a t u r e s ,  is v e r y  d i f f i c u l t  and time 
consuminq.  

T y p i c a l  components  of one  of  t h e  P l a n t s  
a t  BHWP i n c l u d e :  

- 1 6 , 5 0 0  v a l v e s  of s i z e s  u p  t o  1 . 2  m .  
- 116 h e a t  e x c h a n q e r s ,  t h e  m a j o r i t y  of 

whlch a r e  1 3  m lonq  a n d  0.92 m i n  
d i a m e t e r .  

- 1 9  c o m p r e s s o r s ,  the  b iqc jes t  b e i n q  o n  
t h e  f i r s t  s t a q e  tower s y s t e m ,  which 
moves 2000 tlq of g a s / h o u r  and i s  
d r i v e n  by a 6900 HP motor .  

- 26 t o w e r s ,  t h e  l a r q e s t  h e l n g  t h e  f i r s t  
s t a q e  t a w e r s  which are 8 3  m h i q h ,  9 m 
i n  d i a m e t e r  w i t h  a  w a l l  thickness of 
6 cm. They c o n t a l n  147  t r a y s .  

- 43 t a n k s  and v e s s e l s .  
- 230 punps .  
- 2 F la re  s t a z k s  '.;hose's t o p  s e c t i o n s  
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- 596 c o n t r o l  v a l v e s  of v a r i o u s  s i z r : s  up 
t o  1 . 1  n.  

- The E l e c t r i c a l  d i s t r i b u t i o n  sys tem i s  
1 3 . 8  KV t o  600 VAC C l a s s  IV and  C l a s s  
1 1 1 ,  ( 8  s e p a r a t e  s u b s t a t i o n s  ). 

- 1700 p r o c e s s  i n s t r u m e n t  l o o p s .  
- 200 a i r  o p e r a t e d  m o t o r i z e d  v a l v e s ,  

( i s o l a t i o n  c i r c u i t s ) .  
- 86 H2S i n  a i r  m o n i t o r s ,  ( p e r i m e t e r  a n d  

a r e a  s a f e t y  s y s  tems ) . 
- 6 invertor/rectifier/static t r a n s f e r  

s w i t c h s ,  ( C l a s s  1 1 ) .  
- 10 125VDC b a t t e r y  hanks  and s w i t c h  

g e a r ,  ( C l a s s  I ) .  
- 2  programmable c o n t r o l l e r  l o o p s .  
- 1  plume p l o t t e r ,  ( c o m p u t e r i z e d  

s y s t e m ) .  
- 865 e l e c t r i c  t r a c e r s .  

1  . 3  The Main tenance  U n i t  O r g a n i z a t i o n  .----------------- ------ 
From 1971 t o  1975 mos t  m a i n t e n a n c e  was 
per formed on s h i f t ,  w i t h  t h e  C o n t r o l  and 
Mechanica l  Main tenance  S u p e r v i s o r s  
r e p o r t i n g  t o  t h e  P r o d u c t i o n  Manager. 
When P l a n t  B was b e i n g  commiss ioned ,  t h e  
P l a n t  A o r g a n i z a t i o n  remained  b a s i c a l l y  
t h e  same,  b u t  t h e  P l a n t  B C o n t r o l  and 
Mechanica l  Maintenance S u p e r v i s o r s  

t o  p u t  t h e  Main tenance  U n i t  under  one  
U n i t  Head. T e c h n i c a l  S u p e r i n t e n d e n t s  a re  
a s s i g n e d  t o  t h i s  p o s i t i o n  f o r  a b o u t  f o u r  
( 4 )  y e a r s .  

Today, t h e  Maintenance U n i t  o r g a n i z a t i o n  
as i s  shown i n  F i g u r e  3 .  

B a s i c a l l y  BHWP u s e s  a  d a y  b a s e d ,  a r e a  
o r i e n t a t e d  main tenance  o r g a n i z a t i o n ,  w i t h  
a  m a i n t e n a n c e  s e r v i c e s  c r e w  p r o v i d i n g  
t h o s e  s e r v i c e s  t h a t  we c o n s i d e r  b e s t  
s u p p l i e d  by t h e  d e p a r t m e n t a l  
o r g a n i z a t i o n ,  e  .g . ,  a v i b r a t i o n  
m o n i t o r i n g  and  a n a l y s e s  s e r v i c e .  lhe 
g e o g r a p h i c  l a y o u t  o f  t h e  s h o p s  d i c t a t e s  
t h a t  we work from t h r e e  d i f f e r e n t  
l o c a t i o n s .  

The s h i f t  main tenance  complement p r o v i d e  

r e p o r t e d  t o  two Commissioning 
S u p e r i n t e n d e n t s .  !%is o r g a n i z a t i o n a l  
s t r u c t u r e  was n o t  c o n s i d e r e d  
s a t i s f a c t o r y .  

I n  1978  t h e  p o s i t i o n  o f  T e c h n i c a l  
S u p e r i n t e n d e n t  - Maintenance  was 
i n t r o d u c e d  t o  t h e  BHWP P r o d u c t i o n  
S e c t i o n .  T h i s  p o s i t i o n  was c r e a t e d  t o  
p r o v i d e  improved program manaqement and  

F i q u r e  3:  The Elaintenance U n i t  O r g a n i z a t i o n  
( 1987)  

a  P l a n t  wide main tenance  s e r v i c e .  The 
C e n t r a l  Main tenance  F a c i l i t y ,  which i s  
a v a i l a b l e  f o r  u s e  by a l l  Depar tments  on  
S i t e ,  s u p p l i e s  t h e  BHWP w i t h  s p e c i a l i z e d  
s e r v i c e s  s u c h  a s  t h e  o v e r h a u l  o f  r e l i e f  
v a l v e s .  The BHWP T e c h n i c a l  S e c t i o n  
p r o v i d e s  a l l  t h e  e n g i n e e r i n g  f o r  
m a i n t e n a n c e  problems'-. 

P r o d u c t i o n  Manaqer 

I 
T e c h n i c a l  S u p e r i n t e n d e n t  - Maintenance 

o n t r o l  Main tenance  S u p e r v i s o r  

e n a n c e  S u p e r v i s o r s  - C o n t r o l  

5 S e n i o r  s h i f t  C o n t r o l  T e c h n i c i a n s  ( U n i o n )  

1 T e c h n i c i a n s  ( 1 0  o n  S h i f t )  (Union)  

e c h a n i c a  1 Main tenance  S u p e r v i s o r  

3 S h i f t  Main I e n a n c e  S u p e r v i s o r s  - Mechanica l  

I 6  Trade  Flana ernent S u p e r v i s o r s  

57 S h i f t  Elech 4 n i c a l  M a i n t a i n e r s  ( 2 0  o n  S h i f t )  ( U n i o n )  

1 3 L e a r n e r s  ( n i o n )  

I 
L ~ e c h n i c a l  S u p e r v i s o r  - Maintenance  P r o d u c t i v i t y  U n i t  ( S e e  S e c t i o n  3.1 ) 

2  A s s i s t a n t  T e c h n i c a l  S u p e r v i s o r s  
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2.0 THE MAINTENANCE UNIT ' S MANAGEtiENT FIJNCTIOIIS 

2.1  The Management P r o c e s s  

The  U n i t ' s  Management P r o c e s s  d e f l n e s  t h e  
r l i s s i o n  S t a t e m e n t ,  t h e  Key R e s u l t  Areas 
and t h e  T a r g e t s .  These  a r e  e x p l a i n e d  
be low. 

The g o a l  o f  t h e  Main tenance  TJnit i s  t o  
p r o v i d e  a  main tenance  s e r v i c e  a t  BHWP 
t h a t  a c h i e v e s  s p e c i f i c  t a r g e t s  f o r :  

- Employee and p u h l l c  s a f e t y  
- Envl ronrnen ta l  p r o t e c t i o n  
- P r o d u c t  q u a l i t y  ( R e l i a b i l i t y  
- P r o d u c t  c o s t  and 
- Human Resource  deve lopment .  

T h e s e  a r e  c a l l e d  t h e  f i v e  BHWP Key R e s u l t  
Areas  (KRA's 1. 

The Key R e s u l t  Areas  f o r  t h e  Main tenance  
u n i t  a r e  found i n  t h e  U n i t ' s  a n n u a l  
R e f e r e n c e  P l a n .  T h i s  document c o n t a i n s  a 
number o f  T a r g e t  Record  S h e e t s  ( S e e  
Appendix 1 ) .  The T a r g e t  Record  S h e e t ,  
f o r  e a c h  KXA, c o n t a i n s  a  KRA s t a t e m e n t ,  a 
s e t  of  T a r g e t s ,  Measurement Methods and 
P l a n s  o f  A c t i v i t i e s .  The per formance  of  
t h e  U n i t  is  judged a g a i n s t  how w e l l  we 
a c c o m p l i s h  t h e  a n n u a l  R e f e r e n c e  P l a n .  
p e r f o r m a n c e  1s f o r m a l l y  rev iewed  
q u a r t e r l y  w i t h  t h e  P r o d u c t i o n  Manager. 

The C o n t r o l  a n d  t l e c h a n i c a l  Main tenance  
s u p e r v i s o r s  and t h e  s i x  S h i f t  r l a i n t e n a n c e  
S u p e r v i s o r s  a l s o  have  i n d i v i d u a l  a n n u a l  
R e f e r e n c e  P l a n s .  

T a r q e t s  from t h e  a n n u a l  R e f e r e n c e  P l a n  
a  use?  a s  Main tenance  Per formance  
measures .  These  i n c l u d e  : 

- C o s t  of main tenance /kq  of  ~~0 
nroduced .  

- P r o d u c t i o n  l o s s  a t t r i b u t a b l e  t o  
d e f e c t i v e  main tenance .  

- Compliance t o  t h e  weekly p l a n .  
- A c t u a l  c o s t s  a q a i n s t  budqe t .  
- ~ e n e f  i t / c o s t  r a t i o  f o r  t h e  Main tenance  

P r o d u c t i v i t y  r l n i t .  

2 . 2  Per formance  Reviews 

7ach  month t h e  Manaqers ,  S e c t i o n  a n d / o r  
' i n i t  Heads u n d e r t a k e  p e r f o r m a n c e  r e v i e w s  
.+_ RHIJP. These r e v i e w s  n o r m a l l y  t a k e s  
a h o u t  an  hour  and p r o v i d e  t h e  r e v i e w e r  
w i t h  t h e  o p p o r t u n i t y  t o  d e l v e  i n t o  any  
s p e c i f i c  a s p e c t  o f ,  f o r  example ,  t h e  
ma1 n t e n a n c e  f u n c t i o n  t ha t  t h e  r e v i e w e r  
want;  t a  v e r i f y .  A s h o r t  memo r e c o r d s  
t h e  3 i s c u s s i o n s  and any  a c t i o n s  a r i s i n g .  

For ' 387  some per formance  r e v i e w  t o p i c s  
f o r  t h e  i V n l t  have ~ n c l u d e d  t h e  f o l l o w i n q :  

- Review of  t h e  I J n i t ' s  l a s t  t w e l v e  
months ' u s e  of  o u r  thermography  
equipment . 

- Review of a  random sample  of e q u i p m e n t  
h i s t o r y  r e c o r d s  f o r  c o m p l i a n c e  t o  
p r o c e d u r e .  

- Review of  t h e  s h i f t  m a i n t e n a n c e  l o g  
book f o r  conformance  and  a c t i o n  
fo l low-up .  

- Review of  a  s a n p l e  of  C o n t r o l  
P la in tenance  work r e p o r t s  f o r  
c o m p l i a n c e  t o  p r o c e d u r e .  

The s t a t u s  of  a c t i o n s  r e s u l t i n g  from t h e  
per formance  rev iews  is r e p o r t e d  on by t h e  
S e c t i o n  o r  U n i t  Head a t  t h e  end  of t h e  
y e a r .  

2 . 3  P l a n s  and Work E x e c u t i o n  

The  P l a n n i n g  S e c t i o n  p r o v i d e s  t h e  
f o l l o w i n q  p l a n s  t o  a s s i s t  t h e  Main tenance  
IJni t . 
- The t h r e e  month p l a n .  

The weekly n l a n  f o r  t h e  o p e r a t i n g  and  
m a i n t e n a n c e  a c t i v i t i e s .  

- 9 d a i l y  s h i f t  main tenance  p l a n ,  which  
i d e n t i f i e s  work f o r  t h e  M e c h a n i c a l  
r l a i n t a i n e r s  on s h i f t .  

- Outage  p l a n s .  
- S p e c i a l  p l a n s  f o r  u n i q u e  j o b s .  

The Main tenance  U n i t  c o n t r i b u t e s  t o  t h e  
p r e p a r a t i o n  of t h e s e  p l a n s .  

A l l  work e x e c u t e d  a t  BHWP is a u t h o r i z e d  
by one of t h e  f o l l o w i n g  documents .  

- A  D e f i c e n c y  R e p o r t  (DR). 
- A Minor Work O r d e r  (IIWO) . 
- A P r e v e n t i v e  b la in tenance  c a l l - u p  (PM 

c a l l - u p )  . 
- A Proposed  Change (PC) ( a n  e n g i n e e r i n g  

document ) .  

At  t h e  p r e s e n t  t i m e  a l l  main tenance  work 
is c h a r g e d  t o  a  r e c o g n i z e d  j o b  number,  
t h e  DR number o r  t h e  PC number. 

The Work Manaqement System 

Our p r e s e n t  computer  c a p a b i l i t i e s ,  
p e r t a i n i n g  t o  t h e  main tenance  f u n c t i o n ,  
c a n  he  summarized under  t h e  f o l l o w i n g  
t h r e e  h e a d i n g s .  The i n f o r m a t i o n  is 
c o n t a i n e d  i n  more t h a n  one  computer  
sys tem and c a n n o t  always be i n t e q r a t e d .  

- Work Management 
- P r e  o u t a g e  p l a n n i n q  and m o n i t o r i n q  

c r i t i c a l  path a c t i v i t i e s  d u r i n g  a 
u n i t  o r  sys tem shutdown. 

- D e f i c i e n c y  R e p o r t  s t a t u s  a n d  
b a c k l o g  of a v a i l a b l e  work. 

- The p r e v e n t i v e  m a i n t e n a n c e  
proqram. 

- Review of 9HWP c r a n e  main tenance  
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- t l a t e r i a l s  Management 
- M a t e r i a l  s p e c i f i c a t i o n  l is ts  f ~  r 

mos t equipment . 
- B i l l s  of m a t e r i a l s .  
- O r d e r i n g  of m a t e r i a l s .  
- R e s e r v a t i o n  of m a t e r i a l  f o r  

s p e c i f i c  j o b s .  
- M a t e r i a l  c o s t s  and s t o c k  l e v e l s .  

- M o n i t o r i n g  System 
- E s t i m a t e d  and a c t u a l  h o u r s  worked,  

m a t e r i a l  c o s t s  and t o t a l  c o s t s  o f  
r e p a i r  by DR, MWO, and PM program. 

- DR h i s t o r y ,  which can  be s o r t e d  a  
number of ways t o  g i v e  i n d i v i d u a l  
equipment main tenance  h i s t o r y ,  o r  
main tenance  h i s t o r y  by g r o u p  of  
equ ipment ,  e .g . ,  pumps. T h i s  
h i s t o r y  s e a r c h  c a n  he s u p p l i m e n t e d  
by r e v i e w i n q  t h e  equ ipment  f i l e s  . 

A f u l l y  i n t e r g r a  t e d  work management 
s y s t e m  w i l l  combine a l l  t h e s e ,  and 
o t h e r  s y s t e m s ,  i n t o  one i n t e r g r a t e d  
computer  s y s  tem. 

3.0 3THER MAINTENANCE UNIT FUNCTIONS 

3.1 The Maintenance  P r o d u c t i v i t y  U n i t  

The Main tenance  P r o d u c t i v i t y  U n i t  (MPU) 
was i n t r o d u c e d  t o  o u r  Main tenance  
o r g a n i z a t i o n  i n  1978. I t ' s  M i s s i o n  i s  
t o :  
- Reduce t h e  c o s t  o f  p r o d u c i n g  heavy  

w a t e r  by d e v e l o p i n q  s o l u t i o n s  t o  
immediate and l o n g  te rm main tenance  
prob lems .  T h i s  is done by s u p p l y i n g  
s p e c i a l i z e d  e n g i n e e r i n g  s u p p o r t  i n  t h e  
a r e a s  o f  c o n s u l t i n g ,  i n d u s t r i a l  
e n g i n e e r i n g  and main tenance  
me t h o d o l o g y  . 

- p r o v i d e  i n f o r m a t i o n  and a n a l y s i s  t o  
t h e  T e c h n i c a l  S u p e r i n t e n d e n t  - 
Maintenance  and t h e  Main tenance  
S u p e r v i s o r s  s o  t h a t  t h e y  c a n  more 
e f f e c t i v e l y  c a r r y o u t  t h e i r  
r e s m n s i b i l i t i e s .  

S i n c e  1978  t h e  MPU h a s  s a v e d  O n t a r i o  
Hydro a  c o n s i d e r a b l e  sum o f  money. A 
i i s t  o f  some o f  t h e  major  p r o j e c t s  
accompl i shed  i s  shown i n  F i g u r e  4 .  We 
u s e  t h e  c r i t e r i a  o f  compar ing  t h e  b e n e f i t  
t h e  MPU h a s  a c h i e v e d ,  when p r o j e c t s  a r e  
implemented, a g a i n s t  t h e  l a b o u r  c o s t  o f  
t h e i r  deve lopment .  Our benef  i t / c o s t  
t a r g e t  i s  > 2 : l  . Most p r o j e c t ' s  b e n e f i t s  
a r e  c r e d i t e d  f o r  up t o  a  36 month p e r i o d  
t o l l o w i n g  t h e  i n t r o d u c t i o n  of  t h e  
p r o j e c t .  With t h e  e x c e p t i o n  o f  o n e  y e a r ,  
we have a c h i e v e d  o u r  b e n e f i t / c o s t  r a t i o  
t a r g e t .  

Not a l l  s t u d i e s  t h a t  we u n d e r t a k e  s a v e  u s  
money. One e n g i n e e r  s p e n t  a p p r o x i m a t e l y  
two ( 2 )  months r e v i e w i n g  o u r  S h i f t  
Mechanical  M a i n t a i n e r  n e e d s ,  s i m i l a r  t o  
t h e  s t u d y  we comple ted  o n  o u r  S h i f t  
C o n t r o l  T e c h n i c i a n  needs .  A t  t h e  end o f  
t h e  s t u d y  we conc luded  t h a t  t h e  number o f  
S h l f t  Mechanica l  M a i n t a i n e r s  employed was 
a p p r o p r i a t e .  we c l a i m e d  no  c o s t  s a v i n g s  
a s  a r e s u l t  of  t h l s  p r o j e c t .  

F i g u r e  4 :  A L i s t  of  Some Major P r o j e c t s  
Accomplished by t h e  Maintenance 
P r o d u c t i v i t y  U n i t  .---- ----- ---- - ------- 

P r o j e c t  .------- 

I n t r o d u c t i o n  o f  t h e  
m a i n t e n a n c e  c o o r d i n a t o r  

B e n e f i t  P e r  Year 
( k $ )  .----- 

The p r o c u r e m e n t  o f  a  282 
v e r s a l i f t  ( m o b i l e  c r a n e )  

E l i m i n a t i o n  of  most  work 
p r o t e c t i o n  d e l a y s  

M o d i f i c a t i o n  of  t h e  overhead  1 0 3  
c r a n e s  f o r  pumps P106/P107 

Improve s t e a m  t r a p  
m a i n t e n a n c e  e f f i c i e n c y  

Review o f  s h i f t  c o n t r o l  
t e c h n i c i a n  n e e d s  

Review of  BHWP' s t r a n s p o r t a t i o n  64 
n e e d s  

I n t r o d u c t i o n  o f  t h e  v i b r a t i o n  44 
d a t a  c o l l e c t o r .  

B e s i d e s  working on  p r o j e c t s ,  t h e  MPU 
s u p p l i e s  t h e  Main tenance  U n i t ,  and  
o t h e r s ,  w i t h  i m p o r t a n t  i n f o r m a t i o n  o n  
c o s t s  o f  m a i n t a i n i n g  equipment  a t  BWP. 
The MPU p r o d u c e s  t h e  Main tenance  U n i t  
Monthly R e p o r t  which c o n t a i n s  c o s t  d a t a  
and  o t h e r  s t a t i s t i c s  on  t h e  e f f e c t i v e n e s s  
o f  m a i n t e n a n c e ,  e . g . ,  s t a t i s t i c s  on  
w e l d i n g  p e r f o r m a n c e  and t h e  e f f e c t i v e n e s s  
o f  t h e  v i b r a t i o n  M o n i t o r i n g  Program. me 
i n d e x  is shown i n  Appendix 2. 

The MPU h a s ,  a s  o n e  o f  i t ' s  p r o j e c t s ,  
c o - o r d i n a t e d  t h e  deve lopment  o f  o u r  
S t a n d a r d  Hours Manual. This Manual 
b r e a k s  down a  j o b  i n t o  i t ' s  b a s i c  
a c t i v i t i e s ,  and d e t a i l s  a  l a b o u r  
r e q u i r e m e n t ,  and a  d u r a t i o n ,  f o r  e a c h  
one.  I t  a l s o  s p e c i f i e s  m a t e r i a l  
r e q u i r e m e n t s  and s p e c i a l  t o o l s .  I t  
c o n t a i n s  d e t a i l e d  i n f o r m a t i o n  on most  
e q u i p m e n t  a t  BHWP and i s  u s e d  e x t e n s i v e l y  
by t h e  Main tenance  C o - o r d i n a t o r  ( s e e  
be low)  f o r  DR package  p r e p a r a t i o n .  It is  
a b o u t  85% c o m p l e t e .  

3 .2 -The_ Maintenance  C o - o r d i n a t o r  P o s i t i o n  

I n  1 9 8 2  t h e  p o s i t i o n  o f  Main tenance  
C o - o r d i n a t o r  was i n t r o d u c e d  t o  t h e  BHwP 
Main tenance  O r g a n i z a t i o n .  This  came 
a b o u t  a s  a  r e s u l t  of  d i s c u s s i o n s  w i t h  a 
m a i n t e n a n c e  e f f i c i e n c y  c o n s u l t a n t  named 
Borden C o u l t e r  o f  t h e  Bnerson C o n s u l t a n t s  
I n c .  o f  New York. 
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One f u n c t i o n  of  t h e  Main tenance  
C o - o r d i n a t o r  p o s i t i o n  is  t o  p r o v i d e  
c o m p l e t e  D e f i c i e n c y  R e p o r t  (DR) work 
p a c k a g e s ,  f o r  i d e n t i f i e d  d e f i c e n c i e s  f o r  
t h e  C o n t r o l  and Mechanica l  Main tenance  
Work U n i t s  a t  BHWP. An e q u a l l y  i m p o r t a n t  
f u n c t i o n  i s  t o  p r o v i d e  m a i n t e n a n c e  
management i n p u t  t o  E n g i n e e r i n g  when t h e y  
a r e  c o n t e m p l a t i n g  c h a n g e s  t o  t h e  p l a n t .  

'Ihe Main tenance  C o - o r d i n a t o r  p o s i t i o n  h a s  
a l w a y s  been f i l l e d  by t h e  f i r s t  l i n e  
s u p e r v i s o r  b e c a u s e :  

- We r e q u i r e  go/no-go management 
d e c i s i o n s  t o  b e  made d u r i n g  t h e  DR 
a s s e s s m e n t  p r o c e s s .  

- W e  r e q u i r e  a  p o s i t i o n  f o r  t h e  
deve lopment  o f  f i r s t  l i n e  s u p e r v i s o r s .  

- We r e q u i r e  t h e  Main tenance  
C o - o r d i n a t o r  t o  d i r e c t l y  s u p e r v i s e  a  
f i e l d  c rew when t h e  need a r i s e s ,  
e  .g . ,  t o  f i l l  i n  f o r  v a c a t i o n  r e l i e f ,  
s i c k n e s s  o r  i n c r e a s e d  work l o a d .  

The r l a i n t e n a n c e  Co-ord ina  t o r  ' s main 
a c t i v i t i e s  i n c l u d e  t h e  f o l l o w i n g :  

- I n i t i a l l y  r e v i e w i n g  t h e  nR, t o  become 
f a m i l i a r  w i t h  t h e  problem and  t h e  
p r o p o s e d  s o l u t i o n .  

- i t ak inq  a  f i e l d  t r i p  t o  s e e  t h e  e x a c t  
l o c a t i o n  of  t h e  d e f i c i e n c y  and t o  
a s s e s s  t h e  need f o r  such  t h i n g s  a s  
s c a f f o l d i n q ,  i n s u l a t i o n  removal ,  and 
s p e c i a l  equ ipment  such  a s  l i f t i n g  g e a r  
and  t o o l s .  

- P r o v i d i n g  a  s u p e r v i s o r y  a s s e s s m e n t  o n  
t h e  b e s t  way t o  d o  t h e  j o b  and 
p r e p a r i n g  a  package  t o  r e s o l v e  t h e  
d e f i c i e n c y  which c o u l d  i n c l u d e  
o h t a i n i n q  s u c h  t h i n q s  as  b i l l s  o f  
r a t e r i a l ,  d rawings  o r  s k e t c h e s ,  
e n g i n e e r i n q  i n p u t  and p r o c e d u r e s .  

- E s t i m a t i n q  m a t e r i a l  and  l a b o u r  
r e q u i r e m e n t s .  - .  

- F o r  u n ~ l s u a l  j o b s ,  i n f o r m i n q  
r laintenancc? s u p e r v l s i o r l  cf the problem 
and t h e  s o l u t i o n .  

- Toviewinq  a  sample  of  comple ted  n R 1 s  
for compar i son  of a c t u a l  c o s t s  a q a i n s t  
e s t i m a t e .  

The E l a i n t e n a t ~ c e  C o - o r d i n a t o r  is  a n  
e s s e n t i a l  p o s i t i o n  i n  o u r  o r q a n i z a t i o n  
a n d  h a s  t h e  a u t h o r i t y  t o  d e t e r m i n e  how 
t h s  j o b  is t o  he done.  A good 
t ~ - ~ e u r t ? t i ~ : a l  and p r a c t i c a l  knowledge of  
the equipment  is r e q u i r e d ,  a l o n q  w i t h  t h e  
a h i l l t y  t o  come u p  w i t h  t h e  b e s t  s o l u t i o n  
i n  a s h o r t  t i m e .  Beinq a h l e  t o  c o o n e r a t e  
w i t h ,  and lnf l u e n c e ,  o t h e r  p e o p l e  i s  a l s o  
r e q u i r e d .  

IlaLn'leriance D R ' s  a r e  a s s e s s e d  by o u r  
t h r e e  r??  intendncc C a - o r d i n a t o r s ,  and 
a p p r o v e 3  by c o s t  c o n t r o l l e r s ,  b e f o r e  
e x e c u t i o n  ~n t h e  f i e l d .  Yavinq a 
c o m p l e t e  work packaqe ,  when t h e  job  is 
s c h e d u l e d  I n  t h e  1 e n a b l e s  t h e  
t r a : i e s p e r q o n  t o  spend more t i n e  on  t h o  
t o o l s ,  3n.l . a l lows  f r r s t  l r n e  s u p e r v i s o r s  
m*>re t i . - ?  t o  o e r f a r m  d i r e c t  s u p o r v i s i o r .  
: n t h e  f i e  1.'. 

The t f a i n t e n a n c e  C o - o r d i n a t o r  u s e s  o u r  
S t a n d a r d  Yours Manual t o  assist i n  
e s t i m a t i n q  t i m e ,  m a t e r i a l  and s p e c i a l  
r e q u i r e m e n t s ,  f o r  DR packaqe  p r e p a r a t i o n .  

THE BHWP PREVENTIVE MAINTENANCE PROGRAM 

An i m p o r t a n t  g o a l  of t h e  BHWP is  t o  p r o v i d e  
s a f  e ,  r e  l i a b l e ,  economic and e n v i r o n m e n t a l l y  
a c c e p t a b l e  o p e r a t i o n .  I n  s u p p o r t  of t h i s  g o a l  
BHWP c a r r i e s  o u t  s p e c i f i c  r o u t i n e  a c t i v i t i e s  
t h a t  a r e  p r i m a r i l y  p r e v e n t i v e  i n  n a t u r e .  The 
P r e v e n t i v e  Main tenance  (PM) Program i s  i n  
p l a c e  t o  i n i t i a t e  s u c h  a c t i v i t i e s  and p r o v i d e  
f  eedhack  on compl iance  . 
BHWP h a s  an  e f f e c t i v e  PM program. W e  
c o n s t a n t l y  r e p o r t  > 99% c o m p l e t i o n  of t h e  
p l a n n e d  proqram on  a month ly  b a s i s .  W e  
a c h i e v e  t h i s  f i g u r e  b e c a u s e  we p l a c e  h i g h  
p r i o r i t y  on c o m p l e t i n g  PM c a l l u p s .  Only t h e  
c o r r e c t i o n  of  a  s a f e t y  h a z a r d  w e l l  pre-empt a  
PM c a l l u p  a c t i v i t y .  

Some o f  t h e  f e a t u r e s  o f  o u r  PM program 
i n c l u d e :  

One form is  u s e d  t o  i n i t i a t e  new c a l l u p s ,  
o r  make r e v i s i o n s  t o  o r  t o t a l l y  d e l e t e  
e x i s t i n g  c a l l u p s .  
me comple ted  form i s  rev iewed  by 
E h g i n e e r i n g  and t h e  P r o d u c t i o n  S u p e r v i s o r  
r e s p o n s i b l e  f o r  i t ' s  e x e c u t i o n .  
Ihe form is  approved  by t h e  C o s t  
C o n t r o l l e r .  
P l a n n i n g  - s c h e d u l e  a l l  c a l l u p s .  

- r e p o r t  compl iance  month ly .  
- r e s c h e d u l e  missed  c a l l u p s .  

A l l  comple ted  c a l l u p s  a r e  rev iewed  by t h e  
C o s t  C o n t r o l l e r .  
A l l  c a l l u p s  a r e  rev iewed  e v e r y  two y e a r s  
t o  e n s u r e  t h e i r  c o n t i n u e d  e f f e c t i v e n e s s .  

Compliance s t a n d a r d s  f o r  s a f e t y  v a l v e s  and  
s a f e t y  equ ipment  is  > 99%, and  f o r  o t h e r  
c a l l u p s  t h e  s t a n d a r d  i s  > 90%.  W e  h a v e  a b o u t  
2300 c a l l u p s .  

I n  t h e  Main tenance  U n i t ,  C o n t r o l  Main tenance  
spend  a b o u t  44% o f  t h e i r  p r o d u c t i v e  t i m e ,  and 
Mechanica l  Main tenance  a b o u t  10% o f  t h e i r  
p r o d u c t i v e  t i m e ,  p e r f o r m i n g  PM c a l l u p s .  
P r o d u c t i v e  t i m e  is d e f i n e d  a s  a n n u a l  t o t a l  
h o u r s  ( 2 0 8 0 )  less time f o r  v a c a t i o n s ,  
s t a t u t o r y  h o l i d a y s ,  s i c k n e s s  and  t r a i n i n g .  
The d i f f e r e n c e  i n  t h e  two f i g u r e s  above  i s  
e x p l a i n e d  by t h e  d i f f e r e n c e  i n  work methods 
between t h e  two work u n i t s .  
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F u t u r e  work p r o g r a m s  p l a n n e d  by  k i . 4  

M a i n t e n a n c e  U n i t  wil.1 i n c l u d e :  

- A s s i s t i n g  i n  t h e  i n t r o d u c t i o n  of a  more  
f u l l y  i n t e g r a t e d  work management  s y s t e m .  

- C o m p l e t i n g  t h e  S t a n d a r d  b u r s  Manual .  
- R e f i n i n g  t h e  i n d i c e s  f o r  m e a s u r i n g  t h e  

e f f e c t i v e n e s s  o f  t h e  U n i t .  
- Expand ing  t h e  u s e  o f  C o m p u t e r s  w i t h i n  t h e  

U n i t  to  r e d u c e  p a p e r  f l o w .  
- C o n t i n u i n g  t o  a s s e s s  o u t s i d e  i n d u s t r y  f o r  

new methods  a n d  e q u i p m e n t  t o  i n c r e a s e  
m a i n t e n a n c e  p r o d u c t i v i t y .  

- Reviewing  o u r  e x i s t i n g  P r e v e n t i v e  
M a i n t e n a n c e  p rogram t o  e n s u r e  i t  is 
p r o d u c i n g  t h e  i n t e n d e d  r e s u l t s .  

I t r u s t  t h i s  p a p e r  o n  t h e  M a i n t e n a n c e  f u n c t i o n  
a t  t h e  Bruce  Heavy Wate r  P l a n t  h a s  b e e n  
i n f o r m a t i v e .  If you h a v e  a n y  q u e s t i o n s  I w i l l  
b e  p l e a s e d  t o  a d d r e s s  them. 
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A P P E N D I X  1 

PLAN OF A C T I V I T Y  

R E V I E W  THE "EQUIPMENT FAILURE"  

TARGET RECORD SHEET 

I 
- 

K E Y  RESULT AREA R E L I A B I L I T Y  

STATEMENT:. THE E X T E N T  TO W H I C H  M A I N T E N A N C E  PROGRAMS AND WORK 

E X E C U T I O N  M E E T S  USER N E E D S  

C A T E G O R Y  ON D20 L O S S  AND T A K E  

C O R R E C T I V E  A C T I O N  A S  NECESSARY 

- ----- - 

T A R G E T 6 1  

TO A C H I E V E  21% P R O D U C T I O N  L O S S  

A T T R l R U T A B L E  TO D E F E C T I V E  M A I N T E N A N C E  WORK 

( T H E R E  A R E  5 OTHER T A R G E T S  FOR THIS K R A )  

- - 

MEASUREMENT METHODS 

MONTHLY D E R A T E  SUMMARY R E P O R T  

PERFORMANCE 

Q YTD 

- 
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S E C T I O N  

1 , o  

2 , o  

APPENDIX 2 

THE MA1  NTENANCE U N I T  MONTHLY R E P O R T  

T Y P I C A L  T A B L E  OF CONTENTS 

D E S C R I  P T I O N  

1 , l  MAINTENANCE C O S T S  - Y T D  
1 . 2  M A ~ N T E N A N C E  C O S T S / K G  D2C - Y T D  

D E R A T E S  ATTRIBUTABLE T O  THE 
~ A ~ N T E N A N C E  UNIT 

4 , l  STEAM SYSTEM REPAIRS 
4  2 PREVENT I V E  MA I NTENANCE 

4 , 3  ROTAT I N G  EQU I PMENT MONITOR 1 N G  

BHWP WELD REPAIRS 


