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E X E C U T I V E  S U M M A R Y

T h e  R o y a l  S o c i e t y  o f  C a n a d a  , /  C a n a d i a n  A c a d e m y  o €

E n g i n e e r i n g  p a n e l  w a s  a s k e d  f o r  r e c o m n e n d a t i o n s  o n  t w o  p r i n c i p a l

q u e s t i o n s .  O n e  q u e s t i o n  c o n c e r n e d  t h e  b a s i s  f o r  p l a n n i n g  a

m i t i g a t i n g  r e s p o n s e  t o  a n  a c c i d e n t  a t  o n e  o f  O n t a r i o ' s  n u c l e a r :
g e n e r a t i n g  s t a t i o n s  a n d  t h e  o t h e r  c o n c e r n e d  t w o  t e c b n i c a l

d e I a l l : r  . r f  t l r . -  r t i t e r g i t r c y  F 1 , i l 1  t t E F l i ,

Q . I .  B a s i s  l o r  p l a n n i n . t :  I n  1 9 8 8  t h e  W o r k i n g  c r o u p

N o . 8  o f  t h e  M i n i s t r y  o f  t h e  S o l i . : j t - o r  c e n e r a l  a n d  t h e  O n t a r i o

N u c l e a r  S a f e t y  R e v i e w  r e c o n m e n d e d  c o m p r e h e n s i v e  p l a n n i n g  f o r  . r n

a c c i d e n t  c a l l e d  b y  t h e  f o i m e r ,  " I { o r s t  C r e d i b l e  R a d i a t i o n

E m i s s i o n " -  S i n c e  1 9 8 B  r l s k  a n a l y s e s  h a v e  b e e n  i n p r o v e d  a n d

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

f o r  d  g r o u p  o [  . r c c i d e n L  s c e n a r i o s  I o r  w h i c h  t h e  s u m m e d
e/

p r o b a b i l i L y  , r f  o c c u r r y ' n e e  i s  g r e a t e r  t h a n  a p p r o x i m a t e l y  l 0  
7  p e r

r e a c L o r  y ( ] } d r .  ( l t  s h o u l d  b c  n o t e d  L h a L  s o m e  a c c i d e n t  s c e n a r i o s

i n  t h i s  g r o u p  a r e  s i m i l d r  i n  s e v e r e  c o n s e q u e n c e s  t o  W o r s t

C r e d i b L e  R a d i r t i o n  E m i s s i o n  c o n s e q u e n c e s  e x c e p t  f o r  i h e  d e l a y e d

c m i s s i o n  o f  r d d i o a c t i v e  n r a t c r i a l s .  )

A . 2 a .  P r e d i 5 t r i L u L i o n  o l  K I :  T h e  r i s k  t o  t h e  t h y r o r c l

g l a n d  f r o m  i n h a l i n q  r a d i o a c t i v e  i o d i n e  f r o m  a  C A N D U  a c c i d e n t

s e e m s  t o  u s  t o  b e  l e s s  t h d n  h a d  b c e n  p r e v i o u s l y  t h o u g h t  a n d  a

s m a l l  p d r t  u t  t h p  r i ; k  t a  t h e  w h o l e  b o d y  f r o m  s u c h  a n  a c c i d e n t .

l , l e  t h e r e f o r r  d o  n o t  r e c o m m e n d  f r e d i s t r i b u t i o n  o l  K I  t . r

r e s  i d e n c e s .

A . 2 b -  T h e  c h o i c e  o I  L 0  o r : 1 3  k m  f o r  t h e  o u t e r  b o u n d a r y

o f  t b e  P r i m a r y  Z o n e :  I n  c o m p s r i s D n  t o  t h e  w i d e  r a n , l e  o f

c o n s e q u e n c e s  f r o m  a  s e v e r e  a c c i d e n t ,  I 0  a n d  1 3  k m  e r e

e s s e n t i a l l y  t i r e  s a m e  n r . r m b e r .  S i n c e  t h e  d e s i g n n t i o n  o t  z o n e s

s h o u l d  b e  f o r  t h e  p u r p o s e  o f  d e v e l o p i n q  a n d  p r a c t i s i n g  e m e t g e n c y

r e s p o n s e s /  w e  f i n d  t h a t  a  n o n i n E l  1 0  k m  i s  s a t i s f a c t o r y .



I n  t h e  R e p o r t  o f  t h e  R o y a l  S o c i e t y  o f  C a n a d a  /  C a n a d i a n

A c a d e m y  o f  E n g l n e e r i n g  t h e  p a n e l  d l s o  s u g g e s t s  t h a t  s i n c e

n e i t h e r  K I  p r o p h y l a x i s  n o !  s h e l t e r i n g  o f f e r  v e ! y  m u c h  p r o t e c t l o n

1 n  a  n u c l e a r  e m e r g e n c y ,  t h a t  s h e l t e r i n g  b e  c o n s i d e r e d  o n l y  a s  a n

a u t o m a t j . c  a n d  i n m e d i a t e  f i r s t  s t e p  w h i l e  a r r a n g i n g  e v a c u a t i o n .

There  wou ld  then  be  one  on l y  ac t i on  l eve l  f o !  wh ich  we  sugges t

1 0 - 5 0  m s v  o r ,  i f  a  s i n g l e  n u m b e r  i s  p r e f e r r e d ,  2 0  m s v .  .



S E C T  I  O N I  N T R O D U C T  I  O N

1 . 1  T h e  P r o v i n c e  o f  O n t a r l o ' s  N u c l e a r  E m e r g e n c y  P I a n ,

l n  e x l s t e n c e  s i n c e  1 9 8 6 ,  l r a s  d e v e l o p e d  t o  p r o t e c t  t h e  h e a l t h  a n d

s a f e h y  o f  t h e  p u b l i c  i n  t h e  e v e n t  o f  a  n u c l e a r  a c c i d e n t  a t  a n y

o f  O n t a r i o r s  n u c l e a r  g e n e r a t i n q  f a c i l i t i e s .  T h e  P l a n  a d d r e s s e d

b o t h  s h o r l  t e r m  d n d  I o n q  t p r m  i m p r (  j  s  o f  a  n u c l e a r  a c c i d e n t ,

e s t a b l  i s h e d  g e o g r a p h i c  p a r t  o  f  d e t a  i  I e d  p l a n n i n g  f o r

1

r e s p o n s i b i l i t i e s .  I n  1 9 8 6  t h e  O n t a r i o  G o v e r n m e n t  i M i n i s t r y  o f

E n e r g y )  c o m m l s s i o n e d  D r - t - . K . H a ! e  t o  r e v i e w  t h e  s a f e t y  o f

O n t a r l o ' s  n u c l e a r  p o w e r e d  e l e c t r l c i t y  g e n e r a t i n g  p l a n t s  a n d  t h e

a s s o c l a t e d  m e a s u r e s  f o r  e m e r : g e n c y  a c t i o n  i n  c a s c  o f  a c c l d e n L .

T h c  r c p o r L  o f  t h e  O n t a r i o  N u c l e d r  s d l e t y  R e v i e w ,  a p p e a r e d  i n

1 9 8 8 .

1 . 2  C o n c u r r e n t l y  t h e  M l n i s L r y  o I  t h e  S o l i c i t o r  G e n e r a l

( w h i c h  i s  r e s p o n s i b l e  f o r  n u c l e a r  e m e r g e n c y  p l a n n i n g  a n d

p r e p a r e d n e s s )  i o r m e d  t h e  P r o v i n c l a l  l 9 o r k i n g  c r o u p  N o . 8 ,  c h a i r e d

b y  D r . K . c - M c N e i l l .  t o  m a k e  d e L a i l e d  r e ( : o m m e n d a t i o n s  f o r

r p p r o p r  i a t e  r e s p o n 5 e r  t u  a c c i d e n t s  a t  n u c l e a r  g e n e r a t i n g

s t . r t i o n s  w h i c h  m i g h t  i m p e r i l  < r n y  m e m b e r  o f  t h e  p u b l i c -  T h e

R e p o r t  f r o m  l l o r k i n g  c r o u p  N o . 8  w a s  d l s o  r e l e a s c d  1 n  1 9 8 8 .  t s y

a n d  l a r g e  t h e  d e t a i l e d  r e c o m m e n d a t i o n s  o f  W o r k i n g  c r o u p  N o . 8

w e r e  c o m p a t i b l e  w i t h  t h e  m o r e  g c n e r a l  l d e a s  o I  t h e  o n t a r  i o

N u c l e a r  S a f e t y  R e v i e w  a n d  m o s t  u e r e  f o u n d  a c c e p t a b l e  b y  t h e

o r g a n i z a t i o n s  a f f e c t e d ,  H o w e v e r  o n e  m e m b e r  o f  L h e  W o r k i n g  c r o u p

h a d  r e s e r v a t i o n s  o n  t e c h n i c a l  g ! o u n d s  a b o u t  s o m e  o f  t h e  G r o ! r p ' s

r e c o m m e n d a t i o n s  a n d  r e c o r d e d  h i s  o b j e c t i o n s  i n  a n  a p p e n d e d  n o t e

o f  d i s s e n t .  L a t e  i n  1 9 8 8  O n t a r i o  I l y d r o  d e v e l o p e d  m o r e  d e t a i l e d

. o n c e r n s  w i t h  a  n u m b e r  o f  a r e a s  o f  t h e

W o r k i n g  G r o u p  N o .  I  r e p o r t  a n d  f o r w a r d e d  t h e s e  c o m m e n t s  t o  t h e

M i n i s t r y  o f  t h e  S a l  i c i t o t  c e n e r d l .

m i t i g a t i o n a n d d s s  i g n e d i  mp l  eme n ta  t  l  on

1 . 3  T h e  o f f i c e  o f  E m e r g e n c y  H e d s u r e s  O n t a r i o  i n  t h e



H i n i s t r y  o f  t h e  S o l i c i t o t  c e n e r a l  i n t e n d s  t o  u p d a t e  t h e
P r o v i n c i a l  N u c l e a r  E n e r g e n c y  P l a n  I 4 3 , 4 4 1  a n d  t h u s  ! , r i s h e s  t o
h a v e  a  r e v l e w  o f  t h e  l s s u e s  t h a t  h a d  a r i s e n  i n  r e s p o n s e  t o  t h e

R e p o r t  o f  W o r k i n g  c r o u p  N o . 8 -  T h e  M i n l s t r y  o f  E n v i r o n m e n t  a n d

Energy  ag reed  to  fac l l l t a te  the  i ev lew  and  to  th i s  end  ! , / r o te  the

R o y a l  S o c i e t y  o f  C a n a d a  ( 1 8  J a n u a r y  1 9 9 5 )  t o  a s k  i n  a

p r e l i m i n a r y  w a y  i f  t h e  S o c i e t y  w o u L d  h e l p  r e s o l v e  t h e s e

t e c h n i c a l  i s s u e s .  A  l n o r e  f o r m a l  r e q u e s t  f o f f o v e d  ( 2 6  M a y  1 9 9 5 ) .

T h e  S o c l e t y r s  C o u n c I I  r e s p o n d e d  p o s i t i v e l y  a n d  a s k e d  A . T . S t e w a r t

a n d  W - R . B r u c e  t o  p u r s u e  t h e  i n q u i a y  a n d  i f  f e a s i b l e  t o  d e v e l o p  a

c o n t r a c t  { 1 2  J u t y  1 9 9 5 ) .  T h e  C a n a d i d n  A c a d e m y  o f  E n g i n e e r i n g

w a s  c o n t a c t e d  b y  t h e  S o c i e t y  r e g d r d i n g  i t s  p a r t i c i p a t i o n ,  a n d

t h e  A c a d e m y ' s  n o n l n e e ,  L . W . S h e m 1 1 t ,  w d s  a d d e d  a s  a  t h i r d

consu l tan t .  A  con t rac t , / t e rms  o f  re fe rence  was  ag reed  to  by  a lL

p a r t l e s  I n  D e c e m b e r  1 9 9 5 .  ( T h e s e  l e t t e r s  a n d  t h e  f u t l  t e r m s  o f

re fe rence  may  be  found  i n  Append ix  A -  )

4 . 1  T h e  r e m l  t

Canada/Canadlan Acadeny of

f o l l o w s :

The RSC,/CAE revler,r  wi 11
t w o  o u h s t a n d  i  n g  p o i n t s
N u c l e a r  E m e r g e n c y  P  l a n

a s s i g n e d  t o  t h e  R o y a l  S o c i e t y

E n g  i n e e t  i  n g  r e v l e w  c o m m i t t e e  r e a d s

b e  l i m i L e d  t o  r e v i e w  t h e  f o l l o w i n g
1 n  t h e  p r o p o s e d  n e w  P r o v i n c i a l

( P N B P ) :

o f

t h a t  t h e  p r i n a r y  z o n e  a r o u n d  t h e  n u c l e a r :  f a c i l i t i e s
shou ld  be  expanded  f rom 10  km to  13  km fo r  bo th  the  B ruce
a n d  D a r  l  i n q t o n  s t a t i , o n s .

S p e c i f i c a l l y ,  t h e  R S C , / C A E  l s  b e l n g  a s k e d  t o  r e s p o n d  t o  t h e
f o  I  l o w i  n g  s p e c i f i c  q u e s t i o n s :

t h a t  K I  p i l l s  s h o u l d  b e  p r e - d l s t r  i b u t e d
a p p r o x l m a t e  3  k m  c o n t l g u o u s  z o n e :  a n d

! r l t h i n  t h e

+ 1 ,  d o  t h e  ! e v i e w e r s
o f  K I  p i I l s  w i t h i n  t h e
s u r r o u n d  i  n g  t h e  B r u c e .
g e n e r a t  i n g  s t a t  i  o n s  a n d

f .  I n  v i e w  o f  t h e  ! e c o m m e n d a t i o n  n a d e  b y  t h e  H a r e
C o m m i s s i o n  w h i c h  s t a t e d  " t h a t  t h e  P r o v i n c e  o f  O n t a r i o  b a s e
i t s  n u c l e a r  p l a n n i n g  o n  t h e  m a x i m u m  c r e d i b l e  r e l e a s e s  o f
r d d i o d c t i v e  m d L e r i d I s " ,  i s  t h e  o e s c r t p t j o n  o f  d  m a x i m u r /
c r e d i b l e  r e l e a s e  d e f i n e d  a s  " w o r s t  c r e d i b l e  i a d i a t i o n
e m i s s i o n "  b y  w o r k i n g  G r o u p  t 8  s o u n d  a n d  r e a s o n a b l e  i n  t h i s
c o n t e x t  ?

2 .  H a v i n g  r e s p o n d e d  t o  q u e s t l o n
b e l  i F V c  L h d L  L h e  p  r  e  -  d  i  s  t  !  i  b  u  L  i  o  n
a p p r o x l m a t e  3  k m  c o n t l g u o u s  z o n e
D a r I  i n g t o n ,  a n d  P i c k e ! i n g  n u c l e a !



t h e  e x t e n s i o n  o f  t h e  p r i m a r y  z o n e s  a r o u n d  B r u c e  a n d
D a r l l r ) q t o n  f o l 1 o w  l o g 1 c d 1 l y  f r o m  t h e  w o r k l n g  G r o u p
d e l l n l t l o n  o f  a  m a i : l m u m  c r e d l b l e  r e l e a g e  ?

1 . 5  I n  \ r h a t  f o l l o w s  t h e ! e  i s  i n  s e c t i o n  z  a  d i s c u s s i o n

o f  t h e  s i z e  a n d  f r e q u e n c y  o f  a c c l d e n t s  a t  n u c l e a r  g e n e r a t i n g

c 6 r F  r . 1 h  3  a  b !  i e f  ! e v i e \ . r  o f  i n t e r v e n t i o n

c r i t e ! i a .  S e c t i o n  ! t  i s  t a k e n  u p  w i t h  a  d i s c u s s i o n  o f  t b e

s e v e r i t y  o f  a c c i d e n t  f o r  w h i c h  d e t a i l e d  p l a n s  s h o u l d  b e  m a d e .

S e c t i o n  5 ,  r c l a t e s  t h e s e  e r n e r g e n c y  p l a n s  t o  t h e  p o t a s s i u m  i o d i d e

t a b l e t  p r e d i s t r i b u t i o n  q u e s t i o n .  s e c t i o n  6  c o n t a i . n s  d  r e v i e $  o f

t h e  b o u n d a r y  r a d i u s  f o r  t h e  P r i m a r y  Z o n e .  T h i s  i s  f o L l o w e d  b y  a

s h o r t  s u m m a r y  i n  S e c t i o n  Z .  A s  m e n t j o n e d  a b o v e ,  A p p e n d i x  A

c o n t a i n s  t h e  l e t t e r s  l e a d i n g  t o  t h i s  s t u d y ;  A p p e n d i x  R  i s  a  l i s t

o f  o u r  m e e t i n g s ;  A p p e n d i x  c  r e c o r d s  t h e  r e l e v a n t  d o c u m e n t s  w e

h a v e  e x a m l n e d ;  A p p e n d i x  D  l d e n t i f l e s  t h e  R S C / C A E  p a n e l ;  a n d

A p p e n d i x  E  c o n t a i n s  l e t t e r s  f r o n  r e v i e w e r : s .



S E C T T O N 2  S I Z E  A N D  F R E O U E N C Y  O F  A C C I D E N T S

2 . 7  T h e  s u b j e c t  o f  r e a c t o r  s a f e t y  a n d  t h e  d e s c r i p t i o n

o I  p o s s l b - L e  a c c i d e n L s  i s  l o n g  a n d  d e t a i l e d .  T h i s  S e c L i o n

r e v i e w s  t h e  r e l e v a n t  r e c o m m e n d a t i o n s  o t  1 9 B B  O n t a r i o  N u c l e a r

S a f e t y  R e v i e r ,  ( O N S R )  ( 3 8 1 ,  a n d  p r o p o s a l s  f o r  a c c i d e n t  r e s p o n s e

b y  w o r k i n g  G r o u p  N o . 8  ( l d c - B )  t 4 8 1 .  L a t e r  s a f e t y  a n a l y s e s  o f

n u c l e a r  e m e r g e n c i e s  a r e  d i s c u s s e d  i n c l u d i n g  t h e  e m i s s i o n  o f

r a d  l  o a c t  i v e  i o d i n e .

2 . 2  T h e  O n t a r i o  N u c l e a r  S a f e t y  R e v i e w  o f  L 9 8 8  i n c l u d e d

a  r e v i e w  o f  s a f e t y  a n d  a c c i d e n t  a n a l y s i s  c o v e t  i n g  t h e

d e v e l o p m e n t  o f  C a n a d i a n  p r a c t i c e .  T h I s  w d s  p l d c e d  i n  t h e

c o n t e x t  o f  C a n a d i a n  e x p e r i e n c e  a s  w e I I  a s  o t  a  w o r l d  w h i c h  h a d

s e e n  a c c i d e n t s  s u c h  a s  l l l n d s c a l e  1 1 9 5 ' l J ,  T h r e e  H i l e  I s I a n d

( 1 9 ? 9 ) ,  a n d  C h e r n o b y l  ( 1 9 8 6 ) .  C a n a d l a n  a p p r o i t c h e s  t o  r i s k

a n a l y s l s  h a d  m o v e d  l n t o  p r o b a b t l i s t i c  r l s k  a s s e s s m e n t  { s o m e t l m e s

t e r m e d  p r o b a b l l l s t l c  s a f e t y  a s s e s s m e n t )  b y  t h e  1 9 8 0 s  a n d  O n t a r i o

H y d r o  w a s  d e v e l o p l n g  S a f e t y  R e p o r t s  o f  t h i s  k i n d  f o r  e a c h

N u c l e a r  G e n e r a t i n g  S t a t i o n .  T h e  e s s e n c e  o f  t h i s  t y p e  o f

a n a l y s i s  i s  t o  i d e n t i f y  r e a l i s t i c  a c c i d e n t  s e q u e n c e s  w h i c h  a r e

e x a m i n e d  t n  d e l a i l  t o  i d e n t i f y  t h e  p o t e n t i a l  f a i l u r e  m o d e s ,  t h e

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

2 . 3  T h r e e  t y p e s  o f  a c c i d e n t  i n i t i a t i o n  s p e c l f l e d  i n

b o t h  t h e  O N S R  a n d  t h e  W G - 8  r e p o r t  o n  t h e  m . r x i m u m  c r e d i b l e

r a d i a t i o n  r e l e a s e ,  a n d  w h l c h  a r e  u n q u a n t i f l a b l e  i . n  L h e  u s u a l

p r o b a b i l i s t i c  s a f e t y  a s s e s s m e n t  m e t h o d o l o q y .  w e r e  e x t r e m e

n a t u r a l  s e i s m i c  e v e n t s ,  h o s t i l e  a c t i o n  a n d  g ! o s s  h u m a n  e r r o ! .

H o s t i l e  a c t i o n  - s  d n  i n i t i a t i n g  e v e n L  ! o r  a n y  c a t a s t r o p h e  i s  n o t

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

s h o u l d  n o t  b e  i n  t h e  c a s e  o f  O n t a r i o r s  n u c l e a r  p l a n t s .  S e c u i i t y

a n d  s a f e g u a ! d s  s h o u l d  c o n t i n u e  t o  b e  f i r e t  a s  r e q L r  i r e m e n t s  u n d e r

t h e  r e g u l a t o r y  a u t h o r i t y  w l t h  d u e  r e g a r d  t o  i n b e r n a t i o n a l

g u i d e l i n e s  a n d  p ! , r c t i c e .  T h e  r e m a i n i n g  m a t t e r s  o f  g r o s s  h u m a n

e r r o r  a n d  n a t u r a l  e v e n t s  a r e  m e n t l o n e d  b e l o w .



Z. {  Up  to  the  t l i ne  o f  t he  ONSR.  sa fe ty  ana lys l s  had

been  conduc ted  fo r  each  new nuc lea r  genera t l ng  s ta t i on  ds  pa r t

o f  t h e  d e s i g n ,  c o n s t r u c t i o n  a n d  l i c e n s i n g  p r o c e s s .  A s  p a r t  o f
t h e  R e v i e w  ( O N S R )  a  s e v e r e  a c c i d e n t  s e q u e n c e  ( a  l a r q e  l o s s  o f

c o o l  i n g  a c c  i d e n t  ( L O C A ) a c c o m p a  n  i  e d s i m u l t a n e o u sby

inoperab l l l t y  o f  a l l  shu t -down  sys tems)  was  ana lyzed  bo th  by

O n t a r i o  H y d r o  a n d  b y  t h e  U . S .  A r g o n n e  N a t i o n a l  L a b o r a t o r y ,  I s e e

3 8 l .  T h i s  s e v e r e  a c c i d e n t  a n a l y s i s  w a s  b e y o n d  a n y  d e s i g n

p l a n n i n g  ( b e y o n d  " d e s i g n - b a s i s  )  a n d  s h o w e d  o f f - s i t e  r a d i o a c t i v e

c o n t a m l n a t l o n  d u e  t o  c o n t a l n m e n t  f a l l u r e . T h e  O N S R  a l s o

s u p p o r t e d  a  s u q g e s t i o n  o f  t h e  A t o m l c  E n e r g y  C o n t ( o 1  B o a r d  t h a t

anaLys l s  cou ld  a l so  be  done  on  ano the r  seve re  acc iden t  sequence ,

v i z . ,  f a i l u r e  o f  r e g u l a t i o n  f r o m

shu t  -d  own  -

any  cause  and  fa  I  l u re  to

2 .5  Fo l l ow lng  these  s tud ies  i t  was  no ted  by  ONSR tha t
" t h e  b e s t  t e c h n i c a l  a n a l y s i s  f i n d s  t h e  a g g r e g a t e  p r o b a b l l l t y  o f

l seve re ]  acc la len ts "  vas  be low  l0  
=  pa r  reac to r  yea r  and  thus

acc iden t  responses  shou ld  be  p lanned  fo r  " t he  mos t  ex t reme

c r  e d  I  b I e  e v e n t " . s lnce  hea l th  r l sks  were  the  impor tan t

c r i t e r i o n ,  i t  w a s  r e c o m m e n d e d  t h a t  n u c l e a r  e m e r g e n c y  p l a n n i n g

s h o u l d  b e  b a s e d  o n  " t h e  m a x i m u m  c r e d l b l e  r e l e a s e  o i  r a d i o a c t i v e

2 . 6  T h e  R e p o r t  b y  W o r k i n g  c r o u p  N o . 8  w a s  l r r i t t e n  w i t h

f u 1 1  k n o w l e d g e  o f  t h e  O N S R  C o m m l s s i o n e r  a n d  s t a f f ,  b o t h  g r o u p s

h a v i n g  o b s e r v e r  s t a t u s  i n  t h e  o t h e r r s  d e l i b e r a t i o n s  a n d  s t u d i e s .

T h e  w G - 8  R e p o r t  a l s o  n o t e d  t h e  n e e d  f o r  p r o b a b i l i s t i c  r i s k

a s s e s s m e n t s  f o r  n u c l e a r  a c c i d e n t s  a n d  c o m m e n t e d  a s  w e l l  o n  t h e i r

l i m l L d t l o n s .  P u b l i c  p p r . F p t i o n s  a n d  c x p p c L a t  i o n s  w e r o  a  p d r t  o f

t h e i !  c o n c e r n s .  T h e  f i n a l  r e c o m m e n d a t l o n  o f  w c - 8  w a s  a  t w o  t i e r

app roach  w i th  a  B ILBSI !  p ldnn inq  C !q ! !Sgq  (MPA)  based  on  a

p r e d e t e r m i n e d  p r o b a b i l i t y  o f  o c c r r r r e n c e  a n d  a  w o r s t  c r e d i b l e

r d d l d ! i o n  e n j s s i o n  ( w c R E )  w i L h  n o  I  i m f L  L o  i l s  p r o b d b i l j L y  d n d

d e f i n e d  a s  t h e  m a x i m u m  c o n s e q u e n c e s  p o s s i b l e  w i t h i n  p h y s i c a l  a n d

c h e m i c a f  r e a l i t i e s .



? .7  The  MPA ! , / as  re la ted  to  the  requ i remen ts  o f  t he

P t o v i n c l a l  N u c l e a r  E m e r g e n c y  P l a n  t 4 6 l  t h a t  d e t a i L e d  p l a n n i n g

a n d  p l e p a r a t l o n  b e  d o n e  f o r  a n  a c c l d e n t  t h d t  p r o d u c e d  a

r a d l a t i o n  d o s e  o f  2 5 0  m s v  o r  m o r e  a t  1  k m  f r o m  t h e  l e a c t o r .

T h e  M P A  v a s  t h u s  d e f i n e d  l n  t e r m s  o f  t h e  r a d i o l o q i c a l

c o n s e q u e n c e s . Acc iden t  scenar ios  were  then  exp lo ted  fo r

r a d l o a c t i v e  m a t e r i a l  t h a t  e s c a p e s  f r o m  t h e  r e a c t o r  t o  b e

r e t a i n e d  i n  t h e  c o n t a i n m e n t  b u i l d i n g  -  o f  2 4  h r s .  F o r  s c e n a r l o s

v l t h  a  p r o b a b i l l t y  o f  o c c u r r e n c e  g r e a t e t  t h a n  t O  6  p e r  r e a c t o t

y e a r ,  t h e  r a d i a t i o n  d o s e  w a s  c a l c u l a t e d  a s  a  f u n c t l o n  o f

d l s t a n c e  a n d  t i m e .

2 .4  The  WCRE as  a  h ighe r  l eve l  acc iden t  was  the  max imun

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

o f  t h a t  R e p o r t ,  i t  w a s  L o  b e  a  " b o u n d i n g  c a s e  w h i c h  s u b s u m e s  a I l

e v e n t s ,  h o w e v e r  l o w  t h e l r  p r o b a b i l i t y " ,  a n d  i n c l u d e d  h o s t i l e

a c t i o n  a n d  g r o s s  h u m a n  e r r o r .  R a d i o a c t i v e  r e l e a s e s  w e r e  c h o s e n

fo r  t he  VCRE and  the  resu l tan t  doses  ve ie  aga in  ca l cu la ted  as  a

f u n c t i o n  o f  d i s t a n c e  a n d  t i m e .

s e l e c t e d  m e t e o r o l o g l c a l  c o n d i t i o n s ,  f o r  e s t l m a t e d  r a d l o a c t i v e

r e f e a s e s .  a n d  f o l  a  h o l d u p  t i m e the  t i ne  expec ted  fo r  t he

2 . 9 S i n c e  t h e  t i m e  o f  t h e  w c  I  R e p o r t .  ( 1 9 8 8 ) ,

e m i s s  i  o n s  i n  a n  a c c i d e n t . T h e  h o l d u p  t i m e  u s e d  1 n  v e r y

c o n s e r v a t l v e l y  b a s e d  e s t i m a t e s  o f  e m l s s i o n  t o  t h e  e n v i r o n n e n t

s h o u l d  n o w  b e  a t  l e a s t  4 8  h r s  i n s t e a d  o f  2 4  h r s  i n  m o s t

a c c i d e n t s .  C o n t a i n n e n t  i s  e x p e c t e d  t o  b e  u n b r e a c h e d  -  e x c e p t

f o r  a  p o s s i b l e  b t r e f  t i m e  ( s e c o n d s  o r  m i . n u t e s )  b e f o r e  t h e

v d c u u m  s y s l e m  t a k F s  o v e r .  A n d  f i n a l l y ,  t o  L r d p  i o d i n p ,  t h e

w a t F r  ( H _ O )  i n  L h e  E m e r g e n c y  C o o l i n q  l n i e c t i o n  S y s t e n  i s

m a i n t a i n e d  i n  a  b a s i c  ( a l k a l i n e l  c o n d i t i o n .  ( c o n v e r s a t i o n  w i t h

J . D . M o r r o w  a n d  K , S , D l n n i e ,  9 6 - 6 - 2 I )  A l l  t h e s e  a r e  f a c t o r s  t h a t

r e d u c e  p o s s i b l e  r e l e a s e s  o f  r a d i o a c t i v i t y  a n d  r n u s t  b e  t a k e n  i n t o

, t ccou l l t .

m o d i f i . a t i o n s  L o  o p c r d t i n g  c o n d i t i u n s  a n d  . l c s i q n  o l  s d l F t  y

f e a t u r e s  h a v e  b e e n  m a d e  t h a t  r e d u c e  t h e  e x p e c t e d  r a d i o d c t i v e



3 . 1 0  W h l l e  a  p ! o b a b 1 1 1 s t 1 c  s a f e t y  e v a f u d t l o n  v a s  d o n e

f o r  D a ! l l n g t o n  1 n  1 9 8 ? ,  t h e  m e t h o d s  h a v e  c o n t l n u e d  t o  b e

i n p r o v € d  a n d  d e v e l o p e d .  T h e  D a r l i n g t o n  r i s k  a s s e s s m e n t  t 3 7 l  i s
c u r r e n t l y  b e i n g  r e d o n e r  a n d  r i s k  a s s e s s m e n t s  f o r  B r u c e  A  a n d  B

a r e  u n d e r w a y -  F o t  P i c k e r i n g  A ,  w i t h  i t s  p r e s e n t  c o n t a i n m e n t

d e s i g n  a n d  s i t e  c h a r a c t e r i s t i c s ,  a n  e x t e n s i v e  r i s k  a s s e s s m e n t

h a s  r e c e n t l y  b e e n  c o n p l e t e d .  E n t i t l e d  ' r P - i c k e r i n g  N G S  A  R i s k

A s s e s s m e n t r r  { P A R A )  t 3 6 l  a s s e s s e s  t h e  r i s k  o f  a c c i d e n t  a t

P i c k e r i n g  A  r e a c t o r s .  A c c i d e n t  s e q u e n c e s  h h a t  h a d  c o n s e q u e n c e s

ln  common were  assemb led  l n to  ca tego r ies . Two  se ts  o l

c a t e g o ! l e s  w e r e  d e v e l o p e d i  f i r s t /  F u e I  D a m a g e  C a t e g o r l e s  { F D C )

d n d  s e . o n d .  E x  p l d n L  R e l e a s e  C d t e g o r i e s  ( E P R C ) . T h o s e

c a t e g o r i e s  t h a t  r e s u l t e d  1 n  r a d i o a c t l v e  m a t e r i a l  b e l n g  r e l e a s e d

ou ts lde  the  P lan t  l r e re  examlned  by  us  i n  o rde r  t o  unders tand  the

a c c i d e n t  s e q u e n c e s  a n d  h e n c c  t h c  c r e d t b l l i t y  o f  t h e  e m l s s i o n  o I

r a d  l o a c t  l v e  m a t e r l a l . T h e s F  P A R A  s L u d i e s ,  b e i n g  b d s e d  o n

m i L i g d t e  L h c  b u i l d  u p  o !  h y d r o g e n  c o n c e n L r d L i o n s . T h u s  t h e

m a q n i t u d e  a n d  t i m i n g  o f  t h e  r e l e a s e s  i s  d e p e n d e n t  o n  t h e  n a t u r e

o f  i h c  a . c i . l F n t  s e o r r c n . c  a n d  t h e  s t a t e  o f  t h e  c o n t a i n n e n b

s y s t e m .  "  A c c i d e n t  s e o u e n c e s  w h i c h  c o u l d  l e a d  t o  r a d i o a c t l v e

c u r r e n t  m e t h o d o l o g i e s ,  w e r e  c h o s e n  a s  a  r e a l i s t l c ,  r e a s o n a b l e

and  adap tab le  f ramevork  fo r  compar l son  w l th  the  acc iden t

s c e n a r i o s  i . n  t h e  O N S R  a n d  i n  W G - 8  f o r  C A N D U  r e a c t o r  s t a t i o n s .

2 . 7 1  A s  s t a t e d  1 n  P A R A  :  " F o r  a  s i g n i f i c a n t  r e f e a s e  o f

rad ioac t i v l t y  t o  occu r  f rom the  con ta inmen t  no t  on l y  mus t  t he re

b e  a  r e l e a s e  i n t o  t h e  c o n t a i n m e n t  b u i l d i n g ,  b u t  t h e r e  m u s t  a l s o

b e  a n  o p e n i n g  i n  t h e  c o n t a i n m e n t  e n v e f o p e  a n d  a  d r i v i n g  f o r c e  t o

e x p F l  l h F  r d d i o d . t i v e  m a l p r i d l s  l h r o u q h  j l .  T h e  o p c n i n g  e o r l d

i n  t u r n  b e  e i t h e r  p r e  e x a s t a n A  s u c h  a s  i s o l a t i o n  f a i l u r e  o r

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

a c c l d e n t  i t s e l f ,  e . 9 . ,  d u e  t o  f o r c e s  r e s u l t i n g  f r o m  f a i l u r e  t o

s h u t d o q / n  t h e  r e a c t o r .  o r  h y d r o g e n  d e t o n a t l o n .  T h e  d r i v l n g  f o r c e

m a y  b e  p r o v i d e d  b y  i n a b l l l t y ,  d u e  t o  a i !  c o o l i n g  u n i t  f a i l u r e ,

t o  c o n d e n s e  s t e a m  f o r m e d  a s  d  r e s u l t  o f  t h e  a c c i d e n t /  o r  a

h y d r o q e n  b u r n  d u e  t o  f a i l u r F  o f  t h .  h y d r o 9 o 6  i q n i t e r s  L o



E P R C -  2

E P R C - 3

re leases  beyond  the  p lan t  boundary  were  assemb led  i n to  seven
c a t e g o r l e s ;  E P R C - 1  t o  E P R C - 7 .  T h e  a n a l y s e s  o f  t h e  r e f e a s e s  w e r e
g r o u p e d  i n L o  t h r e e  t l m e  p e r i o d s ;  0 - 6  h r s ,  6 - 2 4  h r s  ( 0 - 2 4  h r s  i s

s o m e t i m e s  c a l l e d  r ' e a ! 1 y r r  r e f e a s e ) ,  a n d  b e y o n d  2 4  h r s .  ? h e

f o l 1 o v , l n g  1 s  a  d e s c r i p t i o n  o f  t h e s e  c a t e g o r l e s  a s  g i v e n  i n  P A R A .

Category Descri pt ion

E P R C _ 1  P r e - e x l s t i n g  o p e n l n g .  S i g n l f l c a n t  r e l e a s e  i n  6  h r
a n d  2 4  h r  d r i v e n  b y  h e a t  s i n k  n o L  d v d i l a b l c  o r  b y
u n c o n t r o l l e d  g l o b a l  h y d r o g e n  b u r n  d u e  t o  h y d r o g e n
i g n i t e r  f a i  l u r e .

P r e e x i s t i n g  o p e n i n g ,  c o n s e q u e n t i a l  c o n t a l n m e n t
e n v e l o p e  f a i l u r e  o r  c o n t a i n m e n t  b y p a s s .  R e l e a s e
p r l m a r l l y  7 n  2 4  h x ,  d r i v e n  m a l n l y  b y  s t e a m  s u r g e  s i n c e
h e a t  s l n k  n o t  a v a l l a b l e ,  o r  u n c o n t r o l l e d  h y d r o g e n  b u r n
d u e  t o  h y d r o g e n  l g n i t e r  f a i l u r e .

P r e - e x l s t i n g  o p e n i n g ,  e a r l y  c o n t a i n m e n t  f a l l u r e  d u e
t o  s t e a m  o v e r - p r e s s u r i z a t i o n  o r  l a t e  c o n t a i n m e n t  f a i l u r e
d u e  t o  h y d r o g e n  e x p l o s l o n .  R e l e a s e  a f t e r  2 4  h r s  d u e  t o
p u r g i n g  b y  n o n c o n d e n s a b l e  g a s .

L d r g F  p r e  e x i s l  i n g  o p p n i n q .  A e l F a s c  j n  f i r s L  I e w
h o u r s  d u e  t o  e i t h e r  c a r l y  s t e a m  s u r g e ,  i n s t r u m e n t  a i r  o r
n o n c o n d e n s d b l e  g a s  l e a k a g e  p r t o r  t o  a c t i v a t i o n  o f  t h e
f i l L e r e d  a l r  d i s c h a r g e  s y s t e m .  c o n t a i n m e n t  a v a i l a b l e .

Con ta lnmen t  bypass  even ts .  S team genera to r  t ube
rup tu res  o r  eme!gency  coo l i ng  i n jec to r  b lowback  resu f t s
i n  d l s c h a r g e  p a t h w a y  d l r e c t  b o  a t m o s p h e r e .

S m a l l  p r e  e x l s t i n g  o p e n i n g  o r  e a r l y  c o n L a i n n e n t
f a i l u r e  d u e  t o  r a p i d  o v e r p r e s s u r e  b y  s t e a m ,  a l l  o t h e r
con ta inmen t  sys tems  opera t i ona l .

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

E P R C  4

E P R C -  5

E P R C  6

E P R C ' /

2 . 7 2  T t t e  f r e q u e n c i e s  o f  t h e  v a r i o u s  c a t e g o r l c s  o f

a c c i d e n t s ,  t h e  E P F C ' s ,  a n d  t h e  d o s e  a s  a  t u n c t i o n  o f  d i s t a n c e

w e r e  c a l c u l a t e d .  B o t h  E P R C  1  a n d  E P R C  2  h a v e  a n  e x t t e m e l y  l o w

f r e q u e n c y ,  a n d  h e n c e  r a d i o l o g i c a l  c o n s e q u e n c e s  w e r e  c a f c u l a t e d

f o !  o n l y  t h e  r e m a l n i n g  f i v e  C a t e g o r i e s .  T h e  t a b l e  b e L o w

i l l u s t r a t e s  t h e  d o s e  c a l c u l a t e d  a t  1  k m  a n d  t h e  e s t i m a t e d

f r e q u e  n c y  o f  o c c u r r e n c e .

e .13  The  ea r l y  body  doses  sho l ' n  i n  t he  tab le  fo r  t he  EPRC

s c e n a r i o s  w e r e  c a l c u l a t e d  f o r  t h e  n o s t  e x p o s e d  i n d i v i d u a l  a n d  o n

. :  p r o b a b i l  i t y  b a s i s  f o r  w e a t h e r  c o n d i t i o n s .  T h e  m e t h o d o l o g y

t h u s  p r o v i d e d  t h e  m o s t  l l k e l y  d o s e  f o r  t h e  r n o s t  e x p o s e d

i n d l v l d u a l .  I n  c o n t r a s t ,  t h e  f l g u r e s  g l v e n  1 n  t h c  t d b l e  f o r  M P A

and  WCRE f rom WG-B were  de te rm ined  as  the  max imum dose  to  the

1 0



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

The  wLnd  speed  used  l n  wc  B  wng  lower  than  the  nean  o f  t l i r

d t s t r l b u t l o n  f u n c t l o n s  u s e d  1 n  P A R A  f o r  t h e  E P R C  s c e n a r l o e ,  T h e

s i n g l e  s o m e w h a t  u n u s u a l  m e t e o ! o l o g i c a l  c o n d i t i o n  u s e d  i n  w c - B
y i e l d s  r a d i a t i o n  f i e l d s  h i g h e r  b y  a  f a c t o r  o f  3  o r  4 .  T h i s
fac to r  co rnb ined  w i th  the  d i f f e rence  be t l , een  max imum dose  ( l r c -8 )

a n d  n o s t  1 1 k e I y  d o s e  ( P A R A )  i s  t h e  b a s l s  f o r  t h e  d l f f e r e n c e

Accident

Category

f T o m  P A R A  E P R C  1

E P R C - 2

EPRC 3

E P R C  4

E P R C  5

E P R C - 6

EPRC_ 7

f r o m  W G - 8  W C R E

M P A

(  L e t t e r  f r o m  L

Frequency

eYents/reactor- yr

4  x  1 o - ' o

5 . 9  x  1 0 - e

9 - 4  x  1 0  -

2 . 2  x  l o a

1 . 8  x  1 0  
-

2 . 6  x  1 0

1 . 3  x  1 0 '

n o t  d e f i n e d

g r e a t e r  t h a n  1 0  
o

. D . H o r r o v .  1 4  M a r  9 6

Early Dose C n'Sv) at 1 kn

body thyroid

1 5 0 0

5 3 0  1 9 0 0

2 0 0

1 7  0  2 3 0

t 5  1 5

9  0 0 0  2 0 0 0 0 0

1 0 0  4 0 0 0

.  Cornmi  t  t ed  dose  )

s h o w n  b e t w e e n  v a l u e s  f o r  M P A  a n d  t h e  E P R C  ?  w h l c h  a r e  c o m p a r a b l e

a c c i d e n t s .  S i m l l a r  c o n u n e n t s  a p p l y  w h e n  c o m p a r i n g  W C R E  w i t h

E P R C  3  a n d  E P R C  4 .

? . 1 1  T h e  r a d i a t i o n  d o s e s  s h o w n  i n  t h e  t a b l e  a r e

c a l c u l a t e d  f o r  a  d i s t a n c e  o f  1  k m  f r o m  t h e  s o u r c e .  T h e  v a l u e s

a r e  t h e  e a r l y  d o s e s  r e c e i v e d  a f t e r  t h e  i n i t i a t i o n  o f  t h e  p l u m e

o f  r a d i o a c t i v e  m a t e r i a l s .  I n  t h e  f i g u r e  b e l o w  c a n  b e  s e e n  t h e s e

d o s e s  a s  a  f u n c t i o n  o f  d l s t a n c e  e s L i m a t e d  f o r  s e v e r a l  o f  t h e

a c c i d e n t  s c e n a r i o s .  T h e  P A R A  c a l c u l a t i o n s  a r e  f o r  t h e  P i c k e r i n g

s t a t i o n  w l t h  s o m e  s a f e t y  l m p r o v e m e n t s  i n  p l a c e  s i n c e  t h e  W G - 8

s t u d y -

2 .  1 5  I t  c a n  b e  s e e n  f r o n  t h e  t a b l e  t h a t  t h e  a c c i d e n t

s c e n a r j o  E P R C  ?  i s  L h o u q h t  t o  b e  i h e  m o s t  p r o b a b l e  -  b y  d  f a c t o r

o I  I 0  a n d  c l e a r l y  m u s L  b e  c o n s i d e r e d  i n  p . L d n n i n g .  A t L e r

I 1
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Oislance From NGS (km) Dlslance F.o'n NGS {ktrt

L h i s ,  a c c i d e n t s  o f  e s t i m a t e d  f r e q u e n c y  d o l r n  t o  1 0  
t / r e a c L o r  

y r l

a r e  l l P A .  a n d  E P R C  6  f o l l o w e d  b y  E p R c  3 ,  O f  t h e s e  E p R c  3  i 5  t h e

m o s t  d e v a s t a t i n < l  w i t h  a  m e a n  e a r l y  u h o l e  b o d y  ) : a d i a L i o r  e x p o s u r e

o f  1 5 0 0  m s v  f o l l o \ r e d  b y  a  c o n L i n u i n g  e m i s s i o n  o I  r a d i o a c t i v c

m a L e r i a l s .  T h c  a c c i d e n L  E p R C  6  i : i  . r l s o  s e r i o u 5  a n d  m u c t r  \ . / o r s e

L h a n  t h e  M P A  o t  w G  8 .  N o t e  t h a L  W C R F I  o t  W G  8  i s  s o t l r e w r r d l

s i m i l a r  i n  s e v e r i t y  t o  E P R C  I  a n d  E P R C  4  t h o u g h  o n l y  t h e s e  l a t e r

i r a v e  e s t i r r d t e s  o f  p r c , b a b i l i L y  o f  o c c u r r e n c e .  C a l c u l a t l o n s  f o r

D a l : l i n g t o  d o n e  s o m e  L i m e  a g o  s h o w  a  s o m e w h a t  h i g h e r  p r o b a b i L i t y

f o r  c o m p a r a b l e  p u b l i c  e x p o s u r e .

2 . 1 6  T h y r o i d  d o s e  f r o m  t h e s e  a c c i d e n t s  s h o u l d  a l s o  b e

n o t e d -  S i n c e  t h e  t h y r o i d  g l a n d  i s  s m a l l  a n d  c o n c e n t r a t e s

i o d i n e ,  i t s  r a d i a t i o n  e x p o s u r e  c a n  b e  m u c h  g r e a t e r  t h a n  t h e  r e s t

o f  t h e  b o d y .  T h e  r d t i o  c a n  b e  m o r e  t h a n  a n  o r d e r  o f  m a g l j t u d e
( N U R E G , / C R  6 3 1 0 )  { 3 L l  a n d  W G - 8  [ 4 8 ]  o r  p e r h a p s  m o r e  l i k e l y ,  o n t y

a s  m u c h  a s  a  f a c t o r  o f  o n e  t o  t h r e e .  ( l e t t e r  f l o m  L . D . X o r r o w .  1 4

I 2



M a r  9 5  ) ,  d e p e n d i n g  o n  t h e  d e t a i l s  o f  t h e  a c c i d e n t .  T h e s e

, i € ta11s  a re  , l esc r l bed  l l i  mar ry  ncL -L ' l t l r t  i ce | ra r Io i  a | i d  t he

r e s u l t l n g  r d d l o a c t l v e  l o d I n e  r e l e a s e  v a r l e s  w l d e l . y .  F o r

e x a m p l e ,  n o t e  t h a t  a c c i d e n t  E P R C  ?  s h o w s  n o  i o d i n e  r e l e a s e ;  t o r

i t  t h e  r a t i o  i s  c l e a r l y  o n e .  T h e  l a r g e s t  r e l e a s e s  a r e  d e s c r i b e d

i n  a c c i d e n t  s c e n a r i o s  i n  N U R E G . / C R - 5 3 1 0  t 3 1 l  f o r  o r e s s u r i z e d

l ra te !  reac to rs  and  cove !  a  ranqe  f rom ve rv  L i t t l e  t o  seve ra l

fo r  t he  CANDU sys tem in  On ta r i o  have  shown  sma l le r  i od ine

r e l e a s e s .  o N s R  a n a l y z e d  s e v e r a l  s e v e r e  a c c i d e n t  s c e n a r i o s  a n d

a l l  s h o w e d  r e l e a s e s  l e s s  t h a n  l X ;  t h e  t { c - 8  e s t l m a t e  f o r  H P A  1 s

0 .11  and  fo r  wcRE 1g  was  chosen .  The  PARA scenar : i os  r : ange  f rom

z e r o  ( E P R C - f )  t o  0 . - / *  ( E p R c  4 ) -  A c c i d e n t  t r P R C - 3  i s  e x p e c t e d  t o

re lease  tw ice  as  much  lod ine  as  the  MPA and  a l t hough  the  thy ro ld

exposu re  l s  no t  ca l cu l "a ted ,  by  compar l son  n l t h  EPRC 4  and  EPRC 5

l t  m i g h L  b e  e x p e c L e d  t o  b e  a b o u t  1 0 0 0  m s v ,  w h i c h  w o u l d  l e a d  t o  a

dose  under  the  p lume comparab le  to  the  exposu re  es t ima ted  fo r

YPA.

p e r c e n t  ( o n e  e x a m p l e  i s  2 5 t )  o f  c o r e  i n v e n t o r y . c a l c u l a t l o n s

e .  1 8  T h e r e  a r e  m a n y  u n c e r t a i n t i e s  i s  t h e s e  c a l c u f a t i o n s

o f  a c c i d e n t  c o n s e q u e n c e s  a n d  f r e q u e n c i e s .  T h e s e  i n c l u d e  l h e

< l - o n  i n  . n  d c c i d e n t

? . 1 7  o v e r  t h e  l a s t  d e c a d e  o r  s o  t w o  f a c t o r s  h a v e  a r i s e n

t h a t  m u s t  e n t e r  i n t o  a n y  e s t i m a t i o n  o f  i o d i n e  r e l e a s e -  F i r s t ,

c o n s l d e r a b l e  n e w  k n o w l e d g e  o f  l o d I n e  r e a c t i o n s  d n d  l o d 1 n e

l n t e r a c t l o n s  i . , i L h  s o l i d  s u r f a c e s  h a s  b e e n  g a l n e d  { e - 9 .  W r e n  e t

a 1 /  1 9 9 4  t 6 4 l  )  i n d i c a t i n g  l i m i t e d  i o d i n e  v o l a t i l i t y .  s e c o n d l y ,

a d d i t i o n a l  s a l e t y  f e a t u r e s  a n d  c o n t a i n m e n t  m o d i f i c d t i o n s  a l -

P i c k e r i n g  A  w i l l  f u r t h e r  i n h i b l t  i o d i n e  l e l e a s e .  ( L o n g e r  h o l d u p

t l m e  d l  l o w c  r d d i o d . l  l v c  d e c d y )  A n d  d s  m e n t l o n e d  a b o v F ,  L h e

a l k a l i n l t y  o f  t h e  e m e r g e n c y  c o o l i n g  t / a t e r  I n c r e a s e s  c o n s i d e r a b l y

t h e  s o f u b i l i l y  a n d  r e t e n t i o n  o f  i o d i n e .  S o m e  o f  t h e s e  f a c t o r s

w o u l d  a p p l y  b o t h  t o  a n  i m m e d i a t e  ( p u f f ' r  r e l e a s e  i f  t h e r e  l s

c o n t a l n m e n t  f a i l u r e  a n d  t o  c o n t ! o 1 l e d  r e l e a s e s  t h r o u g h  t h e

f i l t e r i n g  s y s t e m  ( E F A D S )  v h i c h  h a s  c o n s i d e r a b l e  o v e !  c a p a c i t y

f o r  i o d i n e  r e t e n t i o n -
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s e q u e n c e .  t h e  e v a l u a t i o n  o f  e x c l u s i o n s  o f

l n i t i a t i n g  e v e n t s ,  t h e  u n c e r t a i n t i e s

h i g h l y  u n l i k e l y

a s s o c i a t e d r^'i th
m e t e o r o l o g i c a l  c o n d i t l o n s ,  a n d  t h e  I n e v i t a b l e  c o . r s e r v a E r s t n

i n t r o d u c e d  b y  n o t  c r e d i t i n g  r e s i d u a l  ( p o s t  a c c l d e n t )  o p e r a E r n g

c a p a b l l i t i e s . U n c e r t a i n t l e s  a r e  a l s o  i n t r o d u c e d  t h r o u g h

a s s i g n m e n t  o f  c e r t a i n  c o n t a i n m e n t  f a l l u r e  m e c h a n i s m s  a s  n o t
c r e d i b l e .  I t  i s  r e c o g n i z e d  t h a t  u n c e r t a i n t i e s  i n  m o d e l s  a n d
d a t a  t e n d  t o  r a i s e  d o u b t s  a b o u t  t h e i r  r e l i a b i l i t y .  H o w e v e r  t h e

u s e f u l n e s s  o f  t h e  p r o c e s s  i n  p r o v l d i n g  a  c o h e r e n t  p i c t u r e  o f  t h e
w h o l e  s y s  t e m  i s  u n d o u b t e d . A  m e a s u r p  o f  t h F  u n . c r l d i n L i e s

i n v o l v e d  i n  t h e  a n a l y s i s  i s  g i v e n  i n  t h e  u n c e r t a i n t y  b o u n d s  f . o y

s e v e r e  c o r e  d a m a g e  a n d  f o r  f a r g e  r e l e a s e  o f  r a d i o a c t l v e

m a t e r i a l s  w h e r e  w e ] 1  o v e r  a n  o r d e r  o f  m a g n i t u d e  s e p a r a t e s  t h e  5 9

a n d  9 5 9  p r o b a b i l i t y  l i m i t s  t 3 5 1 .  A  r e v i e w  I 2 2 l  o f  e s t i n a L e d

a c c i d e n t  c o n s e q u e n c e  o f f e r s  t h e  j u d g m e n t  t h a t  , , r e c e n L  s t u d i e s  o f

t h c  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  s e v e r e  r e a c t o r  a c c i d e n t

r e l e a s e  e s t l m a t i o n  i n d l c a t e  t h a t  p r o j e c t l o n s  b a s e d  o n  d c c i d e n t

c o n d i L i o n s  a r e  o n l y  a c c u r a t e  w l t h t n  a  f a c t o r  o t  1 0 0 .  c v e n  i f  a l l

r e a c b o r  c o n d l L l o n s  a r e  k n o w n , ' . w i t h  t h l s  i n  m l n d ,  t h e
c a l c u l a t l o n s  l n  t h e  t a b l e s  a n d  g r a p h s  a b o v e  m u s t  b e  v l e w e d  w i t h
c a u t l o n  a n d  a w a r e n e s s  o f  t h e  u n c e r t a i n t i e s .  k e e p i n g  i n  m i n d  t h d L
success i ve  con : , j e rva t i ve  esL imd tes  have  become inco rpo raLed .  To

o u r  k n o w l e d q e  h o w e v e r ,  e v e n  w i t h  t h e i r  u n c e r t a i n t i e s ,  L h e s e

c a l c u l a t i o n 5  d r c  t h e  b e s t  g u i d e s  a v a i l a b l e .
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3  R A D I A T I O N  E F F E C T S  A N D  I N T E R V E N T I O N  C R I T E R I A

T h e  r e v i e w  o f  n u c l e a r  a c c i d e n t s  r . ' i t h  t h e  i r
p o t e n t i a i  r a d i a t i o n  e x p o s u r e s  l e a d s  t o  a  d i s c u s s i o n  o f  t h e
b i o l o g i c a l  e f f e c t s  o f  t h e  r a d i a t i o n  a n d  t o  a  c o n s i d e r a t i o n  o f

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

b i o l o g i c a l  e f f e c t s  o f  i o n i z i n q  r a d i d t i o n  h a v e  b e e n  s t u d i e d

e x t e n s i v e l y  a n d  r e v i e w e d  i n  n a t i o n a l  a n d  i n t e r n a t i o n a l  r e p o r t s .

I n t e r v e n t i o n  m e a s u r e s  h a v e  a l s o  b e e n  i d e n t i f i e d  a n d  r e v i e w e d

{ ? . 1 4 , 3 0 , 3 1 1 .  I n  t h i s  S e c t i o n  a r e  p r e s e n t e d  o n l y  L h o s e  p a r t s  o f

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

c o n t e x t  o t  a  p o p u l a t i o n  o f  I 0 , 0 0 0  w i t h  a n  a g e  d i s t r i b u t i o n  l i k e

t h a L  i n  O n t a r i o  a n d  w h i c h  a p p r o x i m a t e s  t h e  p o p u l a t i o n  i n  t h e

C o n l i g u . r u s  Z o n e  ( r a d l u : r  1  I  k m )  a L  L h e  p i c k e r i n q  s t a t i o n  {  3 6 l .

T h u s  a  c o m p a r l s o n  c a n  b e  m a d e  o I  t h e  h a z a r d s  o f  a  n u c l e a r

a c c i d e n t  w i t h  t h e  n o r m a l  h d z d r d s  o f  d a i l y  l i v i n g .

r h F  s u b i c . L  l h d l  b . r r  , l i r F . t  l y  o n  t h i s  s l u d y . I n  p a r t i c u l a r .

1 5

3 . 3  N d u s e d  o n d  v o m i L i n q  c d n  o c c u r  - L  d . s e s  d b '  v -

2 5 o m s v ,  a n d  b o n e  m a r r o ! . , /  f a i l L l i e  a f t e r  2 , 0 0 0  I n s v .  A t  h i g h e r

d o s e s  a  I a r g e r  f t a c t i o n  o t  t h e  p o p u l a t i o n  i s  a f f e c t e d  u n t i l  a t

5 , 0 0 0  m s v  a b o u t  h a l f  t h e  p o p u l a t i o n  w i l f  s u f f e r  s e r i o u s  i l l n e s s

a n d  d e a t h .

3 . 2  I t  i s  c u s t o m a r y  t o  c o n s i d e r  t h e  d c l e t e r i o u s  e f f e c t s

o f  r a d i a t i o n  i n  t r ^ r o  c a t e q o r i e s :  O n e  c a l l e d  " d e t e r m i n i s t i c ' r

e f f e c t s ,  w h i c h  c a n  o c c u r  d b o v e  a  t h r e s h o l d  d o s e  a n d  i n c r e a s e  i n

s e v e r i t y  l r i t h  i n c r e a s i n g  d o s e ,  a n d  t h e  o t h e r  c a l l e d  " s t o c h a s t i c "

w h i c h  a r e  i n f r e q u e n t ,  h d v e  n o  t h r e s h o l d ,  a n d  i n c r e a s e

f r : e q u e n c y  \ " i t h  d o s e .  D e t e r m i n i s t i c  e f f e c t s  i n c l u d e  n r u s e a  a n d

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

S t o c h a s t i c  e f f e c t s  i n c l u d e  a  v i d e  r a n g e  o f  c a n c e r s  s u c h  d s

l e u k e m i a s  a n d  t h y r o i d  t u m o ! s  a s  w e l l  a s  p r e s u m e d  d e t r i m e n t a l

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

a  c o m p L e x  p r o c e s s  a n d  r d d i a t i o n  c a n  c a u s e  b o t h  d e t e r m i n i s t i c  a n d

s  L o c h a s t  i c  e  f  f e c t s  .



3 . 4  I n  c o n t r a s t ,  l a t e  o n s e t  ( s t o c h a s t l c )  e f f e c t s  a r e

u s u a l l y  c a n c e r s  1 n  a  v a r l e t y  o f  s l t e s  ! n d u c e d  b y  t h e  r a d l a t l o n

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

t h a t  e v e n t u a l l y  l e a d  t o  c a n c e r  d e a t h s  a f t e r  a  d o s e  o f  1 0 0 0  m s v

t o  t h e  w h o l e  b o d y  i s  e s t l m a t e d  t o  b e  a b o u t  5 0 0  i n  t h e  1 0 , 0 0 0

p o p u l a t i o n  ( 1 5 1 .  F o r  s m a l l e r  d o s e s  t h e  f a t a l i t i e s  a r e  t h o u g h t

t o  b e  r e d u c e d  p t o p o r t i o n a t e l y ,  i . e .  f o r  a  1 0 0  m s v  d o s e  a b o u t  5 0

d e a t h s  a m o n g  t h e  2 , 0 0 0  I n a t u r a l "  c a n c e r  d e a t h s  i n  a  p o p u l a t i o n

o f  1 0 , 0 0 0  i n d i v i d u a l s  t  2 ?  I  .  I t  s h o u l d  a l  s o  b e  r e m e m b e r e d  t h a t

t h e  I o n g  t e r m  d e t r i m e n t a l  e f f e c t s  o f  r a d i a t i o n  i n c l u d e  a s  w e l l

a s  c a n c e r  d e a t h s .  t h e  s u f f e r i n g  f r o m  n o n  l e L h a l  c a n c e r s ,  t h e

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

P r o t e c t i v e  m e a s u r e s  s h o u l d  c e r t a i n l y  a l m  a t  r e d u c i n g  w h o l e  b o d y

d o s c s  L o  w e l l  b c l o w  1 0 0  m s v .

3 . 5  C a n c c r  o f  t h e  t h y r o i d  i s  a  c a n c e r  o f  p a r t i c u l a r

l n t e r e s t  i n  n u c l e a r  a c c i d e n t s  s i n c e  r a d i o a c t i v e  i o d i n e  m a y  b e

re leased  and  cou ld  then  become concen t r :a ted  i n  t he  thy ro id

g l a n d -  T h e  n u m b e r  o f  t h y r o i d  c a n c e r  d e a t h s  r e s u l t i n g  f r o m  a

d o s e  o f  1 0 0 0  m s v  t o  t h e  t h y r o l d ,  l s  e s t l m a t e d  t o  b e  a b o u t  8  i n

t h e  1 0 , 0 0 0  p o p u l a t i o n  o r  a  s t a t i s t i c a l  0 . U  t h y r o i d  c a n c e r  d e a t h s

f r o m  1 0 0  m s v .  H o w e v e r  t h e  d o s e  t o  t h e  t h y r o i d  c a n n o t  b e

p r e d i c t e d  f r o m  t h e  w h o l e  b o d y  d o s e  b e c a u s e  t h y r o i d  a b s o r p t i o n  i s

v a r i a b l . e .  I o d i n e  m a y  b e  c o n c e n t r a L e d  i n  t h e  t h y r o i d  g l a n d

r e s u l t i n g  i n  a  t h y r o l d  d o s e  a s  m u c h  a s  2 0  t i m e s  t h d t  t o  t h e

r e s t  o f  t h e  b o d y  t 3 1 1 .  T h a t  c o n c e n t r a t i o n  h o w e v e r  m a y  n o t  I e a d

t o  a n  i n c r e a s e  o f  2 0  f o l d  f o r  t h e  r a d i a t i o n  s e n s i t l v e  c e 1 l s .

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

f o l l i c l e s  a n d  t h e  e f f e c t l v e  d o s e  t o  t h e  I l n l n q  c e f l s  c o u l d  b e  2

t o  3  t i m e s  l o w e r  d e p e n d i n g  o n  w h i c h  i s o t o p e s  o f  i o d i n e  a r e

invo l ved .  Thus  a  \ , . ho1e  body  dose  o f  100  msv  wou ld  l ead  to  a

n o r t a l i t y  f r o m  t h y r o i d  c a n c e r  o f  0 . 8  L i v e s  i f  t h e  i o d i n e  i s  n o t

c o n c e n t r a t e d  t o  a s  m u c h  a s  0 . 8  X  2 0  X  L / 2  =  8  l i v e s  i f  t h e  d o s e

i s  p r i m a r i l y  f r o m  r a d i o a c t i v e  i o d i n e .  T h i s  r r n g e ,  0 . 8  -  8 ,  o f

f a t a l i t i e s  m a y  b e  c o m p a r e d  w i t h  t h e  6  d e a t h s  t o  b e  e x p e c t e d  f r o m
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3 . 8  R a d i a t i o n  a n d  i o d i n e  d e f i c i e n c y  a r e  t h e  t w o  m a J o r

r i s k  f a c t o r s  f o r  t h y r o i d  c a n c e r  [ 6 1 1 .  I n  m e c h a n i s t i c  a t u d i e s

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

a n  i n c r e a s e  i n  t h y r o i d  s t i m u l a t i n g  h o r m o n e  ( T s H ) .  T s H  i n c r e a s e s

t h y r o i d  c a n c e r s  i n  t h e  s a m e  p o p u l a t i o n .  T h e

c a n c e r s  w o u l d  o c c u r  i n  y o u n g e r  i n d i v i d u a l , s .

r a d  i a t  i  o n  i n d u c e d

I  h v r ^  i  d  i ^  . d r . i n o o F n c s l s . T h e

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

b y  i o d i n c  d c l i c i e n c y ,  a n d  e x p o s u r e  t o  T  S H . I n  m o 1 e c u L a r

s t u d i e s ,  D N A  d a m a g e  o r  m u t a t i o n s  p r o d u c e d  b y  r a d i a t i o n  c a n  b e

s h o l r n  t o  b e  r e p a i r e d ,  t h e  t r d c t i o n  t e p a i t e d  d e p e n d i n g  o n  t h e

g e n e t i c s  o f  t h e  i r r a d i a t e d  i n d i v i d u a l  a n d  t h e  p r o l i f e r a t i v e

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

d n y  s t u d r e s  t h a t  h d v e  s y s t e m a t i c a l l y  e x a m i n e d  t h e  e f f e c t  o I

a d m i n i s t e r e d  i o d i n e  o n  t h e  p ! o l i f e r a L i o n  o f  t h y r o i d  c e f l s  o r  o f

t h e  e f  f e . i t  o f  p r o l i f e r a t i o n  i m m e d i a t e l y  d f t e r  r a d i a t i o n  o n  t h e

s e n s i t i v i t y  o f  t h e s e  c e l l s  t o  c a r c i n o g e n i c i t y .  T h u s  i t  c a n n o t

h F  w i r ,  , . a r i ; : n t v  i F - F  , . n n ' 6 6 d n r  . ,  i o n  d f t p '

i r r a d i a t i o n  w o u l d  a l w a y s  I e a d  t o  b e n e f l c i a l  e f t e c t s .

i n t e r a c t i o n  o f  i o d i n e  d e f i c i e n c y  a n d  r a d i a t i o n  o n  t h y r o i d

c a r c i n o g e n e s i s  i s  n o t  k n o \ r n  b u t  i t  i s  p r o b a b l y  l a r g e .  I n  J a p a n

w h e r e  i o d i n e  i n t a k e  i s  a d e q u a t e  t h y r o i d  c a n c e r  i s  r a r e  a n d  i t

t h e  U k r d i n e  w h e r e  i o d i n e  i n t a k e  i s  i n a d e q u a t e  t h y r o i d  c a n c e r  i s

c o m m o n  a n d  m o r e  c h i l d r e n  w e r e  I i k e I y  a f f e c t e d  a f t e r  t h e

C h e r n o b y l  a c c l d e n t  t 4 , 5 , 5 6 , 6 0 1 .  l n  o n t a r i o  i o d i n e  l n t a k e  i s

g e n e r a l l y  a d e q u a t c  a n d  s o m e  i n d i v l d u a l s  e v e n  s h o w  e v i d e n c e  o f

3 . 7  T h e  u n d e r s t a n d i n g  o f  c a r c i n o g e n e s i s  i s  i n c o m p l e t e .

T h e  g e n e r a l l y  a c c e p t e d  m o d e l  i s  b a s e d  o n  i n d u c e d  s o m a t i c

m u t a t i o n  o f  t h e  D N A  o f  g e n e s  a n d  t h e  s e l e c t i o n  o f  m o r e  m a l i g n a n t

c : l o n e s  o f  t h e  a f f e c t e d  c e l l s  t h r o u g h  a  p r o c e s s  o t  p r o m o t i o n  a n d

n r o q r e s s r o n .  s e v e r a l  o t  t h e  g e n e s  a f f e c t e d  h a v e  b e e n  i d e n t i f i e d

t 6 1 1 .  S o m a t i c  m u t a t i o n s  c a n  b e  i n d u c e d  b y  r a d i a t i o n ,  p t o m o t e d

I" l



3 . 4  ? h e  g e n e t a l  p r i n c i p l e s  f o r  i n t e r v e n t i o n  a s

reconrne i - rded  1n  1994  by  the  IAEA I14 l  and  no r^ r  b road ly  accep ted

a r e :
" 1 .  A l l  p o s s  i b l e  e f f o r t s  s h o u l d  b e  m a d e  t o  p r e v e n t  s e ! i o u s
d e t e r m i  n i s t  i c  h e a l t h  e f f e c t s .

2 .  T h e  i n t e r v e n t i o n  s h o u l d  b e  j u s t i f l e d  i n  t h e  s e n s e  t h a t

i n t r o d u c t i o n  o f  t h e  p r o t e c t i v e  m e a s u r e  s h o u l d  a c h i e v e  m o r e

gooa l  t han  ha r rn .

3 .  T h e  l e v e l s  a t  w h i c h  i n t e r v e n t i o n  i s  i n t r o d u c e d  a n d  a t

w h l c h  i t  i s  l a t e r  w i t h d r a w n  s h o u l d  b e  o p t i m i z e d ,  s o  t h a t  t h e

p r o t e c t i v e  m e a s u r e  r d i l f  p r o d u c e  a  n a x i m u m  n e t  b e n e f i t . "

A p p l i c a t l o n  o f  t h e s e  p r i n c i p l e s  e n t a i l s  t h e  d e v e l o p m e n t  a n d  u s e

o f  p r o t e c t i v e  f o r  a v e r t i n g  r a d i a t i o n  e x p o s u r e s  a r i s i n g

th rough  va r ious  pa thways .  The  ma jo r  p ro tec t i ve  measures  a re

s h e l t e r l n g ,  e v a c u a t i o n  a n d  r e l o c a t i o n ,  a d m i n L s t r a t i o n  o f  s t a b l e

i o d i n c .  a n d  c o n t r o t  o f  t h e  s o u r c e  o f  f o o d s t u f f s .  T h i s  s t u d y  i s

l i m i t e d  t o  s h e l t e r l n g ,  e v a c u a t l o n  a n d  L h e  u s c  o f  I o d l n e -  I t  I g

i m p o r t a n t  t o  n o t e  t h a t  s h e l t e r i n g  a n d  e v a c u a t i o n  a r e  m e a s u r e s  i n

common use  fo r  bo th  man  made  and  na tu ra l  d i sas te rs -

3 . s  T h e  l A E A  S a f e t y  c u i d e  t I 4 l  e s t a b l  i s h e d  g e n e r i c

i n t e r v e n t i o n  l e v e l s  w h i c h  c o u l d  b e  a p p l i e d  i m m e d i a t e l y  a s  t h e

a p p r o p r i a t e  f l e x i b i l i t y  t h e y  c a n  b e  a p p l i e d  t o  a n y  s p e c i f i c  s i t c

o r  d c c i d e n t  a n d  c a n  b e  a d a p t e d  o n  a  L o n g e r  t e r m  b a s i s  f o r

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

p r o t e c t l v e  a c t l o n  m u s t  t a k e  l n t o  d c c o u n t  b o t h  t h e  d o s e  w h L c h

m i g h t  b e  r e c e i v e d  w i L h  n o  a c t i o n  a n d  t h e  d o s c  w h i c h  c a n  b e

a v e r t e d  b y  s o m e  a c t i o n .  T h e s e  c o n s i d e r a t i o n s  c a n  b e  u s e d  t o

d e f i n e  t h e  a r e a  a n d  c o n t a i n e d  p o p u l a t i o n  g r o u p  w h e r e  i t  i s  o f

b e n e f l t  t o  t a k e  p r o t e c t l v e  a c t i o n .  o u h s i d e  t h i s  a r e a  p r o t e c t i v e

a c t i o n  w o u l d  h a v e  m o r e  d i s a d v a n t a g e s  t h a n  b e n e f i t s .  U s i n g  t h e s e

g u i d e  l i n e s  t h e  I A E A  ( T a b l e  I l I /  r e f  1 4 )  r e c o m n e n d s :

f i r s L  c r i t e r i a  f o r  a c t i o n  f o l l o w l n q  d n y  a c c i d e n t . w t  t h
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Protect iwe act ion Gener ic  in te.yent ion level

( d o s e  d o e r t a b a e  b y  p r o t e c t i v e  a c t i o n ) _ b

10 msv '

100 mcy-

S h e l t e r i n g

E v a c u a t i o n

I o d l n e  p r o p h y l a x i s

- - - ?h€ee  t €vsLs  o16  oa  dv€ r t dbLd  do66 ,  i .  € -  r h6  e t i on  €hou ld

b€ tckoh il th€ &es thot can b€ avort€d by th€ oction.

LaLing lnro c.coqh! rhe Lo.! of -ff..r!v.h... du.

d€lay€ or lor olh6r pracrlcoL i6 gr€ol,€r lhan

fh6  L6w€16  ! h  aLL  co6€s  . 6 f - r  r o  r h6  ewe .496  gu l r dbLy

cho66n BompL€s of lh€ popularlon, nol lo rh€ ho€l 6rpo66d

ind iw ldua l6 .  p ro l oc r sd  do€ .€  r o  g roups  o f

rndlwldqoL6 vith hr9h6r BhouLd b€ k.pt b6lov

th r66hoLd  f o r  d6 l€ rm ina6 t i - c  e ta6c t6 .
- sh€tt6rihg ra hol .o.ohh€nd€d for tongar thdn ddys.

Authonti66 may vi€h to r€.omm€6d €holtering dt Low€.

Lnta.v€ntion Levola fo. shorter p€rrods

t@t l i t o t €  f u r t h€ r  € .  g -  . v ( ! d r i on -

d.d fo. c p€rlod Longer thdn

voek -  ^u tho r i t i €e  may  v !6h  t o  i n l r l c l s  a r  Lov€ r

Ln te rw€n t i on  t ewe tg .  f o .  sho r t e r  pe r l ods  and  aL6o  vho re

owcuo t i on  . on  bo  co . i . d  ou t  qu l ck l y  and  6as l l y .  o , 9 .  l o r

BmaLL  g roupe  o f  p€op l . ,  | r l gha r  l n r€ . v . n t r on  l 6v6 l s  moy  bo

dppropridt- ih satuations vhor€ ev(ruation woutd b€ dlfflcutt,

- .  g .  f o r  Lca .  popu ld l i on  g roupd  o .  e l t h  l hddoqud t6

3 . 1 O  B o t h  t h e  O N S R  a n d  L h e  r e p o r t  o I  W G  8  p o i n l e d  o u L

t h a t  t i m e l y  a n d  e f f e c t i v e  i n t e r v e n t i o n  i n  a n  a c c i d e n t  r e q u i r e s

p l a n n i n g  b a s e d  o n  s p e c l f l c  c r i L e r i a .  A s  W G  I  n o t e d  i n  t h e i r

r e p o r t .  t h e  P r o v i n c e  o f  O n t a r i o r s  N u c l e a r  E m e r g e n c y  P l a n ,  v h i c h

they  had  been  commiss loned  to  examine ,  l r as  based  on  a  Max imura

P l a n n i n g  A c c l d e n t  ( M P A ) .  T h e  d e t a i l e d  p l a n n i n g  a n d  p r e p a r a t i o n

w a s  f o r  a n  a c c l d e n t  t h a t  p r o d u c e d  a n  e f f e c t i v e  d o s e  o f  2 5 0  r n s v

a t  a  d i s t a n c e  o f  1  k m  f r o m  t h e  r e a c t o r .  T h e  N u c l e a r  E m e r g e n c y

P l a n  ( N E P )  u s e d  t h r e e  p l a n n i n g  z o n e s :  a  3  k m  c o n t i g u o u s  Z o n e ,  a

1 0  k m  r a d i u s  P E i m a r y  z o n e ,  a n d  a  5 0  k m  r a d i u s  s e c o n d a r y  Z o n e ,

w h i c h  w e r e  a p p l i . c a b l e  t o  h h e  P i c k e r i n g ,  D a r l i n g t o n  a n d  B r u c e

p l a n t s ,  w i t h  m o d i f i c a t i o n s  f o r  t h e  F e r m i  r e a c t o r  n e a r  w i n d s o r .

T h e  N E P  a l s o  r e c o m m e n d e d  t t h y r o i d  b l o c k i n g "  w l t h  K I  t a b l e t s  a n d

c o n d i t i o n s  I o r  p u b l i c  a l e r t i n g .  A s  n o t e d  i n  t h e  p r e v i o u s

s e c t i o n ,  t h e  M P A  a s s u m e d  c e r t a L n  v a l u e s  o f  e s c a p e d  r a d i o a c t i v e

^ve.tabto doec to tho thyroid- prlrctical

inr€rvcnrion Lcwol is recomm€nd€d for cLL agc groups.
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n a t e r  i a l s  a n d  c a l c L r l a t e d  t h e  r e s u l t i n g  d o s e s  a s  a  f u n c t i o n  o f

d is tance ard  t l r r re .  T l i€1r  reEu l t lng  recomfrer rda t lons  vere  (Tab1e

4 . 1  f r o n  w G  B  )  i

T h e s e  d o s e s  w e r e  u n d e r s t o o d  t o  b e  t h e  d o s e  o f  t h e  m o s t  e x p o s e d

i n d l v i d u a l  o f  t h e  p a r t i c u l a r  g r o u p ,  a n d  t h e  t o p  a n d  b o t t o m  o f

t h e  r a n g e  i n d i c a t e d  " m u s t "  t a k e  a c t i o n  a n d  ( s h o u 1 d t r  t a k e  a c t i o n .

3 . 1 1  A  c o m p a r i s o n  m a y  b e  m a d e  o f  t h e s e  i n t e r v e n t l o n

l e v e l s  w i t h  t h o s e  o f  t h e  I A E A  w h i c h  w e r e  s h o w n  i n  a  t a b l e  a b o v e .

T h e  s l n g l e  v a l u e s  o f  t h e  I A E A  r e f e r  t o  a n  a v e r a g e  d o s e  r , r h L I e  t h e

W G " 8  l e v e l s  r e f e r  t o  t h e  m o s t  e x p o s e d  i n d i v i d u a l .  I , I i t h  t h l s

d i s t i n c t i o n  l n  m i n d  l L  t s  s e e n  t b a t  t h e  r e c o m m e n d a t l o n s  a i : e

b r o : r d l y  s l m l l a r  w i t h  W G - 8  r e c o m m e n d i n g  a c t l o n  a t  s o m e w h a t  l o w e r

I e v e l s .  F o t  t a k i n g  a c t i o n  i n  d n  e m e r g e n c y .  s i n g l e  v a l u e s  a r e

s  i m p l e r  a n d  u n a m b l g L r o u s .

3 . 1 2  I n  r e l a L i n q  t h e s e  i n t e r v e n t i o n  a n d  p r o t e c t l v e

a c t l o n  l e v e l s  t o  t h e  z o n e s  d e f i n e d  i n  t h e  N E P ,  o t h e r  i m p o r t a n t

a n d  p r a c t i c d L  f d c t o r s  m u s L  b e  c o n s l d e r e d .  F o r  e x a m p l e ,  i f

e v a c u a t i o n  i s  c a l l F d  f o r ,  t h ( r  m u n i c i . p a l  a u t h o r i t i e : i  m u s t  t a k e

i n t o  a c c o u n t  t h e  e a s e  o f  t r a f f i c  c o n t r o l ,  t h e  p r o b l e m s  o f

n o t l f i c a t i o n  d a y  o r  n i q h t ,  a n d  t h e  c o n d i t l o n  o f  t h e  r o a d s .
' l h e y  h a v e  a l s o  t o  n o t e  t h e  w i n d  d i r e c t l o n  f o r  t h e  p o p u l a t i o n  l n

t h e  u p - w i n d  d i r e c t i o n  i s ,  i n r t i a l l y  d t  t e a s t ,  n o L  i n  d a n g e r .

Protect iYe Act ion

S h e l t e r i n g

Evacua t  i  on

Thy ro  i d  b  l ock  i n9

1 - I 0 m s v

1 0 - 1 0 0  n s v

Th)ro id dose

3 - 3 0 m s v
3 0 - 3 0 0  m s v

3 0  3 0 0  m s v

3 . 1 3  l o d i n e  p r o p h y l a x i s  ( t h y r o i d  b l o c k i n g )  r e q u i r e s

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

t h y r o i d  u p t a k e  h a s  b e e n  r e c e n t l y  r e v i e r r e d  b y  t h e  G r o u p  o f

M e d i c a l  A d v i s o r s  o f  A E C B  t 7 l ,  a n d  b y  c o n s u l t a n t s  f o r  t h e  U . S .

N u c l e a r  R e g u l a t o r y  c o m m i s s i o n  [ 3 L ] .  A 1 1  r e v i e w e r s  a g r e e  t h a t  a

1 ) n  n a  8 I  r a h l F t  t ^ k F n  i  r s r  h p f o r 6  p x n o s r r r p  t o  r a d i o a c l j v e

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

t h y ! o i d  u p t a k e .  T h e  e f f e c t i v e n e s s  d e c l i n e s  i a p i d l y  h o w e v e r ,  a n d

2 0



a t  t w o  o r  t h r e e  h o u r s  a f t e r  e x p o s u r e  t a k i n q  a  t a b l e t

h a  1 f  a s  u s e f u l  1 2 0 . 3 1 1 . N o t  a l l  r e v i e w e r s  a g r e e

r a d i a t l o n  l e v e l  a t  w h i c h  t h e  t h y r o i d  g I a n d  i s  i n  d a n g e r ;

o n l y

range

d c c o m p a n y  t a k i n g  t h e  t a b l e t s  s i n c e  o t h e r  r a d i o a c t i v e  r e l e a s e s  i n

a n  a c c i d e n t  a r e  p r o b a b l y  m o r e  d a n g e r o u s .  E v a c u a t i o n  r e d u c e s  t h e

r i s k  b o t h  L o  t h e  t h y r o i d  a n d  t h e  n u c h  l a r g e r  r i s k  t o  t h e  r e s t  o f

t h e  b o d y  a s  w e l l .

o f  i n t e r v e n t i o n  l e v e l s  s p a n n i n g  t w o  o r d e r s  o f  m a g n l t u d e  (  f r o m

1 0  1 0 0 0  m s v )  l s  c i t e d  l n  t h e  N U R E G  6 3 1 0  r e v l e w . W h i l e  l o d i n e

p r o p h y l a x i s  d o e s  p r o t e c t  b h e  t h y r o i d  g l a n d  f r o m  r a d i o a c t i v e

i o d i n e  ( i f  t a k e n  i n  t i m e )  i t  d o e s  n o t  p r o t e c t  a n y  o t h e r  p a r t  o f

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

3.14 q!E!!{rJ1 R a d  i a t  i  o n  a n d  c a n c e r  r i s k s From

S e c t i o n  3 . 5  a n d  c o n t i n u i n g :  I n  a n  O n t a r i o  p o p u l a t i o n  o f  1 0 , 0 0 0 .

a b o u t  2 , 0 0 0  l r l l t  d i e  o f  c a n c e r  o f  r ^ ' h t c h  5  5  w i l f  b e  { r o m  t h y r o i d

t u m o r s .  I f  t h a t  p o p u l a t l o n  r e c e i v c s  a  w h o l e  b o d y  d o s e  o f  1 0 0

m S v ,  t h e r e  w i l I  b e  e v e n t u a l l y  a n  a d d i t i o n a )  5 0  c a n c e r  d e a t h s  o I

' r h l c h  0 . 8  a r e  f r o m  t h y r o i d  c a n c e r s .  I f  i n  a d d i t l o n  n u c h  o f  t h a L

d o s e  c a m e  f r o m  r : a d i o a c t i v e  i o d i n e  w h i c h  w a s  i n h a l e d  a n d

c o n c e n t r a L e d  t n  t h e  t h y r o l d ,  t h e  d o s e  t o  t h a t  g l a n d  c o u l d  b e  1 0

t i n e s  g l e . r t e r  ( f o r  P w R  a c c i . l e n t s  R c f  3 1 ,  p  ?  8 )  a n d  r e s u l t  i n  I

n o t  0 . 8  c a n c e r  d e a t h s .  o f  c o u r s e  n o n e  o f  t h e s e  5 0  o r  s o

" i r r a d i a t i o n "  d e . r t h s  c o u l d  b e  i d F n r r t r e d  1 n  t h E  2 , 0 0 0  " n a t u r a 1 "

d e a t h s .

I t  s h o u l d  b e  n o t e d  t h a t  a l l  . r c c i d e n t  s c e n a r i o s  f r o m  P A R A

f o r  P i c k e r i n g  A  s h o w  i o d i n e  r e l e a s e s  a t  l e a s l  a n  o r d e r  o f

m a g n i t u d e  1 o w e r .  c o m p a r e d  t o  n o b l e  g a s  r e l e a s e s ,  L h d n  r e l e a s e s

f r o m  P w R  ( s u r r y )  q u o t e d  i n  r e l e r e n c e  1 1 .  T h u s  t h e  n u r n b e r  o f

t h y r o i d  c a n c e r  d e a t h s  f r o m  r a d i o a c t i v e  i o d i n e  i n L a k e  f r o m  a

C A N D U  a c c i d e n t  t h a t  r e s u l t e d  i n  a  1 0 0  m s v  w h o l e  b o d y  d o s e  t o  t h e

p o p u l a t i o n  i s  l i k e l y  t o  b e  a n  o r d e r  o f  n a g n i t u d e  o r  m o t e  l o w e r

t h a n  t h e  8  q u o t e d  a b o v e ;  m o r e  l i k e  0 . 8  o r  l e s s ,  m a k i n g  t h e  r i s k

o f  L h y r o i d  c d n c e r  I r o m  i n h - l i n g  i o d i n "  l e s s  L h a n  l h .  r i s k  o f

t h y r o i d  c a n c e r  f r o m  \ r h o I e  b o d y  r o d i d L i o n .  r n  t h i s  s c e n a r i u

t h y r o l d  b l o c k l n q  e i t h  K I  t a b l e t s  p r o v i d e s  l i t t l e  a d d i t l o n a l

m i t l g a t i o n .



4  F O P  W H A T  A C C ] D E N T  S H O U L D  W E  P L A N

4 . 1  P r e v i o u s  S e c t i o n s  h a v e  o u t l i n e d  t h e  s e v e r i t y  a n d

e s t i m a t e d  f ! e q u e n c y  o f  v a r i o u s  p o s s i b l e  a c c i d e n t  s c e n d r i o s ,  t h e

s e v e ! a 1  h a r m f u l  e f f e c t s  o f  r a d i a t l o n  o n  p e o p l e /  a n d  p r e s e n t e d  a

d i s c u s s i o n  o f  t h e  l e v e l  o f  r a d i a t i o n  w h i c h  s h o u l d  b e  u s e d  a s  a

c o n d i t i o n  f o i  i n v o k i n g  s o m e  k i n d  o f  r e n e d i a l  a c t l o n . T h  i s

s e c t i o n  j o i n s  t h e s e  t h e m e s  a n d  a d d l e s s e s  t h e  q u e s t i o n  o f  h ' h a t

k i n d  o f  d c c i d . n l  s h o u . L d  b e  t h p  b a s i s  f o r  d F ' d i l F d  p l d n n i r , g .

r t . Z  A s  d i s c u s s e d  l n  S e c t i o n  a  t h e  O N S R  r e c o m m e n d e d
r r c o n p r e h e n s i v e  p l a n n i n g "  f o r  t h e  I ' m a x i m u n  c r e d i b l e  r e l e a s e s  o f

r a d i o a c t i v e  m a t e r i a l s i . T h e  p h r a s e  I ' m a x i m u m  c r e d i b l e i  w a s

i n d i c a t e d  a s  p r o b a b l y  l y i n g  i n  t h e  h i g h e r  o f  a  t w o  t i e r

c t a s s i i i c a t i o n  o f  a c c i d c n t  s e v e r  i t y .  T h e  t i r o  t i e r  p i c t u r e  w d : ;

d e v e l o p e d  b y  l r o r k i n g  G r o u p  N o . 8 .  t h e  l o v e r  o n c  b c i n < J  t h e
r r m a x i m u m  p l a n n j n g  a c c i d e n t " -  M p A -  a n d  L h e  u p p e r  o n e  t h e  " w o r s t

c r e d i b l e  r a d i a t i o n  e m i s s i o n r i _  W C R E .  C o n s i d e r a b l e  p r o g r e s s  h a s

b e e n  m a d e  s l n c e  L h a L  t i m e  i n  d e s c r i b i n g  a c c i d e n t s  a n d  t h e i r

conscquences. y{F F|ND tN THE CoNTEXT ol:  f 'RfSfNT DAy EMERGENCY

PI ANNING ITIAT II IS NO I RLASONABLL I O DLf INE THT 
..I1AXIMI.JI.1

cREDtaL[ RfLfasE foR 
"coMpRLHENsrvt 

I'tnNNrNG a:; r r WCRE of

WG-B- Wt RE(;or'rtlEND Tttal DITAILED fMERGENcy pLANNTN(; sHOUI r) rlr

DONI FOR AC()IDLNIS RESUI.TING FROM N CREDIBLf SERIES Of LVTNIS

WTIICH COUI D ()CCUR wrIH A PRONABIT ITY Of AI 'PROXIMA IILY
- 1

10 /REACT oR y[AR. (ONCL rN I  EN r '1rr  r  roN yFARs pFR RIACToR.)

4 . 3  I n  C a n a d a ,  f o i  r e a c t o r  l l c e n s i n q ,  i t  i s  t h o u g h t

p r u d e n L  t o  t a k e  : j e r i o L r s l y  s e v e r e  a c c i d e n t s  t h a L  m a y  o c c u r

i n  a b o u t  1 0  y e a r s  a n d  t o  r e g a r d  a s  u n r e a l i s t i c  L o r  d e t a j . l e d

(  D i s c u s s e d  i n  P A R A ,

S E C T I  O N

1 3 - 1 /  t 3 6 l )  l i e  c o n s i d e r  t h i s  a  s o u n d  a n d  r e a s o n a b l e  I r e q u e n c y

l e v e l  o n  w h i c h  t o  b a s e  t h e  l i m i t  o f  c r e d i b i l i t y  o f  a c c i d e n t 5 .

T h u s  s e v e r a l  o f  t h e  a c c i d e n t  s c e n a r i o s  s k e t c h e d  i n  Z . l O  2 .  1 3  f o r

P i c k e ! i n g ,  i n c l u d i n g  E P R C - 3 /  - 6 ,  - ? .  a n d  H P A ,  t h e  c e n t r a l  t h r u s t
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o f  W G - 8 ,  a n d  c o m p a r a b l e  s c e n a r t o s  f o r  B r u c e  a n d  D a r l i n g t o n ,  a t e

r r a i i d  i d a t  e  r  f o r  e r r i e r g e r r c y  p l a n n 1 n q .

i l . 4  M a n y  a c c i d e n t  s c e n a r l o s  c a n  b e  l d e n t i f i e d  i n  t h l s
r a n g e  o f  e s t i m a t e d  f ! e q u e n c y ,  S t a r t i n g  w i t h  E P R C - ? ,  t h e  m o s t
p r o b a b l e  o f  t h e  c a t e g o r i e s ;  t h e  c o n s e q u e n c e s  o f  t h i s  a c c i d e n t

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

e x a c e r b a t e d  t h e  a c c i d e n t  t h e  c o n t r o l l e d  r e l e a s e  o t  l n e r t  g a s e s

c o u l d  b e  d o n e  w i t h  v e r y  l i t t l e  r i s k .  T h e  n e x t  i n  I r e q u e r r c y  a r e

H p A ,  a n d  E P R C  6 ,  .  B o t h  o f  t h e s e  c l e a r l y  e x c e e d  t h e  e v a c u a c r o n

t h r e s h o l d  a t  I  k m  a n d  u n d e r  t h e  p l u n e ,  E P R C  6  e x c r e e d s  i t  m u c h

b e y o n d  3  k m  a s  ! . / e 1 1 .  T h e s e  a c c i d e n t  s c e n a r i o s  c o n b i n c d  w i t h

v e r y  p o o r :  m e t e o r o l o g i c a l  c o n d i t i o n : j  m d k e  a  s o u n d  a n d  t e a s o n a b l e

b a s i s  f o r  e m e r g e n c y  p l a n n i n g .  T h e r e  a r : e  m a n y  r e a s o n s  f o r  t h i s
j u d g m e n t :

*  ' l h e s e  a c c i d e n t s ,  t h o u g h  o f  v e r y  t o w  p r o b a b i t i t y ,  h a v e
s i g n i f i c n n t  r e l e a s e  o I  r a d i o a c t i v . t  m d t e r i a l s .  I t  i s
n e c e s s a r y  t o  p l a n  s o  t h d t  p u b l  i c  e x p o s L r l e  i s  k e p t  b e l o w  t h e
i n t e r v e n t  i o n  l e v e l s .

*  T h e s e  a c c i d c n t s  h a v e  p h y s i c a l ,  c h e m i c . t l  a n d  e n g i n e e r i n g
r e a l l t y  i n c l u d i n g  r e c o g n i t i o n  o f  d e s i g n  a n d  o p e r a t i n g
f e a t u r e s  a r r d  t h e  . r c c i d e n t  s e q u c n c e s  a r e  t h u s  i n t e r n a l l y
c o n s i s t e n t .  T h e y  p r o v i d e  e x t r e m e  c r e d i b l e  d c c i d e n t  s c e n a r l o s
a s  a  b a s i s  f o r  e m e r q e n c y  p l a n n i l . l  a n d  s t i l I  I i e  w i t h i n  t h c
r a n g e  o f  p r o b a b i  l  i s L  i c  s a f e t y  d s s e s s m e n t s  m d d e  f  o r :  c a c h
s t a t i o n .

t  T o  t h i s  ( , - o l  l e c t i o n  o f  d c c i d e n t s  c d n  b e  a d d e d  a n y  n e w
a n d l y s e s  o f  o t h e r  s c e n d r i o s  i f  o f  c o r n p d r a b l e  p r o b d b i l i t y .

t  T h e  e m e r g e n c y  p l a n  d e v e l o p c d  i n  r e s t ) . r r ) s e  t o  t h e s e
a c c i d e n t s  m d y  b e  u s e d  i n  m i t  i g a t  i | ] i j  t h e  d a m a g e  o f  s o m e  v e r y
i m p r  o b a l r l  P  n d l  u r , l  c v e n l .

*  A s  n o t e d  i n  w c  8  f o r  M p A  t h e  p r o b a b i l i t y  o f  o n e  o f  t h e s e
a c c i d e n L s  h a p p e n i n g  i s  o r d e r s  o f  m a g n i t u d e  b e t o w  t h e  l e v e l  o f
o t h e r  a c c i d e n t s  f o r  w h i c h  e m e r g e n c y  p l a n s  a r e  m d d e ,  L h u s
a l l o w i n g  f o r  l - h e  p u b l  i c  p e r c e p t i o n  L h . r t  n L r c l e a r  a c c i d e n t s  a l : e
d  i  f  f  e r : e n t .

x  T h e s e  a c c i d e n t s  a n d  L h e  e m e r q e n c y  r e s p o n s a t  p r
f r a n e l r o r k  f o r  d e v e l o p i n g  a  c o s t  b e n e f i t  a n a l y s i s  o f
p l a n n i n g  a  p h i l o s o p h y  e n d o r s e d  b y  b o t h  t h e  O N S R
W G  8  r e p o r t .

, 1 . 5  I n  m a k i n q  d e t a i l e d  p l a n s  f o r  t h e

d i s c u s s e d  a b o v e  i t  m u s t  b e  k e p t  i n  n i n d  t h a t  e v e n  m o r e

a c c i d e n t s  a E e  p o s s i b l e  t h o u g h  l e s s  l i k e l y .  A c c i d e n t s

n d t u r - l  c d u s e s ,  h o s r  i l e  a c t i o n s ,  o r  g r o s s  h u m - n  c r r o r ,
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u n f o r e s e e n  c o m b i n a t i o n  o f  t h e s e  a r e  a l s o  p o s s i b l e  t h o u g h  m u c h
l e s s  L i k e l y ,  s o m e  i m a g i n e d  c o n s e q u e n c e s  o f  s u c h  d i s a s r e r s  a r e
i n c l u d e d  i n  l , t C R E  o f  W G - 8 ,  a n d  a r e  o f  a  s e v e r i t y  t h d t  a c c o r d i n g

t o  w c  B  w a r r a n t e d  c o n s i d e l a t l o n  i n  p l a n n i n g .  w e  s u p p o r t  t h i s

l d e a .  E v e n  t h o u g h  n o  p r o b a b l l i t y  c a n  b e  f u l l y  j u s b i f i e d  a n d

a s s i g n e d  t o  t h e s e  o c c u r r e n c e s ,  s o m e  t h o u g h t  a n d  p L a n n i n g  s h o u l d

b e  g i v e n  t o  t h e m .  I t  i s  n o t e d  t h a t  t h e  a c c i d e n t  E P R C  3  i s  o f

c o n c e j v e  f r o m  a  s e L  o i  c r e d i b l e  a c c i d c n t  s e q u e n c e s ,  m o ! e  s e v e r a c

c o n s e q u e n c e s  t h a n  w e t e  p o s t u l a t e d  i n  W C R E .  N o t e  t o o  t h . r t  t h c

E P R C - 3  a c c i d e n t  i s  o n l y  s l i g h t  l y  l e s s  p r o b a b l e  t h a n  t h c  M P A  o r

E P R C  6  w h i c h  d r e  p r o b a b l e  c n o u g h  L b a L  d e t a i l e d  p l a n n i n , i  i : ;

r  e c o m m e  n d e d  -

4 . 6  C o n t i n u i n g  r i s k  a n a l y s i s ,  i n c l u d i n g  i n  a d d i L i o n  t o

m e c h a n i c a l  a n d  e q u i p m e n t  f a i l u r e s ,  t h c  l c s s  q , r a n t i f i a b l c  h u m i t n

a n d  n a t u r a l  d i s a s t e r s ,  l e a d 5  t o  b c t t c r  u n d e r s t a n d i n g  o f  t h e

N u c l e a r  G e n e r d l i n q  S t a t i o n  n n d  j  t r  o p e r d L i o n  a n d  c a n  r e s u l t  i n

t e c h n i c a l  n o d i f i c a b i o n s  t o  f u r t h e r  r e d u c c r  L h e  p r o b a b i  1 i t y  o f

a c c i d e n t .

4 - 7  A c c i d e n t  a n a l y s i s ,  i n c l u d i n g  b o t h  t h e  p r o i r a b i l  i i i y

o I  o c c u r r e n c e  a n d  t h e  c o n s e . l u c n c c s  i n  r a d i a t i o n  d o s c s  h a s  m a j o r

u n c e r t a i n t i e s  a t t a c h c d  d s  n o t e d  i n  2 . 1 u  a b o v e .  N o n e  t h c  l e s s  i l :

i s  u s e f u L  t o  e x a m i n e  a  w i d e  r d n g e  o f  a c c i d e n L  c o n d i t i o n s  a n d

s c e n a r i o s  a n d  l h e  a s s o c i a t e d  p r o b a b i l i t i c s  o f  o c c u i r e n c e .  F r o m

t h i s  w i d e  r a n g e  i t  i s  n e c e s s a r y  t o  s e l e c t  a  I e w  o f  t h e  m o r e

comparab le  seve r  i  t y  t o  WCRE E P R C  3 ,  f o r  w h i c h  r d d i o a c t i v e

r e l e a s e s  a r e  d e l a y e d  a t  ] e a s t  2 4 h r s  a f t e r  t h e  b e g i n n i n g  o f  t h e

a c c i d e n t ,  c o u l d  r e q u i r e  e v a c u a t i o n  f r o m  t h e  P r i m a r y  Z o n e . T h e

r : a d i o a c t i v e  r e f e a s e s  a r e  e x p e c t e d  t o  c o n t i n u e  f o r  a  d a y  o r  s o

a f t e r  t h e  l n l t i a t i o n  o f  t h e  p l u m e - T h u s  i t  i s  p o s s  i b l e  t o

p r o L a b l a  o n p s  f o r  r e 5 p o n s p  I l d i n i n g . O n l y  b y  ! , 1 a n n i  n g  a n d

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

n e c e s s a r y  r e s p o n s e  . k i l l s  d n d  f l e x i b i l i t y  b e  d e v e l o p e d .  S u c i l

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

e f f e c t i v e l y  b e  e x t e n d e d  i f  e v e r  a  l a r g e r  d i s a s t e r  \ r e r e  t o  o c c u r .
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4 , 4  I n  s u r u n a r y ,  l n e  f i n d  t h a t  W C R E  i s  n o t  a  q o o d  b a s i s

f o r  d e t d l l e d  e m e r g e n c y  p l a n n l n g . I  t  n ray  be  co r rs  l de red  no t

c r e d l b l , l  b e c , t u s e  t h e  r a d l o a c t l v e  e m l s s l o n s  h a v e  b e e n  n s s u [ { r e , ]

r a t h e r  t h a n  b e i n g  d e d u c e d  f r o m  a  c r e d i b l e  a c c i d e n t  s c e n a r i o .
t l o w e v e r .  u s i n g  t h e  1 0 - ' l r e a c t o r - y e a r  c r i t e r i o n  f o r  p l a n n i n g ,
t h e r e  a r e  m a n y  a c c i d e n t  c a t e g o r i e s  l i s t e d  i n  p A R A  t h a t  q u a l i f y ,

T h e s e  i n c l u d e  E P R C - 3 .  6 ,  - ? ,  ( a n d  p e r h a p s  - 4 .  a n d  - 5  i f  b h e
u n c e r t a i n t i e s  a r e  k e p t  i n  m i n d ) .  E P R C - 3  f o r  e x a m p l e  m a y  r e q u i r e
e v a c u a t i o n  o f  t h e  p r i m a r y  Z o n e  a n d  p o s s i b l y  e v e n  p a r t s  o f  t h e
S e c o n d a r y  Z o n e .  T h e s e  a c c i d e n t s  s c e n a r i o s  p r o v i d e  a  g o o d  b a s i s
f o r  e m e r g e n c y  p l a n n i n g .  F i n a l l y  n o t e  t h a t  t h e  d s s u m e d  e m i s s i o n s
m r d e  i n  1 9 8 8  b y  W G  I  f o r  W C R E  a r e  s i m i l a r  t o  E P R C  3  e x c e p t  f o r
t h e  d e  1 a y .
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5 .  1  T h i s  S e c t i o n  c o n t a i n s  a  d i s c u s s i o n  o f  w h e t h e r  o r
n o t  p o t a s s i u m  i o d i d e  t a b l e t s  s h o u l d  b e  p r e d i s t r i b u t e d  t o

S E C T I O N  5  P O T A S S I U M  ] O D I D E  T A B L E T S  O R  N O T  ?

i n d l v i d u a l s  i n  t h e  3  k n r  C o n t i g u o u s  Z o n e . Argumen ts  a re
d e v e l o p e d  t h a t  s h o w  t h a t  t h e  p r o t e c t i v e  a c t i o n s  o f  K l  t a b l e t s
nas  Deen  ove remphas ized .  F rom these  a rgumen ts  wE coNcLUDE THAT
POTASSIUH IODIDE PROPHYLAXIS IS NOT THE API)ROPRIATE PRIIIARY
MtrtcATtoN FoR tNotvtDUALS tN .IHl CoNtreuous ZONF. AND THERFFoRF
DO NOT RECOI4T,T'ND COI'IPLETE PREDISTRTBUTION OF Tt{f TABI ETS. THL
MAJOR EFFORT SHOULD BE EVACUATION FROI1 THF RADIATION ARLA fOR
WHICH VYf PROP()SE A SINGLE ACTTON LEVET, OT 1O_5O MSV. AVERIABI E
D O S E -  P o t a s s l u m  i o d l d e  q q ! 1  q 9  p r e d i s f r i b u t e d  t o  q r o u p s  i n

c o n t r o l l e d  a t e a s ,  e . g -  s c h o o l s ,  f d c t o r i e s ,  e t c ,  j  f  t h e  l a t e r  u s e
o f  t h e  t a b l e t s  d o e s  n o t r  d e t d y  e v a c u a t i o n .

5 . 2  I t  i s  w e l l  k n o w .  ( s e c t i o n  3 .  1 3 )  L h a t  K I  t . a b l e t s

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

h o w e v e r  b e  t a k e n  j u s t  b e f o r e  e x p o s u r €  a n d  a r e  o f  l i L L t e  v a L u c  i t

n o t  t . r k e n  u n t i l  a  f c w  h o u r s  a f t c r w a r : d -  T h e y  a r c  e s p c c i . l l l y

u s e f u l  t o  c h i l d r c n  w h o  a r e  m o r e  s e n s i t i v e  t o  t h e  c . r r c i n o g e n i ( j

e f f e c l s  o f  r a d i o i o d i n e .  1 n  s p l t e  o f  t h e  v a l u e  o f  K I  t a b l e t s ,

c t r e r e  a r e  s e v e r a l  o v e r l a p p i n g  r a t i o n a l e s  f o r  o u r  e n r u f l d : r l : ;  o n

5 . 3  F i r s t :  T h y r o i d  c a n c e r  r e p r e s e n t s  b u t  o n e  o f  t h e

m a n y  d e l e t e r i o u s  e f f e c t s  o f  e x p o s u r e  t o  r a d i a t i o n .  i " t e  n o t e d

e a r l i e r  t h a t  a l t h o u g h  t h y r o i d  d o s e s  r e s u l t i n g  f r o m  n u c l e a r

a c c i d e n L s  c a n  b e  a s  m u c h  a s  2 0  t i m e s  t h e  w h o l e  b o d y  d o s e ,  t h e

d e t r i m e n t a l  s t o c h a s t i c  e f f e c t  o f  t h e  w h o l e  b o d y  d o s e ,  i n c l u d i n g

l e u k e m i a s  a n d  c a n c e r s  a t  o t h e r  s 1 t e s ,  i s  s t 1 l l  g ! e a t e r .  A s

i l l u s t r a t e d  i n  S e c t i o n  3 . 4  a n d  3 . 5  a b o v e ,  a  t o t a l  b o d y  d o s e  o f

1 0 0  m S v  r e s u l t s  i n  0 . 8  t o  B  t h y r o i d  c a n c e r  d e a t l r s  i n  a  t o t a l  o f
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5 0  t u m o r  d e a t h s  i n  a  p o p u l a t i o n  o f  1 0 , 0 0 0 .  T h u s  e v e n  i f  t h e

r e a c t o r . i c j c i d e I i t  l e d  t o  l - r l q i r  l e v e t 3  o f  r a d l o a c t l v e  l o d l n e

e n l s s l o n ,  . f n d  I f  K I  p r o p h y l a x l s  l r a s  e n t l r e l y  e f f l c l e n t .   r e
ieduc t i on  i n  cance rs  wou ld  be  l ess  than  203  and  p robab ly  much
l e s s  i n  a  C A N D U  a c c i d e n t  f r o m  w h i c h  i o d i n e  e m i s s i o n s  a r e
e x p e c t e d  t o  b e  v e r y  s n a l l .  ( S e e  S e c t i o n  3 . 1 4 )

5 . 4  S e c o n d :  B e c a u s e  i o d i n e  p r o p h y l a x l s  b y  i t s e l f  i s  : i o

i n e f f e c t i v e  i t  i s  a l w a y s  a c c o m p a n i e d  b y  s h e l t e r i n q  t o  r e d u c e

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

s h e l t e r  p r o v l d e d  b y  t h e  a v e r d g e  h o u s e  a n d  m o s t  s c h o o f s  a n d

c o m m e r c i a l  b u i l d i n g s  i s  v e r y  l i m i t e d ,  l e s s  t h a n  5 0 t  i n  m : r n y

c a s e s  [ 1 6 ,  s e e  r e f e r e n c e  B r o w n  J .  ] .  T h e  p r o t e c t i o n  a c h i e v e d  b y

t h e  c o m b i n d t i o n  o f  i o d i n e  p r o p h y l a x i s  d n d  s h e l t e r i n g  1 s  t h u s

v e r y  I  i m i t e d .

l n e x p e n s l v e  p r o t e c t i o n  f ! o m  l o w  l e v e l  ! a d l a t l o n . l l o \ d e v e r  t h e

T h l r d :  T h y r o i d  b l o c k i n g  b y  K I  i s  c r : i t i c a l l y

F . r u r L h :  S h e l t e r i n g  a n d  K I  p r o p h y l a x i s  a r e

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

e f f e c t i v e n e s s  t o  h a l f  o r  l e s s  ( 7 , 3 1 1 .  I n  s o m e  s i t u a t i o n s .  s u c h

a s  s c h o o l s  a n d  h o s p i t a l s  w h e r . e  t h e  t a b l e t s  a r e  r e a d i l y  s t o r c d

a n d  l i n e s  o f  c o m n u n i c a t i o n  a r : e  c l e a r ,  l t  m i g h t  b e  p o s s i b l e  t o

u s e  l ( I  a n d  s h e l t e r i n q  e f f e c t i v e l y  b u t  i n  p r l v a t e  h o m e s  a  d e l a y

i n  t h e  . r d n i n i s t r a t i o n  o f  K I  i s  v e r y  l i k e l y .

5 . 6

r e l e a s e  o f  n o b l e  g a s e s  c o u l d  b e  m a d e  a f t e r  e v a c u a t i o n . I n

I o r t u n a t e l y  n o t  n e e d e d  i f  t h e r e  i s  a  c f e a r  p e r i o d  o I  t i m e  L o

l e a v e  t h e  a r e a  o f  p o t e n t i a l  c o n t a m i n a l i o n  w i t h  m i n i m a l  e x p o s u r e

L o  r a d i a t i o n .  I n  a c c i d e n t  F i P R C . . 7  c o n t a i n m e n t  i s  i n t a c t  a n d

a c c l d e n t  E P R C - 3  t h e r e  i s  a  e x p l o s i v e  i e l e a s e  o f  i o d i n e  b u t  t h i s

o c c u r s  m o r e  t h a n  2 4  h o u r s  a f t e r  t h e  i n i t i a t i o n  o f  t h e  a c c i d e n t .

A g a i n  t h e r e  i s  t i m e  f o r  o r d e r l y  e v a c u a t i o n .  I n  a c c i d e n t  E P R C - 6

t h e r e  i s  a n  i n i t i a l  I o s s  o f  c o n t a i n r n e n t  b u t  s u b s e q u e n t

c o n t a i n m e n t  l i m i t s  t h e  e x p o s u r e  i n  t h e  C o n l r g u o u s  Z o n e  f o r  a

p e r i o d  t h a t  c o u l d  b e  u s e d  f o r  e v a c u a t i o n  i n  c a s e  t h e r e  t s  a

f u r t h e r  r e l e a s e .  T h i s  l e a v e s  t h e  l e s s  1 i k e l y  e v e n t s .  E P R C - 4  a n d
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E P R C  5  t o g e t h e r  w i t h  e v e n t s

c a s e s  i n  w h i c h  t h e r e  c o u l d

! o d i n e .  T n  t h e s e  a c c i d e n t s

b e c d u s e  t h e y  w o u l d  I i k - l y  b e

i n v o l v i n g  h o s t i l e  a c t i o n  a s  t h e  o n l y

b e  l a r g e  i m m e d  i a t e  r e l e a s e s  o f

K I  t a b l e t s  w o u l d  b e  e v e n  l e s s  u s e f u l

a d m i  n  i s t e r e d  l a t e .

5 . 7  F i f t h :  P r e d i s t r i b u t i o n  o f  K I  f o c u s e s  a t t e n t i o n  o n  a

n o t  v e r y  e f f e c t i v e  m e t h o d  o f  r a d i a t i o n  n i t i g a t i o n  a n d  m i g h t

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

s o m e t h i n g  i m p o r t a n t  t o  r e d u c e  t h e i r  r i s k .  I t  c o u l d  l e a d  t o  a

r e d u c e d  e f f o r L  a t  r a p i d  e v a c u a t i o n ;  t h e  n o s t  a p p r o p i a t e  . r c t i o n

e s p e c i a l l y  i t  d c t e r m i n i s t i c r  e f f e c t s  a r e  e x p e c t e d .

s . B  S i x t h :  E x p c r i m e n t s  w i t h  p r e d i s L r i b u t i o n  o I  K I

t a b l e t s  t o  p o p u l a t i o n s  . r r o u n d  n u c l e a r  f a c i l  i L i e s  s h o w  t h a t  L h e

t a b l e t s  b e c o m c  L o s t  a n d  p r o c e d u r e s  f o r g o t t e n  t  1 t  1  .  T h e y  a l s o

s h o w  L h . t t  a  l a r g c  ( r l l o r t  i s ;  n e e d e d  t o  p r c d i : j L r i b u t e  a n d  m o n i L o r

t h e  p o s s e 5 s i o n  o f  t r b l e t s  t o  a l l  i n d i v i d u a l s  a n d  L h a t  t h i s

. : f f o r t  h a s  l j t t l c  p r a c t i c a l  v a l u e -

s - o  s e v c n t h :  B a d  w e a L h e r  p r : e v c n L i n g  p r o m p t  e v a c u a t i o n

n e e d s  t o  b e  d i s c u : ; s e c t .  H e a v y  s n o w  s t o r n s  o c c u r  h a l f  a  d o z e n

t i n e s  d  w i n t c r .  i . e .  r b o u t  2 t  o f  t - h e  t i r n e .  T t r c  p r o b a b i l i t . y  o t

s u c l r  d  s L o r m  a t  L h e  s a m e  L i m e  a s  d  v e r y  s c v c r c  . r c c t i d e n t j

1 1 0  
2 / y r ' )  

i s  t h u s  o f  t h e  o r d e r  a t  1 O  
Q / y r  

a n ( l  n o r m a t t y  o m r t t e c l

f r o m  c o n s i d e r . 1 t i o n .  I { o w c v e r  e v e n  i I  5 u c h  a n  a c c i d u n t  , r n ( l  : r  b a d

s t o r n r  o c c u r e d  t o g e t h e r  a n ( l  n o  K I  t a b l e l : ;  w e r e  a v a i l a b l e ,  t h e

r i s k  o f  r a d i a t i o n  i n , l u c e d  c . r n c e r  i n  t h e  t h y r o i d  i s  s t i l t  s n \ a l l

c o m p . t r ( r d  t o  1 : h r  r i s k  o f  r n a n y  o t h e r  t y p e s  o t  c a n c e r  i n  l h e  w h o l e

b o d y .

5 . 1 o  E i g h t h :  O t h e r  j u r i s d i c t i o n s i  I t  s h o u l d  b e  n o t e d

t h a t  r e c e n t  w r i t i n g s  f r o m  t h e  U . S .  N u c l e a r  R e g u l a t o r y  C o m m i s s i o n

h a v e  e x p r e s s e d  s o m e w h a t  s i f i \ i l a r  v i . r w s .  t t e  q u o b . t  f r o m  F . K a n t o r ,

R . H o q a n  a n d  A . M o h s e n i  i n  a  p r e s e n t a t i o n  t o  L h e  S t o . j k h o l m  1 9 9 4

C o n f e ! e n c e ,  p u b l i s h e d  a s  a n  O . E . C . D .  D o c u m e n t /  N u c L e a r  E n e r g y

A g e n c y  r r T h e  I m p l e m e n t a t i o n  o f  S h o r L  t e r n  C o u n t e r m e a s u r e s  A f t e r  a

N u c l e a  r  A c c i d e n t "  ,  p . 2 6 8 1
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I ' T h e  u J e  a f  t l l e  t h y r . r l d - b l o c k l n g  a g e n t  p o t a s s l u m
i o d i d e  ( K I  )  i s  n o t  c o n s i d e r e d  6 n  a d e q u E t e  s u b s t i t r r t e  f o r
p r o m p t  e v a c u a t i o n  o r  s h e l t e r i n g  b y  t h e  g e n e r a l  p o p u f a t i o n
n e a r  a  p l a n t  i n  ! e s p o n s e  t o  a  s e v e l e  r e a c t o r  a c c i d e n t .
T n g e s t i o n  o f  f I  w i  l l  s c r v p  o n - L y  L o  h e l p  r e d u c p  t h -  d o s e  t o
L h e  t h y r o i d  c d u s a d  b y  i n l d k e  o f  r a d i o i o d i n - .  T h c  p r  i m a r y
r i s k  t o  t h e  p o p u l a t i o n  f r o m  a  s e v e r e  a c c i d e n t  i s  w h o l e
b o d y  d o s c ,  n o !  t h c  r a d i o i o d i n e  d o s e  t o  L h e  t h y r o i d . I n
a d d i t i o n  K I  i s  n o t  c o n s i d e r e d  t o  b e  a n  e f f e c t i v e
c o u n t e r m e a s u r e  f o r  p r o t e c t i o n  J g t s i n s t  t h e  t n g e s t i o n
p a t h v a y  i n  t h e  U . S . . "

5 . 1 1  T h u s  \ r e  a r e  o f  t h e  o p i n i o n  t h a t  e v a c u a t i o n  j s  t h . l

d p p r o p r i a t e  p r i m a r y  m i t i g a t i o n  m e a s u r e  i n  t h e  O n t . r r i o  c o n t e x t

a n d  r e c o m m e n d  a  s i n g l e  p r o t e c t i v e  a c t i o n  l e v e l  o f  1 0  5 0  r n s v -

Protect i  we'  act io t r

E v a  c u a  t  i  o n

I  nterwent ion I  cwol ( a v e r t e d  d o s e  )

1 0  5 0  m S v

5 . 1 2  T h i s  s i n g l e  a c t i o n  l e v e l  e f f e c t i v e l y  c o m b i n e s  1 - h e

t h r e e  l e v e l s  o l  t h e  I A E A  S a f e t y  S e r l e s  N o - 1 0 9  i l 4 l  a n d  t h e  t h r e { :

p r o t e c t i v e  a c t i o n  l e v e l s  w h i c h  w e r e  p r e s e n t e d  i n  w c  B .  T h e r e

a r e  s e v c r a l  a r g u m e n t s  I o r  L h e  s i n g l e  a c t i o n  l c v e ] :

r e c o n m e n d  i s  c o r n p a t i b l e  w i t h  l , / c - 8  a n d  I A E A .

I f  t h e  i o d i n e  c o n t e n t  o f  t h e  p l u n e  i s  r e l a t i v e l y  h i g h ,

A s  d i s c u s s e d  d b o v e  s h e l t c r i n g  a n d  K I  p r o p h y l a x j s  i s

e f f e c t i v e T  b u t  f o r  o n l y  d  v e r y  n a r r o \ , r  r a n g e  ( d b o u t  t 0  5 0  m S v )  . r I

r a d  i a t  i  o n  f i e l d s .

c e  r t a  i  n l y  ! e q u i  r e

A n y  v e r y  s e v e r e a c c  i d e n t  w i l l  , 1 l r n o s t

c v d c u a  t  r  o n  i t v c n i f  s o m r  p , , r f 1 ,  L L r

r a d i a t i o n  f i l : L d  h a v e  i n i t i d l l y  s h e l t c r e d .

*  T h e r e  a r c  m d n y  d i  l f c r e n t  a c t i o n  l e v e l s  r e c o m m . ) n d ( ] d  b y

v a r i o u s  o r g a n i z a t i o n s  t l ) a L  h a v e  s t u d i e d  t h e  n a t t e r T h e  1 0  5 0

a n d  t h e  t h y r o i d / w h o l e  b o d y  d o s e  r a t i o  i s  2 0  I 3 1 1 ,  t h e  t h y r o i d

d o s e  m a y  b e  i n  t h e  r a n g e  2 0 0 - 1 0 0 0  m S v . I f  t h e  i o d i n e  c o n t e n t  i s

r e l a t i v e l y  l o w  a s  i s  e x p e c t e d  f o t  a c c i d e n t s  i n  C A N D U  r e a c t o r s ,

a n d  u s i n , l  a  d o s e  r a t l o  o f  2 ,  t h e  t h y r o i d  d o s e  m a y  b e  i n  t h e

r a n g e  2 0 - 1 0 0  n S v .  I n  e i t h e r  c a s e t h e  r e c o m m e n d e d  e v a c u a t  i o n

c o v e r s  t h e  u s u a l  t h y r o i d  a c t i o n  l e v e l s .
*  T h e  e v a c u a t i o n  r a n g e  w e  r e c o m m e n d .  1 0 - 5 0  m s v

2 9



a c c i d e n t .  i s  s e v e r a l  t i m e s  t h e  n a t u r a l l y  o c c u r r i n g  r a c t i a t i o n
d o s e  w e  a l L  r e c e i v e  i n  o n e  y e d r .
*  I n  a n  e m e r g e n c y ,  o n e  i n t e r v e n t i o n  l e v e l  w o u l d  b e  s i n p l e r :
a n d  m o r e  p r a c t i c a l  t h a n  t h e  r a n g e  1 0  5 0  m s v .  I f  a  s i n g l e  v a l u e
i s  needed  \ ^ /e  recommend  20  rnsv .
*  I f  a  s l n g l e  a c t i o n  I e v e l  w e r e  t o  b e  a d o p t e d /  i t  w o u l d  b e
f e a s i b l e  f o r  s o m e  m € m b e r s  o f  t h e  p o l i c e  e m e r g e n c y  t e a m  t o  c a r r y
s i m p l e  g a m m a  r a y  d e t e c t o r s  f o r  d i r e c t  a s s e s s m e n t  o f  t h e
r a d i a t i o n  f i e l d  a n d  c o n s e q u e n t  a c t i o n .

5 . 1 3  l n  s u m m a r y :  I n  n u c l e a r  e m e r g c n c y  p l a n n i n g ,  t h e
e n p h a s i s  t h a t  h a s  b e e n  p l a c e d  o n  K I  p r o p h y l a x i s ,  j s  u n w a r : t a n t e d .
E v e n  s h e l t e r i n g ,  b y  i t s e l f .  w h i l e  u s e f u l  a g a i n s t  p a r t l c u l a t e

{ a l l o u t  a n d  t h e  i n h a l a t i o n  o f  g a s e s .  o f f e r s  l i m i t e d  p r o t e c t i o n .

T h e  r a d i a t i o n  f i e l d  i n s i d e  h o u s e s  w i t t  b e  r . e d u c e d  b y  o n l y  1 0  t o
5 0  ? -  T h u s  s h e l t e r i n g  s h o r ) l d  b e  t h e  a u t o m a t i c  r e s p o n s e  u n t i l
e v a c u a t i o n  i s  p o s s  i b l e  .

3 0



5  PRTMARY zoNE,  10  o r  13  km?

6 . 1  I n  o u r  n o d e r n  s o c i e t y  t h e ! e  a r e  m a n y  i n d u s t r i e s
t h a t  c a n  c r e a t e  a  r i s k  f o r  t h e  s u r r o u n d i n g  p o p u l a t r o n  i t  a n
a c c i d e n t  w e r e  t o  o c c u r .  H o w  c l o s e  s h o u l d  o n e  I i v e  t o  a n  o i l
r e f i n e r y ,  t o  a n  e x p l o s i v e s  f a c t o r y T  t o  a  c h e m i c a l  m a n u f a c t u r i n g
p l a n t ,  o r  i n  o u r  c a s e /  h o w  c l o s e  t o  a  n u c l e a r  p o w e t e a l
e l e c t r i c i t y  g e n e l a t i n g  p l a n t  ?  O f  c o u r s e  i t  i s  s a f e r  r o  b e  f a r
a w a y .  T h e  r i s k  d i m i n i s h e s  w i t h  d i s t a n c e  d s  w r : j  s h o w n  i n  t h e
F i g u r e  i n  S e c t i o n  Z .  I t  i s  a l s o  e v i d e n t  f r o m  t h e  F i g u r e  t h . r l
t t r e  r a n g e  o f  s e v e r  i t y  o f  p o s s i b l e  a c c i d e n t s  i s  c n o r m o u s . T h i s
w i d e  v a r i d b i l i t y  o I  a c c i d c n t  c o n s e q u e n c e s  m a k e s  p t i r n n i n g  a
r e s p o n s e  v e r y  d i f f i c u l t .  l t  s e e m s  w a s t e f u l  t o  s p c n d  m u c h  p u b l l c

S E C T I O N

m o n e y  o n  d e t a i  I e d  p l r n n i n < J  f o r  v e r y  i m p r o b , r b l c  a c c l r l t _ _ n t s .
a n  i n f o r m e d  a n d  p r a g m a t i c  j u d g m e n L  m u s t  b e  u s e d  i n  n . r k r n q
t u l r t s  a n d  p l . i n s  f o r  a n y  r e s p o n s c  l j o  n n  a n r c r g c n c y .

T h u s

L h e

6 . e  R i s k  o I  e x p o s u r e  i n  d  n u c l e a r  . r c c i d e n L  d e c r e a s e s
I t i t h  d i s t a n c c  I r o m  t h e  s j t e  o f  t h o  a c c i d e n l  a n a l  t h u s  p t . r n s  f o r
a c t i o n  i n  a n  e n t e r g e n c y  a r e  a l s o  a  f u n c t j o n  o I  { l i : j L a n ( , _ e .  E o r
p r a c t i . : a l  p l a n n i n g .  t h e  d i s t a n c e  i s  ( i i v j d e d  i n L o  z o n e s .  L  4 l  l
*  T h e  E x c l u s l o n  Z o n c ,  w l L h  i t s  1 k m  r d d i u s ,  i s  p . r r u e r r y  o r
t h e  U t i l i t y  a n d  s u r t o u n d e d  b y  a  f e n c e .
t  ' l h e  C o n t i g u o u s  Z o n e ,  w i t h  r  b o u n d a r y  a p p r : o x i m a t e l y  3  k n r
r a d i u s  a ! o u n d  t h e  p l a n t ,  i s  a n  a r e a  l o r  w h i c h  c j e t a i l e d  p f a n s  c a n
b e  d e v e l o p e d .  B e c a u s e  o I  i t s  l i m i t e . i  s i z e  r e l a t i v e t y  f a s L
d c t i o n  i s  p o s s l b l c .   i g h  p o p u l d t l o n  d e n s i t y  a n d  p o s s i b l e  b a d
w e a t h e !  c o u l d  n a k e  e v a c u a t i o n  d i f f i c u l t  a n d  t h i s  z o l t e  s h o u l d
h a v e  a  s m a l 1  p o p u l a t i o n  a n d  p r e l e r a b l y  b e  r e s t ! i c l e a l  t o  p a r k l a n d
o r  i n d u s t r l a l  p a r k  r r s e .
*  T h e  P r i m a r y  Z o n e ,  w h i c h  t r a s  a  r a d i u s  n o m i n a l l y  t U  k m ,  i s
m o r e  d i f f i c u l t  t o  p l a n  f o r  b e c a u s { t  o f  i t s  l . i r g e r  d r e a ,  l � r r g e r
p o p u l a t i o n ,  a n d  m o r e  v a r l e d  u s e .  ( I t  s h o u l d  b e  n o t . i d  t h a t  I u  k m
c o r r e s p o n d s  t o  t h e  d i s t a n c e  a t  w h i c h  t h e  d o s e  i s  a b o u t  t 0  m s v  i n
a c c i d e n t  s c e n a r i o  M p A  i n  M  8 )
*  T h e  S e c o n d a r y  Z o n e  i s  b e y o n d  t h e  1 0  k m  b o u n d a r y .
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r l s o  s o m e  t h o u g h t  m u s t  b e  g i v e n  a n d  p l a n s  n a d e  f o r  n o t i f y i n g  d n d
e v a c u a t i n g  t h e  p o p u l a t i o n  w h i c h  i s  i n  t h e  d i r e c t  t  i n e  o f  a
p o s s i b l e  r a d  i o a c t  i v e  p 1 u m e .

6 . 3  F o r  t h e  P r i m a r y  Z o n e  n o t i f i c a t i o n  o f  n e e d  t o
e v a c u a t e  i s  m o r e  d i f f i c u l t  t h a n  f o r  t h e  C o n t i g u o u s  z o n e ,  a n d
d e p e n d i n g  o n  t h e  d t s t r i b u t i o n  o f  p o p u l a t i o n ,  t h e  e v a c u a t r o r r

b o u n d d r y  o f  t h i s  P r i m a r y  Z o n e  s h o u l d  b e  b a s e d  o n  p r d c L  r c a l

c o n s i d e r a t i o n s .  T h e s e  i n c l u d e  t h e  v a r i o u s  n a t u r a l  d i v i s i o n s ,

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

r a i l w a y  r i g h t s  o f  w a y .  I n  v i e w  o f  t h e  g r e a t  v a r i a b i l i t y  o f  d

d i s a s t e r .  t h e r e  i s  l i t t l e  r e a l  d i f f e r e n c e  b e t l r e e n  1 0  o r  l 3  k m .

WE THEREFoRE coNcLUDt: THnt 10 KM AS A NOM|NAL RADtus. npprrrr)

WI IH PRACf ICAL FT.EXIBILITY- IS CONSISTENT WI TH THE NI I]Dl; ()T THt

Pcovrrcnr N(rcl EAR EygccrN<;v Prau ron al L ot ONTARto's Nuct r AR
GLNERATTNG Srar |oNs Thc  mosL impor tan t  c r i te r ion  i . i  t - t rc
a b i  I  j l . y  L o  m a k e  b o u n d d r i e s  t h a l  a r e  p r a c t _ i r _ . a l  i n  d n

e m c r g c n c y .  I n  a d d i t i o n .  t h e  u s e  o f  1 0  k m  i m p l i e s  a  r e a s o n e d

g e n e r a l i t y  w h i l e  1 3  k m  i m p l i e s  . r  p r e c i s i o n  w h i c h  d o e s  n o t j  e x i s t : .

6 . 4  S i m i l a r  d d v i c e  . r r i s c s  I r o m  E u r o p e a n  c x p e r r e n c e :
" . .  .  t h e  1 0  k l n  p l a n n i  g  z o n e  i : ;  c h o s c n  d s  a  s u i t a b l o  < J e n e r . i l

p l a n n i n g  b a s i s  f r o m  w h i c h  t o  e s t , r b l i s h  a n  c n e r g c n c y  r c s p o n : j e

s t r u c L u r e  a n d  o p e r a t  i n g  p l a t l o r m .  l r r e s p e c t i v e  o f  z o n e  s i z e ,

c  o  u  n  t  e  r  m e  a  s  u  r  c  : ;  c a n  s t i l l  b . :  i n p l e m e n t e d  o n  a n . r d  h o c  b a s i s  f o r

e v e n L s  w i t h  l a r g e r  c o n s e q u e n c e s  a n d  a f f e c l i n g  a r e d s  b e y o n d  t h e

f o r m a l  p l u n e  e x p o s u r e  z o n e  b o u n d a r y . '  ( e u o t e d  f r i r m  t h e  o n t a r  l o

H y d r o  S u b m i s s i o n ,  M a r  1 9 9 6 )  t 3 5 l ,

6 . 5  l n  s u m m a r y ,  i t  i s  a p p r o p i a t e  t o  p l a n  I o r  . r c c i d e n t s

b y  z o n e s  d e f  . i n e d  b y  r a d i i  f r o m  t h e  s t a t i o n  a n d  t o  u s c  a  r a d i u . i

o f  1 0  k m  f o r  t h e  o L r t e r  l i m i i :  o f  t h e  p r i m a r y  Z o n e  f o r  w h i c t r

d e t a i l e d  p l a n s  s h o u l d  b e  m a d € i .

i t s e l f  m a y  b e  m u c h  m o r e  d i f t  i . u l t  t o  o r g d n i z e . T h e  e x a c t
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RECOMMENDATI ONS

7 . 1  T h e  f i r s t  " s p e c l f i c  q u e s t i o n "  p u t  t o  t h e  R S C / C A E

c o m m i t t e e  i s  a n s w e r e d  i n  S e c b i o n  4 :  W E  F | N D  t N  T H E  C O N T E X T  O F
PRESENT DAY E}IERGENCY PLANNING THAI IT IS NOI REASONABI E IO

DEFINE THt' 
.MAXIMUII 

CREDIALE RELEASI].. FOR 
"COI'1F'REHENSIVI

ptANNtNG'as rHE WCRE oF WG-8, Wa RECoMMI.ND THA] DLrp.tLfL,

EMERGENCY PLANNING SH(fUI.D T]L DONE FOR ACCIDENTS RESULTING FROM A

CREDIBLE SERIES OF EVENTS WHICI{ COULD OC(;UR WITH A PROAAtsII IIY
_ l

of .qpr'RoxrMATELy 10 
' /REAcrop 

vrae_ (Orucr tN r€tN t.t t t l toN vEARS
PFT? RIA(j T OR).

7 . 4  T h e  s e c o n d  " 5 p e c i f i c  q u e s t i o n , '  i s  a n s w e r e d  i n

section 5: WE coNcLUDL THAI t 'olasstut4 toDtDE r,RopHylAxts ts NoT
I HT APPROPTIIATE PRIMARY MITIGATION FOR INDIVIDUAI.S IN IHE
CoNltcuous ZoNE. aND TttfRLroRr Drr Nor RECoHMENo cortLLrr
f-REDISTRTB('TION OF TIIL TABI FT:;. THE MA.'OR EFFORT SHOUI fJ BF

FVACUAII( )N FROM THF RADIATION ARIA fOR WHICH W[ PROPOSF A SINGLI

ACTToN LLVEI oF 1O-5O HSv.
and  i n  Scc l i on  6 :  WE T l jERr rORf  CONCI  UDL THAT 10  Km AS A

NOMINAI RADIUS- APPLIFD WIIH PRACTICAL FI.EXIATLITY- IS
coNstsrENr wrrH THE NEEDS of rHF PRovtNctaL NrJCI_EAR ErrrecrNcy
PLAN roR ALL or ONrARto-s Nucttap GENERATTNG SrarrcNs.

S E C T I O N  Z  S U M M A R Y  O F
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Mlnlslry of
Environment
and Energy

Minisl6re d€
lEnvlronn€m€nl
€ l  de  l6ne.g i€

115 St Cl.t Avlu lr,/{r I r 5 , . f u S t C t i b r

T e  l :  ( 4 1 6 )  3 2 1 - 5 6 4 6
F a x :  ( 4 1 6 )  1 2 3 - 5 6 6 1

J a n u a r y  1 8 ,  1 9 9 5

Dr .  John  Me lse l
cha 1r
Roya l  Soc ie t y  o f  canada
P .  O .  B o x  9 7 3 4
Ot tava ,  on ta r  10
KlG 5J4
6 1 1 - 9 9 1 - 6 9 9 0
6 1 3 - 9 9 1 - 6 9 9 6  (  F A X )

D e a r  D r -  H e i s e f :

The Province of ontario j .s currently revielaing its provlnclal
Nucl.ear Energency PIan. There renain tvo outstandlng technlcal
issues i.hi.ch require resolutlon before the plan can be updated.
specif lcal ly the issues relate to the pre-distr lbutlon of
potassiuE idodide (KI) piLls and the extension of the prlEary
zone froD 10km to 13kE for tvo of the three nucl"ear qeneratlnq
f a c i l i t i e s .

I aE aware that at the t iEe of the Hare Cobmission investigation
into the Safety of Ontario,a NucLear Power Reactors the Royal
Society of Canada undertook a reviev of the CorDrission,s vork.
At this t i tne I vish to alert the Royal Society of canada to the
fact that the Province of Ontario i . i lL b€ shortty forEally
requeseing the Royal Society,s reviev of the unresolved technical
l ssues  .

currently the Province i-s vorki.ng on fornulating the specif ic
question it  vishes the Royal Society to investigate on the
p rov ince ' s  beha l f .  The  Roya l  Soc ie t y , s  work  l aou ld  be  funded  once
the Terns of Reference, sched\rle and estirnated costs are
establ. ished and agreed by the part ies. Should tt le Royal Society
be able to undertake this project i t  ! ,Jo\r1d be of great assistance
to  the  p rov ince  i n  reso l v ing  the  i ssues  i den t i f i ed  and  a l l ow inq
the province to proceed l,r i th revising the current provincial
Nucl.ear Dmergency P lan.



r  an  nak lng  th l s  l n l t l a l  con tac t  t o  de t€ rn lne  l t  t he  soc le t y
qou ld  be  l n te res ted  l n  t h13  Ea t te r  and  t Jh l t  t he  t lE lng  h lgh t  be
fo r  such  a  rev lev .  I f  you  need  any  add l t l ona l  p re l l l l i na ry
l n f o r n a t l o n  p l . e a s e  d o  n o t  h e s l t a t e  t o  c o n t a c t  d e  a t  ( 4 1 6 )  3 2 1 -
5 6 4 6 .

on  beha l f  o f  t he  P rov lnce  o l  on ta r l o  I  t hank  you  fo r  t he
soc ie i y ' s  a t ten t l on  to  th l s  Ea t te r  and  I  l ook  fo rward  to  the
S o c l e t y ' 6  r e s P o n s e .

s i n c e r e l Y ,

D .  E .  F a r r
Hanaqer
E leca r i c i t y  ope ra t i ons  and  P lann ing  sec t i on

I a x  X a l u s h o e r
R  i c k  J e n o  i n g s
L e 6  H o r s l r i l l
L i n d a  L i i k .  o n t a r i o  l l y d r o
J i m  E I I a r d / D o u g  H a r r i s o o .  E m e r g e n c y  M e a s u r e s  O n t a r i o

J o h n  B o u d r e a u
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Environment
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Tclcpbooc: 1L15616
Fart j2tyfir

May 26, 1995

Dr. John Meiscl
Chair
Dr. AT. Stewart
Royal Society of Canada
P.O. Box 9734
Ottaw4 Onta.io
KlG 5J4

Dear Dr. Mciscl and Dr. Stewart:

ln 1987 thc Royal Socicty of Canada was invited to conduct a critical revicw of a repon
being prcpa-red by the Ontario Nuclear Safety Review Commission chaired by
Dr. Kenneth Hare- [n March 1988, thc Royal Socicty wrote to Dr. Ilare and i_odicated
that "rhc investigation -has bcen performcd with compctence ald thoroughness. and.the
rccommendationi nadc and opinions expresscd by the Commissioner (Dr. Hare) arc
soundly based ard are adequately supportcd..

One of rhe recommendations which was supponed by rhc Royal S{rciery stared .that the
Province of Ontario base its nuclear emerg€oct planoing o[ the msimum credlble
releases of radioactive materials.. Thc determinatioo of what constituted a max num
credible releasc of radioactive marerials rras on€ of the subjeds rcvicwed by Working
Group #8, a Provincial Commitree which was convened to provide guidance to thc
$.ol1ce gn ouclear emcrgency planning. Althouglr, Ontario Hyaro-panicipated io
Working Group #8, the Corporation did not endorse all of the recomrnendatioDs made
by the group to the Province. This led to a dissenting opinion being forrnulated by
Hydro and forwarded to the Provincial Govemment.

Al this time, the Provincial government is reviewing rhe existing provincial Nuclear
Emergengr Plan with an eye towards improving it. Two of the unresolved issues ftom
Working C.oup #8 remain of concerr They a.e, the ertension of. the p.imary zones
around the Darlington and Bruce nuclear generaring stations from 10km to 13km and
the pre-distribution of potassium iodide pills withitr rbe 3km contiguous zone sunounding
the Bruce, Dartioglon, and Pickering nuclear generating statioDs i; Ontario.
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Th€ reasoo the Provincc of Ontario has contacted lhe Royal Society of Cnnada is to scek
the Society's review of the unresolved technical issues, and to providc Suidance to the
Province in its review of the existing Provinciat Nuclear Emergency Plan. This has lcd to
the folLowing questioni on which the Province would l ike the Society to corrlment.

l. [n view of the rccommendation made by the Hare Commission which stated -thal

the Province of Ontario base ils nuclear emetgency planning on lhe maximum
credible releases of radioactive malerials', is thc descriplion of a maximum
credible releasc defined as worse credible radiation emjssion by Working Group
#8 sound and reasonable in this contexl?

2. I laving responded to qucstion #1, docs tbe Society bclieve that thc pre-
distribution of K pil ls within the 3km contiguous zone surrounding thc Brucc,
Darlinglon, and Pickcring nuclear generating statioos and the cxtensioo of the
primary zolcs around Bruce and Darlington follow logir:ally from the Working
Group dcfinit ion of a firaximum crediblc rclease?

-fhe Province is mindful that the Royal Society of ChDada will have to consider these
qucstions before formally responding. I! wil be necessary, howcver, for (he Province to
discuss with the Society the tcrms of reference, the timetable for thc Societ/s review, the
membcrship of the Society's review committee, and the approximate costs of the rcview.
Please contact mc at your convcniencc to sct up a meelinS.

I would like to thank you for the Socicty's interest in this matte.. Tbe advicc aud
guidance of the Society will be greatly appreciated since the Province seeks to rcsolve
these two techflical issues before proceeding with improving thc existing Provhcial
Nuclear limergency Plan-

lf you need any additional prcliminary information plcase do not hesitate to contact me
at (416) 323-5646. On behalf of the Province of Ontario I thank you for thc Society's
attention to lhis matter, and I look for*ard to the Socicty's respoNe.

Sincerelv.

,4 t  /  o - /
4b//4.-/. ,a /4rt",-

Deborah E. Farr
Maoager
Electricity Operations and Planning seclion



T H E  R O Y A L  S O C I E T Y  O F  C A N A D A

L A  S O C I E T E  R O Y A L E  D U  C A N A D A

July 12, 1495

Profcssor Alea Stewnrl
Departmcnt of Physiqs
Qucen's Itnivenii ty
Kingston, Ontario
K7L 3N6

Dcar Alcc,

At the last JuDe l4th rnectiDg of the Society's C-ouncil ,  thc fol lowiDg motron was
appr)vcd:

''I}lat thc Socicty Iespond positivcly to {hc rcquest from thc Ministry of the Flnvimnment
and Energy, and that Alcc Stcwart and Bob Ilrucc be asked to pursuc the matter further".

I hopc that you will continue your involvcrnent wilh thc project atrd keep me l()sted :rs to
any lurther developments. I will also bc willin!1 to assist y()u in ar)y way I can.

A 5

c ^ b r r € r  o u  P F € s r o  E N r

'/l !',l,t"l B*
r ( ' , i ' c 1 1 H .  i l  j r y  n c \ ,  ( X l

225 Mctcalfe Street, Suite 301J
Oltewa, Onlario
K2P 1P9
Telephone: (613) 991-9005
Facsnnile: (613) 991-6996



rss St il"r, e!a- v,,*r r35,.v!@ Sr Ctrr. c6r' Environment l'Environnement sxt&a€p 6(h Floor Bro& 1@
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Fax 32+5{{1

Ms. Linda Liik
Technical Superintendcnt

Ontario Hydro, A7-A4
700 University Avenue
Toronto, Ontario
M5G 1X6

Deputy.Director,
Entergenc l  Mc: i \ r r rc \  I  ) r r l ! r  ru

Emergency Preparedness Section Queens' University
' Kingstoq Optario
K7I- 3N6

Dr. A.lex Stewart
Professor, Dept. of Physics

Profcssol, Dcpt. of (lhcnlical ling.
McMaster f lnivcrsity

Mr. Doug Harrisol Dr. l_es Shcmiit

Ministry of the Solicilor Gencral and l{arnilrol, Ontario
C-o.rectional Serviccr I-8S 4Kl

25 Grosvenor Strect, 19th Irloor
Toronto, Onlario
M7A IY6

Dear Ms. Lii( Dr. Stewart, Mr. llarrison ard Dr. Shcmilt:

. Attached is the Terms of Reference for the rcvicw by thc Royal Society of Canada &
Ginadian Engincering Academy of outstan<ling quesiions relaiing to thc proposerl
Provincial Nuclcar limergency Plan.

It has taken us a long ti le to agrce on ,h" prn.ar. and lerms ot rctcrence, howevcr, I
am plcased to notc tltat the review has already startcd, at least informally.. I would a-sk
that you sign the altached Tcrms of Reference so we have an official record, and we can
pay any invoic<s a:srrciatcrl \^i l lr rhc rcr,ieu

Yours sincerely,

l"r"-t z/^_
Deborah E. Farr
ManaSer
Electricity Operations & Planning Section
Electricity Policy Branch
Policy Division

Attach.

0761O€@A3)



T€rDs o( &!t!fa!co f9r tbc Rovlcy by tha Royal aociotv of c ! n a d a
t s 1n € s t l o n s

t o  t h o  P r o q o a o d  P r o v l n c l a l  U u c l 6 a !  E d € l q € n c v  p l a n

I= Scope  o f  t he  Roya l  Soc ie t v  o f  Canada  & Canad ian  Academy o f
Enq inee r inq  (Rsc /CAEI  Rev iew

The  RSC/CAE rev ieu  w i l l  be  l i n i t ed  to
ou ts tand ing  po in t s  i n  t he  p roposed  neu
P l a n  ( P N E P ) :

. that. the prinary zone around
expanded fron 10 kn to 1l km
s t a t i o n s .

rev iew  o f  t h€  fo l l ou lDg  t vo
Prov i  nc  i . a  I  Nuc lea r  Emergenc )

the  nuc lea r  f ac i l i t i es  shou ld  be
fo r  bo th  the  B ruce  and  Dar l i ng ton

.  t ha t  K I  p i l l s  shou ld  be  p re -d i s t r i b \ r t ed . ! , r i t h in  the  app rox ina te
3 kn contiquous zone; and

Spec i f i ca l l y ,  t he  RSC/CAE i s  be ing  asked  to  respond  to  the
fo l  I  ow ing  spec i f i c  ques t i ons :

1 -  I n  v iew  o l  t he  reconnenda t ion  nade  by  the  Hare  Conrn i ss ion
wh ich  s ta ted  r r t ha t  t he  p rov ince  o f  On ta r i o  base  i t s  nuc lea r
ene rgency  p lann ing  on  the  nax ihun  c red ib le  re leases  o f
rad ioac t i ve  ha te r i a l s r ,  i s  t he  desc r ip t i on  o f  a  nax i rnun
c red ibLe  re lease  de f i ned  as  vo rse  c red ib le  rad ia t i on  e rn i ss ion
by Horking Group t8 sound and reasonable in this context?

2. Havi-ng responded to question tt,  do the reviewers believe that
the pre-d istr ibution of KI piI ls within the approxirnate 3 kn
conrrguous zone surrounaling the Bruce, Darl ington, and
P icke r ing  nuc lea r  genera t i ng  s ta t i ons  and  l : he  ex tens ion  o f  t he
p r i rna ry  zones  and  a round  B ruce  and  Dar l i ng ton  fo l l ow  log i ca l l y
f ron  the  Work ing  c roup  de f i n i t i on  o f  a  max inum c red ib le
re  l ea  se?

The  Rso /CAt j  r s  be rng  asked  to  p rov idc  the i r  response  to  thesp
q u e s t i o n s  d n d  t h e i r  s u p p o r t i n q  r a t i o n a l o .

It  is expected that the RSC/CAE wil l  base their opinion on the
background daterlals provided, including the Hare Connission Report
and the working croup ta Report, other information that nay be
p rov ided  by  e i t he r  On ta r i o  Hyd ro  o r  t he  l l i n i s l ] r y  o f  So l i c i t o r
cenera l  and  Cor rec t i ona l  Se rv i ces  (MSGCS)  as  pa r t  o f  t he i r
subd iss ions  on  the  $a t te r ,  and  any  o the r  pub f i shed  na te r i a l s
cons ide red  re levan t  by  the  RSc /cAE rep resen ta t i ves .

3:\4.f \i.ril<\di.rlxe2.b.
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I t  is expected that the rev^iew_period by the RSC/CAE rrrt l  comhence

:i:i:iii,l,H:r?i,:::i;"!";";,;i=:i:;:ll{,, " l*,*,. l;: i:., :expec ted  tha t  t he  RSc /CAE
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W ROBERT BRUCE

Dr. W. Robert Bruce was Llorn 1n 1929 in Hamhung. Korea. He obtained his B.Sc_r
in Chemrg'tty from the University of Atberta in 1950 and ph.D. in physics ffom the
Universrty ot Saskatchewatt in 1956. He then obtained an MD from th; University of
Chrcago iq-1*58 and a year tater obtarned ihe L M.C.C. He was etected Fbloii df ihit
Roysl College ot Physicianitnd Surqeons in 1979

Dr Bruce ioined the Ontano Cancer Institule in 1959 and bcame a member ot
the senior scieniifc staff He has been a prgfessor of the Depa.lment of Medical
Biophysics of the Untversity of Toronto since 1965, a professor of Nutritional Sciences
Since 1985 He was the Directo. of the Toronto Eranch of the Ludwig Institute for Cancer
Research at the Ontano Cancer Institute from 1990 to 1988. Throlgh this period he has
coached dozens of $WHls and post{oclofral Fellovvs and. together with lhem, has
puorsneo research In nearly 200 scientific articles and books. He is cunenfly Associated
Fdrtor ot the joumals, Cancer Epidem@logy, Biomarkers and plevenlion aid Er-p"u,
Joumal of Cancer Prevention

In 1980 D. Bruce vvas elected Fe ow of the Royat Society of Canada He has
also b€en honoured by medsls and prizes trom many research societies. {rom lhe
Damashek Awar{ of the American Society ot Hemarology In 1968 to the O Harold
Warwick Award of the National Canc{rr In8trtute of Canada in i99S

Dr Bruce s medical rssearch interesls began with his studies of cancer treatmenl,
studies of radiation physics and radiobiotogy retated to Edialion therapy. and cefl biology
related to cancer chemotherapy Hjs interest then tumed to the effeci of envronmental
fadorg od*thd pngin of c:lilter and to the possibilities lor cancer preieotion He
develop€d methods for examining the effects of toxic chemrcals on rgproductaon. He
proneered computer studies of palient records that led to the develooment of the Cancer
Registry in Ontario wtrich is now being \ridety used in studies oi the ettect of work
envrronment, 'lfestylo and genetic faclors on cancer develogment in th€ province.
Beginning in 1975 his studies have focus€d pnmanty on the qnqtn o{ breast and colon
cancer. espectally on the etfec:t of dret on lhe development ofthlse diieisegtn:nimdt
studies and in clinical tdals. These studies presen y suggest that specific processes rn
the preparation Ol our frcod lead to ths ma*edly elevated rates Of these cancers in our
DoDulation

Robert Bruce and Margaret MacFartane manied in 1957; they have one daughter
and tlvo sons Hrs chief recreation is raising the family vegetables thrgugh the winter
hydroponically and swlmmina
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LESLIE W. SEEMILT

L.W Shemilt received a B.ASc (Hoh.) in Chemical Eagiaeering and a ph.D. in physical Chemistry
11l:!d]*:i?:tT",6iib;Tna * v sc. in chemisrry ar lhe Unjversity ofMarutooa as werJ rs
fltrl^e.r,.:l y_:y,Tft i:.eqT.ldr:des Lrd. he has held professorships 11 ths grll,.rsi r .,Irnusn r-outnDt4 at tie Urnversity ofNew Brunswick whcre he fourded the Department ofChemicalEnginesring, and 8t McMa{tbilJtdversity where he ..*"d fo. t.n y"ar. "" D-11 ofEngineering, in1987 becominS a Profossor Emcritus Ile has also been "i"iri"g prof"sro, at uruversjties inswnz!d&4 f'glsn4 Indi4 Au{raria, lnd Jap"q *d *". .o en"-i.lJn.i"t tr,. unr""r.i,y ortte West Itdies. Dr Sh€milt is rnarried and hc and his wife, Elizabatr (VacKJe; have one son inmedicsl practic€ in Nonh llay, one dsuBhter residing near Kingsron, -J i"". g*"a"h d..r.

Dr Shcmilt l,as the founding chai.man offtc New Bruruwick R$earch and productrviry Council,sorved as ScietEc Advisor to the province ofNew Brur$u.ich and on th€ National Rcscarch CouncilofCanada IIe was thc presidcnt ofrhe Chemical Instituie ofCa'oiu i' tlii_zt ana tire VicePresidcnt of drs Acadcmy of Scicncc of drc Royal Sociery in fesl_li H" ta-" r".ci".d theFellowships ofscwral professional socicties, mort notably the Royal Socicty ofCanada rn 1985, and
9e 

carydi.ai 
{:d3r :f t:lg*.rin8 in t987 1as a ioundini Fenowj 

'sin". 
rvrr l. r,". U"*n\ narrqr3l| or urc I cctncnl Adusory Corruninee to Alomic Energv of Canada Lirnit ed on thc NuclearFud Ws.stc Msargcmcnt Progan\ has twtce lrd revicws of th"c S*edish pr oggam on nuclea, wastcdispod and is orrrently involvcd in major intcrnatioEl coNuttalivc effons'Jaung to ttre same ndd.IIe has s€rved ds con$ltant to scveral Canadian indusrries and gorel"rn."i-iloi"_rns

Dr. Shcmilt's fields of rescarch 16,n. 6""r, Orimarily in applicd fhcrmodyramics, mass trsnsfer and
ffi"-t * 

*rrosion enginecring h whicl tre hts supewised So ,ri"si".. i,,O Ou"to.ut tt "s"r,
PuDltshc{ over E0 papcrs and a numbe! of contributed chspters to ,efercnce workg and editgl anumber of scicntiGc volunrcs For 18 yerrs hc was editor of thc CanaOian :ouma of ChemicalEnghccring and is now Hunoraly hdrtor
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