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ABSTRACT 

T h e F o r t S t . V r a i n p o w e r p l a n t i s t h e o n l y h i g h - t e m p e r a t u r e 
g a s - c o o l e d r e a c t o r (HTGR) i n c o m m e r c i a l o p e r a t i o n i n t h e 
U n i t e d S t a t e s . A l l c o m m e r c i a l r e a c t o r s , r e g a r d l e s s o f t e c h -
n o l o g y , m u s t c o n f o r m t o 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 
e m e r g e n c y p l a n n i n g r e g u l a t i o n s d e v e l o p e d i n l i g h t o f Clarifi-
cation of TMI Action Plan Requirements ( N U R E G - 0 7 3 7 ) . T h i s 
r e p o r t a n a l y z e s t h e a p p l i c a b i l i t y o f w a r n i n g - r e l a t e d p l a n n i n g 
r e q u i r e m e n t s t o HTGRs a n d e v a l u a t e s t h e s t r e n g t h s a n d w e a k -
n e s s e s o f w a r n i n g p r o c e d u r e s a t F o r t S t . V r a i n . 

S p e c i f i c c r i t e r i a f o r r a d i o l o g i c a l e m e r g e n c y p r e p a r e d n e s s 
p l a n s a r e p r e s e n t e d i n Criteria for Preparation and Evaluation 
of Radiological Emergency Response Plans and Preparedness in 
Support of Nuclear Power Plants [ N U R E G - 0 6 5 4 / F E M A - R E P - l ( R e v . 1 ) ] 
a n d s p e c i f i e d b y " F i n a l R e g u l a t i o n s o n E m e r g e n c y P l a n n i n g " 
(Federal Register, V o l . 4 5 , N o . 1 6 2 , P a r t V I I I , A u g . 1 9 , 1 9 8 0 ) . 
P u b l i c S e r v i c e o f C o l o r a d o , w h i c h o p e r a t e s t h e F o r t S t . V r a i n 
F a c i l i t y , h a s c h a l l e n g e d t h e a p p l i c a b i l i t y o f c e r t a i n r e q u i r e -
m e n t s , w h i c h , t h e r e f o r e , h a v e n o t b e e n i n c l u d e d i n t h e i r 
R a d i o l o g i c a l E m e r g e n c y R e s p o n s e P l a n . T h r e e o f t h e s e a r e a s o f 
c o n t e n t i o n a r e e x a m i n e d i n t h e r e p o r t : 

1 . R e q u i r e m e n t s f o r a n e a r l y w a r n i n g c a p a b i l i t y , 
2 . R e s p o n s i b i l i t y f o r t h e w a r n i n g s y s t e m , a n d 
3 . P u b l i c i n f o r m a t i o n p r o g r a m s . 

S e c o n d , a c o n c e p t u a l m o d e l o f w a r n i n g s y s t e m e f f e c t i v e n e s s 
i s d e v e l o p e d a n d u t i l i z e d t o e v a l u a t e t h e F o r t S t . V r a i n 
s y s t e m . S u g g e s t i o n s o n how w a r n i n g s c a n b e i m p r o v e d a r e 
m a d e . I m p l i c a t i o n s o f t h e T h r e e M i l e I s l a n d ( T M I ) a c c i d e n t 
a r e a l s o d i s c u s s e d i n t h e c o n t e x t o f r a d i o l o g i c a l w a r n i n g 
s y s t e m s . 

T h e s t u d y c o n c l u d e s t h a t , i n l i g h t o f a s s u m p t i o n s a b o u t HTGR 
a c c i d e n t c h a r a c t e r i s t i c s a n d b a s e d o n s o c i a l c r i t e r i a , t h e 
NRC s h o u l d d e f i n e new e m e r g p n c y s t a n d a r d s f o r F o r t S t . V r a i n . 
T h e e x i s t i n g w a r n i n g s y s t e m i t F o r t S t . V r a i n i s s h o w n t o 
b e a d e q u a t e t o e n s u r e p u b l i c s a f e t y i n t h e e v e n t o f a n 
e m e r g e n c y . S u b s e q u e n t t o t h e c o m p l e t i o n o f t h i s s t u d y , 
P u b l i c S e r v i c e o f C o l o r a d o d e c i d e d t o i n s t a l l a n e a r l y 
w a r n i n g s y s t e m t o a l e r t t h e p u b l i c t o a n e m e r g e n c y , t h u s 
c o m p l y i n g w i t h NRC r e g u l a t i o n s . N e v e r t h e l e s s , t h a t a c t i o n 



d o e s n o t i n v a l i d a t e t h e f i n d i n g s o f t h i s s t u d y , a n d t h e y 
r e m a i n r e l e v a n t t o f u t u r e r e g u l a t o r y d e c i s i o n s on e m e r g e n c y 
p l a n n i n g f o r HGTRs a n d o t h e r t y p e s o f r e a c t o r s . 
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1 . SCOPE OF WORK 

1 . 1 PROBLEM 

T h e F o r t S t . V r a i n n u c l e a r p o w e r p l a n t , o p e r a t e d b y P u b l i c S e r v i c e o f 

C o l o r a d o ( P S C ) , i s t h e o n l y h i g h - t e m p e r a t u r e g a s - c o o l e d r e a c t o r (HTGR) 

i n c o m m e r c i a l o p e r a t i o n i n t h e U n i t e d S t a t e s . T h e m o r e common l i g h t -

w a t e r r e a c t o r (LWR) i s b a s e d o n l i g h t - w a t e r c o o l i n g t e c h n o l o g i e s . T h e 

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 (NRC) i s c h a r g e d w i t h a s s e s s i n g t h e 

a d e q u a c y o f e m e r g e n c y p r e p a r e d n e s s a n d r e s p o n s e p l a n s o f a l l l i c e n s e e s , 

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

M a n a g e m e n t A g e n c y ( F E M A ) , NRC h a s d e v e l o p e d r e q u i r e m e n t s f o r l o c a l , 

s t a t e , a n d l i c e n s e e e m e r g e n c y p l a n s . N U R E G - 0 6 5 4 / F E M A - R E P - l ( R e v . 1 ) , 

Criteria for Preparation and Evaluation of Radiological Emergency 

Response Plans and Preparedness in Support of Nuclear Power Plants, 

c o n t a i n s 16 s t a n d a r d s , * w h i c h m u s t b e i n c l u d e d i n a l l p l a n s . T h e s e 

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

TMT Action Plan Requirements ( N U R E G - 0 7 3 7 ) . T h u s , t h e y r e p r e s e n t e m e r -

g e n c y s t a n d a r d s b a s e d o n a 1000-MW LWR. T h e r e i s some q u e s t i o n o f w h i c h 

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

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

S i n c e t h e e x i s t i n g e m e r g e n c y p l a n s o f F o r t S t . V r a i n a n d t h e C o l o r a d o 

S t a t e D i v i s i o n o f D i s a s t e r E m e r g e n c y S e r v i c e s (DODES) d i d n o t f u l l y 

— 

S p e c i f i e d b y " F i n a l R e g u l a t i o n s o n E m e r g e n c y P l a n n i n g , " Federal 
Registert V o l . 4 5 , N o . 1 6 2 , P a r t V I I I ( A u g . 1 9 , 1 9 8 0 ) . 

1 
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c o n f o r m w i t h N U R E G - 0 6 5 4 / F E M A - R E P - l ( R e v . 1 ) , t h e g e n e r a l a d e q u a c y o f 

p l a n n i n g a n d o f r e s p o n s e c a p a b i l i t i e s a t F o r t S t . V r a i n has b e e n b r o u g h t 

i n t o q u e s t i o n . 

1 . 2 OBJECTIVES OF THE STUDY 

T h i s e v a l u a t i o n t h e F o r t S t . V r a i n e m e r g e n c y - r e s p o n s e c a p a b i l i t y h a d 

t w o o b j e c t i v e s : 

1 . T o h e l p r e s o l v e t h e p o i n t s o f c o n t e n t i o n b e t w e e n PSC a n d NRC r e g a r d i n g 

d i f f e r e n c e s b e t w e e n t h e F o r t S t . V r a i n p l a n and NRC r e q u i r e m e n t s . 

2 . T o e v a l u a t e t h e F o r t S t . V r a i n R a d i o l o g i c a l E m e r g e n c y R e s p o n s e P l ^ n 

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

T h e s e c o n s i d e r a t i o n s a r e b a s e d o n ( 1 ) s o c i a l s c i e n c e r e s e a r c h o n t h e 

m a n a g e m e n t o f a n d r e s p o n s e t o n a t u r a l a n d m a n - m a d e h a z a r d s a n d 

o n ( 2 ) l e s s o n s l e a r n e d f r o m s o c i a l s c i e n c e r e s e a r c h a f t e r t h e 

a c c i d e n t a t T h r e e M i l e I s l a n d ( T M I ) . 

1 . 3 APPROACH AND METHODS 

T h e s e s t e p s w e r e f o l l o w e d : 

1 . I s s u e s o r p o i n t s o f c o n t e n t i o n w e r e i d e n t i f i e d b y r e v i e w i n g c o r r e s -

p o n d e n c e b e t w e e n NRC a n d PSC. 



3 

2 . T h e s e i s s u e s w e r e d i s c u s s e d w i t h r e p r e s e n t a t i v e s o f PSC c jd t h e 

C o l o r a d o DODES d u r i n g a s i t e v i s i t . 

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

k n o w l e d g e o f d i s a s t e r m a n a g e m e n t . 

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

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

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

5 . T h e F o r t S t . V r a i n p l a n was r e v i e w e d i n l i g h t o f t h e e v a l u a t i o n 

c r i t e r i a . 

6 . L e s s o n s f r o m t h e T M I a c c i d e n t t h a t a p p l y t o w a r n i n g s w e r e s u m m a r i z e d . 

S e c t i o n 2 o f t h i s r e p o r t r e v i e w s t h e i s s u e s . S e c t i o n 3 b r i n g s p r e v i o u s 

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

a c c o r d i n g l y . S e c t i o n 4 d i s c u s s e s f i n d i n g s f r o m TMI a n d t h e i m p l i c a t i o n s 

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

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

r a d i o l o g i c a l e m e r g e n c i e s a r e a l s o i n c l u d e d . 



2 . ISSUES 

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

o f t h e F o r t S t . V r a i n R a d i o l o g i c a l E m e r g e n c y R e s p o n s e P l a n . T h e i s s u e s 

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

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

a r e e m e r g e n c y p l a n n i n g e f f o r t s f o r r e s p o n d i n g t o a p o t e n t i a l e m e r g e n c y ? 

2 . 1 EARLY WARNING C A P A B I L I T Y 

N U R E G - 0 6 5 4 / F E M A - R E P - l ( R e v . 1 ) ( p . 4 5 ) s p e c i f i e s t h e f o l l o w i n g e v a l u a -

t i o n c r i t e r i a f o r p u b l i c n o t i f i c a t i o n : 

E a c h o r g a n i z a t i o n ( L i c e n s e e , S t a t e , L o c a l ) s h a l l e s t a b l i s h 
a d m i n i s t r a t i v e a n d p h y s i c a l m e a n s , a n d t h e t i m e r e q u i r e d f o r 
n o t i f y i n g a n d p r o v i d i n g p r o m p t i n s t r u c t i o n s t o t h e p u b l i c 
w i t h i n t h e p l u m e e x p o s u r e p a t h w a y E m e r g e n c y P l a n n i n g Z o n e 
[ E P Z ] ( A p p e n d i x 3 ) . 

T h e A p p e n d i x 3 r e f e r r e d t o i n t h e q u o t a t i o n s p e c i f i e s t h e m i n i m u m 

c r i t e r i a f o r a w a r n i n g s y s t e m : 

C r i t e r i a f o r A c c e p t a n c e 

1 . W i t h i n t h e p l u m e e x p o s u r e EPZ t h e s y s t e m s h a l l p r o v i d e a n 
a l e r t i n g s i g n a l a n d n o t i f i c a t i o n b y c o m m e r c i a l b r o a d c a s t 
( e . g . , E B S ) p l u s s p e c i a l s y s t e m s s u c h a s NOAA [ N a t i o n a l 
O c e a n i c a n d A t m o s p h e r i c A d m i n i s t r a t i o n ] r a d i o . A s y s t e m w h i c h 
e x p e c t s t h e r e c i p i e n t t o t u r n o n a r a d i o r e c e i v e r w i t h o u t 
b e i n g a l e r t e d b y a n a c o u s t i c a l e r t i n g s i g n a l o r some o t h e r 
m a n n e r i s n o t a c c e p t a b l e . [ H e r e EBS m e a n s e m e r g e n c y b r o a d c a s t 
s y s t e m . ] 
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2 . T h e m i n i m u m a c c e p t a b l e d e s i g n o b j e c t i v e s f o r c o v e r a g e b y t h e 
s y s t e m a r e : 

a . C a p a b i l i t y f o r p r o v i d i n g b o t h a n a l e r t s i g n a l a n d a n 
i n f o r m a t i o n a l o r i n s t r u c t i o n a l m e s s a g e t o t h e p o p u l a t i o n 
o n a n a r e a w i d e b a s i s t h r o u g h o u t t h e 10 m i l e E P Z , w i t h i n 
15 m i n u t e s . 

b . T h e i n i t i a l n o t i f i c a t i o n s y s t e m w i l l a s s u r e d i r e c t 
c o v e r a g e o f e s s e n t i a l l y 100% o f t h e p o p u l a t i o n w i t h i n 
5 m i l e s o f t h e s i t e . 

c . S p e c i a l a r r a n g e m e n t s w i l l b e made t o a s s u r e 100% c o v e r a g e 
w i t h i n 4 5 m i n u t e s o f t h e p o p u l a t i o n who may n o t h a v e 
r e c e i v e d t h e i n i t i a l n o t i f i c a t i o n w i t h i n t h e e n t i r e p l u m e 
e x p o s u r e E P Z . 

T h e b a s i s f o r a n y s p e c i a l r e q u i r e m e n t s e x c e p t i o n s ( e . g . , f o r 
e x t e n d e d w a t e r a r e a s w i t h t r a n s i e n t b o a t s o r r e m o t e h i k i n g 
t r a i l s ) m u s t b e d o c u m e n t e d . A s s u r a n c e o f c o n t i n u e d n o t i f i c a -
t i o n c a p a b i l i t y may b e v e r i f i e d o n a s t a t i s t i c a l b a s i s . E v e r y 
y e a r , o r i n c o n j u n c t i o n w i t h a n e x e r c i s e o f t h e f a c i l i t y , 
FEMA, i n c o o p e r a t i o n w i t h t h e u t i l i t y o p e r a t o r , a n d / o r t h e 
S t a t e a n d l o c a l g o v e r n m e n t s w i l l t a k e a s t a t i s t i c a l s a m p l e o f 
t h e r e s i d e n t s o f a l l a r e a s w i t h i n a b o u t t e n m i l e s t o a s s e s s 
t h e p u b l i c ' s a b i l i t y t o h e a r t h e a l e r t i n g s i g n a l a n d t h e i r 
a w a r e n e s s o f t h e m e a n i n g o f t h e p r o m p t n o t i f i c a t i o n m e s s a g e a s 
w e l l a s t h e a v a i l a b i l i t y o f i n f o r m a t i o n o n w h a t t o d o i n a n 
e m e r g e n c y . T h e s y s t e m p l a n m u s t i n c l u d e a p r o v i s i o n f o r 
c o r r e c t i v e m e a s u r e s t o p r o v i d e r e a s o n a b l e a s s u r a n c e t h a t 
c o v e r a g e a p p r o a c h i n g t h e d e s i g n o b j e c t i v e s i s m a i n t a i n e d . T h e 
s y s t e m s s h a l l b e o p e r a b l e n o l a t e r t h a n J u l y 1 , 1 9 8 1 . T h e 
l a c k o f a s p e c i f i c d e s i g n o b j e c t i v e f o r a s p e c i f i e d p e r c e n t o f 
t h e p o p u l a t i o n b e t w e e n 5 a n d 1 0 m i l e s w h i c h m u s t r e c e i v e t h e 
p r o m p t s i g n a l w i t h i n 15 m i n u t e s 1s t o a l l o w f l e x i b i l i t y i n 
s y s t e m d e s i g n . D e s i g n e r s s h o u l d d o s c o p i n g s t u d i e s a t d i f -
f e r e n t p e r c e n t c o v e r a g e s t o a l l o w d e t e r m i n a t i o n o f w h e t h e r a n 
e f f e c t i v e i n c r e a s e i n c a p a b i l i t y p e r u n i t o f c o s t c a n b e 
a c h i e v e d w h i l e s t i l l m e e t i n g t h e o b j e c t i v e o f i t e m 2 . a . a b o v e . 

3 . P u b l i c N o t i f i c a t i o n s 

A p r o m p t n o t i f i c a t i o n s c h e m e s h a l l i n c l u d e t h e c a p a b i l i t y o f 
l o c a l a n d S t a t e a g e n c i e s t o p r o v i d e i n f o r m a t i o n p r o m p t l y o v e r 
r a d i o a n d TV [ t e l e v i s i o n ] a t t h e t i m e o f a c t i v a t i o n o f t h e 
a l e r t i n g s i g n a l . T h e E m e r g e n c y P l a n s s h a l l i n c l u d e e v i d e n c e 
o f s u c h c a p a b i l i t y v i a a g r e e m e n t s , a r r a n g e m e n t s o r c i t a t i o n o f 
a p p l i c a b l e l a w s w h i c h p r o v i d e f o r d e s i g n a t e d a g e n c i e s t o a i r 
m e s s a g e s o n TV a n d r a d i o i n e m e r g e n c i e s . I n i t i a l n o t i f i c a t i o n s 
o f t h e p u b l i c m i g h t i n c l u d e i n s t r u c t i o n s t o s t a y I n s i d e , c l o s e 
w i n d o w s a n d d o o r s , a n d l i s t e n t o r a d i o a n d TV f o r f u r t h e r 
i n s t r u c t i o n s . 
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T h e c r i t i c a l a s p e c t s o f t h e s e r e q u i r e m e n t s a r e t h o s e t h a t n e c e s s i t a t e 

d e s i g n i n g a w a r n i n g s y s t e m t h a t c o v e r s a 1 0 - m i l e ( -v /16-km) r a d i u s i n s u c h 

a m a n n e r t h a t t h e m e s s a g e i s d i s s e m i n a t e d w i t h i n 15 m i n , a c h i e v i n g 

100% c o v e r a g e w i t h i n a 5 - m i l e ( 'v .S-km) r a d i u s . R e q u i r e m e n t s f o r t h e F o r t 

S t . V r a i n f a c i l i t y h a v e b e e n m o d i f i e d t o r e q u i r e o n l y a 5 - m i l e ( ^ 8 - k m ) 

E P Z , a n d t h u s t h e 1 0 - m i l e ( ^ 1 6 - k m ) r e q u i r e m e n t d o e s n o t a p p l y . W h i l e 

t h e u t i l i t y i s now i n c o m p l i a n c e w i t h t h e 1 5 - m i n r e q u i r e m e n t , a n 

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

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

t h a t u n d e r t h e w o r s t p r o b a b l e a c c i d e n t , 2 0 h w o u l d e l a p s e b e f o r e a n y 

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

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

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

n e c e s s a r y . 

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

E s t i m a t e s i n d i c a t e d t h a t a l m o s t $ 6 0 0 , 0 0 0 w o u l d b e n e e d e d t o d e s i g n a n d 

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

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

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

w a r n i n g s y s t e m s t h a t c o m p l y w i t h t h e 1 5 - m i n c r i t e r i o n f o r a 1 0 - m i l e 

( ' u i e - k m ) EPZ c a n c o s t a s m u c h a s $2 m i l l i o n . T h i s i s n o t j u s t i f i e d , 

a c c o r d i n g t o PSC, i n l i g h t o f t h e r i s k s , s i n c e d e s i g n - b a s i s a n d m a x i m u m 

h y p o t h e t i c a l a c c i d e n t s a n a l y z e d i n P S C ' s F i n a l S a f e t y A n a l y s i s R e p o r t 

( F S A R ) s h o w t h a t o f f s i t e d o s e s w o u l d n o t r e a c h r a d i a t i o n l e v e l s t h a t 

w a r r a n t p r o t e c t i v e a c t i o n s . 
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F i n a l l y , PSC c o n t e n d e d t h a t t h e p o p u l a t i o n d e n s i t y i s t o o l o w i n t h e 

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

i t was p o i n t e d o u t t h a t t h e p e o p l e l i v i n g i n t h e 5 - m i l e ( • v 8 - k m ) EPZ a r e 

a p p a r e n t l y s a t i s f i e d w i t h t h e e x i s t i n g p r o c e d u r e s , b e c a u s e no c o m p l a i n t s 

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

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

on m e d i a b r o a d c a s t s o n c o m m e r c i a l r a d i o a n d TV s t a t i o n s a n d t h e EBS a n d 

NOAA r a d i o s y s t e m s . I n a d d i t i o n , d o o r - t o - d o o r n o t i f i c a t i o n o f p e o p l e 

l i v i n g i n t h e 5 - m i l e ( ^ 8 - k m ) EPZ w o u l d b e c o n d u c t e d b y t h e c o u n t y s h e r i f f 

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

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

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

E s t i m a t e s a r e t h a t 100% n o t i f i c a t i o n c o u l d b e a c h i e v e d w i t h i n a m a x i m u m 

o f 6 h a f t e r t h e e m e r g e n c y w a s f i r s t d e t e c t e d . As a r e s u l t o f a r e c e n t 

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

9 0 ° s e c t o r was e s t i m a t e d t o b e 2 h . T h i s t i m e c o u l d b e r e d u c e d w i t h 

m o r e p e r s o n n e l a n d p r a c t i c e . F i g u r e 2 . 1 c o m p a r e s t h e NRC/FEMA c r i t e r i a 

w a r n i n g s y s t e m w i t h t h e o r i g i n a l c a p a b i l i t i e s a t t h e F o r t S t . V r a i n 

f a c i l i t y . 

I n F e b r u a r y 1 9 8 2 , 1 0 7 7 t o n e - a l e r t r a d i o s w e r e i n s t a l l e d i n r e s i d e n c e s 

a n d b u s i n e s s e s w i t h i n t h e 5 - m i l e ( ^ - k m ) E P Z . T h r e e h o u s e h o l d s r e f u s e d 

t h e e q u i p m e n t . T h e n e e d f o r t h i s s y s t e m i s f u r t h e r a n a l y z e d b y t h i s s t u d y . 
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ORNL-DWG BI-1875? 

N R C / F E M A WARNING C R I T E R I A 

15 MIN NOTIFICATION 
15 MIN - 100 7. NOTIFICATION 

15 MIN NOTIFICATION 
45 MIN -100 % NOTIFICATION 

o NO REQUIREMENT 

10 MILES 

5 MILES 

POSSIBLE DOOR TO DOOR 
NOTIFICATION 

o MEOIA NOTIFICATION 

EVACUATION NOTIFICATION 

to MILE 
EPZ 

FT. ST. V R A I N P O W E R P L A N T 

F i g . 2 . 1 . W a r n i n g c o m p a r i s o n s . 
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2 . 2 WARNING R E S P O N S I B I L I T Y 

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

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

t h e m u t u a l p o s i t i o n o f DODES a n d PSC t h a t i t 1s t h e g o v e r n m e n t ' s 

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

o f an e m e r g e n c y . 

N U R E G - 0 6 5 4 / F E M A - R E P - l ( R e v . 1 ) s t a t e s , t o t h e c o n t r a r y : 

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

T h e p o s i t i o n t a k e n b y PSC may n o t c o n f o r m t o t h e s p i r i t o f t h i s s t a t e d 

r e q u i r e m e n t , d e p e n d i n g o n how o n e d e f i n e s " d e m o n s t r a t e . " W h e t h e r t h i s 

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

i n v e s t i g a t i o n . 

2 . 3 PUBLIC INFORMATION 

A c r i t i c a l e l e m e n t i n m o s t e m e r g e n c y - r e s p o n s e s t r a t e g i e s i s a p u b l i c 

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

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

T o i n d u c e a d a p t i v e b e h a v i o r , p e o p l e m u s t k n o w how t o r e s p o n d . I t i s 

u n l i k e l y t h a t p e o p l e w i l l a c q u i r e s u c h i n f o r m a t i o n on t h e i r o w n . I n 
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r e s p o n s e t o t h i s c o n c e r n , N U R E G - 0 6 5 4 / F E M A - R E P - l ( R e v . 1 ) ( p . 4 9 ) 

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

E a c h o r g a n i z a t i o n s h a l l p r o v i d e a c o o r d i n a t e d p e r i o d i c ( a t l e a s t 
a n n u a l l y ) d i s s e m i n a t i o n o f i n f o r m a t i o n t o t h e p u b l i c r e g a r d i n g how 
t h e y w i l l be n o t i f i e d a n d w h a t t h e i r a c t i o n s s h o u l d b e i n an 
e m e r g e n c y . T h i s i n f o r m a t i o n s h a l l i n c l u d e , b u t n o t n e c e s s a r i l y b e 
l i m i t e d t o : 

a . e d u c a t i o n a l i n f o r m a t i o n o n r a d i a t i o n ; 

b . c o n t a c t f o r a d d i t i o n a l i n f o r m a t i o n ; 

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

d . s p e c i a l n e e d s o f t h e h a n d i c a p p e d . 

Means f o r a c c o m p l i s h i n g t h i s d i s s e m i n a t i o n may i n c l u d e , b u t a r e n o t 
n e c e s s a r i l y l i m i t e d t o : i n f o r m a t i o n i n t h e t e l e p h o n e b o o k ; p e r i o d i c 
i n f o r m a t i o n i n u t i l i t y b i l l s ; p o s t i n g i n p u b l i c a r e a s ; a n d p u b l i -
c a t i o n s d i s t r i b u t e d o n a n a n n u a l b a s i s . 

T h e p u b l i c i n f o r m a t i o n p r o g r a m s h a l l p r o v i d e t h e p e r m a n e n t a n d 
t r a n s i e n t a d u l t p o p u l a t i o n w i t h i n t h e p l u m e e x p o s u r e EPZ a n a d e q u a t e 
o p p o r t u n i t y t o b e c o m e a w a r e o f t h e i n f o r m a t i o n a n n u a l l y . T h e 
p r o g r a m s s h o u l d i n c l u d e p r o v i s i o n f o r w r i t t e n m a t e r i a l t h a t i s 
l i k e l y t o be a v a i l a b l e i n a r e s i d e n c e d u r i n g a n e m e r g e n c y . U p d a t e d 
i n f o r m a t i o n s h a l l b e d i s s e m i n a t e d a t l e a s t a n n u a l l y . S i g n s o r 
o t h e r m e a s u r e s ( e . g . , d e c a l s , p o s t e d n o t i c e s o r o t h e r m e a n s , p l a c e d 
i n h o t e l s , m o t e l s , g a s o l i n e s t a t i o n s a n d p h o n e b o o t h s ) s h a l l a l s o 
b e u s e d t o d i s s e m i n a t e t o a n y t r a n s i e n t p o p u l a t i o n w i t h i n t h e p l u m e 
e x p o s u r e p a t h w a y EPZ a p p r o p r i a t e i n f o r m a t i o n t h a t w o u l d b e h e l p f u l 
i f an e m e r g e n c y o r a c c i d e n t o c c u r s . S u c h n o t i c e s s h o u l d r e f e r t h e 
t r a n s i e n t t o t h e t e l e p h o n e d i r e c t o r y o r o t h e r s o u r c e o f l o c a l 
e m e r g e n c y i n f o r m a t i o n a n d g u i d e t h e v i s i t o r t o a p p r o p r i a t e r a d i o 
a n d t e l e v i s i o n f r e q u e n c i e s . 

E a c h o r g a n i z a t i o n s h a l l c o n d u c t c o o r d i n a t e d p r o g r a m s a t l e a s t 
a n n u a l l y t o a c q u a i n t news m e d i a w i t h t h e e m e r g e n c y p l a n s , i n f o r -
m a t i o n c o n c e r n i n g r a d i a t i o n , a n d p o i n t s o f c o n t a c t f o r r e l e a s e o f 
p u b l i c i n f o r m a t i o n i n a n e m e r g e n c y . 
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T h e NRC h a s q u e s t i o n e d w h e t h e r PSC h a s f u l f i l l e d t h e s e r e q u i r e m e n t s a n d 

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

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

R e s p o n s e P l a n t o t h e p u b l i c w i t h i n t h e 5 - m i l e ( < \ £ - k m ) EPZ t h r o u g h a n 

i n f o r m a t i o n b r o c h u r e ( A p p e n d i x B ) . T h e b r o c h u r e 1s a v a i l a b l e I n b o t h 

E n g l i s h a n d S p a n i s h . I n a d d i t i o n , t h e F o r t S t . V r a i n p o w e r p l a n t m a i n -

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

a b o u t t h e r e a c t o r . PSC h a s a l s o d e v e l o p e d a v i d e o t a p e , t i t l e d " J u s t 

i n C a s e , " t h a t i s u t i l i z e d t o h e l p e d u c a t e l o c a l s u p p o r t a g e n c i e s a n d 

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

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

m e d i a . 



3 . RESOLVING THE ISSUES 

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

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

p r o b l e m s r a i s e d b y t h e i s s u e s . 

3 . 1 EARLY WARNING C A P A B I L I T Y 

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

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

a b o u t a n e m e r g e n c y a t t h e F o r t S t . V r a i n f a c i l i t y ? S i n c e a d e q u a c y i s 

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

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

3 . 1 . 1 A n " i n t e g r a t e d " w a r n i n g s y s t e m 

T h e a i m o f a n y w a r n i n g s y s t e m i s t o a l e r t a s many p e o p l e a s p o s s i b l e t o 

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

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

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

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

a n d i n i n c r e a s e d e m e r g e n c y p r e p a r e d n e s s a c t i v i t i e s ( M i l e t i , H u t t o n , a n d 

S o r e n s e n T 5 8 1 ) . 

A n " i n t e g r a t e d " w a r n i n g s y s t e m , i l l u s t r a t e d i n F i g . 3 . 1 , p e r f o r m s t h r e e 

b a s i c f u n c t i o n s ( M i l e t i 1 9 7 5 ) : e v a l u a t i o n , d i s s e m i n a t i o n , a n d r e s p o n s e . 

13 
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F i g . 3 . 1 . A n i n t e g r a t e d w a r n i n g s y s t e m ( M i l e t i , H u t t o n , a n d S o r e n s e n 
1 9 8 1 ) . 
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E v a l u a t i o n i s t h e e s t i m a t e o f t h r e a t f r o m a h a z a r d t o p e o p l e i n an 

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

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

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

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

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

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

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

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

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

a n d s i t u a t i o n a l f a c t o r s . 

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

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

a b i l i t y t o d e t e c t n o r o n w a r n i n g h a r d w a r e a n d e q u i p m e n t . The d i s s e m i n a t i o n -

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

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

s y s t e m s ( M i l e t i , H u t t o n , a n d S o r e n s e n 1 9 8 1 ) . 

3 . 1 . 2 B e h a v i o r a l c o n s i d e r a t i o n s f o r w a r n i n g s y s t e m s 

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

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

( M i l e t i 1 9 7 5 , M c L u c k i e 1 9 7 4 , S o r e n s e n a n d G e r s h m e h l 1 9 8 0 , G r u n t f e s t 1 9 7 7 ) . 

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

d i s a s t e r s , s u c h a s f l o o d s , h u r r i c a n e s , v o l c a n o e s , t s u n a m i s , o r e a r t h q u a k e s . 
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S e v e r a l h a v e d e a l t w i t h t h e TMI n u c l e a r p o w e r p l a n t a c c i d e n t ( F l y n n 1 9 8 1 ) . 

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

i n v e s t i g a t i o n s . W h i l e t h e y r e p r e s e n t a c o n s e n s u s o f f a c t s , t h e y may n o t 

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

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

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

F i g u r e 3 . 2 g r a p h i c a l l y s u m m a r i z e s a r a n g e o f f a c t o r s t h a t i n f l u e n c e 

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

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

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

T h e s i n g l e d o m i n a n t f a c t o r t h a t i n f l u e n c e s p e o p l e ' s r e s p o n s e t o a w a r n -

i n g i s , s i m p l y , w h e t h e r o r n o t t h e y b e l i e v e t h e m e s s a g e . B e l i e v a b i l i t y , 

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

i n t e r n a l a n d e x t e r n a l t o t h e w a r n i n g s y s t e m . S t a r t i n g a t t h e l e f t s i d e 

o f F i g . 3 . 2 , e x a m p l e s o f t h e s e r e l a t i o n s h i p s c a n be p r o v i d e d . 

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

1 . i t s s o u r c e , 

2 . t h e mode o r c h a n n e l b y w h i c h i t i s c o m m u n i c a t e d , a n d 

3 . t h e c o n t e n t s o f t h e m e s s a g e . 

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

s o u r c e a r e g e n e r a l l y m o r e e f f e c t i v e t h a n w a r n i n g s f r o m a n u n o f f i c i a l 
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F i g . 3 . 2 . B e h a v i o r a l c o n s i d e r a t i o n s f o r w a r n i n g s y s t e m e v a l u a t i o n . 
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s o u r c e . W a r n i n g s i s s u e d b y l o c a l o f f i c i a l s o u r c e s s u c h as p o l i c e a r e 

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

l o w - i n c o m e g r o u p s , h o w e v e r , -•• m o r e s k e p t i c a l o f w a r n i n g s f r o m a g o v e r n -

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

c h a n n e l ; a m e s s a g e c o m i n g o v e r TV o r r a d i o may n o t be s e e n a s o f f i c i a l 

d e s p i t e i t s o r i g i n ( D r a b e k a n d S t e p h e n s o n 1 9 7 1 ) . 

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

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

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

l e a s t e f f e c t i v e . Mass m e d i a r e c e i v e s m i x e d r e v i e w s ; i t may be e f f e c t i v e 

i n some s i t u a t i o n s a n d u n h e e d e d i n o t h e r s . 

M e s s a g e c o n t e n t c a n v a r y t r e m e n d o u s l y , a n d t h e r e a r e no m a g i c f o r m a t s o r 

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

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

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

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

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

c e r t a i n t y o f t h e d i s a s t e r , a n d t h e p r o j e c t e d m a g n i t u d e o f t h e r i s k s . 

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

M e s s a g e s s h o u l d m a x i m i z e p e o p l e ' s d e f i n i t i o n s o f p o t e n t i a l d a n g e r b u t s h o u l d 

n o t e l i c i t h i g h l e v e l s o f f e a r ( M i l e t i 1 9 7 5 ) . A c r i t i c a l f a c t o r , f o r 

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

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

r e a l a n d i m m i n e n t ( P e r r y , G r e e n , a n d L i n d e l l 1 9 8 0 ) . 
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P r e v i o u s r e s e a r c h h a s s h o w n t h a t an a l m o s t u n i v e r s a l human r e s p o n s e t o 

an i n i t i a l w a r n i n g i s t o c o n f i r m t h e m e s s a g e . P e o p l e r a r e l y r e s p o n d t o 

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

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

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

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

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

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

S e v e r a l f a c t o r s e x t e r n a l t o t h e w a r n i n g s y s t e m a r e s i g n i f i c a n t . F i r s t , 

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

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

S e c o n d , e x p e r i e n c e i n f l u e n c e s b e h a v i o r . T h o s e p e o p l e w h o h a v e b e e n i n a 

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

F i n a l l y , a g e a n d s o c i o e c o n o m i c s t a t u s i n f l u e n c e r e s p o n s e . E l d e r l y 

p e o p l e a r e l e s s l i k e l y t o h e a r a w a r n i n g , b e l i e v e i t w h e n t h e y do h e a r 

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

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

s t a t u s . 

T a b l e 3 . 1 s u m m a r i z e s t h e s e r e s e a r c h f i n d i n g s . * T h e n e x t s u b s e c t i o n 

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

w a r n i n g i s s u e a t t h e F o r t S t . V r a i n f a c i l i t y . 

T h e s e c a n b e u t i l i z e d a s c r i t e r i a t o e v a l u a t e t h e e f f e c t i v e n e s s 
o f a w a r n i n g s y s t e m f r o m a b e h a v i o r a l s t a n d p o i n t . 
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T a b l e 3 . 1 . W h a t m a k e s a w a r n i n g b e l i e v a b l e ? 

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

F a c t o r s i n t e r n a l t o t h e w a r n i n g s y s t e m 

N u m b e r o f w a r n i n g s 

W a r n i n g s o u r c e 

W a r n i n g c h a n n e l 

W a r n i n g m e s s a g e 

T i m i n g 

L o c a t i o n 

C e r t a i n t y 

R i s k 

Rumor 

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

O f f i c i a l s o u r c e s a r e m o r e b e l i e v a b l e 

D i r e c t p e r s o n a l c o n t a c t i s m o r e b e l i e v a b l e 
t h a n i m p e r s o n a l c h a n n e l s 

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

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

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

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

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

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

F a c t o r s e x t e r n a l t o t h e w a r n i n g s y s t e m 

S o c i o e c o n o m i c s t a t u s 

E x p e r i e n c e 

E n v i r o n m e n t a l c u e s 

As s o c i o e c o n o m i c s t a t u s i n c r e a s e s , p e o p l e a r e 
m o r e l i k e l y t o b e l i e v e 

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

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



3 . 1 . 3 I m p r o v i n g t h e w a r n i n g s y s t e m 

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

f o l l o w i n g q u e s t i o n s : 

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

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

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

2 . W i l l e x i s t i n g w a r n i n g p r o c e d u r e s a c c u r a t e l y and e f f e c t i v e l y n o t i f y 

t h e p u b l i c ? 

3 . W i l l t h e s y s t e m r e a c h a l l p e r s o n s p o t e n t i a l l y a t r i s k o r a l l who 

w o u l d w a n t t o t a k e p r o t e c t i v e a c t i o n s ? 

P r i o r t o a d d r e s s i n g t h e s e q u e s t i o n s , s e v e r a l k e y p o i n t s s h o u l d b e n o t e d . 

F i r s t , a w a r n i n g s y s t e m w i l l n e v e r be p e r f e c t , c h i e f l y b e c a u s e t h e 

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

t h e f a c t t h a t t h e y a r e r e c e i v i n g t h e same m e s s a g e ( M i l e t i 1 9 7 5 ) . S e c o n d , 

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

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

i s a s u b j e c t i v e q u e s t i o n b a s e d o n v a l u e s , a c c e p t a b l e r i s k s , a n d human 

p r e f e r e n c e s . S u c h f a c t o r s a r e e x t r e m e l y d i f f i c u l t t o a s s e s s ( B u r t o n a n d 

W h y t e 1 9 8 0 ) F i n a l l y , a w a r n i n g s y s t e m s h o u l d b e a p p r a i s e d o n e c o n o m i c 

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

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

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

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

2 0 h b e f o r e a n y r i s k s t o t h e p u b l i c c o u l d o c c u r . T h i s p r o v i d e s m o r e 

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

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

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

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

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

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

t h e p u b l i c . 

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

t h r e a t e n i n g t h e G u l f C o a s t . L a c k o f t i m e , h o w e v e r , h a s n o t b e e n a 

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

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

e v a c u a t i o n u n t i l t h e e v e n t i s c l o s e r i n t i m e ( B a k e r 1 9 8 0 ) . 

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

2 0 h , t h e n a g r e a t e r m a r g i n f o r human e r r o r w o u l d e x i s t , a l t h o u g h t h i s 

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

t i m e i s r e v i s e d d o w n w a r d , a n o t h e r a s s e s s m e n t s h o u l d be made o f w a r n i n g 

s y s t e m a d e q u a c y . 

F i n d i n g s : B a s e d on t h e 2 0 - h t i m e f o r n o t i f i c a t i o n e n d o r s e d b y PSC, 

i t w o u l d a p p e a r t h a t a d e q u a t e t i m e i s a l l o w e d t o a l e r t t h e s p a r s e 
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p o p u l a t i o n i n t h e 5 - m i l e ( ^ 8 - k m ) EPZ u s i n g m e d i a a n d p e r s o n a l c o m m u n i c a -

t i o n s . As r e q u i r e d b y N U R E G - 0 6 5 4 / F E M A - R E P - 1 ( R e v . 1 ) c r i t e r i a , a t e s t 

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

v a r i o u s l e v e l s o f n o t i f i c a t i o n . S e c o n d , an a s s e s s m e n t o f a l l p o s s i b l e 

d e l a y s i n d i s s e m i n a t i n g a w a r n i n g s h o u l d be m a d e . F a c t o r s t h a t c o u l d 

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

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

A " w o r s t - c a s e " w a r n i n g s c e n a r i o c o u l d t h e n b e u t i l i z e d t o e v a l u a t e t h e 

max imum l e n g t h o f t i m e n e e d e d t o w a r n . 

3 . 1 . 3 . 2 E f f e c t i v e n e s s 

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

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

T ^ b l e 3 . 2 . O t h e r o b s e r v a t i o n s , w h e r e a p p r o p r i a t e , w i l l b e made t o 

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

t o i m p r o v e e f f i c i e n c y ) i n c l u d e t h e f o l l o w i n g : 

N u m b e r o f w a r n i n g s . T h e F o r t S t . V r a i n w a r n i n g s y s t e m p r o c e d u r e s d o n o t 

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

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

d o o r - t o - d o o r n o t i f i c a t i o n s w i l l be made o n l y o n c e . How much m e d i a 

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

q u e n c y o f w a r n i n g s i s a n u n k n o w n f a c t o r i n e v a l u a t i n g e f f e c t i v e n e s s . 
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T a b l e 3 . 2 . F o r t S t . V r a i n w a r n i n g s y s t e m e f f e c t i v e n e s s 
i n l i g h t o f s o c i a l s c i e n c e c r i t e r i a 

F a c t o r s d e t e r m i n i n g c 

b e l i e f F i n d i n g s 

F a c t o r s i n t e r n a l t o t h e w a r n i n g s y s t e m 

N u m b e r o f w a r n i n g s No g u i d e l i n e s o n f r e q u e n c y o f w a r n i n g s a r e 
p r o v i d e d 

T h i s f a c t o r i s v a r i a b l e 

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

A m b i g u o u s s i r e n s a r e a v o i d e d 

M e d i a e f f e c t i v e n e s s i s n o t known 

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

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

S p e c i f i c i t y i n c r e a s e s e f f e c t i v e n e s s 

M e s s a g e s a p p e a r t o b e u n c e r t a i n , r e d u c i n g 
e f f e c t i v e n e s s 

R i s k s a r e n o t c l e a r l y o u t l i n e d , r e d u c i n g 
e f f e c t i v e n e s s 

T h i s i s a n u n k n o w n e n t i t y 

T h e r e a r e no p r o v i s i o n s f o r r u m o r c o n t r o l i n 
w a r n i n g p r o c e d u r e 

F a c t o r s e x t e r n a l t o t h e w a r n i n g s y s t e m 

S o c i o e c o n o m i c s t a t u s T h i s i s n o t e s t i m a t e d i n t h i s s t u d y 

E x p e r i e n c e L a c k o f i n c i d e n t s w i l l d e c r e a s e e f f e c t i v e n e s s , 
a l t h o u g h TMI p r o v i d e s a s u r r o g a t e 

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

E n v i r o n m e n t a l c u e s T h e r e may be " f a l s e " e n v i r o n m e n t a l c u e s 

W a r n i n g s o u r c e 

C h a n n e l 

M e s s a g e 

T i m i n g 

L o c a t i o n 

C e r t a i n t y 

R i s k 

Rumor 
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T a b l e 3 . 2 ( c o n t i n u e d ) 

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

F i n d i n g s 

O t h e r f a c t o r s 

P u b l i c i n f o r m a t i o n W i l l i n c r e a s e e f f e c t i v e n e s s 

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

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

C o n f l i c t i n g m e d i a r e p o r t s W i l l g r e a t l y d e c r e a s e e f f e c t i v e n e s s 

Sex Women may be m o r e l i k e l y t o l i s t e n t o 
w a r n i n g 

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



26 

W a r n i n g c h a n n e l . T h e F o r t S t . V r a i n s y s t e m c h i e f l y r e l i e s o n d o o r - t o -

d o o r c o n t a c t f o r e v a c u a t i o n n o t i f i c a t i o n a n d o n m e d i a ( T V a n d r a d i o ) a s 

t h e g e n e r a l c h a n n e l . T h e p e r s o n a l i z e d c o n t a c t w i l l i n c r e a s e e f f e c t i v e -

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

k n o w n ( N a t i o n a l A c a d e m y o f S c i e n c e 1 9 8 0 ) . T h e a v o i d a n c e o f s i r e n s y s t e m s 

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

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

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

1 9 6 0 H i l o , H a w a i i , t s u n a m i h a s b e e n c o n s i d e r e d a m b i g u i t y i n t h e i n t e r -

p r e t a t i o n o f s i r e n s ( L a c h m a n , T a t s u o k a , a n d B o n k 1 9 6 1 ) . 

W a r n i n g m e s s a g e . T h e s a m p l e m e s s a g e s ( a t t a c h m e n t t o A p p e n d i x A ) c o u l d 

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

m e s s a g e s . F o r e x a m p l e , t h e m e s s a g e s f i r s t s t a t e t h a t t h e r e i s a r e a s o n 

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

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

n o t b e c o n c e r n e d . . . " t h e r e i s no c a u s e f o r a l a r m " . . . o r " n o 

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

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

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

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

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

f a i l u r e t o do s o w i l l l i k e l y r e s u l t i n t h e same t y p e o f c o n f u s i o n t h a t 

w a s e x p e r i e n c e d a t T M I . 
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S p e c i f i c a t i o n o f l o c a t i o n . T h e m e s s a g e s a r e v e r y p r e c i s e a s t o t h e 

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

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

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

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

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

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

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

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

t h e u s e o f c o n d i t i o n a l p h r a s e s s u c h a s "may o c c u r , " " n o t e x p e c t e d , " o r 

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

R i s k . I n a s i m i l a r m a n n e r , r i s k s a r e n o t c l e a r l y s t a t e d i n t h e m e s s a g e , 

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

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

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

t o a c c e p t o r t o l e r a t e r i s k s ( S l o v i c 1 9 8 0 ) . T h u s , o v e r r e s p o n s e a n d l a c k 

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

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

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

n e e d e d i n t h e w a r n i n g m e s s a g e . 

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

Rumor c o n t r o l i s a n i m p o r t a n t p a r t o f e n h a n c i n g w a r n i n g s y s t e m e f f e c -

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

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

e f f e c t i v e n e s s i n c l u d e t h e f o l l o w i n g : 

S o c i o e c o n o m i c s t a t u s . W h i l e n o d a t a h a v e b e e n c o l l e c t e d o n t h e 

c h a r a c t e r i s t i c s o f r e s i d e n t s o f t h e E P Z , r e s e a r c h s h o w s t h a t p e o p l e i n 
i 

r u r a l a r e a s a r e l e s s l i k e l y t o ' h e e d w a r n i n g s t h a n u r b a n i t e s ( F o s t e r 1 9 8 0 ) . 

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

s u r r o u n d i n g t h e F o r t S t . V r a i n s i t e . 

E x p e r i e n c e . N u m e r o u s s t u d i e s h a v e s h o w n e x p e r i e n c e t o b e a m a j o r f a c t o r 

i n m a k i n g a w a r n i n g s y s t e m w o r k e f f i c i e n t l y ( S o r e n s e n a n d G e r s h m e h l 1 9 8 0 ) . 

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

a c c i d e n t s n a t i o n w i d e a n d n o p r e v i o u s a c c i d e n t s a t t h e F o r t S t . V r a i n 

p l a n t . To some e x t e n t , t h e T M I i n c i d e n t may e d u c a t e p e o p l e a b o u t n u c l e a r 

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

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

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

e x p e r i e n c e t h a t i n c r e a s e s w a r n i n g s y s t e m e f f i c i e n c y . 

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

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

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

I n c e r t a i n i n s t a n c e s , s m o k e f r o m a f i r e o r n o i s e f r o m a r u p t u r e o f a 

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

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

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

p r o v i s i o n s f o r w a r n i n g d u r i n g c o m m u t e r p e r i o d s may be n e c e s s a r y . I n 

a d d i t i o n , t h e t i m e o f y e a r may p o s e s p e c i f i c p r o b l e m s . G r u n t f e s t ( 1 9 7 7 ) 

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

p r i o r t o a f l a s h f l o o d i n t h e n e a r b y B i g T h o m p s o n C a n y o n , C o l o r a d o . 

P r o b l e m s w i t h t r a n s i e n t s may e x i s t r e g a r d l e s s o f t h e t y p e o f w a r n i n g 

s y s t e m u t i l i z e d . 

F a l s e a l a r m s . E m e r g e n c y m a n a g e r s a r e f r e q u e n t l y c o n c e r n e d a b o u t t h e 

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

w i l l b e l e s s p r o n e t o r e s p o n d t o s u b s e q u e n t w a r n i n g s . P r a c t i c a l e x p e r i e n c e 

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

n o t s u b j e c t t o t h i s p h e n o m e n o n w h e n f a l s e a l a r m s a r e i n f r e q u e n t . I n 

f a c t , a n o c c a s i o n a l f a l s e a l a r m may i n c r e a s e s y s t e m e f f i c i e n c y , b e c a u s e 

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

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

C o n f l i c t i n g m e d i a r e p o r t s . A n y w e l l - d e s i g n e d a n d i n t e g r a t e d w a r n i n g 

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

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

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

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

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

s t a g e s o f t h e e r u p t i o n o f M t . S t . H e l e n s v o l c a n o ( S o r e n s e n 1 9 8 1 b ) . 
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S e x . P r e v i o u s r e s e a r c h h a s s h o w n t h a t women a r e m o r e c o n c e r n e d a b o u t 

n u c l e a r r i s k s t h a n men ( H o h e n e m s e r , K a s p e r s o n , a n d K a t e s 1 9 7 7 ) . Sex 

d i f f e r e n c e s a l s o i n f l u e n c e w a r n i n g b e l i e f s a n d r e s p o n s e ( M i l e t i 1 9 7 5 ) . 

F rom t h e s e f i n d i n g s , o n e w o u l d p o s t u l a t e t h a t women w o u l d b e m o r e l i k e l y 

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

e m e r g e n c y . 

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

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

p r o c e d u r e s a t t h e F o r t S t . V r a i n n u c l e a r r e a c t o r . T h e r e a d e r s h o u l d b e 

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

e m p i r i c a l s t u d y o f t h e F o r t S t . V r a i n s i t u a t i o n i t s e l f . N e v e r t h e l e s s , 

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

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

F i n d i n g s . T h e F o r t S t . V r a i n w a r n i n g p r o c e d u r e s h a v e no s e r i o u s 

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

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

w i t h o u t m a j o r i n v e s t m e n t s o f t i m e a n d m o n e y . 

3 . 1 . 3 . 3 C o v e r a g e 

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

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

3 4 0 0 p e o p l e r e s i d e w i t h i n a 5 - m i l e ( ^ 8 - k m ) r a d i u s o f t h e p l a n t , w i t h a n 
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a d d i t i o n a l 9 7 0 0 i n t h e 5 - t o 1 0 - m i l e ( ^ 8 - t o 1 6 - k m ) b a n d . A s s u m i n g 

an a v e r a g e h o u s e h o l d s i z e o f 3 . 2 5 p e r s o n s , t h i s r o u g h l y t r a n s l a t e s i n t o 

1 0 5 0 a n d 3 0 0 0 f a m i l i e s i n t h e t w o e m e r g e n c y z o n e s . A t some t i m e s d u r i n g 

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

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

n e c e s s a r y . D o o r - t o - d o o r n o t i f i c a t i o n w o u l d t a k e l o n g e r a t n i g h t . 

P e r s o n a l n o t i f i c a t i o n may n o t r e a c h 100% o f t h e p o p u l a t i o n , b e c a u s e o f 

s e v e r a l f a c t o r s . F i r s t , p e o p l e may b e i n a c c e s s i b l e . T h i s w i l l be t h e 

c a s e p a r t i c u l a r l y i n f a r m i n g h o u s e h o l d s o r i f a p e r s o n ' s p l a c e o f e m p l o y -

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

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

may n o t c o m p r e h e n d o r may m i s i n t e r p r e t t h e w a r n i n g m e s s a g e . F u r t h e r 

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

3 . 1 . 3 . 4 S p e c i f i c i t y o f i n s t r u c t i o n s t o w a r n i n g o f f i c i a l s 

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

I s s u e p u b l i c w a r n i n g s a b o u t a r a d i o l o g i c a l e m e r g e n c y a t F o r t S t . V r a i n . 

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

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

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

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

b e c a u s e t h e y a l r e a d y know how t o i m p l e m e n t g e n e r a l g u i d e l i n e s . C h a n g e s 
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i n p e r s o n n e l o r new p r o c e d u r e s c a n i n v a l i d a t e t h i s a s s u m p t i o n . I t i s , 

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

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

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

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

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

3 . 1 . 4 I m p l i c a t i o n s 

T h e NRC/FEMA c r i t e r i a f o r e a r l y w a r n i n g s y s t e m s s h o u l d be r e a s s e s s e d f o r 

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

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

d i s c u s s e d i n t h i s r e p o r t . 

T h i s p r e l i m i n a r y a p p r a i s a l o f t h e F o r t S t . V r a i n w a r n i n g s y s t e m r e v e a l e d 

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

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

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

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

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

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

p a r t y . F u r t h e r e x a m i n a t i o n o f c o v e r a g e i s n e e d e d . M o r e d e t a i l e d s p e c i f i c a -

t i o n o f w a r n i n g p r o c e d u r e s s h o u l d b e g i v e n a t t e n t i o n . 
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3 . 2 WARNING R E S P O N S I B I L I T Y 

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

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

s t a t e t h a t i t i s t h e l i c e n s e e ' s r e s p o n s i b i l i t y t o d e m o n s t r a t e t h a t 

c r i t e r i a a r e m e t . P S C ' s p o s i t i o n i s t h a t a l l r e s p o n s i b i l i t i e s f o r 

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

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

1 . I f t h e s t a t e ' s a s s u m p t i o n o f f u l l r e s p o n s i b i l i t y f o r t h e w a r n i n g 

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

c a p a b i l i t y i s t h e i r s . 

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

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

s y s t e m e x i s t s . 

3 . 2 . 1 P r e v i o u s r e s e a r c h 

No p r e v i o u s r e s e a r c h a p p e a r s r e l e v a n t t o t h i s i s s u e , s i n c e t h e d i s t i n c t i o n 

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

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

p e r s p e c t i v e . 



34 

3 . 2 . 2 I m p l i c a t i o n s 

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

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

s t a t e b e f o r c e d t o c o n f o r m t o NRC/FEMA c r i t e r i a t h r o u g h l i t i g a t i o n ? 

S e c o n d , w h a t a u t h o r i t y d o e s NRC/FEMA h a v e o v e r s t a t e r a d i o l o g i c a l p l a n -

n i n g ? T h i r d , i f a n a c c i d e n t o c c u r s a n d w a r n i n g s a r e i n d a d e q u a t e , who i s 

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

F i n d i n g s . A t h o r o u g h l e g a l r e v i e w o f t h i s i s s u e i s r e q u i r e d t o h e l p 

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

3 . 3 P U B L I C INFORMATION AND EDUCATION* 

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

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

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

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

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

t h r e a t e n i n g s i t u a t i o n ( S o r e n s e n 1 9 8 1 a ; W h i t e a n d Haas 1 9 7 5 ) . I t i s 

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

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

p l a n s . 

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

a u t h o r ; s e e S o r e n s e n ( 1 9 8 1 a ) . 



35 

3 . 3 . 1 B e h a v i o r a l c o n s i d e r a t i o n s o n i n f o r m a t i o n a n d e d u c a t i o n 

3 . 3 . 1 . 1 C o n c e p t s 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

( R o g e r s a n d S h o e m a k e r 1 9 7 1 ) o r i n t h e o r i e s o f a t t i t u d e f o r m a t i o n a n d 

c h a n g e ( F i s h b e i n a n d A j z e n 1 9 7 5 ) . T h e b a s i c n o t i o n i s t h a t a m e s s a g e 

( i n f o r m a t i o n ) e m a n a t e s f r o m a s o u r c e , p r o c e e d s t h r o u g h a c h a n n e l ( e d u c a -

t i o n o r i n f o r m a t i o n d i s s e m i n a t i o n ) , a n d r e a c h e s t h e r e c e i v e r . T h e 

m e s s a g e c a n e f f e c t a c h a n g e i n l e v e l s o f k n o w l e d g e , i n a t t i t u d e s , a n d 

i n b e h a v i o r . T h i s p a r a d i g m , t a k e n a l o n e , h o w e v e r , h a s n o t p r o v e d 

a d e q u a t e i n u n d e r s t a n d i n g h a z a r d - r e l a t e d c o m m u n i c a t i o n p r o c e s s e s ( M i l e t i 

e t a l . 1 9 7 9 ) . 
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3 . 3 . 1 . 2 F i n d i n g s f r o m p r e v i o u s r e s e a r c h 

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

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

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

c o n s e q u e n c e s ( B u r t o n , K a t e s , a n d W h i t e 1 9 7 8 ) . S o c i o l o g i c a l s t u d i e s o f 

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

q u e s t i o n s r a i s e d a b o u t h a z a r d e d u c a t i o n ( M i l e t i 1 9 7 5 ) . A r e v i e w o f t h i s 

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

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

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

r a n g e o f g e o p h y s i c a l h a z a r d s ( B u r t o n , K a t e s , a n d W h i t e 1 9 7 8 ) . F o r 

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

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

p u r c h a s e d e c i s i o n ( K u n r e u t h e r 1 9 7 8 ) . B a k e r ( 1 9 7 9 ) , i n a r e v i e w o f 

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

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

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

t o u n d e r s t a n d o r c o m p r e h e n d h a z a r d - w a r n i n g m e s s a g e s ( M i l e t i 1 9 7 5 ) . 

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

t i v e i n c h a n g i n g p e o p l e ' s p e r c e p t i o n s o r b e h a v i o r s . R o d e r ( 1 9 6 1 ) 

d i s c o v e r e d t h a t p r o v i d i n g f l o o d - h a z a r d maps t o r e s i d e n t s o f T o p e k a , 

K a n s a s , f l o o d p l a i n s d i d n o t r e s u l t i n a n y m e a s u r a b l e i m p a c t s . A l o n g i -

t u d i n a l s t u d y o f a h a z a r d e d u c a t i o n p r o g r a m i n C r e s c e n t C i t y , C a l i f o r n i a , 
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f o l l o w i n g a t s u n a m i i n 1 9 6 4 r e v e a l e d t h a t t h e e d u c a t i o n d i d n o t e n h a n c e 

a d a p t i v e r e s p o n s e t o a l a t e r w a r n i n g ( H a a s a n d T r a i n e r 1 9 7 3 ) . W a t e r s t o n e 

( 1 9 7 8 ) s h o w e d t h a t t h e d i s t r i b u t i o n o f a f l o o d - h a z a r d b r o c h u r e t o r e s i d e n t s 

o f f l o o d p l a i n s i n t h e D e n v e r a r e a h e i g h t e n e d h a z a r d a w a r e n e s s , b u t t h a t 

i t was n o t n e a r l y a s i m p o r t a n t a s e x p e r i e n c e i n p r o m o t i n g h a z a r d - m i t i g a t i n g 

b e h a v i o r . 

M o r e r e c e n t l y , B a k e r ( 1 9 8 0 ) q u e s t i o n e d w h e t h e r i n f o r m a t i o n a n d a w a r e n e s s 

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

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

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

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

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

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

b e h a v i o r i n r e s p o n s e t o a w a r n i n g . 

3 . 3 . 2 I m p l i c a t i o n s 

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

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

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

o f t h e i m p a c t s f r o m e d u c a t i o n a l p r o g r a m s a t t h e F o r t S t . V r a i n f a c i l i t y 

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

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

k n o w l e d g e a b o u t t h e a v a i l a b i l i t y o f i n f o r m a t i o n , as r e q u i r e d b y 

N U R E G - 0 6 5 4 / F E M A - R E P - l ( R e v . 1 ) , s h o u l d b e u s e d t o e v a l u a t e t h e e f f e c t i v e -

n e s s o f t h e b r o c h u r e . T h i s s h o u l d b e d o n e i n d e p e n d e n t l y o f PSC, F o r t 

S t . V r a i n , o r DODES t o ensure o b j e c t i v i t y . P r o p e r l y d e s i g n e d , t h i s 

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

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



4 . LEARNING FROM T M I : I M P L I C A T I O N S FOR 
EMERGENCY PLANNING 

T h e a c c i d e n t a t T M I p r o v i d e d a u n i q u e o p p o r t u n i t y t o o b s e r v e a n d s t u d y 

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

h e l p f u l i n e v a l u a t i n g t h e F o r t S t . V r a i n w a r n i n g p l a n . To d a t e , a t 

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

s h i p t o T M I h a v e b e e n made ( F l y n n 1 9 8 1 ) . S e v e r a l r e v i e w s , s u m m a r i e s , 

a n d c r i t i q u e s o f t h e s e s t u d i e s h a v e b e e n a t t e m p t e d ( F l y n n 1 9 8 1 , D y n e s 

e t a l 1 9 7 9 , M i l e t i 1 9 8 1 , D o h r e n w e n d e t a l . 1 9 8 1 ) . T o g e t h e r w i t h a 

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

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

s e t o f l e s s o n s f o r r a d i o l o g i c a l p r e p a r e d n e s s p l a n n i n g ( F i s h e r 1 9 8 1 , 

O l d s 1 9 8 1 b , H u l l 1 9 8 1 b , M a r r e t t 1 9 8 1 ) . Some o f t h e s e l e s s o n s h a v e 

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

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

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

b r o u g h t a b o - i t b y T M I ( H u l l 1 9 8 1 a , O l d s 1 9 8 1 a ) . T h e f o l l o w i n g d i s c u s s i o n 

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

e m e r g e n c y p l a n n i n g a t F o r t S t . V r a i n . 

4 . 1 F INDINGS AT THE I N D I V I D U A L AND FAMILY LEVELS 

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

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

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

s i t u a t i o n a n d w h a t t o d o a b o u t t h e s i t u a t i o n . 

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

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

a c t i o n s t o t a k e . 

3 . I n d i v i d u a l s l a c k e d t h e k n o w l e d g e t o u n d e r s t a n d t h e c o n s e q u e n c e s o r 

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

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

4 . T h e s i t u a t i o n w a s s l o w i n d e v e l o p i n g ; t h u s , p e o p l e h a d s e v e r a l d a y s 

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

a p p r o p r i a t e r e s p o n s e s . 

5 . E v a c u a t i o n d e c i s i o n s w e r e a n i n d i v i d u a l o r f a m i l y c h o i c e , a s no 

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

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

a n a d v i s o r y a n d n e v e r a n o f f i c i a l o r d e r . 

6 . A n e s t i m a t e d 55 t o 62% o f t h e p o p u l a t i o n w i t h i n a 5 - m i l e ( ^ 8 - k m ) 

r a d i u s e v a c u a t e d . A n e s t i m a t e d 4 4 t o 54% o f t h e p o p u l a t i o n 5 t o 

10 m i l e s ( ^ 8 t o 1 6 km) a w a y a l s o e v a c u a t e d . 

7 . E v a c u a t i o n l e v e l s d e c l i n e d w i t h d i s t a n c e f r o m t h e T M I s i t e . 



41 

8 . Women w e r e m o r e l i k e l y t o e v a c u a t e t h a n men . P r e g n a n t women w e r e 

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

9 . M a j o r r e a s o n s f o r s t a y i n g ( n o t e v a c u a t i n g ) w e r e 

a ) c o u l d n o t l e a v e j o b ; 

b ) w a i t i n g f o r a n o f f i c i a l o r d e r ; 

c ) i t was i n G o d ' s h a n d s ; a n d 

d ) t h e r e was no d a n g e r . 

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

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

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

1 1 . T h e i n c i d e n t i n c r e a s e d i n d i v i d u a l s ' d i s t r u s t o f t h e n u c l e a r 

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

d e v e l o p m e n t . 

4 . 2 F INDINGS AT THE EMERGENCY MANAGEMENT LEVEL 

N u m e r o u s a g e n c i e s a n d o r g a n i z a t i o n s p l a y e d r o l e s i n t h e e m e r g e n c y -

r e s p o n s e e f f o r t a t T M I . I n a d d i t i o n t o t h e l i c e n s e e , t e n f e d e r a l a g e n c i e s / 

o r g a n i z a t i o n s , e i g h t s t a t e a g e n c i e s / o r g a n i z a t i o n s , f i v e c o u n t y c i v i l 

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

p a r t i c i p a t e d i n m a n a g i n g t h e c r i s i s ( D y n e s e t a l . 1 9 7 9 ) . P o s t a c c i d e n t 

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

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

2 . A p a r t i a l r e s u l t o f t h e l a c k o f p l a n n i n g was a l a c k o f c o o r d i n a t i o n 

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

3 . P a r t o f t h e l a c k o f c o o r d i n a t i o n was d u e t o t h e l a c k o f c o m m u n i c a t i o n s 

among k e y p e r s o n n e l . 

4 . L a c k o f c o o r d i n a t i o n c a n a l s o be a t t r i b u t e d t o t h e l a c k o f i n f o r m a -

t i o n . S p e c i f i c a l l y , i n f o r m a t i o n was d e f i c i e n t b e c a u s e : 

a . some d i d n o t e x i s t ; 

b . some d i d e x i s t b u t was n o t a v a i l a b l e ; 

c . some c o u l d n o t b e u n d e r s t o o d o r i n t e r p r e t e d . 

5 . As a r e s u l t , t h e r e w a s a g r e a t d e a l o f u n c e r t a i n t y a b o u t how t o 

r e s p o n d . 

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

o f t h e w a r n i n g . 

7 . T h e w a r n i n g s y s t e m s u b s e q u e n t l y " b r o k e d o w n , " b e c a u s e i t l a c k e d 

a u t h o r i t y a n d c o n t a i n e d c o n t r a d i c t i o n s . 
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4 . 3 IMPL ICAT IONS 

4 . 3 . 1 G e n e r a l 

T h e f o l l o w i n g c o n c l u s i o n s c a n b e d r a w n f r o m t h e T M I e x p e r i e n c e : 

1 . Some p e o p l e a r e r i s k - a d v e r s e t o n u c l e a r p o w e r . I f i n f o r m e d o f 

i m m i n e n t d a n g e r , some w i l l e v a c u a t e o r t a k e p r e c a u t i o n a r y a c t i o n 

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

2 . Many p e o p l e t e n d t o v i e w n u c l e a r p o w e r w i t h b o t h d r e a d a n d u n c e r t a i n t y 

( F i s c h h o f f e t a l . 1 9 8 1 ) . T h u s , many p e o p l e w i l l r e s p o n d i n a 

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

d a n g e r o u s ; I l i v e n e a r b y ; I d o n ' t w a n t t o be e x p o s e d t o r a d i a t i o n ; 

t h e r e f o r e , I w i l l l e a v e . T h i s c o g n i t i v e p r o c e s s w i l l w o r k t o 

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

3 . A l l p e o p l e , t h e p u b l i c a s w e l l as e x p e r t s , w i l l b e c o n f r o n t e d b y 

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

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

e v a c u a t i o n s . 

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

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

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

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

t h e w a r n i n g p r o c e s s . 

5 . D e s p i t e w h a t o f f i c i a l s s a y , p e o p l e w i l l l i k e l y c o n t i n u e t o h e a r a 

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

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

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

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

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

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

p r e v i o u s e m e r g e n c i e s a n d e x e r c i s e s . 

4 . 3 . 2 I m p l i c a t i o n s f o r F o r t S t . V r a i n e m e r g e n c y p l a n n i n g 

A l t h o u g h t h e F o r t S t . V r a i n p o w e r r e a c t o r may n e v e r h a v e a n a c c i d e n t 

t h a t r e q u i r e s e v a c u a t i o n o r o t h e r p r o t e c t i v e a c t i o n s i n a t e c h n i c a l 

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

t h e w a r n i n g / r e s p o n s e m e c h a n i s m i n g e a r . P e o p l e may r e a c t i n a m a n n e r 

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

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

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

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

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

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

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

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

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

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

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

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

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

p l a n n i n g p e r s p e c t i v e . 

P e o p l e n e e d t o know w h a t a n " a c c i d e n t " i s a n d how t o r e s p o n d a n d i n t e r -

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

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

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

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

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

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

p l a n n i n g e f f o r t s . 

T h e b o t t o m l i n e f r o m t h e T M I e x p e r i e n c e i s t h a t a l i t t l e e m e r g e n c y 

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

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

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



4 . 3 . 3 F i n d i n g s 
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A r e v i e w o f s o c i a l s c i e n c e r e s e a r c h f i n d i n g s on T M I r e i n f o r c e s t h e 

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

c o n c l u s i o n s i n c l u d e t h e f o l l o w i n g : 

1 . A 1 5 - m i n a l e r t c a p a b i l i t y may n o t b e a c r i t i c a l f a c t o r i n d e t e r m i n i n g 

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

2 . A w a r n i n g s y s t e m s h o u l d b e d e s i g n e d t o m e e t t h e c h a r a c t e r i s t i c s 

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

3 . A w a r n i n g s y s t e m s h o u l d b e b a s e d on t h e b e s t p o s s i b l e u n d e r s t a n d i n g 

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

4 . C o o p e r a t i o n b e t w e e n l i c e n s e e s , t h e s t a t e , l o c a l g o v e r n m e n t s , a n d 

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

a c h i e v e e f f e c t i v e r e s p o n s e . 

5 . P u b l i c i n f o r m a t i o n i s i m p o r t a n t , a l t h o u g h how i t a f f e c t s p u b l i c 

r e s p o n s e i s n o t w e l l u n d e r s t o o d . 



5 . SUMMARY AND CONCLUSIONS 

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

T M I a c t i o n p l a n t o t h e F o r t S t . V r a i n HTGR p o w e r p l a n t . T h e i s s u e s a r e 

t h e s e : 

1 . m e e t i n g e a r l y w a r n i n g c r i t e r i a , 

2 . r e s p o n s i b i l i t y f o r w a r n i n g s y s t e m d e m o n s t r a t i o n , a n d 

3 . a d e q u a c y o f p u b l i c i n f o r m a t i o n p r o g r a m . 

T h e s e i s s u e s w e r e a n a l y z e d i n l i g h t o f c u r r e n t k n o w l e d g e o n h a z a r d w a r n -

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

a r r i v e d a t i n c l u d e t h e f o l l o w i n g : 
4 

1 . W a r n i n g s 

a . NRC/FEMA w a r n i n g s y s t e m c r i t e r i a a r e n o t f u l l y a p p l i c a b l e t o 

t h e F o r t S t . V r a i n o p e r a t i o n , b e c a u s e o f t h e d i f f e r e n c e i n 

w a r n i n g l e a d t i m e b e t w e e n HTGRs a n d LWRs. F u r t h e r t e c h n i c a l 

a n a l y s i s s h o u l d be made t o d e f i n e t h e m o s t l i k e l y l e a d t i m e 

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

NRC/FEMA s h o u l d t h e n s p e c i f y new w a r n i n g c r i t e r i a f o r HTGR 

t e c h n o l o g y . 
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b . I n v i e w o f t h i s a n a l y s i s , t h e o r i g i n a l F o r t S t . V r a i n w a r n i n g 

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

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

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

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

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

d i s p l a y s . W h i l e t h e t o n e - a l e r t r a d i o a d d i t i o n s l i k e l y i m p r o v e d 

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

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

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

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

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

e m e r g e n c y e x e r c i s e . 

2 . R e s p o n s i b i l i t y 

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

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

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

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

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

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

w a r n i n g s y s t e m o p e r a t i o n s w o u l d b e p r u d e n t . 
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3 . P u b l i c i n f o r m a t i o n 

a . PSC h a s c o m p l i e d w i t h NRC/FEMA r e q u i r e m e n t s f o r p u b l i c i n f o r m a -
X 

t i o n . T h e i m p a c t o f P S C ' s p r o g r a m o n t h e p r e p a r e d n e s s 

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

b . T h e r e i s no e v i d e n c e t h a t PSC h a s c o n d u c t e d a s u r v e y t o d e t e r -

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

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

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

a s t h e y a p p l y t o e m e r g e n c y p r e p a r e d n e s s a n d r e s p o n s e . 
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COLORADO 
RADIOLOGICAL EMERGENCY RESPONSE PLAN 

FORT ST. VRAIN 

Annex G - Warning 

PURPOSE 

To provide a coordinated method of disseminating warnings to 
the populace in the event of an incident at the Fort St. Vrain 
facility. 

CONCEPT OF OPERATIONS 

A. The Colorado Department of Health, based on their assess-
ment of the incident, will determine when warnings should 
be issued to the populace and the content of the warning 
messages. 

B. The Colorado Department of Health will notify the Weld Coun-
ty Sheriff and the State Division of Disaster Emergency Ser-
vices of their decision and the content of the warning mes-
sages. 

C. The Colorado Department of Health will then request those 
commercial broadcast stations listed in Attachment 1 to 
issue the warning to the public. 

D. The State Division of Disaster Emergency Services will no-
tify the Governor of the action being taken. 

E. The Weld County Sheriff will disseminate the warning by 
whatever means are appropriate and available to include: 

1. Sounding the Civil Defense warning sirens in the af-
fected area, if available. 

2. Having loudspeaker equipped vehicles announce the warn 
ing in the affected area. 

3. Utilizing the telephone to alert or warn school author 
ities and other densely populated facilities or insti-
tutions in the affected area. 

4. Door-to-door notification where practical or possible. 

5. Requesting NOAA Weather Radio to broadcast warning 
messages. 

F. Warning messages will contain: (See Attachment 2) 
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1. A brief statement of the siLuation. 

2. A geographical description of the area affected. 

3. Citizens actions to be taken, to include tuning their 
radio and television sets to specific stations. 

A. Additional information, as appropriate. 

Ill RESPONSIBILITIES 

A. Colorado Department of Health is responsible for! 

1. Determining when warnings should be issued. 

2. Determining content of warning messages. 

3. Notifying the Weld County Sheriff of the warnings and 
their content and affirming he will follow correct 
emergency actions. 

A, Notifying the commercial broadcast stations. 

5. Notifying the State Division of Disaster Emergency 
Services. 

6. Correcting any known inaccuracies in a broadcast warn-
ing. 

7. Notifying the news media of the actions being taken. 

B. Colorado Division of Disaster Emergency Services is respon-
sible for: 

1. Notifying the Governor of the warnings being issued. 

2. Notifying the Emergency Broadcast System (EBS) radio 
and television stations of the appropriate warning 
messages to be broadcast. 

C. Weld County Sheriff is responsible for: 

J. Coordinating wich the Weld County Civil Defense Coor-
dinator, to have the Civil Defense sirens sounded in 
the affectcd area, if available. 
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2. Dispatching lnudsponkcr ('quipped vehicles inLo the 
alloc Led area to disseminate the warning messages. 

3. Coordinating with the Weld County Civil Defense Coor-
dinator, the use of the telephone and citizen band ra-
dio system to relay warning messages to schools and 
other facilities or institutions, or isolated farm fam-
ilies. 

4. Dispatching personnel for door-to-door notification, 
especially to lenown handicapped or infirm persons. 

D. Public Service Company is responsible for: 

1. Warning plant employees, visitors and tenants on site 
property. 

2. Alerting the Colorado Department of Health to correct 
any known inaccuracies in a broadcast warning. 

E. Weld County Civil Defense Coordinator is responsible for: 

1. Activating the local Emergency Broadcast System (EBS) 
to relay warning over those stations participating in 
the Emergency Broadcast System. 
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ATTACHMENT 1 
ARKA COMMERCIAL BROADCAST STATIONS I'OK WARNING DISSEMINATION 

TELEVISION STATIONS 

KOA Denver 

KMGH Denver 

KBl'V Denver 

KWGN Denver 

KYCU Cheyenne 

Channel 4 

Channel 7 

Channel 9 

Channel 2 

Channel 5 

TELEPHONE 
861-4444/ 

830-6464 
832-7777/ 

832-0177 
825-5288/ 

893-4491/4499 
832-2222/ 

837-1561 
(307)634-7755 

RADIO STATIONS 

KOA (EBS Station) Denver 

KFKA Greeley 

KYOU Greeley 

KFKZ Greeley 

KGRE Greeley 

KUNC Greeley 

KJRNK Greeley 

KUAD Windsor 

FREQUENCY 
AM FM 
850 

1310 

1450 

99.1 

96.1 

92.3 

91.5 

1170 

TELEPHONE 

861-4444/ 
830-6464 

356-1310 

356-1450 

623-1310 

356-1452 

351-2915 

351-6397 

686-2791 
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ATTACHMENT 2 

SAMPLE WARNING MESSAGES 

1» INFORMATIONAL MESSAGE IN CASE OF A RADIOLOGICAL ALERT 

THE COLORADO DEPARTMENT OF HEALTH REPORTS THAT AN INCIDENT IN-

VOLVING THE POSSIBLE RELEASE OF RADIOACTIVE MATERIAL 3N THE AT-

MOSPHERE OCCURRED AT THE FORT ST. VRAIN NUCLEAR GENERATING PI,ANT 

AT (time). THE EXACT SCOPE OF THE INCIDENT IS NOT KNOWN 

AT THIS TIME. IT IS KNOWN THERE IS NO CAUSE FOR ALARM. WE ASK 

THAT YOU STAY TUNED TO (station) SO THAT WE MAY KEEP 

YOU INFORMED. WE REPEAT THERE IS NO CAUSE FOR ALARM. RADIATION 

RESPONSE SPECIALISTS ARE (ON THE WAY TO THE SITE) (ON THE SCENE) 

TO ASSESS THE SITUATION. THIS STATION WILL KEEP YOU ADVISED AS 

MORE INFORMATION BECOMES AVAILABLE. 

2. PROTECTIVE MEASURES MESSAGE IN CASE OF A RADIOLOGICAL EMERGENCY 

THE COLORADO DEPARTMENT OF HEALTH REPORTS THAT AN INCIDENT IN-

VOLVING THE ACCIDENTAL RELEASE OF RADIOACTIVE MATERIAL IN THE 

ATMOSPHERE OCCURRED AT THE FORT ST. VRAIN NUCLEAR GENERATING 

PLANT AT (time) • THE AMOUNT OF RADIOACTIVITY RELEASED 

IS NOT EXPECTED TO CONSTITUTE A SERIOUS HEALTH HAZARD. THERE 

IS NO CAUSE FOR ALARM. HOWEVER, AS A PRECAUTIONARY MEASURE, 

THOSE RESIDENTS LIVING IN AN AREA BOUNDED BY 

(road identifications) SHOULD REMAIN IN THEIR HOMES AND TAKE 

THE FOLLOWING ADDITIONAL PROTECTIVE MEASURES: 

RESIDENTS OF OTHER AREAS SHOULD REMAIN OUT OF THIS AREA, BUT 
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OTHERWISE NEED TO TAKE NO PROTECTIVE MEASURES AT THIS TIME, RA-

DIATION RESPONSE SPECIALISTS ARE ON THE SCENE. THIS STATION 

WILI- KEEP YOU ADVISED AS MORE INFORMATION BECOMES AVAILABLE. 

3. EVACUATION ORDER MESSAGE IN CONNECTION WITH A RADIOLOGICAL EMERGENCY 

THE COLORADO DEPARTMENT OF HEALTH REPORTS THAT AN ACCIDENTAL RE-

LEASE OF RADIOACTIVE MATERIAL IN THE ATMOSPHERE OCCURRED AT THE 

FORT ST. VRAIN NUCLEAR GENERATING PLANT AT APPROXIMATELY 

(Time). THIS INCIDENT IS NOT EXPECTED TO POSE A SERIOUS HEALTH 

HAZARD TO THE AREA AT LARGE AROUND THE PLANT. HOWEVER, COLORADO 

DEPARTMENT OF HEALTH OFFICIALS INDICATE THAT UNACCEPTABLE LEVELS 

OF RADIATION MAY OCCUR IN AN AREA BOUNDED BY 

(road identification) INCLUDING THE COMMUNITY OF . 

AS A PRECAUTIONARY MEASURE, THE COVERNOR OF COLORADO HAS DIRECTED 

THAT THE POPULATION WITHIN THIS AREA AND THE COMMUNITY OF 

BE TEMPORARILY EVACUATED. IF YOU LIVE IN THIS 

AREA, USE YOUR OWN CAR OR OTHER VEHICLE AND PROCEED TO 

(Greeley or Fort Lupton) AND REPORT IN AT 

(Reception Center). IF YOU NEED TRANSPORTATION, CALL THE WELD 

COUNTY SHERIFF'S DEPARTMENT AT 356-4000, EXTENSION 486. IN LEAV-

ING THE AREA, USE ROUTES . A TRAFFIC CONTROL 

POINT AND A RADIOLOGICAL MONITORING TEAM HAVE BEEN SET UP AT THE 

INTERSECTION OF (road designations) TO 

CHECK YOU AND YOUR VEHICLE FOR THE REMOTE POSSIBILITY OF CONTAM-

INATION AND TO GIVE YOU FURTHER INSTRUCTIONS. BE SURE TO TAKE . 

BEDDING MATERIAL, AN EXTRA SET OF CLOTHES AND ANY SPECIAL PRE-

SCRIPTION MEDICINES WITH YOU. THERE IS NO CAUSE FOR ALARM SO 
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DRIVE SLOWLY AND SAFELY. THIS IS ONLY A PRECAUTIONARY MEASURE. 

RADIATION RESPONSE SPECIALISTS ARE MONITORING THE SITUATION CARE-

FULLY. IURTHER INFORMATION WILL BE PROVIDED BY THIS STATION AS 

IT BECOMES AVAILABLE. 
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About This Brochure 
Dear Resident: 

This brochure is part of an extensive, on-going 
program by the State of Colorado, Weld County and 
the Public Service Company to ensure the safety of 
persons living near the Fort St. Vrain Nuclear 
Generating Plant. The actual danger posed by the 
Plant is very small. However, since radioactive 
materials are involved in the production of 
electricity at Fort St. Vrain, a Radiological 
Emergency Response Plan (RERP) has been 
developed to provide area residents with maximum 
protection in the case of a radiological accident. This 
brochure gives information on Fort St. Vrain and the 
Radiological Emergency Response Plan. 

1 ask you to read this brochure now and then 
keep it with your other important papers for future 
reference. 

Sincerely, 

Richard D. Lamm 
Governor 
State of Colorado 

The Fort St. Vrain Nuclear 
Generating Plant 

The Fort St. Vrain Plant is operated by the 
Public Service Co. of Colorado and is located 
approximately 57 miles north of downtown Denver 
and about 312 miles northwest of Platteville. 

Fort St. Vrain is one of the most modern and 
must efficient nuclear electric generating plants in 
the United Status. It employs a high-temperature, 
gas-cooled reactor contained in a pre-strcsscd 
concrete vessel. Main features of Fort St. Vrain 
include the use of helium gas as a coolant, use of 
graphite fuel elements and the use of thorium in 
conjunction with uranium as a fuel. Helium is a 
desirable coolant because it is chemically inert, that 
is, it will not react with other elements in the reactor 
such as the graphite fuel elements, helium 
circulators and other components. Also helium is 
not toxic, nor does it present a fire or explosion 
hazard. Radioactive material in the plant is used 
only for the production of electricity. 

The Fort St. Vrain reactor is totally different 
from all other U.S. reactors. The reactor's core is 
made of graphite and because graphite becomes 
stronger with increasing temperature, a meltdown is 
impossible. 
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What is the Risk? 
Extensive safety precautions taken at Fort St. 

Vrain make the hazardous release of radioactive 
material extremely remote. However, such a 
possibility must be considered. 

There is the remote possibility that the power 
plant's safety systems could fail, and the primary 
coolant (helium) could be released into the 
atmosphere. However, the primary coolant would be 
rapidly dispersed into the air, and any concentration 
of radioactivity at ground level would be minimal. 

Even if the maximum amount of radioactive 
material were to be released by an unforseen 
occurrence at the plant, health and safety experts 
state that radiological exposure of persons living 
near the plant would be minimal and even 
non-existent, depending upon the wind direction. 

Protective action as outlined below would 
greatly minimize any possible exposure to radiation 
that might occur. 

Radiological Emergency 
Response Plans 

Radiological Emergency Response Plans have 
been developed and exercised by Federal, State and 
local governments. Public Service Company and 
volunteer civilian agencies. These Plans are designed 
to ensure a coordinated response to any emergency 
that might occur at the Fort St. Vrain nuclear 
generating station. The plans define responsibilities 
and prescribe specific actions to be taken to provide 
for the maximum safety of the general public oiT the 
site of the Fort St. Vrain Plant. 

How are Incidents Classified? 
Should an incident occur at Fort St. Vrain, there 

are four incident classifications you might hear 
discussed on the radio or TV or read in the 
newspapers. So that you wilt understand their 
meaning, the are explained in the order of their 
potential seriousness: 

I . Unusual Event — A minor event (normally 
non-radiological) that affects only the area of the 
plant and can be handled by Public Service 
Company. The Nuclear Regulatory Commission 
(NRC) and certain State and local agencies are 
notified as a matter of information. 

2. Alert — Still a minor event, but a minute 
quantity of radioactive material is being or 
potentially could be released off of the reactor site. 
Federal, State and local officials are notified. 
Depending upon the situation, the Radiological 
Emergency Response Plan may be implemented as a 
precautionary measure in case the situation should 
become more serious. 

J. Site Emergency — A more serious situation 
has occured at the reactor site. A significant quantity 
of radioactive material is being or potentially could 
be released off of the reactor site which could affect 
people downwind from the plant. Federal, State and 
local officials, as well as the general public, are 
notified of the occurance and advised of the 
protective actions to take. All emergency response 
forces, including radiological specialists, are 
activated and the entire Emergency Response Plan is 
put into action. 

4. General Emergency — This is the most 
serious type of emergency that can occur at a 
nuclear generating station. Because of its design 
features, the occurrence of this type of emergency at 
Fort St. Vrain is so remote as to be virtually 
impossible. However, emergency plans are ready just 
in case. All emergency forces know what actions to 
take, and, of course, the general public will be kept 
informed of the protective actions to take for their 
safety. 

What Kind of Information 
Will I Receive? 

Public health and safety officials will determine 
what kind of protective action, if any, is needed. 
Only persons living within 5 miles of Fort St. Vrain 
could be affected by a radiological accident. In case 
of such occurence, you will be advised, and may be 
directed, to take "In-Place" protection by staying 
indoors or, perhaps, to evacuate to a designated 
evacuation center. 

What is In-Place Protection? 
If you are advised to take " In-Place Protection," 

you should: 
1. Go or remain indoors until further notice. 
2. Shut all doors and windows. 
3. Tlirn off air-circulation systems. 
4. Listen to radio or television for further 

information. 
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If I am Told to Evacuate? 
If you are within 5 miles of the Fort St. Vrain 

Plant, there is a remote possibility that you may be 
required to evacuate the area. If this happens, nere is 
what you should do: 

1. Act immediately to evacuate. 
2. Cut on a dust mask or breath through a 

damp handkerchief to filter out any dust in the air. 
J. If you have been outdoors, change clothing 

and discard outside your home the clothes you took 
off. 

4. Gather up a change of clothing, personal 
toilet articles, blankets for each member of your 
family, special baby formulas, and any special 
medications you or your family may need at the 
evacuation center, 

5. Check your house to see that all water 
lauccts, lights and appliances arc turned ofT and the 
windows are closed and loeked. 

6. As you leave home to evacuate, lock all 
doors and tie a white handkerchief or piece of while 
cloth on your mail box or door-knob, so the Sheriff 
will know you have evacuated. 

7. Get into your car or other vehicle, close your 
car windows and vents and drive slowly and safely 
to your evacuation center described later in this 
brochure. 

8. If you have room, take additional passengers 
who have no means of transportation. 

9. If you live in the area being evacuated and 
have no transportation, stay inside your home, and 
be sure to close all doors, windows and air vents. If 
you completed and mailed the attached form, wait in 
your home and someone will come to cvacualc you. 
If you have not sent in the form, call the Weld 
County Communications Center in Greeley 
telephone 356-4000 or 911, ot the Fort Lupton 
Police Department telephone 857-6610. A radio 
dispatched vehicle will pick you up. 

10. Continue to listen to emergency broadcasts 
for any specific instructions that may be announced. 

11. Household pets (except guide-dogs) will not 
be permitted in public shelters. Leave pets at home 
with a supply of food and water. If a pet must be 
taken, the Humane Society will provide a temporary 
animal shelter at your evacuation destination. 

Where Do 1 Go When Told 
to Evacuate? 

The map in this booklet provides several items 
of information: 

1. Various county roads in the vicinity of Fort 
St. Vrain are identified by a number shown on the 
bottom and right side of the map. 

2. The location of the Fort St. Vrain Plant and 
all major communities in the area are shown. 

3. County Road 36 is identified on the map by 
a broad, daTk line running east and v?st across the 
map. 

4. If you are told to evacuate and you live north 
of County Road 36, plan to proceed north to 
Greeley for temporary lodging. If you live south of 
County Road 36 and are told to evacuate, plan to go 
south to Fort Lupton for temporary lodging. 
However, if for some reason law enforcement 
personnel direct you otherwise, follow their 
instructions. 

5. The arrows on the map indicate the routes 
you should follow if you are ordered to evacuate. 
Locale where you live, and then follow the arrows 
which guide you to the main evacuation route for 
your area. Follow all traffic control measures, signs 
and instructions from law enforcement personnel 
along the way. 

6. All evacuation traffic will be routed through 
established Traffic Control Points where you will be 
registered and possibly moni|ored by trained 
personnel using Geiger-type instruments to ensure 
that neither you nor your vehicle has received any 
significant radioactive contamination. 

7. Those proceeding to Greeley for temporary 
lodging, should report to Greeley Central High 
Schoolat 1515 14th Avenue for further registration 
and assignment to a lodging and feeding facility. 
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How Will 1 be Informed? 
The public will be alerted and receive 

instructions by several means. 
1. Radio and television broadcasts. 
2. Civil Defense sirens will sound a steady tone 

which means to turn on your radio or television set 
to a local station. 

3. Public safety vehicles, including aircraft, 
equipped with loudspeakers will tour tne affected 
area making announcements. 

4. Door to door messengers will be used where 
necessary. 

5. Weld County officials will alert schocls and 
other facilities by telephone. 

6. NOAA Weather Radio will be requested to 
broadcast aleart messages. 

What if No Transportation 
is Available? 

Call: Weld County Communications Center 
356-4000 or 911 or Fort Lupton Police Department 
857-6610. They will radio dispatch a vehicle to pick 
you up. 

What About the Handicapped, Hard 
of Hearing or Visually Impaired? 

1. If you are handicapped and require 
assistance to move, or if you have a hearing problem 
which would make you unable to hear instructions 
on the radio or from the loudspeakers on the safety 
vehicles or aircraft, fill out the attached card, tear 
off, place a 15* stamp on it and mail to the: 

Weld County Sheriff 
Post Office Box 759 
Greeley, Colorado 80632 
2. If you are a reader for the visually impaired, 

please assist the person for whom you read and 
handle mail in filling out the attached form and 
mailing it to the Weld County Sheriff at the address 
shown above. 

3. If you know of any handicapped persons 
who live within 5 miles of Fort St. Vrain, please help 
them to fill out and mail the attached form. 
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Information in Time of Emergency 
In the event of an actual emergency, the 

telephone lines are likely to be tied up with 
emergency calls. Your best source of immediate 
information probably will be the Emergency 
Broadcast System radio stations. These stations are 
KOA at 850 or KFKA at 1310 on your AM radio 
dial. 

For Further Information Now 
If you have questions concerning any of the 

information presented in this brochure, you may 
call: 

1. For information on health effects and 
protective action: Colorado Department of Health 
320-8333, Ext. 6246. 

2. For specific information on the Radiological 
Emergency Response Plan: Colorado Division of 
Disaster Emergency Services 279-2511. 

Fort St. Vrain 
Radiological Emergency 
Response Plan 
Glossary of Nuclear Terms 

Alpha Particles 
Positively charged particles emitted in radioactive 
decay and nuclear fission. Helium nuclei or alpha 
rays. (See Radioactivity.) 

Background Radiation 
Radiation arising from natural radioactive materials 
always present in the environment, including solar 
and cosmic radiation and radioactive materials in 
the upper atmosphere, the ground, building 
materials and the human body. (See Radioactivity.) 

Beta Particles 
Charged particles emitted in radioactive decay and 
nuclear fission. Negatively charged bega particles arc 
electrons. Beta rays. (See Radioactivity.) 

Chain Reaction 
A self-sustaining sequence of nuclear fissions taking 
place in a reactor core. The reaction that occurs 
when a neutron splits an atom, releasing enough 
neutrons to cause other atoms to split in the same 
way. 

Condenser 
A device used in most power plants to re-convert 
steam to water after the steam has passed through 
the turbine-generator. 

Containment 
The structure, usually of reinforced concrete, 
designed to isolate fission products from the 
environment in the event of a major nuclear 
accident. At Fort St. Vrain, the prestressed concrete 
reactor vessel's inner cavity and the primary closures 
serve as primary containment. Secondary 
containment is provided by the massive PCRV and 
secondary closures. 

Control Rods 
Boron carbidc and graphite rods which control the 
amount of power generated at Fort St. Vrain. As the 
rods are withdrawn from the reactor, more heat is 
produced: as they are inserted, less heat is produced. 
Fort St. Vrain has 37 control rod drives, each one 
operating two control rods. 
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Coolant 
The medium which withdraws heat from the reactor 
core. At Fort St. Vrain, the coolant is helium, an 
inert gas that rises into the atmosphere when 
released. 

Core 
Also reactor core. The innermost part of a nuclear 
reactor which contains the nuclear fuel. The Fort St. 
Vrain core is made of graphite blocks which hold the 
fuel. 

Critical 
Term used to describe a nuclear reactor in which a 
chain reaction is taking place. 

Curie 
Unit of radioactivity, abbreviated Ci. The amount of 
radioactivity associated with one gram of radium. A 
picocurie is one-trillionth of a curie, a nanocurie, 
one-billionth, and a microcurie is one-millionth. 

Decay 
The process of radioactive disintegration. 

Decay Heat 
Hie heat produced by the decay of radioactive 
particles. In a nuclear reactor decay heat, which 
results from the materials left over from the fission 
process, must be removed after reactor shutdown to 
prevent the core from being damaged. 
DODES 
The Colorado Division of Disaster Emergency 
Services, the state agency which would be in charge 
of implementing the Fort St. Vrain Emergency 
Response plan in case of an accident at the plant 
which might have an effect on the public. DODES is 
responsible for offsite emergency response 
management. The Nuclear Regulatory Commission 
(NRC) is the federal agency that oversees the 
company's on-site response plan. 

Dow 
A term used to express the amount of radiant energy 
absorbed in tissue. (See rem.) 

Dosimeter 
A device for measuring radiation dose. 

ECCS 
Emergency core cooling system. A reactor safeguard 
or emergency system designed to return coolant to 
the reactor core in the event of a loss of coolant 
accident. 

Electrons 
Fundamental negatively charged particles, present in 
all matter. 

Feedwater System 
Water supply to the steam generators that is 
converted to steam by heat from the reactor. The 
steam, in turn, is used to drive turbines, which 
generate electricity. 

Fission 
The nuclear process in which a heavy atom such as 
uranium splits into fragments, which releases large 
amounts of energy, creating heat. 

Fission Products 
The name given to atomic fragments created by 
nuclear fission. These products are usually 
radioactive. 

Fuel 
At Fort St. Vrain, the fuel is a uranium-thorium 
combination. In pellet form, the fuel either contains 
a uranium-thorium mixture or thorium alone. In its 
natural state, thorium does not fission, but when 
bombarded by neutrons, it is changed into U-233, a 
fissionable material, just as U-235 is fissionable. 
Fort St. Vrain contains about 39.000 pounds of 
thorium and less than 2,000 pounds of uranium. 

Fuel Elements 
Elements which contain a nuclear plant's fuel. Fort 
St. Wain has 1,482 graphite fuel elements, 
hexagonal in shape, which contain the uranium and 
thorium fuel particles. Graphite is used because it 
becomes stronger as it becomes hotter, providing 
additional safety. 

Gamma Rays 
Penetrating electromagnetic radiation emitted in 
radioactive decay. Similar to x-rays. (See 
Radioactivity.) 

Half-Life 
Term used to describe the time rate of radioactive 
decay. A single half-life is the time required for an 
initial amount, say 100 units, of radioactivity to 
decay to 50 units. Two half-lives will see the initial 
100 units decrease to 25 units and so on. 
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Helium 
The element used to cool the reactor at Fort St. 
Vrain- An inert gas, that is, a gas tacking the 
properties to be affected by chemical or biological 
action, rises to the upper atmosphere when released. 
Helium is not toxic, nor does it constitute a fire or 
explosion hazard. Using the helium gas as a coolant 
allows Fort St. Vrain to operate at very high 
temperatures, typically 1300-1500 degrees 
Fahrenheit. 

Helium Circulators 
The devices which send helium through the core of 
the reactor to cool it. Fort St. Vrain has four helium 
circulators, each capable of attaining 5,500 
horsepower. The circulators are positioned below 
the reactor core. Each circulator has an auxiliary 
drive which can be used to supply power to the 
circulator when the steam supply is either not 
available or not desirable. 

HTGR 
High temperature gas-cooled reactor. Fort St. Vrain 
is the only HTGR in the United States. It is called a 
gas-cooled reactor because it uses helium instead of 
water. 

LOCA 
Loss of coolant accident. When all or pari of the 
helium coolant is lost. 

Meltdown 
In reactors that have a metal core and use water as a 
coolant, "meltdown" refers to the situation when all 
or part of the water is lost and the metal core melts 
from the heat. This cannot happen at Fort St. Vrain 
because the core is graphite, which will not melt. 
Graphite becomes harder as its temperature 
increases. 

Millirem 
A unit used to measure radiation doses. It is 
1/lOOOth of a REM which stands for Roentgen 
Equivalent Man. a measure of radiation that 
indicates its impact on human cells. 

Natural Radiation 
Also called "background" or "background 
radiation." Man's naturally occuring radioactive 
background, usually about 1/I0th rem per year due 
to radioactive materials in the earth and air plus the 
effect of cosmic rays. In Colorado, the natural 
background radiation is about 200 millirems (1/5th 
rem) yearly, higher than many other areas because of 
the mile-high altitude and commensurate higher 
exposure to cosmic radiation from the sun. 
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Noble Gases 
Those gases that do not react chemically with other 
elements. They are: helium, xenon, krypton, neon, 
radon, and arcon. 

Neutron 
A fundamental atomic partical having no electrical 
charge. Neutrons are required to initiate the fission 
process and large numbers of neutrons are produced 
during the fission process. 

NRC 
Nuclear Regulatory Commission. The federal agency 
charged with enforcement of regulations in the 
nuclear industry. 

PCRV 
Prestressed Concrete Reactor Vessel. The PCRV at 
Fort St. Vrain contains the coolant in the reactor and 
provides radiological shielding. Access to the reactor 
is through the PCRV. The upper and lower heads of 
the PCRV are 15 feet thick, and the walls average 
nine feet thick. The PCVR is a steel 
tendon-reinforced concrete cylinder weighing 17,000 
tons and buried halfway underground. The tendons 
are "live." meaning that any crack in the concrete, 
however caused, would immediately reseal. 

Pellet 
Also fuel pellet. Uranium-thorium little finger-sized 
pellets that are the fuel for Fort St. Vrain. (1.5 inches 
long and 0,4 inches in diameter.) The pellets are 
stacked on top of each other and inserted in the 
graphite structure to form the fuel element. 

RAD 
A unit used to measure an absorbed dose of 
radiation. 

Radioactivity 
Radioactivity is the property possessed by some 
elements that spontaneously give off energy in the 
form of waves or particles. Radiation may be alpha, 
beta, or gamma. Alpha radiation is the least 
penetrating type. It can be slopped by a sheet of 
paper. Beta radiation is emitted from the nucleus of 
an atom during fission. It can be stopped by thick 
cardboard. Gamma radiation is electromagnetic 
waves emitted from a nucleus and is essentially the 
same as X-rays. It can be stopped by heavy shielding 
such as lead or concrete. 
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Sources and amounts of natural background 
radiation 
(Measured in Millirems per year) 

Cosmic Rays 35 
Air 5 
The Earth II 
Food 25 
Building Materials 34 
Living in Denver 200 

Sources and amounts of man-made radiation 
(Measured in Millirems) 

Dental X-rays 
Bitewing Series 400 
Panoramic 500-1000 

Whole Body X-ray 25000 
Coast-to-Coast Airline Flight 5 
Color Television 1 per year 
Living next to a Nuclear Plant Less than I per year 

NRC allowable radiation exposure to PSC employees 
working at Fort St. Vrain — 5000 millirems/year. 

RadJoiodine 
A radioactive form of iodine, predominantly 
iodine-131, formed in fission and released in the 
reactor cores. 

Reactor 
Equipment in which a self-sustained chain reaction 
takes place. The reactor at Fort St. Vrain is 
comprised of the PCRV, support floor, control rods, 
reflector, core, steam generators and helium 
circulators. 

Refueling Penetrations 
Refueling penetrations extend from the top of the 
reactor to its core and are used to gain access to the 
fuel when it is exhausted and needs to be replaced 
with fresh fuel. 

REM 
A unit of radiation dose. Stands for roentgen 
equivalent man. Equal to product of rads times 
relative biological effectiveness of the particular type 
of radiation. A millirem is equal to l/1000th of a 
rem. 

RERP 
Radiological Emergency Response Plan. Plans drawn 
up by operators of nuclear plants and appropriate 
state officials to deal with any contingency at a 
nuclear plant which could result in an unplanned 
release of radiation or other possible danger either 
to the public or the plant personnel. 

SCRAM 
Term applied to the sudden shutdown of a nuclear 
reactor. Usually accomplished by the insertion of 
safety control rods. Also called reactor safety trip. A 
scram does not necessarily imply an emergency. Fort 
St. Vrain's "scram insertion time" is 180 seconds. 

Steam Generators 
Devices that make steam. At Fort St. Vrain, water in 
the steam generators is converted to steam as helium 
gas, heated to 1,430 degrees, flows over the plant's ' 
12 steam generator modules. The steam generators 
are located under the reactor core. Steam from the 
generators is at approximately 1,000 degrees. 

TUrbine Generator 
The device in a power plant which uses the force of 
steam to produce electricity. The steam turns the 
turbine which turns the electricity-producing 
generator. 

Thorium 
A relatively cheap, non-fissionable element in its 
natural state. At Fort St. Vrain, the fuel is about 20 
pounds of thorium for every pound of uranium, 
When bombarded by neutrons, as it is at Fort St. 
Vrain, thorium is changed into U-233 which is 
fissionable. 

Whole Body Count 
Evaluation of all radioactive material contained in a 
body from both natural and man-made sources. 

Whole Body Exposure 
An exposure of the body to radiation. Where a 
radioisotope is uniformly distributed throughout the 
body tissues rather than being concentrated in 
certain parts, the irradiation is considered to be 
whole body exposure. 
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If You Have Special Needs 
Fill Out and Mail This Card 

s 
e u. 

I am hard of hearing Yes • No • 

I am visually impaired Yes • No • 

I am (otherwise disabled) 

1 would like special notification of any emergency 
Yes • N o D 

1 would need transportation Yes • No • 

Other special needs (explain) 

M 
(A 

K 

I 
« i n O 

U 

I 
© S o J 

Name 

Address 

City. 
IRural sddreu ur stretl number! 

Telephone 

Any special directions to get to your house?-

For example: I live on the north side of county road 
46. in the second house west of county road 31. 


