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This repo rt was prepared as an account of Government sponsored work. Neither the United 

States, nor the Commlsston, nor any person acting on behalf o f the Commission:

A. Makes any warranty or representation, expressed o r implied, with respec t to the accu~ 

racy, completeness, o r usefulness of the information contained in this report, o r that the use 

of any i&forouttlon, apparatus, method, o r p rocess disclosed in this repo rt may not Infringe 

privately owned r i ^ t s ;  or
B. Assumes any iiabilitlea with respect to the use of, o r tor  damages resulting from the 

use of any information, apparatus, method, o r p rocess disclosed in this report.

As used In the above, “ person acting on behalf of the Commlaalon'' Includes any em ­

ployee or contractor of the Commission, o r employee of such contractor, to the extent that 

such employee or contractor of the Commission, o r employee of such contractor prepares, 

dissem inates, o r  provides access to. any isformation pursnant to hla employment o r contract 

with the Commission, o r his employment with such contractor.
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DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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L E G A L  N O T I C E

T h i s  r e p o r t  w a s  p r e p o r e d  o s  on  a c c o u n t  of  G o v e r n m e n t  s p o n s o r e d  w o rk .  N e i t h e r  th e  
U n i ted  S t a t e s ,  nor  t h e  C o m m is s i o n ,  no r  a n y  p e r s o n  a c t i n g  on  b e h a l f  of t h e  C o m m is s i o n :

A . M ak es  a n y  w a r r a n ty  or  r e p r e s e n t a t i o n ,  e x p r e s s e d  or  im p l ie d ,  w i th  r e s p e c t  t o  th e  
a c c u r a c y ,  c o m p l e t e n e s s ,  or u s e f u l n e s s  of t h e  in f o rm a t ion  c o n t a i n e d  in t h i s  r e p o r t ,  or th a t  
t h e  u s e  of  a n y  in fo rm at io n ,  a p p a r a t u s ,  m e th o d ,  or p r o c e s s  d i s c l o s e d  in t h i s  r e p o r t  may 
n o t  in f r in g e  p r iv a t e l y  o w n e d  r i g h t s ;  or

B .  A s s u m e s  a n y  l i a b i l i t i e s  w i th  r e s p e c t  to  t h e  u s e  of ,  or for d a m a g e s  r e s u l t i n g  from 
t h e  u s e  o f  a n y  in f o rm a t ion ,  a p p a r a t u s ,  m e th o d ,  or p r o c e s s  d i s c l o s e d  in t h i s  r e p o r t .

A s  u s e d  in t h e  a b o v e ,  **person a c t i n g  on b e h a l f  of  t h e  C o m m i s s i o n "  i n c l u d e s  any 
e m p lo y e e  or c o n t r a c t o r  o f  t h e  C o m m is s i o n ,  o r  e m p lo y e e  of  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  
t h a t  s u c h  e m p lo y e e  or c o n t r a c t o r  of  t h e  C o m m is s i o n ,  or e m p lo y e e  of  s u c h  c o n t r a c t o r  p r e ­
p a r e s ,  d i s s e m i n a t e s ,  or  p r o v id e s  a c c e s s  to ,  a n y  in fo rm a t io n  p u r s u a n t  t o  h i s  e m p lo y m e n t  
or c o n t r a c t  w i th  t h e  C o m m is s i o n ,  or h i s  e m p lo y m e n t  w i th  s u c h  c o n t r a c t o r .

N A A - S R - 5 7 0 0  ( s u p p l .  4)
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I N T R O D U C T I O N

A d e t a i l e d  d e s c r i p t i o n  of  t h e  H N P F  a n d  th e  h a z a r d s  s u m m a r y  

a r e  g iv e n  in  th e  p a r e n t  r e p o r t  ( N A A - S R - 5 7 0 0 ) .  T h i s  s u p p l e m e n t  

a n s w e r s  q u e s t i o n s  of  R e f e r e n c e  (1) c o n c e r n i n g  c o r e  k i n e t i c s  a n d  

r e a c t i v i t y  a c c i d e n t s  ( Q u e s t i o n s  I l a ,  b,  c , d ) ,  p r i m a r y  s y s t e m  c o n ­

f i n e m e n t  c a v i t i e s  (V a,  b, c ,  d,  e ,  f, g), e f f l u e n t  c o n t r o l  (V ic ,  e),  f i r e  

a n d / o r  e x p l o s i o n  (V I Ia ,  b,  c ,  d), c a s u a l t y  c o n d i t i o n s  ( IX a ,  b, c,  e),  

a n d  p l a n t  t e s t i n g  a n d  o p e r a t i o n  (X Ia ,  c,  d,  e ) .  T h i s  s u p p l e m e n t ,  

t o g e t h e r  w i th  S u p p l e m e n t s  1, Z, a n d  3, c o m p l e t e s  t h e  a n s w e r s  to  

q u e s t i o n s  of  R e f e r e n c e  (1).

(1) L e t t e r  to  A t o m i c s  I n t e r n a t i o n a l  (4275A T)  f r o m  th e  D i v i s i o n  of 
L i c e n s i n g  a n d  R e g u l a t i o n  of  t h e  A t o m i c  E n e r g y  C o m m i s s i o n ,  
A u g u s t  11, 1961.

N A A - S R - 5 7 0 0  (Suppl.  4)
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Q u e s t i o n  11(a): E x p l a i n  w hy  the  t i m e  c o n s t a n t s  f o r  t h e  g r a p h i t e  t e m p e r a t u r e  c o e f ­
f i c i e n t  of  r e a c t i v i t y  a r e  c o n s i d e r a b l y  s h o r t e r  t h a n  p r e v i o u s l y  r e p o r t e d  ( R e p o r t  
N A A - S R - M E M O - 3 3 7 9 ) . W ha t  e f f e c t  do t h e s e  n e w  c o n s t a n t s  h a v e  o n  p r e v i o u s  
a c c i d e n t  a n a l y s i s  w i t h  r e s p e c t  to  t i m e  a v i l a b l e  f o r  c o r r e c t i v e  m e a s u r e s  by  o p e r a ­
t o r  a c t i o n ?

A n s w e r : A p r e l i m i n a r y  d i s c u s s i o n  of  t h e  c h a n g e  in  m o d e r a t o r  t i m e  c o n s t a n t  w a s

p r e s e n t e d  in  A p p e n d ix  A of S u p p l e m e n t  I, N A A - S R - 3 3 7 9 .  T h e  g r a p h i t e  t i m e  

c o n s t a n t s  a r e  s h o r t e r  t h a n  o r i g i n a l l y  r e p o r t e d  in  N A A - S R - 3 3 7 9 .  T h e  m o d e r a t o r  

c a n  s c a l l o p s  a r e  d e s i g n e d  to  e x p a n d  and  c o m e  in to  c l o s e  c o n t a c t  w i t h  t h e  g r a p h i t e  

a t  6 0 0 ° F ,  e l i m i n a t i n g  th e  h e l i u m  g a p  w h i c h  e x i s t s  a t  r o o m  t e m p e r a t u r e .  T h e  

h e l i u m  gap  w a s  a s s u m e d  to  e x i s t  in  t h e  e a r l i e r  c a l c u l a t i o n s  and  i t s  e l i m i n a t i o n  

g i v e s  a  l o w e r  t h e r m a l  r e s i s t a n c e .  S in c e  t h e  t i m e  c o n s t a n t  i s  p r o p o r t i o n a l  to 

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

of a n a l y s i s  h a s  b e e n  c h a n g e d  f r o m  a  c y l i n d r i c a l  g r a p h i t e  log  to  a  m o r e  a p p r o p r i a t e  

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

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

a c r o s s  t h e  f l a t s ,  bu t  t h i s  c h a n g e  d id  n o t  r e s u l t  i n  a  s i g n i f i c a n t  c h a n g e  in  t e m p e r a ­

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

ga p  in  the  s c a l l o p  a l s o  d e c r e a s e s  t h e  a v e r a g e  g r a p h i t e  t e m p e r a t u r e ,  t h e r e ­

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

c o e f f i c i e n t .

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

S tu d i e s  p r e s e n t e d  in  t h e  p a r e n t  r e p o r t ,  b a s e d  o n  th e  s h o r t e r  g r a p h i t e  t i m e  c o n ­

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

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

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

f l u e n c e  on  t h e  t i m e  r e q u i r e d  to  r e a c h  m e l t i n g .  T h e  m a g n i t u d e  of  t h i s  i n f l u e n c e  

d e p e n d s  on  th e  c a u s e  of  th e  a c c i d e n t .  F o r  e x a m p l e ,  w i t h  c o n t i n u o u s  c o n t r o l  r o d  

w i t h d r a w a l  f r o m  fu l l  p o w e r ,  b o th  t h e  e a r l i e r  s t u d i e s  ( N A A - S R - 3 3 7 9 )  and  t h o s e  in 

th e  p a r e n t  r e p o r t  show  t h a t  s o d i u m  b o i l i n g  c o m m e n c e s  a b o u t  one  m i n u t e  a f t e r  

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

s t a n t s  u s e d ,  so th e  e f f e c t  of the  r e d u c e d  g r a p h i t e  t i m e  c o n s t a n t  w o u ld  be  to 

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

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

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

N A A - S R - 5 7 0 0  (Suppl .  4)
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T he  r e a c t o r  s t a b i l i t y  a n a l y s i s  p r e s e n t e d  in  t h e  p a r e n t  r e p o r t  i s  b a s e d  u p o n  

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

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

a c t s  v e r y  s lo w ly .  E v e n  w h e n  the  t o t a l  p o w e r  c o e f f i c i e n t  i s  p o s i t i v e  th e  r e a c t o r  

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

C 0 5
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Q u e s t i o n  11(b): P r o v i d e  a b r e a k d o w n  of a l l  the  f a c t o r s  t h a t  w e r e  c o n s i d e r e d  in
e s t i m a t i n g  t e m p e r a t u r e  c o e f f i c i e n t s  of  r e a c t i v i t y  a n d  t h e i r  t i m e  c o n s t a n t s  ( e . g . ,  
D o p p l e r ,  e x p a n s i o n  e f f e c t s ,  s p e c t r a l  s h i f t ,  s t r e a m i n g ,  e t c .

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

r e a c t i v i t y .  T h e s e  a r e :  (a) t e m p e r a t u r e  c h a n g e s  in t h e  fu e l ,  r e s u l t i n g  in  r e a c ­

t i v i t y  c h a n g e s  due  to  th e  D o p p l e r  e f f e c t ;  (b) c h a n g e s  in  s o d i u m  t e m p e r a t u r e ,  

h e n c e  d e n s i t y ,  r e s u l t i n g  in  c h a n g e s  in  p a r a s i t i c  n e u t r o n  a b s o r p t i o n ;  a n d  (c) 

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

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

e f f e c t s  h a v e  b e e n  c a l c u l a t e d  s e p a r a t e l y  o v e r  th e  t e m p e r a t u r e  r a n g e  300 ° F  < T < 

1350 ° F  f o r  th e  c l e a n  c o r e .  In e a c h  c a s e ,  t h e  t e m p e r a t u r e  of  th e  c o m p o n e n t  in 

q u e s t i o n  w a s  v a r i e d  w h i le  th e  o t h e r  tw o  w e r e  a s s u m e d  to  m a i n t a i n  t h e i r  o p e r a t ­

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

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

T h u s ,  n o t  o n ly  a r e  the  d e t a i l s  of  v a r i a t i o n  in  a b s o r p t i o n  i n c l u d e d ,  bu t  a l s o  c h a n g e s  

in n e u t r o n  l e a k a g e  a n d  d i f fu s io n  p r o p e r t i e s  of  the  r e a c t o r  c o r e .  D e t a i l s  of  t h e s e  

c a l c u l a t i o n s  a p p e a r  in  the  s u c c e e d i n g  p a r a g r a p h s .  S t u d i e s  of  r e a c t o r  k i n e t i c  

p r o p e r t i e s  a r e  c o n t in u in g  a s  d a t a  f r o m  th e  H N P F  e x p o n e n t i a l  a n d  c r i t i c a l  e x p e r i ­

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

s i t e  w h e n  a v a i l a b l e .

In T a b l e  11(b)-1 t h e  c l e a n  c o r e  p a r t i a l  c o e f f i c i e n t s  a t  o p e r a t i n g  t e m p e r a t u r e s  

a r e  p r e s e n t e d  w h e r e  t h e s e  o p e r a t i n g  t e m p e r a t u r e s  a r e  t a k e n  as:  (1) = 890 ° F ,

(2) T = 8 5 0 ° F ,  a n d  (3) T = 7 7 8 “F .g r a p h i t e  ’ s o d i u m

T A B L E  11(b)-1

H N P F  T E M P E R A T U R E  C O E F F I C I E N T S  O F  R E A C T I V I T Y

T a b l e  4 .1 0  
of  th e  p a r e n t  r e p o r t C u r r e n t  V a l u e s

F u e l - 1 . 5 5 6  X  1 0 " ^ / ° F - 1 . 8 5  X  10“ ^ / ° F

G r a p h i t e 1.33 X 10"^ 1.55 X  10"^

S o d iu m 0 .556  X  10"^ 0.55  X  10"^

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

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

ing  in  th e  p a r e n t  r e p o r t ,  c a l c u l a t e d  in  1959 ,  a r e  th e  p a r a m e t e r s  u p o n  w h i c h  the

N A A - S R - 5 7 0 0  ( s u p p l .  4)
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k i n e t i c  s t u d i e s  a r e  b a s e d .  A s  c a n  be s e e n  f r o m  i n s p e c t i o n  of  t h e  tw o  s e t s ,  t h e r e  

a r e  no  m a j o r  c h a n g e s .  T h e r e f o r e ,  t h e  k i n e t i c  s t u d i e s  w e r e  n o t  r e - r u n  s i n c e  no  

s i g n i f i c a n t  v a r i a t i o n s  in  th e  p r e d i c t i o n s  of  r e a c t o r  k i n e t i c  b e h a v i o r  a r e  a n t i c i ­

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

in  th e  p a r e n t  r e p o r t .  T h i s  i s  due  to  t h e  c h a n g e  in  i s o t o p i c  r a t i o s  w i t h i n  th e  c o r e ,  

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

s e n t e d  h e r e .

A. D E T E R M I N A T I O N  O F  F U E L  T E M P E R A T U R E  C O E F F I C I E N T

C h a n g e s  in  r e a c t i v i t y  due  to  f u e l  t e m p e r a t u r e  v a r i a t i o n s  a r e  c a u s e d  p r i m a r i -
238ly by v a r i a t i o n  of  e p i t h e r m a l  r e s o n a n c e  n e u t r o n  a b s o r p t i o n  in  U . T h i s  

v a r i a t i o n  of  r e s o n a n c e  a b s o r p t i o n  w i th  t e m p e r a t u r e  (T h e  D o p p l e r  e f f e c t )  h a s  

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

1.5 X  10 ^ / ° C  (0.83 X  10 "^ /°F) .  In  e v a l u a t i n g  th e  f u e l  c o e f f i c i e n t  f o r  H N P F ,  t h e  

fu e l  t e m p e r a t u r e  w a s  v a r i e d  b e t w e e n  3 0 0 ° F  a n d  1 3 5 0 ° F .  F o r  e a c h  c a s e ,  e p i ­

t h e r m a l  n e u t r o n  c o n s t a n t s  w e r e  c a l c u l a t e d  w i t h  t h e  F O R M  C o d e  a n d  a  r e a c t o r  

r e a c t i v i t y  c a l c u l a t i o n  w a s  p e r f o r m e d  w i th  t h e  A I M - 5 C o d e  to  d e t e r m i n e  th e  

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

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

c u l a t i o n s  a r e  sh o w n  in  T a b l e  I I ( 6 ) - 2 .

T A B L E  11(b)-2 

R E A C T I V I T Y  C A L C U L A T I O N S

T ( °F ) ^ e f f A k A k/A T 
(x 1 0 ^ / ° F )

A v e r a g e  
At O p e r a t i n g

A V A t

300

600

1.10016

1.09458 0 .0 0 5 5 8

0 .0 0 5 3 4

0 .00851

- 1 . 8 6

- 1 . 8 4

- 1 . 8 5 0

- 1.850 X 1 0 " ^ / ° F
890

1350

1 .08924

1.08073

- 5T h e  a v e r a g e  o v e r  t h i s  t e m p e r a t u r e  r a n g e  i s  t h e n  - 1 . 8 5 0  x  10 / ° F .

B.  D E T E R M I N A T I O N  O F  T H E  C O O L A N T  C O E F F I C I E N T

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

a t u r e  of  t h e  c o o l a n t  b e t w e e n  300 ° F  a n d  1 3 5 0 ° F ,  t a k i n g  in to  a c c o u n t  th e  c o r r e -  

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

e a c h  t e m p e r a t u r e  by  r e - e v a l u a t i n g  th e  e p i t h e r m a l  n u c l e a r  c o n s t a n t s  w i th  F O R M ,  

the  t h e r m a l  c e l l  f lux  d i s t r i b u t i o n  w i th  t h e  C o d e ,  a n d  the  r e a c t o r  e i g e n v a l u e s  

w i th  A I M - 5. In t h i s  m a n n e r  the  c h a n g e  in  n e u t r o n  a b s o r p t i o n  due  t o  t h e  c h a n g e s  

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

T h e  c o o l a n t  d e n s i t y  a t  o p e r a t i n g  t e m p e r a t u r e s  i s  0 .8 4 5  g m s / c c .  T h e  v o l u ­

m e t r i c  c o e f f i c i e n t  of  e x p a n s i o n  f o r  s o d i u m  i s  2 .66  x  10 ^ / ° C  o r  1.48 x 10 "^ /°F .

T a b l e  I I (b ) -3  c o n t a i n s  th e  c o o l a n t  t e m p e r a t u r e s  a n d  c o r r e s p o n d i n g  ^ g £ £ S .

T A B L E  I I (b ) -3  

C O O L A N T  T E M P E R A T U R E  AND k ef f

T ( ° F ) ^ e f f Ak A k / A T  
(x 1 0 ^ / ° F )

A v e r a g e  
At O p e r a t i n g

Ak/AT

300 1.08449

600 1 .08659
0 .0 0 2 1 0 + 0 .700 + 0 .55  X 1 0 " ^ /  ° F
0 .00165 + 0 .568890 1 .08824

1350 1.09051 0 .00227 + 0 .493

T h e  a v e r a g e  c o o l a n t  t e m p e r a t u r e  c o e f f i c i e n t  i s  t h e n  + 0. 55 x  10 / ° F .

C .  D E T E R M I N A T I O N  O F  M O D E R A T O R  C O E F F I C I E N T

C h a n g e s  in  m o d e r a t o r  t e m p e r a t u r e  a f f e c t  r e a c t i v i t y  by  c h a n g i n g  th e  e f f e c t i v e  

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

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

t e r i a l s .  F o r  the  c l e a n  c r i t i c a l  c o r e ,  th e  t h e r m a l  n e u t r o n  f lu x  d i s t r i b u t i o n s  a n d  

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

t e m p e r a t u r e s  b e t w e e n  480 ° F  a n d  1 2 0 0 ° F .  T h e r m a l  c e l l  f lux  c a l c u l a t i o n s  w e r e

p e r f o r m e d  w i th  t h e  S C ode  a n d  o v e r - a l l  r e a c t i v i t i e s  w e r e  d e t e r m i n e d  w i t h  th en
A I M - 5  Code ;  r e s u l t s  a r e  p r e s e n t e d  in  T a b l e  I I ( b ) - 4 .  T h e  m o d e r a t o r  c o e f f i c i e n t  

i s  s e e n  to v a r y  a s  a  f u n c t i o n  of  th e  m o d e r a t o r  t e m p e r a t u r e  a n d  a t  o p e r a t i n g  

t e m p e r a t u r e s  i s  e q u a l  to  1.55 x  10 ^ / ° F .

N A A - S R - 5 7 0 0  ( s u p p l .  4)
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T A B L E  I I ( b ) - 4  

T H E R M A L  C E L L  F L U X  C A L C U L A T I O N S

T ( ° F ) ^ e f f A k
Ak/AT

(x 1 0 5 / ”F)

A v e r a g e  
At O p e r a t i n g  

A k / A T

480 1.08132

660

840

1.08537 

1 .08924

0 .00405

0 .00387

2.25

2.15 + 1.55 X 1 0 " ^ / ° F

1020 1 . 0 9 1 9 5
0 .00271 1.51

1200 1 . 0 9 4 3 3
0 .00238 1.32

D. F A C T O R S  I N F L U E N C I N G  T I M E  C O N S T A N T S

T i m e  c o n s t a n t s  f o r  th e  t e m p e r a t u r e  c o e f f i c i e n t s  ( P a g e  4 - 3 1  of  the  p a r e n t  

r e p o r t )  a r e  b a s e d  on  a h e a t  t r a n s f e r  a n a l y s i s  of  t h e  c o m p o n e n t  c o n c e r n e d .  T h e  

t e m p e r a t u r e  r e s p o n s e  of a  c o m p o n e n t  to  a  s t e p  c h a n g e  in  r e a c t o r  p o w e r  i s  m a d e  

up  of th e  s t e a d y - s t a t e  t e m p e r a t u r e  c o r r e s p o n d i n g  to  th e  n ew  p o w e r  p l u s  a  t r a n ­

s i e n t  t e r m  w h ic h  d e c a y s  e x p o n e n t i a l l y :  T h e  t i m e  c o n s t a n t  of  the  t r a n s i e n t  t e m ­

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

s o u r c e .

H e a t  t r a n s f e r  f r o m  fu e l  to  s o d i u m  c o o l a n t  i s  a  f u n c t i o n  of  t h e  fu e l  r o d  

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

in  fu e l ,  bond ,  c l a d d i n g ,  a n d  s o d i u m  f i l m  o u t s i d e  th e  r o d ;  a n d  h e a t  c a p a c i t i e s  of  

e a c h  c o m p o n e n t  of a  f u e l  r o d .

F a c t o r s  w h i c h  e n t e r  in to  c a l c u l a t i o n  of  t h e  m o d e r a t o r  t i m e  c o n s t a n t  a r e  t h e  

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

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

s o d i u m  a n d  th e  r a t e  a t  w h ic h  h e a t  i s  r e m o v e d  f r o m  a  g i v e n  r e g i o n  by  s o d i u m  

f low.  It  i s  a s s u m e d  t h a t  due to  f low m i x i n g  a n d  g o o d  t h e r m a l  c o n d u c t i v i t y ,  a l l  

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

/ )

N A A - S R - 5 7 0 0  ( s u p p l .  4)
I I (b ) -4



Q u e s t i o n  I I ( c ): W ha t  i s  the  m i n i m u m  e s t i m a t e d  r e a c t i v i t y  i n s e r t i o n  t h a t  w o u ld  
l e a d  to f o r m a t i o n  of  a  s h o c k  w a v e  in  t h e  r e a c t o r  ? W h a t  c o n s i d e r a t i o n  h a s  b e e n  
g iv e n  to  th e  a b i l i t y  of th e  s y s t e m  to  a b s o r b  s h o c k  w a v e  e n e r g y  ?

A n s w e r :  M i n i m u m  e s t i m a t e d  s t e p  r e a c t i v i t y  i n s e r t i o n  to  f o r m  i n - c o r e  s h o c k  

w a v e s  i s  6 . 8%Ak/ k .

T h e  a c t u a l  f o r m a t i o n  of s h o c k  w a v e s  i s  n o t  c o n s i d e r e d  p o s s i b l e  f o r  H N P F .  

O n ly  q u a l i t a t i v e  c o n s i d e r a t i o n  h a s  b e e n  g iv e n  to  t h e  a b i l i t y  of  t h e  s y s t e m  to  a b ­

s o r b  s h o c k  w a v e  e n e r g y .

In o r d e r  to  g e n e r a t e  s h o c k  w a v e s  in  a  r e a c t o r ,  t h e r e  m u s t  e x i s t  a  m e c h a n ­

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

a n  e n e r g y  r e l e a s e  in  th e  H N P F  r e a c t o r  i s  r a p i d  v a p o r i z a t i o n  of  a  s i g n i f i c a n t  

a m o u n t  of  fu e l ,  w i th  th e  r e s u l t i n g  e x p a n s i o n  r a p i d  e n o u g h  to c r e a t e  s u p e r s o n i c  

f low  in  s u r r o u n d i n g  f l u i d s .  The  s h o c k  w a v e s  c o n s i d e r e d  in  H N P F  a r e  t h o s e  in  

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

F o r  th e  c u r r e n t  s t u d i e s  i t  i s  a s s u m e d  t h a t  t h e  b o i l i n g  p o i n t  of  U - 10 Mo is  

7 0 0 0 °F,  i n d e p e n d e n t  of  l o c a l  p r e s s u r e .  If t h e  f u e l  h e a t  g e n e r a t i o n  r a t e  w e r e  i n ­

c r e a s i n g  s lo w ly  d u r i n g  a  t r a n s i e n t  "Which r e s u l t e d  in  f u e l  m e l t i n g  (U -M o  m e l t i n g  

p o in t  ~ Z 1 0 0 ° F ) ,  th e  0 . 0 1 0 - i n .  s t a i n l e s s  s t e e l  f u e l  c l a d d i n g  w o u ld  b e  r u p t u r e d  

w i th in  s e c o n d s  a l l o w in g  th e  m o l t e n  f u e l  to  f a l l  to  a  s u b c r i t i c a l  g e o m e t r y  ( s e c t i o n  

4.2.Z of  t h e  p a r e n t  r e p o r t ) .  T h u s ,  in  o r d e r  to  c a u s e  v a p o r i z a t i o n  of  fu e l ,  the  

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

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

D o p p l e r  f u e l  t e m p e r a t u r e  c o e f f i c i e n t  i s  c a l c u l a t e d  to  be  - 1 . 6  x  10 ( A k / k ) / ° F  a t

n o r m a l  o p e r a t i n g  t e m p e r a t u r e s .  F o r  a n  a s s u m e d  1 / v a r i a t i o n  of  t h e  D o p p l e r  

c o e f f i c i e n t ,  the  a m o u n t  of  r e a c t i v i t y  to  o v e r r i d e  t h i s  i s  5.8% A k / k  in  g o in g  f r o m  

fu l l  p o w e r  f u e l  t e m p e r a t u r e s  to  f u e l  v a p o r i z a t i o n .  A n  a d d i t i o n a l  0.7% A k / k  i s  r e ­

q u i r e d  to  o v e r c o m e  th e  d e l a y e d  n e u t r o n  f r a c t i o n  to  k e e p  th e  r e a c t o r  p r o m p t  c r i t i ­

c a l  so  the  D o p p l e r  p lu s  /3 " o v e r r i d e ” i s  6.5% A k / k .

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

c o r e  s h o c k  w a v e s  i n c lu d e :

1) I n i t i a l  c o n d i t i o n s  of  r e a c t o r  a t  n o m i n a l  f u l l  p o w e r  (Z40 M wt)  w i t h  f u e l  

a t  9 0 0 °F  a v e r a g e  t e m p e r a t u r e .

^ N u c l e a r  S c i .  a n d  E n g . ,  8, 4 9 7 - 5 0 6  ( I960 ) .

N A A - S R - 5 7 0 0  (Suppl,  4) c, ; -  ^
T T / \ i1 1 (c ) -1



Z) A ny  u n c o n t r o l l e d  t r a n s i e n t  w i l l  be  t e r m i n a t e d  0.5 s e c  o r  s o o n e r  by  th e  

d r o p p i n g  of  m o l t e n  f u e l  o u t  of t h e  c e n t e r  of  th e  c o r e .  F u e l  w i l l  f a l l  a  

d i s t a n c e  of 4 f t  u n d e r  a c c e l e r a t i o n  of  g r a v i t y  o r  Z f t  u n d e r  o n e - h a l f  

g r a v i t y  a c c e l e r a t i o n  in  0.5 s e c .

It i s  r e a s o n a b l e  to  a s s u m e  t h a t  w h e n  th e  e n e r g y  d e n s i t y  in  th e  f u e l  i s  e q u a l  

to  i t s  Y o u n g ' s  M o d u lu s ,  th e  f u e l  w i l l  p h y s i c a l l y  d i s r u p t  i t s e l f .  F o r  u n c o o l e d  

U - 10 Mo f u e l  in  H N P F ,  t h i s  e n e r g y  d e n s i t y  w i l l  be  a t t a i n e d  in  0.5 s e c  if  a v e r a g e  

p o w e r  i s  ~ 3 5 0  t i m e s  f u l l  p o w e r .  T h e  s t e p  r e a c t i v i t y  r e q u i r e d  to  g e n e r a t e  a  

t r a n s i e n t  w i t h  s u c h  a p o w e r  l e v e l  i s  0.4% A k / k  a b o v e  th e  " o v e r r i d e "  f o r  D o p p l e r  

p lu s  /3, o r  a t o t a l  of  6.9% A k / k .

In o r d e r  to  m a i n t a i n  a s h o c k  w a v e ,  t h e  e n e r g y  m u s t  be  g e n e r a t e d  f a s t e r

th a n  i t  c a n  be  r e m o v e d  by  e x p a n s i o n  a n d / o r  h e a t  t r a n s f e r .  T h i s  r e q u i r e s  a  r e -
/  *a c t o r  p e r i o d  on  th e  o r d e r  o f  y  = L / C  o r  s h o r t e r ,  w h e r e  L  i s  a  c h a r a c t e r i s t i c  

l e n g t h  a n d  C i s  t h e  s p e e d  of  s o u n d  in  th e  m e d i u m .  A  c h a r a c t e r i s t i c  l e n g t h  of  a  

f u e l  r o d  w o u ld  be  o n e - h a l f  t h e  t o t a l  r o d  l e n g th ,  o r  ^^6.5 f t .  F o r  a  s h o c k  w a v e  in  

m e t a l l i c  fu e l ,  a  p e r i o d  ^  0 .6  m s  i s  r e q u i r e d .  T h i s  c o r r e s p o n d s  to  a  s t e p  r e a c ­

t i v i t y  i n s e r t i o n  of  " o v e r r i d e "  p lu s  47%. If t h i s  s a m e  c r i t e r i o n  i s  a p p l i e d  to 

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

c a l c u l a t e d .  T h e  c h a r a c t e r i s t i c  l e n g t h  i s  t a k e n  a s  10 f t  o r  a p p r o x i m a t e l y  o n e -  

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

v a p o r ,  w i th  a  c a l c u l a t e d  C = 1630 f t / s e c ,  a  r e a c t o r  p e r i o d  of  6 m s  w o u ld  be  r e ­

q u i r e d  to  m e e t  t h e  y  = L / C  c r i t e r i o n .  T h e  s t e p  r e a c t i v i t y  i n s e r t i o n  to  c r e a t e  

t h i s  c o n d i t i o n  i s  " o v e r r i d e "  p l u s  4.6%,  o r  a  t o t a l  of  11.1% A k / k .  T h e  m i n i m u m  

s p e e d  of s o u n d  w i th i n  t h e  p r o c e s s  c h a n n e l  i s  <~11Z f t / s e c  in  a  t w o - p h a s e  m i x t u r e  

of s o d i u m  l i q u id  a n d  v a p o r .  T h e  r e a c t o r  p e r i o d  e q u a l  to  L / C  in  t h i s  f l u i d  i s  

89 m s ,  c o r r e s p o n d i n g  to  a  s t e p  r e a c t i v i t y  of  " o v e r r i d e "  p l u s  0.3%, o r  a  t o t a l  of

6.8% A k / k .

T h r e e  c o n c e i v a b l e  m e a n s  of  a d d i n g  r e a c t i v i t y  to  the  c o r e  a r e  b y  m o v e m e n t  

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

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

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

* B u m p  a n d  S e i d e n s t i c k e r ,  " A n a l y s i s  of T e m p e r a t u r e s  a n d  E x p a n s i o n s  R e s u l t i n g  
f r o m  E x p o n e n t i a l  P o w e r  C h a n g e s  in  a  R e a c t o r ,  "  N u c l e a r  S c i .  a n d  E n g . ,

4: 4 4 - 6 4 ( 1 9 5 8 ) .
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t h e  f u e l  b u n d le  a n d  i t s  s h i e l d  p lug ,  a n d  th e  f a c t  t h a t  the  l a t t e r  i s  s e c u r e l y  h e l d  

in  the  lo a d in g  f a c e  s h i e l d ,  p r e c l u d e  u p w a r d  m o t i o n  of  th e  f u e l .  G r o s s  d o w n w a r d  

m o t i o n  of fu e l ,  due  to  e i t h e r  m e l t i n g  o r  p h y s i c a l  d i s c o n n e c t i n g  of  th e  e l e m e n t  

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

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

N o r m a l  c o n t r o l  r o d  t r a v e l  i s  a t  r e a c t i v i t y  r a t e s  <. 0.03% ( A k / k ) / s e c .  T h e s e  

a r e  m u c h  too  s lo w  to  i n i t i a t e  s h o c k  w a v e  t r a n s i e n t s .  T h e  p o i s o n  c o l u m n s  m o v e  

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

o u t s i d e  the  r e a c t o r .

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

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

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

A ny  f o r c e  t r y i n g  to  e j e c t  a  c o n t r o l  r o d  u p w a r d  f r o m  th e  c o r e  w o u ld  a l s o  

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

th e  lo a d in g  f a c e  s h i e l d  a n d  to  the  c o n t r o l  r o d  s u p p o r t  s t r u c t u r e .  No f o r c e s  of  

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

a p p e a r s  to  be  no  w a y  in  w h i c h  c o n t r o l  r o d  m o v e m e n t  c a n  i n t r o d u c e  l a r g e  s t e p s  

of  r e a c t i v i t y .

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

f r o m  th e  c o r e  w i l l  a d d  r e a c t i v i t y .  T h e  w o r t h  of  a l l  c o r e  s o d i u m  i s  e s t i m a t e d  

to  be 5% A k / k .  D u r i n g  u n c o n t r o l l e d  t r a n s i e n t s ,  t h e  f u e l  c o o l a n t  i n s i d e  the  

p r o c e s s  t u b e s  c o u l d  be  e x p e l l e d  b y  th e  s o d i u m  v a p o r  f o r m e d  a t  r e g i o n s  of  l o c a l  

b o i l i n g .  A p p r o x i m a t e l y  one  t h i r d  of  th e  c o r e  s o d i u m  i s  e x t e r n a l  to  t h e  p r o c e s s  

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

the  f u e l  c o o l a n t .  T h e  s h o r t  f u e l  m e l t d o w n  t r a n s i e n t  w o u ld  be  t e r m i n a t e d  b e f o r e  

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

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

w o r t h ,  e s t i m a t e d  to  be  < 2 .5% A k / k .

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

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

a b o v e  the  c o r e  w i l l  a c t  a s  a  s u r g e  v o l u m e  to  d e c r e a s e  m a x i m u m  p r e s s u r e  g e n -
* 3e r a t e d .  In  a n y  e v e n t ,  t h e  4 - f t  g a s  s p a c e  (1150 f t  ) b e t w e e n  t h e  s o d i u m  a n d  th e

^ " C h e m i c a l  C o n s i d e r a t i o n s  in  th e  S o d i u m - C o o l e d ,  D 2 O M o d e r a t e d  R e a c t o r  
(SDR), " NDA 8 4 - 6 ,  4 - 3 0 - 6 0 .

N A A - S R - 5 7 0 0  (Suppl.  4)
I I ( c ) - 3

221^



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

s h o c k  w a v e ,  if l a r g e  e n o u g h ,  c o u ld  p o s s i b l y  c a u s e  r u p t u r e  in  th e  l o w e r  p l e n u m  

r e g i o n  of the  c o r e  t a n k  o r  s o m e w h e r e  in  t h e  p r i m a r y  p ip i n g .  If t h e  t a n k  s h o u ld  

r u p t u r e ,  the  c o n t e n t s  of  th e  p r i m a r y  s y s t e m  w o u ld  be  c o n t a i n e d  in  th e  r e a c t o r  

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

the  s o d i u m  w o u ld  be  c o n f i n e d  by  th e  g u a r d  p i p e s  a n d / o r  th e  p r i m a r y  p ip e  t u n n e l  

o r  the  IHX c e l l s .  T h u s ,  t h i s  t y p e  of  f a i l u r e  w o u ld  n o t  r e s u l t  in  r e l e a s e  of c o r e  

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

It  is  c o n c l u d e d  t h a t  th e  c o n c e i v a b l e  m e a n s  of r e a c t i v i t y  i n s e r t i o n s  in to  th e  

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

w a v e  f o r m a t i o n .  T h e r e  i s  no  c o n c e i v a b l e  w a y  of  a d d i n g  e n o u g h  r e a c t i v i t y  to 

g e n e r a t e  s h o c k  w a v e s .  H o w e v e r ,  a s s u m i n g  s h o c k  w a v e s  w e r e  to  o c c u r ,  t h e y  

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

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

S h o c k  w a v e  d a m a g e  to  t h e  p r i m a r y  s y s t e m  w o u ld  no t ,  in  a n y  e v e n t ,  r e s u l t  i n  r e ­

l e a s e  of c o r e  f i s s i o n  p r o d u c t s  a n d  r a d i a t i o n  h a z a r d  to  p e r s o n n e l .
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Q u e s t i o n  11(d): C o u ld  p r e s s u r i z a t i o n  of t h e  l o w e r  r e a c t o r  p l e n u m ,  s u c h  a s  w o u ld
fo l lo w  a l a r g e  t r a n s i e n t ,  r e s u l t  i n  u p w a r d  d i s p l a c e m e n t  of  t h e  g r i d  p l a t e ?

A n s w e r : T he  p r e s s u r i z a t i o n  r e q u i r e d  to  d i s p l a c e  t h e  g r i d  p l a t e  u p w a r d s

( ^ 3 0 0  p s i )  i s  g r e a t l y  in  e x c e s s  of  t h a t  w h ic h  i s  e s t i m a t e d  to  fo l l o w  e v e n  a t r a n ­

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

F o l l o w i n g  th e  s h o c k  w a v e  s t u d i e s  [ Q u e s t i o n  11(c)] , t h e  e f f e c t  of  b o i l i n g  

w i th o u t  s h o c k  w a v e s  w a s  c o n s i d e r e d .  If a  l a r g e  n u m b e r  of  c h a n n e l s  b e c o m e  

c h o k e d  w i th  v a p o r  a t  t h e  s a m e  t i m e ,  t h e  l o w e r  p l e n u m  p r e s s u r e  w ou ld  i n c r e a s e  

to  a n  u p p e r  l i m i t  n e a r  t h e  p u m p  s t a t i c  h e a d ,  o r  - ^ 0  p s i .

A s  s h o w n  in  F i g u r e  2.1 of  t h e  p a r e n t  r e p o r t ,  t h e  g r i d  p l a t e ,  and  t h e  m o d e r a ­

t o r  e l e m e n t s  r e s t i n g  o n  th e  g r i d  p l a t e ,  a r e  s u p p o r t e d  b y  a n  a r r a y  of  141 s o l id  

s t a i n l e s s  s t e e l  s t a y b o l t  s u p p o r t  c o l u m n s ,  e a c h  2 in .  d i a m e t e r  by  4 4 - 5 / 8  in .  l o n g .  

T h e s e  c o l u m n s  a r e  w e l d e d  to  th e  b o t t o m  h e a d .  A  p a i r  of  s c r e w e d  c o l l a r s  a t  

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

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

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

A c o n s e r v a t i v e  c a l c u l a t i o n ,  i n c l u d i n g  e f f e c t s  of  s t r e s s  c o n c e n t r a t i o n  in  th e  

t h r e a d s ,  i n d i c a t e s  t h a t  a  p r e s s u r e  of  a p p r o x i m a t e l y  300 p s i  i s  r e q u i r e d  to  d e ­

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

ing t e m p e r a t u r e  of  6 0 0 ° F .  T h e  s u p p o r t  c o l u m n  i t s e l f ,  a n d  th e  b o t t o m  w e ld  a r e  

a s  s t r o n g  o r  s t r o n g e r .

S in c e  the  p r e s s u r e  c a l c u l a t e d ,  r e s u l t i n g  f r o m  a l a r g e  t r a n s i e n t  w i th  fu e l  

v a p o r i z a t i o n  in s e v e r a l  of  t h e  c h a n n e l s ,  i s  o n  t h e  o r d e r  of  80 p s i ,  no f a i l u r e  of 

t h e  s t a y b o l t s  is  e x p e c t e d ,  and  t h u s  no u p w a r d  m o v e m e n t  of  t h e  g r i d  p l a t e  w il l  

o c c u r .  D e f l e c t i o n  of  t h e  1 - 1 / 2 - i n .  t h i c k  g r i d  p l a t e  b e t w e e n  s t a y b o l t s  i s  n e g l i g i ­

b le  (on th e  o r d e r  of  a  f e w  h u n d r e d t h s  of  a n  in c h ) .

It s h o u ld  a l s o  be  n o t e d  t h a t  p r e s s u r e s  of  t h e  m a g n i t u d e s  d i s c u s s e d  a b o v e ,  

a c t i n g  on  t h e  4 - i n . - d i a m e t e r  l o w e r  end  of  a  c o r e  c o m p o n e n t  ( s u c h  a s  a  fue l  

e l e m e n t )  w i l l  no t  e x e r t  s u f f i c i e n t  u p w a r d  f o r c e  to  b r e a k  t h e  s h i e l d  p lu g  h o l d - d o w n  

l u g s  ( R e f e r e n c e  P a r .  4 .1 .1 . 2  of t h e  p a r e n t  r e p o r t ) .  C o n t r o l  r o d  a c t u a t o r  h o l d -  

dow n b o l t s  (on one  r o d )  a r e  e s t i m a t e d  to  h o ld  d o w n  3 0 , 0 0 0 - l b  f o r c e  b e f o r e  

f a i l u r e ,  e q u i v a l e n t  to  u p w a r d  p r e s s u r e  of  2400 p s i  a g a i n s t  t h e  b o t t o m  of a  c o n ­

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

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

c o n f i n e m e n t  c a p a b i l i t y  w il l  n o t  be  b r e a c h e d .
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#

Q u e s t i o n  V ( a ) : W h a t  i s  the  c a p a b i l i t y  to  d e t e c t  s o d i u m  l e a k s  in  t h e  p r i m a r y  s y s ­
t e m  t u n n e l s  a n d  c e l l s  s h o u ld  the  l e a k s  be u n d e t e c t e d  by the  i n s t a l l e d  l e a k  d e t e c ­
t o r s ?  W h a t  m i n i m u m  p r i m a r y  s o d i u m  l e a k  i s  d e t e c t a b l e ?  How c a n  l e a k s  of  
s e c o n d a r y  s o d i u m  in  th e  IHX c e l l s  be d e t e c t e d ?

A n s w e r : If l e a k s  in th e  p r i m a r y  s o d i u m  s y s t e m  t u n n e l s  a n d  c e l l s  a r e  no t  d e ­

t e c t e d  by  l e a k  d e t e c t o r s  i n s t a l l e d  in  the  p ip in g  p r e - h e a t  f u r n a c e s  s u r r o u n d i n g  

th e  p ip ing  a n d  in  v a l v e  b o n n e t s ,  t h e y  w o u ld  be r e v e a l e d  i n d i r e c t l y  by  o t h e r  

m e a n s .  T h e s e  i n d i r e c t  m e t h o d s  a r e  a s  fo l lo w s :

241) A i r b o r n e  r a d i a t i o n  f r o m  th e  o x id e  of  N a  w o u ld  be s e n s e d  by the  

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

2) S o d iu m  o x id e  s m o k e  in  t h e  IHX c e l l s  f r o m  e i t h e r  p r i m a r y  o r  s e c o n d a r y  

s o d i u m  w o u ld  be  s e n s e d  by  s m o k e  d e t e c t o r s  to  be i n s t a l l e d  in  th e  

n i t r o g e n  d u c t  w o r k .

3) If l a r g e  q u a n t i t i e s  of  s o d i u m  a r e  l o s t  a n d  r e m a i n  u n d e t e c t e d ,  th e  

r e s u l t a n t  l o w e r i n g  of  s o d i u m  v o l u m e s  in  t h e  s y s t e m  w o u ld  be  d e ­

t e c t e d  by l i q u id  l e v e l  i n s t r u m e n t s .

L e a k s  a s  s m a l l  a s  a  few d r o p s  of  s o d i u m  w o u ld  be d e t e c t e d  if t h e  l e a k a g e  i s  

d i r e c t l y  on a l e a k  d e t e c t o r .  H o w e v e r ,  i t  w o u ld  be r e a s o n a b l e  to  e x p e c t  t h a t  

s o m e t h i n g  on the  o r d e r  of one  to  e i g h t  o u n c e s  of  s o d i u m  w o u l d  be r e q u i r e d  to  

l e a k  out  a t  an  a r b i t r a r y  p o i n t  in t h e  p ip i n g  a n d  r u n  do w n  i n s i d e  of  t h e  p ip e  r e ­

f l e c t o r s  to  the  n e a r e s t  l e a k  d e t e c t o r .

T h e  r a d i a t i o n  d e t e c t o r s  i n s t a l l e d  on  th e  n i t r o g e n  d u c t s  w i l l  d e t e c t  ab o u t
- 10 310 g m  p r i m a r y  N a / c m  a t  e q u i l i b r i u m  N a  a c t i v i t y ,  e q u i v a l e n t  to  0.1 g m

-  6of a i r b o r n e  s o d i u m  o x id e .  T h i s  i s  e q u i v a l e n t  to  c o m b i n i n g  2 x 1 0  p e r c e n t  of  

t h e  a t m o s p h e r e  a s  o x y g e n  w i th  s o d i u m .  S in c e  th e  o x y g e n  c o n t e n t  of  t h e  c e l l s  is  

e x p e c t e d  to  v a r y  b e t w e e n  0.1 a n d  1 p e r c e n t ,  a d e q u a t e  o x y g e n  w i l l  be p r e s e n t  to  

o x id i z e  a s m a l l  a m o u n t  of s o d i u m .  S p i l l s  in to  t h e  c e l l  a t m o s p h e r e  of  a  few 

o u n c e s  of  p r i m a r y  s o d i u m  w i l l ,  t h e r e f o r e ,  be d e t e c t e d  by th e  m o n i t o r s .  T h e  

l o c a t i o n  of  th e  l e a k  w i l l  d e t e r m i n e  the  a m o u n t  of l e a k a g e  b e f o r e  s o d i u m  s p i l l s  

in to  the  c e l l  a n d  b e c o m e s  a i r b o r n e .  If t h e  l e a k  i s  in to  n o r m a l  p ip e  i n s u l a t i o n ,  

s e v e r a l  p o u n d s  w i l l  p r o b a b l y  l e a k  in to  t h e  i n s u l a t i o n  a n d  f r e e z e  b e f o r e  a  s m a l l  

a m o u n t  l e a k s  in to  th e  n i t r o g e n  a t m o s p h e r e .

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

d e t e c t o r s  w i l l  a l s o  d e t e c t  l e a k s  in v o l v in g  a  v e r y  s m a l l  a m o u n t  of  s o d i u m  in  the

N A A - S R - 5 7 0 0  ( s u p p l .  4)
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- 3a t m o s p h e r e .  T h e  s m o k e  d e t e c t o r s  w i l l  d e t e c t  a b o u t  2 x 1 0  p e r c e n t  of  th e  

a t m o s p h e r e  a s  s o d i u m  o x id e .  A d e q u a t e  o x y g e n  i s  e x p e c t e d  to  be p r e s e n t  in  the  

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

d e t e c t o r s  f o r  s e c o n d a r y  s o d i u m  a n d  s e c o n d a r y  b a c k u p  f o r  p r i m a r y  s o d i u m .
3

T h e  t h i r d  s u g g e s t e d  i n d i r e c t  m e a n s  w i l l  r e q u i r e  t h e  l o s s  of ^ 7 5  f o r  3750 lb 

of p r i m a r y  s o d i u m  b e f o r e  th e  l e v e l  d r o p s  in  th e  r e a c t o r  v e s s e l  s u f f i c i e n t l y  to  

e x p e c t  th e  o p e r a t o r  to  o b s e r v e  a c h a n g e  in  l e v e l  ( ~ 3 - i n .  d r o p ) .

L e a k  d e t e c t o r s  in  the  IHX o v e n s  w i l l  d e t e c t  s e c o n d a r y  a s  w e l l  a s  p r i m a r y

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

in  t h e  s e c o n d a r y  s y s t e m  i s  l o s s  of  s o d i u m  l e v e l  in  an  e x p a n s i o n  t a n k .  A bou t  
3

8 ft  o r  400  lb w o u ld  p r o b a b l y  be n o t e d  by th e  o p e r a t o r ,  a n d  b e t w e e n  1 ,000  a n d  

3 ,000  lb,  d e p e n d in g  on o p e r a t i n g  t e m p e r a t u r e ,  w o u ld  c a u s e  a n  a l a r m  a n n u n c i a t i o n .

N A A - S R - 5 7 0 0  ( s u p p l .  4)
V ( a ) - 2
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Q u e s t i o n  V (b) : P r o v i d e  a l i s t  s h o w in g  l o c a t i o n s  of a l l  s o d i u m  l e a k  d e t e c t o r s
i n s t a l l e d  in  t h e  p l a n t .

A n s w e r : A t t a c h e d  i s  a  l i s t  of s o d i u m  l e a k  d e t e c t o r s ,  by n u m b e r  a n d  l o c a t i o n .

A l l  a r e  in  t h e  p r i m a r y  s y s t e m ,  e x c e p t  n u m b e r s  B D - 1 1 4  t h r o u g h  129, w h i c h  a r e  

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

d e s c r i b e d  o n  p a g e  2 -5 1  of t h e  p a r e n t  r e p o r t .

SODIU M  L E A K  D E T E C T O R S

L e a k  D e t e c t o r  N u m b e r

B D -1

B D - 2

B D -3

B D - 4

B D -5

B D - 6

B D -7

B D - 8

B D -1 0 1

B D -1 0 2

B D -1 0 3

B D - 1 0 4

B D -1 0 5

B D - 1 0 6

B D -1 0 7

B D - 1 0 8

B D -1 0 9

B D -1 1 0

B D -1 1 1

B D - 1 1 4

B D -1 1 5

B D -1 1 6

B D -1 1 7

B D -1 2 0
B D -1 2 1

L o c a t i o n

R e a c t o r  C o n t a i n m e n t  T a n k  I n s i d e  a t  B o t t o m

R e a c t o r  C o n t a i n m e n t  T a n k  I n s i d e  a t  B o t t o m

R e a c t o r  C a v i t y  L i n e r

R e a c t o r  C a v i t y  L i n e r

R e a c t o r  C o n t a i n m e n t  T a n k  I n s i d e

R e a c t o r  C o n t a i n m e n t  T a n k  I n s i d e

R e a c t o r  C o n t a i n m e n t  T a n k  I n s i d e

R e a c t o r  C o n t a i n m e n t  T a n k  I n s i d e

N a  T h r o t t l e  V a l v e  L o o p  N o .  1

N a  T h r o t t l e  V a l v e  L o o p  N o .  2

N a  T h r o t t l e  V a l v e  L o o p  N o .  3

N a  B l o c k  V a l v e  L o o p  N o .  1

N a  B l o c k  V a l v e  L o o p  N o .  2

N a  B l o c k  V a lv e  L o o p  N o .  3

M o d e r a t o r  C o o l a n t  B l o c k  V a l v e

M o d e r a t o r  C o o l a n t  C o n t r o l  V a l v e

N a  P u m p  L o o p  N o .  1 B a l a n c i n g  L eg

N a  P u m p  L o o p  N o .  2 B a l a n c i n g  L eg

N a  P u m p  L o o p  N o .  3 B a l a n c i n g  L e g

IHX l A  E x p a n s i o n  B e l l o w s

IHX IB  E x p a n s i o n  B e l l o w s

IHX l A  O u t e r  J a c k e t

IHX IB  O u t e r  J a c k e t

IHX 2A E x p a n s i o n  B e l l o w s
IHX 2B E x p a n s i o n  B e l l o w s

N A A - S R - 5 7 0 0  ( s u p p l .  4)
V (b)-1 n:18



SODIU M L E A K  D E T E C T O R S  (C o n t in u ed )

L e a k  D e t e c t o r  N u m b e r  L o c a t i o n

B D - 1 2 2  IHX 2A O u t e r  J a c k e t

B D - 1 2 3  IHX 2B O u t e r  J a c k e t

B D - 1 2 6  IHX 3A E x p a n s i o n  B e l l o w s

B D - 1 2 7  IHX 3B E x p a n s i o n  B e l l o w s

B D - 1 2 8  IHX 3A O u t e r  J a c k e t

B D - 1 2 9  IHX 3B O u t e r  J a c k e t

B D - 1 30 N a  F i l l  T a n k  N o .  1

B D - 1 31 N a  F i l l  T a n k  N o .  2

B D - 1 3 2  N a  F i l l  T a n k  N o .  3

B D - 1 3 3  N a  F i l l  T a n k  N o .  4

B D - 1 34 N a  F i l l  T a n k  N o .  5

B D - 1 3 5  N a  S e r v i c e  D r a i n  T a n k

B D - 1 3 6  C o n t a i n m e n t  D r a i n  T a n k

B D - 1 37 N a  P l u g g i n g  M e t e r  No.  1 A s s e m b l y

B D - 1 38 N a  P l u g g i n g  M e t e r  N o .  2 A s s e m b l y

B D - 1 3 9  N a  C o ld  T r a p  N o .  1

B D - 1 4 0  N a  C o ld  T r a p  N o .  2

B D -1 4 1  P r i  N a  P u m p  N o .  1

B D - 1 42 P r i  N a  P u m p  N o .  2

B D - 1 43 P r i  N a  P u m p  N o .  3

B D -1 5 1  S e r v i c e  P u m p  No.  1 L o o p  S ide
B e l l o w s  S e a l  V a l v e

B D - 1 5 2  S e r v i c e  P u m p  No.  1 F i l l  T a n k
S ide  B e l l o w s  S e a l  V a l v e

B D - 1 5 3  S e r v i c e  P u m p  N o .  2 L o o p  S ide
B e l l o w s  S e a l  V a l v e

B D - 1 5 4  S e r v i c e  P u m p  No.  2 F i l l  T a n k
S id e  B e l l o w s  S e a l  V a l v e

B D - 1 5 5  N a  P l u g g i n g  M e t e r  A s s e m b l y  N o .  1
In l e t  B e l l o w s  S e a l  V a l v e

B D - 1 5 6  N a  P l u g g i n g  M e t e r  A s s e m b l y  N o .  1
O u t l e t  B e l l o w s  S e a l  V a lv e

B D - 1 5 7  N a  P l u g g i n g  M e t e r  A s s e s m b l y  N o .  2
In le t  B e l l o w s  S e a l  V a l v e

N A A - S R - 5 7 0 0  ( s u p p l .  4)
V (b ) -2
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SODIUM L E A K  D E T E C T O R S  (C o n t in u ed )

L e a k  D e t e c t o r  N u m b e r  L o c a t i o n

B D -1 5  8 N a  P l u g g i n g  M e t e r  A s s e m b l y  N o .  2
O u t l e t  B e l l o w s  S e a l  V a l v e

B D - 1 5 9  N a  C o ld  T r a p  N o ,  1 I n le t  B e l l o w s
S e a l  V a l v e

B D - 1 60 N a  C o ld  T r a p  N o .  1 O u t l e t  B e l l o w s
S e a l  V a l v e

B D -1 6 1  N a  C o ld  T r a p  N o .  2 I n l e t  B e l l o w s
S e a l  V a l v e

B D - 1 6 2  N a  C o ld  T r a p  N o .  2 O u t l e t  B e l l o w s
S e a l  V a l v e

B D - 1 63 N a  F i l l  a n d  D r a i n  C r o s s  O v e r
B e l l o w s  S e a l  V a l v e

B D - 1 64 F i l l  T a n k  S upp ly  H e a d e r  B e l l o w s
S e a l  V a l v e

B D - 1 65 F i l l  T a n k  B y p a s s  H e a d e r  B e l l o w s
S e a l  V a l v e

B D - 1 66 N a  F i l l  T a n k  V e n t  L i n e  D r a i n
H e a d e r  B e l l o w s  S e a l  V a l v e

B D - 1 67 Na S e r v i c e  D r a i n  T a n k  O u t l e t
B e l l o w s  S e a l  V a l v e

B D - 1 6 8  N a  S e r v i c e  P i p i n g  D r a i n  B e l l o w s
S e a l  V a l v e

B D - 1 6 9  M o d e r a t o r  C o o l a n t  L i n e  C o n t .  D r a i n
T a n k  D r a i n  B e l l o w s  S e a l  V a l v e

B D - 1 7 0  N a  I r r a d i a t i o n  F a c i l i t y  Supply
B e l l o w s  S e a l  V a l v e

B D - 1 7 1  N a  I r r a d i a t i o n  F a c i l i t y  R e t u r n
B e l l o w s  S e a l  V a l v e

B D - 1 72 N a  I r r a d i a t i o n  F a c i l i t y  S upply
D r a i n  B e l l o w s  S e a l  V a l v e

B D - 1 7 3  N a  I r r a d i a t i o n  F a c i l i t y  R e t u r n
D r a i n  B e l l o w s  S e a l  V a l v e

B D - I 7 4  N a  C a r b o n  T r a p  S upp ly  B e l l o w s
S e a l  V a l v e

B D - 1 7 5  N a  C a r b o n  T r a p  R e t u r n  B e l l o w s
S e a l  V a l v e

B D - 1 7 6  N a  S upp ly  H e a d e r  I s o l a t i o n  B e l l o w s
S e a l  V a l v e

N A A - S R - 5 7 0 0  ( s u p p l .  4)
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S OD IU M  L E A K  D E T E C T O R S  (C o n t in u ed )

L e a k  D e t e c t o r  N u m b e r  L o c a t i o n

B D - 1 7 7  N a  R e t u r n  H e a d e r  I s o l a t i o n  B e l l o w s
S e a l  V a l v e

B D - 1 7 8  N a  F i l l  T a n k s  F i l l  L i n e  B e l l o w s
S e a l  V a l v e

B D - 1 7 9  N a  F i l l  T a n k  No.  1 I n le t  B e l l o w s
S e a l  V a l v e

B D - 1 8 0  Na F i l l  T a n k  No.  1 O u t l e t  B e l l o w s
S e a l  V a l v e

B D - 1 81 N a  F i l l  T a n k  N o .  1 V e n t  B e l l o w s
S e a l  V a l v e

B D - 1 8 2  N a  F i l l  T a n k  N o .  2 I n l e t  B e l l o w s
S e a l  V a l v e

B D - 1 83 N a  F i l l  T a n k  No.  2 O u t l e t  B e l l o w s
S e a l  V a l v e

B D - 1 84 N a  F i l l  T a n k  No.  2 V e n t  B e l l o w s
S e a l  V a l v e

B D - 1 85 Na F i l l  T a n k  No.  3 I n le t  B e l l o w s
S e a l  V a l v e

B D - 1 86 N a  F i l l  T a n k  N o .  3 O u t l e t  B e l l o w s
S e a l  V a lv e

B D - 1 87 Na F i l l  T a n k  N o .  3 V e n t  B e l l o w s
S e a l  V a l v e

B D - 1 8 8  N a  F i l l  T a n k  N o .  4 I n l e t  B e l l o w s
S e a l  V a l v e

B D - 1 89 Na F i l l  T a n k  No.  4 O u t l e t  B e l l o w s
S e a l  V a lv e

B D - 1 9 0  N a  F i l l  T a n k  No.  4 V e n t  B e l l o w s
S e a l  V a l v e

B D - 1 9 1  N a  F i l l  T a n k  N o .  5 I n le t  B e l l o w s
S e a l  V a l v e

B D - 1 92 N a  F i l l  T a n k  N o .  5 O u t l e t  B e l l o w s
S e a l  V a l v e

B D - 1 9 3  Na F i l l  T a n k  No.  5 V e n t  B e l l o w s
S e a l  V a l v e

B D - 1 94 C o n t a i n m e n t  D r a i n  T a n k  In le t
B e l l o w s  S e a l  V a l v e

B D - 1 9 5  R e a c t o r  V e n t  B e l l o w s  S e a l  V a l v e

B D - 1 9 6  R e a c t o r  N a  S upp ly  V e n t  D r a i n
B e l l o w s  S e a l  V a lv e

N A A - S R - 5 7 0 0  ( s u p p l .  4)
V (b ) -4
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SODIU M L E A K  D E T E C T O R S  (C o n t in u ed )

L e a k  D e t e c t o r  N u m b e r  L o c a t i o n

B D - 1 97 P r i  N a  P u m p  N o .  1 V e n t  B e l l o w s
S e a l  V a l v e

B D - 1 9 8  P r i  N a  P u m p  N o .  2 V e n t  B e l l o w s
S e a l  V a l v e

B D - 1 99 P r i  N a  P u m p  N o .  3 V e n t  B e l l o w s
S e a l  V a l v e

B D - 2 0 0  P r i  N a  C o ld  T r a p  N o .  1 F l a n g e
C o n n e c t i o n

B D - 2 0 1  P r i  N a  C o ld  T r a p  N o .  2 F l a n g e
C o n n e c t i o n

N A A - S R - 5 7 0 0  ( s u p p l .  4) o
V ( b ) -5



#

Q u e s t i o n  V(c): What m a x i m u m  o v e r p r e s s u r e  c a n  e x i s t  in  t h e  t u n n e l s  a n d  c e l l s
w i thou t  c a u s i n g  r u p t u r e  to t h e  a s s o c i a t e d  n i t r o g e n  c o o l in g  d u c t s  a n d  c o o l e r s ?

A n s w e r : T h e  n i t r o g e n  c o o l in g  d u c t  s y s t e m  a n d  c o o l in g  u n i t s  w i l l  be  p r e s s u r e

t e s t e d  a t  6 p s ig .  T h i s  is  th e  m a x i m u m  p r e s s u r e  t h a t  c a n  be  c o n t a i n e d  w i t h i n  the  

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

p r e s s u r e  ( s e e  s e c t i o n s  4.  1. 1. 5 a n d  4. 1. 1. 6 of th e  p a r e n t  r e p o r t ) .  T h e  o p e r a t i n g  

p r e s s u r e  in  the  t u n n e l  a n d  c e l l s  v a r i e s  b e t w e e n  1 a n d  6 in.  w a t e r .  R e l i e f  v a l v e s  

o p e n  a t  2 p s i g  a n d  r u p t u r e  d i s c s  b e t w e e n  c e l l s  a n d  th e  t u n n e l  a r e  i n s t a l l e d  f o r  f low 

in b o th  d i r e c t i o n s  a t  5 p s ig .

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

b e e n  c a l c u l a t e d  a s  p r e s e n t e d  in  Q u e s t i o n  V(d).  If a l l  p r e s s u r e  c o n t r o l  and  r e l i e f  

v a l v e s  w e r e  to f a i l ,  t h e  IHX c e l l  p r e s s u r e  o r  t h e  p i p e  t u n n e l  p r e s s u r e  w o u ld  

r i s e  to  a b o u t  1.0 p s i ,  d e p e n d i n g  on l o c a t i o n  of  t h e  s p i l l .  T h i s  is  w e l l  w i t h i n  t h e  

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

N A A - S R - 5 7 0 0  ( s u p p l .  4)



Q u e s t i o n  V(d): W ha t  i s  t h e  p r e c i s i o n  a n d  a c c u r a c y  of t h e  l e a k  t e s t  p r o p o s e d  f o r
t h e s e  e n c l o s u r e s ?  I n c lu d e  a  b r i e f  d e s c r i p t i o n  of  t h e  t e s t  p r o c e d u r e s  a n d  e q u i p ­
m e n t .

A n s w e r ;  P r i m a r y  s o d i u m  i s  e n c l o s e d  in  t h e  r e a c t o r  s t r u c t u r e  a r e a  by  a  h e l i u m  

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

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

h a s  b e e n  d e s i g n e d  a n d  c o n s t r u c t e d  to  l o w e r  l e a k  r a t e  c r i t e r i a  t h a n  th e  o t h e r  c e l l s .  

T h e  a n s w e r  to  the  q u e s t i o n  is s u b d i v i d e d  in to  tw o  c o r r e s p o n d i n g  p a r t s  a n d  o r g a n ­

i z e d  w i t h i n  th e  p a r t s  by  a  d e s c r i p t i o n  of  t h e  t e s t ,  p r e c i s i o n  of t e s t  e q u i p m e n t ,  

a c c u r a c y  of th e  t e s t  a n d  c r i t e r i a  f o r  a c c e p t i n g  t h e  c e l l .  S in ce  c r i t e r i a  f o r  j u d g i n g  

the  s a f e g u a r d s  a s p e c t s  of  t h e  p r i m a r y  c o o l a n t  c e l l s  a r e  new ,  a  s e p a r a t e  d i s c u s ­

s i o n  is  a t t a c h e d  fo l l o w in g  th e  s t a t e m e n t  of  c r i t e r i a .

1. R e a c t o r  C a v i ty

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

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

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

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

s c h e m a t i c a l l y  in  F i g u r e  V (d ) -1 .  T h e  t e s t  c o n s i s t s  of p r e s s u r i z i n g  t h e  c a v i t y  and  

c h a m b e r  w i th  h e l i u m  to 2 - 1 / 2  p s i g ,  h o ld i n g  th e  p r e s s u r e  u n t i l  an  e q u i l i b r i u m  

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

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

r e a d i n g s  a t  3 0 - m i n  i n t e r v a l s  f o r  a  3 - d a y  p e r i o d .  T e m p e r a t u r e  a n d  p r e s s u r e  

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

T h e  c o m p e n s a t i n g  c h a m b e r  i s  a  3 - in.  d i a m e t e r  p ip e ,  2 4 - f t  long ,  l o c a t e d  

in  the  n o r t h  v e r t i c a l  p ip e  c h a s e  so  t h a t  th e  b o t t o m  o f  th e  c o m p e n s a t i n g  c h a m b e r  

is  a t  1394 f t - 7 in.  e l e v a t i o n .  T h i s  c h a m b e r  w a s  i n s p e c t e d  f o r  l e a k s  by  h e l i u m  

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

tu b ing  to a  U - t u b e  m a n o m e t e r  f i l l e d  w i th  0 .79  s p e c i f i c  g r a v i t y  k e r o s e n e  a n d  0 .83 

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

to the  c a v i t y  by  a n o t h e r  tu b e  p e r m a n e n t l y  i n s t a l l e d  in  t h e  c a v i t y .

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

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

t e r m s  in v o l v e d  in  th e  e q u a t i o n .
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T P ,  

S  1

1 + a , 1 S
T T ^  + T T ^ p 7

w h e r e

a

AV = l e a k a g e  in  s c f  ( s c f  of  He)
3

V = v o l u m e  of th e  c a v i t y  (ft )

= s t a n d a r d  t e m p e r a t u r e  (°R)

= s t a n d a r d  p r e s s u r e  (p s ia )

Pj^ = c a v i t y  i n i t i a l  a b s o l u t e  p r e s s u r e  (p s ia )

T j  = c a v i t y  i n i t i a l  a b s o l u t e  a v e r a g e  t e m p e r a t u r e  (*R)

S = p r e s s u r e  d i f f e r e n c e  b e t w e e n  th e  c o m p e n s a t i n g  c h a m b e r  w i t h i n  th e  

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

w h i c h  th e  l e a k a g e  o c c u r s  (ps i)

_ A t  _ p o s i t i v e  t e m p e r a t u r e  c h a n g e  of g a s  in  c o m p e n s a t i n g  c h a m b e r  (°R)  
tj  ̂ i n i t i a l  a b s o l u t e  a v e r a g e  t e m p e r a t u r e  of  c h a m b e r  g a s  (*R)

n  _ A t  _ p o s i t i v e  t e m p e r a t u r e  c h a n g e  of  g a s  in  c a v i t y  (*R)
^  Tj^ i n i t i a l  a b s o l u t e  a v e r a g e  t e m p e r a t u r e  of  c a v i t y  g a s  (*R)

b.  P r e c i s i o n  a n d  A c c u r a c y

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

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

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

in  e a c h  of  t h e  two l e g s  of  t h e  m a n o m e t e r  c a n  be  r e a d  to  w i t h i n  1 /3 Z  of a n  i n c h  so 

t h e  d i f f e r e n t i a l  of p o s i t i o n  c a n  be  r e a d  to  1 / 1 6  of  a n  i n c h .  T h i s  i s  e q u i v a l e n t  to  

0 ,000031  p s i  a n d  0 ,03  s c f  in  t e r m s  of  a n  a p p a r e n t  i n d i c a t i o n  of l e a k a g e .

T h e  v o l u m e  of t h e  g a s  i n  th e  c a v i t y ,  V, i s  n o t  k n o w n  p r e c i s e l y .  H o w ­

e v e r ,  a  d e t a i l e d  g e o m e t r i c  s tu d y  of  th e  c a v i t y  h a s  g i v e n  a  c a l c u l a t e d  g a s  c o l u m e  
3

of  13,900 f t  , It i s  e s t i m a t e d  t h a t  t h i s  c o u l d  be  in  e r r o r  by  ±3%, T h i s  u n c e r ­

t a i n t y  r e f l e c t s  d i r e c t l y  in  a  3% e r r o r  i n  l e a k a g e .

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

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

c o u p l e s  c a n  be  m e a s u r e d  to  a b o u t  ±5®R o r  -~1% a c c u r a c y .  T h e  a v e r a g e  c a v i t y  

t e m p e r a t u r e ,  T p  in  t h e  e q u a t i o n  f o r  l e a k a g e ,  w h i c h  i s  o b t a i n e d  b y  p r o p e r l y
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w e i g h t i n g  the  t e m p e r a t u r e  i n d i c a t e d  b y  e a c h  t h e r m o c o u p l e  a c c o r d i n g  to a s s o c i ­

a t e d  m a s s  of g a s ,  c o u ld  be  in  e r r o r  by  a s  m u c h  a s  4 ° R  o r  0 .75%  due  to  t e m p e r a ­

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

1.75% w h ic h  i s  a l s o  r e f l e c t e d  d i r e c t l y  i n  a  1.75% e r r o r  in  l e a k a g e .

T h e  c a v i t y  p r e s s u r e  i s  m e a s u r e d  w i th  a  s e n s i t i v e  B o u r d o n  g a g e  w i t h  a n  

a c c u r a c y  of  O.Z5% of 10 p s i g  f u l l  s c a l e .  T h u s ,  w i t h  a  p r e s s u r e  of  2.5 p s i g ,  the  

a c c u r a c y  in  m e a s u r i n g  a b s o l u t e  p r e s s u r e ,  Pj^, in  the  e q u a t i o n  f o r  l e a k a g e  is  a b o u t  

0 . 0 2 5 / 1 6 . 6  = 0 .15% w i th  a c o r r e s p o n d i n g  i n s i g n i f i c a n t  e r r o r  in  l e a k a g e .

A l th o u g h  th e  t e s t  w i l l  b e  m a d e  d u r i n g  a  p e r i o d  w h e n  t h e r e  a r e  no a p ­

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

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

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

t e m p e r a t u r e  c h a n g e s  of a  p a r t i c u l a r  t h e r m o c o u p l e  to  0.1 °R.  A s s u m i n g  t h a t  the  

e r r o r  in  a v e r a g e  c h a n g e  in  t e m p e r a t u r e  of  t h e  c a v i t y  (AT)  a n d  c o m p e n s a t i n g  

c h a m b e r  (At) a r e  b o th  0.1 °R  b a s e d  o n  th e  r e a d i n g s  of  a l l  t h e r m o c o u p l e s ,  th e  

e r r o r  in  c a l c u l a t e d  l e a k a g e  i s  a b o u t  5 .93  sc f .  A c c o u n t i n g  f o r  th e  e r r o r s  due  to

V, P . ,  a n d  T ,  d i s c u s s e d  a b o v e  g i v e s  a  t o t a l  e r r o r  of a b o u t  6 .22  s c f  a t  z e r o  l e a k -  1 1  2 
a g e  a n d  i n c r e a s e s  s l i g h t l y  w i th  l e a k a g e  to  6 .40  s c f  a t  3 ,5  f t  / d a y  l e a k a g e  a n d  

36 .82  s c f  a t  12 f t  / d a y .  (See c r i t e r i a  b e lo w . )

c.  C r i t e r i a
3

T h e  p a r e n t  r e p o r t  s t a t e s  t h a t  t h e  d e s i g n  c r i t e r i a  l e a k  r a t e  i s  1.37 f t  /
3

da y  at  e x p e c t e d  o p e r a t i n g  c o n d i t i o n s .  T h i s  q u a n t i t y  i s  e q u i v a l e n t  to  a b o u t  1 . 0 5 f t  /  

day  at  s t a n d a r d  t e m p e r a t u r e  a n d  p r e s s u r e  ( S T P ) .  T h e  e q u i v a l e n t  l e a k  r a t e  a t  

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

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

th e  m i n u t e  l e a k s  m i s s e d  by h e l i u m  m a s s  s p e c t r o m e t e r  t e s t i n g ,  l e a k s  t h r o u g h  the  

w e ld s  a n d  e p o x y  s e a l s  a r e  e x p e c t e d  to  be  t h r o u g h  long  p a t h s  a s  c o m p a r e d  to  t h e  

d i a m e t e r  of o p en in g .  F o r  th i s  t y p e  l e a k  th e  r a t i o  of  l e a k a g e  a t  t e s t  (69 in. H^O) 

to o p e r a t i n g  (6 in. H^O) p r e s s u r e  w i l l  v a r y  d i r e c t l y  a s  t h e  f i r s t  p o w e r  of  t h e  

r a t i o  of  t h e s e  p r e s s u r e s ,  o r  a s  6 9 / 6  = 11.5.  T h e  p o s s i b l e  l e a k s  t h r o u g h  th e  

h a n g e r s  m a y  v a r y  a s  the  s q u a r e  r o o t  of  r a t i o  of  g a g e  p r e s s u r e s ,  o r  a s  ^  6 3 l  6 = 

3.4 ,  s i n c e  a c r a c k  in  a b e l l o w s  c o u l d  b e h a v e  l ik e  a n  o r i f i c e  o p e n in g .  T h e  e q u i v ­

a l e n t  l e a k  a t  t e s t  p r e s s u r e  is  t h e r e f o r e  1 .05 x  3 .4  = 3 .5  s c f / d a y  f o r  o r i f i c e  ty p e  

l e a k s  o r  1.05 x  11.5 = 12 s c f / d a y  f o r  c h a n n e l  ty p e  l e a k s .

b l 5  Q2J
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T h e  a c c e p t a b l e  c r i t e r i a  f o r  l e a k a g e  f r o m  th e  r e a c t o r  c a v i t y  a t  t e s t  

p r e s s u r e ,  a s s u m i n g  th e  s q u a r e  r o o t  ( o r i f i c e  type )  l e a k ,  is ;  L e a k a g e  = (3.5 s c f /  

day )  b y  (d ay s  of  t e s t )  - 6 .40  sc f .  A t  3 d a y s ,  t h i s  i s  4 ,1  s c f  a s  i l l u s t r a t e d  on  F i g ­

u r e  V (d ) -2 .  If m e a s u r e d  l e a k a g e  i s  b e l o w  4.1 s c f ,  the  c a v i t y  i s  a c c e p t a b l e  a n d  

the  t e s t  w i l l  be  t e r m i n a t e d .

T h e  l i n e a r  ( c h a n n e l  type )  l e a k  b e h a v i o r  w o u ld  a l l o w  a  p e r m i s s i b l e  

l e a k a g e  of: L e a k a g e  = (12 s c f / d a y )  by  ( d a y s  of  t e s t )  - 6 .82  sc f .  A t  3 d a y s ,  t h i s
3

i s  29.2 sc f .  H e n c e ,  l e a k a g e  w o u ld  be  l e s s  t h a n  th e  c r i t e r i a  l e a k  r a t e  ( 1 . 3 7 f t  /day)  

a t  o p e r a t i n g  c o n d i t i o n s  if 4.1 s c f  o r  l e s s  i s  m e a s u r e d  a n d  b e l o w  t h i s  c r i t e r i a  l e a k  

r a t e  if 29.2  s c f  o r  l e s s  i s  m e a s u r e d  a n d  i t  i s  k n o w n  t h a t  l e a k a g e  v a r i e s  a s  t h e  f i r  

f i r s t  p o w e r  of  the  p r e s s u r e  d i f f e r e n c e  r a t i o .  T h e  l o c a t i o n  of  p r o b a b l e  " s q u a r e  

r o o t  t y p e "  l e a k s  a r e  a c c e s s i b l e .  If the  m e a s u r e d  l e a k  r a t e  is  b e t w e e n  4.1 s c f  a n d  

2 9 .2  sc f ,  h e l i u m  m a s s  s p e c t r o m e t e r  t e s t i n g  w i l l  b e  u s e d  to  r e c h e c k  th e  s o u r c e s  

of p o t e n t i a l  l e a k a g e .  A ny  l e a k s  f o u n d  b y  t h i s  m e a n s  w i l l  be  r e p a i r e d .  T h e  l e a k ­

a g e  t e s t  w i l l  be  r e p e a t e d  a n d  th e  l i m i t  of  a  m e a s u r e d  29 .2  s c f  f o r  the  3 - d a y  t e s t  

w i l l  be  u s e d  f o r  th e  t e s t  c r i t e r i a .  In t h e  u n l i k e l y  e v e n t  of  a  m e a s u r e d  l e a k a g e  

g r e a t e r  t h a n  29.2  sc f ,  t h e  l e a k s  w i l l  be  a s s u m e d  to  be  s o m e w h e r e  in  th e  i n a c c e s ­

s i b l e  w e ld in g .  In t h i s  c a s e ,  a n  o p e r a t i o n a l  l i m i t  w i l l  be  p l a c e d  o n  r e a c t o r  c o v e r  

g a s  a c t i v i t y  a t

6 3 0 - ^cc X
29 .2  f t ^ /  3 d a y s

3
M e a s u r e d  f t  /  3 d a y s  _

in  t e s t  c o n d i t i o n s .

A c t i v i t y  of  t h i s  l e v e l  w i l l  r e q u i r e  p u r g i n g  of th e  c o v e r  g a s .

2. P r i m a r y  C o o la n t  C e l l s

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

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

of w h i c h  i s  p r o v i d e d  w i th  tw o  w a t e r - c o o l e d  n i t r o g e n  b l o w e r  u n i t s ,  one  n o r m a l l y  

o p e r a t i n g  a n d  one  on s t a n d b y .  T h e  s t a n d b y  u n i t  i s  c o n t r o l l e d  to  s t a r t  up  a u t o ­

m a t i c a l l y  w h e n  the  o u t l e t  t e m p e r a t u r e  f r o m  th e  c e l l  a p p r o a c h e s  1 5 0 ° F .  E a c h  

c e l l  i s  p r e s s u r e  r e g u l a t e d  ( f r o m  1 to  6 in.  of  w a t e r )  a n d  i s  c o n n e c t e d  to  a  r e l i e f  

s y s t e m  (to t h e  r a d i o a c t i v e  v e n t )  w h i c h  o p e r a t e s  a t  2.0 p s i g .  F u r t h e r  b a c k u p  i s  

p r o v i d e d  by  r u p t u r e  d i s c s  b e t w e e n  c e l l s  t h a t  r u p t u r e  a t  a b o u t  5 p s i g .

P r i o r  to t e s t i n g  i n d i v i d u a l  c e l l s  n i t r o g e n  o r  a i r  w i l l  be  c i r c u l a t e d  a t  

2.5 p s i g  t h r o u g h  th e  e n c l o s u r e  u n t i l  t h e r m a l  e q u i l i b r i u m  i s  r e a c h e d .  T h e n  the

U  i 5  0 2 8  N A A - S R - 5 7 0 0  (Suppl.  4)
V (d ) -5



4 0

1 .37 f t ^ / d o y  LEAKAGE AT 
OPERATING CONDITIONS

✓  UNCERTAINTY 
'  OF

MEASUREMEN'D

3 0

u
CO 2 9 . 2  s c f

U J
O
<
<
LU_l

20

UNCERTAINTY
OF

MEASUREMENT

s o ^

4.1 s c f

DURATION OF TEST (days)
F i g u r e  V(d) -Z .  R e a c t o r  C a v i t y  L e a k a g e

N A A - S R - 5 7 0 0  (Suppl.  4)
V ( d ) -6

' j i D C 2 y



n i t r o g e n  o r  a i r  s u p p ly  w i l l  be  i s o l a t e d  f r o m  th e  c e l l .  C e l l  p r e s s u r e ,  b a r o m e t r i c  

p r e s s u r e ,  a n d  a l l  t e m p e r a t u r e s  w i l l  be  r e c o r d e d  h o u r l y  f o r  a  1 - d a y  p e r i o d .  S p e ­

c i a l  t e s t  e q u i p m e n t  i n c l u d e s  a  d u a l  p e n  p r e s s u r e  r e c o r d e r  to  r e c o r d  s t a t i c  p r e s ­

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

c o n s t a n t a n  t h e r m o c o u p l e s  w i th  a  r a n g e  of z e r o  to  400°  F ,  a n d  a  m e r c u r y  b a r o m e t e r .

b.  P r e c i s i o n  a n d  A c c u r a c y

L e a k a g e  f r o m  a c e l l  is  c a l c u l a t e d  by

P e r c e n t  l e a k  r a t e  =
Avg. b a r o m e t r i c  p r e s s u r e  + P c e l l  avg .

T - T 2 1

c e l l  avg.

X 1 0 0

P^  = t e s t  p r e s s u r e  = 2 - 1 / 2  p s i g  = 69 .4  in.  H^O

P ^  = g a g e  p r e s s u r e  in  e n c l o s u r e  a t  e n d  of 2 4 - h r  t e s t  (ps ig )

A v e r a g e  b a r o m e t r i c  p r e s s u r e  = in.  Hg t i m e s  0 .491  = p s i

P ^ e i i a v g  “ a v e r a g e  g a g e  p r e s s u r e  i n s i d e  c e l l  o v e r  t e s t  p e r i o d  (p s ig )

Pj^^ = b a r o m e t r i c  p r e s s u r e  a t  s t a r t  of  t e s t  (p s i )

P ^ 2  “ b a r o m e t r i c  p r e s s u r e  a t  e n d  of  t e s t  (ps i)

= c e l l  t e m p e r a t u r e  a t  s t a r t  of  t e s t  (°R)

= c e l l  t e m p e r a t u r e  a t  e n d  of 2 4 - h r  t e s t  (°R)

T ,, = a v e r a g e  t e m p e r a t u r e  i n s i d e  c e l l  o v e r  t e s t  p e r i o d  (°R)c e l l  avg .  b Jr jr \ /

I n a c c u r a c i e s  in  r e a d i n g  t e m p e r a t u r e  a n d  p r e s s u r e  a r e  i n s i g n i f i c a n t  in 

the  m e a s u r e m e n t  of c e l l  l e a k a g e s  w h i c h  a r e  t h e  o r d e r  of 1 % / d a y  f o r  th e  p r o p o s e d  

t e s t s .  P o t e n t i a l  i n s t r u m e n t  e r r o r  t o t a l s  a b o u t  0 .05%  of  c e l l  v o l u m e .  E s t i m a t e d  

i n s t r u m e n t  p r e c i s i o n  a n d  p o t e n t i a l  e r r o r  a r e  a s  s h o w n  in  T a b l e  V (d ) -1 .

T A B L E  V (d ) -1

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

P r e s s u r e ,  S ta t i c  
P r e s s u r e ,  D i f f e r e n t i a l  
T e m p e r a t u r e ,  A b s o l u t e  
T e m p e r a t u r e ,  D i f f e r e n t i a l

±1 in.  H ^O  
±0.1 in.  H 2 O 
±0.5  °R  
±0.1 °R

0 .2% l e a k a g e  
0 .02% of c e l l  v o l u m e  
0 .1% l e a k a g e  
0 .02% of c e l l  v o l u m e

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

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

g e n  c o n s u m p t i o n  ( T a b l e  III, N A A - S R - M E M O - 4 0 6 7 ,  p 19; N A A - S R - 5 7 0 0 ,  p 4 - 7 2 )  

b e l o w  15 ,000 s c f  p e r  m o n t h .  T h i s  r e q u i r e m e n t  w a s  m o r e  t h a n  s a t i s f a c t o r y  f o r  

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

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

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

f o l l o w s .  T h e s e  " S a f e g u a r d s  T e s t "  l e a k  r a t e s  a r e :  4 . 2 % / d a y  a t  1.0 p s i g  f o r  th e

IHX c e l l s ,  2 . 1 % /d a y  a t  1.0 p s i g  f o r  th e  p r i m a r y  p i p e  t u n n e l ,  5 . 4 % / d a y  a t  2 .0  p s i g  

f o r  th e  s e r v i c e  c e l l s ,  a n d  2 . 5 % / d a y  a t  2.5 p s i g  f o r  the  f i l l  t a n k  c e l l s .  E a c h  

c e l l  w i l l  a l s o  b e  t e s t e d  a t  th e  C o n s t r u c t i o n  T e s t  P r e s s u r e  (2 .5  p s i g ) .  T h e  c e l l s  

w i l l  be  a c c e p t e d  w h e n  l e a k  r e p a i r  t e c h n i q u e s  now  b e i n g  e m p l o y e d  no l o n g e r  r e ­

d u c e  l e a k a g e ,  p r o v i d e d  the  l e a k a g e  r a t e s  a r e  b e l o w  th e  s a f e g u a r d s  l i m i t s .

P R I M A R Y  C O O L A N T  C E L L S  S A F E G U A R D S  C R I T E R I A

1. D E S C R I P T I O N

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

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

m a r y  s o d i u m  p u m p ;  a p r i m a r y  s o d i u m  p ip i n g  t u n n e l  c o n t a i n i n g  c o n n e c t i n g  p ip in g  

f r o m  r e a c t o r  to th e  t h r e e  c e l l s ;  a  p r i m a r y  f i l l  t a n k  c e l l  c o n t a i n i n g  th e  p r i m a r y  

f i l l  t a n k s  ( n o r m a l l y  n o n - r a d i o a c t i v e )  w i th  a s s o c i a t e d  p ip in g ;  a n d  t h e  p r i m a r y  

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

a n d  f i t t i n g s .

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

V e r t i c a l  s h i e l d i n g  is  p r o v i d e d  by r e m o v a b l e  c o n c r e t e  s h i e l d  b l o c k s  s e a l e d  to  the  

s id e  s h i e l d i n g  by  n e o p r e n e  g a s k e t s .

P r i m a r y  s y s t e m  e n c l o s u r e s  a r e  p r o v i d e d  w i th  two w a t e r - c o o l e d  n i t r o g e n  

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

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

p r o a c h e s  1 5 0 ° F .  N i t r o g e n  p r e s s u r e  in  t h e  c e l l  i s  r e g u l a t e d  to b e t w e e n  1 a n d  6 

in. of w a t e r .  N i t r o g e n  is  o b t a i n e d  f r o m  a  l i q u i d  n i t r o g e n  s y s t e m ,  a n d  i s  e s s e n ­

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

^ R e d u c e d  f r o m  c a l c u l a t e d  v a l u e s  to  a v o i d  p o t e n t i a l  d e f o r m a t i o n  of  the  w a l l  b e ­
t w e e n  t h i s  c e l l  a n d  th e  a d j a c e n t  c e l l .
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o p e r a t e s  a t  2.0 p s i g .  In e v e n t  of f a i l u r e  of  t h i s  s y s t e m ,  a n d  f a i l u r e  to  d e t e c t  c e l l  

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

a t i n g  a t  5 p s i g  r e l i e v e  o v e r - p r e s s u r e  to  a d j a c e n t  c e l l ( s ) .  E a c h  c e l l  i s  p r o v i d e d  

w i t h  a  s h e e t  s t e e l  l i n e r  to  m i n i m i z e  g a s  l e a k a g e  f r o m  t h e  c e l l  i n  n o r m a l  o p e r a t i o n  

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

c o m p l e t e ,  i n t e r r u p t e d  o n ly  by th e  s e a l i n g  g a s k e t s  f o r  th e  top  s h i e l d  p l u g s  a n d  

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

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

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

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

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

T h e  g a s  l e a k a g e  r a t e  a c c e p t a b l e  f r o m  e a c h  c e l l  f r o m  th e  s t a n d p o i n t  of h e a l t h  

h a z a r d  in  e v e n t  of  a  s o d i u m  s p i l l  w i t h i n  t h e  c e l l  is  t h e  p e r t i n e n t  f a c t o r  r e q u i r e d  

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

f i n i t e  t i m e  of  e x p o s u r e  in  th e  r e a c t o r  h i g h  b a y  a r e a  ( i m m e d i a t e l y  a d j a c e n t  to  the  

c e l l s )  of 3 r e m  is  a s s u m e d  to be  t o l e r a b l e .  M a x i m u m  l e a k a g e  t o l e r a b l e  w a s  c a l ­

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

24N a  a c t i v i t y  s a t u r a t e d  a t  0.21 c u r i e / g m

F i s s i o n  p r o d u c t s  in  s o d i u m  a m o u n t i n g  to  0 .05%  r e l e a s e  f r o m  1% of f u e l  

r o d s  in th e  r e a c t o r .  Any h a l o g e n  f i s s i o n  p r o d u c t s  r e l e a s e d  f r o m  fu e l  a r e  

r e t a i n e d  in  the  s o d i u m  a s  h a l i d e s .

R e a c t o r  t h e r m a l  p o w e r  of  254 Mw,  w i th  a v e r a g e  fu e l  e x p o s u r e  of

8 ,000  M w d / T

C o m p l e t e  r e a c t i o n  of a l l  o x y g e n  in  c e l l  w i t h  s o d i u m  (1% o x y g e n  c o n c e n t r a ­

t i o n  a s s u m e d ) .

It is  f u r t h e r  n e c e s s a r y  to e n s u r e  t h a t  th e  c e l l  l e a k a g e  r a t e  is  a c c e p t a b l e  in  

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

i n t e g r a t e d  d o s e  of 3 r  r e s u l t i n g  f r o m  o n e - h a l f  h o u r  e x p o s u r e  a f t e r  a  s i m u l t a n e o u s  

c o r e  m e l t d o w n  and  m a j o r  s o d i u m  s p i l l  i s  a s s u m e d  to  b e  t o l e r a b l e .  " C a s u a l t y "  

c o n d i t i o n s  a r e  a s s u m e d  a s  fo l lo w s :

24N a  a c t i v i t y  s a t u r a t e d  a t  0.21 c u r i e / g m

F i s s i o n  p r o d u c t s  in  s o d i u m  a m o u n t i n g  to  25% h a l o g e n  r e l e a s e  a n d  50% 

r a r e  g a s  r e l e a s e  f r o m  3 3 - 1 / 2 %  of t h e  c o r e  i n v e n t o r y .  H a l o g e n s  a r e  r e ­

t a i n e d  in  th e  s o d i u m  a s  h a l i d e s .
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R e a c t o r  t h e r m a l  p o w e r  of  254 M w,  w i th  fu e l  a v e r a g e  e x p o s u r e  of

8 ,000  M w d / T

C o m p l e t e  r e a c t i o n  of  a l l  o x y g e n  in  c e l l  w i th  s o d i u m .

P e r m i s s i b l e  c e l l  l e a k  r a t e s  w e r e  f i r s t  c a l c u l a t e d  f o r  " n o r m a l "  o p e r a t i o n ,  

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

II. P R E L I M I N A R Y  C A L C U L A T I O N S

C e l l  g a s  l e a k a g e  m a x i m a  e s t a b l i s h e d  in  p r e l i m i n a r y  d e s i g n  ( T a b l e  III, N AA- 

S R - M E M O - 4 0 6 7 ,  p 19; N A A - S R - 5 7 0 0 ,  p 4 - 7 2 )  w e r e  s e t  on  the  b a s i s  of  an  a r b i ­

t r a r y  c o n s u m p t i o n  l i m i t  of 15,000  s c f  of  n i t r o g e n  p e r  m o n t h  f r o m  e c o n o m i c  c o n ­

s i d e r a t i o n s .  E v a l u a t i o n  of  the  d o s e  r a t e s  r e s u l t i n g  f r o m  t h i s  l e a k a g e  f r o m  e a c h  

c e l l ,  u n d e r  b o th  n o r m a l  a n d  c a s u a l t y  c o n d i t i o n s ,  s h o w e d  c o n c l u s i v e l y  t h a t  no u n ­

a c c e p t a b l e  h a z a r d  w a s  in v o lv ed .

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

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

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

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

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

ab le  r a d i a t i o n  t o l e r a n c e s .

III. A L L O W A B L E  L E A K A G E  E V A L U A T I O N  M E T H O D

A. A SSU M E D  A C C ID E N T S

It h a s  b e e n  a s s u m e d  t h a t  m a s s i v e  s o d i u m  l e a k a g e  o c c u r s  in to  one  c e l l  u n d e r  
e a c h  of two c o n d i t i o n s :

1) A f t e r  s t e a d y  fu l l  p o w e r  o p e r a t i o n  w i th  1% of t h e  f u e l  r o d s  r e l e a s i n g

0.05% of t h e i r  f i s s i o n  p r o d u c t s  to  th e  c o o l a n t  s o d i u m .  F i s s i o n  p r o d u c t  

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

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

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

2) A f t e r  s t e a d y  fu l l  p o w e r  o p e r a t i o n  f o l l o w e d  b y  f u e l  m e l t d o w n  in  w h i c h  

25% of the  h a l o g e n  a n d  50% of t h e  r a r e  g a s  f i s s i o n  p r o d u c t  i n v e n t o r y  is  

r e l e a s e d  f r o m  3 3 - 1 / 3 %  of the  f u e l  r o d s .  D i s a s s e m b l y  a n d  m e l t i n g  of 

o n e - t h i r d  of  th e  f u e l  e l e m e n t s  w i l l  r e n d e r  t h e  c o r e  s u b c r i t i c a l  (p 4 - 8 2
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of the  p a r e n t  r e p o r t )  a n d  t h e r e f o r e  no t  s u b j e c t  to f u r t h e r  p o w e r  g e n e r a ­

t i o n  a n d  c o n s e q u e n t  d e s t r u c t i o n  of f u e l  e l e m e n t s .

B.  SODIUM S P I L L  C R I T E R I A

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

a r e a s  i s  a s s u m e d  to  be  the  m a x i m u m  a v a i l a b l e  a n d  s p i l l e d  i n s t a n t a n e o u s l y .  T h i s  

i s  c o n s i d e r e d  to  be  c o n s e r v a t i v e  a s  p r o t e c t i v e  v a l v e s ,  o p e r a t e d  r e m o t e l y ,  a r e  

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

a b l e  in  p ip e  l e a k  d e t e c t o r s ,  l e v e l  a l a r m s ,  a n d  t e m p e r a t u r e  i n d i c a t o r s .  In a d d i ­

t ion ,  c o m p l e t e  s e v e r a n c e  of p i p i n g  (or  v e s s e l s )  is  a s s u m e d ,  t a k i n g  no c r e d i t  f o r  

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

r e a c h i n g  the  c e l l  a t m o s p h e r e  w h i c h  is  m a i n t a i n e d  a t  l e a s t  5 8 ° F  b e l o w  th e  f r e e z ­

ing  p o in t  of s o d i u m .  A s s u m e d  s o d i u m  s p i l l  v o l u m e s  a r e :

1) I n t e r m e d i a t e  h e a t  e x c h a n g e r  c e l l s  a n d  p r i m a r y  p ip e  t u n n e l :  160 ,000  1b 

of  s o d i u m  a t  9 4 5 ° F .  T h i s  a m o u n t  i s  th e  t o t a l  a v a i l a b l e  in  th e  r e a c t o r  

u p p e r  p l e n u m  ab o v e  th e  o u t l e t  n o z z l e s ,  p l u s  t h e  c o n t e n t s  of  one  p r i ­

m a r y  loop.

2) F i l l  t a n k  ce l l :  21 ,000  lb  of s o d i u m  a t  7 7 5 ° F .  T h i s  i s  th e  e n t i r e  q u a n ­

t i t y  c o n t a i n e d  in  one  p r i m a r y  loop  a t  t h e  a v e r a g e  t e m p e r a t u r e  of the  

loop .  S top  v a l v e s  n o r m a l l y  i s o l a t e  t h e  f i l l  t a n k s  f r o m  the  p r i m a r y  loop;  

s o d i u m  v o l u m e  is  t h a t  f r o m  one  lo o p  w h i c h  h a s  b e e n  d r a i n e d  into th e  

f i l l  t a n k s .  A  s u b s e q u e n t  r u p t u r e  of  t h e  f i l l  t a n k s  o r  c o n n e c t i n g  p ip in g  

h a s  b e e n  a s s u m e d .

3) S e r v i c e  ce l l :  7 ,000  lb of s o d i u m  a t  945®F. T h i s  i s  the  a m o u n t  of  s o ­

d i u m  d i s c h a r g e d  in to  t h e  s e r v i c e  c e l l  a f t e r  10 m i n  of  p u m p i n g  w i th  the 

100 g p m  s o d i u m  s e r v i c e  p u m p .

C. C E L L  P R E S S U R E  R IS E  C R I T E R I A

U p o n  a d m i s s i o n  of  th e  p o s t u l a t e d  a m o u n t s  of s o d i u m  n o t e d  in  (B) a b o v e ,  i t  is

e x p e c t e d  t h a t  c e l l  p r e s s u r e  w i l l  r i s e  due  to  h e a t i n g  of th e  n i t r o g e n  a t m o s p h e r e ,
24r e l e a s e  of  e n e r g y  by g a m m a  h e a t i n g  f r o m  N a  , a n d  e n e r g y  of r e a c t i o n  b e t w e e n  

s o d i u m  a n d  a i r  o r  w a t e r  v a p o r .  At th e  s a m e  t i m e  h e a t  m a y  be  r e m o v e d  by c o n ­

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

m o d y n a m i c  c a l c u l a t i o n s  w e r e :
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1) N o r m a l  c e l l  v e n t i n g  a n d  r e l i e f  s y s t e m s  do  n o t  o p e r a t e .

2) H e a t  c a p a c i t y  of  the  s t e e l  c e l l  l i n i n g  i s  i n c l u d e d .

3) No h e a t  t r a n s f e r  f r o m  th e  s t e e l  c e l l  l i n in g  to s u r r o u n d i n g  c o n c r e t e  is  

i n c lu d e d .

4) W a t e r  f lo w  a t  8 3 ° F  is  m a i n t a i n e d  to  t h e  c o o l e r s .

5) A l l  b e t a  d e c a y  e n e r g y ,  a n d  o n e - h a l f  t h e  g a m m a  d e c a y  e n e r g y ,  r e m a i n s  

w i th  th e  s o d i u m .  S o d i u m  a c t i v i t y  a s s u m e d  s a t u r a t e d  i n i t i a l l y  a t  0.21 

c u r i e / g m ,  d e c a y i n g  w i t h  a 1 5 - h r  h a l f - l i f e .
2

6 ) A h e a t  t r a n s f e r  c o e f f i c i e n t  of  2.0 B t u / h r - f t  - ° F  f r o m  s o d i u m  p o o l  to 

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

i n s u l a t i n g  e f f e c t s  of  th e  o x id e  l a y e r  w h i c h  m u s t  be  f o r m e d  on  the  s o d i u m  

s u r f a c e  to a t  l e a s t  s o m e  d e g r e e ,

7) T h e  h e a t  g e n e r a t e d  by  s o d i u m - o x y g e n  a n d  s o d i u m - w a t e r  ( a i r  m o i s t u r e )  

r e a c t i o n s  h a v e  b e e n  n e g l e c t e d ,  a s  the  s e n s i b l e  h e a t  r e l e a s e d  by t h i s  

m e c h a n i s m  w a s  l e s s  t h a n  1% of t h a t  c o n t a i n e d  in  th e  s o d i u m .

D. C A L C U L A T I O N  O F  C E L L  P R E S S U R E  R IS E

U s i n g  the  a s s u m p t i o n s  in (C) a b o v e ,  c a l c u l a t i o n s  a n d  a n a l o g  s i m u l a t i o n s  of  

p r e s s u r e  a n d  t e m p e r a t u r e  r i s e  w e r e  m a d e .  C e l l  p a r a m e t e r s  a n d  r e s u l t s  a r e  

g iv e n  in  T a b l e  V (d ) -2 ,  a n d  a t y p i c a l  a n a l o g  s i m u l a t i o n  i s  d i s p l a y e d  in  F i g u r e  V (d ) -3 .

T A B L E  V (d ) -2  

M A J O R  SODIUM S P I L L  IN P R I M A R Y  C O O L A N T  C E L L S

P r i m a r y  P i p e  
T u n n e l  — 

M o d e r a t o r  
C o o l a n t  P u m p  

C e l l

IHX C e l l F i l l  T a n k  
C e l l

S e r v i c e
C e l l s

3
N e t  v o l u m e  (ft ) 54 ,500 27 ,400 29 ,8 0 0 21 ,600

F l o o r  a r e a  (ft^) 2 ,060 1,045 2 ,530 1,020

S o d iu m  s p i l l e d  (lb) 160 ,000 160 ,000 21 ,0 0 0 7,000

T e m p e r a t u r e  of  N a ( ° F ) 945 945 775 945

O^ in  c e l l  (%) I.O 1.0 1.0 1.0

N o r m a l  h e a t  r e m o v a l  ( B t u / h r ) 1, 0 0 0 ,0 0 0 4 5 0 ,0 0 0 155 ,000 93 ,000

M ax .  t e m p e r a t u r e  of  N^ ( °F ) 170 174 297 216

M ax .  p r e s s u r e  of N^  (ps ig ) 1.0 1.0 3.9 2.0
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E. D O S E  S O U R C E  E V A L U A T I O N

P r e s s u r e  c a l c u l a t i o n s  d e s c r i b e d  in  (D) a b o v e  h a v e  b e e n  u t i l i z e d  to  c a l c u l a t e  

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

i n c o r p o r a t e d  by  a s s u m i n g  t h a t  th e  p e a k  p r e s s u r e  c a l c u l a t e d  is m a i n t a i n e d  t h r o u g h ­

out  the  p e r i o d  of l e a k a g e ,  w h e r e a s  F i g u r e  V (d ) -3  d e m o n s t r a t e s  t h a t  th e  p r e s s u r e  

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

a c t i v i t y  d e c a y s .

Tw o s o u r c e s  of a i r b o r n e  r a d i o l o g i c a l  h a z a r d  a r e  p r e s e n t  in  e v e n t  of s o d i u m
24s p i l l a g e  in  t h e  c e l l s  a n d  c o n s e q u e n t  l e a k a g e .  F i r s t  i s  th e  N a  a c t i v i t y  c o n t a i n e d  

in  s o d i u m  o x id e  s m o k e ,  a n d  s e c o n d  a r e  th e  x e n o n  a n d  k r y p t o n  g a s e s ,  w h i c h  m a y  

b e  e x p e c t e d  to  be  r e l e a s e d  a s  a  r e s u l t  of io d i n e  a n d  b r o m i n e  d e c a y  in  the  s o d i u m .  

T h e  h a l i d e s  in  th e  s o d i u m  w i l l  r e m a i n  in  s o lu t i o n .

1. S o d i u m  O xide  S o u r c e

T h e  m a x i m u m  p o t e n t i a l  s o d i u m  o x id e  s o u r c e  w a s  d e r i v e d  by  a s s u m i n g  a

1% o x y g e n  c o n t e n t  in the  n i t r o g e n  a t m o s p h e r e  of  th e  c e l l ,  a n d  a s s u m i n g  c o m p l e t e

r e a c t i o n  of o x y g e n  w i th  s o d i u m .  T h i s  r e a c t i o n  is ;  2 N a  + 1 / 2  —► N a ^ O ,  2.9 Ib

of s o d i u m  w i l l  r e a c t  w i th  e a c h  p o u n d  of o x y g e n  p r e s e n t .  A  s m a l l  a m o u n t  of  s o d i u m

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

i n c r e a s e  the  t o t a l  p o t e n t i a l  a i r b o r n e  s o d i u m  s o u r c e  by  a b o u t  7% t h a t  of th e  o x id e .

T h e  m a x i m u m  p o t e n t i a l  s o d i u m  o x id e  a n d  h y d r o x i d e  g e n e r a t e d  w a s  a s s u m e d  to

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

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

of the  o x id e  w i l l  r e m a i n  on  th e  s u r f a c e  of  t h e  s o d i u m ;  s i g n i f i c a n t  q u a n t i t i e s  of the

a i r b o r n e  p a r t i c l e s  w o u ld  f a l l  ou t  in  t h e  c e l l  p r i o r  to  e n t e r i n g  t h e  l e a k a g e  n i t r o g e n

s t r e a m ,  and  the  s o d i u m  o x id e ,  b e i n g  p a r t i c u l a t e ,  c a n  be  e x p e c t e d  to u n d e r g o  a

f i l t e r i n g  a c t i o n  in  the  m i n u t e  l e a k a g e  p a t h s  c o n t r i b u t i n g  to  l e a k a g e  of  p u r e  g a s  in
24c e l l  p r e s s u r e  t e s t s .  T h e  N a  a c t i v i t y  in  t h e  p r i m a r y  c o o l a n t  i s  a s s u m e d  s a t u -

24r a t e d  a t  0.21 c u r i e / g m .  A i r b o r n e  N a  in  t h e  c e l l s ,  c a l c u l a t e d  a c c o r d i n g  to  t h e  

f o r e g o i n g  a s s u m p t i o n ,  is  s h o w n  i n  T a b l e  V (d ) -3 .

2. Xe a n d  K r  S o u r c e

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

s u m e d  c a r r y - o v e r  of the  h a l o g e n  c o n t a m i n a t i o n  by  th e  s p i l l e d  s o d i u m .  (Any r a r e  

g a s  r e l e a s e d  d i r e c t l y  f r o m  th e  f u e l  w o u ld  e s c a p e  to  t h e  c o r e  c o v e r  g a s  v o l u m e . )

N A A - S R - 5 7 0 0  (Suppl.  4)
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T A B L E  V (d ) -3  

P O T E N T I A L  A I R B O R N E  S O D I U M - 24 S O U R C E

C e l l  V o l u m e
(ft3)

24M a x i m u m  N a  S o u r c e  
( a i r b o r n e )  ( c u r i e s )

P r i m a r y  p ip e  tu n n e l 5 .45  X 10^ 9.9 X 10^

IHX c e l l 2 ,74  X 10^ 5,0 X 10^

P r i m a r y  f i l l  t a n k 2 ,9 8  X 10^ 5.4 X 10^

S e r v i c e  c e l l 2 .1 6  X 10^ 3.9 X 10^

H a l o g e n s  w i th  h a l f - l i v e s  l e s s  t h a n  90 s e c  a n d  t h o s e  d e c a y i n g  to  s t a b l e  g a s e s  w e r e  

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

n  83 B r 8 3 mK r

B r « 5 __p. „  8 5 m  K r
l l 3 1 1 3 1 mXe
j l 3 1 __ 1 3 3 m  Xe , X e ' ^ '
j l 3 5 1 3 5 m  Xe , X e ^ ^ ^

T h e  i n i t i a l  s o u r c e  of e a c h  of t h e s e  h a l o g e n  i s o t o p e s  t h a t  c o u l d  e x i s t  in  a 

c e l l  a s  a  r e s u l t  of  a  s o d i u m  s p i l l  w a s  c a l c u l a t e d  by,

H, , . (o)  = Q. • S. • F  (c, i )  l i e

w h e r e

H^c “ t o t a l  a m o u n t  of  h a l o g e n  i s o t o p e  i in  c e l l  c a t  t  = 0,  c u r i e s

= t o t a l  c o r e  i n v e n t o r y  of  h a l o g e n  i s o t o p e  i ( s a t u r a t e d ) ,  c u r i e s  

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

= f r a c t i o n  of t o t a l  p r i m a r y  s o d i u m  s p i l l e d  in  c e l l  c.

w a s  b a s e d  on  th e  y i e l d  of  the  i s o t o p e  a n d  th e  n o m i n a l  t h e r m a l  p o w e r  of

th e  r e a c t o r  (254 Mw).  S. w a s  t a k e n  a s  5.0 x  10 ^ (0 .05% r e l e a s e  f r o m  1% of the
^  -  2f u e l  r o d s )  in  C a s e  1 a n d  a s  8.3 x  10 in  C a s e  2 (25% r e l e a s e  f r o m  33% of th e  

c o r e  i n v e n t o r y ) .  F ^  w a s  a s s u m e d  to  be  0 ,40  f o r  t h e  p r i m a r y  p i p e  t u n n e l  a n d  IHX 

c e l l ,  0 .0 5 3  f o r  the  p r i m a r y  f i l l  t a n k  c e l l  a n d  0 ,0 1 8  f o r  t h e  s e r v i c e  c e l l .  T h e s e  

v a l u e s  r e p r e s e n t  s o d i u m  s p i l l s  of  160 ,000 ,  2 1 ,0 0 0 ,  a n d  7 ,0 0 0  lb ,  r e s p e c t i v e l y .

N A A - S R - 5 7 0 0  (Suppl .  4)
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The  buildup  of the Xe and K r  i s o to p e s  in the c e l l  a t m o s p h e r e  a s  a func t ion  

of t i m e  a f t e r  the so d iu m  sp il l  w as  c a l c u l a t e d  by the a p p r o p r i a t e  c h a i n  de c a y  f o r ­
m u la e  fo r  e a c h  ha logen  i so tope .

3. D ose  C a lc u la t io n s

Since the le akage  c r i t e r i a  a r e  b a s e d  on a t o t a l  i n t e g r a t e d  d o s e ,  the c a l c u ­
la t ions  w e r e  m a d e  as fo l lows:

24F o r  Na two m o d e s  of  e x p o s u r e  o c c u r :  The  i n t e r n a l  d o se  f r o m  the
in ha la t ion  and body r e t e n t i o n  of the s o d iu m  oxide  and the  e x t e r n a l  d o se  

f r o m  the s u r r o u n d in g  a t m o s p h e r e  of r a d io a c t i v i t y .  B o th  of t h e s e  e x ­

p o s u r e s  m a y  be r e l a t e d  to a c o n c e n t r a t i o n - t i m e  in t e g r a l .  The  i n t e r n a l
- 3 24do se  w as  b a s e d  on a to t a l  d o se  of 1.04 x 10 r l j j , c  in h a le d  fo r  Na in

a so luble  form.^'"

T hen  a s s u m i n g  a b r e a t h in g  r a t e  of 347 c c / s e c ,

D-. = 1.04 X 10 ^ r e m / t L c  ■ 347 c c / s e c  •
I '  C C

Dj = 0.361 X

w h ere
24Dj = to ta l  dose  (whole body) f r o m  in h a la t i o n  of Na , r e m

E „  = to ta l  e x p o s u r e ,  .T ^ ’ cc

The e x t e r n a l  whole body dose  w as  c a l c u l a t e d  by a s s u m i n g  a p e r s o n  w as  lo c a te d
at  the b o t to m  c e n t e r  of a  h e m i s p h e r e  of a v a l u m e  eq u a l  to the h igh b a y  a r e a  vo l -

24um e and  with  an  a i r b o r n e  c o n c e n t r a t i o n  of Na of 1 fMcl  cc .  T h i s  d ose  was  d e ­
t e r m i n e d  as

= 0 .087  X E ^

T h e r e f o r e ,  the to ta l  d o se  is s im p l y  the s u m  of t h e s e  two s o u r c e s ,  o r  

= 0 .448  X E.^

The to t a l  i n t e g r a t e d  c o n c e n t r a t i o n - t i m e  f a c t o r ,  E.^, w a s  c a l c u l a t e d  by

oo
L - 0 ( 0 )

T- / \  1 ^  V*-/ n. I  C  CE_(oo) - ( ^ c  + e - e
t

dt

^ C a lc u l a te d  f r o m  ta b le s  by M org an ,  Snyder ,  and  F o r d ,  " M a x i m u m  P e r m i s s i b l e  
C o n c e n t r a t i o n s  of R a d io i s o to p e s  in A i r  and  W a t e r  f o r  S h o r t  P e r i o d  E x p o s u r e s , "  
G eneva  C o n fe r e n c e  P a p e r ,  1958. 

t T h i s  equa t ion  has  b e e n  s im p l i f i e d  by a s s u m i n g  tha t  the c e l l  le a k a g e  r a t e s  w i l l b e  
quite  s m a l l  r e l a t i v e  to the h igh b a y  a r e a  v e n t i l a t i o n  r a t e .

N A A -S R -5 7 0 0  (Suppl. 4)
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w h e r e

a i r b o r n e  c o n c e n t r a t i o n  in  h ig h  b a y  a r e a  a t  t i m e  t ( / j . c l c c )

= l e a k a g e  r a t e  of  c e l l  c ( v o lu m e  f r a c t i o n  p e r  s ec )
24

= Na s o u r c e  in  c e l l  c a t  t = o (f j .c)

= v e n t i l a t i o n  r a t e  of h ig h  b a y  a r e a  ( c c / s e c )

\ Z4 -1A = r a d i o a c t i v e  d e c a y  c o n s t a n t  of Na ( s e c  )

Lg. g  = v e n t i l a t i o n  r a t e  of h i g h  b a y  a r e a  ( v o l u m e  f r a c t i o n  p e r  s ec ) .

T h i s  i n t e g r a l  e q u a t i o n  w a s  s o l v e d  f o r  f o r  the  d i f f e r e n t  c e l l s  w i th  the  v a l u e  of

3
0 .448Eg(oo) cc

and  t h e r e f o r e ,

Dg(oo) 3 r e m .

W i th  t h i s  c o n d i t io n ,  the  a c c e p t a b l e  l e a k a g e  r a t e s  w e r e  d e t e r m i n e d  a s  2.1 ,  4 .2 ,  

3.9,  and  5.4 v o l  % /2 4  h r  f o r  the  p r i m a r y  p ip e  t u n n e l ,  IHX, p r i m a r y  f i l l  t a n k ,  

a n d  s e r v i c e  c e l l s ,  r e s p e c t i v e l y .

F o r  the  Xe and  K r  on ly  th e  e x t e r n a l  c l o u d  e x p o s u r e  is  s i g n i f i c a n t .  T h e  

d o s e  r a t e  in the  h ig h  b a y  a r e a  w a s  r e l a t e d  to the  a i r  c o n c e n t r a t i o n  b y  c o n s e r v a ­

t i v e l y  a s s u m i n g  th a t  e x p o s u r e  to the  o c c u p a t i o n a l  M P C  f o r  e a c h  i s o t o p e  w a s  

e q u i v a l e n t  to 100 m r e m / 4 0  h r  o r  2.5 m r e m / h r .  T h e  M F C ' s  u s e d  a r e  l i s t e d  in 

T a b l e  V (d ) -4 .
T A B L E  V (d ) -4

M P C  . F O R  Xe AND K r  I S O T O P E S  O F  I N T E R E S T  a i r

I s o to p e M P C a i r *  
(/i c /  c c )

„  8 3 m  K r 6 X 1 0 ' ^ ^
j^j-85m 6 X 10 p.
X e l 3 1 m 2 X 10‘ c .
X e l 3 3 m 1 X 1 0 - f
X e l 3 3 1 X 10 h
X e l 3 5 m 5 x  I Q - f
X e l 3 5 4 X 10"

='=Based o n  2.5 m r e m / h r  (100 m r e m / 4 0  h r )  in  a n  i n f i n i t e  h e m i s p h e r i c a l  c loud .  
t T h e s e  v a l u e s  w e r e  c a l c u l a t e d  by  m e t h o d s  g i v e n  in  " R e p o r t  of C o m m i t t e e  II on  

P e r m i s s i b l e  D o s e  f o r  I n t e r n a l  R a d i a t i o n  (1 9 5 9 ) , "  H e a l t h  P h y s i c s ,  V ol  3, J u n e  
I960 ,  p 22.

N A A - S R - 5 7 0 0  (Suppl .  4)
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24U s i n g  the  a c c e p t a b l e  l e a k  r a t e s  d e t e r m i n e d  p r e v i o u s l y  w i th  t h e  N a  

s o u r c e ,  th e  c o n c e n t r a t i o n  of  e a c h  Xe a n d  K r  i s o t o p e  l i s t e d  in  T a b l e  V (d ) -4  w a s  

c a l c u l a t e d  f o r  the  h igh  b a y  a r e a  a s  f o l l o w s :

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

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

s o u r c e  b a s e s  f o r  the  h ig h  b a y  a r e a  c o n c e n t r a t i o n s  in  a  m a n n e r  s i m i l a r  to  t h a t
24p r e v i o u s l y  d e s c r i b e d  f o r  t h e  N a  s o u r c e .  T h e  r e s u l t i n g  h ig h  b a y  a r e a  c o n c e n ­

t r a t i o n s  w e r e  c o n v e r t e d  to d o s e  r a t e s  by  th e  e q u i v a l e n c y  d i s c u s s e d  a b o v e .  T h e s e  

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

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

of l e a k a g e  t i m e  w e r e  d e r i v e d .  F r o m  t h e s e  r e s u l t s  it w a s  f o u n d  t h a t  w i t h  a  s o d i u m
24s p i l l  u n d e r  n o r m a l  r e a c t o r  c o n d i t i o n s ,  t h e  a c c e p t a b l e  N a  s o u r c e  l e a k a g e  r a t e s  

h e l d  the  t o t a l  d o s e  f r o m  th e  r a r e  g a s e s  in  t h e  h ig h  b a y  a r e a  to a  n e g l i g i b l e  q u a n ­

t i t y  (< 10 m r ) .  W i th  th e  " c a s u a l t y "  c o n d i t i o n  a  r a r e  g a s  s o u r c e  i n c r e a s e  of  a
4

f a c t o r  of a bou t  1.68 x  10 o c c u r s .  In t h i s  c a s e ,  th e  r a r e  g a s  s o u r c e  b e c o m e s

th e  d o m i n a n t  d o s e  f a c t o r  f o r  l e a k a g e  f r o m  th e  p r i m a r y  p ip e  t u n n e l  a n d  IHX c e l l s ,  
24w h i l e  b o th  t h e  N a  a n d  r a r e  g a s  s o u r c e s  m u s t  be  c o n s i d e r e d  w i t h  t h e  p r i m a r y  

f i l l  t a n k  a n d  s e r v i c e  c e l l s .  H o w e v e r ,  th e  l e a k a g e  r a t e  c r i t e r i a  e s t a b l i s h e d  f o r  

the  n o r m a l  c a s e  a r e  s t i l l  m o r e  t h a n  a d e q u a t e  to m e e t  the  r e q u i r e m e n t  of  a  3 - r e m  

d o s e  in  th e  h ig h  b a y  a r e a  in  t h e  f i r s t  1 / 2  h r .

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

l e s s  t h a n  25 r e m  a t  th e  s i t e  b o u n d a r y  o r  b e y o n d  is  m e t  in  C a s e  1 f o r  t h r e e  r e a ­

s o n s .  F i r s t ,  t h e  h ig h  b a y  g a s e s  a r e  d i l u t e d  in  th e  s t a c k  by  a  f a c t o r  of  a b o u t  0 .7 ,
- 4  *t h e n  e f f lu e n t  g a s e s  a r e  d i l u t e d  by  a t  l e a s t  7 x 1 0  , a n d  f i n a l l y ,  t h e  n o r m a l  f i l ­

t e r s  in  th e  v e n t i l a t i o n  s y s t e m  w i l l  r e m o v e  m o s t  of th e  o x id e .  T h e  i n h a l a t i o n  d o s e  

w i l l  be  d i l u t e d  d i r e c t l y  by  t h e s e  f a c t o r s .  F o r  t h e  e x t e r n a l  p o r t i o n  of  t h e  t o t a l  

d o s e  a t  th e  s i t e  b o u n d a r y ,  th e  r e d u c t i o n  i s  l e s s  due  to  th e  l a r g e r  s o u r c e  r a d i u s  

to  be  c o n s i d e r e d .  T h e  n e t  r e s u l t  i s  a b o u t  0 .008  r e m  if  t h e  s o d i u m  o x id e  is  no t  

f i l t e r e d  a n d  i n s i g n i f i c a n t  if f i l t e r e d .  With  C a s e  2, t h e  s o d i u m  o x id e  c o n t r i b u ­

t i o n s  a r e  u n c h a n g e d  s i n c e  th e  l e a k  r a t e s  e s t a b l i s h e d  b y  C a s e  1 a r e  u s e d .  T h e  

n o b le  g a s  T I D ^  a t  the  s i t e  b o u n d a r y  w a s  e s t i m a t e d  f r o m  th e  h ig h  b a y  d o s e  c a l c u ­

l a t i o n s  f o r  th e  f i r s t  d a y  fo l lo w in g  th e  s p i l l  a n d  u s i n g  t h e  0.7  a n d  7 x  10 f a c t o r s .  

T h e  r e s u l t s  of the  a b o v e  m e n t i o n e d  c a l c u l a t i o n s  a r e  s h o w n  i n  T a b l e  V (d ) -5  a n d  

a r e  w e l l  b e l o w  th e  c r i t e r i a  in  a l l  c a s e s .

' F i g u r e  C . l  of  th e  p a r e n t  r e p o r t .
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T A B L E  V (d ) -5

SUM M A RY  O F  DOSES B A S E D  ON S A F E G U A R D S  C E L L  L E A K A G E  R A T E S

D o s e  C r i t e r i a P r i m a r y  
P i p e  T u n n e l IHX P r i m a r y  

F i l l  T a n k
S e r v i c e

C e l l

S a f e g u a r d s  l e a k  r a t e  
(vol  %/ 24 h r ) 2.1 4 .2 3.9 5 .4

C a s e  1

TID in  h ig h  b a y  a r e a
a) N a ^ “̂
b) Xe and  K r

3.0 r e m  
neg .

3.0 r e m  
n eg .

3.0 r e m  
n eg .

3.0 r e m  
neg .

TID a t  s i t e  b o u n d a r y
a) Na^"^
b) Xe and  K r

neg .
neg .

n eg .
n eg .

n eg .  '' 
n eg .

neg .
neg .

C a s e  2

E x p o s u r e  t i m e  n e c e s ­
s a r y  in  h ig h  b a y  a r e a  
to r e c e i v e  3 - r e m  d o s e

a) N a^ ^
b) Xe and  K r

5.0 h r 3.1 h r 11 h r 14 h r

TID a t  s i t e  b o u n d a r y
a) Na^'^
b) Xe and  K r

neg .
~ 0 . 0 4  r e m

neg .
^ ^0 .09  r e m

n eg .
~ 0 . 0 1  r e m

❖
neg .
~ 0 . 0 1  r e m

*If no c r e d i t  is  t a k e n  f o r  
0.008  r e m  w o u ld  o c c u r .

s o d i u m  o x id e  f i l t e r i n g ,  a  s i t e  b o u n d a r y  TID of ab o u t

IV. C O N C L U S IO N

T h e  c a l c u l a t e d  d o s e  r a t e s  s t e m m i n g  f r o m  l e a k a g e s  n o t e d  in  T a b l e  V (d ) -5  

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

a) T h e  m a x i m u m  v o l u m e  of  s o d i u m  a v a i l a b l e  f o r  r e a c t i o n  i s  a s s u m e d  to 

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

a b l e  f o r  c e l l  h e a t i n g .  E v e n  the  m o s t  s a n g u i n e  p o s t u l a t i o n  of p ip e  l e a k ­

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

b) All  r e a c t i o n  p r o d u c t s  of  s o d i u m  a n d  o x y g e n  o r  w a t e r  v a p o r  a r e  a s s u m e d  

to be  a v a i l a b l e  f o r  u n i f o r m  m i x i n g  w i th  th e  l e a k i n g  g a s .  It i s  known,  

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

to s e t t l e  out  of  th e  g a s e o u s  a t m o s p h e r e .

c) It i s  a s s u m e d  t h a t  a l l  s o d i u m  o x id e  p a r t i c l e s  in  t h e  l e a k a g e  g a s  w i l l  

e s c a p e  w i th  t h e  g a s .  In  v i e w  of the  m i n u t e  n a k  u r e  of  t h e  l e a k s ,  s o m e  

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

N A A - S R - 5 7 0 0  (Suppl.  4)
V (d ) -1 9
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d) P e a k  c e l l  p r e s s u r e s  a r e  c a l c u l a t e d  u s i n g  h e a t  t r a n s f e r  c o e f f i c i e n t s  

w h ic h  n e g l e c t  any  i n s u l a t i n g  e f f e c t  of  s o d i u m  o x id e  o n  th e  s o d i u m  

s u r f a c e .

e) P e a k  c e l l  p r e s s u r e s  a r e  a s s u m e d  to  be  m a i n t a i n e d  t h r o u g h o u t  th e  

l e a k a g e  p e r i o d ,  w h e r e a s  a n a l o g  s t u d i e s  ( F i g u r e  V ( d ) - l )  i n d i c a t e  t h e y  

d e c l i n e .

f) No v e n t i n g  of th e  p r i m a r y  c e l l s  is  a s s u m e d  f o r  t h e  r a d i o l o g i c a l  c a l ­

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

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

q u i c k l y  l i m i t  a n d  r e d u c e  p r e s s u r e .  T h i s  i s  i l l u s t r a t e d  on F i g u r e  

V (d) -1  f o r  a n  IHX s p i l l .

T e s t s  p r o p o s e d  to  v e r i f y  the  c e l l  l e a k a g e  r a t e s  c a l c u l a t e d  to  be  s a f e  h a v e  

b e e n  s h o w n  to  b e  a c c u r a t e  to  l e s s  t h a n  0 .05% of c e l l  v o l u m e .  T h e r e f o r e ,  i t  i s  

c o n s i d e r e d  t h a t  t h e  t e s t s  p r o p o s e d ,  and  t h e  t e s t s  p r o p o s e d ,  a n d  th e  l e a k a g e  r a t e s  

s p e c i f i e d  in T a b l e  V(d)6 b e l o w  a r e  c o m p l e t e l y  a d e q u a t e  to p r o t e c t  r e a c t o r  o p e r ­

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

of  s o d i u m  s p i l l a g e  in to  s h i e l d e d  p r i m a r y  c e l l s ,  a n d  m u c h  m o r e  t h a n  a d e q u a t e  to 

p r o t e c t  the  p u b l i c  b e y o n d  th e  s i t e  b o u n d a r i e s .

T A B L E  V (d ) -6  

C E L L  L E A K A G E  T E S T S

P r i m a r y  
P i p e  T u n n e l IHX P r i m a r y  

F i l l  T a n k
S e r v i c e

C e l l

C o n s t r u c t i o n  T e s t

P r e  s s u r e p s i g 2 - 1 / 2 2- 1 /2 2 - 1 / 2 2- 1 / 2

L e a k  R a t e  C r i t e r i a 3 / 4  of  1% 3td.  v o l .  p e r  24 h r a t  2 - 1 / 2  p s i g

S a f e g u a r d s  T e s t

P r e s  s u r e p s i g 1 1 2 -1 /2 " ' 2

L e a k  R a t e  C r i t e r i a % s td .  vo l . 2.1 4. 2 2.5 5.4
in  24 h r

^ R e d u c e d  f r o m  c a l c u l a t e d  v a l u e  in  T a b l e  V (d ) -2  to  a v o i d  p o t e n t i a l  d e f o r m a t i o n  of 
w a l l  b e t w e e n  c e l l s

N A A - S R - 5 7 0 0  ( s u p p l .  4)
V (d ) -2 0



Q u e s t i o n  V( e ) : R e s u l t s  of  a l l  e n c l o s u r e  c e l l  l e a k  r a t e  t e s t s  s h o u ld  be  f u r n i s h e d  
w h e n  a v a i l a b l e .

A n s w e r : T h e  r e s u l t s  of  t h e  c e l l  e n c l o s u r e  t e s t s  d e s c r i b e d  in  Q u e s t i o n  V(d) w i l l

be  e v a l u a t e d  a n d  t r a n s m i t t e d  to  t h e  T e s t  a n d  P o w e r  R e a c t o r  S a f e t y  B r a n c h  of  t h e  

D i v i s i o n  of  L i c e n s i n g  a n d  R e g u l a t i o n  in  l e t t e r  f o r m  a t  t h e  c o n c l u s i o n  of  e a c h  t e s t .  

T e s t i n g  i s  c u r r e n t l y  u n d e r w a y ,  i n c l u d i n g  f in d in g  a n d  p lu g g i n g  t h e  s m a l l  l e a k s  

w h ic h  e x i s t .

NAA-SR-5700 (Suppl. U)
V (e)-l
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Q u e s t i o n  V(f): W h a t  i s  th e  p r e c i s i o n  a n d  a c c u r a c y  of  t h e  c o n t i n u o u s  l e a k a g e
m e a s u r e m e n t  s y s t e m  f o r  the  r e a c t o r  c o v e r  g a s ?

A n s w e r :  T h e  c o n t in u o u s  l e a k a g e  m e a s u r e m e n t  s y s t e m  w a s  i n s t a l l e d  to  d e t e c t

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

v id e  an  i n d i c a t i o n  o f  l e a k a g e  if  the  l e a k a g e  in  s t a n d a r d  c u b i c  f e e t  p e r  d a y  i s  

g r e a t e r  t h a n

6.1 s c f / d a y j 180 s c f
. n u m b e r  of  d a y s  of  t e s t

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

l e a k a g e  (50 s c f /d a y )  t i m e s  th e  p r e c i s i o n  of  m e a s u r e m e n t  of  t h i s  f low t h r o u g h  the  

tw o  m e t e r s  (12 .4  p e r c e n t ) .  T h e  s e c o n d  t e r m  r e p r e s e n t s  the  p o t e n t i a l  u n m e a s ­

u r e d  a c c u m u l a t i o n  of  g a s  in  the  s y s t e m .  A l e a k  of  42 s c f / d a y  s h o u l d  i n d i c a t e  

a s  a  p o s i t i v e  l e a k  in  a b o u t  4 .3  d a y s  of  p o w e r  o p e r a t i o n .

D i s c u s  sion:

G a s  l e a k a g e  f r o m  a fu e l  e l e m e n t  s h i e l d  p lug  w i th  s e a l s  m i s s i n g  w a s  

a n a l y z e d  (for  Q u e s t i o n  2 in  M A A - S R - M e m o - 4 0 6 7 )  w i th  th e  c o n c l u s i o n  t h a t  c o r e
3

m e l t - d o w n ,  c o m b i n e d  w i th  a l e a k  r a t e  of  120 f t  p e r  d a y  h e l i u m ,  (42 s c f / d a y ) ,  

w o u ld  r e s u l t  in  a b o u t  0 .4  R  TID a t  t h e  s i t e  b o u n d a r y .  T h e  a r e a  r a d i a t i o n  m o n i -
3

t o r s  a r e  e f f e c t i v e  in  d e t e c t i n g  l e a k s  of  a b o u t  120 ft / d a y  w h e n  th e  c o v e r  g a s
3

a c t i v i t y  i s  g r e a t e r  t h a n  0.6  ^ c  p e r  c m  a n d  e f f e c t i v e  in  d e t e c t i n g  l e a k s  of  a bou t
3 30.11 ft  / d a y  w i th  6 3 0 /xc  p e r  c m  a c t i v i t y .

H e l i u m  g a s  f low in to  the  r e a c t o r  i s  m e a s u r e d  on a  p o s i t i v e  d i s p l a c e m e n t  

f l o w m e t e r  w i th  an  a c c u r a c y  of  a b o u t  1 /4%  of t h e  f low .  T e m p e r a t u r e  i s  e s t i ­

m a t e d  to  r e m a i n  w i th i n  a ± 1 0 ° F  r a n g e ,  i n t r o d u c i n g  a p o s s i b l e  e r r o r  o f  a b o u t  

± 1.9% in  the  m e a s u r e m e n t .  B a r o m e t r i c  p r e s s u r e  s w i n g s  w i l l  be  w i t h i n  ab o u t  

± 3.0%. T h u s ,  g a s  f low in to  th e  r e a c t o r  w i l l  be  m e a s u r e d  w i t h i n  a b o u t  ± 5.15% 

by th e  f l o w m e t e r .

H e l i u m  g a s  f low out  of  t h e  r e a c t o r  c o m p l e x  w i l l  be  m e a s u r e d  o n  a  s e c o n d  

p o s i t i v e  d i s p l a c e m e n t  f l o w m e t e r  of  1 /4%  a c c u r a c y .  T e m p e r a t u r e  i s  e s t i m a t e d  

to r e m a i n  w i th in  a ± 20 ° F  r a n g e ,  f o r  an  a c c u r a c y  of  a b o u t  ± 3.8%. A g a in ,  the  

p r e s s u r e  sw ing  w i l l  be w i t h i n  a b o u t  ± 3.0%, f o r  a  m a x i m u m  a c c u r a c y  of  v o l u m e  

m e a s u r e m e n t  of  ab o u t  ± 7.05%.  T h e  m a x i m u m  e r r o r  f o r  g a s  t h a t  f l o w s  t h r o u g h  

bo th  f l o w m e t e r s  i s  th e  s u m  of  t h e s e  l i m i t s ,  o r  12.2%.

N A A - S R - 5 7 0 0  ( s u p p l .  4)
V (f ) -1



T h e r m a l  s w i n g s  of  bo th  s o d i u m  t e m p e r a t u r e  a n d  h e l i u m  t e m p e r a t u r e  a r e  

e x p e c t e d  to  be w i th i n  th e  d e a d  b a n d  of  p r e s s u r e  r e g u l a t i o n  w h e n  th e  r e a c t o r  i s  

o p e r a t i n g  a t  p o w e r  a n d  no t  c a u s e  g a s  f low .  B a r o m e t r i c  p r e s s u r e  c h a n g e  i s  e s t i -
3

m a t e d  to  p u m p  a n  a v e r a g e  of 50 ft / d a y  of  h e l i u m .  U s i n g  th e  m a x i m u m  e r r o r  of 

g a s  f low (IZ.4%) r e s u l t s  in  a n  a v e r a g e  u n c e r t a i n t y  of  f low m e a s u r e m e n t  of  

6 .Z f t ^ / d a y .

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

the  ab o v e  f low m e a s u r e m e n t s ,  i s  d e p e n d e n t  on  k n o w in g  th e  a b s o l u t e  q u a n t i t y
3

of g a s  w i th i n  the  r e a c t o r .  T h e  n o m i n a l  v o l u m e  of  g a s  in  the  s y s t e m  is  ^^9500  f t  ,
3 3w i th  a bou t  1350 ft in  th e  r e a c t o r ,  a n d  8150 f t  in  t h e  s t o r a g e  t a n k s .  T h i s  i s

e q u i v a l e n t  to  a bou t  57Z0 s c f  w i th  t h e  r e a c t o r  b l a n k e t  a t  945 ° F  a n d  th e  f i l l  t a n k

b l a n k e t  a t  350 “F .

E s t i m a t e d  i n a c c u r a c i e s  of  s y s t e m  g a s  v o l u m e  a t  a  s p e c i f i c  t i m e  due  to 

v a r i o u s  f a c t o r s  a r e  a s  fo l lows ;

V a r i a t i o n s  due to  i n a c c u r a c i e s  in  t e m p e r a t u r e  a n d

p r e s s u r e  m e a s u r e m e n t s  Z5 s c f

V a r i a t i o n s  due  to  c h a n g e s  in  s o d i u m  t e m p e r a t u r e

(vo lu m e)  13 s c f

V a r i a t i o n s  due  to  g a s  t e m p e r a t u r e  s w i n g s  14Z s c f

T o t a l  u n c e r t a i n t y  in  m e a s u r i n g  g a s  in  s y s t e m  180 s c f

T he  g e n e r a l  e q u a t i o n s  f o r  c a l c u l a t e d  l e a k a g e  a n d  p r o v e n  l e a k a g e  a r e :

/ P i  ■ P f \F .  - F  - ^ 57Z0
 ̂ °  V P a v g  /

h  = --------------------- D-----------------------+

L  = L  -

p c D

w h e r e :

F^ = h e l i u m  f low  in to  r e a c t o r  (scf )

F  = h e l i u m  f low  out  of  r e a c t o r  (scf)  o -----

N A A - S R - 5 7 0 0  ( s u p p l .  4)
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P i  ■ P f—^-------  = F r a c t i o n  c h a n g e  in  a b s o l u t e  p r e s s u r e  of the  r e a c t o r

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

D = D u r a t i o n  of a t e s t  r u n  (days )

= C a l c u l a t e d  l e a k a g e  ( s c f / d a y )

L  = P r o v e n  l e a k a g e  ( s c f / d a y )
P

If L  i s  p o s i t i v e ,  i t  c a n  be a s s u m e d  t h a t  t h e r e  i s  a  l e a k  i n  the  s y s t e m .

If L  is  z e r o ,  o r  i s  n e g a t i v e ,  t h e n  a l e a k ,  i f  p r e s e n t ,  i s  l e s s  t h a n

1 8 0 ,  j. I  ̂ \( s c f / d a y ) .

C o n t i n u o u s  h e l i u m  l e a k a g e  t e s t s  w i l l  be c o n d u c t e d  w h e n  th e  r e a c t o r  i s  

o p e r a t i n g  n e a r  s t e a d y  s t a t e  t h e r m a l  c o n d i t i o n s  (o v e r  15% fu l l  p o w e r ) .  F l o w ,  

s y s t e m  p r e s s u r e ,  a n d  a m b i e n t  t e m p e r a t u r e ,  w i l l  be t a b u l a t e d  a n d  e v a l u a t e d  

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

in l e t  f low (± 5.15%) m i n u s  th e  m e a s u r e d  o u t l e t  f low (± 7.05%) c o r r e c t e d  b y  th e  

s y s t e m  p r e s s u r e  c h a n g e  d iv i d e d  by  th e  t i m e ,  a l l  m e a s u r e d  f r o m  th e  s t a r t  of  

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

d e s c r i b e d  on the  e q u a t i o n  a b o v e .  A p r o v e n  l e a k  of  42 s c f / d a y  w i l l  t h e r e f o r e  

c a l c u l a t e  a s  a  p o s i t i v e  v a l u e  a t  4.3 d a y s .  A f t e r  a  1 0 - d a y  t e s t  r u n ,  l e a k a g e  a b o v e  

ab o u t  18 ± 6.2 s c f / d a y  w i l l  be d e t e c t e d .

If g r o s s  l e a k a g e  i s  i n d i c a t e d  by  d a i l y  e v a l u a t i o n  of  f l o w m e t e r  r e a d i n g s ,  but  

in  the  r a n g e  w h e r e  the  v a l u e  i s  m a s k e d  by  th e  u n c e r t a i n t y ,  f u r t h e r  l e a k  r a t e  

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

By  t e m p e r a t u r e ,  p r e s s u r e  f low a n d  l e v e l  m e a s u r e m e n t  a t  t h e  t i m e  of  a  q u e s t i o n ­

a b l e  l e a k ,  the  a c c u r a c y  of  th e  t e s t  c a n  be i m p r o v e d .  If  th e  l e a k  r a t e  i s  s h o w n  

to be h ig h ,  h e l i u m  m a s s  s p e c t r o m e t e r  w i l l  be i n s t i t u t e d  to  l o c a t e  t h e  s o u r c e  of 

th e  l e a k  a n d  r e p a i r  a c t i o n  w i l l  fo l l o w .

N A A - S R - 5 7 0 0  ( s u p p l .  4)
V ( f ) -3
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Q u e s t i o n  V (g ) : W ha t  w ou ld  b e  t h e  p r o b a b l e  e f f e c t  o f  a  l a r g e  h o t  s o d i u m  s p i l l  on
t h e  s t e e l  l i n e r s  of t h e  IHX c e l l s  and  p i p e  t u n n e l s .  C ou ld  s u c h  a n  i n c i d e n t  r e s u l t  
in  l o s s  of  i n t e g r i t y  of t h e  l i n e r ?

A n s w e r : T h e  p r o b a b l e  e f f e c t  i s  to  b u c k l e  t h e  l i n e r  b e t w e e n  s u p p o r t s .  N o  l o s s

of i n t e g r i t y  of t h e  l i n e r  is  a n t i c i p a t e d .  A  s m a l l  s o d i u m  s p i l l  o n  t h e  s t e e l  l i n e r  

w i l l  r e s u l t  in  a  l o c a l i z e d  ho t  s p o t .  A s s u m i n g  t h e  t e m p e r a t u r e  of  t h e  s o d i u m  s p i l l  

on  t h e  l i n e r  to  be  IOOO°F, t h e  m a x i m u m  p o s s i b l e  s t r e s s  d u e  to  t h i s  h o t  s p o t  is  

' ^ 8 1 ,0 0 0  p s i .  B a s e d  o n  f a t i g u e  c r i t e r i a ,  t h e  s t e e l  l i n e r s  s h o u ld  b e  a b l e  to  w i t h ­

s t a n d  o v e r  1000 s u c h  c y c l e s .

If a  l a r g e  s p i l l  o c c u r s ,  t h e  l i n e r s ,  w h e r e  n o t  r e s t r a i n e d  by  t h e  " T "  s u p p o r t s ,  

w i l l  m o v e  a w a y  f r o m  t h e  c o n c r e t e .  T h e  tw o  c a s e s  c o n s i d e r e d  w e r e :  (a) a  l i n e a r

g r a d i e n t  t h r o u g h  th e  l i n e r ,  and  (b) a  u n i f o r m  t e m p e r a t u r e  t h r o u g h  t h e  l i n e r .

F o r  a  l i n e a r  t e m p e r a t u r e  g r a d i e n t  t h r o u g h  t h e  l i n e r ,  t h e  fo l lo w in g  e q u a t i o n  

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

,  a r ^ A T

W h e r e :

d = D e f l e c t i o n

Ct = C o e f f i c i e n t  of t h e r m a l  e x p a n s i o n  

A t  = T e m p e r a t u r e  g r a d i e n t  t h r o u g h  t h e  l i n e r  

t  = L i n e r  t h i c k n e s s  

r  = R a d i u s  of  s o d i u m  s p i l l .

F o r  e x a m p l e ,  w i th  a  s o d i u m  s p i l l  5 f t  i n  d i a m e t e r  w i t h  a  9 0 0 ° F  l i n e a r  AT 

t h r o u g h  t h e  1/4 in.  f l o o r  l i n e r ,  t h e  l i n e r  w i l l  e x p e r i e n c e  a  m a x i m u m  d e f l e c t i o n  

of ' ^ l l  in.  T h i s  i n d i c a t e s  t h e  m a g n i t u d e  of  d i s p l a c e m e n t s  w h i c h  c a n  b e  e x p e c t e d .

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

a v e r a g e  l i n e r  t e m p e r a t u r e  of  2 4 0 ° F  w i l l  b u c k l e  t h e  1/4 in .  l i n e r  p l a t e  b e t w e e n  

t h e  " T "  s u p p o r t s  w h i c h  a r e  6 f t  o n  c e n t e r s .  H i g h e r  a v e r a g e  t e m p e r a t u r e s  w i l l  

s i m p l y  i n c r e a s e  t h e  s i z e  of  t h e  b u c k l e .

All  of  t h e  ab o v e  h y p o t h e s i z e d  c o n d i t i o n s  r e s u l t  in  d i s p l a c e m e n t  t y p e  s t r e s s  

i n d u c e d  by  t h e  t h e r m a l  c o n d i t i o n s .  C o n s i d e r i n g  t h e  w e ld  w h i c h  j o i n s  t h e  l i n e r  

p l a t e s  to  h a v e  a  d u c t i l i t y  g r e a t e r  t h a n ,  o r  e q u a l  to ,  90 % of t h e  l i n e r  m a t e r i a l ,  

t h e  l i n e r s  s h o u ld  b e  c a p a b l e  of w i t h s t a n d i n g  m o r e  t h a n  1000 c y c l e s  s u c h  a s  t h o s e  

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

N A A - S R - 5 7 0 0  ( s u p p l .  4)
V (g) -1

Jl5 048



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

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

m e n t  is  no t  e x p e c t e d .

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

to  E q A T  o r  135,000  p s i  f o r  a  A T e q u a l  to  9 0 0 ° F ,  T h e  l i n e r s ,  c o n s i d e r i n g  th e  

w e ld  to  b e  90 p e r c e n t  a s  d u c t i l e  a s  t h e  p a r e n t  m a t e r i a l ,  c a n  w i t h s t a n d  o v e r  

100 s u c h  ho t  s o d i u m  s p i l l  c y c l e s .

N A A - S R - 5 7 0 0  ( s u p p l .  4)
v(g)-2 yib  Ci|9



Q u e s t i o n  VI (c): I n f o r m a t i o n  r e g a r d i n g  d e s i g n  a n d  t e s t i n g  of  t h e  s c r u b b e r  s h o u ld
be  p r o v i d e d  w h e n  a v a i l a b l e .

A n s w e r : T h e  a i r  s c r u b b e r  i s  a n  A m e r t h e r m  c o l l e c t o r  a s  p r o d u c e d  by t h e  A m e r i ­

c a n  A i r  F i l t e r  C o m p a n y  s p e c i f i c a l l y  f o r  t h e  H a l l a m  a p p l i c a t i o n .  P e r t i n e n t  

s p e c i f i c a t i o n s  a r e  a s  fo l l o w s :

a)  T he  s c r u b b e r  m a y  be  s t a r t e d  m a n u a l l y  f r o m  t h e  c o n t r o l  r o o m  on e i t h e r  

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

b u i ld in g  p o w e r .  T h i s  f e a t u r e  i s  to  i n s u r e  n e g a t i v e  p r e s s u r e  in  t h e  b u i l d i n g  on 

l o s s  of  n o r m a l  p o w e r  ( i r r e s p e c t i v e  of  a  c o n c u r r e n t  s o d i u m  f i r e  in th e  a r e a ) .

b) T h e  s y s t e m  is  d e s i g n e d  f o r  a n  a i r  f low  r a t e  of  7500 c f m  of a i r  a t  

t e m p e r a t u r e s  up to  500 ° F .  T h i s  f lo w  r a t e  i s  e s t i m a t e d  s u f f i c i e n t  to  m a i n t a i n  

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

a  s o d i u m  f i r e .

c)  The  s y s t e m  wil l  r e m o v e  a m i n i m u m  of  98 .5% of a l l  p r e d i c t e d  s o d i u m  

ox id e  f r o m  th e  f lo w in g  a i r  s t r e a m ,  a n d  w i l l  o p e r a t e  f o r  a  m i n i m u m  t w o - w e e k  

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

b e in g  r e g e n e r a t e d  w h i le  t h e  o t h e r  t h r e e  u n i t s  c o n t i n u e  in  s e r v i c e .  W a s t e  p r e ­

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

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

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

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

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

t w o - w e e k  u n a t t e n d e d  o p e r a t i n g  c y c l e .

e) M a x i m u m  s o d i u m  o x id e  l o a d i n g  o f  t h e  a i r  f e e d i n g  th e  f i l t e r  i s  e s t i m a t e d  

a t  1000 l b / h r ,  w i th  t h e  fo l l o w in g  e s t i m a t e d  g r a d a t i o n :

6 m i c r o n  47%

4 m i c r o n  26%

2 1 /2  m i c r o n  5%

1 1 /2  m i c r o n  18%

3 / 4  m i c r o n  4%

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

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

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

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

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

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

N A A - S R - 5 7 0 0  ( s u p p l .  4)
V I ( c ) - l  r ; .  o T O



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

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

of  f r o m  90 to  100% w e r e  found .  On th e  b a s i s  of  t h e s e  t e s t s ,  a h ig h  e f f i c i e n c y  t y p e  

f i l t e r  w a s  s e l e c t e d  f o r  f u r t h e r  t e s t s .  (See  A m e r i c a n  A i r  F i l t e r  T e s t  R e p o r t ,  

P r o j e c t  1544, MSC,  d a t e d  J u n e  9, 1961)

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

i n s t a l l e d  a t  H a l l a m .  R e s u l t s  a r e  r e p o r t e d  in  a r e p o r t  f r o m  A m e r i c a n  A i r  F i l t e r  

C o m p a n y ,  P r o j e c t  1544, MSC,  d a t e d  J u n e  27,  1961 .  R e s u l t s  of  t h i s  t e s t  i n d i ­

c a t e d  t h a t  the  f i l t e r  i s  c a p a b l e  of  100% r e m o v a l  of  N a K  s m o k e  f r o m  a f lo w in g  

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

s o d i u m  f i r e  a t  H a l l a m .  N aK  s m o k e  c o u l d  not  be  d e t e c t e d  in  t h e  e f f l u e n t  a i r ,  

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

u r i n g  c h a n g e  in  w e ig h t  of  t h i s  f i l t e r .  O p e r a t i o n  of  t h e  t e s t  r i g  f o r  c l e a n i n g  a n d  

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

a n d  r e c o a t e d  e f f i c i e n t l y  by  t h e  m e t h o d s  to  be  u s e d  a t  H a l l a m ,  w i th o u t  i n t e r r u p t i o n  

of  t h e  f i l t e r i n g  a c t i o n  o r  a i r  f low  ( e x c e p t  in  t h e  f i l t e r  s e c t i o n  a c t u a l l y  b e i n g  

r e g e n e r a t e d ) .

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

F i g u r e  VI ( c ) - l .  In n o r m a l  o p e r a t i o n ,  t h e  s c r u b b e r  s y s t e m  i s  i n a c t i v e ,  a n d  i s  

v a l v e d  off  by  v a l v e s  V - 2 ,  V - 3 ,  a n d  V - 5 .  N o r m a l  b u i l d i n g  v e n t i l a t i o n  f lo w  is  

t h r o u g h  v a l v e  V - 1 ,  w i th  t h e  m a i n  b u i l d i n g  f i l t e r  s y s t e m  a n d  m a i n  e x h a u s t  b l o w e r  

in  o p e r a t i o n .

U n d e r  e m e r g e n c y  c o n d i t i o n s  V - 1 ,  V - 3 ,  a n d  t h e  m a i n  e x h a u s t  f a n  v a l v e s  

w o u ld  b e  c l o s e d .  A v e n t i l a t i n g  a i r  f lo w  of a p p r o x i m a t e l y  7500 C F M  woirld f low  

t h r o u g h  V - 2 ,  t h r o u g h  t h e  f o u r  s c r u b b e r  u n i t s  in  p a r a l l e l ,  a n d  e x h a u s t  t h r o u g h  

t h e  p r i m a r y  s c r u b b e r  b l o w e r  a n d  V - 5  to  t h e  s t a c k .

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

p o in t  (abou t  4 in ,  w a t e r  g a u g e )  th e  u n i t  i s  a u t o m a t i c a l l y  c u t  of f  t h e  l i n e  a n d  

r e g e n e r a t e d .  R e g e n e r a t i o n  i s  a c c o m p l i s h e d  in  two s t e p s .  F i r s t ,  t h e  b a g s  a r e  

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

f o u r  to  s i x  s h o r t  c y c l e s .

In t h i s  p r o c e s s ,  t h e  p r e - c o a t ,  t o g e t h e r  w i th  e n t r a i n e d  s o d i u m  o x id e ,  d r o p s  

to  t h e  b o t t o m  of t h e  h o p p e r ,  a n d  is  d i s c h a r g e d  in to  t h e  s t o r a g e  b i n  t h r o u g h  th e  

r o t a r y  l o c k .

N A A - S R - 5 7 0 0  ( s u p p l .  4)^ , n d
V I ( c ) - 2  ' J x t )  u O i
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T h e  s e c o n d  s t e p  c o n s i s t s  of  p r e - c o a t i n g  th e  f i l t e r .  T h e  s e e d  b l o w e r  c o m e s  

on  a u t o m a t i c a l l y ,  a n d  th e  f i l t e r  m e d i u m  ( f in e l y  g r o u n d  a s b e s t o s  f i b e r )  i s  f ed  in to  

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

f i l t e r  r e a c h e s  1 in .  w a t e r  g a u g e .  At t h i s  p o i n t ,  t h e  r e g e n e r a t i o n  c y c l e  i s  c o m ­

p l e t e ,  a n d  th e  u n i t  r e t u r n s  to  s e r v i c e  a u t o m a t i c a l l y .  A n  a u t o m a t i c  i n t e r l o c k  

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

t i m e  f o r  one  un i t  i s  a b o u t  f o u r  m i n u t e s .

T h e  p r i m a r y  s c r u b b e r  b l o w e r  s e r v e s  a n  a l t e r n a t e  p u r p o s e  of  s u p p ly in g  

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

D i e s e l  g e n e r a t o r  i s  no t  s i r f f i c i e n t ly  l a r g e  to  d r i v e  t h e  m a i n  b u i l d in g  e x h a u s t  

b l o w e r s .  T h u s ,  on  l o s s  of  p o w e r ,  t h e  m a i n  b u i l d i n g  e x h a u s t  b l o w e r s  go off,  

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

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

w o u ld  be  t h r o u g h  V - 1 ;  t h r o u g h  th e  c e n t r a l  f i l t e r  s y s t e m ;  t h r o u g h  V - 3 ;  t h r o u g h  

t h e  p r i m a r y  s c r u b b e r  b l o w e r ;  a n d  t h r o u g h  V - 5  to  t h e  s t a c k .  T h e  s c r u b b e r  

s y s t e m  i s  not  in  s e r v i c e  u n d e r  t h e s e  c o n d i t i o n s ,  s i n c e  no f i r e  i s  p r e s e n t ,  and  

th e  n o r m a l  b u i ld in g  v e n t  f i l t e r s  a r e  a d e q u a t e .

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

w i l l  be a c c e p t a n c e  t e s t e d  to  a s s u r e  p r o p e r  o p e r a t i o n .
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Q u e s t i o n  VI(e):  F u r t h e r  s u b s t a n t i a t i o n  of  t h e  a d e q u a c y  of  t h e  s t a c k  h e i g h t  s h o u l d  
be  p r o v i d e d .  With  r e s p e c t  to  th e  s t a c k  h e i g h t ,  i t  d o e s  n o t  a p p e a r  t h a t  c o n s i d e r ­
a t i o n  h a s  b e e n  g iv e n  to  th e  e f f e c t s  of  th e  a d j a c e n t  s t e a m  p l a n t  s t r u c t u r e ,  to  v e ­
l o c i t i e s  a n t i c i p a t e d  u n d e r  v a r i o u s  v e n t i l a t i o n  c o n d i t i o n s .

A n s w e r :  The  to p  of th e  H N P F  s t a c k  i s  100 f t  a b o v e  g r a d e .  T h e  H N P F  b u i l d in g  

h e i g h t  i s  70 ft ,  a n d  the  t a l l e s t  s t e a m  p l a n t  b u i l d in g ,  480  f t  a w a y  f r o m  th e  s t a c k ,  

is  ~ 1 0 8  f t  t a l l .  A s m a l l  e x t e n s i o n  a b o v e  th e  s t e a m  p l a n t  b u i l d in g  e x t e n d s  143 f t  

a b o v e  g r a d e .  V e n t i l a t i o n  a i r  i n t a k e s  in  th e  s t e a m  p l a n t  a r e  10 to  40 f t  a b o v e  

g r a d e .  R e l a t i v e  h e i g h t s  of t h e s e  b u i l d i n g s  a r e  s h o w n  in  F i g u r e  V I ( e ) - l .

F o r  a i r b o r n e  d i s p e r s a l  p u r p o s e s  t h e  e f f e c t i v e  h e i g h t  of  the  s t a c k  i s  a  f u n c t i o n  

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

f o r  H N P F ) .  N o r m a l l y ,  the  H N P F  e x h a u s t  r a t e  i s  h e l d  c o n s t a n t  a t  ~ 8 0 , 0 0 0  s c f m ,
❖

w h i c h  g i v e s  e x h a u s t  v e l o c i t y  of ~ 4 5  m p h  a n d  r e s u l t s  in  th e  e f f e c t i v e  s t a c k h e i g h t s  

l i s t e d  in  T a b l e  V I ( e ) - l .  T h i s  t a b l e  s h o w s  t h a t  f o r  w in d  v e l o c i t i e s  b e l o w  8 m p h  

th e  e f f e c t i v e  h e i g h t  of the  s t a c k  i s  g r e a t e r  t h a n  t h a t  of  th e  e x t e n s i o n  a b o v e  th e  

s t e a m  p l a n t  b u i l d in g .  Only  u n d e r  s o d i u m  f i r e  o r  l o s s - o f - p o w e r  c o n d i t i o n s  i s  the  

s t a c k  f low r a t e  r e d u c e d  s i g n i f i c a n t l y  b e l o w  n o r m a l  (to 7500  c f m ) .

T A B L E  V I ( e ) - l  

E F F E C T I V E  S T A C K  H E IG H T

Wind S p e e d  ^
(mph)

E f f e c t i v e  S t a c k  
e ig l  
(ft)

2 279

5 172

8 145

10 135

20 118

30 112

40 109

* T h i s  a n d  o t h e r  m e t e o r o l o g i c a l  c o n s i d e r a t i o n s  w i th  r e g a r d  to  th e  s t a c k  h a v e  
b e e n  c o r r o b o r a t e d  by M e t e o r o l o g y  R e s e a r c h ,  I n c . ,  A l t a d e n a ,  C a l i f .

N A A - S R - 5 7 0 0  (Suppl.  4)
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I n t e r f e r e n c e  o r  d o w n - w a s h  e f f e c t s  of  th e  v a r i o u s  b u i l d i n g  on  th e  g a s e s  r e ­

l e a s e d  f r o m  th e  s t a c k  a r e  p o s s i b l e  o n ly  u n d e r  c o n d i t i o n s  of  w in d  d i r e c t i o n  a t  the  

s t a c k  b e in g  d i r e c t l y  t o w a r d s  o r  a w a y  f r o m  th e  a d j a c e n t  b u i l d i n g s  a n d  r e l a t i v e l y  

h ig h  w ind  v e l o c i t i e s .  W hen  w in d  i s  f r o m  th e  b u i l d in g  t o w a r d  th e  s t a c k ,  th e  30 f t  

of s t a c k  a b o v e  the  n e a r e s t  ( r e a c t o r )  b u i l d in g  p l u s  t h e  h i g h  e x h a u s t  v e l o c i t y  w i l l  

t e n d  to  m a k e  d o w n - w a s h  i n s i g n i f i c a n t .  M o r e o v e r ,  t h e r e  a r e  no  o n - s i t e  b u i l d i n g s  

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

(> 1 / 4  m i l e )  t h a t  th e  m i n i m u m  d i l u t i o n  f a c t o r  of  1000 a s  s h o w n  in  t h e  p a r e n t  r e ­

p o r t  w i l l  n o t  be  s i g n i f i c a n t l y  c h a n g e d  f o r  o f f - s i t e  c o n c e n t r a t i o n  of  s t a c k  e f f l u e n t  

e v e n  if s o m e  l o c a l  d o w n - w a s h  e f f e c t s  do o c c u r .

If th e  w in d  b lo w s  f r o m  th e  s t a c k  t o w a r d  th e  s t e a m  p l a n t  s t r u c t u r e ,  i n t e r ­

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

s t a c k  f low of 8 0 ,000  s c f m  w in d  v e l o c i t i e s  b e lo w  8 m p h  w i l l  r e s u l t  i n  e f f e c t i v e  

s t a c k  h e i g h t  g r e a t e r  t h a n  th e  h e i g h t  of t h e  t a l l e s t  s t e a m  p l a n t  b u i l d in g ,  480  f t 

f r o m  th e  s t a c k .  F o r  w in d  v e l o c i t y  g r e a t e r  t h a n  15 m p h  th e  t u r b u l e n c e  w i l l  be  

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

b e t w e e n  8 a n d  15 m p h ,  the  p l u m e  f r o m  th e  s t a c k  m a y  d i r e c t l y  s t r i k e  th e  s t e a m  

p l a n t  b u i l d in g .

T h e  p r i m a r y  p u r p o s e  of th e  H N P F  s t a c k  i s  to  d i s c h a r g e  b u i l d in g  v e n t i l a t i o n  

a i r  to  the  a t m o s p h e r e .  T h i s  a i r  i s  n e c e s s a r i l y  a t  r a d i a t i o n  l e v e l s  b e l o w  M F C .

In t h i s  c a p a c i t y  the  b a s i c  r e q u i r e m e n t  i s  t h a t  th e  s t a c k  be  s o m e w h a t  r e m o v e d  

f r o m  v e n t i l a t i o n  i n t a k e s ,  w h i c h  a r e  l o c a t e d  n e a r  g r o u n d  l e v e l .  S in c e  th e  s t a c k  

i s  a t  l e a s t  30 f t  t a l l e r  t h a n  a l l  b u i l d i n g s  w i t h i n  400 f t ,  t h e r e  i s  no  p r o b l e m  w i th  

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

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

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

l e a s e  of  g a s e s  i n c lu d e :

1) B u i ld in g  v e n t i l a t i o n  r a t e  m u s t  be  n o r m a l ,  ~ 8 0 , 000 c f m .

2) M a x i m u m  c o n c e n t r a t i o n  of s t a c k  e f f l u e n t  i s  l i m i t e d  to  1000 t i m e s  

T a b l e  11 of  10 C F R  20.  (The m i n i m u m  d i l u t i o n  f r o m  s t a c k  to  s i t e  

b o u n d a r y  i s  1000,  i n c l u d i n g  p o s s i b l e  d o w n w a s h  e f f e c t s .  ) A v e r a g i n g  of 

s t a c k  e f f l u e n t  c o n c e n t r a t i o n ,  a s  o u t l i n e d  in  Q u e s t i o n  Vl(b)  of  S u p p l e ­

m e n t  2 to  th e  p a r e n t  r e p o r t ,  i s  a c c e p t a b l e  f o r  t h i s  p u r p o s e .
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3) T h e  c o n c e n t r a t i o n  of s t a c k  e f f l u e n t  w i l l  n o t  be  g r e a t e r  t h a n  ZO t i m e s  

T a b l e  1 of 10 C F R  20,  w h e n e v e r  t h e  w in d  d i r e c t i o n  a t  th e  s t a c k  is  

d i r e c t l y  t o w a r d  the  s t e a m  p l a n t .  (The  m i n i m u m  d i l u t i o n  f r o m  s t a c k  

to  s t e a m  p l a n t  i s  2 0. )

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

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

D u r i n g  s o m e  of th e  a c c i d e n t s  s t u d i e d  in  th e  p a r e n t  r e p o r t  the  h ig h  b a y  a t m o s ­

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

t a b u l a t e d  in  T a b l e  V l ( e ) - 2 .  M a n y  of t h e s e  a c c i d e n t s  c a n  be  t e r m i n a t e d  o r  a t  

l e a s t  r e d u c e d  in  s e v e r i t y  by  p r o m p t  o p e r a t o r  a c t i o n .  I t  i s  p o s s i b l e  f o r  th e  h ig h  

b a y  a c t i v i t y  to  be  a b o v e  M P C  d u r i n g  s o m e  a c c i d e n t s ,  a n d  t h i s  m a y  r e q u i r e  e v a c u ­

a t i o n  of th e  r e a c t o r  b u i l d in g .  T h e  b u i l d in g  v e n t i l a t i o n  s y s t e m  w i l l  c o n t in u e  to  

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

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

to th e  a i r  o u t s i d e  the  t a l l e s t  p o r t i o n  of  th e  c o n v e n t i o n a l  p l a n t  i s  c a l c u l a t e d  to  be  

26 w i th  n o r m a l  v e n t i l a t i o n  a n d  5 w i t h  e m e r g e n c y  v e n t i l a t i o n  (7500 c f m ) .  N o r m a l  

v e n t i l a t i o n  c a l c u l a t i o n s  in c lu d e  d i l u t i o n  of  1.33 b e t w e e n  th e  h i g h  b a y  a n d  th e  s t a c k  

a n d  u s e  n e u t r a l  w e a t h e r  p a r a m e t e r s  a n d  h o r i z o n t a l  d o w n w in d  d i f f u s i o n .  E m e r ­

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

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

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

ing  t h e s e  a c c i d e n t s .  Should  i t  b e c o m e  n e c e s s a r y  to  e v a c u a t e  t h e  r e a c t o r  b u i l d in g  

b e c a u s e  of  a i r b o r n e  r a d i o a c t i v i t y ,  i t  m a y  a l s o  be  n e c e s s a r y  to  e v a c u a t e  th e  c o n ­

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

f r o m  the  A l  Shif t  L e a d e r  [see Q u e s t i o n  lX(d)] ,  w h o s e  d e c i s i o n  w i l l  d e p e n d  upon  

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

s i t e  b o u n d a r y  d o s e  r a t e s  g iv e n  in  t h e  p a r e n t  r e p o r t  f o r  th e  a b o v e  a c c i d e n t s  r e ­

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

of d o w n w a s h  ( r e d u c i n g  the  a d v a n t a g e  of  a n  a b o v e g r o u n d  r e l e a s e )  i s  p a r t i a l l y  

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

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

T h u s ,  i t  i s  c o n c l u d e d  t h a t  t h e  1 0 0 - f t  s t a c k  h e i g h t  i s  a d e q u a t e  f o r  a l l  o p e r ­

a t i n g  c o n d i t i o n s .  D u r i n g  p l a n n e d  o p e r a t i o n ,  t h e r e  i s  no  r a d i a t i o n  h a z a r d  f r o m  

s t a c k  e f f l u e n t .  S hou ld  c e r t a i n  a c c i d e n t s  o c c u r ,  r e s u l t i n g  in  h i g h  c o n c e n t r a t i o n s  

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

p e r s o n n e l  m i g h t  be  r e q u i r e d  to  a v o i d  e x p o s u r e s  a b o v e  M P C .
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T A B L E  V I (e ) -2

A C C I D E N T S  L E A D IN G  T O  S T A C K  R E L E A S E  O F  R A D IO A C T IV IT Y

P o s t u l a t e d  A c c i d e n t A v e r a g e  H ig h  B a y  C o n c e n t r a t i o n  a t  
T i m e  of M a x i m u m  C o n c e n t r a t i o n

(1) F u e l  e l e m e n t  m e l t d o w n  in  f u e l 3.0  X 10 ^  j j L c / c r a ^  (N)

h a n d l i n g  m a c h i n e

(2) D r o p p e d  f u e l  s lug 6 X 10 j J L c / c m ^  (N)

6 .8  X 10 ^ / J - c / c m ^  (1)

(3) D r o p p e d  f u e l  e l e m e n t 5 X 10 ^ j J L c / c m ^  (N )

5.5 X 10 ^ j u . c / c m ^  ( I)

(4) I n s t a n t a n e o u s  o x i d a t i o n  of 1.5 /J. c / c m ^  (N)

d r o p p e d  fu e l  e l e m e n t 1. 6 ^  c / c m ^  (1)

(5) P r i m a r y  s o d i u m  s p i l l  f o l l o w in g 160 X M P C  (N) f o r  1% c e l l  l e a k a g e

c o r e  m e l t d o w n in  24 h o u r s

(6) L a r g e  f i r e  of p r i m a r y  s o d i u m 24H ig h  (Na ), r e q u i r e s  e v a c u a t i o n

(7) L o a d i n g  f a c e  s h i e l d  g a s  l e a k a g e 2.5 X 10 ^ ^ c / c m ^  (N)

(8) L o a d i n g  f a c e  s h i e l d  g a s  l e a k a g e 0 . 8 y u .c / c m ^  (N)

fo l lo w in g  c o r e  m e l t d o w n

(9) P r i m a r y  p u m p  l e a k a g e 1 X 10 ^ f J L c / c m ^  (N)

-5  - 6  3
(N) = n o b le  g a s e s ,  M P C  = 10 to  10 f x c / c m

131 - 9  3(I) = io d i n e  o r  h a l o g e n s ,  M P C  of I i s  9 x  10 f M c / c m

M P C ' s  f r o m  T a b l e  I, 10 C F R  20
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Q u e s t i o n  Vll (a) :  W h a t  p r o v i s i o n s  h a v e  b e e n  m a d e  to  m i n i m i z e  t h e  p o s s i b i l i t y  of
a i r / o i l  e x p l o s i o n  in  c o m p r e s s e d  a i r  s y s t e m s  s e r v i n g  i n s t r u m e n t a t i o n  a n d  c o m ­
p o n e n t  o p e r a t o r s ?

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

w i t h  s u c t i o n  a i r  f i l t e r s .  E v e n  s h o u ld  o i l  e n t e r  t h e  s y s t e m  by  s o m e  u n k n o w n  

m e a n s ,  t h e  o i l  w o u ld  be  t r a p p e d  out  in  a  s e r i e s  of r e m o v a l  f a c i l i t i e s  i n c l u d i n g  

a f t e r - c o o l e r s ,  s e p a r a t o r s ,  r e c e i v e r s ,  p r e - f i l t e r s  and  d r y e r s .  T h u s ,  it  is  

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

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

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

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

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

e x c e s s  o i l  f r o m  th e  a i r .  O il  i s  f ed  to  t h e  c o m p r e s s o r  o n  t h e  s u c t i o n  s i d e  in  

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

i n t e r c o o l e r  and  t r a p  b e t w e e n  s t a g e s ,  and  in  t h e  a f t e r - c o o l e r  a n d  t r a p  p r i o r  to  

e n t e r i n g  t h e  s e r v i c e  a i r  r e c e i v e r .  If o i l  v a p o r  s h o u ld  m a n a g e  to  p a s s  t h e  

c o o l e r s  u n c o n d e n s e d ,  it  w o u ld  t e n d  to  p r e c i p i t a t e  ou t  in  t h e  r e c e i v e r .  T h e  

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

c o m p o n e n t s .  It  is  t h e r e f o r e  no t  r e a s o n a b l e  to  a s s u m e  t h a t  o i l  of c o m b u s t i b l e  

c o n c e n t r a t i o n  w ou ld  p a s s  to  t h e  n u c l e a r  f a c i l i t y .

T h e  on ly  a r e a  w h e r e  a n  e x p l o s i o n  i s  r e m o t e l y  p o s s i b l e  i s  in  t h e  c y l i n d e r s  

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

w i t h  l o s s  of c o o l a n t  w a t e r .  K t h i s  s h o u ld  h a p p e n ,  a n y  e x p l o s i o n  w o u ld  t a k e  

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

t h e  r e c e i v e r ,  o r  by f a i l u r e  in  t h e  c o m p r e s s o r  i t s e l f .  No d a m a g e  o r  d i s t r e s s  

w o u ld  b e  r e f l e c t e d  in  t h e  n u c l e a r  p l a n t .  S e r v i c e  to  t h e  n u c l e a r  p l a n t  w o u ld  

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

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

by c h e c k  v a l v e s .  A m a n u a l  c r o s s - t i e  f r o m  th e  s o o t  b l o w e r  c o m p r e s s o r s  in  the  

c o n v e n t i o n a l  p l a n t  c a n  a l s o  be  u s e d  to  r e s u m e  n o r m a l  s e r v i c e  a i r  s u p p ly .
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Q u e s t i o n  V l l (b ) : W ha t  w ou ld  b e  t h e  e f f e c t  of a  m a j o r  f i r e  a n d / o r  e x p l o s i o n  i n  a
s t e a m  g e n e r a t o r  r o o m  on  th e  c a p a b i l i t y  to  c o n t r o l  o r  s h u t d o w n  t h e  n u c l e a r  p l a n t ?  
W ha t  m e a n s  a r e  a v a i l a b l e  to c o m b a t  o r  c o n t r o l  f i r e s  in  t h e  s t e a m  g e n e r a t o r  r o o m s  
s h ou ld  d i r e c t  a c c e s s  b e  i m p o s s i b l e ?

A n s w e r :  A f i r e ,  e v e n  a m a j o r  one ,  in  a  s t e a m  g e n e r a t o r  c e l l  w ou ld  no t  s e r i o u s l y

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

t h e  p l a n t  a n d / o r  i s o l a t i o n  of a  lo o p  c a n  b e  a c c o m p l i s h e d  f r o m  t h e  c o n t r o l  r o o m .  

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

T h e  f i r e  r e s i s t i v e  r a t i n g s  of t h e  c e l l  s t r u c t u r e  a r e  l i s t e d  be low :

I t e m C o n s t r u c t i o n

1) Wal l  b e t w e e n  c e l l s  and  c o n t r o l  R e i n f o r c e d  
r o o m ,  c a b l e  r o o m ,  and  s w i t c h -  c o n c r e t e  
g e a r  r o o m s  
( C o lu m n  L i n e  13)

2) C e i l in g R e i n f o r c e d
c o n c r e t e

F i r e  R a t in g  
( U n i f o r m  B u i ld in g  C ode)

4 h o u r s

3 h o u r s

3) W a l l s  b e t w e e n  c e l l s  P l a s t e r  on
( C o lu m n  L i n e s  A, Ay,  By,  Cy) m e t a l  l a t h

4) Wal l  s e p a r a t i n g  c e l l s  f r o m  
H igh  B ay
( C o lu m n  L i n e  15.5)

5) D o o r s  to  s w i t c h g e a r  
r o o m  (3)

6 ) D o o r s  to  H igh  B ay  (3)

P l a s t e r e d
c o n c r e t e
b lo c k

U. L .  C l a s s  B 
s w i n g in g  d o o r ,  
w i t h  C l a s  s A 
s l i d i n g  d o o r  
i n s t a l l e d  o n  s o u t h  
s i d e  of  w a l l

U. L .  C l a s s  B

1 h o u r

4 h o u r s

C l a s s  B, 1 - 1 / 2  h r

C l a s s  A, 30 m i n

1 - 1 / 2  h r

No c o n t r o l  w i r i n g  r u n s  t h r o u g h  a s t e a m  g e n e r a t o r  c e l l  e x c e p t  t h a t  d i r e c t l y  

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

a r o u n d  t h e  c e l l s .  T h e  f i r e d o o r s ,  o n e  of w h i c h  ( the  C l a s s  A d o o r )  i s  a u t o m a t i c a l l y  

c l o s e d  in  c a s e  of  f i r e ,  a d e q u a t e l y  p r o t e c t  t h e  s w i t c h g e a r  r o o m .

As d e s c r i b e d  in  T a b l e  2.6 of  t h e  p a r e n t  r e p o r t ,  t h e  " P y r - A - L a r m s "  i n ­

s t a l l e d  in  e a c h  c e l l  w i l l  no t  on ly  i n d i c a t e  t h e  f i r e  l o c a t i o n  o n  t h e  f i r e  p r o t e c t i o n  

p a n e l  in the  c o n t r o l  r o o m ,  but  w i l l  a l s o  s h u t  off  t h e  a i r  s u p p ly  f a n  to  t h a t  c e l l .  

A m p l e  s u p p l i e s  of f i r e - f i g h t i n g  m a t e r i a l  w i l l  b e  o n  h a n d .
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In t h e  e v e n t  of  a  f i r e  of  s u c h  p r o p o r t i o n s  t h a t  d i r e c t  a c c e s s  to  t h e  c e l l  i s  

i m p o s s i b l e ,  t h e  fo l lo w in g  m e a n s  o f  f ig h t in g  t h e  f i r e  a r e  a v a i l a b l e :

1) T h e  s e c o n d a r y  p u m p  w i l l  b e  sh u t  down,  and  t h e  h e l i u m  s u p p l y  to  t h e

loop  shu t  off,  to  r e d u c e  t h e  d r i v i n g  f o r c e  o n  t h e  s o d i u m  l e a k .
3

2) N i t r o g e n  f r o m  t h e  b u lk  s u p p ly  (125 ,000  f t  m i n i m u m )  c a n  b e  f e d  in to  

t h e  c e l l .  (S ince  t h e  p a r e n t  r e p o r t  w a s  w r i t t e n ,  p l a n s  h a v e  b e e n  m a d e  

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

l i n e  and  th e  b u lk  s u p p ly  w i l l  b e  by  h o s e ,  to  a v o i d  t h e  p r o b l e m  of i n ­

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

o p e r a t i o n ,  and  p o s s i b l e  o p e r a t o r  a s p h y x i a t i o n . )

3) S o d iu m  c a n  b e  d r a i n e d  in to  t h e  s e c o n d a r y  f i l l  t a n k .

4) T h e  f e e d w a t e r  s u p p ly  v a l v e  w i l l  b e  s h u t ,  a n d  s t e a m  w i l l  b e  b l o w n  off 

f r o m  th e  s t e a m  g e n e r a t o r  to  m i n i m i z e  t h e  a v a i l a b l e  w a t e r  in  t h e  

r o o m .  T h e  s t e a m  c a n  b e  b lo w n  off  by  o p e r a t i n g  t h e  e l e c t r o m a t i c  

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

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

t h e  c o n t r o l  r o o m  ro o f .

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

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

f r o m  t h e  IHX c e l l  r o o f ,  and  by  l i f t i n g  a  r o o f  s l a b  — it i s  b e l i e v e d  t h a t  t h e  c e l l  

w i l l  be  a c c e s s i b l e  in  a l l  f i r e s  t h a t  m a y  a c t u a l l y  o c c u r .

In t h e  e v e n t  of a  m o d e r a t e  p r e s s u r e  e x c u r s i o n  in  a  c e l l  ( a s s u m e d  to  b e  d u e  

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

s i d e  w a l l s  of  t h e  c e l l  m a y  fa i l ,  b u t  t h e  c o n t r o l  r o o m  w a l l  w i l l  h o ld .  T h e  

o p e r a t o r  w i l l  p r o c e e d  a s  in  t h e  c a s e  of  a  f i r e .

If a  l a r g e  s o d i u m - w a t e r  r e a c t i o n  s h o u ld  o c c u r  ( e x t e r n a l  to  t h e  s t e a m  g e n e r ­

a t o r  o r  o t h e r  e q u i p m e n t ) ,  w i th  a g r e a t  d e a l  of  h y d r o g e n  e v o l v e d ,  a n  e x p l o s i o n  

cou ld  fo l low  in  t h e  s t e a m  g e n e r a t o r  r o o m .  W i th  n e a r - s t o i c h i o m e t r i c  m i x t u r e s  

of a i r  and  h y d r o g e n ,  e x p l o s i o n  a n d  d e t o n a t i o n  p r e s s u r e s  r a n g i n g  f r o m  6 . 9  a t -  

m o s p h e re s ^ ^ ^  to  18 a t m o s p h e r e s ^ ^ ^  a r e  p o s s i b l e .  S uch  e x p l o s i o n s  c o u ld  b e  

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

r o o m  and  cou ld  p e r h a p s  i n j u r e  t h e  c o n t r o l  r o o m  o p e r a t o r s .  T h e  p r i m a r y  s y s t e m

(1) B,  L e w i s  and  G. v o n  E l b e ,  C o m b u s t i o n ,  F l a m e s  a n d  E x p l o s i o n s  of  G a s e s ;  
( A c a d e m i c  P r e s s ,  New Y o r k ,  1951)

(2) B.  L e w i s  and  J .  B.  F r i a u f ,  J .  A m  C h e m  Soc 3950 (1930) .
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an d  th e  r e a c t o r  w i l l  be p r o t e c t e d  by  t h e  m a s s i v e  s t r u c t u r e  of  t h e  IHX c e l l s .

(See F i g u r e  2 .40  of  t h e  p a r e n t  r e p o r t .  )

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

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

l e a d e r  to  sh u t  t h e  r e a c t o r  dow n .  If t h e  r e a c t o r  w e r e  s t i l l  o p e r a t i n g  a t  t h e  t i m e  

of  t h e  e x p l o s i o n ,  s c r a m  would  o c c u r  t h r o u g h  o n e  of  t h e  fo l l o w in g  m e a n s ;

a) Shock  to  t h e  p r o t e c t i v e  p a n e l .  T h e  d r o p o u t  of a n y  s c r a m  r e l a y ,  o r  

th e  b r e a k i n g  of a n y  l e a d ,  c a u s e s  a s c r a m .  A n e x p l o s i o n  v i o l e n t  

en o u g h  to  b r e a c h  th e  c o n t r o l  r o o m  w a l l  w i l l  s h a k e  t h e  p r o t e c t i v e  p a n e l  

s e v e r e l y .

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

c) O p e r a t o r  a c t i o n .

O p e r a t i n g  p e r s o n n e l  in o t h e r  p a r t s  of  t h e  p l a n t  w ou ld  no t  b e  i n j u r e d ,  and  

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

c a n  be  s c r a m m e d ,  if n e c e s s a r y ,  f r o m  t h e  c o n t r o l  r o d  c a r r i a g e ;  t h e  p u m p s  c a n  

b e  shu t  dow n  f r o m  th e  l o c a l  p u m p  p a n e l s ;  t h e  m a i n  v a l v e s  c a n  b e  o p e r a t e d  

m a n u a l l y ;  t h e  h e l i u m  and  n i t r o g e n  s y s t e m s  a r e  o p e r a b l e  f r o m  t h e  l o c a l  g a g e -  

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

s t r u m e n t s  t h a t  c a n  be c o n n e c t e d  in  t h e  p r e a m p  r o o m  o r  t h e  p u l l b o x e s  n e a r  

t h e  lo a d in g  f a c e .  In t h e  w o r s t  c a s e ,  if a l l  t h r e e  s t e a m  g e n e r a t o r s  w e r e  d a m a g e d ,  

t h e  r e a c t o r  h e a t  s in k  w ou ld  b e  l o s t .  A s  p o i n t e d  ou t  in  s e c t i o n  4 .2 .1 7  of t h e  

p a r e n t  r e p o r t ,  if t h e  r e a c t o r  h a s  a f t e r g l o w  e n e r g y  fo l l o w in g  a fu l l  y e a r ' s  

o p e r a t i o n ,  s o m e  58 h o u r s  cou ld  e l a p s e  b e f o r e  s o d i u m  b o i l i n g  c o u ld  c o m m e n c e .  

T h i s  p e r i o d  w ou ld  be  s u f f i c i e n t  e i t h e r  to  g e t  o n e  of t h e  s t e a m  s y s t e m s  b a c k  in  

s e r v i c e ,  o r  a r r a n g e  e m e r g e n c y  c o o l in g  of t h e  r e a c t o r  a s  d i s c u s s e d  in  4 .2 .1 7 .  

T h e r e  i s  no i n d i c a t i o n  t h a t  any  r a d i o a c t i v i t y  w ou ld  b e  r e l e a s e d .

S ince  t h e  h y p o t h e t i c a l  a c c i d e n t  d i s c u s s e d  r e q u i r e s  t h e  m i x i n g  of q u a n t i t i e s  

of s o d i u m  and  w a t e r ,  t h e  p r e v e n t i o n  of s u c h  m i x i n g  i s  i m p o r t a n t .  P r o m p t  

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

S in c e  th e  w r i t i n g  of t h e  p a r e n t  r e p o r t ,  p l a n s  h a v e  b e e n  m a d e  to  c o n s t r u c t  a  c u r b  

a c r o s s  e a c h  of t h e  s t e a m  g e n e r a t o r  c e l l s  s l i g h t l y  s o u t h  of c o l u m n  l in e  14. (See 

F i g u r e  V l l ( b ) - l ) .  S ince  v i r t u a l l y  a l l  t h e  s o d i u m  s y s t e m  is  s o u t h  of t h i s  

l in e ,  and  a l l  the  w a t e r  is  n o r t h ,  s u c h  a c u r b  w i l l  s e p a r a t e  any  

p o o l s  of  s o d i u m  and  w a t e r  o n  th e  f l o o r .  A l i g h t  m e t a l  p a r t i a l  p a r t i t i o n  w i l l  be  

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

l i n e .  As  d i s c u s s e d  ab o v e ,  t h e  w a t e r  to  a  c e l l  c o n t a i n i n g  a m a j o r  f i r e  w i l l  be  

c u t  off.
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Q u e s t i o n  V II (c ) : S e v e r a l  p l a n t  a r e a s  c o n t a i n  s o d i u m  a n d  w a t e r  l i n e s  in  c l o s e
p r o x i m i t y .  A n  a n a l y s i s  s h o u ld  be p e r f o r m e d  to  d e t e r m i n e  if  s o d i u m - w a t e r  
r e a c t i o n s  in  t h e s e  a r e a s  c o u l d  h a v e  u n s a f e  e f f e c t s  on p l a n t  o p e r a t i o n ,  a n d  w h e t h e r  
s m o k e  d e t e c t i o n  a n d  f i r e - f i g h t i n g  e q u i p m e n t  a r e  r e q u i r e d .

A n s w e r : P o i n t s  o r  a r e a s  of the  p l a n t  h a v i n g  s o d i u m  a n d  w a t e r  in  c l o s e  p r o x i m i t y

to e a c h  o t h e r  (in a d d i t i o n  to th e  s t e a m  g e n e r a t o r  a r e a )  a r e  a s  fo l low s :

A r e a  W a t e r  S o u r c e  S o d i u m  S o u r c e

1) P i p e  c h a s e  b e h i n d  w a s h  C o o l i n g  w a t e r  p ip i n g .  S o d i u m  f i l l  l i n e s ,

c e l l ,  v a l v e  a n d  g age

b o a r d s .

2) P i p e  tu n n e l  u n d e r  s t e a m  C o o l i n g  w a t e r  p ip i n g .  S e c o n d a r y  s o d i u m

g e n e r a t o r s .  (C e l l  c o o l in g  p ip i n g ,

e q u i p m e n t  r o o m s )

I t e m  1 a r e a  c o n t a i n s  o n ly  the  m a i n  s o d i u m  f i l l  l i n e  t o  t h e  p r i m a r y  a n d  s e c o n d a r y  

s o d i u m  s y s t e m s .  T h i s  l ine  w a s  u s e d  f o r  i n i t i a l  f i l l  of  t h e  s y s t e m s .  T h e  l i n e  

w a s  t h e n  d r a i n e d  a n d  v a l v e d  off.  H e r e a f t e r ,  t h e  l i n e  w i l l  o n ly  be  u s e d  f o r  

m a k e - u p  a f t e r  an  u n a n t i c i p a t e d  m a j o r  l o s s  of  s o d i u m .  In t h i s  e v e n t  s p e c i a l  

p r e c a u t i o n s  w i l l  be t a k e n  to m i n i m i z e  d a n g e r  of  f i r e  d u r i n g  i t s  u s e ,  i n c lu d in g  

the  fo l lowing:

1) A f i r e m a n  w i l l  be s t a n d i n g  by o n  th e  p a d  o u t s i d e  of  th e  b u i ld in g  w i th  

fu l l  e q u i p m e n t  d u r i n g  p u m p i n g  o p e r a t i o n s .

2) A l l  j o i n t s  w i l l  be  i n s p e c t e d  a t  s t a r t  of  p u m p i n g  o p e r a t i o n s  f o r  s i g n s  of  

l e a k a g e .

3) P y r - A - L a r m  a l a r m s  a r e  i n s t a l l e d  in  t h e  a r e a  a n d  w i l l  be o p e r a t i n g  

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

4) S o d iu m  w i l l  no t  be p u m p e d  if w a t e r  i s  p r e s e n t  on  t h e  f l o o r  of  t h e  a r e a .

T h e s e  p r e c a u t i o n s  a r e  e q u a l  to ,  o r  in  e x c e s s  of  s i m i l a r  p r e c a u t i o n s  t a k e n  in 

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

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

p r e c a u t i o n s  a r e  no t  c o n s i d e r e d  w a r r a n t e d .

I t e m  2 a r e a  c o n t a i n s  the  m a i n  s e c o n d a r y  s o d i u m  p ip ing ;  s o d i u m  s e r v i c e  

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

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

a s  fo l lows:
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1) F i r e  p r o t e c t i v e  d e v i c e s  in  the  a r e a  a r e :

a) A P y r - A - L a r m  is  i n s t a l l e d  in  e a c h  n i t r o g e n  c o o l e r  e n c l o s u r e .

b) A P y r - A - L a r m  is  i n s t a l l e d  in  s t a i r w e l l  No.  1 l e a d i n g  in to  the  

a r e a .

c) T w o  P y r - A - L a r m s  a r e  i n s t a l l e d  in  the  s e c o n d a r y  s o d i u m  p i p e w a y  

u n d e r  the  s t e a m  g e n e r a t o r  r o o m s .

d) F o u r  HAD r a t e  of  r i s e  a n d  f ix e d  t e m p e r a t u r e  a l a r m s  a r e  i n ­

s t a l l e d  in th e  s e c o n d a r y  s o d i u m  s t o r a g e  r o o m .

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

a r e a .

f) D o o r s  a r e  p r o v i d e d  on  th e  s t a i r w e l l  to  c o n t r o l  f low of a i r  to  the  

a r e a  in  e v e n t  of  f i r e .

g) F i r e  f ig h t in g  e q u i p m e n t  i s  p r o v i d e d  in  th e  a r e a  a s  fo l low s :

A r e a  E q u i p m e n t

N i t r o g e n  C o o l i n g  U n i t  1 2 0 - l b  CO^ E x t i n g u i s h e r
A r e a ,  E L  1420  ̂3 5 0 - l b  M E T - L - X  W h e e l e d  C a r t

1 1 5 0 0 - lb  C a  CO^ C a r t

2 S e t s  T u r n o u t  C lo t h in g  

2 B r e a t h i n g  A p p a r a t u s

1 E m e r g e n c y  L o c k e r

S e c o n d a r y  F i l l  T a n k  2 3 0 - l b  M E T - L - X  H a n d  E x t i n g u i s h e r s

1 2 5 - l b  A B C  H a n d  E x t i n g u i s h e r

S t a i r w a y  No.  1, 1 2 0 - l b  C O ,  H a n d  E x t i n g u i s h e r
E L  1420

1 1 5 0 - l b  M E T - L - X  W h e e l e d  

E x t i n g u i s h e r

T h e  a r e a  i s ,  in g e n e r a l ,  r e i n f o r c e d  c o n c r e t e  c o n s t r u c t i o n ,  w i t h  a f o u r  (4) 

h o u r  f i r e  r a t i n g .  S hou ld  a s o d i u m  f i r e  s t a r t  in  t h e  a r e a ,  i t s  p r e s e n c e  w o u ld  be 

s i g n a l l e d  a l m o s t  i m m e d i a t e l y  by th e  P y r - A - L a r m  s y s t e m ,  o r  by s m o k e  d e t e c t o r s  

in t h e  v e n t i l a t i o n  d u c t s .

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

t i o n s  a r e  be ing  m a d e  to  f u r t h e r  m i n i m i z e  a n d  l i m i t  a n y  p o t e n t i a l  f i r e  h a z a r d :
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a) A l l  w a t e r  l i n e s  a n d  v a l v e s  in  t h e  s o d i u m  c o n t a i n i n g  a r e a s  w i l l  be p r o ­

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

(p r o b a b l y  f o u r ) ,  m e e t i n g  th e  fo l l o w in g  c r i t e r i a ;

S o d iu m  l e a k a g e ,  e v e n  a l a r g e  h ig h  p r e s s u r e  l e a k ,  c a n n o t  s p r a y  

on to  w a t e r  p ip i n g .  W a t e r  l e a k a g e  c a n n o t  s p r a y  on to  s o d i u m  p ip in g  

o r  i n s u l a t i o n .

A ny  w a t e r  l e a k a g e  w o u ld  be c o n t a i n e d  w i t h i n  th e  s e c o n d a r y  w a t e r  

e n c l o s u r e  b a r r i e r s ,  a n d  w o u ld  n o t  s p r e a d  on the  f l o o r s  in  a r e a s  

c o n t a i n i n g  s o d i u m  p ip i n g .

L i q u id  w a t e r  in  th e  e n c l o s u r e  w o u ld  a c t u a t e  a l a r m s  a n d  a u t o m a t i c  

s h u t - o f f  See  (b) b e l o w j  , t h u s  l i m i t i n g  q u a n t i t y  of  w a t e r  t h a t  c a n  

c o l l e c t  in  th e  e n c l o s u r e s .

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

and  r e t u r n  l i n e s  in  th e  s t a i r w e l l .  In e v e n t  of  w a t e r  l e a k a g e  t h e s e  

v a l v e s  w o u ld  c l o s e  a n d  w o u ld  p r e v e n t  f u r t h e r  w a t e r  f low in to  t h e  a r e a .  

It  i s  e s t i m a t e d  t h a t  a m a x i m u m  of  200 g a l  of  w a t e r  w o u ld  be a v a i l a b l e  

in one  of  th e  e n c l o s u r e s  a f t e r  v a l v e  c l o s u r e ,  f o r  p o t e n t i a l  c o n t a c t  

w i th  l e a k i n g  s o d i u m .

c) C u r t a i n  w a l l s  a t  c o l u m n  l i n e  C , a n d  a t  c o l u m n  l i n e  15, w i l l  be m o d i -
y’ ’

f i e d  so  t h a t  s o l i d  c o n c r e t e  b a s i n s  a r e  f o r m e d  of th e  IHX c o o l e r  a r e a ;  

the  s e c o n d a r y  s o d i u m  s t o r a g e  a r e a ;  a n d  s t a i r w e l l  N o .  1 a r e a .  C u r t a i n  

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

w i l l  be c o n f in e d  to one  o f  t h e  f i r s t  two a r e a s ,  a n d  a n y  w a t e r  l e a k a g e  

w i l l  be c o n f in e d  to t h e  s t a i r w e l l .

d) A t m o s p h e r i c  c o o l e r  1 1 w i l l  be r e m o v e d  f r o m  th e  s o d i u m  s t o r a g e  t a n k  

a r e a  a n d  w i l l  be  r e i n s t a l l e d  in  t h e  s t a i r w e l l  s o u t h  of  c o l u m n  l in e  15.

T h e  e x t e n t  a n d  r a m i f i c a t i o n s  of  a  s o d i u m - w a t e r  r e a c t i o n  in  t h i s  a r e a  w i l l  

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

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

ing,  e t c .  In a l l  p r o b a b i l i t y ,  s u c h  a l e a k  w o u l d  be s m a l l  e n o u g h  t h a t  no 

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

p l a n t  o p e r a t i o n s .  R o u t i n e  o p e r a t o r  p a t r o l  (one p e r  sh i f t )  w i l l  p r o v i d e  

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

a u t o m a t i c  w a t e r  s h u t - o f f  a n d  a l a r m  f o r  l a r g e  l e a k s .
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b) A l e s s  l i k e l y  o c c u r r e n c e  w o u l d  be  a  s o d i u m  l e a k .  T h e  s o d i u m  w o u ld  

o x id i z e  on  e x p o s u r e  to  a i r ,  a n d  s o d i u m  o x id e  f u m e s  w o u ld  s i g n a l  

t r o u b l e  t h r o u g h  the  P y r - A - L a r m  s y s t e m .  T h e  l e a k  w o u ld  be fough t  

a s  a s o d i u m  f i r e ,  u t i l i z i n g  e q u i p m e n t  in  t h i s  a r e a .  In a l l  p r o b a b i l i t y ,  

the  a f f e c t e d  loop  w o u ld  be sh u t  dow n  a n d  d r a i n e d  u n t i l  r e p a i r s  c o u ld  

be m a d e .  R e a c t o r  s h u t - d o w n  p r o b a b l y  w o u ld  no t  be m a n d a t o r y .

c) A s e c o n d  o r d e r  p r o b a b i l i t y  w o u ld  be  a s o d i u m  l e a k  c o i n c i d e n t  w i th  a 

w a t e r  l e a k .  T h e  w a t e r  s u p p ly  w o u ld  be sh u t  off a u t o m a t i c a l l y ,  a n d  

the  o p e r a t o r  w o u ld  r e c e i v e  a s i g n a l  t h a t  th e  v a l v e  w a s  c l o s e d .  W a t e r  

w o u ld  be c o n t a i n e d  in  th e  s e c o n d a r y  w a t e r  p ip in g  e n c l o s u r e ,  a n d  

s o d i u m  w o u ld  be c o n t a i n e d  in  one  of  the  tw o  s o d i u m  c o n t a i n i n g  r o o m s .  

The  s o d i u m  w o u ld  c a t c h  f i r e  a n d  w o u ld  be t r e a t e d  a s  a  s o d i u m  f i r e .

No m a j o r  c o n s e q u e n c e s  w o u ld  r e s u l t ,  o t h e r  t h a n  m i n o r  d a m a g e  to 

i n s u l a t i o n .  T h e  l e a k in g  s o d i u m  lo o p  w o u ld  be  s h u t  down.  If w a t e r  

s u p p ly  to the  o t h e r  c o o l e r s  c o u ld  n o t  be r e s t a r t e d  i m m e d i a t e l y ,  the  

r e a c t o r  w o u ld  be  s h u t  dow n  a n d  s t a r t e d  a g a i n  w h e n  c o o l in g  i s  a v a i l a b l e .

d) In e v e n t  o f  c o n c u r r e n t  s o d i u m  a n d  w a t e r  l e a k a g e ,  d u r i n g  w h i c h  the  tw o  

f lu id s  c o n t a c t  e a c h  o t h e r ,  a  v i o l e n t  c h e m i c a l  r e a c t i o n  m a y  t a k e  p l a c e  

in  w h ic h  h y d r o g e n  i s  e v o l v e d .  H e a t  of  r e a c t i o n  w i l l  p r o v i d e  a  s o u r c e  

of  ig n i t i o n ,  a n d  th e  h y d r o g e n  w i l l  b u r n  in  a c r a c k l i n g  m a n n e r  w i th  a 

s e r i e s  of s m a l l  l o c a l i z e d  e x p l o s i o n s .  A s  long  a s  t h e  s o d i u m  o r  w a t e r  

f e e d  to th e  f i r e  i s  l i m i t e d  in  r a t e ,  a n d  a s  long  a s  a i r  i s  a v a i l a b l e  fo r  

o x id a t io n  of  th e  h y d r o g e n ,  no  g r e a t  d a m a g e  s h o u l d  t a k e  p l a c e .  T h e  

f i r e  w i l l  be fought  a s  a  s o d i u m  f i r e .  E v e r y  e f f o r t  w i l l  be m a d e  to 

s h u t  off f low of s o d i u m ,  o r  w a t e r ,  o r  b o th ,  to  l i m i t  s p r e a d  of  t h e  f i r e .  

L o c a l  e l e c t r i c a l  a n d  c o n t r o l  w i r e s  m a y  be d a m a g e d ,  n e c e s s i t a t i n g  

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

sh u t  down a n d  d r a i n e d  a s  s o o n  a s  p o s s i b l e  to  m i n i m i z e  f u r t h e r  s o d i u m  

l e a k a g e .  E x c e p t  in  th e  c a s e  of  a  v e r y  l i m i t e d  f i r e ,  t h e  r e a c t o r  w i l l  be 

sh u t  down a n d  s e c u r e d .

D u r i n g  a s o d i u m  f i r e  i t  i s  p o s s i b l e  t h a t  th e  b a r r i e r  w i th  the  IHX c e l l s  w o u ld  

be r u p t u r e d ,  e i t h e r  by f a i l u r e  of  t h e  n i t r o g e n  c o o l e r s ,  o r  by f a i l u r e  of t h e  p i p e ­

w a y  s e a l s ,  o r  bo th .  It i s  no t  e x p e c t e d  t h a t  a n y  r a d i o a c t i v i t y  w o u ld  be r e l e a s e d .  

H y d r o g e n  b u i l d - u p  o r  e x p l o s i o n  is  n o t  p o s s i b l e  in  th e  IHX c e l l s  due  to th e  p r e s ­

e n c e  of n i t r o g e n  in  the  c e l l s ,  c o u p l e d  w i th  t h e  c o n t i n u o u s  m a k e - u p  s u p p ly  of
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n i t r o g e n  to  th e  c e l l .  In e v e n t  of  s u c h  a f i r e ,  i t  i s  u n l i k e l y  t h a t  t h e  c o n t r o l  r o o m  

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

a s  r e p a i r s  w e r e  m a d e  to  the  a f f e c t e d  c o m p o n e n t s .

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

f r o m  l e a k a g e  of  e i t h e r  w a t e r  o r  s o d i u m .  M a j o r  l e a k a g e  of  e i t h e r  f l u i d  w i l l  be 

s i g n a l l e d  in  the  c o n t r o l  r o o m  a l m o s t  i m m e d i a t e l y .  M i n o r  l e a k a g e  w i l l  be d e ­

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

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

a s o d i u m - w a t e r  r e a c t i o n  c a n  t a k e  p l a c e .  In e v e n t  of  s u c h  f a i l u r e ,  th e  e x t e n t  of 

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

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

w o u ld  c o n c e i v a b l y  be b r e a c h e d  in  a  f i r e .  H o w e v e r ,  r a d i o a c t i v e  m a t e r i a l  w o u ld  

no t  be r e l e a s e d  u n l e s s  a n o t h e r ,  o r  f o u r t h  o r d e r ,  f a i l u r e  i s  p o s t u l a t e d .
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Q u e s t i o n  Vll(d):  W ha t  a r e  t h e  c o n s e q u e n c e s  of a  h y d r o g e n  e x p l o s i o n  in  t h e  w a s h
c e l l  d e c a y  t a n k ?

A n s w e r :  T h e  r a n g e  of  c o n s e q u e n c e s  of  s u c h  a h y d r o g e n - o x y g e n  e x p l o s i o n  a r e

l i s t e d  be low:

O x y g e n lb Na 
R e a c t e d  W i th  H ^O  

in  W a s h  C e l l

P r e s  s u r e C o n s e q u e n c ein  T ank P e a k R e i n f o r c e d

< 5.4% Any No e x p l o s i o n -

>  8 . 6 % 2 0  lb 460  p s i 920 p s i M a r g i n a l ;  t a n k  
m a y  n o t  b u r s t .

~  2 1 % ^  47 lb 834 p s i 1670 p s i T a n k  b u r s t s .

If th e  t a n k  b u r s t s ,  it i s  p o s s i b l e  t h a t  i t  m a y  d a m a g e  p ip i n g  o n  the  a d j a c e n t  

No. 1 g a s  d e c a y  tank .  It is u n l i k e l y  t h a t  t h e  o t h e r  tw o  g a s  d e c a y  t a n k s  o r  th e  

l i q u id  w a s t e  s t o r a g e  t a n k s  w o u ld  be  d a m a g e d  b e c a u s e  of the  p h y s i c a l  a r r a n g e m e n t  

of the  t a n k s  in  t h e  v a u l t  ( s e e  F i g u r e  2 .44  in  th e  p a r e n t  r e p o r t ) .  It is d o u b t fu l  t h a t  

th e  v a u l t  w o u ld  be  b r e a c h e d  b e c a u s e  of i t s  m a s s i v e  c o n s t r u c t i o n  a n d  t h e  low p r e s ­

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

in to  th e  v a u l t  o r  the  u p p e r  f l o o r  of  t h e  w a s t e  b u i l d in g ,  a r e  d i s c u s s e d  in  t h e  a n s w e r  

to  Q u e s t i o n  VI(d).

D i s c u  s s ion:

L i m i t s  f o r  c o m b u s t i o n  a n d  d e t o n a t i o n  a r e  a s  f o l l o w s  ( R e f e r e n c e ,  L e w i s  a n d  

Von E l b e ,  " C o m b u s t i o n s ,  F l a m e s ,  a n d  E x p l o s i o n s  of G a s e s " ) :

P e r c e n t  
F  u e l

C o r r e  s p e n d i n g  
P e r c e n t  O x y g e n

L o w e r U p p e r U p p e r L o w e r

L i m i t s  of F l a m m a b i l i t y :

^ 2 - ^ 2
4 .6 5 93.9 9 5 . 3 5 6 . 1

- A i r 4 74.2 20 .16 5.41

L i m i t s  of  D e to n a t io n :

^ 2 - ^ 2
15 90 85 1 0

H 3  - A i r 18.3 59 17.2 8 . 6 1

Note:  T h e  a b o v e  f i g u r e s  a r e  b a s e d  on  d r y  a i r .  P r e s e n c e  of  m o i s t u r e  t e n d s
to s u p p r e s s  t h e  r e a c t i o n  a n d  n a r r o w  th e  l i m i t s  sh o w n .

F r o m  th e  a b o v e  t a b l e ,  it i s  s e e n  t h a t  the  o x y g e n  c o n t e n t  of  th e  g a s  m u s t  e x ­

c e e d  ~ 5 , 4 %  b e f o r e  c o m b u s t i o n  of a n y  k in d  c a n  t a k e  p l a c e .  T h i s  m e a n s  t h a t  t h e
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t a n k  m u s t  c o n t a i n  a p p r o x i m a t e l y  25% a i r ,  a lo n g  w i t h  th e  h y d r o g e n  a n d  i n e r t  g a s e s  

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

a p p r o x i m a t e l y  8 .61% o x y g e n  o r  a p p r o x i m a t e l y  41% a i r ,  b e f o r e  a d e t o n a t i o n  ty p e  

r e a c t i o n  i s  p o s s i b l e .  T h i s  q u a n t i t y  of a i r  s h o u ld  n o t  be  p r e s e n t  in  t h e  s y s t e m ,  

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

do w n  to  1 % oxy g en ,  b o th  b e f o r e  a n d  a f t e r  u s e .

E v e n  if the  r e a c t a n t s  a r e  p r e s e n t ,  t h e  c h a n c e s  of a n  e x p l o s i o n  a r e  s t i l l  s m a l l ,  

s i n c e  t h e r e  i s  no s o u r c e  of s p a r k  o r  i g n i t i o n  p r e s e n t .  D u e  to  th e  h ig h  m o i s t u r e  

c o n t e n t  of t h e  g a s ,  g e n e r a t i o n  of a  s p a r k  by  e l e c t r o s t a t i c  m e c h a n i s m  is n o t  a l i k e l y  

p o s  s i b i l i t y .

In o r d e r  to s tu d y  th e  e f f e c t s  of a  p o s t u l a t e d  e x p l o s i o n ,  tw o  c a s e s  w e r e  a n a ­

lyzed :

C a s e  1 T w e n t y  f u e l  e l e m e n t s ,  e a c h  b e a r i n g  one  p o u n d  of s o d i u m ,  a r e

w a s h e d ,  a n d  th e  e f f l u e n t  g a s e s ,  t o g e t h e r  w i t h  a n  a v e r a g e  of 
3

30 f t  i n e r t  g a s  p e r  e l e m e n t ,  a r e  i n t r o d u c e d  in to  the  s t o r a g e

ta n k .  T h e  t a n k  h a d  b e e n  i m p r o p e r l y  p u r g e d ,  a n d  a  m i n i m u m  of

8 . 6 % o x y g e n  h a d  b e e n  l e f t  in  t h e  ta n k ,  p r o v i d i n g  s u f f i c i e n t  o x y g e n  

to  r e a c t  w i th  the  h y d r o g e n .  A  s o u r c e  of i g n i t i o n  w a s  a s s u m e d .

C a s e  2 T h e  d e c a y  t a n k  h a d  n o t  b e e n  p u r g e d  a t  a l l ,  b u t  w a s  i n i t i a l l y  fu l l  

of a i r .  H y d r o g e n  e q u i v a l e n t  to 47 lb of  s o d i u m  i s  i n t r o d u c e d  

w i th o u t  a n y  i n e r t  g a s .  A  s o u r c e  of  i g n i t i o n  w a s  a g a i n  a s s u m e d .

U n d e r  C a s e  1, t h e  p e a k  p r e s s u r e  w a v e  w a s  c a l c u l a t e d  to  be  460  p s i g .  U n d e r  

C a s e  2, the  p e a k  p r e s s u r e  w a v e  w a s  c a l c u l a t e d  to  b e  834 p s i g .  In e i t h e r  of th e  

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

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

2 t i m e s  th e  c a l c u l a t e d  p r e s s u r e  w a v e ,  o r  920 p s i g  in  C a s e  1, a n d  1670 p s i g  in  

C a s e  2. T h i s  e s t i m a t e  i s  b a s e d  o n  a  p a r a l l e l  p l a t e  a n a l o g y  of a  r e i n f o r c e d  w a v e .

T h e  t a n k  i s  d e s i g n e d  f o r  175 p s i g ,  w i t h  a n  e s t i m a t e d  b u r s t i n g  s t r e n g t h  of 

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

a p p r o x i m a t e l y  35% m o r e  t h a n  th i s  p r e s s u r e ,  o r  a p p r o x i m a t e l y  965 p s i g .

W h e t h e r  o r  no t  the  r e i n f o r c e d  s h o c k  w a v e s  w o u ld  r u p t u r e  t h e  t a n k  is p r o b l e m ­

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

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

* A E C U - 3 5 7 2 ,  " T r a n s i e n t  L o a d i n g  of T h i n  W a l l e d  C y l i n d e r s , "  b y  M o s i e r  a n d  L u k e r .  
A ls o ,  s e e  " S t r e n g t h  of  M a t e r i a l s , "  P a r t  II, T h i r d  E d i t i o n ,  by  T i m o s h e n k o .
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T h u s ,  a n  e x p l o s i o n  c o u l d  no t  t a k e  p l a c e  in  the  t a n k  c o n t a i n i n g  l e s s  t h a n  5% 

o x y g e n  in i t i a l l y .  If t h e  t a n k  c o n t a i n e d  a p p r o x i m a t e l y  8 . 6 % o x y g e n  i n i t i a l l y ,  an  

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

t a n k .  If the  t a n k  w e r e  not  p u r g e d  a t  a l l ,  b u t  c o n t a i n e d  a n  i n i t i a l  21% o x y g e n  ( p u r e  

a i r ) ,  a n  e x p l o s i o n  c o u ld  t a k e  p l a c e .  R e s u l t s  of the  e x p l o s i o n  m a y  o r  m a y  not  

r u p t u r e  t h e  ta n k .

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

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

r e a s o n a b l e .  In p r e s e n c e  of  a  s o u r c e  of  ig n i t i o n ,  i t  is  p r o b a b l e  t h a t  a  p a r t i a l  

c o m b u s t i o n  w ou ld  t a k e  p l a c e  s o o n  a f t e r  r e a c h i n g  f l a m m a b l e  c o n c e n t r a t i o n s ,  t h u s  

r e d u c i n g  the  p r o b a b i l i t y  a n d  i n t e n s i t y  of  a  s u b s e q u e n t  d e t o n a t i o n .  P a r t i c u l a r l y  

in  C a s e  2, it  w a s  a s s u m e d  t h a t  h y d r o g e n  r e a c h e d  a p p r o x i m a t e l y  29 .5% p r i o r  to  

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

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

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

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

a s  o u t l i n e d  in  C a s e  2, a n d  o n  th e  a s s u m p t i o n  t h a t  t h e  t a n k  r u p t u r e s ,  i t  i s  i m ­

p r o b a b l e  t h a t  th e  v a u l t  w o u ld  a l s o  r u p t u r e ,  s i n c e  t h e  e n e r g y  of the  i n s t a n t a n e o u s  

d e t o n a t i o n  w o u ld  be  p a r t i a l l y  e x p e n d e d  in  r u p t u r i n g  the  t a n k .  A l i k e l y  p o in t  f o r  

t a n k  r u p t u r e  w o u ld  be  a lo n g  one  of  t h e  l o n g i t u d i n a l  s e a m s ,  o r  in  t h e  v i c i n i t y  of 

th e  m a n h o l e  n o z z l e - t o - s h e l l  j u n c t i o n .

S e c o n d a r y  d a m a g e  c o u l d  c o n c e i v a b l y  i n c l u d e  d i s p l a c e m e n t  of th e  a d j a c e n t  

t a n k  s u f f i c i e n t l y  to r u p t u r e  p ip in g  c o n n e c t i o n s .  It i s  i m p r o b a b l e  t h a t  the  a d j a c e n t  

t a n k  w o u ld  be  d a m a g e d  a p p r e c i a b l y .  B y  c o d e  c a l c u l a t i o n s ,  th e  t a n k  i s  s u i t a b l e  

f o r  a  w o r k i n g  d e s i g n  e x t e r n a l  p r e s s u r e  of  a b o u t  58 p s i a .  A s s u m i n g  a  4: 1 s a f e t y  

f a c t o r ,  t h e  a d j a c e n t  t a n k  s h o u ld  n o t  f a i l  s i n c e  a  p r e s s u r e  of a b o u t  230 p s i  w o u ld  

be  r e q u i r e d  to p r e c i p i t a t e  s u c h  f a i l u r e .  It i s  h ig h l y  u n l i k e l y  t h a t  the  o t h e r  t a n k s  

o r  p ip i n g  in  the  v a u l t  w o u ld  be  d a m a g e d  due  to  t h e i r  l o c a t i o n .  In p a r t i c u l a r ,  the  

l i q u id  w a s t e  t a n k s  a r e  p a r t i a l l y  s h i e l d e d  b y  t h e  s h i e l d i n g  w a l l s  s u r r o u n d i n g  the  

v a l v e  r o o m .

A s s u m i n g  t h a t  b o th  the  w a s h  c e l l  d e c a y  t a n k  a n d  p ip i n g  o n  th e  f i r s t  a d j a c e n t  

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

of th e  c o m b u s t i o n  p r o d u c t s  t o g e t h e r  w i t h  th e  c o n t e n t  of  a n  a d j a c e n t  i s  a p p r o x i ­

m a t e l y  d e s i g n  v a u l t  p r e s s u r e  ( 1 0  p s i ) .
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No N a^O  d u s t  w o u ld  be  r e l e a s e d  s i n c e  w a s h  c e l l  e f f l u e n t  is  w a t e r  w a s h e d  

tw ic e  b e f o r e  a r r i v i n g  in t a n k s ,  a n d  i s  a l s o  f i l t e r e d .  D r y  r a d i o a c t i v e  v e n t  g a s e s  

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

s o d i u m  o x id e  a c t i v i t y ,  e i t h e r  f r o m  th e  w a s h  c e l l  d e c a y  t a n k ,  o r  r e l e a s e d  f r o m  

a d j a c e n t  t a n k s  s h o u ld  be  m i n i m a l .  T h e i r  c o n t e n t  w o u ld  be  c o n t a i n e d  w i t h i n  th e  

v a u l t  a n d  w ou ld  e s c a p e  s lo w ly  to th e  m a i n  b u i l d in g  s t a c k  [^see Q u e s t i o n  VI(d)J.
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Q u e s t i o n  I X ( a ) : D i s c u s s  t h e  d i e s e l  g e n e r a t o r  w i th  r e s p e c t  to  s t a r t i n g  r e l i a b i l i t y
a n d  i t s  c a p a b i l i t y  to o p e r a t e  u n a t t e n d e d  f o r  a n  e x t e n d e d  p e r i o d  of  t i m e  s u c h  a s  
m i g h t  b e  r e q u i r e d  if  t h e  s t a t i o n  w e r e  e v a c u a t e d ?

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

by ( 1 ) t h e  s e l e c t i o n  a n d  a r r a n g e m e n t  of  t h e  e q u i p m e n t ,  a n d  (2 ) t h e  m a i n t e n a n c e  

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

s t a n d b y  e q u i p m e n t  s u c h  a s  t h e  H N P F  d i e s e l .

K ey  p o in t s  in t h e  e q u i p m e n t  s e l e c t i o n  a n d  a r r a n g e m e n t  a r e :

1) T h e  d i e s e l - g e n e r a t o r  s e l e c t e d  i s  a  q u a l i t y  p r o d u c t ,  w i th  y e a r s  of 

e x p e r i e n c e  b e h i n d  th e  d e s i g n .

2) P r o v i s i o n s  h a v e  b e e n  m a d e  to k e e p  th e  u n i t  w a r m  d u r i n g  id l e  p e r i o d s  

by m e a n s  of  t h e r m o s t a t i c a l l y - c o n t r o l l e d  e l e c t r i c  h e a t e r s  (a lo w -  

t e m p e r a t u r e  a l a r m  in  t h e  c o n t r o l  r o o m  w il l  a l e r t  t h e  o p e r a t o r  s h o u ld  

t h e  h e a t  go off  f o r  a n y  r e a s o n ) .

3) A n  e l e v a t e d  d a y - t a n k  i s  p r o v i d e d  to  e n s u r e  t h a t  t h e  i n j e c t o r s  a r e  

p r o p e r l y  f l o o d e d .

4) Dua l  s t a r t i n g  e q u i p m e n t  i s  p r o v i d e d  ( i t s  o p e r a t i o n  i s  d i s c u s s e d  b e l o w ) .

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

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

p l i e d  w i th  two a i r  r e c e i v e r s ,  one  m o t o r - d r i v e n  a i r  c o m p r e s s o r ,  one  g a s o l i n e -  

d r i v e n  a i r  c o m p r e s s o r  a n d  th e  n e c e s s a r y  a u x i l i a r y  e q u i p m e n t .  T h e  m o t o r - d r i v e n  

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

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

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

e n g i n e  to  s t a r t  a n d  th e  a u t o m a t i c  s t a r t  s y s t e m  m a k e s  a t  l e a s t  f iv e  s u c c e s s i v e  

t r i e s  b e f o r e  i t  s h u t s  dow n .

S in c e  the  t i m e  of i t s  i n s t a l l a t i o n  a n d  c h e c k o u t ,  t h e  d i e s e l  h a s  b e e n  s t a r t e d  

a b o u t  30 t i m e s .  T h r e e  f a i l u r e s  to s t a r t  w e r e  o b s e r v e d ,  a n d  e a c h  w a s  found  to  

be  d u e  to  lo w  c y l i n d e r  b l o c k  t e m p e r a t u r e .  T h e  c y l i n d e r  b l o c k  t h e r m o s t a t  w a s  

r e s e t ,  a n d  p r o v i s i o n s  m a d e  to e q u ip  t h e  s y s t e m  w i th  a l o w  t e m p e r a t u r e  a l a r m  

to a l e r t  t h e  c o n t r o l  r o o m  o p e r a t o r .  On a t  l e a s t  tw o  o c c a s i o n s  r e c e n t l y  w h e n  

th e  s t a t i o n  r e s e r v e  p o w e r  s u p p ly  w e n t  o f f  (due  to  l i g h t n i n g )  t h e  d i e s e l  s t a r t e d  

up a u t o m a t i c a l l y  and  p i c k e d  up th e  l o a d  in  ~ 7  s e c .
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In r e g a r d  to m a i n t e n a n c e  a n d  o p e r a t i n g  p r o c e d u r e ,  t h e  k e y  i t e m  i s  t h a t  t h e  

d i e s e l  w i l l  be s t a r t e d  and  r u n  s u f f i c i e n t l y  to  w a r m  it up a t  l e a s t  o n c e  e a c h  w e e k .  

In a d d i t i o n ,  if t h e r e  i s  a n y  e x p e c t a t i o n  of  n e e d i n g  e m e r g e n c y  p o w e r  ( fo r  e x a m p l e ,  

s e e  Q u e s t i o n  lX(e)  r e  t o r n a d o  a l e r t )  t h e  d i e s e l  w i l l  be  c h e c k e d  to  s e e  t h a t  s t a r t ­

ing  a i r  i s  a t  p r e s s u r e ,  a n d  th e  d a y  t a n k  i s  f u l l .

O nce  th e  d i e s e l  i s  s t a r t e d  i t  w i l l  r u n  u n t i l  (a)  r e t u r n  of  n o r m a l  p o w e r  and  

m a n u a l  o p e r a t i o n  of  t h e  m a i n  b r e a k e r s  s i g n a l s  t h e  u n i t  to  s h u t  down; (b) it  i s  

m a n u a l l y  shu t  down; (c) i t  r u n s  ou t  of fue l ;  o r  (d) m a l f u n c t i o n  d e v i c e s  t r i p  th e  

u n i t  off t h e  l i n e .  I t e m s  (a) a n d  (b) a r e ,  of  c o u r s e ,  n o r m a l  o p e r a t i o n ;  (c) a n d  (d) 

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

p e r i o d s .

T h e  d a y  t a n k  h a s  a c a p a c i t y  of  150 g a l  of  f u e l  o i l ,  k e p t  f i l l e d  by a n  a u t o m a t i c

p u m p  w i th  a c a p a c i t y  of  a b o u t  450  gph .  T h e  o u t s i d e  s t o r a g e  t a n k  h a s  a  c a p a c i t y  
3

of 100 ft , o r  ~ 7 5 0  g a l .  It i s  e s t i m a t e d  t h a t  a  t o t a l  m i n i m u m  of  a b o u t  750 ga l  

f u e l  o i l  w i l l  be  o n  h a n d  a t  a l l  t i m e s .  C o n s u m p t i o n  of  t h e  d i e s e l  i s  e s t i m a t e d  a t  

32 gph  f o r  th e  f i r s t  f iv e  h o u r s  a f t e r  s h u t d o w n  (100% c a p a c i t y )  a n d  a b o u t  20 gph 

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

s u f f i c i e n t  fue l  to  l a s t  a b o u t  35 h o u r s .  If t h e  s t a t i o n  i s  e v a c u a t e d ,  t h e  e m e r g e n c y  

p o w e r  s y s t e m  w i l l  be  l e f t  w i th  t h e  m i n i m u m  l o a d  c o r r e s p o n d i n g  to  2 0  gph fu e l  

c o n s u m p t i o n ,  t h u s  t h e r e  i s  s u f f i c i e n t  f u e l  to  l a s t  a b o u t  38 h o u r s .

The  a u t o m a t i c  s h u td o w n  d e v i c e s  s u p p l i e d  w i th  t h e  d i e s e l  i n c l u d e

a)  C o o la n t  h ig h  t e m p e r a t u r e  - s w i t c h  c l o s e s  a t  205 °F

( n o r m a l  i s  165 - 1 8 5 ° F )

b) L o w  lu b e  o i l  p r e s s u r e  - s w i t c h  c l o s e s  a t  10 p s i

( n o r m a l  i s  > 2 0  p s i )

c)  E n g i n e  o v e r s p e e d  - s w i t c h  c l o s e s  a t  1010 r p m

( n o r m a l  i s  9 0 0  r p m )

d) G e n e r a t o r  s h o r t  c i r c u i t  - 1600 a m p  c i r c u i t  b r e a k e r  t r i p s  a t  800 a m p ,

w i th  i n v e r s e  t i m e - c u r r e n t  c h a r a c t e r i s t i c s  

s e t  a t  m a x i m u m  t i m e  d e l a y  

( n o r m a l  fu l l  l o a d  i s  600 a m p )

T h e s e  s h u td o w n  d e v i c e s  a r e  s e t  s u f f i c i e n t l y  h ig h  t h a t  t h e  d i e s e l  w i l l  lug  

a lo n g  u n d e r  a d v e r s e  c o n d i t i o n s .  A n y th in g  l e s s  t h a n  a  d i r e c t  s h o r t  c i r c u i t  w il l
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not t r i p  out  t h e  c i r c u i t  b r e a k e r  on  o v e r c u r r e n t .  T h e  e m e r g e n c y  l o a d s  a r e  p r i ­

m a r i l y  s t e a d y  l o a d s ,  w i th  the  e x c e p t i o n  of  s o m e  d r y  s c r u b b e r  a u x i l i a r i e s  

(abou t  25 - 30 hp) ,  t h e  e m e r g e n c y  a i r  c o m p r e s s o r  (ab o u t  40 hp) a n d  t h e  d i e s e l  

f u e l  t r a n s f e r  p u m p  (abou t  1 /8  hp),  so  t h a t  s t a r t i n g  t r a n s i e n t s  a r e  w e l l  w i th i n  

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

c o n d i t i o n s  i s  p r e d i c t e d  to ab o u t  100 k v a ,  c o m p a r e d  to  t h e  d i e s e l ' s  c a p a c i t y  of  

500 k v a  c o n t i n u o u s l y .
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Q u e s t i o n  IX(b): W h a t  p r o v i s i o n s  h a v e  b e e n  m a d e  to  i n s u r e  t h e  u n i n t e r r u p t e d
o p e r a t i o n  of  v i t a l  c o m p o n e n t s  s e r v e d  by th e  e m e r g e n c y  b u s ,  s h o u l d  a c c e s s  to  
s w i t c h  g e a r  be i m p o s s i b l e ?

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

n a t i o n  of  (a) a u t o m a t i c  s w i t c h i n g ;  (b) m a i n t a i n e d - c l o s e d  s w i t c h e s ;  a n d  (c) r e m o t e  

s w i t c h i n g ,  s u c h  t h a t  d i r e c t  a c c e s s  to  th e  s w i t c h g e a r  i s  n o t  r e q u i r e d .  E v e n  if 

a c c e s s  to th e  e n t i r e  s t a t i o n  i s  i m p o s s i b l e ,  th e  r e q u i r e d  l o a d s  w i l l  r e m a i n  in  s e r ­

v i c e .  In o r d e r  to c l a r i f y  th e  f o r e g o i n g  s t a t e m e n t s ,  t h r e e  c a s e s  w i l l  be  d i s c u s s e d :

C a s e  1: N o r m a l  (4160 vo l t )  p o w e r  l o s t ,  e n t i r e  p l a n t  a c c e s s i b l e  ( p r o v i d e s

th e  b a c k g r o u n d  f o r  u n d e r s t a n d i n g  of  t h e  s y s t e m )

C a s e  2: N o r m a l  p o w e r  l o s t ,  s w i t c h g e a r  i n a c c e s s i b l e

C a s e  3: E n t i r e  p l a n t  e v a c u a t e d .

C a s e  1: N o r m a l  p o w e r  l o s t ,  p l a n t  a c c e s s i b l e

a) A u t o m a t i c  O p e r a t i o n

1) M a in  p u m p s  t r i p  off,  r e a c t o r  s c r a m s ,  c o n v e c t i o n  c o n t r o l  i n i t i a t e d

2) A l l  4 8 0 - v o l t  c i r c u i t  b r e a k e r s  t r i p  off  on  u n d e r  v o l t a g e  e x c e p t  the 

b r e a k e r  f e e d in g  c o n t r o l  c e n t e r  A3 (as  s h o w n  in  F i g u r e  2.31 of  th e  

p a r e n t  r e p o r t )  a n d  th e  b r e a k e r  f e e d i n g  i n s t r u m e n t  a i r  c o m p r e s s o r s  

(if p r e v i o u s l y  c l o s e d ) .

3) 4 8 0 - v o l t  c i r c u i t  b r e a k e r s  f e e d i n g  e q u i p m e n t  h e a t i n g  c o n t r o l  

c e n t e r s  a r e  l o c k e d  out .

4) D i e s e l  g e n e r a t o r  s t a r t s ,  a n d  i t s  c i r c u i t  b r e a k e r  c l o s e s  w h e n  the  

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

5) C r i t i c a l  p a n e l s  1 a n d  2 ( n o n - n o i s e - s e n s i t i v e )  t r a n s f e r  to  the  

n o i s e - s e n s i t i v e  b u s  w h ic h  i s  f ed  t h r o u g h  the  b a t t e r i e s  a n d  M - G  

s e t s .  W h e n  the  d i e s e l  c o m e s  on  th e  l i n e ,  t h e s e  p a n e l s  a u t o m a t i ­

c a l l y  t r a n s f e r  b a c k .

6 ) T h e  a i r  s c r u b b e r  s y s t e m  s t a r t s ,  p r o v i d i n g  7 5 0 0 - c f m  b u i ld in g  

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

b) M a i n t a i n e d - C l o s e d  S w i t c h e s

1) T h e  c i r c u i t  b r e a k e r  f e e d i n g  c o n t r o l  c e n t e r  A - 3  ( the " e m e r g e n c y  

b u s " )  r e m a i n s  c l o s e d ,  a n d  w i l l  n o t  t r i p  e x c e p t  on s h o r t  c i r c u i t .
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2) A l l  c i r c u i t  b r e a k e r s  in  c o n t r o l  c e n t e r  A - 3  r e m a i n  c l o s e d .  H o w ­

e v e r ,  s t a r t e r s  ( e . g . ,  R / A  v e n t  f an  N o .  1) w i l l  d r o p  ou t  a n d  not  

r e s t a r t ,  e x c e p t  th e  s t a r t e r  f e e d i n g  th e  s t e a m  g e n e r a t o r  e m e r g e n c y  

f e e d  p u m p .

3) If the  c i r c u i t  b r e a k e r  f e e d i n g  th e  e m e r g e n c y  p o w e r  to  t h e  a i r  c o m ­

p r e s s o r s  i s  c l o s e d ,  i t  w i l l  no t  t r i p  o f f  on u n d e r v o l t a g e .

c) R e m o t e  S w i tc h in g

T h e  o p e r a t o r s  w i l l  m a n u a l l y  e n e r g i z e  c e r t a i n  e q u i p m e n t  in  o r d e r  to 

m a i n t a i n  c o n d i t i o n s  a s  n e a r l y  n o r m a l  a s  p o s s i b l e .  S in c e  the  p r o b l e m  is  

p r i n c i p a l l y  one of  m a i n t a i n i n g  c e l l  a n d  c o m p o n e n t  t e m p e r a t u r e s ,  the  

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

t i m e  c o n s t a n t s  i n v o l v e d  w i t h  th e  l a r g e  m a s s e s  of  c o n c r e t e .  A t y p i c a l  

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

low. L a r g e  m o t o r s  a r e  s t a r t e d  f i r s t  in  o r d e r  to  m i n i m i z e  v o l t a g e  

t r a n s i e n t s  on the  d i e s e l  g e n e r a t o r .

I t e m

1) A - B  t i e  b r e a k e r ,  i f  a n y  e q u i p m e n t  on 

B bus  i s  r e q u i r e d .  A n y  i t e m  s h o w n  

be low  is  on th e  A b u s .  W h e r e  s e v e r a l  

n u m b e r s  a r e  l i s t e d ,  h a l f  of  t h e m  r e f e r  

to s p a r e  m o t o r s  on  th e  B b u s .

2) C o o l in g  t o w e r  w a t e r  p u m p  1 o r  2

3) N i t r o g e n  c o o l e r  5 o r  6

4) I n s t r u m e n t  a i r  c o m p r e s s o r s

5) C o n t r o l  c e n t e r  A 4  a n d  A1 o r  B1

6) L o a d i n g  f a c e  s h i e l d  c o o l a n t  c o m p r e s s o r

1 o r  2

7) W a s h  c e l l  & s t o r a g e  p i t  p u m p  1 o r  2

8) S t e a m  g e n e r a t o r  b l o c k  v a l v e s

S t a r t i n g  L o c a t i o n  

M a i n  b o a r d

M a i n  b o a r d

G a g e  b o a r d  105 o r  

106

M a in  b o a r d  a n d  

C P P D  f a c i l i t y

M a i n  b o a r d

G a g e  b o a r d  31

G a g e  b o a r d  6 

M a i n  b o a r d
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If the  o u t a g e  c o n t i n u e s  i t  m a y  a l s o  be n e c e s s a r y  to  a d d

9) N i t r o g e n  c o o l e r s  1, 2, 3, 4,  7, 8A o r  B G a g e  b o a r d s  101

t h r o u g h  108

10) T a n k  r o o m  s u m p  p u m p  G a g e  b o a r d  45

11) S e c o n d a r y  s o d i u m  t h r o t t l e  v a l v e  G a g e  b o a r d  37

c o o l e r  1 o r  2

12) S t e a m  g e n e r a t o r  e m e r g e n c y  f e e d  p u m p  M a in  b o a r d

C a s e  2: N o r m a l  P o w e r  L o s t ;  S w i t c h g e a r  I n a c c e s s i b l e

A r e v i e w  of t h e  p r e v i o u s  c a s e  s h o w s  t h a t  p r i o r i t y  i t e m s  c a n  be  e n e r g i z e d  

e v e n  th o u g h  the  s w i t c h g e a r  r o o m  i t s e l f  i s  n o t  a c c e s s i b l e .  In  th e  e v e n t  t h a t  t h e  

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

T h e s e  s p e c i f i c a l l y  i n c l u d e  i t e m s  3, 6, 7, 9, 10, a n d  11 l i s t e d u n d e r  C a s e  1 a b o v e . 

In the  w o r s t  c a s e ,  th e  w h o le  f a c i l i t y  i s  e v a c u a t e d ,  a n d  i s  d i s c u s s e d  n e x t .

C a s e  3: E n t i r e  P l a n t  E v a c u a t e d

W h en  th e  p l a n t  i s  e v a c u a t e d ,  t h e  fo l l o w in g  l o a d s  w i l l  be  s p e c i f i c a l l y  

c h e c k e d  to  e n s u r e  t h a t  t h e y  a r e  e n e r g i z e d  ( s e e  Q u e s t i o n  lX(d) in  S u p p l e m e n t  11 to  

the  p a r e n t  r e p o r t ) .

a) S t e a m  G e n e r a t o r  E m e r g e n c y  F e e d  P u m p

b) E m e r g e n c y  F e e d  to  I n s t r u m e n t  A i r

c) S c r u b b e r  (if t h e r e  i s  a  f i r e ) .

U n l e s s  p o w e r  f r o m  the  r e s e r v e  s t a t i o n  t r a n s f o r m e r  i s  off  a t  th e  t i m e  

the  b u i ld in g  i s  e v a c u a t e d ,  t h o s e  i t e m s  l e f t  r u n n i n g  w i l l  c o n t i n u e  to  r u n  u n d e r  

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

4 1 6 0 - v o l t  p o w e r  i s  l o s t ,  t h e  d i e s e l  w i l l  s t a r t  a u t o m a t i c a l l y .  T h e  i n s t r u m e n t  a i r  

an d  s c r u b b e r  f e e d s  w i l l  s u p p ly  p o w e r  to  t h e s e  u n i t s  a s  s o o n  a s  the  g e n e r a t o r  

c o m e s  up  to  v o l t a g e  a n d  f r e q u e n c y ,  a s  t h e r e  i s  no u n d e r v o l t a g e  t r i p  on the  f e e d  

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

d i e s e l  g e n e r a t o r  a u x i l i a r i e s )  w i l l  a u t o m a t i c a l l y  r e c e i v e  p o w e r  f r o m  th e  v i t a l  bus  

( C C A - 3). T h e  s t e a m  g e n e r a t o r  w i l l  c o n t i n u e  to  r u n  s i n c e  i t  h a s  a  m a i n t a i n e d -  

c o n t a c t  s t a r t  s w i t c h .

N A A - S R - 5 7 0 0  ( s u p p l .  4) , .
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MAIN HEAT TRANSFER SYSTEM, AI-P-1103 

Section 1

Test Purpose:
The purpose of this test is:
a) To make a final verification that the main sodium heat transfer 

systems, after preheating are in proper condition to receive sodium.
b) To verify that no binding, insulation damage, or other malfunction

of the primary and secondary sodium systems have resulted from
preheating.

Test Method: The Preheating System, AI-P-III6, preoperational test must
have been completed. The main sodium heat transfer system will be visually 

inspected after preheating to 350°F. The piping, pipe hangers and valve 

operators will be checked for binding and interferences. Any gaps in the 

pipe insulation will be noted. Proper valve operation will be verified 
by opening and closing each valve from its normal control point. Where 

remote valve operators are involved, the proper valve will be observed to 
verify that it is, in fact, actuated by its corresponding valve operator. 
Precautions:

a) Do not step on thermocouple or heater wiring.
b) A vessel entry permit must be obtained before entering any of the

primary sodium pipe galleries.
c) Do not operate the sodium pumps without sodium in the system.

Test Completion Criteria:
a) No binding or interference of pipes, pipe hangers and valve 

operators exists at preheat temperatures.

N A A - S R - 5 7 0 0  (Suppl. 4)
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Q u e s t io n  X I(a):  F o r  e a c h  f a c i l i t y  s y s t e m  t e s t  p r o v id e  th e  c r i t e r i a  w h ic h  h a v e  
b e e n  e s t a b l i s h e d  f o r  a s c e r t a i n i n g  a c c e p t a b l e  c o m p le t io n  o f  th e  t e s t .

A n s w e r :  S u m m a r i e s  o f  p r e o p e r a t i o n a l  t e s t s ,  in c lu d in g  a s t a t e m e n t  of t e s t  p u r ­

p o s e ,  t e s t  m e t h o d ,  p r e c a u t i o n s ,  and  t e s t  c o m p le t io n  c r i t e r i a ,  a r e  a t ta c h e d .  The  

p r e o p e r a t i o n a l  t e s t s  a r e  m a in l y  c o n c e r n e d  w ith  c h e c k in g  th e  p r e p a r e d n e s s  fo r  

o p e r a t io n  o f  c o m p l e t e d  s y s t e m s .  T h e s e  t e s t s  d e t e r m in e  th e  o p e r a b i l i t y  o f  a 

c o m p le t e d  s y s t e m  and  in c lu d e  f a c i l i t y  s y s t e m s  t e s t s ,  s u c h  a s  t h o s e  f o r  p r o c e s s  

s y s t e m s  and  i n s t r u m e n t  s y s t e m s .  F o r  c o n v e n i e n c e  o f  p la n n in g  and t e s t  m a n u a l  

p r e p a r a t io n ,  the  n u c l e a r  t e s t s  of d r y  and  w e t  c r i t i c a l i t y  h a v e  b e e n  in c lu d e d  in  

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

b1D 08^
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Q u e s t i o n  IX (c ) : W hat  c o m m u n i c a t i o n  s e r v i c e s  a r e  a v a i l a b l e  in  t h e  e v e n t  of  a
p o w e r  f a i l u r e ?

A n s w e r : In t h e  e v e n t  of  a  p o w e r  f a i l u r e  t h e  f o l l o w i n g  m e a n s  of c o m m u n i c a t i o n

a r e  a v a i l a b l e :

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

th e  C r i t i c a l  C o n t r o l  P a n e l  w h i c h  i s  fed  by  t h e  m o t o r  g e n e r a t o r  s e t  

and  b a t t e r i e s  o r  by th e  d i e s e l  g e n e r a t o r .

2) T h e  p l u g - i n  t e l e p h o n e  s y s t e m .  P o w e r  f o r  t h i s  s y s t e m  is  a l s o  o b t a i n e d  

f r o m  th e  C r i t i c a l  C o n t r o l  P a n e l .

3) T w o  la n d  l i n e s  to  L i n c o l n ,  B e l l  s y s t e m

4) O ne  m i c r o w a v e  s e t u p  to  L i n c o l n ,  B e l l  s y s t e m

5) One s h o r t - w a v e  s e t u p  to  L i n c o l n

6) One p o w e r  l i n e  c a r r i e r  s y s t e m  to  d i s p a t c h e r  i n  H a s t i n g s ,  N e b r a s k a

7) T w o  s h o r t - w a v e  h a n d  s e t s  w i th  l i m i t e d  r a n g e ;  w i l l  r e a c h  L i n c o l n

T h e  B e l l  s y s t e m s  h a v e  c o n v e n t i o n a l  B e l l  p o w e r  s u p p l i e s  w i t h  no b a c k u p .

T h e  s h o r t - w a v e  and  m i c r o w a v e  s y s t e m s  o p e r a t e  f r o m  b u i l d in g  p o w e r  w i t h  no 

b a c k u p .  T h e  c a r r i e r  s y s t e m  h a s  a  d - c  b a c k u p  f r o m  t h e  C P P D  b a t t e r i e s ,  and  

t h e  han d  s e t s  a r e  b a t t e r y  p o w e r e d .  A d d i t i o n a l  c a r r i e r  l i n e s  a r e  g o in g  t o  be  

i n s t a l l e d  a c c o r d i n g  to  C P P D  so  t h e r e  i s  m o r e  t h a n  o n e  a l t e r n a t e  r o u t e  to  L i n c o l n  

if  3, 4, and  5 a b o v e  f a i l .
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2. A u x i l i a r y  B a y  C r a n e

a) M o v e  the  c r a n e  to  t h e  s o u t h  end  of  th e  b u i l d in g  a g a i n s t  t h e  p r o v i d e d  

r a i l  s t o p s  and  i n s t a l l  c l a m p - o n  r a i l  s t o p s  a g a i n s t  t h e  w h e e l s  o n  the  

n o r t h  s i d e  of t h e  c r a n e .

b) M o v e  th e  t r o l l e y  of  t h e  c r a n e  to  t h e  w e s t  end r a i l  s t o p s  and  i n s t a l l  

c l a m p - o n  r a i l  s t o p s  a g a i n s t  t h e  w h e e l s  a t  th e  e a s t  s i d e  of  t h e  t r o l l e y .

c) R a i s e  t h e  h o o k  to t h e  u p - l i m i t  s t o p .

d) T i e  t h e  p e n d a n t  c o n t r o l  c a b l e s  to  t h e  b u i l d in g  s t r u c t u r e  to  p r e v e n t  

w h ip p in g .

e) O p e n  the  c i r c u i t  b r e a k e r  to  t h e  p o w e r  s u p p ly .

3. F u e l  H a n d l i n g  M a c h i n e

a) D i s c h a r g e  any  c o m p o n e n t  f r o m  th e  fu e l  h a n d l i n g  m a c h i n e .

b) M o v e  th e  f u e l  h a n d l in g  g a n t r y  a g a i n s t  t h e  s t e p s  a t  t h e  s o u t h  end  of 

t h e  b u i ld in g  and  i n s t a l l  t e m p o r a r y  c l a m p - o n  r a i l  s t o p s  a g a i n s t  the  

w h e e l s  o n  th e  n o r t h  s i d e  of  t h e  g a n t r y .

c) M o v e  th e  f u e l  h a n d l in g  m a c h i n e  t r o l l e y  to  e i t h e r  end  r a i l  s t o p  and 

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

4.  R a d i o a c t i v e  W a s t e  F a c i l i t y

a) Shut  do w n  th e  l i q u id  w a s t e  e v a p o r a t o r  and  p u l l  p o w e r  s u p p l y  b r e a k e r .

b) Stop  a l l  d i s c h a r g e  of  l i q u i d  w a s t e  to  t h e  l e a c h i n g  f i e l d .

c) Stop  t r a n s f e r  o p e r a t i o n  of  l i q u id  w a s t e  f r o m  h o l d - u p  t a n k s  to  s t o r a g e  

t a n k s .

d) Stop  any  r e l e a s e  of  r a d i o a c t i v e  g a s  f r o m  d e c a y  t a n k s  to  a t m o s p h e r e .

e) Stop  a l l  n o n - c r i t i c a l  o p e r a t i o n s  w h i c h  a r e  g e n e r a t i n g  e x c e s s i v e  g a s  

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

5.  C o o l in g  W a t e r  S y s t e m

Stop n o n - e s s e n t i a l  c o o l in g  l o a d s ,  s u c h  a s  co ld  t r a p  c o o l in g  (by 

s e c u r i n g  co ld  t r a p  o p e r a t i o n s ) ,  and  p e r s o n n e l  a r e a  c o o l e r s .

N A A - S R - 5 7 0 0  ( s u p p l .  4)
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6 . A i ix i l i a r y  P o w e r  E q u i p m e n t

I n s p e c t  th e  d i e s e l  e q u i p m e n t  to  a s c e r t a i n  t h a t  s t a r t i n g  a i r  i s  a t  

p r e s s u r e ,  th e  day  t a n k  i s  fu l l ,  and  th e  b l o c k  i s  w a r m .

7. O b s e r v e r s

P o s t  o n e  o r  m o r e  o b s e r v e r s  in  p o s i t i o n  to  v ie w  th e  s u r r o u n d i n g s  

to  a d v i s e  t h e  s h i f t  l e a d e r s  of  an  i m p e n d i n g  t o r n a d o  s t r i k e .  B r i e f  

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

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

c a t i o n  to  th e  c o n t r o l  r o o m .  )

8 . C o m m u n i c a t i o n s

M a i n t a i n  i n t e r m i t t e n t ,  bu t  f r e q u e n t ,  c o m m u n i c a t i o n  w i t h  t h e  p o w e r  

d i s p a t c h i n g  a u t h o r i t y  and  th e  w e a t h e r  b u r e a u  to  fo l l o w  th e  p r o g r e s s  

of  th e  s u s p e c t e d  t o r n a d o .

B.  T O R N A D O  SIGHTING

If t h e  t o r n a d o  c o m e s  w i t h i n  v ie w ,  t h e  o b s e r v e r ( s )  w i l l  i n f o r m  th e  c o n t r o l  

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

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

th e  p l a n t  a s  d e s c r i b e d  ab o v e ,  to  t a k e  c o v e r .

C .  IM P E N D I N G  S T R IK E

If t h e  t o r n a d o  c o m e s  w i t h i n  a b o u t  o n e  m i l e  of  t h e  s i t e  ( a s  i d e n t i f i e d  by  th e  

p r e s e l e c t e d  t e r r a i n  p o i n t s ) ,  and i s  s t i l l  m o v i n g  t o w a r d  th e  p l a n t ,  t h e  o b s e r v e r ( s )  

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

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

d e s i g n a t e d  by h im )  w i l l  s c r a m  th e  r e a c t o r ,  and th e  c o n t r o l  r o o m  p e r s o n n e l  w i l l  

t a k e  c o v e r .

D. DISCUSSION

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

a v e r a g e  f o r w a r d  s p e e d  f o r  a  t o r n a d o  of  40 m i l e s  p e r  h o u r .  T h i s  p r o v i d e s  a b o u t  

1 - 1 / 2  m i n  f o r  t h e  c o n t r o l  r o o m  o p e r a t o r  to  s c r a m  th e  r e a c t o r  and  t a k e  c o v e r .  

E v e n  a t  t h e  m a x i m u m  s p e e d  l i s t e d  in  th e  r e f e r e n c e  (68 m p h ) ,  t h e  o p e r a t o r  h a s  

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

*U. S. W e a t h e r  B u r e a u ,  " T o r n a d o  O c c u r r e n c e s  in  t h e  U . S . ,  " T e c h n i c a l  P a p e r  
N o .  20,  R e v i s e d  I96 0 ,  W a s h i n g t o n ,  D . C .
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Q u e s t i o n  IX (e ) : W ha t  p r o v i s i o n s  h a v e  b e e n  m a d e  to  i n f o r m  o p e r a t i n g  p e r s o n n e l
of p o s s i b l e  t o r n a d o  p r e s e n c e  in  t h e  H a l l a m  a r e a ?  W ha t  p l a n s  h a v e  b e e n  e s t a b l i s h e d  
w i t h  r e s p e c t  to  s e c u r i n g  th e  r e a c t o r  if i t  a p p e a r s  l i k e l y  t h a t  a  t o r n a d o  w i l l  p a s s  
t h r o u g h  o r  n e a r  the  p l a n t  a r e a .

A n s w e r : T h e  L i n c o l n  W e a t h e r  B u r e a u  n o t i f i e s  S h e l d o n  S t a t i o n  of  a l l  c h a n g i n g

w e a t h e r  c o n d i t i o n s  t h a t  a r e  e x c e s s i v e  in  n a t u r e  i n c l u d i n g  d a m a g i n g  w i n d s  and  

l a r g e  t h u n d e r  s t o r m s ,  in a d d i t i o n  to  t o r n a d o  c o n d i t i o n s .  T h e  S t r a t e g i c  A i r  

C o m m a n d  r a d a r  f a c i l i t i e s  a r e  a v a i l a b l e  to  and  u s e d  by th e  L i n c o l n  s t a t i o n  in  

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

c o n d i t i o n s  to i t .

T he  p o w e r  d i s p a t c h i n g  a u t h o r i t y  i s  l o c a t e d  in  H a s t i n g s ,  N e b r a s k a ,  and 

a u t h o r i z e s  the  s p e c i f i c  p o w e r  o u tp u t  of  S h e ld o n  S t a t i o n  and  o t h e r  p o w e r  s t a t i o n s  

on  a 2 4 - h o u r  b a s i s .  In a d d i t i o n  to  w e a t h e r  i n f o r m a t i o n  s u p p l i e d  to  h i m  by th e  

W e a t h e r  B u r e a u ,  th e  d i s p a t c h e r  h a s  n u m e r o u s  p o i n t s ,  s u c h  as  t h e  S h e ld o n  

S t a t i o n  w h i c h  i n f o r m  h i m  of w e a t h e r  c o n d i t i o n s .

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

r e l a t i v e  h u m i d i t y  and m a x i m u m  and m i n i m u m  t e m p e r a t u r e  g e a r .

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

A. T O R N A D O  A L E R T  P R O C E D U R E

Upon r e c e i p t  of a  s p e c i f i c  t o r n a d o  w a r n i n g  f r o m  t h e  w e a t h e r  b u r e a u ,  th e  

A1 s h i f t  l e a d e r  w i l l  a n n o u n c e  s a m e  o v e r  t h e  p u b l i c  a d d r e s s  s y s t e m  and  a r r a n g e  

to  a c c o m p l i s h  t h e  fo l l o w in g  s t e p s  to  m i n i m i z e  d a m a g e  to  r e a c t o r  f a c i l i t i e s :

1. H i g h - B a y  A r e a  C r a n e

a) M ove  th e  c r a n e  to  t h e  s o u th  end of  t h e  b u i l d i n g .  T h e  c r a n e  s h ou ld  

be p a r k e d  a g a i n s t  th e  r a i l  s t o p s  p r o v i d e d ,  and t e m p o r a r y  c l a m p - o n  

r a i l  s t o p s  i n s t a l l e d  a g a i n s t  t h e  w h e e l s  on  th e  n o r t h  s i d e  of  th e  c r a n e .  

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

b) M ove  th e  t r o l l e y  of t h e  c r a n d  to w e s t  end  r a i l  s t o p s  and  i n s t a l l  

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

c) R a i s e  the  m a i n  and  a u x i l i a r y  h o o k s  in to  t h e  u p - l i m i t  s to p .

d) O p e n  th e  c i r u i t  b r e a k e r  to  t h e  p o w e r  s u p p l y .

' i 'C P P D 's  c o m b i n e d  c o n v e n t i o n a l  f a c i l i t y  and  n u c l e a r  f a c i l i t y  a t  H a l l a m  i s  c a l l e d  
" S h e ld o n  S t a t i o n .  "

N A A - S R - 5 7 0 0  ( s u p p l .  4)
I X ( e ) - l



b) No gaps in  piping in su la tion  e x is t a t  preheat tem peratures.

c) A ll valves operate free ly  in  accordance with p lan t design a t 

preheat tem peratures."

Section 2

Test Purpose;

The purpose of th is  t e s t  is :

l )  To verify  th a t sodium can be c ircu la ted  through the primary and 

secondary heat tra n s fe r  systems a t preheat tem perature; and a t 

design flow ra te s , on a continuous basis without d if f ic u lty  or 

malfunction.

b) To reveal any obvious defect in  workmanship or m ateria l th a t can 

be revealed a t preheat temperature p r io r  to  operation a t higher 

temperature with nuclear heating .

c) To determine system hydraulic c h a ra c te r is tic s  a t  preheat tempera­

tu res fo r la te r  comparative purposes.

d) To tra in  and fam ilia rize  operators with the operation of the main 

sodium heat tra n s fe r  system under non-nuclear preheat conditions 

p rio r to  operation under more exacting conditions a t a l a t e r  d a te .

e) To verify  and te s t  the c a p a b ilitie s  of flow and pressure contro ls 

a t  preheat cond itions.

Test Method:

a) Dry C r itic a l ,  AI-P-1155.

b) Dry Excess Loading, AI-P-1163*

c) F i l l  of the Secondary Sodium System, A I-P -II5 6 .

d) F i l l  of the Primary Sodium System, AI-P-1157*

N A A - S R - 5 7 0 0  (Suppl .  4)
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The basic t e s t  method w ill  consist of the following general steps;

a) Controls w ill  be checked and se t such th a t those contro ls which

are not pe rtin en t to  th is  t e s t  w ill  be locked out of the system 

to  permit the t e s t  to proceed.

b) Flow w ill  be a t a nominal I 5 percent of ra tin g  a t the s ta r t  of 

the t e s t  and w ill  then be increased to  approximately 50 percent 

of f u l l  flow (approximately 4000 gpm). At these flows an

examination w ill  be made to  determine th a t the e n tire  system is

operating s a t is fa c to r i ly .  Discrepancies w ill  be noted and, i f  

necessary, corrected before proceeding. Flow w ill then be raised  

while ad justing  the primary th ro tt le  valves as required to  create 

the pressure drop normally re su ltin g  from the fu lly  loaded reacto r 

core. I t  is  estim ated th a t the pressure drop in  the primary heat 

tra n s fe r  system with the reac to r core fu lly  loaded and the primary 

p\imps running a t  approximately 675 rpm w ill  be about 38*4 p sig .

The normal heat tra n s fe r  conditions w ill  not p rev a il since the 

fu e l channels w ill  contain no fu e l elements. Therefore, the main 

th ro tt l in g  valves in the primary systems w ill  be th ro tt le d  to  

simulate the normal core and to  reach a system pressure drop of 

approximately 38.4 psig . The system w ill  then be operated with 

th is  lixed  th ro tt l in g  valve se ttin g  fo r the remainder of the t e s t .

c) A fter se ttin g  the primary sodium th ro tt l in g  valves, the system 

should hydrau lica lly  simulate a normal operating condition of

100 percent of capacity . A ll instruments w ill  be read and recorded. 

Flow then w ill be reduced by steps to  the following flows, and a t 

each step the systems w ill be allowed to  come to  equilibrium  and
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a l l  instruments w ill be read and recorded. Any discrepancies 

noted during the course of the t e s t  w ill  be cause fo r an examina­

tio n  to  determine i f  operation should be stopped and any e rro r  

corrected . Steps a t which equilibrium  conditions w ill  be a tta in ed

and data taken are as follows:

1) 6770 gpm 100^

2) 6000 gpm 89^

3) 5500 gpm 82^

4400 gpm 6556

5) 3300 gpm k9io

6 ) 2200 gpm 33^

7) 1100 gpm 16^

d) At the end of the data taking

w ill  be made to  prove out the contro l system, to  check out various 

scrams, and to  operate the system fo r  a su itab le  period of time 

so th a t mechanical fa ilu re  w ill  be detected  before wet c r i t i c a l i t y .  

Since the en tire  heat tra n s fe r  complex w ill  be a t  approximately 

preheat temperature throughout the t e s t ,  f u l l  check of the tempera­

tu re  measuring and heat tra n s fe r  c h a ra c te r is tic s  w ill  not be made.

e) Proof t e s t  data as obtained a t  the Atomics In te rn a tio n a l Nuclear 

F ield  Laboratory w ill be compared with ac tu a l re su lts  of th is  te s t  

as performance of th is  procedure progresses. Refer to  NAA-SR-TDR-5988, 

Perfonneince of HNFF Primary Pump.

Precautions;

a) Do not operate the main pumps i f  e ith e r  high or low sodi\mi lev e l 

alarms are signa lling .

b) Do not operate main pumps i f  sea l o i l  systems are not f u l l  and in 

operation.
N A A - S R - 5 7 0 0  (Suppl .  4)
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c) Do not overload main pumps by pumping excessively high sodium 

flows. Maximum allowable sodium flow lander any conditions is  

approximately 7200 gpm. This flow can conceivably be exceeded 

by m al-operation during th is  te s t j  since f u l l  back pressure is  

not availab le  in  the core.

d) When going from manual to  automatic con tro l or vice versa, 

co rrect order of se ttin g  instruments must be followed, otherwise 

a bump w ill occur in  the system.

e) Sodium c irc u la tio n  must be maintained in  the superheater and 

evaporator and preheat steam must be admitted manually to  

m aintain tem peratures while sodium is  in  the secondary system. 

Otherwise, there  is  a p o s s ib ili ty  of freezing  sodium in  the 

tubes of the evaporator and superheater. Preheat steam may 

be admitted manually through the e lim inato r. High water

may be blown down manually. Occasional manual venting of the 

superheater may be required.

Test Completion C rite r ia :

a) Each pump motor s ta r ts  and comes up to  ra ted  speed (approx.

870  - 890 rpm) with no load.

b) A bumpless tra n s fe r  from demand pump speed hand contro l s ta tio n  

to  the c ir c u it  demand steam flow hand contro l s ta tio n  can be 

made fo r  each c irc u it .

c) Each pump can develop a sodium flow of about 2.8x10 lb s /h r  in 

each c irc u it  with a pressure drop of about 3 8 . h psig in  the 

primary loops.

d) Each c irc u it  can be bumplessly removed from and placed back in to  

service with no adverse e ffe c t on the o ther two operating c irc u its .
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e) The sodium c ircu la tio n  systems can be operated continuously a t 

simulated fu l l  power flow conditions and preheat temperature for 

48 hours minimum continuous run.

f) A flow decay-tlme re la tio n sh ip  has been obtained fo r each c irc u it  

following a "scram" from simulated f u l l  power flow conditions.

g) All flow -ratlo  computer and co n tro lle r  alarms and annunciators 

actuate and operate as Intended. Set poin ts have been v e r if ie d .

h) All sodium scram setpo ln ts have been v e r if ie d  to  be se t as given 

In the te s t  procedure by ac tu a lly  "scramming" the system.

l )  Each pump operates without excessive v ib ra tio n , noise or other

Indication  of malfunction fo r  extended runs, and can be "scrammed" 

Instantaneously to  no-load without d is tr e s s .

j )  The sodliim flow, pump speed and pressure drop data requested In 

the te s t  procedure have been obtained fo r each loop a t  d iffe re n t 

flows.
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SODIUM SERVICE SYSTEM A I -P -1 1 0 4

Section 1

Test Purpose: The purpose of this test is to determine that the
Sodium Service System is adequately prepared for purging, filling, 
and subsequent circulating operations, and that no distress or 
binding has been caused by pre-heating.
Test Method; Pre-operational Test Procedure, AI-P-III6 , Preheating 
System must have been completed insofar as it affects the primary 
and secondary sodium service systems.

The Sodium Service System will receive an over-all visual 
examination after being preheated to 350®F. All valves will be 
determined to operate properly by opening and closing them from 
their normal point of operation.
Precautions;

(a) Do not step on thermocouples or heater wiring while 
examining the sodium piping.

(b) Complete an HNPF vessel entry permit, as required, 
before going into the Sodium Service System vaults 
and pipe tunnels.

Test Completion Criteria:
(a) A visual inspection has revealed the absence of breaks in 

insulation, no binding in piping supports, no inter­
ferences exist with valve operators nor reach rods;

(b) all valves can be opened and closed and t h e  p r o p e r  

valve is actuated by the proper valve operator.
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Section 2
Test Purpose; The purpose of this test is to purge the Sodium Service 
System with helium and to verify that the sodium fill tanks and 
associated purification equipment contain helium atmosphere with less 
than 1%

Test Method; The following pre-operational test procedures as they 
affect the primary eind secondary sodium service systems have been 
completed:

AI-P-1104, Sodium Service System, Section 1 (may be performed 
concurrently)

AI-P-1116, Preheating System (to 350®F)
AI-P-1108, Helium System
AI-P-1106, Cooling Water System (or adequate cell cooling)

The Sodium Service System will be purged with helium until the O2

concentration is reduced to less than 1%. The purge is programmed 
such that, once a vessel or pipeline is purged, it will not again be 
contaminated.
Precautions:

(a) A continuous purge is necessary for satisfactory completion 
of this procedure. Care should be taken to ensure that 
the purge is not interrupted.

Test Completion Criteria: Each sodium line and vessel has been
purged with helium until analysis of the effluent gases from each 
zone indicates an oxygen content of less than 1%,

Section 3
Test Purpose: The purpose of this test is to fill the sodium fill
tanks and to verify the operability of the equipment which is used 
to perform this operation.
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Test Method: Ttie following pre-operational t e s t  procedures as they a ffe c t the

primary and secondary sodium serv ice systems shall have be*n completede 
A I-P -III6 , Preheating ^stem  

AI-P-1108^ Helixam %stem 

AI-P-IIO9 , Nitrogen System 

A I-P-II6I ,  Sodium Pressure Instrum entation 

A I-P-II60 , Sodium Flow Instrum entation

AI-P-115^> Temperature Instrum entation Using Thermocouple Elements 

AI-P-1159i Sodium Level Instrum entation (concurrent performance) 

AI-P-1104, Sodiijm Service System, Sections 1 and 2 

The sodium service system w ill receive an o v e ra ll v isu a l examination a t 350°F 

in  both the vinfilled and f i l l e d  condition.

New sodiiom w ill be received in  ra ilro ad  tank cars, each containing about 

80 ,000  lb  of sodiiam. The tank cars w ill  be spotted  on the sid ing next to  the 

sodium melt s ta tio n , one a t a tim e. The portable  o i l  heating system w ill be 

connected to  the tank car and hot o i l  w ill  be c ircu la ted  through the tank car 

heating pipes to  melt the sodium in  the car. About l4  to  16 hours w ill  be 

required to  melt the sodium in  one tank car.

The f i l l  tanks and associated  piping and valves w ill  be preheated to  350°F- 

The tra n s fe r  lin e  w ill be connected to  the tank car and the liq u id  sodium w ill 

be tran sfe rred  to  the f i l l  tanks by the sodium tra n s fe r  pump a ss is te d  by 

nitrogen pressure in  the tank ca r. 'T ransfer ra te  is  about 100 gpm so th a t 

a tank car w ill be emptied in  approximately ‘ 2 hours.

The primary f i l l  tanks w ill  be f i l l e d  and then the secondary f i l l  tanks 

w ill  be f i l l e d .  The drum melt s ta tio n s  w ill  be te s te d  by heating  a drum of 

heat tren isfer o i l  in  each s ta tio n  and ex trapo la ting  heat t ra n s fe r  data to  the
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melting of sodium. Sodium will be back-filled into the sodium transfer 
tsink to verify that it can be transferred to the fill tanks. 
Precautions;

a) Flame-proofed protective clothing must be worn b^ personnel 
involved in the transfer operation.

b) When flexible sodium transfer line connections are being 
broken, have Met-L-X fire extinguisher ready for immediate
use and place pan of calcium carbonate under flanges before
breaking.

e) When oil lines to tank car are being broken, have CO2 fire 
extinguishers ready for immediate use.

d) Do not break connections on flexible sodium transfer line 
during rain.

e) Do not energize the sodium transfer pump except when it is 
full of sodium and after it ham been preheated.

f) Do not operate heat transfer oil pump empty.
g) While tank car heating unit is in operation, observe

occasionally to ensure that controls are operating; that 
fuel is available; and that heat transfer fluid level is 
normal.

Test Completion Criteria:
a) Primary sind secondary sodium fill and drain tanks are

filled with sodium to pre-specified levels.
b) Sodium service system piping components necessary for the

fill function properly.
c) There are no sodium leaks in the affected portions of the 

service system.
d) Simulation of melting drums of sodium in the sodium dzoim

melt station has been accomplished, verifying proper
operability of that unit.

NAA-SR-5700 (Suppl. 4)
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e) Sodium can be transferred to the service systems from the 
sodium transfer tank,

g) There are no interferences due to expansion on loading the 
piping and equipment, and no discontinuities in insulation 
have developed.

Section k

Test Purpose; The purpose of this test is to verify that the Sodium 
Service System piping can be filled with sodium from the fill tanks 
and that sodium can be circulated through the system plugging meters, 
cold traps, and carbon trap. Also, to determine the operating char­
acteristics of the plugging meters, cold traps, and carbon trap by 
putting them into service using the service pumps. Sodium will be
cold trapped and carbon trapped preparatory to filling the heat
transfer systems. The sodium auxiliary systems will be cleaned by 
flushing with sodium to remove any last traces of contamination.
Test Method; Sections 1, 2, and 3 of AI-P-110^ shall have been completed 
before beginning Section k . The Sodium Service System piping will be 
filled with sodium from the system fill tanks. Circulation will be 
established in all circuits using the service pumps. The plugging 
meters, cold traps, and carbon trap will be put into service and
operated for a sufficient length of time to verify satisfactory
performance, and to clean up the sodium and the Sodium Service System. 
Since the primary and secondary sodium service systems are completely 
independent of each other, testing of the two systems may be concurrent, 
or may be performed at different times, depending on available man­
power and equipment.
Precautions:

a) Do not circulate sodium from one fill tank to another.
b) Do not operate the EM pumps at full voltage except under the
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following conditions:
1) The pumps have been preheated to 350 t 5O F by 

racking in the main bresikers.
2) Sodium has been allowed to flow to the pumps by 

gravity, thus priming the pumps.
3 ) A definite flow pattern has been established by 

opening appropriate valves, so that the pump will 
have a minimum cooling flow of about ^0 gpm during 
all periods when the pump is operating at full 
voltage.

c) Do not turn on carbon trap heater until a flow of about
kO gpm has established through the carbon trap system to
ensure continuous cooling of the carbon trap heater. Turn 
off the heater immediately on loss of flow.

d) When shutting down the carbon trap system after operation,
turn off heater and immediately close one valve to prevent
flow and excessive thermal shock in the system.

Test Completion Criteria:
a) The primary and secondary sodium service systems have been 

filled with sodium and the service systems pumps used to 
circulate sodium through the plugging meters, cold traps, 
and the primary carbon trap without malfunction.

b) Sodium service pumps operate at design conditions for ex­
tended periods of time.

c) Cold traps have been operated for extended psriods of time 
to verify operability of the controls, and to purify sodium 
to a plugging temperature of less than 300*F, prior to 
filling the heat transfer systems.

d) The carbon trap system has been demonstrated operable.
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e) Plugging meters have operated for extended periods of time. 
Their capability for measuring a plugging temperature, and 
for repeatability over extended runs has been demonstrated.

N A A - S R - 5 7 0 0  (Suppl .  4)
0 3 5  X I ( a ) - 1 4



COOLING WATER SYSTEM, A I-F -1106

Section 1

Test Purpose: The purpose of this test is to fill spent fuel storage pit 
No. 3 and to determine that the portion of the system from the condensate 
supply head tank to the storage pit will operate satisfactorily.
Test Method: No prerequisite tests for this section. Spent fuel storage 
pit No, 3 will be filled with condensate from the condensate supply punp 
and supply head tank. Pump capacity, instrument settings, and rate of 
flow of condensate out of the head tank will be determined.

Precautions! Storage pits must be clean and free of extraneous material 
such as ladders, scaffolding, etc. Covers should be in place to minimize 
contamination. Bottom drains must be closed.
Test Completion Criteria;

a) The condensate supply pump will:
1) Provide about 25 gpm flow under a 70 ft. head
2) Start or stop automatically upon receipt of a signal frcm 

the condensate st̂ jply head tank low or high level switches.
b) Low level switch on condensate supply head tank will actuate 

pump starter when low level set point is reached and low level 
alarm will annunciate.

c) Hi^ level switch on condensate supply head tank will stop punp 
Tdien hi^ level set point is reached and hi ^  level alarm will 
annunciate.
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d) Water will flow freely from storage tank to fuel storage pit No, 3 
at rate of approximately 25 gpm,

e) High and low level alarms in fuel storage pit No, 3 annunciate at 
respective set points ( el lli31 ft. and 1430 ft.)

Ult)  0 3 7  N A A - S R - 5 7 0 0  (Suppl.  4)
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COOLING WATER SISTEM, AI-P-IIO6  

Section 2

Test Purpose! The purpose of this test is to determine that the closed system 
serving the reactor pipe chase and pipe gallery cooling coils and the coolers 
associated with the Radioactive Waste Transfer System will operate satisfac­
torily.
Test Method: The cooling water system. Section 1 ©f Al-llOS-must have
been completed prior to the running of Section 2 of AI-P-UO6 .
The method to be employed in performing Section 2 of the Cooling Water System 
preoperational test consists of pun^jing water from the spent fuel pit 
through the system and back to the spent fuel pit. The system will be 
divided into two sub-systems for discussion purposes. The two sub-systems 
operate in parallel and must be tested in that manner,

a) Sub-system No, 1 consists of the reactor pipe chase and pipe 
gallery cooling coils and associated piping,

b) Subsystem No, 2 consists of all radioactive waste system coolers
and associated piping.

The proper system w ater pH w il l  be e s ta b l is h e d .
Precautions t During the filling of the system piping, it is necessary to 
observe the water level in the spent fuel pit and admit sufficient makeup 
in the event the level drops below set low level alarm point. Lithium 
hydroxide should be added as required to raise pH of the closed water cooling 
system to approximately pH 9 to 10 during water circulating operations per­
formed as a part of this test.
Test Canpletion Criteria:

a) The storage pit coolant pumps- function
properly and pungj approximately 200 gpm each under full
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system head. Shutoff head h a s  been determined for each pump.

b) Subsystem No, 1 w a s  vented and filled and the flow through
each coil in the pipe chase and gallery •will be adjusted so that 
the floî  throu^ all the coils is appix>ximately the same in each 
coil,

c) With c o o l a n t  purap P - 6 o 4  on  s t a n d b y  an d

P-603 circulating, it has been verified that P-bOU will start
automatically a-xhen the discharge pressure on P-6O3 falls below the 
set point (10 psig) on the low pressure alarm dovmstreara of the 
pumps. I t  has been verified that the annunciator -windows 
on the mainboard light when this condition occurs,

d) With wash cell and storage pit coolant pvimp P-6O3 on standby and 
P-60ii circulating, it has been verified that P- 6 0 3 will start 
automatically when discharge pressure falls below the low pressure 
alarm set point and that the annunciators on the main board light 
■when this condition occurs,

e) Flow through the demineralizers and filters has been adjusted to 
10 gpm.

f) Subsystem No, 2 will be vented and filled and the flow adjusted 
through the service cells and equipment in the R/A Waste HLdg, to 
achieve the required specified flow through each, A balanced flow 
in Subsystem NoJL and Subsystem No. 2 ■will be achieved to maintain 
a 1 9 0 gpm flow through Subsystem No, 1 and a total flow of 320 gpm,

g) The set point on the low press-ure alarm will be adjusted so that 
the pump on stand-by will come on the line when the system total
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flow reaches 220 gpm (with flow through the pipe chase eind 

ga llery  maintained a t 191 gpm).

h) I t  has been v e rif ie d  th a t the solenoid valves (upstream of the 

vent compressors in  the r/A Waste Bldg) open autom atically when 

the compressor drives s t a r t ,  thus furnishing cooling to  the 

compressors.

i )  The service c e ll  cooling c o ils  have been blocked out of the system 

and blown out with Ng*

j)  The pH of the f i l l e d  and c irc u la tin g  system is  estab lished  as 9*5 

to  10 a f te r  2 or 3 days c irc u la tio n . Lithium hydroxide has been 

added in su ff ic ie n t amounts to  water in  fuel storage p i t  No. 3 to  

achieve approximate pH of 9 to  10.

k) The leve l of water in  the fu e l storage p i t  No. 3 has been ad justed  

to  normal with the service c e lls  blocked out of the system and 

the system shutdown.
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COOLIHG WATER SYSTEM, A I-P -1106

Section 3

Test Purpose; The purpose of this test is to determine that the portion 
of the Cooling i/ater System serving the reactor building heating and 
ventilating coolers, nitrogen coolers and closed system heat exchangers 
will operate satisfactorily.
Test Method: No prerequisite tests. The method to be engjlqyed in performing
Section 3 o t the Cooling Water System preoperational test consists of 
pumping water with the cooling tower water pumps through the system coolers 
and back to the auxiliary cooling tower return header.
Precautions; Note differential pressure across basket strainers. Check 
every half hour. Change strainers if differential pressure becomes ex­
cessive (greater than 5 psi).
Test Completion Criteria:

a) The cooling tower water pumps, P-601 and P-602 will both function
properly and will each puup» at least 172^ gpm at 10 psi differential 
pressure.

b) The system has been vented and filled and flow adjusted throu^ 
all coolers to obtain the required flow throu^ each cooler,

c) T h e  control valves on the inlet of each 
nitrogen cooler open when the nitrogen tenqserature reaches 130# and

the solenoid v a l v e s  o n  t h e  s t a n d - b y  

cooler inletsopen when the nitrogen reaches 15(#,
d) With ptimp P-601 circulating and P-602 on standby,, it has been 

verified that P-602 starts automatically when the discharge

vj i ,  J
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pressure falls below the set point (10 psig) on the low pressure 
alarm. It has also been verified that the "Low Press Toirer 
Pump" annunciator window and the "Auto Start" annxmciator window 
on the main board light vxhen the above condition exist*.

e) 1iK.th p\aJ5) P-602 circulating and P-601 on stand-b/, it has been 
verified that P-601 starts automatically when the discharge 
pressure falls below the set point on the low pressure alarm and 
that the proper annunciator windows light on the main board,

f) With either pump circulating and the other puiî ) on stand-by, it 
has been verified that if the circulating pump is "tripped out" 
the pump on stand-l](y will start automatically and that the "trip" 
and "Auto Start" annunciator windows on the autia board will light 
when this condition exists.
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REACTOR LOADING FACE SHIELD COOLING SYSTEM. A I -P -1 1 0 7

Test Purposet The purpose of t h i s  t e s t  i s  to  purge and f i l l  the  

system w ith n itro g e n  and to  determ ine th a t  the  system w il l  c ir c u ­

l a t e  n itro g e n  s a t i s f a c t o r i l y .

T est Method; Cooling w ater system , S ec tio n  ^ o f ^  of A I-P-IIO 6 , 

must have been completed p r io r  to  p re o p e ra tio n a l t e s t  AI-P-1107.

The method to  be employed in  perform ing p re o p e ra tio n a l t e s t  AI-P- 

1107  c o n s is ts  o f purg ing  and f i l l i n g  the  system  w ith n itro g e n  and 

te s t in g  the  o p e ra tio n  of the system a t  o p e ra tin g  p re s su re . Before 

t h i s  system i s  purged , in d iv id u a l  coo ling  c o i l s  in  th e  r e a c to r  

lo ad in g  face s h ie ld  w il l  be te s te d  w ith se rv ic e  a i r  to  a ssu re  th a t 

each l in e  i s  open and th a t  p re ssu re  drops through the coo ling  c o i l s  

a re  approxim ately  equal.

Purging w il l  be accom plished by in tro d u c in g  n itro g e n  to  the  

snubber tank  and exhausting  the  atm osphere through the spare  conn­

e c tio n  down stream  of the lo ad in g  face s h ie ld .  During th is  purging  

the  com pressors w i l l  be s ta r te d  fo r  a sh o r t  tim e to  purge the com­

p re s so rs  and th e i r  a s so c ia te d  p ip in g . A fte r the system  has been 

purged and brought up to  o p e ra tin g  p re s s u re , system in s tru m e n ta tio n  readings 

w i l l  be recorded  w ith compressor No. 1 o p e ra tin g  through h ea t ex­

changer No. 1, compressor No. 2, o p e ra tin g  through hea t exchanger 

No. 1 and compressor No. 2, o p e ra tin g  through heat exchanger No. 2.

The system  w i l l  be te s te d  fo r  leakage by c lo s in g  n itro g e n  supply

valve and o p e ra tin g  each compressor fo r a p e rio d  of 2 ho u rs , observ-
loss

ing  p re ssu re  d ro p /in  the system .

High and low p re s su re  alarm s w i l l  be checked by in c re a s in g  or 

d ecreasin g  system p re s su re .
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Precautions;
a) The reactor loading face cooling system is to be tested 

in the sequence specified herein. No part of this test 
shall be performed until preceding numbered and lettered 
steps have been completed.

b) The established equipment clearance and valve tagging 
procedure must be observed at all times to protect per­
sonnel.

c) When purge gas is exhausted to the atmosphere in a room 
or operating area, adequate ventilation must be provided 
to insure personnel safety. Nitrogen is a non-toxic gas. 
However, excessive concentrations can cause asphyxiation 
by displacing available oxygen.

Test Completion Criteria:
a) Pressure drop through each cooling coil in the loading 

face shield has been determined and the necessary adjust­
ments made in individual coil throttle valve to assure a
balanced flow through the entire system of coils.

n i t r o g e n
b) The system has been purged an<^ successfully circulated by 

each compressor (K-901 and K-902) for a period of five 
minutes each.

c) Pressure will have been raided in the system until the 
high pressure alarm (located at the snubber tank) annun­
ciates at 2^3 psig. It will have been verified that the 
proper annunciator window lights (on the main board) 
when the high pressure alarm set point is reached.

d) After the high pressure alarm test the system relief 
valves will have opened and seated properly and the
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system checked for leaks.
e) The system will have been bled down until the low press­

ure alarm (located at the snubber tank) annunciates at 
215 psig. It will have been verified that the proper 
annunciator window on the main board lights when the low 
pressure set point is reached.

f) The'^system Ng supply will have been blocked off behind
the pressure control valve and bled down until the low 
pressure alarm (located upstream of the PCV) annunciates 
when the pressure drops to 275 psig. It will have been 
verified that the proper annunciator window on the main 
board lights when the low pressure set point is reached,

g) Both compressors (Kt-901 and K-902) will have been 
operated individually and will have satisfactorily pro­
duced 2 5 5 psig at the snubber tank. Each compressor will 
have been checked for leakage and proper cooling of the 
compressor jacket in conjunction with the cooling water 
system.

h) The N2 supply will have been blocked off and the system 
checked for leakage with the compressor running.

i) It will have been verified that low differential pressure
alarm and low flow alarm will not trip when a compressor 
is running.

j) It will have been verified that the low differential
pressure alarm and low flow alarm trips when the compressor 
is stopped and that the proper window (for each alarm) 
lights on the main board when this condition occurs.
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HELIUM SYSTEM. AI-P-II0 8  

SECTION 1

Test Purpose; The purpose of this Test is:
1 ) To helium pressurize the main Helium System header and 

to pressurize each individual helium control valve 
station, and

2) To demonstrate that the Helium System controls and instru­
mentation will function properly. '

Test Method: There are no prerequisite tests for Section 1 "of this
test procedure. The helium cylinders will be connected to the sys­
tem manifold for helium admittance to the main header to allow 
pressurizing of each individual helium control valve station*

The main helium gas manifold will be tested to ascertain that 
control pressures are maintained and that continuous service will be 
maintained by the ^standby” mamifold when the ’’in-service" manifold 
is spent. Individual helium control valve stations will be tested 
to ascertain that specified flows and pressures are maintained, with 
the exception of the Reactor, Reactor Cavity and Primary Sodium Fill 
Tanks control stations, which will be tested as a system. Control 
station relief valves will be pressurized above set-point to assure 
that the valves relieve at the required pressure and reseat tightly. 
A final check of the control stations will be made to assure that 
the pressure regulators do not allow helium pressure buildup under 
’ho-flow" conditions.

The Reactor, Reactor Cavity and Primary Fill Tanks pressure 
controllers, together with their control valves, will be tested as 
a system to assure that the valves are stroking to the correct
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position. The Reactor and Primary Fill Tanks helium control 
stations will be tested for specific flow by simulating reactor or 
fill tanks pressure with controlled instrument air actuating the 
pressure controllers. The simulated pressures will be increased 
and the inlet control valves checked to assure that they are fully 
closed. Reactor Cavity helium inlet flow and pressure will be 
checked by controlling the downstream block valve to specified flow. 
High and low pressure;alarms will be checked for proper operation 
by increasing or decreasing system pressure.

Pertinent data as called for in the test procedure will be re­
corded on the attached data sheets. Any deficiencies, malfunctions 
or general comments on the operability of the system or system com­
ponents will be recorded in the "Remarks” section of the data sheets. 
Precautionst When purge gas is exhausted to the atmosphere in a 
room or operating area, adequate ventilation must be provided to 
assure personnel safety.
Test Completion Criteria;

a) Helium pressure control valves will control pressure and 
pass the required flow within the limits prescribed in 
the test procedure.

b) Helium relief valves will relieve overpressure conditions 
at the pressures specified in the test procedure.

c) Reactor cavity, reactor atmosphere and primary sodium 
fill tanks pressure controllers will control pressure by 
admitting helium or exhausting gases to the R/A Vent Sys­
tem under overpressure conditions within the limits called 
for in the test procedure.
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d) Helium pressure alaimis will be actuated at the pressTires 
specified.
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HELIUM SYSTEM. AI-P-IIO8  

SECTION 2

Test Purpose; The purpose of the Helium System Preoperational Test
AI-P-IIO8 , Section 2, is to evacuate and purge out the Helium Third
Fluid Monitoring System of each of the three steam generators to pre­
pare them for operation, and to verify correct operability of the 
controls and instruments in the system.
Test Method: There are no prerequisite tests for Section 2 of this
test. The steam generator third fluid system helium supply cylinders 
will be connected up to the supply header. The third fluid chambers 
of each evaporator and superheater will be filled with helium. The 
third fluid chambers will be pressurized and appropriate valves closed 
to prepare the steam generator third fluid systems for startup. The 
high and low pressure alarms will also be checked and set points veri­
fied for operation.
Precautions; When helium is vented to the atmosphere in the steam 
generator vaults, adequate ventilation must be provided to assure 
personnel safety.
Test Completion Criteria:

a) The third fluid chamber of each component is filled with
helium to the pressure specified (300 psi)

b) The third fluid system high and low pressure alarms are set
and function properly.

c) System pressure holds constant with supply valves shut-off,
indicating no leakage into or out of the system.
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NITROGEN SYSTEM. AI-P-1109
S e c t i o n  1

Test Purpose; The purpose of this test is to purge and fill the nitrogen 
system (except for the nitrogen filled cells), and to determine that the 
Nitrogen System components will operate satisfactorily in the system. 
Section 2 of this procedure tests the Nitrogen System associated with 
the primary sodium equipment cells.
Test Method; No prerequisite tests are required to perform this section 
of the test. The method to be employed in performing Section 1 of the 
Nitrogen System Preoperational Test consists of purging the system with 
nitrogen and testing the operation of the system components. At the 
start of the test, all manual valves involved in the nitrogen system are 
closed. The nitrogen evaporator will be connected and portions of the 
system will be systematically opened, purged and tested for performance.

Individual nitrogen control stations will be tested to ascertain 
that specified pressure and flow conditions can be met. Control station 
relief valves will be pressure lifted to check set pressures, then pres­
surized below set-points and checked to assure that the valve reseats 
tightly. A final check of control stations will be made to assure that 
pressure control valve does not allow pressure buildup under "low flow" 
conditions. Low pressure alarms will be checked for proper operation and 
correct set-point by bleeding down pressure in the system.
Precautions;

a) The established equipment clearance eind vhlve tagging procedure 
must be observed at all times to protect personnel.

b) When purge gas is exhausted to the atmosphere in a room or
operating area, adequate ventilation must be provided to assure 
personnel safety. Nitrogen is a non-toxic gas. However, ex­
cessive conc;^irt^tions can exclude oxygen and cause asphyxiation.

r / .  5
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c) Valves in Nitrogen System lines supplying nitrogen to primary 
sodium equipment cells must remain closed during Section 1 of 
this test. (Cell nitrogen exhaust systems will not be in 
operation at this time, and admitting nitrogen could result in 
an overpressure in the cell.)

Test Completion Criteria;
a) The Nitrogen Distribution System has been purged and filled.
b) All pressure control valves control pressure properly under

specified flow conditions.
c) All low pressure alarms (PAL) alarm and reset properly.
d) All relief valves lift and reseat properly.
e) No detectable leaks are present based on short time decay tests.
f) Pressure gauges and flow meters function in accordance with

their design parameters.

Section 2
Test Purpose: The purpose of this test is:

1) To purge and fill the primary sodium equipment cells with nitro­
gen.

2) To determine that the Nitrogen System supplying and venting the
primary sodium equipment cells will operate satisfactorily.

Test Method: The following tests must be performed prior to running this
section of the nitrogen test so that the cells can be purged and left 
closed and sealed:

a) Helium System, AI-P-1108 (partial)
b) Preheating System, AI-P-1116 (partial)
c) Lights, Power and Communications System, AI-P-II3 0 (partial)
d) Radioactive Vent System, AI-P-1110 (partial)
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e) Nitrogen System, Section 1, AI-P-1109
f) Hot Sodium Circulation, AI-P-II6 7

g) Cooling Water System, AI-P-II0 6 (partial)
The method to be en5>loyed in performing Section 2 of the Nitrogen 

System preoperational test consists of purging the primary sodium equip­
ment cells and pipe tunnel with nitrogen and testing the operation of 
the cell inlet and vent controls under operating conditions. At the 
start of this test, all manual valves involved in this section of the 
test are closed. Nitrogen supply to other parts of the system (tested in 
Section 1 of this preoperational test) will be temporarily shut off to 
assure accurate flow control during purging.

Cell relief valves will be pressurized to lift points and then checked 
to assure that they reseat tightly before nitrogen is admitted to the cell.

Each cell pressure controller together with its control valves will 
be tested as a system to assure that the valves are stroking to the 
correct position. Each cell will be purged with nitrogen until the cell 
atmosphere contains 1^ or less of oxygen by volume, as indicated on oxygen 
analyzer 02An-9 0 0 . Cell pressure control systems will then be tested for 
set-point operation by manually pressurizing and depressurizing the cells 
using control valve by-passes until proper control valves open or close. 
Sequential operation of the oxygen analyzer will be tested.
Precautions;

a) During and after purging, no one should be permitted to enter 
the cells containing a nitrogen atmosphere. If it is necessary 
to enter a cell, the following precautions must be observed:
The cell shall either be purged with air and tested to assure 
that its oxygen content is sufficient to sustain personnel with­
out additional oxygen supply, or personnel entering the cell shall
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w e a r  t h e i r  ov/n b r e a t h i n g  a p p a r a t u s .  I n  any  e v e n t ,  an  a p p r o p r i a t e  

vessel entry permit must be completed prior to entrance.
b) Nitrogen supplies to all other parts of the Nitrogen System

(tested in Section 1 of this preoperational test) are to remain 
shut off during this test to assure accurate flow control 
during purging of the cells.

Test Completion Criteria:
a) All primary sodium equipment cells have been purged with nitrogen 

and contain 1^ or less of oxygen by volume as ascertained by test.
b) All cell pressure relief valves lift and reseat properly at design 

set points.
c) Pressure control valves to each cell maintain the cell pressure 

between approximately 1 and 6 inches of water, exhausting nitro­
gen to the r/a vent system when cell pressure increases above 6 
inches HgO and admitting nitrogen when cell pressure falls below 
1 inch of water.

d) The oxygen analyzer properly san̂ jles the atmosphere of each 
cell in sequence and an alarm occurs if the oxygen content
exceeds 1̂ .
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RADIOACTIVE VEHT SYSTEM, A I-P -1110

Section 1

Test Purpose; The purpose of this test is to verify that instruments and 
controls in the Radioactive Vent System are properly set, and are function­
ing in accordance with plant design.
Test Method; Electrical power, instrument air, sind cooling water must be 
available to the r/a Vent System prior to performing this test. These 
services are tested as a part of AI-P-1130, AI-P-1117> and AI-P-IIO6 , 
respectively.

The r/a vent compressor controls, switches, timers, and starters 
will be verified operable with the motor leads disconnected.

Pressure instruments will be actuated by instrument air using a 
pressure regulator, and settings will be detennined and adjusted as 
necessary.

Level alarms will be actuated by using auxiliary apparatus to raise 
and lower water level in the float cage.

Solenoid valves will be actuated to stroke the air operated control 
valves in the proper direction.

Pressure regulators will be tested by applying instrument air emd 
checking the downstream pressure setting.

Relief valves will be pressurized and listed to verify that the set 
points are correct and then tested to assure that they reseat tightly. 
Precautions; No special precautions.
Test Completion Criteria:

a) The radioactive vent compressors ceui be started and stopped 
manually and automatically, as verified by imposing synthetic
signals on all automatic control devices.
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b) r/a Vent System alarms actuate at the proper set point.
c) r/a Vent System pressure control valves maintain the required 

pressures in their respective headers.
d) r/a Vent System relief valves lift at the correct pressures 

and reseat tightly.
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RADIOAGTIVE VENT SYSTEM. A I-P -1110

Section 2

Test Purpose: The purpose of this is to verify that the Radioactive
Vent System compressors gind storage tanks are properly prepared for normal 
system operation.
Test Method; Electrical power, instrument air, and cooling water must 
be available to the r/a Vent System prior to perfonning this test. These 
services are tested as a part of AI-P-II3 0, AI-P-III7 , and AI-P-IIO6 , 
respectively.

The dry gas vent system header will be supplied with instrument air 
through a flow meter. The vent compressors will pump the air into one 
gas decay tank. One r/a vent fan will be run eind the gas decay tank 
pressure released to the stack.

Vent head.er air will then be directed through the bypass line to the 
stack and the fuel handling cells vacuum pump will be operated.

The second r/a  vent fan will be operated, then shut off for check 
of system instruments.

During the system test, all instruments and controls will be tested 
for proper operation.
Precautions;

a) Con5)ressors No. 1 and 2 must have oil at the proper level in 
both the crank-case and lubricator prior to operating.

b) Drainer traps DT-1001, DT-1002, DT-IOO3 and DT-100^ must be 
primed prior to being put into normal operating service.

Test Completion Criteria:
a) The level switches associated with r/a vent conqpressors Nos. 3 

and k actuate at the proper set point.
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b) r/a vent compressors Nos. 1, 2,  Z, and 4 start and stop auto­
matically at the prescribed pressures.

c) r/a vent con5>ressors will compress gas at their design pressure, 
temperature, and flow conditions without distress or malfunction.

d) r/a  vent fans each control back pressure within design limits 
at flows up to 100 SCPM.

e) The fuel h a n d l i n g  cells vacuum pump operates properly at de­
sign pressure/temperature conditions in conjunction with the 
r/a vent fans,

f) No detectable leaks exist in the system.

S i o 1 1 7
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RADIOACTIVE VENT SYSTEM. AI-P-1110 

Section 3

Test Purpose: The purpose of this t e s t  i s  t o  v e r i f y  t h e  p r e p a r e d n e s s  for
operation of the wet gas portion of the Radioactive Vent System.
Test Method; Electrical power, instrument air, and cooling water must 
be available to the r/a Vent System prior to performing this test. These 
services are tested as a part of AI-P-1130> AI-P-lllT, and AI-P-IIO6 , 
respectively.

The wet gas vent system will be pressurized with instrument air 
through a flow and pressure control apparatus. The wash cell vent com­
pressor will pump this air through the separator receiver and into the 
wash cell gas decay tank. When the decay tank pressure reaches 8 5 psig 
the compressor will be shut off, and the decay tank air released to the 
ventilation stack.

During the system test, instnnnents, equipment and controls will be 
tested for proper operation.
Precautions;

a) Do not operate the wet-seal gas compressor until proper sealant 
level has been established.

b) Make-up water must be available to the wet-seal wash cell vent 
compressor.

Test Completion Criteria:
a) Cooling water to the separator receiver and to the wash cell 

vent compressor wet-seal is automatically maintained at the
proper level and tenqperature.
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b) The wash cell vent compressor is capable of pressurizing the 
wash cell gas decay tank to 8 5 psig at its design flow rate.

c) The wash cell vent compressor suction line vacuinn breaker 
relieves at approximately -3 psig.

d) The wash cell vent compressor is capable of discharging to the 
stack as well as to the gas decay tank.

e) The wash cell vent compressor mechanical seal lubrication system 
functions satisfactorily in accordance with design parameters.
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RADIOACTIVE LIQUID WASTE SYSTEM. A I -P -1 1 1 1

Test Purpose; The purpose of this test is to verify that the Radio­
active Liquid Waste System and its associated components function pro­
perly; adequately drain areas that are potential radioactive liquid 
waste collection points; and are capable of safely storing and dis­
charging the liquid collected.
Test Method; The portions of the following tests that are associated 
with the Radioactive Liquid Waste System must be complete prior to 
performing this test:

a) Auxiliary Steam, AI-P-1113
b) Electrical Power, AI-P-II3 0

c) Instrument Air, AI-P-lll?
The method to be employed in testing the Radioactive Liquid Waste 

System consists of admitting water to each of the liquid waste drains, 
collecting the liquid from the drains in the liquid waste monitoring 
tanks and pumping the liquid from these tanks to the radioactive waste 
facility storage tanks, using the steam jet pumps. System tank level 
instrumentation will be tested to assure its proper operation prior to 
admitting water to the tanks. Level transmitters will be actuated by 
varying the water level in the constant head water leg and testing 
level indicator and alarm operations. Radioactive Liquid Waste 
System drains, including floor drains, equipment drains, and cell drains, 
will be flushed with water to verify that the drains are capable of 
taking water. The level in the appropriate radioactive waste tank will 
be observed to ascertain that the drain is connected to the proper tank. 
After all drains to a given tank have been verified, the steam jet 
pump will be started and the liquid recirculated to mix in the tank.
The liquid in the tank will then be pumped to the radioactive waste
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The radioactive waste facility tanks and pump will be operated to 
accomplish mixing of liquid in the facility tanks. The liquid waste 
evaporator will be put into service with the evaporator feed and waste 
transfer pump, and proper functioning verified. Liquid collected from 
the reactor building drains will ultimately be discharged to the 
leaching field or the truck loading line to establish that these areas 
are capable of normal operation.
Precautions; There are no special precautions associated with this 
test. However, the system may well transfer radioactive liquids 
under normal operating conditions and, therfore, theperformance of this 
test should include observing the radiological precautions and procedures 
to be associated with such conditions.
Test Completion Criteria:

a) All reactor building drains that flow to radioactive liquid 
waste tanks are free of obstructions and connect to the 
proper tanks.

b) System instrumentation functions properly; indicating correctly 
with alarms actuating at the proper set-points.

c) Liquid in the system hold-up tanks and storage tanks can be 
recirculated to accomplish mixing.

d) The steam transfer jets establish adequate flo\̂  and are 
capable of performing the required liquid transfers.

e) The liquid waste evaporator and associated feed pump function 
properly at the designed capacity,

f) Liquid can be discharged to the leaching field or the truck 
loading line as required by liquid activity levels.
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AUXILIARY STEAM SYSTEM. A I -P -1 1 1 5

Test Purpose; The purpose of this test is to activate the auxiliary 
steam system in the reactor building and the radioactive waste facility 
and determine that it will operate properly.
Test Method; The facility H & V system must be operable before this 
test can be run.

This test consists of progressively pressurizing sections of the 
system with auxiliary steam from the conventional plant until the entire 
system has been brought up to temperature and pressure. As the system 
is being warmed up, the performance of the condensate return units will 
be tested. Pressure control valves, level switches, steam traps and 
other components will be observed and tested for proper operation after 
each section of the system has been pressurized.
Precautions; No special precautions.
Test Completion Criteria:

a) The facility heating system was activated and the necessary 
adjustments were made to acquire the required steam flows 
through heating unit coils. The control valves and tempera­
ture controls of the units operate properly.

b) The system condensate return pumps operate properly. Level 
switches and floats in the condensate tanks and steam traps 
throughout the system operate properly.

c) Steam can be introduced to the cerrobend melt-out coils 
around the loading face shield.

d) Service steam can be introduced to the wash cells, decon­
tamination room, laundry, maintenance cell, R/A waste facility 
and all the various hold up and transfer tanks.
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PREHEATING SYSTEM. A I -P - I I I 6

Test Purpose: The purpose of th is  t e s t  i s  to  determine th a t the sodium pipe

and equipment preheating system w ill operate s a t is fa c to r i ly .  This procedure 

excludes the reac to r vesse l preheating system which is  te s te d  in  Reactor 

Heaters Preoperational Test A I-P -ll6^.

Test Method; P rerequ isite  Tests: P rio r to  preheating the main heat

tra n s fe r  and sodim  service system above 100°F, the following te s ts  must 

be performed:

AI-P-1104 Sodium Service System, Section 2 

A I-P -II5O Purge of Secondary Sodium System, Section 1

AI-P-1151  Purge of Primary Sodiiim System, Section 1

AI-P-IIO6 Cooling Water System, Section 2 

AI-P-ll6i4- Reactor Heaters, Section 2, must be performed in  

conjunction with th is  t e s t .

The procedure is  divided in to  p a rts  A and B. Part A te s ts  the sodium service

preheat system including a l l  freeze and vapor t r a p s . A fter determining

th a t a l l  heaters and th e ir  associated  thermocouples operate co rre c tly , a l l  

sodium service piping and equipment is  brought up in  temperature together 

a t  a ra te  such th a t no g rea te r than 50°F e x is ts  between any temperature 

readings. Component temperatures which vaiy abnormally w ill  be investiga ted . 

A fter reaching approximately 100, 25O and 350°F, p a ra lle le d  thermocouples 

w ill  be te s te d  to  determine th a t they are sensing the co rrect tem perature. 

Upon reaching 350°F^ the piping and equipment w il l  be su ff ic ie n tly  preheated 

fo r f i l l i n g  with sodium.
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Part B tests the sodium heat transfer system. After determining that all 
heaters and their associated thermocouples operate correctly, all sodium 
transfer piping and components will be brought up in temperature together 
at a rate not exceeding 2.8 F/Hr* and such that no greater than 50°F exists 
between any temperature readings. Component temperatures x̂ hich vaiy abnor­
mally will be investigated. After reaching approximately 100, 250 and 350F 
paralLLeled thermocouples will be tested to determine that they are sensing 
the correct temperature. Upon reaching 350F, the sodium heat transfer 
system will be sufficiently preheated for filling wilii sodium.
Precautions t

a) The nitrogen coolers must be available to control cell atmosphere 
temperature when preheating above lOOF.

b) Surveilance cf the rise in temperat\ire of each component must be 
made to be sure that heating rates are not exceeded.

Test Completion Criteria:
a) The operability of heaters has been demonstrated on the sodium

service system, the sodium main heat transfer system, and
associated equipment.

b) Heater control circuits operate and maintain setpoint temperatures 
of associated piping and equipment

c) Sodium service system has been preheated to 350F*
d) The sodium main heat transfer system has been preheated to 35QF.
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SUMMARy

PLAMT COm?ROL SYSTEM, A I-P -1120

Test Purpose: The purpose of th is  t e s t  i s  to  place each p lan t contro l

subsystem in to  operation and v e rify  th a t each is  operable;, p r io r  to  the 

reacto r s ta r tu p .

Test Method: AI-P-1117, Instrument Air System, must be performed p r io r  to

th is  t e s t .  With the main board connected to  the sensing elements, valves 

and tran sm itte rs ; vo ltages, instrument a i r  supply pressures, gains, se tp o in ts , 

and proportional, re se t and ra te  bands associated  with the p lan t control 

system w ill be adjusted as necessary and proper performance of the in s t ru ­

ments w ill  be v e r if ie d . System c a lib ra tio n s  w ill  be run and system response 

times and instrument s ta b i l i ty  w ill  be observed. Simulated inputs w ill  be 

used as required in  the above t e s t s .

Precautions; No specia l precautions required.

Test Completion C rite ria :

a) A ll p lan t control components ca lib ra ted  to  + 1^ of f u l l  scale 

accuracy.

b) A ll p lan t contro l components co rrec tly  connected to  th e ir  input 

and output devices.

c) Response time of a l l  subsystems is  w ithin 5 sec of actuating  signa l.

d) All subsystems respond to  simulated inputs in  a stab le  manner.

e) A ll p lan t contro l in terlocks function co rrec tly .

f )  All p lant con tro l computing functions being performed to  an 

accuracy of + 1^ of f u l l  sca le .

g) Correct i n i t i a l  values of p roportional band, re s e t, and ra te  are

se t in to  a l l  system c o n tro lle rs .
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PROTECTIVE SYSTEM. A I-P -1121

Test Purpose: The purpose of th is  te s t  is  to  check out and a lign  the p lan t

p ro tec tive  panel fo r operation and then to  system te s t  a l l  associated  input 

signal c irc u itry , a l l  associated alarm, setback and scram c irc u its  and a l l  

associated sta rtup  in te rlock  c ir c u i ts .

Test Method: P rerequisite  Tests:

a) Sodium Flow Instrum entation Preoperational Test Procedure A I-P-II60

b) Control Rod Drive and Actuator Assemblies. Preoperational Test 

Procedure AI-P-llii-5 must be complete before th a t portion  of the 

Protective System Test dealing with reac to r s ta rtu p  in te rlo ck  

c irc u itry  can be performed.

All p ro tective  panel voltages, gains and se tpo in ts w ill  be se t and the 

panel aligned fo r operation. With a l l  system in s ta l la t io n s  completed the 

p ro tec tive  system w ill be te s te d  using signals from the sensing elements.

Where th is  is  not possible simulated signals a t  the sensing element w ill  be 

used. All associated annunciators, setback and scram c irc u its  w ill  be made 

to  operate; remote meters w ill be checked fo r accuracy; and s ta r t-u p  

in te rlock  c irc u itry  w ill be made to  function.

Precautions: No specia l precautions.

Test Completion C r i te r ia :

a) Protective panel alignment, and t r ip  point se ttin g s  fo r alarms, 
setbacks and scrams have been accomplished.

b) Correct wiring of p ro tec tive  system sensing elements has been demonstrated.
c) Correct operation of the p ro tec tive  system has been demonstrated by 

using actual or simulated signals from the sensing elements.
d) Each sodium c irc u it  by-pass switch is  operable.
e) Correct wiring and operation of s ta rtu p  in terlocks has been demonstrated.
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WASH CELLS, AI-P-1133 

Section 1

Test Purpose: The purpose of th is  t e s t  i s  to  determine th a t the services

(steam^ heli\im, nitrogen, and vacuum) to the No. 1 Fuel Wash Cell are adequate 

fo r washing fuel elements. Also to  v e rify  th a t a fuel element can he in s ta lle d  

in , properly washed, and removed from the fuel wash c e l l  without d if f ic u lty .

Test Method: The following preoperational te s ts  must he completed before the

wash c e ll  p reoperational t e s t ,  AI-P-1133^ Section 1 of k,  can he run:

1) AI-P-1109, Nitrogen System, Section 1

2) AI-P-1108, Helium System, Section 1

3) AI-P-1110, r/ a Vent, Section 3

h) AI-P-1111, r / a  Liquid Waste (portion  a ffec tin g  R/A Waste
Transfer tank only)

5) AI-P-1106, Cooling Water, Section 3

6 ) AI-P-1117, Instrument A ir, p a rt a ffe c tin g  wash c e l ls .

7) AI-P-1113, Aux Steam, p a rt a ffec tin g  wash c e l ls .

The No. 1 Fuel Wash Cell p reoperational te s t  w ill consist of performing a cleaning 

operation using a m.ock fuel element contaminated with a nonahrasive scouring powder 

(such as Bon Ami) to simulate sodiimi contamination.

Precautions: No special precautions are necessary.

Test Completion C rite r ia :

a) The wash c e ll  was s a t is fa c to r i ly  evacuated to  approximately

1 inch Hg absolute pressure and f i l l e d  with helium to  approximately 

3 psig .

h) Using the fuel handling machine, the wash c e ll  plug was removed

and the mock fuel element in se rted  in the c e l l .  Heliiun atmosphere 

in  the c e l l  was maintained during th is  operation.
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c) Superheated steam was s a t is fa c to r i ly  in jec ted  in to  the wash c e ll  

through the steam cleaning nozzles fo r a period of ten  minutes. I t  

was determined th a t steam flow was continuous and smooth and th a t the 

drain valve did not allow the water lev e l to reach the se t poin t on 

the high alarm.

d) Demineralized water was s a t is fa c to r i ly  added to  the steam in the 

mixing nozzles to rinse  the fuel element fo r a period of 3 minutes. 

The condensate drain valve was manually blocked and the condensate 

eillowed to  reach the high alarm se t po in t where i t  was v e rif ie d  th a t 

the alarm annunciated.

e) Condensate was s a t is fa c to r i ly  drained from the wash c e l l  to  the

r / a  Waste tran s fe r  tank and nitrogen was admitted in to  the wash c e ll  

u n t i l  N2 pressure reached approximately 3 p sig .

f) The c e ll  was evacuated of Ng to approximately 1 inch Hg and f i l l e d  

with helium to approximately 3 p sig .

g) The mock fuel element was s a t is fa c to r i ly  removed from the wash

c e ll  and the wash c e ll  plug in se rted  in  the c e l l  by the fuel handling 

machine while a helium atmosphere was maintained in  the c e l l .

h) S a tis fac to ry  cleaning of the mock fu e l element was v e rif ie d  by 

v isual inspection a t the pickup c e l l .
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WASH OELLS. AI-P-1133.

Section 2

M et PorpoM: The purpose o f th is  t e s t  i s  to  determine th a t  the serv ices

(steam, helium, n itrogen , and Yaauum) to  the Ho. 2 Puel Wash C ell are 

adequate fo r  washing fu e l elem ents. Also to  v e r ify  th a t a fu e l element 

can be in s ta l le d  in , properly  washed, and removed from the fu e l wash 

c e l l  w ithout d i f f ic u l ty .

Test Hethod; Same as fo r  Mish C ell lo .  1 .

Precau tions; Ho special, precautions are requ ired .

Test Completion C r i te r ia ; Same as fo r Ho. 1 wash c e l l .

Seetien  3

Test Purpose; The purpose o f th i s  t e s t  i s  to  determine th a t the  

cerv ices (steam, helium, n itrogen , and vacuum) to  the  Ho. 3 Puel 

WAsh C ell are  adequate fo r washing fu e l elem ents. Also to  v e r ify  

th a t  a fu e l element can be instsO led in , properly  washed, and removed 

frcai the fu e l wash c e l l  w ithout d i f f ic u l ty .

Test Method; Same as fo r  Mtsh C ell Ho. 1.

P recau tions; Ho sp ec ia l p recautions a re  requ ired .

Test Ccapletion C r i te r ia ; Same as  fo r  number 1 wash c e l l .

Becfien H

Test Purpose; The purpose o f th i s  t e s t  i s  to  determine th a t  the serv ices 

(■team, helium, n itrogen , and vacuum) to  th e  pump wash c e l l  auim adequate 

fo r  waehii^ elem ents. Also to  v e r ify  th a t  a fu e l element can be in s ta l ­

led  in , properly  washed, and removed from the pump wash c e l l  w ithout 

d i f f ic u l ty  a f te r  the c e l l  has been converted fo r  washing fu e l elem ents. 

T est Method} Same as fo r  Ho. 1 Wash C ell.

P recautions; Ho specia l precautions are  requ ired .

Test Completion C r i te r ia ; Sane as fo r  Wash C ell Ho. 1

^ NAA-SR-5700 (Suppl. 4)
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PORTABLE PURGE UNIT, A I -P -1 1 5 7

Test Purpose; The purpose of this test is to determine that the portable 
purge unit will satisfactorily sesrve its purpose as a tool in purging 
storage cells, changing reactor shield plug quad rings, and sampling 
storage cell gas.
Test Method; The following preoperational tests must be completed before 
the Portable Purge Unit Test, AI-P-1137t can be run:

1) AI-P-1108, Helium System (partial)
2) AI-P-1110, R/A Vent (partial)

Partial here refers to that part of the listed tests concerning this 
test. The portable purge unit will be positioned over a storage cell 
containing a shield plug and dummy fuel element. A fuel handling machine 
index ring will have been previously set in place. The portable purge 
unit will be employed to raise the element, change the quad-rings on 
the shield plug, purge the storage cell, and lower the element back 
into place. The gas sampling device will be tested as a part of 
AI-P-1122, Radiation Detection and Monitoring System.
Precautions: During evacuation of the portable purge unit the shield
plug in the storage cell must be held in place by extending the 
grapple head downward against the top of the plug. This will prevent 
the plug from being raised into the purge unit by the pressure differ­
ential across the plug created by evacuating the purge unit.
Test Completion Criteria:

a) The portable purge unit fits on the index ring properly.
b) The hydraulic hand piunp operates satisfactorily and the 

hydraulic grapple engages the storage plug pickup adapter 
properly.
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c) A satisfactory seal is created between the purge unit and the 
index ring when the load of the plug is placed on the purge unit.

d) The hydraulic pump is capable of lifting the plug to the "up” 
position.

e) A full vacuum can be established in the purge unit and storage 
cell.

f) Old quad rings can be removed from the plug and new quad rings 
satisfactorily installed on the plug.

g) The hydraulic pump satisfactorily lowers the plug into the cell 
and the grapple automatically disconnects from the pickup 
adapter when the plug seats in the storage cell.
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DECCMTAMmTIOH ROOM, AI-P«1138

T»at PurpoBtt The purpose of th is te st is  to detendue that the equipaent pro- 

vided for decontamination of items contaminated vith radioactive material functions 

properlj.

TSst Method: The foUoeing preoperational te st must be completed before the De­

contamination Room test, AI-P-U38, can be runi

1) AI-P-1110 r/a Vent System (partial)

2) AI-P-1113 Auxiliary Steam (partial)

3) AI-B-llU  R/A Liquid Vihste System (partial)

Partial in  this case refers to those portions of preoperational tests  

of associated systems which deal with the equipment in the decontam­

ination room*

The test method w ill consist of operating the ultrasonic cleaner, the steam 

cabinet and the steam cleaner and obsenring their perfoznanee to ensure they 

function properly* The remaining equipment provided as a part of the decontam­

ination room w ill be adequately tested as a part of constructimi acceptance 

testing* Notation should be made as to the adequacy of supplies necessary for 

decontamination work*

Precautionst No special precautions.

Test Conletion Criteria t

a) Oltrasonie Cleaner operated satisfactorily  as per manufacturer's 

instructions*

b) Steam Cabinat oparatee satisfactorily  as per mannfaetarer's

instructimis*

c) Steam Cleanar operatee satisfactorily  for five minutes and does

ziot leak*
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d) All decontamination room equipment is properly installed and 
available for service.
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MAINTENANCE CELL. A I-P -1139

Test Purpose; The purpose of this test is to verify that the normal 
maintensuice cell operations can he performed efficiently and safely, euid 
that the planned operating procedures and the tools and eqiiipmeht are 
adequate.
Test Method; The portions of the following preoperational tests which 
are associated with the Maintenance Cell must he completed before the 
Maintenauice Cell Test, AI-P-1139 can he run:

a) AI-P-IIO9 Nitrogen, Section 2
h) AI-P-1110 r/a Vent
c) AI-P-IIO6 Cooling Water System, Section 3
The maintenance cell preoperational testing will include the four 

following tests:
1. Functional test of all equipment.

All operations on each machine will he perfomred to assure 
proper response and satisfactory smooth operation. The high and low 
volume ventilation systems will he tested to assure specified atmospheric 
conditions and pressure in the cell and specified line pressures to the 
nitrogen operated machinery in the cell and to the access tunnel door 
inflatable seal.

2. In-cell fuel handling procedure test.
A mock fuel element will he disassembled and reassembled in the 

cell. Adequacy of tooling, equipment and method of procedure will he 
tested.

3 . In-cell poison colinnn handling procedure test.
A control rod poison coliimn will he disassembled and reassembled 

to the control rod pull rod euid plug assembly in the cell. Adequacy of
tooling, equipment and methods of procedure will he tested.

N A A - S R - 5 7 0 0  (Suppl .  4)
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4. In -c e ll  f i l t e r  exchange procedure te s t

All of the f i l t e r s  in  the c e l l  w ill  he removed from the racks and 

replaced in  the racks to  assure adequate handling procedures and equipment. 

Precautions; Care must be exercised in  the operation of the specia lized  

too ls £ind equipment and in  the handling of components in  the c e ll  to  

prevent damage to  the to o ls  and equipment, the c e l l  l ig h ts  and windows 

and the components on which the operations are being performed.

Test Completion C r i te r ia :

a) The maintenance c e ll  in -c e ll  area lamps operate properly and 

provide adequate lig h tin g .

b) Audio System

1. Microphone gains have been balanced

2. Volume controls operate properly

3. I t  was v e rif ie d  th a t sounds can be generally  located  in  

the c e l l  by se lec tiv e  "on" and "off" m anipulation of the 

microphone sw itches.

c) High Volume Exhaust

1. Exhaust valve opens when key switch is  turned to  high volume.

2. Minimum ve loc ity  of intake through maintenance c e l l  access

tunnel door is  100 fpm.

3. Exhaust valve closes when key switch is  turned to  low volume.

d) Cell Low Volume System

1. Pressure in  c e l l  is  about -3/8" HgO when the low volume

system is  operating under normal conditions.
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2. The high pressure alarm annuciates when pressure reaches about 
- l / k "  HgO and the position switch, which actuates low volmne ex­
haust valve, operates properly, i.e., actuates the valve thus 
permitting the r/a vent system to pull pressure in the cell 
back down to about - 3/8" H^O. Proper lights on gage board light 
when annunciator alarms.

3 . The low pressure alarm annunciates when pressure in the cell 
reaches - I/2 " HgO and the supply valve opens allowing pres­
sure to return to about - 3/8 " HgO.

k. The cell has been purged and oxygen content held to approximately 
2 percent by volume (as per 0^ analysis) for a period of not 
less than 2 hours.

Cell Door
1. The maintenance cell access tunnel door seal was inflated and 

deflated satisfactorily from the maintenance cell operating 
area console.

2. The door was successfully retracted to the west end of the 
tunnel and returned to the east end by the pendant controls 
located in the tunnel.

3 . The door shelf was raised and lowered successfully by controls
on the console on the first operating level. The proper lights
on the console lighted when the shelf was "up" or "down".

N A A - S R - 5 7 0 0  (Suppl .  4)
X I ( a ) - 5 5

JiD 136



f )  The maintenaince c e ll  In-cel l  h o is t, crane and tro lle y  were 

operated s a t is fa c to r i ly  from a l l  th ree  consoles.

g) The v e r tic a l drive fo r the manip\ilator carriage was operated 

s a t is fa c to r i ly  from a l l  th ree  consoles.

h) The v e r tic a l drive fo r the  to o l positio n er carriage was operated 

s a t is fa c to r i ly  from a l l  th ree  consoles.

i )  1. The to o l s lid e  was s a t is fa c to r i ly  moved from side to  side

and "in" and "out" from a l l  th ree  consoles.

2. The gripping to o l was opened and closed s a t is fa c to r i ly  from 

a l l  th ree  consoles, 

j ) The manipulator s lid e  was s a t is fa c to r i ly  ro ta ted  "CW" and "CCW" 

and "in" and "out" from a l l  th ree  consoles,

k) The Lee Manipulator has been s a t is fa c to r i ly  operated according to

the m anufacturer's in s tru c tio n s , 

l )  The AMF Master Slave Manipulators have been s a t is fa c to r i ly  operated 

according to  the m anufacturer's in s tru c tio n s , 

m) In-C ell Fuel Handling

1. Communications were s a t is fa c to r i ly  maintaiied between the

maintenance c e l l  operator and the fu e l handling machine 

operator.

2. A gastigh t seal was estab lished  and maintained between the fu e l 

handling machine cask and the  maintenance c e ll  and the mock 

fuel element positioned s a t is fa c to r i ly  during the in -c e ll  

operations.

3- The fu e l element process tube was successfu lly  removed from 

the f« e l handle and stored in  the fu e l rack.
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k)  The fuel bundle was removed from the fuel element sh ie ld

plug and hanger rod assembly, placed in  a fue l shipping

capsule and the capsule stored in  the  fuel rack.

5 ) The fuel bxmdle was reassembled to  the fuel element sh ie ld

plug and hanger rod assembly and the process tube re in s ta lle d

on the fuel bundle thus verify ing  the adequacy of the  to o ls  

and equipment fo r a l l  an tic ipa ted  maintenance c e ll  fuel 

handling operations, 

n) In-C ell Poison Column Handling

1. The control rod poison column was successfu lly  disassembled 

from the pvill rod and sh ie ld  plug assembly, placed in  a 

shipping capsule and stored in  the fuel rack.

2. The control rod poison column was removed from the capsule 

and reassembled to  the pu ll rod and sh ie ld  plug assembly 

thus verify ing  th a t the  to o ls  and equipment fo r contro l rod 

poison handling were adequate.

o) In-C ell F i l te r  Change

1. F i l te r s  were removed from the f i l t e r  bank and removed from 

the c e ll  by way of the  maintenance c e ll  access tunnel door.

2. F i l te r s  were returned to  the  maintenance c e ll  by the  door 

and re in s ta lle d  in  the  f i l t e r  bank thus verify ing  th a t the 

to o ls  and equipment are adequate fo r f i l t e r  change in  the 

maintenance c e l l .
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FURQE OF THB SBCONDAIg SOmUM SYSTEM WITH HELIUM. AI..P-UgQ
Section 1

Test Purposet The purpose of this test is to establish a helium atmosphere 
of less than 35̂  oxygen content in the secondary sodium loops.
Test Method; Preoperational Test, Section 1, AI-P-1108, Helium System 
must have been completed before performing this test. The oxygen content 
of tie atnwsphere contained in the secondary sodium loops will be reduced 
to an acceptable level by employing a continuous helium purge equivalent 
to two loop volumes. The loops will be purgedvindividually. Helium will 
be introduced at the expansion tank and the loop atmosphere samples will 
be anail^zed periodically to determine the oxygoi content.
Precautions;

a) Do not allow the hd.ium supply to be interrupted during the purge. 
Any break in the continuity of the purge operation will result
in additional oxygen-helium diffusion with the subsequent require­
ments of more helium and greater purge time.

b) There will be helium cover gas supplied to other conqxjnents that 
must be maintained during this test. However, the flow to these 
components must be held to a minimum, as indicated on FI-81i5 and 
FI-8U6,

c) It is necessary to monitor the secondary loop pressure indicators 
(PI-106, 206 and 306) continuously during this procedure to en­
sure the loops are not pressurized above 20 psig. If this pressure 
is reached, immediately close helium tank outlet valve V-830 and 
stop the purge.
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Test Completion C r i te r ia : A helium atmosphere of le s s  than 3^ oxygen content

is  estab lished  in  the Sodium Heat Transfer System secondary loops.

Section 2

Test Purpose; The purpose of this test is to establish a helium atmosphere

of less than ^  oxygen content in the secondary sodium loops with the loops 
at preheat temperature.

Test Method: Section 1 of th is  t e s t  procedure must have been completed p r io r  to

performance of th is  t e s t  Section (2 ) . The oxygen content of the atmosphere con­

tained in  the secondary sodium loops w ill  be reduced to  an acceptable lev e l by 

employing a continuous helium purge. The loops

w ill be purged ind iv idua lly . Helium w ill be introduced a t  the expansion tank 

and the loop atmosphere exhausted through the loop low po in t drain  l in e . Loop 

atmosphere samples w ill be analyzed p e rio d ica lly  to  determine the oxygen content. 

P recautions:

a) Do not allow the helium supply to  be in terruped  during the purge.

Any break in  the con tinu ity  of the purge operation w ill re s u lt  in  

add itional oxygen-heliimi d iffu sion  with the subseq.uent requirements 

of more helium and g rea te r purge time.

b) There w ill be helium cover gas supplied to  other components th a t 

must be maintained during th is  t e s t .  However, the flow to  these 

components must be held to  a minimiim, as ind icated  on FI-8U5 and 

FI-81(-6.

1 U 0
j  X -  J
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c)  I t  i s  n e c e s s a r y  t o  n o n i t o r  t h e  s e c o n d a r y  l o o p  p r e s s u r e

i n d i c a t o r s  ( P I 0 1 0 6 ,  2 0 6 ,  a n d  306 )  c o n t i n o u s l y  d u r i n g  t h i s  

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

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

h e l i u m  t a n k  o u t l e t  v a l v e  V -820  a n d  s t o p  t h e  p u r g e .

T e s t  C o m - p le t i o n  C r i t e r i a ; A h e l i u m  a t m o s p h e r e  o f  l e s s  t h a n  l /2>a 

o x y g e n  c o n t e n t  i s  e s t a b l i s h e d  i n  t h e  Oodium H e a t  T r a n s f e r  O y s t e m  

s e c o n d a r y  l o o p s .

NAA-3R-5700 ( S u p p l .  1+)
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PURGE OF THE PRIMARY SODIUM SYSTEM AND 
REACTOR VESSEL WITH HELIUM, AI-P-1131 

SECTION 1

Test Purpos*; The purpose of this test is to establish a helium 
atmosphere with less than oxygen content in the primary sodium 
loops and the reactor vessel,
Test Method; Preoperational test AI-P-IIO8 , Section 1, Helium 
System, must be completed. The oxygen content will be reduced to 

or below by employing a continuous helium purge
of the loops and the reactor vessel. The three reactor 

outlet lines will be purged simultaneously. The reactor inlet 
(throttling) valves will then be opened and the reactor outlet 
(block) valves closed to purge the reactor inlet lines. Following 
the purge of the reactor inlet lines the throttling valves will be 
closed and the block valves reopened to purge the reactor vessel. 
Loop atmosphere samples will be analyzed to determine the oxygen 
content of the atmosphere established in the primary system. 
Precautions;

a) Do not allow the helium supply to be interrupted during 
the purge. Any break in continuity of the purge oper­
ation will result in additional oxygen-helium diffusion 
with subsequent requirements of more helium and longer 
purge time.

b) Monitor the reactor vessel pressure indicator PI- 8 0 3  

(Board No. 29) continuously during this procedure to en­
sure the vessel is not pressurized above 2 psig. If 
this pressure is reached, immediately close helium tank
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outlet Valve V-820 and stop the purge.
Test Completion Criteria; A helium atmosphere of less than J>% 

oxygen content is established in the Sodium Heat Transfer System 
primary loops and reactor vessel.
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PURGE OF THE PRIMARY SODIUM SYSTEM AND 
REACTOR VESSEL WITH HELIUM. AI-P-1131 

SECTION 2

Test Purpose; The purpose of preoperational test AI-P-II5 1 , Section 
2 , is to establish a helium atmosphere with less than 3̂  oxygen con­
tent in the primary sodium loops and the reactor vessel, preparatory 
to filling the primary system with sodium.
Test Method; Section 1 of this test procedure must have been com­
pleted prior to performing this test, Section 2. The oxygen content 
will be reduced to less than by employing a continuous helium purge

of the loops and the reactor vessel. The 
three reactor outlet lines and the upper portion of the reactor vessel 
will be purged simultaneously. The reactor inlet (throttling) valves 
will then be opened and the reactor outlet (block) valves closed to 
purge the reactor inlet lines. Following ths purge of the reactor in­
let lines, the throttling valves will be closed and the block valves 
reopened to purge the reactor vessel. Helium samples will be analyzed 
to determine the oxygen content of the atmosphere established in the 
primary system. The purge method is delineated in the accompanying 
sketch.
Precautions;

a) Do not allow the helium supply to be interrupted during the 
purge. Any break in continuity of the purge operation will 
result in additional oxygen-helium diffusion with sub­
sequent requirements of more helium and longer purge time.
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b) It is necessary to monitor the reactor vessel pressure
indicator PI~805 (Board No. 29) continuously during this 
procedure to ensure the vessel is not pressurized above 
2 psig. If this pressure is reached, immediately close 
helium tank outlet valve V-820 and stop the purge*

Test Completion Criteria;
a) A helium atmosphere of less than oxygen content is 

established in the Sodium Heat Transfer System primary 
loops and reactor vessel.

b) Reactor system pressure is being maintained in a normal 
manner at 1 to 6” water by the helium and vent control 
valves.
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HALLAM NUCLEAR POWER FACILITY 
PREOPERATIONAL TEST PROCEDURE 
SODIUM LEAK DETECTION SYSTEM

A I-P-1152

Test Purpose: The purpose of this test is to verify that the
sodium leak detection system is capable of detecting a sodium
leak which occurs in the vicinity of the detector.
Test Method; Prerequisite Tests: None

The test circuitry which is provided for the leak detection
system provides a very good indication of the condition of each
leak detector circuit. Therefore, the procedure followed in
this test will be to simulate a lesdc on one of the detectors
by shorting out the 23K resistor mounted in the detector assembly 

%
and then adjusting the test resistors to provide the proper 
indication on the test meter which is common to all the detectors. 
After these adjustments are made, each of the leak detectors 
will be switched to the **test" position and the meter reading 
noted.

Each leak detector alarm circuit will then be tested by 
temporarily jumpering each detector's 23000 ohm field mounted 
resistor with a ^00 ohm resistor.
Precautions: No special precautions.
Test Completion Criteria:

a) Each leak detector will cause a "Sodium Leak" 
annunciation when shorted by ^ 0  ohms or less.

b) The leak detector circuit is correctly wired.
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DRY CRITICALITY, kl-F-1155  

T est Purpose; The purpose of
th is  t e s t  i s  t'O determine the minimum c r i t i c a l  mass of the HNPF core without 

sodium. The data obtained w ill subsequently be used to  determine the re a c tiv ity  

worth of sodium which i s  normally present in  the core. I t  i s  important to know 

the worth of sodium, so th a t the shutdown margin can be assured fo r the un like ly  

event of complete lo ss  of sodium. The data obtained also w ill be used to co rrect 

p re -c r i t ic a l  physics ca lcu la tio n s.

Test Method: The following pre-operational te s ts  must be completed p r io r  to

s ta r tin g  the dry c r i t i c a l  te s t ;

a) Instrument A ir, A I-P -III7

b) Emergency Power, A I-P -III8

c) Helium System, Section 1 (Section 1 includes a l l  o f the helium system 

except the steam generator th ird - f lu id  system s.), A I-P -II08

d) Radiation Detection and Monitoring System, AI-P-1122

e) Radioactive Vent System, AI-P-1110 (p a r t ia l ly  completed) - aJ.1 except 

th a t portion  connected to  the liq u id  waste system.

f )  E le c tr ic a l ( lig h tin g , power and communications systems), A I-P -II30

g) P ro tective  System, AI-P-1121

h) Nuclear Instrum entation, A I-P -III9

i )  Neutron Chambers, AI-P-lli*^9

j)  P ro tective  System M odifications, A I-P -II66 

k) Control Rod Drive and A ctm tor Assemblies, AI-P-1145 

1 ) Control Rod Actuator Support S tructu re , AI-P-IIU6 

m) Control Rod O perability , AI-P-1148

1 t|T
N A A - S R - 5 7 0 0  (Suppl.  4)

X I ( a ) - 6 6



n) Temperaturs Instrumentation Using T/C Elements, AI-P-115^ 
(Instrumentation connected to reactor and fuel element 
T/C's must have been tested.

The fuel will be loaded in predetermined amounts and locations. 
After each group of fuel elements is loaded, the control rods 
will be withdrawn in increments according to the specified 
procedure, and counting data will be taken. Measurements will 
be taken before and after any control rods are moved. Several 
curves of inverse multiplication vs fuel loaded will be plotted 
after each loading step, and an extrapolation to criticality 
will be made before more fuel is loaded. It will then be de­
cided if a change should be made in the loading schedule.

.requiredGenerally, not more than half the amount of fue^ for extrapolated 
criticality may be loaded at one time. However, if the extra­
polated curve indicates that less than two elements are required 
for criticality, one element will be loaded. Following the 
second incremental loading the rods-in and rods-out multiplica­
tion curves will be extrapolated to predict the worth of control
rods at the critical loading in terms of fuel. Ho subsequent
fuel increment will exceed one-half of this estimated control rod 
worth. The expected dry critical loading is 23 fuel elements.

The counting rates on the in-core instruments (three in-core 
fission chambers) will be recorded after each step in the loading 
procedure. The multiplication, defined as the ratio of counting 
rate with fuel to counting rate with source only, will be cal­
culated. A Plot of the inverse of the average multiplication vs
fuel loaded will be maintained, and the loading will proceed
according to the extrapolated critical loading that this average 
plot indicates.
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The core contains 19 shim -safety rods (designated as contro l rods, 

h e re a f te r ) . The contro l rods w ill  he operated in  five  gangs, consisting  of 

6 ,6 ,3 ,3 , and 1 rods in  gangs l , 2 , 3 , k ,  and 5, resp ec tiv e ly . Control rods 

gangs 1, 2 , and 3 w ill  he withdrawn as one gang as long as th is  is  d esirab le , 

and inverse m u ltip lica tio n  fu e l loaded w ill he determined and p lo tte d .

A fter determining th a t the core is  su h c r i t ic a l ,  con tro l rod gangs 4̂- and 5 

w ill  he withdrawn observing th a t the core remains s u h c r i t ic a l .  Inverse

m u ltip lica tio n  ^  fu e l loaded w ill  again he determined and p lo tte d . A check 

fo r c r i t i c a l i ty  w ill  again he made. Control rod gang 5 w ill  now he fu lly  

withdrawn. Provided th a t the core remains su h c r i t ic a l ,  geing 4 w ill  he w ith­

drawn the remaining 50^ and the inverse m u ltip lica tio n  fu e l loaded determined 

and p lo tte d . I t  i t  is  thought th a t c r i t i c a l i t y  w ill  he reached on f u l l  with­

drawal of gang 4, the gang w ill  he withdrawn increm entally , observing a l l  

nuclear instrum entation, u n t i l  c r i t i c a l i t y  is  reached. The reac to r w ill  

become c r i t i c a l  on gang 4. This i s  desirab le  since i t  is  expected th a t each 

rod in  gang 4 w ill he worth le s s  than gang 5> and thus c r i t i c a l i t y  w ill  he 

approached more slowly.

This t e s t  w ill he performed a t ambient tem peratures with no sodium in

the core.
P recautions:

a) The poison sections of the contro l rods are  in  the fu lly  in se rted  

positio n  with holding magnets de-energized during any fu e l loading 

operations. Each time contro l rods are reconnected, rod operation 

must he checked by ra is in g  rods from 12 to  24 i n . ,  observing th a t 

snubher re tu rn  l ig h t  goes out, dropping a l l  rods and observing 

th a t rod down l ig h ts  ind ica te  properly.
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b) During the loading of each fuel element, the count rates 
of the in-core fission chambers are observed by the con­
trol room operator. Communications are maintained between 
the control room and the fuel handling machine or crane 
operator. Only personnel concerned with the operation are 
in the high bay area during fuel transfer.

c) None of the seven central rods (gangs, 3« ^ and 3) are 
removed from the core for maintenance during these tests.

d) The test is suspended if any of the following conditions
occur: Failure of one or more of the control rods;
failure of any of the in-core fission chambers; failure
of either source range instrument; or failure of any
normal or specially installed scram or setback. This
test may be resumed with these malfunctions in effect
with permission of the Field Superintendent provided that
safety is assured and the following minimum requirements
are met: a t  l e a s t  6 o f  th e  7 n u c le a r  in s t r u m e n ts  a r e  w o rk in g

p r o p e r ly ;  and  a l l  p r e r e q u i s i t e  r e a c t o r  scram s ( e x c e p t  th e  one 

n u c le a r  in s t ru m e n t  w h ich  may n o t  be  f u n c t io n in g )  a r e  o p e r a t i v e .  

O p e ra tio n s  may n o t  b e  c o n tin u e d  i f  any  o f  th e  in n e r  7 c o n t r o l  

ro d s  i s  m a lf u n c t io n in g .

e) Following the loading of any group of fuel elements, the 
corresponding shield plugs in the loading face shield 
are ehesked with a helium leak detector to insure 
against any cover gas leakage.

f) No detectable nuclear heating of fuel is allowed. A 10*F 
rise in fuel temperature will be considered detectable
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on the in-fuel thermocouples. The high temperature 
alarm on the in-fuel thermocouples will be set no higher 
than 25*F above ambient temperature. This setting will 
allow for some changes in ambient temperature without 
changing the alarm setpoint. This eilarm calls for 
immediate reactor shutdown by the operator. A 10* rise 
in temperature at the hottest part of a fuel element is 
equivalent to holding that element at 2k0 watts for 10 
minutes.

g) The minimum intentional reactor period is 40 seconds.
h) The maximum intentional flux level will be two decades

above "source critical".
i) The fuel loading procedure limits each fuel loading to

one half the number of additional fuel elements required
for criticality until less than two elements are 
loaded per step.

Test Completion Criteria;
a) The reactor is made critical with a minimum number of 

fuel elements in the dry core.
b) A s u b - c r i t i c a l  c a l i b r a t i o n  o f  t h e  c e n t r a l  c o n t r o l  r o d  

h a s  been  n ^ d e .
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INITIAL FILL OF SECOND/mY SYSTEM WITH SODIUM. A I - P - I I 56

Test Purpose; The purpose of this test is to fill the three secondary heat 
transfer loops with sodium and to verify the fill procedure.
Test Method; Prior to starting the fill operation, the system must have 
been purged with heliinn (AI-P-II5 0) and preheated to 350°F (AI-P-III6 ).
Also those portions of the following tests associated with the secondary 
loops must have been completed.

1 ) Preoperational Test AI-P-UOU - Sodium Service System
2 ) Preoperational Test AI-P-1152 - Sodium Leak Detection
3 ) Preoperational Test AI-P-115^ - Temperature Instrumentation 

Using Thermocouple Elements
4) Preoperational Test AI-P-1159 - Sodium Level Instrumentation in 

pant. Completion of this test is accon5)lished concurrently 
with the fill operation.

5 ) Preoperational Test AI-P-II6 0 - Sodium Flow Instrumentation
6) Preoperational Test AI-P-II6 I - Sodium Pressure Instrumentation

The Iffiops are filled from the three secondary fill tanks by use of the 
secondary service pump. As the system fills, the expansion tanks (the 
high points in the secondary loops) vent through individual vapor traps 
and associated relief valves to the atmosphere. Each loop is filled to 
about the one-half level in the expansion tank with sodium at 3 5 0°F 
temperature. !Ehis level wets the hydrostatic bearings of the sodium pumps. 
A helium atmosphere is maintained over the free surface of the expansion 
tanks and pumps at all times.
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Precautions; Steam must be available on a continuous basis to maintain 
the steam generators at preheat temperatures before, during and after 
initial fill of the secondary sodium system. No other special precau­
tions are required beyond those necessary for working with and around 
sodiiim and sodium conq)onents.
Test Completion Criteria:

a) The secondary sodium loops are filled with sodium to 75 - 2 inches 
in the loop expansion tank at preheat temperature. (Equivalent
to normal sodium charge in the systems.)

b) The sodium level, pressure, tenq)erature, and flow instruments 
associated with the secondary loops fill operations function 
properly as evidenced by actual use.
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INITIAL FILL OF PRIMARY SYSTEM WITH SODIUM. A I-P -ll^ T

Test Purpose; The purpose of this test is to fill the primary heat treins- 
fer system with sodium and to verify the fill procedure.
Test Method; Prior to starting the fill operation the primary sodium 
system including the reactor vessel must be purged with helium (AI-P- 
1 1 5 1) and preheated to 350 + or - 25°F (AI-P-II6U and AI-P-III6 ) and the 
sodium in the fill tanks must have been trapped for carbon and oxides.
Those portions of the following tests associated with the Sodium Heat 
Transfer System primary loops and reactor vessel also must have been 
completed:

1 ) Preoperational test AI-P-II52 - Sodium Leak Detection Instru­
mentation.

2 ) Preoperational test AI-P-1159 - Sodium Level Instrumentation in
part. This test to be completed concurrently with the fill 
operation.

3 ) Preoperational test AI-P-II6 0 - Sodium Flow Instrumentation.
4) Preoperational test AI-P-II6 1 - Sodium Pressure Instrumentation.
5 ) Preoperational test AI-P-1104 - Sodium Service System.

The system is filled from four of the five primary fill tanks by a com­
bination of gravity flow and the use of the electromagnetic sodium
service pusqps. The method to be used in filling the system is as follows:

A. The reactor vessel will be filled to low operating level with
three blocking and three throttling valves open, and with the vent 
lines from the reactor, puogps, IHX freeze traps and the fill tanks 
open. This step will fill the pung>s, pump suction lines, eund
the return lines from the IHX*s.
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B. The IHX's will be filled by pumping sodium into the return line 
upstream of the throttling valve with the throttling valves 
closed and the blocking valves open. During this step, the 
reactor level indicators will be utilized to determine when the 
IHX's are full, since the core level will be raised by overflow 
from the IHX's.

C. To fill the pump discharge lines, the blocking valves will be 
closed, the pump vent lines will be valved off, and the pump 
casings will be pressurized with helium while pumping sodium into 
the loop at the service connection on the reactor outlet line 
between the blocking valve suad the pun̂ js. The helium pressure 
will be controlled to maintain the sodium level in the pump 
between the level alarms, and will vary from reactor cover gas 
pressure to approximately 9 psi higher. Once the line is filled, 
as indicated by the increased pump discharge pressure and in­
creased level in the pump casing, the r/a vent and helium lines 
to the freeze traps servicing the high points on the IHX's will 
be closed to prevent unsealing of the trap, the pump casing 
pressure will be bled to the same value as the core cover gas, 
and the blocking and throttling valves will be opened. The 
main pumps will then be started and the sodium will be ciret 
eulated to remove any trapped gas.

Precautions;
a) All rules, practices and procediires necessary for working with 

and around sodium and sodium components eire to be adhered to.
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b) Sinca the free surfaces of the main primary pumps are below the 
high points in the primary loops, it is possible to flood the 
pumps with sodium. Pun̂ ) sodixim level alarms are to be monitored 
continuously throughout the procedure to avoid this possibility.

Test Completion Criteria;
a) The reactor vessel and primary loops of the Sodium Heat Transfer 

System are filled to approximately lh27' 9" elevation as indi­
cated on two reactor core level indicators with the pump discharge 
piping and IHX's also filled for normal operation.

b) Those sodium level, pressure, temperature, and flow instruments 
which could be proven operable during the fill procedure 
function properly.
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SIM'IARr

WET CRITICAL TEST, A I-.P«H ^8

Test Purpose: The puipose of this test is to load fuel into the reactor
core and to determine the reactivity worth of sodium. The ndniiirum critical 
mass of the sodium filled reactor core will be determined e3q>erimentally 
and compared with the theoretical value. The minimum critical mass is 
expected to occur with 36 fuel elements present and all control rods at 
or near the fully withdrawn position. The loading procedure outlined within 
this test procedure will only be applicable for a maximum of 75 fuel elements, 
A sub-cidtical calibration of the central control rod will be performed.
Test ^ th o d ; The following te s ts  must be performed p r io r  to  th is  t e s t :

a) Diy C r it ic a l ,  AI-P-1155

b) Dry Excess Loading, A I-P-II63

c) Hot Sodium C ircu lation , AI-P-U67 w ith sodium in  the core a t  35QF. 

Fuel w ill be loaded in  predetem ined amounts and lo c a tio n s . A fter each 

group of fu e l elem aits i s  loaded, the con tro l rods w ill  be withdrawn accord­

ing to  the  specified  procedure, and counting data w il l  be taken> As the 

loading approaches c r i t i c a l i t y ,  the number of elements in  each loading w ill  

be decreased to  one element per s te p .

Measurements w il l  be taken before and a f te r  con tro l rods are moved. Several 

curves of inverse m xiltip lication v s , fu e l loaded w il l  be p lo tte d , and a f te r  

each step  an ex trapo la tion  to  c r i t i c a l i ty  w ill  be made before more fu e l i s  

loaded. I t  w il l  then be decided i f  a change should be made in  the  loading 

schedule. Generally, no t more than h a lf  the amount of fu e l fo r  ex trapo lated  

c r i t i c a l i ly  w ill  be loaded a t  any one tim e. However, i f  the  ex trapolated
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curve indicates that less than two elements are needed for criticality, one 
element will be loadedj if the extrapolated curve indicates that between 
2 and h elements are needed for criticality, two elements may be loaded.
The expected wet critical loading is 36 fuel elements. If the extrapolated 
critical loading is other than 3 6 elements, the loading schedule will be 
revised.
The counting rates as determined by the in-core instruments (three fission 
chambers), will be recorded after each step in the loading procedure. A 
plot of the inverse of the average multiplication for the instruments being 
used will be maintained, and the loading will proceed according to the ex­
trapolated critical loading that this plot indicates.
The core contains 19 control rods. The control rods will be operated as 
five gangs, consisting of 6, 6, 3, 3, and 1 rods in gangs 1, 2, 3> and 
5, respectively. Control rod gangs 1 and 2 will be withdrawn as one gang 
as long as this is desirable, and inverse count rate vs. fuel loading will 
be determined and plotted. Control rod gang 3 will be fully withdrawn if 
it will not make the core critical, and inverse count rate will be determined 
and plotted. Mien it is determined that the core is not critical, control 
rod gangs it and 5 will be withdrawn $0%, and Inverse count rate will be 
determined and plotted. Control rod gang ^ will be fully withdrawn, observ­
ing that the core remains subciutical* Gang U will be fully withdrawn, 
observing that the core remains subcidtical, and the inverse count rate vs» 
fUal loading will be determined and plotted. If it is thought that critical­
ity will be reached upon withdrawal of control rod gang U, individual rods 
of this gang may be withdrawn in l/2-ft increments, until criticality is 
reached. Thus the roac^r will beccaie critical on one of the control rods 
of gang U which will not be worth as much as gang 5 (C-l), and thus
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criticality will be attained more slowly*
The soditun worth will be determined by four methods. The first is by adjust­
ing analytical calculations. Analytical calculations will have been made 
which determined the critical radius and the excess reactivity available 
with the core fully loaded for the dry and wet conditions. There will be 
some disagreement between the actual wet and dry critical loadings and the 
analytically calculated values. Therefore, it will be necessary to bring 
the analytical values in line viith the e3cperimental values by adjusting the 
nuclear constants in th'; machine code in some manner.
This will be done by adjusting the value forZ/(nu) (neutrons per fission) so 
as to make the calculated equal to one at the experimentally determined
west critical radius, dividing the previously calculated for this 
radius into U  a kgff of 1,0 is obtained. Using the new core constants, 
the kgff for the operational loading of 1 3 7 fuel elements with sodium will 
be recalculated. This adjusted full core kĝ î  with sodium will be compared 
with the adjusted full core without sodium (dry). The difference in 
reactivity will then be the estimated reactivity worth of sodium.
The second method is similar to the first in that adjustment of analytical 
calculations is involved. This also vdll be done by adjusting the value for 
1/  so as to make the calculated kgff equal to 1,0 at the experimentally de­
termined wet critical radius. Using this adjusted function of k^ff vs, 
radius, k^^^ will be calculated for the dry critical radius. This kgff minus 
1 divided by kgff is the critical radius using the adjusted wet critical 
function is 0,95, then the worth of the sodium would be

^eff"^  -  0»95 -1 .  -0,05 ,  ^  k
^ e ff 0,95 0,95 * ^

The third method of determining sodium worth will be from data obtained in
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the diy excess loading test. An exan5)le best explains this method. Assume 
that the wet critical loading is 3 6 fuel elements and that criticality is 
attained with control rod gangs 1, 2, 3 and 5 fully withdraim (l56 in.) and 
gang h withdrawn 1^0 in. Also, assume that with 3 6 fuel elements in the 
core during the dry excess loading, criticality is attained with control 
rod gangs 1, 2, and 3 fully withdrawn and vnth gangs 1| and 5 withdrawn 80  

inches. The worth of sodium is thus equal to the worth of the difference 
in-critical rod positions. In this example, the reactivity worth of the 
sodium is equal to the 76 in, of gang 5 in the dry core plus the 70 in, of 
gang it between 80 and 150 in. The reactivity worth of these gangs will be 
determined from period measurements to be made during the diy excess loading, 
A correction may have to be made in these calculations in order to compen­
sate for the difference in rod worth for the diy and wet core configurations. 
The fourth method of determining the reactivity worth of the sodium is to 
extrapolate the keff number of fuel elements curve from the dry excess 
loading to the operational loading and compare this with the kgff of 
the wet operational loading to be determined during the post-critical tests. 
Precautions;

a) Control Rods
To load any fuel into the core, the control rods must be disconnec­
ted from their respective drive mechanisms and the control rod 
support carriage removed. Accordingly, the poison sections of the 
control rods are in the fully inserted position during any fuel 
loading operation.
Prescribed scram checks, as indicated in the detailed step-by-step 
section of this procedure, must be performed each time after 
control rods are re-connected. These checks will be performed
according to SOP 5003*
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When withdrawing a control rod, have an operator stationed at the 
control rod support carriage. Stop withdrawal of all rods at 12 in* 
and have this operator verify that the snubbers return to the fullup 
position prior to withdrawing the rod(s) any further.
During the withdrawal of control rods, the three in-core count rat® 
meters must be watched closely at all times for any indication of 
abnormalties. At intervals, as specified in the detailed procedure, 
the rod withdrawal should be stopped to allow an instrument check 
under stable conditions. Control rods are not to be withdrawn 
without permission of the AI shift leader.
False indications of criticality can be obtained on the period 
meter during rod withdrawal in the suhcritical region and due to 
spurious electrical transients. If the period goes negative in a 
short time after halting rod withdrawal, the indication is false,

b) Handling Precautions
During the loading of each fuel element (SOP l̂Oli), the count rates 
of the in-core fission chambers will be observed 1:̂  the control 
room operator and ccmmtunication maintained with the fuel handling 
machine operator.
Since fuel elements at ambient temperatiire will be lowered into 
350F sodium, sodium may freeze on the outside of the process tube. 
To avoid jamming the frozen sodium into the process channel, fuel 
elements ̂ will be lowered into the sodium and allowed to reach
equilibrium temperatures before lowerdJhg the fuel element into its
process channel. The time and method required to accanplish this 
will be decided at the site prior to the test.
Prior to removing a fuel elemait from the storage cells, verify
that the orifice is full open.

bio

N A A - S R - 5 7 0 0  (Suppl .  4)
X I ( a ) - 8 0

161



c) Malfmctions
If any of the follo'wing conditions occur, the test will be suspended:
1. Failure of one of the control rods.
2. Failure of one of the cliree in-core fission chambers,
3. Failvire of one of the two source range instruments,
U* Failure of any normal or specially installed scrams or setbacks,
5* Failure of one of the two in te rm e d ia te  o r th re e  power 

le v e l  nuc lear in s tru m e n ts .

The test may be continued with these malfunctions in effect with 
permission of the Field Superintendent, provided that safety is 
assured. Tinder no circumstances can the Field Superintendent ap­
prove operation with failure of more than one of the seven n u c lea r 

in stru m en ts  or i f  any of the in n e r seven c o n tro l rods is mal­

fu n c tio n in g .

d) Permission for Operation
Permission to start this test must be obtained from the Field 
Superintaadent and the AEG site representative. Manipulation of 
rods will be performed only after obtaining permission from the 
shift leader. The number of fuel elements to be loaded at each 
step will be decided by the Test Ehgineer,

e) Statistics
To assure normal nuclear statistics of the three in-core fission 
chambers, the counting statistics will be analyzed prior to 
starting the test and carce each day during the test. This will 
be done according to SOP 5902, Purity of Nuclear Statistics.

f) Shutdown Margin
Adequate shutdown margin will be assured 1:y rod drop techniques
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throu^out the addition of fuel beyond wet criticaliiy* For this 
test, "adequate shutdown margin" is defined as a shutdown margin 
that is equal to or greater than iJie worth of the sodium plus l.%» 

Test Completion Criteria
a) The reactor is made critical with a minimum number of fuel elements 

in the wet core at jSOS*.

b) A subcritLcal calibration of the central control rod has been made.
c) Initial sodium worth has been determined.
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SODIUM LEVEL INSTRUMENTATION -  A I -P -1 1 5 9

Test Parpose: The purpose of th is  t e s t  i s  to  v e rify  proper functioning  of 

a l l  sodium lev e l instrum entation and to  check the  c a lib ra tio n  of each 

sodium le v e l instrument during the i n i t i a l  sodLxmi f i l l i n g  procedure*

Test Methodt P rerequ isite  Tests* None, ^he t e s t  procedure consists  of 

two basic s tep s. The f i r s t  step  i s  to  t e s t  a l l  of the le v e l instrum ents 

before any sodium i s  p resen t to  v e rify  th a t  a l l  components are functioning 

and th a t the lev e l ind ication  i s  s^^ ro p ria te . The second step i s  to  

monitor the lev e l instruments during the soditun f i l l i n g  procedure and make 

the f in a l  adjustments necessaiy fo r  proper ca lib ra tio n  of the le v e l in ­

strum ents.

Precautionst No specia l precau tions.

Test Ccaapletion C r ite r ia *

a) A ll sodium le v e l in d ica to rs  read co rrec tly  to  + 3 inches of 

sodium lev e l

b) All sodium lev e l alarm u n i ts  alarm  w ith in  alarm  s e t t in g .

c) Proper annunciation occurs on sim ulated h i ^  and ac tual low 

sodium le v e ls .
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SODIUM FLCW INSTRUMEHTATICW. A I -P -I I 60

Test Purpose; The purpose of this test is to verify proper operation of all 
Hallam Nuclear Power Facility permanent magnet sodium flowmeters and associated 
readouts.

Test Method; After installation, the flowmeters will be visually inspected to 
ensure proper electrode location and alignment. The leaKage flvix density of the
6 and l4-inch flowmeters will be measured euid recorded for future reference.
Proper operation of the readout equipment will be verified.

Precautions; No special precautions.

Test Conq)letion Criteria;
a) All flowmeters are installed per installation drawings.
b) All flowmeters are free of clinging material.
c) All flowmeters have correct signal circuitry. The signal loop

resistances have been measured and recorded.
d) All 6 and l4-inch flowmeters have freely operating and correctly 

wired flux test coils.
e) Calibration data for all flowmeters have been entered on data sheets.
f) All flowmeter readouts have been calibrated using the calibration 

data for its associated flowmeter.
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SUMMARY

SODIUM PRESSURE INSTRUMENTATION, AI-P-II6I

Test Purpose: The purpose of th is  t e s t  i s  to v e rify  proper functioning of

a l l  sodi\jm pressure instrum entation components when connected as complete 

sodium pressure instrum ents.

Test Method: Prereq.uisite Tests: None. A ll of the sodium pressure instr\mients

w ill he te s ted  when the transducers are a t  atmospheric pressure to  v e rify  th a t 

a l l  components are functioning and th a t the pressure ind ica tion  i s  0 p sig . The 

high pressure alarms w ill he checked for proper c a lih ra tio n  and the alarm poin ts 

w ill he se t.

Precautions: No special precautions.

Test Completion C r i te r ia :

a) A ll sodium pressure tran sm itte rs  c a lib ra ted  to~ 1^ of f u l l  sceile 

accuracy.

h) A ll sodium vacu\jm tran sm itte rs  c a lib ra ted  to  - 2^ of f u l l  scale 

accuracy.

c) Proper annunciation occurs on (sim ulated) high sodixam pressures.
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I3RY EXCESS LOAlgNG. A I -P -U 6 3

Test Purpose; The purpose of this test is to obtain data to be used in 
determining the reactivity worth of the sodium in the reactor core, to 
train oi>erators in reactor operation with a core loading of hlightly 
greater than dry criticality, and to obtain information on the dry tempera­
ture coefficient of reactivity.
Test Method; The Dry Critical Test, AI-P-1155> must be conqpleted prior 
to starting this test. Pre-operational Test AI-P-ll6i4-, Purge of Primary 
Sodium System, will be completely performed during this test.
The fuel loading will follow a specified sequence. Not more than 1^ 
reactivity or more tha* five fuel elements will be loaded in one step.
A plot of vs. fuel loading will be kept to assure these criteria.
The excess reactivity worth for the particular fuel loading will be de­
termined from period measurements. The total excess reactivity loaded 
will be determined by summing the incremental worths of each loading.
Fuel loading will continue as long as adequate shutdown margin is assured. 
(The core will not become critical with all rod.s below their midpoint of 
travel.)
After each addition of fuel with all rods inserted, the inverse multi­
plication will be determined to furnish a measure of reactivity and 
shutdown margin. This will provide an indication of the shutdown 
capabilities of the control rods and, also, indicate how many additional 
fuel elements may be loaded. The shutdown margin will also be determined 
using a rod drop technique.
After each addition of fuel the reactor will be made supercritical to
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obtain a positive period and thus determine the excess reactivity of each 
fuel addition. The reactor will be put on approximately a 1-minute period. 
The periods will be determined using scalers with automatic printouts.
The printout will record the total count for 10-sec intervals. The 
total counts will be plotted on semi-log paper as a function of time.
The iBtreise albpe/i&f the stable portion of the curve gives the reactor 
period directly. Also, the time required for the reactor power to double 
will be measured at various intervals. This method may be preferred 
because plotting is not required. Several stopwatches will be used to 
give continuous data, and show when a stable period has been achieved.
This test will be started at ambient temperatures with no dodium in the 
core. After maximum fuel loading (see precaution (k), below), fuel will 
be removed to one fuel element above dry criticality, heaters will be 
installed, and the ten5>erature will be increased slowly to 350F* Bata 
will be taken to determine the dry temperature coefficient of reactivity. 
The reactor will be iSrought critical and shut down numerous times for 
the purpose of operator training.
Precautions;

a) The poison sections of the control rods are in the fully inserted 
position with holding magnets de-energized during any fuel load­
ing operations. Each time control rods are reconnected, rod 
operation must be checked by raising rods 12 to 2k in., observ­
ing that rod down lights indicate properly.

b) IXiring the loading of each fuel element, the count rates of 
the in-core fission cheumbers are observed by the control room 
operator. Communications are maintained between the control 
room and the fuel handling machine or crane operator. Only 
personnel concerned with this operation are in the high bay area 
during fuel transfer.
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c) None of the seven central control rods (gangs 3> ^ 5) are 
removed from the core for maintenance during these tests. Any 
malfunction in these rods must be repaired before continuing the 
test.

d) The test is suspended if any of the following conditions occur: 
failure of one or more of the control rods; failure of any of the 
in-core fission chambers; failure of either source range instrument; 
failure of either intermediate range instrument; or failure of any 
normal or specially installed scram or setback. This test may be 
resumed with these malfunctions in effect with permission of the 
Field Superintendent provided that safety is assured and the following 
minimum requirements are met: At least six of the seven nuclear 
instruments are working properly; and all prerequisite reactor 
scrams (except one nuclear instrument, if not functioning) are 
operative.
It should be pointed out that the scrams on the in-core nuclear 
instruments are temporary and non-coincidence. Thus, if one 
instrument channel is inoperative, the corresponding scram circuit 
is also inoperative.

e) Following the loading of any group of fuel elements, the correspond­
ing shield plugs in the loading face shield are checked with a 
helium leak detector to insure against any cover gas leakage.

f) No detectable nuclear heating of fuel is allowed. A 10°F rise in 
fuel temperature will be considered detectable on the in-fuel 
thermocouples. The hi^ temperature alarm on in-fuel thermocouples 
will be set no higher than 25°F above ambient tenq)erature. This 
setting will allow for some changes in ambient temperature without 

chsuaging the alarm setpoint. This alarm calls for immediate reactor
NAA-SR-5700  (S u p p l. k)
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shutdowi ly  the operator. A 10*^ r is e  in  temperature a t the 

h o tte s t  p a r t  of a fu e l element i s  equivalent to  holding th a t  

element a t  2hO watts fo r  10 m inutes,

g) The miniraum in ten tio n a l reac to r period i s  iiO seconds.

h) The masanium in ten tio n a l f lu x  le v e l i s  th ree  decades above "source 

c r i t ic a l" .  Maximum flux  i s  only approached fo r  a very sho rt time 

a t  the completion of period measurements, and does not rep resen t 

a sustained power le v e l.

i )  The fu e l loading procedure lim its  emcess re a c tiv ity  per step  to  

one percen t, with a maximum number of f iv e  fu e l elements per s te p .

j )  The core i s  not loaded such th a t  c r i t i c a l i ty  could be achieved

by f u l l  withdrawal of one contro l rod w ith o ther rods in se r te d ,

k) The minimum shutdown margin i s  equal in  magnitude to  the core

excess re a c tiv ity , A sinp le  way to  assure meeting th is  requirement 

i s  to  not allow more fu e l than th a t required to  make the reac to r 

c r i t i c a l  wiiii a l l  ccxitrol rods BO percent withdrawn. IXie to  the 

s l ig h t  asymmetry  in  contro l rod worth v s , p o s itio n , the  lower BO 

percen t of rod tra v e l i s  worth more than BO percent of to ta l  rod 

worth. This asymmetry w ill  be experim entally v e r if ie d . In any 

eveatj not more than 75 fu e l elements are loaded.

Test Ccaapletion C rite r ia

a) Fuel i s  loaded in to  the dry core as lim ited  by Precaution k .

b) From period measurements the to ta l  excess re a c tiv ity  in  the  dry 

core i s  known.

c) A p lo t of fu e l loading v s , excess re a c tiv ity  fo r  the dry core 

has been consisted*
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d) The diy temperature coefficient of reactivity has been determined 
with the reactor core loaded to one fuel element above dry criti­
cality, over the temperature range from ambient to 350°F,
The data necessary to make this determination is obtained during 
the primary syston helium purge and pre-heat. These operations 
afford valuable operator training in starting up and shutting 
down the reactor#
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REACTOR HEATERS, AI-P-1164 

Section 1

Test Purpose; The purpose of this test is to verify the proper rating, 
location, circuiting, emd operation of the core heaters auid their 
associated controllers.
Test Method; Prerequisite Tests; None. The core heater controllers 
will be tested for correct operation emd calibration by simulating 
tenq)erature signals from thermocouples. The resistance euad current 
flow of each heater will be measured and wattage calcailated to assure 
proper heat input to the core. Heater circuits will be checked from 
the control center to the heaters.
Precautions:

a) All circuits to the heaters must be off for controller tests.
Prior to the preheat operation power should not be applied to
the heaters for a period longer than 1 5 minutes. If this time 
is not sufficient to allow all necessary measurements to be 
taken, then power shoiild be turned off and the heat permitted
to dissipate for at least 3 0 minutes before turning on the power 
again.

b) Heater circuits operate at ^80 V.
Test Completion Criteria:

a) Heater control circuits operate properly,
b) Reactor heaters operate properly.
c) Associated thermocouples and their recorder-controller smd indi­

cating-controllers are operable and are wired correctly.
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S e c t io n  2

Test Purpose; The purpose of preoperational test AI-P-1164, Section 2, is 
to heat the reactor core to 350 F, in conjxmction with preheating the 
primary sodium system, AI-P-1116.
Test Method; Prerequisite Tests:

a) Prior to preheating the reactor above 100 P, Section 1 of the 
Purge of Primary Sodium System Preoperational Test Procedure 
AI-P-II5I must be performed.

b) Part B of Preheating System Preoperational Test Procedure AI-P-III6  

must be performed in conj\mction with this part of this procedure.
The reactor will be heated to a temperature of 350 F using the core 

heaters and controllers. The operation will be obsearved closely to deter­
mine 8iny malfunction or inadequacies of the equipment involved. The time
required to complete the heating of the reactor to 350 F is approximately
200 hours.
Precautions:

a) Throughout the reactor structure there are several areas 
where temperature differential limitations exist. These areas
ahd the temperature aaitad in the deiailed
procedure. These temperature differentials must not be
exceeded if the reactor is to remain within tolerable stress 
limits during preheat.

b) All heater circuits are energized at nominal kQO volts, 277 volts 
to ground, and should be handled carefully.

c) Since there is no sodium in the reactor, only one of the bottom
heater circiriLts should be energized at any time to avoid undesir­
ably hi^ thermal stresses in the reactor structure.
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d) The reacto r atmosphere helium content must no t be alloved to 

drop below 9$f> during the  heating  operation or thermal 

damage to  th e  core clanps may r e s u l t .

Test Oompletlon C r i te r ia ;

a) The rea c to r core has been heated to 350 F w ithout exceeding 

sp ec ified  temperature d ifferences as measured by in -core  

thermocouples.

b) The core temperature i s  autom atically  maintained a t  o r near 

350 F.
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PROTECTIVE SY5TB! MODIFICATION FOR FUEL LOADING. A I * P -ll6 6

Test Purposet The purpose o f th is  t e s t  i s  to modify Hie P rotectiT e System 

fo r fu e l loading fo r  th e  c r i t i c a l  experiment to include ad d itio n a l reac to r 

t r ip  c ir c u its  and to v e rify  the o p e ra b ility  o f 12ie P ro tective  ^ s t e n  a f te r  

the m odification. The add itional t r ip s  w il l  come from incore nuclear 

instrum entation which w ill  be tes ted  fo r  o p e ra b ility  in  th is  procedure, 

and from period instrum ents. The purpose of th is  t e s t  i s  a lso  to  i n s t a l l  

the necessary scram, setback, and s ta r tu p  in te rlo ck  Jumpers necessary fo r 

fu e l loading fo r the c r i t i c a l  experiment.

Test Method; Channels XI, X II, and X III w il l  be s e t  up and cabled. P rio r 

to  in s ta l l in g  the f is s io n  chambers in  the re a c to r , each chaimel w il l  be 

c a lib ra ted  and s e t ,  and de tec tion  of actual neutrons w i l l  be made, raploy- 

ing a neutron source.

The f is s io n  chambers and assoc ia ted  high-tem perature cable w il l  thm  

be in s ta l le d  in  the  re a c to r . Neutrons from the incore source w il l  be sub­

sequently detected  on each channel.

F in a lly , w ith the add itional tr ip e  w ired in to  the  P ro tective  System, 

each t r ip  w il l  be checked fo r o p e ra b ility .

Precautionst

a) The neutron source which is  used during th is  procedure i s  hazard­

ous to p e rso n n ^ . Consult w ith the Health P h y sic is t regarding 

handling.

b) Chambers and cable assemblies are  d e lica te  instrum ents and should 

be handled accordingly.
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Test Conq)letlon Criteria:
a) Core loading and mapping cabinets 1 and 2 have been installed in the

control room. Cables have been connected and checked for insulation 
12resistance (10 ohms minimum for low temperature coaxial cables, 

10^^ ohms minimum for high temperature signal cables, and 10^^ ohms 
minimum for hig^ temperature high voltage cables) and noise (no 
measurable noise with oscilloscope set at 0 .0 0 5  volts/cm).

b) Each of the three channels XI, XII, and XIII has been checked 
and calibrated in accordance with the manufacturer's instrucions 
from the preamp through the Linear Count Rate Meter (LCRM) using 
a signal generator.

c) With each fission chamber connected to the channel, and using the 
Pu Be source for obtaining neutrons, the shape of the neutron and 
alpha pulses at the output of the LCRM has been observed and 
compared with predicted shapes. The count rate vs discriminator 
setting data has been recorded. The discriminator setting is 
locked at an alpha background of 20 cpa.

d) The range selector physical stop on each LCRM has been set so that 
ranges greater than 10^ cpm cannot be used.

e) The alarm and scram solid-state relays in each LCRM have been set 
at 75^ and 90’f> full scale, respectively, using a simulated signal 
to verify the setting.

f) The three fission chambers have been instaJJ.ed in their thimbles 
in the reactor core, and the insulation resistance of the high 
temperature coax cables verified to be greater than 10^^ ohms for 
the signal cables and 10^^ ohms for the hig^ voltage cables.

g )  Backgroimd count-rate data have been recorded for each of the 

three channels, with the detector positioned near the core center-
RAA-SR-5700 (S u p p l. k)
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h) With the reac to r neutron source in  the core, i t  has been v e r i-

f ie d  th a t  each chamber i s  counting neutrons. Count-rate data

have be«i obtained with each de tec to r a t  the lover  l im it  o f

tra v e l, a t  core c en te rlin e , and a t  upper l im it  of travel*

i )  The follow ing w iring connections have been made:

1) A ll three a la m  contacts have been cannected to  die annun­

c ia to r .

2) A ll th ree  scram c irc u its  in  the 3 LCRM have been wired in  

s e r ie s  and connected to  'terminals T 6-A -^ and TB-C-60 in  

the p ro tec tiv e  panel (reference drawings 7508-D?230U and 

7518-D72315).

3) Relagr contacts K-57-1, K-58-1, and K-$9-l have been wired 

in  s e r ie s .  The lead  from K-59-1B to  K-l-lA has been been 

removed.

j )  I t  has been demanstrated th a t aror one o f the 3 in -core  channels 

or any one of the 2 period channels, or any one of the  two 

source range channels on h i ^  count r a te  w il l  scram the reac to r 

by pu ttin g  in  a sim ulated sig n a l a t  each LCBM and period  ch ass is , 

and verify ing  th a t  con tro l rods drop. (C alib ra tion  of the period 

channels i s  covered under AI-P-1119)* Operation of the  annun­

c ia to rs  by any o f the ^ channels has been verified*  

k) A Juiqier has been in s ta l le d  in  the main con tro l board from lead  

3X3 to  3X15 (Reference drawing D79U552J, thereby bypassing a l l  

sodium valve in te rlo ck s  and the Channel I  and I I  scarce in te rlo ck s , 

I t  has been v e r if ie d  th a t the  remaining s'tartup  in te rlo c k s  (key, 

gantry crane, con tro l rods down, scram and setback) a re  operative
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tgr optnlng each lntarlodc» in  tarn, and obMrving that ztxia 

cannot ba withdranm.

1} Joiipara baY* baan installad in  tha naclaar panal to intarrapt 

currant to K59 in  tha protactiva panal upon h i^  aourea ranga 

count or abort pariod on intaraadiata ranga ehannala (Rafaranoa 

Drawinga 7508>Q723Ql( m d  lQt|Rl89).
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HOT SODIUM CIRCULATION TEST, A I -P -I I 67

Teat Purpose: The purpose of this test is to achieve the following;
a) Verify that expansion of the primary piping under the temperature 

conditions of the test will not impair the integrity of the system 
and will, therefore, be indicative of the performance at actual power 
operating conditions.

b) Demonstrate mechanical operability of process system components at 
elevated temperatures.

c) Check alignment of the core and the loading face shield after elevated 
temperature operation.

d) Verify satisfactory operability of control rods over the range of 
temperature established during the test.

Test Method: The following are prerequisites for the performance of this test:
a) AI-P-1155> Dry Criticality
b) AI-P-II6 3 , Dry Excess Loading
c) AI-P-II5 6, Initial Fill of the Secondary Sodium ̂stem with Sodium

* d) AI-P-1157^ Initial Fill of the Primary Sodium System with Sodivim
e) AI-P-1103> Main Heat Treuasfer System

The necessary controls for flow, power, etc, plus any interlocks vrtiich may 
be involved, will be temporarily altered to permit the test to be performed as 
outlined in the following paragraphs. Any eiltered instrumentation will be restored 
to it original condition after completion of the test.

Before the heat transfer system has been preheated above 100 F, observations 
and measurements will be made on components and piping to be used as reference points 
for later observations and measurements.
♦All fuel will be removed from the reactor before this test begins.

N A A - S R - 5 7 0 0  (Suppl .  4)
Did  179 X I ( a ) - 9 8



After the heat transfer systems have heen preheated and the primary and 
secondary sodium systems have heen filled with sodium, circulation of sodium 
will be initiated lontil isothermal conditions of approximately 350 F are reached.
At this time, valves in the primary and secondary sodiiam systems will be opened

and
and closed, pumps will be stopped and started again .^certain steam system valves 
will be operated, all to verify functional operability of the various components. 
Control rods will be maneuvered to verify their freedom and operability at this 
temperature. Alignment of the core structure and the loading face shield will 
also be checked.

After the above has been completed, the ten5>erature of the primary and 
secondary sodium systems will be gradually raised to 525 F utilizing the electri­
cal preheat system and heat input from the primary and secondary circulating 
pumps; and by introducing conventional plant steam at 8 5O psi to the steam 
generators, "Ehere will be no l i q u i d  w a te r  i n  th e  u n i t . T h is  w i l l  e n a b le  

m a in te n a n c e  of th e  s team  g e n e r a to r s  a t  525 F minimum.

The temperature of the primary and secondary loops will then be raised to 
approximately 575 F. A 50 F differential between the bvilk secondary sodium 
temperature and the steam generator shell temperature must not be exceeded.
When isothermal conditions in the primary and secondary sodium heat transfer systems 
have been achieved, critical pipe movements will be charted and a check for leaks 
will be made. At this temperature system components will again be checked for 
operability, as before. The same items previously observed will be rechecked 
and proper performance verified. Control rods will be operated and scrammed.

The plant will remain at the isothermal temperature of approximately 575 F 
in the sodium systems with sodim circulation for a period of k3 hours during 
vdiich time pleuat conditions will be observed. The actual temperature will fall
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where it may; limited by the pressure of available steam being 

introduced into the steam generators from the conventional plant, the 

design pressure of the equipment, the heat transfer rate from the steam 

to the shell, and a maximum allowable A T  of 50 F between the bulk sodium 

temperature and the shell temperature. This limiting temperature may be 

as low as 555°F. At the end of the ^8-hour period, a final check of the 

mechanical operability of components will be made to insure that satisfactory 

performance has not changed.

After all tests and observations have been completed, cool-down 

operations will be initiated. The steam supply to the steam generators 

will be shut off. Condensate will be allowed to collect in the evaporator 

for 12 to 2k hours. Peedwater will then be added to normal operating level. 

Dummy or mock-up fuel elements will be inserted and removed in 

selected core locations to insure operability of the fuel handling machine. 

The use of conventional plant steam for maintaining the steam generators 

at temperature will then be discontinued. Cool-down will be accomplished
I

by dumping a small amount of steam to the steam dump system for heat 

dissipation. Preheat system control temperatures will also be lowered.

When the sodium and steam system have reached 550°P preheat temperature, 

a final set of pipe movement measurements will be made together with 

a fiaal check for operability of components, as before. All controls will 

be reconnected and their operation verified. The Hot Sodium Circulation 

Test will then be complete and the plant will be released for subsequent 

tests.

Precautions;

a) The temperature difference between secondary sodium and 

the steam generator shells shall not exceed 50 P.

b) Rates of temperature change in any part of the system 

shall not exceed 50 P per hour.

c) The heating and ventilating system must be in operation.
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d) When vaults or cells must he entered, the atmospheres must be 
suitable for breathing, and a vessel entry permit must be com­
pleted.

Test Completion Criteria;

a) Primary and secondary sodium heat transfer systems have been 

filled and sodium circulation has been accomplished at the 
temperatures specified in the test.

b) Operability of the system mechanical components has been 
demonstrated at the various temperatures specified.

c) Piping movements have been charted at the temperature levels 

called for in the detailed test procedure. Piping movements 

have not caused failure, damage, or distress and consequent 
leakage in the systems.

d) Control rods function properly and without binding over the range 
of temperatures tested.

e) Alignment of the core and loading face shield has been preserved 
within design limits.
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Q u e s t i o n  XI(c) :  E x p a n d  on  the  g e n e r a l  p l a n s  f o r  p o s t c r i t i c a l  t e s t i n g  w i t h  r e s p e c t  
to  t e s t  o b j e c t i v e s ,  m e t h o d s ,  a n d  p r e c a u t i o n s .  O u t l i n e  b r i e f l y  t h e  a n t i c i p a t e d  
p o w e r  a s c e n s i o n  p r o g r a m .  W h a t  a c t i o n  w i l l  be  t a k e n  if  a t  a n y  s t a g e  a  t e s t  s h o u l d  
i n d i c a t e  d e v i a t i o n  f r o m  e x p e c t e d  p e r f o r m a n c e  ?

A n s w e r :  P o s t c r i t i c a l  t e s t s  a r e  t h o s e  t e s t s  c o n d u c t e d  b e t w e e n  w e t  c r i t i c a l i t y  a n d  

the  c o m p l e t i o n  of  th e  i n i t i a l  f u l l - p o w e r  r u n .  In g e n e r a l ,  t h e  o b j e c t i v e s  of  t h e  

p o s t c r i t i c a l  t e s t s  a r e :

a)  to  e s t a b l i s h  th e  o p e r a t i o n a l  s a f e t y  a n d  i n t e g r i t y  of th e  p l a n t  s y s t e m s  

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

b) to  d e t e r m i n e  p l a n t  n u c l e a r  c h a r a c t e r i s t i c s ;

c)  to  p r o v i d e  p e r s o n n e l  w i t h  o p e r a t i o n a l  t r a i n i n g  a n d  e x p e r i e n c e ;  a n d

d) to  d e m o n s t r a t e  s a f e - p o w e r  o p e r a t i o n  of  t h e  H N P F .

The  p o s t c r i t i c a l  t e s t s  a r e  a c c o m p l i s h e d  a s  p a r t  of  th e  p l a n n e d  p o w e r  a s c e n -  

p r o g r a m ,  d e s c r i b e d  in  d e t a i l  i n  t h e  a t t a c h e d  s u m m a r y  of  t e s t  A I - P C - 8 3 0 ,  "^Rise 

to P o w e r .  " T h i s  t e s t  p r o v i d e s  a  s p e c i f i c  s e q u e n c e  of  t e s t i n g  a t  e a c h  of  th e  p o w e r  

l e v e l s  in  t h i s  t e s t i n g  p e r i o d ,  a n d  s p e c i f i e s  th e  r e q u i r e m e n t s  to  be  m e t  b e f o r e  

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

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

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

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

a p p r o v e d  by  the  A1 S o d i u m  R e a c t o r  S a f e g u a r d s  C o m m i t t e e .  T h e s e  i n c l u d e d  a l l  

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

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

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

by  th e  R e a c t o r  E n g i n e e r i n g  D i v i s i o n ,  C h i c a g o  O p e r a t i o n  O f f i c e .  S u m m a r i e s  of 

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

E a c h  t e s t  i s  a s s i g n e d  to  a  r e s p o n s i b l e  t e s t  e n g i n e e r  w ho  i s  r e s p o n s i b l e  to  th e  

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

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

n e e r  w i l l  m o d i f y  p o r t i o n s  of  th e  p r o c e d u r e  a n d  w r i t e  in  d e t a i l e d  i n s t r u c t i o n s  a s  

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

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

by  th e  T e s t  M a n a g e r ,  A s s i s t a n t  F i e l d  S u p e r i n t e n d e n t ,  O p e r a t i o n s  M a n a g e r ,
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E v a l u a t i o n  M a n a g e r ,  O p e r a t i n g  S e r v i c e s  M a n a g e r ,  F i e l d  S u p e r i n t e n d e n t ,  A E G  

s i t e  r e p r e s e n t a t i v e ,  a n d  t h e  Shif t  L e a d e r s .  T h e  t e s t  p r o c e d u r e ,  w i th  c o m m e n t s  

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

c l u d in g  th e  F i e l d  S u p e r i n t e n d e n t ,  A E G  s i t e  r e p r e s e n t a t i v e .  T e s t  E n g i n e e r ,  

A s s i s t a n t  F i e l d  S u p e r i n t e n d e n t ,  T e s t  M a n a g e r ,  a n d  O p e r a t i o n s  M a n a g e r .  F i n a l l y ,  

to  s t a r t  t h e  t e s t ,  a p p r o v a l  s i g n a t u r e s  f r o m  b o th  t h e  F i e l d  S u p e r i n t e n d e n t  a n d  th e  

A E G  s i t e  r e p r e s e n t a t i v e  a r e  r e q u i r e d .

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

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

s u l t a n t  to  Sh i f t  O p e r a t i o n s .  W h e n  n e c e s s a r y ,  t h e  t e s t  e n g i n e e r  r e s p o n s i b l e  f o r  a  

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

r e s p o n s i b l e  t e s t  e n g i n e e r  i s  th e  p r i n c i p a l  e v a l u a t o r  f o r  r e s u l t s  of  a  g iv e n  t e s t .

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

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

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

l o w e d  to  p r o c e e d .  A n y  s y s t e m  o r  c o m p o n e n t  d i s c r e p a n c i e s  w i l l  be  c o r r e c t e d .

In e v e n t  t h e  e q u i p m e n t  p e r f o r m a n c e  c r i t e r i a  f o r  a  g i v e n  t e s t  c a n n o t  b e  m e t  in  

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

s o n n e l  s a f e t y  a n d  o v e r - a l l  p l a n t  o p e r a t i o n .  If  p e r s o n n e l  s a f e t y  w i l l  n o t  be c o m ­

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

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

a c c e p t a b l e  b y  th e  F i e l d  S u p e r i n t e n d e n t  s u b j e c t  to  a p p r o v a l  by  t h e  A E G  s i t e  

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

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

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

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

a p p r o v e d  p r o c e d u r e .

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

c)  A n  e n g i n e e r i n g  e v a l u a t i o n  of t h e  t e s t  r e s u l t s  m u s t  h a v e  s h o w n  th e  

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

d) T h e  c o m p l e t e d  t e s t  m u s t  b e  a c c e p t a b l e  to  t h e  A E G  s i t e  r e p r e s e n t a t i v e .

JiD' T

N A A - S R - 5 7 0 0  (Suppl .  4)
X I ( c ) - 2



HIDRAUUC TEST QF MIN HEAT TRAKSm SYSTEM. AI-FC-gLO

Teat Pmrposet The poxpose of th is te st is  to obtain and correlate perfone- 

ance data on the Main Heat Transfer STstem during the riee-ii>-pa«rer test 

(Al-PC-830). Results obtained w ill serve a two-fold purpose.

a) Satisfactory perfoznanee at each power level w ill be the basis 

for the next rise-in-power step*

b) The resultant performance data w ill be plotted and included in  

the plant operations Bunual* A penoanent record of "new clean" 

perfoznanee w ill thus be available for future comparative 

purposes in analysing plant perfonaance*

Test Method? This te st is  to be perfozned as a part of the rise-in-power 

te st (AI-PG-830)* lichen a new power level i s  reached aikd steady state 

conditions are attained^ three sets of data w ill be taken at one-hour 

intervals* The results of the three sets of data w ill be averaged and 

plotted m  charts whidi also show predicted performance* Wide deviatdKm 

from predicted system performance w ill be brought to the attention of the 

te st engineer and plant supervision for analysis and evaluation prior to 

further power increases*

Pressure drops in the 3111*8 and steam generatozw w ill be recorded 

during testing of the heat exchange eq[uipment (Test lX-PC-530) and w ill not 

be repeated here* Bbweverf the resulting data w ill be cross-referenced* 

Pressure drop across the reactor w ill be detezedned as part of th is test*

I t  is  to be noted that the rise-in-power test is  written snoh that data 

from one portion of the test w ill correlate with data from other portions of 

the te st, thus pezmitting acourate cross-referencing of results*
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Precatttlong: I f  vide drriatlone from predicted perfoxmance are obserred, 

the facte must be brought to the attention of the te s t engineer im ediately.

Periodically, a Tisoal check ihould be made of a ll  poape to detenBiae 

that (1) bearing lubricatiag sjrstene are at the proper o il  lev e ls, (2) o il

tsBpezeture is  satisfactory, and (3) no unusual noises or vibrations are

noted. Abnoznal OMiditions should be reported iamediately to the engineer 

in  duorge of the rise-in-power te s t.

Test Completion Criteria: (a) S u f f i c i e n t  op e ra t in g  da ta  has been ob ta ined  a t  

power lev e ls , as required by the te s t, to allow determination of the follow­

ing information regarding the hydraulic characteristics of the Sodium Beat 

Transfer System and i t s  associated components at those power levelst

1) Ŝ rstem sodium flow rates in pounds per hour.

2) Pressure zdse in  the sywtem puHq>s.

3) Syntma pimp d ifferential pressure in feet.

it) System hydraulic work factor.

$) System ou^xit wmrk in horsepower.

6) System iiqput power.

7) Approodnate pmep efficiency.

6) System pressure drop as a function of flow.

9) System efficiency as a function of flow.

10) Beactor pressure drop as a ftsiction of flow.

11) Punp transmitted horsepower as a function of cocqilisg current.

(b) The system is demonstrated to perform la accordance with 
p la n t  design parameters .
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INTERMEDIATE HEAT EXCHANGER PERFORMAUCE, AI-PC-330

Test Purpose: The purpose of this test is to obtain performance data on the
intermediate heat exchangers (IHX) during the rise-in-power test. Results 
obtained will serve a two-fold purpose:

a) Satisfactory performance at each power level will be the 
basis for the next rise in power.

b) The res\iltant performance data will be plotted and included 
in the Plant Operations Manual. A permanent record of 
"new clean" performance will thus be available for future 
comparative purposes in analyzing plant performance.

Test Method: This test is to be performed as a part of the rise-in-power
test (AI-PC-630) . When a new power level is reached and steady state 
conditions are attained, three sets of data will be taken at one-hour intervals. 
The results of the three sets of data will be averaged and placed on charts 
which slI s o  show predicted performance. Wide deviation from predicted perform­
ance will be brought to the attention of the test engineer and pleunt 
supervision for analysis and evsLLuation prior to further power increases. 
Precautions:

a) Where wide deviations from predicted performance are observed, 
the facts must be brought to the attention of the responsible 
test engineer immediately.

b) The sodium leak detectors should be monitored periodically to 
detect possible soditun leakage.

Test Completion Criteria:(a)Bufficient operating data has been obtained at 
power levels as required by the test to allow determination of the following 
information regarding the heat exchangers at those power levels:
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1) Primary sodivm enthalpy loss through the heat exchangers
2) Secondary sodium enthalpy gain throvigh the heat exchangers
3) Calculated reactor thermal output

Accuracy of the calibration of the nuclear power computer
5) The mean delta T associated with the heat exchangers
6 ) System heat transfer coefficient
7) Pressure drop versus flow curves for each primary and

secondary sodium loop.
(b) Intermediate heat exchsmgers perform in accordaince with

p la n t  design  param eters .
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MODERATOR COOLANT LOOP. AI-PC-^^O

Test Purpose: The purpose of this test is to determine the flow rates necessary
in the moderator coolant channels to dissipate heat energy stored in moderator 
element graphite at power levels up to and including f\ill power; to determine 
the necessary flow controller adjustments at various power levels; and to 
determine the characteristics of the moderator coolant loop under scram conditions. 
This information will he used as a base point during subse(iuent power operations 
for recognition of changes in moderator element operating parameters.
Test Method: This test will be conducted during the initial rise to power test
(AI-PC-8 3 0 ) between 4^ and 100^ power. Moderator flows will be controlled 
manually to maintain moderator exit temperatures at the mixed mean outlet tempera­
ture + 2 5 F. Moderator flows, valve positions, main primary pvirap discharge 
pressures, and other pertinent data will be recorded hourly when changes are 
effected. At I50 Mwt, a bumpless transfer from manual to automatic control will 
be made. The automatic controller will be used during the rise from I50 thermal 
megawatts to 100^ power. Then a b\mipless transfer will be made from automatic to 
manual. Manual control of the moderator flow will then be used for full power 
operations.

The moderator element operating parameters will be monitored after two 
scram tests, one from a low power level and another from 100^ power.
Precautions: At no time during this test will the moderator coolant exit tempera­
ture as measured on TRC-3 be permitted to be more than 5 0 F higher or more than 
30 F lower than the special fuel element core outlet ten^jeratures measured on 
TRC-2 and TRC-U. This limit is imposed to minimize the possibility of moderator 
element damage by thermal stresses concomitant with an tinequal ten5)erature 
distribution across the tops of the moderator elements.
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T e s t  C o m p le tio n  C r i t e r i a ;

a) It has been verified that the moderator coolant flow control 
valve can be adjusted to match moderator coolant temperature 
with the average fuel element core outlet temperature at various 
power levels.

b) Sufficient operating data has been obtained, to determine required 
moderator coolant flow as a function of power to produce the speci­
fied coolant outlet temperature,

c) The moderator coolant automatic flow control system maintains 
moderator coolant outlet temperature within - 2 5F of average fuel 
coolant outlet temperature during normal loop operating periods,

d) The automatic moderator coolant flow control system controls moderator 
coolant temperatures satisfactorily following a scram from power.

l a o
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mPORATCR PBIFOBMJLICB TPT, AI -  PC-g50

y>at Poarpo—t The pcorpose of th is teet is  to ohtaln and oorrelate perforaanee 

data on the etean eTapormtors during the riae«tn-poiier teat* Reeolta ootalned 

w ill serte a two-fold porpoeet

a) Sa-^factei7  perfoanaanee at each power lewal w ill be the baeie for 

the next riee-in-powir etep.

b) The reeultant perfoxwanoe data w ill be plotted and Inolnded in the 

Plant Operatime Manual* A pezwanent record of ihiew clean* per- 

foraanee w ill thue be available for future eonparatiwe purpoaee in  

analyeing plant perfoanMtnce*

Teet Method! Thie teet w ill be perfomed coneurrentlor with, and ae epecified  

bj, riee-in-peww teet, AI -  FC-830* When each new power lewal ie  reached 

and eteadjr etate eonditione are attained, three eete of heat balance data w ill 

be taken at one-hour in terfale. The reaulte of the three eete of data w ill be 

averaged and plotted on ehax^ idilch aleo ehow predicted perfomance* Wide 

deviation t r m  predicted perfomance ehould be brou^t tc  the attention of the 

teet engineer and plant eupervieion for analjaie and evaluation prior to further 

power increaeee.

Preoautionet Where wide deviatione t r m  pewdicted perfcswnee are obeerved, 

the facte auet be brought to the attentim  of the teet engineer im edietely* 

Pariodiealljr, a check w ill be nade of the third flu id  eye ten to iaeure that no 

leakage le  taking place* External eurveya of the etean generatore ehould be 

made occaeionally to Swerve poeeible external leakage, failure of Inaulation, 

leaklTig valvea, malfunction of controle, etc* I t  ie  reeamentiled that each 

etean generator be under eurveiUanee during each riee-in-powar*

Teet eendetion Criteriat

a) R ecorded d a ta  a t  e ach  power le w e l o f  th e  r i a e - to - p o w e r  t e a t  a r e
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e r a lu a t e d  and am o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  i s  

d e te rm in e d  th e re f ro m  and com pared to  th e  p r e d ic t e d  

c o e f f i c i e n t ,

b) E v a p o ra to rs  a r e  p ro d u c in g  s a t u r a t e d  s tea m  a t  th e  flo w  and 

te m p e ra tu re  and p r e s s u r e  c o n d i t io n s  c o r re s p o n d in g  to  th e  

power l e v e l  o f  th e  p a r t i c u l a r  s t e p  o f  th e  r i s e - to - p o w e r  

t e s t .
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SUPERHEATER PERFORMANCE TEST, A I-PC -^^l

Test Purpose: The purpose of this test is to obtain performance data on the
steam superheaters during the rise-in-power test. Results obtained will serve 
a twofold purpose:

a) Satisfactory performance at each power level will be the basis for 
the next rise in power.

b) The resultant performance data will be plotted and included in the 
Plant Operations Manual. A permanent record of "new clean" per­
formance will thus be available for future comparative purposes in 
analyzing plant performance.

Test Method: This test will be performed concurrently with, and as specified
by the rise-in-power test, AI-PC-8 3O. When each new power level is reached 
and steady state conditions are attained, three sets of heat balance data 
will be taken at one-hour intervals. The results of the three sets of data 
will be averaged and plotted on charts which show predicted performance. Wide 
deviation from predicted performance should be brought to the attention of the 
test engineer and plant supervision for analysis and evaluation prior to further 
power increases.
Precautions: Where wide deviations from predicted performance are observed,
the facts must be brought to the attention of the test engineer immediately. 
Periodically, a check will be made of the third flviid system to insvire that no 
leakage is taking place. External surveys of the steam generators should be 
made occasion8d.ly to observe possible external leakage, failure of insulation, 
leaking valves, malfunction of controls, etc.

N A A - S R - 5 7 0 0  (Su p p l. 4)
X I ( c ) - l l

015 193



T e s t  C o a p le tlo n  C r i t e r i a ;

a )  The re c o rd e d  d a ta  a t  e ach  power l e v e l  o f  th e  r i s e - t o -  

power t e s t  a r e  e v a lu a te d  and an o v e r a l l  h e a t  t r a n s f e r  

c o e f f i c i e n t  I s  d e te rm in e d  th e re f ro m  and com pared to  th e  

p r e d ic te d  c o e f f i c i e n t .

b ) The s u p e r h e a te r s  a r e  p ro d u c in g  s u p e rh e a te d  s team  a t  th e  

flow  cmd te m p e ra tu re  and p r e s s u r e  c o n d i t io n s  c o r re sp o n d ­

in g  to  th e  pow er l e v e l  o f  th e  p a r t i c u l a r  s t e p  o f  th e  

r l s e - to - p o w e r  t e s t .
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STEAM GENERATOR. STEAM PURITY. A li»PC-552

Test Purpose; The purpose of this test is to obtain steam purity perfor*- 
aonecc data on the steam generator during the rise-in-power test. Results 
obtained will serve a two-fold purpose;

a) Satisfactory performance at each power level will be the basis 
for the next rise-in-power step.

b) The resultant performance data will be included in the plant 
operations manual. A permanent record of ”new clean” performance 
will thus be available for future comparative purposes in analyzing 
plant performance.

Test Method: This test will be performed concurrently with and as specified
by the rise-in-power test, AI-PC-8 3O. During the rise-to-power test, in the 
initial phases, boiler water control will be initiated in an attempt to 
attain "normal” boiler water condition. These parameters are outlined as 
follows:

1) Hydrazine will be used for oxygen scavenging. Hydrazine will 
be introduced between the deaerator and the deaerated feed- 
water storage tank in concentrations to maintain sm excess
of 0 . 0 2  ppm in the boiler water.

2) Morpholine will be injected into the evaporators for condensate 
pH control, in quantities to maintain hot well pH between 9*0 
and 9 *2 .

3) Tri-sodium phosphate will be injected into the evaporators to 
maintain an excess phosphate content of about 3 to 7 ppm 
(maximum 1 3 ppa).

k) pH of the boiler water will be maintained at about 10.3 (10.0 
to 10*7)• Tri-sodium phosphate will be used to effect this,
limited by (3) above. Sodium hydroxide will be added as

NAA-SR-5700 (Suppl. 4)
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iM cessarjr to  supplem ent th e  tr i-so d iu m  phosphate , w ith  an  upper l i m i t  

o f  18 ppm c a u s t ic  a lk a l in i ty *

5) T o ta l d isso lved  so lid s  w il l  be m aintained a t  about 50 ppn, w ith an 

upper l im it  o f 100 ppm, ty  use o f  the continuous blowdown,

6) S i l ic a  concentration w ill  be lim ited  to  3 ppa*

At r e a c to r  powers between h$ and 1$% o f f u l l  power, s o l id s  i n  'Oie b o i l e r  

w a ter w iH  be in c re a s e d  s lo w ly  (25 ppm /hr) by e x t r a  a d d it io n  o f  sodium pho sp h ate , 

u n t i l  t o t a l  d is s o lv e d  s o l id s  c o n c e n tra tio n  reach es  1500 ppm. D uring th i s  p o r t io n  

o f  the t e s t ,  c a r e f u l  a t t e n t io n  w i l l  be p a id  to  steam  c o n d u c tiv ity  le a v in g  th e  

s e p a ra to r s .  T^en and i f  c o n d u c tiv ity  re a d in g s  on th e  steam  in d ic a te  approx im ate ly  

1 ppm s o l id s  o r more, s o l id s  c o n c e n tra tio n  w i l l  be h e ld  a t  th a t  p o in t .

A fte r  l500  ppm TDS (o r 1 ppm s o l id s  in  steam ) has been re a c h e d , a v a ila b le  

c o n d u c tiv ity  in s tru m e n ta tio a  w i l l  be  re a d  p e r io d ic a l ly .  D uring th e  r is e - to -p o w e r  

t e s t  a t  powors o f  20J(, 60^ and 100^, san p le s  o f  steam  and b o i l e r  w a ter w i l l  be 

drawn f o r  la b o ra to ry  a n a ly s is .  R esu lts  o f  th e se  t e s t s  w i l l  be c o r r e la te d  w ith  

c o n d u c tiv ity  re a d in g s ,

VRien 100^ power has been  reach ed , and w ith  1500 ppm IDS in  the e v a p o ra to rs , 

an ev ap o ra ted  sample w i l l  b e  tak en  from oxie o f  th e  steam  r i s e r s  o f f  th e  evap­

o r a to r s .  These saraples w i l l  be c o r r e la te d  w ith  c o n d u c tiv ity  re a d in g s  on th e  

i n s t a l l e d  eqtdpment*

A fte r  a p e rio d  o f  o p e ra tio n  a t  100^, which i s  s u f f i c i e n t  to  re a c h  e q u i l ­

ib rium  c o n d itio n s  and draw s a n p le s , e v a p o ra to rs  w i l l  b e  blown down c a u t io u s ly  

a  number o f  tim es t i n t i l  "norm al" b o i l e r  w a te r c o n d itio n  i s  a t t a in e d .  T h is  

w i l l  conclude th e  t e s t .  D ata w i l l  be c o r r e la te d  and in c lu d e d  i n  th e  o p e ra tio n s  

manual f o r  fu tu re  r e fe re n c e .

P re c a u tio n s >

a) S o lid s  concm eitration in  th e  e v ap o ra to rs  w i l l  b e  in c re a s e d  s lcw ly
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(25 ppa/hr rate of rise). During this time the steam conductivity 
meters (Larson-Lane analyzers) will be connected to the saturated 
steam sampling points on the separator outlets. Conductivity 
readings will be monitored continuously. If conductivity 
exceeds 3 microaihos, further addition of solids will be discon­
tinued ,

b) H eadings from  th e  s team  c o n d u c t iv i ty  m e te rs  w i l l  n o t  be e n t i r e l y  

a c c u ra te  v in t i l  th e  v a r io u s  sam ple l i n e s  have been  in  s e r v ic e  f o r  

a b o u t 2k  to  ^8 h o u rs .  Sample l i n e s  sh o u ld  be s team ed  o u t f o r  a  

p e r io d  o f a b o u t 2k  to  k8  h o u rs  d u r in g  p r e l im in a r y  w arm -up.

T h is  may be done w ith  warmup s te a m . As soon a s  warmup steam  i s  

a v a i l a b le  in  th e  s team  drum s, th e  L arso n -L an e  a n a ly z e r s  sh o u ld  

be p la c e d  in  s e r v ic e  f o r  c le a in -o u t ,

c ) In  a c t i v a t i n g  a  t e s t  p o i n t ,  a lw ay s have c o n d e n se r  w a te r  f lo w in g  

th ro u g h  th e  c o i l s  b e fo re  s team  o r  b o i l e r  w a te r  i s  a d m it te d  to  

th e  t e s t  cham ber,

d) S in ce  th e r e  a re  fo u r  sam ple l i n e s  c o n n e c te d  to  each  L arso n -L an e  

a n a ly z e r ,  c a re  m ust be u sed  to  f lu s h  sam ple l i n e s  b e fo re  ta k in g  

r e a d in g s .  The sam ple th ro u g h  a s in g le  sam ple l i n e  w i l l  be 

a llo w ed  to  flow  f o r  a  minimum o f  1 /2  h o u r , o r  a  minimum o f  15 

m in u te s  a f t e r  c o n d u c t iv i ty  r e a d in g  becom es c o n s t a n t ,  w h ich ev e r 

i s  l a t e r ,  b e fo re  r e a d in g s  a r e  ta k e n .

e ) W hile ta k in g  sam ples o r  r e a d in g s ,  do n o t blow  down e v a p o r a to r s

and do n o t ta k e  sam p les  w h ile  a d d in g  e x c e s s  c h e m ic a ls .  In  

o th e r  w ords, do n o t ta k e  sam p les  \m d er ab n o rm al ' j

c o n d i t io n s  o f  ch em ica l fe e d  and blowdown.

f )  Do n o t ta k e  sam ples o r  r e a d in g s  d u r in g  c o n d i t io n s  o f  sudden  lo a d  

ch an g e . A llow  o p e r a t in g  c o n d i t io n s  to  r e a c h  e q u i l ib r iu m .  In
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t h i s  c o n n e c t i o n ,  i f  s u d d e n  l o a d  c h a n g e  c a u s e s  c a r r y o v e r ,  t h e  

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

T e s t  Comp l e t i o n  C r i t e r i a : S t e a m  p u r i t y  a t  f u l l  l o a d  c o n d i t i o n s ,  a n d  a t

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

0 . 25% m o i s t u r e  an d  1 ppm s o l i d s  i n  t h e  s t e a m )  f o r  t h e  s u p e r h e a t e r  and  

t u r b i n e .
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COOLIHG SYSTEM TESTS. AI»FC«$60

Teit Purpo—: Th« purpose o£ th is te st is  tc dsiBonstrate that the cooling 

water STSteaa is  adequate for the purpose of providing cooling to the reactor 

cavity, pipe chases and galleries, spent fuel p it, nitrogen coolers, loading 

face shield cooling system, and the heatiztg and ventilating eqoipsent* 

Included in the procedure is  the technique for detezadLning the fin a l heat 

balance of the system*

Test Methodt This test must be perfozned as scheduled in AI*PC-830

and as the prerequisites lis ted  in Section IV of that te st apjdy*

This test w ill be conducted in conjunction with the rise«to«power test 

and w ill be eacecuted as foUowst

a) Four hours after a new power level is  achieved (or a coding water 

flow adjustawnt is  made), the data lis ted  on the atta^ed data 

dieets w ill be recorded*

b) These data w ill be reoorded twice more at tt-hour intervals to 

establiah any trends, after irtdch the reoordii^ interval w ill 

be extended to 2h hours*

c) Shorter intervals than those above may at tines becooe desirable 

and may be establi^ed at the discretion of the te st engineer*

d) Changes in  cooling lin e valve positions are to be made as the 

need becomes apparent} however, due to the great heat capacity 

of some of the areas being ooded (such as the reactor eavi*^), 

i t  is  antioipated that hours w ill be required for these 

temperatures to stab ilise  su ffio iently  to obtain a teeqwratnre 

trend* To preserve oontinui^ of infozmation, dianges in valve 

positions w ill be recorded*
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P recau tlo n a  t Tem peraturea in  a l l  u n i t s  b e in g  coo led  w i l l  be  obi»erved 

p e r io d ic a l ly  and w i l l  be  k ep t below desig n  l im i t s  du ring  th e  r i s e  to  

power t e s t .

T e s t Cioiiipletion C r i t e r i a t

a ) A ll  components re q u ir in g  co o lin g  from ihe  c o o lin g  w a ter system s 

a re  w ith in  d esig n  tem p era tu re  l i m i t s  a t  a l l  power le v e ls  up to  

f u l l  power,

b ) Sjrstems r e q u ir in g  b a la n c in g  ( e . g . .  C av ity  L in e r)  a re  ba lanced  

to  m a in ta in  e s s e n t i a l ly  uniform  tem p era tu re  th roughou t th e  

coieqxjnent.

c) Automatic temperature con tro l devices (where provided, as in  

the c e l l  cooling systems) function  properly  and m aintain 

e s se n tia lly  constant tonperatures in  ttie areas being cooled,

d) S u f f i c i e n t  o p e ra tin g  d a ta  has be«a o b ta in e d  to  v e r i f y  p la n t  

d e s ig n  param eters  o f  h e a t  g e n e ra tio n , flo w , p re s s u re  drop  and 

h e a t  t r a n s f e r  f o r  fu tu r e  u se  i n  an a ly z in g  p la n t  and equipm ent 

perform ance.

■j

N A A - S R - 5 7 0 0  (Suppl.  4)
2nn x i ( c ) - i 8



liOADIllG FACE SHIBU) COOLIMG SYSTEM. AI-PC-570

T est Pui’pose: The purpose of th is  t e s t  procedure i s  to  d eno istra te  th a t 

the reac to r loading face sh ie ld  cooling syst«a w il l  accomplish i t s  

function of m aintaining the loading face sh ie ld  a t  an acpeptable temp­

e ra tu re . Included in  the procedure i s  the  technique fo r  determining the 

f in a l  heat balance.

Test Method: This t e s t  w il l  be performed as scheduled by AI-PC-830, "Rise 

in  Power" and as the p re req u is ite s  l i s te d  in  Section IV of th a t  t e s t .

This t e s t  w il l  be conducted in  th e  follow ing manner:

a) Four hours a f te r  a new jxjwer lev e l i s  achieved or a cooling 

water flow ad;}ustment i s  made, operating temperature, pressure 

and flow data w ill  be recorded.

b) These data w ill  be recorded twice more a t  e i^ t -h o u r  in te rv a ls  

to e s tab lish  any trends, a f te r  which the recording in te rv a l w il l  

be extended to  2h hours.

c) Based on Indications from thermocouples in  the loading face , the 

proper adjustments are  made to ind iv idua l c o il  th ro t t le  valves 

to  achieve a f l a t  heat g rad ien t across the loading face sh ie ld .

The necessary adjustments a re  made to  cooling water flow th ro u ^  

the system heat e x c h a n g e r s  to  p r o v i d e  a re tu rn  H2 temperature of 

about 95*F.

Precautions: Nitrogen o u tle t temperature nnist not exceed 135*?.

Test Completion C r i te r ia :

a) Medianical cosqponents in  the  loading face sh ie ld  coolant system

operate s a t is fa c to r i ly  in  accordance with system design parameters.

xo 201

N A A - S R - 5 7 0 0  (Suppl.  4)
X I ( c ) - 1 9



b) The lo ad in g  fa c e  s h ie ld  bottom  p la te  tem p era tu re  can be 

m a in ta in ed  w ith in  d e sig n  l im i t s  ( ~ l 8 o ‘*F. maximum).

c) C ooling c i r c u i t s  a re  b a lan ced  to  m a in ta in  uniform  temp­

e ra tu re  g ra d ie n ts .

r
2 0 2  N A A - S R - 5 7 0 0  (Suppl.  4)

X I ( c ) - 2 0



HELIUM SrSTSM PBRFORMANCE, A I-PC -$80

T es t Purpo3»; The purpose o f t h i s  t e s t  i s  to  de term ine  i f  th e re  a re  any 

s ig n i f ic a n t  in c re a s e s  In  helium  leak ag e  r a t e s  when th e  o p e ra tin g  ten^)- 

e ra tu re s  o f  the r e a c to r  and en v iro n s  a re  in c re a s e d . These d a ta  w i l l  a lso  

p rov ide  a  u s e fu l  h is to r y  a g a in s t  which fu tu re  helium  le a k  r a t e s  may be 

judged .

T est M ethod; T his t e s t  w i l l  be perform ed c o n c u rre n tly  w ith , and as s p e c i­

f i e d  by the  R ise-in -Pow er t e s t ,  AI-PC-830. I h is  t e s t  w i l l  be accom plished 

by reco rd in g  and comparing the flow  r a te s  in  th e  a p p ro p r ia te  b ranch  c i r ­

c u i t s  o f  th e  helium  system  a t  power le v e ls  a t ta in e d  i n  th e  R ise-to -P ow er 

t e s t  AI-PC-630 . Any s ig n i f ic a n t  in c re a s e  in  helium  leak ag e  r e s u l t in g  from 

th e  h ig h e r o p e ra tin g  c o n d itio n  w i l l  be thus i d e n t i f i e d  acco rd in g  to  the  

g en era l a re a  in  which i t  i s  o c c u rr in g .

P re c a u tio n s t The e s ta b l is h e d  eq u ip n en t c le a ra n c e  and v a lv e  tag g in g  p ro ­

cedure m ust be observed when lo c a t in g  o r c o r re c t in g  helium  le a k s .  Helium 

le ak s  from the  re a c to r  co re  and p rim ary  loops m ust be t r e a te d  as  p o te n t ia l  

r a d ia t io n  hazard s  and th e  p roper p re c a u tio n s  m ust be tak en .

T e s t Com pletion C r i t e r i a ; S u f f ic ie n t  o p e ra tin g  d a ta  has been  o b ta in e d , 

as re q u ire d  by th e  t e s t ,  to  allow  i d e n t i f i c a t i o n  o f  ex ce ss iv e  leakage  r a t e s .  

A ll helium  usage w i l l  be lo c a l iz e d  by branch l i n e ,  and a l l  i d e n t i f i e d  le a k s  

w i l l  be r e p a ire d .
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RADIOACTIVE VENT SYSTEM, A I-PC -60O

Test Purpose; The purpose of the Radioactive Vent System post critical 
test is to complement the preoperational test of the radioactive vent 
system with au operational test. The wash cell, or "wet" portion of the 
Radioactive Vent System, has already undergone an operational test in 
the preope rational test procedures for the wash cells (AI-P-1133) said 
Radioactive Vent System (AI-P-lllO). Therefore, this test procedure is 
written to operationally test the "dry" portion of the Radioactive Vent 
System.
Test Method; This test will be performed concurrently with and as 
specified by the Rise-in-Power Tast, AI-PC-8 3O. The method employed in 
verifying the operability of the "dry" portion of the Radioactive Vent 
System is to periodically record applicable data on the rise-to-power data 
sheets while the vent system is in operation, to analyze the data taken 
and to note any adjustment fo\md necessary through analysis of the data. 
Precautions; Adhere to normal vent system operating procedures while 
operating the system.
Test Completion Criteria:

The d ry  R ad io ac tiv e  V ent System perform s as d esig n ed  to  m a in ta in  a 

s l i g h t  n e g a tiv e  p re s su re  on th e  v e n t  system  c o l le c t io n  p ip in g  under 

v a ry in g  c o n d itio n s  o f  p l a n t  o p e ra tio n . Vent ccmipressors s t a r t  and s to p  

a u to m a tic a lly  from p r e s e t  s u c tio n  p re s su re  s ig n a l s ,  and i n  accordance 

w ith  p redeterm ined  o p e ra tin g  c y c le s .
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PLAMT PROTECTIVE SYSTEM, AI-PC-620

Test Purpose; The purpose of this test is to re-align each computer in 
the protective panel and to check the operability of each setback and scram 
circuit. The latter will be tested by observing that the contirol rods drive 
in on setback and drop on scram when appropriate signals are applied to the 
sensing elements. Where this is difficult to do, simulated signals will be 
applied to the protective panel inputs to obtain the setbacks and scrams. 
Test Method; Prerequisite Tests: Sections VII-C and VII-D of this pro­
cedure shall be run in conjxmction with and as specified in post critical 
test, Rise to Power,AI-PC-8 3 0 .

The following tests will be performed with the reactor subcritical:
a) Each of the computer chassis of the protective panel will be 

removed from its cubicle, one at a time, and installed in the 
the test cubicle, where it will be re-aligned, in accordance 
with the Plant Protective Panel Maintenance Manual.

b) Each setback and scram circuit will be checked by actuating the 
sensing element or, where this is impractical, using a simulated 
signeJ. input and witnessing that the control rods are driven in 
on a setback or dropped on a scram.

c) While the sodium flow control system is being tested, the sodixim 
flow signals, the reactor inlet temperature signals, and the 
reactor fuel channel outlet temperature signals which feed the 
protective panel will be monitored for correct values at the 
protective panel.

During the Rise-in-Power Post Critical Test (AI-PC-830) , the pro- 
tectiVe^paqal input signals will again be monitored for correct values
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at the protective panel. The three neutron flux signals from the nuclear
instrumentation channels V, VÎ  and VII will he calibrated and adjusted
for use in the T computers, o
Precaution; After pulling each poison rod off bottom position, verify 
that the snubber has returned to the up position by observing that the 
associated relay in the snubber aJLarm relay box, located on the control 
rod carriage, has operated as indicated by the associated relay light 
being on.
Test Completion Criteria:

a) Re-alignment of the protective panel suad resetting (as necessary) 
all alarm, setback, sind scram trips has been accomplished.

b) All setback circuits operate correctly.
c) All scram circuits operate correctly.
d) It has been demonstrated that the following computers and remote 

indicators correctly compute and indicate at various sodium 
temperatures, sodium flows, and reactor power levels, according 
to measured values of inputs.
1) Flow to flow computer and indicators.
2) High Na temperature fuel channel outlet chassis indicators.
3) dT/dt Na ten^jerature fuel channel outlet chassis and 

indicators.
k) Tq computer and indicators.
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PLANT CONTROL SYSTEM, AI-PC-63O

Test Purpose; The purpose of this procedure is to test the performance of the 
plant control system. This will include re-aligning the subsystems of the plant 
control system and determining their stability when on auto control. It will also 
include demonstrations of bumpless transfer from manual to auto and from auto to 
manual. As a final test, the reactor plant will be operated as a load-following 
plant. This procedure will not raise power but will test subsystems at various 
power levels attained by AI-PC-8 3O, "Post-Critical Master Schedule Including Rise 
to Power".
Test Method; This test, except for Section A, will be performed in conjunction 
with the rise-to-j5ower test (AI-PC-8 3O) and as scheduled therein.

Prior to any appreciable rise in power, with the reactor fully loaded and 
shut down, the primary and secondary sodium loops will be placed on flow control 
and slaved together from the division-of-load computer. By manually varying the 
power demand signal into the division-of-load computer, the cascaded system will 
be checked out for accuracy and stability.

Stability tests will be performed at the power levels attained in the rlse- 
to-power test (AI-PC-8 3 0 ) from 2.5 MW through full power. Specifically, these 
power levels are 2.5, 10, 20, 3 0 , 3 8, 50, 100, 125^ 150, 200 and 2 5 O Mwt.

With the reactor's thermal power at about 2.5 MW with full Na flow, the 
neutron flux controller will be placed on auto emd checked for ability to control.

With the reactor's thermal power at about 20 MW with full Na flow, the nuclear 
power computer, together with the fuel outlet flux compensation controller, will 
be placed on auto and checked for ability to control. The sodium flow control 
system will then be operated to demonstrate that the plant will follow a demand 
flow.
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Finally, with the reactor operating at approximately ^0 Mwt and with the 
reactor plant feeding steam to the turbine, the plant power control system will 
be cascaded with the flow control system aJid the plant will be operated on load- 
following control.

Load-following tests will be run at 5 0 Mwt, 100 Mwt, 1 5O Mwt, 200 Mwt and 
2 5 0 Mwt. At that time it will be demonstrated that the plant's load-following 
capabilities will meet 5 Mwe/min load changes between 15 and 100 percent rated 
design power.
Precautions; Continuously monitor the plant control system during this test to 
immediately detect any instabilities, should they occur. If instabilities occur, 
immediately transfer to manual control and retune the controller causing the 
disturbance.
Test Completion Criteria:

a) Plant control system is stable at all power levels.
b) Bumpless transfer between automatic and manual control is possible.
c) Plant control system will follow load changes of at least 5 Mwe/min.
d) Feedwater control system controls evaporator level to - 2 inches of 

normal water level at all power levels and during maximum load transients.
e) Plant power control subsystem controls steam pressure to turbine at

8 0 0 psig and load swings can be handled with pressure variations of 
+less than -^5 psig.

f) Attemperator control subsystem holds steam temperature at approximately 
8 2 5 F.

g) Division of Load Computer correctly distributes and programs plant 
load to primary and secondary heat transfer systemsj with primary 

ratio 1 .1 , and secondary ratio at 1 .0 .
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h) Nuclear Power Cou5)uter correctly calculates reactor power as 
a function of load and outlet temperature.

i) Neutron Flux Controller is stable at all power levels and 
correctly controls neutron flux regardless of the number of 
rods on automatic control.
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Lll-i^x-^G..NCY GToT^M G.aP..CITY, A I - P C - 6 4 0

T e s t  P u r p o s e :  The p u r p o s e  o f  t h i s  t e s t  i s  to  p r o v e  th e  o p e r a t i o n a l  c a p ­

a b i l i t y  o f  t h e  t u r b i n e - d r i v e n  em ergency  f e e d v / a t e r  pump and t h e  m o t o r - d r i v e n  

s t a n d b y  em ergency  f e e d w a t e r  pump.

T e o t  M e th o d : T h i s  t e s t  \ ; i l l  be p e r f o r m e d  c o n c u r r e n t l y  v j i th  and a s  s p e c i ­

f i e d  by t h e  h i s e - i n - P o w e r  T e s t ,  AI-PG-03O. T h i s  t e s t  w i l l  p r o v e  t h e  c a p ­

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

HHPF s tearn  g e n e r a t o r s  u s i n g  t h e  em ergency  pumps.

P r e c a u t i o n s : ahen  t h e  p r e s s u r e  d i f f e r e n c e  be tv ;een  e v a p o r a t o r  s team

p r e s s u r e  and f e e d w 'a te r  p r e s s u r e  a p p r o a c h e s  100 p s i ,  c l o s e  a t t e n t i o n  m us t  

be p a i d  to  f e e d w a t e r  l e v e l s  to  a v o i d  a low v ja te r  l e v e l  s c r a m .

T e s t  C o m p l e t i o n  C r i t e r i a : The t u r b i n e  d r i v e n  em ergency  b o i l e r  f e e d  pump

s u p p l i e s  Vjater  t o  t h e  s t e a m  g e n e r a t o r s  t o  s u s t a i n  a power  l e v e l  up to  

a p p r o x i m a t e l y  38 Ilvjt. T h i s  i s  a d e q u a t e  to  remove a f t e r g l o v /  h e a t  

in im e d ia te l .  a f t e r  shu t -d o w n  from e x t e n d e d  f u l l  power o p e r a t i o n .  The 

b ackup  m o to r  d r i v e n  em ergency  b o i l e r  f e e d  p;u;np s u p p l i e s  a p p r o x i m a t e l y  

12 gprn o f  f e e d w a t e r  to  t h e  s t e a m  g e n e r a t o r s .
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EMERGENCY FEEIWATER SYSTM OPERATION, AI-PC-6^1

Test Purpose; The purpose of this test is to demonstrate that the emergency 
feedwater system operates properly. Preliminary operation of the reactor 
plant will have established eq.uipment capability and control, but will not 
have tested actual operation of the unit from a trip signal.
Test Method: This test will be performed concurrently with and as specified 
by the Rise-in-Power Test AI-PC-8 3O. To test the emergency feedwater system 
it will be necessary to scram the reactor on a loss of power scram (loss of 
all building power) at some nominal power. The 50~Mw plateau of the rise to 
power is the recommended level. The normal boiler feed pumps are to be shut 
down manually so as to check out afterglow heat removal. Heat removal is to 
be continued until the emergency turbine-driven pump can no longer supply 
feedwater and the emergency standby 1 2 .5 -gpm motor-driven pump has subseq.uently 
been started and tested for proper operation.
Precautions; The loss-of-power scram must continue in effect for the duration 
of the test to insure that the turbine-driven pump is not automatically 
stopped.
Test Completion Criteria;

a) The turbine-driven emergency feedwater pump automatically starts 
following loss of house power.

b) The standby emergency feedwater pump can be started when the turbine- 
driven pump has an insufficient steam supply to keep it in operation. Also, 
the standby piunp develops adeqviate pump discharge pressure.

c) The feedwater pump turbine can be manually tripped by closing the 
throttle valve.

N A A - S R - 5 7 0 0  (Suppl .  4)
2 1 1  X I ( c ) - 2 9



RADIATION DETECTION ARP MONITORING SYSTEM. AI-PC-63O

Test Purpose: The purpose of this procedure is to operationally test the
the performance of the Radiation Detection and Monitoring System. This will 
include realignment of all components as necessary, verification of control 
and/or alarm action, setting of all control and/or alarm set points, and 
determination of the effect of reactor operation on area radiation levels. 
Test Method: This test is performed in conjunction with rise to power test
AI-PC-8 3 0 , and as scheduled therein. With the reactor fully loaded and 
generating power, each of the radiation detectors will be calibrated using 
the detector's internal calibration source.
With the system calibrated, each channel will be made to initiate its control 
and/or annunciator action by using the internal calibration source and moving 
the alarm or control set point below the calibration point. Correct alarm 
and/or control action will be verified by obseirvation of appropriate annvinci- 
ation, flowmeters, and indicating lights.
All alarm and/or control points will be established and set. Most alarm 
points will have been established and set previously; this test will verify 
that all alarm points are returned to the correct setting after performance 
of these tests.
The reactor will be ojjerated at various power levels to determine the effect 
on building radiation levels.
Precautions:
A. These tests will not of themselves cause any induced radioactivity.

Using the internal, calibration sources will cause a high indicated 
radioactivity during the time required for calibration.
1 ) Note on the chart of the recorder which records the channel being 

calibrated the time and duration of use of the intenml calibration 
source.
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2) Maintain continuous surveillance of all indicated radiation levels 
during these tests. Be prepared to take corrective action if a 
high radiation level is observed on any channel not being calibrated.

3) Prior to intentional activation of locsil alarms, notify all 
personnel in the immediate area to prevent iinnecessary apprehension 
and evacuation.

Test Completion Criteria:
1) All components are calibrated and are operating correctly.
2) Correct control ajad/or annunciation occurs on (simulated) high 

radiation.
3) All alarm and/or control points are properly set as req.uired by 

the determination of associated radiation fields.
if-) System is sensitive to radiation levels present in the system.
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SCRAM AND LOSS OF LOAD, AI-PC-660

Test Purpose; To verify that the HNPP will function properly and safely 
during the transient conditions of scram or loss of load.
Test Method; This test will be conducted in accordance with Rise to 
Power Test, AI-PC-8 3O.

First, the reactor will be scrammed at 10 Mwt, and 30̂  ̂flow with a 
A  T of about 4 5 F to verify that the convection flow system functions 
properly. Next, the reactor will be brought to 15^ power and 50fA T 
and then the reactor will be scrammed. Finally, the reactor will be 
scrammed from f\ill A  T and at several power levels. At the first full 
A  T power the scram will be initiated by simulating a loss of electrical 
power to the nuclear plant. This will be coordinated with the Emergency 
Feedwater Operation Test, AI-PC-6it-l, to assure proper functioning of the 
emergency feedwater system under these conditions. After every scram the 
behavior of the turbine will be observed Euid noted on the data sheet.

In addition, loss of load tests will be initiated at several power 
levels with f\ill A  T by man\ially tripping the turbine. The resulting 
behavior of the nuclear plant will be observed.

An oscillographic recording system will be utilized to record 
temperatures during a scram or loss of load transient. The four channels 
of this oscillograph will be connected to an in-fuel thermocouple, a fuel 
channel outlet fast response thermocouple from an "instrumented fuel 
element," and two thermocouples which measure the moderator can skin 
temperatures in core position M-3* The thermocouples to be used will 
be chosen at the time of the test.
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Precautions; The operator must assure that the conditions following a 
scram are proper. SOP Uool, Immediate Action After Manual Scram, lists 
those conditions to be observed when a scram is initiated. Fill out 
this procedure each time a scram is initiated. After the conditions of 
SOP 4001 have been established, the control of the reactor will be 
governed by schedule requirements.

The transient following a turbine trip is expected to cause the 
evaporator level to drop. If the level does drop and the associated 
feedwater throttling valves do not open to the full open position, 
operator action will be required. Therefore, prior to performing a 
turbine trip, post an operator so that the hand control stations for the 
feedwater throttling valves can be switched to manual and full open if 
this action is necessary.
Test Completion Criteria: The HNPF can be operated at full power with
adequate equipment protection during the transient conditions of reactor 
scram or loss of load (turbine trip) as demonstrated by:

a) The convection flow system operates automatically to maintain 
core temperature gradient following scram.

b) No excessive temperature transients ( ■> 50F in one hour) occur 
in the Sodiimi Heat Transfer System or in the steam generators.

c) Temperature transients in the fuel, in the moderator elements, 
of in the fuel channel exit sodium are not high enough to 
result in material damage.

d) The HNPF has been scrammed from full power and the turbine has 
been tripped from full power but excessive thermal transients do 
not occur.
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FUEL CHANREL ORIFICE ADJUSTMENT, A I-PC -66O

Test Purpose;
a) To initially adjust all fuel channels for constant sodium exit 

ten5>erature.
h) To verify the operability of the fuel channel orifice and plug 

assembly \mder reactor operating conditions.
c) To determine the sensitivity of the orifice and plug assembly. 

Sensitivity is defined as the change in sodixim exit temperature 
per revolution of the orifice plug (F/rev).

d) To investigate the sodiiun exit temperatures of the fuel channels 
as a function of reactor power level.

e) To assure the adequacy of the Fuel Channel Orifice Adjustment 
Standard Operating Procedure, SOP 5007*

Test Method; The Radial Power Distribution Test, AI-PC-8 0 0 , will be completed 
or run concurrently with this test.

Prior to achieving 1 kwt, while subcritical, with full sodivan flow, the 
operability of an orifices in the reactor will be checked by running each 
orifice plug through its full travel, from full open to full closed to full 
open. When a 50 F difference between any two fuel channel outlet temperatures 
is reached during AI-PC-8 3O, Rise to Power, all fuel channel orifices will be 
adjusted to establish a constant sodivim exit temperature for all fuel channels. 
Then the full reactor ^  T will be established and the reactor power will be 
increased in steps to full power. After each step in power, all fuel channel 
exit sodium teii5>eratures will be recorded. This will indicate the relative 
sodium exit temperatures of the fuel channels as a function of reactor power 
level. After orifices are initially adjusted, they will not be adjusted

again during the rise to full power unless the difference in any two fuel
r  ; -  N A A - S R - 5 7 0 0  (Suppl.  4)
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channel exit temperatures exceeds 50 F. At 50^ ajad 100^ power, the orifice 
plug sensitivity will he determined for the fuel channel producing the 
greatest power and for the fuel channel producing the least power. This will 
be performed over as wide a temperature range as possible for these two channels. 
Precautions;

a) Maintain all fuel channel exit sodium temperatures within 50 F 
of each other.

b) Precautions associated with orifice adjustment are listed in 
SOP 50 0 5 and 5 0 0 7.

c) Once the orifices are set initiailly, with a full reactor A  T,
the orifices will not be adjusted during the approach to full ponar 
unless the difference in teipperature between any two channels 
exceeds 50 F.

Test Completion Criteria:
a) The fuel channel orifice and plug assanblies of all fuel 

elements in the core operate under reactor operating 
conditions.

b) All fuel channels are adjusted to obtain a uniform sodium 
exit temperatvire at full power.

c) The temperature sensitivity of the fuel coolant to orifice plug 
adjustment has been determined.

d) The standard operating procedure for adjusting fuel channel 
orifices has been verified.

e) Position of all orifices has been measured and recorded.
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RADIATION SHIELDING. AI-PC-69O

Test Purpose: The purpose of the radiation shielding test, AI-PC-6 9O, is to
determine the adequacy of the shielding around the reactor and process systems. 
Test Method: This test is conducted in conjunction with the Rise-to-Power
Test, AI-PC-8 3 0 . The test method will consist of measuring and recording the 
gamma and neutron levels over the reactor top shield and the primary coolant 
loops. This will be effected during the rise to power tests and completed at 
full power. Detailed surveys (gamma and neutron) will be performed at each 
increase in power and recorded in the radiation survey log.
Precautions;

a) All normal precautions observed while making any radiation survey 
should be observed during this test. (See Health and Safety Section, 
Volume I, HNPF Operations Manual, NAA-SR-6 5OO.)

b) If smy unexpected increase in radiation levels is encoxmtered during 
the performance of this test, immediately convey the information to 
the AI shift leader for further action.

Test Completion Criteria;
a) Detailed gamma and neutron surveys have been made for each steady 

state power level from one kilowatt to full power.
b) All sources of neutron or gamma streaming have been attenuated to 

MPL by appropriate shielding, or access to these areas has been 
restricted or limited.

c) All areas that contain detectable radiation levels »re identified 
with appropriate posting.
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WET EXCESS FUEL LOADING, AI-PC-710

Test Purpose: The purposes of the excess fuel loading are:
a) To provide £in operational loading of fuel.
■ja) To maintain a shutdown margin equal to or greater than the 

reactivity worth of the sodium + 1 .̂ (At least 6^ shutdown 
margin for the fully loaded core.) 

q )  To determine the excess reactivity of the fully loaded core.

Test Method: The pre-operational test program must he completed prior
to performing this test, except that the following tests need not he 
completed specifically for wet excess level loading: 

a) r/a Liquid Waste, AI-P-1111 
h) Auxiliary Steam, AI-P-1113
c) f̂eLinten£ulce Cell, AI-P-1139
d) Sodium Flow Instrumentation, AI-P-II6 0

e) Sodium Pressure Instrumentation, AI-P-II6I
With sodium in the core at 350 F, the fuelloading will continue following 
a specified sequence. Not more than 1^ reactivity or more than fifteen 
fuel elements will he loaded in one step. A plot of vs fuel will
he kept to assure these criteria.
The excess reactivity worth for the particular fuel loading will he 
determined from period measurements. The toteuL excess reactivity loaded 
will he determined hy summing the incremental worths of each loading.
Fuel loading will continue as long as adequate shutdown margin is assured.
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After each addition of fuel with all rods inserted, the inverse 
multiplication will he determined to furnish a measure of reactivity 
and shutdown margin. This will provide an indication of the shutdown 
capabilities of the control rods and, also, indicate how many additional 
fuel elements may be loaded. The shutdown margin will also be determined 
using a rod drop technique.

After each addition of fuel, the reactor will be made supercritical 
to obtain a positive period and thus determine the excess reactivity of 
each fuel addition. The reactor will be put on approximately a 1-minute 
period; the periods will be determined using scalars with automatic print­
outs. The printout will record the total count for 10-sec intervals. The 
total counts will be plotted on semi-log paper as a function of time. The 
inverse slope of the stable portion of the curve gives the reactor period 
directly. Also, the time required for the reactor power to double will 
be measured at various intervals. This method may be preferred because 
plotting is not required. Several stopwatches will be used to give con­
tinuous data, and show when a stable period has been achieved.
Precautions;

a) Control Rods To load any fuel into the core, the control rods 
must be disconnected from their respective drive mechanisms and 
the control rod support carriage removed. Accordingly, the poison 
sections of the control rods are in the fully inserted position 
during any fuel loading operation.
Prescribed scram checks, as indicated in the detailed step-by-step 
section of this procedure, must be performed. These checks will 
be performed according to SOP 5003*
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During the withdrawal of control rods, the three in-core count 
rate meters must he watched closely at all times for any 
indication of abnormalities. At intervals, as specified in 
the detailed procedure, the rod withdrawal should be stopped 
to allow an instrument check under stable conditions. Control 
rods are not to be withdrawn without permission of the AI 
shift leader.

False indications of criticality can be obtained on the period 
meter during rod withdrawal in the sub-critical region and due 
to spurious electrical trsunsients. If the period goes negative 
in a short time after halting rod withdrawal, the indication is 
fsdse.

b) Handling Precautions During the loading of each fuel element 
(sop 5 1 0**̂)> the count rates of the in^eore fission chsunbers 
will be observed by the control room operator and commxmication 
maintained with the fuel handling machine operatol:.
Prior to removing a fuel element from the storage cells, verify that 
the orifice is full open.

c) Malfunctions If any of the following conditions occur, the test 
will be suspended:
1. Failure of one of the control rods.
2. Failure of one of the three in-core fission chambers.
3 . Failure of one of the two source range instruments.
It-. Failure of any normal or specially installed scrams or setbacks.
5 . Failure of both intermediate or three power level nuclear 

instruments.
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The test may he continued with these malfunctions in effect 
with permission of the Field Superintendent provided that 
safety is assured. Under no circumstances can the Field 
Superintendent approve operation with failure of any normally 
installed scram, and with less than two in-core instruments,
1 8 control rods, and 1 source range instrument.

d) Permission for Operation Permission to start this test must 
he ohtaineu from the Field Superintendent and AEC site repre­
sentative. Ifenipulation of rods will he performed only after 
obtaining permission from the shift leader. The nvunher of 
fuel elements to he loaded at each step will he decided hy the 
Test Engineer.

e) Statistics To assure normal nuclear statistics of the three 
in-core fission chambers, the counting statistics will he analyzed 
prior to starting the test and once each day during the test.
This will he done according to SOP 5902, Purity of Nuclear Statistics.

f) Shutdown Margin Adequate shutdown margin will he assured hy rod 
drop techniques throughout the addition of fuel beyond wet 
criticaiity..For this test, "adequate shutdown margin" is defined 
as a shutdown margin that is equal to or greater than the worth 
of the sodium plus 1^.

Test Con^letion Criteria;
a) An operational fuel loading is in the core.
h) The shutdown margin in the core is equal to or greater than

the worth of sodium plus 1 .̂
c) The excess reactivity in the core is known.

d) The reactor cannot he made critical hy fully withdrawing any one
control rod with the remaining control rods fully inserted.
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AXIAL POWER DISTRIBUTIONS, AI-PC~7^0

Test Purpose: To obtain relative eucial power distributions in representative
fuel channels throughout the reactor core and to determine the changes in these 
power distributions due to different control rod patterns.
Test Method: This test will be run as ̂ Icheduled in AI-PG-8 3O, Rise to Power
test. The in-core loading and flux mapping fission chambers will be placed 
successively in nine different fuel channels throughout the core. The nine 
channels selected are located at nine different core radii aud are considered to 
be representative of the core fuel channel locations.

The three fission chambers will each be used to traverse three different 
fuel channels. With the reactor operating at a specified power level (l kwt), 
the fission chambers will be traversed up and down each channel from the bottom 
of the fission chamber thimble to the upper sodium pool in 6 to I8 inch steps 
and a readout will be recorded at each step. Traverses will be made in each 
channel for five specified control rod patterns which m»y be desirable. Also, 
one channel will be traversed with the adjacent control rod at two different 
withdrawal positions, one-q.uarter and three-q\mrters withdrawn. The chamber 
readout, which is porportional to the power developed in the channel, is plotted 
vs the axial length of the fuel channel to give the relative axial power 
distribution in each channel for the different control rod patterns. In order 
to make it possible to correlate the data obtained from the three different 
fission chambers, one traverse will be duplicated with the chambers rotated so 
that No. 1 is where No. 2 was. No. 2 is where No. 3 was, and No. 3 is where 
No. 1 was.
Precautions;

a) Fission chambers are delicate pieces of equipment; therefore, handling
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of them should be kept to a minimum and any required movement 
should be done with great care.

b) The signal cables from the fission chambers should be routed In 
such a way that they are Isolated from other electrical lines 
as much as possible. Also, they should be placed to avoid 
surface traffic over them, especially during the data traverses.

c) The fission chamber cables should be monitored for radioactivity 
and checked for contamination and appropriate protective measures 
taken when they are withdrawn from the core.

d) Whenever the fission chambers are raised or lowered with the 
reactor critical, the reactor operator should be eilerted so 
that he may observe the reactor control instrumentation closely.

e) The In-core fission chambers may become radioactive due to

accumulation of fission products in the chamber. Fission chambers 
should be monitored during removal so that over exposure of per­
sonnel will not take place.

Test Completion Criteria;

a) The relative axial power distribution in the core has been deter­
mined in representative process channels,

b) The attenuation of neutrons from -the active core through the upper 
sodium pool has been determined,

c) From data obtained, the range of vertical control rod travel that
permits the ndnifflum peak-to-average axial power distribution has
been determined.
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COHTROL ROD CALIBRATION. AI-PC-750

T est P urpose;

a )  Measure th e  in te g r a l  and d i f f e r e n t i a l  r e a c t i v i t y  v o r th s  o f  

th e  s e v e ra l c o n tro l  rod  gangs.

b ) D etensine th e  e f f e c t  o f  shadowing.

e) Determine th e  e q u iv a le n t c r i t i c a l  s e t t in g s  f o r  v a r io u s  c o n tro l 

rod  gang conf jg ^ ira tio n s .

d) Determine th e  in te g r a l  and d i f f e r e n t i a l  v o r th s  o f  tv o  c o n tro l 

ro d s .

T es t Method; T his t e s t  v i U  be perform ed a s  scheduled  in  p o s t c r i t i c a l  t e s t  

p rocedure AI-PC-830^

The re a c to r  w i l l  be made c r i t i c a l  and r a is e d  to  a  power le v e l  such th a t  

th e  c o n tr ib u tio n  o f  neu tro n s  by  th e  source i s  n e g l ig ib le .  With th e  power 

s tea d y  a t  t h i s  le v e l  th e  c o n tro l rod  p o s i t io n s  w i l l  be reco rd ed . Next th e  

power le v e l  w i l l  be  reduced in  s te p s .  At each s te p  and w ith  th e  same c o n tro l  

rod  p a t te r n  a s  recorded  i n i t i a l l y ,  th e  power t r a c e  w i l l  be observed  f o r  a t  

l e a s t  ^ m inutes.

The le v e l  a t  which th e  source n eu tro n s  b eg in  to  a f f e c t  th e  dynamic 

beh av io r o f  th e  rea icto r w i l l  be in d ic a te d  when a  slow power r i s e  i s  d e te c te d  

du rin g  th e  ^ sdnu te  o b se rv a tio n  p e r io d . When t h i s  power le v e l  i s  foim d, th e  

power w i l l  be in c re a se d  in  a  s tepw ise  fa sh io n  and, a g a in , a t  each  l e v e l  and 

w ith  th e  same c o n tro l  rod  p a t te r n  a s  reco rd ed  i n i t i a l l y ,  th e  power t r a c e  w i l l  

be observed . The lo w est s tead y  power le v e l  (c o n s ta n t power t r a c e  f o r  ^ min­

u te s )  w i l l  be co n sid ered  a s  th e  b eg in n in g  o f  th e  source independent o p e ra tin g  

range and a l l  subsequent p e r io d  measiirements w i l l  be p e rfo n acd  a t  o r  above 

t h i s  power l e v e l .
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Th« reactor power w ill be increased to a level about 10 tinea above 

the lowest source independent power level* VIhile holding the power ateadj 

at thia lev e l, ccmtrol rod positions w ill be changed and many different 

equivalent cr itica l control rod patterns w ill be recorded*

Starting each time with the reactor power level at the lowest source 

independent level and with a "baidced" control rod pattern (a ll control rods 

withdrawn the sans dLatanee), eadi of the 5 oontrol rod gangs w ill be with­

drawn twice to place the reactor on periods of about 130 and 1|0 seconds, 

while holding the other rod gangs fixed* the diffbrencss in  withdrawal 

distances required for each gmg to place the reactor cm the 130 and I4O 

second periods w ill be indicative of the relative or sta tistica l worth of 

each gang*

Vlth the reactor power level in the source independent range, each 

control rod gang w ill be accurately calibrated using the rod withdrawal- 

period neasursmsnt to^micine* Using th is nethod, the gang to be callbratsd 

is  withdraim from it s  cr itica l position to place the reactor cm a nsasur- 

able positive period (usually between 30 and 200 sec period)* After a 

waiting tins about equal to the reactor period (necessary to allow transieal 

effects to die oat), power level data is  collected wtdlo the reactor power 

is  allowed to increase about 2 decodes* Either the gsng being cdLibrated 

or aoiother gang nay be used to teswdnate the power rise and return the 

power level to it s  original mine*

The power rise data is  analysed to dstemdne accurately the reactor 

aeywptotic period, idiidi is  thsn converted to rsactivity in  cents* This i s  

then the reactivity worth associated with the noveswat o f the gai g over the 

region and distance used in  the nsisurewsnt* I f  this reactivity vAue is  

divided by the distwios of gmg travel, thm resulting cieantity is  the *diffsr-

>tial reactivity worth* of the gang for th is region of travel*
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Suoh RMMurazwwBt* of (Hffom itlBl roMti-vltgr worth m j  bo muIo «t « 

mnribor of points along tho tra-rol of tho gtng and plottad Toraua aworaga 

gang position for eaeh nsasuronont* By drawing a b a st-fit saooth cunra 

through tho plottad points and integrating lha as«a under the ourvw, one 

my obtain the total or "integral raaotiwity wnrth” of the gang*

A warlatieB of the abowa nethod is  often used sines the abows assnnss 

that the reaoter is  just cr itica l prior to withdrawal of the ccntrbl rod 

gang to establish a period. Daternlnatlen of the "just eritieal" ecaditicn 

is  sonatinas d ifficu lt and nay introduea significant errors in the dstarmina* 

tion of d iffsrantial rsaetiritiy worth. In sueh oases an iwprowswsnt in  

acouraqr can usually be effected by placing the reactor sueoessirely on two 

periods -  one long and one relatiwely short. The differsnee in reactirity  

for these two gsng settings is  thsn used to oaleulate the d ifferential 

reaotiTity worth for the region between the two gsng positions used for 

these noasuronents.

In order to gain sons infomation sbout the effect of oontrol rod 

rtiadewing by other rods» the worth of one rod in  each gang w ill be eosipared 

with the total worth of the gang. The rsaetor w ill be raised to a power 

lerel about 200 tines sboes the lowest senroe Independent lowsl and held 

steady with a bsideed control rod pattern. The worth of one rod in eaeh gang 

and the worth of eaPh png w ill iSbm be dstandnsd using the rod drop 

nethod. Ihe shadowing effect w ill be indieated by the difference be two on 

the son of the worths of the individsal rods in  a gaa g and the total worth 

of the gang as a P iele.

In ths rod drop nethod» the rsaetor is  nads er itiea l a t a nodarata 

power lewsl and the power Iseel is  earefblly neniterBd. Ona or wore rods
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are then slaniltaneoualy dropped either frcm the fuUjr withdrawn position or 

sone intermediate position, and the power level decay is  carefully followed. 

Power level may be monitored either with a neutron level recorder or with a 

ecaler-printer system arranged to cycle on and off periodically* Data from 

either of these systems may be used in conjunction with a curve of negative 

reactivity versus flux ratio to estimate Ihe to ta l negative reactivity  

insertion associated with dropping the rod or gang. The average negative 

reactivity, as obtained by using the curve for several delay intervals after 

rod drop, should be xised. I f  reactor power lev el drops to the point where 

the source contribution becomes significant, these data points should be 

discarded,

A simpler axxl faster technique is  possible i f  a scale]>>printer coobina- 

tion is  arranged to operate cyclica lly  with a count period of 15 sec and an 

"off" period of 1 sec (printing and ^ settin g  occur dozing the 1 sec "off" 

period). In th is case several cycles are reooz'ded idiile the reactor is  at 

a stable power le v e l. Bods are dropped coincident with the end of a counting 

period. The counts accunulated during the 15 sec interval immediately after 

rod insertion are recorded, and the reactivity change in dollars is  coeqmted 

from the foUomingt

P (dollars) -  C (R -  1)

counts per 15 sec while reactor is  cr itica l
® * coulnis Soring 15 sec Immediately afier rods JLnseriedC 

The value of C to be used in the above expression is  deteznined by the value 

of R and is  about 0,39,

To cceqplete the te s t , two or more rods w ill be calibrated accurately 

over their entire travel using the rod withdrawal-period measurement method 

for determining rod worths, Ihis part of the te st w ill be done with the
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reactor operating at or above the loiieat source Independent level and with 

a control zod pattern (except for the rods being calibrated) that night be 

need daring reactor operation at or near fu ll power*

Precautioast

a) Control Bodas As in  a ll  eases of oontrol rod nanipulation,

ALL onoseale nuclear instrunents nust be nooitored AT ALL TIMES, 

regardless of idiether the control rods are being wiUidrann or 

inserted*

Qjr their vergr nature, control rod calibrations involving period 

detezninations involve firequent and rapid changes in reactor 

power, and fraqoent aanipalation of rods over a vide range of 

travel and hence, over a wide range of d ifferential worths* IT 

IS IMFERAHVE that those perfozaing these tests be THOROCOHLI 

FAMHIAR with these procedures BEFORE undartsUng the aMasuraasnts* 

I t  is  also inportant that a ll  persons perfozaing these tests  

appreciate that i t  w ill take a significant period of tine to 

increase or reduce core reactivitgr ^  rod notion* Thus, to 

prevent uanscessary scrans when power is  rising on a relativel7 

short period, and to prevent the power fron fa llin g  too )ow into 

the source region whan power i s  being reduced, the dalagr in  

effectivensss of ccrzective action Aould be anticipated and 

provided for* This w ill be particularly inpcrtant when the rod 

or gang to be moved is  near one end of i t s  travel and when a large 

■aovmt of negative reactivity has been inserted to accelerate 

power decay following a period run*

O
" ' "J ^.j:.
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At tjjMS i t  v U l be desirable to reproduce a previous rod or gang 

position uith naxiinaa accuracy. Since backla^ in the rod drive 

and position-indicating ■schanisms could introduce errors in tbis 

setting, the position should always be approached from the same 

direction. For these experiments for the purpose of reproducing 

rod positions, the position indication that is  obtained idien a 

rod is  aithdraMn v iU  be used as a standard.

b) Source Bange Instrunenbst I t  is  anticipated that most of the 

Measurements to be performed in  th is procedure a iU  be done at 

a power lev el near or above the upper se n sitiv i^  lija it of the 

source range channels when they are fu lly  inserted. Since a 

scaler w ill also be connected to Channel I , i t  w ill be necessary 

at tines to partially retract the source range detector in th is 

channel in order to obtain the proper counting rates. I f  th is 

detector is  retracted, care should be exercised when power level 

is  reduoed to insure that the ehaniber is  re-inserted so as to  

Maintain power level indications on-scale. The rate of re-insertion 

should be carefully controlled to prevent spurious " ^ r t  period” 

alaxns. I t  is  an operating practice to retract or insert the 

source range BFjS as necessary to keep that on scale at a ll  tla es.

c) Malfunctionst I f  any of the following conditions occur, the te s t  

w ill be suspended and the condition reported to the Field Super- 

intendent.

1) failure of any of the oontrol rods or their drives aad/or 

position-indicating units.

2) Failure of azy normal seraMS or setbacks.

3) Failure of either o f the souroe range channels.
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d) Data Reeozxlingt A ll pertinent data w ill be reoozded as indicated 

in  the atep>1:7-8tep pxocedore* A labcratozy notebook should be 

obtained and used to chronologically record the te st a ctiv ities  

«nd pertinent supplementary data*

If at anr time there is  reason to question the potential sa fe^  or 

propriety of the procedures outlined herein, the tests should be 

suspended and the question referred to ths Operations Manager for 

resolution*

I f  at aicr time the necessity or desirability of a deviation frca 

these procedures is  indicated* the natter Aould be refezred to 

the Test Manager*

Ho deviation w ill be pezaitted without approval of the Field 

Superintendent*

Test Ccmpletioo Criteria:

a) Reactivity worths have been determined for each rod or group of 
rods specified in the procedure.

b) The effect of shadowing on control rod worths has been determined.
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TEriPaRATURE COEPglGIijHT OF REACTIVITY. AI-PG-760

T e s t  P urpose:

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

Test Method; This test will be performed as scheduled in post-critical 
test procedure AI-PC-8 3O, Master Schedule including rise-to-power.

With the reactor critical and at approximately zero power, the 
isothermal temperature coefficient measurement will be accomplished 
by first lowering the primary system temperature to about 300°F, 
followed by increasing the temperature in steps to about 500°F. Prior 
to each temperature increment, the reactor period associated with a 
given rod configuration will be determined. The reactor power will be 
maintained level during the temperature increase. Following the change 
in system temperature, the previous rod configuration will be dupli­
cated as nearly as possible and the new period measured. The change in 
reactivity as indicated by the change in reactor period and rod motion, 
if required, will provide a measure of the isothermal temperature co­
efficient over this temperature interval.
Precautions;

a) Termination of Reactor Periods
In this procedure, reactor periods will normally be terminated 
by insertion of a fully-withdrawn control rod. Although all 
periods are expected to be relatively long (greater than 5 0  

sec), the initial lack of effectiveness of a fully-withdrawn 
control rod must be appreciated and taken into account when
terminating periods.

^ 0 9  N A A - S R - 5 7 0 0  (Suppl .  4)
9 X 5  XKcUBO



b) Malfunctions
Upon occurrence of any malfunction of the plant control 
system or other plant system, the matter should be 
referred to the shift leader and the experiment suspended 
until approval to proceed is received from the shift leader. 
Because of the time involved in changing system temperature, 
controllers may be set to maintain the existing temperature 
at the time of test suspension. During test suspension, 
the reactor may either be shut down or, if the malfunction 
appears to be amenable to quick repair, the reactor may be 
maintained critical.

T e s t  "^om-plet ion C r i t e r i a :

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

h a s  b e e n  d e t e r m i n e d  i n  t h e  r a n g e  o f  500 -  500° ^ .
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POWER COEFFICIENT. AI-PC-770

Test Piirpose: The purpose of Power Coefficient Test Procedure, AI-PC-770; is
to determine the reactivity change in the HNPF produced by incremental changes 
in power level under specified conditions. One of these specified conditions 
is that inlet and outlet sodixim temperatures are to be held constant. Another 
is that flow is held constant as power level changes. A knowledge of these 
relationships will be of future usefulness in predicting the behavior of the 
reactor from a nuclear standpoint during scram recovery and other necessary 
power changes.
Test Method: This test will m m  concurrent with the HNPF Post Critical Master
Schedule Including Rise to Power, AI-PC-8 3O. The reactivity changes effected 
by changes in the reactor power output can be considered as composite effects:

1 ) Temperature changes in the reactor structiire induce expansion 
or contraction, thus changing buckling and accompanying 
neutron leakage probability.

2 ) Thermally induced changes in sodium density alter the number 
of sodium nuclei per unit volume, with accompanying changes 
in sodium macroscopic absorption cross section ('Ca)..

3 ) Changes in moderator temperature result in shifts in the 
thermal neutron energy spectrum, with accompanying changes 
in the nuclear properties of the fuel, moderator and 
absorber.

1̂) Xenon poison concentration, xenon poison buildup and xenon 
poison btimup are all functions of reactor flux level. At 
equilibrium conditions the buildup rate is the same as the
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burnup rate, and a constant xenon concentration and 
constant negative reactivity worth is experienced. A 
significant change in reactor power, or flux level upsets 
this equilibrium, causing transient poison concentration 
effects while the xenon concentration seeks its new 
equilibrium level. These transient effects can rightly 
be factored into the power coefficient, since they 
affect the control stability of the reactor during power 
level changes.

5 ) Power increases and accompanying ten^jerature increases in the 
reactor core, resxilt in an increase in thermal energy of 
neutrons due to increased random motion of target nuclei. If 
the new neutron energy level extends into the resonance band 
for the fissionable material, the temperature portion of the 
power coefficient is negative. Both fUel and poison "Doppler 
Effect" contributions are e:q)ected here.

The chief method of determining the reactivity changes associated with 
incremental power changes will be to note the positions of the control rods 
at just critical position before and after changes in power level are 
effected, and convert the changes in rod withdrawal to changes in reactivity 
worth.

At low powers and where possible at higher powers, the power coeffi­
cient under constant flow conditions will be investigated. Also at
higher powers (after taking the steaun dump system out of service), the power 
coefficient under constant ^ T  conditions will be investigated;
where possible, identical control configurations will be used throughout the 
test. The closely calibrated rod in C-36 will be used to maintain crlticedlty 
and its compensation will be used as a measure of reactivity change.
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At power levels where other post-critical tests necessitate an extended 
stay, long-term xenon effects will be investigated. At other power levels 
a 1-hr wait for struct\ireO. heating will be sufficient before concluding that 
portion of the test.
Precautions;

a) Normal precautions outlined in the Rise to Power test will be 
observed in the execution of this procedure.

b) The initisQ. control rod configuration set up at the beginning of 
the test will be used, if possible, throughout the entire test.
If a deviation from the pattern is found necessary due to bad 
temperat\ire distribution or any other cause, consult the 
engineer in charge of the test on the new configuration to be 
set up.

Test Completion Criteria: Steady-state power coefficients of reactivity 
have been determined over a wide power range for constant flow conditions 
and again for constant r e a c t o r A  T conditions
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RADIAL POWER DISTRIBUTION, AI-PC~800

Test Purpose;
a) To determine core radial power distributions and corresponding radial 

peak-to-average power ratios for different control rod patterns and 
different reactor power levels.

b) To obtain data that will enable selection of allowable, 
full power, operating control rod patterns, taking into consideration 
both social and radial power distributions.

c) To investigate the possibility of control rod shadowing of any of the 
nuclear instnomentation channel neutron detectors.

d) To obtain information that might lead to the restriction of control 
rod positions or patterns at full power. These would be rod positions 
or patterns that result in any of the following conditions:

1) Appreciable shadowing of neutron detectors.
2) An axisl power distribution in any fuel channel with a peak- 

to-average ratio greater than I.6 5 .
3 ) A radisLL power distribution with a peak-to-avera^e ratio 

greater than 1 .5 *
k) A difference greater than 50 F between any two fuel cheuanel 

sodi'um exit temperatures.
Test Method: The reactor power level will be about 10 Mwt per AI-PC-8 3O, with
slLI of the fuel channel orifices open, the central control rods (7 ) essentially 
inserted, the outermost control rods (12) essentially withdrawn, and the sodium 
flow rate at 30^• This should result in a sodium tenqperature difference throtigh 
the core of about With reactor power constant, the sodlvim flow will be
increased to 100^ of full flow, and a representative number of the fuel channel
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f u u T .

sodium exit temperatures will be recorded at 30# 50# 70, 85 100̂ ^̂  On the
"basis of this teraperatiire data, a sodium flow rate which results in a reasonable 
sodivim exit temperature distribution will be selected as the test flow rate. At 
the selected sodivim flow rate, all of the sodivim exit temperatures will be recorded. 
Assviming that the flow throu^ each channel is the same with the orifices open, 
and that the channel sodium inlet temperatures are the same for all chcuinels, the 
sodivim exit temperatures will be indicative of the radial power distribution and 
the difference in the sodivim exit and inlet temperatures for each channel will be 
indicative of the power developed in each channel.

With the reactor operating as above, the control rod pattern will be changed
in a stepwise fashion from a symmetrical pattern to a pattern in which the rods
on one side are essentially inserted and the ones on the other side are essentially 
withdrawn. This asymmetrical rod pattern should produce the greatest possible 
readout differences between the nuclear instruments on one side of the core and 
those on the other.

With the reactor still operating as above (reactor power at 10 Mwt, eOJ.
orifices open and the sodium flow at the selected rate), the sodium exit ten̂ iera-
tures will be recorded with several different, symmetrical control rod patterns.
The radial peak-to-average power ratio will be calcvilated for each rod pattern, 
using the sodium channel exit temperatvires and the sodium inlet temperature.
One or more of these control rod patterns will be selected at 10 Mwt (all orifices 
open) as possible full power operating rod patterns. The sodium exit temperatures 
also will be recorded and the radial peak-to-average power ratios determined for 
these patterns at 20 Mwt, 38 Mwt, 50 Mwt, and at each 50 Mwt increase in power 
thereafter, until it becomes necessary to adjust the fuel channel orifices.
(The maflciraum temperature difference between any two fuel channel sodivim exit 
temperatures should not exceed 50 F.)
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Precautions;
a) The precautions listed in AI-PC-8 3 0, Rise to Power, are applicable to 

this test, also.
h) An operator should observe the fuel channel sodium exit temperatures

closely while the control rod pattern is being changed to an asymmetrical 
pattern with reactor at power.

Test Completion Criteria:
a) Control rod positions or patterns that woxild produce either a peak-to- 

average axial power ratio greater than 1.6^ or a peak-to-average radial 
power ratio greater than I . 5  in any fuel channel have been identified 
and are restricted for power operation.

b) An operating control rod pattern has been chosen for power operation 
which results in the best compromise between axial and radial power 
distributions.

c) The shadowing of neutron detectors by control rods has been investigated.

d) A core radial power distribution has been determined for the preferred 
operating control rod pattern.
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RADIAL STATISTICAL WEIGHT TEST, AI-PC-8IO

Test Purpose; To determine a radial statistical veight curve for the 
reactor core.
Test Method; This test will he conducted in conjimction with Rise to 
Power Test, AI-PC-8 3O.

A dumny element will he successively interchanged with the fuel 
elements in 9, and possibly 10, different core channels. Eight of 
these channels are located along a radial line from the core center.
The other two channels are located symmetrically with respect to one 
of the ahove eight channels and are heing used primarily to check the 
flux symmetry in the core. If identical reactivity measurements are 
noted in two of the three symmetrical, channels, it will he assumed that 
the flux pattern is symmetrical ajid measurements in the third symmetrical 
channel will he eliminated.

A reactivity hase will he established by operating the reactor at 
about 1 kwt (with a specified sodium flow rate and temperature difference 
through the core) and recording the control rod positions. The reactivity 
change due to interchanging the durmny element with a fuel element will 
then correspond to the change in rod position required to bring the reactor 
hack to the same operating conditions \mder which the reactivity base 
was established. The change in reactivity res\ilting from a local per­
turbation in a reactor is proixartional to the change in the local nuclear 
constants and the statistical weight at the location of the perturbation. 
Therefore, if the same physical change is made at different points in a 
reactor, the resulting reactivity changes will be indicative of the 
statistical weight at the locations of the physical change. Therefore,

V ,  -1
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since in this test the same duminy element will be interchanged with 
the fuel elements in eight core channels along a core radius^ a 
radial statistical weight curve can be correlated with the resulting 
reactivity change.
Precautions; No special precautions.
Test Completion Criteria: A radial statistical weight curve has been
determined for the reactor core.
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MASTER SCHEDULE INCLUDING RISE-TO-POWER. AI-PC-830 
Test Purposet

a) To raise the HNPF to the nominal full power level, 710,000 
lb/hr steam flow, estimated at, and henceforth referred to 
in this procedure as, 2k0 Mwt (this value may be as high as 
2 5 6 Mwt),

b) To obtain operating data as required to demonstrate the 
capability and safety of operation of the plant.

c) To give the sequence for performing the condiuTent post'.crdfctiical tests.
Test Method; All preoperational tests must be completed satisfactorily 
prior to beginning this test. In addition, the Wet Excess Fuel Loading, 
AI-PC-710, step 1 of the Fuel Channel Orifice Adjustment, AI-PC-6 8 O,
Part VII-A of Plant Control System, AI-PC-6 3 O, and Part VII-A and B of 
Plant Protective System, AI-PC-620, post critical tests, must be com­
pleted prior to beginning this test.

The reactor will be made critical using the procedure outlined in 
AI-PC-7 5 0 , Control Rod Calibration, and the following tests or portions 
of tests will be conducted in the order named:

AI-PC-6 2 0 , Plant Protective System 
AI-PC-750, Control Rod Calibration 
AI-PC-7 6 0 , Isothermal Temperature Coefficient

After the aforementioned tests are completed, the reactor will again 
be made critical and the power raised to about 1 kwt as indicated on 
nuclear channels III and IV. At this level the following tests or por­
tions of tests will be conducted in the order named:

AI-PC-6 2 0 , Plant Protective System 
AI-PC-8 1 0 , Radial Statistical Weight 
*AI-PC-7^0, Axial Power Distribution

•Prior to conducting this test, the in-core fission chamber outputs will 
have been converted from count rate to current so that they can measure 
the higher flux levels.
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Also at this level the in-core fission chamber outputs will be 
compared with the outputs measured on nuclear channels III and IV to 
obtain a better idea of outputs of regular startup channels as a func­
tion of power level.

After these tests are conducted, the reactor will be shut down for 
removal of the in-core fission chambers, then made critical again with a 
rod configuration foimd in the control rod calibration and axial power 
distribution tests. The main loop sodium flows will then be increased 
to 20% and the power level raised to about 1 Mwt as determined by heat 
balance calculations. The power level will then be raised to approximately 
2.5 Mwt as determined by heat balance calculations.

While waiting for the system temperature to rise, basic system data 
will be collected as specified in the following test procedures (No 
particular order implied):

AI-PC-510, Hydraulic Test of Main Heat Transfer System 
AI-PC-530, Heat Transfer Tests 
AI-PC-5^0, Moderator Coolant Loop Tests 
AI-PC-550, Evaporator Performance 
AI-PC-551» Superheater Performance
AI-PC-552, Steam Generator Performance - Steam Purity
AI-PC-5 6 0 , Cooling Systems
AI-PC-5 7 0 , Loading Face Cooling System
AI-PC-3 8 0 , Helium System
AI-PC-600, R/A Vent System
AI-PC-6 5 0 , Radiation Detection eind Monitoring System 
AI-PC-6 9 0 , Radiation Shielding
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The foregoing gro\ip of procedures fall by their nature into the 
process category and will be referred to hereafter as the "process 
group of post critical test procedures."

The above general test pattern will be repeated at successively higher 
power levels until full power operation is reached. Following is the test 
method presented in tabular form from reactor startup to nominskl fxill power:

A. 1

B.

Condition 
Sub-critical 1

2. Avg Na system temps 3 5 0°F
3 . On emergency feedwater

Action
Clear startup interlocks and go critical 
as specified in AI-PC-750, Control Rod 
Calibration.

2. Do AI-PC-7 5 0, Control Rod Calibration.
Reactor loaded to operational3- 
loading per AI-PC-7IO, Wet 
Excess Fuel Loading

5 . Sodium Flow at 20^

1. Avg Na system temp 50 0°F.
2. Sub critical to <~̂ 1 Kwt.
3 . On emergency feedwater. 
k. Sodium flow at 20^

k.

5 .

2 .

3 .
k.

Do portion of AI-PC-620, Plant 
Protective System.
Do AI-PC-7 6 0, Isothermal Temperature 
Coefficient, Part A (<to 500°F).
Change in-core fission chamber outputs 
from count rate to current.
Go to about 1 Kwt as indicated on nuclear 
channels III & IV.
Compare outputs of in-core fission chambers 
with outputs of channels III and IV.
Do portion of AI-PC-620, Plant Protective 
System.
Do AI-PC-8 1 0 , Radial Statistical Weight.
Do AI-PC-7^0, Axial Power Distribution.
Shut down and remove in-core fission 
chambers and replace with scheduled fuel 
or dvimmy elements.
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C on d ition

C. 1. L Mwt power level.
2. 500-600°F avg Na system temps.
3. On emergency feedwater. 
k. 20^ Na flow in all loops.
5 . Reactor At between 6 & 7 F*

D. 1. ”̂ 2 . 5  Mwt power level.
2. 500-600°F avg Na system temp.
3 . 20^ Na flow.
. Reactor A  T about I7 F.

5 . Steam dump system operating.

A c tio n

5 . Set sodium flows at 20^.
6. Gro critical again and raise power to 

about 1 Mwt as obtained by heat balance 
calculations.

7 . Check flows and At's for "ball park" 
estimate of power levels.

8. Obtain power coefficient data.
1. Obtain power coefficient data.
2 Place steam dump system into operation 

and take warmup steam away from steam 
generators.

3 . Raise power to 2.5 Mwt as indicated by 
core heat balance calculations.

1. Obtain power coefficient
2. Check flows andAl's for power level 

estimate.
3 . Do portion of AI-PC-620, Plant 

Protective System test.
4. Collect and analyze data on process 

group of post critical test procedures.
5 . Do portion of AI-PC-6 3O, Plant Control 

System test.
6. Obtain OK for power rise from engineers

in charge of individual post critical tests.
7 . Obtain constant flow power coefficient 

data for flows of 20^, 30 >̂ 5 ^  100^.
8. Withdraw BP3 chambers far enough to 

..keep them indicating on scale when power 
level is increased by a factor of k.
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C o n d itio n

E. 1. Power level 10 Mwt.
2. Avg system temperat\ires 

above 6 0 0°f.
3 . Bnergency feedwater.
k, sodium flow in all 

main loops.
5 . Reactor i^T about U5°F.
6. Steam dump system operating.

A c tio n

9 . Set sodium flows at 30^*
10. Raise power to 10 Mwt as indicated by 

core heat balance calcvilations.
1. Obtain power coefficient data (constant 

flow at yyjo) 50 ?̂ a-nd 100^ flows).
2. Make power calculations based on heat 

balance.
3 . Do portion of AI-PC-620, Plant 

Protective System test.
4. Do portion of AI-PC-6 3O, Plant 

Control System.
5 . Do process group> of tests, analyze data 

and get OK for next power increase.
6. Do AI-PC-8 0 0, Radial Power Distribution.
7 . Adjust orifices as necessary then reduce 

sodium flow to 20^ to get constant flow 
power coefficient data.

8. Execute scram and recovery as per 
AI-PG-6 6 0, Scram & Loss of Load, Part A. 
Check on convection flow control system.

9 . With 20^ sodium flow, increase power to 
1 5 Mwt as indicated by heat balance, 
then increase power to 20 Mwt.

10. Withdraw start up channels as necessary 
to keep them indicating on scale.

2

N A A - S R - 5 7 0 0  (Suppl.  4)
X I ( c ) - 6 4



C o n d itio n

1. Power level 20 Mwt.
2. Avg Na system temperatures 

above YOO^F.

3* On emergency feedwater.
U. 20^ Na flow in all main 

loops.
5 . Reactor about 13^°F.
6. Steam dump system operating.

1. Power level 30 Mwt.
2. Avg sodi\an system temperature 

above 700°F.
3 . Normal 3 element feedwater 

control from here to full 
power.

U. 20^ sodium flow in all main 
loops.

5. Reactor A  T about 200°F.
6. Steam dump system operating.

A c tio n

1. Obtain power coefficient data at 20^,
50^ and 100^ flow.

2. Make power calculations based on heat 
balance.

3 . Do portion of AI-PC-620, Plant 
Protective System.

ij-. Do portion of AI-PC-6 3O, Plant 
Control System.

5. Increase power level in — ' 1 Mwt 
increments as specified in AI-PC-6U0 , 
ESnergency Feedwater System capacity 
until evaporator level starts to drop, 
then decrease power to 20 Mwt. Obtain 
power coefficient data at each increment.

6. Change from emergency feedwater to normal 
feedwater (3-element control).

7 . Do process group of tests, analyze 
data and get OK for next power increase.

8. Withdraw startup channels as necessary 
to keep them indicating on scale, then 
increase power to 30 Mwt as indicated 
by heat balance calculations.

1. Obtain power coefficient data at 20^,
50^ and 100^ flows.

2. Do portion of AI-PC-620, Plant 
Protective System.

3 . Do portion of AI-PC-6 3O, Plant 
Control System.

l<-. Calculate power level from heat bilance. 
Match nuclear indications with calculated 
power.

5 . Do process gropp of tests, analyze data, 
and get OK for next power increase.
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Condition Action

H. 1. Power level 38 Mwt.
2. Avg reactor sodium outlet 

temperatures above
3 . 20^ sodium flow in main 

loops, initially.
4. Reactor A T  about 2 5O F, 

initially.
5 . Steam dump system operating.

8 .

9-

10.

Increase power to 3 8 Mwt as 
indicated on nuclear instruments.

Obtain power coefficient data
Do portion of AI-PC-620,
Plant Protective System.
Do portion of AI-PC-6 3O,
Plant Control System.
Do process group of tests, analyze data 
and get OK for next power increase.
Scram and recover as per AI-PC-6 6O.
Do AI-PC-641, Emergency Feedwater 
System Operation Test.
Increase system temperature and reduce 
flows lintil quality (825°F-800 psi) 
steam is being produced, then warm up 
main header and admit steam to turbine. 
Work closely with conventional side in 
taking over portion of electrical load.
Place steam duiq? system on standby.
Do heat balance calculations and 
adjust nuclear insti*uments to indi­
cate calculated power.
On fully automatic control, increase 
power to 50 Mwt.

11. Obtain power coefficient data.

1. Power level 5O Mwt.
2. Superheater average sodixan 

temperatures above 8 5O F.
3 . Sodium flows adjusted to 

keep reactor outlet at or 
less than 9U5OF.

14̂. Feedwater on normal 
(3-element) control.

1. Obtain power coefficient data.
2. Do portion of AI-PC-620,

Plsuat Protective System.
3 . Do portion of AI-PC-6 3O,

Plant Control System.
I4. Record orifice data as per AI-PC-6 8O, 

Fuel Channel Orifice Adjustment.

HAA-SR-5700
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C on d ition A c tio n

5- Record data as specified in process 
group of tests.

6. Adjust orifices as necessary to keep 
temperature differences between fuel 
channel sodium exit temperatures less 
than 50 F.

7• Record and analyze data from process 
group of tests. Get OK for power 
increase.

8. On fully automatic control, increase 
power to 7 5 Mwt.

9- Obtain power coefficient data.
10. Set up and obtain power coefficient 

data under constant flow conditions 
by first reducing flow and holding 
power level steady serai-automatically, 
then ramping power down and back up 
to initial conditions (as specified 
in AI-PC-7 7 0  ̂Power Coefficient Test).

11. Obtain power coefficient data and 
raise power on fully automatic to 
100 Mwt.

J. 1. Power level 100 Mwt.
2. Superheater average sodixxm 

temperatures above S5 0®r.
3 . Na flows adjusted to keep 

reactor outlet at or less 
than 9k^or.

1*̂. Feedwater on nonnal 
(3-element) control.

1. Do portion of AI-PC-620,
Plant Protective System'.

2. Do portion of AI-PC-6 3O,
Pleuat Control System.

3 . Record orifice data per AI-PC-6 8O, 
Puel Channel Orifice Adjustment, 
Section VII-5 .

k. Record data as specified in process 
group of tests.

5 . Adjust orifices as necessary to keep 
temperature differences between fuel 
channel sodium exit temperatures less 
than 50 F.

MAA-SR-5700 (Suppl. 4)
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A ction

j. 6. Record and analyze data from process
group of tests. Get OK for power 
increase.

7- On fully automatic control, increase 
power to 1 2 5 Mwt.

8. Obtain data for constant (Tq )
Power Coefficient.

9 . Set up eind obtain power coefficient 
data under constant flow conditions 
by first reducing flow and holding 
power level steady manually, then 
ramping power down and back up to 
initial conditions (as specified in 
AI-PC-7 7 0  ̂Power Coefficient Test^.

MAA-3R-5700 (Suppl. U)
n ( c ) - 6 8

2 a O



Conditions 
K. 1. Power level 125 Mwt.

2. Superheater average 
sodium temperature 
above 8 5 0®F.

3. Sodium flows adjusted to 
keep reactor outlet at or 
less them 9^5°F.

k. Feedwater on normal (3 
element) control.

Action

1. Do portion of AI-PC-620, Plant 
Protective System.

2. Do portion of AI-PC-6 3O, Plant 
Control System.

3 . Record orifice data i>er AI-PC-6 8O, 
Fuel Channel Orifice Adjustment, 
Section VII-5*

k . Record data as specified in process 
group of tests.

5 . Do heat balance calculations and 
adjust nuclear instruments to 
match heat balance.

6. Adjust orifices as necessary to keep 
temperature differences between fuel 
channel sodium exit temperatures 
less than 5 0 F.

7. Do orifice sensitivity check as 
specified in AI-PC-6 8O, section 
VII-7 .

8. Record emd analyze data from process 
group of tests, get (SC for power 
increase.

9 . On fully automatic control, increase 
power to 1 5 0 Mwt.

10. Obtain data for power coefficient 
at constemt Na outlet temperature

11. Set up and obtain power coefficient 
data under constant flow conditions 
by first reducing flow and holding 
power level steady manually then 
ramping power down and backup to 
initial conditions (as specified
in AI-PC-7 7 0 , Power Coefficient Test).
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Conditions 
L. 1. Power level 1 5O Mwt

2. Superheater average Na 
temperatures above 8 5 0®F

3 . Sodium flows adjusted to 
keep reactor outlet at or 
less than 9^5°?

k. Feedwater on normal (3  
element) control

Action

1. Do portion of AI-PC-620, Plant 
Protective System.

2. Do portion of AI-PC-6 3 O, Pleint
Control System.

3 . Record orifice data per AI-PC-6 8O, 
Fuel Channel Orifice Adjustment,
Section VII-8.

if. Record data as specified in process 
group of tests.

5 . Adjust orifices as necessary to keep 
temperature differences between fuel 
channel sodium exit temperatures 
less than 5 0 F.

6. Transfer feedwater supply pump 1-A 
from conventional boiler to nuclear 
steam generator using method speci­
fied in Part VII of this test.

M. 1. Power level 200 Mwt.

2. Superheater average sodium 
temperatures above 850®F.

7 . On full automatic control increase 
power to 200 Mwt.

8. Obtain data for power coefficient at 
constant sodium outlet ten^ierature.

9 . Set up and obtain power coefficient 
data under constant flow conditions, 
by first reducing flow and holding 
power level steady manually, then 
ramping power down and back up to 
initial conditions (as specified
in AI-PC-7 7 0 . Power Coefficient 
Test).

10. Do Turbine trip and reactor scram 
per AI-PC-6 6 0 , Scram and Loss of 
Load. Recover to 1 5O Mwt.

1. Do portion of AI-PC-620, Plant 
Protective System.

2. Do portion of AI-PC-6 3O, Plant 
Control System.
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4.

C o n d itio n s

Sodium flows adjusted to
keep reactor outlet at or less
than
Feedwater on normal 
(3 element) control

N. 1. Power level at nominal 
full power ( 240 Mwt).

2. Superheater average Na 
temperatures ahove 8 5 0°F.

A c tio n

3- Record orifice data per AI-PC-680, 
Fuel Channel Orifice Adjustment, 
Section VII-10.

4. Record data as specified in process 
group of tests

5* Adjust orifices as necessary to 
keep temperature differences 
between fuel channel sodium exit 
temperatures less than 50 F.

6. Record and analyze data from 
process group of tests.
Get OK for power increase and on 
fully automatic control, increase 
power to full power.

7. Obtain data for power coefficient 
at constant sodium outlet tempera­
ture .

8. Set up and obtain power coefficient 
data under constant flow conditions 
by first reducing flow end holding 
power level steady manually, then 
ramping power down and back up to 
initial conditions (as specified 
in AI-PC-7 7 0  ̂Power Coefficient 
Test).

1. Finish AI-PC-6 2 0 , Plant Protective 
System.

2. Finish AI-PC-6 3O, Plant Control 
System.
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C o n d itio n

3 . Sodium flows adjusted to 
keep reactor outlet at or 
less them 9 ^5 ‘̂F*
Feedwater on normal 
(3-element) control.

Action

3- Record orifice data per AI-PC-6 8O, 
Fuel Channel Orifice Adjustment, 
Section VII-10.

h. Record data as specified in process 
gix>up of tests.

5- Adjust orifices as necessary to keep 
ten5)erature differences between fuel 
cheuinel sodi\jm exit temperatures less 
than 50

6. Do full power portion of AI-PC-8itO, 
Xenon Test.

7 . Scram as specified in AI-PC-6 6O,
Scram and Loss of Load Test.

8. Do shutdown portion of AI-PC-8^, 
Xenon Test.

Precautions; During the performance of this test, no design operating limits 
will be exceeded.

1 ) Primary sodium outlet temperature as measured on TI-1, TI-2,
TI-3 will not exceed 9 5 0°F.

2 ) Maximum U-Mo fuel temperatures, as measured on TR-12 and TR-13, 
will not exceed I2 5O F during steady state and will not be 
subjected to trsuisient temperature conditions beyond 1^50 F.

3 ) No planned positive period shorter than 6 0 sec will be effected 
during the initial startup. This precaution is not due to 
design limits, but will insure against short period scrams 
until the nuclear instrumentation characteristics are 
established, and until the "feel" pf operation is acquired 
through experience.

k) The maximum rate of change of fuel sodivon exit temperatures 
measured on TR-3A and TR-3B will not exceed 50 F/hr.
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5) The first six times that the control rods are withdrawn from
the fully inserted position, withdrawal must be stopped at
12 inches up from the bottom position until an operator verifies
visually that the snubbers are up.

6) The spread (high to low) between any two fuel channel sodium 
exit temperatures will never exceed 50 F.

Test Completion Criteria;
a) The post critical tests have been completed satisfactorily.
b) Safe operations of the plant at power levels up to and including

nominal full power (2hO Mwt) has been demonstrated.
c) All components performance tested during the rise-to-power tests 

have performed satisfactorily in accordance with plant design 
parameters. Otherwise, actual performance has been measured and 
deemed acceptable or suitable rectifying action has been taken.

NAA-SR-5700 (S u p p l. h)
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XENON POISONING, AI-PC-840

Test Purpose: To determine the xenon characteristics of the HNPF
reactor during and after operation at full power. The following 
information will be obtained:

a) The buildup of xenon as a function of time.
b) The time required to reach equilibrium xenon.
c) The buildup and subsequent decay of xenon after reactor 

shutdown as a function of time.
d) The time required to reach peak shutdown xenon.

Test Method: The Rise in Power Test, AI-PC-8 3O, must have been com­
pleted.

The reactor power will be raised to full power (a control con­
figuration deemed as optimum for reactivity measurements will be set 
up). Then, while holding the reactor power steady for about 3 days, 
the control rod positions will be recorded at 1-hr intervals. During 
these 3 days, the change in the control rod positions required to hold 
the power steady will be primarily due to xenon poison buildup. There­
fore, the changes in rod positions are indicative of the xenon concen­
tration in the reactor, and by converting these rod position changes to 
reactivity, a graph of negative reactivity due to xenon poison buildup 
vs time can be obtained. This graph will indicate the equilibrium xenon 
reactivity and the time required to reach equilibrium with the reactor 
operating at full power.

After a period of full power reactor operation, of sufficient length 
to achieve xenon equilibrium conditions, the reactor will be shut down as 
quickly as possible. Following the shutdown, the reactor will be raised
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to a low power level (about 1 Kwt) as soon as is practicable and held 
steady at this power level for about one day. During this time, the 
control rod positions will once again be recorded at 1-hr intervals.
As before, by converting the changes in rod positions to reactivity 
a curve of xenon buildup can be plotted.
Precautions; No special precautions required. However, the operators 
should be aware of the normal precautions applicable to both full power 
reactor operations and shutdown.
Test Completion Criteria:

a) The time required to reach equilibrium xenon after reaching 
full power has been determined.

b) The equilibrium xenon reactivity has been determined.
c) An accurate graph of negative reactivity due to xenon poison 

buildup ̂  time has been made.
d) An accurate graph of negative reactivity due to xenon buildup 

after reactor shutdown ̂  time has been made.
e) Peak xenon reactivity has been determined.
f) The time required to reach peak xenon after reactor shutdown 

has been determined.
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Q u e s t i o n  XI(d):  T h e  p r e o p e r a t i o n a l  t e s t i n g  p r o g r a m  p r o p o s e d  d o e s  n o t  p r o v i d e  
f o r  t e s t i n g  a t  o p e r a t i o n a l  t e m p e r a t u r e s  u n t i l  s u c h  t i m e  a s  n u c l e a r  h e a t  i s  a v a i l ­
a b l e  to r a i s e  s y s t e m  t e m p e r a t u r e s  to  o p e r a t i n g  v a l u e s .  It  i s  c o n s i d e r e d  n e c e s ­
s a r y  to  p r o v i d e ,  i n s o f a r  a s  f e a s i b l e ,  h o t  g a s  a n d / o r  h o t  s o d i u m  t e s t i n g  a t  t e m ­
p e r a t u r e s  a t  o r  a p p r o a c h i n g  o p e r a t i n g  v a l u e s  p r i o r  to  i n i t i a l  c r i t i c a l i t y .  S uch  
t e s t i n g  w o u ld  s e r v e  th e  fo l lo w in g  p u r p o s e s :

1) V e r i f y  a n t i c i p a t e d  e x p a n s i o n  e f f e c t s  in  p ip i n g  a n d  c o m p o n e n t s ,  p a r t i c u ­
l a r l y  in  a r e a s  t h a t  w i l l  be  i n a c c e s s i b l e  f o l l o w i n g  o p e r a t i o n .

2) D e t e r m i n e  th e  o p e r a b i l i t y  a n d  l e a k - t i g h t n e s s  of s o d i u m  s y s t e m  c o m ­
p o n e n t s ,  i . e . ,  p u m p s ,  f r e e z e  s e a l s ,  v a l v e s ,  e t c .

3) C h e c k  a l i g n m e n t  of r e a c t o r  c o m p o n e n t s  a t  o p e r a t i n g  t e m p e r a t u r e s ,  
p a r t i c u l a r l y  a l i g n m e n t  of  c o r e  a n d  l o a d i n g  f a c e  s h i e l d .

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

A n s w e r :  A p r e o p e r a t i o n a l  t e s t  p r o c e d u r e  " H o t  S o d i u m  C i r c u l a t i o n  T e s t ,  " 

A I - P - 1 1 6 7 ,  h a s  b e e n  p r e p a r e d .  A  s u m m a r y  of  t h i s  t e s t  i s  a t t a c h e d ,  a n d  h a s  

a l s o  b e e n  in c l u d e d  w i th  th e  o t h e r  t e s t  s u m m a r i e s .  (See a n s w e r  to  Q u e s t i o n  XI(a)  

a n d  (c). T h i s  t e s t  w i l l  v e r i f y  th e  i t e m s  l i s t e d  in  t h e  q u e s t i o n  a t  t e m p e r a t u r e s  of 

a p p r o x i m a t e l y  585 ° F .

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

p r i o r  to  w e t  c r i t i c a l  t e s t s .  T h e r e  w i l l  be  no f u e l  in  t h e  r e a c t o r .

A .  DISCUSSION

A r e v i e w  of the  s o d i u m  s y s t e m  h a s  b e e n  m a d e  to  d e t e r m i n e  th e  a l l o w a b l e  

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

d i t i o n s  s i n c e  th e  h e a t  s o u r c e  ( e l e c t r i c  h e a t e r s  on  t h e  p i p e s  a n d  e q u i p m e n t ,  

t o g e t h e r  w i th  o p e r a t i o n  of th e  m a i n  s o d i u m  p u m p s )  i s  n o t  g r e a t  e n o u g h  to e s t a b ­

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

th e  fo l l o w in g  l i m i t s :

1. R e a c t o r

1 0 5 0 ° F .  H o w e v e r ,  i t  i s  n o t  d e s i r a b l e ,  in  o u r  o p in io n ,  to  h e a t  the  b o t t o m  

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

of 6 1 0 ° F  s i n c e  s u c h  h e a t i n g  t e n d s  to  f o r m  b u c k l e s  in  t h e  s c a l l o p s  of  t h e  m o d e r ­

a t o r  c l a d d i n g .  M o d e r a t o r  e l e m e n t s  h e a t e d  i s o t h e r m a l l y  in  t h e  s e c o n d  L C T L  

t e s t  ( see  A p p e n d ix  A - 2 ,  p a g e  A - 12, of  t h e  p a r e n t  r e p o r t )  s h o w e d  s o m e  i n s i g n i f i ­

c a n t ,  t h o u g h  o b s e r v a b l e ,  b u c k l e s  a t  th e  b o t t o m  n e a r  t h e  h e a d .
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T h e r e  i s  no  q u e s t i o n  t h a t  i s o t h e r m a l  h e a t i n g  of  th e  m o d e r a t o r  e l e m e n t s  

to  1 0 0 0 ° F  c a n  be  d one ;  h o w e v e r ,  w e  b e l i e v e  a n y  g a i n s  in  h i g h  t e m p e r a t u r e  t e s t ­

ing  a r e  n o t  w o r t h  th e  r i s k ,  s m a l l  th o u g h  i t  b e .

2. P u m p s ,  V a l v e s ,  S e c o n d a r y  E x p a n s i o n  T a n k

1 0 0 0 ° F .

3. P i p i n g

1 0 0 0 ° F .  N o te  in  th e  a n s w e r  to  Q u e s t i o n  111(a) t h a t  t h e  t h e r m a l  e x p a n s i o n  

s t r e s s e s  in  the  c o l d  l e g  (at 1 0 0 0 ° F )  a r e  i n c r e a s e d  60% a b o v e  t h e i r  n o r m a l  o p e r ­

a t i n g  l e v e l s ,  b u t  s t i l l  n o t  a b o v e  th e  a l l o w a b l e  v a l u e .

4. I n t e r m e d i a t e  H e a t  E x c h a n g e r

1 0 0 0 ° F .

5. S t e a m  G e n e r a t o r

A p p r o x i m a t e l y  585 ° F .  T h e  l i m i t i n g  i t e m  h e r e  i s  t h e  s t r e s s  in  th e  s h e l l  

w e ld  a t  t h e  e v a p o r a t o r  h e l i u m - t o - w a t e r  t u b e s h e e t  ( s e e  F i g u r e  2 .1 4  of  t h e  p a r e n t  

r e p o r t ) .  T h e  t e m p e r a t u r e  d i f f e r e n c e  a c r o s s  t h i s  w e l d  s h o u l d  be  l i m i t e d  to  6 0 ° F  

in  o r d e r  to  k e e p  s t r e s s e s  b e lo w  t h e  y i e l d  p o i n t .  T h e  s h e l l  of  t h e  s t e a m  g e n e r a t o r  

i s  d e s i g n e d  f o r  5 5 0 ° F  m a x i m u m .  U s i n g  s u p e r h e a t e d  s t e a m  f r o m  th e  c o n v e n t i o n a l  

f a c i l i t y  a t  850 p s i g ,  i t  i s  b e l i e v e d  t h a t  th e  s h e l l  of  t h e  e v a p o r a t o r  c a n  be  r a i s e d  to  

a b o u t  525 ° F .  T h e r e f o r e ,  w i th  a  m a x i m u m  t e m p e r a t u r e  d i f f e r e n t i a l  a c r o s s  the  

w e ld  of 60° ,  the  m a x i m u m  s o d i u m  t e m p e r a t u r e  i s  585 ° F .  ( U n d e r  n o r m a l  o p e r ­

a t i n g  c o n d i t i o n s  th e  s o d i u m  t e m p e r a t u r e  in  t h i s  r e g i o n  d o e s  n o t  e x c e e d  557 ° F .  )

With  th e  a b o v e  l i m i t s  in  m i n d ,  a  t e m p e r a t u r e  of  585 ° F  w a s  s e l e c t e d  a s  a  

t a r g e t  f o r  t h e  h o t  s o d i u m  t e s t .  T h e  l i m i t  of  6 0 ° F  on  th e  s t e a m  g e n e r a t o r  s h e l l  

w e ld  d i s c u s s e d  a b o v e  i s  th e  k e y  i t e m .  D e p e n d i n g  on t h e  m e a s u r e d  t e m p e r a t u r e s  

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

b e lo w  585 ° F .

T h e  t e s t  o b j e c t i v e s ,  a s  l i s t e d  in  th e  q u e s t i o n ,  c a n  a l l  be  m e t  a t  t h i s  t e m ­

p e r a t u r e ,  e x c e p t  f o r  n u m b e r  f o u r ,  w h i c h  c a n n o t  be  f u l l y  m e t  by  a n y  n o n - n u c l e a r  

t e s t .

a )  T h e  e x p a n s i o n  of  th e  p i p i n g  w i l l  b e  m e a s u r e d  a s  th e  s y s t e m  is  

h e a t e d  f r o m  100 to  5 8 5 ° F .  E x t r a p o l a t i o n  to  1 0 0 0 ° F  i s  s t r a i g h t ­

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

c l e a r  n e e  w i l l  be  a d e q u a t e  a t  th e  h ig h  t e m p e r a t u r e .
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b) L e a k  t i g h t n e s s  w i l l  be  d e m o n s t r a t e d  b y  585 ° F  o p e r a t i o n .  N o te  t h a t  

one  of th e  p r i m a r y  p u m p s  h a s  a l r e a d y  b e e n  o p e r a t e d  a t  975 ° F  in  i t s  

p r o o f  t e s t  ( s ee  S e c t i o n  D.2  of  th e  p a r e n t  r e p o r t ) .

c) A l i g n m e n t  of r e a c t o r  c o m p o n e n t s  w i t h  th e  l o a d i n g  f a c e  s h i e l d  i s  

m o s t  i m p o r t a n t  a t  a b o u t  600 °F ,  s i n c e  t h i s  w i l l  be  t h e  r e f u e l i n g  

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

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

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

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

p r o p o s e d  a l i g n m e n t  c h e c k  a t  585 °F  i s  c o n s i s t e n t  w i t h  the  r e f u e l i n g  

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

d) O p e r a b i l i t y  of  c o n t r o l  r o d s  c a n  be  v e r i f i e d .  S in c e  th e  c o n t r o l  r o d s  

a r e  d e s i g n e d  to  o p e r a t e d  a t  t e m p e r a t u r e s  up  to  1 8 0 0 ° F  on  th e  r e ­

t a i n e r  t u b e ,  no  n o n - n u c l e a r  t e s t  c a n  fu l l y  e s t a b l i s h  o p e r a t i n g  t e m ­

p e r a t u r e s .  N o te  t h a t  one  of  t h e  c o n t r o l  r o d s  h a s  a l r e a d y  b e e n  p r o o f  

t e s t e d  a t  t e m p e r a t u r e s  f r o m  600 to  1 0 0 0 ° F  (A p p en d ix  D . I  o f  t h e  

p a r e n t  r e p o r t ) .
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Q u e s t i o n  XI(e) :  How i s  i t  p r o p o s e d  to  v e r i f y  t h a t  p r o t e c t i v e  s y s t e m  c i r c u i t r y  
w i l l  r e s p o n d  p r o p e r l y  to  r e a l  a b n o r m a l  s i g n a l s  ?

A n s w e r :  A t  e a c h  m a j o r  p l a n n e d  s h u td o w n ,  t h e  p r o t e c t i v e  s y s t e m  w i l l  be c h e c k e d  

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

w i l l  be u s e d  a s  s h o w n  in  T a b l e  X I ( e ) - l .  W h e r e  s i m u l a t e d  s i g n a l s  a r e  u s e d ,  t h e

T A B L E  X I ( e ) - l  

S IG N A L  C H E C K S

S c r a m  o r  S e t b a c k R e a l  S ig n a l s S i m u l a t e d  S i g n a l s

1. P u m p  t r i p X

2. M a n u a l  s c r a m X

3. To  c o m p u t e r

a .  F l u x X

b.  T e m p e r a t u r e X

c.  F l o w X
(if r e a c t o r  i s  
i s o t h e r m a l )

X
(if r e a c t o r  h a s  g r e a t e r  
t h a n  50°  A t )

4.  d T / d t  c o m p u t e r X

5. F l o w / f l o w  c o m p u t e r X
(if r e a c t o r  i s  
i s o t h e r m a l )

X
(if r e a c t o r  h a s  g r e a t e r  
t h a n  50°  A t )

6 . R e a c t o r  s o d i u m  l e v e l X

7. E v a p o r a t o r  l e v e l X

8 . P e r i o d X

9. M a n u a l  s e t b a c k X

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

e x a m p l e ,  th e  r e a c t o r  o u t l e t  t e m p e r a t u r e  w i l l  be  s i m u l a t e d  by  a  p r e c i s e  m i l l i v o l t  

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

l a t e d  s i g n a l s  w i l l  be  t a k e n  f r o m  th e  c a l i b r a t i o n  c u r v e s  f o r  the  s e n s o r s  c o n c e r n e d .  

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

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

w h e n  a n y  of  the  r e a l  o r  s i m u l a t e d  s i g n a l s  r e a c h  th e  s c r a m  s e t t i n g .  It  w i l l  a l s o  be  

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

d e - e n e r g i z e d .

J  X J
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