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A B S T R A C T

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

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

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

i s  d e s c r i b e d .  It i s  p r o p o s e d  t o  c o n s t r u c t  a  b a s i c  a s s e m b l y  of  M T R -  

t y p e  fue l  e l e m e n t s  a n d  b e r y l l i u m  r e f l e c t o r  e l e m e n t s ,  w i t h  f o u r  6 i n .  s q .  

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

e x t e n s i v e  f l u x  d i s t r i b u t i o n s  wi l l  b e  o b t a i n e d  w i t h  s h i m  r o d s  in  a n d  ou t  

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

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

a n d  p r o v i d e  i n f o r m a t i o n  n e e d e d  in t h e  d e s i g n  of  t h e  L T R .  T h e  e x p e r i 

m e n t s  wi l l  b e  p e r f o r m e d  in t h e  L P R ,  u s i n g  t h e  L P R  f u e l  e l e m e n t s ,  

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

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

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

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

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

V a r i o u s  a c c i d e n t s  a r e  d i s c u s s e d ,  a n d  t he  m a x i m u m  c r e d i b l e  a c c i 

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

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

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

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

t i o n s .  It  m a y  b e  c o n c l u d e d  t h a t  a  1 %  e x c u r s i o n  w o u l d  n o t  e n d a n g e r  t h e  

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

l a b o r a t o r y .
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I .  I N T R O D U C T I O N

In Ju ly  of  1 959 ,  the  U n i ted  S t a t e s  A to m ic  E n e r g y  C o m m i s i i o n  

s e l e c t e d ,  a s  a b a s i s  for  n e g o t i a t i o n , X The B ab co ck  a n d  Wilcox 

C o m p a n y ' s  (B l tW )  p r o p o s a l  to th e  D iv i s io n  of R e a c t o r  D e v e lo p m e n t  for  
i r r a d i a t i o n  s e r v i c e s .  To supp ly  t h e s e  s e r v i c e s  BfcW p r o p o s e s  to c o n 

s t r u c t  an d  o p e r a t e  a N u c l e a r  F u e l s  T e s t i n g  R e a c t o r  t o  be known a s  the  

L y n c h b u rg  T e s t  R e a c t o r  (L T R ) .  In i t s  c o n c e p tu a l  d e s i g n ,  the  L T R  is  

a 50 MWh r e a c t o r  u t i l i s in g  b e r y l l i u m  a s  r e f l e c t o r  m a t e r i a l  and  l ight  

w a t e r  a s  c o o l a n t  and  m o d e r a t o r .  A f lex ib le  a r r a n g e m e n t  of E T R - t y p e  

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

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

a r r a n g e m e n t  w i t h  fo u r  l a r g e  i r r a d i a t i o n  s p a c e s  i s  s h o w n  in F i g u r e  1.

A s e r i e s  o f  c r i t i c a l  e x p e r i m e n t s  has  b een  p r o p o s e d  to p r o v id e  

a c c u r a t e  k n o w l e d g e  of the  f lux  a v a i l a b l e  in the  t e s t  h o l e s  p e r  uni t  of 

r e a c t o r  p o w e r .  (The r e l i a b i l i t y  o f  n u c l e a r  c a l c u l a t i o n s  on c o r e s  of t h i s  

type i s  not e s t a b l i s h e d . )  T h e s e  e x p e r i m e n t s  will a l s o  p r o v i d e  d e s ig n  

in f o r m a t io n  on ro d  w o r t h s ,  r e a c t i v i t y  e f fe c t s  of v a r i o u s  m a t e r i a l s  in 

the t e s t  h o l e s ,  and  the  r e q u i r e d  f u e l  e l e m e n t  l o a d i n g .  T he  c r i t i c a l  

e x p e r i m e n t s  — s c h e d u le d  to  b e g in  D e c e m b e r  15, 1959 — will r e q u i r e  

s e v e r a l  m o n t h s  t i m e .  T h ey  w i l l  b e  p e r f o r m e d  in t h e  pool  of the  L P R ,  

l o c a te d  a t  t h e  B&W C r i t i c a l  E x p e r i m e n t  L a b o r a t o r y  n e a r  L y n c h b u r g ,  

V i r g i n i a .
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I I .  S I T E  L O C A T I O N  A N D  
L A B O R A T O R Y  D E S C R I P T I O N

A. S I T E  LOCATION

The  C r i t i c a l  E x p e r i m e n t  L a b o r a t o r y  is l o c a t e d  in C a m pb e l l  C o u n t y ,  

V i r g i n i a ,  a p p r o x i m a t e l y  4 . 5  a i r  m i l e s  e a s t  of L y n c h b u r g ,  the n e a r e s t  

p r i n c i p a l  c i t y .  A m a p  of t he  s i t e  i s  shown in A p p e n d i x  A.

B.  L A B O R A T O R Y  D E S C R I P T I O N

The  m a j o r  e x p e r i m e n t a l  a r e a s  of the C r i t i c a l  E x p e r i m e n t  L a b o r a -  
t o ry  a r e  tw o  sh i e lded  bays  a n d  a  r e a c t o r  wing .  O t h e r  f a c i l i t i e s  i n c l u d e  

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

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

shop ,  a n d  o f f i c e s .  A p h o t o g r a p h  and  f loor  p l a n s  o f  t he  l a b o r a t o r y  a r e  

p r e s e n t e d  in Appendix  B.

C r i t i c a l  e x p e r i m e n t s  f o r  t h e  N.  S. Sa v a n n a h  r e a c t o r  a r e  c u r r e n t l y  

being p e r f o r m e d  in Bay No.  l . A  Bay No.  2 c o n t a i n s  two c r i t i c a l  e x p e r i 

m en t  f a c i l i t i e s :  a w a t e r  t ank  u s e d  for  s t u d i e s  on w a t e r  m o d e r a t e d  t h o r i u m -  

oxide  u r a n i u m - o x i d e  fuel  p i n s , ! -  and a sp l i t  b e d  a s s e m b l y  fo r  t h e  

g r a p h i t e  m o d e r a t e d  L M F R E  c r i t i c a l  e x p e r i m e n t s . !  Both  e x p e r i m e n t s  

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

T h e  r e a c t o r  wing h o u s e s  t h e  L P R ,  a 2 0 0 - k w  s w i m m i n g  pool  r e s e a r c h  

r e a c t o r . — R e ce n t l y  an a p p l i c a t i o n  ha s  been  s u b m i t t e d  to the U. S.
A tomic  E n e r g y  C o m m i s s i o n  t o  i n c r e a s e  the p o w e r  l eve l  of the L P R  

to 2 MW, h o w e v e r ,  the u l t i m a t e  d i sp os i t i o n  of t h i s  app l i c a t i on  wil l  in no 

way a f f e c t  t h e  p r o g r a m  d e s c r i b e d . ^ -

The  L T R  c r i t i c a l  e x p e r i m e n t s  wil l  be p e r f o r m e d  in the L P R ,  u t i 
l i z ing a  m a j o r  p o r t i o n  of  chat  f a c i l i t y .  The  L P R  i s  d e s c r i b e d  f u r t h e r  

in A p p e n d i x  B. The  m o d i f i c a t i o n s  of t h i s  f a c i l i t y  and  the de s ign  of  t h e  

L T R  c r i t i c a l  e x p e r i m e n t s  a r e  d i s c u s s e d  in C h a p t e r  IV.



C .  L A B O R A T O R Y  A D M I N I S T R A T I O N

T h e  C r i t i i d l  E x p e r i m e n t  L a b o r a t o r y  i s  o p e r a t e d  by  t h e  P h y s i c s  

a n d  M a t h e m a t i c s  D e p a r t m e n t  o f  B f c W ' s  A t o m i c  E n e r g y  D i v i s i o n .  T h e  

L a b o r a t o r y  S u p e r v i s o r ,  r e s p o n s i b l e  f o r  a l l  o p e r a t i o n s  w i t h i n  t h e  l a b o r a 

t o r y ,  wi l l  a s s i g n  a  G r o u p  S u p e r v i s o r  w h o  w i l l  d i r e c t  a l l  L T R  c r i t i c a l  

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

t o  t h e  L T R  t r i t i c  a!  e x p e r i m e n t s  a r e  d i s c u s s e d  in  C h a p t e r  V .

D .  LABORA TO RY O PERATIO NS

T h e  C r i t i c a l  E x p e r i m e n t  L a b o r a t o r y  b e g a n  o p e r a t i o n  i n  1 9 5 6 .  S i n c e  

t h e n ,  s i x  m a j o r  < r i t u  a l  e x p e r i m e n t  p r o g r a m s  h a v e  b e e n  u n d e r t a k e n  

w i t h o u t  i n c i d e n t  — a  t o t a l  o f  2 2 0 0  o p e r a t i n g  r u n s .  In a d d i t i o n ,  t h e  L P R  

h a s  b e e n  o p e r a t e d  a p p r o x i m a t e l y  25C t i m e s  s i n c e  i t  i n i t i a l l y  r e a c h e d  

c r i t i c a l i t y  on  S e p t e m b e r  19 ,  1 9 5 8 .  O f  t h e  40  m e m b e r s  o n  t h e  C r i t i c a l  

E x p e r i m e n t  L a b o r a t o r y  S t a f f ,  20 a r e  s c i e n t i s t s  — i n c l u d i n g  n i n e  A E C -  

li< e t t c e d  o p e r a t o r s  — a n d  t h e  r e m a i n d e r  a r e  t e c h n i c i a n s  a n d  s u p p o r t i n g  

p e r s o n n e l .
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I I I .  E X P E R I M E N T A L  P R O G R A M

.

|  A.  G E N E R A L  O B J E C T I V E S

T h e  m a j o r  o b j e c t i v e s  a r e  (1) to c o n s t r u c t  a c r i t i c a l  a s s e m b l y  

r e s e m b l i n g  as  n e a r l y  a s  p o s s i b l e ,  the t y p i c a l  L T R  c o r e  a r r a n g e m e n t  

shown  in F i g u r e  1, (2) t o  o b t a i n  c r i t i c a l i t y  a n d  f lux da t a  tha t  c a n  be  u s e d  

to c h e c k  t w o - d i m e n s i o n a l  c a l c u l a t i o n a l  m e t h o d s ,  and (3) to p r o v i d e  

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

B.  BASIC ASSEMBLY

A l t h o u g h  the b a s i c  a s s e m b l y  to be  s t u d i e d  (F ig .  2) d o e s n ' t  e x a c t l y  
d u p l i c a t e  the e x p ec t e d  L T R  loading  shown in F i g u r e  1, it d o e s  c o n t a i n  

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

t en t  w i t h  the a v a i l a b i l i t y  of  fuel  e l e m e n t s  a n d  b e r y l l i u m .

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

C h a p t e r  IV.  T h e s e  e x p e r i m e n t s  wil l  u t i l i z e  t h e  fuel  e l e m e n t s  n o w  be ing 

u s e d  in t he  L P R .  T h e  l o c a t i o n  (F ig .  2) of f ue l  e l e m e n t s  c o n t a i n i n g  the 

s a f e t y  r o d s  and the r e g u l a t i n g  rods  is  t y p i c a l ,  and  m a y  be c h a n g e d  du r ing  

t he  e x p e r i m e n t s  p r o v i d i n g  t h e i r  r e a c t i v i t y  w o r t h s  a r e  c o n s i s t e n t  wi th  

the  l i m i t a t i o n s  se t  f o r t h  l a t e r .  Sol id b e r y l l i u m  e l e m e n t s ,  on l o a n  f r o m  

Oak  R i d g e  Nat iona l  L a b o r a t o r y ,  c o n s t i t u t e  t h e  r e f l e c t o r ,  and  s e v e r a l  

o t h e r  b e r y l l i u m  e l e m e n t s ,  a r e  l o ca t ed  w i t h in  t he  c o r e .

In t he  ba s i c  a s s e m b l y  the  five sh im  r o d  l o c a t i o n s  c o n t a in  so l i d  

a l u m i n u m  r a t h e r  than c a d m i u m  sh im r o d s  in o r d e r  to m o c k u p  t h e  r o d -  

f o l l o w e r s .  Th is  m o c k s  up the rod "ou t "  c o n d i t i o n .  In al l  of t h e  a s s e m 

b l i e s ,  t he  r i g id ly  f i xed  s h i m  rods  can no t  be  m o v e d  unti l  the  f u e l  ha s  
b e e n  r e m o v e d .  The  f o u r  t e s t  hole s p a c e s  a r e  a p p r o x i m a t e l y  6 i n .  s q u a r e ,  

a r e  f i l l e d  wi th four  s o l i d  b l o c k s  of a l u m i n u m .  T h e s e  a r e  a l s o  r i g id l y  

f i xed  and  cannot  be r e m o v e d  b e fo r e  the fue l  e l e m e n t s  a r e  r e m o v e d .

*1
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FIG. 2: BASIC A R R A N G E M E N T  OF L T R  C R I T I C A L  E X P E R I M E N T
C O R E



On the  b a s i s  of t h e  n u c l e a r  c a l c u l a t i o n s  s u m m a r i z e d  in A p p e n d ix  

E ,  t h i s  c o n f ig u r a t i o n  w o u ld  be s o m e w h a t  s u p e r - c r i t i c a l .  T h e r e f o r e ,  

b e f o r e  c o n s t r u c t i n g  t h e  a s s e m b l y ,  e a c h  fu l l  e l e m e n t  will  be l o a d e d  with 

a n u m b e r  of p o i so n  s h i m s  e s t i m a t e d  to  m a k e  the  r e a c t o r  c r i t i c a l  with 

an  e x c e s s  r e a c t i v i t y  l e s s  than  the  w o r th  o f  th e  r e g u la t in g  r o d  w h e n  the 

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

in C h a p t e r  IV, and th e  l o a d in g  s e q u e n c e  a n d  hand l ing  of the  s h i m s  a r e  

c o v e r e d  in C h a p te r  V .

A f t e r  the bas ic  a s s e m b l y  has  b een  s h i m m e d  to c r i t . c a l i t y ,  the  

w o r t h  of the  s a fe ty  a n d  r e g u l a t i n g  r o d s  w i l l  be  m e a s u r e d  to  a s s u r e  sa fe  

o p e r a t i o n .

C .  F L U X  M A P P IN G

In the  b a s ic  c o n f i g u r a t i o n ,  and  o t h e r s  to  be d e s c r i b e d  l a t e r ,  the  
p o w e r  d i s t r i b u t i o n  in  t h e  fuel e l e m e n t s  a n d  th e  flux d i s t r i b u t i o n  in the  

b e r y l l i u m  and a l u m i n u m  will be e x t e n s i v e l y  m a p p e d .  S t a n d a r d  p r a c t i c e s  

w i l l  be fo l low ed u s in g  f o i l s  o r  w i r e s  of g o l d ,  d y s p r o s i u m ,  i n d i u m , U - 235, 

e t c .  F lu x  m a p p in g  in t h e  fuel  e l e m e n t s  a n d  v a r i o u s  w a t e r  g a p s  wil l be 

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

r e m o t e l y  loaded  in to  t h e  a p p r o p r i a t e  w a t e r  g a p s .  T he  m a p p i n g  in the 

b e r y l l i u m  and  a l u m i n u m  p i e c e s  will be a c c o m p l i s h e d  by r e m o v i n g  th e s e  

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

T h e  s e q u e n c e  of r e m o v i n g  and r e p l a c i n g  t h e s e  e l e m e n t s  w i l l  fo l lpw  that  

d e s c r i b e d  in C h a p t e r  V .  In so m e  c a s e s  s m a l l  h o le s  m a y  be  d r i l l e d  in 

th e  a lu m in u m  e l e m e n t s  to f a c i l i t a t e  w i r e  i r r a d i a t i o n s  w i th o u t  r e m o v i n g  

t h e  e l e m e n t .

D .  SHIM ROD E F F E C T S

T he  r e a c t i v i t y  w o r t h  of the  c a d m i u m  s h im  r o d s  wil l b e  m e a s u r e d  

in  v a r i o u s  c o m b i n a t i o n s  of " i n " ,  " o u t " ,  a n d  " p a r t i a l l y  i n s e r t e d "  p o s i t i o n s .  

E a c h  c o n f ig u r a t i o n  w i l l  be c o n s i d e r e d  a s  a new a s s e m b l y ,  a n d  i n c r e m e n 

t a l  lo a d in g s  will be  m a d e  a s  d e s c r i b e d  in  C h a p t e r  V. E a c h  a s s e m b l y  

w i l l  r e q u i r e  a d i f f e r e n t  a r r a n g e m e n t  o f  s h i m s  in the  fuel  e l e m e n t s  so 

t h a t  the  f inal  c o n f i g u r a t i o n  has  an e x c e s s  r e a c t i v i t y  of l e s s  th a n  the  w o r th  
o f  the  r e g u la t in g  r o d .  The  t h r e e  t y p e s  o f  sh im  ro d s  r e p r e s e n t i n g  the 

" i n " ,  " o u t " ,  and  " p a r t i a l l y  i n s e r t e d "  c o n d i t i o n s  a r e  d e s c r i b e d  in 

C h a p t e r  IV.
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In t h e  f 1 rwt net of a s s e m b l i e s  the r e a c t i v i t y  w o r t h  of e a c h  t yp e  of  

sh im  r o d  wi l l  be m e a s u r e d ,  i nd iv idu a l l y  in t h i s  o r d e r :  the c e n t r a l  b l a d e ,  

the o u t e r  < r o s s - shap ed  b l a d e ,  t hen  the  i n n e r  c r o s s - s h a p e d  b l a d e .  In 

t h i s  s e q u e n c e ,  fuel e l e m e n t  s h i m m i n g  wi l l  be a c c o m p l i s h e d  by r e m o v i n g  

po i son  s h i m s ,  and ,  p o s s i b l y ,  add ing  s o m e  fue l  s h i m s  for  t he  c a s e  of  

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

v a r i o u s  f lux t r a v e r s e s  wil l  be  m a d e ,  a s  d i s c u s s e d  p r e v i o u s l y .

T h e  i m p o r t a n c e  of s h i m  r o d  i n t e r a c t i o n s  wi l l  be  s t ud i ed  in t h e  n e x t  

se t  of a s s e m b l i e s ,  wh ich  w i l l  be bui l t  wi th v a r i o u s  c o m b i n a t i o n s  o f  two 

and t h r e e  s h i m  ro ds  i n s e r t e d .  The  n u m b e r  o f  c o m b i n a t i o n s  wil l  b e  

r e s t r i c t e d  by t i m e  and  l i m i t e d  to c o n f i g u r a t i o n s  t ha t  can  be m a d e  c r i t i c a l  

wi th 80  g m  of  U-235 p e r  f u e l  e l e m e n t ,  in the f o r m  of fuel  s h i m s  o r  10% 

r e a c t i v i t y ,  w h i c h ev e r  i s  l e s s .

S o m e  a s s e m b l i e s  m a y  be  bui l t  wi th one  o r  m o r e  sh im  r o d s  " p a r t i a l l y  

i n s e r t e d " .  To m ock up  t h i s  c o n d i t i o n ,  s p e c i a l  s h i m  r od s  c o n t a i n i n g  a 

s t a i n l e s s  s t e e l  and a c a d m i u m  sec t i on  wil l  be  f u l ly  i n s e r t e d  and  l o c k e d  

in t he  c o r e .  T h e  s h i m  r o d  wi l l  not  be m o v e d  o r  p a r t i a l l y  i n s e r t e d  in any 

of  t h e s e  e x p e r i m e n t s ,

E .  T E S T  HOLE  E X P E R I M E N T S

T h e  r e a c t i v i t y  w o r t h  o f  i np i l e  s e c t i o n s  o f  t y p i c a l  t e s t  l o o p s ,  a nd  
t h e i r  e f f e c t  on the f lux d i s t r i b u t i o n ,  wil l  be  m e a s u r e d  by r e p l a c i n g  the  

fou r  s o l i d  a l u m i n u m  e l e m e n t s  in one o r  m o r e  of  the 6 in.  sq t e s t  ho l e  

p o s i t i o n s  with the s p e c i a l  t e s t  i n s e r t s  d e s c r i b e d  in C h a p t e r  IV.

E a c h  c o n f i g u r a t i o n  c o n t a i n i n g  a t e s t  i n s e r t  wi l l  be t r e a t e d  a s  a  new 

a s s e m b l y  and  loaded  in i n c r e m e n t s .  The  f i r s t  a s s e m b l i e s  wi l l  h a v e  only 

one  t e s t  i n s e r t ,  the o t h e r  t e s t  ho l es  be ing  f i l l e d  wi th sol id  a l u m i n u m ,  a s  

in t he  b a s i c  a s s e m b l y .  If t i m e  p e r m i t s ,  two o r  m o r e  t e s t  h o i e s  wi l l  be 

f i l l ed  w i th  t e s t  i n s e r t s  to m e a s u r e  i n t e r a c t i o n s .

F .  AD DI TI O NA L  E X P E R I M E N T S

A d d i t i o n a l  e x p e r i m e n t s  m a y  be n e c e s s a r y  d u r i n g  the d e s i g n  of  the 
L T R .  T h e s e  e x p e r i m e n t s  would  be s i m i l a r  t o  t h o s e  a l r e a d y  d e s c r i b e d  

and  wo u l d  not i n t r o d u c e  n e w  h a z a r d s .  T y p i c a l  p o s s i b i l i t i e s  a r e :

1 . The  addi t ion  of s e v e r a l  sol id  a l u m i n u m  r e f l e c t o r  e l e m e n t s  o u t 
s i de  the b e r y l l i u m  r e f l e c t o r  to o b t a i n  t h e i r  r e a c t i v i t y  e f f e c t  and 
t he  flux c h a n g e  i n  t he  b e r y l l i u m  r e f l e c t o r .

I
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2. F lu x  m a p p i n g  in the  w a t e r  r e g i o n  a ro u n d  the  a s s e m b l y  to 
o b ta in  sh ie ld in g  d a t a .

The s a fe ty  o f  e a c h  e x p e r i m e n t  d e s c r i b e d  as  wel l  a s  t h o s e  to be 

a d d e d  wil l  be t h o r o u g h l y  r e v i e w e d  in a d v a n c e  by the  BfcW S a f e g u a r d  

R e v ie w  C o m m i t t e e ,  w hose  fu n c t io n s  a r e  d e s c r i b e d  in C h a p t e r  V. No 

e x p e r i m e n t  will  b e  s t a r t e d  without  a p p r o v a l  of the  C o m m i t t e e .



I V .  D E S I G N  O F  E X P E R I M E N T

Th e  L T R  c r i t i c a l  e x p e r i m e n t s  w i l l  be p e r f o r m e d  in  the  L P R ,  u t i l i z 

ing L P R  e q u i p m e n t  u n l e s s  o t h e r w i s e  s t a t e d .  A new g r i d  p l a t e  will be 

i n s t a l l e d  a d j a c e n t  to  the  p r e s e n t  L P R  g r i d  p l a t e .  T h e  on ly  o t h e r  m a j o r  

chan g e  f r o m  L P R  o p e r a t i o n s  i n v o l v e s  the  n a tu re* o f  t h e  c o r e  i t s e l f .

A .  P O O L  A N D  GRID P L A T E

F i g u r e  3 i s  a d i a g r a m  of th e  po o l  showing both  g r i d  p l a t e s .  The 

p o o l ,  13 f t .  l o n g ,  7 f t .  w id e ,  a n d  18 f t .  d e e p ,  h a s  p o u r e d  c o n c r e t e  w a l l s  

ran g in g  in t h i c k n e s s  f r o m  6 to 8 ft  at  the  b a s e m e n t  ( c o r e )  leve l  and  6 ft 

a t  the  f i r s t  f l o o r  l e v e l .  T h e  w a t e r  leve l  i s  abou t  1 3 ft  abo v e  the  top of 

the L T R  c o r e .  At one end  of t h e  po o l  i s  a s t o r a g e  p i t ,  2 1 /2  ft wide by 

$ 1 /2  ft d e e p  b e lo w  the p o o l ' s  b o t t o m  le v e l .  The  p i t  c o n ta in s  r a c k s  f o r  

fuel  e l e m e n t  s t o r a g e ,  and  a c o n c r e t e  sh ie ld  c o v e r  to  p e r m i t  d r a i n a g e  o f  

the pool  d u r i n g  m a i n t e n a n c e  a n d  r e p a i r  o p e r a t i o n s .

T h e r e  a r e  t h r e e  b e a m  p o r t s :  two 3 - in .  p o r t s  w h i c h  do not e x ten d  

in to  the  p o o l ,  an d  one 8 - i n .  p o r t  which  had  a tube  e x t e n d in g  to the  e d g e  

of the  L P R  g r i d  p l a t e .  T h i s  e x t e n s i o n  has  b e en  r e m o v e d  fo r  the  r e f e r 

e n ce  e x p e r i m e n t s ,  thus  no b e a m  p o r t s  o r  tu b e s  e x t e n d  to with in  24 in .  

of the  L T R  o r  L P R  g r i d  p l a t e s .  T h e  b e a m  p o r t s  w i l l  be p lug g ed  with  

c o n c r e t e  b l o c k s  to p r o v i d e  b i o l o g i c a l  sh ie ld in g .

A m a j o r  p e n e t r a t i o n  in th e  s h i e l d  w a l l ,  a d j a c e n t  to  the  L P R  g r i d  

p l a t e ,  a c c o m m o d a t e s  an a u t o c l a v e  p r e s e n t l y  b e in g  u s e d  fo r  hot  e x p o n e n 

t ia l  e x p e r i m e n t s .  The a u t o c l a v e  is  s e p a r a t e d  f r o m  th e  pool w a t e r  by a 

1 - i n . - t h i c k  a lu m i n u m  p r e s s u r e  p l a t e ,  b o r a l  p l a t e ,  f o u r  in c h e s  of l e a d  

b r i c k s ,  a n d  two sh ie ld  t a n k s  c o n t a i n i n g  w a t e r .

A d d i t i o n a l  sand  sh ie ld in g  i s  u se d  in the  s p a c e  b e tw e e n  the  a u t o c l a v e  

and the  h o l e  in the s h ie ld  w a l l ,  a n d  a th ick  l a y e r  o f  c o n c r e t e  b lo c k s  h a s  

been  e r e c t e d  a ro u n d  the  a u t o c l a v e  fo r  shadow  s h i e l d i n g .  T h i s  a r r a n g e 

m e n t  — n e c e s s a r y  for  L P R  o p e r a t i o n  a t  200 kw — p r o v i d e s  m o r e  th an

-  11
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e n o u g h  b i o l o g i c a l  s h i e l d i n g  f o r  t h e  L T R  c r i t i c a l  e x p e r i m e n t s  w h i c h  w i l l  

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

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

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

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

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

T h e  g r i d  p l a t e  wi l l  be  i n s t a l l e d  a b o u t  6 i n .  f r o m  t h e  L P R  g r i d  p l a t e ,  

a s  s h o w n  in F i g u r e  3, a n d  r i g i d l y  m o u n t e d  on t h e  p o o l  f l o o r  i n  a s t e e l  

f r a m e .  T h e  5 - i n . * t h i c k  a l u m i n u m  g r i d  p l a t e  — a b o u t  30 by 35 i n .  — h a s  

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

a r r a n g e m e n t  s h o w n  in F i g u r e  2.  T h e  g r i d  p l a t e  i s  s i m i l a r  t o  t h e  L P R  

g r i d  p l a t e , h a v i n g  2 - 7 / l b - m .  h o l e s  f o r  ’he  b a s e  of  t h e  f u e l  e l e m e n t s ,  1-  

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

a n d  t he  s h i m  b l a d e s ,  a n d  7 / 8 - i n .  - d i a m e t e r  c o o l i n g  h o l e s  b e t w e e n  t h e  

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

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

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

g r i d  l o c a t i o n .

D .  F U E L  E L E M E N T S  A N D  S H I M S

T h e  M T R - t y p e  fuel  e l e m e n t s  i n  t h e  L P R  c o r e  w i l l  b e  u s e d  ir. t h e s e  

e x p e r i m e n t *  . Of  t h e  24 e l e m e n t s  a v a i l a b l e ,  e i g h t e e n  a r e  fu l l  e l e m e n t s  

wi t h  10 fue l  p l a t e s .  T h e  s a n d w i c  h - t y p e  p l a t e s  c o n t a i n  a  Q. 0 2 0 - i n . - t h i c k  

c o r e  of  U - A l  a l l o y  w i t h  30 w / o  h i g h l y  e n r i c h e d  u r a n i u m  ( g r e a t e r  t h a n  

90% U - 2 3 5 ) .  T h e  s i d e s  a n d  e d g e s  o f  t h e  p l a t e s  a r e  c l a d  w i t h  0 . 0 1 5  i n .  

a l u m i n u m .  E a c h  p l a t e  c o n t a i n s  a b o u t  19 g m  U - 2 3 5 ,  1 90  g m  U - 2 3 5  p e r  

fu l l  fue l  e l e m e n t .  T h e  c u r v e d - p l a t e  fue l  e l e m e n t s ,  w h i c h  f i t  in a rec  

t a n g l e  2.  9 9 6  i n .  by 3 . 2 2 2  i n . ,  h a v e  an  a c t i v e  l e n g t h  o f  2 3 ' 1 / 2  i n .  T h e  

w a t e r  g a p s  b e t w e e n  p l a t e s  a r e  0 . 2 7 6  i n .

In a d d i t i o n  t o  t he  18 ful l  e l e m e n t s ,  t wo  fuel  e l e m e n t s  w i t h  f i ve  f u e l  

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

fue l  e l e m e n t s  h a v e  on l y  s i x  o u t e r  f ue l  p l a t e s  eac h, t h e  i n n e r  r e g i o n  b e i n g  

u s e d  co r  t h e  c o n t r o l  r o d s .  T h r e e  o f  these* e l e m e n t s  c o n t a i n  s a f e t y  r o d s ,  

t he  f o u r t h  c o n t a i n s  t he  r e g u l a t i n g  r o d .  E a c h  of  t h e  f o u r  c o n t r o l  r o d s  

c o n t a i n s  115 g m  U - 2 3 5 .

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



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

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

p l a t e s  of  e a t  h f ue l  e l e m e n t  e x c e p t  t h e  r o d  c o n t a i n i n g  fue l  e l e m e n t s .  T h e  

p o i s o n  s h i m s  a r e  0 .  0 5 0 - i n . - t h i c k  s t a i n l e s s  s t e e l  p l a t e s ,  a b o u t  2 . 2 5  in .  

w i d e  by  24 i n .  l o n g  ( a c t i v e ) .  T h e  f u e l  s h i m s  a r e  l u c i t e  p l a t e s ,  a p p r o x i 

m a t e l y  l / H  i n .  t h i c k ,  2 . 2 5  i n .  w i d e ,  a n d  2 4  i n .  l on g  ( a c t i v e ) .  U - A l  

fo i  n on  l o a n  f r o m  t h e  L M F R E  c r i t i c a l  e x p e r i m e n t  wi l l  b e  c e m e n t e d  to 

o n e  s i d e  o f  e a i  h f u e l  s h i m .  T h e s e  f o i l s  , 0 . 0 1 0  i n .  t h i c k ,  1 . 6  i n .  w i d e ,  

a n d  12 i n .  l o n g ,  c o n t a i n  18 w / o  h i g h l y  e n r i c h e d  u r a n i u m  ( g r e a t e r  t h a n  

fMl%) in a l u m i n u m  a l l o y .  T h e  U - 2 3 5  c o n t e n t  p e r  foi l  i s  1 . 6  g m .  T e n  

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

w a t e r p r o o f  p l a s t i c  t a p e .

I t «• rcac  I i ty w o r t h  o f  t h e s e  s h i m s  i s  d i s c  u s s ' d  in A p p e n d i x  E .

N o n e  of  t h e  a s s e m b l i e s  s h o u l d  r e q u i r e  t h e  a d d i t i o n  of  m o r e  t h a n  t h r e e  

o r  f o u r  p o i s o n  s h i m s  o r  f i v e  fue l  s h i m s  p e r  f ue l  e l e m e n t .  T h e  l i m i t a 

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

s h i m s  wi l l  n e v e r  b e  m i x e d  in a n y  o n e  a s s e m b l y ,  i . e ,  , t h e  a s s e m b l y  wi l l  

c o n t a i n  e i t h e r  p o i s o n  o r  fue l  s h i m s  — n o t  a  c o m b i n a t i o n .

S i m  e tl ie O p e r a t i n g  P r o c e d u r e s  s t i p u l a t e  t h a t  s h i m s  s h a l l  not  be  

acicied t o  o r  s u b t r a c  t e d  f r o m  t h e  f ue l  e l e m e n t s  in  t h e  c o r e ,  m e c h a n i c a l  

i n t e r l o c k s  wi l l  be  a t t a c h e d  t o  e a c h  e l e m e n t .  T h e s e  i n t e r l o c k s  a r e  r i g h t -
i

brae  k e t s ,  I i l o n g  the  t o p  e d g e  o f  e a c h  fue l  e l e m e n t .  When

th*- fue l  e l e m e n t  i s  i n  t h e  c o r e ,  it i s  a d j a '  e n t  t o  a b e r y l l i u m  e l e m e n t  

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

t h e  fue l  e l e m e n t ' ,  h o w e v e r ,  t h e  fue l  e l e m e n t  s t a n d s  a l o n e  w h e n  r e m o v e d  

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

t h e  t o p  of t he  f u e l  e l e m e n t  by t h e  p r e s e n c e  o f  t h e  a d j a c e n t  e l e m e n t ,  b u t ,  

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

t h e  t o p  of  t h e  fue l  e l e m e n t  a n d  p e r m i t  a c c e s s  t o  t h e  s h i m s .  In t h e  c o r e  

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

t it d o e s  p r e v e n t  t h e  r e m o v a l  of  a  p o i s o n  o r  fu e l  s h i m .

C .  B E R Y L L I U M  A N D  A L U M I N U M  E L E M E N T S

High  p u r i t y ,  s o l i d  b e r y l l i u m  b l o c k s  ( 2 . 8 7 5  ± 0 . 0 0 2  i n .  s q )  w i l l  be  

b o r r o w e d  f r o m  O a k  R i d g e  N a t i o n a l  L a b o r a t o r y  in 1 / 4 - ,  1 - ,  a n d  4 - i n .  

l e n g t h s .  E a i  h b l o c k  i s  p i e r c e d  by  a  N o .  8 h o l e  t h r o u g h  t h e  c e n t e r  so



t h a t  b e r y l l i u m  e l e m e n t s  ( a b o u t  24 i n .  a c t i v e  l e n g t h )  c a n  b e  a s s e m b l e d  

by s t a c k i n g  t h e  b l o c k s  a n d  h o l d i n g  t h e m  t o g e t h e r  r i g i d l y  w i t h  a 3 / 1 6  i n .  

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

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

fue l  e l e m e n t s ,  h a v e  a n o m i n a l  1 - i n .  - d i a m e t e r  p i n  w h i t  h f i t s  i n t o  t h e  g r i d  

p l a t e .  A n  e y e b o l t  i s  l o c a t e d  a t  t h e  t up  of e a c h  e l e m e n t  t o  f a c i l i t a t e ,  

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

l iole loc a t i o n s  in m o s t  o f  the a s s e m b l i e s  a r e  s o l i d  | i s ,  a p p r o x i m a t e l y  

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

to alum i n  mi b a s e  p l a t e s  s i m i l a r  t o  t h o s e  u s e d  f o r  t h e  b e r y l l i u m  e ien  ■
A s p e c i a l  f e a t u r e  o f  t h e s e  b a s e  p l a t e s  — 1 / 8 - i n .  - t h i c k  a l u m i n u m  w e b s  

t h a t  e x t e n d  i n t o  t h e  a r e a  u n d e r  t h e  a d j a c e n t  f u e l  e l e m e n t #  — a l l o w  t h e  

fue l  e l e m e n t s  t o  r e s t  on a n  i n t e g r a l  p a r t  o f  t h e  a l u m i n u m  e l e m e n t s .

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

t h e  f ue l  i s  r m tO V ld . An e y e b o l t  wi l l  be  f a s t e n e d  t o  t h e  t o p  of t h e  e l e m e n t  

to  f a c i l i t a t e  r e m o t e  h a n d l i n g .

D. bHIM RODS

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

T h e  b l a d e s  a r e  n o m i n a l l y  6 i n .  f r o m  t i p  t o  t i p  (3 i n .  f o r  c e n t r a i  p l a t e )  

a n d  0 . 2 5 0  ; n .  t h i c k  by 25 i n .  a c t i v e  l e n g t h .  T h r e e  t y p e s  of  r o d s  w i l l  

be  u s e d  t o  s i m u l a t e  t h e  ’’r o d  o u t " ,  " r o d  i n " ,  a n d  " r o d  p a r t i a l l y  i n s e r t e d "  

c o n d i t i o n s .  O n e  s o l i d - a l u m i n u m  s e t  wi l l  m o t  k u p  t h e  " r o d  o u t "  c o n d i t i o n .  

T o  m o c k  ip a c t u a l  L T R  s h i m  r o d s ,  a ' s e c o n d  s e t  — a s a n d w i c  h o f  0 . 0 2 0 -  

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

t h i c k n e s s  o f  0 . 2 5 0  in .  T h e  t h i r d  s e t ,  c o n s i s t i n g  o f  c a d m i u m  a n d  s t a i n 

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

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

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

b e t w e e n )  w i t h  h i g h - s t r e n g t h  e p o x y  r e s i n  o r  d o u b l e  fat  e t a p e .  T h e  

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

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

be  w e l d e d  t o  a n  a l u m i n u m  b a s e  p l a t e  wi th  a 1 - i n .  - d i a m e t e r  p i n  t o  f i t  

i n t o  t h e  g r i d  p l a t e ,  a n d  a  1 /  8 - ; n . - t h i c k  w e b  e x t e n d i n g  u n d e r  t h e  a d  iac e n t  

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

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

j
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p l a t e  b e f o r e  the  f u e l  e l e m e n t s  a r e  l o a d e d .  An e y e b o l t  w i l l  be  f a s t e n e d  

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

E .  T E S T  H O L E  I N S E R T S

V a r i o u s  t e s t  h o l e  i n s e r t s  wi l l  b e  f a b r i c a t e d  to s i m u l a t e  t e s t  l o o p s  

w h i c h  m a y  be  u s e d  in  the  r e a c t o r .  T h e s e  i n s e r t s ,  a p p r o x i m a t e l y  b in .  

s q ,  fit in the  s;>ai e  c r e a t e d  by r e m o v i n g  the  four  s o l i d  a l u m i n u m  e l e 

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

b a s e  plai  e wi th  1 - i n .  - d i a m e t e r  p i n s  t o  f it  in the g r i d  p l a t e  h o l e s ,  and  

1 / 9 - i n , - t h i c k  w e b r  s  e x t e n d  u n d e r  the  a d j a c e n t  f u e l  e l e m e n t s  to

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

r e m o v e d .

F i g u r e  4 s h o w s  a t y p i c a l  t e s t  h o l e  i n s e r t ,  c o n s i s t i n g  o f  s i x t e e n  

0 . 4 2 0 - i n .  O D  by 0 . 0 2 9 ~ i n .  wa l l  Z i r c a l l o y  t u b e s  f i l l e d  w i t h  U O 2 of  

7 . 0 %  e n r i c h m e n t  t o  a bulk d e n s i t y  o f  9 . 4 2  g / c m ‘ . I’h e  t u b e s ,  on a s q u a r e  

pit* h o f  (J.bHO i n .  a r e  m o u n t e d  r i g i d l y  in a w a t e r - f i l l e d  s t a i n l e s s  s t e e l  

p i p e ,  4 . 5 0 - i n .  O D  by 0.  2 37- iru w a l l .  T h i s  a s s e m b l y  i s  f i x e d  in a 

5 . 0 4  7 - i n . -  d i a m e t e r  h o l e  m i l l e d  in a 6 - in . - sq  al u m i n u m  bl oc k . The  

0 .  27 3 in .  a n n u l u s  w i l l  be  f i l l e d  wi t h  S t y r o f o a m  or  e q u v i l e n t  m a t e r i a l  to  

s i m u l a t e  i n s u l a t i o n .  O t h e r  t e s t  i n s e r t s  m a y  c o n t a i n  an  E T R - t y p e  fuel  

e l e m e n t  (uni r rad i  a t e d )  r a t h e r  than t h e  l a t t i c e  s ho wn  in F i g u r e  4 ,  or  

d u m m y  e l e m e n t s  w i t h  no u r a n i m u m .  N o  s i m u l a t e d  g a s  l o o p s  wi th l a r g e  

v o i d s  wi l l  be  u s e d .

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

A p p e n d i x  E ,  a n d  l i m i t a t i o n s  on a l l o w a b l e  t y p e s  o f  t e s t  i n s e r t s  a r e  s t a t e d  

in C h a p t e r  V .

F . C O N T R O L  R O D S  A N D  D R I V E S

T h r e e  s a l e t y  r o d s  and o ne  r e g u l a t i n g  rod wi l l  be  u s e d  for  o p e r a t i o n  

and s a f e t y .  T h e  r o d s , o v a l  in c r o s s - s e c t i o n ,  a r e  a p p r o x i m a t e l y  2 1 / 4 -  

i i . . by U . H ^ - i n .  o v e r  al l  and m o v e  v e r t u  a l l y  in the «. e n t r a l  r e g i o n  of  the  

f o u r  s p e i c o .  b - p l a t e  fuel  e l e m e n t s .  T h e  a c t i v e  l e n g t h  i s  ab o u t  26 i n c h e s .  

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

0 . 0 2 0  to 0 .  0 5 0 - i n .  - 1  a d m i u m  l a y e r  a n d  f i l l e d  wi th  t a m p e d  b o r o n  c a r b i d e  

p o w d e r .  1 he  r e g u l a t i n g  rod i s  a h o l l o w  c an  wi th  a c o m p o s i t e  wa l l  of  

0 .  0 4 9 - i n . - a l u m i n u m  , 0.  0 6 5 - i n .  - 304 s t a i n l e s s  s t e e l , a n d  0 . 0 6 5 - i n .



FIG .  4: CROSS S E C T I O N  OF T Y P I C A L  T E S T  L O O P  I N S E R T
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a l u m i n u m  on  th e  i n t i d e .  T h e  c a n  h a t  h o l e t  in 4 h e  b o t to m  so it  i t  a l w a y s  

f i l led  w i th  w a t e r .

In t h e  p r e s e n t  L P R  c o r e ,  t h e  r e g u la t in g  r o d  i t  w o r th  50 to 70 c e n t s ,  

and e a c h  s a f e t y  rod  i t  w o r t h  4 t o  6 p e r c e n t  in r e a c t i v i t y ,  d e p en d in g  on 

rod  p o s i t i o n .  B a t e d  on t h e s e  m e a s u r e m e n t s ,  t h e  s a f e ty  rod l o c a t i o n s  

in F i g u r e  2 shou ld  have  e n o u g h  w o r t h  to  c o m p ly  w i th  the  rod  w o r th  

l i m i t a t i o n s  s t a t e d  in S ec t io n  V .

T h e  r o d  d r i v e s ,  d u p l i c a t e s  of un i ts  o p e r a t e d  f o r  y e a r s  a t  th e  B u lk  

Sh ie ld ing  F a c i l i t y ,  have  b e e n  o p e r a t e d  for  m o r e  t h a n  a y e a r  in the  L P R  

fac i l i ty  w i t h o u t  f a i l u r e  on s c r a m .  The  sa fe ty  r o d s  a r e  c o u p led  t h r o u g h  

an e l e c t r o m a g n e t  to an a c m e - t h r e a d e d  nut and  s h a f t  d r i v e n  by an  e l e c t r i c  

m o t o r .  T h e  r e g u la t i n g  ro d  d r i v e  is  the  s a m e  e x c e p t  fo r  the  e l e c t r o m a g n e t .  

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

i n t e r r u p t e d  a n d  the  r o d s  f a l l  by  g r a v i t y .

T h e  m e a s u r e d  s c r a m  t i m e  in w a t e r  i s  500 m i l l i s e c o n d s  f r o m  i n i t i a -
✓

t ion of t h e  s ig n a l  to full  r o d  i n s e r t i o n ,  and  a b o u t  350 m i l l i s e c o n d s  f o r  

ha lf  i n s e r t i o n .  The  d e la y  t i m e  fo r  a c tu a l  ro d  m o t i o n  is  abou t  30 m i l l i 

s e c o n d s .  T h e  m a x i m u m  r o d  s p e e d  is  3 . 7 4 - i p m  f o r  the  sa fe ty  r o d s ,  

3 7 . 4 - i p m  f o r  the  r e g u la t i n g  r o d s .  T h i s  c o r r e s p o n d s  to a m a x i m u m  

r e a c t i v i t y  a d d i t i o n  r a t e  of a b o u t  0 . 0 0 0 2 0 A k / s e c  f o r  the  sa fe ty  ro d  a n d  

0.  0 0 0 2 5 A k / s e c  f o r  the  r e g u l a t i n g  r o d ,  in t h e i r  m o s t  s e n s i t i v e  p o s i t i o n s .

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

a c c o r d i n g  to  a s e l e c t o r  s w i t c h  a t  the  c o n s o l e .  T h e  ro d  c o n t r o l  s w i t c h e s  

a r e  s p r i n g  lo a d e d  to r e t u r n  to  th e  "off" p o s i t i o n .  Rod p o s i t io n s  a r e  

d i s p l a y e d  a t  the  c o n s o le  by s e p a r a t e  m e t e r s  a n d  d i g i t a l  i n d i c a t o r s  

a c c u r a t e  to  ± 0 . 0 1 - in .  An a u t o m a t i c  c o n t r o l  s y s t e m  is  a v a i l a b l e  b u t  wil l  

not  be  u s e d  d u r in g  t h e s e  e x p e r i m e n t s .

G .  N E U T R O N  SOURCE

T h e  s t a r t u p  n e u t r o n  s o u r c e  will be e n c a p s u l a t e d  and a t t a c h e d  to  a 

leng th  o f  c a b l e  so  it c an  be h a n d le d  f r o m  the b r i d g e  above  the c o r e .  T h e  

L P R  s o u r c e  of P o - B e  c o n t a i n s  0 . 4  c u r i e s  of P o - 2 1 0  (N o v e m b e r  2 ,  1959) 

with an  e m i s s i o n  of abou t  1 . 0  x  1 0* n / s e c .  If t h i s  s o u r c e  s t r e n g t h  i s  

i n s u f f i c i e n t ,  a  10 c u r i e  s o u r c e  will be u s e d .  W h e n  not in ur.e, th e  s o u r c e  

wil l be l o w e r e d  in to  an a l u m i n u m  tube in the  f u e l  e l e m e n t  s t o r a g e  p i t .

-  18 -



H .  R E A C T O R  I N S T R U M E N T A T I O N

The  LTR c r i t i c a l  e x p e r i m e n t  wi l l  be  o p e r a t e d  and c o n t r o l l e d  by 

s e v e r a l  ne u t r o n  d e t e c t o r s  l o c a t e d ,  in a l u m i n u m  c a p s u l e s  , a r o u n d  the 

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

sho wn  in F i g u r e  5 .

T h e  f i r s t  t h r e e  c h a n n e l s  shown in F i g u r e  5 wil l  be  u s e d  to  obta in  

m u l t i p l i c a t i o n  d a t a  wh e n  new a s s e m b l i e s  a r e  be ing bui l t  t o  c r i t i c a l i t y .  

T h e y  emp loy  s t a n d a r d  f i s s i o n  c h a m b e r s  a nd  B F j “ f i l l ed  p u l s e  c o u n t e r s .  

Add i t i ona l  da t a  f o r  s t a r t u p  will  be s u p p l i e d  by the  g a m m a  i n s e n s i t i v e  

c h a n n e l  (*>).

F o r  o p e r a t i o n a l  p u r p o s e s ,  c h a n n e l s  (1),  (3),  (4),  a n d  (5) wil l  yield 
two  l i n e a r  and  two  l o g a r i t h m i c  s i g na l  indie a t i on s  at t he  c o n s o l e .  Ch a n n e l s

(4) and (5) a r e  d r i v e n  by bo ron  l i n e d ,  e l e c t r i c a l l y  c o m p e n s a t e d  i o n i z a 

t i on  c h a m b e r s  w i th  a s e ns i t i v i t y  of  a b o u t  4 x 10*14 a n p / n v .  Onlv 

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

o f  the  fuel e l e m e n t s '  m o d e r a t e  a c t i v i t y .

The  s a f e ty  c i r c u i t s  e f fec t  both s e t b a c k  on t he  r e g u l a t i n g  rod  and 

s c r a m  of the s a f e t y  r o d s .  The  s e t b a c k  c i r c u i t  i s  a c t u a t e d  by ch anne l

(5) at  85% of full s c a l e  on the r e c o r d e r ,  and  by c ha nn e l  (4) a t  a p e r i o d

of  l e s s  than 20 e e r .  On s e t b a c k ,  t he  r e g u l a t i n g  rod  is d r i v e n  in at  n o r m a l  

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

Cha nne l  (4) y i e l d s  t w o  p e r i o d  t r i p s ,  on e  f ixed at  3 s e c ,  t h e  o t h e r  a d j u s t 

a b l e  f r o m  20 to 3 s e c ,  and  n o r m a l l y  s e t  at  10 s e c .  C h a n n e l  (3) a l s o  

y i e l d s  an a d j u s t a b l e  p e r i o d  t r i p  n o r m a l l y  se t  at 10 s e c .  L e v e l  t r i p s  

a r e  obt a ined  f r o m  c h a n n e l s  (5),  (6),  a n d  (7).  Channe l  (5) t r i p s  at  95% 

of  full  s ca l e  on t h e  r e c o r d e r ,  and c h a n n e l s  (6) and (7) t r i p  at 100% of 

full  s ca l e  on t he  a m p l i f i e r s .  B e c a u s e  of  t he  ex p ec t ed  g a m m a  ac t i v i t y  of 

t he  fuel e l e m e n t s ,  t h e  p ow er  l eve l  at  w h i c h  t h e s e  l a t t e r  t w o  level  t r i p s  

wi l l  s t a r t  to o p e r a t e  i s  e s t i m a t e d  at  100 w a t t s .

O t h e r  s c r a m  s i g n a l s  feeding i n to  t h e  C o m p o s i t e  S a f e t y  A m p l i f i e r  

a r e :  (1) a low l e v e l  s c r a m  f r o m  the  l og  CR output  of c h a n n e l  (3),  which

r e q u i r e s  a  s i g n a l  o f  at  l e a s t  2 c p s .  b e f o r e  the ro d s  c a n  b e  w i th d raw n  at 
s t a r t u p ,  (2) h igh  v o l t a g e  f a i l u r e  a t  t h e  ion c h a m b e r  p o w e r  supply ,  (3) 
l o s s  of w a t e r  f r o m  the  au to c l a v e ;  (4) h igh  r ad i a t i on  in c h a n n e l s  (3) o r  

(4) of the L P R  R e m o t e  A r e a  M o n i t o r i n g  S y s t e m  ( see  d i sc  u s s i o n  in next
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s e c t i o n ) ;  and  (5) m o v e m e n t  of b o ra l  • h u t t e r .  C hanne l  (3) t r i p s  a t  

4 m r / h r  and c h a n n e l  (4) a t  10 m r / h r .  A s c h e d u l e  of the  v a r i o u s  t r i p s  

i s  l i s t e d  in T a b le  I.  A n n u c i a t o r  l ig h ts  on t h e  c o n s o l e  i n d i c a t e  a  s c r a m  

and t h e  s o u r c e  of the  s c r a m  to  the  o p e r a t o r .

T A B L E  I
S C H E D U L E  O F  T R I P S

C h a n n e l  Ac t ion  I n i t i a t i o n
P e r i o d  L ev e l

3 s c r a m - <2 c p s
3 s c r a m 10  s e c , a d j . -
4 s e t - b a c k 2 0  s e c -
4 sc  r a m 3 s e c  , f i x e d -
4 uc r a m 10 sec . ,  a d j . -
5 s e t - b a c k - 8 5 %  fu l l  s c a l e
5 sc  r a m • 9 5 %  f u l l  s c a l e
6 sc  r a m - 1 0 0 %  a b o v e  * 100  w a t t s
7 s c r a m - 1 0 0 %  a b o v e  * 1 0 0  w a t t s
- s c r a m - H i g h  v o l t a g e  f a i l u r e
- s c  r a m - L o s s  o f  w a t e r  in  a u t o c l a v e

R A M S -  3 s c  r a m - R a d i a t i o n  l e v e l  a b o v e  5 m r / h r
RAM S - 4 s c r a m • R a d i a t i o n  l e v e l  a b o v e  5 m r / h r

• s c r a m • B o r a l  s h u t t e r  m o v e m e n t

I .  R E M O T E  AREA M O N IT O R IN G  S Y S T E M

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

m o n i t o r i n g  s y s t e m  c o n s i s t i n g  of a s e r i e s  o f  g a m m a  - s e n s i t i v e  io n iz a t io n  

c h a m b e r s .  The  s y s t e m  i s  shown in A p p e n d ix  C a long with  o p e r a t i n g  

r a n g e s .

F i v e  c h a n n e l s  a r e  l o c a t e d  in and  a r o u n d  the  LPR a r e a ;

1. At the tQp of t h e  pool u n d e r n e a t h  t h e  b r id g e
2. Office wal l  a d j a c e n t  to c o n t r o l  c o n s o l e
3 .  Front of 8 - i n .  b e a m  port
4 .  Above a u t o c l a v e
5 .  F r o n t  of a u t o c l a v e .

T h e  c h a n n e l s  y ie ld  an  a u d ia b l e  and v i s u a l  a l a r m  at  the  c o n s o l e .  The 

t r i p  p o in t s  ( a d j u s t a b l e )  w i l l  be se t  a t  a p p r o x i m a t e l y  5 m r / h r  f o r  al l
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c h a n n e l*  e n ce p t  c h a n n e l  ( Z )  which  W i l l  sound  th e  bu i ld ing  evac uat 

a l a r m s  at  100 m r / h r .
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V .  O P E R A T I N G  P R O C E D U R E S

t.

A .  A D M I N I S T R A T I O N

E a c h  e x p e r i m e n t  w i l l  b e  r e v i e w e d  in d e t a i l  by  t h e s e  m e m b e r s  o f  

B & W ' s  S a f e g u a r d  R e v i e w  C o m m i t t e e :  D . V . P .  W i l l i a m s ,  C h a i r m a n ;

M .  C .  E d l u n d ,  W.  M .  B r e a z e a l e ,  R .  E .  W a s c h e r ,  a n d  t he  G r o u p  

S u p e r v i s o r  a s s i g n e d  to t h e  L T R  c r i t i c a l  e x p e r i m e n t  p r o g r a m .

T h e  G r o u p  S u p e r v i s o r  a n d  m e m b e r s  o f  t h e  g r o u p  wi l l  be  a s s i g n e d  

by t h e  L a b o r a t o r y  S u p e r v i s o r . T h e  G r o u p  S u p e r v i s o r  wi l l  be a  s e n i o r  

A E C - l i c e n s e d  p h y s i c i s t  w i t h  e x t e n s i v e  e x p e r i e n c e  in c r i t i c a l  e x p e r i 

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

a  j u n i o r  p h y s i c i s t  a n d  t w o  t e c h n i c i a n s .  G r o u p  S u p e r v i s o r *  s d u t i e s  i n 

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

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

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

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

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

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

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

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

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

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

P r o c e d u r e s .

B .  F U E L  S T O R A G E  A N D  H A N D L I N G

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

f a r  e n d  o f  t h e  pool  ( F i g .  3) u n t i l  t he  c r i t i c a l  e x p e r i m e n t  p r o g r a m  is  

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

l o a d i n g s  t o  be  u s e d  in t h e s e  e x p e r i m e n t s ,  a n d  a t  l e a s t  up to 300  g m p  

U - 2  35 p e r  e l e m e n t ,  i n c l u d i n g  fue l  s h i m s .  ( S e e  A p p e n d i x  E . )  T h e  fue l
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s h im s  w i l l  be s t o r e d  in S u b a s s e m b l y  Room No. 2, in r ig id ly  m o u n te d  

c o m p a r t m e n t s  on an e d g e - t o - e d g e  s p a r i n g  of 1 f t ,  s i z e d  to a c c e p t  no 
m o r e  t h a n  20 fuel s h im s  o r  320 gm  U-235 p e r  c o m p a r t m e n t .

B e f o r e  loading each  new a s s e m b l y ,  fuel  e l e m e n t s  will be t r a n s 

f e r r e d  in s e t s  f r o m  the pool s t o r a g e  pit to the  L P R  g r id  p la te ,  a d j a c e n t  

to the  L T R  g r id  p la te ,  w h e r e  t h e y  will be a c c e s s a b l e  fo r  the a d d i t i o n  of 

s h i m s .  T h e  fuel sh im s  wil l  be t r a n s f e r r e d  to t h e  pool a r e a ,  as  n e e d e d ,  

and i m m e d i a t e l y  loaded into  t h e  fuel  e l e m e n t s .  A f t e r  r e m o v a l  f r o m  th e  
fuel  e l e m e n t s ,  the s h im s  w i l l  be im m e d ia te ly  r e t u r n e d  to the  su b -  

a s s e m b l y  r o o m  s t o r a g e  a r e a .  Thus  all fuel  s h i m s  will be a c c o u n te d  
for  e i t h e r  in the fuel e l e m e n t s  o r  the  s u b a s s e m b l y  r o o m .

T h e  n u m b e r  of fuel e l e m e n t s  loca ted  on the  L P R  g r id  p la te  a t  a n y  
one t i m e  w i l l  be r e s t r i c t e d  to  e igh t  including th e  r o d - c o n ta in in g  fue l  

e l e m e n t s  . T h e s e  e l e m e n t s  w i l l  be lo ca te d  on th e  end  of the L P R  g r i d  

p la te  f a r t h e s t  f r o m  the L T R  c o r e ,  with a m i n i m u m  d i s t a n c e  of 25 i n .  

c l o s e s t  a p p r o a c h .  The e l e m e n t s  will be s p a c e d  on a l t e r n a t e  g r id  l o c a 
t ions  so  t h e y  a r e  n e v e r  c l o s e r  than  3 in .  e d g e - t o - e d g e  sp a c in g .  No 

o t h e r  c o n f i g u r a t i o n  will be p o s s i b l e  b e c a u se  an  a lu m i n u m  p la te  w i l l  be  

s e c u r e l y  f a s t e n e d  on top of t h e  L P R  g r id  p la te  w i th  ho les  in the  a b o v e  
s t a t e d  p o s i t i o n s  on ly .  The  s a f e t y  of th is  c o n f i g u r a t i o n  is d i s c u s s e d  in  

A p pend ix  E .
A i t e r  th e  s h im m in g  h a s  b e e n  c o m p le te d ,  t h e  s h i m m e d  e l e m e n t s  w i l l  

be r e t u r n e d  to the fuel s t o r a g e  p i t  o r  i n s e r t e d  in  th e  L T R  c o r e ,  a n d  a 
new s e t  o f  e l e m e n t s  will  be t r a n s f e r r e d  to the  L T R  g r id  p la te  fo r  

s h i m m i n g  .
C h a n g e s  in the s h i m m i n g  of the  fuel  e l e m e n t s  will be m a d e  o n ly  

with t h e  e l e m e n t  in the  L P R  g r i d  p la te ,  n e v e r  in th e  L T R  c o r e  i t s e l f .  
V io l a t i o n  of th i s  ru le  is i m p o s s i b l e  b e c a u s e  o f  t h e  m e c h a n ic a l  i n t e r l o c k  

on the  f u e l  e l e m e n t .
W h en  not  in the L T R  c o r e ,  the  b e r y l l i u m  a n d  a lu m in u m  e l e m e n t s  

and  v a r i o u s  s h im  b lad e s  w i l l  be r e m o v e d  f r o m  t h e  pool  o r  s t o r e d  in a  

r a c k  in  t h e  c o r n e r  at  the  b o t to m  of the  pool , a t  l e a s t  12 in .  f r o m  e i t h e r  

the  L T R  o r  L P R  g r id  p l a t e s .  The f u e l - b e a r i n g  t e s t  hole i n s e r t s  w i l l ’ b<; 

s t o r e d  in  the  s u b a s s e m b l y  r o o m  in a sa fe  c o n f i g u r a t i o n  when not  in  u s e .  

The fu e l  load ing  of the  t e s t  i n s e r t s  is not e x p e c t e d  to e x ce ed  300 g m  

U- 2 3 5 .
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C .  C H E C K  L I S T S

B e f o r e  e a c h  e x p e r i m e n t a l  r u n ,  t h e  f o l l o w i n g  c h e c k  l i s t  w i l l  be  

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

w o r k i n g  o r d e r .  A  m o r e  d e t a i l e d  c h e c k  l i s t  w i l l  be p r e p a r e d  a n d  e n t e r e d  

i n t o  t he  " O p e r a t i n g  P r o c e d u r e s  M a n u a l "  b e f o r e  t he  e x p e r i m e n t a l  p r o 

g r a m  b e g i n s .

1. A v i s u a l  i n s p e c t i o n  of  p o o l ' s  c o r * ' ,  d r i v e  m e c h a n i s m s ,  and  

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

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

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

t h a t  t he  b o r a l  s h u t t e r  i s  l o c k e d  in t h e  c l o s e d  p o s i t i o n ,  a n d  t h a t  a p o r t 

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

n o t e  t h*  p h y s i c a l  l o c a t i o n  of  a n y  c o m p o n e n t s  in t he  p o o l  t h a t  c o u l d  a f f e c t  

t h e  r e a c t i v i t y  o t  t h e  c o r e ,  a l t h o u g h  n o n e  a r e  a n t i c i p a t e d  s i n c e  t he  L T R  

g r i d  p l a t e  i s  a t  l e a s t  24  i n .  f r o m  t h e  p o o l  w a l l s .  T h e  g e n e r a l  c o r e  c o r - 

f i g u r a t i o n  in r e l a t i o n  t o  t he  p a r t i c u l a r  e x p e r i m e n t  w i l l  b e  n o t e d .

2 .  T h e  l o c a t i o n  o f  a l l  f ue l  e l e m e n t s  a n d  s h i m s  w i l l  b e  d e t e r m i n e d ,  

i . e . ,  c o r e ,  s t o r a g e  p i t ,  L P R  g r i d  p l a t e ,  a n d  i n v e n t o r i e s  w i l l  be  c h e c k e d

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

w a r m  up a t  l e a s t  15 m i n .  S c r a m  a n d  s e t b a c k  wi l l  be  c h e c k e d  wi t h  

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

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

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

r o d s  r a i s e d  a p p r o x i m a t e l y  2 i n .  S e t b a c k  c h e c k s  wi l l  b e  m a d e  wi t h  t h e  

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

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

T h e s e  i t e m s  w i l l  be  c h e c k e d  a n d  r e c o r d e d :

a .  J o r d a n  M o n i t o r  S y s t e m  ( RAMS)

R e c o r d e r s  ( i n k  p a p e r )

A l a r m  a n d  . & c r a m  s e t t i n g s  ( c h a n n e l s  2,  3, 4)

b .  C h a n n e l  1

R e c o r d e r

Z e r o  a d j u s t

■ u
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c . C h a n n e l  2

P u l s e  he ight  s e t t in g  

G a i n  se t t in g

d .  C h a n n e l  3

R e c o r d e r  

60  c y c l e  ch ec k

P e r i o d  check ,  s e t t i n g  and s c r a m  

S o u r c e  level ,  cps

e .  C h a n n e l  4

R e c o r d e r

P e r i o d  check ,  s e t t i n g ,  s e tb a c k ,  s c r a m

f. C h a n n e l  5

R e c o r d e r  

Z e r o  ad jus t  

S o u r c e  level

S e t b a c k  and s c r a m  c h e c k

g. C h a n n e l s  6 and 7

Z e r o  adjust  

S o u r c e  level  

M e t e r  s c r a m  c h e c k

4 .  The fo l low ing  i t e m s  will a l s o  be c h e c k e d  and r e c o r d e d .

a .  C h a n n e l  3 f i s s io n  c h a m b e r  p o s i t io n ,  pool

b .  Rod p o s i t i o n s  ( s a fe ty  up ,  r e g u la t in g  down) poo l  

and  c o n s o l e

c .  S t a r t u p  a p p ro v e d

d .  S t a r t u p  an n ounced  on b u i ld i n g  i n t e r c o m

e .  C l o s e  bay  d o o r s  and t u r n  w a rn in g  l ight  on

f .  C o c k  a t  l e a s t  two s a f e t y  r o d s  and m ak e  s u r e  r e g u la t in g  

ro d  is  fu l ly  in

g .  I n s e r t  n e u t r o n  s o u r c e  a n d  m a k e  s u r e  r e c o r d e r s  a r e  

on s c a l e  and r e s p o n d

D .  INITIAL A P P R O A C H  TO C R IT IC A L

T h e  in i t ia l  a p p r o a c h  to c r i t i c a l i t y  w i l l  fo l low the p r o c e d u r e  d e s c r i b e d
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b e l o w .  T h i s  p r o c e d u r e  wi l l  be  f o l l o w e d  w h e n e v e r  a n  a p p r e c i a b l e  c h a n g e  

in t h e  r e a c t o r  l o a d i n g  i s  m a d e ,  i . e . ,  a c h a n g e  g r e a t e r  t h a n  a b o u t  19% 

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

S t a r t i n g  w i t h  t he  e m p t y  L T R  g r i d  p l a t e ,  t h e  f i v e  s h i m  r o d  l o c a t i o n s  

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

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

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

d r i v e s  m o u n t e d  in plac e .  At  t h i s  p o i n t  t h e  c h e c k - l i s t  p r e v i o u s l y  d i s 

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

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

T h e  b e r y l l i u m  e l e m e n t s  w i l l  t h e n  b e  a d d e d ,  o n e  at  a  t i m e ,  unt i l  a l l  18 

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

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

l o a d i n g  b e i n g  l e s s  t h a n  l /  3 t h e  p r e d i c t e d  n u m b e r  r e q u i r e d  f o r  c r i t i c a l i t y ,  

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

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

c r i t i c a l i t y  w i l l  a l w a y s  be  20,  t h e  f i r s t  l o a d i n g  w i l l  b e  th»-ee e l e m e n t s .

T h e  c o u n t i n g  r a t e  wi l l  be t a k e n  u n d e r  t h r e e  c o n d i t i o n s :  o n e  s a f e t y  a n d  

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

r o c a l  m u l t i p l i c a t i o n  wi l l  be  p l o t t e d  f o r  at  l e a s t  t h r e e  c h a n n e l s ,  a nd  t h e  

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

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

T h e  s i z e  o f  t h e  n e x t  l o a d i n g  w i l l  b e  l e s s  t h a n  50% o f  t h e  r e m a i n i n g  

e x t r a p o l a t e d  c r i t i c a l  m a s s .

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

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

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

- u t w a r d .  T h e  f i n a l  l o a d i n g  i n c r e m e n t  w i l l  be * j c h  t h a t  t h e  r e a c t o r  w i l l  

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

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

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

s u b s t a n t i a l  i n c r e a s e  in n e u t r o n  a c t i v i t y  f r o m  t h e ( y  n)  r e a c t i o n  on b e r y l 

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

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

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

v a t iv e ,  a s  d e t e r m i n e d  by e x t r a p o l a t i o n  of the  r e c i p r o c a l  m u l t i p l i c a t io r

d a t a .

As the n e u t r o n  leve l  r e a c h e s  t h e  o p e r a t i n g  ra n g e ,  t h e  s o u r c e  wil l 

be r em o v e d  and  t h e  r eg u la t in g  rod  a d j u s t e d  to m a i n t a i n  th e  flux l e v e l .

To v e r i fy  c r i t i c a l i t y  the r e g u la t in g  r o d  will be w i t h d r a w n  s l ig h t ly  to 

put the r e a c t o r  o n  a long p o s i t iv e  p e r i o d .

If the c r i t i c a l  point  is r e a c h e d  b e f o r e  the £0 fuel  e l e m e n t s  a r e  

added,  o r  if the  a s s e m b l y  d o e s  not go c r i t i c a l  a f t e r  th e  20 a r e  added, 

the fuel e l e m e n t s  m u s t  be r e - s h i m m e d .  This  will be a c c o m p l i s h e d  by 

r em o v in g  the  fu e l  e l e m e n t s  f r o m  th e  c o r e  to the  L P R  g r i d ,  changing  the 

sh im m in g  u n i f o r m l y ,  and r e p e a t i n g  th e  loading c y c l e .  If the  full ( oti- 

f ig u ra t io n  a f t e r  t h e  second  s h i m m i n g  is  s u b - t r i t i c a l  o r  c r i t i c a l  with 
few er  than  20 e l e m e n t s ,  a t h i rd  s h i m m i n g  m a y  be n e c e s s a r y .  Depending  

on the p a r t i c u l a r  e x p e r i m e n t  and  t h e  i m p o r t a n c e  of a u n i f o r m  loading,  

t h e s e  final  s h i m m i n g s  m a y  be d o n e  on s e v e r a l  fuel  e l e m e n t s  only 
r a t h e r  than  on th e  full c o m p l e m e n t ,  a l though  all  s h i m m i n g  will s t i l l  bt 

done with the  f u e l  e l e m e n t  in the  L P R  g r i d .

On c o m p l e t i o n  of each  e x p e r i m e n t  the  r e a c t o r  will  b e  shu t  down 
and a l l  c o n t r o l  r o d s  fully  i n s e r t e d .  A shutdown c h e c k  l i s t  wil l be 
p r e p a r e d  and e n t e r e d  into the O p e r a t i n g  P r o c e d u r e s  M a n u a l .

E .  C O N T R O L  ROD C A L IB R A T IO N

F o r  s a fe  o p e r a t i o n  the a p p r o x ix n a te  worth  of the  s a f e t y  and r e g u 
la t ing  ro d s  m u s t  be know n.  D u r in g  th e  a p p ro a c h  to c r i t i c a l ,  so m e  in- , 
f o r m a t io n  on t h e s e  rod  w o r th s  w i l l  be  o b ta in ed  f r o m  t h e  e x t r a p o la t e d  

r e c i p r o c a l  m u l t i p l i c a t i o n  d a t a .  A s  an  added  c h e c k  t h a t  th e  sa fe ty  rode 
have su f f i c i e n t  h o ld -d o w n  pov^er, r o d  w o r th  will be m e a s u r e d  by the 

r o d - d r o p  t e c h n i q u e .  S ince  th is  m e t h o d  m a y  be s u b j e c t  to  e r r o r  b e c a u s e  

of the ( \ ,n)  r e a c t i o n  in b e r y l l iu m ,  t h e  da ta  m u s t  be c o m p a r e d  with the  
m u l t i p l i c a t io n  d a t a .  If a c o n s i d e r a t i o n  of t h e s e  two m e t h o d s  r a i s e s  a 

s e r i o u s  q u e s t i o n  about  the  a p p r o x i m a t e  s a fe ty  rod  w o r t h ,  it will be 

c h e c k e d  f u r t h e r  by i n s e r t i n g  a s a f e t y  rod ,  d i s c o n n e c t i n g  the rod f r o m  
i ts  d r iv e ,  a n d  r e s h i m m i n g  the e n t i r e  a s s e m b ly  to d e t e r m i n e  the new 

c r i t i c a l  m a s s .  If the  sa fe ty  rod w o r t h  is l e s s  than t h e  e q u iv a le n t  of
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about 9% in r e a c t iv i ty  f o r  t h e  t h r e e  sa fe ty  r o d s ,  th ey  will be r e l o c a t e d  

to m o r e  s e n s i t i v e  r e g io n s  .

T h e  r e g u la t in g  rod  w i l l  be  c a l i b r a t e d  to a s c e r t a i n  tha t  it is w o r t h  

l e s s  t h a n  about  0 7% in r e a c t i v i t y  and to a id  in th e  m e a s u r e m e n t  of  

s m a l l  r e a c t i v i t y  c h a n g e s .  T h e  c a l i b r a t i o n  w i l l  be done us ing  the  r o d -  

b u m p - p e r i o d  m ethod ,  by r e m o v i n g  the rod in s m a l l  i n c r e m e n t s ,  m e a s -  

u r in g  p e r i o d s  and lev e l in g  w i th  one of the  s a f e t y  r o d s .  T h is  t e c h n iq u e  

a l s o  i m p l i e s  a c c u r a t e  k n o w le d g e  of the i n - h o u r  r e l a t i o n  which  is in 

q u e s t i o n  f o r  b e r y l l iu m  r e a c t o r s .  F o r  c o m p a r i s o n ,  the w o r th  wil l  be 

m e a s u r e d  by rod d r o p s  a n d ,  if n e c e s s a r y ,  by r e s h i m m i n g  the r e a c t o r .

If th e  r e g u l a t i n g  rod is in  t o o  s e n s i t iv e  a p o s i t i o n ,  it will  be r e l o c a t e d  

to c o r r e s p o n d  to the o p e r a t i n g  l im i ta t io n s  s e t  f o r t h .

F .  C R I T I C A L  LOADING O F  O T H E R  A S S E M B L IE S

N e w  a s s e m b l i e s  will  be  bui l t  fo l lowing t h e  a p p r o a c h  o u t l in e d  in the  

' ' I n i t i a l  A p p ro a c h  to C r i t i c a l " .  The p r e v i o u s  a s s e m b l y  will  f i r s t  be 
u n lo a d e d  in the r e v e r s e  o r d e r  of the load ing ,  o r  a c c o rd in g  to one  o f  the 

p r o c e d u r e s  l i s t e d  b e lo w .

1 . R e m o v e  fuel  e l e m e n t s  in s e t s  (of e ig h t  o r  l e s s )  to the  L F R  g r id  

w h e r e  the s h i m m i n g  is changed  c o n s i s t e n t  with the  new a s s e m b l y ,  
1 th en  t r a n s f e r  the  e l e m e n t s  to the  pool  s t o r a g e  p i t .  C o n t in u e  

un t i l  a ll  n o n - r o d - c o n t a i n i n g  fuel  e l e m e n t s  a r e  r e m o v e d  f r o m  the 

c o r e .
Z.  R e m o v e  as m a n y  b e r y l l i u m  e l e m e n t s  a s  needed  and t r a n s f e r  

t h e m  to beryl l . ’u m  s t o r a g e  a r e a .
3 . R em o v e  fuel e l e m e n t s  con ta in ing  c o n t r o l  rods  and t r a n s f e r  

t h e m  to the L P R  g r i d .
4 .  R em ove  a l u m i n u m  e l e m e n t s  f r o m  th e  t e s t  hole and t r a n s f e r  

th e m  to the b e r y l l i u m  s t o r a g e  a r e a ,  o r  r e m o v e  th e m  f r o m  the 

p o o l .
5 .  R em o v e  a l u m i n u m  s h im  b lades  and  t r a n s f e r  th em  to th e  b e r y l 

l ium  s t o r a g e  a r e a ,  o r  r e m o v e  t h e m  f r o m  pool .

T h e  new a s s e m b l y  w i l l  then  be c o n s t r u c t e d  in the s e q u e n c e  d e s 

c r i b e d  p r e v i o u s l y .
T h e  loading  and u n lo a d in g  s e q u e n c e s  w i l l  be r ig id ly  e n f o r c e d  to
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p r e v e n t  the  a c c id e n ta l  r e m o v a l  o r  add i t ion  of any c o r e  co m ponen t  tha t  

m igh t  m a k e  t h e  r e a c t o r  c r i t i c a l .  The  c a l c u l a t i o n s  o f  the  r e a c t i v i t y  

w or th  of e a c h  co m p o n e n t  a r e  d i s c u s s e d  m A ppend ix  E .  The r e m o v a l  ol 

any fuel  e l e m e n t  and r e p l a c e m e n t  of the  void by w a t e r  will d e c r e a s e  

r e a c t iv i ty ,  s o  the  fuel  e l e m e n t s  a r e  a lw ays  added  l a s t  and re m o v e d  f i r n t .  
The  r e m o v a l  of  any b e r y l l i u m  e l e m e n t  and r e p l a c e m e n t  of the  void by 
w a t e r  wil l  d e c r e a s e  r e a c t iv i ty ,  s o  the  b e r y l l iu m  w i l l  a lw ays  be added  

b e fo re  the  f u e l .  R em ova l  of th e  s h i m  ro d s  a lw ay s  i n c r e a s e s  r e a c t i v i t y ,  

so th ey  a r e  a d d e d  be fo re  the  fu e l  a n d  r e m o v e d  a f t e r  th e  f u e l .  This  m a - '  

not be t r u e  o f  the  t e s t  hole i n s e r t s  depend ing  on t h e i r  c o m p o s i t io n ;  
h o w e v e r ,  to  i n s u r e  safe  and  c o n s i s t e n t  load ing  p r a c t i c e s ,  the  t e s t  i n s e r t s  

wil l a lw a y s  be added  b e fo re  a n d  r e m o v e d  a f t e r  the  f u e l .
To i n s u r e  th a t  the s h i m  r o d s  a n d  t e s t  i n s e r t s  a r e  a lw ay s  added 

b e fo re  the  f u e l  e l e m e n t s  and  r e m o v e d  a f t e r  the  fu l l  e l e m e n t s ,  they  a r e  

equ ipped  w i th  w ebs  which e x t e n d  u n d e rn e a th  the  a d j a c e n t  fuel  e l e m e n t s  . 

Th is  p r e s e n t s  a m e c h a n i c a l  b a c k  up to a p o s s ib l e  h u m a n  e r r o r  in the 

loading  p r o c e d u r e s .

G. O P E R A T I N G  LIMITATIONS

The fo l lo w in g  o p e r a t in g  l i m i t a t i o n s  will be a d h e r e d  to .

1 . P o w e r  Level

T h e  o p e r a t i n g  p o w e r  l e v e l  will be kep t  a s  low as  p o s s ib l e ,  c o n 

s i s t e n t  w i th  the r e q u i r e m e n t s  of the e x p e r i m e n t .  N o r m a l ly ,  th is  
wil l be l e s s  than  one w a t t - f o r  r e a c t iv i ty  m e a s u r e m e n t s .  F o r  s h o r t  

t i m e s ,  th e  po w er  leve l  w i l l  be  i n c r e a s e d  to th e  100 w a t t  r a n g e  f o r  
foil  i r r a d i a t i o n s .  F o r  a v e r y  few sp e c i a l  i r r a d i a t i o n s ,  it m a y  be 

n e c e s s a r y  to go to a  p o w e r  l e v e l  of a p p r o x i m a t e l y  1000 w a t t s .

2 . R e a c t i v i t y  Addi t ion  R a t

T h e  m a x i m u m  r e a c t i \  add i t ion  r a t e  w i l l  be r e s t r i c t e d  to 

0 . 0 0 0 2 5  A k /  se c ,  the  m a x i m u m  r e a c t iv i ty  a d d i t i o n  r a t e  of any 

c o n t r o l  r o d  in i ts  m o s t  s e n s i t i v e  p o s i t io n .

3. M a x i m u m  E x c e s s  R e a c t i v i t y

T h e  a v a i l a b l e  e x c e s s  r e a c t i v i t y  will g e n e r a l l y  be l e s s  than  th e  

w o r t h  o f  th e  r eg u la t in g  r o d ,  and  n e v e r  g r e a t e r  t h a n  1.5% in
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r e a c t i v i t y .  T h e  m a x i m u m  " l o < . k e d * i n "  o x i  t*ss r e a c t i v i t y ,  w h i c h  

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

e x p e c t e d  to be l e s s  t h a n  15% in r e a c t i v i t y .

4 .  C o n t r o l  R o d s

At  l e a s t  t w o  s a f e t y  r o d s  wi l l  be  c o c k e d  a nd  a v a i l a b l e  f o r  

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

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

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

w i t h  a  n o r m a l  f u e l  e l e m e n t .  E a c h  s a f e t y  r o d  wi l l  be  w o r t h  m o r e  

t h a n  t h e  r e g u l a t i n g  r o d ,  a n d  at  l e a s t  9% s h u t  d o w n  r e a c t i v i t y  w i l l  

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

w i l l  n o r m a l l y  be  l e s s  t h a n  75 c e n t s ,  a n d  in  no  c a s e  g r e a t e r  t h a n  

o n e  d o l l a r .

5 .  M a x i m u m  N u m b e r  o f  F u e l  E l e m e n t  S h i m s

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

t h a t  r e q u i r e d  to h o l d  d o w n  t h e  ba s i c  a s s e m b l y  ( F i g . £ ) .  It i s  e s t i 

m a t e d  t h a t  t w o  to t h r e e  s h i m s  p e r  e l e m e n t  m a y  be  r e q u i r e d .  T h e  

l i m i t  o n  t he  n u m b e r  o f  f u l l  s h i m s  p e r  f u e l  e l e m e n t  wi l l  be  80 g m  

p e r  f u e l  e l e m e n t  e x t r a  o r  10% in r e a c t i v i t y ,  w h i c h e v e r  is  g r e a t e r  

( S e e  A p p e n d i x  E . )

6 .  T e s t  I n s e r t s

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

w i l l  be  f r o m  - 3 %  to  -f 3% ( s e e  A p p e n d i x  E )  . No e x p e r i m e n t s  w i l l  

b e  u n d e r t a k e n  in w h i c h  t h e r e  w o u ld  be  f l o o d a b l e  v o i d s  l a r g e  e n o u g h  

t o  y i e l d  a  r e a c t i v i t y  i n c r e a s e  of  1% o r  m o r e  if t he  v o i d  b e c a m e  

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

b e  i n c l u d e d  in  t h e  o p e r a t i n g  m a r g i n  o f  1 . 5% e x c e s s  r e a c t i v i t y  r e 

q u e s t e d ,  s o  t h a t  if 1% in r e a c t i v i t y  w e r e  p o t e n t i a l l y  a v a i l a b l e  t h e  

r e a c t o r  w o u l d  be  s h i m m e d  s o  t h a t  at  m o s t  o n l y  0 . 5 %  w o u l d  b e  

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

T h e  p o t e n t i a l  h a z a r d  of f l o o d a b l e  v o i d s  is we l l  r e c o g n i z e d ;  

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

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



f l o o d a b l e  v o i d s  t hey  wi l l  b« d o n e  i a t e  in t h e  e x p e r i m e n t a l  p r o g r a m ,  

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

of  t he  r e a l t o r .  If t h e r e  is  a n y  q u e s t i o n  a b o u t  t h e  r e a c t i v i t y  w o r t h  

of  a f l o o d e d  v o i d  f o r  a  p a r t i c u l a r  e x p e r i m e n t ,  t h a t  e x p e r i m e n t  wi l l  

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

of  s m a l l  v o i d s .  T h e  r e s u l t i n g  d a t a  i a n  t h e n  be  e x t r a p o l a t e d  to t he  

a c t u a l  t e s t  i n s e r t s .
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V I . N O R M A L  O P E R A T I N G  H A Z A R D S  A N D  
H E A L T H  P H Y S I C S  P R O C E D U R E S

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

T h e  L T R  c r i t i c a l  a s s e m b l y  wi l l  be  c o v e r e d  a t  a l l  t i m e s  w i t h  

a p p r o x i m a t e l y  1 3 ft o f  w a t e r .  ( T h e  c o n c r e t e  s h i e l d i n g  w a l i s  at  t h e  

e l e v a t i o n  of t he  c o r e  a r e  f r o m  6 t o  8 ft  t h i c k .  ) S i n c e  t he  L T R  c o r e  

wi l l  l i e  in a p p r o x i m a t e l y  t h e  s a m e  p o s i t i o n  a s  t h e  L P R ,  t he  ^ t e n s i v e  

h e a l t h  p h y s i c s  s u r v e y s  m a d e  d u r i n g  L P R  o p e r a t i o n s  m a y  be u s e d .  

S c a l i n g  d o w n  t he  L P R  d a t a  a t  10 kw o p e r a t i o n  t o  t h e  m a x i m u m  L T R  

p o w e r  of  1000  w a t t s ,  t h e r e  w i l l  be  no  p o s i t i o n  a b o v e  a n d  a r o u n d  t h e  

pool  w h e r e  t he  c o m b i n e d  g a m m a  a nd  n e u t v o n  d o s e s  a r e  g r e a t e r  t h a n  

o n e - t e n t h  of  t o l e r a n c e .  T h i s  i n c l u d e s  t he  N - 1 6  a c t i v i t y  a t  t h e  s u r f a c e  

of  t h e  p o o l .

B .  A C T I V A T I O N  O F  M A T E R I A L S

T h e  L P R  fue l  e l e m e n t s  t o  be u s e d  in t h e s e  e x p e r i m e n t s  a r e  

m o d e r a t e l y  r a d i o a c t i v e ,  r e a d i n g  a p p r o x i m a t e l y  1 r / h r  p e r  e l e m e n t  a t  

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

e l e m e n t s  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  to be  l e s s  t h a n  1 M W - d a y .

T h e s e  e l e m e n t s ,  not  t o  b e  r e m o v e d  f r o m  t h e  p o o l ,  wi l l  be  s t o r e d  i n  

t h e  s h i e l d e d  s t o r a g e  p i t  i f  t h e  pool  is d r a i n e d .  If a fue l  e l e m e n t  s h o u l d  

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

4 ft f r o m  t h e  s u r f a c e  w e a l d  b e  in t he  r a n g e  o f  10 t o  100 m r / h r .  

C o m p a r e d  wi t h  t he  r e s i d u a l  a c t i v i t y  of  t h e  f u e l  e l e m e n t s ,  t he  a c t i v i t y  

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

T h e  o t h e r  c o m p o n e n t s  o f  t he  a s s e m b l y  — b e r y l l i u m  and  

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

b l a d e s  — m a y  be s l i g h t l y  a c t i v a t e d  in t he  h i g h e r  p o w e r  r u n s  bu t  c a n  

be  l e f t  i n  t h e  p oo l ,  if n e c e s s a r y ,  to  d e c a y  t o  a c c e p t a b l e  l e v e l s .  In 

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

by  a  p o r t a b l e  b e t a - g a m m a  s u r v e y  m e t e r - a n d  g o v e r n e d  by t he



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

C .  H E A L T H  P H Y S I C S  %

1. A d m i n i s t  r a t i o n

1 h e  H e a l t h  P h y s i c s  S u p e r v i s o r  i s  r e s p o n s i b l e  d i r e c t l y  t o  t h e  

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

h a v e  b e e n  e s t a b l i s h e d  to  m e e t  t h e  r e q u i r e m e n t s  o f  P a r t  20,  T i t l e  10,

" US  C o d e  of  F e d e r a l  R e g u l a t i o n s "  a s  wel l  a s  a p p l i c a b l e  s t a t e  a n d  

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

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

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

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

m e n t s  n e e d e d  t o  c a r r y  out  t h e  l a b o r a t o r y  H e a l t h  P h y s i c s  P r o g r a m  a r e  

d e s c r i b e d  i n  A p p e n d i x  C .

L • P e r s o n n e l  M o n i t o r i n g

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

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

m e n t s  a r e  s u i t a b l y  l o c a t e d .  G e n e r a l  e x p o s u r e  w i l l  b e  m o n i t o r e d  b y  

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

l e a d  a t  t h e  e n d  of  e a c h  d a y ,  a n d  t h e  f i l m s  a r e  p r o c e s s e d  and  s t o r e d  by  

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

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

3. B u i l d i n g  S u r v e y

F l o o r s  a n d  w o r k i n g  s u r f a c e s  wi l l  be  s u r v e y e d  p e r i o d i c a l l y  by  

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

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

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

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

G e n e r a l  b e t a - g a m m a  r a d i a t i o n  l e v e l  m o n i t o r s  o p e r a t e  

c o n t i n u o u s l y  in a l l  a r e a s  o f  t h e  l a b o r a t o r y .  V a r i o u s  c h a n n e l s  o p e r a t e  

r e c o r d e r s ,  s o u n d  a l a r m s ,  a n d  s c r a m  r e a c t o r s  a s  s h o w n  in 

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

t he  L P R  p o o l .

.
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At t h e  b e g i n n i n g  of  a nd  d u r i n g  t h e  L T R  c r i t i c a l  e x p e r i m e n t  

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

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

r a d i a t i o n  t h r o u g h o u t  t h e  w o r k i n g  a r e a .  S h o u l d  an  e x p e r i m e n t  r e q u i r e  

s p e c i a l  h e a l t h  p h y s i c s  r u l e s  and  p r e c a u t i o n s ,  t h e s e  wi l l  b e  p u b l i s h e d .

4.  S i t e  S u r v e y

S u r v e y s  f o r  c o n t a m i n a t i o n  a n d  g e n e r a l  m o n i t o r i n g  on  t he  

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

H e a l t h  P h y s i c s  S u p e r v i s o r .  U n u s u a l  w e a t h e r  c o n d i t i o n s  r e q u i r i n g  

c h a n g e s  o r  s p e c i a l  o p e r a t i n g  p r e c a u t i o n s  wi l l  be p u b l i s h e d  by t he  

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

D .  D I S P O S A L  O F  R A D I O A C T I V E  M A T E R I A L S

S i n c e  t he  L T R  c r i t i c a l  e x p e r i m e n t s  wi l l  be  d o n e  a t  l o w  p o w e r  

n o  h i g h  l e v e l  a c t i v i t i e s  wi l l  be i n d u c e d .  At t he  c o n c l u s i o n  of  t he  

e x p e r i m e n t s  t he  f u e l  e l e m e n t s  wi l l  b e  r e t u r n e d  to  t h e  L P R  f o r  f u t u r e  

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

r a d i o a c t i v e ,  bu t  t h e y  w i l l  be  s u r v e y e d  a n d  r e t u r n e d  t o  O a k  R i d g e  

N a t i o n a l  L a b o r a t o r y  in a c c o r d a n c e  w i t h  A E C  r e g u l a t i o n s .  T h e  fue l  

s h i m s  wi l l  be  r e t u r n e d  to  the  A E C  f o r  u l t i m a t e  d i s p o s a l  w h e n  the  

L M F R E  c r i t i c a l  e x p e r i m e n t  e q u i p m e n t  i s  d i s m a n t l e d .

On ly  s o l i d  m a t e r i a l s  wi l l  be  u s e d  i n  t h e s e  e x p e r i m e n t s .  So l i d  

a n d  l i q u i d  w a s t e s  w i l l  b e  h a n d l e d  a s  d e s c r i b e d  in S e c t i o n  III,  A of  the  

" A p p l i c a t i o n  f o r  L i c e n s e  f o r  t he  F u e l  E l e m e n t  F a b r i c a t i o n  P l a n t  and  

S u p p l e m e n t " ^  S h o u l d  t h e  poo l  w a t e r  b e c o m e  c o n t a m i n a t e d  a s  a r e s u l t  

o f  a fue l  e l e m e n t  f a i l u r e ,  t he  p r o c e d u r e  o u t l i n e d  in C h a p t e r  VII  wi l l  be 

f o l l o w e d .
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V I I .  U N U S U A L  C O N D I T I O N S

A.  E M E R G E N C Y  P R O C E D U R E S

The e m e r g e n c y  p r o c e d u r e s  in u s e  a t  the  C r i t i c a l  E x p e r i m e n t  L a b 

o r a t o r y  a r e  d e s c r i b e d  in Appendix D.

B. F IR E

The m a t e r i a l s  a s  well  a s  the  l a b o r a t o r y  a r e  f i r e  r e s i s t a n t ,  and 
will con ta in  all  s o u r c e  and f i s s i o n a b l e  m a t e r i a l s  in the  e v e n t  of f i r e .  If 
a f i r e  o c c u r s  d u r i n g  o p e ra t io n ,  the  e x p e r i m e n t  will be s h u t  down until  

sa fe  w ork ing  c o n d i t i o n s  a r e  r e s t o r e d .

C .  E A R T H Q U A K E

The h i s t o r y  of e a r t h q u a k e s  in th e  L y n c h b u rg  a r e a  i s  s u m m a r i z e d  

in E xh ib i t  3 of th e  " C r i t i c a l  E x p e r i m e n t  H a z a r d s  E v a l u a t i o n s  " A  It is 

v e r y  un l ike ly  t h a t  a n  e a r th q u a k e  in t h i s  a r e a  could b r i n g  ab o u t  

c o n d i t io n s  tha t  c o u l d  not be h and led  by the  p r e s e n t  e m e r g e n c y  p lan.

D. STORM

The bu i ld ing  wil l  w i th s tand  any w e a t h e r  c o n d i t io n s  l i k e l y  to be 
e n c o u n t e r e d  at  t h i s  s i t e .

E .  FLOOD

The l a b o r a t o r y  is 139 ft above  th e  leve l  of the J a m e s  R i v e r  and 
20 ft above the r u n - o f f  l e v e l . T h is  p r o v i d e s  ad equa te  p r o t e c t i o n  

agc' inst  d a m a g e  by any  c o n c e iv a b le  f lo o d .  (T h ese  m e a s u r e m e n t s  w e re  
ta k e n  in the a u t u m n  of 1955. )

F .  STRIKES. R IO T S.  AND O T H E R  V IO L E N C E

In the ev en t  of  s t r i k e ,  r io t ,  o r  o t h e r  v io lence  t h a t  m i g h t  i n t e r f e r e  

with n o r m a l  o p e r a t i o n ,  the o p e r a t o r s  wil l  lock  r e a c t o r  c o n t r o l s  off and 
lo ck  all s e c u r i t y  d o o r s  l ead ing  to s o u r c e  or  f i s s i o n a b le  m a t e r i a l s .

9 O
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T h i s  p r e c a u t i o n ,  t o g e t h e r  with the p lan t  s e c u r i t y  fo rc e ,  will a s s u r e  

p r o t e c t i o n  of th e se  m a t e r i a l s .

G. SABOTAGE

A c c e s s  by a s a b o t e u r  i s  r e s t r i c t e d  in s e v e r a l  w ays .  The  l a b o r a t o r y  

is s u r r o u n d e d  by a c h a i n - l i n k  fence ,  l o c a t e d  at  l e a s t  50 ft f r o m  the  

b u i ld i n g .  The g r o u n d s  a r e  p a t r o l l e d  by th e  p la n t  s e c u r i t y  p o l i c e .  All 

l a b o r a t o r y  e m p l o y e e s  a r e  r e q u i r e d  to h a v e  A E C c l e a r a n c e ,  a n d  

v i s i t o r s  a r e  r e g i s t e r e d  and  e s c o r t e d  whi le  in the  bui ld ing .  W hen  not 

in u s e  the  o p e ra t in g  c o n s o l e  is locked  by a  k e y - s w i t c h ;  a f t e r  w o r k in g  

h o u r s ,  the  l a b o r a t o r y ,  bays ,  and s u b a s s e m b l y  r o o m s  a r e  l o c k e d  and 

i n s p e c t e d  p e r i o d i c a l l y  by the plant  s e c u r i t y  p o l ic e .

If a s a b o t e u r  w e r e  to  g a in  u n r e s t r i c t e d  a c c e s s  to the  L P R  a r e a ,  

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

in a s u p e r c r i t i c a l  c o n f i g u r a t i o n .  To do t h i s ,  the s a b o t e u r  w o u ld  have  

to  u n lo a d  the c o r e  b e c a u s e  the  m e c h a n i c a l  i n t e r lo c k s  r e q u i r e  the  

r e m o v a l  of fuel e l e m e n t s  b e fo re  the  o t h e r  c o m p o n e n t s  can  be r e m o v e d .  

T h e  r e l o a d e d  c o n f i g u r a t i o n  might  o r  m ig h t  no t  be s u p e r c r i t i c a l  with 

th e  s a f e t y  ro d s  in, d e p e n d i n g  on the r e a c t i v i t y  worth  of the  s h i m  ro d s  

r e m o v e d .  H ow ever ,  t h i s  load ing  and u n lo a d in g  se q u e n c e  w o u ld  be 

t i m e - c o n s u m i n g  and w o u ld  r e q u i r e  e x p e r i e n c e  and sk i l l .  F u r t h e r m o r e ,  

fu e l  e l e m e n t s  nave  to be  lo ad ed  one at a t i m e ,  so it would be v i r t u a l l y  

i m p o s s i b l e  for  the s a b o t e u r  to con t inue  to  a d d  m o r e  fuel e l e m e n t s  

d u r i n g  the  s e l f -1 i m i t in g  BOB AX-type  e x c u r s i o n  tha t  would o c c u r .

T h e  s a b o te u r  m i g h t  t r y  to d a m a g e  th e  r e a c t o r  by r a i s i n g  a l l  

c o n t r o l  ro d s  and p r o d u c i n g  a pow er  e x c u r s i o n ,  but s u c c e s s  w o u ld  be 

v e r y  un l ike ly  fo r  t h e s e  r e a s o n s :

1. The c o n s o le  w o u ld  be locked .
2. The s c r a m  c i r c u i t s  would hav e  t o  be r e w i r e d ,  r e q u i r i n g  

c o n s i d e r a b l e  t i m e  and skil l  if it  w e r e  to be done w i th o u t  
s c r a m m i n g  t h e  r e a c t o r  in the  p r o c e s s .

3. Even  if all  r o d s  w e r e  r e m o v e d ,  t h e  o p e ra t in g  r u l e s  l i m i t  
the amount, o f  e x c e s s  r e a c t i v i t y  t o  the  w or th  of the  
r e g u la t in g  r o d ,  in no c a s e  m o r e  t h a n  1.5%. T h is  i s  l e s s  
than  tha t  n e e d e d  to  p r o d u c e  a B O R A X - ty p e  e x c u r s i o n  
tha t  would d e s t r o y  the r e a c t o r .

H .  P O W E R  F A I L U R E

All c o n t r o l s  and e q u i p m e n t  a r e  d e s i g n e d  so that  a  p o w e r  f a i l u r e  

w i l l  s c r a m  the r e a c t o r  s a f e ly .  When p o w e r  i s  r e s t o r e d ,  the

1



c o m p le te  s t a r t u p  p r o c e d u r e  wil l  be  fo l lowed.

I. LOSS O F  P O O L  WATER

The L P R  pool ,  when f i l l e d  to  n o r m a l  o p e r a t i n g  l e v e l ,  co n ta in s  

1 1, 700 gal of w a t e r .  The pool f i l l  p u m p  h as  a 10 g p m  c a p a c i ty ,  
r e q u i r i n g  1 9 . 5  h r  to fill the  p o o l .  About l . Z  h r  a r e  r e q u i r e d  to d r a i n  
the pool w h en  th e  d r a i n  is fu l ly  o p e n .  The d r a i n  v a l v e  will r e m a i n  

locked  shu t  w h e n  'ue l  e l e m e n t s  a r e  in the pool .  A c o m p l e t e  opening 
of the 8 - i n .  b e a m  tube would d r a i n  the pool in 4 m in ;  h o w e v e r ,  th is  

is  c o n s i d e r e d  i m p o s s i b l e  s in c e  th e  tube is s e a l e d  on th e  w a te r  s ide  by 

a bo l ted  p r e s s u r e  p la te  and m e t a l  O - r in g ,  and on th e  e x p e r i m e n t a l  

a r e a  s id e  by  a  b o l ted  a c c e s s  d o o r .  The 3 - in .  b e a m  p o r t s  a r e  s c a l e d  

by w elded  a l u m i n u m  p r e s s u r e  p l a t e s  on the w a t e r  s i d e  and s c r e w  c a p s  

on the e x p e r i m e n t a l  s id e .  L o s s  of w a te r  th ro u g h  th e  a u to c la v e  

opening is  p r e v e n t e d  by a 1 - i n .  - t h i c k  a lu m in u m  p r e s s u r e  p la te ,  

r e i n f o r c e d  by v e r t i c a l  ~nd h o r i z o n t a l  m eta l  r i b s .

Only one  l e a k  — in a pool w a l l  l igh t  — has  b e e n  d i s c o v e r e d  s in ce  
L P R  o p e r a t i o n  b eg an .  The  f o u r  pool l igh ts  a r e  c o n n e c t e d  to 3 / 4 - in .  

d r a i n  l i n e s  a n d  to  a 3 / 4 - i n .  e l e c t r i c a l  conduit .  T h e  tw o  l ig h t s  on 
each  s id e  of  th e  pool a r e  c o n n e c t e d  to the  s a m e  d r a i n  and po w er  
conduit .  T h e  lo w e r  l ight  on e i t h e r  s ide  is at the  to p  of the  L P R  C o r e ,  
5 ft above t h e  pool f lo o r .  If a l e a k  in any l ight  w e r e  l a r g e  enough to 

fill the d r a i n  l in e ,  7 .4  h r  would  be  r e q u i r e d  to r e d u c e  the w a te r  lev e l  
to 5 ft . T h a t  such  a leak  c o u ld  d e v e l o p  and r e m a i n  u n n o t ic e d  fo r  any 
length  of t i m e  is v e ry  u n l ik e ly .

If all  of  th e  w a te r  w e r e  d r a i n e d  f r o m  the pool ,  th e  d i r e c t  

r a d i a t i o n  l e v e l  at the top of the  pool would be u n d e r  dO r / h r ,  and 
much l o w e r  in  the  a r e a  of the  c o n s o l e  and o th e r  s p a c e s  n o r m a l ly  
o ccu p ied .  L o n g  b e fo re  th is ,  h o w e v e r ,  the a u d ib le  a l a r m  of the 

R e m o te  A r e a  M o n i to r in g  S y s t e m  would announce  th e  l o s s  of w a t e r .
The m o d e r a t e  fuel  e le m e n t  a c t i v i t y  and the l o w e r - p o w e r  o p e ra t io n  

p lanned  f o r  t h e  r e f e r e n c e  e x p e r i m e n t s  would p r e c l u d e  the  p o s s ib i l i t y  

of fuel  e l e m e n t  m el tdow n.

J .  F U E L  E L E M E N T  R U P T U R E

E i t h e r  a b r a s i o n  or  a pin h o l e  d e fec t  could  c a u s e  a fuel e l e m e n t  

p la te  to r u p t u r e ,  and a d e f e c t  in  the  w a t e r p r o o f  t a p e  c o v e r in g  a fuel
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I
•  h i m  cou ld  c a u s e  it to  c o r r o d e .  H o w e v e r ,  such  o c c u r e n c e *  a r e

-O k  *

u n l ik e l y  in that  t h e s e  fue l  e l e m e n t s  h a v e  b e e n  o p e ra t e d  fo r  o v e r  a y e a r  

w i th o u t  f a i l u r e .  In a d d i t i o n ,  the U-Al fu e l  s h i m s  a r e  f a i r l y  r e s i s t a n t  

to  ox ida t ion ,  and the  w a t e r p r o o f  tape  c o v e r i n g  will be i n s p e c t e d  

p e r i o d i c a l l y .
If a r u p tu r e  s h o u l d  o c c u r ,  a s m a l l  q u a n t i t y  of f i s s io n  p r o d u c t s  

w o u ld  e s c a p e  into th e  w a t e r  which would  b e c o m e  sl ight ly  c o n t a m i n a t e d .

T h i s  would not c o n s t i t u t e  a m a j o r  h a z a r d  to  p e r s o n n e l ,  and  no  s i g n i f i 
c a n t  am ount  of g a s e o u s  ac t iv i ty  would e s c a p e  to the a i r .  T h e  fo reg o in g  
s t a t e m e n t  is c o n s e r v a t i v e  b e c a u s e  p a s t  h i s t o r y  on f i s s i o n  b r e a k s  at  the 

M T R  in d ic a te s  th a t  t h e  r e l e a s e  of a c t i v i t y  i s  v e ry  s m a l l .  In add i t ion ,  

t h e  r a d io a c t iv i t y  of t h e  fuel will be m o d e r a t e ,  and the a c t i v i t y  of the 

fu e l  s h i m s  will be n e g l i g i b l e .  C o n t a m i n a t e d  pool w a t e r  wil l  b e  p a s s e d  

t h r o u g h  the  ion e x c h a n g e  beds  in the w a t e r  p u r i f i c a t i o n  s y s t e m ,  and 
t h e  c o n ta m in a te d  r e s i n  will be h a n d le d  a s  w a s t e .  Any r e s i d u a l  

a c t i v i t y  a d s o r b e d  on th e  c o n c r e t e  w a l l s  a n d  o th e r  pool c o m p o n e n t s  

w i l l  be c le a n e d  up by  a p p ro v e d  t e c h n i q u e s .  A 5000-ga l  s t o r a g e  tank  is 

a v a i l a b l e  to f a c i l i t a t e  w a t e r  c leanup .
• t I

I
I
I
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V I I I .  E V A L U A T I O N  O F  M A X I M U M  C R E D I B L E
A C C I D E N T

A.  T Y P E S  O F A C C ID EN TS

1. M e c h a n ic a l  F a i l u r e  Alone

T h e  e x p e r i m e n t  h a s  b e e n  d e s ig n e d  s o  t h a t  m e c h a n ic a l  

f a i l u r e s  a lo n e  cannot  c a u s e  a  s e r i o u s  a c c id e n t .  L o s s  of w a te r ,  p o w e r  

f a i l u r e ,  a n d  fuel e l e m e n t  f a i l u r e  have  b e en  d i s c u s s e d  in C h a p te r  V l l .

T h e r e  a r e  no u n f i l l e d  void r e g io n s  in t h e  c o r e .  Al\ c o r e  

c o m p o n e n t s  a r e  he ld  r i g id l y  in  t h e i r  a p p r o p r i a t e  h o l e s  in the  g r i d  p l a t e .  

The  a c c i d e n t a l  e x p u ls io n  of p o i s o n o u s  s h i m s  f r o m  the fuel e l e m e n t s  i s  
p r o h i b i t e d  by th e i r  weigh t  a n d  the m e c h a n ic a l  g u a r d  tha t  p r e v e n t s  t h e i ” 

r e m o v a l  w h i le  i r  the c o r e .  T h e  ex p u ls io n  of fu e l  s h i m s  is  p r e v e n t e d  

by the  m e c h a n i c a l  g u a r d .  T h e  c o n s t r u c t io n  of  t h e  U-Al fo i ls  in th e  
fuel  s h i m  will  p r e v e n t  t h e m  f r o m  s l ipp ing  in to  a  m o r e  r e a c t i v e  p o s i t i o n .  

To  o b ta in  a  1% i n c r e a s e  in r e a c t i v i t y ,  the  f ive u p p e r  U-Al fo i ls  in e a c h  
of 16 fu e l  s h i m s  would h a v e  t o  fal l  e x a c t ly  6 in .

No e x p e r i m e n t s  w i l l  be done in which  t h e r e  would be f l o o d a o le  

voids  l a r g e  enough to y ie ld  a r e a c t i v i t y  i n c r e a s e  of 1% o r  m o r e  if th e  

void b e c a m e  f looded.  N o r m a l l y ,  no c o n f i g u r a t i o n s  will be c o n s t r u c t e d  
with f l o o d a b l e  voids ,  but in  t h e  few e x p e r i m e n t s  w h e r e  they a r t  
n e c e s s a r y ,  the r e a c t o r  wil l  be  s h i m m e d  so t h a t  th e  1% r e a c t i v i t y  
p o t e n t i a l l y  a v a i la b le  by f l o o d in g  will be in c lu d e d  in tne  1.6% m a x i m u m  

av a i la D le  e x c e s s  r e a c t i v i t y  l i m i t a t i o n ;  th u s  o n ly  0. 5% would be 

a v a i l a b l e  in m ovab le  c o n t r o l  r o d s .

2. H u m a n  E r r o r  With and  Without M e c h a n - c a l  F a i l u r e  

a .  C on t inuous  C o n t r o l  Rod W i th d ra w a l

If the o p e r a t o r  f a i l s  to s t a r t  up t h e  r e a c t o r  p r o p e r l y ,  a 

p o w e r  o v e r - s h o o t  cou ld  o c c u r .  The s t a r t u p  a c c i d e n t  a n a ly s e d  in 

A p p e n d ix  F ,  show s th a t  u n d e r  the  w o r s t  c o n d i t i o n s  and c o n s e r v a t i v e



a s s u m p t io n s .  th e  m a x im u m  e x c u r s i o n  pow er  would be  l e s s  than  3000 

watt* . O v e r - s h o o t  is l im i t e d  b e c a u s e  of the s low r a t e  of co n t ro l  rod  

w i th d raw a l  and  the  low o p e ra t in g  p o w e r  and t r i p  p o i n t s .  In th is  e x c u r -  

s ion n e i t h e r  th e  L P R  fuel p l a t e s  n o r  the  U-Al fuel  s h i m s  will r e a c h  

e x c e s s i v e  t e m p e r a t u r e s .  The  a n a l y s i s  a s s u m e s  no i n h e r e n t  shutdown 

m e c h a n i s m  a n d  a s s u m e s  th a t  the  e x c u r s i o n  is t e r m i n a t e d  by two sa fe ty  

ro d s .  If the  s a f e l y  ro d s  should  f a i l ,  the s e l f - r e g u l a t i n g  f e a t u r e s  of 

w a t e r - m o d e r a t e d  r e a c t o r s  would c o m e  into play.

b. R e m o v a l  of C o r e  C o m p o n e n t s  in V io la t io n  of O p e ra t in g
P r o c e d u r e s

T h e  ope ra t in g  p r o c e d u r e s  r e q u i r e  t h i s  lo ad in g  and 

unloading  s e q u e n c e :  (1) s h im  r o d s ,  (2) t e s t  h o le s ,  (3) c o n t ro l  ro d  
con ta in ing  fu e l  e l e m e n t s ,  (4) b e r y l l i u m  e l e m e n t s ,  a n d  (5) fuel 

e l e m e n t s .  F u r t h e r m o r e ,  m e c h a n i c a l  i n te r lo c k s ,  d e s c r i b e d  in C h a p te r  
IV, a r e  r i g i d l y  f a s t e n e d  to the  s h i m  r o d s  and t e s t  i n s e r t s  to p r e v e n t  
t h e i r  be ing  r e m o v e d  b e fo re  fuel  e l e m e n t s  a r e  r e m o v e d .  T h e r e f o r e ,  the  

sudden  i n c r e a s e  in r e a c t i v i t y  c a u s e d  by r e m o v in g  s h i m  r o d s  o r  t e s t  

h o le s  f r o m  a c r i t i c a l  r e a c t o r  is n o t  c o r s i d e r e d  c r e d i b l e .

c .  R e m o v a l  of P o i s o n  S h i m s  o r  Addit ion o f  F u e l  Sh im s

T he  o p e ra t in g  p r o c e d u r e  s t a t e s  tha t  fu e l  e l e m e n t  s h im s  
m ay  be c h a n g e d  only when the fu e l  e l e m e n t  is o u t s id e  the  c o r e .  

F u r t h e r m o r e ,  m e c h a n ic a l  i n t e r l o c k s ,  d e s c r i b e d  in C h a p t e r  IV, p r e v e n t  

the a d d i t io n  o r  r e m o v a l  of s h i m s  whi le  the  fuel e l e m e n t  is in the c o r e .  
E v en  if the  m e c h a n i c a l  i n t e r l o c k  c o u ld  be v io la ted ,  ab o u t  six  po iso n  

s h i m s  would h a v e  to be r e m o v e d  , o r  about  10 fuel  s h i m s  added, to 

change  r e a c t i v i t y  by 1% T h e r e f o r e ,  the sud d en  i n c r e a s e  in r e a c t i v i t y  
c a u s e d  by r e m o v i n g  po iso n  s h i m s  o r  adding fuel  s h i m s  is  not c o n 
s i d e r e d  c r e d i b l e .

3. C o n c l u s i o n s

T h e r e  a r e  no c r e d i b l e  m e c h a n i s m s  by w h ic h  an e x c e s s  

r e a c t iv i ty  of g r e a t e r  than  1% c o u ld  be added — e x c e p t  fo r  the c o n 

t inuous  rod  w i t h d r a w a l  and s i m u l t a n e o u s  f a i l u r e  of th e  sa fe ty  r o d s  to 
s c r a m  the r e a c t o r .  H o w ev e r ,  s i n c e  the r e a c t o r  m a y  have  an a v a i l a b l e  
e x c e s s  r e a c t i v i t y  of 1. 5% u n d e r  c e r t a i n  c i r c u m s t a n c e s ,  it is



a s s u m e d  that ,  by s o m e  unknown m e c h a n i s m ,  the  add i t ion  of 1. 5% 
e x c e s s  r e a c t i v i t y  is c r e d i b l e .

B. MAXIMUM C R E D I B L E  ACCIDENT

Although the  e x c e s s  r e a c t i v i t y  a v a i l a b l e  in the  r e a c t o r  wil l  n e v e r  

e x c e e d  1.5%, m a x i m u m  c r e d i b l e  a c c id e n t  i s  defined  a s  one in which 

2% e x c e s s  r e a c t i v i t y  i s  i n s t a n t a n e o u s ly  a d d e d  to the  c r i t i c a l  r e a c t o r .

A d i s c u s s i o n  of the  r e s u l t i n g  e x c u r s io n ,  in  t e r m s  of d a ta  f r o m  the 

S P E R T  and BORAX e x p e r i m e n t s ,  is p r e s e n t e d  in Appendix  G.  It m ay  

be c o n c lu d e d  th a t  a 2% e x c u r s i o n  would n o t  d e s t r o y  the r e a c t o r ,  a l though 

s o m e  of the fuel  p l a t e s  in the high flux r e g i o n  of the  c o r e  w ou ld  be c lo se  

to  th e  m el t ing  point .

To d e t e r m i n e  the  h a z a r d  to o p e r a t i n g  p e r s o n n e l  and g e n e r a l  public ,  
it  i s  a s s u m e d  tha t ,  c o i n c i d e n t  with the  e x c u r s i o n ,  r e d u c e d  h e a t  t r a n s f e r  

w i l l  o c c u r  in s o m e  of t h e  coo lan t  c h a n n e l s  s o  tha t  10% of the  fu e l  p l a t e s  

a n d  50% of the U-Al f o i l s  in the  fuel  s h i m s  m e l t .  The c o n s e q u e n c e s  of 
t h i s  a c c i d e n t ,  ful ly  d i s c u s s e d  in Append ix  H, a r e  s u m m a r i z e d  h e r e .

B a se d  on the m a x i m u m  quan t i ty  of U - A l  fuel s h im s  e x p e c t e d ,  the 
q u a n t i t y  of f i s s i o n  p r o d u c t s  in the m e l t e d  fu e l  will c o r r e s p o n d  to  an 

e x c u r s i o n  of a p p r o x i m a t e l y  10 M W -sec .  In addit ion  so m e  l o n g e r - l i v e d  
f i s s i o n  p r o d u c t s  f r o m  e a r l i e r  L P R  o p e r a t i o n  will be c o n ta in e d  in the 
e l e m e n t s .  The  e s t i m a t e d  pool w a te r  a c t i v i t y ,  a s s u m in g  th a t  a l l  f i s s io n  

p r o d u c t s  in the  m o l t e n  fuel  e s c a p e  into th e  w a te r ,  is  g iven  in Appendix  
H. The  ac t iv i ty  r a n g e s  f r o m  2 3 .7  m c / c m *  10 sec  a f t e r  the  e x c u r s i o n ,  
to  about  0 .0 2  m c / c m 3 10 h r  l a t e r .  The  r a d i o a c t i v e  w a te r  d o e s  not 
p r e s e n t  a p e r s o n n e l  h a z a r d ,  and it m ay  be  d i s p o s e d  of as  i n d i c a t e d  in 
C h a p t e r  VII. The  d o s e  r a t e  f r o m  the w a t e r  ac t iv i ty  and r e s i d u a l  c o re  

i s  b e lo w  t o l e r a n c e  t h r o u g h  the c o n c r e t e  sh i e ld in g  wall,  but  r a n g e s  

f r o m  1 .5  x 10* r / h r  a t  10 sec ,  to 100 r / h r  a f t e r  10 h r ,  d i r e c t l y  above 

th e  top of the pool .  T h e  d o se  r a t e  in th e  o p e r a t i n g  a r e a  due  to  a i r  

s c a t t e r i n g  is d i f f ic u l t  to  c o m p u te ,  but  s h o u l d  be 10 3 to l O ' 4 t i m e s  that  

a t  the  s u r f a c e  of the  poo l ,  p rov id ing  r e a s o n a b l e  t im e  for  e v a c u a t i o n .

The only f i s s i o n  p ro d u c t  a c t i v i t i e s  e s c a p in g  to the  a i r  a r e  

Xe and Kr i s o t o p e s .  If a ll  the Xe and K r  i s  r e l e a s e d  i n s t a n t l y ,  the  

c o n c e n t r a t i o n  in the  L P R  wing would be 0 . 0 8 7  m i c r o - c u r i e s / c m J of 

a i r ,  im m e d ia t e l y  a f t e r  the  e x c u r s i o n ;  if t h e  iodine i s o t o p e s  a r e
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inc lu ded  t he  c o n c e n t r a t i o n  is  0. 31 m i c r o - c u r i e s / c m  of  a i r .  If t h i s  

a c t i v i t y  w e r e  u n i f o r m l y  d i s p e r s e d ,  a n y o n e  l o c a t e d  in t he  c e n t e r  of  t he  

L P R  a r e a  wo u l d  r e c e i v e  a d o s e  3 . 8  r / h r  f r o m  Xe a n d  K r ,  a n d  1 3 . 5  

r / h r  f r o m  Xe,  K r ,  a n d  I. T h e s e  l e v e l s  a r e  l o w  e n o u g h  t o  p e r m i t  

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

I h»- v a l u e s  a r e  a l s o  v e r y  c o n s e r v a t i v e  b e c a u s e  t he  v o l a t i l e  f i s s i o n  

p r o d u c  . a<. t iv i ty wi l l  b e  t r a n s f e r r e d  r i t h e ;  s low ly  f r o m  t he  m o l t e n  fuel  

t o  w ^ t ^ r ,  and  t h e n  t o  thje a i r  S i n c e  i o d i n e  wi l l  p r o b a b l y  d i s s o l v e  in t he  

w a t e r ,  it wi l l  no t  b e  r e l e a s e d  to t he  a i r .  If t he  a c t i v i t y  i s  c o n t a i n e d  in 

t h e  b u i l d i n g ,  t h e  d o s e  r a t e  50 ft f r o m  t h e  l a b o r a t o r y  w o u l d  b e  l e s s  t h a n  

3 m r / h r ,  t h u s  e v a c u a t i o n  of the  b u i l d i n g  w o u l d  e l i m i n a t e  a n y  d i r e c t  

r a d i a t i o n  h a z a r d  t o  p e r s o n n e l .

C .  E N V I R O N M E N T A L  H A Z A R D S

T h u s  f a r  t he  a c t i v i t y  r e l e a s e d  in t h e  e x c u r s i o n  is a s s u m e d  t o  be 

c o n t a i n e d  in t he  b u i l d i n g ,  so  no e n v i r o n m e n t a l  h a z a r d  e x i s t s  t o  t he  

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

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

r e l e a s e d  f r o m  t he  b u i l d i n g  and  d i f f u s e d  d o w n w i n d .  I he  m a x i m u m  

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

c o n d i t i o n s ,  i s  o n l y  8 9  m r  50 ft f r o m  t h e  l a b o r a t o r y .  H a z a r d s  r e s u l t i n g  

f r o m  f a l l o u t  a n d  w a s h o u t  w e r e  not  c o m p u t e d  b e c a u s e  of t h e  l o w  a c t i v i t y  

r e l e a s e d .  j

I he m o s t  s e r i o u s  e n v i r o n m e n t a l  h a z a r d  i s  t he  i n h a l a t i o n  of 1-131 .

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

d e l i v e r e d  to t he  t h y r o i d  f r o m  1-131 i n h a l a t i o n  d u r i n g  t h e  p a s s a g e  of 

t h e  c l o u d  is b e l o w  t h e  1 y r  t o l e r a n c e  l e v e l  a t  a l l  p o i n t s  o f f s i t e ,  a n d  it i s  

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

a d i s t a n c e  of  a b o u t  7 5 0 0  f t .  On s i t e  t h e  t h y r o i d  d o s e  i s  o n l y  s i g n i f i c a n t  

u n d e r  i n v e r s i o n  c o n d i t i o n s  w i t h i n  a b o u t  4 4 0  ft of  t he  l a b o r a t o r y .

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

c o n s e r v a t i v e :

1. T h e  q u a n t i t y  of  1-131 r e l e a s e  i s  s o l u b l e  in a f e w  l i t e r s  
of v a t e  r .

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



3. M o s t  of  t he  1-131 i s  c o n t a i n e d  in t he  L P R  f u e l  e l e m e n t s  
f r o m  t h e  p r e v i o u s  o p e r a t i o n  — v e r y  l i t t l e  i s  in t he  fue l  s h i m s .  
T h e  a s s u m p t i o n  t h a t  10% of  t h e  L P R  f u e l  p l a t e s  m e l t  is
v e r y  c o n s e r v a t i v e  a n d ,  if  t he  a c c i d e n t  o c c u r s  a f t e r  t he  
f i r s t  w e e k  of  L T R  o p e r a t i o n ,  t he  1-131 a c t i v i t y  in t he  
f u e l  w i l l  h a v e  b e e n  r e d u c e d  by a b a c t o r  o f  a t  l e a s t  t wo .

4.  T h e  t h y r o i d  i s  no t  a n  i n d i s p e n s a b l e  o r g a n  i n  m a n .

In c o n c l u s i o n ,  t he  m a x i m u m  c r e d i b l e  a c c i d e n t  w o u l d  not  e n d a n g e r  

l o c a l  r e s i d e n t s  off t he  c o m p a n y  s i t e ,  and  t h e r e  w o u l d  be  n o  s e r i o u s  

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

e m p l o y e e s  i n  t h e  L P R  wi ng  w o u l d  be  e x p o s e d  t o  a  d a n g e r o u s  c o n d i t i o n  

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

s a m e  t i m e .

V
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A P P E N D I X  A
S I T E  L O C A T I O N ,  P O P U L A T I O N  D E N S I T Y ,  

A N D  M E T  E C O L O G I C A L  D A T A

1. S i t e  L o c a t i o n

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

V i r g i n i a ,  a p p r o x i m a t e l y  4 . 5  a i r  m i l e s  e a s t  of  d o w n t o w n  L y n c h b u r g ,  t h e  

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

t i e s  a x e  s h o w n  in  F i g u r e  6 .  T o  t h e  e a s t  a n d  n o r t h ,  t h e  d i r e c t i o n  of  

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

c o n c e n t r a t i o n  i s  t h e  t o w n  of  F a r r t i v i l l e ,  a p p r o x i m a t e l y  4 0  m i l e s  e a s t .

T h e  L a b o r a t o r y  i s  s i t u a t e d  o n  a  5 5 0 - a c r e  p l a t e a u ,  b o u n d e d  on t h r e e  

s i d e s  by t h e  J a n i e s  R i v e r .  T h e  B & W  N u c l e a r  F a c i l i t i e s  P l a n t  a n d  

a s s o c i a t e d  b u i l d i n g s  a r e  l o c a t e d  a b o u t  1200 ft S E  o f  t h e  L a b o r a t o r y .

T h e  t r a c k s  o f  t h e  J a m e s  R i v e r  B r a n c h  of  the  C h e s a p e a k e  a n d  O h i o  R a i l 

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

t r a c k s  p a s s  a b o u t  4 4 0  ft SW of  t h e  L a b o r a t o r y ,  w i t h  1 . f> m i l e s  o f  t r a c k  

w i t h i n  0 . 5  m i l e s  o r  l e s s  o f  t h e  L a b o r a t o r y .  F r e i g h t  t r a f f i c  a v e r a g e s  

o n e  t r a i n  p e r  h o u r ;  t h e r e  i s  n o  p a s s e n g e r  s e r v i c e .  T h e  L a b o r a t o r y  

G u a r d h o u s e  a n d  s e c u r i t y  f e n c e  a r e  a b o u t  50 ft f r o m  t h e  L a b o r a t o r y .

2.  P o p u l a t i o n  D e n s i t y

T h e  1 9 5 0  p o p u l a t i o n  f i g u e s  f o r  s u r r o u n d i n g  c o u n t i e s  a n d  t h e  c i t y  o f  

L y n c h b u r g  ( 1 9 5 8  c e n s u s )  a r e  s h o w n  in  T a b l e  II In t h e  i m m e d i a t e  

v i c i n i t y ,  t h e  n e a r e s t  d w e l l i n g  t o  t h e  w e s t  i s  2 5 0 0  ft  a w a y ,  a n d  t h e  n e a r e s t  

to  t h e  e a s t  i s  5 5 0 0  ft f r o m  t h e  L a b o r a t o r y .  U.  S .  H i g h w a y  No .  4 0 0  

p a s s e s  w i t h i n  a b o u t  2 m i  o f  t h e  L a b o r a t o r y .  L o c a t i o n  o f  p o p u l a t i o n  in 

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

3.  M e t e r o l o g i c a l  D a t a

P e r t i n e n t  m e t e r o l o g i c a l  d a t a  w e r e  e x t r a c t e d  f r o m  a  r e p o r t  by 

C o l .  J .  M .  M o r g a n ,  J r .  , w h i c h  h a s  b e e n  p u b l i s h e d  a s  E x h i b i t  H of
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TA BLE II

P O P U L A T I O N  IN N E A R B Y  COUNTIES

C o u n ty A r e a ,  
s q  mi

P o p u l a t i o n  
U rb an  R u r a l T otai

R u r a l  P o pu la t ion  
D e n s i t y ,  p e r s o n s / 

sq  m i

A m h e r s t 476 1038 22294 23332 48
A p p o m a . to x 34 3 1464 7 300 8764 21
B u c k in g h a m 676 264 1 1964 12228 21
C a m p b e l l 530 51942 24662 76604 46
C h a r l o t t e 478 178 7 12270 14057 26
N e l s o n 468 - 14042 14042 30
P r i n c e  E d w a rd 357 4375 11023 15 398 31
C i ty  of L y n ch b u rg 1 3 53161 0 53161 4089

T A B L E III

LOCATION O F  P O P U L A T IO N  IN IM M E D IA T E
O F T h e  c i R f f l C A L  e x p e r i m e n t  l a b o r a t o r y

Building D i s t a n c e  f r o m P o p u la t i o n ,  o r  N o rm a l
C E L  W o rk in g  F o r c e

C r i t i c a l E x p e r i m e n t  Lab 0 - 5 ft 30

N u c le a r F a c i l i t i e s  P la n t 1200 ft 585

Off Site 0 - 0 - 5  m i l e 2
0 .5  - 1 . 0  m i l e 7
1 .0  - 1 . 5  m i l e 15



f.
(

a

i  :  c i i  r i i  x x i  r i  i )
FIG.  6: M A P  O F  A R E A  AROUND T H E  C R IT IC A L  E X P E R I M E N T

L A B O R A T O R Y

I f  1  f  I  i  1
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r e f e r e n c e  — . Data on wind c o n d i t io n s  w e r e  t a k e n  f r o m  U. S. W e a t h e r

B u r e a u  r e c o r d s  -J-2- a t  the  P r e s t o n  Glenn A i r p o r t  a n d  f ro m  o b s e r v a t i o n s
«

a t  the  L a b o r a t o r y .  Wind r o s e s  c o n s t r u c t e d  f r o m  t h e s e  da ta  a r e  s h o w n  

in F i g u r e  7 .  The U. S. W e a t h e r  B u r e a u  data  a r e  a  c o m p o s i t e ,  c o v e r i n g  

the y e a r s  1914 to 1933 at  d o w n to w n  L y n c h b u r g ,  a n d  1936 to 1950 a t  t h e  

P r e s t o n  G le n n  A i r p o r t ,  6 . 5  m i l e s  SSW of d o w n to w n  L y n c h b u rg .  B e c a u s e  

the i n t e r v e n i n g  t e r r a i n  i s  m o d e r a t e l y  h i l ly ,  t h e s e  d a ta  a r e  not d i r e c t l y  
a p p l i c a b l e  to  the  L a b o r a t o r y  s i t e .  Data taken  a t  th e  s i te  ( c o v e r in g  th e  
p e r i o d  J u l y ,  1958 to S e p t e m b e r ,  1959 — 692 o b s e r v a t i o n s )  a r e  show n 
in F i g u r e  7 for  c o m p a r i s o n ,  a n d  c o n f i r m  the lo w  p r o b a b i l i ty  of w in d s  
f r o m  th e  w e s t .

D a ta  on in v e r s io n  f r e q u e n c y  a r e  not a v a i l a b l e  in L y n c h b u rg .  T h e  
n e a r e s t  W e a t h e r  B u r e a u  o f f i c e  tha t  c o l l e c t s  l a p s e  r a t e  da ta  i s  in 

G r e e n s b o r o ,  North  C a r o l i n a .  T h e r e f o r e  r e a s o n a b l e  m e t e r l o g i c a l  p a r a 
m e t e r s  h a v e  been  a s s u m e d  f o r  both a v e r a g e  a n d  i n v e r s i o n  c o n d i t i o n s  

us ing  d a t a  f r o m  the U. S. W e a t h e r  B u r e a u .  —

T A B L E  IV

ASSUMED M E T E R O L O G 1 C A L  P A R A M E T E R S  

P a r a m e t e r  A v e r a g e  Condi t ion  L a r g e  I n v e r s io n

h ,  m e t e r 0 0
n 0. 25 0 .5 0
u, m l  sec  
c*

3 .0 3 .0
0 .0 4 0 .0 0 5

c 0 . 2 0 0 .0 7



11 iTTjT i i i 11 m
 j rrn jt • n j n 11 j i r

F I G .  7: WIND ROSES F O R  THE CITY O F  LYNCHBURG AND T H E  
C R I T I C A L  E X P E R IM E N T  L A B O R A TO R Y

NO TE: L e n g t h  of B a r  R e p r e s e n t *  P r o b a b i l i t y  of  Wind Blowing F r o m  T n a t  
D i r e c t i o n .  N u m b e r s  in C i r c l e s  R e p r e s e n t  A v e r a g e  Wind V e l o c i ty  
in  m p h .



A P P E N D I X  B
C R I T I C A L  E X P E R I M E N T  L A B O R A T O R Y  B U I L D I N G

F i g u r e  8 i s  a  p h o t o g r a p h  of  t h e  C r i t i c a l  E x p e r i m e n t  L a b o r a t o r y ;  

b a s e m e n t  a n d  f i r s t  f l o o r  p l a n s  a r e  s h o w n  in  F i g u r e  9 a n d  10 .  T h e  

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

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

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

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

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

T h e  w i ng  h o u s i n g  th->* L y n c h b u r g  P o o l  R e a c t o r  ( L P R )  i s  a b o u t  4 0  ft 

l o n g  a n d  36 ft w i d e  on t h e  g r o u n d  f l o o r .  It i s  22 ft h i gh  in f r o n t  a n d  35 ft 

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

b a l c o n y  a b o u t  10 ft a b o \  e  t h e  g r o u n d  f l o o r  e x t e n d s  to t he  e d g e  o f  t h e  

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

T h e  L P R  c o n t r o l  c o n s o l e  i s  on  t h e  b a l c o n y .

Th*.  w i n g  i s  c o n s t r u c t e d  of  s t a n d a r d  s t r u c t u r a l  s t e e l  m e m b e r s ,  

c i n d e r  b l o c k s ,  a n d  c o m m e r c i a l  b r i c k ,  8 - i n .  t h i c k .  P l a n  a n d  e l e v a t i o n  

d r a w i n g s  of  t h i s  wing  a r e  s h o w n  in F ' l g u r e s  11 a n d  12.

T h e  L P R  wi ng  i s  v e n t i l a t e d  by t h r e e  h e a t  p u m p s ,  t w o  of  w h i c h  d r a w  

a i r  f r o m  t he  o u t s i d e  i n t o  t h e  L P R  w i n g .  T h e  a i r  i s  v e n t e d  t h r o u g h  a 

2 - ft - s q u a r e  p o r t  in t h e  w a l l  a b o v e  t he  p o o l  s u r f a c e .  T h e  p a r t i c u l a t e  

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

a n d  m i c r o n - s i r e  f i l t e r .  O n  a  h igh  r a d i a t i o n  s i g n a l ,  t he  i n l e t s  t o  t h e  

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

c l o s e d ,  4n l e s s  t h a n  2 s e c .  T h i s  a c t i o n  i s  a c c o m p a n i e d  by v i s i b l e  a n d  

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

c r i t i c a l  c h e c k  l i s t ) ,  t h i s  e f f e c t i v e l y  s e a l s  o f f  t h e  a r e a .

/
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FIG. 9: CRITICAL EXPERIMENT LABORATORY -  BASEMENT
FLOOR PLAN

B a y  2 B i m t .

U n e x c a v a t e d

R o o m  s c h e d u l e

1 - S u b - A s s e m b l y  R m  . N o .  Z  

Z  -  P h y t i c ■ L a b o r a t o r y

3 - J a n i t o r ' s  C l o s e t

4 - Of f ice  N o .  8

5 - Off ice  N o .  9.

6 - Of f ice  N o .  10

7 - Hal l

8 - Men

9 - R e a c t o r  B a s e m e n t  A r e a



FIG. 10: CRITICAL EXPERIMENT LABORATORY -  FIRST-FLOOR
PLAN

B a y  1 Bay 2

C o n t  r o l  
R r n . # 1

’C o n t  r o l  
R m  . f  2

Room  S c h e d u l e

1 - Off ice  N o .  1

2 - Off ice  N o .  2

3 - Off ice  N o .  3

4 - Off ice  N o .  4

5 - E n t r y  Ha l l

6 - Women

7 - Men

8 • J a n i t o r

9 - H e a l th  P h y a i c a  L a b o r a t o r y  

10 - C o un t ing  R o o m

1 1 - P h y a i c a  S h o p

12 - S u b - A a a e m b l y  R o o m  N o .  1

13 - Ha l l

14 - S t o r a g e

15 - O p e r a t i o n s  Of f ice

16 - E l e c t r o n i c  Shop

17 - C h e m i s t r y  L a b o r a t o r y

18 - O f f i c e  Ho .  5

19 - S t o r a g e

2 0  - C o n t r o l  R oom  N o .  3 

2 1 - O f f i c e  No.  6

22  -  O f f i c e  No .  7

23  - P o o l  R e a c t o r
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FIG.  12: E L E V A T I O N  O F T H E  L P R  WING
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APPENDIX C
H EA LT H  PHYSICS EQUIPMENT

T a b l e  V l i s t *  th e  a v a i l a b l e  h e a l t h  p h y s i c s  e q u i p m e n t ,  w h ich  m o n i 

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

t h e  e n t i r e  a r e a  for  g a m m a  r a d i a t i o n  f r o m  o p e r a t i n g  r e a c t o r *  o r  f i s s i o n  

p r o d u c t s  th a t  e s c a p e  in t o  t h e  r e a c t o r  b a v s  a n d  o t h e r  a r e a s .

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

m o n i t o r i n g  s y s t e m ,  c o n s i s t i n g  of  a s e r i e s  of g a m m a  - s e n s i t i v e  i o n i s a 

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

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

F i g u r e  13.

A c o n s t a n t  a i r  m o n i t o r  — l o c a t e d  a b o v e  t h e  L P R  pool  — c o n t a i n s  

an  a i r  s u c t i o n  p u m p ,  to  c o l l e c t  p a r t i c u l a t e  m a t t e r  on  a f i l t e r  p a p e r ,  a  

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

d a t a  a r e  c o n t i n u o u s l y  r e c o r d e d  in t h e  H e a l t h  P h y s i c s  O f f ice  a n d  o v e t  - 

s i g n a l  i s  i n d i c a t e d  a u d i b l y  a n d  v i s i b l y  at  t h e  L P R  c o n t r o l  c o n s o l e .  T w o  

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

T A B L E  V

LIST O F  H E A L T H  P H Y S IC S  I N S T R U M E N T S

I n s t r u m e n t  N u m b e r

C o u n t  r a t e  m e t e r  — G - M  p r o b e  s u r v e y  i n s t r u m e n t  i

C o m p l e t e  e n d - w i n d o w  g a s  f l o w  p r o p o r t i o n a l  c o u n t i n g  unit  3

B e t a - g a m m a  s u r v e y  m e t e r  — p o r t a b l e ,  i n d i c a t i n g  c o u n t  l
r a t e

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

€3
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T A B L E  V ( C O N ’T) 

I n s t r u m e n t

N e u t ro n  su rv e y  m e t e r  — p o r t a b l e ,  a l l  e n e r g i e s
B e t a - g a m m a  s u r v e y  m e t e r  — p o r t a b l e ,  (0 -2500  m r / h r ) ,  
ion  c h a m b e r  type
B e ta - g a m r n a  s u r v e y  m e t e r  — p o r t a b l e ,  (0.  1-250 r / h r ) ,  
ion  c h a m b e r  type
F a s t  n e u t ro n  d e t e c t o r  — r e m o v a b l e ,  a - c  o p e r a t e d
B a c k g ro u n d  m o n i t o r  (M onit ron)  — f i x e d ,  a -c  o p e r a t e d ,  i 
c h a m b e r  type
B a c k g ro u n d  m o n i t o r s  — a - c  o p e r a t e d ,  c o u n t e r  type 
C o n t in u o u s  a i r  m o n i t o r  -  » - c  o p e r a t e d  
High vo lu m e  a i r  s a m p l e r  — a - c  o p e r a t e d  
F i l m  badge  — g a m m a  and  n e u t ro n  ( p e r  p e r s o n )
P o c k e t  d o s i m e t e r  — g a m m a  and n e u t r o n  (per  p e r s o n )  
R e m o te  a r e a  m o n i t o r i n g  s y s te m  ( F i g u r e  1 3)

Number

1
4

1
1

3
1 
3 
1
2 
i

1
1

1
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FIG. 13: R E M O T E  AREA M O N IT O R IN G  SYSTEM
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Sound b u i l d i n g  t f u u i t i M i  A iorr t .

t  * , .1 O



.

A P P E N D I X  D 
E M E R G E N C Y  P L A N

1.  I n t r o d u c t i o n

T h e  e x p e r i m e n t s  t o  b e  c o n d u c t e d  ir> t h e  C r i t i c a l  E x p e r i m e n t  L a b o r a 

t o r y  p r e s e n t  p o t e n t i a l  h a z a r d s  c o m m o n  to r e a l t o r  o p e r a t i o n s .  A l t h o u g h  

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

d e s i g n  of  t h e  e x p e r i m e n t ,  e q u i p m e n t  c o n t r o l s ,  ar id o p e r a t i n g  p r o c e d u r e s ,  

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

o f  C o m p a n y  e m p l o y e e s  a n d  a r e a  r e s i d e n t s  in t he  *v e n t  o f  a  m a j o r  d i s 

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

T h e  C r i t i c a l  E x p e r i m e n t  L a b o r a t o r y  a n d  t he  N u c l e a r  F a c i l i t i e s  P l a n t  

a r e  l o c a t e d  on  a  5 5 0 - a c r e  s i t e  4 , 5  a i r  m i l e s  e a s t  o f  d o w n t o w n  Lync h b u r g ,  

V i r g i n i a ,  a b o u t  2 m i l e s  f r o m  U.  S.  H i g h w a y  No .  4 6 0 .  T h e  p l a n t  e m p l o y s  

n e a r l y  600  p e o p l e  w h o  w o r k  in a m o d e r n  o n e -  a n d  t w o - s t o r y  i n d u s t r i a l  

s t r u c t u r e .  T h e  l a b o r a t o r y  n o r m a l l y  e m p l o y s  a b o u t  30 p e o p l e ,  a l t h o u g h  

a s  m a n y  a s  40  p e o p l e  o c c a s i o n a l l y  o c c u p y  t h e  b u i l d i n g ,  l o c a t e d  a b o u t  

1 20 0  ft  f r o m  t h e  p l a n t .

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

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

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

P l a n t  L i c e n s e  A p p l i c a t i o n ,  d a t e d  A u g u s t  11 ,  1 9 56 ,  a n d  a r e  i n c o r p o r a t e d  

by  r e f e r e n c e .

2 .  E m e r g e n c y  O r g a n i z a t i o n

T h e  L a b o r a t o r y  E m e r g e n c y  O f f i c e r  — t h e  s u p e r v i s o r  o f  t h e  C r i t i c a l  

E x p e r i m e n t  L a b o r a t o r y  — o r  h i s  a p p o i n t e d  a l t e r n a t e ,  d i r e c t s  t h e  a c t i o n  

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

i n t e g r a t e s  h i s  a c t i o n s  w i t h  t he  S i t e  E m e r g e n c y  O f f i c e r ,  w h o  i s  r e s p o n s i 

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

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



N u c l e a r  F a c i l i t i e s  P l a n t .  T h e  H ea l th  P h y s i c s  S u p e r v i s o r  and  th e  P l a n t  

S e c u r i t y  O f f i c e r ,  o r  t h e i r  ap p o in ted  a l t e r n a t e s ,  r e p o r t  d i r e c t l y  t o  the  
S i te  E m e r g e n c y  O f f i c e r .

3. E q u ip m e n t

S t a n d a r d  f i r e  f ig h t in g  a n d  f i r s t  a id  e q u i p m e n t  a r e  a v a i l a b l e  a t  the  
l a b o r a t o r y .  T h e  h e a l th  p h y s i c s  i n s t r u m e n t s  l i s t e d  in Appendix  C  a r e  
k e p t  a t  th e  l a b o r a t o r y ,  in  o p e r a t i n g  c o n d i t i o n .  S t a n d a rd  o p e r a t i n g  
p r o c e d u r e s  a l s o  r e q u i r e  t h a t  a hea l th  p h y s i c s  i n s t r u m e n t  be k e p t  in  
o p e r a t i n g  cond i t ion  in t h e  c o n t r o l  r o o m  w hen  an  e x p e r i m e n t  i s  in  o p e r a 
t io n .  A d d i t io n a l  f i r e  f i g h t in g  e q u ip m e n t ,  f i r s t  a id  and m e d i c a l  s u p p l i e s ,  

and  h e a l t h  p h y s i c s  e q u i p m e n t  a r e  a v a i l a b l e  on  i n s t a n t  ca l l  f r o m  t h e  
N u c l e a r  F a c i l i t i e s  P l a n t .

4 .  A l a r m  S y s te m

If th e  r a d ia t io n  l e v e l  in  the  l a b o r a t o t y  o r  th e  L P R  wing b e c o m e s  too 
h ig h ,  th e  bu i ld ing  e v a c u a t i o r  a l a r m  wil l s o u n d .  T h is  a l a r m  c a n  a l s o  be 

a c t u a t e d  m a n u a l l y ,  f r o m  e i t h e r  of the  t h r e e  c o n t r o l  c o n s o l e s  (o r  f r o m  
the f r o n t  of the bu i ld ing)  i f  th e  o p e r a t o r  b e l i e v e s  tha t  a d a n g e r o u s  c o n d i 
t ion h a s  a r i s e n .  The  a l a r m  is  given by s e v e r a l  loud b e l l s  l o c a t e d  in 

s t r a t e g i c  p l a c e s  a ro u n d  t h e  l a b o r a t o r y .  E a c h  be l l  p r o d u c e s  a 7 5 * db 
so u n d  l e v e l  a t  10 ft.

5 .  L ABORA TO RY EMERGENCY- P R O C E D U R E

W hen  the  a l a r m  s o u n d s ,  a l l  peop le  in th e  bu i ld ing  l ea v e  f r o m  the  
n e a r e s t  ex i t  and a s s e m b l e  j u s t  i n s id e  the  f r o n t  d o o r  with all  a v a i l a b l e  
h e a l th  p h y s i c s  e q u ip m e n t .  If the  r e a c t o r  h a s  no t  s c r a m m e d  a u t o m a t i 
c a l l y ,  th e  o p e r a t o r  s c r a m s  it  m a n u a l ly  b e f o r e  l eav ing  h i s  p o s t .

T h e  L a b o r a to r y  E m e r g e n c y  O f f i c e r  i s  in  c o m p l e t e  c h a r g e .  T h e  
S e c r e t a r y  im m e d ia t e l y  c h e c k s  the  l i s t  of o c c u p a n t s  to d e t e r m i n e  w h e t h e r  
e v e r y o n e  is  a cc o u n te d  f o r .  T he  Heal th  P h y s i c i s t  o b ta in s  e n o u g h  r a d i a 

t ion  d a t a  to m a k e  a  p r o p e r  sa fe ty  e v a lu a t io n  o f  the  b u i ld in g ' s  o c c u p a n t s .  
P e r s o n s  w o rk in g  und e r  h i s  d i r e c t i o n  m a k e  c o n t in u o u s  s u r v e y s ,  o f  the

b u i ld in g  an d  the  s u r r o u n d i n g  a r e a .  A d d i t io n a l  i n f o r m a t io n  is  o b t a i n e d
«

f r o m  th e  R e m o te  A r e a  M o n i t o r in g  S y s t e m .  A f t e r  the  Heal th  P h y s i c i s t  
a n d  L a b o r a t o r y  E m e r g e n c y  O f f i c e r  d e t e r m i n e  th a t  the  r a d i a t i o n  l e v e l  
a t  t h e  f r o n t  of the  b u i ld in g  i s  n e g l ig ib le ,  o r  a f t e r  the  o c c u p a n t s  h a v e

-  68  -
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been e v a c u a t e d  to  a sa fe  a r e a ,  th e  c o u n t in g  ro o m  t e c h n i c i a n s  r e a d  
pocket  d o s i m e t e r s  to  d e t e r m i n e  in d iv id u a l  r a d ia t io n  e x p o s u r e s .

The  O p e r a t i o n s  S u p e r v i s o r  e n d e a v o r s  to d e t c m i n e  th e  c a u s e  of 
the a l a r m .  A p e .  son d e s ig n a te d  bv th e  L a b o r a to r y  E m e r g e n c y  O ff ice r  

im m e d ia t e l y  c o n t a c t s  the G u a r d  H o u s e  at the  N u c l e a r  F a c i l i t i e s  P l a n t ,  
using the  r e g u l a r  phone  l in e s  o r  t h e  s p e c i a l  g u a r d h o u s e  te lep h o n e  s y s t e m .  
The G u a r d  Sh if t  S u p e r v i s o r  i s  i n f o r m e d  of the  s i t u a t i o n ,  and  the  phone 

l in e s  a r e  kep t  o p e n  to supply  a d d i t i o n a l  in fo rm a t io n  a s  it b e c o m e s  a v a i l 
a b le .  I n f o r m a t i o n  on wind v e lo c i ty  a n d  d i r e c t i o n  is  o b t a i n e d  f r o m  the 
a e r o v a n e  on to p  of the l a b o r a t o r y ,  and  f r o m  the  r a d i a t i o n  s u r v e y s  
co n d u c ted  o u t s i d e  the  bu i ld ing .

6 .  P la n t  E m e r g e n c y  P r o c e d u r e

Upon be in g  a d v i s e d  of an e m e r g e n c y  at the  l a b o r a t o r y ,  the G u a r d  
Shift S u p e r v i s o r  s u m m o n s  the  S i te  E m e r g e n c y  O f f i c e r ,  th e  P lan t  Heal th  
P h y s i c s  S u p e r v i s o r  and the P lan t  S e c u r i t y  O f f i c e r .  T h e  S i te  E m e r g e n c y  
O f f ice r  i s  r e s p o n s i b l e  for  c a r r y i n g  out  the  proc e d u r e s  n e c e s s a r y  to 
p r o t e c t  the  h e a l t h  and sa fe ty  of e v e r y o n e  at the p lan t  s i t e  and  in the  s u r 
rounding  t e r r i t o r y .  The H ea l th  P h y s i c s  S u p e r v i s o r  i m m e d i a t e l y  s t a r t s  
r a d i a t i o n  s u r v e y s  in s id e  and  o u t s i d e  th e  p la n t .  The  P l a n t  S e c u r i t y  O f f i c e r  
d e ta i l s  m e n  to  k e e p  peop le  in s id e  b u i ld in g s  and to k e e p  t r a f f i c  f r o m  e n t e r 

ing the  a r e a  u n t i l  the  inc iden t  h a s  b e e n  fully e v a l u a t e d .
T h e  Site  E m e r g e n c y  O f f ice r  s u m m o n s  p o l i c e ,  f i r e ,  and  a m b u la n c e  

s e r v i c e  when r e q u i r e d .  He is a l s o  r e s p o n s i b l e  for  o r d e r i n g  e v ac u a t io n  
of any bui ld ing  o r  of the e n t i r e  s i t e  if  n e c e s s a r y .  P r i v a t e  a u to m o b i l e s  

will be u se d  f o r  e v a c u a t io n .  S in ce  th e  s i te  i s  s u r r o u n d e d  by the J a m e s  
R iv e r  on t h r e e  s i d e s ,  exit is  p o s s i b l e  in only one  d i r e i  t i o n .  In ju red  

p e r s o n n e l  r e q u i r i n g  f i r s t  a id  o r  m e d i c a l  a t t en t io n  a r e  r e m o v e d  f r o m  the 
scen e  of the  i n c i d e n t  by p e r s o n n e l  f a m i l i a r  with s a fe ty  e q u ip m e n t  p r o 

c e d u r e s .

7. P o s t  E m e r g e n c y  P r o c e d u r e

T h e  p r e c e e d i n g  e m e r g e n c y  p r o c e d u r e s  a r e  in f o r c e  until  all  p e r s o n s  
a r e  m o v e d  out  o f  th e  d a n g e r  a r e a .  R a d ia t io n  and  c o n t a m i n a t i o n  l e v e l s ,  

p r o g r e s s i n g  b a c k  to w a rd  the  l o c a t i o n  of the  in c id e n t ,  a r e  d e t e r m i n e d  

with p o r t a b l e  s u r v e y  i n s t r u m e n t s .  D e ta i l e d  s u r v e y s  o f  s u r f a c e  and
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a i r b o r n e  c o n t a m i n a t i o n  will l o c a l i z e  a n d  d e l im i t  a r e a s  o f  s a f e  o c c u p a n c y .  
Su i tab le  b a r r i e r s  a r e  e r e c t e d  to c o n f i n e  c o n ta m in a t io n  a n d  to  p r e v e n t  

a c c id e n ta l  n a d ia t i o n  e x p o s u r e .

A g ro u p  of l o c a l  p h y s i c i a n s  w i l l  p r o v i d e  e m e r g e n c y  m e d i c a l  c a r e .  
B a c k g ro u n d  b lo o d  c o u n t s ,  a l r e a d y  t a k e r  fo r  a l l  e m p l o y e e s  a t  the  l a b o r a 

t o r y ,  will be  r e p e a t e d  p e r i o d i c a l l y .  N o s e  s m e a r s ,  b lo o d  c o u n t s ,  and 

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

i s  begun if  n e e d e d .
D e c o n t a m i n a t i o n  will be i n i t i a t e d  a s  soon a s  p o s s i b l e ;  th e  a r e a  wil l 

be  r e n d e r e d  s a f e ,  w i th in  a c c e p t a b l e  t o l e r a n c e  l e v e l s ,  b e f o r e  p e r s o n n e l  

a r e  p e r m i t t e d  t o  w o r k  in the  v i c in i ty  o f  the  in c id e n t .  T h e  USALC is  
no t if ied  of the  i n c i d e n t  i m m e d i a t e l y ,  in  c o m p l i a n c e  w i th  T i t l e  10, P a r t  

20 of the  Code of F e d e r a l  R e g u l a t i o n s ,  and a p p l i c a b le  a m e n d m e n t s ,  
e n t i t le d  " S t a n d a r d s  fo r  P r o t e c t i o n  A g a i n s t  R a d ia t i o n " .  A f t e r  a tho rough  

in v e s t ig a t io n  of t h e  i n c id e n t ,  a r e p o r t  will be p r e p a r e d  d e s c r i b i n g  the  

n a t u r e  o f ' th e  e x p e r i m e n t ,  the  m a t e r i a l  in vo lved ,  the  d a m a g e  to e q u ip m e n t  
and b u i ld in g ,  t h e  m e d i c a l  and  r a d i a t i o n  h i s t o r y  cf  the  p e r s o n n e l  a f f e c te d ,  

the  d e c o n t a m i n a t i o n  p r o c e d u r e s  f o l lo w e d  and the e x ten t  o f  c o n ta m in a t io n ,  
the  r e c o v e r y  of r a d i o a c t i v e  m a t e r i a l s ,  the  c a u s e  of the  i n c i d e n t ,  and 

tne  m e a n s  of p r e v e n t i n g  fu tu re  i n c i d e n t s .

8 .  A r r a n g e m e n t s  With O u ts id e  A genc  i e s

T he  L y n c h b u r g  P o l i c e  D e p a r t m e n t  and  the V i r g i n i a  S t a t e  P o l i c e  will 
be a v a i la b le  on c a l l  to  help the  P l a n t  S e c u r i t y  F o r c e  h a n d l e  an e m e r g e n c y .

A s e r i o u s  h a z a r d  to the  p e o p le  l iv in g  a ro u n d  the  s i t e  i s  v e ry  u n l ik e ly .  
T h i s  a r e a  i s  v e r y  s p a r s e l y  p o p u l a t e d ,  e s p e c i a l l y  in th e  d o w n -w in d  d i r e c 
t io n .  If it e v e r  b e c o m e s  n e c e s s a r y  t o  e v a c u a te  any of t h e s e  p e o p le ,  the  

the  S ta te  P o l i c e  w i l l  a s s i s t .
L y n ch b u rg  c i t y  o f f ic ia l s  and  m e m b e r s  of the  C iv i l  D e f e n s e  o r g a n i z a 

t ion  have  been  i n f o r m e d  of the  p o t e n t i a l  h a z a r d s .  T he  C iv i l  D efense  

o r g a n i z a t i o n s  w i l l  c a r r y  out  any a c t i o n  n e c e s s a r y  to a s s u r e  the  sa fe ty  

of L y n ch b u rg  a n d  a r e a  r e s i d e n t s .

9 .  I n d o c t r i n a t i o n

All l a b o r a t o r y  p e r s o n n e l  have  c o p i e s  of the  e m e r g e n c y  p l a n ,  and  
c o n f e r e n c e s  wil l  b e  he ld  to e n s u r e  t h a t  e v e r y o n e  i s  t h o r o u g h l y  a c q u a in te d
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with  t h e  p la n  and  a s s o c i a t e d  ind iv idua l  d u t i e s .  B e f o re  a new c o r e  i s  

l o a d e d ,  s e v e r a l  d r i l l s  w i l l  b e  c o n d u c ted  to s u p p l y  ad d i t io n a l  t r a i n i n g  

a n d  to  t e s t  the p l a n ' s  e f f e c t i v e n e s s .

I
■
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A P PE N D IX  E
SUMMARY O F  NUCLEAR C A L C U L A T IO N S

1. E s t i m a t e d  R e a c t iv i ty  o f  Ini t ia l  A s s e m b ly

T h e  e s t i m a t e d  r e a c t i v i t y  of the b as ic  a s s e m b l y ,  with a lu m i n u m  

s h im  r o d s  and a lu m in u m  in the  t e s t  ho les  is

k e .  -  1 .07*0.  06. e f f

T h is  e s t i m a t e  is b a s e d  on  a  t w o - d i m e n s i o n a l ,  f o u r - g r o u p  PDQ 
d i f f u s i o n  c a lc u la t io n  c o n f i g u r a t i o n  s l igh t ly  d i f f e r e n t  f r o m  that  oi 
F i g u r e  Z ,  but e x t r a p o l a t e d  to  the  c o n d i t io n s  of F i g u r e  Z  by s e v e r a l  

s i m p l e  o n e - d i m e n s io n a l  r e l a t i v e  c a l c u l a t i o n s .  F i g u r e  Z  was not  
r e c a l c u l a t e d  with a t w o - d i m e n s i o n a l  code b e c a u s e  the  u n c e r t a i n t i e s  
in (he  v a l id i ty  of th is  c a l c u l a t i o n  a r e  c o m p a r a b l e  to  the  u n c e r t a i n t y  
in th e  e x t r a p o la t io n .

Z .  R e a c t i v i t y  E ffec t  of F u e l  E le m e n t  S h im s

T h e  r e a c t iv i ty  e f f e c t  of the  s t a in l e s s  s t e e l  p o i so n  sh im s  in th e  

fuel  e l e m e n t s  was c a l c u l a t e d  in a o n e - d i m e n s i o n a l  c o r e  model f o r  two 
c a s e s ,  the  b e ry l l iu m  and  a lu m i n u m  being h o m o g e n i z e d  d i f f e r e n t l y .  

T h i s  c a l c u l a t i o n  t a k e s  in to  acco u n t  the a d d i t i o n  of p o ison  and the  

d i c p l a c e m e n t  of w a te r ,  b o th  of which d e c r e a s e  r e a c t i v i t y .  T he  

r e s u l t s  a r e  shown in F i g u r e  14, fo r  382 g m  of s t a i n l e s s  ' . tee l  p e r  
s h i m .  E a c h  sh im  is. 0 . 0 5 0  in.  th ick ,  Z .  50 in .  wide,  and Z 4 in. long  

( a c t iv e  leng th ) .
T h e  r e a c t iv i ty  e f f e c t  o f  the  fuel  s h im s  w a s  c a l c u l a t e d  us ing  the  

r e s u l t s  of the t w o - d i m e n s i o n a l  c a l c u l a t i o n s ,  a s s u m i n g  tha t  no 
w a t e r  w a s  d i s p la c e d .  T h i s  cond i t ion  is a p p r o x i m a t e d  by m o u n t in g  

the  U -A l  fo i ls  on a l u c i t e  b a c k in g .  F i g u r e  14 g iv e s  the r e s u l t s  f o r  
10 U - A l  fo i ls ,  o r  16 g m  of U-235  p e r  s h i m .  ,
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FIG. U :  R E A C T IV IT Y  WORTH O F  POISON AND F U E L  SHIMS

1000 2 0 0 0

100

U-235 Added, g m s /  e lem en t

1 1 1 
P o i s o n  Shims X X

Me thod 1 ✓
X /

X
/ X

X

X
S

/

/
/ /

X / "

X
X

s
/

4

X
O'

~  Rec om m e nded

S '

4

A /  
X  /  
/

w *
f

/

V -  Me hod II

z

r S
x

> j

No Shim

9

s p e r E lem

9

e n t

<f>

72

I

1

11

I I

H
W

i

n
. i

!1

> -

l

IN
I



3. Sh im  R o d  Worth

The e s t i m a t e d  r e a c t i v i t y  w o r th  of the four  c r u c i f o r m  sh im  r o d s  a n d  

the c e n t r a l  b la d e  is  £5*10% A k ,  bv e x t r a p o la t in g  t w o - d e m e n s i o n a l  c a l 

c u la t i o n s .  T h i s  w or th  b r e a k s  dow n  to 8*5% A k f o r  e a c h  in n e r  c r u c i 

f o r m  ro d ,  3*2% A k for  e a c h  o u t e r  c r u c i f o r m  ro d ,  and  3*2% A k  fo r  th e  

c e n t r a l  b l a d e .

4. Re a c t i v i t y  Worth of V a r i o u s  C o m p o n en ts

The  r e a c t i v i t y  worth  of v a r i o u s  c o m p o n e n ts  in  th e  a s s e m b ly  h a s  

been  e s t i m a t e d  in o r d e r  to  a s s e s s  the po ten t ia l  h a z a r d  should  t h e s e  

c o m p o n e n t s  be r em o v e d  and th e  void f i l led  with w a t e r .  A v a r i e ty  of 

o n e - d i m e n s i o n a l  c a l c u l a t i o n a l  m e th o d s  w ere  u s e d ,  with the c o r e  

h o m o g e n i z e d  to  m a x im iz e  the  e f f e c t s

a. C e n t r a l  Shim Rod B la d e

If a n  a lu m in u m  c e n t r a l  b lade  i s  r e m o v e d ,  and  the void is 

f i l led  w i th  w a t e r ,  r e a c t i v i ty  w i l l  i n c r e a s e  by 1 .0 * 0 .  5% A k .

b. B e r y l l i u m  R e f le c to r

If th e  e n t i r e  b e r y l l i u m  r e f l e c t o r  is r e m o v e d ,  and the void i s  

f i l led  w ith  w a t e r ,  r e a c t i v i ty  wil l  d e c r e a s e  by a b o u t  6*2% A k .

c .  I n t e r n a l  B e r y l l i u m  E l e m e n t s

If one  in te rn a l  b e r y l l i u m  e le m e n t  is r e m o v e d ,  and the void i s  
f i l led  w ith  w a t e r ,  r e a c t i v i ty  wil l  d e c r e a s e  by a b o u t  1. 3% A k .

d. E x t e r n a l  A lu m in u m  R e f l e c t o r  E le m e n t

If the  b e r y l l iu m  r e f l e c t o r  is  c o m p le t e ly  s u r r o u n d e d  by a 3 - i n .  

a lu m in u m  r e f l e c t o r ,  r e m o v a l  of  the  a lu m in u m  and  r e p l a c e m e n t  of the  

void with  w a t e r  will i n c r e a s e  r e a c t i v i t y  by only 0. 12% A k .

e .  F u e l  E l e m e n t s

T h e  r e m o v a l  of any fuel  e l e m e n t  and r e p l a c e m e n t  of the  void  

with w a t e r  will  d e c r e a s e  r e a c t i v i t y .

f. A lu m in u m  T e s t  I n s e r t

T h e  r e m o v a l  of one 6 - i n . - s q u a r e  a l u m i n u m  i n s e r t s  and 

r e p l a c e m e n t  of the  void with w a t e r  will d e c r e a s e  r e a c t i v i t y  by 1 .2 % .

i



g. T e s t  I n s e r t s

If o n e  typ ica l  t e s t  lo o p  i n s e r t  (F ig .  4) is  s u b s t i t u t e d  for  

a lu m in u m ,  r e a c t i v i t y  will d e c r e a s e  by 0 .4%. The d u m m y  loop c o n 

tain ing  A1 O  i n s t e a d  of UO , wil l  d e c r e a s e  r e a c t i v i t y  by about 2%.
2 1 2

The m o s t  h ig h ly  loaded  t e s t  i n s e r t  a n t ic ip a te d  ( E T R  fuel  e le m e n t )  will 

i n c r e a s e  r e a c t i v i t y  by about 2%. The  ran g e  of r e a c t i v i t y  c o n t r ib u t io n s  

f r o m  v a r i o u s  t e s t  loop  i n s e r t s  i s  e x p e c te d  to be w i t h in  ±3%.

5. R e a c t o r  P a r a m e t e r s

a. T e m p e r a t u r e  C o e f f i c i e n t  of R eac t iv i ty

T h e  c a l c u l a t e d  tota l  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 iv i ty  is 

- 2 . 9  x 10 4 / * C  at 20 C. The  c a l c u l a t e d  t e m p e r a t u r e  co e f f ic ien t  due 

to  fuel h e a t i n g  a lone  is -0 .  6 to  - 1 . 8  x 10 6 / C. T h e s e  c a l c u l a t i o n s  

c o m p a r e  f a v o r a b l y  with th o se  d o n e  fo r  the ETR c r i t i c a l  e x p e r i m e n t ^ .  

- 3 . 8  x 10 4/ * C ,  and - 1 . 8  x 10 4 /* C ,  but they a r e  not  in  a g r e e m e n t  

with E T R C  m e a s u r e m e n t s  w h ic h  r e p o r t  - 5 . 6  x 10 * /* C  for  the  to ta l  

t e m p e r a t u r e  c o e f f i c i e n t  o v e r  t h e  ra n g e  of 70 to  120 F . — The c a u s e  of 

th is  d i s a g r e e m e n t  is  not known, but  it may be due  to  the  lo w e r  m e t a l - 

t o - w a t e r  r a t i o  in the L P R  fuel  e l e m e n t s .  In any e v e n t ,  the  t e m p e r a t u r e  

co e f f ic ien t  i s  p ro b ab ly  not l e s s  th a n  about - 6 x 1 0  * /* C .

b. V o id  C oef f ic ien t  of R e a c t i v i t y

T h e  c a l c u l a t e d  void c o e f f i c i e n t  of r e a c t i v i t y  is in the r a n g e  of  

•2 .  4 to - 4 . 7  x 10 *A k /%  void in  fuel  e le m e n t ,  to  - 1 . 7  t o -3. 3 x 10 *

A k/% void in  the  w a te r  in the  fu e l  e l e m e n t .  T h i s  c o m p a r e s  with the  

c a l c u l a t e d  E T R  value of -2 ,  5 x  1 O ’ A k / %  void in t h e  w a t e r .  T h e s e  

void c o e f f i c i e n t s  a r e  o v e r - a l l  a v e r a g e s .  No p o i n t - b y - p o i n t  c a l c u l a 

t ions  w e r e  m a d e ;  in s tea d  the  r e s u l t s  of c a l c u l a t i o n s  fo r  E T R  c r i t i c a l  

e x p e r i m e n t  a r e  r e p o r t e d ,  s i n c e  they  a r e  qui te  s i m i l a r  in n u c le a r  

r e s p e c t s  t o  th e  L T R .  The E T R  c a l c u l a t i o n s  sh o w e d  th a t  the  void 

c o e f f i c i e n t  f o r  l a r g e  voids  i s  n e v e r  po s i t iv e  a n y w h e r e  m  the r e a c t o r ,  

and th a t ,  a s  a func t ion  of void s i z e ,  the  c o e f f i c i e n t  m a y  be s l igh t ly  

p o s i t iv e ,  up  to  about 1 . 5 - c m  v o id  d i a m e t e r .  L a t e r  m e a s u r e m e n t s  

m ad e  in t h e  E T R C  and the  E T R  h a v e  shown th a t  t h e  vo id  co e f f ic ien t  i s  

n e g a t iv e  f o r  a l l  void s i z e s  an d  fue l  p o s i t io n s .1*
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c .  N e u t ro n  L i f e t i m e

The c a l c u l a t e d  p r o m p t  n e u t r o n  l i f e t i m e  in the  b a s i c  a s s e m b l y  
i s  9*4 x 10 '  s e c ,  w h ic h  c o m p a r e s  f a v o r a b l y  with the E T R  c a l c u l a t i o n  
of 8. 1 x 10** s e c .  T h e  e x p e c te d  l i f e t i m e  of  e x p e r i m e n t s  in t h e  t e s t  

h o l e s  was  not c a l c u l a t e d ,  a l though the m i n i m u m  l i f e t im e  is  a s s u m e d  to 
be  7 x 10~*sec on th e  b a s i s  of ETR  c a l c u l a t i o n s . u

N u c le a r  Safety C a l c u l a t i o n s

The c r i t i c a l i t y  o f  th e  24 L PR  fuel  e l e m e n t s  s to r e d  in th e  s t o r a g e  

p i t  w as  c o m p u ted  u s i n g  a tw o -g ro u p ,  o n e - d i m e n s i o n a l  n u c l e a r  sa fe ty  
c o d e ,  app l ied  to an in f in i t e  l a t t i c e .  E a c h  fuel  e le m e n t  w as  a s s u m e d  
to  c o n ta in  300 gm  U - 2 3 5  ( including s h i m s )  with a  2 0 - in .  s p a c i n g  
b e tw e e n  ro w s  and a  2 - i n .  e d g e - t o - e d g e  s p a c i n g  b e tw een  e l e m e n t s  in a 
r o w .  The c a l c u l a t i o n  gav e  a of 0. 7 4 * 0 .  05 fo r  the  f lo o d e d  

c o n d  it ion.

The  c r i t i c a l i t y  of  e igh t  L P R  fuel e l e m e n t s ,  each  c o n ta in i n g  3 0 0 gm

of U -235 ,  on a p i t c h  of  6 . 0 7  in. b e tw e e n  r o w s  and 6. 39 in.  b e tw e e n

e l e m e n t s ,  was c a l c u l a t e d  by the s a m e  c o d e  us ing  c y l i n d r i c a l  g e o m e t r y
w i th  infin i te  w a t e r  r e f l e c t o r .  A k , ,  of  0 .  68*0. 05 w as  o b t a i n e d .eff

The m a x im u m  p o s s i b l e  i n t e r a c t i o n  b e tw e e n  the L T R  c r i t i c a l  c o r e  
a n d  fo u r  e x c e s s  L P R  fuel  e l e m e n t s  (w ith  a  300-gm  load ing  o f  U -2 3 5  
e a c h  and s e p a r a t e d  by  28 in. of w a t e r )  w a s  e s t i m a t e d  to be  l e s s  than 
0. 01% A k .
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A P P E N D IX  F
R E A C T O R  PO W E R  C A L C U L A T IO N S

1. M ax im u m  O p e r a t in g  P o w e r  L e v e l

The r e a c t o r  — c o o le d  by n a tu r a l  c i r c u l a t i o n  — w ill o p e r a t e  a t  a 

m a x im u m  p o w e r  l e v e l  c f  1000 w a t t* .  T h e s e  c o n d it io n s  s h o u ld  not c r e a t e  
a n y  h a s a r d  s in c e  m a n y  of the  M T R - ty p e  e le m e n ts  in the  L P R  h ave  been  

o p e r a t e d  fo r  long p e r i o d s  of t im e  a t  p o w e r  le v e ls  above  100 k w . T h e re  
i s  so m e  u n c e r t a in ty  abou t the  t e m p e r a t u r e  d i s t r ib u t io n  in  th e  U-A l fuel 

s h im s  th a t  m a y  b e  a d d e d  to  so m e  of th e  L P R  fuel e l e m e n t s .
At 1000 w a t t s ,  th e  m a x im u m  t h e r m a l  n e u t ro n  flux w i l l  be about 

1 x  10 19 n /  c m 2 -  s e c  . If the  U -A l fu e l  s h im s  w e re  p e r f e c t l y  in su la te d ,  

t r a n s f e r r i n g  no h e a t  to the  w a te r ,  th e  m a x im u m  t e m p e r a t u r e  r i s e  would 
be  abou t 4 .7  * C /  m i n .  T h is  c o u ld  be  t o l e r a t e d  s in c e  o n ly  a  few  1000- 

w a t t  ru n s  a r e  c o n te m p la te d ,  none of w h ic h  would l a s t  m o r e  th an  30 m in .
U nder m o r e  r e a l i s t i c  but s t i l l  c o n s e r v a t i v e  a s s u m p t io n s ,  the s te a d y  

s t a t e  t e m p e r a t u r e  d i s t r ib u t io n  m a y  b e  c a lc u la te d  a s s u m i n g  a  l / 8 - i n .  
lu c i te  p la te  on e a c h  s id e  of the  U -A l fu e l  s h i m s .  In s l a b  g e o m e t r y , th e  

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

T -  b u lk  t e m p e r a t u r e  of w a t e r  a 80 F ,
Q » v o lu m e  b e a t  g e n e r a t io n  * 1 .8 5  x 104 B t u /  h r  -  ft* , 

a  = h a l f - t h ic k n e s s  of U -A l  s e c t io n ,  0 .0 0 2 0 8  f t ,  

b a t h i c k n e s s  o f lu c i te ,  0 .0 1 2 5  ft,

k  = t h e r m a l  c o n d u c t iv i ty  o f  a lu m in u m , 118 B t u /  h r  - ft -  *F , 
k  * t h e r m a l  c o n d u c t iv i ty  o f  lu c i t e ,  0 .0 5  B t u /  h r  -  ft -  " F ,  and  

h 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 w a te r ,  7000 B t u / h r  -  ft2 - * F .
U n d e r  th e s e  a s s u m p t io n s ,  a t  1000 w a t t s ,  the  t e m p e r a t u r e s  a r e  T = 80F ,

and  T -  T  a Q a ( + -p-).
i x

w h e re  T * t e m p e r a t u r e  a t  c e n t e r  o f  U -A l fuel,
o

T * t e m p e r a t u r e  a t  U -A l — lu c i te  in te r f a c e ,

x
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T * 88 F , and T * 88 F .  A ctually  th e re  w ill be com e th e rm a l 
1 . •r e s is ta n c e  from  p o ss ib le  a i r  gaps betw een the U-Al fo ils and betw een 

th e  fo ils  and the lu c i te .  A ssum ing tha t a i r  gaps between each  fo il a re  
eq u a l in th ickness to each  foil (0 .01 in .) , the  effective th e rm a l con
d u c tiv ity  of the U-Al se c tio n  is reduced  to  k * 0 .03  B t u / h r  -  ft - *F,

- e  1w hich will in c re ase  T -  T from  3 x 10 F  to  1.3  F — o r on an  absolute
• i

b a s is ,  T * 89 F . T h e re fo re , the te m p e ra tu re s  in the fuel sh im s  willo
be v e ry  m odera te  d u rin g  susta ined  1000-w att o p era tio n .

2 . S ta rtu p  A ccident

It is a ssu m ed  th a t the  re a c to r  is  c r i t i c a l  and that all ro d s  a r e  w ith
d raw n  at th e ir  m ax im um  sp eed s . H ow ever, ganged rod o p e ra tio n  is 
im p o ss ib le , so the w o rs t  situa tion  is  the w ithdraw al of the reg u la tin g  
ro d  which adds re a c tiv ity  at the ra te  of 0 .0 0025  Ak/ s e c .

A N ew son-type a n a ly s is  is  used to d e te rm in e  the m in im um  period  
re su ltin g  from  th is a c c id e n t :1*

T 2R ln (P  /  P  )1*i o
w h ere  T * m in im um  period , sec

L * p ro m p t neu tron  life tim e , 7 x 10"* sec,
P  ■ in it ia l  pow er, and
P  ■ f in a l pow er.

1
T h is  co n serv a tiv e  a n a ly s is  neg lects d e lay ed  n eu tro n s .

Two m ore  c a s e s  a r e  considered : in  th e  f i r s t ,  the r e a c to r  is c r it ic a l
a t  so u rce  pow er, P  « 10~s w atts; in the second , the re a c to r  is  c r itic a l

s
a t  the m axim um  o p e ra tin g  pow er, P^*  1 0 s w a tts . P  is th e  pow er
le v e l w here safe ty  ro d  t r ip  o c c u rs . F o r  c a s e  one it is  co n se rv a tiv e ly
co n s id e re d  tha t the t r i p  does not o ccu r u n til the uncom pensa ted  ion
ch a m b e rs  com e on s c a le ,  P  ■ 100 w a tts .  In case  two the t r i p  point
w ill be 1 .5  tim es fu ll s c a le , P  * 1500 w a t ts .  T h ere fo re , th e  m inim um

1
r e a c to r  perio d  a t w hich  tr ip  o ccu rs  is  0 .1 1 1  sec fo r ca se  one and 
0 .5 8 7  sec fo r ca se  tw o .

S tartin g  with t  ■ 0 a t the t r ip  point, th e re  will be a 0 .0 3 0 -s e c  
d e la y  before the ro d s  begin to fa ll in (m e a su re d  delay t im e ) . It is 
f u r th e r  assu m ed  th a t the rods fa ll in a t an  ac ce le ra tio n  (a) 500 c m /s e c 2,

-  80 - mo ■ ~7



and th a t  o n ly  tw o  s a fe ty  ro d s , w o r th  3% e ac h , a r e  e f f e c t iv e .  If W is  
the  to ta l  w o r th  o f th e  s a fe ty  ro d s  d iv id e d  by th e i r  a c t iv e  le n g th s ,

W x 0 .0 6 /  61 * 0 .0 0 1  A h / c m , th e n  re a c t iv i ty  is  r e d u c e d  l / 2 *W t* by 
the  s a fe ty  r o d s ,  and the  m a x im u m  p o w e r is

t,  „  _  f 0 .0 3 0  . ( t -0 .0 3 0 )  1 aW  „ n , M l lP m a x  * P  exp l— -------- 4 --------- j * --------  - £  - j j  ( t - 0 .0 3 0 )  >] .

T he m a x im u m  p o w e r le v e l is  r e a c h e d  a t the  t im e ,

t m a x  * ( ♦ 0 .0 3 0 ,

F o r  c a s e  o n e , tm a x  * 0 .0 8 0  s e e ,  and  P m a x  * 1 .7 7  P  * 1 7 7  w a t ts .
I

F o r  c a s e  tw o , t m u  * 0 .0 5 2  s e c ,  and  P m a x  * 1 .2 5  P  * 1875 w a t ts .
l

T he e x c u r s io n  w as r e c a lc u la t e d  using  th e  m o re  c o n s e rv a t iv e  
a s s u m p tio n  th a t  th e  p o w er i n c r e a s e d  d u rin g  th e  c a lc u la t e d  p e r io d  fo r  
0 .3 5 0  s e c ,  th e  m e a s u re d  d e la y  t im e  to  h a lf  ro d  i n s e r t i o n .  U n d er th is  

a s s u m p tio n , P m a x  * 2360 w a tts  f o r  c a s e  one , 2730 w a t ts  fo r  c a s e  tw o .
In c o n c lu s io n ,  th e  m a x im u m  p o w e r  le v e l r e a c h e d  in  a  s t a r tu p  a c c i 

d en t is  d e f in i te ly  l e s s  th a n  3000 w a t ts ,  w ell u n d e r  th e  h e a t  flux  l im it  

fo r  M T R -ty p e  fu e l e le m e n ts .  T h e  U -A l fu e l s h im s  w ill  not be d a m a g e d  
e i th e r ,  s in c e  a  p o w e r le v e l i n c r e a s e  by a f a c to r  o f t h r e e  w ill in c r e a s e

the c a lc u la te d  t e m p e r a tu r e s  to  T  « 108 F , T * 104 F ,  and  T * 80 F .
.• i 1

3 . S tep  R e a c t iv i ty  A dd ition

F o r  s t e p  r e a c t iv i ty  a d d itio n s  th e  p re v io u s  p r o c e d u r e  c an  be fo llow ed^ 

but th e  p r o m p t  p e r io d  is g iven  by

T -  L1 * k f x  • 0 .0 0 7 5  *

A gain  no in h e r e n t  shu tdow n m e c h a n is m  is p o s tu la te d ,  and  th e  e x c u r s io n  
is  t e r m in a te d  b y  the  s c r a m  of tw o  s a fe ty  r o d s .  F o r  a  1 .5%  r e a c t iv i ty  

s te p , T * 9 .3  m s ,  and  fo r  a 1 .0 %  r e a c t iv i ty  s te p  T  * 28 m s .
T he w o r s t  c a s e  w ill be s te a d y  o p e ra t io n  a t 1000 w a tts ,  w ith a  t r ip  

a t 1500 w a t ts ,  and  a  30-m s d e la y  b e fo re  th e  ro d s  b e g in  to  fa ll in .  T h is  
c a lc u la t io n  g iv e s  a  m a x im u m  p o w e r  of 930 MW fo r  th e  1.5%  s te p ,

47 kw fo r  th e  1 ,0%  s te p .
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The 1.5% step  w ill a lm ost c e r ta in ly  m e lt the a lum inum  in the 
1*PR fuel e lem en ts  and the fuel s h im s . The 1.0% step  w ill not dam age 
the LPR fuel e le m e n ts .  The U-Al fuel sh im s will reach  a  c e n tra l 
te m p e ra tu re  of about 550 F , using the e a r l i e r  co n se rv a tiv e  assum ptions 
of luc ite  on both s id e s  and insulating a i r  g ap s . This is w ell under the 
m elting  point of a lum inum , 1200 F; h o w ev er, the te m p e ra tu re  inside 
the lucite w ill ap p ro ach  480 F which is  above the soften ing  p o in t. T h e re 
fo re , som e d is to r tio n  of the luc ite  is  ex p ec ted .

SCO ^7!)
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A P P E N D IX  G
DISCUSSION O F S P E R T  AND BORAX E X P E R I M E N T S

T h e  s e l f  - r e g u la t in g  c h a r a c t e r i s t i c *  of w a t e r  m o d e r a t e d  r e a c t o r s  

u s in g  MTR* and E T R - ty p e  f u e l  e l e m e n t s  hav e  b e e n  e x te n s iv e ly  i n v e s t i 

g a te d  in  t h e  BORAX and S P E R T  e x p e r im e n t s -  T h e  a p p l ic a b le  S P E R T  

and  B O R A X  d a ta  p r e s e n t e d  h e r e  can  be u sed  to  p r e d i c t  the  m a x i m u m  

r e a c t i v i t y  a d d i t io n s  th a t  c a n  b e  sa fe ly  s e l f - r e g u l a t e d .

T h e  S P E R T  e x p e r i m e n t s  inc luded  a s tu d y  o f  i n s t a n t a n e o u s  

r e a c t i v i t y  a d d i t io n s ,  up to  1 .4 %  ( a s y m p to t i c  p e r i o d  of 7 ms}, a t  a n  

in i t i a l  t e m p e r a t u r e  of 20 C a n d  a p o w e r  l ev e l  o f  5 watts.** The p o w e r  

e x c u r s i o n  i s  c h a r a c t e r i z e d  by  a l a r g e  p eak  fo l lo w e d  b /  a g r a d u a l  

" t a i l in g  o f f "  fo r  p e r i o d s  e x c e e d i n g  about  35 m s .  F o r  an e x c u r s i o n  

y ie ld in g  a n  a s y m p to t i c  p e r i o d  l e s s  th an  35 m s  t h e  p o w e r  l e v e l  b e c o m e s  

o s c i l l a t o r y ,  with a m p l i t u d e s  i n c r e a s i n g  a s  the  p e r i o d s  d e c r e a s e .  No 

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

T h e  d a t a  c a n  be c o r r e l a t e d  on a l o g - lo g  p l o t  a s  shown in F i g u r e s  

15 and 16 ( taken  d i r e c t l y  f r o m  r e f e r e n c e s  ts a n d  U .  An e x t r a p o l a t i o n  

of the  f u e l  t e m p e r a t u r e  d a t a  s u g g e s t s  th a t  the  fu e l  would m e l t  w hen  an  

a s y m p t o t i c  p e r io d  l e s s  t h a n  4 to  5 m s  (>2% A k )  i s  in t r o d u c e d .  F o r  

an  e x c u r s i o n  of th i s  type  t h e  p e a k  p o w e r  l e v e l  w o u ld  be about 

3000 MW, and the  e n e r g y  r e l e a s e  would be a b o u t  20 to 50 M W - s e c .

O t h e r  S P E R T  e x p e r i m e n t s  w e r e  done with r e a c t i v i t y  added  at  

r a t e s  f r o m  0. 0008 A k / s e c  t o  2.  25% A k  with t h e  w a t e r  a t  20 C. W hen 

the  w a t e r  w a s  in i t i a l ly  a t  s a t u r a t i o n  t e m p e r a t u r e ,  e x c e s s  r e a c t i v i t y  

of 1 .75%  w a s  addedJA I n s t a b i l i t i e s  in the  S P E R T  e x p e r i m e n t s  w e r e  

o b s e r v e d ^  when r a m p  r e a c t i v i t i e s  of 2% (or  g r e a t e r )  e x c e s s  

r e a c t i v i t y  w e r e  i n t ro d u c e d .  T h e s e  i n s t a b i l i t i e s ,  s i m i l a r  to  the  

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

p e a k s  w i th  v e ry  s h o r t  e f f e c t i v e  p e r i o d s  at  a p p r o x i m a t e l y  1 - se c  

i n t e r v a l s .  T o ta l  r e a c t i v i t y  a d d i t i o n s  up to  2. 75% w e r e  in t ro d u c e d ,  

l a s t i n g  f o r  2 to 3 m in  b e f o r e  th e  r e a c t o r  w a s  d e l i b e r a t e l y  s c r a m m e d .

6 0
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In the B O R A X  t e s t s  the m a x i m u m  s tep  r e a c t i v i t y  a d d i t i o n  was 

2. 1% when th e  w a t e r  was in i t i a l ly  a t  s a t u r a t i o n  t e m p e r a t u r e . i i  The 

fuel did not r e a c h  i t s  m el t ing  po in t ,  but so m e  p l a t e s  w e r e  d e fo r m e d .  

T h e r e f o r e ,  no e x p e r i m e n t s  with w a t e r  in i t ia l ly  at  20 C w e r e  done 

beyond s te p  a d d i t i o n s  of 1.25%

The s e l f - r e g u l a t o r y  p r o p e r t i e s  of th i s  type of r e a c t o r  w e re  not 

c a l c u la t e d  by BfcW b e c a u s e  of the  m a n y  a s s u m p t io n s  r e q u i r e d  and the 

unknown r e l i a b i l i t y  of the r e s u l t s . ^  As r e p o r t e d  m r e f e r e n c e  u, 

burnou t  in an M T R - t y p e  fuel e l e m e n t  with 0 . 0 1 5 - i n  c l a d  will o c c u r  

fo r  an a s y m p t o t i c  p e r io d  of about  0 .0025  sec ,  or  an e x c e s s  r e a c t iv i ty  of 

n e a r l y  3%.

T ab le  VI c o m p a r e s  the S P E R T  and BORAX e x p e r i m e n t s  to the 

L T R  c r i t i c a l  e x p e r i m e n t s .

In c o n c l u s i o n ,  the LTR  c r i t i c a l  e x p e r i m e n t  will be  s e l f  

r eg u la t in g  f o r  s t e p  and r a m p  r e a c t i v i t y  add i t ions  in th e  r a n g e  of 

1.5% to 2. 0%. E x c u r s i o n s  f r o m  a r e a c t i v i t y  i n c r e a s e  of  2 . 0  to 2. 5%, 

o r  h ig h e r ,  p r o b a b l y  won ' t  m e l t  th e  fuel  e l e m e n t s  a l th o u g h  pow er  

o s c i l l a t i o n s  m a y  o c c u r .  The m a x i m u m  e n e rg y  r e l e a s e  f o r  a 2% 

e x c u r s io n  w i l l  b e  on the o r d e r  of 20 to 50 M W -s e c .
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T A B L E  VI

IM P O R T A N T  P A R A M E T E R S  FOR

P a r a m e t e r

BORAX

C o r e  I C o r e  II

S P E R T LTR

C r i t i c a l  E x p t

P r o m p t  n e u t ro n  l i f e t i m e ,  aec 

V o id  c o e f f ic ien t ,  A k / %  void  

T e m p  coef f ic ien t ,  A k / * C

6. 5 x  10"*
*

-2.  4  x  10 5

-4 **- 1 . 2  x 10

7. 5 x  10"*

- 1 . 0  x  10 '*  *
-s **- 6 . 9  x  10 *

5 x 10"* 

- 1 . 9  x 1 0 “ ’ 

-9 x 10"*

-7  x 10 '*

-1 .  7 to 3. 3 x 10 

-6 to 30 x 10"*

C r o s s  s e c t io n  of fuel e l e m e n t ,  in. 3 x 3 3 x 3 3 x 3 3 x 3

P l a t e s  p e r  e le m e n t 18 10 17 10

P l a t e  th i c k n e s s ,  in. 0 .  060 0. 060 0. 060 0. 050

U - 2 3 5  p e r  e le m e n t ,  g m 139 93 o r  157 168 190

M e t a l - w a t e r  r a t i o 0 . 6 2 6 0 . 4 2 2 —'20 .  6 —*20. 4

* B a se d  on m e a s u r e d  r e p l a c e m e n t  of 10% of  c o r e  w a te r  by s t e a m  a t  200 F .
A v e r a g e  f r o m  27 to  93 C .



A P P E N D IX  H
E F F E C T S  O F MAXIMUM C R E D IB L E  A C C ID E N T

1. M ax im u m  C r e d ib le  A cc id en t

To s e t  an  u p p e r  l im it  on th e  e n v iro n m e n ta l  h a z a rd  c r e a t e d  by the  
m ax im u m  c r e d i b le  a c c id e n t, it  is  p o s tu la te d  th a t  s o m e  unknow n m e c h 

a n is m  in s ta n ta n e o u s ly  ad d s 2% e x c e s s  r e a c t iv i ty  to  th e  j u s t - c r i t i c a l  
r e a c t o r .  D u rin g  th e  e x c u rs io n , 50% o f  th e  m a x im u m  a m o u n t o f U -A l 
a llo y  in  th e  fu e l  s h im s  and  10% of th e  fu e l p la te s  in th e  L P R  fuel 

e le m e n ts  a r e  a s s u m e d  to  m e lt  b e c a u s e  o f c o in c id e n t p lu g g in g  of so m e  
fu e l e le m e n t c o o la n t  c h a n n e ls .  S P E R T  and  BORAX d a ta  in d ic a te  th a t 
th e  fuel e le m e n ts  sh o u ld  no t m e lt  d u r in g  a  2% e x c u r s io n ;  bu t an a p p r e 
c ia b le  n u m b e r  o f  th e  U -A l fuel s h im s  m a y  m e lt  b e c a u s e  o f  p o o re r  h e a t 

t r a n s f e r .  T he  m a x im u m  f ra c t io n  o f  to ta l  fue l in th e  U -A i s h im s  is  
0 .2 6 , o r  80 gm  U -2 3 5  e x t r a  p e r  fu e l  e le m e n t .

B a se d  on t h e s e  a s s u m p tio n s , t h e r e  a r e  two s o u r c e s  o f a c tiv i ty  
f r e e d  f ro m  th e  fu e l  e le m e n ts :  th a t  g e n e ra te d  m o re  o r  l e s s  in s ta n ta n e 

o u s ly  in th e  e x c u r s io n ,  aiyl th e  r e s id u a l  a c tiv i ty  b u ilt up  in  the  L PR  
due to  th e  h igh  p o w e r  o p e ra tio n  of th e  L P R  fuel e le m e n ts  b e fo re  th e  

L T R  c r i t i c a l  e x p e r im e n ts  b e g a n . In  c o m p a r is o n  w ith  th e  L T R  c r i t ic a l  
e x p e r im e n t, th e  a c t iv i ty  g e n e ra te d  in  th e  c o u rs e  o f th e  L T R  c r i t ic a l  

e x p e r im e n t p r o g r a m  m ay  be n e g le c te d .  B a se d  on e x p e r im e n ta l  d a ta  
show n in  F ig u r e  1 5, a  2% e x c u r s io n  w ill  g e n e ra te  up to  50 M W -sec  of 

e n e rg y . T h e r e f o r e  th e  e ffe c tiv e  e x c u r s io n  in t e r m s  o f  a c t iv i ty  r e le a s e  

is
W = 5 0 ( 0 .5 0  X 0 .2 6  ♦ 0 .1 0  x  0 .7 4 ]  * 10 M W - s e c .

In a d d itio n  to  th e  10 M W -sec  e f f e c t iv e  b u r s t ,  10% o f  th e  a c tiv ity  
p re v io u s ly  b u i l t  up  in th e  L P R  fu e l e le m e n ts  w ill be r e l e a s e d .  The 

in te g ra te d  p o w e r  o f  th e s e  fuel e le m e n ts  w ill be l e s s  th a n  1 M W -day , 

w ith  a  two w eek  c o o lin g  t im e  b e fo re  th e  L T R  c r i t i c a l  e x p e r im e n ts  
b e g in . D u rin g  th e  co o lin g  tim e  a ll  o f  th e  v o la ti le  f i s s io n  p ro d u c ts  w ill
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h a v e  d e c a y e d  e x ce p t 1 -131  and X e-1 3 3 , w h ic h  have  r e la t iv e ly  lo n g  

h a l f l i v e s .  To m o re  a c c u r a t e l y  co m p u te  th e  q u a n ti ty  o f 1-131 a n d  

X e -1 3 3  p r e s e n t  in th e  fu e l  e le m e n ts  b e fo re  th e  e x c u rs io n , th is  e q u a tio n
is  u s e d :

N F  p  * 3 .1  x 1 0 1* ( { I e -V T  ) O  *

In t h i s  e q u a tio n  f o r c y c l ic a lo p e r a t io n ,  th e  m a x im u m  o p e ra t in g  h i s to r y
of th e  L P R  in th e  m o n th  p ro c e e d in g  th e  L T R  c r i t i c a l  e x p e r im e n ts  is
e x p e c te d  to  be: 1 ru n  p e r  d a y  a t 200 kw, l a s t i n g  0 .5  h r ,  th en  P  *

2 x  10* w a tts , t  « 0 .5  h r ,  t  * 2 3 .5  h r ,  T  * 24 h r ,  and  t * 30 d a y s .
I t

" y "  i s  th e  f is s io n  p ro d u c t  y ie ld , and X is  i t s  d e c a y  c o n s ta n t .  A p p ly in g  
a  f u r t h e r  a tte n u a tio n  o f e  ** w h e re  t is  2 w e e k s  be tw een  L P R  a n d  L T R  
o p e r a t io n ,  1 .0 2  x 101* 1-131 a to m s and 8 .7 0  x 1017 X e-133  a to m s  
w o u ld  be  p r e s e n t  a t  th e  t im e  of the  e x c u r s io n  .

2 . G a m m a  A c tiv ity  in  th e  P o o l

S o m e  o f th e  a c t iv i ty  in  th e  pool w ill be  d is s o lv e d  in th e  w a te r  and  
s o m e  w ill  r e m a in  in  th e  fu e l  e le m e n ts . In c o m p u tin g  th e  m a x im u m  
poo l a c t iv i ty  no lo s s  o f a c t iv i ty  f ro m  th e  p o o l i t s e l f  is  a s s u m e d .  T he 

g a m m a  a c t iv i ty  c an  be c o m p u te d  f ro m  th e  e q u a t io n s  U

Qa * 4 .8  x 10»* t~  *’ ai W, and
Qb ■ 2 .3  x 1014 P  [ T "#*11- (t^ f  T )-® *11] ,

w h e re  Q & is  the  g a m m a  a c t iv i ty  g e n e ra te d  in  th e  b u r s t  (M e v / s e c )  and  
Qb  i s  th e  a c tiv ity  f ro m  p re v io u s  L P R  o p e r a t io n .  To o b ta in  an  u p p e r  
l im i t  on  the  g ro s s  a c t iv i ty ,  Q ^, P  is  a s s u m e d  to  be 1000 k w , t^  is
1 d a y , an d  T is  th e  t im e  a f t e r  L P R  o p e ra t io n  c e a s e s ,  o r  T * t  4 -2  
w e e k s .  B eing  in te r e s t e d  in  p a s t  e x c u r s io n  t im e s  m uch  s h o r t e r  th a n  
tw o w e e k s , t is  n e g le c te d  an d  th is  c o n tr ib u t io n  is  a s s u m e d  c o n s ta n t  

d u r in g  th e  p e r io d  im m e d ia te ly  fo llow ing  th e  e x c u r s io n , so  th a t  T  *

2 w e e k s .
T h e r e f o r e  th e  a c t iv i ty  r e le a s e  to  th e  w a t e r  c o n s is ts  o f tw o  c o m 

p o n e n ts ,  w ith  W * 10 M W -S '.c , and  10% of, Q ^, o r

Q * « 4 . 8 x  10,T t ‘ w l  ♦ 1 . 9 x 1 0 “ .w a te r
T h e  a c t iv i ty  re m a in in g  in  th e  c o re  is



Q  c o r e  3 1 . 9 2  x 10»# t  " ' - 41 ♦ 1 . 7  x  10 ‘\  

w h e r e *  W * 5 0  -  10 * 40 M W - i e c .

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

to  b e  u n i f o r m l y  d i s s o l v e d  i n  t h e  w a t e r ,  i s  l i s t e d  in  T a b l e  V I I .  T h e  d o s e  

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

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

T A B L E  VII

P O O L  W A T E R  A C T I V I T Y  A N D  D O S E  R A T E S
«

T i m e  A f t e r  T o t a l  M e v / s e c  m e / c m *  D o s e  R a t e ,  r / h r
E x c u r s i o n i n  W a t e r in  W a t e r t h r u  c o n c r e t e to p  o f  p o o l

10 s e c 2 . 9 6  x  1014 2 3 . 7 0 . 0 0 3 6 1 . 4 5  x 10*
1 m i n 3 . 4 3  x  10IJ 2 - 9 0 . 0 0 0 4 1 . 6 8  x 104

10 m i n 2 . 2 4  x I 0 14 0 . 1 9 1 . 1 0  x  10s
1 h r 4 . 2 5  x  10>s 0 . 0 3 5 2 . 0 9  x  102

10 h r 2 . C 5  x  10*» 0 . 0 1 7 1 .0 1  x 10*

D ue  to  t h e  r e s i d u a l  a c t i v i t y  in  t h e  c o r e ,  t h e  d o s e  r a t e  a b o v e  t h e  p o o l  

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

t h e  c o r e .

3 .  V o l a t i l e  F i s s i o n  P r o d u c t  A c t i v i t y

T h e  v o l a t i l e  f i s s i o n  p r o d u c t s  — X r ,  X e ,  a n d  p o s s i b l y  B r  a n d  I —
i

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

c r e a t e d  d u r i n g  t h e  e x c u r s i o n  a s  w e l l  a s  t h e  a c t i v i t i e s  o f  T -  131 a n d  

X e - 1 3 3 .  O n l y  t h e  g a m m a  e m i t t i n g  i s o t o p e s  w i t h  h a l f l i v e s  l o n g e r  t h a n  

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

p r o p e r t i e s  l i s t e d  i n  r e f e r e n c e d

O f  t h e s e  v o l a t i l e  f i s s i o n  p r o d u c t s ,  K r  a n d  Xe a r e  a s s u m e d  to  be  

i n s t a n t a n e o u s l y  t r a n s f e r r e d  to  a i r .  T h e  B r  a n d  I p r o b a b l y  w i l l  n o t  

t r a n s f e r  b e c a u s e  o f  t h e i r  s m a l l  q u a n t i t y  in  t e r m s  o f  m a s s ,  a n d  t h e i r
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TABLE VIII
VOLATILE FISSION PRODUCT ACTIVITY IN WATER

Total C u r m  in Water
T im a After Total p c /
Excureion B r Kr I 1-1 31 Xe Total cm  J water

0 2 7 .3 51.5 223 2 8 .0 35.5 341 7.3

1 min 2 6 .8 51.2 222 2 8 .0 35.5 335 7.2

10 min 2 2 .4 48.2 204 2 8 .0 35.5 310 6 .7

1 h r 7 .4 34.3 134 2 8 .0 44.8 220 4 .7

10 hr 3 x 10» 1.9 38 2 7 .2 35.2 78 1.7

TABLE IX
DOSE RATE AND VOLATILE FISSION PRODUCT ACTIVITY IN AIR

T im e After 
Excureion £/ c m *  in Air  

;r + krTX e* I

Doae R a te  in Bldg,Doae Rate 50 ft outeide Bldg; 
_______ r  / h r _____ _____  m r /  hr
Kr+ Xe Kr+ Xe + I K r+X e 'i

0 0 .087 0.310 3.8 13.5 0 .8 4 2.98

1 min 0 .087 0.308 3.8 13.4 0 .8 4 2.96

10 min 0 .084 0.288 3 .7 12.5 0 .8 0 2.76

1 hr 0 .079 0.203 3.4 8 .8 0 .76 1.95

10 hr 0 .0 3 7 0.075 1.6 3.3 0 .3 6 0.72
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I •o lu b iJ i ty  in  w a t e r .  H o w e v e r ,  b e c a u s e  o f the  p a r t i c u l a r  h a z a r d  of 

1-131, tw o  c a s e s  a r e  a s s u m e d :  th e  r e l e a s e  of K r  a n d  Xe to  the  a i r ,  

and  the  r e l e a s e  of K r ,  Xe, a n d  1 to the a i r .  T h is  a c t iv i t y  w ill q u ic k ly  

d if fu se  in to  th e  vo lum e  o f th e  L P R  w ing . T he  c o n c e n t r a t i o n  in a i r ,  

a s s u m in g  u n i f o r m  m ix ing , i s  g iv e n  in T ab le  IX a lo n g  with the  d o se  to  

a  p o is o n  a t  th e  c e n t e r  o f  a  s p h e r e  equal in v o lu m e  to  the  L P R  w in g . i l

4 ,  E n v i r o n m e n ta l  H a z a rd
'

To d e t e r m i n e  the  h a z a r d s  to  th e  g e n e ra l  p u b l ic ,  th e  w o r s t  i n s t a n -
i ta n e o u s  r e l e a s e  of a l l  th e  v o l a t i l e  f i s s io n  p r o d u c t s  in  the bu ild ing  is  

c a l c u l a t e d .  T he  d iffu s io n  o f  t h e  ra d io a c t iv e  c lo u d  is  g o v e rn e d  by 

S u t to n 's  e q u a t io n s  and  the  a t m o s p h e r i c  d if fu s io n  p a r a m e t e r s  l i s t e d  in  

A ppend ix  A . ** The c lo u d  d o s e  f o r  in v e r s io n  c o n d i t io n s  is  show n in 

T a b le  X .
»

I
T A B L E  X

G A M M A  CLOUD DOSE FR O M  V O L A T IL E  FISSION P R O D U C T S
(IN V E R SIO N  CONDITIONS)

T o ta l  D o se , m r

D is ta n ce K r  ♦ Xe K r  ♦ Xe ♦ I

50 ft 24 .* ' 8 8 .7
440 ft 0 .6 3 4 .2

1200 ft 6 .2 2 0 .7

T he  o n ly  e n v iro n m e n ta l  h a z a r d  of c o n s e q u e n c e  is  the' in h a la t io n  of 

1-131 --  a s s u m i n g  it c a n  e s c a p e  f ro m  the  pool w a t e r .  T he c r i t i c a l  

o rg a n  f o r  1-131 is  the  t h y r o id  g la n d  w h e re  the  m a x im u m  p e r m i s s i b l e  

s h o r t - t e r m  in h a la t io n  d o s e  i s  0 .7 0 ,  17, and  170 p c  . i i  T h is  w ill  be 

c a u s e d  b y  a n  e x p o s u re  of 0 . 3  r e m  the  f i r s t  w e e k ^ o r  15 .7  re rn  the  f i r s t  

y e a r ,  o r  150 r e m  in 70 y e a r s .  T he n u m b e r  of m i c r o c u r i e s  in h a led  

f r o m  th e  r a d io a c t iv e  c lo u d  is
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(av e rag e )  I * 7 . 5  x 10~4 Q / x  u t 5 , and
i

( inver» ion)  I * 6 . 0  x 10"J Q / x
1

w h e r e  Q is the n u m b e r  o f  r m c r o c u n e s  of  1-131 i n s t a n t a n e o u s l y  r e l e a s e d  
f r o m  the bui lding and  x is the d i s t a n c e  f r o m  the building to th e  o b s e r v e r .  
( T h e  c o n s t a n t s  in th e  i n t e g r a t i o n  of S u t t o n 1 s equa t ion  have b e e n  in c lu d ed . )  

A b r e a t h in g  r a t e  of 17 1 /  m in  was u s e d .  T a b l e  XI l i s t s  the  t h y r o i d  d o se s  
r e s u l t i n g  f r o m  ths  r e l e a s e  of all  the  1-131 in the  w a te r  <28 c u r i e s )  to 

th e  a i r .

T A B L E  XI

DOSE D E L IV E R E D  TO THYRO ID BY 1-131, r e m
N o r m a l  Condi t ions  In v e rs io n  C o n d i t i o n s

D i s t a n c e , \LC f i r s t f i r s t 70 f i r s t f i r s t 70
ft in h a led week yj* y r inhaled week y r y r

50 178 7 6 .5 165 165 2800 1210 2610 2610
440 3 .9 5 1.7 3.63 3 .6 3 108 4 6 .0 102 102

1200 0 .7 0 0 .2 9 0 .6 3 0 . 6 3 2 4 .2 10.2 22 3 2 2 .3
2500 0 .1 9 0 .0 8 0 .1 8 0 . 1 8 8 .3 3 .4 7 . 7 7 .7
5500 0 . 0 5 0 .0 2 0 .0 5 0 . 0 5 2 . 5 1.1 2 . 3 2 . 3
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