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S U M M A R Y  

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

A new s u r v e y  h a s  b e e n  made o f  t h e  i m p u r i t i e s  t o  be a l l o w e d  i n  a p r i m a r y  
c o o l a n t  s t r e a m  e m e r g i n g  from a r e a c t o r  s h i e l d .  Among t h e  i m p u r i t i e s  m o s t  

d i f f i c u l t  t o  s h i e l d  w o u l d  b e  N a ,  V, Mn, R h ,  a n d  I n .  C a l c u l a t i o n s  on  t h e  
B r e m s s t r a h l u n g  which  would a r i s e  i n  p i p i n g  c o n t e i n i n g  r a d i o a c t i v e  Li i n d i c a t e  
t h a t  a p r i m a r y  L i ’  s t r e a m  c o u l d  p r o b a b l y  n o t  b e  b r o u g h t  o u t  o f  t h e  r e a c t o r  
w i t h o u t  some e x t e r n a l  s h i e l d i n g .  

Some c a l c u l a t i o n s  h a v e  b e e n  made on r a d i o a c t i v i t y  i n  t h e  s e c o n d a r y  c o o l a n t  
o f a c i r c u l a t i n g  f u e l  r e a c t o r  s y s t e m  which m i g h t  a r i s e  from t h e  d e l a y e d  n e u t r o n  
f l u x  i n  t h e  i n t e r m e d i a t e  h e a t  e x c h a n g e r .  It a p p e a r s  t h a t  t h i s  e f f e c t  would b e  
n e g l i g i b l e .  

A s u r v e y  h a s  b e e n  made of  t h e  p r e s s u r e  d r o p s  t o  b e  e x p e c t e d  a c r o s s  re- 
p r e s e n t a t i v e  r e a c t o r  c o r e  g e o m e t r i e s  w i t h  v a r i o u s  l i q u i d  m e t a l  c o o l a n t s .  The 
s u p e r i o r i t y  o f  t h e  l i g h t  m e t a l s  L i  and Na o v e r  Pb a n d  B i  from t h i s  s t a n d p o i n t  
i s  v e r y  g r e a t .  

A n u m b e r  o f  p r e l i m i n a r y  d e s i g n s  f o r  a 1000 kw ARE r e a c t o r  h a v e  b e e n  
s k e t c h e d  o u t  i n  f i r s t  a p p r o x i m a t i o n ,  M o s t  o f  t h e s e  e m p h a s i z e  l i q u i d  m e t a l  
c o o l a n t s  w i t h  s o l i d  f u e l  e l e m e n t s ;  h o w e v e r ,  o n e  p r o p o s a l  i n v o l v e s  s o d i u m  

h y d r o x i d e  c o o l i n g ,  w i t h  t h e  e v e n t u a l  aim o f  d e v e l o p i n g  a homogeneous c i r c u l a t  - 
i n g  f u e l  a i r c r a f t  r e a c t o r .  . A l l  of  t h e s e  d e s i g n s  i n v o l v e  a c o n s i d e r a b l e  number 
o f  m a t e r i a l s  unknowns. R e s e a r c h  a imed  a t  c l a r i f y i n g  t h e s e  m a t e r i a l s  p r o b l e m s  
i s  now underway .  

C r i t i c a l  Exper iments .  A j o i n t  ORNL-NEFA group is b e i n g  e s t a b l i s h e d  to 
c a r r y  o u t  c r i t i c a l  e x p e r i m e n t s  of i n t e r e s t  t o  t h e  ANP program.  A new b u i l d i n g  
to b e  o c c u p i e d  b y  t h i s  g r o u p  i s  e x p e c t e d  t o  r e a c h  c o m p l e t i o n  i n  J u l y ,  1950 .  
Most of t h e  a p p a r a t u s  f o r  b e g i n n i n g  t h e  c r i t i c a l  e x p e r i m e n t s  h a s  a l r e a d y  b e e n  
b u i l t  and t e s t e d  by NEFA. 

S h i e l d i n g .  D a t a  a r e  p r e s e n t e d  i n  F i g s .  4 ,  5, 6 and 7 f o r  t h e  n e u t r o n  and  

gamma a t t e n u a t i o n  of  s h i e l d  a s s e m b l i e s  c o n t a i n i n g  27% and 18% Pb by volume i n  
w a t e r .  Measuremen t s  of  33% pb i n  w a t e r  have  b e e n  s t a r t e d .  D a t a  on t h e  Fe-H,O-Pb 
s h i e l d  for t h e  N a v a l  r e a c t o r  a r e  p r e s e n t e d  i n  F i g s .  8 and 9. As a r e s u l t  o f  a 
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r e c a l i b r a t i o n  and improvemen t s  i n  t h e  i n s t r u m e n t a l  s e t u p ,  i t  i s  b e l i e v e d  t h a t  
t h e  a c c u r a c y  o f  t h e  i n t e n s i t y  m e a s u r e m e n t s  i s  now w i t h i n  30%. 

A t h e o r e t i c a l  method c a l l e d  t h e  n e u t r o n  a c c o u n t a b i l i t y  s y s t e m  h a s  b e e n  
d e v e l o p e d  f o r  e s t i m a t i n g  f a s t  n e u t r o n  l e a k a g e  t h r o u g h  a sample  f rom t h e  p u r e l y  
t h e r m a l  m e a s u r e m e n t s  i n  t h e  l i d  t a n k .  Such  c a l c u l a t i o n s ,  when a d d e d  t o  t h e  
new l i d  t a n k  d a t a ,  i n d i c a t e  t h a t  a u n i t  s h i e l d  t o  s u r r o u n d  a s p h e r i c a l  f o u r  
f o o t  a i r c r a f t  r e a c t o r ,  i n  t h e  i d e a l i z e d  c a s e  n e g l e c t i n g  d u c t s  and  h e a t  e x -  
c h a n g e r s ,  would  we igh  i n  t h e  n e i g h b o r h o o d  o f  1 4 0 , 0 0 0  p o u n d s .  

C o n s t r u c t i o n  h a s  begun on t h e  b u i l d i n g  t o  h o u s e  t h e n e w  s h i e l d i n g  r e a c t o r .  
A r e a c t o r  a s s e m b l y  and measu remen t  e q u i p m e n t  a r e  e x p e c t e d  t o  be r e a d y  f o r  i n -  
s t a l l a t i o n  when t h e  b u i l d i n g  is  c o m p l e t e d  i n  t h e  f a l l  o f  1950.  I t  is  b e l i e v e d  
t h a t  t h e  n e u t r o n  and  gamma i n t e n s i t y  t h r o u g h  s h i e l d i n g  s a m p l e s  w i l l  be  h i g h  
enough w i t h  t h i s  new f a c i l i t y  t o  p e r m i t  making  s p e c t r a l  i n t e n s i t y  measu remen t s .  
A n e u t r o n  camera  s i m i l a r  t o  a Los  Alamos model i s  now b e i n g  b u i l t ,  a n d  s e v e r a l  
o t h e r  i n s t r u m e n t s  s u i t a b l e  €or n e u t r o n  or gamma r a y  s p e c t r o s c o p y  a r e  u n d e r  d e -  
s i g n ,  

T h e o r e t i c a l  c a l c u l a t i o n s  have  been  made on t h e  s p e c t r u m  t o  be e x p e c t e d  o f  
n e u t r o n s  e m e r g i n g  from v a r i o u s  t h i c k n e s s e s  o f  H,O and Fe-H,O s h i e l d s .  

A s t u d y  h a s  been  made on t h e  d e s i r a b i l i t y  o f  u s i n g  VI; f o r  a m a j o r  p a r t  o f  
t h e  s h i e l d i n g .  I t  d o e s  n o t  a p p e a r  t h a t  W i s  l i k e l y  t o  be  e n o u g h  b e t t e r  t h a n  
Pb t o  b e  w o r t h  t h e  d i f f i c u l t y  and e x p e n s e  o f  f a b r i c a t i n g  i t  i n  l a r g e  q u a n t i t i e s .  

However ,  UH, s t i l l  a p p e a r s  t h e o r e t i c a l l y  t o  o f f e r  w o r t h w h i l e  s h i e l d  w e i g h t  
s a v i n g s .  The p o s s i b i l i t y  o f  o b t a i n i n g  t h i s  m a t e r i a l  a t  h i g h  d e n s i t y  a n d  i n  a 
n o n - p y r o p h o r i c  s t a t e  i s  b e i n g  i n v e s t i g a t e d .  

The NEPA f a s t  n e u t r o n  s p e c t r o m e t e r  h a s  b e e n  t e s t e d  on t h e  e l e c t r o s t a t i c  
g e n e r a t o r  a t  B a r t o l  and a t  MIT. I t s  r e s o l u t i o n  a p p e a r s  a d e q u a t e  for s h i e l d i n g  
measu remen t s  

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

B o r a l  h a s  now been  p roduced  i n  l a r g e  s h e e t s  o f  1 /8  i n .  t h i c k n e s s .  Methods 
o f  j o i n i n g  B o r a l  s h e e t s  a r e  b e i n g  i n v e s t i g a t e d .  

Heat T r a n s f e r .  A f i g u r e - o f - e i g h t  l o o p  f o r  c i r c u l a t i n g  l i q u i d  m e t a l s  t o  

measu re  h e a t  t r a n s f e r  c o e f f i c i e n t s  i s  now n e a r i n g  c o m p l e t i o n .  T h i s  c i r c u l a t i n g  
s y s t e m  w i l l  employ a h y d r a u l i c  b e a r i n g  pump which e l i m i n a t e s  a n y  s e a l s .  
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Experimental  Eng ineer ing .  A new g r o u p  i s  b e i n g  e s t a b l i s h e d  t o  c a r r y  o u t  

a l l  v a r i e t i e s  of l a r g e - s c a l e  e x p e r i m e n t a l  e n g i n e e r i n g ,  p a r t i c u l a r l y  i n  l i q u i d  

m e t a l s  p rob lems  p r e l i m i n a r y  t o  t h e  c o n s t r u c t i o n  of  t h e  ARE r e a c t o r .  

Meta l lurgy  and M a t e r i a l s .  F o u r - h o u r  s t a t i c  c o r r o s i o n  t e s t s  o f  n u m e r o u s  

m a t e r i a l s  i n  l i q u i d  L i  and B i  a t  1800°F h a v e  now been  c o m p l e t e d .  The d e t a i l e d  
e f f e c t s  upon t h e  sample  s u r f a c e s  a r e  d i s c u s s e d  i n  t h i s  r e p o r t .  Those  m a t e r i a l s  
which  s o  f a r  show t h e  g r e a t e s t  p r o m i s e  i n  l i q u i d  B i  a r e  Fe, Mo, W and Ta .  For  
L i  a t  1800°F t h e  same m a t e r i a l s ,  t o g e t h e r  w i t h  Zr a n d  a number o f  s t a i n l e s s  
s t e e  Is ,  seem mos t p r o m i s i n g .  

S t u d i e s  a r e  unde rway  on  m a s s  t r a n s f e r  e f f e c t s  i n  l i q u i d  m e t a l  s y s t e m s  
whose  c o n t a i n i n g  w a l l s  i n v o l v e  s e v e r a l  d i f f e r e n t  m a t e r i a l s  e 

F o u r - h o u r  s t a t i c  c o r r o s i o n  t e s t s  a t  1 8 0 0 ° F  h a v e  a l s o  b e e n  c o m p l e t e d  on a 
number o f  m a t e r i a l s  i n  l i q u i d  B i  c o n t a i n i n g  d i s s o l v e d  u ran ium-a  f l u i d  w h i c h  
m i g h t  b e  u s e d  i n  a c i r c u l a t i n g  f u e l  r e a c t o r .  Mo and  W show t h e  l e a s t  a t t a c k  
s o  f a r .  

Twe lve  c o n v e c t i o n  l o o p s  ( h a r p s )  a r e  now b e i n g  made of v a r i o u s  m a t e r i a l s  
f o r  dynamic  c o r r o s i o n  t e s t s .  A s m a l l  f o r c e d  c i r c u l a t i o n  s y s t e m  f o r  c o r r o s i o n  
t e s t s  i s  a l s o  b e i n g  p l a n n e d .  

B e c a u s e  o f  e v i d e n c e  t h a t  much o f  t h e  o b s e r v e d  c o r r o s i o n  i n  m o l t e n  L i  
s y s t e m s  i s  c a u s e d  by oxygen and n i t r o g e n  i m p u r i t i e s ,  a s p e c i a l  h i g h  t e m p e r a -  
t u r e  L i  p u r i f i e r  i s  now b e i n g  c o n s t r u c t e d .  

- ~ -- 
Lithium Isotope Separat ion ,  A s e p a r a t i o n  f a c t o r  o f  1 . 0 2  h a s  been o b t a i n e d  

: b y  m o l e c u l a r  d i s t i l l a t i o n .  A t w o - s t a g e  r e f l u x i n g  s t i l l  i s  b e i n g  b u i l t .  A 
I p a c k e d  co lumn r e f l u x i n g  s t i l l  t o  t e s t  f e a s i b i l i t y  o f  h i g h e r  t e m p e r a t u r e  and  

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

More t h a n  400  o r g a n i c - o r g a n i c  s y s t e m s  h a v e  been  i n v e s t i g a t e d  i n  a s e a r c h  
f o r  a s u i t a b l e  l i q u i d - l i q u i d  c o u n t e r c u r r e n t  a r r a n g e m e n t  for i s o t o p e  s e p a r a t i o n .  
Of t h e s e ,  1 2  show s u f f i c i e n t  p r o m i s e  f o r  f u r t h e r  i n v e s t i g a t i o n .  I n  a d d i t i o n ,  
a number of a q u e o u s - o r g a n i c  s y s t e m s  a r e  b e i n g  s t u d i e d .  

P u l s e  co lumns  a r e  b e i n g  s t u d i e d  f o r  p o s s i b l e  u s e  w i t h a L i  amalgam s y s t e m .  

A d d i t i o n a l  r e s e a r c h  on L i  i s o t o p e  s e p a r a t i o n  i s  underway w i t h  i o n - e x c h a n g e  
r e s i n s  

- -  

R a d i a t i o n  Damage, D e u t e r a n b o m b a r d m e n t  o f  Fe immersed  i n  L i  a t  1800°F  i s  

b e i n g  c a r r i e d  o u t  by N o r t h  Amer ican  A v i a t i o n ,  I n c .  a t  B e r k e l e y  t o  s t u d y  e f f e c t s  
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of  r a d i a t i o n  on c o r r o s i o n  r a t e s .  S i m i l a r  c y c l o t r o n  bombardment w i l l  be  s t a r t e d  
s h o r t l y  a t  P u r d u e  t o  s t u d y  t h e  e f f e c t  o f  r a d i a t i o n  o n  c r e e p  r a t e .  S i l i c o n  
c a r b i d e  or magnesium s i l i c i d e  w i l l  p r o b a b l y  b e  u s e d  t h e r e ,  s i n c e  t h e s e  a r e  u n -  
c l a s s i f i e d  m a t e r i a l s  a n a l o g o u s  t o  t h e  Be,C w h i c h  i s  o f  i n t e r e s t  f o r  t h e  a i r -  

c o o l e d  r e a c t o r  

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

S a m p l e s  o f  T i ,  M o ,  N i  and  Fe f o r  b e f o r e - a n d - a f t e r  m e c h a n i c a l  p r o p e r t y  
m e a s u r e m e n t s  a r e  e x p e c t e d  t o  g o  i n t o  t h e  H a n f o r d  p i l e  s h o r t l y .  

An a p p a r a t u s  h a s  b e e n  d e s i g n e d  f o r  e x p o s i n g  p l a s t i c s  t o  a l o 5  R/hr  gamma 
s o u r c e .  

H y d r i d e s  o f  T i ,  Zr,  and  L i  h a v e  b e e n  e x p o s e d  i n  t h e  OWL r e a c t o r  and w i l l  
be a n a l y z e d  f o r  r a d i a t i o n  damage a f t e r  c o o l i n g .  

An e x p e r i m e n t a l  l i q u i d  m e t a l  l o o p  a t  1800°F  is  b e i n g  c o n s t r u c t e d  f o r  i n -  
s e r t i o n  w i t h i n  t h e  O W L  r e a c t o r .  I t  w i l l  b e  u s e d  i n i t i a l l y  i n  e x p l o r i n g  t h e  
random r a d i o a c t i v i t y  a r i s i n g  i n  l i q u i d  m e t a l  c o o l a n t s .  L a t e r  i t  s h o u l d  a l s o  
s e r v e  f o r  s t u d i e s  o n  r a d i a t i o n  damage.  

Nuclear Measurements. The h i g h  v o l t a g e  l a b o r a t o r y  b u i l d i n g  t o  h o u s e  t h e  
2 Mev and  5 Mev Van d e  G r a f f  mach ines  h a s  been  d e s i g n e d .  

A m e c h a n i c a l  n e u t r o n  v e l o c i t y  s e l e c t o r  i s  now b e i n g  d e s i g n e d  wh ich  w i l l  
An 8 0 - c h a n n e l  r e -  i n c o r p o r a t e  a 1 2 - i n c h  s t e e l  r o t o r  r u n n i n g  a t  1 0 , 0 0 0  rpm. 

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

The A i r c r a f t  N u c l e a r  P r o p u l s i o n  P r o j e c t  (ANP) i s  a j o i n t  e f f o r t  of t h r e e  

l a b o r a t o r i e s :  T h e  Oak R i d g e  N a t i o n a l  L a b o r a t o r y ,  t h e  NEPA D i v i s i o n  of  t h e  
F a i r c h i l d  Eng ine  a n d A i r p l a n e  C o r p o r a t i o n ,  and t h e  L e w i s  L a b o r a t o r y  a t  C l e v e l a n d  

o f  t h e  N a t i o n a l  A d v i s o r y  Commit tee  f o r  A e r o n a u t i c s  (NACA). The work o f  t h e s e  

t h r e e  groups is g u i d e d  i n  b r o a d  o u t l i n e  by t h e  ANP Policy C o m m i t t e e  i n  Washing-  

t o n ,  whose members a r e :  

D i r e c t o r  o f  R e a c t o r  Development ,  Atomic E n e r g y  Commission,  q h a i r m a n  

D i r e c t o r  of R e s e a r c h  and  Deve lopmen t ,  U n i t e d  S t a t e s  A i r  F o r c e  

D i r e c t o r  o f  R e s e a r c h ,  N a t i o n a l  A d v i s o r y  Committee f o r  h r o n a u t i c s  
Depu ty  C h i e f ,  B u r e a u  o f  A e r o n a u t i c s ,  Navy D e p a r t m e n t  

T h i s  P o l i c y  Commit tee  a c t s  upon recommendat ions  s u b m i t t e d  by t h e  ANP T e c h n i c a l  
C o m m i t t e e ,  w h i c h  i s  composed of  t h e  T e c h n i c a l  D i r e c t o r s  o f  t h e  t h r e e  l a b o r a -  

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

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

y e a r  1951 has  b e e n  f a i r l y  c l e a r l y  d e l i n e a t e d . *  

The Oak R i d g e  N a t i o n a l  L a b o r a t o r y  h a s  g e n e r a l  r e s p o n s i b i l i t y  f o r  r e a c t o r  

r e s e a r c h .  W i t h i n  t h i s  g e n e r a l  f i e l d  t h e  L a b o r a t o r y  i s  r e s p o n s i b l e  f o r  o v e r a l l  
c o o r d i n a t i o n  t h r o u g h o u t  t h e  P r o j e c t  o f  t h e  work on: 

S h i e l d i n g  t h e o r y  and t e s t s ,  
N u c l e a r  measurements  
C r i t i c a l  e x p e r i r b e n t s ,  
R a d i a t i o n  damage,  and  
F u e l  r e p r o c e s s i n g .  

I n  r e a c t o r  m a t e r i a l s  r e s e a r c h  e a c h  l a b o r a t o r y  w i l l  p r o c e e d  somewhat i n d e p e n d -  
e n t l y ,  but w i t h  c o n t i n u o u s  c o o r d i n a t i o n  by a j o i n t  m a t e r i a l s  commi t t ee .  

The Aircraft Reactor Experiment,  I n  a d d i t i o n  t o  t h e s e  g e n e r a l  e f f o r t s ,  

t h e  Oak R i d g e  N a t i o n a l  L a b o r a t o r y  h a s  p r o p o s e d  t h e  c o n s t r u c t i o n  of  a s m a l l  r e -  
a c t o r  a t  Oak R i d g e .  T h i s  p r o j e c t  i s  c a l l e d  t h e  A i r c r a f t  R e a c t o r  E x p e r i m e n t  
(ARE),. The p u r p o s e  o f  t h i s  e x p e r i m e n t a l  r e a c t o r ,  t o  o p e r a t e  a t  a power l e v e l  

o f  1000 kw, i s  t o  o b t a i n  d a t a  a n d  e x p e r i e n c e  n e c e s s a r y  for t h e  d e s i g n  of  a 

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

* The most r e c e n t  survey of the  work of the  NEPA D i v i s i o n  i s  NEPA-1374-IPR-52, @ a r t e r l y  R e p o r t  for 
the  Period January 1 t o  March 32, 1950. 
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o f  t h e  f e a t u r e s  w h i c h  a p p e a r  most  p r o m i s i n g  f o r  a l a r g e  a i r c r a f t  r e a c t o r  o f  

t h e  l i q u i d - c o o l e d  t y p e .  A f e a s i b i l i t y  r e p o r t  w i l l  be  s u b m i t t e d  for  a p p r o v a l  
d u r i n g  t h e  n e x t  q u a r t e r .  I t  i s  p l a n n e d  t h a t  ORNL w i l l  c a r r y  t h e  f u l l  r e s p o n -  

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

r e c e i v e d  from NEPA and NACA i n  many p h a s e s  o f  t h e  work. 

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

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

d e s i g n  w i l l  t h e n  be  a r r a n g e d  t o  o p e r a t e  a t  1000 kw w i t h  a s  l i t t l e  a l t e r a t i o n  
as  p o s s i b l e .  L i q u i d  m e t a l  c o o l i n g  i s  f a v o r e d  a t  p r e s e n t  f o r  ARE, a l t h o u g h  
a l t e r n a t e  p r o p o s a l s  a r e  s t i l l  r e c e i v i n g  c o n s i d e r a t i o n .  A v e r y  c o n s i d e r a b l e  
f r a c t i o n  o f  t h e  e x p e r i m e n t a l  ANP work of  t h e  L a b o r a t o r y ,  a s  d e s c r i b e d  i n  t h e  

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

Personnel. Oak R i d g e  N a t i o n a l  L a b o r a t o r y  p e r s o n n e l  p a r t i c i p a t i n g  i n  t h e  

ANP p r o g r a m  now t o t a l  125. Of t h e s e ,  8 7  a r e  i n  e n g i n e e r i n g  and  s c i e n t i f i c  

c a t e g o r i e s .  I n  a d d i t i o n  t h e r e  a r e  19 NEPA men w o r k i n g  f u l l  o r  p a r t - t i m e  a t  

t h e  L a b o r a t o r y ,  t o g e t h e r  w i t h  f i v e  men f r o m  t h e  U n i t e d  S t a t e s  A i r  F o r c e ,  one  

f rom NACA, one  on l e 6 v e  from t h e  G e o r g i a  I n s t i t u t e  of T e c h n o l o g y ,  and one  on  

l e a v e  f r o m  R e a c t i o n  M o t o r s ,  I n c .  F i g u r e  1 i s  a n  o r g a n i z a t i o n  c h a r t  f o r  t h e  
ANP P r o j e c t  a t  t h i s  l a b o r a t o r y .  

T h e r e  a r e  now s i x  o u t s i d e  c o n t r a c t i n g  g r o u p s  a s s o c i a t e d  w i t h  t h e  ANP 
e f f o r t  of  t h e  L a b o r a t o r y :  N u c l e a r  Development  A s s o c i a t e s ,  I n c . ,  H. K .  F e r g u s o n  
Company, and N o r t h  Amer ican  A v i a t i o n ,  I n c . ,  f o r  g e n e r a l  d e s i g n  and a n a l y s i s ;  
P u r d u e  U n i v e r s i t y  f o r  r a d i a t i o n  damage work; and t h e  U n i v e r s i t y  o f  C a l i f o r n i a  
and S t a n f o r d  U n i v e r s i t y  f o r  f u n d a m e n t a l  h e a t  t r a n s f e r  measu remen t s .  Summar ies  
o f  t h e  work of t h e s e  c o n t r a c t o r s  a r e  i n c l u d e d  i n  t h i s  r e p o r t .  
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1 1 SHIELDING 

SHIELD RESEARCH 
( A t  X-IO) 

E.  P. B l i z a r d  
M. A d d r c w s ,  S C C .  

LID TANK 
C. E.  C l i f f o r d  
Maj.  I*. H .  B a l l w e g ,  

T. V .  B l o s s e r  
J .  D .  F l y n n  
H .  E.  H u n g e r f o r d  
R. L e w i s ,  NEPA 

R .  Burnet: M. HulItngs 
V .  D i R i t o  D. Kirby 
T. Hubbard K. Martan 

WSAF 

TECRNICIAIIO 

1 NEW FACILITY 
1. m. B r e a z e a l e .  011 
J .  E.  Owens. 
J .  L. Meem, NACA 
E.  B. J o h n s o n  
T. E. C o l e *  
J .  P .  G i l l  
W .  R. G a l l .  

R .  Rullard, Sec. 

ANALYSIS 
w. K. E r g e n ,  NEPA 
S. P o d g o r ,  NEPA 
F. H .  Murray  
K .  E. Keyes  

SPECIAL INSTRUHENTS 
B.  R. OOSSiCk 
K. H e n r y ,  NEPA 
F. J .  M u c k e n t h a l e r .  

CONSULTANTS 

1 .  Gardon, See. 

NEPA 

F. F r i e d m a n  
w .  H. J o r d a n  
E .  0 .  W o l l a n  
H. Newson 

SHIELDING MATERIAL 
( A t  Y-12)  

A. S. Kitzes 
V .  L. McKinney 

TECENICIAWS 

1. H u I l m g s  W. Joner,Sec 

I 

?ADIATION DAMAGE 

REACTOR CORE 
MATEILIALS 

( A t  X - 1 0 )  

B. S. Billlimgton 
W .  W .  P a r k i n s o n  
C. D. Baumann 
J .  T .  Hove 
D. K. S t e v e n s  
J .  C. Wilson 
R. M. C a r r o l l  
R. Kernohan. .  NEPA 

J .  Thomas. Sec, 

CONSULTANTS 

R. C l e l a n d  
N .  J .  G r a n t  
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CONTRACTORS 

N o r t h  Amer ican  
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Chaancey  S t a r r  
and O t h e r s  

p u r d u e  U n i v e r s i t y  
K. L a r k - H o r o v i t z  
a n d  o t h e r s  
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( A t  Y-12) 

0. Sisman 
C. D. BOPP 
C. G. C o l l i n s '  

TECAWICIAIS 

1. Kirkland R. Towns 
G .  Damel1 ,ScC.  

1 

GENERAL DESCON 
GROUP 

( A t  Y - 1 2 )  

C. &. E l l i s ,  USAF 
N. U. S m i t h  
M. C. Edlund.  
R. C. B r i a n t  
A.  P. F r a a s  
J .  H. H a i n e s .  
L t .  C o l .  P .  H l 1 1 ,  

R. W .  S c h r o e d e r  
J .W.  Wyld ,  RMI 

W. P.  R e r g g r e n  
D. K .  H o l m e s  
L t .  C o l .  M . J .  N i e l s e n  

USAF 

USAF 

Rrrth Wil1ra.r. Seo. 
0" Lo." 
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Draf t s m w  

CONSULTANT 

G. F. W i s l i c e n u s .  
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a n d  O t h e r s  

N o r t h  A m e r i c a n  
A v i a t i o n ,  I n c .  

Chauncey  S t a r r  
A .  S .  Thompson 
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M. M i l l a  
a n d  O t h e r s  

N u c l e a r  D e v e l o p m e n t  
Associates, I n c .  

J. Menhe 
6. Young 
G. G o e r t z e l  
A. R. G r u b e r  
a n d  O t h e r s  

METALUIRGY AND 
MATERIALS 

( A t  X - I O )  
MATERIALS 

E. C. Miller 
R .  R .  n a y  
F. W .  D r o s t e n  
E. S. Bornar 
I.. G. Glasgow 
W .  H .  R r i d g e s  
G.  P .  S m i t h  ( A u g . )  
P .  P a t r i a r c h a  ( J u l y )  
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T. Ful ton R .  .Johnson 
J. E .  Pope fJulrJ 

J .  Thomas..  Sec .  

MECHANICALTESTING 
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CONSULTANTS 

E. C r e u t z  
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E. E. S t a n s b u r y  

L 
HEAT TRANSFER 

( a t  Y-12)  
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H. F. P o p p e n d i e k  

W .  R .  H a r r i s o n  
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( J u l y )  
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CONSULTANTS 

R. M. B o a r t s  
H. J .  G a r b e r  

CONTRACTORS 

S t a n f o r d  U n i v e r s i t y  
0. S h e p p a r d  
a n d  O t h e r s  

U n i v e r s i t y  of 
C a l i f o r n i a  

R. A .  S e b a n  
R. Grassi 
a n d  O t h e r s  

-7-- 
I ( A t  new s i t e  i n  J u l y )  
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J .  F. Coneybear,*PEPA 
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E. V.  H a a k i ,  NEPA 
J .  A .  H u n t e r ,  NEPA 

MATH EM ATlCS 
( A t  X-10)  

1. L. Nelson* 
D. W .  Whitcombe,NEPA 

ANP TECHNICAL 
ADVISORY BOARD 

F. W. D .  Loomis, Hilycr, Sec. Chairman 

I 
EXPERIMENTAL 

ENGINEERING 
( A t  Y-12)  

H. W. Savage 

( A t  X - 1 0 )  

A. H. %ell* 1 G .  P a w l i c k i  
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REACT0.R DESIGN 

The ANP G e n e r a l  D e s i g n  Group and i t s  c o n t r a c t o r s  have  been  e n g a g e d  i n  a 
number of  m i s c e l l a n e o u s  s t u d i e s  i n  r e a c t o r  p h y s i c s  p o i n t i n g  t o w a r d s  t h e  s o l u -  
t i o n  o f  p rob lems  a r i s i n g  i n  t h e  ARE d e s i g n .  I n  a d d i t i o n ,  a number o f  p rob lems  
i n  r e a c t o r  e n g i n e e r i n g  have  been  a n a l y z e d  and s e v e r a l  p o s s i b l e  d e s i g n s  f o r  t h e  
ARE have  b e e n  r o u g h e d  o u t .  A number of  t h e s e  e f f o r t s  a r e  d e s c r i b e d  b r i e f l y  

below. 

MULTI-GROUP CRITICALITY CALCULATIONS 

M. C, EdPund, N. M e  Smith,  
J o  W ,  Webs te r*  

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

p loyed  i n m u l t i - g r o u p  c a l c u l a t i o n s  h a s  been  f o r m u l a t e d .  I t  is p o i n t e d  o u t  t h a t  
t h e  constants a r e  f u n c t i o n s  o f  t h e  m a c r o s c o p i c  c h a r a c t e r i s t i c s  of t h e  r e a c t o r - -  

t h a t  i s ,  s i z e ,  s h a p e ,  e t c . - a n d  t h a t  t h e y  a r e  a l s o  f u n c t i o n s  of  p o s i t i o n  
w i t h i n  t h e  r e a c t o r .  The n u m e r i c a l  i n t e g r a t i o n  o f  t h e  m u l t i - g r o u p  e q u a t i o n s  
for s p e c i f i c  r e a c t o r  d e s i g n s  p r o p o s e d  for t h e  ARE ( w i t h  or w i t h o u t  h y d r o g e n  

p r e s e n t )  i s  c o n t e m p l a t e d  by t h e  method o f  Masket  and  G o e r t z e l  (MonP-360).  

REACTIVITY CALCULATION TECHNIQUES 
N u c l e a r  Development  Associates ,  Inen 

N u c l e a r  Development  A s s o c i a t e s  p l a n s  t o  u n d e r t a k e  a s t u d y  o f  t h e  v a r i o u s  
me thods  f o r  r e a c t i v i t y  c a l c u l a t i o n s  a p p l i c a b l e  t o  r e a c t o r s  o f  a i r c r a f t  t y p e .  
T h i s  work w i l l  i n c l u d e  a s u r v e y  o f  t h e  o l d e r  l i t e r a t u r e ,  and i t  may c u l m i n a t e  
i n  t h e  p r o d u c t i o n  o f  a R e a c t i v i t y  Handbook.  F o l l o w i n g  t h e  s u r v e y ,  numerous  
r e a c t i v i t y  c a l c u l a t i o n s  of d i r e c t  i n t e r e s t  t o  t h e  ANP d e s i g n  w i l l  be u n d e r t a k e n .  

GAMMA ACTIVITY OF PRIMARY COOLANTS 

The q u e s t i o n  o f  w h e t h e r  t h e  n u c l e a r  a i r c r a f t  c a n  be r u n  on a b i n a r y  c y c l e -  
one  i n  wh ich  a w o r k i n g  f l u i d  h e a t e d  by t h e  c h a i n  r e a c t i o n  i s  b r o u g h t  o u t s i d e  

* NEPA 
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and  c a r r i e d  d i r e c t l y  t o  t h e  r a d i a t o r s  t o  h e a t  t h e  t u r b o j e t  a i r - d e p e n d s  t o  a 
l a r g e  e x t e n t  on w h e t h e r  t h i s  w o r k i n g  f l u i d  w i l l  become t o o  r a d i o a c t i v e .  T o o  
much gamma a c t i v i t y  i n  t h e  p r i m a r y  f l u i d  would n e c e s s i t a t e  e x t e n s i v e  s h i e l d i n g  
o f  a l l  t h e  p i p e  l i n e s  and  r a d i a t o r s ,  w h i c h  would  p r o b a b l y  add  a p r o h i b i t i v e  

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

migh t  a r i s e :  ( a )  r e l e a s e  of  f i s s i o n  p r o d u c t s  i n t o  t h e  c o o l a n t  s t r e a m ,  e i t h e r  
by  d i f f u s i o n  t h r o u g h  t h e  f u e l  e l e m e n t  c l a d d i n g  or by r u p t u r e  o f  a n  e l e m e n t ,  
( b )  a c t i v i t y  induced  i n t h e  c o o l a n t  (or i n  i t s  i m p u r i t i e s )  by t h e  n e u t r o n  f l u x ,  
or ( c )  a c t i v i t y  i n d u c e d  i n  t h e  c o n t a i n e r  m a t e r i a l s  (or m i n u t e  i m p u r i t i e s  i n  
t h e s e  m a t e r i a l s )  anywhere  i n  t h e  c o o l a n t  s y s t e m - w h i c h  m i g h t  be d i s s o l v e d  by  
t h e  c o o l a n t ,  o r  e j e c t e d  f rom t h e  w a l l s  by n e u t r o n  r e c o i l ,  and s o  c a r r i e d  o u t -  
s i d e  t h e  s h i e l d .  

I t  i s  g e n e r a l l y  assumed a t  t h e  p r e s e n t  t ime t h a t  i n  p r a c t i c e  one  or more 
o f  t h e s e  e f f e c t s  w i l l  a r i s e  and t h a t  t h e  n u c l e a r  a i r c r a f t  w i l l  h ave  t o  employ  

a t e r n a r y  s y s t e m ,  w i t h  a n  i n t e r m e d i a t e  h e a t  e x c h a n g e r  embedded i n  t h e  s h i e l d  
t o  t r a n s f e r  t h e  h e a t  f r o m  t h e  p r i m a r y  f l u i d  t o  a s e c o n d a r y  e x t e r n a l  f l u i d  
h a v i n g  no  c o n t a c t  w i t h  t h e  r e g i o n  o f  h i g h  n e u t r o n  f l u x .  However ,  t h i s  q u e s t i o n  

i s  n o t  y e t  c o m p l e t e l y  s e t t l e d .  Some c a l c u l a t i o n s  a r e  p r e s e n t e d  h e r e  w h i c h  
b e a r  on two f a c e t s  of  t h e  p r o b l e m ,  t h e  n u c l e a r  gamma a c t i v i t i e s  t o  be e x p e c t e d  

f rom v a r i o u s  c o n t a m i n a n t s  i n  t h e  c o o l a n t  s t r e a m ,  and t h e  B r e m s s t r a h l u n g  gamma 
r a y s  wh ich  would a r i s e  i n  t h e  e x t e r n a l  p i p i n g  f r o m  t h e  L i 8  b e t a  p a r t i c l e s ,  i f  
l i t h i u m  were used  a s  t h e  p r i m a r y  c o o l a n t .  

Nuclear Gamma Emitters ( N .  M. S m i t h ) .  The  r e s u l t s  o f  t h e  c a l c u l a t i o n s  

a r e  d i s p l a y e d  i n  T a b l e  1. The e l e m e n t s  g i v i n g  r i s e  t o  h i g h  7 - a c t i v i t y  a r e :  
Na ,  V ,  Mn, Rh ,  I n ,  m o s t  o f  t h e  r a r e  e a r t h s ,  W ,  R e ,  I r  and  Au. TO a l e s s e r  
e x t e n t  A l ,  C 1 ,  Sc, C s  and Ta  a re  b a d b  Normal  c o n t a m i n a t i o n  amounts  o f  hlg and  
Fe  may be a l l o w e d .  

I n  t h i s  work t h e  a b s o l u t e  d e n s i t y  o f  e a c h  l i k e l y  c o n s t i t u e n t  i n  t h e  r e -  
a c t o r  c o o l a n t  was computed wh ich  g i v e s  r i se  t o  a n  e x p o s u r e  o f  one R o e n t g e n  p e r  
d a y  a t  t h e  c r e w ’ s  p o s i t i o n  100  f e e t  away,  when t h e  l i n e s  and  r a d i a t o r s  a r e  
u n s h i e l d e d .  The f o l l o w i n g  a s s u m p t i o n s  were made: 

1. D i s t a n c e ,  e m i t t e r  t o  crew 100 f t  

2. Average  f l u x  l e v e l  i n  r e a c t o r  1014 neut /cm2 sec  

3. Dosage a t  crew’s p o s i t i o n  1 R o e n t g e n / d a y  

4. S e l f - s h i e l d i n g  f a c t o r  o f  e m i t t e r  3 



b 

TABLE 1 

Gamma-Emitting Contaminan&s-Binary System 

(Permissible Y-ray  emitting contaminants in primary reactor coolant assuming 
4=lO'' neutrons/cm2 sec, S.= 3, D ==: 100 ft, V ,  ==: 14 X lo6 cm3s Vi21x lo6 cm3.) 

XKPIT MAXIMUM P E R M I S S I B L E  VALUES FOR ONE V/DAY AT 

RELATIVE 
ABUNDANCE 

PERCENT 

ATOMIC 
CONCENTRAT ION DENS ITY 

N o  /cm3 ( g m / c d  1 ELEMENT 

0.38 7 . 3 5  s 8.7 x lo8 

14.8 h 100 3.6 x 10l6 I 1.4 X 20 

10,2 m 1.3 x 1019 I 5.6 x 10-4  Mg2 11.3 4.8 x 0.84, 1,01(20%) 

0.18 lC8 

0012 N o  Y 

1.6 (36%) 
006 2.1 (47%) 

7900 

140 

_8___ 

- 
2=4 m 100 * A 1 2 7  

3.05 

25 37.5 m 212 

3-6 (75%) 
2.1 (25%) 3.5 x 10l7 2.4 x 10'~ 6 . 7  12.44 h 

1.12 (98%) I 0.88 1 . 3  x 10-7 100 22 85 d sc' 

+ca4 
1.8 

185 2.1 x lo6 

11.9 I 1.45 . 5 3.74 m 1.0 x 10l6 I 8.5 x 10-7 v5 100 

100 2.6 h *~n' 7 . 0  x i o i 5  6 . 6  X 

5.8 x lo'* 5.4 x 1 0 - ~  

9.2 
1.10 (50%) 
1.30 (50%) 

04, .18 
0 D 95 

'Fe5 7600y 0.32 46 d 

Rh' O 3  4.3 x 1014 7 . 3  x 42 S 100 1.02 
-4, 1 . 1 2  

56 lq319 2.32 2.6 x 1014 4 . 9  x 95.8 53.9 m 

1 6  

0 - 6 9  



0- ( b a r n s )  E ( 7 )  ( M e w )  T% 

.60, .79 
25.6 (95%) 2 . 3  y 

b 

MAXIMUM PERMISSIBLE VALUES FOR ONE 7 D A Y  AT COCKPIT 

ATOMIC 
CONCENTBAT I O N  DENSITY TOTAL MASS 

NO / c m 3  ( g m / c m 3  1 ( s m )  

- 2 . 1  x i o i 5  4.6 x i o - '  6 . 4  

e 

9 9 . 9  

100 

e 

9 1 . 6 3  (75%) 40 h 5.2 x 1 o l s  1 . 2  x 1 7 . 0  

11 2 .65  1 9 . 3  h 3 . 3  x 1015 7 .7  x 10-7 1 0 . 8  
CE = 

~~ ~ 

26 .6  

47 .7  

1 . 0 3  

0 . 1 2 ,  0 .16  
280 07 47 h 1 x 1015 2 .5  x 3 . 5  

1530 0 .72  9 . 2  h 1 x 1014 2 . 5  x 0 . 3 5  
-~ 

2 7 . 3  

100 

- 
0 .37  

2700 0 . 8 3  2 . 4  h 8 , s  x 1013 2 . 3  x l o e 8  0 .32  

67 1 . 2  27 .2  h 9 . 3  x i o f 4  2 . 5  x l o o 7  3 . 5  

- 

1 . 5  x 1015 

3 . 6  x 1015 

- 
4 . 4  x l o o 7  6 . 2  

1.1 x l o s 6  1 5  

1 
1 2 . 0  6 2 e 9  7 5  

RE LAT IVE 
ABUNDANCE 

PERCENT ELEMENT 

-100 

L a 1 3 9  

P r 1 4 1  

Sml 

Eu l "  

Dy' 6 4  

Hol 6 5  

9 7 . 5  1 30 4 0 1  d 7 5 x 1015 I 2.2 x 10- I 31 Yb' 7 4  0 . 3 5  
. 1 1 2 ,  2 0 6  
317 2 . 5  I 3200 6 0 6  d L U X  7 6  

100 
1 . 1 3  (37%) 
1 . 2 2  (55%) T a l 8 %  20.6 113 d 

2 8 . 4  1 37.2 
CE = 

3.07 I 1 0  2 . 3  x 1015 2 4 . 1  h 7 1 X l o e 7  
CE = 

3 .65  4 .4  x 10'4 1 . 4  X 18 h 

= 2.20 1.1 x l o +  3 8 . 5  260 W g l  
A u l  100 96 0 41 2.69 d 6 .2  x i o - '  I 8 . 7  1 . 9  x 1015 1 
-+ Normal I m p u r i t i e s  i n  L i  * Normal I m p u r i t i e s  i n  Fe 

? F e l d ,  i n  Lex P 1 5 7 ,  e s t i m a t e s  t o t a l  mass of 3 x lo4  gm o f  Fe p e r m i t t e d  i n  ( B i )  c o o l a n t c  

6 T h i s  i s  e q u i v a l e n t  t o  2 . 8  x loe4& L i ,  
NOTE: 

C o n v e r t i n g  t h i s  a s s u m p t i o n  a s  t o  f l u x  ( 2 0 4  x volume 
(1 .8  x IO6), s e l f  - s h i e l d i n g  ( Z e r o ) ,  and dosage  ( l o 9  2 Mev y / r )  t o  t h o s e  used  h e r e  one g e t s  s a t i s f a c t o r y  agreement - .  

Compare t h i s  w i t h  t y p i c a l  a n a l y s i s ,  

The l i m i t a t i o n  on Li' ( a n d  o t h e r  p - e m i t t e r s )  s h a l l  b e  t r e a t e d  s e p a r a t e l y .  The above t a b l e  is l i m i t e d  e n t i r e l y  t o  7 - r a y  emitters: 
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5 .  Volume o f  c o o l a n t  e x t e r n a l  t o  s h i e l d  
6. Volume o f  c o o l a n t  i n s i d e  s h i e l d  

14 X 10' cm3 
1 X ,  IO* cma 

I t  may b e  n o t e d  t h a t  none  o f  t h e  p u r e  e l e m e n t s  l i s t e d  i n  T a b l e  1, w i t h  

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

m a s s i v e  amounts  and t h e n  become e x p o s e d  t o  t h e  u n p r o t e c t e d  c rew.  P u r e  sod ium,  
f o r  i n s t a n c e ,  w o u l d ,  a f t e r  p e n e t r a t i n g  t h e  c o r e ,  g i v e  a n  e x p o s u r e  a t  t h e  
c r e w ' s  p o s i t i o n  o f  7 X 10' R o e n t g e n s  p e r  d a y  i n  t h e  c a s e  o f  t h e  a s s u m p t i o n s  
s t a t e d .  A s e c o n d a r y  h e a t - e x c h a n g e r  on t h e  o f f - c r e w  s i d e  o f  t h e  s h i e l d  p r o p e r ,  
a s s u m i n g  a f a c t o r  o f  t e n  for shadow s h i , e l d i n g  and  a n o t h e r  f a c t o r  of  t e n  f o r  

s e l f - s h i e l d i n g ,  would s t i l l  r e q u i r e  a t h i c k n e s s  of  l e a d o f 2 2  c m o r  a n  a d d i t i o n a l  
w e i g h t  o f  17  m e t r i c  t o n s  for a n  e x c h a n g e r  a c u b i c  meter on a s i d e .  

B r e m s t r a h l u n g  from Lithium Beta  Rays ( N .  M. S m i t h ,  D. K. Ho lmes ) .  The  

g a m m a - a c t i v i t y  p r o d u c e d  by t h e  1 2  Mev P - r a y  f rom t h e  d i s i n t e g r a t i o n  of  L i '  was 
e s t i m a t e d .  The method employed  a s sumes  t h a t  t h e  L i  i s  i n t i m a t e l y  d i s p e r s e d  i n  
a n  e l e m e n t  o f  a t o m i c  number o f  2 6 - 3 0  ( t h e  p i p i n g  and  r a d i a t o r s ) .  The  B e t h e -  

H e i t l e r  t h e o r y f o r t h e  e m i s s i o n  o f  y - r a y s  was assumed c o r r e c t .  T h i s  t h e o r y  e s -  

s e n t i a l l y  a s sumes  t h a t  a p - p a r t i c l e  makes not more t h a n  o n e  B r e m s s t r a h l u n g  c o l -  
l i s i o n  i n  s l o w i n g  down. F g r t h e r m o r e ,  t h e  e x t r e m e  r e l a t i v i s t i c  f o r m u l a  was as-. 

sumed f o r t h e B r e m s s t r a h l u n g  c r o s s  s e e t i o n .  The  f i r s $  a s s u m p t i o n  s h o u l d  r e s u l t  
i n  a n  u n d e r  e s t i m a t i o n  o f  t h e  y - a c t i v i t y ;  t h e  s e c o n d  a n  o v e r  e s t i m a t i o n .  The 
r e s u l t i n g  e s t i m a t e  may t h e r e f o r e b e  i n  e r r o r  bymore  t h a n  an  o r d e r  o f  m a g n i t u d e .  

T h e r e  r e s u l t e d  a d o s a g e  o f  30 R/day a t  t h e  c r e w  p o s i t i o n  a s  a b o v e ,  making  

a n  a l l o w a n c e  o f a  f a c t o r  o f  t e n  f o r  s e l f - s h i e l d i n g  and shadow s h i e l d i n g .  Whi l e  
t h i s  number s h o u l d  n o t  be t a k e n  t o o  s e r i o u s l y ,  i t  d o e s  i n d i c a t e  t h a t  L i ' ,  i f  

u s e d  f o r  a c o o l a n t ,  may have  t o  be c o n f i n e d  t o  a h e a t - e x c h a n g e r  and  t h e  l a t t e r  
c o v e r e d  by l i g h t  s h i e l d i n g .  

F u r t h e r  work  an t h i s  p r o b l e m  is  c o n t e m p l a t e d  e i t h e r  mak ing  u s e  o f  a more 
e x a c t  t h e o r y  by M, E. R o s e  (ORNL 6 9 7 )  and t h e  more e x a c t  B r e m s s t r a h l u n g  c r o s s  
s e c t i o n s ,  or by means o f  a Monte C a r l o  c a l c u l a t i o n .  The l a t t e r  i s  e x p e c t e d  t o  

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

RADIOACTIVITY IN THE EXTERNAL COOLANT OF THE CIRCUL4XING FUEL REACTOR 

N. Smikh 

I n  t h e  c a s e  of  t h e  c i r c u l a t i n g  f u e l  r e a c t o r  a n o t h e r  e f f e c t  migh t  make t h e  

e x t e r n a l  c o o l a n t  r a d i o a c t i v e  e v e n  t h o u g h  i t  came f rom a n  i n t e r m e d i a t e  h e a t  e x -  
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c h a n g e r  i n  t h e  s h i e l d  and  n e v e r  p a s s e d  t h r o u g h  t h e  c o r e .  The d e l a y e d  n e u t r o n s  

f rom t h e  f i s s i o n  p r o d u c t s  i n  t h e  i n n e r  c i r c u i t  o f  t h e  h e a t  e x c h a n g e r  m i g h t  re -  
a c t  on  t h e  d i s s o l v e d  f u e l  i n  s u c h  a way a s  t o  b u i l d  u p  a h i g h  n e u t r o n  f l u x  
w i t h i n  t h e  h e a t - e x c h a n g e r .  Thus  e v e n  t h o u g h  t h e  e x c h a n g e r  was f a r  enough  away 
f r o m  t h e  c h a i n  r e a c t i n g  c o r e  s o  t h a t  t h e  a m b i e n t  n e u t r o n  f l u x  i n  t h e  s h i e l d  

was n o t  g r e a t  enough  t o  make t h e  c o o l a n t  i n  t h e  s e c o n d a r y  c i r c u i t  (or i t s  i r n -  
p u r i t i e s )  a c t i v e ,  s t i l l  t h e  e x c h a n g e r  i t s e l f  m i g h t  be a s t r o n g  enough  n e u t r o n  
s o u r c e  t o  a c t i v a t e  t h e  e x t e r n a l  c o o l a n t .  Some e x a m p l e s  o f  t h i s  e f f e c t  a r e  

c a l c u l a t e d  below. 

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

b e  a b i s m u t h - l e a d - u r a n i u m  a l l o y ;  t h e  s e c o n d a r y  ( e x t e r n a l )  c o o l a n t  b e i n g  no rma l  
l i t h i u m .  The t o t a l  power i s  t a k e n  t o  be  300 MW.* The h e a t - e x c h a n g e r  i s  assumed 

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

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

f r o m  t h e  p r e s e n c e  o f  f u e l  a n d  t h e  e m i s s i o n  o f  d e l a y e d  n e u t r o n s  h a s  b e e n  
p u b l i s h e d  a s  a s e p a r a t e  r e p o r t . ( ' >  I t  i s  shown t h a t  t h e  s l o w i n g  down d e n s i t y ,  

q(L,rd) i n  t h e  b a r e  i n t e r m e d i a t e  r e a c t o r  i s  g i v e n  by: 

where  

- r - p o s i t i o n  v e c t o r .  - .. 

- 
7' - Fermi  a g e .  

P ( B n , 7 ~ )  = t h e  t h r e e - d i m e n s i o n a l  F o u r i e r - t r a n s f o r m  o f  t h e  p o i n t -  
s l o w i n g  down f u n c t i o n  f r o m  a g e  0 t o  r ( i n c l u d i n g  t h e  r e s o n a n c e -  
e s c a p e  p r o b a b i l i t y ) .  

B n Z t  t h e  b u c k l i n g ,  i s  a n  e i g e n v a l u e  o f  t h e H e l m h o l t z  E q u a t i o n :  

O 2  Z n ( ~ )  t B n 2  Z , ( k )  - 0 o b t a i n e d  by t h e  b o u n d a r y c o n d i t i o n  o f  
Z n ( ; )  f i n i t e  e v e r y w h e r e  and  Z n ( z b )  = 0 ,  w h e r e I b  i s  t h e  v e c t o r  
p o s i t i o n  o f  t h e  boundary .  

- 

Smith ,  N.'.M.,,The Bare I n t e r m e d i a t e  R e a c t o r :  t h e  Approach t o  C ~ i t i c a l ,  ORNL 665 (Apr.  ' 1 8 ,  1950). 

Megawatts. 
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. 
2 

+n = ee7oBn where  
a r e  b o r n ,  

Q, i s  t h e  w e i g h t  o f  

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

t h e  n r K  mode of  t h e  s o u r c e  d i s t r i b u t i o n ,  i m e n j  
and s i n c e  t h e  Z n ( ' ~ )  a r e  o r t h o n o r m a l ,  
d r . .  

k t  hP(Bn2 p 7 ' a h i  - t h e r m a l  e f f e c t i v e  m u l t i p l i c a t i o n  
P t h  (1 -t L ' B J  ' t h  , f f ( B , 2 i  1. 

c o n s t a n t  c o r r e s p o n d i n g  t o  t h e  n r c h  m ~ d e  

L = t h e  d i f f u s i o n  l e n g t h ,  

k t h  - T Q h -  3 - y f ~  P Q h  - t h e r m a l  infinite m u l t i p l i c a t i o n  c o n s t a n t s ,  

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

g f e h  - t h e r m a l  f i s s i o n  CFOSS s e c t i o n  p e r  era'‘ 
9-$ a t h  - thermal a b s o r p t i o n  c r o s s  s e c t i o n  p e r  emsu 

a(r0 

- -- 
% e K 

- 
- 

- 

3 ~ ( 7 ' )  gtF(ry 
h (7') 

n ( r i )  dr i  = f i s s i o n  n e u t r o n s  p r o d u c e d  p e r  n e u t r o n  a b s o r b e d  o f  a g e  
be tween  ri and T+~T( ,  

X(F) t r a n s p o r t  m e a n = , f r e e - p a c h  as  a f u n c t i o n  of  a g e ,  

T~ (7') = f i s s i o n  c ros s  s e c t i o n  p e r  cm' a s  a f u n c t i o n  of a g e ,  

P ,  h - t h e r m a l  ~ e s o n a n e e - e s c a p e - p ~ o b a b i P i Q y ,  
f 

- 

The d e n o m i n a t o r  o f  ( 2 )  i s  t h e  negatYve of  t h e  e x c e s s  m u l t i p l i c a t i o n  f a c t o r  
of  t h e  e n t i r e  r e a c t o r , ,  A v e r y  a p p r o x i m a t e  e v a l u a t i o n  o f  t h e  e x c e s s  m u l t i p l i c a -  

t i o n  f a c t o r  of  t h e  f u n d a m e n t a l  mode for t h e  h e a t - e x c h a n g e r  i n d i c a t e d  t o  a f i r s t  
a p p r o x i m a t i o n  t h a t  t h e  n e u t r o n  m u l t i p l i e a t ~ o n  in t h e  h e a t - e x c h a n g e r  j u s t  

. c o m p e n s a t e s  f o r  t h e  l e u k a g e . ,  The strong l / v  a b s o r p t i s n  o f  t h e  l i t h i u m  h a s  t h e  

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

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

The r a t i o ,  R ,  of  t h e  n e u t r o n  a b s o r p t i o n  i n  one  component  of  t h e  m a t e r i a l s  
m a k i n g  up t h e  h e a t - e x c h a n g e r  and  its c o n t e n t s  t o  t h e  t o t a l  a b s o r p t i o n ,  was  
computed  by  a p p r o x i m a t e  m e a n s ,  u s i n g  t h e  n e u t r o n  s p e c t r u m  o f  e q u a t i o n  ( I ) ,  
T h e r e  r e s u l t s  t h a t  
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w h e r e  uui(0) i s  t h e  f a s t  m a c r o s c o p i c  a b s o r p t i o n  c r o s s  s e c t i o n  o f  t h e  i t h  
component ,  and g ( y )  is  a v e r y  s l o w l y  v a r y i n g  f u n c t i o n  o f  y+ where  

g ( y )  i s  v e r y  c l o s e  t o  u n i t y .  T h u s  a s e c o n d  s i m p l i f y i n g  r e s u l t  i s  o b t a i n e d  
t h a t  t h e  v a r i o u s  components  o f  t h e  assumed h e a t - e x c h a n g e r  a b s o r b  n e u t r o n s  i n  
p r o p o r t i o n  t o  t h e i r  f a s t  a b s o r p t i o n  c r o s s  s e c t i o n s , .  

T a b l e  2 h a s  b e e n  c o n s t r u c t e d  a s s u m i n g  a power  l e v e l  o f  300 MW, a c h a i n -  

r e a c t i n g  c o r e  volume o f  . 6  X l o 6  cm , volume o f  c i r c u l a t i n g  f u e l  i n  h e a t - e x -  
c h a n g e r  = . 3  X 10' cm3$ volume o f  l i t h i u m  i n  h e a t  e x c h a n g e r  . 3  X l o B  cm', 

volume o f  l i t h i u m  o u t s i d e  s h i e l d  and e x p o s e d  t o  c rew's  p o s i t i o n  100 f e e t  away 
i s  t a k e n  t o  be 14 X 10' cm . 

3 

= 

3 

The c o n c e n t r a t i o n  o f  v a r i o u s  c o n t a m i n a n t s  p r o d u c i n g  one  R o e n t g e n  p e r  d a y  

a t  t h e  c rew's  p o s i t i o n  i s  t a b u l a t e d .  N o t e  t h a t  n o r m a l  c o n t a m i n a t i o n  amoun t s  
o f  a l l  s u b s t a n c e s  l i s t e d  i s  p e r m i t t e d .  A t  t h e  same t i m e ,  p u r e  s u b s t a n c e s  
( s u c h  a s  sodium)  would p r o d u c e  r a d i a t i o n  i n  e x c e s s  a t  o n e  R o e n t g e n  p e r  day.  

One n e e d  n o t  be  much c o n c e r n e d  w i t h  t h e  ( p , ~ )  e m i s s i o n  f r o m  L i e  i n  t h e  

case of  t h e  c i r c u l a t i n g  r e a c t o r .  

EVOLUTION OF FISSION GASES FROH A FUEL ELEHENT 
D. Ko.HoBmes,  N. M o  Smith 

I n  o r d e r  t o  e x a m i n e  t h e  p o s s i b i l i t y  t h a t  s i g n i f i c a n t  amoun t s  o f  f i s s i o n  
p r o d u c t s  may d i f f u s e  o u t  o f  b a r e  f u e l  e l e m e n t s  a t  1000°C,  t h e  g e n e r a l  e x -  
p r e s s i o n  f o r  t h e  c u r r e n t  o f  f i s s i o n  p r o d u c t  i o n s  f r o m  t h e  s u r f a c e  of  a s l a b  
i n s i d e  w h i c h P  f i s s i o n  p r o d u c t  i o n s  a r e  p r o d u c e d  p e r  cc  p e r  s e c  h a s  b e e n  o b -  
t a i n e d . ( 2 )  The a c c u r a t e  r e s u l t  may b e  a p p r o x i m a t e d  f o r  s m a l l  Dt by 

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

c o e f f i c i e n t  ( c m 2 / s e c )  wh ich  must b e  o b t a i n e d  f rom e x p e r i m e n t a l  d a t a .  A se r i e s  
o f  r e p o r t s  o f  t h e  A m e s  C h e m i c a l  G r o u p ( 3 -  l o )  g i v e  d i f f u s i o n  c o e f f i c i e n t s  f o r  

many f i s s i o n  p r o d u c t s  f rom u ran ium s l u g s ,  a l l  r a n g i n g  down f rom crn"/sec. 

( 2 - 2 1 )  A complete  l i s t  o f  r e f e r e n c e s  i s  g i v e n  on pages 2 9 - 3 0 ,  

2 1  



TABLE 2 

Gamma Emitt ing  Contaminants-Circulat ing  Fuel  System 

( H e a t  e x c h a n g e r  s e p a r a t i n g  c i r c u l a t i n g  f u e l  f rom e x t e r n a l  c o o l a n t .  
C o n c e n t r a t i o n  l e a d i n g  t o  o n e  R/day a t  c r e w s  q u a r t e r s  o f  y - e m i t t e r  
o f  some common or p o s s i b l e  c o n t a m i n a n t s . )  

I TEM 

TOTAL MASS ( I F  LESS 
THAN PURE SUB- 

STANCE") ( grams ) 

FISSION ENERGY 
p p  s EMITTED CROSS--- SECTION 

(MeV) HALF LIFE ( m i l l i b a r n s )  

ATOMIC 

3 (No /cm ) 
SECTION CONCENTRATION 
( b a r n s )  

DENSITY 
(grams/crn ) 3 

ABUNDANCE 

99.62 

99 .62  

y ' s  EMITTED 
(MeV) REACTION REMARKS 

1 I 40 
I 5700 y F a s t  r e a c t i o n s  i n  n i t r o -  

gen a r e  n e g l i g i b l e  
2 

3 
-- 

I S t a b l e  I 
1 .39  I 14.8  h I 0 . 2 9  0 . 6  I 2 . 4  x lo2 '  1 .29  l o 5  .0092 

___- 

Neglec t  4 Na23 I 100 Na23(nr  p)Na 23 

5 N a 2 3  I 100 Na23(n,  a)F2 '  I 2.2 I > 3 . 3  x l o a o  > .013 

6 Na23(n,  2n)Na22 1 1.3 May be n e g l e c t e d  

7 1 .39  I 14 .8  h 1 1 . 0  Mg24(n, p)Na24 1 . 4 ,  2 .76  

Mg2'(n, p)Na2' l . ?  

78 .6  

10.1 

Mg2 11,4 

> .0022 

> .046 8 3 . 4  I .> 1 .2  x l o 2 '  > 6 . 4  l o 5  61  S 2 . 5  

9 . 6  m 0.60  

2 - 5  m 0 - 4  

9 . 6  m 2 . 8  

9 0 . 8 4  (100%) I 1 .05  ( 20%) 
1 . 8  (80%) 4.2 x l o 2 '  

.048 I .170 2 . 4  x l o 6  

~ 1 ~ ~ ( ~ ,  Y ) A ~ ' ~  I 1 . 8  
~ 

0 - 1 8  1 4 x 10'' 1 . 7  l o 5  2 . 7 5  

1 , 8  (80%) 

I 0 12 1 0  

> 1 x 102' I > , 003  A127(n, p)Mg2' Oz84  (100%) 
1 . 0 5  ( 20%) 

Al2 ' (n i  1 . 4 ,  2 76 

1 1  

1 2  1.39 I 1 4 . 8  h I 0 . 6  I > 1 .2  x 102O > , 0035  > 4.9 l o 4  

1 3  

~~ 

2.75  2 . 3  m 3 ,O  

2 . 7  2 .5  6 , 7  m 

> 2 .7  > 3 . 8  l o 3  92.27 

7 5 . 4  

1 4  

1 5  
- s i 2 ' ( n ,  p ) ~ 1 2 9  I ? May n e g l e c t  I 

1 . 8  I 2.83  h I 1.1 0.12  I May n e g l e c t  

1 6  1 No Y 1 . 7 1  I 1 4 . 3  d I 6 .0  1 7 . 8  10' 
1 7  1 , 6 0  (36%). I 2 .15  (47%) 

1 . 1 9  (36%) 
2.79 (11%) 
4 .94  (54%) I 37 .5  m 

~~ 

0.80 0 .60  
9 . 3  x 102' .O 56 

1 . 5 1  (25%) I .- 

2.07 (25%) 12 .44  h 2 . 9  
3.50 (75%) 

1 8  
. 2 7  3 , 8  x l o 6  

.0054 7 . 6  l o 4  

> .0045 > 6.3  x 1 ~ 4  

No bad gammas combined w i t h  h igh  c ross  s e c t i o n s  or h igh  abundance 

Mn ( n ,  y)MnS6 0 . 8 4  (100%) 0 . 7 5  (100%) 
1 . 8 1  ( 25%) 1 .05  ( 25%) 
2 .13  ( 15%) 2.88 C 60%) 

FeS6(n ,  p)MnS6 0 . 8 4  (100%) 0 . 7 5  (100%) 
1 . 8 1  ( 25%) 1 . 0 5  ( 2 5 9  
2 13 ( 15%) 2.88 60%) 

55 
- 1 9  

2 0  - 
2 , 5 9  h 3 . 5  

4.7 

1 2 - 8  5 .9  10" 

> 4 . 8  10'' 
2 .59  h 2 1  

e The appI icaGion  of t h i s  theory t o  fast bhreshold r e a c t i o n  i s  expected t o  grve  an  upper I i s i t  to t h e  r a d i o a c t i v x t y  22 



T h i s  v a l u e  f o r  D makes Eq. (1) v a l i d  f o r  times as l o n g  a s  10' s e c o n d s ,  and a 

s i m p l e  e s t i m a t e  f r o m  Eq. ( 1 )  u s i n g  P = 6. 1 0 i 6 / s e c  ( c o r r e s p o n d i n g  t o  a b o u t  
1 0 0 , 0 0 0  w a t t s  p e r  c c )  shows t h a t  e v e n  a f t e r  10' s e c o n d s  o n l y  1.5 cc o f  f i s s i o n  
p r o d u c t s  c o n s i d e r e d  a s  g a s e s  a t  STP w i l l  have  c r o s s e d  a s q u a r e  c e n t i m e t e r  of  
s u r f a c e .  T h u s ,  t h e  f i s s i o n  p r o d u c t s  w i l l  be  e f f e c t i v e l y  t r a p p e d  i n s i d e  t h e  
f u e l  e v e n  a t  1000°C u n l e s s  ( a )  t h e  f u e l  i s  i n  t h e  form o f  a powder or a p o r o u s  
compac t ,  or ( b )  i f  t h e  u ran ium i t s e l f  s u f f e r s  s u f f i c i e n t  r a d i a t i o n  damage t h a t  

i t  e s s e n t i a l l y  b r e a k s  down i n t o  a p o w d e r .  T h e  Ames w h i c h  
c o n c e r n  UO, a r e  i n  ag reemen t  w i t h  ( a )  w h i l e  r e c e n t  GE e x p e r i m e n t s  ( u n p u b l i s h e d  
r e s u l t s )  i n d i c a t e  t h a t  f o r  one p e r c e n t  b u r n - u p  ( b )  i s  i n d e e d  t h e  c a s e .  

F o r  t h e  ANP, t h e n ,  i t  must  be c o n c l u d e d  t h a t  e s s e n t i a l l y  100  p e r c e n t  o f  

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

The p o s s i b i l i t y  r e m a i n s  t h a t  t h e  f u e l  may be "Canned."( By e n c l o s i n g  t h e  

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

o f  a few m i l s  t h i c k n e s s .  I F u r t h e r ,  e x p e r i m e n t a l l y  measu red  v a l u e s  f o r  t h e  

d i f f u s i o n  c o e f f i c i e n t 6  o f  f i s s i o n  productsinaluminumandstainless 

a r e  a s  low a s  t h o s e  i n  u r a n i u m .  I t  m u s t  b e  c o n c l u d e d  t h a t  e v e n  a t  1000°C,  
d i f f u s i o n  t h r o u g h  undamaged c o n t a i n e r  w a l l s  w i l l  n o t  be  a p p r e c i a b l e , ( " )  s o  
t h a t  t h e  f i s s i o n  p r o d u c t s  wh ich  d o  e s c a p e  f rom t h e  f u e l  i t s e l f  may b e  c a n n e d  
i n ,  u n l e s s  t h e  e f f e c t  o f  r a d i a t i o n  damage,  which  may be t o w a r d  i n c r e a s i n g  t h e  
e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t s , ( f 9 9 2 0 )  becomes  i m p o r t a n t  a t  t h e  p r o p o s e d  
h i g h  f l u x .  I t  i s  t h i s  l a t t e r  p o s s i b i l i t y  w h i c h  s t a n d s  i n  g r e a t e s t  n e e d  o f  

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

ADVANCED SEMINAR I N  REACTOR PHYSICS 

No M d  S m i t h  

An advanced  s e m i n a r  i n  r e a c t o r  p h y s i c s  h a s b e e n  c o n d u c t e d  f o r  a n y  i n t e r e s t e d  
members f rom t h e  Oak R i d g e  N a t i o n a l  L a b o r a t o r y  or NEPA; t h e  m e e t i n g s  a r e  h e l d  

o n c e  e a c h  week.  The t h e o r y  o f  t h e  b a r e  r e a c t o r  h a s  b e e n  c o v e r e d  i n  d e t a i l ,  

i n c l u d i n g : :  

a .  S l o w i n g  down and d i f f u s i o n  of n e u t r o n s  i n  t h e  f i n i t e  medium; 

b. The  a p p r o a c h  t o  c r i t i c a l  of  t h e  t h e r m a l  r e a c t o r :  t h e  c r i t i c a l  
c ond i t i o n s  ; 
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c .  E l e m e n t a r y  k i n e t i c s  of  t h e  b a r e  r e a c t o r ,  
1. One v e l o c i t y  g roup , ,  n o  d e l a y e d  n e u t r o n s ,  
2. One v e l o c i t y  g r o u p p  one  d e l a y e d  g r o u p  o f  n e u t r o n s ,  
3 .  B a r e  t h e r m a l  r e a c t o r  w i t h  g e n e r a l  s l o w i n g  down k e r n e l  
and  a r b i t r a r y  number o f  d e l a y e d  n e u t r o n  g r o u p s  and  n o  e x -  
t e r n a l  s o u r c e ;  

4 

d: Same a s  c ( 3 )  b u t  w i t h  aa a r b i t r a r y  i n t e r n a l  s o u r c e  p r e s e n t ;  

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

f .  The a p p r o a c h  t o  c r i t i c a l  o f  t h e  b a r e  i n t e r m e d i a t e  r e a c t o r :  t h e  
c r i t i c a l  c o n d i t i o n s  (ORNL 6 6 5 ) ;  

g: The t h e o r y  o f  t h e  o s c i l l a t i n g  a b s o r b e r  i n  a c h a i n - r e a c t o r ;  

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

i. K i n e t i c s  of  t h e  Homogeneous R e a c t o r ;  * *  
j. F i r s t - o r d e r  p e r t u r b a t i o n  t h e o r y .  

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

COOLANT DYNAMICS 
J o  F,  H a i n e s  

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

L i ,  Na,  Pb and B i  have been  c o n s i d e r e d  a s  t h e  p r i m a r y  c h o i c e s ,  b u t  r e s u l t s  c a n  
b e  i n t e r p o l a t e d  f o r  o t h e r  m a t e r i a l s  by c o m p a r i s o n  o f  t h e i r  p h y s i c a l  p r o p e r t i e s  
w i t h  t h o s e  o f  L i ,  Na, Pb and B i .  

T a b l e  3 g i v e s  t h e  p r o p e r t i e s  o f  t h e  f o u r  c o o l a n t s  h a v i n g  t h e  ma jo r  e f f e c t  
o n  t h e  e n g i n e e r i n g  d e s i g n  o f  h e a t  e x c h a n g e r s . ,  pumps and  o t h e r  c o o l a n t  s y s t e m  
e l e m e n t s .  I t  w i l l  be n o t e d  t h a t  t h e  b o i l i n g  p o i n t  i s  c o m f o r t a b l y  h i g h  f o r  a l l  
b u t  Na: P r e s s u r i z a t i o n  a t  a p p r o x i m a t e l y  e i g h t  a t m o s p h e r e s  migh t  p e r m i t  o p e r a -  
t i o n  w i t h  Na a t  1000°C;  t h e  v a p o r  p r e s s u r e  o f  Na a t  1000°C b e i n g  a b o u t  2.5 
a t m o s p h e r e s ,  and r e a c h i n g  o n l y  e i g h t  a t m o s p h e r e s  a t  a b o u t  1200OC. 

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

n e s s  o f  t h e  c o o l a n t  i n  r e m o v i n g  h e a t  on a v e l o c i t y  b a s i s .  T a b l e  3 i n d i c a t e s  

Lecture b y  W* -La ~Carlson 
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a 

VALUES RELATIVE TO L i  AT 1500°F 
FOR A GIVEN GEOMETRY AND POWER 

PUMP Hp 

b .. 

SURFACE HEAT 
TRANSFER COEF# ., 
h* AT 1500°F 
( B t  u/hr - f t 2-  OF) COOLANT VELOCITY 

1,OO 

2 . 0 1  

1 , 3 2  

1 - 2 8  

L i  

Na 

Pb 

R i  

PRESSURE 

1 . 0 0  

8 . 5 2  

4 2 . 7  

3 4 , 9  

MELT I NG 
POINT 
(OF) 

3 6 6 . 8  

2 0 7 . 5  

6 2 0 - 6  

5 1 9 - 8  

TABLE 3 

Properties of  Some Potential Reactor Coolants 

BOILING HEAT CAPACITY 
POINT AT 159O0F 

( B t u / f t  -OF> 

2928 2 9 . 8  

1616 1 1 4 - 8  

2935 I 2 2 , 6  

2678 2 3 , 3  

1.00 

17. Z 

5 6 . 3  

4 4 . 6  

3 0 , 9 0 0  

3 2 , 0 0 0  

7 , 3 0 0  

7 , 5 0 0  

PRICE 
PER FT3 

* V a l u e s  c a l c u l a t e d  f o r  f l o w  through . I  i q . - t u b e s  e t  8 v e t o c i t y  of  10 f t / s e c .  
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? 
t h e  r e l a t i v e  v e l o c i t i e s ,  dynamic  p r e s s u r e s  and  pump h o r s e p o w e r s  f o r  t h e  f o u r  
c o o l a n t s  c o n s i d e r e d  for a g i v e n  g e o m e t r y  and power: 

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

and  r e a c t o r  s t r u c t u r a l  d e s i g n  i s  p r o b a b l y  r e a c t o r  p r e s s u r e  d r o p ,  w h i c h  w i l l  
a c c o u n t  f o r  t h e  m a j o r  s t r e g s e s .  I n  o r d e r  t o  m a i n t a i n  e q u i v a l l e n t  s t r e s ses  i n  
s y s t e m s  d e s i g n e d  a r o u n d  t h e  d i f f e r e n t  c o o l a n t s ,  i t  i s  a p p a r e n t  t h a t  c o o l a n t  
v e l o c i t i e s  must  be much l o w e r  for t h e  heavy c o o l a n t s ,  r e s u l t i n g  i n  a l a r g e  i n -  

c r e a s e  i n  s i z e  o f  d u c t s ,  h e a t  e x c h a n g e r s ,  e t c .  D e s i g n s t u d i e s  i n d i c a t e  f u r t h e r  
t h a t  i n  o r d e r  t o  a v o i d  e x c e s s i v e  s i z e  of t h e  r e a c t o r ,  w i t h  a c o r r e s p o n d i n g  
ma jo r  i n c i e a s e  i n  s h i e l d  and s t r u c t u r a l  w e i g h t ,  t h e  c h o i c e  of c o r e  c o n s t r u c t i o n  
i s  much more l i m i t e d  f o r  P b  and B i  t h a n  f o r  L i  and Na, The i n d i c a t e d  s u p e r i -  
o r i t y  of  Li as a c o o l a n t  i s  i n  a g r e e m e n t  w i t h  p r e v i o u s  s u r v e y s . ( 2 2 t 2 3 )  

L I Q U I D  METAL COOLED ARE D E S I a N S  
A. F r a a s ,  R, S c h r o e d e r ,  

J o  Wyld" 

The  ARE D e s i g n  Group  i s  a t t e m p t i n g  t o  a c h i e v e  a 1000 kw r e a c t o r  d e s i g n  

w h i c h  w i l l  s i m u l a t e  a s  f a r  a s  p o s s i b l e  a n  e v e n t u a l  l a r g e  l i q u i d  m e t a l  c o o l e d  
a i r c r a f t  r e a c t o r .  The f i r s t  s t e p  i n  t h e  p r o c e s s  must  o f  c o u r s e  b e  t o  d e v e l o p  
a t  l e a s t  a r o u g h  p i c t u r e  o f  t h e  l a r g e  r e a c t o r  i t s e l f .  D u r i n g  t h e  p a s t  q u a r t e r  
a number  o f  r e a c t o r  a r r a n g e m e n t s  h a v e  b e e n  s k e t c h e d  o u t  w h i c h  s a t i s f y  t h e  
f o l l o w i n g  s e t  of  g e n e r a l  e n g i n e e r i n g  s p e c i f i c a t i o n s .  T h e s e  s p e c i f i c a t i o n s  a r e  

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

a i r c r a f t  a t  Mach 1.5:  

1. 

2.  

3. 

4. 

5. 

6 .  

7 .  

8. 

C o o l a n t  - L i 7 ,  

C o r e  p r e s s u r e  d r o p  - 60 pounds  p e r  s q u a r e  i n c h ,  

C o r e  s i z e  and s h a p e  - r i g h t  c i r c u l a r  c y l i n d e r  2 -1 /2  f e e t  
h e i g h t  and 2 - 1 / 2  f e e t  d i a m e t e r ,  

Maximum t e m p e r a t u r e  of  f u e l  e l e m e n t  i n  c o n t a c t  w i t h  c o o l a n t  
- 1800"F, 

Power - 500,000 kw, 

C o o l a n t  t e m p e r a t u r e  r i s e  - 400°F maximum, 

C o o l a n t  o u t l e t  t e m p e r a t u r e  - 1700°F minimum, 

S t r u c t u r a l  w o r k i n g  s t ress  - 6 ,000  pounds p e r  s q u a r e  i n c h ,  

* On l e a v e  f r o m  Reactor  H O ~ O P S ~  I n c .  

( 2 2 )  

( 2 3 )  

Lyon, R. :N.; Heat T r a n s f e r  Exper ience  on t h e  P r o j e c t ,  M-3974 ( A W ,  5 9  

K i t z e s ,  A. . S o , .  A D i s c u s s i o n  of Liquid M e f u l s  as  P i l e  C o o l a n t s ,  ORNL 360 ( L u g ,  10 ,  1949). . 

1949). 
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9 .  A c c e l e r a t i o n  l o a d  - 12 g v e r t i c a l ,  

. 

10. Maximum a t t a i n a b l e  m o d e r a t o r  volume and minimum s t r u c t u r a l  
p o i s o n i n g ,  

11. Therma l  s t resses  assumed t o  be  s e l f  a n n e a l i n g ,  

A l l  o f  t h e  d e s i g n s  s t u d i e d  d u r i n g t h e  q u a r t e r  c o n t e m p l a t e  Be0 a s  m o d e r a t o r  

and  UO, a s  t h e  f u e l .  

c l u d e :  

P o s s i b i l i t i e s  c o n s i d e r e d  for f u e l  e l e m e n t  d e s i g n s  i n -  

( a )  1/4 i n .  s t a i n l e s s  s t e e l  c o o l a n t  t u b e s  c o a t e d  on t h e  o u t s i d e  w i t h  UO, 
g r a i n s  embedded i n  a n  i r o n  m a t r i x ,  

( b )  R e c t a n g u l a r  s a n d w i c h - t y p e  p l a t e s  -025 i n ,  t h i c k ,  c o n s i s t i n g  o f  a 
U O , - s t a i n l e s s  s t ;ee l  c e r a m e l  l a y e r  c o a t e d  on b o t h  s i d e s  w i t h  s t a i n l e s s  s t e e l ,  

( c )  S m a l l  c y l i n d r i c a l  s t a i n l e s s  s t e e l  c a p s u l e s  c o n t a i n i n g  p o s s i b l y  a 
s i n t e r e d  powder of Be0 p l u s  UO,, OT p e r h a p s  UO, p l u s  Cr. 

I n  e a c h  c a s e  molybdenum would  b e  s u b s t i t u t e d  for s t a i n l e s s  s t e e l  i f  i t  
t u r n s  o u t  t o  have  a low enough  i n t e r m e d i a t e  n e u t r o n  cross s e c t i o n .  F i g u r e  2 
i l l u s t r a t e s  some e x a m p l e s  o f  t h e  t y p e s  of  f u e l - m o d e r a t o r  a r r a n g e m e n t s  b e i n g  
s t ud i e d  e 

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

m e n t a l  unknowns. I n  e v e r y  c a s e  t h e  f e a s i b i l i t y  o f  t h e  r e a c t o r  d e s i g n  w i l l  be  
d e c i d e d  by m a t e r i a l s  q u e s t i o n s  f o r  which  t h e  r e l e v a n t  d a t a  a r e  y e t  i n a d e q u a t e ,  
D u r i n g  t h e  n e x t  q u a r t e r  e x p e r i m e n t s  w i l l  be  c a r r i e d  o u t  i n  a n  a t t e m p t  t o  s e t t l e  

a s  many of t h e  m a t e r i a l s  unknowns a s  p o s s i b l e ,  

NaOH--COOLED ARE D E S I G N  
K O  Fergusalrn Caso 

The Atomic  E n e r g y  D i v i s i o n  of  H. K.  F e r g u s o n  Co. i s  u n d e r  c o n t r a c t  w i t h  
t h e  Oak R i d g e  N a t i o n a l  L a b o r a t o r y  t o  make an  e x p l o r a t o r y  s t u d y  o f  an  a i r c r a f t  
r e a c t o r  o p e r a t i n g  w i t h  c i r c u l a t i n g  l i q u i d  f u e l ,  The c o n t r a c t  c o v e r s  a n i n e -  
m o n t h  p e r i o d  w h i c h  s t a r t e d  i n  M a r c h ,  1950  T h e  f i r s t  two  m o n t h s  o f  t h i s  
p e r i o d  were d e v o t e d  m a i n l y  t o  a c r i t i c a l  r e v i e w  of  t h e  a v a i l a b l e  i n f o r m a t i o n  

r e l a t i n g  t o  t h e  p r o b l e m ,  F o r  t h i s  p u r p o s e  members  o f  t h e  F e r g u s o n  A t o m i c  
E n e r g y  D i v i s i o n  h a v e  s p e n t  c o n s i d e r a b l e  t ime a t  Oak R i d g e ,  a n d  i n f o r m a t i o n  
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v i s i t s  were  made t o  B a t t e l l e  Memor ia l  I n s t i t u t e  and t o  Argonne N a t i o n a l  L a b o -  

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

e x p e r i m e n t a l  f a c i l i t i e s ,  and h o l d i n g  d i s c u s s i o n s  w i t h  v a r i o u s  p e o p l e  a t  X - 1 0 ,  
y-12, 'and NEPA, these  p e r s o n n e l  have  p a r t i c i p a t e d  i n  t h e  ARE d e s i g n  c o n f e r e n c e s  
h e l d  t w i c e  a week. 

As a f i r s t  s t e p  i n  d e v e l o p m e n t  o f  a l i q u i d  f u e l  r e a c t o r ,  F e r g u s o n  w i l l  
s u b m i t  an  ARE p r o p o s a l ,  T h i s  p r o p o s a l  i s  d i r e c t e d  t o w a r d  t h e  u l t i m a t e  u s e  o f  
a n  a i r c r a f t  r e a c t o r  i n  w h i c h  NaOH s e r v e s  b o t h  a s  t h e  f u e l  s o l v e n t  and  t h e  
modera to r  f o r  a homogeneous c i r c u l a t i n g  f u e l  r e a c t o r .  

C a l c u l a t i o n s  were made w h i c h  i n d i c a t e d  t h a t  NaOH was s a t i s f a c t o r y  f r o m  
t h e  s t a n d p o i n t  o f  h e a t  t r a n s f e r ,  A p r e l i m i n a r y  s u r v e y  h a s  i n d i c a t e d  t h a t  t h e  
p o s s i b l e  f u e l -  s o l v e n t  c o m b i n a t i o n s  f o r  a c i r c u l a t i n g  f u e l  f o r  h i g h -  t e m p e r a t u r e  

u s e  a r e  l i m i t e d  i n  n u m b e r ,  b u t  t h i s  is a t  l e a s t  p a r t l y  d u e  t o  l a c k  o f  i n -  
f o r m a t i o n ,  I n p a r t i c u l a r ,  e x p e r i m e n t a l  d a t a  on t h e  s o l u b i l i t y  of UO,, or o t h e r  
u r a n i u m  compoundss  i n  NaOH a r e  s c a n t y  and i n c o n c l u s i v e ,  S u c h  a s y s t e m  would  

have  i m p o r t a n t  and  o b v i o u s  a d v a n t a g e s  C o n s e q u e n t  l y g  F e r g u s o n  h a s  r e q u e s t e d  

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

The F e r g u s o n  ARE p r o p o s a l  c o m p r i s e s  t h r e e  p h a s e s "  I n  P h a s e  I ,  a h e t e r -  

ogeneous  l o w  power ARE r e a c t o r  i s  u s e d ,  c o m p r i s e d  o f  f i x e d  f u e l  e l e m e n t s  ( w h i c h  
m a y o r m a y  n o t  c o n t a i n  t h e  f u e l  i n  l i q u i d  fo rm)  and c i r c u l a t i n g  NaOH m o d e r a t o r ,  
The o b j e c t i v e  i s  t o  a c h i e v e  a s  q u i c k l y  a s  p o s s i b l e  a r e a c t o r  o p e r a t i n g  a t  h i g h  
t e m p e r a t u r e s ,  t o  g a i n  o p e r a t i n g  e x p e r i e n c e  and  t o  t e s t  c e r t a i n  c o n t a i n e r  
m a t e r i a l s  a g a i n s t  m o l t e n  NaOH u n d e r  r a d i a t i o n ,  The  h e t e r o g e n e o u s  low power  
r e a c t o r  i s s c a l e d  up t o  a f u l l - s i z e  r e a c t o r  n o t  by i n c r e a s i n g  t h e  h e a t  t r a n s f e r  
s u r f a c e  b e t w e e n  f u e l  and  m o d e r a t o r ,  b u t  by  e l i m i n a t i n g  i t ,  T h i s  i s  d o n e  i n  
s u c c e s s i v e  s t e p s  ( P h a s e s  I1 and 1 1 1 )  i n  one  of  w h i c h  t h e  s u r f a c e  i s  removed 
making  a homogeneous r e a c t o r ,  and i n  t h e  o t h e r  t h e  f u e l  i s  c i r c u l a t e d  o u t s i d e  
a t  a r a t e  s u f f i c i e n t  t o  g e t  l o s s e s  i n  d e l a y e d  n e u t r o n s .  D e p e n d i n g  on t h e  
a v a i l a b l e  u r a n i u m - b e a r i n g  l i q u i d s ,  e i t h e r  o f  t h e s e  s t e p s  may be t a k e n  f i r s t ,  

D e s i g n  work on P h a s e  I i s  p r o c e e d i n g  i n  N e w  Y o r k ,  

GENERAL COOLANT CYCLE STUDIES 
N a r t h  American A v i a t i o n ,  Ipnc. 

N o r t h  Amer ican  A v i a t i o n ,  I n c ,  i s  u n d e r  c o n t r a c t  w i t h  t h e  AEC t o  p e r f o r m  

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



r e a c t o r .  During the  p a s t  q u a r t e r  t h e  work c o n s i s t e d  o f  a survey o f  v a r i o u s  
p o s s i b l e  power c y c l e s  f o r  the  a i r c r a f t  r e a c t o r ,  i n  an e f f o r t  t o  assess  t h e  r e -  
l a t i v e  m e r i t s  of  t h e  f l o w i n g  l i q u i d  meta l  sys tem a s  compared t o  a number of  
v a p o r - c y c l e  p o s s i b i l i t i e s .  A r e p o r t  on t h i s  work w i l l  be i s s u e d  d u r i n g  the 
n e x t  quarter .  
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CRITICAL EXPERIMENTS 

A. De C a l l i h a n ,  K-25, J .  F. C o n e y b e a r ,  NEPA 

O r g a n i z a t i o n  of t h e  newly  fo rmed  j o i n t  ORNL-NEPA g r o u p  t o  s t u d y  a i r c r a f t  

r e  a c  t o r  d e s  i gn 

e f f e c t e d .  The 
B u i l d i n g  9213 
l a t e  i n  J u l y .  
e x p e r i m e n t s  t o  

by  e s s e n t i a l l y  z e r o  power  c r i t i c a l  a s s e m b l i e s  i s  j u s t  b e i n g  
c o n s t r u c t i o n  o f  t h e  Oak R i d g e  A r e a  C r i t i c a l  Mass L a b o r a t o r y ,  
i s  a b o u t  60% c o m p l e t e d .  The b u i l d i n g  i s  s c h e d u l e d  f o r  o c c u p a n c y  

P r o v i s i o n  h a s  b e e n  made i n  t h e  l a b o r a t o r y  f o r  two  s e t s  o f  
b e  c a r r i e d  on s i m u l t a n e o u s l y .  A p a r t  of t h e  p e r s o n n e l  i n  t h e  

b u i l d i n g  w i l l  c o n t i n u e  t h e  j o i n t  K-25-Y-12 program of  e x p e r i m e n t s  d e s i g n e d  to 
y i e l d  d a t a  o f  v a l u e  t o  t h e  p r o d u c t i o n  g r o u p s .  T h e  o t h e r  p e r s o n n e l  w i l l  
p a r t i c i p a t e  i n  t h e  ANP p r o g r a m .  E a r l y  e x p e r i m e n t s  i n  t h e  l a t t e r  w i l l  b e  
d i r e c t e d  t o  p r o c u r e m e n t  o f  d e s i g n  d a t a  f o r  t h e  A i r c r a f t  R e a c t o r  E x p e r i m e n t .  
R e q u e s t s  h a v e  b e e n  made f o r  t h e  a l l o c a t i o n  o f  b e r y l l i u m  a n d  u r a n i u m  t o  t h e  
p r o g r a m .  HoweverP  i n  t h e  e v e n t  o f  d e l a y e d  d e l i v e r y  of  t h e  b e r y l l i u m ,  i t  i s  

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

The  e f f o r t s  of  t h e  NEPA e x p e r i m e n t a l  p h y s i c s  s e c t i o n  o v e r  t h e  p a s t  f ew 
y e a r s ,  d i r e c t e d  t o w a r d s  c r i t i c a l i t y  e x p e r i m e n t s ,  form a s u b s t a n t i a l  background  
f o r  t h e  i n a u g u r a t i o n  o f  t h i s  ANP p r o g r a m ,  Assembly  e q u i p m e n t  f o r  c r i t i c a l  
e x p e r i m e n t s  h a s  b e e n  b u i l t  a n d  t e s t e d  a t  NEPA and  w i l l  b e  i n s t a l l e d  i n  t h e  
new l a b o r a t o r y .  The f o l l o w i n g  p a r a g r a p h s  d e s c r i p t i v e  o f  t h i s  NEPA w o r k  a r e  

r e p r i n t e d  f r o m  NEPA d o c u m e n t s .  

“ T h e  g e n e r a l  a r r a n g e m e n t  o f  t h e  a s s e m b l y  e q u i p m e n t  i s  shown i n  F i g .  3 .  
The o p e r a t i o n  o f  t h e  a s s e m b l y  t a b l e ,  w h i c h  i s  now s e t  u p  a t  NEPA, h a s  b e e n  
t e s t e d  w i t h  a 2 0 , 0 0 0  l b  s t a t i c  l o a d  on t h e  movab le  h a l f  w h i c h  i s  d r i v e n  b y  a 

s p e e d - c o n t r o l l e d  e l e c t r i c  m o t o r ,  L i m i t  s w i t c h e s  a r e  l o c a t e d  a t  i n t e r v a l s  t o  
r e d u c e  t h e  s p e e d  i n  i n c r e m e n t s  a s  t h e  movable p a r t  o f  t h e  t a b l e  a p p r o a c h e s  t h e  
. c o n t a c t  p o s i t i o n .  No d i f f i c u l t y  was e x p e r i e n c e d  i n  t h e  m e c h a n i c a l  or e l e c t r i -  
c a l  o p e r a t i o n .  ” 

T e s t s  were  s t a r t e d  on p r o t o t y p e ,  s a f e t y ,  and c o n t r o l  r o d s  mounted on  t h e  

a s s e m b l y  t a b l e .  D e f l e c t i o n  t e s t s  were p e r f o r m e d  on t h e  t h r e e - i n c h  s q u a r e  
aluminum t u b e  t o  be  u s e d  i n  t h e  honeycomb. T h i s  was done  by  l o a d i n g  a bank  o f  
t u b e s  w i t h  l e a d  b r i c k s  c o n s i d e r e d  t o  b e  e q u a l  i n  w e i g h t  t o  t h e  maximum l o a d  
f o r  t h e  honeycomb.  The  o b s e r v e d  d e f l e c t i o n  i n  t h e  b o t t o m  row o f  t u b e s  was 

6 6  

3 3  





0.005 i n c h  w h i c h  i s  c o n s i d e r e d  s a t i s f a c t o r y .  

o f  t h e  t u b e  w a l l s .  

s e c t i o n  o f  t h e  a l u m i n u m  honeycomb.”  

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

“ T h e  o v e r a l l  s y s t e m  is e l e c t r i c a l l y  c o n t r o l l e d .  C o n t r o l  and s a f e t y  r o d s  
C o n t r o l  room e q u i p m e n t  i s  b e i n g  h a v e  b e e n  w o r k e d  o u t  and  t e s t e d  i n  p a r t .  

a s s e m b l e d  i n  a mock-up  of  t h e  c o n t r o l  p a n e l . ”  

. 
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C. E .  C l i f f o r d  J .  De F l y n n  
H.  E .  H u n g e r f o r d  H. W e  Newson 
E .  P. B l i z a r d  T. V ,  R l o s s e r  

R .  l e w i s *  
i7: e a c t o r T e  c 11 11 o 1 o g y i: i v i s i on 

f i e s u l t s  f o r  E x p e r i m e n t s  5 a n d  6 ,  272 and. 187: i , ) r  v o l u m e  i n  w a t e r ,  
h a v e  been  r e - e v a l u a t e d  and t h e  d a t a  a r e  shown i n  F i g s .  4, 5, 6, and  7. T h e s e  

a r e  now b e l i e v e d  t o  be a c c u r a t e  t o  w i t h i n  a b o u t  30% i n  i n t e n s i t y ,  

The d a t a  on  t h e  Fe -H20-Pb  s h i e l d  f o r  t h e  N a v a l  R e a c t o r  a r e  a l s o  c o m p l e t e  
a n d  h e r e  i n c l u d e d  a s  F i g s .  8 and  9 .  

E x p e r i m e n t  8 ,  m e a s u r e m e n t  o f  33% P b ,  6’7% H,O h a s  b e e n  s t a r t e d .  No d a t a  
a r e  y e t  a v a i l a b l e ,  b u t  e x t e n s i v e  f o i l  m e a s u r e m e n t s  h a v e  b e e n  made f o r  t h e  

f i r s t  10  i n c h e s  of  s h i e l d ,  

Much o f  t h e  l a s t  p e r i o d  h a s  b e e n  d e v o t e d  t o  c a l i b r a t i o n  o f  i n s t r u m e n t s  
w i t h  e m p h a s i s  on t h e  gamma i o n i z a t i o n  chambers .  The  l a t t e r  have  been  s t a n d a r d -  

i z e d  i n  f r e e  a i r  by m e a n s  o f  a r a d i u m  s o u r c e ,  a n d  t h i s  m e a s u r e m e n t  a g r e e s  
w i t h  a c a l c u l a t e d  v a l u e  w i t h i n  20%. T h e  a b s o l u t e  gamma f l u x e s  a s  r e p o r t e d  

i n  NEPA-1374-TPR-52, F i g .  39, s h o u l d  b e  r e d u c e d  by  a f a c t o r  o f  1 . 9  +_ 20%.  
U n c e r t a i n t i e s  a r i s e  f r o m  t h e  e f f e c t  o f  t h e  o r i e n t a t i o n  o f  t h e  c y l i n d r i c a l  
chamber  w i t h  r e s p e c t  t o  t h e  s o u r c e .  F u r t h e r  work w i l l  be  r e q u i r e d  f o r  a f i n a l  

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

A l l  n e u t r o n  d e t e c t o r s  a r e  now f i t t e d  w i t h  new t y p e  w a t e r p r o o f  c a s e s  
a n d  i n d i v i d u a l  p r e a m p l i f i e r s ,  T h e  l a t t e r ,  i t  i s  h o p e d ,  w i l l  c o n s i d e r a b l y  
improve  t h e  i n t e r n a l  c o n s i s t e n c y  o f  measu remen t s ,  

T h e  m o n i t o r ,  w h i c h  r e c o r d s  t h e  i n c o m i n g  f l u x  f r o m  t h e  p i l e ,  h a s  b e e n  
r e p l a c e d  w i t h  a much l a r g e r  J 3 l 0  i o n i z a t i o n  chamber  w h i c h  i s  p o w e r f u l  e n o u g h  

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

T h e  p o s i t i o n i n g  a p p a r a t u s  f o r  t h e  l o n g  (25 i n . )  BF, c o u n t e r s  h a s  b e e n  

c o m p l e t e l y  r evamped  s o  t h a t  u n c e r t a i n t i e s  i n  p o s i t i o n  a r e  now k e p t  t o  a b o u t  
1/16 i n .  
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EXPERIMENT 6 
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EXPERIMENT 7 
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A new a i r - c o n d i t i o n e d  i n s t r u m e n t  room i s  b e i n g  i n s t a l l e d ,  and  i t  is hoped 

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

A s  a s e r v i c e  t o  t h e  MTR, gamma m e a s u r e m e n t s  a r o u n d  t h e  MTR Mock-up h a v e  

been  made by t h e  g r o u p  d u r i n g  t h e  shutdown o f  o p e r a t i o n s  i n c i d e n t  t o  i n s t a l l a -  
t i o n  o f  t h e  a i r - c o n d i t i o n e d  room, 

The new f a s t  n e u t r o n  s p e c t r o m e t e r ,  r e p o r t e d  on e l s e w h e r e  i n  t h i s  s e c t i o n ,  
h a s  been  i n s t a l l e d  i n  t h e  t a n k  and  a few s p e c t r a  c l o s e  t o  t h e  s o u r c e  w i l l  be  
m e a s u r e d ,  T h e  i n s t r u m e n t  i s  n o t  s u f f i c i e n t l y  s e n s i t i v e  t o  m e a s u r e  a t  v e r y  
g r e a t  a t t e n u a t i o n s  i n  t h e  l i d  t a n k ,  

I n  a n  e f f o r t  t o  a s s i s t  B r o o k h a v e n  N a t i o n a l  L a b o r a t o r y  i n  s e t t i n g  up  
t h e i r  s h i e l d i n g  p r o g r a m ,  t h e  r a d i o a c t i v i t y  i n d u c e d  i n  t h e i r  t a p  w a t e r  a f t e r  

o n e  h o u r ' s  e x p o s u r e  i n  t h e  l i d  t a n k  t h e r m a l  f l u x  o f  10' was m e a s u r e d .  T h e  
p r e l i m i n a r y  r e s u l t s  w e r e :  

D i s t i l l e d  H20: .010 m i c r o c u r i e s / c c  

Brookhaven  w a t e r :  , 016  m i c r o c u r i e s / c c  

INTERPRETATION OF LID TANK DATA 

E .  P. B l i z a r d  

R e a c t o r  Techno logy  D i v i s i o n  

Thus  f a r  o n l y  t h e r m a l  n e u t r o n  f l u x e s  h a v e  b e e n  measu red  i n  t h e  l i d  t a n k .  
S i n c e  i n t e n s i t y  l i m i t a t i o n s  make d i f f i c u l t  t h e  m e a s u r e m e n t  o f  f a s t  n e u t r o n s  
d i r e c t l y  t h r o u g h  t h e  r e q u i r e d  a t t e n u a t i o n ,  i t  i s  n e c e s s a r y  t o  d e v e l o p  a r e -  

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

T h e  p o w e r  o f  t h e  s o u r c e  p l a t e  h a s  b e e n  m e a s u r e d  by  means  o f  t h e r m o -  
c o u p l e s  t o  be a b o u t  s i x  w a t t s .  From t h i s  v a l u e  t h e  f i s s i o n  r a t e  i n  t h e  s o u r c e  
p l a t e  i s  known a n d  w i t h  a g u e s s  a b o u t  t h e  r e f l e c t i o n  c o e f f i c i e n t ,  o n e  c a n  

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

c r o s s  s e c t i o n .  



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

f a s t  n e u t r o n  f rom t h e  i n c i d e n t  beam a n d  i t s  a p p e a r a n c e  a s  a t h e r m a l  n e u t r o n .  
T h i s  d i s p l a c e m e n t ,  6 ,  i s  found  a t  l a r g e  d i s t a n c e s  f rom t h e  s o u r c e ,  t o  be :  

where  7 i s  t h e  Fermi Age ,  and  h i s  t h e  r e l a x a t i o n  l e n g t h  o f  t h e  f a s t  c u r r e n t .  
S i n c e  6 i s  a s l o w l y  v a r y i n g  f u n c t i o n ,  h ' s  f o r  s l o w  and  f a s t  n e u t r o n s  w i l l  b e  
a b o u t  t h e  same. 

The r e l a x a t i o n  l e n g t h  i s  c r u d e l y  f o u n d  t o  be j u s t  t h e  r e c i p r o c a l  o f  t h e  

t o t a l  f a s t  c r o s s  s e c t i o n ,  and  f rom t h i s  o n e  c a n  f i n d ,  a g a i n  c r u d e l y ,  a domi -  
n a n t  e n e r g y  o f  n e u t r o n  f o r  a n y  r e l a x a t i o n  l e n g t h  i n  w a t e r .  T h e  p u r e  w a t e r  
d a t a  s o  a n a l y z e d  show a r e a s o n a b l e  a p p r o x i m a t i o n  t o  t h e  f i s s i o n  s p e c t r u m ,  a s  
would  be e x p e c t e d .  

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

c a l c u l a t e d  v a l u e s  o f  t h e  F e r m i  Age ,  7, and f rom t h i s  o b t a i n  t h e  d i s p l a c e m e n t  
6 .  r i s  c h o s e n  f o r  t h e  e n e r g y  b e f o r e  c o l l i s i o n ,  wh ich  g i v e s  a n  o v e r e s t i m a t e ,  
b u t  on  t h e  o t h e r  h a n d  t h e  s c a t t e r e d  n e u t r o n s  a r e  d i s t r i b u t e d  i n  t h e  f o r w a r d  
d i r e c t i o n ,  wh ich  p r o b a b l y  c o m p e n s a t e s  a d e q u a t e l y .  

N e u t r o n  a c c o u n t a b i l i t y  demands t h a t  f o r  p l a n e  g e o m e t r y ,  

where  

z '  = z -I- 8 ,  

I ( z )  = f a s t  n e u t r o n  c u r r e n t  a t  z ,  

Ca .= t h e r m a l  m a c r o s c o p i c  a b s o r p t i o n  c r o s s  s e c t i o n ,  H,O, 

+ t h  (2') = t h e r m a l  n e u t r o n  f l u x  a t  z ' .  

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

I ( 2 )  A I a  ( $ t h  

T h u s ,  one  c a n  e s t i m a t e  t h e  f a s t  n e u t r o n  

c u r r e n t  p a s s i n g  t h e  p l a n e  a t  z .  S i n c e  b a c k - s c a t t e r i n g  i n  w a t e r  i s  n o t  g r e a t ,  

t h i s  t h e n  g i v e s  a m e a s u r e  o f  t h e  f a s t  n e u t r o n  c u r r e n t  wh ich  would  b e  o b s e r v e d  

w i t h  a s h i e l d  e n d i n g  a t  z .  

f o r  a g i v e n  m e a s u r e d  ( i i t h  a n d  A a t  z '  
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T h i s  m e t h o d  h a s  b e e n  a p p l i e d  t o  some o f  t h e  s h i e l d  mock-ups  t h a t  were 

t e s t e d  i n  t h e  l i d  t a n k  a n d  a w e i g h t  e s t i m a t e  f o r  a n  i d e a l  u n i t  s h i e l d  ( n o  
d u c t s ,  no  s h i e l d  c o o l i n g ,  n o  s t r u c t u r a l  members) h a s  been  made. 

S i z e  

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

2 f t  r a d i u s  ( s p h e r e )  14 i n .  r a d i u s  d i s c  = 4000 cm2 

Power 

Leakage  o f  f a s t  n e u t r o n s  20% 

6 w a t t s  

2 5% 

T o l e r a n c e :  I t  i s  assumed t h a t  t h e  m i l i t a r y  d o s e  i s  e i g h t y  t imes t h a t  a l l o w e d  
a t  t h e  L a b o r a t o r y .  

L A B O R A T O R Y  ( 8  h r  d a y )  M I L I T A R Y  ( 2 5  h r  m i s s i o n )  

Gamma d o s e  r a t e  1/80 R / h r  1 R / h r  

F a s t  n e u t r o n  d o s e  r a t e  50 n / cm2/sec  400  n /cm2/sec  

N o t e  t h a t  t h e  d o s e  c a n  b e  t a k e n  e i t h e r  i n  gammas o r  n e u t r o n s ,  a n d  i f  
b o t h  t y p e s  o f  r a d i a t i o n  a r e  i n c u r r e d  t h a t  t h e  sum o f  f r a c t i o n a l  d o s e s  s h o u l d  
n o t  e x c e e d  u n i t y .  

The f o l l o w i n g  symbols  w i l l  be  u s e d :  

r = i n n e r  r a d i u s  o f  s h i e l d  

r o  = o u t e r  r a d i u s  o f  s h i e l d  

H ( r o  - r )  = a t t e n u a t i o n  o f  s p h e r i c a l  s h e l l  s h i e l d  
- F ( z )  - a t t e n u a t i o n  o f  p l a n e  s h i e l d ,  t h i c k n e s s  z 

h = f a c t o r  t o  a p p l y  t o  l i d  t a n k  c e n t e r l i n e  d a t a  
t o  c o n v e r t  t o  p l a n e  geomet ry  

- a - l i d  t a n k  s o u r c e  p l a t e  r a d i u s  ,= 14 i n .  

S = s o u r c e  s t r e n g t h ,  n e u t r o n s / c m 2 / s e c  



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

'u 

r 

r0  
H ( r o  r )  .=- F ( r o  - r )  

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

I n  o r d e r  t o  m i n i m i z e  t h e  h e a v y  gamma s h i e l d i n g  r e q u i r e d ,  i t  i s  d e c i d e d  
S low n e u t r o n s  a r e  t o  a c c e p t  75% d o s a g e  i n  gammas and  2 5 3  i n  f a s t  n e u t r o n s .  

assumed n e g l i g i b l e ,  

A d i s t a n c e  z' i n  t h e  l i d  t a n k  i s  t h e n  c h o s e n  s o  t h a t  t h e  t h e r m a l  f l u x  i s :  

where  t h e  f a c t o r s  i n  o r d e r  a r e :  

c o r r e c t i o n  o f  l i d  t a n k  c e n t e r l i n e  measu remen t s  t o  p l a n e  geomet ry  

c o r r e c t i o n ,  p l a n e  geomet ry  t o  s p h e r i c a l  geomet ry  

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

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

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

25% o f  f a s t  n e u t r o n  d o s e  r a t e .  
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C h o o s e  8 c o n s e r v a t i v e l y  a t  1 0  crns, a n d  f r o m  F i g .  4 f o r  27% P b  a n d  73% 
i t  i s  s e e n  t h a t  z ‘ - =  1 2 8  crns s a t i s f i e s  t h e  a b o v e  on t h e  c u r v e  l a b e l l e d  H,O,  

11 s l a b s .  The s h i e l d  t h i c k n e s s  d e t e r m i n e d  by n e u t r o n s  i s  t h e n  118 crns. 

T h e  n e x t  a s s u m p t i o n  i s  t h a t  t h e  e m e r g e n t  gamma r a y s  a l l  r e s u l t  f r o m  
I t  i s  t h e n  r e q u i r e d  t h a t  t h e  n e u t r o n  s c a t t e r i n g  or c a p t u r e  w i t h i n  t h e  s h i e l d .  

gamma f l u x  a t  z = (128 - 10 )  crns must  be measured  i n  t h e  l i d  t a n k  t o  b e :  

(100 x 3 0 ) 2  
X x 2 . 1  x 10’’ x . 7 5  B / h r  

- r o  
- x -  - 

2 
rLT h r r0  

e 0 1 8  
R o e n t g e n s / h r  = 4 . 5  X IO-’ R / h r  - - - 

hr0 

T h e s e  r e q u i r e m e n t s  a r e  s a t i s f i e d  a t  z 118  crns by t h e  e s t i m a t e d  v a l u e  

f o r  a b o u t  10% s l a b s  ( F i g .  5 ) .  9 5  crns o f  m a t c h e d  s h i e l d ,  p l u s  2 3  crns of  H , O  
a r e  a d o p t e d .  

N o t e  t h a t  t h e  s e c o n d  l e a d  s l a b  does  l i t t l e  o r  no  good for gammas. I t  i s  

n e g l e c t e d  i n  t h e  w e i g h t  e s t i m a t e ,  

U’e i gh t e s t ima t e : 

- - 6 4  l o n g  t o n s ,  o r  70  s h o r t  t o n s .  
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I t  i s  t o  be  n o t e d  t h a t  i n  t h e  measu remen t s  no a d v a n t a g e  i s  t a k e n  o f  b o r o n  
t o  r e d u c e  c a p t u r e  gammas. T h i s  w o u l d  p r o b a b l y  i n t r o d u c e  a s a v i n g  o f  5 t o  

1 0  t o n s .  

NEW BULK SHIELD TESTING FACILITY 

W I  M e  B r e a z e a l e  
9 ,  IC. Meem* 

R e a c t o r  Techno logy  D i v i s i o n  

Forma l  a p p r o v a l  f o r  c o n s t r u c t i o n  o f  t h e  new b u l k  s h i e l d  t e s t i n g  f a c i l i t y  
h a s  b e e n  r e c e i v e d ,  a n d  t h e  p e r i o d  s i n c e  t h e  l a s t  Q u a r t e r l y  R e p o r t  h a s  b e e n  

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

done  by an  o u t s i d e  c o n t r a c t o r  on a lump sum b i d ,  i t  was n e c e s s a r y  f o r  t h e  ORNL 
E n g i n e e r i n g  C e p a r t m e n t  t o  p r e p a r e  c o m p l e t e  p l a n s  and  s p e c i f i c a t i o n s  f o r  t h e  

b u i l d i n g  and  p o o l .  The  low b i d d e r  was John  A .  J o h n s o n  a n d  Company, a n d  work 

b e g a n  on May 2 5 .  T h e  c o n t r a c t  c a l l s  f o r  com!iletion w i t h i n  1 5 0  d a y s .  T h e  
r e a c t o r ,  s u p p o r t i n g  b r i d g e ,  and  t h e  b r i d g e  f o r  t h e  m e a s u r i n g  e q u i p m e n t  h a v e  
been  d e s i g n e d  and  w i l l  be  b u i l t  a t  Oak R i d g e  o r  u n d e r  s u b c o n t r a c t .  S c h e d u l e s  
a r e  s u c h  t h a t  t h i s  e q u i p m e n t  w i l l  be  r e a d y  f o r  i n s t a l l a t i o n  when t h e  b u i l d i n g  

and  p o o l  a r e  c o m p l e t e d ,  

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

t h e  p o s s i b l e  r e a c t o r  l o c a t i o n s .  D e t a i l s  o f  t h e  r e a c t o r  d e s i g n ,  which  e s s e n t i -  
a l l y  d u p l i c a t e s  t h e  MTR d e s i g n ,  a r e  shown  i n  F i g .  11. T h e  f u e l  e l e m e n t s  
( v i e w e d  e n d - o n  i n  s e c t i o n  A - A  o f  F i g .  11) c o n s i s t  o f  c u r v e d  p l a t e s  c o n t a i n e d  
i n  a luminum b o x e s  and  r u n n i n g  t h e  l e n g t h  o f  t h e  c o r e .  The c u r v e d  p l a t e s  a r e  
U - A 1  a l l o y  c l a d  w i t h  aluminum. 

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

i s  shown i n  F i g .  12,, A s i m i l a r  b r i d g e  ( n o t  shown) w i l l  s u p p o r t  t h e  m e a s u r i n g  
equ ipmen t .  

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

i n t o  o p e r a t i o n ,  b u t  a l l o w i n g  a r e a s o n a b l e  t ime f o r  i n s t a l l a t i o n  o f  e q u i p m e n t ,  

c a l i b r a t i o n  o f  i n s t r u m e n t s ,  e t c .  and  a d d i n g  t h i s  t o  t h e  c o n t r a c t o r ’ s  t i m e  

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

NACA 
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W i t h  t h e  r e l a t i v e l y  h i g h  i n t e n s i t y  f r o m  t h e  r e a c t o r ,  i t  i s  hoped  t h a t  

m e a s u r e m e n t s  c a n  be  made o f  n e u t r o n  and  gamma r a y  s p e c t r a  t h r o u g h  s h i e l d i n g  
s a m p l e s  i n  a d d i t i o n  t o  t h e  t h e r m a l  n e u t r o n  a n d  t o t a l  gamma r a y  i o n i z a t i o n  
m e a s u r e m e n t s ,  s u c h  a s  a r e  b e i n g  made i n  t h e  l i d  t a n k .  A n e u t r o n  camera  s i m i l a r  
t o  t h a t  u s e d  a t  L,os Alamos  i s  u n d e r  c o n s t r u c t i o n .  N e u t r o n s  a r e  c o l l i m a t e d  
t h r o u g h  a two f o o t  p i p e ,  one i n c h  i n  d i a m e t e r ,  and  s t r i k e  a p a r a f f i n  r a d i a t o r ,  
e j e c t i n g  p r o t o n s .  E x p e r i m e n t a l l y ,  thel l -os  Alamos g r o u p  h a s  found l i t t l e  change  
i n  t h e  n e u t r o n  s p e c t r u m  above  1 Mev upon c o l l i m a t i o n  t h r o u g h  s u c h  a p i p e .  The 

p r o t o n s  a r e  c o l l e c t e d  on a p l a t e  c o a t e d  w i t h  a p r o t o n - s e n s i t i v e  p h o t o g r a p h i c  
e m u l s i o n ,  t h e  p l a t e  b e i n g  p l a c e d  a t  a g i v e n  a n g l e  w i t h  r e s p e c t  t o  t h e  n e u t r o n s  
i n c i d e n t  on t h e  r a d i a t o r ,  The  p l a t e s  a r e  e x a m i n e d  u n d e r  a m i c r o s c o p e  a f t e r  
d e v e l o p m e n t ,  and  from t h e  n u m b e r o f p r o t o n  t r a c k s  and t h e  l e n g t h  o f  t h e  t r a c k s ,  

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

S e v e r a l  o t h e r  i n s t r u m e n t s  s u i t a b l e  f o r  e i t h e r  n e u t r o n  o r  gamma r a y  
s p e c t r o s c o p y  a r e  b e i n g  c o n s i d e r e d  f o r  u s e  i n  t h e  new f a c i l i t y .  I t  i s  hoped  
t h a t  t h e  f e a s i b i l i t y  o f  s u c h  d e v i c e s  w i l l  b e  d e t e r m i n e d  by  t h e  t i m e  t h e  
f i r s t  s h i e l d i n g  sample  goes  i n  t h e  p o o l .  

SHIELDING ANALYSIS 

W. K .  Ergen*  F ,  Murray  
K .  Keyes S .  Podgor*  

R e a c t o r  Techno logy  D i v i s i o n  

A t t e m p t s  a r e  b e i n g  made t o  sumrnarilz,e s h i e l d i n g  t h e o r y ,  and  t o  e x p r e s s  

e v e r y  s t e p  i n  a s  s i m p l e  a fo rm a s  p o s s i b l e ,  T h i s  i s  a l o n g  term p r o j e c t ,  b u t  
some i t e m s  a r e  made a v a i l a b l e  i n  t h e  fo rm o f  memos a s  s o o n  a s  t h e y  a r e  d e -  
r i v e d .  

I n  CF 5 0 - 4 - 3 ,  i d e n t i c a l  w i t h  NEPA STMM-57, t h e  n e u t r o n  s p e c t r u m  e m e r g i n g  

f r o m a w a t e r  s h i e l d  was computed ,  a s s u m i n g  a n  i n c i d e n t  f i s s i o n  n e u t r o n  s p e c t r u m  
o f  t h e  fo rm e -  0 0 7 2 E p  a n d  a t o t a l  m o l e c u l a r  w a t e r  c r o s s  s e c t i o n  w h i c h  Can be 

f i t t e d  by o ( E )  = 11.6 i n  a c c o r d a n c e  w i t h  t h e  H c r o s s - s e c t i o n  d a t a  

o f  €3. E. W a t t ,  LA-718, and 0 c r o s s - s e c t i o n  d a t a  o f  H. F e s h b a c k ,  OWL 417.  
b a r n s ,  

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

maximum a r e  a t t e n u a t e d  s t r o n g l y  by t h e  l a r g e  c r o s s  s e c t i o n s ,  and n e u t r o n s  w i t h  
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e n e r g i e s  a b o v e  t h e  maximum a r e  n o t  v e r y  a b u n d a n t  i n  t h e  i n c i d e n t  s p e c t r u m .  
The  maximum moves t o  h i g h e r  e n e r g i e s  w i t h  i n c r e a s i n g  s h i e l d  t h i c k n e s s  b e c a u s e  
t h e  a t t e n u a t i o n ,  w h i c h  i s  less  f o r  h i g h e r  e n e r g i e s ,  becomes  more  i m p o r t a n t  
t h a n  t h e  abundance  i n  t h e  i n c i d e n t  spectrum.,  

S i m i l a r l y ,  t h e  n e u t r o n  s p e c t r u m  e m e r g i n g  f rom a n  i r o n  w a t e r  s h i e l d  was 
c o m p u t e d  i n  CF 5 0 - 3 - 1 0 8  (NEPA S T R M - 5 5 ) .  I t  w a s  f o u n d  t h a t  t h e  e m e r g i n g  
s p e c t r u m  f o r  2/3 i r o n  by volume,  a s  u s e d  i n  l i d  t a n k  E x p e r i m e n t  7 ,  h a s  a p e a k  
a t  a b o u t  1 Mev b e c a u s e  o f  t h e  c u t - o f f  i n  i n e l a s t i c  s c a t t e r i n g  i n  i r o n  a t  low 

e n e r g i e s  e 

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

g r e a t e r  t h a n  a n t i c i p a t e d ,  t h e  a d v a n t a g e s  o f  \I' f o r  s h i e l d i n g  were  r eexamined  i n  
CF 5 0 - 3 - 1 0 3 ,  NEPA STRM-53. The h i g h  d e n s i t y  ofW g i v e s  s a v i n g s i n  s h i e l d  w e i g h t  
w h i c h  amoun t  t o  a s  compared  t o  l e a d ,  i n  r e p r e s e n t a t i v e  c a s e s .  T h i s  i s  

p a r t i a l l y  o f f s e t  by t h e  l o w e r  z, ' w h i c h  makes W a l ess  e f f i c i e n t  gamma s b i e l d -  
i n g  m a t e r i a l  t h a n  l e a d ,  B o t h  t h e  d e n s i t y  a n d  t h e  e f f e c t  a r e  e a s i l y  a n d  
a c c u r a t e l y  c o m p u t a b l e  a n d  would  n o t  j u s t i f y  s e p a r a t e  W e x p e r i m e n t s .  T h e  u n -  
known s h i e l d i n g  p r o p e r t i e s  o f  W a r e  c o n n e c t e d  w i t h  t ,he numerous  and  low l y i n g  

l e v e l s  o f  W ,  wh ich  g i v e  hope  o f  c a s c a d i n g  of  c a p t u r ;  and  i n e l a s t i c  s c a t t e r i n g  

gammas, and hope o f  a low i n e l a s t i c  s c a t t e r i n g  t h r e s h o l d ,  I n f o r m a t i o n  on some 
o f  t h e s e  p o i n t s  i s ,  h o w e v e r ,  a p p e a r i n g  i n  t h e  open  l i t e r a t u r e .  A l l - i n - a l 1 9  
e x p e r i m e n t s  w i t h  m e t a l l i c  W a p p e a r e d  n o t  w o r t h  t h e  d i f f i c u l t y  i n  f a b r i c a t i o n ,  

a n d i t w a s  recommended t h a t  f a b r i c a t i o n  o f  m e t a l l i c  W s h e e t s  be abandoned  f o r  
t h e  t i m e  b e i n g .  ( A s  r e p o r t e d  e l s e w h e r e ,  W e x p e r i m e n t s  a r e  e x p e c t e d  t o  b e  
c a r r i e d  o u t  w i t h  a more e a s i l y  o b t a i n a b l e  m a t e r i a l ,  s u c h  a s  W powder  b o n d e d  
by tygon  p l a s t i c , )  

Among h y d r i d e s ,  UH, seems s t i l l  w o r t h  i n v e s t i g a t i o n  a s  t o  o b t a i n a b l e  
d e n s i t y ,  r e d u c t i o n  o f  p y r o p h o r i c  b e h a v i o r ,  a n d  f i l l i n g  o f  i n t e r s t i c e s  w i t h  
u s e f u l  s h i e l d i n g  m a t e r i a l  (CF 50-3-10'7, NEPA STRM-54). 

A n o t h e r  i n t e r e s t i n g  h y d r i d e  i s  L i B H , ,  w h i c h  p r o b a b l y  c a n  b e  c a s t  a n d  

h e n c e  o b t a i n e d  i n  t h e o r e t i c a l  d e n s i t y .  I t s  m a i n  a d v a n t a g e  wou ld  b e  t h e  low 
w e i g h t  o f  cOmpound p e r  g ram a tom o f  h y d r o g e n ,  5 . 4  gm a s  compared  t o  9 g o f  
w a t e r .  LiBH, o f  t h e o r e t i c a l  d e n s i t y  a l s o  c o n t a i n s  somewha t  more  h y d r o g e n  
a t o m s  p e r  cc  t h a n  w a t e r ,  a n d  E i  a n d  B a r e  b e t t e r  n e u t r o n  a t t e n u a t o r s  t h a n  
oxygen e 

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

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

L 

T h e s e  comment s  on  h y d r i d e s  were s e t  f o r t h  i n  somewha t  more  d e t a i l  i n  
CF 50-5-24 (NEPA STRM-63). 

L i a i s o n  was m a i n t a i n e d  w i t h  t h e  W e s t i n g h o u s e - A r g o n n e  and  t h e  KAPL N a v a l  
R e a c t o r  S h i e l d i n g  g r o u p s  and  one  o f t h e  c o n f e r e n c e s  was summarized i n  CF 5 0 - 3 - 6  

(NEPA STRM-52). 

A s  a s e r v i c e  t o  t h e  MTR g r o u p p  t h e  e x p e c t e d  r e l a x a t i o n  l e n g t h  i n  B a r y t e s  

c o n c r e t e  was computed (CF 5 0 - 4 - 5 4 )  and found  t o  be  a b o u t  8 cm. 

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

w i t h  t h e  B o l t z m a n n  e q u a t i o n  was f u r t h e r  d e v e l o p e d  t o  i n c l u d e  a n  a p p r o x i m a t e  

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

r e d u c e d  fo rm o f  t h e  B o l t z m a n n  e q u a t i o n  i n  w h i c h  t h e  o n l y  s c a t t e r i n g  a s sumed  

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

a s  p u r e  s c a t t e r e r s .  

NEUTRON ENERGY SPECTROMETER 

E E4 G o s s i c k *  
K .  Henry* 

R e a c t o r  Techno logy  D i v i s i o n  

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

a t  B a r t o l  R e s e a r c h  F o u n d a t i o n  and  a t  M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y .  
T h e  e l e c t r o s t a t i c  g e n e r a t o r  a t  B a r t o l  was u s e d  t o  o b t a i n  4 . 4  Mev n e u t r o n s  f rom 
t h e  d ( d , n ) H e 3  r e a c t i o n .  P o i n t s  a t  1 , 9  Mev and  1 4  Mev u s i n g  t h e  L i 7 ( p , n ) B e 7 ,  
a n d  H3 ( d ,  n )He4 r e a c t i o n s  , r e s p e c t i v e l y ,  were o b t a i n e d  on  t h e  R o c k e f e l l e r  g e n e -  
r a t o r  a t  MIT. The  r e s o l u t i o n  c h e c k e d  w i t h  d e s i g n  c a l c u l a t i o n s ,  g i v i n g  on t h e  
a v e r a g e  a 23% h a l f  l e v e l  w i d t h ,  wh ich  i s  c o n s i d e r e d  s u f f i c i e n t  f o r  s h i e l d i n g  
m e a s u r e m e n t s ,  R e s u l t s  o f  t h e  t e s t s  a t  B a r t o l  and  MIT a r e  g i v e n  i n  t h e  j o i n t  
r e p o r t s ,  ORNL 7 1 1  and  NEPA-1407. 

DUCT THEORY 
D o  W ,  Whitcornbe* 

. Ma thema t i  c s  Pane  1 

The  e f f e c t  o f  s h i e l d  d u c t s  upon f l u x  d i s t r i b u t i o n  i s  v e r y  i m p o r t a n t  when 

a s h i e l d  mus t  be d e s i g n e d  f o r  minimum w e i g h t ,  T h e o r e t i c a l  r e s u l t s  h a v e  b e e n  
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o b t a i n e d  f o r  some s i m p l i f i e d  a r r a n g e m e n t s .  

A d i f f u s i o n  s o l u t i o n  h a s  been  o b t a i n e d  f o r  a c y l i n d r i c a l  d u c t  w i t h  w a l l s  
p e r f e c t l y  a b s o r b i n g  t h e r m a l  n e u t r o n s ,  t h e  d u c t  b e i n g  f i l l e d  w i t h  a p u r e  
s c a t t e r e r .  L a p l a c e ' s  e q u a t i o n  i s  s o l v e d  f o r  a p l a n e  s o u r c e  o f  t h e r m a l  n e u t r o n s .  
T h e  s o l u t i o n  i s  f o u n d  i n  terms o f  t h e  e x t r a p o l a t e d  b o u n d a r i e s  r o  a n d  z o e  

T h e s e  a r e  t h e n  r e l a t e d  t o  t h e  a c t u a l  b o u n d a r i e s  r l  and z l o  A c o n d i t i o n  on t h e  
d i f f u s i o n  a n a l y s i s  i s  o b t a i n e d  w h i c h  r e q u i r e s  r l  t o  b e  g r e a t e r  t h a n  1 . 6  X 
w h e r e  X i s  t h e  m e a n - f r e e - p a t h .  When F < 1 . 6  X t h e  f i r s t  c o l l i s i o n  d e n s i t y  

s h o u l d  b e  u s e d .  A d e t a i l e d  r e p o r t  o f  t h i s  p rob lem i s  b e i n g  p r e p a r e d .  

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

g e o m e t r y ,  h a s  been  s o l v e d  by  two me thods .  The f i r s t  s o l u t i o n  i n  an  i t e r a t i o n  
s o l u t i o n ;  t h e  s e c o n d  u s e s  t h e  s t e e p e s t  d e s c e n t  a p p r o x i m a t i o n ,  B o t h  m e t h o d s  
s o l v e  t h e  same d i f f u s i o n  e q u a t i o n  a n d  b o u n d a r y  c o n d i t i o n s ,  The  r e s u l t s  h a v e  

been  p u b l i s h e d  a s  ORNL 668. 

Some t r a n s p o r t  e q u a t i o n s  h a v e  b e e n  s e t  u p  a n d  t h e  m a t r i x  e l e m e n t s  a r e  
b e i n g  c o m p u t e d s o  t h a t  t h e  s o l u t i o n  c a n  be found  on t h e  NEPA c o n p u t i n g  mach ine .  

Some work h a s  b e e n  d o n e  on t h e  t h r e e - d i m e n s i o n a l  c y l i n d r i c a l  d u c t  a n d  i t  i s  
hoped  t o  r e d u c e  t h i s  t r a n s p o r t  i n t e g r a l  e q u a t i o n  t o  l i n e a r  e q u a t i o n s  s o  t h a t  

i t  may b e  s o l v e d  on t h e  NEPA mach ine ,  

S H I E L O I N G  S U R V E Y  

N u c l e a r  Development  A s s o c i a t e s ,  I n c .  

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

Wash ing ton  O f f i c e ,  TheOak  R i d g e  N a t i o n a l  L a b o r a t o r y  m a i n t a i n s  a s t r o n g  i n t e r e s t  
i n  t h o s e  p h a s e s  o f  t h e  work which  a r e  a p p l i c a b l e  t o  ANP r e a c t o r s .  The p rogram 
i n v o l v e s  s t u d y  a n d  a p p l i c a t i o n  o f  a n a l y t i c a l  a n d  n u m e r i c a l  me thods  f o r  p r e -  

d i c t i n g  s h i e l d  p e r f o r m a n c e ,  s t u d y  o f  r e s u l t s  o b t a i n e d  f rom t r a n s m i s s i o n  and  
b u l k - s h i e l d i n g  e x p e r i m e n t s ,  and  work  o n  p r o b l e m s  a r i s i n g  i n  m o v i n g  t o w a r d  
a c t u a l  s h i e l d  d e s i g n s ,  w i t h  l i a i s o n  o n  e n g i n e e r i n g  a n d  m a t e r i a l s  p r o b l e m s .  
I n  g e n e r a l  t h e  work i s  a l o n g  l i n e s  i n d i c a t e d  i n  ORNL 4 3 7 ,  Summary R e p o r t  o n  

S u m m e r  Shield W o r k ,  b y  G a l e  Y o u n g ,  w i t h  i n c r e a s e d  a t t e n t i o n  t o  p r a c t i c a l  
d e s i g n  p r o b l e m s  e n c o u n t e r e d  i n  m o b i l e  r e a c t o r s .  
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SHIELDING ,MATERIALS 

A .  S. K i t z e s  
V. L .  McKinney 

R e a c t o r  Techno logy  D i v i s i o n  

Two a d d i t i o n a l  a t t e m p t s  w e r e  made t o  r o l l  B o r a l  i n t o  l a r g e  s h e e t s  a t  
Lukens  S t e e l  Company, One s a m p l e w a s h e a t e d  t o  1050'F and  t h e  o t h e r  t o  1150'F. 
B o t h  a t t e m p t s  were u n s u c c e s s f u l ,  p r o b a b l y  d u e  t o  r o u g h  h a n d l i n g  s i n c e  t h e  
m i l l  u s e d  i s  d e s i g n e d  f o r  s t e e l  i n g o t s  a n d  t h e  r o l l s  c o u l d  n o t  be  s l o w e d  t o  
t h e  d e s i r e d  s p e e d .  

A t  X - 1 0 ,  t w e l v e  i n g o t s  4 i n .  x 4 i n .  x 1 i n .  w i t h  B,C c o n t e n t  v a r y i n g  

f rom 20% t o  50% by volume were s u c c e s s f u l l y  r o l l e d  i n t o  1/8 i n .  s h e e t s .  The 
i n g o t s  were h e a t e d  a f t e r  e a c h  r e d u c t i o n .  I n i t i a l  t e m p e r a t u r e  was 1 1 0 0 ° F  a n d  
t h e  r o l l s  were l u b r i c a t e d  w i t h  k e r o s e n e .  Two i n g o t s  c o n t a i n i n g  50% B,C w e r e  
s u c c e s s f u l l y  r o l l e d  t o  1/8 i n .  w i t h o u t  h e a t i n g  b e t w e e n  r o l l s  b y  c o m p l e t i n g  
t h e  r o l l i n g  w i t h i n  3-1/2 m i n u t e s .  

Two i n g o t s  a r e  now b e i n g  c a s t  f o r  r o l l i n g  i n t o  s h e e t s  24 i n .  x 8 4  i n .  x 

1/8 i n .  Methods o f  j o i n i n g  B o r a l  s h e e t s  a r e  a l s o  b e i n g  i n v e s t i g a t e d .  
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HEAT T R A N S F E R  

C. B. Cough len  H .  C .  C l a i b o r n e  
A .  R .  F r i t h s e n *  R. N. Lyon 

R e a c t o r  T e c h n o l o g y  D i v i s i o n  

E x p e r i m e n t a l  h e a t  t r a n s f e r  e q u i p m e n t  i s  now n e a r i n g  c o m p l e t i o n .  T h e  

s y s t e m ,  F i g .  1 3 ,  i s  a f i g u r e - o f - e i g h t  a p p a r a t u s  w i t h  l i q u i d  p a s s i n g  f r o m  a 
pump t h r o u g h  a p r e l i m i n a r y  h e a t  e x c h a n g e r ,  t o  t h e  t e s t  e x c h a n g e r ,  and  f r o m  
t h e r e  t o  a h e a t e r .  The h e a t e d  l i q u i d  i s  s e n t  b a c k  t h r o u g h  t h e  t e s t  e x c h a n g e r ,  

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

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

t h a t  f l o w  r a t e  on  o n e  s i d e  c a n  b e  v a r i e d  w i t h o u t  c h a n g i n g  f l o w  on  t h e  o t h e r  
s i d e .  C a l r o d  t r a c i n g  o f  a l l  c o m p o n e n t s  p e r m i t s  p r e h e a t i n g  o f  t h e  s y s t e m  t o  
p r e v e n t  p r e m a t u r e  f r e e z i n g  o f  t h e  l i t h i u m  c h a r g e .  P i p i n g  work i s  e s s e n t i a l l y  

c o m p l e t e ;  G l o b a r  mounts  h a v e  been  c o n s t r u c t e d  i n  t h e  h e a t e r .  The main  h e a t e r  

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

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

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

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

d e v e l o p e d .  A s m a l l  amount  o f  a d d i t i o n a l  work i s  r e q u i r e d ,  however ,  t o  make t h i s  
i n d i c a t o r  o p e r a t e  a t imer .  

To d a t e ,  pump deve lopmen t  f o r  e x p e r i m e n t a l  s y s t e m s  h a s  b e e n  r e s t r i c t e d  t o  
t h e  deve lopmen t  o f  h y d r a u l i c  b e a r i n g s  a s  a means o f  e l i m i n a t i n g  s e a l s  i n  pump- 
i n g  s y s t e m s -  

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

o r i f i c e s ,  t h e  f l u i d  p r e s s u r e  i s d i s t r i b u t e d  l o n g i t u d i n a l l y  a l o n g  t h e  pump s h a f t  
by  means o f  e i g h t  s l o t s ;  t h i s  p r o d u c e s  a c o n s t a n t  p r e s s u r e  a r o u n d  t h e  s h a f t  

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

* U S A F  
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t r a n s v e r s e  l o a d s  a r e  i n t r o d u c e d ,  t h e  s h a f t  t e n d s  t o  move t o  one  s i d e  o f  t h e  

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

c r e a s e s  t h e  f l u i d  p r e s s u r e  on t h i s  s i d e  b u t  r e d u c e s  t h e  p r e s s u r e  on t h e  o p p o s i t e  
s i d e .  Due t o  t h e  p r e s s u r e  d i f f e r e n t i a l  t h e n  o p p o s i n g  t h e  t r a n s v e r s e  l o a d ,  t h e  
s h a f t  t e n d s  t o  move b a c k  t o  i t s  c e n t r a l  p o s i t i o n .  

F i g u r e  14  shows a c o m p l e t e  pumping s y s t e m ,  e x c l u d i n g  pump i m p e l l e r ,  which 
h a s  b e e n  s e t  u p  f o r  t h e  p u r p o s e  o f  t e s t i n g  h y d r a u l i c  b e a r i n g s .  The pump 
i m p e l l e r  i s  o m i t t e d  i n  a l l  t e s t s  i n  o r d e r  t o  e l i m i n a t e  pump p a r a m e t e r s  f rom 
i n f l u e n c i n g  d a t a  o b t a i n e d  f o r  e v a l u a t i n g  t h e  b e a r i n g s .  I t  s h o u l d  b e  n o t e d  
t h a t  a n  e n c l o s e d  ( " c a n n e d v T )  r o t o r  motor  i s  u s e d  f o r  t h e  pump d r i v e ,  w h i c h ,  
when combined w i t h  h y d r a u l i c  b e a r i n g s ,  n o t  o n l y  g i v e s  a pumping s y s t e m  v o i d  o f  
s e a l s  a n d  b a l l  b e a r i n g ,  b u t  a l s o  one  t h a t  c a n  b e  c o m p l e t e l y  w e l d e d  t o g e t h e r  
t h u s  becoming  l e a k p r o o f  e 

D u r i n g  t h e  n e x t  q u a r t e r ,  a p p r o x i m a t e l y  1 0  d i f f e r e n t  v a r i a t i o n s  o f  t h i s  

t y p e  of  h y d r a u l i c  b e a r i n g  w i l l  be  t e s t e d .  I n  a d d i t i o n ,  one  b e a r i n g  o f  t h i s  
t y p e  h a s  been  made e n t i r e l y  o u t  o f  t r a n s p a r e n t  p l a s t i c  s o  a s  t o  o b s e r v e ,  w i t h  
t h e  a i d  of d y e s ,  t h e  hydrodynamics  i n v o l v e d  i n  i t s  o p e r a t i o n .  

E d i t i n g  of  t h e  L i q u i d  M e t a l s  Handhook,  w r i t t e n  j o i n t l y  w i t h  r e p r e s e n t a -  
t i v e s  f r o m  o t h e r  AEC and Navy L a b o r a t o r i e s  and c o n t r a c t o r s ,  i s  now e s s e n t i a l l y  
c o m p l e t e ,  t h a n k s  t o  i n v a l u a b l e  a s s i s t a n c e  by  t h e  p u b l i c a t i o n s  s t a f f  a t  t h e  
N a v a l  Eaesearch L a b o r a t o r y ,  The f i n a l .  p r o o f  w i l l  be s u b m i t t e d  t o  t h e  G o v e r n -  
ment  P r i n t i n g  O f f i c e  by June  1 7 .  

. 
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EXPERIMENTAL ENGINEERING 

H .  W .  S a v a g e  

T h e . o b j e c t i v e  o f  t h i s  g r o u p p  newly  fo rmed ,  w i l l  be t o  p r o v i d e  d a t a  f rom 
e n g i n e e r i n g  e x p e r i m e n t s  t o  d e t e r m i n e  t h e  v a l i d i t y  of  d e s i g n  c o n c l u s i o n s  and  t o  

t e s t  t h e  c o m p o n e n t s  o f  t h e  A i r c r a f t  R e a c t o r  E x p e r i m e n t .  I t  w i l l  a l s o  a p p l y  
t h e  f i n d i n g s  o f  o t h e r  g r o u p s  p e r f o r m i n g  f u n d a m e n t a l  s t u d i e s  t o  f u l l  s c a l e  
e n g i n e e r i n g  t e s t s  i n  c o m p o n e n t s  or m o c k - u p s  o f  t h e  r e a c t o r .  

Among t h e  c o m p o n e n t s  a n t i c i p a t e d  t o  b e  d e v e l o p e d ,  t e s t e d  and  e v a l u a t e d  
a r e  t h e  f u e l ,  m o d e r a t o r ,  c o n t a i n e r  and r e f l e c t o r  d e s i g n s  o f  t h e  ARE a s s e m b l y ;  
t h e  p r i m a r y  and  s e c o n d a r y  c o o l i n g  s y s t e m s  i n c l u d i n g  t h e  h e a t  e x c h a n g e r s  and  
t h e  r e q u i r e d  i n s t r u m e n t a t i o n ;  t h e  i n t e r n a l  and e x t e r n a l  power c o n t r o l  s y s t e m s ;  
t h e  components  o f  t h e  s h i e l d i n g  s y s t e m ;  and e q u i p m e n t  for h a n d l i n g  componen t s  
r e m o t e l y  a 

T h i s  a c t i v i t y  w i l l  be i n i t i a l l y  c e n t r a l i z e d  i n  B u i l d i n g  9 2 0 1 - 3 ,  Y - 1 2 ”  
The g roup  w i l l  work c o l l a b o r a t i w e l y  w i t h  t h e  ANP g r o u p s  engaged  i n  f u n d a m e n t a l  
s t u d i e s ,  and w i l l  b e  c l o s e l y  c o o r d i n a t e d  w i t h  r e l a t e d  a c t i v i t i e s  c a r r i e d  on by  

NEPA 
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M E T A L L U R G Y  A N D  M A T E R I A L S  

E ,  C o  Mil l e r  

Me t a I I u s  gy D i v i  s i on 

I 

' 0  

T h e  OFNL, M e t a l l u r g y  D i v i s i o n  i s  e n g a g e d  i n  a m a t e r i a l s  p r o g r a m  whose  
o b j e c t i v e s  a r e :  (1) t h e  s e l e c t i o n  a n d  s t u d y  o f  m a t e r i a l s  s u i t a b l e  for t h e  
c o n s t r u c t i o n  of  a h i g h  t e m p e r a t u r e ,  l i q u i d  me t a l  c o o l e d ,  a i r b o r n e  r e a c t o r - - a n d  
i t s  p r o t o t y p e ,  t h e  a i r c r a f t  R e a c t o r  E x p e r i m e n t ;  and  ( 2 )  t h e  d e v e l o p m e n t  o f  
m e t h o d s  f o r  f a b r i c a t i n g  t h e s e  m a t e r i a l s  i n t o  r e a c t o r  c o m p o n e n t s .  

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

S t a t i c  c o r r o s i o n  s o r t i n g  t e s t s  i n  w h i c h  a wide  v a r i e t y  o f  p o s s i -  
b l e  s t r u c t u r a l  m a t e r i a l s  a r e  b e i n g  e x p o s e d  t o  s e v e r a l  p o t e n t i a l  
c o o l a n t s  f o r  d i f f e r e n t  t imes  and a t  d i f f e r e n t  t e m p e r a t u r e s  t o  
s e l e c t  t h e  more p r o m i s i n g  c o m b i n a t i o n s  of  m a t e r i a l s  f o r  f u r t h e r  
i n v e s t i g a t i o n  e 

Dynamic c o r r o s i o n  t e s t s ,  u s i n g  

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

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

( c )  s p i n n e r  t e s t s  t o  i n v e s t i g a t e  e r o s i o n  i n  s m a l l  s c a l e  
t e s t s  a t  c o n s t a n t  t e ~ p e r a t u r e .  

I n v e s t i g a t i o n  a n d  c o n t r o l  o f  o b s e r v e d  s t a t i c  c o r r o s i o n  p h e -  
nomena  and  t h e  f a c t o r s  a f f e c t i n g  c o r r o s i o n .  Some o f  t h e s e  
i n c l u d e  s u r f a c e  f i n i s h ,  c r y s t a l  s t r u c t u r e ,  p r e s e n c e  o f  p r e -  
c i p i t a t e d  p h a s e s ,  f o r m  and  c o n c e n t r a t i o n  o f  a l l o y  c o m p o n e n t s ,  
s t r e s s - c o r r o s i o n ,  a d d i t i o n  a g e n t s  and  g e t t e r i n g  a g e n t s ,  mass  
t r a n s f e r  e f f e c t s  

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

STATIC S O R T I N G  TESTS 

T h e  t e s t s  now a v a i l a b l e  f o r  r e p o r t i n g  c o n s i s t  o f  e x p o s i n g  t h e  m e t a l s  
l i s t e d  i n  T a b l e s  4 and 5 t o  t h e  a c t i o n  o f  l i q u i d  l i t h i u m ,  and  t o  b i s m u t h ,  i n  
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MATER I A L 

T i t  a n i u m  

Z i r c o n i u m  

Molybdenum 

2 i r  c o n i u m  

N i o b i u m  

Hsoa (Arm,o l ,  

Timngs t e n  

T a n k a b u m  

1 0 4 0  S t e e l  

Coba  1 t 

Chromium 

L- 605 

Vanad ium 

B e r  yl 1 ium 

T h o r i u m  

N i c  %e 1 

M a n g a n e s e  

S i 1 i c  on 

TABLE 4 

Corros ion of Materials by Liquid  Lithium i n  S t a t i c  Tests - 4 h r s  a t  1000°C 

SOURCE AND ANALYSIS 

R e m i n g t  on Arms 

Bur  e a  u of Mines  

F a n s t e e l  

B u r e a u  of Mines  

Fa 234: t e e  B 

C o r . a y  S t e e l  C O G  

F a n s t e e l  

Fanate e 1 

SAE S t e e l  C o o  

K u l i t e  T u n g s t e n  c o  

U n i v ,  of  C i n c i n n a t i  

H a y n e s  S t e l l i t s  c o o  

KA PL 

Iowa S t a t e  C o l l e g e  

I n t e r n a t i o n a l  N i c k e l  

E l e c t r o  Manganese  C o r p ,  

RUNS 

3 

3 

3 

2 

3 

3 

3 

3 

3 

2 

1 

3 

1 

3 

1 

3 

3 

3 

W E I G H T  C H A N G E  ( m g / c m 2 )  

RANGE 

305 t o  4- 

0 - 3  t o  + 

5 c 2  t o  = 

7 . 4  t o  - 

1 8  t o  - 

6 9 . 7  t o  - 
10004 t o  - 

4 04 

O c  5 

O c - 4  

0 .  I 

a -  B 

O B  

0 -  1 

1 . 0 

a - 9  

4 0 8  

60 0 

1 6 . 4  

45 04 

6 7 . 9  

AVERAGE 

3 0 5  

0 . 4  

00 3 

o *  1 

Q c  B 

0 -  B 

o r  2 

3 5  

2 0 2  

4 3 8  

5 . 7  

6 . 8  

7 . 7  

1 7  

560 8 

86  

T h i n  s t s  i p  t e s t e d  - some s o l i  

~~~ -~ 

RATIO OF 
SPECIMEN AREA 

TO COOLANT 
VOLUME o 
e m %  ,‘e. m 3  

00 4 

0 0 6  

O c  6 

0 - 4  

00 a 
0‘6 < 3 j  

0 6  

0 -  6 

006 ( ? I  

O 0  6 

0 . 7  

1 . 3  

0 . 4  

0 -  6 

0 . 6  

0 . 6  

) % P i t y  n o t e d .  

D i s s o l v e d  a n d  d e p o s i t e d  o n  c a p s u l e  w a l l a  

d.. 
6 3  

RE MARKS 
_I_ -- 

D i s c o n t i n u o u s  a d h e r e n t  f i l m .  
I d e n t i f i e d  b y  X - r a y  a s  T i N .  

T h i n  e o n t  i n u o u s  a d h e r e n t  f i Pm of 
Z n N c  

MoC a n d  Mo2C d e t e c t e d  

Z E N ,  same a s  ZIT a b o v e  

P e n e t z e t i s n  a t t a c k  of s i r a t e r e d  
m e t a l  

S e l e c t i v e  t y p e  c o ~ a o s i o n  

C o n t i n u o u s  n o n - u n l f o r m  f i l m  of V N  
a n d  V 2 N  or V2C 

U n i d e n t i f i e d  d i s c o n t i n u o u s  S U P  f a c e  
f i l m .  F a i r l y  u n i f o r m  a t t a c k  

S e v e r e  i n t e r g r a n u l a ~  a t t a c k  

.*---- -e- 



WEIGHT CHANGE6 mg:cm2 
RANGE I AVERAGE 

TABLE 5 

RATIO-SPECIMEN AREA 
TO c o o f A m  V O L U ~ ~  

c m2 /c m3 MATER TAL 

2 5 c 4  t o  1 4 9 8  

- 3 0  P O  - 1 8 . 4  

N i o b i u m  

Molybdenum 

0 2 1  

- 24 

- 1 2 6  

V a n a d i u m  

E s s e n t i a l l y  d i s s o l v e d  

E s s e n t i a l l y  d i s s o l v e d  

D i s s o l v e d  

D is s 01 v e d  

D i a s o l v e d  -- t 

T u n g s t e n  

1 0 4 0  S t e e l  

F e  ( A r m o i l 3 9  

&- 6 0 5  

B e r y l l i u m  

Coba P t 

C h i  omium 

S i l i c o n  

Ma nga n e  s e 

N i c  k e  1 

Z i r c on ium 

T i t a n i u m  

T h o r i u m  

UP a n i  um 

Corrosion of Mater ia l s  by Bismuth i n  S t a t i c  T e s t s  - 4 h r s ,  a t  f00ooC 

SOURCE 

KA PL 

SAE S t e e d  C s ?  

Carry S t e e l  coo 

H a y n e s  S U e l P B e e  C O ~  

K u l i P e  T u n g s t e n  C o o  

U n i v .  of C i n c i n n a t i  

E l e e t r o  Manganese  C o r p .  

I n t e r n a t  i o n a l  N i c k e l  

B u r e a u  of Mines  

R e m i n g t o n  A t m s  

ISC 

- 
RUNS 

1 

2 

3 

2 

2 

3 

3 

2 

1 

3 

3 

3 

3 

3 

. 3  
t 

3 

t 1 4 . 1  t o  + 2 4 . 5  

+ 9 . 9  t o  + 1 1 0 0  

9 1 9 0 3  

9 1 0 3 4  

+ 9 - 9  

+ 3 . 7  

0 2 c 6  

2 4 

0 . 2  

00 6 

0 . 4  

0 . 6  

O S 6  

Q =  6 

O C 6  

0 . 6  

o c 7  

REMARKS 
MIIII”c. 

C o n t  i n u o u s  f i l m  

C o n t  i n u o u s  u n i f o r m  f i l m  p l u s  f a i r  l y  
c o n  t i n u o u s  i n t  e P me t a 1 1 Pe 

Heavy c o n t i n u o u s  f i l m  f o r m e d  some 
i n t  e r g r  a n u  1 a r  a t t a c k  

U n i f o r m  a t t a c k  

Uniform a t t a c k  w i t h  s e l e c t e d  Z O L  :oslom 
of c a r b i d e  

F a i r l y  u n i f o r m  a t t a c k  

S e v e r e  p e n e t r a t i o n  t y p e  sf a t t a c k  

S e v e r e  u n i f o r m  a t t a c k  

* T h i s  v a l u e  i s  p r o b a b l y  n o t  d u e  t o  c o r r o s i o n .  
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e v a c u a t e d  Armco i r o n  c a p s u l e s  f s r  f o u r  h o u r s  a t  1000°C. S a m p l e s  were r u n  i n  
t r i p l i c a t e .  The l i t h i u m  was m e l t e d  i n  t h e  p r o t e c t i v e  a t m o s p h e r e  o f  a h e l i u m -  
f i l l e d  d r y  box ,  d r o s s e d  t o  remove f l o a t i n g  i m p u r i t i e s ,  and c a s t  i n t o  i n v e r t e d  
h o l l o w  c a p s u l e  p l u g s ,  one  o f  w h i c h  i s  shown i n  F i g .  1 5 .  A f t e r  c o o l i n g ,  t h e  
p l u g s  were p l a c e d  i n  a d e s i c c a t o r  b e f o r e  r e m o v i n g  from t h e  d r y  box .  I n  r u n s  
u s i n g  b i s m u t h ,  t h e  d r y  box was n o t  u s e d  b u t  l o a d i n g  was c a r r i e d  o u t  by c h a r g -  
i n g  a s m a l l  i n g o t  o f  b i s m u t h ,  p r e v i o u s l y  c a s t  t o  f i t  i n t o  t h e  c a p s u l e s .  To  
p r e p a r e  f o r  a r u n ,  t h e  s a m p l e  was p l a c e d  i n  a c a p s u l e  a l o n g  w i t h  t h e  c o o l a n t  
m e t a l  a n d  p l u g ,  t h e  p l u g  was  c o l d  p r e s s e d  i n t o  t h e  c a p s u l e ,  t h e  c a p s u l e  
e v a c u a t e d ,  and  t h e  seam b e t w e e n  p l u g  and c a p s u l e  h e l i - a r c  w e l d e d .  The we ld  

was h e l i u m  l e a k  t e s t e d  a n d  t h e  c a p s u l e  a n d  c o n t e n t s  h e a t e d  t o  t h e  m e l t i n g  
p o i n t  o f  t h e  c o o l a n t  w i t h  a vacuum s t i l l  a p p l i e d .  The p o r t i o n  o f  t h e  p l u g  e x -  
t e n d i n g  above  t h e  c a p s u l e  was t h e n  c r imped  t w i c e ,  s h e a r e d  o f f  by a t h i r d  c r i m p ,  
a n d  s p o t  w e l d e d .  H e a t  f o r  t h e  t e s t  was f u r n i s h e d  by f o u r  t i l t i n g  B u r r e l l  
G l o b a r - t u b e  f u r n a c e s ,  e a c h  c a p a b l e  o f  h o l d i n g  two s a m p l e s .  The t i l t i n g  f e a t u r e  

a l l o w s  i n v e r s i o n  o f  t h e  c a p s u l e s  a f t e r  e a c h  r u n ,  t o  d r a i n  t h e  c o o l a n t  m e t a l  
f rom t h e  sample .  The f u r n a c e s  were c o n t i n u o u s l y  f l u s h e d  w i t h  h e l i u m  t o  p r e v e n t  
o x i d a t i o n  o f  t h e  i r o n  c a p s u l e  and  t o  h e l p  p r e v e n t  f i r e  i n  c a s e  o f  c o n t a i n e r  
f a i l u r e .  A f t e r  c o m p l e t i o n  o f  a h e a t i n g  c y c l e  t h e  c a p s u l e s  were p l a c e d  i n  a 
l a t h e ,  g r o o v e s  c u t  t h r o u g h  t h e  c a p s u l e  w a l l s ,  a n d  t h e  p l u g s  r e m o v e d ,  T h i s  
method i s  p r e f e r r e d  t o  s a w i n g  s i n c e  it r e s u l t s  i n  l e s s  c o n t a m i n a t i o n o f  c o o l a n t  
d u e  t o  c h i p s  f rom t h e  c a p s u l e .  L i t h i u m  or b i s m u t h  r e m a i n i n g  was removed and 
t h e  s a m p l e s  were w e i g h e d .  The m e t a l  s a m p l e s  were  s e c t i o n e d  and moun ted  f o r  
m i c r o s c o p i c  s t u d y ,  a n d  s u r f a c e  f i l m s ,  i f  p r e s e n t ,  were i d e n t i f i e d  by  X - r a y  
d i f f r a c t i o n .  The  l i t h i u m  a n d  b i s m u t h  were a n a l y z e d  s p e c t r o g r a p h i c a l l y  f o r  

s a m p l e  c o m p o n e n t s .  

The b i s m u t h  u s e d  w a s  s p e c i f i e d  a s  9 9 . 9 5 %  p u r e ,  s u p p l i e d  by B e l r n o n t .  
L i t h i u m  was o b t a i n e d  f r o m  t h e  Maywood C h e m i c a l  Works o f  Maywood, N e w  J e r s e y .  
T h e  m a n u f a c t u r e r ’ s  s p e c i f i c a t i o n s  i n d i c a t e d  a p r o d u c t  o f  99.5% p u r i t y ,  t h e  
r e m a i n d e r  b e i n g  0 . 2 0  c a l c i u m ,  0 , 0 7  heavy  m e t a l s ,  0 , 0 3  i r o n  and  aluminum, 0,02 
sodium a n d 0 . 0 0 9  s i l i c o n .  S u b s e q u e n t l y ,  l i t h i u m  w i t h  0,005% sodium,  a s  s u p p l i e d  
by t h e  M e t a l l o y  C o r p o r a t i o n  o f  M i n n e a p o l i s  M i n n e s o t a ,  was s u b s t i t u t e d .  

The d a t a  f o r  t h e  v a r i o u s  f o u r  hour  r u n s  a t  1000°C a r e  p r e s e n t e d  i n  T a b l e s  

4 a n d  5 .  They r e p r e s e n t ,  w i t h  a few e x c e p t i o n s ,  w e i g h t e d  v a l u e s  f o r  t h r e e  
s p e c i m e n s ,  The r e s u l t s  a r e  g i v e n  i n  t e r m s  o f w e i g h t  change  p e r  u n i t  o f  s u r f a c e  
a r e a  r a t h e r  t h a n  a s  a t i m e  r a t e  o f  w e i g h t  c h a n g e ,  b e c a u s e  t h e  c o r r o s i o n  r a t e  i s  
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n o t  l i k e l y  t o  be l i n e a r ,  and a t  p r e s e n t  d a t a  i s  a v a i l a b l e  f o r  one  time i n t e r v a l  

o n l y .  S a m p l e s  f o r  t e s t  were made u p  o f  f l a t s  3 / 4  i n .  x 3 / $  i n .  x 1 i n .  when 
e v e r  p o s s i b l e .  S i n c e  t h e  volume o f  c o o l a n t  m a t e r i a l  p l a c e d  i n  e a c h  c a p s u l e  
was u n i f o r m ,  v a r i a t i o n  i n  s a m p l e  s u r f a c e  i s  r e f l e c t e d  i n  t h e  c o l u m n  h e a d e d  
"Ra t io -Spec imen  Area  t o  C o o l a n t  Volume. The v a l u e  o f  t h i s  r a t i o  for a s t a n d a r d  
spec imen  i s  0 . 6 .  

C o r r o s i o n  s a m p l e s  f rom e a c h  o f  t h e  v a r i o u s  e l e m e n t s  and  a l l o y s  t e s t e d  a r e  
b e i n g  s t u d i e d  t o  d e t e r m i n e  t h e  n a t u r e  and d e p t h  o f  a t t a c k ,  t h i c k n e s s  of  f i l m  
f o r m a t i o n  and  s e l e c t i v e  l e a c h i n g  o f  i m p u r i t i e s .  

T r a n s v e r s e  s e c t i o n s  were p r e p a r e d  and  mounted  a d j a c e n t  t o  s t e e l  b a c k i n g  
p l a t e s  u s e d  t o  p r e v e n t  r o u n d i n g  o f  t h e  s p e c i m e n  e d g e  d u r i n g  p o l i s h i n g .  A l l  
s p e c i m e n s  were c a r e f u l l y  p o l i s h e d  and  examined  m i c r o s c o p i c a l l y  i n  t h e  u n e t c h e d  
c o n d i t i o n ,  E t c h i n g ,  i t  w a s  f e l t ,  w o u l d  p e r h a p s  d e s t r o y  f i l m s  a n d  o t h e r  
c o r r o s i o n  e f f e c t s  a t  t h e  l i q u i d - m e t a l  i n t e r f a c e .  

P u r e  Metals in 1DOO'C (1832°F) L i t h i u m .  Z i r c o n i u m  ( g r a p h i t e  m e l t e d )  
(Mag, l O O O X )  shows good r e s i s t a n c e  t o  a t t a c k .  A t h i n  c o n t i n u o u s  a d h e r e n t  f i l m ,  
i d e n t i f i e d b y x - r a y  d i f f r a c t i o n a s Z r N ,  was f o u n d ,  F i l m t h . i c k n e s s e s w e r e  a p p r o x i -  
m a t e l y  0 , l  m i l  and 0 . 4  m i l  r e s p e c t i v e l y  f o r  two l o t s o f z i r c o n i u m  m e t a l  t e s t e d o  

C o b a l t  ( s i n t e r e d )  (Mag. S O O X )  shows poor  r e s i s t a n c e  t o  a t t a c k .  A v e r a g e  
c o r r o s i o n  d e p t h  i s  one  m i l ,  S e v e r a l  d e e p  s t r i n g e r s  were n o t e d  r u n n i n g  t o  a 
d e p t h  of G m i l s ,  The i n t e r g r a n u l a r  a t t a c k  i s  t y p i c a l  of  t h a t  d u e  t o  i m p u r i t i e s  
a t  t h e  g r a i n  b o u n d a r i e s .  

T a n t a l u m  (Mag. l O O O X )  shows good r e s i s t a n c e  t o  1000°C l i t h i u m ,  w i t h  f o r -  
m a t i o n  o f  c o n t i n u o u s  t h i n  TaC f i l m ,  

Armco I r o n  (Mag. l O O O X )  shows e x t r e m e l y  good r e s i s t a n c e  t o  a t t a c k .  Edge 
r o u g h n e s s  i s  p r e s u m a b l y  d u e  t o  m a c h i n i n g  d u r i n g  p r e p a r a t i o n .  A l l  s p e c i m e n s  
a r e  now b e i n g  f i n i s h e d  on  6 0 0  g r a d e  m e t a l l o g r a p h i c  p a p e r ,  

Columbium ( N i o b i u m )  (Mago l O O O X )  s h o w s  good r e s i s t a n c e  t o  a t t a c k .  The 
g a i n  i n  w e i g h t  i s  a t t r i b u t e d  t o  a u n i f o r m  f i l m  f o r m a t i o n ,  a p p r o x i m a t e l y  0 . 1  
m i l  d e e p .  The c o a t i n g  h a s  n o t  y e t  b e e n  i d e n t i f i e d .  

Molybdenum (Mag, l O O O X )  shows good r e s i s t a n c e  t o s h o r t  t ime e x p o s u r e .  The 
w e i g h t  g a i n  i s  a t t r i b u t e d  t o  i r r e g u l a r  b u i l d - u p  o f  Mo,C and MoC. 
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T u n g s t e n  (Wolf ram)  (Mag. lOOOX) shows good r e s i s t a n c e  t o  l i t h i u m  a t t a c k .  

N i c k e l  ( e l e c t r o l y t i c )  (Mag. I O O X )  shows s e v e r e  i n t e r g r a n u l a r  a t t a c k  and  
deep  p e n e t r a t i o n .  

A l l o y  L605 (Mag, lOOOX) shows p o o r  r e s i s t a n c e  t o  a t t a c k .  S e l e c t i v e  l e a c h -  
i n g  o f  one  or more i m p u r i t i e s  i s  a p p a r e n t  f rom t h e  z o n e  o f  v o i d s  i m m e d i a t e l y  
below t h e  s u r f a c e  l a y e r .  Dep th  o f  t h e  s e l e c t i v e  t y p e  o f  c o r r o s i o n  was a p p r o x i -  
m a t e l y  0 . 7  mil. 

T i t a n i u m  (Mag. 500X) shows f a i r  r e s i s t a n c e .  The t h i n  f i l m  formed on t h e  
o u t e r  s u r f a c e ,  0 . 1  m i l  t h i c k ,  was i d e n t i f i e d  a s  T iN ,  The h e a v i e r  f i l m  u n d e r -  
n e a t h  (+ 1 m i l  t h i c k )  and  p e n e t r a t i n g  into t h e  b a s e  m e t a l ,  i s  b e l i e v e d  t o  b e  

T ic .  T h i s  was Reming ton  A r m s  g r a p h i t e - m e l t e d  g r a d e  T i .  

B e r y l l i u m  ( E x t r u d e d )  (Mag.  SOOX)  shows  a s c a t t e r e d  n o n - c o n t i n u o u s  f i l m  
f o r m a t i o n  and  l a r g e  v o i d s "  A t o a c k  was s e v e r e .  

Vanadium (Mag, 500X) shows  a w e i g h t  l o s s  and  a c o n t i n u o u s  n o n - u n i f o r m ,  
u n i d e n t i f i e d  f i l m .  I n t e r c r y s t a l l i n e  a t t a c k ,  commencing a t  t h e  s p e c i m e n  s u r -  

f a c e  and r u n n i n g  t o  a d e p t h  o f  a p p r ~ x i m a t e l y  6 m i l s ,  was n o t e d .  

1040 S t e e l  (Mag. 1 O O X ) s h o w e d d e e a s b u s i z a t i o n  t h r o u g h o u t  t h e e n t i r e  s a m p l e .  
A p p a r e n t l y  a l l  t h e  c a r b o n  h a s  been removed f rom t h e  s a m p l e .  

' 'V F i g u r e s  1 6 ,  1 7 ,  1 8 ,  and 19  show m i c r o g r a p h s  o f  t h e  v a r i o u s  m e t a l s  t e s t e d  
i n  1000°C (1832°F) l i t h i u m  i n  t h e  u n e t c h e d  c o n d i t i o n .  

Pure metals i n  1000°C (1832°F) Bismuth. T a n t a l u m  (Mag. l O O O X )  shows c o n -  
t i n u o u s  b u t  u n i d e n t i f i e d  u n i f o r m  c ~ r s o s i o n  p r o d u c t  b u i l d - u p  o n  t h e  s u r f a c e .  
Dep th  of t h e  p r o d u c t  was a p p r o x i m a t e l y  0 . 4  m i l .  The p r o d u c t  i s  composed o f  a 
h e a v i e r  f i l m  on the o u t s i d e  specimen. surface, a p p r o x i m a t e l y  0 .3  m i l  t h i c k ,  and 

a d i f f u s i o n  l a y e r  p e n e t r a t i n g  a p p r o x i m a t e l y  0 . 1  m i l  i n t o  t h e  spec imen .  

B e r y l l i u m  (Mag. SOOX)  shows a m o d e r a t e  t o  h e a v y  a t t a c k ,  o f  t h e  s t r a i g h t  
s o l u t i o n  t y p e t l  

Chromium (Mag, SOOX) shows a s e v e r e  a t t a c k ,  w i t h  p u r e  b i s m u t h  a d h e r i n g  t o  
t h e  c o r r o d e d  s u r  f a c e  e 

Molybdenum (Mag, 1 O O O X )  shows a c o n t i n u o u s  h e a v y  f i l m  f o r m a t i o n  wh ich  h a s  
been  i d e n t i f i e d  a s  a l p h a  i r o n .  T h i s  p re sumab ly  r e s u l t s  f r o m  mass  t r a n s f e r  o f  
i r o n  f rom t h e  c o n t a i n e r  w a l l .  .4 t h i n  u n i d e n t i f i e d  l a y e r  e x i s t s  b e t w e e n  t h e  
molybdenum s p e c i m e n  and  t h e  i r o n  c o a t i n g .  
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l u t i o n  f r o m  o n e  l o c a t i o n  a n d  p r e c i p i t a t i o n  a t  a n o t h e r  l o c a t i o n ,  p r o b a b l y  o n  
t h e .  t h i r d  componen t ,  w i t h o u t  a t  a n y  time b e i n g  p r e s e n t  i n  h i g h  c o n c e n t r a t i o n s  

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

Dissolved Fuel  Tests. B e c a u s e  o f  t h e  r e c e n t  i n t e r e s t  i n  t h e  l i q u i d  m e t a l  
f u e l  t y p e  r e a c t o r ,  some e x p l o r a t o r y  c o r r o s i o n  t e s t s  were c o n d u c t e d  t o  f i n d  
p o t e n t i a l  m a t e r i a l s  f o r  c o n t a i n i n g  u ran ium b e a r i n g  c o o l a n t s ,  The l e a d - u r a n i u m  

and  b i s m u t h - u r a n i u m  b i n a r y  s y s t e m s  l o o k  somewhat p r o m i s i n g  f r o m a  u ran ium s o l u -  
b i l i t y  v i e w p o i n t  and  f o r t h i s  r e a s o n  were s e l e c t e d  f o r  t h e s e  t e s t s .  The l i t e r -  
a t u r e  shows l e a d  w i l l  d i s s o l v e u p  t o  0 , 5  p e r c e n t  u r a n i u m a t 9 0 0 O C  (1652OF) w h i l e  
u p w a r d s  o f  2 5  a t o m i c  p e r c e n t  u r a n i u m  i s  s o l u b l e  i n  l i q u i d  b i s m u t h a t  1 0 0 0 ° C  

(183Z°F), The minimum s o l u b i l i t y  o f  u r a n i u m  i n  t h e  c o o l a n t  t h o u g h t  n e c e s s a r y  
f o r  s u c c e s s f u l  r e a c t o r  o p e r a t i o n  i s  o f  t h e  o r d e r  o f  one a t o m i c  p e r c e n t .  

The  m a t e r i a l s  t e s t e d  were c o n f i n e d  t o  some o f  t h e  h i g h  m e l t i n g  m e t a l l f c  

e l e m e n t s :  

Tungs  t e n  
T a n t a l u m  I r o n  
Molybdenum N i c k e l  

Columbium 
Z i r c o n i u m  

T i  t an  ium 

Be r y 1 1 ium 

C o r r o s i o n  s p e c i m e n s  1 i n e  X 1/'4 i n ,  x 3 i n ,  were p r e p a r e d  f r o m  s t r i p  
s t o c k  a n d  were immersed  i n  t h e  u r a n i u m  b e a r i n g  c o o l a n t  by means of  a v e r t i c a l  

p o s i t i o n i n g  r o d .  ( S e e  s e c t i o n a l  v iew o f  t e s t  a p p a r a t u s  i n  F i g .  2 3 . )  The Re0 
c r u c i b l e  c o n t a i n i n g  t h e  c o o l a n t  was housed  i n  a c y l i n d r i c a l  q u a r t z  t u b e  h e a t e d  
e x t e r n a l l y  by a n  e l e c t r i c  r e s i s t a n c e - t y p e  f u r n a c e ,  Tube  e n d s  were s e a l e d  w i t h  

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

T h e  b i s m u t h  and  l e a d  b a t h  m e t a l s  c o n t a i n e d  a p p r o x i m a t e l y  two a t o m i c  p e r -  
T h i s  amount may be  i n  excess o f  t h e  s o l u b i l i t y  o f  

T e s t  t e m p e r a t u r e  was 1000°C and  t e s t  d u r a t i o n  was  
c e n t  u ran ium f o r  a l l  t e s t s .  

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

P r e l i m i n a r y  r e s u l t s  showed s u b s t a n t i a l  a t t a c k  on most  m a t e r i a l s  w i t h  f o r -  

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

UBe9 c o a t i n g ,  and  a l s o  f o r m e d a  c o a t i n g  ( X - r a y  i d e n t i f i c a t i o n  n o t  c o m p l e t e d )  i n  
b i smuth -u ran ium.  Molybdenum and t u n g s t e n  showed t h e  l e a s t  a t t a c k  o f  m a t e r i a l s  

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

made 
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DYNAMIC CORROSION TESTS 

Thermal Convection LOOPS (Harps) Twelve c o n v e c t i o n  l o o p s  a r e  b e i n g  made 
by  t h e  P h i l a d e l p h i a  P i p e  B e n d i n g  Company Six o f  t h e  l o o p s  w i l l  be  o f  310 
s t a i n l e s s  s t e e l ,  t h r e e  of  V-36  alloy, and t h r e e  of  L-605 a l l o y .  T h r e e  o f  t h e  
310  l o o p s  and one  e a c h  o f  t h e  E - 6 0 5  and  v - 3 6  P O O P S  w i l l  b e  c o n s t r u c t e d  o f  
m a t e r i a l  s h r o u d e d  o v e r  a t u b e  of  BOP0 s t e e l ,  The f a b r i c a t o r  h a s  e x p e r i e n c e d  
c o n s i d e r a b l e  t r o u b l e  i n  t r y i n g  t o  we ld  t h e  s e c t i o n s  of s h r o u d e d  m a t e r i a l  t o -  
g e t h e r  and s t i l l  m a i n t a i n  a n  u n b r o k e n  inner s u r f a c e  o f  i r o n .  A t  p r e s e n t  t h e  

b a s e  m e t a l  i s  0.080 i n ,  t h i c k  and t h e  i n n e r  s h e l l  i s  0.020 i n ,  t h i c k .  One o f  
t h e  310 s t a i n l e s s  s t e e l  P o o p s  f a b r i c a t e d  a t  P h i l a d e l p h i a  w i l l  b e  s e n t  t o  
B a t t e l l e  M e m o r i a l  I n s t i t u t e  f o r  i n t e r n a l  c l a d d i n g  w i t h  p u r e  i r o n  by  v a p o r  
d e p o s i t i o n ,  

The OWL machine s h o p  h a s  f a b r i c a t e d  one  Poop o f  a low c a r b o n ,  deep-d raw-  

i n g ,  f u l l y - k i l l e d  s t e e l  and  i s  f a b r i c a t i n g  two more o f  t h i s  Pow c a r b o n  s t e e l  
and f o u r  e a c h  o f  304 and 347 s t a i n l e s s  s t e e l s  M a t e r i a l  h a s  been  o r d e r e d  f o r  
446 s t a i n l e s s  s t e e l  and f o r  n i c k e l  S o s p s ,  and e f f o r t s  a r e  b e i n g  made t o  o b t a i n  
l o o p s  o f  z i r c o n i u m  and molybdenum 

The e n g i n e e r i n g  d e s i g n  g roup  h a s  drawn up a s p e c i f i c a t i o n  f o r  a c y l i n d r i -  

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

The  a u x i l i a r y  e q u i p m e n t  f o r  t h e  p r e s s u r e  v e s s e l s ,  s u c h  a s  h e a t e r  and  t h e r m o -  
c o u p l e  c a p  a s s e m b l i e s ,  moun t ing  and ~ e r r n i n a l  p l a t e  a s s e m b l i e s ,  and a i r  c o o l i n g  
j a c k e t s ,  a r e  e i t h e r  on o r d e r  or h a v e  b e e n  d e s i g n e d  and a r e  r e a d y  t o  be t u r n e d  
o v e r  t o  t h e  s h o p  f o r  f a b r i c a t i o n  

A l i t h i u m  p u r i f i e r  c o n s t r u c t e d  of  316 s t a i n l e s s  s t e e l  w i t h  a c a p a c i t y  o f  
t e n  pounds  o f  l i t h i u m  h a s  been  d e s i g n e d  The 316 s t a i n l e s s  s t e e l  p l a t e  t u b i n g  
and  p i p i n g  h a v e  b e e n  o r d e r e d  and d e l i v e r y  o f  t h e  m a t e r i a l  i s  e x p e c t e d  w i t h i n  
t w o  weeks 

A t h e r m a l  c o n v e c t i o n  P O O P  o f  the v e r y  B o w  c a r b o n  s t e e l  h a s  b e e n  f i l l e d  
w i t h  a l e a d  b i s m u t h  a l l o y  c o n t a i n i n g  47% b i s m u t h  T h i s  l o o p  w i l l  be  o p e r a t e d  

a t  t e m p e r a t u r e s  up t o  800QF,  As s o o n  a s  a Poop o f  h i g h  t e m p e r a t u r e  o x i d a t i o n  
r e s i s t a n t  m a t e r i a l  i s  o b t a i n e d ,  a s i m i l a r  s e t u p  w i l l  b e  made t o  o p e r a t e  a t  

t e m p e r a t u r e s  up t o  1800°F, The h e a t i n g  c h a r a c t e r i s t i c s  and power r e q u i r e m e n t s  

o f  t h e  v a r i o u s  p a r t s  o f  t h e  l o o p  will b e  d e t e r m i n e d ,  a n d  t h e  c o n t r o l  a n d  
e l e c t r i c a l  equ ipmen t  needed  t o  o p e r a t e  t h e  h a r p s  will t h e n  be d e t e r m i n e d ,  
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Forced Circulation System. A s y s t e m  is b e i n g  p l a n n e d  t o  s e r v e  as  a s imu-  
l a t e d  s e r v i c e  c o r r o s i o n  t e s t  f o r  r e a c t o r  and  h e a t  t r a n s f e r  componen t s . :  I t  i s  
i n t e n d e d  t h a t  t h i s  s y s t e m  w i l l  d u p l i c a t e ,  a s  f a r  a s  p o s s i b l e ,  t h e  a n t i c i p a t e d  
m a t e r i a l s ,  component  c o n s t r u c t i o n ,  v e P a e i t i e s ,  and t e m p e r a t u r e s  o f t h e  p r o p o s e d  
A i r c r a f t  R e a c t o r  E x p e r i m e n t ,  a l t h o u g h  i t  w i l l  n o t  d u p l i c a t e  t h e  r a d i a t i o n  
e f f e c t s  or t h e  t o t a l  number of  components  p l a n n e d  for t h e  r e a c t o r , ,  
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LITHIUM ISOTOPE SEPARATION 

G. H .  Clewet t  

C h e m i c a l  ReFea rch  D i v i s i o n  

The v e r y  s u p e r i o r  h e a t  t r a n s f e r  p r o p e r t i e s  o f  l i t h i u m  make i t  look v e r y  

a t t r a c t i v e  a s  an  a i r c r a f t  r e a c t o r  c o o l a n t .  However ,  t h e  n o r m a l  7.35 p e r c e n t  
L i 6  c o n t e n t  mus t  be  l a r g e l y  e l i m i n a t e d  i f  t h e  l i q u i d  i s  n o t  t o  have  t o o  g r e a t  
a n e u t r o n  a b s o r p t i o n  cross s e c t i o n ;  t h e r e f o r e ,  a l l  o f  t h e  l i k e l y  t e c h n i q u e s  

for p r o d u c i n g  t o n n a g e  q u a n t i t i e s  o f  s e p a r a t e d  L i 7  i s o t o p e ,  i n  a p u r i t y  a b o u t  
9 9 . 9 3 %  a t  a r e a s o n a b l e  p r i c e ,  a r e  now b e i n g  e x p l o r e d .  K v a r i o u s  p h y s i c o -  
c h e m i c a l  methods  are  d i s c u s s e d  i n  t h i s  s e c t i o n ,  

"- "._. 1--11 - *" . - 

--_I _I__- -_- - I  
1 

The s m a l l  w e i g h t  o f  t h e  l i t h i u y  i s o t o p e s  w i t h  r e s u l t a n t  l a r g e  p e r c e n t a g e  
d i f f e r e n c e  i n  m a s s  w o u l d  seem t o  make t h e  p r o b l e m  o f  s e p a r a t i o n  o f  t h e s e  
i s o t o p e s a r e l a t i v e l y  e a s y  m a t t e r  i f  p u r e l y  p h y s i c a l  methods  a r e  u s e d .  B e c a u s e  
o f  t h i s  a c o n s i d e r a b l e  p o r t i o n  o f  t h e  t o t a l  e f f o r t  o n  t h i s  p r o b l e m  h a s  b e e n  
p l a c e d  on  d e v e l o p m e n t  o f  t h e  m o l e c u l a r  d i s t i l l a t i o n  method w h i c h  now a p p e a r s  
t o b e  e n t i r e l y  f e a s i b l e ,  b u t  mus t  unde rgo  c o n s i d e r a b l e  e n g i n e e r i n g  d e v e l o p m e n t .  
I t  i s  f u r t h e r  a p p a r e n t  t h a t  t h e  v e r y  s i m p l i c i t y  o f  t h e  c h e m i s t r y  o f  l i t h i u m  

w i t h  i t s  s i n g l e  v a l e n c e  s t a t e  i n  compounds ,  t h e  t e n d e n c y  o f  t h e  i o n  t o w a r d  
e x t r e m e  s o l v a t i o n  i n  s o l u t i o n ,  and  t h e  d e a r t h  o f  complex  fo rms  o f  t h e  e l e m e n t  

would a p p e a r  t o  make t h e  s e a r c h  f o r  c h e m i c a l  me thods  somewhat d i f f i c u l t .  T h i s  
i s  t r u e ;  h o w e v e r ,  t h e  e a s e  o f  h a n d l i n g  a c h e m i c a l  p r o c e s s ,  p o s s i b l y  a two 
p h a s e  l i q u i d - l i q u i d  s y s t e m ,  i n  c o n v e n t i o n a l  e q u i p m e n t  a t  o r d i n a r y  t e m p e r a t u r e s  , 

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

e a c h  s t a g e  a p p e a r s  t o  b e  s u f f i c i e n t  J u s t i f i c a t i o n  f o r  p u t t i n g  a s i z a b l e  
p o r t i o n  o f  t h e  e f f o r t  i n t o  t h e  s e a r c h  f o r  s u c h  a c h e m i c a l  s y s t e m .  Two p h a s e  
l i q u i d - s o l i d  s y s t e m s  mus t  a l s o  b e  s t u d i e d  w i t h  p e r h a p s  l e s s  v i g o r  b u t  w i t h  
some c a r e  a n d  t h o u g h t  s i n c e  s i z a b l e  i m p r o v e m e n t s  c o n t i n u e  t o  b e  made  i n  
methods  o f  e n g i n e e r i n g  l i q u i d - s o l i d  c o n t a c t i n g  p r o c e s s e s .  

MOLECULAR DISTILLATION 

D e f i n i t e  p r o g r e s s  h a s  been  made tuward  t h e  s e p a r a t i o n  of  l i t h i u m  i s o t o p e s  
A p o s i t i v e  s e p a r a t i o n  f a c t o r  h a s  been  e s t a b l i s h e d  

S e v e r a l  a d d i t i o n a l  e x p e r i m e n t s  i n  
by  d i s t i l l a t i o n  m e t h o d s ,  

and  a t e n t a t i v e  p r o d u c t i o n  r a t e !  determined, 
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I 

a s i n g l e  s t a g e  s t i l l  ( F i g .  2 4 )  h a v e  e s t a b l i s h e d  a s e p a r a t i o n  f a c t o r  a = 1 . 0 2  
or s l i g h t l y  g r e a t e r .  A s  a r e s u l t  o f  d i s t i l l a t i o n  o v e r  a f a i r l y  na r row t e m p e r -  
a t u r e  r a n g e  ( a t  a r o u n d  450OC) some i n d i c a t i o n  o f  e v a p o r a t i o n  r a t e p  and  t h e r e -  

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

The e x p e r i m e n t s  w i t h  t h e  one  s t a g e  s t i l l  p o i n t e d  t o  s e v e r a l  c h a n g e s  a n d  
i m p r o v e m e n t s  i n  d e s i g n  t h a t  w o u l d  be  e s s e n t i a l  t o  s m o o t h  o p e r a t i o n ,  A s  a 
r e s u l t  o f  t h i s  e x p e r i e n c e  a two s t a g e  s t i l l  ( F i g s ,  25 a n d  2 6 )  was  d e s i g n e d  
a n d  f a b r i c a t e d  w h i c h  i n c o r p o r a t e d  t h e s e  m o d i f i c a t i o n s e  T h i s  s t i l l  h a s  p r o -  
v i s i o n  f o r  r e f l u x  o f  l i q u i d  and  t h e  c o n d e n s e r - r o o f  i s  s o  d e s i g n e d  t h a t  t h e  

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

A f u r t h e r  s t e p  i n  t h e  e v a l u a t i o n  o f  t h e  m o l e c u l a r  d i s t i l l a t i o n  m e t h o d  
h a s  been  t h e  d e s i g n  and  c o n s t r u c t i o n  o f  a s i m p l e  e v a p o r a t i o n  a p p a r a t u s ,  T h i s  
u n i t  c o n s i s t s  o f  a s i n g l e  e v a p o r a t i n g  s u r f a c e  a n d  c o n d e n s e r  and i s  t o  be  u s e d  
t o  d e t e r m i n e  t h e  r a t e  o f  e v a p o r a t i o n  o f  P i q u i d  l i t h i u m  a t  v a r i o u s  t e m p e r a t u r e s  
a n d  p r e s s u r e s s  T h e  e q u i p m e n t  h a s  b e e n  t e s t  r u n  o n l y .  D a t a  w h i c h  w i l l  b e  
s e c u r e d  f r o m t h i s  equ ipmen t  s h o u l d  p r o v e  v e r y  u s e f u l  i n  e n g i n e e r i n g  c a l c u l a t i o n s  
on m u l t i - s t a g e  s t i l l  d e s i g n ,  

A p a c k e d  co lumn r e f l u x i n g  s t i l l  h a s  b e e n  d e s i g n e d  and  f a b r i c a t e d .  T h i s  

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

C o n s i d e r a b l e  t h o u g h t  a n d  e f f o r t  h a v e  b e e n  d e v o t e d  t o  t h e  d e s i g n  o f  a 
m u l t i - s t a g e  v e r t i c a l  m o l e c u l a r  s t i l l ,  I t  i s  b e i n g  h e l d  i n  a b e y a n c e  u n t i l  more 
i n f o r m a t i o n  i s  a v a i l a b l e  f rom t h e  s m a l l e r  equ ipmen t  now b e i n g  o p e r a t e d .  

CHEMICAL EXCHANGE IN A LIQUID-LIQUID SYSTEW 

B e c a u s e  o f  t h e  many a d v a n t a g e s  o f  a l i q u i d - l i q u i d  c o u n t e r c u r r e n t  p r o c e s s  
o v e r  a l i q u i d - s o l i d  C o u n t e r c u r r e n t  p r o c e s s  t h e  s e a r c h  f o r  s u c h  a s y s t e m  h a s  
been  r a t h e r  p a i n s t a k i n g  and  t h o r o u g h  d u r i n g  t h i s  q u a r t e r ,  F u r t h e r m o r e ,  s i n c e  
one  o f t h e  methods  r e p o r t e d  i n  t h e  p u b l i s h e d  l i t e r a t u r e ,  u s i n g  l i t h i u m  amalgam- 

l i t h i u m  s a l t  s o l u t i o n ,  was  o f  t h i s  c a t e g o r y ,  i t  a p p e a r e d  t h a t  some o f  t h e  
deve lopmen t  work s h o u l d  be i n  this d i r e c t i o n ,  

. . 
I 8 2  1 
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Lithium Amalgam-Lithium S a l t  Solution. C o n s i d e r a b l e  e f f o r t  h a s  b e e n  

d e v o t e d  t o  a s t u d y  o f  t h e  l i t h i u m  a m a l g a m - o r g a n i c  s o l u t i o n  e x c h a n g e  a s  f i r s t  
r e p o r t e d  by  L e w i s  and  McDonald, ( 2 4 )  I n i t i a l  e x p e r i m e n t s  u s i n g  e t h a n o l  (95%)  made 
i t  v e r y  a p p a r e n t  t h a t  t h e  r a p i d  r e a c t i o n  o f  t h e  w a t e r  and  a l c o h o l  w i t h  t h e  
l i t h i u m  i n  t h e  amalgam would make t h i s  s y s t e m  u n s u i t e d  f o r  s u s t a i n e d  o p e r a t i o n  
u n l e s s  t h i s  r e a c t i o n  c o u l d b e  e i t h e r  e l i m i n a t e d  o r  m a t e r i a l l y  r e d u c e d .  E x p e r i -  
m e n t s  w i t h  a b s o l u t e  a l c o h o l  ( H 2 0  a b o u t  700  ppm) i n d i c a t e d  t h a t  a l t h o u g h  t h e  
m o i s t u r e  c o n t e n t  was a v e r y  i m p o r t a n t  c o n t r i b u t o r  t o  t h e  r e a c t i o n ,  t h e  a l c o h o l  
i t s e l f  r e a c t e d  t o o  r a p i d l y  t o  be  p r a c t i c a b l e ,  T h i s  d i s c o v e r y  l e d  t o  a n  i n -  
v e s t i g a t i o n  o f  t h e  h i g h e r  a l c o h o l s  u p  t o  i s o a m y l .  I t  was found  t h a t  t h e  r a t e  
o f  r e a c t i o n  d e c r e a s e d  s u b s t a n t i a l l y  a s  t h e  c a r b o n  c h a i n  was l e n g t h e n e d  and  i t  
a p p e a r e d  f r o m  s t a t i c  t e s t s  on h y d r o g e n  e v o l u t i o n  t h a t  i s o a m y l  a l c o h o l  h a d  
d e f i n i t e  p o s s i b i l i t i e s ,  I t  s o o n  became a p p a r e n t  t h a t  a new d i f f i c u l t y  m u s t  
b e  o v e r c o m e ,  n a m e l y  e m u l s i o n s o  I s o a m y l  a l c o h o l ,  w i t h  or w i t h o u t  d i s s o l v e d  
l i t h i u m  c h l o r i d e ,  f o r m s  v e r y  s t a b l e  e m u l s i o n s  w i t h  l i t h i u m  amalgam.  More 
t h a n  150 o r g a n i c  s o l v e n t s o f s u i t a b l e  s t r u c t u r e  were examined  f o r  t h e i r  a b i l i t y  
t o  s t a b i l i z e  t h e  s y s t e m  a g a i n s t  t h e  f o r m a t i o n  o f  e m u l s i o n .  No s u c c e s s  was 
a c h i e v e d  w i t h  t h i s  p rogram.  I t  was d i s c o v e r e d ,  however ,  t h a t  t h o s e  m a t e r i a l s  
wh ich  were known t o  r e a c t  c h e m i c a l l y  w i t h  t h e  l i t h i u m  i n  t h e  amalgam were v e r y  

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

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

r e a c t i o n  a n d  e m u l s i o n  s t a n d p o i n t ,  a s u r v e y  w a s  made t o  f i n d  some o r g a n i c  
s o l v e n t  wh ich  would  n e i t h e r  r e a c t  c h e m i c a l l y  n o r  c a u s e  e m u l s i o n s o  Of a r a t h e r  
w i d e  g r o u p  o f  o r g a n i c  l i q u i d s  r e p r e s e n t i n g  n e a r l y  a l l  t h e  m a j o r  c l a s s e s  o f  
compounds  n o t  a s i n g l e  e x a m p l e  h a s  b e e n  f o u n d  w h i c h  m e a s u r e s  u p  t o  t h e  d e -  
s i r e d  c h a r a c t e r i s t i c s .  As a m a t t e s  o f  f a c t  i t  a p p e a r s  t h a t  t h e  f o l l o w i n g  
g e n e r a l i z a t i o n  c a n  be made:  t h o s e  o r g a n i c  l i q u i d s  w h i c h  d o  n o t  h a v e  a r e -  
p l a c e a b l e  hydrogen  (or h y d r o x y l  g r o u p )  a tomwhen c o n t a c t e d  w i t h  l i t h i u m  amalgam 
f o r m  s t a b l e  e m u l s i o n  w i t h  t h e  ama lgam,  A l l  i n d i c a t i o n s  p o i n t  t o  t h e  c o n -  
c l u s i o n  t h a t  t h e  l i t h i u m  i s  s e l e c t i v e l y  l o c a t e d  a t  t h e  e m u l s i o n  i n t e r f a c e  a s  
t h e  s t a b i l i z i n g  a g e n t  f o r  t h e  d i s p e r s i o n ,  

T h e  m a g n i t u d e  o f  t h e  s e p a r a t i o n  f a c t o r  o f  t h e  amalgam e x c h a n g e  s y s t e m  
The  p r o c e d u r e  was t o  c o n t a c t  h a s  been  d e t e r m i n e d  by b a t c h  s h a k e - o u t  m e t h o d s ,  

( 2 4 )  Lewis ,  G o  N. and MacDonald, R. I. "The Separation of  Li thium I s o t o p e s , "  Am. Chem. J .  5 8 ,  2519-2524 ,  
( 1 9 3 6 )  0 I 
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l i t h i u m  amalgam ( a b o u t  0,5 m o l a r )  w i t h  a n  a b s o l u t e  e t h a n o l  (700  ppm m o i s t u r e )  
s o l u t i o n  o f  l i t h i u m  c h l o r i d e  f o r  two m i n u t e s n  T h e  amalgam was t h e n  d i v i d e d  
i n  two e q u a l  p a r t s  and  a new a l c o h o l  s o l u t i o n  made f r o m  t h e  l i t h i u m  i n  o n e  
o f  t h e  p o r t i o n s ,  T h e s e  o p e r a t i o n s  were  c a r r i e d  t h r o u g h  f i v e  s t a g e s ,  

R e a c t i o n  o f  t h e  l i t h i u m  i n  t h e  amalgam w i t h  t h e  a l c o h o l  s o l u t i o n s  c a u s e d  
a 33% d e p l e t i o n  d u r i n g  t h e  f i v e  o p e r a t i o n s ,  T h e  o v e r - a l l  g e p a r a t i o n  e f f e c t  
o b s e r v e d  f rom t h i s  e x p e r i m e n t  shows a t o  be 1 , 0 4 9 5  a s  b a s e d  on a s i n g l e  s e t  o f  
a s s a y  r e s u l t s ,  T h i s  h i g h  s e p a r a t i o n  f a c t o r  m a k e s  i t  a l m o s t  m a n d a t o r y  t o  
c o n t i n u e  t h e  s e a r c h  f o r  a s u i t a b l e  method o f  u t i l i z i n g  t h e  amalgam s y s t e m  f o r  
s e p a r a t i o n  o f  t h e  l i t h i u m  i s o t o p e s ,  

Aqueous-Organic Systems. A l t h o u g h  a n  a q u e o u s  p h a s e  i n  c Q n t a c t  w i t h  a n  
i m m i s c i b l e  o r g a n i c  p h a s e  i s  one  o f  t h e  f i r s t  p o s s i b i l i t i e s  w h i c h  s u g g e s t e d  
i t s e l f  f o r  a two p h a s e  s y s t e m ,  i t  now a p p e a r s  t h a t  o n l y  s e l e c t e d  e x a m p l e s  o f  
t h i s  t y p e o r  g r e a t l y  m o d i f i e d  s o l u t i o n s  s u c h a s  l i g h t l y  s a l t e d  aqueous  s o l u t i o n s  
may a p p r o a c h  t h e  a r b i t r a r y  c r i t e r i a  s e t  u p  f o r  s u i t a b l e  e x c h a n g e  s y s t e m s ,  
S i n c e  t h e  d i s t r i b u t i o n  o f  l i t h i u m  c h l o r i d e  b e t w e e n  w a t e r  and  i s o a m y l  a l c o h o l  
i s  n o t  c o m p l e t e l y  u n f a v o r a b l e ,  two s e p a r a t e  b a t c h  e x t r a c t i o n  e x p e r i m e n t s  were 

c a r r i e d  o u t  on t h i s  s y s t e m .  I t  now a p p e a r s ,  a f t e r  a r e c h e c k  on t h e  a s s a y  o f  
t h e  f i r s t  e x p e r i m e n t  t h a t  no  s i g n i f i c a n t  e n r i c h m e n t  was o b t a i n e d  i n  t h e s e  two 
a t t e m p t s ,  A somewhat  more f a v o r a b l e  d i s t r i b u t i o n  r a t i o  o f  l i t h i u m  s a l t  b e -  
tween  p h a s e s  c a n  be o b t a i n e d  i f  t h e  a q u e o u s  p h a s e  o f  a n y  two p h a s e  s y s t e m  i s  

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

Organic-Organic Systems.  The p r e d o m i n a n t l y  h y d r Q p h i l l i c  p r o p e r t i e s  o f  
l i t h i u m  i o n s  p r o m p t e d  a n  i n v e s t i g a t i o n  o f  t h e  p a s s i b i l i t y  o f  d i s c o v e r i n g  a 
s u i t a b l e  p a i r  o f  i m m i s c i b l e  o r g a n i c  s o l v e n t s  a s  t h e  l i q u i d - l i q u i d  med ia  f o r  
a s e p a r a t i o n  s y s t e m ,  More t h a n  400  o r g a n i c - o r g a n i c  s y s t e m s  were e x a m i n e d o  
Of t h e s e ,  Many o f  t h e s e  
p a i r s  were r e j e c t e d  f r o m  q u a l i t a t i v e  o b s e r v a t i o n s  o f  v i s c o s i t y  a n d  p h a s e  
s e p a r a t i o n .  Of t h e  r e m a i n i n g  s y s t e m s  1 2  p a i r s  show s u f f i c i e n t  p r o m i s e  t o  
w a r r a n t  more t h o r o u g h  i n v e s t i g a t i o n ,  T h e s e  p a i r s  a r e :  

a p p r o x i m a t e l y  60 were found  t o  be  i m m i s c i b l e  p a i r s o  

1, B u t y l  a c e g a t e  v s o  e t h y l e n e  g l y c o l  

2 ,  Hexone vs. e t h y l e n e  g l y c o l  

3 ,  Benza ldehyde  v s o  e t h y l e n e  g l y c o l  , 

88 



4 0  Dimethy l  a n i l i n e  v s a  e t h y l e n e  g l y c o l  
a 

5 .  E t h y l  b e n z o a t e  v s .  e t h y l e n e  g l y c o l  

6 .  N i t r o m e t h a n e  V S .  o c t y l  a l c o h o l  

'7, Formamide v s b  b u t y l  a c e t a t e  

8 ,  Formamide vs, .  hexone  

9 .  Formamide vs, o c t y P  a l c o h o l  

10.  Formamide v s a  e t h y l  e t h e r  

11. Formamide vs.. d i m e t h y l  a n i l i n e  

1 2 m  Formamide vs. e t h y l  b e n z o a t e  

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

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

s o l u b i l i t i e s  o f  v a r i o u s  l i t h i u m  s a l t s ,  

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

compounds which  would  a p p e a r  t o  p o s s e s s  t h e  d e s i r e d  s o l u b i l i t y  p r o p e r t i e s  f o r  
f o r  t h e s e  o r g a n i c  s o l v e n t s ,  Among t h o s e  a l r e a d y  p r e p a r e d  i n  t h i s  l a b o r a t o r y  
have  been  t h e  f o l l o w i n g :  

1, L i t h i u m  p e r f l u s r s b u t y r a t e  (LiC4F,0 , )  
2 .  L i t h i u m  t h i o c y a n a t e  ( i n  hexone)  
3 ,  L i t h i u m  s a l i c y l a t e  

(The  work on t h e s e  v a r i e d  p r o j e c t s  i-s b e i n g  i n t e n s i f i e d . )  

Pulse Column Application, P u l s e  c o P u m n ~ ( ~ ~ )  h a v e  been  i n v e s t i g a t e d  f o r  

t h e i r  p o s s i b l e  a p p l i c a t i o n  t o  t h e  l i t h i u m  amalgam s y s t e m .  T h e s e  co lumns  have  
s e v e r a l  a d v a n t a g e s  o v e r  o r d i n a r y  c o u n t e r c u r r e n t  g r a v i t y  co lumns ,  t h e  p r i n c i p l e  
one  b e i n g  s h o r t  s t a g e  l e n g t h ,  

T h e  p u l s e  co lumn work  was  c a r r i e d  out. c o n c u r r e n t l y  w i t h  t h e  l a b o r a t o r y  
e x a m i n a t i o n  o f  t h e  amalgam s y s t e m  a n d ,  i f  a n y t h i n g ,  h i g h l i g h t e d  t h e  d i f f i -  
c u l t i e s  i n h e r e n t  i n  t h e  r e a c t i o n  and  e m u l s i o n  p r o b l e m s .  

A s e r i e s  o f  e x p e r i m e n t s  were made to t e s t  t h e  e f f e c t i v e  h e i g h t  o f  a 

t h e o r e t i c a l  s t a g e ,  T h e s e  were made by  c o n t a c t i n g  a l i t h i u m  amalgam w i t h  a 
s o l u t i o n  o f  s o d i u m  i o n s ,  T h e  a p p a r a t u s  u s e d  i s  shown i n  F i g s .  2 7  a n d  28.  
T h e  r e s u l t s  w e r e  i n c o n c l u s i v e  b e c a u s e  o f  t h e  f a c t  t h a t  r e a c t i o n  w i t h  t h e  

s o l v e n t  medium i n  a l l  c a s e s  n e a r l y  d e p l e t e d  t h e  a l k a l i  m e t a l  c o n t e n t  o f  t h e  
aya lgam,  

I 
I 

( 2 5 )  % A  description of the pulse ~ e l u m  is g i v e n  in U. S ,  Patent 20011,886 (1935); HW 1 4 7 2 8 0  The Design 
and Operation of t h e  Pu l se  Column, B u r n s i o  Gnaut  and S f a n s k y  ( O e t .  1 2 ,  1 9 4 9 ) .  

I 
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A s e r i e s  o f  t e s t s  were made t o  d e t e r m i n e  t h e  r e l a t i o n s h i p  be tween  s c r e e n  

s i z e  a n d  f l o o d i n g  r a t e  i n  t h e  o n e - i n c h  g l a s s  p u l s e  c o l u m n .  T h i s  d a t a  i s  
S u m m a r i z e d i n T a b l e  6 which  shows f l o o d i n g  r a t e s  o b s e r v e d  i n  t h e  s y s t e m  mercury  
v s a  95% e t h a n o l  w h i c h  i s  b e l i e v e d  t o  be a c l o s e  a p p r o x i m a t i o n  t o  any  amalgam 
s y s t e m  which  m i g h t  be u s e d .  

TABLE 6 

5 0  

60  

40  

80 

90 

100 

(in.) (In, j + 
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S e v e r a l  r u n s  were made t o  t e s t  t h e  a c t i o n  o f  amalgam a g a i n s t  l i t h i u m  
c h l o r i d e  s o l u t i o n s  i n  t h e  p u l s e  column, W i t h  t h e  l o w e r  a l c o h o l  s o l v e n t s  t h e  
r e a c t i o n  r a t e  p r o v e d  e x c e s s i v e ,  I n  o n e  e x p e r i m e n t  u s i n g  a b s o l u t e  a l c o h o l  
( 7 0 0  ppm m o i s t u r e )  t h e  i n i t i a l  r a t e  o f  l o s s  a f  l i t h i u m  f r o m  t h e  ama lgam 
(0:s m o l a r  i n  l i t h i u m )  w a s  2 . 8 %  l o s s  p e r  m i n u t e  and  a n  o v e r - a l l  l o s s  o f  96% 
was o b s e r v e d  i n  47  m i n u t e s  i n  t h i s  e x p e r i m e n t ,  S p e c i a l  e f f o r t s  were made 
p r i o r  t o  t h i s  t e s t  t o  i n s u r e  t h a t  t h e  e q u i p m e n t  was a b s o l u t e l y  d r y  and  t h e  
e n t i r e  t e s t  was made u n d e r  i n e r t  a tmsspAere  t o  r e d u c e  m o i s t u r e  p i c k u p .  

The  e m u l s i f y i n g  t e n d e n c y  o f  s u c h  s o l v e n t s  a s  n - b u t y l  a l c o h o l ,  i s o a m y l  
a l c o h o l ,  and  p y r i d i n e  was d e m o n s t r a t e d  to be a m a j o r  p r o b l e m  by o p e r a t i o n  i n  
t h e  p u l s e  c o l u m n ,  a n d  t h e  s e l e c t i v e  r e m o v a l  o f  t h e  l i t h i u m  f rom t h e  b u l k  o f  
j t h e  m e r c u r y  t o  t h e  d i s p e r s e d  p h a s e  was c l e a r l y  d e m o n s t r a t e d  i n  s e v e r a l  o f  
/ t h e s e  t e s t s "  -_ .- I 
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The p u l s e  column i s  now b e i n g  u s e d  t o  make p r e l i m i n a r y  i n v e s t i g a t i o n s  on 
some o f t h e  more p r o m i s i n g  o r g a n i c - o r g a n i c  s y s t e m s  t h a t  a r e  u n d e r  i n v e s t i g a t i o n  
i n  t h i s  l a b o r a t o r y .  

CHEMICAL EXCHANGE IN A LIQUID-SOLID SYSTEM 

The  p r a c t i c a l  a p p l i c a t i o n  o f  a c o u n t e r c u r r e n t  l i q u i d - s o l i d  system i s  
c o n s i d e r a b l y  m o r e  d i f f i c u l t  t h a n  e i t h e r  t h e  l i q u i d - l i q u i d  or  l i q u i d - g a s  
s y s t e m s ,  I n  s p i t e  o f  t h i s  f a c t ,  some o f  t h e  more  p r o m i s i n g  l i q u i d - s o l i d  
s y s t e m s  have  been  i n v e s t i g a t e d ,  

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

m a t e r i a l ,  F i v e  s e p a r a t e  ~ U F Y S  w e r e  made u s i n g  v a r i o u s  e l u e n t s  t o  remove t h e  
l i t h i u m  i o n s  p r e v i o u s l y  d e p o s i t e d  a t  t h e  h e a d  o f  t h e  co lumn,  T h e  r e s u l t s  o f  
t h e s e  t e s t s  were s u f f i c i e n t l y  d i s c o u r a g i n g  t o  c a u s e  abandonment  o f  t h i s  p r o -  
j e c t .  

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

g round  l i t h i u m  c a r b o n a t e  and  e l u t e d  s l o w l y  w i t h  w a t e r .  As was t h e  c a s e  i n  t h e  
c e l l u l o s e  e x p e r i m e n t ,  n o  e n r i c h m e n t  0 f  t h e  i s o t o p e s  was  o b s e r v e d  a n d  t h i s  
p r o j e c t  was a l s o  d i s c o n t i n u e d ,  

I s o t o p e  s e p a r a t i o n  by  t h e  u s e  o f  s y n t h e t i c  z e o l i t e s ,  s u c h  a s  Dowex 5 0 ,  
i s  b e i n g  i n v e s t i g a t e d  i n  t h e  X-10 a r e a  o f  OFNLe Some s u c c e s s  h a s  been  a c h i e v e d  
by u s e  o f  t h i s  t e c h n i q u e ,  This work i s  r e p o r t e d  i n  d e t a i l  i n  t h e  C h e m i s t r y  
D i v i s i o n  q u a r t e r l y  r e p o r t s ”  ‘26’ 

AUXILIARY STUDIES 

, A l l  t h e  l i t h i u m  a s s a y s  made t o  d a t e  h a v e  b e e n  d e t e r m i n e d  by  u s e  o f  a 
m o d i f i e d  N ie r  mass  s p e c t r o m e t e r ,  A n o t h e r  method o f  a s s a y  i s  b e i n g  d e v e l o p e d  
u s i n g  f i s s i o n  c o u n t i n g  t echn i -que  i n  which  t h e  a p a r t i c l e s  f rom t h e  6 L i  n e u t r o n  
r e a c t i o n  a r e  c o u n t e d o  A l t h o u g h  s t i l l  i n  t h e  d e v e l o p m e n t  s t a t e ,  t h i s  me thod  
a p p e a r s  p r o m i s i n g  I 

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

t h e  l i t h i u m  i o n - s o l v e n t  bond i n  t h e  Raman r a n g e ,  No d i s t i n c t  band wh ich  c o u l d ;  

(26) Swartout, J .  A O 3  Chemistry Division Quarterly Progress Report f o r  Period Ending March 31, 1950, I 
I 

Part I (June 16,  1 9 5 O ) ,  i 
f 4  1 
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7 
j b e  a t t r i b u t e d  t o  t h e  l i t h i u m - s o l v e n t  bond was o b s e r v e d .  T h i s  work has  been 1 

I abandoned, a t  l e a s t  t emporar i ly .  

. 

c 
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RADIATION DAMAGE 

REACTOR MATERIALS 

De S o  B i l l i n g t o n ,  M e t a l l u r g y  D i v i s i o n  

The b e h a v i o r  o f  m a t e r i a l s  when e x p o s e d  t o  t h e  h i g h  n e u t r o n ‘ f l u x  a n t i c -  

i p a t e d  i n  an  a i r c r a f t  r e a c t o r  i s  o f  e x t r e m e  i m p o r t a n c e  i n  t h e  d e s i g n  o f  s u c h  
a r e a c t o r  s i n c e  i t  must  be assumed t h a t  m a t e r i a l  p r o p e r t i e s  of  i m p o r t a n c e  may 
change  s i g n i f i c a n t l y ,  T h e r e  i s  n o  a d e q u a t e  t h e o r y  which  c a n  g i v e  u s e f u l  p r e -  
d i c t i o n s  and  e x p e r i m e n t a l  d a t a  a r e  a t  p r e s e n t  m e a g e r . .  E x p e r i m e n t s  i n  t h i s  
f i e l d  a r e  d i f f i c u l t  and o f t e n  v e r y  l e n g t h y ,  s o  i t  i s  i m p o r t a n t  t h a t  e x p e r i m e n t s  
w h i c h  w i l l  a n s w e r  t h e  unknowns  i n v o l v e d  i n  t h e  c o n s t r u c t i o n  o f  t h e  r e a c t o r  
b e  i n i t i a t e d  i n  t h e  n e a r  f u t u r e %  P l a n n i n g  s u c h  e x p e r i m e n t s  i s  c o m p l i c a t e d  by 
t h e  p r e s e n t  u n c e r t a i n t i e s  a b o u t  t h e  r e a c t o r  i t s e l f ,  a s  n e i t h e r  m a t e r i a l s  t o  

b e  used  n o r  e x a c t  d e s i g n  have  been  d e t e r m i n e d . :  A f u r t h e r  c o m p l i c a t i o n  i s  t h a t  
n e u t r o n  f l u x e s  o f  t h e  p r o p e r  magn i tude  d o  n o t  e x i s t , ,  However,  e x p e r i m e n t s  a r e  

i n  p r o g r e s s  and more a r e  p l a n n e d  mak ing  u s e  of  b o t h  a c c e l e r a t o r s  and p i l e s ,  
wh ich  w i l l  y i e l d  i n f o r m a t i o n  of  p a r t i c u l a r  i n t e r e s t  for r e a c t o r s  a s  e n v i s a g e d  

a t  p r e s e n t  a s  w e l l  a s  i n f o r m a t i o n  o f  a g e n e r a l  n a t u r e ?  The e q u i p m e n t  and  

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

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

Accelerator Experimentso 

( a )  An e x p e r i m e n t  h a s  b e e n  s e t  up by  N o r t h  Amer ican  A v i a t i o n ,  I n c .  t h a t  
makes i t  p o s s i b l e  t o  s t u d y  t h e  e f f e c t  of d e u t e r o n  bombardment on t h e  c o r r o s i o n  
r a t e  o f  Armco i r o n  by  l i t h i u m  a t  1088°C I t  i s  t h o u g h t  t h e  d e u t e r o n  bombard-  
ment w i l l  s i m u l a t e  t o  a h i g h  d e g r e e  t h e  b e h a v i o r  o f  t h i s  s y s t e m  u n d e r  n e u t r o n  
bombardment,  and ‘thus w i l l g i y e  a n s w e r s  on t h i s  i m p o r t a n t  p r o b l e m i n a  r e l a t i v e l y  
s h o r t  t i m e .  The a p p a r a t u s  h a s  been  a s s e m b l e d  and i s  b e i n g  b e n c h - t e s t e d  a t  t h e  
p r e s e n t  t ime,  I r r a d i a t i o n  d a t a  a r e  e x p e c t e d  v e r y  s h o r t l y .  I t  i s  p l a n n e d  t o  

e x t e n d  t h e  e x p e r i m e n t  t o  i n c l u d e  molybdenum i n  c o n t a c t  w i t h  b o t h  l i t h i u m  and 

sod ium,  a l s o  a t  lOOO”C, An ORNL man h a s  j o i n e d  t h e  NAA g r o u p  f o r  t h e  p u r p o s e  
o f  a s s i s t i n g  i n  t h e  e x p e r i m e n t s ,  
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( b )  The P u r d u e  Group i s  e x p e c t e d  to b e g i n  work by J u l y  l1 The f o l l o w i n g  
e x p e r i m e n t s  a r e  t e n t a t i v e l y  b e i n g  p l a n n e d :  

(1) S t u d y  o f  S i c  a s  an  a n a l o g  m a t e r i a l  f o r  Be2C, ,*  Measurement  o f  
e l e c t r i c a l  p r o p e r t y  change  induced  by d e u t e r o n  bombardment ,  

( 2 )  E f f e c t  o f  bombardment on c r e e p  r a t e "  

( 2 a )  R e p e t i t i o n  o f  Andrade  e x p e r i m e n t ( " )  u s i n g  a l p h a  p a r t i c l e s  
and d e u t e r o n s ,  

( 2 b )  E f f e c t  o f  bombardment  on c r e e p  r a t e  of  s t a i n l e s s  s t e e l  and  
o t h e r  h i g h  t e m p e r a t u r e  m a t e r i a l s  

( 2 c )  E f f e c t  o f  bombardment  o n  c a e e p  r a t e  of  s i n g l e  c r y s t a l s  above  
and be 1 ow r e  c r y s  t a P 1 i z a t i on t e mpe r a C: UF e 

In-Pile Creep Test s .  A c r e e p  t e s t  a p p a r a t u s  ( i l l u s t r a t e d  s c h e m a t i c a l l y  

i n  F i g .  2 9 )  c a p a b l e  of  o p e r a t i o n  u n d e r  i r r a d i a t i o n  i n  a s t r i n g e r  i n  t h e  ORNL 
p i l e  i s  b e i n g  d e v e l o p e d .  I n  t h e  p r e l i m i n a r y  model  now b e i n g  b e n c h - t e s t e d ,  a 
s p e c i m e n  n i n e  i n c h e s  l o n g  and o n e - e i g h t h  i n c h  i n  d i a m e t e r  i s  e n c l o s e d  i n  a 
c o n s t a n t - t e m p e r a t u r e  f u r n a c e  t h r o u g h o u t  a b o u t  t w o - t h i r d s  o f  i t s  l e n g t h ,  The  

spec imen  i s  t o  be s t r e s s e d  by means o f  c a b l e s  e x t e n d i n g  o u t s i d e  t h e  p i l e  where 
a d e a d  w e i g h t  f u r n i s h e s  a c o n s t a n t  l o a d  The  c e n t r a l  f o u r - i n c h  s e c t i o n  o f  

t h e  s p e c i m e n  is  t h e  g a u g e  l e n g t h  ove r  wh ich  t h e  s t r a i n s  a r e  m e a s u r e d o  L o n g i -  
t u d i n a l  s t r a i n  i s  t r a n s m i t t e d  to a m i c r o f o r m e r  by e x t e n s o m e t e r  e l e m e n t s  we lded  
t o  t h e  e n d s  o f  t h e  g a u g e  l e n g t h  A d u p l i c a t e  m i c r o f o r m e r  whose  c o r e  may b e  

moved a known d i s t a n c e  by  an  e l e c t r o m a g n e t  c o n t r o l l e d  f r o m  o u t s i d e  t h e  p i l e  
w i l l  be  i n c l u d e d  i n  t h e  a p p a r a t u s  a l o n g s i d e  t h e  s t r a i n  m e a s u r i n g  m i c r o f o r m e r  
s o  t h a t  a n y  e f f e c t  o f  t e m p e r a t u r e  and r a d i a t i o n  may b e  c o m p e n s a t e d  f o r .  An 
e n t i r e  d u p l i c a t e  c r e e p  a p p a r a t u s  may be p l a c e d  i n  s e r i e s  w i t h  t h e  l o a d  s u p p l y  

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

I n  b e n c h  t e s t s  t h e  t e m p e r a t u r e  c o n t r o l  s y s t e m  now i n  u s e  h a s  p r o v e d  
c a p a b l e  o f  h o l d i n g  t h e  t e s t  b a s  t e m p e r a t u r e  t o  w i t h i n  rt 1" a t  1 2 0 0 G F q  The  
v a r i a t i o n  o f  t e m p e r a t u r e  ove r  t h e  gauge  l e n g t h  i s  now i d a F ,  Work i s  now 
d i r e c t e d  t o w a r d  m i n i m i z i n g  t h i s  v a l u e  t o  i- 1"F, a t  w h i c h  t ime t h e  b a r  w i l l  
be  l o a d e d  t o  t e s t  t h e  Boading  s y s t e m  and s t r a i n  m e a s u r i n g  i n s t r u m e n t s ,  

* A c c e l e r a t o r  exper iments  on Be ,  BeO, Be&., and Zr u s i n g  p a r t i c l e s  above 1 Kev are  now c l a s s i f i e d .  
p o s s i b i l i t y  o f  u s i n g  Mg S i  a s  an i s o e l e c t r i c  ana log  m a t e r i a l  f o r  Be2C i s  b e i n g  s t u d i e d . :  

The 

2 

( 2 7 1 Andrade, E N ,  da C " E f f e c t  of Alpha-Ray Bombardment on G l i d e  in Metal S i n g l e  C r y s t a l s 9 "  Mature 
156 113 ( 1 9 4 5 )  
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The above  a p p a r a t u s  i s  d e s i g n e d  t o  s u p p l e m e n t  t h e  c r e e p  e x p e r i m e n t s  o f  
t h e  NEPA Group I t  i s  f e l t  t h a t  be tween  t h e  two g r o u p s  a l l  r a n g e s  o f  t e m p e r -  
a t u r e s  and t y p e s  of  m a t e r i a l s  o f  i n t e r e s t  c a n  be s t u d i e d  i n  t h e  e x i s t i n g  p i l e  
f a c i l i t i e s ,  

The NEPA and ORNL G r o u p s  a r e  i n v e s t i g a t i n g  j o i n t l y  w i t h  Argonne  t h e  u s e  
of  s p e c i a l  f a c i l i t y  a t  H a n f o s d  t h a t  w i l l  p e r m i t  d e a d - w e i g h t  l o a d i n g  o f  c r e e p  
u n i t s  Use of  d e a d - w e i g h t  l o a d i n g  p e r m i t s  c o n s i d e r a b l e  s i m p l i f i c a t i o n  i n  t h e  
d e s i g n  of c r e e p  u n i t s .  

A t  t h i s  t ime i t  a p p e a r s  d e s i r a b l e  t o  s t u d y  t h e  c r e e p  p r o p e r t i e s  o f  p u r e  
m e t a l s  s u c h a s m o l y b d e n u m  and i r o n  and aLPoys of  the s t a i n l e s s  t y p e  i n  a d d i t i o n  
t o  t h e  c e r a m i c s  b e i n g  s t u d i e d  by NEPAL 

D i f f u s i o n  of F i s s i o n  Products"  I t  a p p e a r s  n e c e s s a r y  t o  o b t a i n  more d a t a  
on  t h e  d i f f u s i o n  of  f i s s i o n  g a s e s  and  f i s s i o n  p r o d u c t s  i n  v a r i o u s  meta ls  t h a n  
i s  p r e s e n t l y  a v a i l a b l e  i n  t h e  l i t e r a t u r e  For  e x a m p l e ,  i t  seems e v i d e n t  t h a t  
t h e  f i s s i o n  gases  d o  d i f f u s e  o u t  o f  undamaged u r a n i u m ,  t h o u g h  a t  a r a t e  s o  

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

m e t a l s  s u c h  a s  s ~ a i n l e s s  s t e e l  e ' ien at, 6 0 0 0 ° C  i n  t h e  a b s e n c e  o f  r a d i a t i o n ,  

T h i s  seems t o  sum up  o u r  i m m e d i a t e l y  u s e f u l  knowledge  Thus  i t  i s  n e c e s s a r y  
t o  measu re  d i f f u s i o n  r a t e s  o f  u ~ a n i u m  i n  molybdenum and o t h e r  h i g h  t e m p e r a t u r e  
m a t e r i a l s  w i t h  and w i t h o u t  i r r a d i a t i o n  

T h e r e  seems t o  be  a l a c k  o f  i n f o r m a t i o n  a l s o  o n  t h e  d i f f u s i o n  o f  t h e  
h a l o g e n s  a t  h i g h  t e m p e r a t u r e s ,  Nor i s  i t  known w h e t h e r  a t h i n  c l a d d i n g  o f  i n -  
e r t  m e t a l  o n  u r a n i u m  w o u l d  p r e v e n t  a c c u m u l a t i o n  o f  f i s s i o n  g a s e s ,  I n  a n  
a t t e m p t  t o  g a i n  a n  answer  t o  these and o t h e r  p r o b l e m s  d i f f u s i o n  e x p e r i m e n t s  i n  
and  o u t  o f  t h e  r e a c t o r  a r e  b e i n g  p l a n n e d  

Hot  l a b o r a t o r y  s p a c e  i s  b e i n g  made a v a i l a b l e ,  and  it i s  e x p e c t e d  t h a t  
some m e a s u r e m e n t s  s u c h  a s  h a r d n e s s  e l e c t r i c a l  r e s i s t i v i t y ,  e l a s t i c  m o d u l u s ,  
m a g n e t i c  s u s c e p t i b i l i t y ,  a n d  tensile s t r e n g t h  o n  some s a m p l e s  o f  I n c o n e l ,  
H a s t e l l o y ,  s t a i n l e s s  s t e e l ,  and  z i r c o n i u m  t h a t  were i r r a d i a t e d  i n  t h e  Argonne  
c h a n n e l  e x p e r i m e n t  i n  t h e  X-10 r e a c t o r  w i l l  b e  o b t a i n e d  M e a s u r e m e n t s  w i l l  
a l s o  be s t a r t e d  on some s t a i n l e s s  s t e e l  s a m p l e s  i r r a d i a t e d  a t  H a n f o r d ,  



r 

S a m p l e s  o f  T i ,  Mo, N i ,  and  Armci-r Fe s u i t a b l e  f o r  m e c h a n i c a l  p r o p e r t y  

m e a s u r e m e n t s  w i l l  go i n t o  t h e  vTHJ'i p i l e  v i a  t h e  A r g o n n e  c h a n n e l  e x p e r i m e n t ,  
a c c o r d i n g  t o  t h e  latest r e v i s e d  Hanfosd  s c h e d u l e ,  on J u n e  2 9 ,  1950. 

AUXILIARY MATERIALS 

0 ,  S i s m a n ,  R e a c t o r  T e c h n o l o g y  D i v i s i o n  

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

s t r u c t i o n  work w h i c h  h a s  b e e n  g o i n g  on i n  t h e  p i l e  b u i l d i n g ,  I t  i s  e x p e c t e d ,  
h o w e v e r ,  t h a t  m o s t  o f  t h e  n o r m a l  p i l e  i r r a d i a t i o n s  w i l l  be c o m p l e t e d  i n  t h e  
n e x t  t h r e e  mon ths ,  Work i s  a l s o  p l a n n e d  t o  d e t e r m i n e  t h e  e f f e c t  on  r a d i a t i o n  
s t a b i l i t y  d u e  t o  i r r a d i a t i o n  r a t e ,  o x y g e n  and  a n t i o x y g e n s ,  and  t o  d e t e r m i n e  
t h e  damage d u e  t o  t h e r m a l  n e u t r o n s ,  f a s t  n e u t r o n s  and  gamma r a d i a t i o n .  D e s i g n  
o f  a n  a p p a r a t u s  f o r  s u b j e c t i n g  s p e c i m e n s  t o  a l o 5  r / h r  gamma s o u r c e  i s  n e a r l y  

c o m p l e t e  + 

Metal Hydrideso The s a m p l e s  s f  t i t a n i u m ,  z i r c o n i u m ,  and l i t h i u m  h y d r i d e s ,  

o n  w h i c h  d a t a  w e r e  p r e s e n t e d  i n  t h e  B a s t  q u a r t e r l y  r e p o r t ,  have  b e e n  removed 
f rom t h e  p i l e  and a r e  b e i n g  h e l d  i n  s t o r a g e  until t h e y  have  d e c a y e d  s u f f i c i e n t l y  
t o  p e r m i t  a c h e m i c a l  a n a l y s i s  on t h e  m a t e r i a l s  a n d  t h e  c o n t a i n e r s ,  I t  i s  
h o p e d  t h a t  a b e t t e r  i n t e r p r e t a t i o n  o f  t h e  d a t a  w i l l  b e  p o s s i b l e  a f t e r  t h e  
c h e m i c a l  a n a l y s i s ,  

P r e p a r a t i o n s  a r e  b e i n g  made f o r  f u r t h e r  s t u d i e s  o n  t i t a n i u m  h y d r i d e ,  

l i t h i u m  h y d r i d e  and  u r a n i u m  h y d r i d e .  The a p p a r a t u s  f o r  d e t e r m i n i n g  t h e  d i s -  
s o c i a t i o n  p r e s s u r e s  o f  t h e s e  m a t e r i a l s  u n d e r  p i l e  r a d i a t i o n  u p  t o  t e m p e r a t u r e s  
of about 500°C w i l l  be  i n s t a l l e d  i n  the p i l e  d u r i n g  t h e  coming p e r i o d ,  

Liquid Metals In-Pile Experimento To f u l l y  e v a l u a t e  t h e  f e a s i b i l i t y  o f  

u s i n g  l i q u i d  metals  a s  a p r i m a r y  r e a c t o r  c o o l a n t  i t  i s  d e s i r a b l e  t o  s t u d y  t h e s e  
m a t e r i a l s  i n  a f l o w i n g  system u n d e r  r a d i a t i o n  Work was s t a r t e d  i n  A p r i l  o n  
t h e  d e s i g n o f a  l o o p  ( F i g  3 0 )  i n  w h i c h  l i q u i d  m e t a l s  may be  c i r c u l a t e d  t h r o u g h  
t h e  X 10 r e a c t o r  a t  h i g h  t e m p e r a t u r e s *  The  p r i m a r y  d a t a  t o  b e  g a i n e d  f r o m  

s u c h  a n  e x p e r i m e n t  w i l l  be (1) t o  d e t e r m i n e  t h e  a c t i v i t y  p i c k u p  o f  t h e  l i q u i d  
m e t a l  f r o m  t h e  p i p e  t h r o u g h  w h i c h  i t  i s  c i r c u l a t e d ,  ( 2 )  t o  d e t e r m i n e  t h e  
r a d i a t i o n  e f f e c t  on c o r r o s i o n  ( a n d  e r o s i o n )  r a t e ,  and ( 3 )  t o  d e v e l o p  t e c h n i q u e s  
f o r  h a n d l i n g  l i q u i d  m e t a l s  u n d e r  r a d i a t i o n  a t  h i g h  t e m p e r a t u r e s .  

9 9  
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The  f i r s t  e x p e r i m e n t  w i l l  u s e  316 s t a i n l e s s  s t e e l  a s  t h e  c o n t a i n e r  and  
t h e  l i q u i d  m e t a l  w i l l  be  l i t h i u m ,  b u t  t h e  e q u i p m e n t  w i l l  be  d e s i g n e d  s o  t h a t  
t h e  l o o p  c o n t a i n i n g  t h e  P i q u i d  m e t a l  may be r e a d i l y  i n t e r c h a n g e d  and  any  com- 
b i n a t i o n  o f  c o n t a i n e r  and l i q u i d  m e t a l  may be u s e d .  It  would b e m o s t  d e s i r a b l e  
t o  u s e  L i ' ,  i n s t e a d  o f  n a t u r a l  l i t h i u m ,  and  a r e q u e s t  h a s  b e e n  p l a c e d  w i t h  
Y-12  f o r  a n e s t i m a t e  of t h e  t i m e  r e q u i r e d  and t h e  c o s t  t o  p r o d u c e  two pounds  of 
L i 7  b y  e l e c t r o m a g n e t i c  s e p a r a t i o n ,  I t  i s  t h o u g h t  t h a t  a p u r i t y  o f  99,576 L i 7  
w i l l  b e s u f f i c i e n t  f o r  t h i s  e x p e r i m e n t  a l t h o u g h  99 9 3 % i s  t h e  e s t i m a t e d  r e q u i r e -  

ment f o r  t h e  f i n a l  r e a c t o r ,  I n  the e v e n t  t h a t  L i '  i s  n o t  a v a i l a b l e ,  a h i g h l y  
p u r i f i e d  n a t u r a l  l i t h i u m  w i l l  be u s e d  ( t h e  sod ium,  i n  p a r t i c u l a r ,  mus t  be  r e -  
moved) 

D e s i g n  o f  aPB i n t e r n a l  p o r t i o n s  ( p a r t s  t h a t  w i l l  f i t i n t o  t h e  p i l e  p r o p e r )  
h a s  been  c o m p l e t e d  and  t u r n e d  ove r  t o  t h e  s h o p  f o r  f a b r i c a t i o n ,  T h i s  p o r t i o n  

. of  t h e  a p p a r a t u s  c o n s i s t s  o f  an e l e c t r i e a l P y  h e a t e d  Poop o f  5/16 i n ,  OD t u b i n g  
a p p r o x - i m a t e l y  20 f e e t  l o n g  t o  c o n t a i n  t h e  l i t h i u m , ,  A 2 i n .  e v a c u a t e d  t u b e  

j a c k e t s  t h e  l o o p  and c o n t a i n s  f o i l  r a d i a t i o n  s h i e l d s n  The j a c k e t  a l s o  s e r v e s  
a s  a vacuum chamber  w h i c h  w i l l  i n s u l a t e  a g a i n s t  h e a t  l o s s  by c o n v e c t i o n  and  
a t  t h e  same t ime a i d  i n  d e t e c t i n g  l i t h i u m  l e a k s  s i n c e  t h e  l i t h i u m  v a p o r  w i l l  
c a u s e  a d e c i d e d  p r e s s u r e  r i s e  i n  tAe vacuum s y s t e m  I n s u l a t i o n  w i l l  be  packed  
a r o u n d  t h e  j a c k e t  and  w i l l  be r e t a i n e d  by an  aluminum c a n  o f  3 - 3 / 4  i n .  X 3 - 3 / 4  i n ,  

o u t s i d e  d i m e n s i o n s  

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

c a n  is  250°C i n  t h e  p i l e  and 75°C i n  t h e  c o n c r e t e  o f  t h e  p i l e  s h i e l d  and s i n c e  

i t  is  d e s i r e d  t o  m a i n t a i n  t h e  l i t h i u m  u l t i m a t e l y  a t  1100O"C, t h e  i n t e r n a l  p a r t s  

and  vacuum s y s t e m  w i l l  b e  a s s e m b l e d  f i r s t  and  h e a t  t r a n s f e r  d a t a  o b t a i n e d  t o  
d e t e r m i n e  w h e t h e r  a c o o l i n g  coil is needed  i n  t h e  i n s u l a t i o n .  

The e x t e r n a l  p o r t i o n  o f  t h e  system will c o n s i s t  o f  a n  e l e c t r i c a l l y  h e a t e d  
r e s e r v o i r  over wh ich  a n  i n e r t  a t m o s p h e r e  w i l l  be  m a i n t a i n e d ,  a n e l e c t r o m a g n e t i c  
pump, a n  e l e c t r o m a g n e t i c  f l o w  m e t e r ,  and  a c t i v i t y  d e t e c t i n g  e q u i p m e n t .  An 
a - c  e l e c t r o m a g n e t i c  pump i s  o n  orden: from G e n e r a l  E l e c t r i c ,  and  d e l i v e r y  i s  

e x p e c t e d  i n  J u n e  The f l o w  meter h a s  n o t  y e t  b e e n  d e s i g n e d ,  

C a l c u l a t i o n s  a r e  b e i n g  made on  t h e  a c t i v i t y  t o  b e  e x p e c t e d  i n  t h e  l o o p  

b a s e d  on  t h e  p e s s i m i s t i c  a s s u m p t i o n  t h a t  h a l f  o f  t h e  316 t u b i n g  w i l l  b e  r e -  
moved t o  t h e  l i t h i u m  From t h e  r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  d e c i s i o n s  w i l l  
b e  made a b o u t  t h e  t y p e  o f  a c t i v i t y  c o u n t i n g  e q u i p m e n t  r e q u i r e d  and t h e  n e c e s -  
s a r y  s h i e l d i n g  f o r  t h e  p o r t i o n s  o f  t h e  s y s t e m  w h i c h  w i l l  b e  o u t s i d e  of t h e  

p i l e ,  
1 0 1  
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NUCLEAR MEASUREMENTS 

A. H. S n e l P ,  P h y s i c s  D i v i s i o n  

I t  seems  q u i t e  l i k e l y  t h a t  t h e  e v e n t u a l  a i r c r a f t  r e a c t o r  a s  w e l l  a s  t h e  
ARE w i l l  be o f  t h e  i n t e r m e d i a t e  t y p e ,  T h i s  w i l l  c r e a t e  a demand f o r  g r e a t l y  
improved  i n t e r m e d i a t e  c r o s s - s e c t i o n  d a t a  f o r  s e v e r a l  e l e m e n t s ,  B o t h  e x p e r i -  
m e n t a l  and t h e o r e t i c a l  e f f o r t s  are underway t o  a c c u m u l a t e  t h i s  i n f o r m a t i o n .  

H I G H  VOLTAGE PROGRAM 

A H i g h  V o l t a g e  L a b o r a t o r y  b u i l d i n g  h a s  b e e n  c o n c e p t u a l l y  d e s i g n e d .  I t  
w i l l  h o u s e  t h e  5 M e v  NEPA Van d e  G a a f f  m a c h i n e  a l o n g  w i t h  t h e  p r e s e n t  2 Mev 
m a c h i n e  and  t h e  C o c k c r o f t - W a l t o n  s e t  IS i s  hoped  t h a t  d e t a i l e d  d e s i g n  and  
c o n s t r u c t i o n  c a n  be  r u s h e d  s o  t h a t  t h e  5 M e w  mach ine  w i l l  n o t  w a i t  i n  i d l e n e s s  
f o r  more  t h a n  a f e w  m o n t h s ,  Two men h a v e  b e e n  o b t a i n e d  f o r  c r o s s - s e c t i o n  
m e a s u r e m e n t s .  T h e y  a r e  e x p e r i e n c e d  a n d  i n t e r e s t e d  i n  s p e c t r o m e t r y  o f  t h i s  

n a t u r e ,  

MECHANICAL VELOCITY SELECTOR 

AEC a p p r o v a l  of  t h e  c h a n g e  r e c o m m e n d a t i o n  c o v e r i n g  c o n s t r u c t i o n  of t h e  
m e c h a n i c a l  v e l o c i t y  s e l e c t o r  i s  e x p e c t e d  m o m e n t a r i l y ,  A f t e r  c o n s i d e r a b l e  
s t u d y ,  a t o o l  s t e e l  r o t o s  a b o u t  1 2  i n c h e s  i n  d i a m e t e r  h a s  b e e n  d e c i d e d  upon 
T h i s  w i l l  c o n t a i n  h y d r o g e n o u s  s c a t t e r i n g  m a t e r i a l  w i t h  s l i t s ,  and w i l l  r o t a t e  
a t  a b o u t  1 0 , 0 0 0  rpm, An 80-ehanne8 r e c o r d i n g  s y s t e m  i s  e n v i s a g e d  A s e c o n d  
man w i l l  j o i n  t h e  p r o j e c t  t h i s  month 

J 
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PUBLICATIONS 

(List of Externa l  Reports I s s u e d  During t h e  Last Quarter) 

ORNL 535 Determination of the Fast F l u x  in Hole 5 9  
0. Sisman and C. D, Bopp 

ORNL 649 Uranium Hydride, A Survey 
A. S, K i t z e s  

ORNL 665 The Approach t o  Critical W i t h  the Bare Intermediate Reactor 
N.  M. Smith 

ORNL 668 A Diffusion Soluteon for the Cylindrical Ducting Problem of 
Infinite Geometry 
D. Whitcombe 

ORNL 684 The Atomic-Powered Aircraft, January 1950 
C. B. E l l i s  

ORNL 710 Theoretical and Practical Aspect of Shielding 
A.  S. K i t z e s  and T. Rockwell 
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