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SUMMARY 

Shielding, Measuremen t s  in t h e  l i d  Cank on l e a d  and  w a t e r  c o m b i n a t i o n s  
The optimum d i s t r i b u t i o n  o f  l e a d  h a s  c e r t a i n l y  not y e t  b e e n  

a c h i e v e d .  N e u t r o n  q e a s u r e m e n t s  show t h a t  l e a d  i s  s l i g h t l y  b e t t e r  t h a n  w a t e r  
for a n e u t r o n  s h i e l d , o n  a volume b a s i s ,  Boron h a s  now been  added t o  ,he w a t e r  
w i t h  a c o n s e q u e n t  r e d u c t i o n  i n  c a l c u l a t e d  s h i e l d  w e i g h t s .  For o n e  o f  t h e  
m e a s u r e d  l e a d - w a t e r  s h i e l d s ,  t h e  b o r o n  e x p e g i m e n t s  show t h a t  t h e  number of  
c a p t u r e  gammas had b e e n  s i x  times ' as  g r e a t  a s  t h e  number of gammas f r o m  al l  

* a r e  c o n t i n u i n g ,  

o t h e r  s o u r c e s .  One a r r a n g e m e n t  of l e a d  and bo,ratt$d w a t g r  a p p e a r e d  a t  t h e  end 
of  the q u a r t e r  t o  y i e l d  a s h i e l d  t o  s u r r o u n d  a f o u r - f o o t  s p h e r i c a l  r e a c t o r  
which weighs o n l y  54 t o n s ,  i f t h e  r e a c t o r - c r e w  s e p a r a t i o n  i s  t a k e n  a s  100 f e e t ,  
Further measurements  t o  check t h i s  c a l c u l a t e d  w e i g h t  are  s t i l l  i n  progresse 

A f a s t  n e u t r o n  d o s i m e t e r  h a s  been  i n s t a l l e d i p t h e  l i d  t a n k ,  Its measure -  
m e n t s  r e p r e s e n t  a n  improvemen t  o v e r  t h e  p r , e v i o u s  s y s t e m  o f  c a l c u l a t i n g  f a s t  
f l u x  from t h e  measured t h e r m a l  f l u x .  

I n  one P b - 4 0 - B  a r r a n g e m e n t ,  an i r o n  s l a b  was p l a c e d  on t h e  i n s i d e  of t h e  
s h i e l d .  The  i r o n  p r o v e d  t o  be  a s  e f f i c i e n t  f o r  a t t e n u a t i n g  n e u t r o n s  a n d  
gammas i n  t h i s  p o s i t i o n  as t h e  l e a d - w a t e r  i t  r e p l a c e d .  

A new method i s  b e i n g  d e v e l o p e d  f o r  m e a s u r i n g  f a s t  n e u t r o n s  i n  t h e  l i d  
t a n k  which u s e d  s u l p h u r  as  a d e t e c t o r .  

A l i q s l i d  m e t a l  d u c t  t e s t  i s  b e i n g  s e t  up i n  t h e  t h e r m a l  c o l u m n  i n  t h e  
ORNL r e a c t o r .  

The new Bulk S h i e l d  Test F a c i l i t y  i s  e x p e c t e d  t o  be c o m p l e t e d  b y  t h e  e n d  
of  O c t o b e r ,  

Critical Experiment& The Oak R i d g e  A r e a  Critieal Mass L a b o r a t o r y  was 
E x p e r i m e n t a l  e q u i p m e n t  t u r n e d  over t o  t h e  o p e r a t i n g  s t a f f  on August  2 1 ,  1950. 

i s  b e i n g  i n s t a l l e d ,  

Experimental engineering" S t a i n l e s s  s t e e l  h a r p s  h a v e  now b e e n  o p e r a t e d  
b o t h  u n d e r  t h e r m a l  c o n v e c t i o n  and w i t h  a n  e l e c t r o m a g n e t i c  pump using Na and 
NaK. The t es t s  have  r e a c h e d  1700'F w i t h  NaK. 

a 



*Reat Transferc, E x p e r i m e n t a l  e q u i p m e n t  for m e a s u r i n g  m o l t e n  n e t a l l  h e a t  
t r a n s f e r  c o e f f i c i e n t s  was e s s e n t i a l l y  c o m p l e t e d  d u r i n g  t h i s  p e r i o d .  T h e  
e x p e r i m e n t a l  p r o g r a m  w i l l  b e  s t a r t e d  i n  t h e  n e a r  f u t u r e .  E q u i p m e n t  f o r  
m e a s u r i n g  t h e  h e a t  t r a n s f e r  t o  b o i l i n g  l i q u i d s  i s  b e i n g  d e s i g n e d .  P r e l i m i n a r y  
d e s i g n  of a s y s t e m  f o r  o b t a i n i n g  h i g h  c o e f f i c i e n t s  of h e a t  t r a n s f e r  t o  m o l t e n  
s o d i u m  h a s  b e e n  s t a r t e d .  E q u i p m e n t  f o r  t h e  d e t e r m i n a t i o n  of t h e  t h e r m a l  
c o n d u c t i v i t y  of metals a t  t e m p e r a t u r e s  up  t o  1800°F is  b e i n g  c o n s t r u c , e d .  

Metallurgy and Materialsc E x p e r i m e n t a l  e v i d e n c e  t o  d a t e  i n d i c a t e s  t h a t  
the f e r r i t i c  s t a i n l e s s  s t e e l s  a r e  more r e s i s t a n t  t o  l i t h i u m  a t  1000°C than a r e  
t h e  a u s t e n i t i c  a l l o y s  f o r  s h o r t  e x p o s u r e s ,  B e n e f i c i a l  r e s u l t s  o f  a d d i n g  
g r a p h i t e  t o  t h e  m o l t e n  m e t a l  were n o t e d  f o r  t h e  310 and 316 s t a i n l e s s  s t e e l s ,  
Longer  t e s t s  s u p p o r t  e a r l i e r  e v i d e n c e  t h a t  i r o n R  z i r c o n i u m  and columbium show 
good  r e s i s t a n c e  t o  l i t h i u m  a t  1000uCu O n l y  m o d e r a t e l y  good  r e s i s t a n c e  t o  
l e a d  a t 1 0 0 0 " C  was n o t e d  i n  t u n g s t e n , ,  z i r c o n i u m ,  i r o n  and c a n t a l u m ;  molybdenum, 
columbium and b e r y l l i u m  were f a i r ;  t i t a n i u m  and  n i c k e l  p o o r ,  V i s u a l  i n s p e c -  
t i o n  o f  s a m p l e s  i n d i c a t e s  t h a t  mos t  m a t e r i a l s ,  e s p e c i a l l y  t h e  a u s t e n i t i c  
s t a i n l e s s  s t e e l s ,  a r e  more r e s i s t a n t  t o  s o d i u m  a t  1000°C t h a n  t o  l i t h i u m .  
N i c k e l  i s  found  t o  be q u i t e  r e s i s t a n t  t o  sod ium a t  1800OF. V a r i o u s  m e t a l s  and 
r e f r a c t o r i e s  h a v e  b e e n  t e s t e d  a t  1800°F i n  NaOH. N o t h i n g  e x c e p t  n i c k e l  h a s  
y e t  been found  which h a s  n o t  been  d r a s t i c a l l y  a t t a c k e d .  

Radiation Damaged P l a n s  are b e i n g  made t o  i r r a d i a t e  c o p p e r  a n d  316 
s t a i n l e s s  s t e e l  i n  t h e  20 Mev p r o t o n  beam o f  t h e  Y - 1 2  c y c l o t r o n .  The i n - p i l e  
c r e e p  a p p a r a t u s  h a s  been  t e s t e d  and p l a c e d  i n  o p e r a t i o n  i n  t h e  OWL r e a c t o r .  

a 

Nuclear Measurements" T h e  p o s s i b i l i t y  of e x t e n d i n g  e a r l i e r  t h e r m a l  
xenon c r o s s - s e c t i o n  v s .  e n e r g y  measurements  t o h i g h e r  n e u t r o n  e n e r g i e s  is being 

c o n s i d e r e d .  Two p o s s i b l e  methods are b e i n g  s t u d i e d ,  t h e  epi-cadmium d e a c t i v a -  
t i o n  a t  h i g h  f l u x  and d a n g e r  c o e f f i c i e n t s  i n  i n t e r m e d i a t e  c r i t i c a l  a s s e m b l i e s ,  
I n t e r m e d i a t e  c r o s s - s e c t i o n  measurements  on molybdenum a r e  underway a t  Co lumbia  

eUniver s i ty 

I Reactor P h y s i c s o  T h i r t e e n - g r o u p  c a l c u l a t i o n s ,  p a t t e r n e d  o n  the GE 
The c a l c u l a t i o n  s y s t e m  r o u t i n e ) a r e  i n  p r o g r e s s  for t h e  p r o p o s e d  ARE r e a c t o r ,  

i s  now b e i n g  a d a p t e d  t o  the IBM comput ing  m a c h i n e s ,  

ARE Design" A p r e l i m i n a r y  r e p o r t ,  Y-FS-15 ,wi th  S u p p l e m e n t s  I t o  VIII,  
h a s  been c o m p l e t e d  d e s c r i b i n g  t h e  g e n e r a l  f e a t u r e s  o f  t h e  p r o p o s e d  ARE reae to?*  

i;: 
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J o i n t  ORNL-NEPA g r o u p s  h a v e  b e e n  e s t a b l i s h e d  c o  d e v e l o p  t h e  details of  the 

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

house  t h e  r e a c t o r  h a s  been  drawn u p  and a s i t e  s e l e c t e d .  

Circulat ing  Fuel Reactorso The  H B  K B  F e r g u s o n  Company h a s  p r e p a r e d  a 

p r e l i m i n a r y  r e p o r t  on a n  i n t e g r a t e d  d e s i g n  for  a B-52 a i r c r a f t  powered  by  a 

homogeneous r e a c t o r  which  u s e s  a u ran ium s u s p e n s i o n  i n  NaOH- Reseqrcl a t  Y-12 
i s  i n  p r o g r e s s  on p o s s i b l e  s o l u t i o n s  and s u s p e n s i o n s  of u r a n i u m  compounds i n  
NaOMc 

Circalatang Moderator Reacforsr, The He K +  F e r g u s o n  Company has p r e p a r e d  
a p r e l i m i n a r y  s t u d y o f a  f i x e d - f u e l  @ i r c u P a & i n g - m o d e r a t o p  d e s i g n  a s a n  a l t e r n a t e  
ARE + 

Li' separation R e s e a r c h  continues on t h e  i o n - e x c h a n g e ,  t h e  m o l e c u l a r  
d i s t i l l a t i o n  and t h e  P iqu id -exchange  co lumn methods  of l i t h i u m  isotope s e p a -  

Enr i chmen t  u p  t o  94% L i s  h a s  b e e n  a c h i e v e d  i n  a s y s t e m  using l i t h i u m  
amalgam and aqueous  l i t h i u m  h y d r o x i d e  f l o w i n g  c o u n t e r c u r r e n t l y o  

' r a t i o n .  
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INTRODUCTION 

D u r i n g  t h e  p a s t  q u a r t e r  t h e  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  (ANPI p r o j e c t  a t  
t h e  Oak R idge  N a t i o n a l  L a b o r a t o r y  h a s  c o n t i n u e d t o e x p a n d .  The work h a s  f a l l e n  
i n t o  t h r e e  ma in  c a t e g o r i e s :  ( a )  s p o n s o r s h i p  o f  t h e  ANP T e c h n i c a l  A d v i s o r y  
B o a r d ,  and  c o o p e r a t i o n  i n  i t s  s t u d i e s  t o  d e l i n e a t e  t h e  most  f e a s i b l e  t y p e s  o f  
s u p e r s o n i c  a i r c r a f t  n u c l e a r  power p l a n t s ,  ( b )  r e s e a r c h  a imed a t  s o l v i n g  t h e  
p rob lems  i n v o l v e d  i n  t h e  l i q u i d - m e t a l - c o o l e d  t y p e  of  r e a c t o r  w i t h  t h e  aim o f  
c o n s t r u c t i n g  a 1000 kw p r o t o t y p e  i n  Oak R i d g e  ( t h e  A R E ) ,  and ( c )  e x p l o r a t o r y  
r e s e a r c h  on problems of  o t h e r  r e a c t o r  c y c l e s  which migh t  be employed i n  f u t u r e  
mode Is 

The T e c h n i c a l  Advisory  Boardo D u r i n g  J u n e  and J u l y , ,  1950 ,  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 ,  c o o p e r a t i n g w i t h N E P A ,  b r o u g h t  t o O a k  R idge  a d i s t i n g u i s h e d  
g r o u p  of  c o n s u l t a n t s  t o  form t h e  T e c h n i c a l  A d v i s o r y  Board (TAB) t o  t h e  n u c l e a r  
a i r c r a f t  program. The TAB e x p l o r e d  a n a l y t i c a l l y  a g r e a t  many p o s s i b l e  r e a c t o r  
a n d  power p l a n t  a r r a n g e m e n t s  f o r  s u p e r s o n i c  n u c l e a r  a i r c r a f t ,  I t s  members 
i n c l u d e d  s p e c i a l i s t s  i n  m e t a l l u r g y ,  r e a c t o r  t h e o r y ,  s h i e l d i n g  t h e o r y ,  r e a c t o r  
e n g i n e e r i n g ,  h e a t  t r a n s f e r  ii r a d i a t i o n  damage t u r b o j e t  d e s i g n ,  and  a i r c r a f t  
d e s i g n ,  A l l  o f  t h e s e  f i e l d s  of e f f o r t  were i n v o l v e d  j o i n t l y  i n  t h e  c o n s i d e r a -  
t i o n s  of t h e  TAB and i n  i t s  e v a l u a t i o n  of t h e  r e l a t i v e  m e r i t s  of  t h e  v a r i o u s  
p o s s i b i l i t i e s  f o r  a s u p e r s o n i c  c r a f t ,  A 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 f f o r t  
o f  t h e  L a b o r a t o r y  d u r i n g  t h e  p a s t  q u a r t e r  was d e v o t e d  t o  c o n s u l t i n g  w i t h  a n d  
a s s i s t i n g  t h e  members o f  t h e  TAB i n  t h e i r  w o r k .  A t  t h e  c l o s e  of i t s  s e s s i o n 9  
t h e  TAB p r e p a r e d  a f i n a l  summary r e p o r &  which is nsw in p r e s s  and w i l l  s h o r t l y  
r e c e i v e  a wide  d i s t r i b u t i o n ,  The f o l l o w i n g  secf t ion is a r e p r i n t  of p a r t s  o f  
t h e  c h a p t e r  e n t i t l e d  " C o n c l u s i o n s  and  Recommendat ions"  f rom t h e  f i n a l  r e p o r t  
o f  t h e  TAB: 

"The TAB, i n  c o u r s e  o f  i t s  s e s s i o n ,  h a s  worked up s t e a d i l y  t o  t h e  con-  

c l u s i o n  t h a t  t h e r e  i s  a good  c h a n c e  f o r  r e a l i z a t i o n  Q f  a s u b s o n i c  n u c l e a r  
p l a n e  i n  t h e  n e a r  f u t u r e ,  S u c h  a p l a n e  i s  q u i t e  l i k e l y  t o  a t t a i n  a s p e e d  and  
a l t i t u d e  comparab le  t o  t h o s e  of t h e  most advanced  d e s i g n s  f o r  l a r g e  a i r p l a n e s .  

" O b t a i n i n g  s u p e r s o n i c  p e r f o r m a n c e  l a t e r  may b e  e x p e c t e d  a s  t h e  r e s u l t  
I t  d e p e n d s  on t h e  s o l u t i o n  o f  c r u c i a l  p r o b l e m s  w i t h  of f u r t h e r  d e v e l o p m e n t ,  
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r e s p e c t  t o  m a t e r i a l s ,  f a b r i c a t i o n ,  and a i r p l a n e  and e n g i n e  d e v e l o p m e n t s ,  The 
time s c a l e  f o r  s o l u t i o n  of t h e s e  p rob lems  c a n n o t  now be p r e d i c t e d .  

"The TAB i s  o f  t h e  o p i n i o n  t h a t  a r e a l i s t i c  p rogram d i r e c t e d  i m m e d i a t e l y  
t o w a r d s  a t a n g i b l e  g o a l  w i l l  g r e a t l y  e n h a n c e  t h e c h a n c e  o f o b t a i n i n g  an u l t i m a t e  
h i g h  p e r f o r m a n c e  p l a n e .  An a t t e m p t  t o  d e v e l o p  t h e  u l t i m a t e  p l a n e  w i t h o u t  
i n t e r m e d i a t e  s t a g e s  i s  a p r o p o s i t i o n  t h a t  would seem l i k e l y  t o  l e a d  o n l y  t o  
c o n f u s i o n  and d e l a y s .  

"These c o n c l u s i o n s  a r e  b a s e d  on t h e  o p i n i o n  t h a t  a s o d i u m - c o o l e d  r e a c t o r  
w i t h  maximum w a l l  t e m p e r a t u r e s  i n  t h e  n e i g h b o r h o o d  o f  1 5 0 0 ° F  a n d  l i n e a r  
d i m e n s i o n s  of t h e  o r d e r  o f  3.5 f e e t  c a n  p r o b a b l y  be b u i l t  t o  g i v e  a power o u t -  
p u t  of  s e v e r a l  hundred megawa t t s ,  With s u c h  a r e a c t o r  a n d a  f a i r l y  c o n v e n t i o n a l  
p r o p u l s i o n  s y s t e m  t h e  a t t a i n i n g  of  Mach 0 . 8  a t  35 ,000  f e e t  w i t h  a B-52 may b e  
s e t  as .  ah e a r l y  o b j e c t i v e .  

"The TAB i s  f u r t h e r m o r e  of  t h e  o p i n i o n  t h a t  a homogeneous r e a c t o r  would 
h a v e  o u t s t a n d i n g  a d v a n t a g e s ,  A m a j o r  e f f o r t  t o  d e t e r m i n e  i t s  f e a s i b i l i t y  
s h o u l d  be made. e * .  ., e e a .  e e 

"As a means o f  c o n c e n t r a t i n g  e f f o r t  on t h e  more p r o m i s i n g  a l t e r n a t i v e s ,  
a program based  on t h e  f o l l o w i n g  recommendat ions s h o u l d  be a d o p t e d .  

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

( a )  F o r  t h e  p r e s e n t ,  b a s e  t h e  d e s i g n  s t u d i e s  on a c o n -  
s e r v a t i v e  e x t r a p o l a t i o n  o f  p r e s e n t - d a y  knowledge  of  
m a t e r i a l s  and p a r t s ,  

( b )  Make i n t e g r a t e d  d e s i g n  s t u d i e s  f o r  a i r p l a n e s  a n d  
e n g i n e s  i n  c o n j u n c t i o n  w i t h  t h i s  r e a c t o r ,  b o t h  f o r  
P h a s e  I a n d ,  t o t h e  e x t e n t  i n d i c a t e d  i n  Recommendation 
2 ,  f o r  P h a s e  1 1 . "  

( c )  C o n t i n u e  v i g o r o u s l y  s u c h  r e s e a r c h  on  m a t e r i a l s  f o r  
t h e  l i q u i d  m e t a l  r e a c t o r  a s  w i l l  l e a d  t o  e v e n t u a l  
o p e r a t i o n  a t  h i g h e r  t e m p e r a t u r e s ,  p o s s i b l y  as  h i g h  as 
1800"F ,  b u t  d o  n o t ,  f o r  t h e  p r e s e n t ,  make e i t h e r  t h e  
r e a c t o r  o r  t h e  i n t e g r a t e d  d e s i g n  c o n t i n g e n t  upon t h e  
s u c c e s s  o f  t h i s  r e s e a r c h ,  

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

* phase I and Phase  11 r e f e r  t o  t h e  subsonic and supersonic nuclear  a i r c r a f t ,  
r e s p e c t i v e l y .  : 
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B. 

C. 

D e  

Make a s t r o n g  and s u s t a i n e d  e f f o r t  ~ Q S O P Q ~  t h e  s p e c i f i c  p rob lems  
o f  t h e  u s e  of  NaOH; t h a t  is, i t s  c o r r o s i v e  p r o p e r t i e s  and  i t s  
a b i l i t y  t o  c a r r y  f u e l  e i t h e r  i n  s o l u t i o n  or a s  a d i s p e r s i o n ;  
a l s o ,  t o  t h e  e x t e n t  p o s s i b l e ,  i t s  s t a b r " 1 i t y  a g a i n s t  r a d i a t i o n  
damage. The p r e s e n t  d e s i g n  s t u d i e s  on t h e  c i r c u l a t i q g  m o d e r a t o r  
reactor s h o u l d  be c o n t i n u e d  a n d ,  i f  t h e  r e s u l t s  of  m a t e r i a l s  
r e s e a r c h  a r e  e n c o u r a g i n g ,  s h o u l d  be a c c e l e r a t e d ,  If f u e l  cqrry-  
i n g  a l s o  seems p r o m i s i n g ,  ma jo r  e f f o r t  s h o u l d  be d i r e c t e d  to t h e  
homogeneous r e a c t o r  - 
R e t a i n  a s m a l l  g r o u p  t o  s e u d y  o g h e r  r e a c t o r  t y p e s P  not s p e c  Gi- 
c a l l y  r e f e r r e d  t o  i n  A o r  B, b u t  p u t  n o  m a j o r  e f f o r t  on t h e s e  
u n l e s s  f a c t s  a r e  d i s c o v e r e d  wh ich  a l t e r  t h e  s i t u a t i o n  m a t e r i a l l y .  
C o n t i n u e  some r e s e a r c h  on t h e  c r u c i a l  m a t e r i a l s  p rob lems  for t h e  
a i r  c y c l e  i n  t h e  hope o f  a p p r o a c h i n g  a c o n c l u s i o n ,  

Avoid a n y  e x p e n s i v e  commitments f o r  t h e  s e p a r a t i o n  o'f l i t h i u m - ? ,  
C o n t i n u e  d e v e l o p m e n t a l  work on t h e  m o l e c u l a r  d i s t i l l a t i o n  a n d  
c h e m i c a l  e x c h a n g e  methods a t  t h e  p r e s e n t  modest  l e v e l ,  a t  l e a s t ,  
u n t i l  t h e  h i g h - t e m p e r a t u r e  c o r r o s i o n  s i t u a t i o n  i s  c l a r i f i e d .  
D r o p  r e s e a r c h  o n  t h e  r e l a t i v e l y  u n p r o m i s i n g  e l e c t r o m a g n e t i c  
method, ''t 

Research f o r  the Aircraft  Reactor Experimente A s ' h a s  b e e n  d i s p l a y e d  i n  
previous q u a r t e r l y  r e p 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  r e s e a r c h  
underway i n  t h e  f o l l o w i n g  f i e l d s  wh ich  t o u c h  upon p rob lems  of  t h 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 :  

S h i e l d i n g : ,  
R a d i a t i o n  Damage, 
Hea t  T r a n s f e r 9  
C r i t i c a l  E x p e r i m e n t a t i o n ,  
E x p e r i m e n t a l  E n g i n e e r i n g ,  
M e t a l l u r g y ,  and 
G e n e r a l  R e a c t o r  D e s i g n .  

D u r i n g  t h e  p a s t  q u a r t e r  t h e  work on a 1 1  of t h e s e  g r o u p s  h a s  been  more c l o s e l y  
p o i n t e d  t o w a r d  s o l u t i o n  o f  p r o b l e m s  f o r  t h e  1808  kw l i q u i d - m e t a l - c o o l e d  
p r o t o t y p e  r e a c t o r  ( A R E )  p r o p o s e d  f o r  O a k  R i d g e .  T h e  s h i e l d i n g  g r o u p  h a s  
c o n t i n u e d  i t s  t e s t s  i n  t h e  l i d  t a n k  and  on e o r n b i n a e i o n s  of i r o n , ,  l e a d ,  and  
w a t e r o  and h a s  e x t e n d e d  them t o  i n c l u d e  b o r a t e d  w a t e r ,  T h e  r a d i a t i o n  damage 
g r o u p  h a s  c o n t i n u e d  w0r.k t o w a r d s  p l a c i n g  a c r e e p  t e s t  i n  t h e  ORNL r e a c t o r ,  a s  

w e l l  a s  work on t h e  c o r r o s i s n  of  l i q u i d  m e t a l  c o n t a i n e r s  u n d e r  r a d i a t i o n ,  The 

c r i t i c a l  e x p e r i m e n t  g r o u p  is p r e p a r i n g  t o  t e s t  c o n f i g u r a t i o n s  a p p r o p r i a t e  t o  
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t h e  ARE. The e x p e r i m e n t a l  e n g i n e e r i n g  g r o u p  i s  b e g i n n i n g  t o  c i r c u l a t e  P i q u i d  
m e t a l s  a t  h i g h  t e m p e r a t u r e  i n  v a r i o u s  l a b o r a t o r y - s c a l e  l o o p s ,  T h e  h e a t  
t r a n s f e r  g r o u p  i s  d e v e l o p i n g  t h e  t h e o r y  of  t r a n s f e r  t o  l i q u i d  m e t a l s  i n  p a s -  
s a g e s  whose s h a p e s  a r e  a p p r o p r i a t e  t o  ARE d e s i g n ,  The  m e t a l l u r g y  g r o u p  i s  
c o n t i n u i n g  c o r r o s i o n  t e s t s  o f  p r o b a b l e  c o n t a i n e r  m a t e r i a l s  i n  l i q u i d  m e t a l s  
o f  i n t e r e s t  f o r  ARE. Meanwhile ,  t h e  ANP g e n e r a l  d e s i g n  g r o u p  h a s  d e v e l o p e d  a 
p r e l i m i n a r y  d e s i g n  c o v e r i n g  t h e  g e n e r a l  c h a r a c t e r i s t i c s  of  t h e  ARE r e a c t o r .  
D e t a i l e d  d e s i g n  o f  t h e  b u i l d i n g  and of t h e  r e a c t o r  p r o p e r  a r e  now t n d e r w a y .  
T h e  c o m p l e t i o n  of  t h e  d e s i g n  w i l l  p r o c e e d  a s  r a p i d l y  a s  a n s w e r 8  t o  $he  many 
p r o b l e m s  i n v o l v e d  come i n  f r o m  t h e  r e s e a r c h  g r o u p s .  I f  p e r m i s s i o n  t o  b u i l d  
t h i s  r e a c t o r  i s  g r a n t e d  b y  t h e  AEC, i t  is h o p e d  t h a t  i t  may b e  p u t  i n t o  
o p e r a t i o n  by J a n u a r y  1, 1952, 

P r e v i o u s  t o  t h i s  q u a r t e r ,  most o f  t h e  d e s i g n  t h i n k i n g  h a d  b e e n  c o n -  
c e n t r a t e d  upon a r e a c t o r  t o  power a h i g h l y  s u p e r s o n i c  a i r c r a f t ,  HoweverB a 
g r a d u a l  l o w e r i n g  of  t h e  p r e d i c t e d  s h i e l d  w e i g h t s  r e s u l t i n g  f rom t h e  l a t e s t  l i d  
t a n k  r e s u l t s ,  and t h e  c h a n g e  i n  t h e  c u r r e n t  i n t e r n a t i o n a l  s i t u a t i o n ,  have  led 

t h e  L a b o r a t o r y  t o  p l a c e  c l o s e r  s t r e s s  upon t h e  p o s s i b i l i t y  of  a t t a i n i n g  a t  
l e a s t  s u b s o n i c  n u c l e a r  f l i g h t  a t a  much e a r l i e r  d a t e  t h a n p r e v i o u s l y  v i s u a l i z e d ,  
T h e r e f o r e ,  some of t h e  d e s i g n  s p e c i f i c a t i o n s  for t h e  ARE a r e  now b e i n g  a l t e r e d  
s o  t h a t  i t  may s e r v e  a s  a p r o t o t y p e  f o r  t h e  s o - c a l l e d  p'War Model" reac tor  f o r  
a s u b s o n i c  p l a n e ,  The most  n o t a b l e  c h a n g e  i n  t h i s  r e s p e c t  h a s  b e e n  t h e  d e -  
c r e a s e  i n  t h e  p r o p o s e d  f u e l  w a l l  t e m p e r a t u r e  f r o m  1880°F to 1 5 0 0 " F ,  as  r e c -  

ommended by t h e  TAB, 

Alternate Approaches f o r  an A i r c r a f t  Reactoro A l t h o u g h ,  a s  j u s t  d e -  
s c r i b e d ,  t h e  m a j o r  p a r t  o f  t h e  ANP e f f o r t  o f  t h e  L a b o r a t o r y  i s  now p o i n t e d  
t o w a r d s  d e v e l o p m e n t  of t h e  f i x e d '  f u e l  liquid-metal-cooled'type of r e a c t o r ,  a 
c o n s i d e r a b l e  amount  of r e s e a r c h  is  a l s o  g o i n g  into other types which might 
o f f e r  p r o m i s e  f o r  f u t u r e  m o d e l s .  Under  c o n t r a c t  w i t h  t h e  L a b o r a t o r y ,  t h e  
H. K* F e r g u s o n  Company i s  c o n t i n u i n g  i t s  s t u d y  of t h e  c i r c u l a t i n g - f u e l  reac tor  
p o s s i b i l i t i e s  p r i n c i p a l l y  i n v o l v i n g  u ran ium s u s p e n s i o n s  and sodium h y d r o x i d e ,  
w i t h  t h e  a i m  of p r e s e n t i n g  a complete d e s i g n  f o r  o p e r a t i n g  a B-52 a i r p l a n e  
w i t h  s u c h  a r e a c t o r -  Meanwhile a t  ORNE, t h e  ANP c h e m i s t r y  g r o u p  i s  a t t e m p t i n g  
t o  form a s t a b l e  s u s p e n s i o n  o f  some u ran ium compound i n  m o l t e n  sod ium hydrox-  
i d e .  T h i s  g r o u p  i s  a l s o  s e a r c h i n g  f o r  l i q u i d s ,  s u c h  a s  p e r h a p s  s o d i u m  f l u o -  
r i d e ,  i n  wh ich  u r a n i u m  m i g h t  be d i s s o l v e d  in s u f f i c i e n t  q u a n t i t i e s  t o  p r o v i d e  



a l i q u i d  r e a c t o r  f u e l ,  As a n o t h e r  l i n e  of a t t a c k  f o r  t h e  f u t u y e ,  t h e  i s o t o p e  
s e p a r a t i o n  g r o u p  is c o n t i n u i n g  t h e  e x p l o r a t i o n  o f  m e t h o d s  o f  s e p a r a t i n g  
l i t h i u m - ?  e c o n o m i c a l l y  on a Pa rge  s c a l e  f o r  u s e  as  a f u t u r e  h i g h - p e r f o r m a n c e  
c o o l a n t ,  Under d i r e c t i o n  o f  t h e  L a b o r a t o r y ,  N o r t h  American A v i a t i o n ,  Pne., i s  
a n a l y z i n g  t h e  p o s s i b i l i t i e s  o f  v a r i o u s  eompressor-jet c y c l e s  wh ich  might i n .  
v o l v e  s u c h  s u b s t a n c e s  a s  sodium and mercu ry  v a p o r s  as work ing  f l u i d s .  

Conclusion, I n  g e n e r a l ,  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  concurs w i t h  
t h e  f i n d i n g s  of  t h e  T e c h n i c a l  A d v i k a r y  Board :  ( a )  a r e a s o n a b 1 e ' a r n o u . t  of re -  
s e a r c h  s h o u l d  now s o l v e  t h e  p r o b l e m s  n e c e s s a r y  f o r  a t t a i n i n g  s u b s o n i c  n u c l e a r  
f l i g h t  i n  a n y  one  o f  s e v e r a l  w a y s p  t h e  most p r o m i s i n g  o f  e h e s e  a t  p r e s e n t  
i n v o l v i n g  a sodium-cooled r e a c t o r  whoae maximum t e m p e r a t u r e  is  1500'F; and (b) 
b y  e x t e n s i o n  of l i n e s  of r e s e a r c h  now underway  t h e r e  i s  p r o m i s e  o f  e v e n t u a l  
ach ievemen t  of a s u p e r s o n i c  n u c l e a r  a i r c r a f t  r e a c t o r .  



PART I ,  RESEARCH CONTRIBUTING TO THE ARE 
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SHIELDING RESEARCH 

E. P . , B l i z a r d ,  P h y s i c s  D i v i s i o n  

S h i e l d i n g  R e s e a r c h  a t  t h e  Oak R idge  N a t i o n a l  L a b o r a t o r y  h a s  made c o n s i d e r -  
a b l e  p r o g r e s s  d u r i n g  t h e  p a s t  q u a r t e r .  F u r t h e r  r e s u l t s  were a c c u m u l a t e d  
o n  c o m b i n a t i o n s  o f  l e a d ,  i r o n ,  b o r o n  a n d  w a t e r  i n  t h e  l i d  t a n k ,  a n d  t h e  
i n s t r u m e n t a t i o n  o f  t h a t  f a c i l i t y  was improved.  A new e x p e r i m e n t  on t h e  e f f e c t  
of l i q u i d  metal  d u c t s  is  p l a n n e d ,  wh ich  w i l l  go i n t o  a t a n k  above t h e  t h e r m a l  
c o l u m n  o n  t o p  o f  t h e  r e a c t o r ,  V a r i o u s  c a l c u l a t i o n s  o f  n e u t r o n  a n d  gamma 
a t t e n u a t i o n s  h a v e  a l s o  b e e n  c o m p l e t e d  and t h e  c o n s t r u c t i o n  o f  t h e  new s h i e l d  
t e s t  b u i l d i n g  a n d ' p o o l  i s  we l l  u n d e r w a y ,  I t  i s  b e l i e v e d  t h a t  a l m o s t  enough  
d a t a  a r e n o w  on hand t o  p e r m i t  i n t e l l i g e n t  d e s i g n  o f  a n  e n g i n e e r e d  u n i t  s h i e l d  
f o r  a n  a i r c r a f t  r e a c t o r  w i t h  t h e  p l u m b i n g  embedded w i t h i n  t h e  s h i e l d  i n  t h e  
p r o p e r  p l a c e s ,  P l a n s  a r e  underway f o r  c o n s t r u c t i o n  of  a mook-up o f  t h e  f i r s t  
e n g i n e e r e d  a i r c r a f t  s h i e l d  w h i c h  s h o u l d  be i n s t a l l e d  i n  t h e  new t e s t  f a c i l i t y  
t o w a r d  t h e  e n d  o f  t h e  n e x t  q u a r t e r .  T h e  f o l l o w i n g  s e c t i o n s  d e s c r i b e  t h e  
r e s u l t s  i n  t h e s e  v a r i o u s  s h i e l d i n g  a c t i v i t i e s  d u r i n g  t h e  p a s t  t h r e e  m o n t h s .  

BULK SHIELDIN6 AIEASUIIEIENTS-LID TANK 

A l e t h o d ,  for  E x p e r i m e n t a l  S h i e l d  O p t i m i z a t i o n  ( E .  P .  B l i z a r d ) .  A f t e r  
s e v e r a l  u n i f o r m  l e a d - b o r a t e d  w a t e r  s h i e l d s  h a d  b e e n  t e s t e d  i t  became c l e a r  
t h a t  t h e  optimum d i s t r i b u t i o n  of l e a d  had n o t  been  a c h i e v e d .  A c r i t e r i o n  was 
s e t  u p  f o r  d e t e r m i n i n g  t h e  optimum arrad 'gement  a s  f o l l o w s :  

(1) x t  i s  as sumed  t h a t  l e a d  and w a t e r  a r e  e q u i v a l e n t  on a volume 
b a s i s  f o r  n e u t r o n  a t t e n u a t i o n ;  

( 2 )  A gamma d e t e c t o r  is  s e t  up a t  t h e  outside of  t h e  s h i e l d  mock-up 
and t h e  e f f e c t  of i n s e r t i n g  a s l a b  o f  l e a d  i s  o b s e r v e d  on t h i s  
i n s t r u m e n t .  A q u a n t i t y  I i s  t h e n  d e f i n e d  a s  f o l l o w s :  



where 

t = t h i c k n e s s  of slab i n s e r t e d ,  

r = gamma i n t e n s i t y ,  slab i n ,  
ro = gamma i n t e n s i t y ,  s l a b  o u t ,  

The  w e i g h t  o f  t h e  s l a b  i s  p r o p o r t i o n a l  t o  R 2 t ,  w h e r e  R i s  t h e  r a d i u s  
( o n  tl s p h e r i c a l  r e a c t o r )  a t  which  t h e  s l a b  i s  i n s e r t e d .  A g i v e n  a t t e n u a t i o n  
c a n  o b v i o u s l y  be a c h i e v e d  most e c o n o m i c a l l y  ( w e i g h t  b a s i s )  w h e r e  R1Z is a 

c o n s t a n t .  S i n c e  t h e  1 o b s e r v e d  i s  a f u n c t i o n  of  t h e  whole s h i e l d ,  t h e  optimum 
must be a p p r o a c h e d  by s u c c e s s i v e  a p p r o x i m a t i o n s .  

The method h a s  a l s o  b e e n  worked  o u t  f o r  t h e  more g e n e r a l  c a s e  when t h e  
two m a t e r i a l s . a r e n o t  e q u i v a l e n t  f o r  n e u t r o n s .  I n  a d d i t i o n ,  t h e  optimum c h o i c e  
o f  gamma and  n e u t r o n  d o s a g e  d i s t r i b u t i o n  h a s  been  shown t o ' b e ,  f o r  t h e  l e a d -  
w a t e r  s h i e l d ,  % n e u t r o n s  and % gammas. 

For t h e  c a s e  i n  which  t h e  r e a c t o r  i s  n o t  a s p h e r e  b u t  a s q u a r e  c y l i n d e r ,  
t h e  R u s e d  a b o v e  l o s e s  m e a n i n g .  R 2  must  be r e p l a c e d  by t h e  a c t u a l  s u r f a c e  
o f  e a c h  l a y e r .  However ,  i t  h a s  been  shown t h a t  t h e  s q u a r e  c y l i n d e r  s u r f a c e s  
f o r  a 3 - f t  s q u a r e  c y l i n d e r  c o i n c i d e  v e r y  c l o s e l y  w i t h  t h o s e  f o r  a 3 . 8 - f t  
S p h e r e ,  T h u s ,  t h e  o p t i m i z a t i o n  a l r e a d y  c a r r i e d  o u t  i n  t h e  l i d  t a n k  c a n  b e  
e x p e c t e d  t o  a p p l y  f o r  b o t h  c a s e s .  

A 1 1  t h e  above d i s c u s s i o n  a p p l i e j s  p r i m a r i l y  t o  u n i t  s h i e l d s ,  

33% Pb 0 67% Nsatrbn Data (C,  E. C l i f f o r d ,  E, P. B l i a a r d ,  J .  Do F l y n n ,  
T. V. B ~ O S S ~ F ,  L, HI B a l l w e g , '  R. H. L e w i s , * +  M, K. H u l l i n g s ,  K. M a r t i n ) .  

'Neutron measurements  were made f o r  a 1/3 Pb, 2/3 H,O s h i e l d  mock-up, D a t a  a r e  
r e c o r d e d  i n  T a b l e  1 ahowing the t h e r m a l  n e u t r o n  f l u x  i n  w a t e r  b e h i n d  success- 
i v e l y  i n c r e a s i n g  numberrercrf slabr, The s l a b  n e x t  t o  t h e  s o u r c e  was i n s e r t e d  
f i r s t  a n d  t h e  s h i e l d  was b u i l t  u p  r e g u l a r l y  o f  b i n .  P b  s l a b s  e v e r y  3 i n .  
S i n c e  t h e  u a u a l  p l o t  o f  f l u x  vs.  d i s t a n c e  shows many l i n e s  s u p e r i m p o s e d ,  f o r  
d i f f e r e n t  n u m b e r s  o f  l e a d  s l a b s ,  F i g .  1 is u s e d  t o  show t h e  e f f e c t  o f  l e a d  
i n a e r t i o n .  It  is s e e n  t h a t  i n  g e n e r a l  t h e  l e a d  i s  s l i g h t l y  b e t t e r  t h a n  w a t e r  
o n a v o l u m e  b a s i s .  The u p t u r n e d  e n d s  f o r  l a r g e  numbers o f  l e a d  s l a b s  d e m o n s t r a t e  
t h e  r e l a t i v e  t h e r m a l  n e u t r o n  t r a n s p a r e n c y  of l e a d .  

Effect of Addktion of Boron t o  Water. For t h e  above  c o n f i g u r a t i o n ,  w i t h  
The n i n e  Pb  s l a b s  i n s e r t e d ,  B,O, was a d d e d  t o  t h e  w a t e r  i n  s e v e r a l  s t e p s .  
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6 (113,196 32 659 9,520 2 , 991 938 311 

Average 115,008 32,710 9 523 2,973 939 308 
Nv 79.7 22.7 6.60 2.06 651 .21 

7 113,134 31,707 9,195 2 875 874 286 
7 ( 115 , 045 31 593 9,298 2 E 836 921 

(114,160 32 829 9,351 2 897 905 

.(114,185 
/ 

304 - 2 

Average 114,113 31 910 9 281 2 869 903 295 
Nv 79,l 2 2 J  6,43 1-98 625 204 

8 118,988 32 291 9,146 2, a44 886 283 
8 118 914 31 676 9 076 2 829 869 286 

r 

z = 150 

92 - _  

\ 

TABLE la (Cont'd) 

c.r r4 Average 118,951 31 984 9,111 2,831 878 
NV 82 0 4 22.2 6a31 1 = 466 608 

9 ( 124 E 662 
(122 868 31,271 8,915 2 752 824 

9 125 738 31 I 187 8 880 2,636 830 

Average 124 423 31 6 529 8,898 2,694 821 
NV 86.2 2108 6*17 1.87 0 573 

10 (141 826 32 822 9,2019 2 688 820 

10 141 446 33 822 8 927 2 ti 684 841 

Average I42 , 164 33 122 9 067 2 686 830 5 
NV 98.5 22 95 6.28 1.86 0 575 

11 177 562 35,907 9 027 2,662 787 64 
11 169 122 35 004 8 943 2 589 777 

(143 221 

285 92 
198 0 064 

264.1 94 
266 8 

265 4 94 
= 184 065 

258-2  

263 0 

260 6 
c 

181 

251 79 
267 



TABLE la (Cont'd) 

N U Y B R R '  bP S L A B S  
IN PLACE Z = 80 z = 90 

Average 
Nv 

35 500 
24.6 

(43,545 
(44,982 
43,544 

12 

12 

8 980 2 625 782 
6.22 1.02 e 542 

9 446 2,617 776 e 4 

9 9 905 2 638 792 a 6 

173,300 I -120 * 0 

44,023 
30.5 

~~ 

Average 
Nv 

13 
13 

Average 

9,676 2 628 784.5 

11 204 2 707 773 8 
11 014 2,701 773 

6.71 1.82 e 544 

N Nv 
N 

14 
14 

Average 
NV 

z = 100 I z = 110 I Z = 12Q I Z = 130 Z = 140 

259 
D 179 

238 5 

244.4 

241.5 
167 

229 1 
237 

233 
161 

0 -  

231 
~~ 

231 
160 

Z = 150 

79 

77 

71 
053 

75 

75 
052 

Note :  Thermal f l u x  (NV) = 9 693 x x counts per m i n u t e -  



TABLE l b  

Experiment 8 - 33% Pb 0 67% @,O Thermal Neutron 
Centerline Measurements 

Indium Foils.- Between Pb Slabs 

‘ B t H f N D  
SLAB NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

5 

13 

20 

28 

35.5 

43 

51 

58.5 

66 

73,s 

81.5 

89 

96.5 

NV 

5a355 x lo7 

1.790 x 10’ 

7.20 x l o 6  

1 ,512  x lo6 

4.678 X l o 5  

1,387 x 105 

3.343 x 104 

3.439 x 103 

1,248 x 10‘ 

1.052 x lo3 

3.96 x lo2 

1.205 x 10’ 

S026 x 10’ 

2’3 



I 

m E R  OF S U S  
IN PLACE 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

h3 
I& 

TABLE IC 

Xxperbent  8 - 33% Pb - 67% U,O Neutron Ceeterli.ne Measurements 

25 in.BF, 

Normalized to Pure Water 

1 d 000 

1 e 0066 

1 e 0173 

2 = 90 

l o  000 

1.0140 

1 0055 

0 9720 

961 

0 973 

-, 963 

956 

9965 

1 042 

l o  191 

1 6  4518 

2 = 100 

1.000 

1 - 0166 
1 ., 0040 

0 9375 

0 935 

924 

918 

896 

8978 

e 8850 

e 930 

e 9965 

1 236 

z = l i e  

l o  000 

0 9946 

0 9714 

9233 

905 

., 895 

860 

839 

0 8233 

,8040 

819 

0 8114 

0 8743 

1 0038 

1 3141 

z = 120 

1 000 

0-9676 

a 9551 

8920 

., 8662 

858 

824 

0795 

7859 

7463 

0 744 

0.7271 

a 7297 

0 7490 

0 8568 

2 = 130 

1.000 

0 e 9842 

a 9755 

0 0 9151 

850 

., 825 

822 

0 790 

1682 

7235 

I .4265 

0 6842 

0 6864 

0 6763 

0 6798 

z = 140 

1. 000 

O o  9234 

9234 

0 ., 8827 

852 

839 

0 786 

0 753 

7270 

677 

., 665 

0 6607 

O o  6161 

0 0 5944 

0-5893 

z = lS(! 

1 e 000 

0.9013 

823 

= 6345 

648 

0 545 

0 5310 

0 ..5172 



gamma f l u x  a t  s e v e r a l  t h i c k n e s s  a f  t h e  s h i e l d  mock-up was r e c o r d e d  a s  a f u n c t i o n  
o f  b o r o n  a d d e d  ( s e e  T a b l e  2 ) .  A p l o t  o f  gamma i n t e n s i t y  v s e  f r a c t i o n  o f  
c a p t u r e s  in h y d r o g e n  a n d  l e a d  g i v e s  t h e  r a t i o  o f  gammas d u e  t o  c a p t u r e  t o  
t h o s e  due t o  a l l  o t h e r  s o u r c e s s  For t h e  Pb-H,O s h i e l d  i n  q u e s t i o n ,  t h i s  r a t i o  
was a b o u t  six. A f t e r  s u f f i c i e n t  b o r o n  was added! t o  r e d u c e  c a p t u r e s  t o  o n e -  
t w e l f t h ,  i t  was c o n s i d e r e d  u n n e c e s s a r y  t o  add more,  and t h i s  c o n c e n t r a t i o n  h a s  
b e e n  m a i n t a i n e d  i n  t h e  l i d  t a n k  s i n c e  t h a t  d a t e .  It  i s  p o s s i b l e  t h a t  f u r t h e r  
a d d i t i o n  m i g h t  be a d v a n t a g e o u s  f o r  t h e  r e c e n t  measurements  i n v o l v i n g  i r o n ,  The 
w a t e r  i s ,  however e s s e n t i a l l y  s a t u r a t e d  w i t h  t h e  p r e s e n t  c o n c e n t r a t i o n ,  

aama Attenuation as a Function of Lead Disposition, Two s h i e l d  mock-ups 
were  measured  f o r  which  t h e  l e a d - w a t e r  s p a c i n g s  were u n i f o r m ,  For t h e  33% Pb 
(volume)  c a s e  two c o n c e n t r a t i o n s  o f  boron  were u s e d  s u c c e s s i v e l y ,  showing o n l y  
a s l i g h t  improvemen t  f o r  a n  i n c r e a s e  from O e 2 %  B t o  0 ,4% Be F o r  t h e  17% Pb 
c a s e  t h e  measurement  a t  lower  boron  c o n c e n t r a t i o n  was o m i t t e d ,  The “ e f f e c t i v e  
a t t e n u a t i o n  l e n g t h s ,  1” a s  d e s c r i b e d  above  were m e a s u r e d  f o r  t h e s e  c o n f i g u -  
r a t i o n s ,  a n d  s i n c e  R2Z (R i s  t h e  r a d i u s  f o r  a s h i e l d  a r o u n d  a 4 - f t  s p h e r i c a l  
r e a c t o r )  i s  n o t  u n i f o r m ,  i t  i s  e v i d e n t  t h a t  improvement  i s  p o s s i b l e .  Accord-  
i n g l y ,  t h e  l e a d  s l a b s  were  moved s u c c e s s i + w e l y  t o  make R21 a s  n e a r l y  c o n s t a n t  
a s  p o s s i b l e .  For a l l  t h e s e  measurements  t h e  o b j e c t  was t~ s p e c i f y  e x p e r i m e n t a l l y  
t h e  amount  o f  t h e  l e a d  r e q u i r e d  t o  e f f e c t  gamma t o l e r a n c e  a t  t h e  n e u t r o n -  
d e t e r m i n e d  s h i e l d  o u t s i d e ,  It is  assumed t h a t  l e a d  and w a t e r  a r e  e q u i v a l e n t  
for n e u t r o n s .  

T a b l e  3 s h o w s  t h e  v a l u e s  of 2 and R2Z;for t h e s e  e x p e r i m e n t s ,  S h i e l d  
w e i g h t s  r e p o r t e d  a r e  i n  s h o r t  t o n s  and  f o r  h i g h l y  i d e a l i z e d  s h i e l d s ,  b e i n g  
v a l u a b l e  f o r  c o m p a r i s o n  only. The method of c o m p u t a t i o n  i s  o u t l i n e d  i n  t h e  
l a s t  ANP Q u a r t e r l y  R e p o r t  CORNL ‘768) a n d i s b a s e d  on t h e  f o l l o w i n g  a s s u m p t i o n s :  

R e a c t o r  power,  400 megawat t s  

R e a c t o r  d i a m e t e r ,  4 f e e t  

R e a c t o r  l e a k a g e  20% 

T o l e r a n c e ,  1 R / h r ,  3/4 gammas, 114 n e u t r o n s  

R e a c t o r - c r e w  s e p a r a t i o n ,  100 f e e t  

No d u c t s ,  h e a t  e x c h a n g e r s  

No shadow s h i e l d i n g  

25 



TABLE 2 

Effect of Rater Boration on @amma Centerline leasarements 

Z 

80 

90 

100 

110 

120 

130 

~ ~ ~~~ 

33% Pb, 10 l*IN. SLABS; MODIFIED BY REMOVAL 
OF 2ND SLAB FROM SOURCE 

100 l b  BZOs 
O e 1 %  B 

4952 

2739 

1523 

a79 

525 

313 

3710 

2063 

1133 

631 

384 

236 

400 f b  B203 
804% B 

2915 

1664 

906 

511 

301 

183 

BS%*Pbi 11 SLABS HODIF3ED 'BY 
1EMOVAL OF 8TH' AND 1OTH SLABS 

400 fb B203 
004% B 

342 

861 

463 

301 

26 



TABLE 3 

OammatBeoserements 

R ' I  and I for Pb, H,O and B Composite S h i e l d s  of  loino Pb S l a b s  

UNIFORM 33% Pb'- 67% H20 
04% BORON 

1 

*FORM 33% Pb - 67% B20 
*2% BORON 

UNIFOBY 17% Pb- - 83% H20 
04% BORON 

RAD IUS 
(in.) 

RADIUS 
(in. ) 

1-46 

1.52 

2.32 

3-94 

4-15 

S046 

6-63 

5*73 

5.05 

25 25 

30 0 88 

36 76 

42 64 

48 52 

54 40 

60 78 

66'16 

3.61 

2.47 

2 . 6 6  
P 

2*59 

2-49 

2"33 

2=35 

25 

28 

31 

34 

37 

40 

43 

46 

49 

52 

40 35 

18 E 39 

17 04 

12 62 

11-0 

6071 

4 - 4 2  

16 27 

g030 

10 57 

9-41 

11 -34 

9-15 

7?7 

25.31 

26 6** 

27.9 

2g03** 

3008 

32 3** 

33.9 

35 0 3** 

3704 

4108 

47-1 

5 4 0 0  

13 ,8  

10 0 10 

8077 

6 0 3 2  

4-72 

3070 

3*56 

2.73 

neg, 

6009 

6037 

3066 

28 

'31 

34 4,54 

6.58 

7.07 

6,38 

37 5.23 

4.56 

4.15 

4.08 

4.97 

5.15 

40 

43 
m 
-. 

46 

49 

52 

Weig: t S h i e l d  5905 Tonst Weight S h i e l d  66 Tons Weight S h i e l d  5g01 Tons Weighst S h i e l d  54 Tons 

Note: S h i e l d  weights were c a l c u l a t e d  f o r ,  a 118-cm s h i e l d ,  24-ina-sadius , s p h e s i ,  ~1 reactor,  400 mw powero 

* Second s l a b  removed when these I ' s  were measured, 
3/16-in, Pb s l a b s .  * *  



T a b l e  4 shows i n  more d e t a i l  t h e  method of  c o m p u t a t i o n  of  R ' Z ,  u s i n g  a s  
an  example a n o n - u n i f o r m  s h i e l d  w i t h  0.4% B i n  t h e  w a t e r .  

T a b l e  5 s h o w s  t h e  e f f e c t  o f  m o v i n g  a s i n g l e  s l a b  w i t h  a l l  o t h e r s  i n  
n e - a r - o p t i m u m  p o s i t i o n s .  I t  h a s  b e e n  f o u n d  t h a t  i t  i s  most  e x p e d i t i o u s  t o  
a d j u s t  t h e  o u t e r m o s t  s l a b  f i r s t ,  s i n c e  t h e  R2Z f o r  t h i s  s l a b  i s  less  s e n s i t i v e  
t o  t h e  p o s i t i o n  of t h e  o t h e r  s l a b s ,  T h i s  s l a b  i s  a l s o  t h e  most i m p o r t a n t  f rom 
t h e  p o i n t  of view o f  b o t h  w e i g h t  a n d a t t e n u a t i o n .  Q t h e r  s l a b s  a r e e h e n  a d j u s t e d  
t o  g i v e  t h e  same v a l u e ,  T a b l e  6 shows e s s e n t i a l l y  t h e  same d a g a  a* T a b l e  5 
f o r  a d i f f e r e n t  d i s t r i b u t i o n  of i n t e r m e d i a t e  s l a b s ,  d e m o n s t r a t i n g  t h t  r e l a t i v e  
i n s e n s i t i v i t y  o f  t h e  optimum p o s i t i o n  f o r  t h e  o u t e r m o s t  s l a b ,  

The minimum i n  R 2 Z  f o r  an i n t e r m e d i a t e  s l a b  is shown i n  T a b l e  7 , ,  

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

Fast Neutron Dosimeter, T h i s  i n s t r u m e n t ,  d e s c r i b e d  i n  p r e v i o u s  r e p o r t s ,  
was  d e v e l o p e d  by t h e  ORNL H e a l t h  P h y s i c s  and I n s t r u m e n t  D i v i s i o n s ,  I t  h a s  
b e e n  made w a t e r - p r o o f  and u s e d  i n  t h e  l i d  t a n k  f o r  a few r e p r e s e n t a t i v e  r e a d -  
i n g s .  Compar i son  w i t h  f a s t  n e u t r o n  e s t i m a t e s  from t h e r m a l  f l u x  m e a s u r e m e n t s  
s h o w s  t h e  l a t t e r  t o  h a v e  b e e n  somewha t  l ow,  s o  t h a t  t h e  s h i e l d  t h i c k n e s s  
e s t i m a t e s  have been i n c r e a s e d ,  The r e a s o n s  f o r  t h e  d i s c r e p a n c y  a r e  d i s c u s s e d  
be low s e p a r a t e l y ,  

Shield for Weactor with Pe lteflector, Two a n d  f i v e - e i g h t s  i n c h e s  o f  Fe 
were i n s e r t e d  a t  t h e  i n s i d e  o f a  Pb-H20-B mock-up  i n  o r d e r  more c l o s e l y  t o  
a p p r o x i m a t e  a n  e n g i n e e r e d  i n s t a l l a t i o n  T h e  a t t e n u a t i o n  was n o t  c h a n g e d  
a p p r e c i a b l y ,  i n d i c a t i n g  t h a t  Fe i s  a p p r o x i m a t e l y  a s  e f f i c i e n t  f o r  n e u t r o n s  and 
gammas a s  t h e  Pb-H,O i t  r e p l a c e d ,  The d a t a ,  i n c l u d i n g  a n  i d e a l  s h i e l d  w e i g h t  
c a l c u l a t i o n  f o r  4 - f t  d i a m e t e r  o u t s i d e  t h e  i r o n ,  * a r e  shown i n  T a b l e  8 0  

e 

Iglterpretation of DotWuetes Data (E, P B l i z a r d ) ,  D i s c u s s i o n s  w i t h  
H. A .  B e t h e ,  F,  F r i e d m a n ,  and  M a  D e u t s c h  s e r v e d  t o  c l a r i f y  a n  a p p a r e n t  d i s -  
c r e p a n c y  between t h e  d o s i m e t e r  d e t e r m i n a t i o n  of f a s t  c u r r e n t  and t h a t  i n f e r r e d  
from t h e r m a l  n e u t r o n  f l u x  measurements  ( ~ e e O R N L 7 6 8 ) ~  The d o s i m e t e r  i n d i c a t e d  
f a s t  f l u x  t o  b e  a b o u t  t h r e e  t i m e s  h i g h e r  t h a n  i s  i n d i c a t e d  from a s i m p l e  
i n t e r p r e t a t i o n  o f  t h e r m a l  f l u x  d a t a .  T h e  d i f f e r e n c e  is a t t r i b u t e d  p r i m a r i l y  

'28 



I 

none 

1 

2 

3 

4 

5 

6 

7 

8 

9 

h3 
\o 

. RADIUS 
( i a a  ) 

25 

27 . 94 
30.88 

33.82 

36.76 

39,?0 

42.64 

48 (I 52 

54 . 40 
=338 

R2 

625 

780.6 

953.6 

1143.8 

1351 -2 

1576 . 1 
I818 . 1 
2354.2 

2959.4 

CR 1-13 1) 562 

TABLK 4 

R 2 1  for Non-Uniform Pb-E20 

014% Boron - 9 in. Pb 

1.00 

1.25 

1.53 

1.83 

2.16 

2.52 

2.91 

3.77 

4.13 

~~ 

Cf s/min 
a t  120 cms 

390 

471.9 

458.4 

541 . 9 
590.3 

593 

647.4 

675.1 

185.8 

875 ~ 

1.21 

1 . 1753 
1 389 

1 513 

1 . 520 
1.659 

1.731 

2 . 015 
2.243 

. 1908 
1615 

.3282 

.4121 

.4125 

. 506 
5481 

.700 

-806 

2.75 

2.13 

2.57 

2.13 

2.53 

2.72 

2.51 

2.53 

2.54 

S h i e l d  Weight C a l c u l a t i o n :  

Weiglt Pb-= (13,562-338) x 2.346 x IOa3 = 31.02 t o n s  of Pb 
. ' *T$&*.-*-:;;iyys 

25.45 tons of H,O 
56.47 tons - T o t a l  

14.41 

16.9 

7 . 8305 
6.625 

6.133 

5*375 

4 519 

3.614 

3 151 

14.41 

21 . 10 
11.98 

12 . 12 
13.25 

13 545 

13 32 

13.63 

14 . 90 

5.. 8 1 

8.51 

4,83 

4.89 

5 054 

5.46 

5.37 

5.49 

6.01 



TABLE 5 

Effect of Moving Single Pb S l a b  on R'Z - A l l  Other S l a b s  Ieaaining Constant 

Total 9 in. Pb - 0.6% Boron 

50 . 03 

51.40 

52.40 

53 a 40 

54,40 

55.40 

56.40 

57.40 

58 . 40 

59.40 

60,40 

64.40 

ACTUAL DATA 

3.49 

3.36 

3.07 

2,97 

2,95 

2.17 

2.59 

2.46 

2.49  

2.44 

2.37 

2.08 

5.63 

5.73 

5.44 

5.46 

5.63 

5.48 

5.32 

5.23 

5.48 

5.56 

'5.58 

5 . 5 9  

* S l a b  moved i n  t h i s  experiment, 

DATA IrllOl'SHO0"H'CfatVE OF 
COWTS VS. RADIUS 

3.61, 

3.30 

3.12 

2.94 

2.19 

2.68 

2.60 

2.51 

2.45 

2.42 

2.38 

5.82 

5.63 

5.52 

5.41 

5.32 

5.31 

5.34 

5.34 

5.40 

5.51 

5.61 

POSIT ION 
OF SLABS 

25 

21.9 

30.9 

33.8 

36.8 

39.7 

42.6 

48.5 

54 . 4* 

30 



TABLE 8 

Effect of  moving Pb Slab on B 2  1 0 A l l  Other Slabs Berafaing Constant 

Total 9 io. Pb - 0.6% Boron 

R 
(io. ) 

46 * 15 

48 15 

Soel5 

52.15 

54.15 

56.15 

58 * 15 

ACTUAL DATA 

5.63 

4.41 

3.38 

3 e20 

2.64 

2.58 

2.54 

7 b 7 4  

6.60 

5.48 

5.61 

4.99 

5.24 

5.54 

5 . 9 3  

4.11 

3.36 

2.95 

2.73 

2.59 

2.54 

8.16 

6.15 

'5.44 

5.17 

5.16 

5.27 

5.54 

POSITIOR Q B U S  

25 00 

27.94 

30 e 88 

33.82 

36.76 

39.70 

43.75 

45.25 

54*40*  

SLAB 
NUMBRR 

Slab. moved, 

31 



TABLE 7 

Effect of  woving Pb Slab on f i 2  I - A l l  Other s l a b s  Remaining Constant 

Total 8 i n .  Pb - 0.6% Boron 

34.07 

36,OO 

37.25 

38.25 

39,25 

40.25 

41  25 

42 u 00 

I 

ACTUAL DATA 

4.93 

4.82 

4.66 

3.98 

3.88 

3.85 

3.99 

4.03 

3.88 

4 . 02. 

,4* 17 

3.75 

3.86 

4.02 

4.37. 

4.59 

corns 0 

5.01 

4 -85  

4,46 

4.06 

3.0'1 

3.85 

3.94 

4.05 

3.94 

4.05 

4 0 0 0  

3.83 

3,86 

4.02 

4.31 

4.61 

. RADIUS 
( i o .  ) 

25.00 

27-94 

30 88 

33.82 

36.16' 

43.75 

45.25 

54 40 

. SLAB 
NUMBER 

8 

'Slab moved. 

c. 
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TABLE 8 

Gamma Centerlime Measurements 

2-5/8 in. Fe Thermal Shield and 7-3/16 in. Pbl- Total 
Thickness Neutron Shie ld  142 crn 

Total Weight Shield Including Fe Reflector=61.0 Tons* 

Y A T B R I A L  z 
( In .  from Source t o  

t o ’ B a c k  of S l a b )  

A ( i n . )  
(48 i n .  Sphere R c - )  

f lector Ins ide )  

1 
2 
3 
5.06 
7.00 
9.31 
11.75 
15.13 
14.13 
21.25 
24.4 

7/8 in. Fe 
7/8 in. Fe 
7/8 in. Fe 

1 in. Pk 
1 in. Pk 
1 in. Pl 
1 in. Pl 
1 in. Pl 
1 in. PI 

3/16 in. PI 
1 in. PI 

22 
23 
24 
26.06 
28.00 
30.31 
32.75 
36.13 
40.13 
42.25 
45.4 ’ 

GAMMA CENTERLINE YEASUREIJENTS. - OM TUBE 

135 
120 
110 

502 1 
971 
1551 

142 
2.54 

inches H,O = - = 5 5 . 9  in. t 24 = 80 in. 

R/hr x lo5 

5.52 
10.68 
17.06 

.0361 = (803 - 243) 7 . 5 5 9 ~ 1 0 - ~  = 
4n (803 - 243) 
3 2000 

w t .  H,O = - 

(2) Wt, 1 in. Pb - wt. H,O d i s p l a c e d  = 8142 x 2.346 X loo3 = 
19.22 TOAS Pb 

(3) Wt. 3/16!in. Pb=(41.24I2 x 3/16 x 2.346 x 
- - = 1701 x 3/16 x 2.346 x loms .75 Tons Pb 

7 4.188 (U3 - 213) 7.86 X 62.4 
8 2000 1728 (4) Wt. Fe = - X  

= .SO3 x (13,824 - 9,261) 
= .520 x 10’” (4,563) - - 2.37 Tons Fe 

*Total 61.0 short tons 
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t o  two f a c t o r s :  

(1) The d o s i m e t e r  is  n o a - d i r e c t i o n a l  , hence w e i g h t s  a l l  f a s t  neutrons 
e q u a l l y  r e g a r d l e s s  of d i z e c t i o n ,  w h e r e a s  the  t h e r m a l  f l u x  i n d i -  
c a t e s  f a s t  c u r r e n t ,  w e i g h t i n g  i n d i v i d u a l  n e u t r o n s  w i t h  t h e  
c o s i n e  of t h e i r  a n g l e  t o  t h e  o u t w a r d  h o r m a l . .  T h i s  d i s c r e p a n c y  
is h a r d  t o  d e f i n e  q u a n t i t a t i v e l y ,  b u t  W i c k ' s  me thod  w i l l  b e  
a p p l i e d  t o  o b t a i n  an  o r d e r  o f  magni tude  c o r r e c t i o n ,  

( 2 )  A l t h o u g h  t h e r e  i s  a d o m i n a n t  h i g h  e n e r g y  which  d e t e r m i n e s  t h e  
l o c a l  r e l a x a t i o n  l e n g t h ,  t h e r e  i s  c o n s i d e r a b l e  e x t r a  l o w e r  
e n e r g y  n e u t r o n  componen t  f o r  w h i c h d t h e  a g e  t o  t h e r m a l  i s  con- 
s i d e r a b l y  s m a l l e r .  T h i s  i n d i c a t e s  t h a t  t h e  " d i s p l a c e m e n t "  
d i s t a n c e  be tween t h e  f a s t  c o l l i s i o n  and t h e r m a l  a b s o r p t i o n  w i l l  
b e  a b o u t  o n e - h a l f  o f  t h a t  p r e d i c t e d  by t h b  p i m p l e r  t r e a t m e n t .  

T h a t  t h i s  i s  so i s  i n d i c a t e d  by a n  e x a c t  c a l c u l a t i o n  o f  t h e  d e n s i t y  o f  
s e c o n d  c o l l i s i o n s  i n  h y d r o g e n  w h i c h  h a s  r e c e n t l y  b e e n  c a r r i e d  o u t  by N e l s o n ,  
A l b e r t ,  a n d  M u l l i k e n  o f  t h e  ORNL M a t h e m a t i c s  P a n e l . ( ' )  T h e i r  r e s u l t s  ace as 

f o l l o w s :  
I 

( R a t i o  of s e c o n d  t o  f i r s t  c o l l i s i o n  d e n s i t y  in hydrogen): 

t 

10 

1 5  

20 

25 

- 

v = l  

2.97 

3.35 

3.62 

.. 3.83 

Y f 1.222 

2.83 

3 17 

3.41 

3.61 

v =&'I. 5 

2.67 

2.98 

3.20 

3.37 

where  t is the d i s t a n c e  from source i n  mean free p a t h s  a n d  v d e s c r i b e s  t h e  
v a r i a t i o n  of mean f r e e  p a t h  w i t h  e n e r g y  o f  s c a t t e r e d  n e u t r o n s  a s  f o l l o w s :  

Neutron Energy Spectrometer (F. J .  M u c k e n t h a l e r , *  K O  H e n r y * ) .  D u r i n g  
t h e  p a s t  q u a r t e r  some c h a n g e s  were made o n  t h e  p r o t o n  r e c o i l  f a s t  n e u t r o n  
s p e c t r o m e t e r .  T h e  g l a s s  s l e e v e  on t h e  K o v a r  s e a l  was s h o r t e n e d ,  a n d  t h e  

(1 )  Memo, Nelson t o  B l i r r r d ,  August 31 , 1950,'Second Coltision D e n s i t y  i n  Hydrogen. 
NEPAo 
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s e n s i t i v e  r e g i o n  o f  t h e  t u n g s t e n  a n o d e  was t h e n  r e s t r i c t e d  by e n l a r g i n g  t h e  
d i a m e t e r  o f t h e  anode wire  up  t o t h i s  r e g i o n .  T h i s  r e d u c e d  t h e  e f f e c t  o f  s t a t i c  
c h a r g e s  f o r m i n g  on t h e  g l a s s ,  V a r i o u s  g a s  m i x t u r e s  h a v e  b e e n  t r i e d  b u t  t h e  
d a t a  r ema in  t o  be  a n a l y z e d .  

E m p h a s i s  h a s  b e e n  c h a n g e d  f rom t h e  s i n g l e  wire c o u n t e r  (ORNL 711) t o  a 
two  a n o d e  c o i n c i d e n t  a r r a n g e m e n t .  T h i s  h a s  worked  v e r y  wel l  i n  p r e l i m i n a r y  
t es t s .  A Po-Be s p e c t r u m  i n d i c a t e s  a b e t t e r  r e s o l u t i o n  t h a n  t h a t  o b t a i n e d  w i t h  
t h e  s i n g l e  anode .  S e v e r a l  p o i n t s  o f  t h e  U235 s p e c t r u m  were o b t a i n e d  u s i n g  t h e  
t h e r m a l  column w a t e r  t a n k ,  a n d  t h e s e  p o i n t s  g i v e  a s p e c t r u m  s i m i l a r  t o  t h a t  
found by B. E. Wat t  (LA-718).  

Laeasureeents  of  F a s t  Neutron8 i n  t h e . L i d  Tank Using Sulphur a s  a Detector 
( H .  E. H u n g e r f o r d ) ,  Measurements  o f  f a s t  n e u t r o n s  have  beenmade u s i n g  s u l p h u r  
a s  a d e t e c t o r  i n  c o n j u n c t i o n  w i t h  t h e  33% Pb-H,O e x p e r i m e n t  i n  t h e  l i d  t a n k ,  
The r e a c t i o n  used i s  a S 3 2 ( n , p ) P 3 2  r e a c t i o n ,  w h i c h  h a s  a t h r e s h o l d  of a b o u t  
1 M e V .  The h a l f - l i f e  o f  t h e  b e t a - a c t i v e  p r o d u c t  i s  1 4 . 3  d a y s .  

S u l p h u r  i n  t h e  f o r m  of ammonium s u l p h a t e ,  (NH,),SO,, was p a c k e d  i n t o  
a t h i n  l a y e r  i n  a p p r o p r i a t e  c o n t a i n e r s  and  e x p o s e d  b e t w e e n  t h e  l e a d  s l a b s  i n  
t h e  l i d  t a n k .  A f t e r  e x p o s u r e  t h e  a c t i v e  p h o s p h o r u s  was c h e m i c a l l y  s e p a r a t e d  
f r o m  t h e  i n e r t  m a t e r i a l  u s i n g  m o l y b d i c  a c i d  a s  t h e  r e a g e n t .  T h e  y e l l o w - g r e e n  
p r e c i p i t a t e ,  ammonium p h o s p h o - m o l y b d a t e ,  (NH, ),PO, 012M003, w a s  washed ,  d r i e d ,  
a n d  mounte&l.on s u i t a b l e  c a r d s  a n d  c o u n t e d .  T h e  c o u n t e r s  were c a l i b E a t e d  
a g a i n s t  t h e  s t a n d a r d  p i l e  by u s i n g  b o t h  i n d i u m  f o i l s  and p h o s p h o r u s .  i n  t h e  
form of monobas ic  ammonium p h o s p h a t e ,  NH,H,PO,, s u i t a b l y  mounted,  

The r e s u l t s  of t h e  m e a s u r e m e n t s  a p p e a r  i n  T a b l e  9 and  F i g .  2 ,  R e s u l t s  
a r e  r e p o r t e d  on m e a s u r e m e n t s  t a k e n  o u t  t o  42 cm from t h e  s o u r c e  p l a t e .  T h i s  
d i s t a n c e  was f o u n d  t o  be t h e  p r a c t i c a l  l i m i t  f o r  r e l i a b l e  m e a s u r e m e n t s ,  I n  
t h e s e  c a l c u l a t i o n s  t h e  c r o s s  s e c t i o n  for t h e  S ( n , p ) P  r e a c t i o n  u s e d  was  285 
m i l l i b a r n s  (AEC R e p o r t  NP-1254)  and t h e r m a l  a c t i v a t i o n  cross s e c t i o n s  f o r  P 
o f  . 2 3  b a r n s  and f o r  i n d i u m  o f  138 b a r n s  a s  r e p o r t e d  i n  P h y s ,  R e v .  7 2 ,  888 
(1947). 

The measu remen t s  a r e  f a i r l y  r e p r o d u c i b l e ,  b u t  l a c k  o f  i d e n t i c a l  c o n d i t i o n s  
i n ' t h e  l i d  t a n k ,  u n c e r t a i n t y  o f  t h e  s t a n d a r d i z a t i o n  o f  t h e  c o u n t e r s ,  s e l f -  
a b s o r p t i o n  i n  t h e  s a m p l e s ,  a n d  l o s s e s  d u r i n g  c h e m i c a l  s e p a r a t i o n  h a v e  a l l  
c o n t r i b u t e d  t o  errors i n  t h e  r e p o r t e d  r e s u l t s .  Work on t h e  s t a n d a r d i z i n g  of 
t h e  c o u n t e r s  i s  s t i l l  i n  p r o g r e s s .  Because  t h e  ind ium b e t a s  a r e  o f  l ower  e n e r g y  
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TABLE 9 

F a s t  Flux Measurements i n  t h e  L i d  Tank 

SHUTTER 
POS If I ON 

Open 

Open 

Open 

Open 

Open 

Open 

Open 

Open 

Open 

Open 

Open 

Open 

C l o s e d  

C l o s e d  

CUosed 

4 . 1  

4 . 7  

4 .7  

4.7 

1 2 . 0  

1 8 . 8  

19 .6  

1 9 . 6  

30 .3  

41 .5  

42 .0  

42 .0  

4 . 1  

18.8 

3 4 . 2  

' FAST FLUX 
(Indium' Stnnd) 

(nv 1 
~ ~~~ 

2,75 X l o 6  

3 , 3 1  X l o 6  

2.55 X l o 6  

2.05 x l o 6  

9.48 X l o 5  

1 .66  x i o5  
3 . 7 8  x i o 5  
3.09 X 10' 

7.00 X l o 4  

5.64 x 103 

3.78 x i o 4  
2 .23  x 10' 

2.18 x 10' 

1.65 x IO4 

im  x 103 

FAST PLllp 
(P Stsbd') 

("V)  

LO8 x l o 6  

1 . 3 0  x IO6 

1.00 x lo6 

3.73  x i o 5  
6.53 x 104 

1 . 2 2  x 105 

2 .76  x 104 

2.22 x 103 

1 . 4 9  x 10' 

8 . 7 8  x i o3  
8 .58  x 104 

6.50 x 103 

8.07 x IO5 

1 . 4 8  x 10' 

7.60 x IO2 
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t h a n  t h o s e  of p h o s p h o r o u s ,  t h e  r e s u l t s  r e p o r t e d  u s i n g  t h e  i n d i u m  s t a n d a r d i -  
z a t i o n  a r e  p r o b a b l y  t o o  h i g h .  A t  p r e s e n t  a known q u a n t i t y  o f  P32 o b t a i n e d  
from t h e  I s o t o p e s  D i v i s i o n  i s b e i n g  p r o c e s s e d  f o r  c o u n t i n g  on t h e  same a p p a r a t u s  
t o  o b t a i n  an i n d e p e n d e n t  c a l i b r a t i o n ,  

LIQUID METAL DUCT TESTS I N  THE THERBBAL COLUMN 

R .  H .  Lewis* C. E. C l i f f o r d  
H. K. Marks M.  K. H u l l i n g s  

T r a n s m i s s i o n  o f  r a d i a t i o n  t h r o u g h  a l i q u i d  m e t a l  f i l l e d  d u c t  w i l l  b e  
m e a s u r e d  i n  a w a t e r  t a n k  a b o v e  t h e  t h e r m a l  c o l u m n  on t o p  o f  t h e  X - 1 0  p i l e .  
T h i s  e x p e r i m e n t  i s  d e s i g n e d  p r i m a r i l y  t o  d e t e r m i n e  t h e  a c t i v a t i o n  o f  s o d i u m  
i n  a s e c o n d a r y  c o o l a n t  c y c l e  f o r  t h e  c a s e  i n  w h i c h  t h e  l i q u i d  m e t a l  d u c t  
c o n s t i t u t e s  t h e  p r i m a r y  n e u t r o n  p a t h  f r o m  r e a c t o r  t o  h e a t  e x c h a n g e r .  S i n c e  
t h i s  i s  o f  i m m e d i a t e  i n t e r e s t  t o  t h e  KAPL s u b m a r i n e  r e a c t o r  p r o j e c t ,  t h a t  

o r g a n i z a t i o n  w i l l  s u p p l y  t h e  d u c t  mock-up, Measuremen t s  may be made w i t h  t h e  
l i n u i d  m e t a l  J u c t  e m p t y  a s  w e l l  a s  f u l l ,  t o  c h e c k  s i m p l e  d u c t  t h e o r y .  I n  
a d d i t i o n ,  t h e  e f f e c t  o f  v a r y i n g  t h e  w a l l  m a t e r i a l  f rom boron  c a r b i d e  t o  w a t e r  
w i l l  be i n v e s t i g a t e d .  F i g u r e s  3 and 4 show t h e  d u c t  and f o i l  h o l d e r s .  ' 

The s o u r c e  box and  s o u r c e  box l o c a t o r  h a v e  b e e n  r e c e i v e d  f rom KAPL and  
a r e  b e i n g  i n s t a l l e d  i n  t h e  t a n k .  T h e r e  a r e  2 4  X - 1 0  s l u g s  i n  t h e  box. T h i s  
s e c o n d a r y  s o u r c e  i s  e s t i m a t e d  t o  g i v e  a p p r o x i m a t e l y  lo '  f a s t  f l u x .  Background 
m e a s u r e m e n t s  o f  t h e  t h e r m a l  and  ep i - cadmium f l u x  a r e  b e i n g  t a k e n  a t  v a r i o u s  
p o s i t i o n s  i n  t h e  t a n k .  A p i l e  m o n i t o r  f o r  t h e  t h e r m a l  f l u x  e n t e r i n g  t h e  s o u r c e  
box h a s  been  i n s t a l l e d  and is  b e i n g  c a l i b r a t e d .  The t u b e  i n  t h e  m o n i t o r  i s  a 
b o r o n  l i n e d  i o n  c h a m b e r ,  P l a n s  f o r  a p l a t f o r m  t o  b e  b u i l t  a r o u n d  t h e  w a t e r  
t a n k  h a v e  b e e n  c o m p l e t e d  a n d  c o n s t r u c t i o n  w i l l  b e g i n  S e p t e m b e r  18. T h e  
f i r s t  l e g  of  t h e  d u c t  is e x p e c t e d  t o  a r r i v e  from KAPL by Sep tember  30. 

SHIELD CALCULATIONS 

Calculations of Neutron Attenuation ( F .  H. M u r r a y ) .  C a l c u l a t i o n s  f o r  
n e u t r o n  a t t e n u a t i o n  i n  a s h i e l d  composed of  l e a d  and w a t e r  were made by t h e  
method o u t l i n e d  i n  ORNL 748.  T h i s  method i s  b a s e d  e n t i r e l y  on c r o s s - s e c t i o n  
i n f o r m a t i o n ,  w i t h o u t  t h e  u s e  o f  l i d  t a n k  r e s u l t s .  The c a l c u l a t e d  c u r v e s  f o r  

* .\- . P i .  
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-INSTRUMENT RACK 

SOURCE LOCATER 

FIG. 3 
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17% l e a d  i n  w a t e r  w e r e f o u n d  t o  a g r e e  q u i t e  wel l  w i t h  t h e  H u r w i t z - c o r r e c t e d  l i d  
t a n k  d a t a .  

The c a l c u l a t i o n s  a l s o  showed t h e  c u r v e s  f o r  1776, 20%, 30%, and  40% l e a d  
i n  w a t e r  t o  b e  n e a r l y  c o i n c i d e n t ,  

Analysis of Lid Tank Data (S. Podgor*) ,  As a f i r s t  s t e p  i n  t h e  a n a l y s i s  
o f  e x i s t i n g  d a t a  on l e a d - w a t e r  and  i r o n - w a t e r  s y s t e m s ,  e f f e c t i v e  a b s o r p t i o n  
c r o s s  s e c t i o n s  f o r  l e a d  a n d  i r o n  a r e  b e i n g  d e d u c e d  f r o m  t h e  e x p e r i m e n t a l  
a t t e n u a t i o n  c u r v e s ,  A p r e l i m i n a r y  v a l u e  o f  3 .8  b a r n s  h a s  been  o b t a i n e d  f o r  
l e a d ,  b u t  f u r t h e r  g e o m e t r i c  c o r r e c t i o n s  w i l l  p r o b a b l y  r e d u c e  t h i s  v a l u e  some- 
w h a t y  

Heat Generation in Shields ( T o  W e l t o n ) .  Some s i m p l e  c a l c u l a t i o n s  h a v e  
b e e n  made of  t h e  h e a t  s o u r c e s  i n  t h e  r e f l e c t o r  and s h i e l d  o f  a t y p i c a l  r e a c t o r .  
T h e  g e n e r a l  c o n c l u s i o n  r e a c h e d  i s  t h a t  a s t e e l  r e f l e c t o r ,  o f  t h r e e  i n c h e s  
t h i c k n e s s  and  c o o l e d  by r e a c t o r  c o o l a n t ,  c a n  b e  f o l l o w e d  a l m o s t  d i r e c t l y  by 
t h e r m a l  i n s u l a t i o n  and a h y d r o g e n e o u s  l a y e r  w i t h o u t  d i s s i p a t i n g  more t h a n  one 
p e r c e n t  o f  t h e  r e a c t o r  power i n  t h e  hydrogeneous  l a y e r .  D e t a i l e d  c o n s i d e r a t i o n s  
a r e  p r e s e n t e d  i n  a memorandum, ANP-5015, e n t i t l e d  Distribution of Heat Sources 

in R e f  l e c t o r  and  Shield, 

Shield Calculations (Ke K e y e s ) .  The methods of  s h i e l d  c o m p u t a t i o n  d e v i s e d  
d u r i n g  t h e  summer by members o f  t h e  TAB a r e  b e i n g  c h e c k e d  and  e x t e n d e d  w i t h  
t h e  aim o f  p l a c i n g  a t  t h e  d i s p o s a l  o f  d e s i g n  p e o p l e  a f l e x i b l e  and  r e l i a b l e  
r e c i p e  f o r  c a l c u l a t i n g  s h i e l d  w e i g h t s ,  I t  i s  hoped t h a t  s u c h  c o m p u t a t i o n s  c a n  
a l s o  g i v e  e f f e c t i v e  g u i d a n c e  i n  some p h a s e s  o f  t h e  l i d  t a n k  program. 

Large Air Ducts in Shields (W. K .  E r g e n * ) .  A memorandum (CF 50-8-1)  was 
w r i t t e n  w h i l e  t h e  TAB w a s  i n  s e s s i o n .  I t  was  i n t e n d e d  t o  s u m m a r i z e  t h e  
p r e s e n t l y  a v a i l a b l e  i n f o r m a t i o n  on t h e  s h i e l d i n g  f o r  t h e  a i r  c y c l e -  The main 
d i f f i c u l t y  i s  t h e  d e c r e a s e  i n  s h i e l d  e f f i c i e n c y  due  t o  t h e  enormous a i r  d u c t s .  
S h i e l d i n g  c o n s i d e r a t i o n s  c a n n o t  e l i m i n a t e  t h e  a i r  c y c l e  b e c a u s e  t h e r e  a r e  
numerous  ways (some o f  wh ich  were l i s t e d )  t o  c i r c u m v e n t  t h e  s h i e l d i n g  d i f f i -  
c u l t i e s ,  b u t  e a c h  o f  t h e s e  ways would i n t r o d u c e  u n d e s i r a b l e  f e a t u r e s  i n t o  t h e  
a i r  c y c l e  and  make i t  less c o m p e t i t i v e , .  

T h r e e  t h e o r e t i c a l  a p p r o a c h e s  t o  t h e  d u c t  p r o b l e m  a r e  a v a i l a b l e :  t h e  
" d i s t r i b u t e d  d e n s i t y  a p p r o a c h , "  t h e  " l i n e  o f  s i g h t  a p p r o a c h , "  and  t h e  f o l l o w i n g  
of  n e u t r o n  h i s t o r i e s  i n c l u d i n g  t h o s e  w h i c h  i n v o l v e  s c a t t e r i n g .  A l l  t h e s e  
a p p r o a c h e s  y i e l d  e s s e n t i a l l y  l o w e r  l i m i t s  f o r  t h e  s h i e l d  w e i g h t s ,  b u t  t h k s e  

*NEPAr 
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l i m i t s  a r e  d i f f e r e n t  f o r  t h e s e  a p p r o a c h e s  a n d  i n c r e a s e  i n  t h e  o r d e r  g i v e n  
above. The f i r s t  two a p p r o a c h e s  h a r e  been  used-atNEPA a n d g a v e w i d e l y  d i f f e r e n t  
r e s u l t s ,  m a i n l y  b e c a u s e  o f  d i f f e r e n t  e n g i n e e r i n g  a s s u m p t i o n s ,  and o n l y  s e c o n d -  
a r i l y  b e c a u s e  of  t h e  d i f f e r e n c e  i n  e s t i m a t i o n  o f  t h e  i n f l u e n c e  of t h e  d u c t s ,  

No p r a c t i c a l  way of gamma s h i e l d i n g  t h e  a i r  c y c l e  r e a c t o r  h a s  b e e n  p r o -  
p o s e d  a n d  i t  a p p e a r s  t h a t  t h e  s h i e l d  w e i g h t s  wou ld  be p r o h i b i t i v e , ,  even if 
o n l y  p a r t i a l  gamma s h i e l d i n g  a t  the  a i r  c y c l e  r e a c t o r  were a t t e m p t e d .  

' .  

The  n e c e s s a r y  l a r g e  a i r  p l a n e s  o f  t h e  a i r  c y c l e  a l l o w  t h e  u s e  of ra 
a t t e n u a t i o n ,  b u t  t h i s  a g g r a v a t e s  t h e  p r o b l e m  o f  n e u t r o n - i n d u c e d  a c t i v i t y  in 
the m a t e r i a l  s u r r o u n d i n g  t h e  r e a c t o r ,  

NEW SBIELD TEST FACILITY 

W, M, B r e a z e a l e  and J ,  L ,  Meem 

Th work on t h e  b u i l d i n g  and pool i s  well Underwup Th c o n t r a c t o r  now 
e x p e c t s  t o  be  o u t  of t h e  b u i l d i n g  by P c t o b e r  2 0 "  L a b o r a t o r y  e m p l o y e e s  w i l l  
t h e n  move i n  and  i n s t a l l  t he  r e a c t o r ,  m e a s u r i n g  e q u i p m e n t ,  e t c .  I n s t r u m e n t  
d e v e l o p m e n t  f o r  t h i s  f a c i l i t y  is a j o i n t  e f f o r t  between NEPA and  ORNL, 

A s c h e d u l e  (CF 50-9-16)  h a s  been  drawn u p  c o v e r i n g  t h e  i n s t a l l a t i o n  and  
i n i t i a l  " s h a k e  down" p e r i o d  t o t a l i n g  t h r e e  a n d  a h a l f  m o n t h s .  A f t e r  t h i s  a 
mock-up of t h e  f i r s t  s h i e l d  w i l l  be t e s t e d .  D e s i g n  a n d  c o n s t r u c t i o n  o f  t h i s  
mock-up w i l l  be  s t a r t e d  when t h e  ANP S h i e l d i n g  Board  f i n i s h e s  t h e  p r e l i m i n a r y  
d e s i g n  o f  a n  a i r c r a f t  s h i e l d  ( O c t o b e r  16).  

The n e u t r o n  camera  d i s c u s s e d  i n  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  been  b u i l t  
a n d  t e s t e d  w i t h  U235 f i s s i o n  s p e c t r u m .  T h e  r e s u l t s  a r e  i n  a c c o r d  w i t h  t h e  
Los Alamos e x p e r i e n c e . .  A c o i n c i d e n c e  c i r c u i t  has bedn added  t o  t h e  p r o t o n  
r e c o i l  c o u n t e r ( l )  w h i c h  s u b s t a n t i a l l y  r e d u c e d  t h e  b a c k g r o u n d .  The  flux re- 
q u i r e d  f o r  s a t i s f a c t o r y  o p e r a t i o n  is  s t i l l  l a rge ,  a b o u t  10' nv.  

A large N a I - T 1 I  c r y s t a l  has b e e n  r e c e i v e d  by P.  R ,  B e l l  a n d  i s  b e i n g  
i n c o r p o r a t e d  i n  a s c i n t i l l a t i o n  s p e c t r o m e t e r  which  he w i l l  t e s t ,  I t  is  hoped 
t h a t  t h e  r e s o l u t i o n  and s e n s i t i v i t y  w i l l  be s u f f i c i e n t  s o t h a t  s i m i l a r  e q u i p m e n t  
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can be u s e d  i n  s h i e l d i n g  work, A Compton r e c o i l  c o i n c i d e n c e  s p e c t r o m e t e r  has  
been b u i l t  and bench t e s t e d .  I n h e r e n t l y  i t s  r e s o l u t i o n  i s  n o t  a s  good a s  t h e  
c r y s t a l  s p e c t r o m e t e r ,  
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C R I T I C A L  EXPERIMENTS 

a 

A .  D.  C a l l i h a n ,  P h y s i c s  D i v i s i o n  
J .  F. Coneybea r ,  NEPA 

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 ,  B u i l d i n g  
9213, i s n o w  e s s e n t i a l l y  c o m p l e t e .  The b u i l d i n g  was t u r n e d  over  t o  t h e  o p e r a t -  
i n g  s t a f f  on A u g u s t  2 1 ,  1 9 5 0 ,  and  e x p e r i m e n t a l  e q u i p m e n t  i s  now b e i n g  i n -  
s t a l l e d .  O p e r a t i o n s  w i l l  commence somet ime i n  O c t o b e r  u n l e s s  t h e  p r o c u r e m e n t  
o f  e s s e n t i a l  e x p e r i m e n t a l  m a t e r i a l s ,  s u c h  a s  g r a p h i t e ,  b e r y l l i u m ,  and u ran ium,  
c a u s e s  a d e l a y .  

Each  a s s e m b l y  o f  f i s s i o n a b l e  and m o d e r a t i n g  m a t e r i a l  w i l l  be made i n  a 
s u p p o r t i n g  g r i d  o f  s q u a r e  aluminum t u b i n g .  A sample  s e c t i o n  o f  s i x t e e n  t u b e s  
we lded  t o g e t h e r  h a s  been  r e c e i v e d  b u t  p r e l i m i n a r y  t es t s  showed t h a t  e x c e s s i v e  
w a r p i n g  was i n t r o d u c e d  i n  t h e  w e l d i n g .  I t  a p p e a r s  n e c e s s a r y  t h a t  t h e  m a t r i x  
b e  b u i l t  w i t h  i n d i v i d u a l  t u b e s  h e l d  i n  p l a c e  b y  a n  e x t e r n a l  f r a m e .  The  re- 
q u i r e d  aluminum t u b i n g  h a s  been  r e c e i v e d .  C o n t r o l  and  s a f e t y  rods h a v e  b e e n  
o r d e r e d  and  a r e  s c h e d u l e d  f o r  d e l i v e r y  e a r l y  i n  O c t o b e r ,  

I t  h a s  b e e n  a g r e e d  t h a t  among t h e  e a r l y  e x p e r i m e n t s  w i l l  b e  a n  i n v e s -  
t i g a t i o n  of heavy m e t a l s  a s  r e a c t o r  r e f l e c t o r s .  S p e c i f i c a t i o n s  have  b e e n  p r e -  
p a r e d  o f  Type 310 s t a i n l e s s  s t e e l  r e q u i r e m e n t s  i n  o r d e r  t o  c o m p l e t e l y  e n c l o s e  
t h e  c o r e  by a p p r o x i m a t e l y  e i g h t  i n c h e s  o f  r e f l e c t o r .  

A r e p o r t ,  I n i t i a l  Program of A N P  C r i t i c a l  E n p e r i a e n t s  (NEPA-1522), was 

i s s u e d  s t a t i n g  d e t a i l s  o f  t h e  f i r s t  e x p e r i m e n t s  and some of t h e  t e c h n i q u e s  t o  
be  u s e d .  
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EXPERIMENTAL ENGINEERING 

H. W .  S a v a g e ,  A N P D i v j s i o n  

As m e n t i o n e d  i n  t h e  l a s t  ANP Q u a r t e r l y  R e p o r t ,  a new g r o u p  of  t h e  Labo-  
r a t o r y  h a s  b e e n  o r g a n i z e d  t o  do  e x p e r i m e n t a l  e n g i n e e r i n g  work f o r  t h e  ANP p r o -  
gram. I t  is t h e  f u n c t i o n  o f  t h e  E x p e r i m e n t a l  E n g i n e e r i n g  Group t o  d e v e l o p  t h e  
t e c h n o l o g y  o f  l a r g e - s c a l e  h a n d l i n g  o f  t h e  c o o l a n t s  o f  t h e  a i r c r a f t  r e a c t o r ,  
and t o  make mock-ups and e n g i n e e r i n g  s t u d i e s  o f  the  p r o p o s e d  c o m p o n e n t s .  I t  
is  i n t e n d e d  t h a t  t h e  f u n d a m e n t a l  r e s e a r c h  and i n i t i a l  deve lopmen t  on a l l  s u c h  
m a t t e r s  a s  f u e l  e l e m e n t s ,  m a t e r i a l s  f o r  c o n t a i n i n g  c o r r o s i v e  l i q u i d s ,  and h e a t  
t r a n s f e r  p r o p e r t i e s  o f  m a t e r i a l s  w i l l  be  done  by  t h e  o t h e r  g r o u p s  o f  t h e  p r o -  
j e c t  whose  work i s  d e s c r i b e d  e l s e w h e r e  i n  t h i s  r e p o r t .  The E x p e r i m e n t a l  
E n g i n e e r i n g  Group  w i l l  t a k e  t h e  b a s i c  i n f o r m a t i o n  and d e s i g n  s u g g e s t i o n s  a n d  
w i l l  r e d u c e  them t o  e n g i n e e r i n g  p r a c t i c e  f o r  t h e  ARE, 

P r e s e n t  p e r s o n n e l  w i t h  t h e  E x p e r i m e n t a l  E n g i n e e r i n g  Group number 19, of  
whom f o u r  a r e  t e c h n i c i a n s  and t h e  b a l a n c e  p r o f e s s i o n a l .  S e v e r a l  a d d i t i o n a l  
t e c h n i c i a n s  a r e  t o  b e  a d d e d  i n  o r d e r  t o  p e r m i t  2 4 - h o u r  o p e r a t i o n s  when n e c e s -  
s a r y .  D u r i n g  t h e  p a s t  t h r e e  m o n t h s ,  a t t e n t i o n  h a s  b e e n  d i r e c t e d  p r i n c i p a l l y  
toward  program d e f i n i t i o n ,  l a b o r a t o r y  i n s t a l l a t i o n  and p e r s o n n e l  a c q u i s i t i o n .  
However, a few l i q u i d  meta l  l o o p s  h a v e  a l r e a d y  been o p e r a t e d .  

Because a p r i m a r y  r e q u i r e m e n t  of  t h e  ARE i s  to e s t a b l i s h  t h e  c o m p a t i b i l i t y  
of m a t e r i a l s ,  t h e  e x p e r i m e n t a l  program is b e i n g  c a r e f u l l y  c o o r d i n a t e d  w i t h  t h e  
r e s e a r c h  p r o g r a m s  o f  t h e  M e t a l l u r g y  G r o u p ,  t h e  Heat T r a n s f e r  G r o u p ,  t h e  
a c t i v i t i e s  o f  t h e  ANP G e n e r a l  D e s i g n  G r o u p ,  a n d  t h e  c o r r e s p o n d i n g  a c t i v i t i e s  
of  NEPA. A l l  of t h e  p r e s e n t  work i s  d e v o t e d  t o  e s t a b l i s h i n g  t h e  c o m p a t i b i l i t y  
o f  v a r i o u s  metals  w i t h  sodium and l i t h i u m  over  a range of t e m p e r a t u r e s  r e a c h -  
i n g  somewhat above  1500°F. 

The s u b j e c t s  which w i l l  be c o n s i d e r e d  i n  t h e  c o u r e e  o f  t h e  deve lopmen t  of 
t h e  p r o j e c t  a r e  l i s t e d  below. M a n y o f t h e s e  t e s t s  w i l l  be  of a c t u a l  componen t s  
o f  t h e  AHE. 

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

2 .  Hydrodynamics - f r ee  c o n v e c t i o n ,  p r e s s u r e  and v e l o c i t y  d i s t r i b u t i o n ,  
e t c  . , h e a d e r  geome t r y ,  dynamic l o a d s  e tc  

3 .  Chemis t r y - - c o r r o s i o n ,  e r o s i o n ,  s o l u b i l i t y ,  
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4 .  M e c h a n i c a l  e lements-pumps,  v a l v e s ,  s e a l s ,  j o i n t s ,  e t c .  

5 .  P u r i f i c a t i o n - - w o r k i n g  f l u i d s ,  s y s t e m  c l e a n i n g .  

6 .  G e n e r a l  h a n d l i n g - f i l l i n g ,  d r a i n i n g ,  warming up .  

7 .  S t r u c t u r e s  --fue 1 e l e m e n t s  I m o d e r a t o r ,  c o n t a i n e r s ,  s h i e l d ,  plumb- 
i n g .  

8. C o n t r o l s - r e a c t o r ,  s y s t e m  c o n t r o l s ,  e t c .  

9. C y c l e  t e s t s - s m a l l  s c a l e  e x p e r i m e n t s  on v a r i o u s  c y c l e s .  

1 0  Fabr i c  a t  i on t e c h n i q u e s  -- j o i n i n g  , a s s  emb 1 i n g  , main tenance  and r e  - 
p a i r .  

11. E x p e r i m e n t a l  t e c h n i q u e s - s a m p l i n g ,  t e s t  r i g  d e s i g n s ,  e t c .  

1 2 .  I n s t r u m e n t a t i o n - t e m p e r a t u r e ,  p r e s s u r e ,  f l o w ,  e t c .  

1 3 .  E f f e c t s  o f  component f a i l u r e s - l e a k s ,  f i r e  h a z a r d ,  s u d d e n r u p t u r e .  

1 4 .  Fiemote h a n d l i n g - - o p e n i n g  and s e a l i n g  s y s t e m ,  r e p l a c i n g  componen t s ,  
h a n d l i n g  f u e l  e l e m e n t s  e t c .  

The l a b o r a t o r y  i n s  t a l l a t i o n  i n  B u i l d i n g  9 2 0 1 - 3  i s  p r o g r e s s i n g .  I n  a d -  
d i t i o n  t o  t h e  n e c e s s a r y  o f f i c e  s p a c e  t h e r e  i.s i n c l u d e d  a n  a r e a  i n  w h i c h  a 
nuniber o f  s m a l l  e x p e r i m e n t s  c a n  b e  c o n d u c t e d ,  a n o t h e r  a r e a  i n  wh ich  e x p e r i -  
m e r i t s  i n v o l v i n g  e x t e n s i v e  equ ipmen t  can  be c o n d u c t e d ,  a n  a r e a  f o r  t h e  d i s p o s a l  
of u s e d  m a t e l r i a l s ,  p a r t i c u l a r l y  s o d i u m  and l i t h i u m ,  a n d  a n  a r e a  i n  wh ich  t h e  
equ ipmen t  c a n  be s e r v i c e d  and s m a l l  p a r t s  b u i l t .  I t  i s  a l s o  e x p e c t e d  t h a t  i n  
a n  a d j a c e n t  a r e a  w i l l  be  p l a c e d  t h e  l i t h i u m  i s o t o p e  s e p a r a t i o n  equ ipmen t  b e i n g  
d e v e l o p e d  by t h e  I s o t o p e  S e p a r a t i o n  Group. 

I n  t h e  e x p e r i m e n t a l  w o r k a c o n v e c t i o n  l o o p ,  F i g ,  5 ,  h a s  been p l a c e d  i n  t h e  
s h o p s  f o r  f a b r i c a t i o n  from s t a i n l e s s  s t e e l  Type 321,  and  a " F i g u r e - E i g h t  Loop,*' 
shown i n  F i g .  6 ,  w h i c h  w i l l  i n c l u d e  a pump and  h e a t  e x c h a n g e r ,  i s  b e i n g  de- 
s i g n e d .  S i x  c o n v e c t i o n  h a r p s  and sodium l o a d i n g  and f i l t e r i n g  e q u i p m e n t  h a v e  
b.een r e c e i v e d  f r o m  t h e  M e t a l l u r g y  Group  a n d  t h e s e ,  t o g e t h e r  w i t h  a number o f  
o t h e r s  t o  be o b t a i n e d  s h o r t l y ,  w i l l  b e  s u b j e c t e d  LO 1000-hour  c o n t i n u o u s  tests 

u n d e r  s p e c i f i c a t i o n s  d e t e r m i n e d  by t h e  M e t a l l u r g y  Group .  The m a t e r i a l s  f o r  
t h e  f i r s t  s i x  h a r p s  a r e  (1) 347  s t a i n l e s s  s t e e l ,  ( 2 )  304 s t a i n l e s s  s t e e l ,  (1) 
low c a r b o n  Fe,  (1) n i c k e l - - g r a d e  A ,  and  ( I )  L605 a l l o y ,  and t h e  l i q u i d  m e t a l  
i n v o l v e d  w i l l  be  sod ium u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :  

4 6  
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M A T E R I A L  T E M P E R A T U R E  

(OF-) 

1 - 347 
1 - 304 
1 - L605 
Low c a r b o n  Fe 
Niclte 1 

1 3 5 0  
13 50 
1600 
1200 
1500 

I n  o r d e r  t o  a s c e r t a i n  t h e  power r e q u i r e m e n t s  f o r  t h i s  t y p e  o f  e q u i p m e n t  
i t  was d e c i d e d  t o  r u n  one h a r p  ( F i g .  7 )  u s i n g  s o d i u m - p o t a s s i u m  e u t e c t i c  a l l o y ,  
f i r s t  u n i n s u l a t e d  a n d  t h e n  i n s u l a t e d .  The r e s u l t s  o f  t h e s e  t e s t s  i n d i c a t e  
t h a t  a t e m p e r a t u r e  o f  a p p r o x i m a t e l y  900'F was r e a d i l y  o b t a i n e d  w i t h o u t  i n -  
s u l a t i o n  and  a p p r o x i m a t e l y  1100°F w i t h  two  t y p e s  o f  s t a n d a r d  r o c k  w o o l  i n -  
s u l a t i o n .  A t e m p e r a t u r e  d i f f e r e n c e  o f  180'F was o b s e r v e d  i n  b o t h  t y p e s  of: 
s y s t e m s  

An e l e c t r o m a g n e t i c  pump i s  b e i n g  f a b r i c a t e d  f o r  u s e  w i t h  t h e s e  l o o p s  and  
t h e  f i r s t  o f  t h e s e  i s  e x p e c t e d  t o  be t e s t e d  d u r i n g  t h e  week o f  S e p t e m b e r  11. 
A m e c h a n i c a l  pump d e v e l o p m e n t  p rogram i s  a l s o  underway.  In t h i s  c o n n e c t i o n  a 
c e n t r i f u g a l  pump h a v i n g  v a n e s  on t h e  b a c k  o f  i m p e l l e r  h a s  been d e s i g n e d  and is 
b e i n g  f a b r i c a t e d  f o r  t e s t s .  

C o n s i d e r a t i o n  i s  a l s o  b e i n g  g i v e n  t o  t h e  f o l l o w i n g  mock-ups of  p r o p o s e d  
AkE c o m p o n e n t s ,  and  f a b r i c a t i o n  o f  c e r t a i n  o f ' t h e s e  w i l l  b e g i n  i n  the  n e x t  
q u a r t e r .  T h e s e  a r e :  

1. Sample f u e l  e l e m e n t  b u n d l e .  

2 . C o n t r o l  mechanism. 

3 .  H y d r a u l i c  mock-up. 

4 . S h i e  Id  mock-up. 

5 . Hemote hand l i n g  equ ipmen t .  

6 .  F i c t o r i a l  mock-up. 





HEAT TRANSFER 

R .  N e  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  

HEAT TRANSFER TmORY 
H. F ,  Poppend iek  

The T h e o r e t i c a l  H e a t  T r a n s f e r  Group o f  t h e  l i q u i d  m e t a l s  s e c t i o n  h a s  c o n -  
c e n t r a t e d  i t s  e f f o r t s  on t h e  i n v e s t i g a t i o n  o f  (1) f o r c e d  c o n v e c t i o n  Lieat t r a n s -  
felr  i n  t h e  e n t r a n c e  r e g i o n  o f  f l o w  s y s t e m s , *  and  ( 2 )  f o r c e d  c o n v e c t i o n  h e a t  
and momentum t r a n s f e r  i n  d u c t s  whose c r o s s  s e c t i o n s  a r e  i r r e g u l a r  or a n n u l a r  
i n  a r e g i o n  beyond t h e  i n f l u e n c e  o f  t h e  e n t r a n c e  s e c t i o n ,  I t  is b e l i e v e d  t h a t  
i f  t h e  t h e o r e t i c a l  s o l u t i o n s  d e v e l o p e d  d u r i n g  t h e  c o u r s e  o f  t h e s e  i n v e s t i g a t i o n s  
a re  complemented by f u n d a m e n t a l  e x p e r i m e n t a l  i n f o r m a t i o n ,  i t  w i l l  b e  p o s s i b l e  
i n  a l a r g e r  number o f  c a s e s  t h a n  p r e v i o u s l y ,  t o  p r e d i c t  f o r c e d  c o n v e c t i o n  h e a t  
t r a n s f e r  i n  n u c l e a r  r e a c t o r s  and  t h e i r  a u x i l i a r y  h e a t  e x c h a n g e r s .  S p e c i a l  
emphas i s  is b e i n g  g i v e n  t o  t h e  s p e c i f i c  l i q u i d  metal  f l o w  s y s t e m s  t h a t  a r e  a t  
p r e s e n t  b e i n g  c o n s i d e r e d  f o r  t h e  ANP and ARE r e a c t o r s .  

% 

4 

Forced Convect ion Entrance S o l u t i o n s u  One p h a s e  o f  t h e  f o r c e d  c o n v e c t i o n  
e n t r a n c e  s t u d i e s  c o n s i s t s  o f  a c o m p i l a t i o n  of a l l  p e r t i n e n t  l a m i n a r  and t u r b u -  
l e n t  f low h e a t  t r a n s f e r  a n a l y s e s  t h a t  have  a p p e a r e d  i n  t h e  l i t e r a t u r e .  These 
a n a l y s e s  p e r t a i n  t o  f l o w  be tween  f l a t  p l a t e s  and i n  p i p e s .  A l t h o u g h  a s e r i e s  
of l a m i n a r  f low s o l u t i o n s  f o r  s p e c i f i c  boundary  c o n d i t i o n s  a r e  a v a i l a b l e ,  o n l y  
a few t u r b u l e n t  f low s o l u t i o n s  were found i n  t h e  l i t e r a t u r e .  

A n o t h e r  p h a s e  o f  t h e  f o r c e d  c o n v e c t i o n  e n t r a n c e  s t u d i e s  c o n s i s t s  o f  t h e  
d e r i v a t i o n  o f  h e a t  t r a n s f e r  s o l u t i o n s  f o r  sylstems t h a t  h a v e  n o t  y e t  been  i n -  
v e l s t i g a t e d  t h e o r e t i c a l l y ,  A l a m i n a r  f l o w  s o l u t i o n  h a s  b e e n  d e r i v e d  f o r  a 
s y s t e m  i n  wh ich  (1) a f l u i d  is f l o w i n g  u n i f o r m l y  a n d  u n i d i r e c t i o n a l l y  ( s l u g  
f l o w )  be tween  two i n f i n i t e  p a r a l l e l  p l a t e s ,  ( 2 )  t h e  i n i t i a l  f l u i d  t e m p e r a t u r e  
i s  u n i f o r m ,  and  ( 3 )  t h e  f l u i d  s u d d e n l y  f l o w s  o v e r  s u r f a c e s  which a re  e m i t t i n g  
a u n i f o r m  h e a t  f l u x .  A t u r b u l e n t  f l o w  s o l u t i o n  h a s  been  d e v e l o p e d  f o r  a s y s t e m  
i n  which (1) a f l u i d  is f l o w i n g u n i f o r m l y  and u n i d i r e c t i o n a l l y  between two i n -  
f i n i t e  p a r a l l e l  p l a t e s ,  ( 2 )  t h e  i n i t i a l  f l u i d  t e m p e r a t u r e  is  u n i f o r m ,  ( 3 )  t h e  
f l u i d  s u d d e n l y  f lows  o v e r  s u r f a c e s  which a r e  a t  some new u n i f o r m  t e m p e r a t u r e ,  

* T h o  r e g i o n  in w h i c h  t h e r m a l  and hydrodynamic  boundary l a g e r s  a r e  b e i n g  i n i t i a t e d .  
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and ( 4 )  t h e  eddy d i f f u s i v i t y  is p o s t u l a t e d  t o  b e  a l i n e a r  f u n c t i o n  o f  t h e  d i s -  
t a n c e  f rom t h e  d u c t  w a l l  ( t h e  eddy  d i f f u s i v i t y  becoming t h e  m o l e c u l a r  d i f f u s i -  
v i t y  a t  t h e  d u c t  w a l l ) .  Ano the r  t u r b u l e n t  f l o w  s o l u t i o n  t h a t  h a s  been d e r i v e d  
p e r t a i n s  t o  a s y s t e m  i n  which (1) a v e l o c i t y  p r o f i l e  c h a r a c t e r i z e d  by a l a m i n a r  
s u b l a y e r  a n d a  t u r b u l e n t  c o r e  flow o v e r  an  i n f i n i t e  f l a t  p l a t e ,  ( 2 )  t h e  l a m i n a r  
s u b l a y e r  i s  p o s t u l a t e d  t o  h a v e  a u n i f o r m  v e l o c i t y ,  ( 3 )  t h e  t u r b u l e n t  c o r e  is 

p o s t u l a t e d  t o  h a v e  a u n i f o r m  v e l o c i t y  ( m a g n i t u d e  d i f f e r e n t  t h a n  t h e  l a m i n a r  
s u b l a y e r  v e l o c i t y ) ,  ( 4 )  t h e  eddy d i f f u s i v i t y  i n  t h e  t u r b u l e n t  core i s  p o a t u -  
l a t e d  t o  be u n i f o r m p  ( 5 )  t h e  i n i t i a l  f l u i d  t e m p e r a t u r e  i s  u n i f o r m ,  and  ( 6 )  t h e  
f l u i d  s u d d e n l y  f l o w s  o v e r  a s u r f a c e  wh ich  is  e m i t t i n g  a u n i f o r m  h e a t  f l u x .  
S e v e r a l  a d d i t i o n a l  t u r b u l e n t  f l o w  s o l u t i o n s  a r e  i n  t h e  p r o c e s s  o f  b e i n g  com- 
p l e t e d ;  t h e s e  e n t r a n c e  s o l u t i o n s  p e r t a i n  t o  s y s t e m s  w i t h  somewhat more complex 
boundary  c o n d i t i o n s  t h a n  t h o s e  d e s c r i b e d  above .  

A n o t h e r  phase  o f  t h e  f o r c e d  c o n v e c t i o n  e n t r a n c e  s t u d i e s  c o n s i s t s  of t h e  
J e t e r m i n a t i o n  o f  n u m e r i c a l  s o l u t i o n s  of s p e c i f i c  f l o w  s y s t e m s .  The s y s t e m  
t h a t  i s  c u r r e n t l y  b e i n g  i n v e s t i g a t e d  i s  one i n  which (1) a f l u i d  f l o w s  from a 
l a r g e  h e a d e r  i n t o  a p i p e ,  t h u s  i n i t i a t i n g  a hydrodynamic  b o u n d a r y  l a y e r ,  ( 2 )  
t h e  f l u i d  i s  i n i t i a l l y  a t  some u n i f o r m  t e m p e r a t u r e ,  ( 3 )  t h e  p i p e  w a l l  is 
e m i t t i n g  a u n i f o r m  h e a t  f l u x ,  and  ( 4 )  t h e  t h e r m a l  and  h y d r o d y n a m i c  b o u n d a r y  
l a y e r s  a r e  c h a r a c t e r i z e d  by t u r b u l e n t  f l o w  I T h e s e  n u m e r i c a l  s o l u t i o n s  c a n  b e  
u s e d  t o  s t u d y  t h e  l i m i t a t i o n s  wh ich  a r e  a s s o c i a t e d  w i t h  some o f  t h e  i d e a l i z e d  
t h e o r e t i c a l  s o l u t i o n s  a s  wel l  a s  t o  a n a l y z e  complex  h e a t  t r a n s f e r - f l u i d  f low 
s y s t e m s .  

Beat and Momentum Transfer i n  Ducts Whose Cross Sections Are Irregular or 
Annular. One phase  o f  t h e  s t u d i e s  of h e a t  and momentum t r a n s f e r  i n  d u c t s  whose 
c r o s s  s e c t i o n s  a r e  i r r e g u l a r  o r  a n n u l a r  c o n s i s t s  o f  t h e  c o m p i l a t i o n  of a l l  
p e r t i n e n t  l a m i n a r  flow s o l u t i o n s  t h a t  a p p e a r  i n  t h e  l i t e r a t u r e .  Some of t h e  
i r r e g u l a r  c r o s s  s e c t i o n s  t h a t  a r e  b e i n g  t a b u l a t e d  a r e  t h e  (1) s q u a r e ,  ( 2 )  
r e c t a n g l e ,  ( 3 )  e q u i l a t e r a l  t r i a n g l e  ( 4 )  r i g h t  i s o s c e l e s  t r i a n g l e ,  (5) e l l i p s e ,  
and ( 6 )  t h e  r e c t o r  o f  a c i r c l e .  

A n o t h e r  p h a s e  o f  t h e s e  s t u d i e s  c o n s i s t s  o f  t h e  d e t e r m i n a t i o n  o f  l a m i n a r  
and  t u r b u l e n t  f l o w  s o l u t i o n s  w h i c h  a r e  now n o t  a v a i l a b l e .  A t u r b u l e n t  f l o w  
s o l u t i o n  f o r  e s t a b l i s h e d  f low i n  a r e c t a n g u l a r  d u c t  h a s  been  o b t a i n e d  w i t h  t h e  
c o o p e r a t i o n  of  t h e  Mathemat i c s  P a n e l .  T h i s  s o l u t i o n  was b a s e d  on t h e  p o s t u l a t e  
t h a t  t h e  e d d y  d i f f u s i v i t y  i s  p r o p o r t i o n a l  t o  t h e  f l u i d  v e l o c i t y  i t s e l f ,  A 
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s t u d y  o f  t h e  l a m i n a r  v e l o c i t y  d i s t r i b u t i o n  h a s  been  i n i t i a t e d  f o r  t h e  c a s e  
where  a f l u i d  f l o w s  between an  i n f i n i t e  number o f  s o l i d  c y l i n d e r s  o f  u n i f o r m  
d i a m e t e r  and u n i f o r m  s p a c i n g ;  t h e  f l u i d  f l o w  i s  p a r a l l e l  t o  t h e  a x e s  o f  t h e  
c y l i n d e r s  e 

A t h i r d  p h a s e  o f  t h e s e  s t u d i e s  p e r t a i n s  t o  t h e  i n v e s t i g a t i o n  o f  t h e  few 
s e t s  o f  b a s i c  e x p e r i m e n t a l  v e l o c i t y  d a t a  f o r  t u r b u l e n t  f l o w  i n  i r r e g u l a r  c r o s s  
s e c t i o n s  t h a t  a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e  f o r  t h e  p u r p o s e  o f  a t t e m p t i n g  to 
g e n e r a l i z e  them much i n  t h e  same manner a s  h a s  been done  f o r  t h e  c a s e  o f  f low 
i n  a p i p e ,  

EXPERIMENTAL HEAT TRANSFER EQUIPMENT 

Cr, P. Coughlen 

D u r i n g  t h e  p a s t  q u a r t e r  t h e  ma jo r  components  o f  t h e  equ ipmen t  f o r  m e a s u r -  
i n g  m o l t e n  me t 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  were a s s e m b l e d ,  e q u i p p e d  w i t h  
C a l r o d s  and t h e  s y s t e m  p i c k l e d  w i t h  a strong h o t  m i x t u r e  of n i t r i c ,  h y d r o c h l o r i c  
a n d  h y d r o f l u o r i c  a c i d s .  The e q u i p m e n t  is d e s i g n e d  t o  p e r m i t  e x p e r i m e n t a l  d e -  
t e r m i n a t i o n  o f  h e a t  t r a n s f e r  c o e f f i c i e n t s  u n d e r  a w i d e  v a r i e t y  o f  c o n d i t i o n s  
i n c l u d i n g  v a r i o u s  s h a p e s  o f  c o n d u i t  a n d  v a r i o u s  l e n g t h s  o f  t u b e  w i t h  b o t h  
s o d i u m  a n d  l i t h i u m .  

S p e c i  f i c a  11 y t h e  f o  11 o w i n g  was  acc  ompl i s  he  d :: 

1. 

2 "  

3 .  

4. 

A new, s m a l l e r  c a t c h  t a n k  was b u i l t  and  c a l i b r a t e d  s o  t h a t  a t  
500'F volume w i l l  be known w i t h i n  f 2,5%, and  p r o b a b l y  w i t h i n  
f 1%. 

The  l i t h i u m  m e l t i n g  t a n k  was f a b r i c a t e d ,  e q u i p p e d  w i t h  h e a t e r s  
a n d  a s m a l l  f i l t e r ,  l a g g e d ,  a n d  p i c k l e d .  I t  is now r e a d y  for 
c h a r g i n g .  

L a r g e  f i l t e r s  f o r  p u r i f y i n g  t h e  c i r c u l a t i n g  c h a r g e  h a v e  b e e n  
f a b r i c a t e d .  I t  w a s  f o u n d  n e c e s s a r y  t o  t a c k  w e l d  t h e  r n i c r o -  
m e t a l l i c  m a t e r i a l  t o  a s u p p o r t i n g  r i n g  and  t h e n  t o  s e a l  a r o u n d  
t h e  f i l t e r  by m e t a l  s p r a y i n g  

An a u t o m a t i c  c o n t r o l  t o  m a i n t a i n  a p o s i t i v e  p r e s s u r e  o f  i n e r t  
gas i n  t h e  s y s t e m  was c o n s t r u c t e d  and  t e s t e d e  I t  r e q u i r e s  n o  
e l e c t r i c a l  power f o r  o p e r a t i o n  and a p p e a r s  t o  b e  e x t r e m e l y  r e -  
l i a b l e  o 
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5. 

6 .  

7 .  

8. 

9. 

10 

11 

12.  

13 

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

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

P a n e l  b o a r d  c o n s t r u c t i o n  i n  t h e  s h o p  was a b o u t  90% c o m p l e t e d .  

L a g g i n g  o f  t h e  s y s t e m  w i t h  t h e r m a l  i n s u l a t i o n  was  a b o u t  70% 
c omple t e d .  

The c o o l i n g  w a t e r  s y s t e m  was c o n s t r u c t e d  and  g a v e  s a t i s f a c t o r y  
r e s u l t s  i n  t e s t s .  

The l i q u i d  l e v e l  i n d i c a t o r s  were s u c c e s s f u l l y  t e s t e d  w i t h  NaK. 
T h e s e  i n d i c a t o r s  a r e  d e s i g n e d  t o  s t a r t  a n d  s t o p  a n  e l e c t r i c  
t imer  a s  t h e  c a t c h  t a n k  s t a r t s  and  c o m p l e t e s  f i l l i n g .  The 
l i q u i d  m e t a l  p r o v i d e s  a low r e s i s t a n c e  s h o r t e d  s e c o n d a r y  for a 
t r a n s f o r m e r  c o r e  w e l d e d  i n t o  t h e  p i p i n g .  The p r i m a r y  coil is 
e x t e r n a l  t o  t h e  p i p i n g .  The i n c r e a s e  i n  p r i m a r y  c u r r e n t  a t  a 
c o n s t a n t  i m p r e s s e d  v o l t a g e  i s  s e v e r a l  t imes g r e a t e r  t h a n  t h a t  
r e q u i r e d  t o  o p e r a t e  s w i t c h i n g  d e v i c e s .  

W a t e r  c i r c u l a t i o n  t e s t s  were made. Flow m e a s u r e m e n t  s e c t i o n s  
o p e r a t e d  s u c c e s s f u l l y .  I t  was d u r i n g  t h e s e  tests t h a t  a s m a l l e r  
c a t c h  t a n k  was f o u n d  t o  be d e s i r a b l e  a n d  a l s o  t h a t  i t  was f o u n d  
n e c e s s a r y  t o  r e l o c a t e  t h e  pump s o  t h e  f u l l  c a p a c i t y  o f  t h e  su m p  
c o u l d  b e  u s e d .  

P u r e  magnesium o x i d e  was f o u n d  to b e  e f f e c t i v e  i n  s m o t h e r i n g  
l i t h i u m  f i r e s .  Py rene  G 1  a l s o  was found t o  b e  f a i r l y  e f f e c t i v e .  
A s e r i o u s  d i f f i c u l t y  w i t h  t h e  magnesium o x i d e  is t h a t , b e c a u g e  i t  
is  an e x c e l l e n t  t h e r m a l  i n s u l a t o r  and h a s  a low s p e c i f i c  h e a t ,  
i t  p r e v e n t s  r a p i d  c o o l i n g  of( t h e  m s l t e n  l i t h i u m .  For t h i s  
r e a s o n ,  t h e  s m o t h e r e d  f i r e  mtsy r e i g n i t e  g c o n q i d e r a b l e  time 
a f t e r  t h e  f i r s t  f i r e  was e x t i n g u i s h e d ,  i f  t h e  l o o s e  s m o t h e r i n g  
c o a t  o p e n s  a t  tiny p o i n t . .  

A p u r e  magnesium o x i d e  p l a s t e r  w i t h  ws te r  was f o u n d  t o  h a r d e n  
i n t o  hn a d h e r e n t  c o a t i n g  f o r  p i p e  i n s u l a t i o n  and  o t h e r  m o r e  
r e a c t i v e  c o n s t r u c t i o n  m a t e r i a l s .  It w i l l  be  t e s t e d  w i t h  b u r n -  
i n g  l i t h i u m  t o  d e t e r m i n e  i t s  p r o t e c t i v e  a b i l i t y .  

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

f 01 lows : 

1. Top f o r  t h e  sump must  Le f a b r i c a t e d .  

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

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

5 .  The i n s t r u m e n t  p a n e l  mus t  b e  c o m p l e t e d  and i n s t a l l e d .  

6 .  The r e m a i n i n g  t h e r m a l  i n s u l a t i o n  m u s t  be  a p p l i e d .  

7 .  P r o t e c t i o n  f o r  t h e  c o n c r e t e  f l o o r  f r o m  t h e  h o t  l i t h i u m  m u s t  be  
a r r a n g e d .  T h i s  p r o t e c t i o n  w i l l  p r o b a b l y  t a k e  t h e  form o f  a 
t h i c k  l a y e r  of s a n d  or some o t h e r  i n s u l a t i n g  powder ,  w h i c h  t h e  
l i t h i u m  w i l l  n o t  p e n e t r a t e  d e e p l y .  

BOILING LIQUID METALS 

W ,  S .  Farmel; 

Equipment  f o r  t h e  e x p e r i m e n t a l  d e t e r m i n a t i o n  o f  h e a t  t r a n s f e r  t o  b o i l i n g  
l i q u i d  m e t a l s  i s  now b e i n g  d e s i g n e d .  B e c a u s e  o f  t h e  h i g h  t e m p e r a t u r e  a n d  
m o d e r a t e  p r e s s u r e s  a t  which h e a t  c a n  b e  conveyed  i n  g a s e o u s  m e t a l s ,  and b e c a u s e  
o f  t h e  l a r g e  h e a t  o f  v a p o r i z a t i o n  o f  many m e t a l s ,  i t  is b e l i e v e d  t h a t  t h i s  
h e a t  t r a n s m i s s i o n  method may b e  u s e f u l  i n  s o l v i n g  Some o f  t h e  s e r i o u s  h e a t  
t r a n s f e r  p rob lems  i n  t h e  d e s i g n  and d e v e l o p m e n t  o f  n u c l e a r  r e a c t o r s ,  p a r t i c u -  
l a r l y  where  u s e f u l  power i s  t o  be e x t r a c t e d .  I t  is n o t  e x p e c t e d  t h a t  b o i l i n g  
l i q u i d  m e t a l s  w i l l  be u s e d  i n  t h e  i n i t i a l  a i r c r a f t  r e a c t o r ,  b u t  t h e y  a r e  b e i n g  
i n v e s t i g a t e d  a s  a p o s s i b l e  l o n g - r a n g e  a l t e r n a t i v e .  

The c u r r e n t  d e s i g n  embod ies  a s m a l l  t a n k ,  p a r t l y  f i l l e d  w i t h  t h e  b o i l i n g  
l i q u i d .  H e a t  w i l l  b e  s u p p l i e d  t o  t h e  l i q u i d  by a s u b m e r g e d  o n e - i n c h  t u b e  
t h r o u g h  which h o t  m o l t e n  sod ium is pumped, o r  which i s  h e a t e d  by a n  e n c l o s e d  
h i g h  f r e q u e n c y  c o i l .  C o n d e n s a t i o n  w i l l  t ake  p l a c e  i n  t h e  uppe r  p o r t i o n  of t h e  
t a n k  on a t u b e  which  will b e  c o o l e d  by l i q u i d  sod ium or some o t h e r  a p p r o p r i a t e  
f l u i d .  A b a f f l e  be tween  t h e  b o i l i n g  and c o n d e n s i n g  sections o f  the t a n k  w i l l  
r e d u c e  t h e  t r a n s p o r t  o f  e n t r a i n e d  l i q u i d  i n t o  t h e  c o n d e n s i n g  s e c t i o n .  

A h e a t  b a l a n c e  b e t w e e n  t h e  h e a t i n g  and  c o o l i n g  f l u i d s  w i l l  e n a b l e  t h e  
h e a t  f l u x e s  t o  be c a l c u l a t e d .  The r a t e  o f  c o n d e w a t e  f low may a l s o  be measu red .  
An a t t e m p t  may l e  made t o  i n s t a l l  t h e r m o c o u p l e s  i n  t h e  h e a t  t r a n s f e r  t u b e s ,  
l u t i f  t h i s  f a i l s ,  t h e  t h e r m a l  r e s i s t a n c e  b e t w e e n  t h e  b o i l i n g  l i q u i d  and t h e  
h e a t i n g  t u b e  s u r f a c e  a n d  t h e  r e s i s t a n c e  b e t w e e n  t h e  c o n d e n s i n g  l i q u i d  a n d  
t h e  c o o l i n g  t u b e  s u r f a c e  c a n  be  d e t e r m i n e d  by s u b t r a c t i n g  t h e  r e s i s t a n c e s  of 
t h e  t u b e  and t h e  sodium from t h e  o v e r a l l  t h e r m a l  r e s i s t a n c e .  



T e s t s  w i l l  b e  p e r f o r m e d  o v e r  a r a n g e  o f  p r e s s u r e s  and t e m p e r a t u r e  d r o p s .  
The  e f f e c t  o f  v a r i e d  s u b m e r g e n c e  o f  t h e  h e a t i n g  t u b e  w i l l  a l s o  be  e x a m i n e d .  
I n  i n i t i a l  t e s t s ,  p o t a s s i u m  w i l l  b e  u s e d  a s  t h e  b o i l i n g  m e t a l ,  b u t  i n  l a t e r  
tes ts  m e r c u r y  may be u s e d  a s  w e l l .  

HIGH NEAT TRANSFER COEFFICIENTS 
W. B. H a r r i s o n  

P r e l i m i n a r y  d e s i g n  h a s  b e e n  made o f  a s y s t e m  f o r  o b t a i n i n g  h i g h  c o -  
e f f i c i e n t s  o f  h e a t  t r a n s f e r  t o  m o l t e n  sodium.  C h a r a c t e r i s t i c s  o f  t h e  d e s i g n  
which  a r e  e x p e c t e d  t o  i n f l u e n c e  f a v o r a b l y  t h e  m a g n i t u d e  of  t he  c o e f f i c i e n t s  
a r e :  

1. S m a l l  d i a m e t e r  f low c h a n n e l  i n  t h e  t es t  s e c t i o n .  

2 .  High v e l o c i t y  s t r e a m .  

3 .  S h o r t  h e a t  l e n g t h .  

The main element o f  t h e  t e s t  s e c t i o n  i s  a c i r c u l a r  c o p p e r  d i s c ,  t h r e e  
i n c h e s  i n  d i a m e t e r a n d  1/8 i n .  t h i c k .  Around t h e  p e r i p h e r y  o f  t h e  d i s c  is  
s o l d e r e d  a c o o l i n g  t u b e  which w i l l  be  m a i n t a i n e d  a t  a l m o s t  c o n s t a n t  t e m p e r a t u r e  
by  a s t r e a m  of  w a t e r .  The sodium s t r e a m  f l o w s  a t  a b o u t  80 f p s  t h r o u g h  a 1/32- 
i n .  d i a m e t e r  h o l e  i n  t h e  c e n t e r  o f  t h e  d i s c .  Thermocouples  w i l l  be l o c a t e d  a t  

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

t o  i n s u r e  r a d i a l  h e a t  f l o w .  A f t e r  s t e a d y  s t a t e  i s  a t t a i n e d ,  t h e  m e a s u r e d  
r a d i a l  t e m p e r a t u r e  g r a d i e n t  i n  t h e  d i s c  w i l l  be u s e d  t o  compute t h e  h e a t  f l u x  
a n d  t e m p e r a t u r e  a t  t h e  h e a t  t r a n s f e r  s u r f a c e .  Sod ium t e m p e r a t u r e  will b e  
measured above and below the t e s t  s e c t i o n .  

B a r r i n g  u n f o r e s e e n  d i f f i c u l t i e s ,  i t  is e x p e c t e d  t h a t  c o e f f i c i e n t s  of t h e  
o r d e r  o f  200 ,000  B t u / h r  f t 2  O F  (or b e t t e r )  w i l l  b e  a t t a i n e d .  

PUMP DEVELOPMENT FOB EXPEBIIUENTAL SYSTEMS 
A. R .  F r i t h s e n *  

Pump development  f o r  e x p e r i m e n t a l  h e a t  t r a n s f e r  s y s t e m s  h a s  b e e n  c o n c e n -  
t r a t e d  on a c o m p l e t e l y  s e a l e d  r o t a r y  t y p e .  I t  is b e l i e v e d  t h a t  this t ype  shows 
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b i l i t y  f o r  exper imenta l  work than do o t h e r  
t e s ted  w i t h  a s e a l e d  r o t o r  motor i n  w a t e r ,  

d IO-gpm, 2 0 0 - f t  head pump w i t h  a t u r b i n e  

rdrau l i c  b e a r i n g  w h i c h  has b e e n  cut a l o n g  
g 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  
c i t y  from h i g h  p r e s s u r e  f l u i d  i n t r o d u c e d  
l o t s  f a c i n g  t h e  s h a f t .  The s h a f t  i s  h e l d  
by t h e  e s c a p i n g  f l u i d .  

FIG* 8 

Cross Section of Hydraulic BI 
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LIQUID METALS HANDBOOK 

R .  N. Lyon 

A Liquid M e t a h  Handbook was p u b l i s h e d  by t h e  Government P r i n t i n g  O f f i c e  
a n d  i s  now o n  s a l e  by t h e  S u p e r i n t e n d e n t  o f  D o c u m e n t s .  T h e  m a j o r  e d i t o r i a l  
r e s p o n s i b i l i t y  for t h e  handbook h a s  r e s t e d  w i t h  ORNL. Because  of  t h e  c o o p e r a -  
t i o n  of o t h e r  AEC and  Navy i n s t a l l a t i o n s  t h i s  m a n u a l  i s  t h e  f i r s t  c o m p l e t e  
c o m p i l a t i o n  o f  l i q u i d  m e t a l  d a t a  and  e x p e r i e n c e .  

A p r o p o s a l  for e f f e c t i n g  a c o n t i n u o u s l y  u p  t o  d a t e ,  l o o s e  l e a f  l i q u i d  
m e t a l s  handbook was drawn u p  and p r e l i m i n a r y  n e g o t i a t i o n s  f o r  e s t a b l i s h i n g  s u c h  
a handbook  were made w i t h  t h e  T e c h n i c a l  I n f o r m a t i o n  D i v i s i o n ,  NEPA, a n d  t h e  
C o m m i t t e e  on t h e  B a s i c  P r o p e r t i e s  of  L i q u i d  Metals .  

LIQUID HETALS I N - P I L E  EXPERIMENT 

0. Sisman 

The m e c h a n i c a l  components  of t h e  t e s t  l o o p  h a v e  b e e n  b u i l t  and  p a r t i a l l y  
t e s t e d .  H e a t i n g  t e s t s  w i t h  t h e  l o o p  c o n t a i n e d  i n  s t a c k s  o f  g r a p h i t e  and c o n -  
c r e t e  b l o c k s  i n d i c a t e  t h a t  h e a t e r s  t o  r e a c h  t h e  r e q u i r e d  1800'F p r e s e n t  n o  
p a r t i c u l a r  problem, b u t  t h a t  a c o o l i n g  j a c k e t  may be r e q u i r e d  t o  p r e v e n t  o v e r -  
h e a t i n g  o f  t h e  g r a p h i t e  and t h e  c o n c r e t e  s h i e l d  i n  t h e  X-10 r e a c t o r .  

T e s t s  on  t h e  G.  E .  e l e c t r o m a g n e t i c  pump w i t h  l i t h i u m  h a v e  b e g u n ,  a n d  
equ ipmen t  h a s  b e e n  s e t  u p  t o  c a l i b r a t e  t h e  e l e c t r o m a g n e t i c  f lowmete r  w i t h  b o t h  
l i t h i u m  and sodium. 

The f i r s t  e x p e r i m e n t  p l a n n e d  f o r  t h e  i n - p i l e  equ ipmen t  w i l l  b e  a s t u d y  of  
B r e h m s s t r a h l u n g  from t h e  B r a y s  p r o d u c e d  by l i t h i u m .  T h i s  e x p e r i m e n t  i s  e x -  
p e c t e d  t o  r e q u i r e  o n l y  a s h o r t  t i m e ,  once  t h e  equ ipmen t  i s  i n  p l a c e .  

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



METALLURGY AND MATERIALS 

E .  C. Miller, Metallurgy D i v i s i o n  

The p r i n c i p a l  e f f o r t s  o f  t h e  M e t a l l u r g y  D i v i s i o n  i n  t h e  ANP Program a r e  

b e i n g  d i r e c t e d  t o w a r d  a s o - l u t i o n  o f  t h e  more i m m e d i a t e  p r o b l e m s  o f  t h e  ARE. 
The  c o r r o s i o n  t e s t i n g  work i s  now t a k i n g  t h e  fo rm o f  a n  i n v e s t i g a t i  o f  t h e  
r e s i s t a n c e  o f  m a t e r i a l s  t o  sodium a t  t e m p e r a t u r e s  r a n g i n g  from a b o u t  1200°F t o  
1800°F. However, s i n c e  t h i s  r e d i r e c t i o n  o f  e f f o r t  h a s  o n l y  o c c u r r e d  r e c e n t l y ,  
r e l a t i v e l y  l i t t l e  i n f o r m a t i o n  o n c o r r o s i o n  i n  sodium i s  a v a i l a b l e  i n  r e p o r t a b l e  
f o r m ,  and t h e  work r e p o r t e d  h e r e i n  d e a l s  p r i m a r i l y  w i t h  t h e  e a r l i e r  work w i t h  
l i t h i u m  a n d ,  t o  a lesser  e x t e n t ,  sodium h y d r o x i d e  and l e a d .  

T h e r e  i s ,  f o r t u n a t e l y ,  some e v i d e n c e  a v a i l a b l e  f rom e a r l i e r  work a t  o t h e r  
s i t e s  t h a t  t h e  a u s t e n i t i c  s t a i n l e s s  s t e e l s ,  304, 316, 310, and 347, p o s s e s s  
good r e s i s t a n c e  t o  s o d i u m  and  NaK up  t o  t h e  b o i l i n g  p o i n t s  o f  t h e  l i q u i d s .  
Because  o f  t h e i r  good m e c h a n i c a l  p r o p e r t i e s  a t  e l e v a t e d  t e m p e r a t u r e s ,  a s p e c i a l  
e f f o r t  i s  b e i n g  made t o  i n v e s t i g a t e  t y p e s  310 a n d  316 s t a i n l e s s  s t e e l s  t o  
d e t e r m i n e  t h e i r  s u i t a b i l i t y  f o r  r e a c t o r  c o n s t r u c t i o n  from o t h e r  s t a n d p o i n t s  i n  
a d d i t i o n  t o t h e  one o f  c o r r o s i o n  r e s i s t a n c e .  T h e s e  i n c l u d e  c r e e p - r u p t u r e  ( b o t h  
i n  and o u t  o f  l i q u i d  metals e n v i r o n m e n t s ) ,  w e l d i n g a n d  f a b r i c a t i o n  i n t o  p lumbing  
s y s t e m s ,  and f e a s i b i l i t y  o f  i n c o r p o r a t i o n  i n t o  s u i t a b l e  f u e l  e l e m e n t s .  

STATIC CORROSION TESTINQ 

T h i s  p h a s e  o f  t h e  l i q u i d  m e t a l  c o r r o s i o n  t e s t i n g  p rogram i s  d e s i g n e d  t o  
f i n d  s u i t a b l e  h i g h  t e m p e r a t u r e  m a t e r i a l s  o f  c o n s t r u c t i o n  f o r  u s e  i n  c o n t a c t  
w i t h  v a r i o u s  c o o l a n t s .  S o r t i n g  t e s t s  on  l i t h i u m ,  b i s m u t h ,  and  l e a d  h a v e  
c o n t i n u e d  i n t o  t h i s  q u a r t e r ,  and t h e s e  a r e  b e i n g  e x t e n d e d  t o c o v e r  sod ium,  NaK, 
and  sodium h y d r o x i d e  i n  t h e  600" t o  1000°C t e m p e r a t u r e  r a n g e .  A more e x t e n s i v e  
s t u d y  o f  t h e  c o r r o s i o n  b e h a v i o r  o f  t h e  s t a i n l e s s  s t e e l s  i n  m o l t e n  l i t h i u m  i s  
i n  p r o g r e s s .  

Stainless steels in Lithium, S t a i n l e s s  s t e e l  a l l o y s  were c o r r o s i o n  t e s t e d  
i n  1000°C (1832°F) l i t h i u m  f o r  e x p o s u r e s  o f  4, 4 0 ,  and  400 h o u r s .  The a l l o y s  
t e s t e d  i n c l u d e d  t h e  f e r r i t i c  c h r o m i u m  s t e e l s , ,  405, 430, a n d  446, and  t h e  
a u s t e n i t i c  g r a d e s  304, 310, 316, and 347. 

61 . 



T e s t s  were c o n d u c t e d  i n  t h e  u s u a l  m a n n e r :  s e a l i n g  t h e  t e s t  s p e c i m e n  
w i t h  a c o n t r o l l e d  amount o f  l i t h i u m  i n  a n  e v a c u a t e d  Armco i r o n  c a p s u l e ,  h e a t i n g  
t o  t h e  d e s i r e d  t e m p e r a t u r e ,  and  h o l d i n g  a t  t e m p e r a t u r e  f o r  t h e  s p e c i f i e d  time. 
T h e  r a t i o  o f  t e s t  s p e c i m e n  s u r f a c e  t o  l i t h i u m  volume v a r i e d  b e t w e e n  0 .5  and  
0.7.  A l l  t e s t s  were r u n  i n  t r i p l i c a t e .  

The 4 ,  40, and 400 hour  r e s u l t s  a re  t a b u l a t e d  i n T a b l e  l o a .  Weight  change 
(mg/crn2) d a t a  a r e  r e p o r t e d  as  a v e r a g e s  o f  t h r e e  s p e c i m e n s  t e s t e d .  Perli i r a t i o n ,  
a s  measured d u r i n g  m e t a l l o g r a p h i c  e x a m i n a t i o n ,  i s  r e p o r t e d  on t h e  p h o t o m i c r o -  
g r a p h s .  A n a l y s i s  o f  t h e  b a t h  metal a f t e r  t es t  was made s p e c t r o g r a p h i c a l l y .  

To a i d  i n  u n d e r s t a n d i n g  t h e  n a t u r e  and d e p t h  o f  a t t a c k  and t o  d e t e r m i n e  

t h e  d e g r e e  o f  s e l e c t i v e  l e a c h i n g  of  c o n s t i t u e n t s  i n  t h e  b a t h  m e t a l ,  a n  e x t e n -  
s i v e  m e t a l l o g r a p h i c  e x a m i n a t i o n  o f  t h e  4 0 - h o u r  t e s t  s p e c i m e n s  i s  i n  p r o g r e s s .  

A l l  s p e c i m e n s  were c u t  d i a g o n a l l y  and mounted w i t h  p r o t e c t i o n  b a r s  a t  t h e  
e x p o s e d  s u r f a c e  t o  r e d u c e  e d g e  r o u n d i n g  d u r i n g  p o l i s h i n g .  T h i c k n e s s  measu re -  
men t s  were t a k e n  a t  t h e  c e n t e r  a r e a  t o  compare w i t h  s i m i l a r  measu remen t s  made 
o n  t h e  s p e c i m e n s  p r i o r  t o  t e s t .  Maximum c o r r o s i o n  d e p t h s  r e p o r t e d  on  t h e  
p h o t o m i c r o g r a p h s  r e f e r  t o  p e n e t r a t i o n  measured beyond t h e  exposed  s u r f a c e  from 
one s i d e  o f  t h e  spec imen .  S i x  f i e l d s  were measured t o  o b t a i n  a r e p r e s e n t a t i v e  
v a l u e .  

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

1. 

2 .  

3 .  

4 .  

E t c h e d  t r a n s v e r s e  s e c t i o n  o f  t h e  s p e c i m e n ,  showing  s u r f a c e  con-  
d i t i o n  and s t r u c t u r e  p r i o r  t o  t e s t i n g .  

U n e t c h e d  t r a n s v e r s e  s e c t i o n  o f  c o r r o d e d  s p e c i m e n  s h o w i n g  c o n -  
dition o f  m e t a l  a t  t h e  e x p o s e d  s u r f a c e .  E x a m i n a t i o n  o f  t h e  
s p e c i m e n  p r i o r  t o  e t c h i n g  w a s  c o n s i d e r e d  n e c e s s a r y  b e c a u s e  
e t c h i n g  m i g h t  d e s t r o y  f i l m s  or 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  
i n t e r f a c e .  

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

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

The p h o t o m i c r o g r a p h s  f o r  e a c h  of  t h e  s e v e n  s t a i n l e s s  a l l o y s  t e s t e d  a r e  shown 
i n  F igs .  10 t h r o u g h  16.  
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Corrosion Results of Stainless  Steels i n  l@eO°C Lithium 

Specimen S i z e  1 i n .  X -  3k i n .  X -  fc i n . .  
i 

TEST 
DIBATIOIP 
(Hour s ) 

STAINLESS 
STEELS 

4 
40 

-1 .39  
-5.62 

304 
Fe 20-90 
N i  90-250 
Cr N.D. 

Modera te  r e s i s t a n c e ;  40 hour  m i c r o  s h o w s  i n t e r -  
c r y s t a l l i n e  a t t a c k  t o  a d e p t h  of two m i l s  and 
some e v i d e n c e  o f  a phase t r a n s f o r m a t i o n  n e a r  
t h e  a t  t a c k e d  g r a i n  b o u n d a r y ,  400 - 16.06 

-4.08 Fe 20-70 
N i  140-250 
Cr N.D. 
Fe 25-54 
N i  310-450 
Cr N.D. 

310 4 

Fa i r  r e s i s t a n c e ;  40 hour  m i c r o  shows h e a v y  i n t e r -  
c r y s t a l l i n e  a t t a c k  t o  a d e p t h  of one m i l .  40 -30-75 

400 I -64.76 
- -  

Moderate resistance; 40 hour micro shows i n t e r -  
c r y s t a l l i n e  t y p e  a t t a c k  t o  a d e p t h  of four mils 
and some e v i d e n c e  of a p o s s i b l e  p h a s e  t r a n s f o r m a -  
t i o n  n e a r  a t t a c k e d  g r a i n  boundary .  

316 4 
40 

400 

-1.56 
-6.70 

-25.27 

Fe 23-11 
N i  91-270 
Cr N.D. .  

347 4 
40 

400 

-1.97 
- 10.49 

-27.24 

Fe 25-60 
Ni 170-200 
Cr and Cb N.D.  

Modera te  r e s i s t a n c e ;  m i c r o  shows i n t e r c r y s t a l l i n e  
a t t a c k  t o  a d e p t h  o f  t h r e e  m i l s .  

~ 

4 
40 

400 

-1.09 
-3.44 

-8.36 

405 
Fe 73-150 
Cr N.D. 

Good r e s i s t a n c e ;  m i c r o  showed p r a c t i c a l l y  no 
i n t e r c r y s t a l l i n e  a t t a  IC*  

Good c o r r o s i o n  r e s i s t a n c e ;  m i c r o  showed p r a c t i c a l -  
ly n o  e v i d e n c e  o f  i n t e r c r y s t a l l i n e  a t t a c k ,  

430 3 
3 
3 

4 
40 

400 

-1.26 
-4.13 
-9 .97  

~ ~~ 

0 

M-oderate r e s i s t a n c e ;  mic ro  showed d e c a r b u r i z a t i o n  
and  g r a i n  g r o w t h  a t  exposed s u r f a c e -  

4 
40 

400 

-3 .24  
- 9 . 7 9  

44.51  

446 
Fe 50-150 
Cr lVcDo. 
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A l t h o u g h  t h i s  i n v e s t i g a t i o n  i s  i n c o m p l e t e ,  t h e  f e r r i t i c  i r o n - c h r o m i u m  
a l l o y s  a p p e a r  t o b e  somewhat more r e s i s t a n t  t o  1000°C l i t h i u m  t h a n t h e  a u s t e n i t i c  
a l l o y s  on s h o r t  e x p o s u r e s ;  t h e  a v a i l a b l e  e v i d e n c e ,  however ,  is n o t  s u f f i c i e n t  
t o  p e r m i t  r ecommenda t ion  o f  t h e  f e r r i t i c  a l l o y s  a s  c o n t a i n e r  m a t e r i a l s .  The 
a u s t e n i t i c  g r a d e s ,  304,  310, 316,  and 347, were a l l  a t t a c k e d  i n t e r g r a n u l a r l y  
w h i l e  t h e  f e r r i t i c  a l l o y s  showed l i t t l e  e v i d e n c e  of t h i s  t y p e  a t t a c k .  The 
i r o n - c h r o m i u m  a l l o y ,  446 ,  showed a d e c a r b u r i z e d  a r e a  a c c o m p a n i e d  P y  marked 
g r a i n  c o a r s e n i n g  t o  a d e p t h  of 30 m i l e .  There i s  e v i d e n c e  t h a t  a p a r t  o f  t h e  
s t r u c t u r e  i m m e d i a t e l y  a d j a c e n t  t o  t h e  a t t a c k e d  g r a i n  b o u n d a r i e s  i n  t h e  304 ,  
316,  and 347 g r a d e s  h a s  u n d e r g o n e  a p h a r e  c h a n g e ,  L e m , #  upon s l o w  c o o l i n g  a 
rim of  f e r r i t e  r u r r o u n d r  t h e  a u r t e n i t e  g r a i n s ,  p r e a u m a b l y  a a  a r e ru l t  of re -  
moval of  an  a u r t e n i t e - f o r m e r ,  p e r h a p r  c a r b o n ,  by d i f f u r i o n  and r o l u t i o n  i n  t h e  
l i t h i u m ,  M a g n e t i c  t e r t r  o f  t h e s e  a r e a r  w i t h  a c o l l o i d a l  s o l u t i o n  of  i r o n  
v e r i f i e d  t h e  p h a r e  t r a n s f o r m a t i o n  f rom a u s t e n i t e  t o  f e r r i t e ,  F u r t h e r  m e t a l l o -  

g r a p h i c  work i r  i n  p r o g r e s s  t o  c h e c k  t h e  p r e a e n c e  of s m a l l  q u a n t i t i e r  of  s igma 
p h a s e  i n  t h e  310 r t a i n l e r s  s t e e l  t e s t  s p e c i m e n s .  

In a n  e f f o r t  t o  h r n  s o m e t h i n g  a b o u t  t h e  r a t e  o f  a t t a c k  o f  s t a i n l e a s  
a t e e l  by h i g h  t e m p e r a t u r e  l i t h i u m ,  t e a t s  were p e r f o r m e d  a t  d i f f e r e n t  e x p o s u r e  
timer ( 4 ,  4 0 ,  and 400 h o u r s ) .  M i c r o g r a p h s  r h o w i n g  t h e  e f f e c t  of  time on t h e  
a t t a c k  of e a c h  of  t h e  s e v e n  s t a i n l e s s  a l l o y s  t e s t e d  a r e  p r e s e n t e d  i n  F i g s .  17 
t h r o u g h  21,  

spec ia l  Te8trl A few t e s t s  w e r e  made t o  d e t e r m i n e  t h e  e f f e c t  of pre-  
s a t u r a t i n g  t h e  c o o l a n t  w i t h  g r a p h i t e  t o  i n h i b i t  d e c a r b u r i z a t i o n  a n d  i n t e r -  
g r a n u l a r  c o r r o s i o n  a t t a c k  of  t h e  s t a i n l e s s  a l l o y s .  

B e n e f i c i a l  r e s u l t s  were n o t e d  by a d d i t i o n  of g r a p h i t e  t o  t h e  c o o l a n t  for 
4 0 - h o u r  e x p o s u r e  t e s t  o f  s t a i n l e s s  a l l o y  g r a d e s  o f  310 and 3 1 6  u n d e r  s t a t i c  
c o n d i t i o n s .  D e c a r b u r i z a t i o n  was m i n i m i z e d  a n d  t h e  d e p t h  of  i n t e r g r a n u l a r  
a t t a c k  was r e d u c e d  by a t  l e a s t  a t h i r d .  Comparison of m i c r o g r a p h s  f o r  s p e c i m e n s  
t e s t e d  w i t h  and w i t h o u t  t h e  g r a p h i t e  a d d i t i o n  a r e  shown i n  F i g .  22. 

Pure Metals in L i t h i u m .  D u r i n g  t h e  p a s t  q u a r t e r ,  40 and 400 h o u r  t e s t s  
were r u n  on some of  t h e  m e t a l l i c  e l e m e n t s  and  h i g h  t e m p e r a t u r e  a l l o y s  i n  

1000°C (1832°F) l i t h i u m .  R e s u l t s  i n d i c a t e d ,  a s  d i d  t h e  f o u r - h o u r  t e s t s  com- 
p l e t e d  l a s t  q u a r t e r ,  t h a t  i r o n ,  z i r c o n i u m ,  and columbium show good r e s i s t a n c e  
t o  l i t h i u m  a t  1000°C. I t  s h o u l d  be n o t e d ,  h o w e v e r ,  t h a t  b o t h  t h e  z i r c o n i u m  
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and columbium s p e c i m e n s  g a i n e d  s l i g h t l y  i n  w e i g h t  due  t o  f i l m  f o t m a t i o n .  S u c h  
f i l m s  may be  a c t i n g  a s  p r o t e c t i v e  c o a t i n g s  t o  p r e v e n t  f u r t h e r  c o r r o s i o n .  P u r e  
n i c k e l ,  one  of  t h e  m a j o r  i n g r e d i e n t s  i n  s t a i n l e s s  s t e e l  a l l o y s ,  was s e v e r e l y  
a t t a c k e d .  The u r a n i u m  t e s t  which  was made i n  a t a n t a l u m  l i n e r  showed e s s e n -  
t i a l l y  no  s o l u b i l i t y  i n  1000°C l i t h i u m .  

I n  t h e  c a s e  of  t u n g s t e n ,  molybdenum, and c o b a l t ,  a m a s s - t r a n s f e r  of  m e t a l  
f r o m  t h e  t e s t  s p e c i m e n  t o  t h e  i r o n  c a p s u l e  was n o t e d .  A s i m i l a r ,  b u t  more 
s t r i k i n g  m a s s - t r a n s f e r  of m e t a l  was o b s e r v e d  i n  a f o u r  h o u r  s i l i c o n  t e s t  i n  
1000°C l i t h i u m .  S u c h  a c o r r o s i o n  mechan i sm p r o b a b l y  p r e c l u d e s  t h e  u s e  o f  
t h e s e  e l e m e n t s  i n  a n  e n v i r o n m e n t  o f  m e t a l l i c  i r o n  i n  l i q u i d  m e t a l  p i p i n g  
s y s t e m s .  Because  of  i n t e r e s t  i n  molybdenum a s  a s t r u c t u r a l  r e a c t o r  m a t e r i a l ,  
i t  i s  p l a n n e d  t o  d e t e r m i n e  t h e  c o r r o s i o n  b e h a v i o r  of  t h i s  m e t a l  i n  t h e  a b s e n c e  
o f  i r o n .  

The 4 0 - a n d  4 0 0 - h o u r  t e s t  r e s u l t s  a r e  t a b u l a t e d  a l o n g  w i t h  t h e  f o u r - h o u r  
t e s t  r e s u l t s  for r e f e r e n c e  i n  T a b l e  lob .  

e 

Refractories in Lithium. B e r y l l i u m  o x i d e  and s e v e r a l  of t h e  c o m m e r c i a l  
r e f r a c t o r i e s  t h a t  might  f i n d  p o s s i b l e  a p p l i c a t i o n  i n  r e a c t o r  c o n s t r u c t i o n  were 
c o r r o s i o n  t e s t e d  i n  1 0 0 0 ° C  l i t h i u m .  F o u r - h o u r  e x p o s u r e  t e s t s  were r u n  o n  
b e r y l l i u m  o x i d e ,  aluminum o x i d e ,  c h r o m i t e ,  c o r d i e r i t e ,  s i l i c o n  c a r b i d e ,  q u a r t z ,  
b o r o n  c a r b i d e ,  a lundum,  z i r c o n i u m  o x i d e ,  magnesium o x i d e ,  c l a y - g r a p h i t e ,  and 
g r a p h i t e .  As e x p e c t e d ,  a l l  d i s i n t e g r a t e d  e x c e p t  b e r y l l i u m  o x i d e  which showed 
a m o d e r a t e  w e i g h t  l o s s .  A s i m i l a r  1 0 0 - h o u r  e x p o s u r e  t e s t  showed  t h e  h o t -  
p r e s s e d  b e r y l l i u m  o x i d e  g r a d e  t o  be  more r e s i s t a n t  t o  1000°C l i t h i u m  t h a n  t h e  
r e f r a c t o r y  g rade .  

P u r e  Metals in Lead. P r e l i m i n a r y  s c r e e n i n g  t e s t s  on r e s i s t a n c e s  t o  l e a d  
[ a t  1000°C (1832’F)  f o r  4 0 - h r  e x p o s u r e ] .  of  some of  t h e  m e t a l l i c  e l e m e n t s  
i n d i c a t e d :  m o d e r a t e l y  g o o d  r e s i s t a n c e  o f  t u n g s t e n ,  z i r c o n i u m ,  i r o n  a n d  
t a n t a l u m ;  f a i r  r e s i s t a n c e  of  molybdenum, co lumbium,  and b e r y l l i u m ;  and p o o r  
r e s i s t a n c e  of  t i t a n i u m  and n i c k e l .  D e t a i l e d  results w i l l  b e  r e p o r t e d  upon 
c o m p l e t i o n  of X - r a y  and m e t a l l o g r a p h i c  e x a m i n a t i o n  o f  t h e  t e s t  s p e c i m e n s  now 
i n  p r o g r e s s .  

Materials in Sodium Hydroxide. S e v e r a l  p u r e  m e t . a l s ,  s t a i n l e s s  s t e e l  

a l l o y s ,  and r e f r a c t o r i e s  were c o r r o s i o n  t e s t e d  i n  1 0 0 0 ° C  (1832°F) s o d i u m  
h y d r o x i d e  w i t h  t h e  hope of  f i n d i n g  p o t e n t i a l  m a t e r i a l s  f o r  u s e  i n  r e a c t o r  c o r e  



TABLE tOb 

TEST AVERAGE WEIGHT EQUIVALENT PENETRATION 
DUBAT ION CBAIBGTj ( m i l r )  
(Hour a ) (w/- 1 

4 -17.19 -3.68 
40 -67.82 - 14.67 

450 -100,82 -21.18 

4 Completely l o s t  

+ 0 0 3 3  
40 - 1.46 - 0 0 1 3  

400 +3.45 +O, 30 

4 -7.68 -0.50 

4 +So 81 

4 -5.72 -0.31 

4 

4 -0.12 - 0 , O l  
40 -0.95 -0.05 
400 -0.55 -0.03 

4 -5.00 -0022 
40 -23.35 -1.03 
450 -120.71 -5.36 

4 - 8 6 . 4 1  -3.82 
400 - 5 8 0 - 9 7  - 2 5 . 1 9  

Corrosion Data on Pure Metals in 108@°C Lithium 

BATH ANALYSIS 
AFTER TEST RJSWKS 

(PPI) 

S e v e r e l y  a t t a c k e d ;  micro shows s c a t t e r e d  non- 
Fe  140-930 c o n t i n u o u s  f i l m  and large v o i d s .  X ray i d e n -  
Be  530-9600 t i f i e d  o n l y  Be, 

A l l  t h r e e  samples  a p p a r e n t l y  d i s s o l v e d  and 
deposited on c a p s u l e  w a l l .  

_ -  

Fe  40-310 Continuous adherent  f i l m  formed i d e n t i f i e d  
T i  43-760 by X ray as TiN. 

Cogitinuous noa-uniform film.formed, X ray Fe 37,000 
V N.D. showed VN, V,N, V, and Fe&.- 

F e  8200 X r a y  shored only Cr. 
CR N.D. 

\ 

Only t h i n  e l e c t r o l y t i c  s t r i p  t e s t e d  which 
a p p a r e n t l y  d i s s o l v e d -  

- -  
Fe 53-1100 Good r e s i s t a n e e ;  micro shows no n o t i c e a b l e  

a t t a c k ,  

F e  210-31,000 Nontnniform e t c h i n g  a t t a c k .  X ray showed u 
CO 150-3100 Fe . 

S e v e r e  i n t e r e r y s t a l l i n e  t y p e  a t t a c k ;  X r a y  
shored only Ni, 

Specimen S i z e  1 i n .  X ?4 i n .  X !4 i n .  

Chromium 

Surface-Volume R a t i o  0.6-1.0 

1 

METAL 

~ 

Armco 
I r o n  

S i n t e r e d  
Cobalt 

NUMBER 
SAMPLES 
TESTED 

3 
3 
3 

2 
3 
3 

Bery 11 i urn 

1 3  
S i l i c o n  l 3  

I :  Titan ium 

s--++ Vanadium 

Manganese I 3  



A l l e g h e n y  1 3  40 

TABLE 10b ( C o n t ' d )  

AVERAGE WEIGHI' 
CHANG3 

("g/e= ) 

EQUIVALENT PENETRATIOI 
(mils) 

BATH ANALYSIS 
AFTER TEST 

( PPm) TESTED (Hours ) 

+o.  02 
+o. 07 

+O. 18 

Good r e s i s t a n c e ;  a l l  s a m p l e s  d e v e l o p e d  b r a s s y  
t a r n i s h  i d e n t i f i e d  by X r a y  a s  ZrN. 

B u r e a u  Mines 
2 i r c  onium 

5 
4 

+O. 25 
+l. 09 Fe 72-1300 

Zr ND-32 
I 3 400 +3.04 

-0 .04 
+O. 05 

Good r e s i s t a n c e ;  micro showed c o n t i n u o u s  f i l m  
not y e t  i d e n t i f i e d .  

- 0 . 8 4  
+la 06 

S i n t e r e d  
Co 1 umb ium 

3 
2 

4 
40 Fe 2 ,  600, 

Cb N.D.  

S i n t e r e d  Molybdenum ---.- 

400 

Good r e s i s t a n c e  on s h o r t  term e x p o s u r e ;  l o n g e r  
e x p o s u r e s  showed Mo d e p o s i t e d  on Fe c a p s u l e  
w a l l .  

+0.23 
- 18.02 

-26.91 

+o. 01 
-6.69 

- 1.04 

Fe 91-1000 
Mo N.D. 

I ~~ ~ ~ 

Good r e s i s t a n c e ;  f o u r - h o u r  s p e c i m e n  showed 
c o n t i n u o u s  t h i n  f i l m  i d e n t i f i e d  as  TaC. 

-1.29 
-2.90 
-7.04 

-0.04 
- 0 . 0 7  
-0. -17 

S i n t e r e d  
Tan t a lum Fe ND-1900, 

3300-8700 Ta 
co 
0 S i n t e r e d  E x c e l l e n t  resistance on shor t  e x p o s u r e ;  

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

-2.63 

-32.69 
-175.36 

-0 .05 

-0 .67  
-3.58 

Fe 900-1300 
W-N. D. 

4 3 1  
Tungs t e n  3 40 

3 400 

Uranium 1 4 

1040 Stee l  3 4 
450 

Haynes Ceramel  3 4 

HayYIea Alloy 3 4 

LT- 1 

L60 5 

M i c r o  showed d e c a r b u r i z a t i o n  t h r o u g h o u t  e n t i r e  
% i n . .  spec imen.  

Drast ic  a t t a c k ;  all s a m p l e s  e x f o l i a t e d .  

-2.08 
-7.73 

-120.81 

M i c r o  showed areas " e a c h e d  o u t  i m m e d i a t e l y  
be low exposed s u r f a c e .  

- 6 . 7 8  

Poor r e s i s t a n c e . .  -44 .02  

-85.88 

Ni 680-1100 
Fe 470-1000 
Cb 260-1400 
Cr 5 9 - 2 7 0  

A l l o y  V-36 

Haynes A l l o y  I 3 I 450 
N-155 

N-D: A n a l y s e d  f o r  but not d e t e c t e d .  



c o n s t r u c t i o n .  F o r t y - h o u r  t e s t s  were r u n  i n  t h e  u s u a l  m a n n e r ,  w i t h  n i c k e l  
s u b s t i t u t e d  f o r  Armco i r o n  a s  t h e  c a p s u l e  c o n t a i n e r .  W i t h  t h e  e x c e p t i o n  o f  
t h e  c o n t a i n e r  n i c k e l ,  a l l  t h e  m e t a l l i c  m a t e r i a l s  t e s t e d  were d r a s t i c a l l y  
a t t a c k e d .  C a u s t i c  a t t a c k  on  t h e  s t a i n l e s s  a l l o y s  was c h a r a c t e r i z e d  b y  a n  
e x f o l i a t i o n  t y p e  a t t a c k .  

T h e  h i g h  f i r e d  g r a d e  o f  Be0 a p p e a r e d  most r e s i s t a n t  of t h e  m a t e r i a l s  
t e s t e d .  G r a p h i t e  showed m o d e r a t e  r e s i s t a n c e  on t h i s  s h o r t  e x p o s u r e .  

I n  s p i t e  of t h e  p r e c a u t i o n s  e x e r c i s e d  i n  c a n n i n g ,  numerous c a p s u l e  l e a k s  
were e n c o u n t e r e d  d u r i n g  t h e  h e a t i n g  c y c l e .  T h e s e  l e a k s  a r e  b e l i e v e d  t o  b e  
p a r t l y  d u e  t o  e x c e s s i v e  i n t e r n a l  p r e s s u r e  d e v e l o p e d  d u r i n g  d e c o m p o s i t i o n  of  
t h e  c o n t a m i n a n t s  sodium c a r b o n a t e  and w a t e r .  The combined ampunt of w a t e r  and  
sodium c a r b o n a t e  p r e s e n t  i n  t h e  commerc ia l  g r a d e  of  h y d r o x i d e  i s  a p p r o x i m a t e l y  
one  p e r c e n t  by w e i g h t .  

Materials i n  Sodium. Because  o f  p r o b a b l e  u s e  o f  sod ium a s  t h e  c o o l a n t  in 
t h e  c o r e  c i r c u i t  o f  t h e  p r o p o s e d  A R E ,  m a j o r  a c t i v i t y  i n  t h e  l i q u i d  m e t a l  
c o r r o s i o n  p rogram h a s  b e e n  s h i f t e d  t o  t h i s  c o o l a n t .  T e s t s  a r e  i n  p r o g r e s s  t o  
i n v e s t i g a t e  t h e  r e s i s t a n c e  o f  v a r i o u s  e n g i n e e r i n g  m a t e r i a l s  t o  c o r r o s i o n  a t t a c k  
b y  sodium l i q u i d  and v a p o r  a t  h i g h  t e m p e r a t u r e s  ( u p  t o  1000°C). Where commer- 

c i a l l y  a v a i l a b l e ,  t u b i n g  i s  u s e d  a s  t h e  t e s t  c a p s u l e ;  o t h e r w i s e ,  m e t a l s  l i k e  
chromium, c o b a l t ,  s i l i c o n ,  t u n g s t e n ,  manganese,  and  vanadium, i n  a more r e a d i l y  
a v a i l a b l e  f o r m ,  a r e .  b e i n g  c o n t a i n e d  i n  a r e l a t i v e l y  i n e r t  c a p s u l e  d u r i n g  
t e s t i n g .  

I n i t i a l  t e s t s  i n d i c a t e  t h a t  Armco iron w i l l  n o t  s e r v e  a s  a s a t i s f a c t o r y  
c a p s u l e  m a t e r i a l  a t  t e m p e r a t u r e s  above  t h e  b o i l i n g  p o i n t  b e c a u s e  of l e a k a g e  o f  
sodium t h r o u g h  t h e  c a p s u l e  bot tom. M e t a l l o g r a p h i c  e x a m i n a t i o n  of  t h e  c a p s u l e s  
a f t e r  t e s t  showed t h e  l e a k s  a p p a r e n t l y  f o l l o w e d  t h e  p a t h  o f  s t r i n g e r s  i n  t h e  
i r o n .  S i m i l a r  t e s t s  showed t h a t  n i c k e l  c a n  b e  u s e d  s a t i s f a c t o r i l y  t o  c o n t a i n  
sod ium a t  1000°C. 

Al though  t h i s  t e s t i n g  i s  i n  t h e  p r e l i m i n a r y  s t a g e ,  i t  a p p e a r s  f r o m  v i s u a l  

i n s p e c t i o n  t h a t  m o s t  o f  t h e  m a t e r i a l s  t e s t e d ,  p a r t i c u l a r l y  t h e  a u s t e n i t i c  
s t a i n l e s s  s t e e l s ,  a r e  more r e s i s t a n t  t o  1000°C sod ium t h a n  t o  h i g h  t e m p e r a t u r e  
l i t h i u m .  X - r a y  and m e t a l l o g r a p h i c  e x a m i n a t i o n o f  t e s t  s p e c i m e n s  i s  i n  progress 
t o  o b t a i n  more e x a c t  i n f o r m a t i o n  c o n c e r n i n g  t h e  r e s i s t a n c e  of s p e c i f i c  m a t e r i -  

a l s .  
8 1  



DYNAMIC CORROSION TESTINGI 

To a v o i d  o v e r l a p p i n g  o f  e f f o r t  i t  h a s  b e e n  a g r e e d  t h a t  t h e  ANP E x p e r i -  
m e n t a l  E n g i n e e r i n g  Group w i l l  c a r r y  o u t  a l l  e n g i n e e r i n g  p h a s e s  o f  t h e  dynamic 
c o r r o s i o n  t e s t i n g  p rogram p r e v i o u s l y  p l a n n e d  by t h e  M e t a l l u r g y  D i v i s i o n 9 s  
M a t e r i a l s  G r o u p ,  T h e  m e t a i l y r g i c a l  c o n t r p l  a n d  e x a m i n a t i o n  o f  a l l  t h e s e  
s y s t e m s  w i l l  r e m a i n  t h e  r e s p o g g i b i r i t y  of t h e  M a t e r i a l s  Group. T h i s  i n c l u d e s  
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  - ( h a r p s )  and t h e  f o r c e d  c i r c u l a t i o n ,  or e l e c t r o -  
m a g n e t i c  pump, c o r r o s i o n  t e s t  l o o p s .  

Thermal Convect ion  Loops.  The f o l l o w i n g  h a r p s  h a v e  b e e n  f a b r i c a t e d  i n  
t h e  ORNL C e n t r a l  Shops :  

4 - Type 316 s t a i n l e s s  s t e e l  

4 - Type 316 s t a i n l e s s  s t e e l  - e x t r a  heavy  w a l l  

2 - Type 347 s t a i n l e s s  s t e e l  

2 - Type 304 s t a i n l e s s  s t e e l  

1 - Low c a r b o n  i r o n  

2 - N i c k e l ,  Grade  "b"~ 

The f o l l o w i n g  a r e  b e i n g  f a b r i c a t e d  by P h i l a d e l p h i a  P i p e  B e n d i n g  Company: 

1 - Shrouded  h a r p  - V-36 a l l o y  - low c a r b o n  s t e e l  l i n e r  

1 - Shrouded  h a r p  - Type 310 s t a i n l e s s  - low c a r b o n  l i n e r  

1 - V-36 a l l o y  h a r p  

1 - L-605 a l l o y  h a r p  

1 - Type 316 ELC s t a i n l e s s  steel h a r p  

2 - Type 446 s t a i n l e s s  h a r p s  

T h e s e  w i l l  b e  d e l i v e r e d  t o  t h e  E x p e r i m e n t a l  E n g i n e e r i n g  Group  p r i m a r i l y  
f o r  t e s t i n g  i n  sod ium when c o m p l e t e d .  Some of t h e  h a r p s  o p e r a t i n g  i n  l i t h i u m  
and  sod ium w i l l  b e  c o n t a i n e d  i n  p r e s s u r e  v e s s e l s  wh ich  w i l l  b e  u s e d  a s  i n e r t  
g a s - c o n t a i n i n g  d r y  boxes .  T h r e e  s u c h  v e s s e l s  have  b e e n  r e c e i v e d  f rom C e n t r a l  
C o p p e r  Works, I n c .  T h e s e  d r y  b o x e s  a r e  now b e i n g  f i l l e d  w i t h  e l e c t r i c a l  and  
t h e r m o c o u p l e  c o n n e c t i o n s  and vacuum and h e l i u m  g a s  c o n n e c t i o n s .  The component 
p a r t s  f o r  t h e  t y p e  316 s t a i n l e s s  s t e e l  l i t h i u m  p u r i f i e r  a n d  t h e  t y p e  347  

82 



s t a i n l e s s  s t e e l  s o d i u m  p u r i f i e r  h a v e  b e e n  f i n i s h e d  b y  t h e  s h o p s  a n d  t h e  
p u r i f i e r s  a r e  b e i n g  a s s e m b l e d .  The t y p e  316 s t a i n l e s s  s t e e l  p u r i f i e r  w i l l  be 
t u r n e d  o v e r  t o t h e  E x p e r i m e n t a l  E n g i n e e r i n g  Group. A t  p r e s e n t  i t  is  t e n t a t i v e l y  
p l a n n e d  t o  u s e  sod ium i n  b o t h  p u r i f i e r s .  A g a s  p u r i f i e r ,  i n w h i c h  h e l i u m  w i l l  
b e  bubb led  t h r o u g h  a packed  column f i l l e d  w i t h  m o l t e n  l i t h i u m ,  is b e i n g m a d e b y  
t h e  s h o p s .  A t  p r e s e n t  i t  is p l a n n e d  t o  make a l i t h i u m  p u r i f i e r  s i m i l a r  t o  t h e  
o n e s  a l r e a d y  c o m p l e t e d ,  b u t  u s i n g  a f e r r i t i c  i r o n - c h r o m i u m  s t a i n l e s s  s t e e l  
whereve r  t h e  l i t h i u m  w i l l  come i n  c o n t a c t  w i t h  t h e  m e t a l .  

I t  i s  p lanned  t o  h e a t  t h e  l o o p s  by p a s s i n g  la rge  c u r r e n t s  a t  low v o l t a g e s  
t h r o u g h  t h e  h o t  l e g  o f t h e  loop .  For t h e  f i r s t  s tage  o f  t h e  work two l a r g e  low 
v o l t a g e  t r a n s f o r m e r s  now i n  t h e  l a b o r a t o r y  w i l l  b e  u s e d  a n d  more s u i t a b l e  
t r a n s f o r m e r s  a r e  b e i n g  p r o c u r e d .  A t y p e  3 P O ' s t a i n l e s s  s t e e l  l o o p  f i l l e d  w i t h  
l e a d - b i s m u t h  e u t e c t i c  was  h e a t e d  s a t i s f a c t o r i l y  i n  t h i s  manner .  A h o t  l e g  
t e m p e r a t u r e o f 1 9 0 0 ' F  was o b t a i n e d  and  a t e m p e r a t u r e  d r o p o f 8 0 0 ' F  was i n d i c a t e d  
b y  t h e r m o c o u p l e  r e a d i n g s .  Due t o  t h e  l a r g e  t e m p e r a t u r e  d r o p  o b t a i n e d  OR t h i s  
p r e l i m i n a r y  r u n  and b e c a u s e  o n l y  a b o u t  a 300°F t e m p e r a t u r e  d r o p  a p p e a r s  t o  b e  
r e q u i r e d ,  work h a s  been  s t o p p e d o n a  l i q u i d  metal c o o l i n g  s y s t e m  f o r  t h e  h a r p s .  
The h a r p s  w i l l b e r u n  i n  t h e  d r y  b o x e s  w i t h o u t  any  i n s u l a t i o n  o t h e r  t h a n  r a d i a -  
t i o n  s h i e l d s  on t h e  h o t  leg. 

CREEP-BUPTUBE AND STRESS-COIBOSION TESTS 

C r e e p - r u p t u r e  t e s t s  w i l l  b e  r u n ,  b o t h  i n  and o u t  of l i q u i d  m e t a l  e n v i r o n -  
m e n t s ,  t o  o b t a i n  e n g i n e e r i n g  d e s i g n  d a t a ,  as w e l l  a s  to d e t e r m i n e  t h e  e f f e c t s  
o f  l i q u i d  m e t a l s  on t h e  c o r r o s i o n  of s t r e s s e d  m e t a l s .  

Two machines have  been  r e c e i v e d  f o r t h i s  work and a r e  now b e i n g  se t  up and 
t e s t e d .  Four more a re  on order and s h o u l d  be  r e c e i v e d  i n  October. 

N e g o t i a t i o n s  are i n  p r o g r e s s  t o  h a v e  a p o r t i o n  o f  t h e  work p e r f o r m e d  i n  
a v a i l a b l e  equ ipmen t  a t  o t h e r  l a b o r a t o r i e s . .  

ASSEMBLY OF FUEL ELEMENTS 

E s s e n t i a l  equ ipmen t  r e q u i r e d  f o r  f u e l  e l e m e n t  d e v e l o p m e n t  work is  on o r d e r  
and  s h o u l d  be  r e c e i v e d  s h o r t l y .  
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C o m p a t i b i l i t y  t e s t s  t o  o b t a i n  i n f o r m a t i o n  c o n c e r n i n g  the c h e m i c a l  s t a b i l -  
i t y  of b i n a r y  s y s t e m s  of  p o t e n t i a l  f u e l  e l e m e n t  m a t e r i a l s  a r e  i n  p r o g r e s s ,  
M a t e r i a l s  b e i n g  s t u d i e d  i n c l u d e :  molybdenum,  c h r o m i u m ,  s t a i n l e s s  s t e e l ,  
u r a n i u m  o x i d e ,  u r a n i u m - b e r y l l i u m  compound,  b e r y l l i u m ,  b e r y l l i u m  o x i d e ,  and  
p o s s i b l y  others: 

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

I n  a d d i t i o n  t o  t h e  s t r a i g h t  c h e m i c a l  c o m p a t i b i l i t y  and d i f f u s i o n  s t u d i e s  
of b i n a r y  s y s t e m s ,  more complex l a m i n a t e d  s t r u c t u r e s  m o r e n e a r l y  r e p r e s e n t a t i v e  
o f  t h e  c o m b i n a t i o n s  t o  be  e x p e c t e d  in f u e l  e l e m e n t s  w i l l  b e  f a b r i c a t e d  a n d  
t e s t e d  f o r  t h e r m a l  and m e t a l l u r g i c a l  s t a b i l i t y  and  s t r u c t u r e  i n t e g r i t y .  T h i s  
p h a s e  o f  t h e  work w i l l  be  c a r r i e d  o u t  i n  our own l a b o r a t o r y  and  some p h a s e s  
w i l l  b e  s u b c o n t r a c t e d  t o  a c t i v i t i e s  s p e c i a l i z i n g  i n  c e r t a i n  t y p e s  o f  f a b r i c a -  
t i o n .  The d e v e l o p m e n t  o f  f u e l  e l e m e n t s  f o r  t h e  ARE w i l l  r e p r e s e n t  a m a j o r  
a c t i v i t y  of  t h e  ANP M a t e r i a l s  Group d u r i n g  t h e  n e x t  few q u a r t e r s . ’  
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RADIATION DAMAGE 

Do S o  Billington, Metallurgy D i v i s i o n  

The ANP R a d i a t i o n  Damage Group h a s  engaged  t h e  c o o p e r a t i o n  of t h e  C y c l o -  
t r o n  Group a t  Y-12, w h i c h ,  i t  is f e l t ,  w i l l  c o n t r i b u t e  a g r e a t  d e a l  o f  h e l p  i n  
R a d i a t i o n  Damage p rob lems .  I t  is p l a n n e d  t o  b e g i n  a se r ies  o f  e x p e r i m e n t s  t o  
f i r s t  s t u d y  t h e  f e a s i b i l i t y  of d o i n g  damage s t u d i e s  i n s i d e  the d e e s  of t h e  
86 i n .  c y c l o t r o n ;  s e c o n d l y ,  t o  work out f u n d a m e n t a l  c o r r e l a t i o n s  o n  p r o p e r t y  
c h a n g e s  i n  metals ;  t h i r d l y ,  s e t  u p  " ( i n - c y c l o t r o n " (  e x p e r i m e n t s  t h a t  w i l l  make 
a s t u d y  o f  t h e  f e a s i b i l i t y  of c e r t a i n  f u e l  e l e m e n t  a s s e m b l i e s  p r o p o s e d  by t h e  
D e s i g n  Group. 

Y-12 CYCLOTBON EXPEBIMENTS 

T h e  f i r s t  e x p e r i m e n t s  t o  b e  c o n d u c t e d  a t  Y-12 a r e  o n  c o p p e r  a n d  3 1 6  
s t a i n l e s s  s t e e l .  C o p p e r  was s e l e c t e d  s i n c e  i t  r e p r e s e n t s  a good meta l  a n d  
s h o u l d  l e a d  to more f u n d a m e n t a l  r e s u l t s  f o r  u s e  i n  c o r r e l a t i n g  r e a c t o r  damage 
w i t h  c y c l o t r o n  i r r a d i a t i o n  t h a n  t h e  3 1 6  s t a i n l e s s  s t e e l  w h i c h  was s e l e c t e d  a s  
a r e s u l t  o f  i t s  p r o b a b l e  u s e  i n  t h e  ARE r e a c t o r ,  I n  a d d i t i o n  t o  t h e  u s e  o f  
e l e c t r i c a l  r e s i s t i v i t y  a s  a c r i t e r i o n  of damage b e f o r e  and  a f t e r  measu remen t s  
w i l l  a l s o  b e  made on t h e  h a r d n e s s  and X- ray  d i f f r a c t i o n  p a t t e r n s ,  . 

A t  t h e  p r e s e n t ,  s u i t a b l e  s a m p l e s  h a v e  b e e n  d e s i g n e d  t o  e n a b l e  t h e s e  
measu remen t s  t o  b e  made and t h e i r  f a b r i c a t i o n  i s  i n  p r o g r e s s .  I t  i s  p l a n n e d  
t h a t  t h e s e  s a m p l e s  w i l l  b e  p l a c e d  i n  a w a t e r - c o o l e d  p r o b e  w i t h  a n  a luminum 
window and bombarded with 20 Mev p r o t o n s  i n  t h e  Y - 1 2  c y c l o t r o n  f o r  t h e  a c c e l -  
e r a t o r  s t u d i e s .  The Hanfo rd  R e a c t o r s  w i l l  be  used  for t h e  r e a c t o r  s t u d i e s .  . 

The N o r t h  Amer ican  S p e c i a l  R e s e a r c h  Group  h a s  d o n e  a g r e a t  d e a l  o f  work 
on t h e  c o r r e l a t i o n  of  r a d i a t i o n  damage i n d u c e d  by  a c c e l e r a t o r s  with t h e  damage 
c a u s e d  by r e a c t o r s .  They  h a v e  shown by  a s t u d y  of t h e  c h a n g e  i n  e l e c t r i c a l  
r e s i s t i v i t y  i n  g r a p h i t e  t h a t  a n  a c c e l e r a t o r  will p r o d u c e  t h e  same t y p e  of  
damage as  a H a n f o r d  t y p e  r e a c t o r  b u t  a t  a r a t e  on  t h e  a v e r a g e  250 t imes  a s  

r a p i d .  T h i s  i s  a n  e x p e r i m e n t a l  c o r r e l a t i o n  and i s  c o n s i s t e n t  w i t h  t h e  b e s t  
known t h e o r y .  
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It  s h o u l d  b e  p o i n t e d  o u t ,  however ,  t h a t  t h i s  c o r r e l a t i o n  a p p l i e s  o n l y  t o  
g r a p h i t e  and o n l y  t o  t h e  c h a n g e  i n  e l e c t r i c a l  r e s i s t i v i t y .  F u r t h e r m o r e ,  t h i s  
c o r r e l a t i o n  c o n s i d e r s  o n l y  t h e  damage i n d u c e d  by d i s p l a c e d  a toms .  Also, t h i s  
c o r r e l a t i o n  i s  n o t  b a s e d  on " i n - p i l e " 1  or T'rin-cyclotron' ' I  m e a s u r e m e n t s  b u t  is 
b a s e d  o n o b s e r v a t i o n s  made a f t e r  s a m p l e s  have been  removed f rom t h e  a c c e l e r a t o r  
or r e a c t o r ,  i u e o ,  d i s p l a c e m e n t  e f f e c t s  a r e  t h e  o n l y  ones t h a t  n o r m a l l y  would 
b e  o b s e r v e d .  

T h e r e  i s  a n o t h e r  t y p e  of  r a d i a t i o n  damage r e s u l t i n g  f r o m  t h e r m a l  spikes 
t h a t  n o r m a l l y  would b e  o b s e r v a b l e  o n l y  d u r i n g  o p e r a t i o n  of  t h e  r e a c t o r  or 
a c c e l e r a t o r .  T h i s  phenomenono  w h i c h  h a s  n o t  b e e n  s t u d i e d  v e r y  e x t e n s i v e l y  
e i t h e r  t h e o r e t i c a l l y  o r  e x p e r i m e n t a l l y ,  m i g h t  b e  e x p e c t e d  t o  a f f e c t  s u c h  
p r o p e r t i e s  a s  c r e e p  and d i f f u s i o n .  

The p o i n t  t o b e m a d e  a s  a r e s u l t  of  t h e  above  c o n s i d e r a t i o n s  i s  t h a t  t h e r e  
a r e  t w o  g e n e r a l  e f f e c t s  t o  b e  s t u d i e d :  (1) t o t a l  e x p o s u r e - d i s p l a c e m e n t  
damage, a n d ( 2 )  f l u x - - t h e r m a l  s p i k e  damage. Most of  t h e  work up t o  t h e  p r e s e n t  

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

NORTH AMERICAN AVIATION, INC": LITHIUI-IRON ACCELERATOR CORROSION EXPERIMENT 

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

I t  a p p e a r s  d e s i r a b l e  t o  have t h e  N o r t h  American g r o u p  s t u d y  t h e  c o r r o s i o n  
o f  s t a i n l e s s  s t e e l  316 by  s o d i u m  a t  o p e r a t i n g  t e m p e r a t u r e s  p r o p o s e d  f o r  t h e  
ANP program. 

PURDUE UNIVERSITY 

T h e  P u r d u e  g r o u p  h a s  b e e n  d o i n g  some p r e l i m i n a r y  s t u d i e s  p r e p a r a t o r y  to 
s t u d y i n g  r a d i a t i o n  e f f e c t s  i n  molybdenum and v a r i o u s  s t a i n l e s s  s t e e l s .  T h e y  

w i l l  make b e f o r e  and a f t e r  m e a s u r e m e n t s  of  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 ,  
c r y s t a l  s t r u c t u r e .  

A bombardment o f  molybdenum f o r  two h o u r s  w i t h  a 0 . 3  p a h  beam o f  10 Mev 

p r o t o n s  r e s u l t e d  i n  no n o t i c e a b l e  c h a n g e  i n  h a r d n e s s .  
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IN-PILE CREEP 

The i n - p i l e  c r e e p  a p p a r a t u s  d e s c r i b e d  i n  t h e  l a s t  ANP q u a r t e r l y  r e p o r t  
(ORNL 7 6 8 )  p r o v e d  o p e r a b l e  i n  b e n c h  t e s t s .  A t e s t  o n  304  s t a i n l e s s  s t e e l  
s t r e s s e d  t o  21,000 p o u n d s  p e r  s q u a r e  i n c h  a t  1200°F was s t a r t e d  i n  t h e  ORNL 
r e a c t o r  i n  l a t e  A u g u s t .  D a t a  f r o m  t h i s  t e s t  a r e  s t i l l  b e i n g  t a k e n ,  b u t  n o  
r e l i a b l e  r e s u l t s  a r e  e x p e c t e d  f r o m  t h i s  f i r s t  t e s t  b e c a u s e  o f  t e m p e r a t u r e  
c o n t r o l  d i f f i c u l t i e s .  U n f o r t u n a t e l y ,  a l a s t  m i n u t e  s h i f t  i n  h o l e  a s s i g n m e n t s  
c a u s e d  t h e  t e s t  t o  b e  p l a c e d  i n  a s t r i n g e r  h o l e  a d j o i n i n g  a c r o s s  core  hole 
through which  c o o l i n g  a i r  p a s s e s  a t  a v e r y  h i g h  v e l o c i t y .  D u r i n g  p i l e  s h u t -  
down and s t a r t - u p  p e r i o d s  t h e  t e m p e r a t u r e  of  t h e  a p p a r a t u s  v a r i e s  t o o  f a s t  f o r  
t h e  D.A.T. t e m p e r a t u r e  c o n t r o l  u n i t  t o  r e s p o n d .  A m o d i f i e d  a p p a r a t u s  embodying 
a s u p p l e m e n t a l  t e m p e r a t u r e  c o n t r o l  s y s t e m  t o  m a i n t a i n  c o n s t a n t  t h e  a m b i e n t  
t e m p e r a t u r e  of t h e  f u r n a c e  w i l l  b e  r e a d y  f o r  i n s e r t i o n  i n  t h e  ORNL r e a c t o r  
w i t h i n  two weeks, 

M o d i f i c a t i o n  o f  f u r n a c e  d e s i g n  t o  p e r m i t  t e s t  t e m p e r a t u r e s  of 1500 t o  
1800°F a r e  underway. The f e a s i b i l i t y  o f  u s i n g  a c r e e p  spec imen  in t h e  form of  
a c a n t i l e v e r  beam w i t h  a l o a d i n g  w e i g h t  w i t h i n  t h e  a p p a r a t u s  i t s e l f  i s  b e i n g  
i n v e s  t i g a t  ed  . 

The new S o l i d  S t a t e  B u i l d i n g  is n e a r i n g  c o m p l e t i o n  and occupancy  o u g h t  t o  

b e g i n  by November 1, 1950. 

A new s e r i e s o f s a m p l e s  f o r  b e f o r e  and a f t e r  e x p e r i m e n t s  i s  b e i n g  p r e p a r e d  
f o r  i r r a d i a t i o n  a t  H a n f o r d .  I t  i s  hoped  t h e s e  s a m p l e s  c a n  be i r r a d i a t e d  a t  
a r o u n d  400OC. W h i l e  t h i s  t e m p e r a t u r e  i s  b e l o w  c o n t e m p l a t e d  o p e r a t i n g  t e m -  

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

MECHANICAL VELOCITY SELECTOR 

A ,  Hu S n e l l ,  P h y s i c s  D i v i s i o n  

A c h o p p e r  t i m e - o f - f l i g h t  v e l o c i t y  s e l e c t o r  for o p e r a t i o n  i n  t h e  n e u t r o n  
e n e r g y  r e g i o n  up t o  s e v e r a l  t h o u s a n d  e l e c t r o n  v o l t s  i s  i n  p r o c e s s  o f  d e s i g n  
a n d  c o n s t r u c t i o n .  The 8 0 - c h a n n e l  c o u n t i n g  e q u i p m e n t  i s  b e i n g  c o n s t r u c t e d ,  
The c h o p p e r  a s s e m b l y  d e s i g n  d r a w i n g s  a r e  a l m o s t  r e a d y  t o  b e  t u r n e d  o v e r  t o  t h e  
s h o p s  

MENON CROSS-SECTION BEASUBEIENTS 

A ,  H .  S n e l l ,  P h y s i c s  D i v i s i o n  

The p o s s i b i l i t y  o f  e x t e n d i n g  t h e  t h e r m a l  xenon  c r o s s - s e c t i o n  v s .  e n e r g y  
measurements  o f B e r n s t e i n  e t  aZ, t o  h i g h e r  n e u t r o n  e n e r g i e s  i s  now u n d e r  a c t i v e  
c o n s i d e r a t i o n ,  Two p o s s i b l e  methods a r e  b e i n g  s t u d i e d :  

1. Epi-cadmium d e a c t i v a t i o n  a t  h i g h  f l u x .  T h i s  e x p e r i m e n t  is t h e  
s a m e a s e a r l i e r  t h e r m a l  measu remen t s  o f  E l i o t  e t  a z o  and Sugarman 
e t  aZe e x c e p t  t h a t  t h e  s a m p l e  would b e  e n c a s e d  i n  cadmium. Wi th  
a v a i l a b l e  f l u x  i t  is n o t  p o s s i b l e  t o  d e t e c t  d e a c t i v a t i o n  i f  t h e  
X e  r e s o n a n c e  i n t e g r a l  i s  less t h a n  lo5 t o  l o 6  b a r n s .  

2 .  D a n g e r  c o e f f i c i e n t s  i n  i n t e r m e d i a t e  c r i t i c a l  a s s e m b l i e s  w i t h  
k i l o c u r i e  q u a n t i t i e s  o f  X e ' 3 5 0  I t  i s  p o s s i b l e  w i t h  k i l o c u r i e  
q u a n t i t i e s  o f X e I 3 '  t o  d e t e c t  a change  i n  r e a c t i v i t y  o f  an i n t e r -  
m e d i a t e  a s s e m b l y  i f  t h e  r e s o n a n c e  i n t e g r a l  i s  I O '  t o  lo5 b a r n s .  
T h e  p o s s i b i l i t y  o f  e x t r a c t i n g  s u c h  l a r g e  amoun t s  o f  XeI s5  f rom 
t h e  MTB mock-up is- b e i n g  studied -in the  Chehistry Divi&:on', * 

MOLYBDENUM CROSS-SECTION MEASUREMENTS 

Columbia U n i v e r s i t y  

T h e  e l e c t r o n i c  t i m e - o f - f l i g h t  n e u t r o n  v e l o c i t y  s e l e c t o r  a t , C o l u m b i a  
U n i v e r s i t y ,  u n d e r  t h e  d i r e c t i o n  o f  F r o f e s s o r  W n  W ,  H a v e n s ,  i s  a s s i s t i n g  t h e  
ANP p r o g r a m  w i t h  a m e a s u r e m e n t  o f  t h e  t o t a l  c r o s s  s e c t i o n  o f  molybdenum i n  
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t h e  i n t e r m e d i a t e  r a n g e .  S p e c i a l  s a m p l e s  o f  m o l y b d e n u m  blocks h a v e  b e e n  
f u r n i s h e d  t o  C o l u m b i a ,  and t h e  measu remen t s  a re  now i n  p r o g r e s s ,  The molybdenum 
c r o s s  s e c t i o n  i s  o f  g r e a t  i n t e r e s t  for ANP r e a c t o r s  s i n c e  t h i s  m a t e r i a l  n o t  
o n l y  h a s  e x c e p t i o n a l  h i g h  t e m p e r a t u r e  s t r e n g t h  b u t  a l s o  a r e l a t i v e l y  h i g h  
r e s i s t a n c e  t o  c o r r o s i o n  by l i q u i d  m e t a l s ,  I f  molybdenum s h o u l d  b e  f o u n d  t o  
h a v e  a r e a s o n a b l y  low i n t e r m e d i a t e  a b s o r p t i o n  c r o s s  s e c t i o n ,  i t  m i g h t  b e  
p o s s i b l e  t o  e m p l o y  i t  i n  t h e  a i r c r a f t  r e a c t o r  e v e n  t h o u g h  t h i s  metal  does 
p r e s e n t  g r e a t  d i f f i c u l t i e s  i n  f a b r i c a t i o n ,  

. 
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REACTOR PEYSICS 

T h e  ANP P h y s i c s  g r o u p  d u r i n g  t h e  p a s t  q u a r t e r  h a s  u n d e r t a k e n  d e t a i l e d  
c a l c u l a t i o n s o f t h e  n e u t r o n  p h y s i c s  of t h e  p r o p o s e d  ARE r e a c t o r ,  T h e s e  i n c l u d e  
e x p l o r a t o r y  c a l c u l a t i o n s  by b a r e  r e a c t o r  t h e o r y  a s  well a s  a l a r g e  a m ~ u n t  of 
m u l t i - g r o u p  c a l c u l a t i o n s ,  i n c l u d i n g  r e f l e c t o r  e f f e c t s .  S i n c e  t h e  r e a c t o r  
d e s i g n s  now c o n t e m p l a t e d  a r e  a t  l e a s t  p a r t i a l l y  i n t e r m e d i a t e  i n  n e u t r o n  
s p e c t r u m ,  t h e  work h a s  b e e n  f o r c e d  i n  t h e  d i r e c t i o n  o f  1 3 - g r o u p  c a i c u l a t i o n s  
s i m i l a r  t o  t h o s e  c a r r i e d  o u t  at KAPL. The  f o l l o w i n g  s e c t i o n s  d e s c r i b e  t h e  
c l a s s e s  o f  c a l c u l a t i o n s  now underway.  The f i r s t  n u m e r i c a l  r e s u l t s  i n  most of  
t h e s e  p r o g r a m s  s h o u l d  b e  f o r t h c o m i n g  e a r l y  i n  t h e  n e x t  q u a r t e r .  I n  a d d i t i o n  
t o  t h i s  work, t h e r e  i s  a l s o  d e s c r i b e d  below an i n v e s t i g a t i o n  by t h e  M a t h e m a t i c s  
P a n e l  on t h e  e n e r g y  d e p e n d e n t  p i l e  e q u a t i o n s ,  

ARE CALCULATIONS 

N. M. S m i t h ,  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  

Multi-Qroup Calculations, F o l l o w i n g  tbe  g e n e r a l  method g i v e n  i n  GE-RE-1 
a n d  KAPL-39, a t h i r t e e n - g r o u p  n u m e r i c a l  c a l c u l a t i o n  h a s  b e e n  s e t  u p  f o r  a 

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

S e v e r a l  e x p l o r a t o r y  c a l c u l a t i o n s  h a v e  b e e n  u n d e r t a k e n ,  T h e s e  h a v e  re- 
v e a l e d  t h e  n e c e s s i t y  o f  c a r e f u l  m o n i t o r i n g  o f  a l l  work i n  a d d i t i o n  t o  t h e  
r e g u l a r  n u m e r i c a l  c h e c k s .  I n  t h e  f i r s t  p l a c e ,  some o f t h e  i n t e r n a l  c o n s i s t e n c y  
c h e c k s  a r e  i n s e n s i t i v e ,  and  i n  t h e  s e c o n d  p l a c e ,  a l a r g e  amount of work ( i . e .  
c a l c u l a t i o n  o f  r e a c t o r  c o n s t a n t s  and c e r t a i n  c o n s t a n t  n u m e r i c a l  f a c t o r s  u s e d  
i n  t h e  m u l t i - g r o u p  c a l c u l a t i o n )  is d o n e  f o r  w h i c h  t h e r e  e x i s t s  no  a d e q u a t e  
check  o t h e r  t h a n  i n d e p e n d e n t  c a l c u l a t i o n  by a n o t h e r  p e r s o n .  

T h u s ,  t h r o u g h  t h e  p r o v e r b i a l  h a r d  way, we have  l e a r n e d  t o  d u p l i c a t e  a l l  
work which c a n n o t  be  c h e c k e d  by t h e  o r d i n a r y  laws  o f  m a t h e m a t i c a l  c o n s i s t e n c y ,  
c o n s e r v a t i o n  o f  n e u t r o n s ,  e t c .  

A s i n g l e  1 3 - g r o u p  c a l c u l a t i o n  r e q u i r e s  from 8-12 computer  d a y s ,  d e p e n d i n g  
on t h e  numb,er of i t e r a t i o n s  re-quired.  
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C o m p a r i s o n s  h a v e  b e e n  m a d e . b e t w e e n  d i f f e r e n t  r e f l e c t o r s  w i t h  a c o r e  of 
UO, f u e l ,  Be0 m o d e r a t e d ,  h a v i n g  s t a i n l e s s  s t e e l  s t r u c t u r e  and N a - c o o l e d .  The  
r e f l e c t o r s  s t u d i e d  were S S - 3 4 1 ,  as compared w i t h  t h e  b a r e  p i l e .  U n f o r t u n a t e l y ,  
e r r o r s  were d i s c o v e r e d  i n  t h e  r e a c t o r  c o n s t a n t s  b u t  i t  a p p e a r e d  t h a t  t h e  
s t e e l  r e f l e c t o r  was  a t  l e a s t  a s  good a s  t h e  B e 0  r e f l e c t o r  f o r  t h i c k n e s s e s  
below t h r e e  i n c h e s .  The e r r o r s  made were s u c h  as t o  i n c r e a s e  t h e  l e a k a g e  from 
t h e  c o r e  and  t h u s  e n h a n c e  t h e  e f f e c t  o f  a r e f l e c t o r .  T h u s ,  t h e  c o n c l u s i o n  
may s t i l l  be t e n a b l e ,  

T h e  r e s u l t  w i t h  t h e  b a r e  core i n d i c a t e d  t h a t  t h e  t h i n  r e f l e c t o r  u s e d  
( 2 . 5  i n o )  d i d  n o t  make s u f f i c i e n t  c h a n g e o f  r e a c t i v i t y  t o  w a r r a n t  much i n t e r e s t  
i n  r e f l e c t o r  c o n t r o l  r o d s  o t h e r  t h a n  f o r  power c o n t r o l .  A g a i n ,  t h i s  c o n c l u s i o n  
must  be  r e e v a l u a t e d .  

One d i f f i c u l t y  w i t h  t h e  GE method h a s  been  t h e  f a c t  t h a t  f o r  e a c h  g r o u p  
t h e  r a t i o  o f  t h e  a v e r a g e  s l o w i n g  down d e n s i t y  t o  t h a t  l e a v i n g  t h e  g r o u p  must  
be g u e s s e d .  When t h e  g u e s s  t u r n s  o u t  t o  be  p o o r  new v a l u e s  must  be u s e d  and  
t h e  group r e c a l c u l a t e d .  W i t h  t h e  s t e e l  r e f l e c t o r ,  i n  p a r t i c u l a r ,  t h e  g u e s s e s  
were w i l d  and r e q u i r e d  s e v e r a l  t r i es  i n  many g r o u p s .  Two m o d i f i c a t i o n s  o f  t h e  
GE m e t h o d h a v e b e e n  s u g g e s t e d  which w i l l  remove t h e n e c e s s i t y  f o r  t h i s  g u e s s i n g .  
One i n v o l v e s  t h e  c a l c u l a t i o n  of  t h e  f i r s t  moment i n  t h e  l e t h a r g y  s c a l e  of t h e  
r e a c t o r  c r o s s  s e c t i o n s  a n d ,  a l t h o u g h  more a c c u r a t e p  w i l l  i n v o l v e  s e v e r a l  times 
more work p e r  g roup .  The o t h e r  method assumes a l i n e a r  change  o f  q ,  t h e  s l o w -  
i n g  down d e n s i t y ,  i n  t h e  g r o u p  i n t e r v a l  a n d  h a s  p r o m i s e  of  e l i m i n a t i n g  t h e  
g u e s s i n g  w i t h  b u t  l i t t l e  a d d i t i o n a l  work, The a s s u m p t i o n  of  l i n e a r i t y  o f  q 
i s  i m p l i o i t  i n  t h e  p r e s e n t  GE method so t h a t  t h e  l a t t e r  new method s h o u l d  b e  
a t  l e a s t  a s  a c c u r a t e .  

I B I  Csloulation, F o l l o w i n g  c e r t a i n  s u g g e s t i o n s  o f  H I  H u r w i t z  o f  KAPL, 
t h e  GE m u l t i - g r o u p  me thod  h a s  b e e n  m o d i f i e d  f o r  IBM c a l c u l a t i o n .  T h i s l w o r k  
is i n  t h e  s e t - u p  s t a g s .  Abou t  t w o - t h i r d s  of t h e  p r e p a r a t o r y  w o r k - w i r i n g  o f  
b o a r d s ,  p u n c t u r i n g  c a r d s ,  etc.-has been c o m p l e t e d ,  The f i r s t  c a l c u l a t i o n s  a r e  
t o  t a k e  p l a c e  s o o n ,  a n d  a f t e r  s e v e r a l  c h e c k i n g  t e s t s  and  c a l c u l a t i o n s ,  t h e  
machines  w i l l  be  u s e d  t o  c a r r y  o u t  r o u t i n e  1 3 - g r o u p  c a l c u l a t i o n s .  

Beactor Consfants. R o u t i n e  methods f o r  t h e  a v e r a g i n g  of r e a c t o r  c o n s t a n t s  
h a v e  been  d e v i s e d .  The  m a c r o s c o p i c  c o n s t a n t s  f o r  t h e  b a s i c  r e a c t o r  m a t b r i a l s  
( f u e l ,  m o d e r a t o r ,  s t r u c t u r e ,  c o o l a n t )  h a v e  b e e n  c o m p u t e d .  A l l  t h a t  is r e -  
q u i r e d  t h e n  f o r  c a l c u l a t i o n  of t h e  c o n s t a n t s  for a s p e c i f i c  c o r e  or r e f l e c t o r  
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a r e  t h e v o l u m e  f r a c t i o n s  o f t h e  c o n s t i t u e n t s ,  T h i s  meth,od h a s  p r o v e d  c o n v e n i e n t  
a n d  t ime s a v i n g .  I t  s t i l l  r e m a i n s  n e c e s s a r y ,  h o w e v e r ,  t o  c h e c k  by  m a k i n g  
two i n d e p e n d e n t  c o m p u t a t i o n s  o f  t h e  r e a c t o r  c o n s t a n t s ,  

T h e  same c o n s t a n t s  s e r v e  f o r  e i t h e r  t h e  m u l t i - g r o u p  m u l t i - r e g i o n  c a l c u -  
l a t i o n s  ( f o r  t h e  same volume f r a c t i o n s )  or for b a r e  homogeneous reac tor  c a l c u -  
l a t i o n s .  A s e t  of c o n s t a n t s  r e q u i r e s  two compute r  d a y s  f o r  d o u b l e  e v a l u a t i o n .  
A new s e t  o f  c o n s t a n t s  o b t a i n e d  by c h a n g i n g  o n l y  o n e  o f  t h e  c o n s t i t u e n t s  c a n  
b e  o b t a i n e d  i n  a b o u t  2/3 c o m p u t e r  d a y s ,  T h e  IBM w i l l  b e  made .even t , rLa l ly  t o  
compute reactor  c o n s t a n t s  a l s o "  

Adjoint Calculations, T h e  r e a c t o r  a d j o i n t  f u n c t i o n s ,  n e c e s s a r y  f o r  
p e r t u r b a t i o n  c a l c u l a t i o n s ,  have been  computed i n  one  c a s e  o n  a t r i a l  b a s i s .  

I t . h a s  been  shown ( G r e u l i n g )  t h a t  t h e  a d j o i n t  o f  t h e  s l o w i n g  down d e n s i t y  
i s  t h e  same a s  t h a t  o f  t h e  f l u x .  T h e  c o n t i n i t y  a n d  b o u n d a r y  c o n d i t i o n s  on 
t h e  a d j o i n t  f u n c t i o n ,  i n c l u d i n g  t h a t  o f  t h e  t h e r m a l  f l u x ,  have been worked o u t  
and  c a l c u l a t i o n a l  p r o c e d u r e s  d e t a i l e d  

Bare Reactor Calculations, It h a s b e e n  found e x p e d i e n t  t o m a k e  e x p l o r a t o r y  
c a l c u l a t i o n s  u s i n g  b a r e - r e a c t o r  t h e o r y ,  S i n c e  no s p a t i a l  i n t e g r a t i o n  is re-  
q u i r e d ,  a n u m e r i c a l  b a r e  r e a c t o r  c a l c u l a t i o n  c a n  b e  made and c h e c k e d  i n  l e s s  
t h a n  two c o m p u t e r  h o u r s ,  T h u s  r e a c t i v i t y  c a l c u l a t i o n s  p e r t a i n i n g  t o  c o n t r o l  
c o n s i d e r a t i o n s  are  q u i c k l y  made, Such t h i n g s  a s  xenon r e a c t i v i t y ,  c o e f f i c i e n t s ,  
( b o t h o f  power and o f  t e m p e r a t u r e )  n u c l e a r  t e m p e r a t u r e  c o e f f i c i e n t s  of r e a c t i v -  
i t y ,  e x p a n s i o n  t e m p e r a t u r e  c o e f f i c i e n t s ,  u ran ium m a s s - r e a c t i v i t y  c o e f f i c i e n t s ,  
e t c . ,  a r e  i n  p r o c e s s  o f  c a l c u l a t i o n  for t h e  ANP C o n t r o l  P a n e l ,  T h e  b a r e -  
r e a c t o r  c a l c u l a t i o n s  w i l l  b e  f o l l o w e d  by m u l t i - r e g i o n  c a l c u l a t i o n s  a s  t ime 
p e r m i t s  and w h e r e v e r  n e c e s s a r y ,  

Multi-Group Calculations in Cylindrical Geometry ,  Most m u l t i - g r o u p  
c a l c u l a t i o n s  a r e  made a s suming  t h e  r e a c t o r  i s  s p h e r i c a l ,  D e t a i l e d  c a l c u l a t i o n s  
of l a t t i c e  e f f e c t s  ( w h e t h e r  a l a t t i c e  of c o n t r o l  r o d s  or o f  f u e l  e l e m e n t s )  
r e q u i r e s  a c a l c u l a t i o n  i n  c y l i n d r i c a l  geometry.  

The  m u l t i - g r o u p  e q u a t i o n s  h a v e  been  r e w r i t t e n  and r e d u c e d  t o  d i f f e r e n c e  
e q u a t i o n s  f o r  u s e  w i t h  c y l i n d r i c a l  g e o m e t r y "  Some e x p l o r a t o r y  c a l c u l a t i o n s  
h a v e  b e e n  made. T h e  i n d i c a t i o n s  a r e  t h a t  t h e  d i f f e r e n c e  e q u a t i o n s  w i l l  b e  
somewhat more c o m p l i c a t e d  t h a n  i n  t h e  s p h e r i c a l  c a s e o  



ENERGY DEPENDENT PICE EQUATIONS 

M. L. N e l s o n ,  M a t h e m a t i c s  P a n e l  

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

T h e s e  e q u a t i o n s  c a n  b e  w r i t t e n  
T 

w i t h  

$ < r , u )  .= f l u x  i n  c o r e  a t  p o i n t  w i t h  p o s i t i o n  v e c t o r  r and 
a t  l e t h a r g y  u .  

c j5(r ,u)  .= f l u x  i n  r e f l e c t o r .  

Simple c o m b i n a t i o n s  of t h e  v a r i o u s  cross s e c t i o n s  
a s  f u n c t i o n s  o f  l e t h a r g y .  

C (  u) 

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

The boundary  c o n d i t i o n s  are t a k e n  a s  f o l l o w s :  

$, # f i n i t e  w i t h i n  t h e i r  r e s p e c t i v e  r e g i o n s  of  d e f i n i t i o n  
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where I i s  an  a r b i t r a r y  p o i n t  on t h e  i n t e r f a c e  b e t w e e n  c o r e  and  r e f l e c t o r ,  B 
an a r b i t r a r y  p o i n t  on t h e  o u t e r  boundary  o f  t h e  s y s t e m ,  and  t h e  d e r i v a t i v e  i n  
( c )  is, of c o u r s e ,  t h e  normal  d e r i v a t i v e .  

The  me thod  o f  s e p a r a t i o n  of  v a r i a b l e s  works q u i t e  s m o o t h l y  f o r  t h e s e  
e q u a t i o n s  u n t i l  o n e  t r i e s  t o  f i t  t h e  b o u n d a r y  c o n d i t i o n s  a t  t h e  i n t e r f a c e ,  
b u t  i t  b r e a k s  down a t  t h i s  p o i n t .  I n  p a r t i c u l a r ,  t h e  b a r e  p i l e  e q u a t i o n , , c a n  
b e  i n t e g r a t e d  e x p l i c i t l y .  H o w e v e r ,  i f  o n e  d o e s  t h i s ,  o n e  f i n d s  t h a t  t h e  
s o l u t i o n  of t h e  a b o v e  s y s t e m  i s  n o t  u n i q u e .  A c l o s e r  e x a m i n a t i o n  o f  t h e  
p h y s i c a l  s i g n i f i c a n c e  o f  t h e  terms o f  t h e  f i r s 6  e q u a t i o n  i n ( 1 )  shows t h e  
f o l l o w i n g .  The  term i n v o l v i n g  t h e  u - d e r i v a t i v e  a r i ses  f rom t h e  b a l a n c e  b e -  
tween  n e u t r o n s  f l o w i n g  i n t o  a c e r t a i n  u - l e v e l  from b e l o w ,  a n d  t h o s e  f l o w i n g  
o u t  o f  t h i s  l e v e l  t o  h i g h e r  v a l u e s  o f  u .  The f a c t  t h a t  t h i s  term i n v o l v e s  
o n l y  a f i r s t  d e r i v a t i v e  is d u e  t o  t h e  one -way  f l o w  o f  n e u t r o n s  i n  u ( f l o w  
o n l y  t o  h i g h e r  u ,  o r  l o w e r  e n e r g y ) .  However, i f  o n e  a s sumes  a l o w e s t  u - v h l u e  
( t a k e n  as u - =  O ) ,  t h i s  term expresses only a f l o w  o u t  o f  t h e  l e v e l ,  hence  t h i s  
t e r m  s h o u l d  b e  a b s o r b e d  i n t o  t h e  s e c o n d ,  o r  a b s o r p t i o n ,  term. I f  o n e  t h e n  
wr i t e s  down t h e  m o d i f i e d  e q u a t i o n  f o r  u = 0 ,  t h e  w h o l e  s y s t e m  w i l l  h a v e  a 
u n i q u e  s o l u t i o n .  Even w i t h  t h i s  m o d i f i c a t i o n ,  t h e  dependence  o f  t h e  diffusion 
c o e f f i c i e n t s  d , ,  d ,  on u s t i l l  o f f e r s  an  a p p a r e n t l y  i n s u p e r a b l e  b a r r i e r  t o  t h e  
a p p l i c a t i o n  o f  t h e  me thod  o f  s e p a r a t i o n  o f  v a r i a b l e s .  Hence  i t  wou ld  seem 
t h a t  some scheme o f  r e d u c t i o n  t o  a m u l t i - g r o u p  p rob lem is n e c e s s a r y ,  t o g e t h e r  
w i t h  a n u m e r i c a l ,  a n d  p r e s u m a b l y  i z t e r a t e d  s o l u t i o n  o f  t h e  r e s u l t i n g  s e t  o f  
e q u a t i o n s .  V a r i o u s  p r o p o s e d  me thods ,  in p a r t i c u l a r  t h e  s o - c a l l e d  GE method ,  
a r e  b e i n g  s t u d i e d  f rom t h e  mathematical and  comput ing  s t a n d p o i n t .  
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DESIGN OF TNE AIRCRAFT REACTOR EXPERLMENT 

'FUNDAMENTAL 3 DESIGN 'PRINCIPLES 

C .  B. E l l i s ,  A N P 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  G e n e r a l  D e s i g n  G r o u p o f t h e  Oak Ridge  N a t i o n a l  
L a b o r a t o r y  h a s  compleybd a v p r e l i m i n a r y  r e p o r t  on t h e  p r i n c i p l e s  o f  t h e  d e s i g n  
o f  t h e  ARE. T h i s  h a s  so f a r  been  g i v e n  o n l y  l o c a l  d i s t r i b u t i o n ,  a s  document  
No. Y-F5-15 and S u p p l e m e n t s  I t o  VIII. T h i s  r e p o r t  is w r i t t e n  a l m o s t  w h o l l y  
from t h e  s t a n d p o i n t  of  a r e a c t o r  f o r  a s u p e r s o n i c  a i r c r a f t .  The t e n t a t i v e  
c o n c l u s i o n s  l i s t e d  a r e  t h a t  t h e  r e a c t o r  c o r e  d i a m e t e r  s h o u l d  be  i n  t h e  3 - f t  
r a n g e ,  t h a t  t h e  p r i m a r y  c o o l a n t  s h o u l d  be l i q u i d  sodium,  t h a t  t h e  f i s s i o n a b l e  
m a t e r i a l  s h o u l d  p r o b a b l y  be UO,, t h a t  t h e  m o d e r a t o r  s h o u l d  p r o b a b l y  be BOO, 
t h a t  t h e  c a n n i n g  m a t e r i a l  f o r  t h e  f u e l  e l e m e n t a  r h o u l d  be a v a r i e t y  of s t a i s -  
l e r s  s t e e l ,  and t h a t  t h e  maximum f u e l  e l e m e n t  r u r f a c e  t e m p e r a t u r e  i n  c o n t a c t  
w i t h  t h e  l i q u i d  m e t a l  s h o u l d  be  n o t  more t h a n  1 8 0 o 0 F O  I n  t h i r  r e p o r t  i,t i r  
p o i n t e d  o u t  t h a t  t h e  m o r t  p r a c t i c a l  t y p e  o f  f u e l * e l e m e n t  i r  n o t  y e t  known, 
The  p r o b a b l e  meritr and d i f f i c u l t i s 8  of  e i g h t  g e n e r a l  v a r i e t i e r  are d i r c u r r e d :  
l o o r e  powder p i n r ,  l o o r e - d e e v e  m o d e r a t o r  b l o c k r ,  r r n d a i c h  rhee t r ,  o u t r i d e -  
c o a t e d  c o o l a n t  t u b e r ,  b o n d e d  I ~ O ~ V O  m o d e r a t o r  b l o c k r ,  i n r i d e m c o a t e d  p i n r ,  
r o l i d e f i l l e d  p i n r ,  and  l i g u i d m f i l l e d  p i n # ,  No f i n d  c h o i o e  o f  the v a r i e t y  
m o r t  r u i t a b l e  € o r  r u p e r r o n i c  r i r a r a f t  r e a c t o r  c a n  be made u n t i l  a large  
amount of f u e l  element r e r e a r c h  is f i n i r h e d o  

d l r o  d u r i n g  t h i r  q u a r t e r ,  t h e  NEPA D i v i r i o n  of t h e  F a i r c h i l d  E n g i n e  a n d  
A i r p l a n e  C o r p o r a t i o n  hrr c o m p l e t e d  a p r e l i m i n a r y  r t u d y  o f  a n  o v e r a l l  d s r i g n  
f o r  a l i q u i d = m t r l - c o o l r d  r u p e r r o n i c  a i r c r a f t l l  T h h  d d r i g n  ilr g i v e n  the NEPA 
d i r t i n g u i r h i n g n u m b e r  IL-12 a n d i r  d e r c r i b s d  i n  t h e  p r e l i m i n a r y  r e p o r t , N E P A - 1 5 2 0 ,  
The  g e n e r a l  a p p e a r a n c e  of t h e  reretor r h o r n  i n  t h h  r e p o r t  i r  v e r y  r i m i l i a r  t o  
t h e  ORNL a r r a n g e m e n t  d i r c u r r e d  i n  Y-FSmlS, 

I l u r i n g  t h e  l a t t e r  p a r t  o f  t h e  q u a r t e r ,  a d o c h i o n  war made t o  b u i l d  t h e  
ARE am a p r o t o t y p e  f o r  a r u b s o n i c  a i r c r a f t  r e a c t o r ,  t h e  8 0 - c a l l e d  "War IWo801," 
r a t h e r  t h a n  a p r o t o t y p e  f o r  a r u p e r r o n i c  power i o u r c e r  T h i r  change  maker v e r y  
l i t t l e  d i f f e r e n c e  i n  the f e a t u r e s  of t h e  d d g n  l i r t e d  above e x m p t  t o  p e r m i t  
t h e  lowering o f  t h e  d o a i r e d  f u e l  e l e m e n t  w a l l  t e m p e r a t u r e  from 1 8 0 0 a F ' t o  
1500'F. A n o t h e r  a d v a n t a g e  o f  t h i s  c h a n g e ,  which  is y e t  t o  be f e l t ,  is t h a t  
t h e  f u e l  e l e m e n t  r e s e a r c h  no l o n g e r  n e e d s  t o  i m m e d i a t e l y  r e su l t  i n  a n  e l e m e n t  
c a p a b l e  of u l t r a - h i g h  power d e n s i t i e s ,  
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A l t k o u g h  the two r e p o r t s  m e n t i o n e d  above a r e  e s s e n t i a l l y  i n  a g r e e m e n t  on 
t h e  r e a c t o r  c o r e ,  t h e  NEPA d e s i g n  e m p l o y s  a d i v i d e d  s h i e l d  w h e r e a s  t h e  ORNL 
d e s i g n  p o s t u l a t e s  a u n i t  s h i e l d ,  To d e v e l o p  t h e  t h e o r e t i c a l  p r i n c i p l e s  on 
wh ich  e n g i n e e r i n g  components  c a n  mos t  a d v a n t a g e o u s l y  b e  l o c a t e d  w i t h i n  a u n i t  
s h i e l d  a n d  t o  c o m p a r e  t h e  a d v a n t a g e s  o f  u n i t  a n d  d i v i d e d  s h i e l d s ,  a j o i n t  
ORNL-NEPA S h i e l d i n g  Board  h a s  been s e t u p  t o  b e g i n  o p e r a t i o n  Sep tember  6 ,  1950. 
T h i s  b o a r d  c o n t a i n s  b o t h  t h e o r e t i c a l  and  e x p e r i m e n t a l  s h i e l d i n g  s p e c i a l i s t s  
a s  w e l l  a s  m e c h a n i c a l  e n g i n e e r s  f com ORNL a n d  NEPAa T h e  m i s s i o n  o f  t h i s  
S h i e l d i b g  B o a r d  is t o  p r o d u c e  by O c t o b e r  1 6 ,  1950, f u l l y  e n g i n e e r e d  d e s i g n s  . 
f o r  b o t h  u n i t  and d i v i d e d  s h i e l d s  i n a s  low a gross w e i g h t  a s  c u r r e n t  knowledge 
w i l l  p e r m i t ,  t o g e t h e r  w i t h  a n  e v a l u a t i o n  o f  t h e  o p e r a t i t m a 1  p rob lems  r e s u l t i n g  
from t h e  u s e  o f  t h e  d i v i d e d  s h i e l d .  

A n o t h e r  b l o c k  o f  f u n d a m e n t a l  d e s i g n  p r i n c i p l e s  w h i c h  h a s  n o t  y e t  b e e n  
t h o r o u g h l y  e x p l o r e d  i s  t h e  q u e s t i o n  o f  r e a c t o r  c o n t r o l s .  To i n v e s t i g a t e  t h i s  
f i e l d a s i m i l i s l r  j o i n t  ORNL-NEPA e f f o r t ,  t h e  C o n t r o l  Group,  h a s  been  s e t  u n d e r -  
way. From t h e  work o f  t h i s  j o i n t  g r o u p ,  t h e r e  i s  e x p e c t e d  t o  a r i s e  t h e  f i r s t  
v e r s i o n  o f  a c o m p l e t e  c o n t r o l  s y s t e m  w h i c h  w i l l  be  a d e q u a t e  f o r  t h e  a i r p l a n e  
r e a c t o r  and f o r  t h e  ARE, f r o m  b o t h  n u c l e a r  and m e c h a n i c a l  e n g i n e e r i n g  s t a n d -  
p o i n t s .  

A s i d e  f r o m  t h e  l a r g e  b l o c k s  o f  a n a l y s i s  a n d  r e s e a r c h  l i s t e d  a b o v e  and  
d e s c r i b e d i n t h e  p r e v i o u s  s e c t i o n  o f  t h i s  r e p o r t ,  t h e  mos t  o u t s t a n d i n g  q u e s t i o n  
o f  t h e  ARE w h i c h  h a s  n o t  y e t  b e e n  a t t a c k e d  i s  p r o b a b l y  t h e  means  t o  a v o i d  
s e l f t w e l d i n g  o f  t h e  mov ing  p a r t s  o f  t h e  r e a c t o r .  R e s e a r c h  on  t h i s  s u b j e c t  
w i l l  b e g i n  s h o r t l y  i n  t h e  M e t a l l u r g y  D i v i s i o n  a s  well  a s  w i l l  d e s i g n  s t u d i e s  
t o  see how f a r  t h e  u s e  of  moving p a r t s  w i t h  c o n t a c t  c a n  be e l i m i n a t e d  from t h e  
r e a c t o r .  

DETAILED DBSIaN 'AND CONSTRUCTION 

W e  Pa B e r g g r e n ,  ANP D i v i s i o n  
R, W a  S c h r o e d e r  

D u r i n g  t h e  p a s t  q u a r t e r  a n  ARE g r o u p  h a s  b e e n  s e t  upa T h i s  g r o u p i s  
s t a r t i n g  f r o m  t h e  b a s i s  of  t h e  f u n d a m e n t a l  d e s i g n  p r i n c i p l e s  d i s c u s s e d  i n  
t h e  p r e c e d i n g  s e c t i o n  and c o n t i n u i n g  t o  a c o m p l e t e d  d e s i g n  f o r  t h e  ARE r e a c t o r  
and a l l  o f  i t s  a u x i l a r i e s  and i t s  h o u s i n g  i n  a s  r a p i d  a f a s h i o n  a s  t h e  a r r i v a l  
o f  r e s e a r c h  a n s w e r s  f r o m  t h e  l a b o r a t o r y  g r o u p s  w i l l  p e r m i t .  A p r e l i m i n a r y  
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d e s i g n  of t h e  b u i l d i n g  t o  h o u s e  t h e  ARE h a s  now b e e n  d rawn  up .  P r o b l e m s  of 
t h e  r e m o t e  h a n d l i n g  e q u i p m e n t  t o  p e r m i t  d i s a s s e m b l y  and i n s p e c t i o n  of r a d i o -  
a c t i v e  c o m p o n e n t s  a r e  b e i n g  s t u d i e d .  T e n t a t i v e  d e t a i l e d  d r a w i n g s  h a v e  been  
p r e p a r e d  for s e v e r a l  r e a c t o r  c o r e  g e o m e t r i e s  and s e v e r a l  p o s s i b l e  a r r b n g e m e n t s  
of e q u i p m e n t  w i t h i n  a u n i t  s h i e l d .  T h e s e  s t u d i e s  h a v e  b e e n  g i v e n  t o  t h e  
E x p e r i m e n t a l  E n g i n e e r i n g  Group f o r  mock-up tes ts  and t o  t h e  S h i e l d i n g  B o a r d  
f o r  t h e o r e t i c a l  a n a l y s i s  . 

A s  d i s c u s s e d  i n  t h e  p r e c e d i n g  s e c t i o n ,  very  few of the  s p e c i f i c a t i o n s  of  
t h e  ARE c a n  y e t  be d e s i g n e d  w i t h  e x t r e m e  f i r m n e s s  s i n c e  t h e  b a s i c  r e s e a r b h  i s  
n o t  y e t  i n  a f i n i s h e d  s t a t e .  However,  a t e n t a t i v e  d e t a i l e d  d e s i g n  i s  p r o c e e d -  
i n g  on t h e  a s s u m p t i o n  o f  t h e  f o l l o w i n g  s p e c i f i c a t i o n s :  

TABLE 11 

Aircraft Beactor Speciffeations 

P r i m a r y  c o o l a n t  

Maximum f u e l  e l e m e n t  surface t e m p e r a t u r e  

Average t e m p e r a t u r e  of c o o l a n t  e m e r g i n g  
from r e a c t o r  c o r e  

A c t i v e  l a t t i c e  s h a p e  

F u e l  e l e m e n t  

Fuel p i n  s i z e  

Number of f u e l  p i n s  

Sodium 

1500°F 

1400’F 

S q u a r e  c y l i n d e r ,  3 f t  
d i ame t e  r 

P i n s  c o n t a i n i n g  UO, and Be0 
powder 

A p p r o x i m a t e l y  0 .1  i n .  x 3 i n .  
w i t h  “010 i n .  w a l l  

Roughly 100,000 

A l t e r n a t i v e  d e t a i l e d  d e s i g n s  a r e  b e i n g  drawn up t o  c o v e r  s e v e r a l  p o s s i -  
b i l i t i e s  on which a d e c i s i o n  h a s  n o t  y e t  been  made. T h e s e  i n c l u d e  sodium v s .  
n a t u r a l  l i t h i u m  a s  a s e c o n d a r y  7 c o o l a n t ,  Be0 VS. s t a i n l e s s  Meel as a r e f l e e t o r ,  
a n d  a s i n g l e  p r i m a r y  pump a s  c o m p a r e d  w i t h  s e v e r a l  s m a l l e r  pumps t o  be  i m -  
b e d d e d i m t h e  u n i t  s h i e l d .  F i g u r e  23 i l l u s t r a t e s  t h e  t e n t a t i v e  g e n e r a l  c o r e  
a r r a n g e m e n t  now u n d e r  i n v e s t i g a t i o n .  
* 
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PART 11, LONGER GRANGE ACTIVETTES 
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' I ' N T R O D U C T I O N  

As d e s c r i b e d  i n  P a r t  I ,  t h e  major  p a r t  o f  t h e  r e s e a r c h  and d e s i g n  work f o r  
t h e  ANP p r o g r a m  now u n d e r w a y  a t  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  a p p l i e s  
d i r e c t l y  t o  t h e  proposed f i x e d - f u e l  l i q u i d - m e t a l - c o o l e d  ARE r e a c t o r .  However,  
t h e  L a b o r a t o r y  and  i t s  c o n t r a c t o r s  a r e  c a r r y i n g  on a c o n s i d e r a b l e  amount  o f  
r e s e a r c h  - a l o n g  a l t e r n a t e  l i n e s  w h i c h  m i g h t  l e a d  t o  a i r c r a f t  r e a c t o r s  e v e n  
s u p e r i o r  t o  t h i s  t y p e ,  p r o v i d e d  c e r t a i n  f u n d a m e n t a l  d i f f i c u l t i e s  c o u l d  b e  s u r  - 
mounted .  T h e s e  s t u d i e s  i n c l u d e  i n v e s t i g a t i o n  of  a l t e r n a t e  c y c l e s  e m p l o y i n g :  
( a )  v a p o r  c o o l a n t s  w i t h  c o m p r e s s o r  j e t s ,  ( b )  c i r c u l a t i n g  f u e l  homogeneous  
r e a c t o r s ,  ( c )  f i x e d - f u e l  c i r c u l a t i n g - m o d e r a t o r  r e a c t o r s ,  and  ( d )  s e p a r a t e d  
l i t h i u m - 7  i s o t o p e s  a s  a p r i m a r y  c o o l a n t .  The r e s e a r c h  and a n a l y s i s  unde rway  
which a t t e m p t s  t o  s o l v e  t h e c r u c i a l  p roblems o f  e a c h  of  t h e s e  p o t e n t i a l  s y s t e m s  
is d e s c r i b e d  i n  the  f o l l o w i n g  s e c t i o n s .  
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COMPRESSOR-JET C Y C L E S  

C. S t a r r ,  N o r t h  American A v i a t i o n ,  I n c .  

The work a c c o m p l i s h e d  by Nor th  American A v i a t i o n ,  I n c .  d u r i n g  this p e r i o d  
i n c l u d e d  t h e  deve lopment  and a p p l i c a t i o n  o f  g e n e r a l i z e d  p r o c e d u r e s  r e l a t i v e  t o  
t h e  a n a l y s i s  o f  power c y c l e s  f o r  p o s s i b l e  u t i l i z a t i o n  i n  a n u c l e a r  power a i r -  
c r a f t .  The  r e s u l t s  of  t h e  a n a l y s i s  t o  d a t e  i n d i c a t e  t h a t  t h e  c o m p r e s s o r - j e t  
t y p e  power p l a n t  may be s u p e r i o r  t o t h e  more c o n v e n t i o n a l  t u r b o j e t  on t h e  b a s i s  
of # s p e c i f i c  t h r u s t  d e v e l o p e d  a n d  r e a c t o r  power r e q u i r e d .  However, t h e  a n a l y s i s  
i s  n o t  y e t  c o m p l e t e ,  i n  t h a t  n o t  a l l  r e l e v a n t  p a r a m e t e r s  h a v e  b e e n  c o n s i d e r e d  
q u a n t i t a t i v e l y .  T h i s  i s  now b e i n g  dane i n  c o n n e c t i o n  w i t h  t h e  c o m p r e s s o r - j e t  
c y c l e  employing  a m e r c u r y - v a p o r  t u r b i n e  t o  d r i v e  t h e  a i r  c o m p r e s s o r ,  The r e -  
s u l t s  o b t a i n e d  t o  d a t e  a r e  n o t  t o o  e n c o u r a g i n g  due  t o  t h e  t remendous  b u l k  and 
w e i g h t  i n t r o d u c e d  by t h e  h e a t  e x c h a n g e r s  and  t h e  w e i g h t  o f  t h e  w o r k i n g  f l u i d  
( m e r c u r y ) .  However, t h e s e  r e s u l t s  a r e  q u i t e  p r e l i m i n a r y ,  and i t  is hoped t h a t  
f u r t h e r  s t u d y  w i l l  r e s u l t  i n  a more f a v o r a b l e  c o n f i g u r a t i o n  and a r r a n g e m e n t  o f  
power p l a n t  f o r  t h i s  p a r t i c u l a r  c y c l e .  

Q u a n t i t q t i v e  s t u d i e s  s i m i l a r  t o  t h e  m e r c u r y  c o m p r e s s o r - j e t  c y c l e  a re  b e -  
i n g  c a r r i e d  o u t  f o r  a c o m p r e s s o r - j e t  c y c l e  u s i n g  a sodium vapor  t u r b i n e  a s  t h e  
c o m p r e s s o r  d r i v e ,  w i t h  c o n s e q u e n t  h i g h e r  r e a c t o r  t e m p e r a t u r e .  B e i n g  o f  l o w e r  
p r i o r i t y  t h a n  t h e  mercury  u n i t ,  t h e s e  s t u d i e s  h a v e  n o t  p r o g r e s s e d  t o  t h e  p o i n t  
where t h e  r e s u l t s  a r e  s i g n i f i c a n t .  
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CIRCUCATING FUEL REACTORS 

I n  t h e  f i e l d  of c i r c u l a t i n g  f u e l  r e a c t o r s ,  two e f f o r t s  a r e  underway.  The 
Atomic Energy  D i v i s i o n  o f  t h e  H. K .  Ferguson  Company is c o n t i n u i n g  an  a n a l y s i s  
o f  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 s  i n  g e n e r a l ,  wh ich  w i l l  p l a c e  p a r t i c u l a r  
e m p h a s i s  on an  o v e r a l l  i n t e g r a t e d  d e s i g n  f o r  a m o d i f i e d  B-52 a i r c r a f t  whose 
homogeneous r e a c t o r  o p e r a t e s  on a s u s p e n s i o n  of  u r a n i u m - b e a r i n g  p a r t i c l e s  i n  
sod ium h y d r o x i d e .  On t h e  o t h e r  h a n d ,  t h e  C h e m i c a l  R e s e a r c h  D i v i s i o n s  o f  t h e  
L a b o r a t o r y  a r e  s e a r c h i n g  e x p e r i m e n t a l l y  f o r  s u i t a b l e  h i g h - t e m p e r a t u r e  l i q u i d  
s y s t e m s  which w i l l  c o n t a i n  u r a n i u m - b e a r i n g  m a t e r i a l  e i t h e r  i n  s o l u t i o n  or  s u s  - 
p e n s i o n .  These  two e f f o r t s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

C I R C U L A T I N a  FUEL BEACTOR A N A L Y S I S  

K. Cohen, H. IC. Ferpsgn  Co., Atomic EnefS)t Divi rs iun  

The c i r c u l a t i n g  f u e l  r e a c t o r s  which  a r e  now b e i n g  c o n s i d e r e d  a r e  of two 
g e n e r a l  t y p e s  a s  f o l l o w s :  

1. C i r c u l a t i n g  f u e l  reactors i n  which t h e  f u e l  has n o  moderating 
p r o p e r t i e s .  T h e  m o d e r a t o r ,  i f  a n y ,  i s  p r e s e n t  as a s e p a r a t e  
l i q u i d  or s o l i d  p h a s e .  

2 .  C i r c u l a t i n g  f u e l - m o d e r a t o r  r e a c t o r s .  I n  t h i s  c a s e  t h e  f u e l  mix- 
t u r e  h a s  m o d e r a t i n g  p r o p e r t i e s  and  t h e  i n t e r i o r  o f  t h e  r e a c t o r  
h a s  n o  s t r u c t u r e s  o t h e r  t h a n  c o n t r o l  r o d s .  

A number of o t h e r  p o s s i b i l i t i e s  have  been  g i v e n  some b r i e f  c o n s i d e r a t i o n ,  
b u t  t h e  two g e n e r a l  t y p e s  m e n t i o n e d  a b o v e  a p p e a r  t o  h a v e  t h e  m o s t  p r o m i s e .  

The r e a s o n  for c o n s i d e r a t i o n  o f  c i r c u l a t i n g  f u e l  r e a c t o r s  is t h e  a d v a n t a g e  
of e l i m i n a t i n g  t h e  p r o b l e m o f  f u e l  e l e m e n t  d e s i g n .  T h i s  a t  once  d i s p e n s e s  w i t h  
t h e  most  d i f f i c u l t  s e t  o f  problems now f a c i n g  t h e  a i r p l a n e  r e a c t o r  d e s i g n e r s .  
O t h e r  a d v a n t a g e s  w i l l  b e  s e e n  when we c o n s i d e r  a s p e c i f i c  d e s i g n .  

Of  t h e  many l i q u i d  f u e l  r e a c t o r  d e s i g n s  which  h a v e  been  c o n s i d e r e d ,  t h e  
f o l l o w i n g  t h r e e  p o s s i b i l i t i e s  h a v e  s u r v i v e d  t h e  i n i t i a l  s c r e e n i n g .  A l t h o u g h  
t h e  o t h e r  p o s s i b i l i t i e s  h a v e  n o t  b e e n  c o m p l e t e l y  d i s c a r d e d ,  i t  is  f e l t  t h a t  a 
s u c c e s s f u l  a i r p l a n e  r e a c t o r  can  be d e v e l o p e d  f rom one of t h e s e  bases. 
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1. 

2 .  

3 .  

C i r c u l a t i n g  f u e l  c o n s i s t i n g  of  a s o l u t i o n  o f  uran ium i n  b i s m u t h .  
This s y s t e m  h a s  two l i m i t a t i o n s .  F i r s t  t h e  s o l u b i l i t y  of  uranium 
i n  b i s m u t h  a p p e a r s  t o  b e  somewhat  l i m i t e d  e x c e p t  a t  v e r y  h i g h  
t e m p e r a t u r e .  T h i s  means t h a t  e i t h e r  t h e  r e a c t o r  must '  b e  v e r y  
l a r g e  i n  o r d e r  t o  c o n t a i n  s u f f i c i e n t  u r a n i u m ,  o r  t h e  t e m p e r a t u r e  
must  be h i g h  enough a t  a l l  p o i n t s  i n  t h e  l i q u i d  f u e l  c i r c u i t  t o  
i n s u r e  t h e  n e c e s s a r y  s o l u b i l i t y .  I n  t h e  second p l a c e ,  t h i s  f u e l  
h a s  n o  m o d e r a t i n g  p r o p e r t i e s  and m o d e r a t i o n  must  b e  s u p p l i e d  by 
s t r u c t u r e s  w i t h i n  t h e  r e a c t o r .  S i n c e  t h e s e  s t r u c t u r e s  occupy a 
l a r g e  f r a c t i o n  of  t h e  r e a c t o r  v o l u m e ,  t h e  p r o b l e m  o f  l i m i t e d  
s o l u b i l i t y  of u r a n i u m  i n  b i s m u t h  becomes e v e n  more i n t e n s e .  l iow- 
e v e r ,  t h e  p r o b a b l e  r e s i s t a n c e  of s u c h  a s o l u t i o n  t o  r a d i a t i o n  
damage  m a k e s  t h i s  p o s s i b i l i t y  i n t e r e s t i n g  i n  s p i t e  o f  t h e s e  
l i m i t a t i o n s .  

A c i r c u l a t i n g - f u e l - m o d e r a t o r  c o n s i s t i n g  o f  t h e  t h r e e  compounds 
UF',, NaF, b e F 2 .  Al though t h i s  s y s t e m  h a s  n o t  r e c e i v e d  v e r y  much 
e x p e r i m e n t a l  s t u d y ,  t h e r e  seems t o  be a good p o s s i b i l i t y  t h a t  a 
l i q u i d  m i x t u r e  e x i s t s  i n  a u s a b l e  c o n c e n t r a t i o n  r a n g e .  The  
c h e m i c a l  s t a b i l i t y  of  f l u o r i d e s  i n  g e n e r a l  is wel l  known. 

A c i r c u l a t i n g  f u e l - m o d e r a t o r  c o n s i s t i n g  o f  a s o l u t i o n  or  stable 
s u s p e n s i o n  of  some u r a n i u m  s a l t  i n  sodium h y d r o x i d e .  T h i s  s y -  
s t e m  a p p e a r s  t o  h a v e  t h e  g r e a t e s t  p o t e n t i a l  a d v a n t a g e s .  P r e -  
l i m i n a r y  work on p r e p a r a t i o n  o f  t h e  s o d i u m  h y d r o x i d e - u r a n i u m  
m i x t u r e  h a s  g i v e n  e n c o u r a g i n g  r e s u l t s ,  and e x p e r i m e n t s  a r e  now 
b e i n g  pushed  t o  e x p l o r e  t h i s  p o s s i b i l i t y  more t h o r o u g h l y .  

CIBCULATING FUEL REACTOR FOR SUPERSONIC PLANE 

A r e a c t o r  i s  s u g g e s t e d  w i t h  a homogeneous c o r e  c o n s i s t i n g  o f  a s o l u t i o n  
or s t a b l e  s u s p e n s i o n  of  a u r a n i u m  compound i n  s o d i u m  h y d r o x i d e .  The c o r e  
would be a s p h e r e  g b o u t  2 f t  6 i n .  i n  d i a m e t e r  s u r r o u n d e d  by a 4-in. b e r y l l i u m  
r e f l e c t o r  and a t h e r m a l  s h i e l d  t o  absorb l e a k a g e  n e u t r o n  h e a t .  The f i s s i o n  
h e a t  i s  removed by c i r c u l a t i n g  t h e  homogeneous f l u i d  t h r o u g h  a h e a t  e x c h a n g e r  
which is l o c a t e d  w i t h i n  t h e  s h i e l d  and r a t h e r  c l o s e  t o  t h e  c o r e .  An e x p a n s i o n  
v e s s e l  c o n t a i n i n g  h e l i u m  i s  an i n t e g r a l  p a r t  of t h e  h e a t  e x c h a n g e r  and  p r o v i d e s  
for e x p a n s i o n  and c o n t r a c t i o n  of t h e  f u e l  u n d e r  c h a n g e s  i n  t e m p e r a t u r e .  The 
h e a t  e x c h a n g e r  i s  c o o l e d  b y  a s t r e a m  of s o d i u m  h y d r o x i d e  which is c o n d u c t e d  
d i r e c t l y  t o  t h e  p r o p u l s i o n  u n i t  r a d i a t o r s .  The r e a c t o r  is  d e s i g n e d  t o  d e l i v e r  
sodium h y d r o x i d e  a t  a b o u t  1600°F t o  t h e  r a d i a t o r s  w i t h  a t o t a l  h e a t  o u t p u t  of 
a b o u t  500 m w .  
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The  c o n c e n t r a t i o n  o f  u r a n i u m  i n  t h e  f l u i d  w i l l  b e  o f  t h e  o r d e r  of o n e  
p e r c e n t  by w e i g h t ,  and  t h e  t o t a l  u r a n i u m  h o l d - u p  i n  t h e  r e a c t o r  s y s t e m ,  i n -  
c l u d i n g  t h e  h o l d - u p  i n  e x t e r n a l  l i n e s  and h e a t  e x c h a n g e r 1  w i l l  n o t  e x c e e d  a b o u t  
100 pounds .  T h i s  l i q u i d  h a s  p h y s i c a l  p r o p e r t i e s  r a t h e r  s i m i l a r  t o  water a t  
a t m o s p h e r i c  t e m p e r a t u r e s  a n d  h e a t  trans f e r  c o e f f i c i e n t s  i n  t h e  r a n g e  f r o m  
5,000 t o  10,000 a r e  n o t  d i f f i c u l t  t o  o b t a i n .  

A l t h o u g h  s o d i u m  h y d r o x i d e  i s  a r a t h e r  c o r r o s i v e  f l u i d ,  t h e r e  i s  c o n -  
s i d e r a b l e  c o m m e r c i a l  e x p e r i e n c e  i n  h a n d l i n g  i t  u p  t o  a r o u n d  1000°F. Some 
s a t i s f a c t o r y  e x p e r i e n c e  h a s  been  ob t a i n e d  a t  t e m p e r a t u r e s  h i g h e r  t h a n  t h i s  uta - 
i n g  n i c k e l  and I n c o n e l  , The development  program on t h e  c i r c u l a t i n g  f u e l  s h o u l d ,  
o f  c o u r e e ,  i n c l u d e  c a r e f u l  s t u d y  t o  d e t e r m i n e  t h e  p r o p e r  m e t a l s  f o r  u s e  in 
c o n s t r u c t i o n ,  In v iew o f  the low v a p o r  p r e s s u r e  o f  sod ium h y d r o x i d e  a t  t h e  
t e m p e r a t u r e s  e x p e c t e d  i n  t h e  r e a c t o r ,  no g r e a t  problem is a n t i c i p a t e d  i n  t h e  
d e s i g n  of t h e  r e a c t o r  c o n t a i n e r .  

The r a t h e r  l a r g e  v a r i a t i o n  i n  d e n s i t y  of  t h e  c i r c u l a t i n g  f u e l  w i t h  c h a n g e s  
i n  t e m p e r a t u r e  i n t r o d u c e s  a c o r r e s p o n d i n g  v a r i a t i o n  i n  r e a c t i v i t y  which must  
be t a k e n  up  by c o n t r o l  r o d s .  The e x t e n t  of t h e  v a r i a b l e  r e a c t i v i t y ,  o f  c o u r s e ,  
d e p e n d s  on t h e  d e s i g n  r a n g e  o f  t e m p e r a t u r e  which i s  t o  be  e n c o u n t e r e d  i n  t h e  
c o r e .  S i n c e  t h e  t e m p e r a t u r e  c o e f f i c i e n t  o f  r e a c t i v i t y  i s  l a rge  and n e g a t i v e ,  
it e x e r t s  a d e s i r a b l e  s t a b i l i z i n g  e f f e c t  on f l u c t u a t i o n s  i n  t e m p e r a t u r e .  Thus, 
a l t h o u g h  t h e  v a r i a t i o n  i n  r e a c t i v i t y  e i t h e r  r e q u i r e s  c o n t r o l  o f  a l a r g e  
f r a c t i o n  of r e a c t i v i t y  or r e s t r i c t i o n  t o  a narrow ray o f  t e m p e r a t u r e s  i n  t h e  
r e a c t o r ,  t h e  c o n t r o l  o f  s l i g h t  f l u c t u a t i o n s  i n  r e a c t i v i t y  u n d e r  o p e r a t i n g  
c o n d i t i o n s  s h o u l d  be f a i r l y  s i m p l e .  S i n c e  a f r a c t i o n  ( a p p r o x i m a t e l y  h a l f )  of 
t h e  d e l a y e d  n e u t r o n s  w i l l  b e  e m i t t e d  i n  t h e  c i r c u i t  o u t s i d e  t h e  c o r e ,  t h e  
a m o u n t  of e x c e s s  r e a c t i v i t y  w h i c h  c a n  b e  p r e s e n t  b e f o r e  r e a c h i n g  prompt  
c r i t i c a l  w i l l  b e  a b o u t  .3%.  T h i s  d o e s  n o t  seem t o  l e a d  t o  i n o r d i n a t e  d i f f i -  
c u l t i e s  i n  d e s i g n  o f  t h e  c o n t r o l  s y s t e m .  

A d e t a i l e d  r e p o r t  on t h i s  r e a c t o r  as well a s  an i n t e g r a t e d  d e s i g n  for i t s  
u s e  i n  a m o d i f i e d  B - 5 2  a i r p l a n e  w i l l  b e  p r e s e n t e d  d u r i n g  t h e  n e x t  q u a r t e r .  

CHEAfISTBY OF LIQUID FUEL SYSTEBBS 

W. R .  Grimes, Materials Chemistry D i v i s i o n  

It  i s  r e c o g n i z e d  t h a t  a r e a c t o r  w i t h  a l i q u i d  f u e l  which c o u l d  be  c i r c u -  
l a t e d  t h r o u g h  a h e a t  e x c h a n g e r  would h a v e  a number of a d v a n t a g e s  over s o l i d  
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f u e l  m o d e l s .  The a d v a n t a g e s  w o u l d ,  m o r e o v e r ,  b e  m a t e r i a l l y  i n c r e a s e d  i f  t h e  
l i q u i d  f u e l w e r e  s e l f  - m o d e r a t i n g .  I t  seems l i k e l y  t h a t  t h e  l i q u i d - f u e l  r e a c t o r  
would be among t h e  m o s t  p r o m i s i n g  of t h e  v a r i o u s  d e s i g n s  i f  a s a t i s f a c t o r y  
f u e l  s y s t e m  were a v a i l a b l e .  D u r i n g  t h e  p a s t  q u a r t e r  s t u d i e s  h a v e  b e e n  i n i t i a t e d  
t o  a s c e r t a i n  w h e t h e r  u r a n i u m - b e a r i n g  f u s e d  s a l t  m i x t u r e s  were o f  p o s s i b l e  
v a l u e  i n  t h i s  c o n n e c t i o n .  

General Cmracter i s t i c s  o f  Fuel System, The  p r o j e c t e d  h i g h  t e m p e r a t u r e  
r e a c t o r  imposes  s p e c i f i c  and s t r i n g e n t  r e s t r i c t i o n s  on t h e  p h y s i c a l  aiid chemi- 
c a l  p r o p e r t i e s  o f  t h e  f u e l  s y s t e m .  The  f u e l  m u s t  c o n t a i n  a c o n s i d e r a b l e  
amount o f  u r a n i u m  and  must c o n s i s t  o f  e l e m e n t s  o f  low n e u t r o n  cross s e c t i o n .  
The f u e l  s h o u l d ,  i f  p o s s i b l e ,  c o n t a i n  a s u f f i c i e n t  amount of a m o d e r a t o r  e l e -  
men t .  The s y s t e m  must b e  t h e r m a l l y  s t a b l e  t o  a t  l e a s t  1800'F and must p o s s e s s  
a low vapor  p r e s s u r e  ( p r e f e r a b l y  less  t h a n  one a t m o s p h e r e )  a t  t h i s  t e m p e r a t u r e .  
On c o o l i n g  t o  a b o u t  l l O O O F  i n  t h e  h e a t  e x c h a n g e r ,  t h e  f u e l  must u n d e r g o  no phase  
c h a n g e s  and f o r  r e a s o n a b l e  e a s e  i n  s t a r t u p  i t  s h o u l d  b e  m o l t e n  a t  much lower  
t e m p e r a t u r e s ;  i t  i s  hoped t h a t  m e l t i n g  p o i n t s  be low 400°C c a n  b e  o b t a i n e d .  
The s y s t e m  mus t  f o r m  a mel t  o f  low v i s c o s i t y ,  must  b e  a s u i t a b l e  c o n d u c t o r  o f  
h e a t ,  and must be r e l a t i v e l y  n o n - c o r r o s i v e  t o  some o t h e r w i s e  s u i t a b l e  s t r u c t u r a l  
m a t e r i a l .  I n  a d d i t i o n ,  t h e  s y s t e m  m u s t  b e  c h e m i c a l l y  s t a b l e  i n  t h e  i n t e n s e  
r a d i a t i o n  f i e l d .  

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

Choice of uranium Compound. No known compound o f  u r a n i u m  h a s  t h e r m a l  
p r o p e r t i e s  which a p p r o x i m a t e  t h o s e  r e q u i r e d .  I t  w i l l ,  a c c o r d i n g l y ,  be n e c e s s a r y  
t o  employ some o t h e r  s a l t  o r  m i x t u r e  o f  s a l t s  a s  t h e  v e h i c l e  f o r  t h e  u r a n i u m .  
T a b l e  12 l i s t s  m e l t i n g  and b o i l i n g  p o i n t s  o f  known u ran ium compounds. I t  may 
b e  o b s e r v e d  t h a t  o n l y  a f ew o f  t h e s e  m a t e r i a l s ,  n o t a b l y  UO,, t h e  a l k a l i  
u r a n a t e s ,  UF,, and  t h e  u ran ium t r i h a l i d e s ,  a r e  s t a b l e  a t  t h e  t e m p e r a t u r e s  r e -  
q u i r e j .  T h i s  l i s t  i s  f u r t h e r  r e d u c e d  by t h e  u n f a v o r a b l e  n u c l e a r  p r o p e r t i e s  of 
a l l  t h e  h a l o g e n s  e x c e p t  f l u o r i n e .  

Choice of' Vehicle for Self-Moderating Systemso B e r y l l i u m  or l i t h i u m  
would b e  o f  some h e l p  i n s o f a r  a s  m o d e r a t i o n  o f  t h e  f u e l  i s  c o n c e r n e d .  I t  
a p p e a r s ,  however ,  t h a t  h y d r o g e n - b e a r i n g  s y s t e m s  a l o n e  w i l l  b e  c o m p l e t e l y  s e l f -  
m o d e r a t i n g .  E x a m i n a t i o n  o f  t h e  l i t e r a t u r e  r e v e a l s  t h a t  sodium a n d  p o t a s s i u m  
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h y d r o x i d e s  a r e  t h e  o n l y  h y d r o g e n - b e a r i n g  compounds which a re  t h e r m a l l y  s t a b l e  
a t  t h e  t e m p e r a t u r e s  o f  i n t e r e s t .  Sodium h y d r o x i d e  i s  t o  be p r e f e r r e d  by v i r t u e  
of  i t s  n u c l e a r  p r o p e r t i e s .  

S i n c e  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h i s  compound a p p e a r  t o  b e  s a t i s f a c t o r y ,  
f o r  t h e  p u r p o s e ,  a s u i t a b l e  s o l u t i o n  or  s u s p e n s i o n  of a u r a n i u m  compound i n  
t h i s  m a t e r i a l  m i g h t  p r o v e  o f  c o n s i d e r a b l e  v a l u e .  The r e s u l t s  o f  e x p e r i m e n t s  
p e r f o r m e d  t o  d a t e  a r e  d e s c r i b e d  below.  

TABLE 12 

Urani urn Compounds 

C O M P O U N D  

UN 
uc 
us 
u 2  s3 
US, 
uos 

3 U 0 3  B 0, 
uO;?s 10, 
Na ,UO, 
( a n d  p o l y u r a n a  tes, 
o t h e r  a l k a l i  u r a -  
n a t e s )  

M E L T I N G  P O I N T  

( O C )  

2700 

1425 
1036 

65 
835 
5 90 

179 
752 
519 
7 5 1  
5 02 

2600 
2275 
1800 

m.p. of p o r c e l a i n  

c a l l e d  " s t a b l e "  (most 
p e r b o r a t e s  e x p l o d e )  

e a s i l y  m e l t e d  
s t a b l e - - - n o t  m e l t e d  a t  

800° 

B O I L I N G .  P O I N T  

( O C )  

d e c .  650 
d e c .  1700 

2300 
1417 

56 
1725. 

781 

2 1 1  
1567 

766 * 

1427 
759 

d e c .  

d e c .  
d e c .  

d e c .  1800 
d e c .  1600 
Probably unstable 
d e c .  
d e c .  

v o l .  
750 
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Choice of Vehicle f o r  unmoderated S y s t e m s .  I f  t h e  r e s t r i c t i o n  t h a t  t h e  
s y s t e m  be s e l f - m o d e r a t i n g  i s  removed ,  t h e  number o f  f u s e d  s a l t s  wh ich  m i g h t  
s e r v e  a s  s o l v e n t  f o r  t h e  u r a n i u m  is  v e r y  c o n s i d e r a b l y  i n c r e a s e d .  C h o i c e  o f  
s y s t e m s  f o r  s t u d y  m u s t ,  i n  l i g h t  o f  p r e s e n t  knowledge  of t h e  p rob lem,  b e  made 
i n  a r a t h e r  a r b i t r a r y  manner .  

The l i t e r a t u r e  r e v e a l s  t h a t  t h e  a l k a l i  f l u o r i d e s  a r e  compounds which a re  
s t a b l e  i n  t h i s  t e m p e r a t u r e  r a n g e  and  t h a t  t h e s e  compounds  form l o w - m e l t i n g  
b i n a r y  e u t e c t i c s  w i t h  b e r y l l i u m  f l u o r i d e ,  The t e m p e r a t u r e - c o m p o s i t i o n  d i a g r a m  
f o r  t h e  sod ium f l u o r i d e - u r a n o u s  f l u o r i d e  s y s t e m  is a l s o  known. The l i q u i d  
s t a t e  e x i s t s  t o  a b o u t  600°C i n  t h i s  s y s t e m .  S i n c e  i t  seemed l i k e l y  t h a t  among 
t h e  t e r n a r y  s y s t e m s  o n e  o f  low m e l t i n g  p o i n t  c o u l d  b e  d i s c o v e r e d ,  t h e  p r e -  
l i m i n a r y  s t u d i e s  h a v e  been  c o n c e r n e d  w i t h  t h e s e  compounds.  It is a n t i c i p a t e d  
t h a t  s t u d y  of  t h e  b i n a r y  U F 4 - a l k a l i  f l u o r i d e  s y s t e m s  d e s c r i b e d  below w i l l  b e  
f o l l o w e d  s y s t e m a t i c a l l y  by e x a m i n a t i o n  o f  w h i c h e v e r  of t h e  t e r n a r y  s y s t e m s  
seems most  l i k e l y .  

S t a b i l i t y  o f  t h e s e  compounds a t  h i g h  t e m p e r a t u r e  i n  t h e  r a d i a t i o n  f i e l d  
i s  s t i l l  a mat te r  of  q u e s t i o n .  I t  may be  s t a t e d  t h a t  from t h e  s t a n d p o i n t s  of  
s t r u c t u r a l  s i m p l i c i t y  and  p o s s i b l e  r a t e  of r e c o m b i n a t i o n  t h e y  s t e m  l i k e l y  
c h o i c e s .  I t  must be a d m i t t e d ,  however ,  t h a t  t h e  conbequences  of d e c o m p o s i t i o n  
u n d e r  i r r a d i a t i o n  a r e  s e v e r e .  

Systems C o n t a i n i n g  Sodium H y d r o x i d e  ( J .  D .  Redman, L. G. O v e r h o l s e r ,  
D.  E. N i c h o l s o n ) .  A s  n o t e d  i n  t h e  p r e c e d i n g  d i s c u s s i o n ,  sod ium h y d r o x i d e  i s  
i n  some r e s p e c t s  t h e  i d e a l  c h o i c e  a s  t h e  v e h i c l e  fo r  a f u s e d  s a l t  f u e l  s y s t e m ;  
t h e r e f o r e  a c o n s i d e r a b l e  e f f o r t  h a s  been p l a c e d  d u r i n g  t h e  p a s t  q u a r t e r  on 
a t t e m p t s  t o  d i s s o l v e  u r a n i u m  compounds i n  t h i s  medium. Much more r e c e n t l y  a 
program o f  e v a l u a t i o n  of s u s p e n s i o n s  of u ran ium compounds i n  t h i s  m a t e r i a l  h a s  
b e e n  i n i t i a t e d .  Work on t h e  l a t t e r  p r o b l e m  i s  s t i l l  l a r g e l y  i n  t h e  p l a n n i n g  
and l i t e r a t u r e  s u r v e y  s t a g e .  

1. S o l u b i l i t y  01 Uranium i n  Sodium H y d r o x i d e .  I n i t i a l  a t t e m p t s  t o  d i s -  
s o l v e  uran ium i n  m o l t e n  c a u s t i c  were made w i t h  r e a g e n t  g r a d e  c a u s t i c  c o n t a i n e d  
i n  n i c k e l  c r u c i b l e s  e x p o s e d  t o  a i r  i n  an e l e c t r i c  m u f f l e  f u r n a c e .  I n  g e n e r a l  
t h e  c a u s t i c  was h e a t e d  t o  a b o u t  75OoC t o  e x p e l 1  most  of t h e  water; some of t h e  
c a r b o n a t e  was p r o b a b l y  decomposed i n  t h i s  i n t e r v a l .  The c a u s t i c  was p e r m i t t e d  
t o  c o o l  t o  n e a r  t h e  m e l t i n g  p o i n t  and  t h e  uranium compound i n  q u e s t i o n  was i n -  
t r o d u c e d  a s  a f i n e l y  d i v i d e d  anhydrous  powder .  The sample  was t h e n  r a i s e d  t o  
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t h e  t e m p e r a t u r e  d e s i r e d ,  u s u a l l y  450  t o  650°C,and m a i n t a i n e d  w i t h  o c c a s i o n a l  
a g i t a t i o n  f o r  a t  l e a s t  two h o u r s .  The mel t  was t h e n  a l l o w e d  t o  s e t t l e ,  s t i l l  
a t  t h e  e l e v a t e d  t e m p e r a t u r e  a n d  a f t e r  a c l e a r  l i q u i d  was o b t a i n e d  a s m a l l  
s a m p l e  was w i t h d r a w n  s i m p l y  b y  i n s e r t i o n  o f  a m e t a l  r o d  i n t o  t h e  t o p  o f  t h e  
me l t .  The u r a n i u m  c o n t e n t  o f  t he  few m i l l i g r a m s  of  m a t e r i a l  so o b t a i n e d  was 
d e t e r m i n e d  by t h e  s t a n d a r d  f l u o r e s c e n c e  p r o c e d u r e .  

By t h i s  s i m p l e  t e c h n i q u e  t h e  s o l u b i l i t y  of sodium d i u r a n a t e ,  U,08, UO, 
and  u r a n y l  p h o s p h a t e  i n  t h e  c a u s t i c  was shown t o  b e  l e s s  t h a n  O..Q3%byweight,.  

T h e s e  s t u d i e s  were r e p e a t e d  and  a number of o t h e r  m a t e r i a l s  were t e s t e d  
by  u s e  of  t h e  a p p a r a t u s  shown i n  F i g .  2 4 .  T h i s  a s s e m b l y  was f a b r i c a t e d  f rom 
n i c k e l  w i t h  t h e  1 / 8 - i n .  t u b e  s i l v e r  s o l d e r e d  t o  t h e  r eac to r  body .  The c h a r g e  
o f  c a u s t i c  a n d  t h e  u r a n i u m  compound d e s i r e d  c o u l d  b e  p l a c e d  i n  t h e  u p p e r  
p o r t i o n  o f  t h e  i n v e r t e d  a s s e m b l y  and  a m e t a l l i c  f i l t e r  medium w i t h  g o l d  or 
copper  g a s k e t s  f i t t e d  i n  p l a c e  between t h e  h a l v e s  of t h e  r eac to r .  The a s s e m b l y  
was h e a t e d  i n  a p o t  f u r n a c e  w i t h  t h e  c h a r g e  m a i n t a i n e d  u n d e r  a n  i n e r t  a t m o s -  
p h e r e  i f d e s i r e d  and  a f t e r  a s u i t a b l e  i n t e r v a l  a p p l i c a t i o n  o f  t h e  vacuum s e r v e d  
t o  s e p a r a t e  t h e  c a u s t i c  s o l u t i o n  from t h e  u n d i s s o l v e d  s o l i d .  

No f i l t e r  c l o t h  o f  s u f f i c i e n t  f i n e n e s s  was found  and t h e  s i n t e r e d  s t a i n -  
less f i l t e r s  a v a i l a b l e  r e a c t e d  r a p i d l y  w i t h  t h e  c a u s t i c .  However, s e c t i o n s  o f  
po rous  n i c k e l  s u p p l i e d  b y  t h e  l a b o r a t o r y  a t  K-25 were found t o  be v e r y  u s e f u l .  

H i t h  t h i s  a p p a r a t u s ,  r e p e t i t i o n  o f  t h e  f o r m e r  s t u d i e s  y i e l d e d  v a l u e s  
somewhat lower t h a n  t h o s e  p r e v i o u s l y  o b t a i n e d .  While t h e r e  was some v a r i a t i o n  
e v e n  on  d i f f e r e n t  e x p e r i m e n t s  w i t h  t h e  same compound t h e  v a l u e s  were r a r e l y  
h i g h e r  t h a n  0 .005% b y  w e i g h t .  The s t u d i e s  were, e x p a n d e d  t o  i n c l u d e  u r a n y l  
c a r b o n a t e ,  UF,, UO, a n d  u r a n i u m  m e t a l .  
t o  be l e s s  t h a n  0.01%. 

I n  e a c h  case t h e  s o l u b i l i t y  was shown 

I n  a d d i t i o n  p r e l i m i n a r y  s t u d i e s  i n d i c a t e d  t h a t  a l t h o u g h  s o d i u m  h e x a -  
m e t a p h o s p h a t e  d i s s o l v e s  up t o  2% of UO, a t  e l e v a t e d  t e m p e r a t u r e s ,  m i x t u r e s  cf 
NaOH w i t h  t h i s  compound show v i r t u a l l y  n o  s o l v e n t  a c t i o n .  

The e x p e r i m e n t a l  e f f o r t  t o  d a t e  h a s  p e r h a p s  n o t  b e e n  s u f f i c i e n t  t o  demon- 
s t r a t e  t h a t  s o l u t i o n s  of u r a n i u m  i n  c a u s t i c  c a n n o t  b e  p r e p a r e d ,  The g r e a t  
s i m i l a r i t y  i n  b e h a v i o r  of a l l  t h e  compounds t e s t e d ,  h o w e v e r ,  i n d i c a t e s  t h a t  
t h e y  r e a c t  w i t h  t h e  c a u s t i c  t o  y i e l d  acommon p r o d u c t ,  p r o b a b l y  sodium u r a n a t e ,  
which is i n s o l u b l e .  
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2 .  S u s p e n s i o n s  o f  Uranium i n  C a u s t i c .  I n  t h e  s t u d i e s  p r e s e n t e d  a b o v e  
i t  was n o t e d  t h a t  some of  t h e  u r a n i u m  compounds t e s t e d  seemed  t o  g i v e  s u s -  
p e n s i o n s  which were d i f f i c u l t  . t o  f i l t e r  and which r e q u i r e d  a c o n s i d e r a b l e  t i m e  

t o  s e t t l e .  T h i s  was e s p e c i a l l y  t r u e  of t h o s e  o b t a i n e d  by r e a c t i o n  of u r a n i u m  
m e t a l  w i t h  t h e  c a u s t i c  and by r e a c t i o n  of UF, w i t h  t h i s  m a t e r i a l .  

L a t e  i n  t h e  p a s t  p e r i o d  t h i s  l a b o r a t o r y  was a s k e d  t o  a t t e m p t  p r e p a r a t i o n  
of  s t a b l e  s l u r r i e s  o f  t h i s  t y p e .  The p r e l i m i n a r y  e x p e r i m e n t s  h a v e  been  p e r -  
formed i n  s i l v e r  c r u c i b l e s  a t  m o d e r a t e  t e m p e r a t u r e s  i n  t h e  r a n g e  500  t o  600°C 
snd have  u s e d  UO, a s  the t e s t  m a t e r i a l .  

M i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  r e s u l t a n t  s u s p e n s i o n  a f t e r  r a p i d  c o o l i n g  
h a s  i n d i c a t e d  t h a t  t h e  s i z e  of t h e  UO, p a r t i c l e  o b t a i n e d  by t r e a t m e n t  a t  t h e s e  
t e m p e r a t u r e s  i s  o f  t h e  o r d e r  o f  f i v e  t o  1 0  m i c r o n s  i n  d i a m e t e r .  From p r e -  
l i m i n a r y  o b s e r v a t i o n s  i t  a p p e a r s  t h a t  t h i s  d i a m e t e r  is l a r g e l y  i n d e p e n d e n t  of 
t h e  o r i g i n a l  s i z e  a n d ,  p e r h a p s ,  of t h e  o r i g i n a l  c h e m i c a l  c o m p o s i t i o n  of t h e  
m a t e r i a l  a d d e d .  S t u d i e s  d e s i g n e d  t o  e s t a b l i s h  t h i s  i m p o r t a n t  p o i n t  and t o  
d i s c l o s e  t h e  c h e m i c a l  c o m p o s i t i o n  o f  t h e  s u s p e n d e d  p a r t i c l e s  a r e  u n d e r  way. 

Low Melting F l u o r i d e  Systems--Therral Analysis (C. J. BaEton,  R. E. Moore, 
J .  P. B l a k e l y ,  G. J .  Nessle). D u r i n g  t h e  p a s t  q u a r t e r  t h e  two component s y s t e m s  
o f  UF, w i t h  sodium,  p o t a s s i u m ,  and  l i t h i u m  f l u o r i d e s  have  been  e x p l o r e d  by t h e  
methods o f  t h e r m a l  a n a l y s i s .  I n  a d d i t i o n  some p r e l i m i n a r y  c o r r o s i o n  d a t a  h a v e  
b e e n  o b t a i n e d  w i t h  v a r i o u s  m e t a l s  i n  NaF-UF, melts a t  7OO0C i n  c o o p e r a t i o n  
w i t h  t h e  Y-12 M e t a l l u r g i c a l  group. The i n f o r m a t i o n  s o  o b t a i n e d  w i l l  b e  of 
v a l u e  i n  p l a n n i n g  e x p e r i m e n t s  o n  r a d i a t i o n  s t a b i l i t y  o f  t h e s e  m a t e r i a l s .  

The u r a n i u m  t e t r a f l u o r i d e  u s e d  i n  t h e r m a l  a n a l y s i s  s t u d i e s  was a h i g h  
p u r i t y ,  a n h y d r o u s  m a t e r i a l  o b t a i n e d  f r o m  M a l l i n k r o d t .  The a l k a l i  f l u o r i d e s  
were a n h y d r o u s  r e a g e n t  g r a d e  commercial p r e p a r a t i o n s .  P o t a s s i u m  f l u o r i d e  was 
d r i e d  a t  e l e v a t e d  t e m p e r a t u r e  and m a i n t a i n e d  and  w e i g h e d  i n  a d r y  box .  The 
o t h e r  f l u o r i d e s  were d r i e d  and s u b s e q u e n t l y  u s e d  w i t h o u t  s p e c i a l  p r e c a u t i o n s .  

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

1 .5  moles  of t h e  s a l t  m i x t u r e s  c o n t a i n e d  i n  a c o v e r e d  c r u c i b l e  of h i g h  d e n s i t y  
pu re  g r a p h i t e .  The c r u c i b l e  was c o n t a i n e d  i n  a g r a p h i t e  b l o c k  f i t t e d  i n t o  a 

S - i n .  H o s k i n s  p o t  f u r n a c e .  The c r u c i b l e  a s s e m b l y  is shown i n  F i g .  2 5 .  The 
h a n d l e  of t h e  g r a p h i t e  s t i r r e r  a s  shown was d r i l l e d  o u t  t o  s e r v e  a s  t h e  thermo-  
c o u p l e  s l e e v e  and  e x t e n d e d  t h r o u g h  t h e  f u r n a c e  c o v e r .  
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f r e e z i n g  p o i n t  c u r v e  e x h i b i t s  a e u t e c t i c  p o i n t  b u t  t h a t  s o l i d  s o l u t i o n s  a r e  
o b t a i n e d  o v e r  a wide  r a n g e  of r e l a t i v e  c o n c e n t r a t i o n .  

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

a p p e a r s  t h a t  t h e  e u t e c t i c  p o i n t  l i e s  below 475OC. P r e s e n t  p l a n s  c a l l  f o r  com- 
p l e t e  i n v e s t i g a t i o n  of t h i s  p h a s e  d i a g r a m  b e f o r e  s t u d y  of t e r n a r y  s y s t e m s .  

4 .  C o r r o s i o n  S t u d i e s .  I n  a p r e l i m i n a r y  t es t ,  s p e c i m e n s  of 18 d i f f t r e n t  
m e t a l s  were e x p o s e d  i n  a c l o s e d  H a s t e l l o y  C c o n t a i n e r  a t  7OO0C f o r  10 d a y s  t o  

a melt c o n s i s t i n g  of 25 mole p e r c e n t  UF, and 75 mole p e r c e n t  NaF. The v e s s e l  
was pumped down and s e a l e d  w i t h  somewhat more t h a n  one a t m o s p h e r e  of h e l i u m  t o  
prevent o x i d a t i o n  o f '  t h e  UF, d u r i n g  t h e  tes t .  

The spec imens  a r e  s t i l l  u n d e r g o i n g  e x a m i n a t i o n  i n  the  m e t a l l u r g i c a l  l a b o -  
r a t o r y .  P r e l i m i n a r y  e x a m i n a t i o n  i n d i c a t e d  t h a t  t h e  h i g h  n i c k e l  a l l a y s  had  not 
b e e n  corroded s e r i o u s l y  i n  t h i s  s y s t e m .  The s t a i n l e s s  s t e e l s  u s e d  were a p -  
p a r e n t l y  less s a t i s f a c t o r y .  

116 



FIXED FUEL 'CIRCULkTING 'MODERRTOR REACTORS 
k 

K *  Cohen, H. K. F e r g u s o n  Company 

The  homogeneous  c i r c u l a t i n g  f u e l  r e a c t o r s  d i s c u s s e d  i n  t h e  p r e v i o u s  
s e c t i o n  would ,  i f  o b t a i n a b l e ,  be  f r e e  f rom a l l  o f  t h e  t r o u b l e s  i n h e r e n t  i n  a 
s o l i d  f u e l  e l e m e n t  a t  h i g h  power d e n s i t i e s .  T h i s  f e a t u r e  g i v e s  v e r y  g r e a t  
i m p o r t a n c e  t o  t h e  r e s e a r c h  l o o k i n g  t o  the d i r c o v e r y  of  a s u i t a b l e  l i q u i d  f u e l .  
However, e v e n  i f  one m u s t  be c o n t e n t  w i t h  a s o l i d  f u e l  e l e m e n t ,  t he re  a r e  some 
a d v a n t a g e s  p r e d i c t e d  f o r  u s i n g  a h y d r o g e n e o u s  c o o l a n t  i n s t e a d  o f  a l i q u i d  
m e t a l ,  now assumed f o r  t h e  AHE. The o n l y  h y d r o g e n e o u s - b e a r i n g  l i q u i d  which  is 
l i k e l y  t o  be s u f f i c i e n t l y  s t a b l e  a t  a i r c r a f t  r e a c t o r  t e m p e r a t u r e s  i s  NaOH. 
T h i s  l i q u i d  i s  known t o  h a v e  r a t h e r  good h e a t  t r a n s f e r  p r o p e r t i e s  and  i t  is 
p r o b a b l e  t h a t  a d e q u a t e  c o n t a i n e r  m a t e r i a l s  c a n  be found ,  a l t h o u g h  t h i s  q u e s t i o n  
i s  n o t  y e t  s e t t l e d .  The most  d e b a t a b l e  p o i n t  i n  t h e  u s e  of sodium h y d r o x i d e  
a t  p r e s e n t  seems t o  b e  t h e  q u e s t i o n  of  i t s  r e s i s t a n c e  t o  r a d i a t i o n  damage .  
A l s o ,  no v e r y  t h o r o u g h  i n t e g r a t e d  d e s i g n  h a s  y e t  b e e n  c o m p l e t e d  f o r  t h e  a d a p -  
t a t i o n  o f  a c i r c u l a t i n g - m o d e r a t o r  r e a c t o r  t o  a n  a i r c r a f t .  As m e n t i o n e d  i n  
p r e v i o u s  p a r t s  of  t h i s  r e p o r t ,  l a b o r a t o r y  r e s e a r c h  on b o t h  t h e  c o r r o s i o n  a n d  
r a d i a t i o n  damage c h a r a c t e r i s t i c s  o f  sodium h y d r o x i d e  is now underway.  

?deanwhi l e ,  t h e  A t o m i c  E n e r g y  R e s e a r c h  D i v i s i o n  o f  t h e  H. K. F e r g u s o n  
Company has p r e p a r e d  a p r e l i m i n a r y  s t u d y  o f  a f i x e d - f u e l  c i r c u l a t i n g - m o d e r a t o r  
d e s i g n  f o r  a n  a l t e r n a t 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 .  T h i s  p r e l i m i n a t y  ARE 
s t u d y  i s  r e p o r t e d  i n  HKF-106, some e x t r a c t s  f r o m  which  a r e  g i v e n  b e l o w .  

"A summary of t h e  p r o p e r t i e s  o f  t h e  r e a c t o r  i s  shown i n  T a b l e  1.1 [Tab le  
13 i n  p r e s e n t  r e p o r t ] .  The f u e l  r o d s  a r e  composed of  compressed  UO, ( i n  which 
t h e  mole f r a c t i o n  of  U-235 i s  0 . 2 5 )  b a t h e d  i n  NaOH, c o n t a i n e d  i n  3 0 m i l I n c o n e l  
t u b e  1/2 i n c h  i n  d i a m e t e r .  350 of t h e s e  r o d s  are s p a c e d  i n  an open ( 2 0 : l  
volume - r a t i o )  l a t t i c e  i n  l i q u i d  NaOH. Cooling is a c c o m p l i s h e d  by c i r c u l a t i n g  
t h e  NaOH p a r a l l e l  t o  t h e  r o d s .  The r e a c t o r  i s  s u r r o u n d e d  by a NaOH r e f l e c t o r  
........... The c o r e  d i a m e t e r  and h e i g h t  a r e  40  i n c h e s ;  t h e  r e f l e c t o r  i s  10 
i n c h e s  t h i c k ,  g i v i n g  a r e f l e c t o r  s a v i n g  o f  a b o u t  5 i n c h e s .  .......... T h e s e  
d i m e n s i o n s  w e r e  a r r i v e d  a t  by a s e r i e s  o f  d e s i g n  c a l c u l a t i o n s  t o  g i v e  t h e  
minimum w e i g h t  of U-235 c o n s i s t e n t  w i t h  t h e  amount o f  I n c o n e l  n e e d e d  f o r  h e a t  
t r a n s f e r .  The weight  of U-235 r e q u i r e d  is 1 2 0  l b s .  T h i s  a l l o w s  f o r  t h e  v e r y  
c o n s i d e r a b l e  s e l f - s h i e l d i n g  o f  t h e  U-235, a c c o r d i n g  t o  t h e  $3 a p p r o x i m a t i o n  of 
t h e  s p h e r i c a l  h a r m o n i c  method. .  .. . .. . 



'TABLE 13 
[Table 1.1 in4iKP-106I 

Chief  Characteristics of4qaQU-Cooled ABE Reactor 

Power l e v e l  
Maximum s u r f a c e  t e m p e r a t u r e  
Maximum c o o l a n t  t e m p e r a t u r e  
C o o l a n t  t e m p e r a t u r e  r i s e  

R e a c t o r  d i m e n s i o n s  
Core  ( r i g h t  c y l i n d e r )  
Ref l e c t o r  t h i c k n e s s  

F u e l  e l e m e n t  
D i nie n s i on s 
Cornposi t i on 

Number of  f u e l  r o d s  
Ur anium con t en t (U-23 5 ) 
Uranium-235 c o n c e n t r a t i o n  
C o o l a n t ,  m o d e r a t o r ,  and r e f l e c t o r  
NaOH-fuel vdlurne r a t i o  i n  c o r e  

Rod a r r  angernent 
S p a c i n g  

C o o l a n t  f l o w  
P a t h  
H a t e  

Weight of  I n c o n e l  i n  c o r e  
H e a t  t r a n s f e r  s u r f a c e  
Maximum h e a t  f l u x  
k,, 1500" F. 
Tempera ture  c o e f f i c i e n t  o f  k 
Neutron  f l u x  ( a t  2200 m . / s e c . )  
F u e l  b u r n - u p ,  c e n t r a l  r o d  

1000 KW 
1600' F. 
1 5 0 0 O  F. 
118" F. 

40 i n .  diam. x 40 in. . h i g h  
10 i n .  

40 i n .  l o n g  ( n e t )  0.50 in .0 .D.  
UO, s i n t e r e d  p e l l e t s ,  v o i d s  f i l l e d  
w i t h  NaOH, j a c k e t e d  w i t h  30 mil 
I n c  one 1. 

350 
120 I b .  
2 5% 
NaOH 
20 

T r i a n g u l a r  l a t t i c e ,  v e r t i c a l  
1 . 9 0  i n .  ( c e n t e r - t o - c e n t e r )  

P a r a l l e l  t o  rods, upward 
100 gpm 

450 l b  
150 f t . 2  

57,000 B t u / f t . 2  x h r .  X O F  

1.42 
-1.2 x 10-4/0~ 

5.7 x 10" 
1% i n  300 MWD 
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"There is a v e r y  c o n s i d e r a b l e  r e a c t i v i t y  c h a n g e  be tween d p e r a t i n g  t emper -  
a t u r e  o f  t h e  NaOH ( 1 5 0 0 O  F . )  and t h e  m e l t i n g  t e m p e r a t u r e  o f  NaOH (600' F . )  due 
t o  t h e  change  i n  d e n s i t y .  The xenon e f f e c t  c o n t r i b u t e s  a s m a l l  amount. I t  i s  
e s t i m a t e d  t h a t  t h e  t o t a l  change  i n  e x c e s s  k w i l l  be  a b o u t  0.14. C o n t r o l  r o d s  
t o  t a k e  0.20 i n  k a r e  p r o v i d e d  f o r :  t h e s e  a r e  1 6  3 - i n c h  d i a m e t e r  I n c o n e l  
t u b e s  c o a t e d  on t h e  i n s i d e  w i t h  a l a y e r  of  bo ron  and f i l l e d  w i t h  b e r y l l i u m  t o  
i n c r e a s e  f a s t  n e u t r o n  a b s o r p t i o n .  The c o n t r o l  r o d  f i t s  i n t o  empty s l e e v e s  i n  
the c o r e  o f  the r e a c t o r  and d o e s  not have t o  be r e e l e d .  

"The c h o i c e  o f  I n c o n e l  is b a s e d  on HKF e x p e r i e n c e  i n  h a n d l i n g  c a u s t i c ,  
which shows i t  t o  be s u p e r i o r  t o  n i c k e l  f rom t h e  s t a n d  p a i n t  of s t r e n g t h  a n d  
e q u a l  t o  i t  f o r  c o r r o s i o n .  The UD, t a b l e t s  are b a s e d  on F r e n c h  e x p e r i e n c e  of  
Zoe ,  which g i v e s  good r e p o r t s  on h i g h  d e n s i t y  compressed  and  s i n t e r e d  powder .  

"The r e a c t o r  .......... is i n t e n d e d  t o  o p e r a t e  a t  a maximum NaOH t e m p e r a -  
t u r e  o f  1500' F. and  a maximum f u e l  r o d  s u r f a c e  t e m p e r a t u r e  of 1600' F . ,  a t  
which  c o n d i t i o n s  i t  w i l l  g e n e r a t e  1000 KW of  h e a t .  T h i s  h e a t  r a t e  was t a k e n  
a s  a b a s i s  t o  conforni  w i t h  t h e  g e n e r a l  s p e c i f i c a t i o n s  s e t  by ANP f o r  t h e  A.R.E.  
r e a c t o r .  H i g h e r  h e a t  r a t e s  c o u l d  be a c h i e v e d  w i t h o u t  much d i f f i c u l t y .  The 
h e m i s p h e r i c a l  s h a p e  o f  t h e  v e s s e l  was c h o s e n  t o  p e r m i t  e a s y  a d a p t a t i o n  t o  a 

homogeneous r e a c t o r  .......... 
"The h e a t  is removed d u r i n g  o p e r a t i o n  by c i r c u l a t i n g  t h e  NaOH t h r o u g h  a n  

o u t s i d e  l o o p . .  ........ c o n s i s t i n g  o f  a pump and c o o l e r .  A s e p a r a t e  d r a i n  l i n e  
i s  p r o v i d e d  t o  r emove  t h e  NaOH t o  s t o r a g e  a f t e r  s h u t - d o w n ,  t h e  f l o w  b e i n g  
i n d u c e d  by h e l i u m  p r e s s u r e .  I n  o r d e r  t o  c o n t r o l  t h e  s h e l l  t e m p e r a t u r e ,  and  
s p e c i f i c a l l y  t o  h e a t  t h e  s h e l l  b e f o r e  i n t r o d u c i n g  NaOH, h o t  c o m b u s t i o n  g a s e s  
a r e  c i r c u l a t e d  o u t s i d e  ............ and t o  a s t a c k .  I n s u l a t i o n  on  t h e  o u t s i d e  
o f  t h e  s h e l l  p r o t e c t s  i t  f r o m  h i g h  t e m p e r a t u r e  g r a d i e n t s  r e s u l t i n g  f r o m  t o o  
r a p i d  h e a t i n g  or c o o l i n g .  .......... 

"The h e a t  c a p a c i t i e s  o f  t h e  v a r i o u s  p a r t s  o f  t h e  r e a c t o r  a r e  s u f f i c i e n t  
t o  p e r m i t  emergency shu t -down  w i t h  s a f e t y  e v e n  i f  i t  is i m p o s s i b l e  t o  c o n t i n u e  
t o  c i r c u l a t e  NaOH f o r  h e a t  r emova l .  

"The c o n t r o l  r o d s  are o p e r a t e d  i n d i v i d u a l l y  by  h y d r a u l i c  c y l i n d e r s  above  
t h e  t o p  s h i e l d  ( i n  a c o l d  r e g i o n )  w i t h  emergency  i n s e r t i o n  o f  s p r i n g s  . 
. e .  . S i n c e  t h e  NaOH must be removed f rom t h e  r e a c t o r  a f t e r  shut -down ( t o  p r e v e n t  
e x c e s s  b u i l d u p  o f  r e a c t i v i t y  a s  t h e  t e m p e r a t u r e  d r o p s  and t o  p r e v e n t  s o l i d i -  
f i c a t i o n  o f  NaOH) a h e l i u m  c i r c u l a t i n g  s y s t e m  i s  p r o v i d e d  t o  remove t h e  h e a t  
g e n e r a t e d  by f i s s i o n  p r o d u c t s .  ............ 
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"S ince  t h i s  i s  a n  e x p e r i m e n t a l  u n i t  i t  is d e s i g n e d  for e a s y  d i s m a n t l i n g  
and r e v i s i o n  of i n t e r n a l  l a t t i c e ,  The r e a c t o r  s h e l l  t o p ,  wh ich  c o n t a i n s  a l l  
o p e n i n g s ,  may be removed t h r o u g h  t h e  s h i e l d ;  t h e  fuel r o d s  w h i c h  hang from a 
heavy  I n c o n e l  s h e e t ,  may be l i f t e d  o u t  i n d i v i d u a l l y  and r e p l a c e d  or t h e  e n t i r e  
l a t t i c e  may be removed as a unit and r e p l a c e d  by a n o t h e r .  ......,....*. The 
o n l y  c r i t i c a l  d e t a i l  i n  a s s e m b l y  i s  l o c a t i o n  of t h e  c o n t r o l  r o d  a c t u a t o r s  
w h i c h  a r e  c o n t a i n e d  i n  a p o r t i o n  o f  t h e  t o p  s h i e l d ,  T h i s  a s s e m b l y  must be 
l o w e r e d  o n t o  t h e  r e a c t o r  s h e l l  and c e n t e r e d  on i t  i n  s u c h  a way t h a t  changes 
i n  t e m p e r a t u r e  w i l l  n o t  a l t e r  t h e  a r r a n g e m e n t .  

" A l t h o u g h  t h e  t e m p e r a t u r e s  a t  w h i c h  we p r o p o s e  t o  o p e r a t e  a r e  beyond  
u s u a l  p r a c t i c e  i n  NaOH h a n d l i n g ,  w e  a r e  w i t h i n  s t r i k i n g  d i s t a n c e  of p r e s e n t  
e x p e r i e n c e .  The f a b r i c a t i o n  of t h e  f u e l  e l e m e n t  is n o t  p a r t i c u l a r l y  c r i t i c a l  
a t  t h e s e  low f l u x e s ,  and t h e  b u l k  of t h e  r e a c t o r  is  a l i q u i d  which r e q u i r e s  n o  
f a b r i c a t i o n .  f j a d i a t i o n  damage t o  NaOH a t  t h e s e  t e m p e r a t u r e s  and f l u x e s  s h o u l d  
be  n e g l i g i b l e ,  and f u r t h e r m o r e ,  t h e  NaOH c a n  be c o n t i n u o u s l y  r e p l a c e d .  From 
t h e  s t a n d p o i n t  o f  s h o r t  d e v e l o p m e n t  t i m e ,  t h e  r e a c t o r  is v e r y  a t t r a c t i v e .  

"The r e a c t o r  i s  somewhat l a r g e r  t h a n  one would l i k e  t o  see on a n  a i r p l a n e ,  
b u t  t h i s  i s  n o t  a r e a l  l i m i t a t i o n  on d e s i g n .  The I n c o n e l  p o i s o n i n g  t e n d s  t o  
i n c r e a s e  t h e  u r a n i u m  w e i g h t  and we weh t  t9 a l a r g e r  r e a c t o r  s i z e  t o  k e e p  i t  
down. L a t e r  p h a s e s  e l i m i v g t e  t h e  I n c o n e l  j a c k e t i n g  e n t i r e l y .  T a k i n g  a l a r g e r  
core a l s o  made t h e  m e c h a n i c a l  d e t a i l s  of t h e  c o n t r o l  r o d s  s i m p l e r .  An e x t r e m e l y  
s m a l l  c o r e  c o u l d  d o  t h e  same t h i n g  by p e r m i t t i n g  c o n t r o l  i n  t h e  r e f l e c t o r , "  
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LITHIUM ISOTOPE SEPARATION 

P a r t i c u l a r l y  f o r  s u p e r s o n i c  a i r c r a f t  r e a c t o r s ,  e v e n t u a l  u s e  of s e p a r a t e d  
l i t h i u m - ?  i s o t o p e s  a s  a l i q u i d  m e t a l  c o o l a n t  a p p e a r s  h i g h l y  a t t r a c t i v e .  Two 
r e s e a r c h  g r o u p s  o f  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  a r e  now w o r k i n g  o n  
p o s s i b l e  methods f o r  o b t a i n i n g  m a s s i v e  q u a n t i t i e s  a t  a s u f f i c i e n t l y  low c o s t .  
The  C h e m i s t r y  D i v i s i o n  a t  X - 1 0  i s  a t t e m p t i n g  t o  d e v e l o p  i o n - e x c h a n g e  column 
methods f o r  l a r g e - s c a l e  u s e ,  w h i l e  t h e  M a t e r i a l s  C h e m i s t r y  D i v i s i o n  a t  Y-12 i s  
e x p l o r i n g  t h e  m o l e c u l a r  d i s t i l l a t i o n  of  t h e  l i q u i d - l i q u i d  e x t r a c t i o n  t e c h -  
n i q u e s .  T h e s e  r e s e a r c h e s  a r e  d e s c r i b e d  below. 

ION-EXCIANaE SEPARATION OF LITHIUM ISOTOPES 

J. H. Gross, C h e m i s t r y  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  a column r u n  a t  70°C w i t h  a Dowex 50 bed h a s  been  
c o m p l e t e d .  A s s a y  r e s u l t s  f r o m  t h i s  r u n  i n d i c a t e  t h a t  e n r i c h m e n t  i s  n o t  i m -  
p r o v e d  by h o t  o p e r a t i o n  of  t h e  column. 

E q u i l i b r i u m  s t u d i e s  f o r  t h e  NH4+ - L i *  e x c h a n g e  on a c a r b o x y l i c  e x c h a n g e  
r e s i n  have been comple t ed .  On t h e  b a s i s  o f  t h e s e  s t u d i e s ,  a s e t  o f  a p p r o p r i a t e  
co lumn o p e r a t i n g  c o n d i t i o n s  h a s  b e e n  c h o s e n ,  and  a p i l o t  column r u n  h a s  b e e n  
c o n d u c t e d  w i t h  t h e  c a r b o x y l i c  e x c h a n g e r ,  No i s o t o p i c  a n a l y s e s  f r o m  t h i s  r u n  
have  been o b t a i n e d  a t  t h i s  t i m e .  

The work men t ioned  h e r e  is d e s c r i b e d  i n  d e t a i l  i n  aquart l srjy  =E;sposto4'5- 

LARGE-SCALE LITHIUM ISOTOPE SEPARATION METHODS 

G. H. C l e w e t t  and  W. M. L e a d e r s  
M a t e r i a l s  C h e m i s t r y  D i v i s i o n  

D u r i n g  t h e  l a s t  q u a r t e r  t h e  r e s e a r c h  e f f o r t  h a s  b e e n  c o n c e n t r a t e d  on two  

d i f f e r e n t  me thods  b o t h  o f  w h i c h  a p p e a r  t o  h o l d  p r o m i s e  of a c c o m p l i s h i n g  the 
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 .  One a f  t h e s e  methods is  m o l e c u l a r  d i s t i l l a t i o n  

(1 )  Chemistry Division Quarterly Progress Report for Period Ending September 30,2950, ORNL 870 ( t o  be 
is s ued ) e 
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w h i c h  has  b e e n  u n d e r  i n v e s t i g a t i o n  f o r  s e v e r a l  monthg. A d d i t i o n a l  d a t a  from 
t h e  two s t a g e  s t i l l  have made t h i s  method a p p e a r  more p r o m i s i n g  t h a n  p r e v i o u s  
d a t a  would i n d i c a t e .  

The s e c o n d  method b e i n g  c o n s i d e r e d  is a chemical e x c h a n g e  p r o c e s s .  T h i s  
i n  a r e c e n t  d e v e l o p m e n t  and  a l r e a d y  h a s  b e e n  d e m o n a t r a t e d  t o  be c a p a b l e  of  
a c h i e v i n g  good s e p a r a t i o n  i n  s m a l l  s c a l e  e q u i p m e n t .  The method uaea l i t h i u m  
amalgam and aqueoulr. l i t h i u m  h y d r o x i d e  f l o w i n g  c o u n t e r c u r r e n t l y .  A c o n t r o l l e d  
p o t e n t i a l  is  a p p l i e d  a c r o s s  t h e  two p h a s e s  t o  c o u n t e r a c t  t h e  n a t u r a l  t e n d e n c y  
of  t h e  l i t h i u m  t o  become o x i d i z e d .  R e f l u x  is a c c o m p l i s h e d  by e l e c t r o l y s i s  a t  
h i g h e r  p o t e n t i a l s .  E n r i c h m e n t  up t o  94% ' L i  h a s  been  ach ieved . .  

The  r e s e a r c h  d e s i g n e d  t o  d e v e l o p  o t h e r  l i q u i d - l i q u i d  s y s t e m s  h a s  b e e n  
n e a r l y  t e r m i n a t e d .  A summary of  t h e  more r e c e n t  work i s  i n c l u d e d .  

Work on p u l s e  column a p p l i c a t i o n s  h a s  l i k e w i s e  been  abandoned t e m p o r a r i l y  
i n  t h e  f a v o r  of t h e  amalgam s y s t e m .  

Lithium Amalgam-Aqueous Hydroxide System. (A.  C l a r k ,  J r . ,  W. T. Ward, 
L. P. T w i c h e l l ,  and  F. B. W a l d r o p ) .  O r i g i n a l  e x p e r i m e n t a l  work w i t h  l i t h i u m  
amalgam s y s t e m s  i n  which  amalgam was c o n t a c t e d  w i t h  a s o l u t i o n  of l i t h i u m  ion 
g a v e  s i n g l e  s t a g e  s e p a r a t i o n  f a c t o r s  a p p r o a c h i n g  1.05. The p r i m a r y  d i f f i c u l t y  
w i t h  t h e  e a r l y  a p p r o a c h e s  t o  a p p l i c a t i o n  of s u c h  a s y s t e m  was t h e  e x c e s s i v e  
r e a c t i v i t y  of  t h e  amalgam. Numerous s o l v e n t s  were t r i e d  w i t h o u t  s u c c e s s :  
D u r i n g  t h e  q u a r t e r  r e s e a r c h  was begun on a n  e l e c t r o l y s i s - e x c h a n g e  a p p a r a t u s .  
The  f u n d a m e n t a l  p r i n c i p l e  o f  t h e  i d e a  a s  c o n c e i v e d  w a s  t o  c o u n t e r a c t  t h e  re- 
a c t i o n  e f f e c t  of t h e  amalgam by  a p p l y i n g  a s u i t a b l e  p o t e n t i a l  between t h e  
amalgam and t h e  a q u e o u s  p h a s e .  P r e l i m i n a r y  e x p e r i m e n t s  d e m o n a t r a t e d  t h a t  
s i m p l e  e l e c t r o l y s i s  a p p a r a t u s  c o u l d  be  u s e d  f o r  t h e  c o n t i n u o u s  p r e p a r a t i o n  o f  
l i t h i u m  amalgam f r o m  d i l u t e  ( o n e  m o l a r )  a q u e o u s  s o l u t i o n s  w i t h  g r e a t e r  t h a n  
97% t r a n s f e r  of l i t h i u m  i n t o  t h e  amalgam. S u c h  a t e c h n i q u e  i s  e s s e n t i a l  a s  a 
r e f l u x  mechanism i n  a n y  p r o c e s s  u s i n g  amalgam f o r  p u r i f i c a t i o n  of 'Li .  T h e s e  
i n i t i a l  s u c c e s s e s  made i t  a l m o s t  m a n d a t o r y  t o  examine  c a r e f u l l y  t h e  o v e r - a l l  
p o s s i b i l i t i e s  o f  t h i s  p r o c e s s .  One of t h e  f i r s t  p i e c e s  of equipment  b u i l t  for 
t h i s  work was a s i m p l e  p l a s t i c  box, one i n c h  wide ,  two inches h i g h ,  and t w e n t y  
i n c h e s  l o n g .  T h i s  box was d i v i d e d  i n t o  c o m p a r t m e n t s  w i t h  t h e  use of p l a s t i c  
b a f f l e s  e v e r y  two i n c h e s .  A p e r f o r a t e d  p l a t i n u m  e l e c t r o d e  was p r o v i d e d  n e a r  
t h e  t o p  of t h e  a p p a r a t u s  t o  a c t  a s  t h e  a n o d e  i n  t h e  a q u e o u s  p h a s e .  P l a t i n u m  
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wires were i n s e r t e d  n e a r  t h e  b o t t o m  f o r  c o n t a c t  w i t h  t h e  amalgam which i s  t h e  
c a t h o d e .  O r i g i n a l  e x p e r i m e n t s  were made w i t h o u t  a g i t a t i o n  a n d  s u f f i c i e n t  
v o l t a g e  was u s e d  t o  e l e c t r o l y z e  n e a r l y  a l l  o f  t h e  l i t h i u m  i n t o  t h e  amalgam. 
D e f i n i t e  e n r i c h m e n t  of ' L i  i n  t h e  a q u e o u s  o v e r f l o w  was o b s e r v e d .  It was a l s o  
d e m o n s t r a t e d  w i t h  t h i s  t y p e  a p p a r a t u s  t h a t  by p r o p e r  a d j u s t m e n t  of t h e  v o l t a g e  
a p p l i e d  a n y  d e g r e e  o f  t r a n s f e r  of l i t h i u m  c o u l d  be a c h i e v e d ,  i n c l u d i n g  z e r o  
t r a n s f e r  which would b e  d e s i r e d  i n  an  e q u i l i b r i u m  e x c h a n g e  p r o c e s s ,  

An a d d i t i o n a l  p l a s t i c  box d e v i c e  was c o n s t r u c t e d  s i m i l a r  t o  the o n e  
d e s c r i b e d .  The o r i g i n a l  u n i t  was e q u i p p e d  w i t h  a g i t a t o r s  i n  e a c h  compar tmen t  
and c o n n e c t e d  i n s e r i e s  f l o w  w i t h  t h e  second  u n i t .  Mercury and aqueous  l i t h i u m  
h y d r o x i d e  s o l u t i o n  were f e d  i n t o  o p p o s i t e  e n d s  o f  t h e  e q u i p m e n t .  The s e c t i o n  
w h i c h  was a g i t a t e d  was o p e r a t e d  w i t h  j u s t  s u f f i c i e n t  p o t e n t i a l  a p p l i e d  t o  
p r e v e n t  any n e t  t r a n s f e r  o f  l i t h i u m  between t h e  two p h a s e s .  The r e f l u x  s e c t i o n  
( u n s t i r r e d )  was o p e r a t e d  a t  a p p r o x i m a t e l y  1 0  v o l t s  a n d  v i r t u a l l y  a l l  of t h e  
l i t h i u m  i o n s  were r e d u c e d  i n t o  t h e  amalgam. The r e f l u x  r a t i o  a c t u a l l y  a t t a i n e d  
w,as a p p r o x i m a t e l y  50 t o  1. After  s e v e r a l  a t t e m p t s ,  a s u c c e s s f u l  r u n  was made 
w i t h  t h i s  a p p a r a t u e ,  and  a s a m p l e  t a k e n  a t  t h e  t e r m i n a t i o n  of t h e  o p e r a t i o n .  
T h i s  s ample  a s s a y e d  93.4% 'Li  i n  c o n t r a s t  t o  9 2 . 5 %  i n  t h e  f e e d  m a t e r i a l .  

A more s u b s t a n t i a l  model " e l e c t r o - e x c h a n g e r ' * [  was d e s i g n e d  on t h e  b a s i s  of 
t h e s e  r e s u l t s .  I t  c o n s i s t e d  of 4 8  c o m p a r t m e n t s  on o n e - i n c h  c e n t e r s  a s  shown 
s c h e m a t i c a l l y  i n  F i g .  2 9 .  T h i s  u n i t  was i n c o r p o r a t e d  i n t o  a more e l a b o r a t e  
a r r a n g e m e n t  d e s i g n e d  t o  m i n i m i z e  t h e  l a b o r  a n d  a t t e n t i o n  r e q u i r e d  d u r i n g  
o p e r a t i o n .  The  o v e r - a l l  c y c l e  i s  shown in F i g .  30 a n d  a p h o t o g r a p h  of t h e  
a p p a r a t u s  as c u r r e n t l y  o p e r a t e d  i s  shown i n  F i g .  31. Mercury  w a s  pumped f r o m  
a r e s e r v o i r  i n t o t h e r e f l u x  s e c t i o n  and t h e n  a l l o w e d  t o  f l o w  by  g r a v i t y  t h r o u g h  
the e n t i r e  train and back to t h e  r e s e r v o i r .  The l i t h i u m  h y d r o x i d e  f e e d  r a t e  

was c o n t r o l l e d  by a c o n s t a n t  l e v e l  s i p h o n  and f l o w e d  c o u n t e r c u r r e n t l y  t o  t h e  
m e r c u r y  u n d e r  t h e  a c t i o n  of g r a v i t y .  A t  Pow flow r a t e  (10-15 c c / m i n u t e )  t h e  
h y d r a u l i c  h e a d s  r e q u i r e d  f o r t h i s  t y p e  f l o w  a r e  r e l a t i v e l y  s m a l l .  T h i s  f e a t u r e  
d o e s  o f f e r  some o p e r a t i o n a l  p rob lems  a t  h i g h e r  f l o w  rates. The a q u e o u s  over- 
f l o w  from t h e  r e f l u x e r  was c o l l e c t e d  and e v a p o r a t e d  t o  c h e c k  on t h e  e f f i c i e n c y  
o f  t h e  r e f l u x  s e c t i o n .  The  m a t e r i a l  c o l l e c t e d  c o u l d  also be  u s e d  as a s s a y  
s a m p l e s .  A v e r y  e l a b o r a t e  mercu ry  s c r u b b i n g  s y s t e m  h a s  b e e n  d e v i s e d  t o  i n s u r e  
c o m p l e t e  removal  of  l i t h i u m  from the mercury  p r i o r  t o  r e c y c l e  i n t o  t h e  a p p a r a -  
t u s .  The m e r c u r y  is  c o n t a c t e d  f i r s t  w i t h  w a t e r ,  t h e n  s p r a y e d  t h r o u g h  n i t r i c  
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a c i d ,  and washed a g a i n  w i t h  e x c e s s  w a t e r .  Q u a l i t a t i v e  tests on t h i s  s c r u b b e d  
mercu ry  showed t h a t  t h e  l i t h i u m  c o n t e n t ,  i f  p r e s e n t  a t  a l l ,  was v e r y  s m a l l .  

S e v e r a l  s u c c e s s f u l  r u n s  have  b e e n  made i n  t h i s  a p p a r a t u s  u s i n g  low f l o w  
r a t e s  (10-1'7 c c l m i n u t e  e a c h  s t r e a m )  a n d  e n r i c h m e n t s  o f  ' L i  u p  t o  94% were 
a c h i e v e d .  A d d i t i o n a l  work i s  p l a n n e d  i n  t h i s  equ ipmen t  u s i n g  f l o w  r a t e s  up t o  

t h e  maximum c a p a c i t y  of  t h e  machine t o  min imize  t h e  e f f e c t  o f  back  d i f f u s i o n .  

It h a s  b e e n  shown t h a t ,  the r e f l u x  mechanism c a n  be i n c l u d e d  4. ab ,n &nte- 
g r a l  p a r t  o f  t h e  e x c h a n g e  a p p a r a t u s  b y  m e r e l y  s p l i t t i n g  t h e  a n o d e  i n  t h e  
a q u e o u s  p h a s e  and u s i n g  a common m e r c u r y  c a t h o d e  f o r  b o t h  t h e  e x c h a n g e r  and 

r e f l u x e r .  T h i s  d i s c o v e r y  g r e a t l y  s i m p l i f i e s  t h e  o p e r a t i o n a l  p r o b l e m s  and 
e l i m i n a t e s  t h e  n e c e s s i t y  o f  pumping the l i q u i d  be tween  t h e  two u n i t s . :  

Two a d d i t i o n a l  u n i t s  a r e  i n  p r o c e s s  o f  d e s i g n  a n d  f a b r i c a t i o n  and s h o u l d  
be r e a d y  f o r  o p e r a t i o n  d u r i n g  t h e  c u r r e n t  q u a r t e r .  

A l l o f t h e  a n a l y s e s  used  have been  m a d e w i t h a  m o d i f i e d  Nier mass s p e c t r o m -  
e t e r .  The  number o f  a n a l y s e s  t h a t  c a n  b e  made i n  a n y  g i v e n  t i m e  b y  t h i s  
method i s  d e f i n i t e l y  l i m i t e d .  Some o t h e r  method c a p a b l e  of h a n d l i n g  a l a r g e  
number of s a m p l e s  i n  a s h o r t  p e r i o d  of  time i s  d e f i n i t e l y  needed  t o  i n s u r e  t h e  
most r a p i d  p r o g r e s s  of  t h i s  r e s e a r c h .  

A s t a t i s t i c a l  a n a l y s i s  of  t h e  mass s p e c t r o m e t e r  r e s u l t s  on a s e r i e s  o f  
The a r i t h m e t i c a l  a v e r a g e  

The 95% c o n f i d e n c e  i n t e r v a l  on these  a s s a y s  
n i n e  s t a n d a r d  s a m p l e s  o f  l i t h i u m  i o d i d e  h a s  been made. 
of t h e s e  s a m p l e s  was 92.51% 'L i .  
h a s  been  c a l c u l a t e d  and found t o  be as  f o l l o w s :  92.34; 92.68.. 

Organic-Organic Systems ( J .  S, D r u r y  a n d  D. A.  L e e ) .  D u r i n g  t h i s  
p e r i o d ,  t h e  work i n  t h e  d e v e l o p m e n t  of a t w o - p h a s e  liquid-liquid organic 
s o l v e n t  s y s t e m  f o r  t h e  c h e m i c a l  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  was p u r s u e d  
a l o n g  t h e  f o l l o w i n g  l i n e s :  

a .  P r e p a r a t i o n  of l i t h i u m  compounds. 

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

c .  D i s t r i b u t i o n  of l i t h i u m  compounds be tween  t h e  p h a s e s  of two im- 
m i s c i b l e  o r g a n i c  s o l v e n t s .  

d. S e a r c h  f o r  new i m m i s c i b l e  o r g a n i c  s o l v e n t  p a i r s .  
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1 .  Preparation of Lithium C . o w p o u n d s . .  I n  a d d i t i o n  t o  t h e  compounds  
p r e v i o u s l y  r e p o r t e d  t h e  f o l l o w i n g  compounds were p r e p a r e d :  

a .  Anhydrous L i z  

b. L i t h i u m  d i t h i o n a t e  

c. L i t h i u m  p i c r a t e  

d .  L i t h i u m  t h i o g l y c o l a t e  

e .  L i t h i u m  a c i d  o x a l a t e  

f .  L i t h i u m  a c i d  t a r t r a t e  

g: L i t h i u m  a c i d  p h t h a l a t e  

h. 

i. 

j- 

k. 

1. 

m. 

n. 

0 .  

P -  

q *  

L i t h i u m  b e n z o a t e  

L i t h i u m  a c e t y l  a c e t o n a t e  

L i t h i u m  u r a t e  

L i t h i u m  p h e n o x i d e  

L i t h i u m  s a l i c y a l d e h y d e  

L i t h i u m  f u r o a t e  

L i t h i u m  l a c t a t e  

L i t h i u m  c i t r a t e  

L i t h i u m  amino a c e t a t e  

0 -amino  l i t h i u m  p h e n o x i d e  

2. Solubility of Lithium Compounds in Individual Organic S o l v e n t s . .  For 
p u r p o s e s  of t h i s  s t u d y  a n  a r b i t r a r y  s t a n d a r d  o f  s o l u b i l i t y  was a d o p t e d .  One- 

t e n t h  gram of t h e  l i t h i u m  compound was added  t o  5 m l  of t h e  s o l v e n t  a n d  t h e  
m i x t u r e  was s h a k e n  t h o r o u g h l y .  Compounds f a i l i n g  t o  d i s s o l v e  c o m p l e t e l y  were 
s a i d  t o  b e  i n s o l u b l e  i n  t h e  s o l v e n t .  Compounds d i s s o l v i n g  c o m p l e t e l y  were 
t e r m e d  s o l u b l e  and f u r t h e r  s t u d i e s  were made of t h i s  g r o u p .  I n  g e n e r a l ,  t h e  

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

a .  B u t y l  a c e t a t e  

b. Hexone 

c .  D i m e t h y l  a n i l i n e  

d e  E t h y l  b e n z o a t e  
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e .  Benza ldehyde  

f .  2 - e t h y l  hewaaal 

g, D i e t h y l  e t h e r  

h. N i t r o m e t h a n e  

i, Chloroform 

j. T o l u e n e  

L i t h i u m  a c i d  o x a l a t e ,  l i t h i u m  ac id  tartrat@, 13tbiurn a c e t y l  acetoaattB ' 

l i t h i u m  u r a t e ,  l i t h i u m  phenoxide ,  l i t h i u m  l t t c t a t e ,  lithium c i t r a t e ,  l i t h i u m  
amino a c e t a t e  and o -amino  l i t h i u m  p h e n o x i d e  were found t o  be i n s o l u b l e  i n  t h e  
s o l v e n t s  l i s t e d .  L i t h i u m  p i c r a t e  p r o v e d  t o  be s o l u b l e  in b u t y l  a c e t a t e J  
h e x o n e ,  and b e n z a l d e h y d e ,  I t  r e a c t e d  with d i m e t h y l  aniline, g i v i n g  a brown 
p r o d u c t  and was i n s o l u b l e  i n  the r e m a i n i n g  s o l v e n t s .  

L i t h i u m  s a l i c y l a d e h y d e ,  w h i l e  i n s o l u b l e  i n  t h e  l i s t e d  s o l v e n t s ,  was 
soluble i n  e t h a n o l .  L i t h i u m  f u r o a t e  was i n s o l u b l e  i n  f u r f u r a l ,  f u r f u r y l  
a l c o h o l  and t h e  s o l v e n t s  l i s t e d  ebova .  

3, D i s t r i b u t i o n o f L i t h i u a  Conpaand8 Betloten t h e  Phases uf TaroI'inr6iscible 
T h o s e  compounds p o s s e s s i n g  s u i t a b l e  solubilities in i@- 
The following i m n d r o i b h  oolvant p a i r e  were used: 

O r g u n i c  S o l v e n t s , ,  
m i s c i b l e  s o l v e n t s ,  

a. 

b. 

C ,  

d e  

e.  

f .  

6. 

h.  

i ,  

j, 

k. 

1. 

B u t y l  a c e t a t e  - e thylene  8 1 ~ ~ 0 l  

Hexone - e t h y l e n e  g l y c o l  

2 - e t h y l  h e x a n o l  - nitromethane 

B e n z a l d e h y d e  - e t h y l e n e  g l y c o l  

D i m e t h y l  a n i l i n e  - e t h y l e n e  g l y c o l  

E t h y l  benzoate - etbylqae g lycol  

Formamide - b u t y l  ecetate  

Formamide - hexone 

Formamide - 2 - e t h y l  hexanol  

Formamide - e t h y l  e t h e r  

Formamide - d i m e t h y l  aniline 

Formarnidr: - e thy l  benzoate 
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Normal ly ,  t h e  p r o c e d u r e  used  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 t h e c o m p o u n d  
b e t w e e n  t h e  p h a s e s  s t a r t e d  by  s a t u r a t i n g  e a c h  s o l v e n t  o f  t h e  p a i r  w i t h  t h e  
o t h e r  i n  o r d e r  t o  p r e v e n t  a s a l t i n g  o u t  e f f e c t  l a t e r .  Each  l i q u i d  was t h e n  
e q u i l i b r a t e d  w i t h  a n  e x c e s s  of  t h e  compound t o  be  s t u d i e d .  E q u a l  vo lumes  of 
t h e  s a t u r a t e d  s o l u t i g n  were t h e n  e q u i l i b r a t e d ,  s e p a r a t e d ,  and f i n a l l y  a n a l y z e d '  
f o r  l i t h i u m .  The  d i s t r i b u t i o n  of t h e  compound b e t w e e n  t h e  p h a s e s  was t h e n  

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

F a v o r a b l e  s o l u b i l i t i e s  were found f o r  LiI in v a r i o u s  s o l v e n t s .  However, 
t h e  d i s t r i b u t i o n  o f  L i T  be tween  two i m m i s c i b l e  p h a s e s  i n v a r i a b l y  f a v o r e d  t h e  
more w a t e r - l i k e  s o l v e n t  o f  t h e  two by a l a r g e  f a c t o r .  By s a t u r a t i n g  t h e  less  
w a t e r - l i k e  p h a s e  w i t h  I , ,  d i s t r i b u t i o n  r a t i o s  o f  3.5 t o  10.0 i n  f a v o r  of t h e  
more w a t e r - l i k e  phase  were  o b t a i n e d .  T h i s  s i g n i f i c a n t  change maybe  a t t r i b u t e d  
t o  t h e  f o r m a t i o n  o f  a c o m p l e x  b e t w e e n  LiT a n d  I, in t h e  less w a t e r - l i k e  

phase .  T a b l e  14 g i v e s  t h e  r e s u l t s  of 
t h e s e  s t u d i e s .  

P r o b a b l y  t h e  complex  formed is  Lil<:2. 
3 

4. S e a r c h  f o r  N e w  I m m i s c i b l e  O r g a n i c  S o l v e n t  Pairs. B a t c h  r u n s  o f  t h e  

systems Lil(formaride)  "* L i r  4- I 2 ( 1 - e t h y l  hexanol) Lix (formaaide) "* Lil ' '2(hexone ) 

f a i l e d t o  show any i s o t o p e  s e p a r a t i o n  e f f e c t .  I n  t h e s e  s y s t e m s  t h e  l i t h i u m  is  
p r o b a b l y  c o o r d i n a t e d  b y  t h e  oxygen  a tom i n  e a c h  s o l v e n t .  A more f a v o r a b l e  
c o n d i t i o n  f o r  i s o t o p e  s e p a r a t i o n  would e x i s t  i f  t h e  l i t h i u m  were c o o r d i n a t e d  
b y  a n  e l e m e n t  o f  t h e  s e c o n d  s o l v e n t  w h i c h  i s  d i f f e r e n t  from t h a t  w h i c h  c o -  
o r d i n a t e s  t h e  l i t h i u m  i n  t h e  f i r s t  s o l v e n t .  None o f  t h e  i m m i s c i b l e  o r g a n i c  
p a i r s  i n  wh ich  l i t h i u m  compounds a r e  s o l u b l e  f u l f i l l  t h i s  c o n d i t i o n .  Conse -  

q u e n t l y  a s e a r c h  was made t o  f i n d  o r g a n i c  l i q u i d s  c o n t a i n i n g  N, S or P a s  

c o o r d i n a t i n g  e l e m e n t s  which  a r e  i m m i s c i b l e  w i t h  o t h e r  o r g a n i c  s o l v e n t s  h a v i n g  
0 as t h e  c o o r d i n a t i n g  e l e m e n t .  T h e  s o l v e n t s  l i s t e d  i n  T a b l e  15 were se- 
l e c t e d  a s  n o n - o x y g e n  c o o r d i n a t o r s  w h i l e  the s o l v e n t s  l i s t e d  i n  T a b l e  1 6  
r e p r e s e n t  a s t a n d a r d  list of o r g a n i c s  a g a i n s t  wh ich  t h e  s o l v e n t s  i n  T a b l e  14 
were  c h e c k e d  for i m m i s c i b i l i t y .  The  s o l v e n t s  of T a b l e  16 r e p r e s e n t  oxygen-  
c o o r d i n a t i n g  l i q u i d s  p r e d o m i n a t l y .  

I n  e x c e s s  of  s i x t y  i m m i s c i b l e  o r g a n i c  p a i r s  h a v e  b e e n  f o u n d  f r o m  t h e  
many p o s s i b l e  c o m b i n a t i o n s  made p o s s i b l e  by compar ing  t h e  s o l v e n t s  of Table 14 
w i t h  t h e  s o l v e n t s  o f  T a b l e  16. T h i s  s t u d y  is b e i n g  c o n t i n u e d .  

Molecular DistilXation (C. C.  : Haws, G. €3. Marrow, and M. J. F o r t e n b e r r y ) .  
R e d u c t i o n  of  t h e  e x p e r i m e n t a t i o n  w i t h  t h e  t w o - s t a g e  m o l e c u l a r  s t i l l  to r o u t i n e  
o p e r a t i o n  p e r m i t t e d  t h e  c o l l e c t i o n  of c o m p l e t e  d a t a  w i t h i n  t h e  o p e r a t i n g  l i m i t s  
o f  t h e  equ ipmen t . .  T h e s e  d a t a  a re  g i v e n  in T a b l e  17: 
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Li COMPOUND 

~~ 

L i I  

L i I  

L i T  

L i I  

L i I  

L i I  

L i I  

L i I  

L i I  

LiI 

L i I  

L i  p i c r a t e  

L i I  

L i I  

1. 
2. 
3 'f 
4. 
5. 
6 .  
7 .  
8. 

TABLE 14 

Organic Solvents for Lithium Exchange 

S O L V E N T  A 

CH, NO, 

CHONH, 

CHONH, 

(CH,OH) 

CHONH, 

(CH2OH)a 

CHONH, 

CHONH, 

(CH,QH) , 
(CH,OH) 2 

CHONH, 

CHONH, 

CHONH, 

(CH,OH) 

~ 

SOLVENT B 

2 - e t h y l  h e x a n o l  

BuHc s a t u r a t e d  w i t h  I,, 

BuAc 

BuAc s a t u r a t e d  w i t h  I, 

Hexane s a t u r a t e d  I, 

Hexone s a t u r a t e d  I, 

2 - e t h y l  h e x a n o l  s a t ' d  I, 

E t h y l  b e n z o a t e  s a t ' d  I, 

E t h y l  b e n z o a t e  s a t ' d  I, 

Benza ldehyde  s a t  'd  I, 

E t h y l  e t h e r  s a t ' d  I, 

Hexone 

Dime thy l  a n i l i n e  

Dime thy l  a n i l i n e  s a t ' d  I, 

TABLE 15 

Non-oxygen Coordinator Solvents 

D I S T B I B U T I O M  R A T I O  
A 

1 3  
- 

Misc i b  le 

6 . 5  

M i s c i b l e  

Misc i b  l e  

8.8 

M i s c i b l e  

i b l e  

S o l i d  p h a s e  d e p o s i t e d  

M i s c i b l e  

R e a c t i o n  o c c u r s  

R e a c t i o n  occurs 

I s o b u t y l  m e r c a p t a n  9. 
Benzy l  m e r c a p t a n  10. 
Methyl  d i s u l f i d e  11. 
E t h y l  i s o t h i o c y a n a t e  1 2 "  
I soamyl  s u l f i d e  13. 
E t h y l  t h i o c y a n a t e  14. 
T r i - n - b u t y l a m i n e  15. 
D i - n  - p r  opy l amine  16. 
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Ad i p on i t u  1 e 

Eenz o t  h i  a z o  le  

B e n z o n i t r i l e  
Tr i p h e n y l  p h o s p h i t e  
T r i c r e s y l  phospha te  
A l l y l  i o d i d e  
,8 a m i n o - n - o c t a n e  
P h e n y l  is  o t  h i o c  y a n a t e  



TABLE 16 

Standard List of  Organic Solvents  

1. Acetone  16. n - b u t y l  e t h e r  

2. A c e t y l  a c e t o n e  17 .  Benzy l  a l c o h o l  

3. B u t y l  a c e t a t e  18. D i e t h y l  e t h e r  

4. Methyl  i s o b u t y l  hexone 19. D i e t h y l  c e l l o s o l v e  

5.. 

6 .  

7 .  

8. 

9.  

10. 

11. 

12. 

13. 

14. 

15.. 

But  an0  1 

Benzene 

Carbon t e t r a c h l o r i d e  

2 - e t h y l  h e x a n o l  

2-amino - 2-me thy l  - 

I soamyl  a l c o h o l  

T r i m e t h y l e n e  glyco 1 

P e n t a  e t h e r  

G l y c e r a l  

F u r f u r y l  a l c o h o l  

A n i l i n e  

20 . 

21. 

22. 

23. 

1- p r o p  ano  1 24. 

25. 

26. 

21. 

28. 

29. 

Dimethy l  a n i l i n e  

D i a c e t o n e  a l c o h o l  

T r i e t h a n o l a m i n e  

H y d r o x y e t h y l  e t h y l e n e  d i a m i n e  

C a p r y l  a l c o h o l  

E t h y l e n e  b e n z o a t e  

E t h y l e n e  g l y c o l  

E t h a n o l  

Formamide 

P y r i d i n e  
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TABLE 17 

I ' 
ASSAY RESULTS - PERCEI" 'L) 

LENOTX C@ RLPS AVERACB STI- B(MT NO.l BCnT N0.2 =I m.3 lyll COWCEW- 

R U N  NO** ( h a )  TEYFERATUBE ( O C )  ( l a c r )  (middle) (upper) %Tlta( D m  

Data for Lithium Runs i n  t h e  Molecular S t i l l  

C A E .  SEP'IIFACTOR (a 1 

-_  lRPICSnt)  

? 

-- 

7 405 

8 11 

10 24 

11 50 

12 10.5 

15 24 

17** 48 

18** 21 

19 6 u 5  

22 * *  6.5 

* Unsat is factory  or incomplete  runs omitted.  

* *  R e s u l t s  are not  y e t  a v a i l a b l e .  

L i m i t  of error  f 0.1 percent .  

-.- 

- 
1.02 475 92.8 92.6 92.5 0.3 

92.9 92.4 92.2 0.7 1804 

92 9 92.4 92.1 0.8 1.06 

47 0 

47 5 

475 

500 

450 

455 93.1 92.9 

500 

525 

52 5 

92.9 92.7 92.5 0.4 1.03 

92.9 92.5 92.5 0 . 4  1.03 
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From t h e  d a t a  t h e  f o l l o w i n g  i n t e r e s t i n g  o b s e r v a t i o n s  and  c o n c l u s i o n s  may 
be drawn: 

( 1 )  A much h i g h e r  s e p a r a t i o n  f a c t o r  t h a n  t h e  p r e v i o u s l y  r e p o r t e d  
1 . 0 2  may b e  r e a l i z e d .  T h i s  i s  most  s i g n i f i c a n t  i n  i t s  e f f e c t  
upon  p r o d u c t  c o s t .  

( 2 )  A c o n c e n t r a t i o n  d i f f e r e n c e  of  0.5% e x i s t s  between t h e  lower and  
m i d d l e  b o a t s  o f  r u n s  8 ,  10, and 1 5 .  T h i s  ( s u b j e c t  t o  errors i n  
a s s a y )  c o r r e s p o n d s  t o  a s e p a r a i i a n  f a c t o r  o f  1 .08,  which is t h e  
t h e o r e  t i c a l  maximum f o r  t h i s  p r o c e s s  . 

( 3 )  A f t e r  a c e r t a i n  minimum r u n  time, extended o p e r a t i o n  a p p a r e n t l y  
h a s  n o  e f f e c t  upon e n r i c h m e n t  (runs 7 ,  8, 1 0 ,  and 11). 

( 4 )  Run 1 0  may h a v e  r e a c h e d  f u l l  e q u i l i b r i u m  ( w i t h i n  l imits  o f  
a s s a y  e r r o r s )  i n  i t s  2 4 - h o u r  o p e r a t i o n .  

( 5 )  A l t h o u g h  t h e  s e p a r a t i o n  f a c t o r  i s  known t o  d e c r e a s e  w i t h  i n -  
c r e a s e d  o p e r a t i n g  t empera tu re :#  n o  d e c r e a s e  is n o t i c e a b l e  f rom 
t h e  d a t a .  

Date t o  t h e  s m a l l  number o f  s t a g e s  and t h e  e e l a t i v e l y  l a r g e  p r o b a b l e  e r r o r  
i n v o l v e d  i n  a s s a y ,  a s  compared w i t h  t h e  t o t a l  e n r i c h m e n t  i n v o l v e d ,  t h e s e  d a t a  
a r e  n e c e s s a r i l y  s p o t t y  a n d  d e f i n i t e  c o n c l u s i o n s  may n o t  y e t  be drawn. However,  
t h e  d a t a  c l e a r l y  d e m o n s t r a t e  t h e  f e a s i b i l i t y  of a m u l t i - s t a g e  s t i l l ,  and i n  
s o  d o i n g  a r e  o f  v a l u e .  

D e s i g n  h a s  b e e n  f i n i s h e d  a n d  c o n s t r u c t i o n  i s  f u l l y  75% c o m p l e t e d  on a 
1 5 - s t a g e  m o l e c u l a r  s t i l l  of t h e  same g e n e r a l  d e s i g n  a s  t h a t  u s e d  i n  t h e  above  
d e s c r i b e d  work ( F i g s .  3 2 ,  3 3 ,  and 3 4 ) .  C o m p l e t i o n  o f  t h i s  s t i l l  i s  e x p e c t e d  
w i t h  s u f f i c i e n t  t i m e  r e m a i n i n g  f o r  a t  l e a s t  p r e l i m i n a r y  t e s t i n g  w i t h i n  t h e  
p r e s e n t  q u a r t e r  

s 
1 3 4  



KEY TO FIG. 32 

Cascade or Badorsky Still 

1, Cast Copper End Heater. 

2. Cartridge Type Heater Elements. 

3 Condens ing Surf aces 

4 * ,  Evaporating Surfaces Showing Baffles and Direction of 
Lithium Vapor Movement . 

5 Stillpot Assembly (Photograph Fig . .  5 ) .  

6 . .  Reflux Port Shoring Liquid Lithium Flow, 

, 7. Calrod Type Heater Element. 

8, C u t  Copper Bottom Heater. 
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FIGURE 32 
DWG. 9075 
NOT CLASSIFIED 

MADORSKY TYPE 
STILL I36 
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A s e c o n d  ( v e r t i c a l )  s t i l l ,  which i s  much c h e a p e r  i n  c o n s t r u c t i o n ,  is now 
b e i n g  d e s i g n e d  ( F i g .  35). 

With t h e  c o m p l e t i o n  o f  t h e  work  on t h e  t w o - s t a g e  s t i l l ,  e m p h a s i s  h a s  
s h i f t e d  t o  t h e  c o l l e c t i o n  of d a t a  on t h e  r a t e s  o f  e v a p o r a t i o n  Qf l i t h i u m  m e t a l .  
O n l y  a few r u n s  h a v e  b e e n  a t t e m p t e d  t h u s  f a r  i n  t h i s  p h a s e  o f  t h e  i n v e s t i -  

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

1 3 9  



KEY TO FIG. 35 

Vertical Still 

1. R e f l u x  S e c t i o n .  

2. C a r t r i d g e  Type E l e c t r i c a l  H e a t e r s .  

3 *  O u t l e t  t o  P r e s s u r e  M a n i f o l d .  

4 @  L i t h i u m  C o n d e n s e r s  ( c o o l e d  by Dowtherm or Mercury u n d e r  p r e s s u r e ) .  

5 .  

6 .  

7.  

8. .  

9. 

10. 

11 . 
12. 

13 a 

E x t e r n a l  H e a t e r s  Brazed  t o  S h e l l .  

E v a p o r a t i n g  B o a t .  

R e f l u x  Tube. 

Common Header  f o r  A l l  I n t e r n a l  Condenser  B o i l i n g  Tubes.  

D i r e c t i o n a l  B a f f l e s .  

C a r t r i d g e  H e a t e r s  i n  Boat .  

B a f f l e  t o  Di rec t  L i q u i d  i n t o  C o n s t a n t  Head B a f f l e .  

C o n s t a n t  Head Baffle.  

P r e s s u r e  M a n i f o l d  to External Condenser .  
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FIGUQE 35 
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