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SUMMARY 

R e a c t o r  D e s i g n .  E x p l o r a t o r y  s t u d i e s  a r e  underway on some p o s s i b l e  new 
c y c l e s  n o t  p r e v i o u s l y  c o n s i d e r e d  f o r  a i r c r a f t  r e a c t o r s .  New m a t h e m a t i c a l  
methods are  a l s o  b e i n g  i n v e s t i g a t e d  f o r  a n a l y s i s  of  r e a c t o r  c o r e s  h a v i n g  i n -  

t r i c a t e  i n t e r n a l  geometry.  
S h i e l d i n g .  P o s s i b l e  d e s i g n s  a r e  b e i n g  s t u d i e d  f o r  a new t e s t i n g  f a c i l i t y  

T h i s  shou ld  p r o b a b l y  be i n  some 'form of  a t o  measure a t t e n u a t i o n s  up t o  l o * .  
c r i t i c a l  assembly which w i l l  o p e r a t e  a t  power l e v e l s  up t o  1 0  kw. 

underway.* 
On t h e  l i d  t a n k ,  b u l k  s h i e l d i n g  measurements  of i r o n  and w a t e r  are now 

T h e o r e t i c a l  a n a l y s i s  i s  i n  p r o g r e s s  on ( a )  t h i c k  s h i e l d s  composed of  a 

m i x t u r e  of  p u r e  s c a t t e r e r s ;  ( b )  n e u t r o n  p e n e t r a t i o n  of  a w a t e r  s h i e l d ,  u s i n g  
Monte C a r l o  t e c h n i q u e s ,  and ( c )  n e u t r o n  s t r e a m i n g  i n  d u c t e d  geometr ies .*  

I t  is  hoped t o  beg in  t w o - s h i f t  o p e r a t i o n  s h o r t l y .  

* 
A new i n s t r u m e n t  f o r  measuring fas:t n e u t r o n  f l u x  i s b e i n g  developed.  T h i s  

c o n s i s t s  of  a t h i n  Pd f i l m  f i r e d  on a ce ramic  c o r e .  The p r o t o n  r e c o i l s  from 
t h e  n e u t r o n s  bombard t h e  P d i n s u c h  a way a s  t o  change t h e  e l e c t r i c a l  r e s i s t a n c e  

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

r a d i a t o r ,  is  now i n s t a l l e d  a t  ORNL and i s  b e i n g  c a l i b r a t e d . *  
I n  t h e  work on s h i e l d i n g  m a t e r i a l s ,  combinat ions o f  Pb, H,O, and B or B,C 

a r e  b e i n g  s t u d i e d ,  and i r r a d i a t i o n  t e s t s  on Bora1 have been made. The t e n s i l e  

s t r e n g t h  o f  t h e  l a t t e r  a p p e a r s  t o  i n c r e a s e  u n d e r  i r r a d i a t i o n .  A l s o ,  a new 
p l a s t i c  h a s  been developed which c o n t a i n s  50% boron by volume. I t  may be made 

i n t o  s t r o n g ,  f l e x i b l e  s h e e t s ,  m e c h a n i c a l l y  s i m i l a r  t o  l e a t h e r ,  wh ich  can be 
e a s i l y  g l u e d  o n t o  m e t a l  s u r f a c e s  f o r  t h e r m a l  n e u t r o n  s h i e l d i n g .  Work on i m -  
proved c o n c r e t e s  f o r  s h i e l d i n g  a l s o  c o n t i n u e s .  

The summary of a tomic  ene rgy  h e a t  t r a n s f e r  work, ORNL 156, Heat T r a n s f e r .  

A 

c 

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

or h e a t  t r a n s f e r  i n  a n n u l i  which w i l l  h o l d  f o r  
a l l  c a s e s  w s - i n c l u d i n g  l i q u i d  m e t a l s .  I t  h a s  

phenomenon o f  " p o l a r i z e d  t u r b u l e n c e " '  d o e s  n o t  

e x i s t .  The t h e r m a l  c o n d u c t i v i t y  and h e a t  c a p a c i t y  o f  mol t en  NaOH have been  
measured a t  900" F. 

Equipment i s  b e i n g  d e s i g n e d  f o r  work o n h a n d l i n g  methods and h e a t  t r a n s f e r  

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

There projects ere baing conducted in collaboration with NEPA. 
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c Metallurgy and Materials. A program i s  b e i n g  s e t  up f o r  t e s t i n g  t h e  

c o r r o s i o n  and mechan ica l  p r o p e r t i e s  of  many m e t a l s  when exposed t o  h i g h  tern- 
p e r a t u r e  l i q u i d  b i s m u t h  or l i t h i u m .  Molybdenum h a s  t h e  b e s t  c o r r o s i o n  r e -  

s i s t a n c e  t o  B i  a t  1800' F found  s o  f a r ,  w i t h  Be a l s o  good;  however ,  N i  and 

s t a i n l e s s  s t e e l  a r e  a t t a c k e d .  L a r g e r  vacuum f u r n a c e s  s u i t a b l e  f o r  work w i t h  

molten B i  and L i  a r e  b e i n g  b u i l t .  

..- 

Radiation Damage. F i v e  p e o p l e  from NEPA have now been t r a i n e d  i n  r a d i a -  

t i o n  damage t e c h n i q u e s  a t  O W L .  The p r i n c i p a l  t e s t s  on r e a c t o r  c o r e  m a t e r i a l s  

now underway a r e  on Be,C. Changes d u r i n g  i r r a d i a t i o n  of  such  p r o p e r t i e s  a s  
e l e c t r i c a l  r e s i s t i v i t y ,  modulus of  e l a s t i c i t y ,  h a r d n e s s ,  c o e f f i c i e n t  of t he rma l  
e x p a n s i o n ,  and t h e r m a l  c o n d u c t i v i t y  a r e  b e i n g  measured w i t h  t h e  ORNL r eac to r . .  
E x p o s u r e s  of  Be,C t o  Hanford f l u x  w i l l  be made i n  t h e  n e a r  f u t u r e .  Work on 
o t h e r  p o s s i b l e  ANP m a t e r i a l s  w i l l  be begun s h o r t l y .  

Because of i t s  i n t e r e s t  a s  a p o s s i b l e  s h i e l d  m a t e r i a l ,  TiH, has  been t e s t e d  
f o r  d e c o m p o s i t i o n  unde r  a n e u t r o n  f l u x  of  0 .5  X 101*. N o  r a d i a t i o n - i n d u c e d  

d e c o m p o s i t i o n  c o u l d  be o b s e r v e d  d u r i n g  1800 h o u r s  e x p o s u r e  a t  t e m p e r a t u r e s  
from 160' t o  340' C.* 

* 
Decomposition of numerous commerical p l a s t i c s u n d e r  i r r a d i a t i o n w a s  obse rved  

The most r e s i s t a n t  was p o l y s t y r e n e .  
As an a d j u n c t  t o  t h e  r a d i a t i o n  damage work, t h e  f a s t  f l u x  i n  Hole 1 9  o f  

A c u r v e  
The t o t a l  f l u x  above 1 Mev was found 

t h e  ORNL r e a c t o r  was measured, u s i n g  a s e r i e s  of t h r e s h o l d  d e t e c t o r s .  

o f  t h e  measured spec t rum i s  p r e s e n t e d .  

t o  be 0 . 1 1  neutrons/(cm*)(sec)(watt). 

A h i g h  i n t e n s i t y  gamma s o u r c e  f r e e  of n e u t r o n s ,  i s  b e i n g  p r e p a r e d  by 
From t h e s e  c y l i n d e r s  i t  i s  e x -  i r r a d i a t i n g  c y l i n d e r s  of go ld  i n  t h e  r e a c t o r .  

p e c t e d  t h a t  gamma f l u x e s  above l o 6  r / h r  can be ob ta ined .  
I r r a d i a t i o n  of  s p e c i a l  l u b r i c a n t s  f o r  p o s s i b l e  a i r c r a f t  r e a c t o r  u s e  i s  

b e i n g  c o n t i n u e d  i n  t h e  ORNL r eac to r . "  
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.L INTRODUCTION 

c 
The program l o o k i n g  toward t h e  development of  a n u c l e a r  p r o p e l l e d  a i r c r a f t  

i s  now a j o i n t  p r o j e c t  of  t h r e e  Government a g e n c i e s - t h e  Department of Defense ,  
t h e  N a t i o n a l  A d v i s o r y  Committee f o r  A e r o n a u t i c s ,  and t h e  Atomic Energy Com- 
m i s s i o n .  On September  26, 1949 ,  t h e  Atomic Energy Commission d e s i g n a t e d  t h e  
Oak Ridge N a t i o n a l  L a b o r a t o r y  a s  t h e  agency for c a r r y i n g  on t h e  AEC's s h a r e  of 
t h e  j o i n t  t e c h n i c a l  p rog ram.  The o t h e r  two w o r k i n g  a g e n c i e s  a r e  t h e  NEPA 
D i v i s i o n  of  F a i r c h i l d  Engine and A i r c r a f t  C o r p o r a t i o n  ( a s  a c o n t r a c t o r  of t h e  
A i r  F o r c e )  and t h e  C l e v e l a n d  l a b o r a t o r y  o f  NACA. The d i v i s i o n  of e f f o r t  be-  
tween t h e  t h r e e  l a b o r a t o r i e s  h a s  n o t  y e t  been d e f i n e d  i n  d e t a i l .  However, 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  been a s k e d  i n  g e n e r a l  t o  i n v e s t i g a t e  t h e  

n u c l e o n i c s  a s p e c t s  of  t h e  p r o j e c t .  
To meet t h i s  r e s p o n s i b i l i t y ,  t h e  Labora to ry  i s  expanding i t s  p r e s e n t  work 

i n  a l l  D i v i s i o n s  on e x p e r i m e n t s  l i k e l y  t o  a i d  t h e  ANP p rogram,  and i s  a l s o  

p l a n n i n g  t h e  e s t a b l i s h m e n t  of new p r o j e c t s  w i t h  h i g h  p r i o r i t y .  A number of  

p i e c e s  of  work a l r e a d y  underway were i n i t i a t e d  a t  t h e  r e q u e s t  of NEPA and s o  

app ly  d i r e c t l y  t o  t h e  ANP program. For  a t  l e a s t  t h e  immediate f u t u r e ,  most of 
t h e  e x p e r i m e n t a l  ANP work of t h e  Oak Ridge N a t i o n a l  L a b o r a t o r y  i s  e x p e c t e d  t o  

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

S h i e l d i n g  

Heat T rans  f e r  
Me ta l lu rgy  and M a t e r i a l s  
R a d i a t i o n  Damage 

No p r e f e r r e d  r e a c t o r  t y p e ,  c o o l a n t  mechanism, or s h i e l d i n g  m a t e r i a l  f o r  
t h e  n u c l e a r  a i r p l a n e  h a s  y e t  been d e f i n i t e l y  chosen by any agency. T h e r e f o r e ,  
t h e  e x p e r i m e n t a l  program must s t i l l  be e x p l o r a t o r y  i n  n a t u r e .  To g u i d e  t h i s  
work t h r o u g h o u t  ORNL,a sma l l  ANP D e s i g n  Group i s  b e i n g  formed w i t h i n  t h e  

T e c h n i c a l  D i v i s i o n ,  T h i s  g r o u  

s u r v e y  and compare t h e  p 
and p r o c e s s e s  most worthy o f  s t u d y  by t h e  Labora to ry  a t  any t ime.  

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

1 l e v e l s  w i l l  be ma in ta ined  w i t h  NEPA 
and 
e x p e r i m e n t s  w i t h  s h a r e d  p e r s o n n e l  and f a c i l i t i e s  a r e  e x p e c t e d  t o  be  o f  i n -  

c r e a s i n g  impor t ance , .  A t  p r e s e n t ,  t h e p e r s o n n e l a t O R N L  c o o p e r a t i n g  i n  such work 
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.c 

number 21 from NEPA and 3 from t h e  U S. A i r  Force .  About 10% of t h e  ORNI, re- 

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

pe r imen t s  d i r e c t l y  f o r  NEPA. 
J 

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  p r e s e n t  and p l a n n e d  work b e a r i n g  on 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  Program t h r o u g h o u t  t h e  L a b o r a t o r y .  Some of t h i s  
work o r i g i n a t e d  a t  NEPA and i s  b e i n g  c a r r i e d  ou t  a t  ORNL now a s  p a r t  o f  t h e  
i n t e g r a t e d  ANP e f f o r t ,  Approx ima te ly  42 p e r s o n s  a r e  now d o i n g  work d i r e c t l y  

r e l a t e d  t o  t h i s  p rogram,  i n  a d d i t i o n  t o  work s p e c i f i c a l l y  for ANP t h e r e  i s  

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

9 



I 

REACTOR DESIGN 

OVERALL DESIGN STUDIES 

. 

C - ,  B e .  E l l i s * ,  T e c h n i c a l  D i v i s i o n  

Some p r e l i m i n a r y  and e x p l o r a t o r y  work h a s  been  c a r r i e d  o u t  on a few 

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

n o t  p r e v i o u s l y  su rveyed  f o r  t h e  purpose.  Inc luded  a r e  ( a )  a r e a c t o r  moderated 

and c o o l e d  by mol t en  NaOH, ( b )  r e a c t o r s  u s i n g  l i q u i d  uranium a l l o y s ,  and ( c )  
s y s t e m s  c o n t a i n i n g  b o i l i n g  l i q u i d s ,  e i t h e r  a s  c o o l a n t s  or a s  c o n t r o l  a g e n t s .  

None of  t h e s e  s t u d i e s  a r e  y e t  comple t e ,  however i t  does appear  t h a t  t h e  a c t i v e  
c o r e  foranNaOH a i r c r a f t  r e a c t o r  might be no l a r g e r  t han  two f e e t  i n  d i ame te r .  

It i s  p l a n n e d  t o  c o n c e n t r a t e  t h e  d e s i g n  s t u d i e s  on t h o s e  h e a t  t r a n s f e r  
s y s t e m s  and r e a c t o r  t y p e s  which show p romise  of  p e r m i t t i n g  v e r y  h i g h  power 

d e n s i t i e s  i n  t h e  r e a c t o r  c o r e .  Such work may p e r m i t  a d e c i s i o n  a s  t o  which 
new c y c l e s ,  i f  a n y p  s h o u l d  be a t t a c k e d  e x p e r i m e n t a l l y  a t  ORNL i n  a d d i t i o n  t o  

t h o s e  a l r e a d y  under  s t u d y  by NEPA. 

CRITICALITY THEORY 

L. Nelson, Mathematrcs and Computing Pane I 

The M a t h e m a t i c s  and Computing P a n e l  i s  i n v e s t i g a t i n g  new me thods  o f  

a n a l y z i n g  t h e  n e u t r o n  d i s t r i b u t i o n s  and c r i t i c a l i t y  c o n d i t i o n s  f o r  r e a c t o r  
c o r e s  o f  i n t r i c a t e  g e o m e t r y .  S p e c i a l  a t t e n t i o n  i s  being g i v e n  t o  s y s t e m s  
hav ing  gaps and d u c t s  w i t h i n  t h e  c o r e ,  of t h e  s o r t  which may be n e c e s s a r y  i n  a 

g a s - c o o l e d  a i r c r a f t  r e a c t o r .  Advantage w i l l  be t a k e n  of  h i g h  speed  computing 
machine methods. One approach t o  be t r i e d  i s  t h e  t h r e e  d imens iona l  r e l a x a t i o n  

t e c h n i q u e .  

U. S. A i r  Force personnel. 
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F. SHIELDING 

3 -  The s h i e l d i n g  p rogram a t  ORML i s  d e s i g n e d  t o  s t u d y  s i m u l t a n e o u s l y  t h e  
f e a s i b i l i t y  o f  s h i e l d i n g  mobile  r e a c t o r s - p a r t i c u l a r l y  nuclear-powered a i r c r a f t  

or ships-andt the more long- range  p r o b l e m o f u n d e r s t a n d i n g t h e  s h i e l d i n g p r o c e s s e s  

s o  t h a t  n e a r l y  i d e a l  s h i e l d s c a n b e  des igned .  The e x p e r i m e n t a l  work w i l l  c e n t e r  
abou t  two bu lk  s h i e l d  t e s t i n g  f a c i l i t i e s ,  one a l r e a d y  i n  o p e r a t i o n ,  t h e  o t h e r  

o n l y  r e c e n t l y  d e c i d e d  upon and hence i n  t h e  e a r l y  d e s i g n  s t a g e s .  The r e s u l t s  

of b o t h  e x p e r i m e n t a l  programs w i l l  be ana lyzed  by a t h e o r e t i c a l  s e c t i o n  which 
w i l l  be r e s p o n s i b l e  f o r  t h e  g u i d a n c e  of  t h e  work. Many of  t h e  p r o p o s e d  e x -  

p e r i m e n t s  w i l l  c o r r e s p o n d  c l o s e l y  t o  t h e  p r o p o s a l s  of H. A .  Bethe , and a s r e -  
commended by him, e m p h a s i s  w i l l  be p l a c e d  on t h e  n e u t r o n  a t t e n u a t i o n ,  which 

shows l i t t l e  promise of  becoming c a l c u l a b l e  i n  t h e  n e a r  f u t u r e .  

1 

DESIGN OF NEW ATTENUATION TESTING FACILITIES 

W .  W .  B r e a z e a l e  and E .  P o  B l i z a r d ,  T e c h n i c a l  D i v i s i o n  

b 

Al though  t h e  l i d - t a n k  a d j a c e n t  t o  t h e  p i l e  i s  o p e r a t i n g  s a t i s f a c t o r i l y  
and i s  y i e l d i n g  t h e  e x p e c t e d  d a t a ,  i t  h a s  been e v i d e n t  f o r  some t i m e  t h a t  an-  

o t h e r  b u l k  s h i e l d  t e s t i n g  f a c i l i t y  w i t h  somewhat d i f f e r e n t  c h a r a c t e r i s t i c s  
should be b u i l t .  S p e c i f i c a l l y ,  t h e  new f a c i l i t y  shou ld  be c a p a b l e  of measu r ing  

a t t e n u a t i o n s  of  some lo8 i n  f a s t  n e u t r o n s ,  s h o u l d  have a v a r i a b l e  i n t e n s i t y  

s o u r c e  and shou ld  p e r m i t  measurements t h rough  v a r i o u s  s h a p e s  of  s h i e l d s  ( i . e . ,  
c y l i n d r i c a l  or p o s s i b l y  s p h e r i c a l  i n  a d d i t i o n  t o  f l a t  p l a t e s ) .  The p r e s e n t  

l i d - t a n k  i s  n o t  c a p a b l e  of such  a large attenuation range. 
V a r i o u s  d e s i g n s  have been o r  a r e  b e i n g  c o n s i d e r e d .  A f i s s i o n  p l a t e  ex-  

c i t e d  by t i l e  o b v i o u s l y  w i l l  n o t  meet t h e  above re- 

q u i r e m e n t s .  Some t y p e  of c r i t i c a l  a s s e m b l y  which can  be o p e r a t e d  a t  power 

t o  1 0  k i l o w a t t s  s h o u l d  be  s a t i s f a c t o r y .  The t h r e e  p o s s i b i l i t i e s  
which we  have c o n s i d e r e d  a r e :  ( a )  b u i l d i  a "water b o i l e r " ;  ( b )  modifying t h e  
MTR Mock-up, when s c h e d u l e d  t e s t s  a r e  f i n i s h e d ,  t o  make i t  i n t o  a b u l k  s h i e l d  

t e s t i n g  f a c i l i t y ,  and ( e )  a s s e m b l i n g  a number o f  f u e l  e l e m e n t s ,  s i m i l a r  t o  

t h o s e  now i n  t h e  Mock-up, i n t o  a s m a l l  r e a c t o r .  T h i s  l a s t  seems t o  b e  t h e  
q u i c k e s t  and c h e a p e s t  p r o c e d u r e .  The assembly would be  o p e r a t e d  i n  a poo l  of  

1 ! 
1 
1 .  

I 

1 

Report on t h e  S t a t u s  of ShieYdnng Information f o r  t h e  NEPA P r o j e c t ,  R .  A .  B e t h e ,  June 1 0 ,  1949. 
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s w a t e r  b o t h  f o r  c o o l i n g  and s h i e l d i n g  p u r p o s e s .  D e t a i l  d e s i g n s  a r e  now b e i n g  

s t u d i e d  w i t h  a view toward p r e d i c t i n g  c o s t s ,  and t ime of  c o n s t r u c t i o n ,  and a 

s p e c i f i c  p r o p o s a l  w i l l  be  made i n  t h e  n e a r  f u t u r e .  Sugges t ions  s i m i l a r  t o  t h e  

above have a l s o  been made by R .  Echo l s  and J.  B a i r  of  NEPA. 

LID TANK BULK SHIELDING MEASUREMENTS 

Clifford, Flynn, L e w i s * ,  Hullengs, Martrn; Technical Division 
I 

A ,  Experimental Program. I n  o r d e r  t o  e x p e d i t e  t h e p r o p o s e d  b u l k  s h i e l d i n g  

measurements ,  a d d i t i o n a l  p e r s o n n e l  have been a s s i g n e d  t o  t h i s  program. R. H. 
Lewis,  Jr., P h y s i c i s t ,  w i t h  t h e  a s s i s t a n c e  ofML K ,  H u l l i n g s ,  Jr. Mathematician,  

and K .  Mart in  J r ,  Mathematician,  a r e  now r e s p o n s i b l e  f o r  a l l  measurements i n -  
v o l v i n g  f o i l s ,  and a l s o  f o r  o p e r a t i o n  and ma in tenance  of  t h e  c o u n t e r  room, 

B u i l d i n g  105, J ,  D- F l y n n ,  Chemical  E n g i n e e r ,  a s s i s t e d  by De J .  K i r b y ,  Tech- 
n i c i a n ,  and V ,  L D i R i t o ,  T e c h n i c i a n ,  a r e  now r e s p o n s i b l e  f o r  o p e r a t i o n  of  t h e  

l i d  t a n k  and measurements t a k e n  i n  t h e  t a n k  by t h e  v a r i o u s  methods o t h e r  t h a n  
f o i l s  

The f i r s t  o f  a s e r i e s  o f  a t t e n u a t i o n  measurements  of i r o n  and w a t e r  i s  

now underway.  T h i s  i s  t h e  a t t e n u a t i o n  o f  w a t e r  a l o n e .  Measurements a l o n g  a 

l i n e  p e r p e n d i c u l a r  t o  t h e  s o u r c e ,  ( 2 8  i n ,  d iameter -2  X 10' i n c i d e n t  f l u x )  and 

i n t e g r a l  measurements w i l l  be made f o r  b o t h  neu t ron  and gamma r a y s  through 210 
cm of  H , 0 0 2  t h e  a t t e n u a t i o n  of  a s h i e l d  c o n t a i n i n g  80% i r o n  

by volume i n  t h e  form o f  7/8 i n .  i r o n  p l a t e s  w i l l  be measured. 

. 

Fol lowing  t h i s ,  

O t h e r  a t t e n u a t i o n  measurements p lanned  f o r  t h e  f u t u r e  w i l l  i n c l u d e  about  

two more i r o n - w a t e r  s h i e l d s  t o  f i x  t h e  optimum r a t i o  f o r  t h a t  c o m b i n a t i o n ,  
b o t h  w i t h  and w i t h o u t  a n  i r o n  t h e r m a l  s h i e l d .  
s p e c i f y  r equ i r emen t s  of wolfram f o r  l a t e r  a t t e n u a t i o n  t e s t  specimens.  

T h i s  d a t a  w i l l  be used  t o  h e l p  

4 
! After  i r o n  and w a t e r ,  t h e  o t h e r  two-component systems of i n t e r e s t  w i l l  be  

measured,  t o  w i t  
Le ad-wa t e  r 

Wol f r am- w a t e  r 
I ron-boron  
Le ad- boron 

L 

0 Wolf ram- boron 

* NEPA personnel, 

For thermal neutron distribution aiong centerline of tank see ORNL 480  p.  12. 
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* 

P A l l  o f  t h e s e  a r e  t o  be measured with and w i t h o u t  me ta l  t he rma l  s h i e l d s .  Each 

system w i l l  t a k e  s e v e r a l  months t o  measure even w i t h  t h e  t a n k  o p e r a t i n g  on two 
s h i f t s - - a l t h o u g h  t h i s  t i m e  e s t i m a t e  canno t  be v e r y  a c c u r a t e  w i t h o u t  more ex-  
p e r i e n c e  on t h e  f a c i l i t y .  

* 

B. S t a t u s  of Tank and E q u i p m e n t .  The s o u r c e  p l a t e ,  c o n s i s t i n g  o f  200 
X-10 s l u g s ,  h a s  been p l a c e d  i n  t h e  t ank .  I n  an e f f o r t  t o  c a l i b r a t e  t h e  s o u r c e  

d i r e c t l y ,  t h r e e  t h e r m o c o u p l e s  were e a c h  welded t o  a s l u g  i n  t h e  c e n t r a l  row 

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

t h e  e n e r g y  r e l e a s e d  i n  i t  from f i s s i o n s ,  The v o l t a g e  from t h e s e  thermocouples  

i s  b e i n g  de te rmined  w i t h  a v i b r a t i n g  r eed  e l e c t r o m e t e r ,  t h e  maximum s e n s i t i v i t y  
o f  which i s  5 m i c r o v o l t s  f u l l - s c a l e ,  Measurements a r e  now b e i n g  t aken .  

To i n c r e a s e  t h e  r a n g e  o f  t h e  gamma measuremen t s  a me thane -a rgon  gamma 

p r o p o r t i o n a l  c o u n t e r  h a s  been i n s t a l l e d  o u t s i d e  t h e  r e a r  f a c e  of t h e  t a n k  on a 

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

p o s i t i o n  and surrounded by a f o u r - i n c h  l e a d  s h i e l d .  

To avoid e x c e s s i v e  l o s s  of  t ime due toma in tenance  of e l e c t r o n i c  equipment ,  

two p r o p o r t i o n a l  c o u n t e r  s e t u p s ,  i , e  , two A - 1  a m p l i f i e r s ,  f o u r  s c a l e r s ,  and 
two A - 1 - A  p r e a m p l i f i e r s  have been acqu i red . .  These a r e  a l l  new or r e c e n t l y  re- 

modi f i ed  by t h e  Ins t rumen t  Department and a r e  now i n  o p e r a t i o n .  

SHIELDING ANALY S I S 

W. K .  E r g e n * ,  F ,  H, Murray, S. Podgo."; T e c h n r c a l  D i v i s i o n  

The f i r s t  p a r t  of t h e  r e p o r t i n g  p e r i o d  c o i n c i d e d  w i t h  t h e  l a t t e r  p a r t  o f  
t h e  Summer S h i e l d i n g  S e s s i o n ,  The f o l l o w i n g  f o u r  r e p o r t s  were i s s u e d  w i t h  
a member o f  t h e  S h i e l d i n g  A n a l y s i s  group a s  an a u t h o r  or coau thor :  

1 

I 
ORNL 424 "Approximate Ana n e t r a t i o n  of Neutrons t h r o u g h  

a T h i c k  S h i e l d  of Non-Hydrogenous Material" ' ,  by F. H. 
r r a y  

o t a l  C r o s s  S e c t i o n s  of L i g h t  Elements a s  Ob ta ined  from 
e U n i v e r s i t y  o f  Minnesota",, by W. K ,  Ergen 

1 
I 
I 

j ORNL 4 2 7  "Program f o r  t h e  CRNL Bulk S h i e l d  T e s t i n g  F a c i l i t y " ( ,  by 
E .  P. B l i z a r d  C. E ,  C l i f f o r d ,  W. K. Ergen,  G. Young 

4 ORNL 435 "Neutron and Gamma A t t e n u a t i o n  th rough  Tungsten Carb ide  
and Boron Carbide": W, K ,  Ergen,  C. E. C l i f f o r d  

L * NEPA personnel. 
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A g r e a t  p a r t  of  t h e  t i m e  o f  t h e  S h i e l d i n g  A n a l y s i s  g r o u p  was S p e n t  i n  

a s s i s t i n g i n  t h e  i s s u i n g  of Summer S h i e l d i n g  S e s s i o n  r e p o r t s ,  a f t e r  t h e  a u t h o r s  
had l e f t  Oak R i d g e .  Some time was a l s o  d e d i c a t e d  t o  t h e  d e s i g n  of  a new b u l k  
s h i e l d  t e s t i n g  f a c i l i t y  a t  t h e  MTR s i t e ,  

F. H, Murray i s  i n v e s t i g a t i n g  t h i c k  s h i e l d s  composed of  a m i x t u r e  o f  
e l e m e n t s ,  some o f  which may be c o n s i d e r e d  p u r e  s c a t t e r e r s .  C o n s i d e r a t i o n  of  
a l a r g e  number o f s p h e r i c a l  harmonics r e p r e s e n t i n g  t h e  n e u t r o n  f l u x  a s  f u n c t i o n  

of a n g l e  l e a d s  t o  a mixed s e t  of e q u a t i o n s -  

K r e p r e s e n t s  t h e  F o u r i e r  t r a n s f o r m  of  t h e  f l u x ,  and i s  r e p r e s e n t e d  by t h e  

s e r i e s  on t h e  r i g h t  w i t h  gn r e p l a c e d  by  u n i t y ;  g n  i s  d e f i n e d  by t h e  s c a t t e r i n g  

a s  f u n c t i o n  o f  a n g l e  by t h e  v a r i o u s  n u c l e i ,  and k i s  an e i g e n  v a l u e  such  t h a t  

l/kw., i s  t h e  r e l a x a t i o n  l e n g t h  i n  many i d e a l i z e d  p rob lems .  The r e c u r r e n c e  

e q u a t i o n s  d o  n o t  s e r i o u s l y  add t o  t h e  c o m p u t e r ’ s  work and c a n  be a s e d  f o r  

s h i e l d i n g  problems f o r  m i x t u r e s  t o  which Wick’s methods a r e  n o t  a p p l i c a b l e .  
I d e n t i t i e s  u s e f u l  i n  t h e  c a l c u l a t i o n  of e i g e n  f u n c t i o n s  of  a SchrGdinger  

e q u a t i o n  have been deve loped  for t h i s  system when t h e  c r o s s  s e c t i o n s  a r e  con-  

s t a n t ,  f o r  t h e  c a s e  o f  v a r i a b l e  cross s e c t i o n s  a method of  p e r t u r b a t i o n  i s  

b e i n g  developed.  
Also a s h o r t  memorandum was i s s u e d  by W, K .  Ergen on s h i e l d i n g  of  s m a l l  

r e a c t o r s .  T h i s  memorandum d i s c u s s e s  t h e  f a c t  t h a t  f o r  s m a l l  r e a c t o r s  s h o r t  
r e l a x a t i o n  l e n g t h  becomes more i m p o r t a n t  f o r  minimum s h i e l d  w e i g h t  t h a n  low 

g/crn2 
Samuel Podgor of NEPA h a s  been a s s i g n e d  t o  t h e  group. 
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MONTE CARLO SHIELDING CALCULATIONS 

L .  Nelson, Mathematics and Computing Panel 

A Monte C a r l o  computa t ion  ( d e s c r i b e d  i n  ORNL 439) o f  n e u t r o n  p e n e t r a t i o n  
o f  a w a t e r  s h i e l d  i s  c u r r e n t l y  underway. T h i s  problem was s u g g e s t e d  by t h e  
Summer Work S e s s i o n  on S h i e l d i n g  and h a s  two p u r p o s e s :  ( a )  t h e  r e s u l t s  w i l l  
be o f  i n t r i n s i c  v a l u e  i n  s h i e l d i n g  c o n s i d e r a t i o n s ,  and ( b )  t h e  r e s u l t s  w i l l  
i n d i c a t e  a more e f f i c i e n t  d e s i g n  of s u b s e q u e n t  Monte C a r l o  c o m p u t a t i o n s  i n  

s o l v i n g  s i m i l a r  problems i n  s h i e l d i n g .  

DUCTED SHIELD THEORY 

D o  Whitcombe', Physics Division 

The r e p o r t  " 6 o l u t i o n  t o  t h e  D i f f u s i o n  E q u a t i o n  w i t h  S t r e a m i n g  f o r  T h r e e  

B a s i c  Geometr ies" ,  by D, Whitcombe and N. Smith,  h a s b e e n  r e l e a s e d  a s  ORNL 403. 

The r e p o r t  c o n t a i n s  t h e  s o l u t i o n  t o  t h e  H e l m h o l t z  e q u a t i o n  8' 4 - k2+ = 0 
f o r  v a r i o u s  two medium geomet r i e s  where t h e  b o u n d a r i e s  a r e  n o t  c o i n c i d e n t  w i t h  

I 

1 

i -  

1 a n  e q u i - f l u x  s u r f a c e .  When t h i s  g e n e r a l  c o n d i t i o n  e x i s t s  t h e r e  i s  a n e t  ' 1 
r 
I t y p e  f o r  t h r e e  b a s i c  g e o m e t r i e s  e n c o u n t e r e d  i n  p r a c t i c e ,  which a r e  s u f f i c i e n t  

c u r r e n t  p a r a l l e l  a s  w e l l  a s  p e r p e n d i c u l a r  t o  t h e  boundary:  and t h i s  c o n d i t i o n  
i s  d e s i g n a t e d  a s  " s t r eaming" .  T h i s  r e p o r t  p r e s e n t s  many s o l u t i o n s  of  t h i s  2 

4 

t o  o b t a i n  an approximate answer t o  a g e n e r a l  problem i n  t h i s  c l a s s .  

Pd FILM FAST NEUTRON DETECTOR 

B ,  G o s s i c k *  nica 1 D i u  t s  i o n  
1 

t 

y i n f o r m a t i o n  h a s  been o b t a i n e d  on r e s i s t a n c e  v a r i a t i o n s  of  a 

f i r e d  on a ce ramic  c o r e ,  due t o  r e c o i l - p r o t o n  bombardment. I n  
view of  t h e  l a r g e  magn i tude  of  r e s i s t a n c e  c h a n g e s ,  i t  i s  p roposed  h e r e  t h a t  

t i s s u e  a s  a r e s u l t  o f  a f a s t  n e u t r o n  f l u x ,  a f t e r  L. H. Gray.' 

c e r t a i n  t h a t  t h e  e f f e c t  i s  p roduced  by hydrogen  o c c l u d e d  i n  t h e  p a l l a d i u m .  

i 

1 t h i s  i g h t  be  employed t o  measu re  t h e  e n e r g y  a b s o r b e d  p e r  gram o f  
I t  seems r a t h e r  

.c 

* NEPA personnel. 

3L. A. Gray,  Proc.  Cambridge P h i l .  S O C . ,  40, 7 2  (1944)  
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The r e s i s t o r s  which have been exposed t h u s  f a r w e r e  manufactured by C o n t i n e n t a l  

Carbon,  Inc .  , a c c o r d i n g  t o  a p r o c e s s  d e s c r i b e d  i n  " P r i n t e d  C i r c u i t  Techniques",, 

N a t i o n a l  B u r e a u  o f  S t a n d a r d s  C i r c u l a r  # 4 6 8 ,  November 1 5 ,  1 9 4 7 ,  p a g e  16.  
Through t h e  c o u r t e s y  of  Dr. J .  W .  J i r a ,  of C o n t i n e n t a l  Carbon,  r e s i s t o r s  w i t h  

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

enamel and p a i n t  were a p p l i e d .  One o f t h e s e  r e s i s t o r s  was c o a t e d  w i t h  p a r a f f i n  
and p l a c e d  i n  an a i r  c o o l e d  h o l e  i n  t h e  Oak Ridge p i l e .  A f i f t e e n - h o u r  e x -  

p o s u r e  a t  f u l l  power r e d u c e d  t h e  r e s i s t a n c e  f rom 4 8 , 3 0 0  t o  234  ohms. A 
s i m i l a r  r e s i s t o r  i n  a chamber e v a c u a t e d  t o  approx ima te ly  n i n e  microns showed a 
r e s i s t a n c e  change of from 51,000 t o 2 5 2  ohms w i t h i n  two minu tes  a f t e r  44 c e n t i -  
m e t e r s  of  hydrogen was a p p l i e d  to t h e  system. The r e s i s t o r s  were m a i n t a i n e d  

a t  a p p r o x i m a t e l y  room t e m p e r a t u r e  d u r i n g  b o t h  t h e  p r o t o n - r e c o i l  and hydrogen 

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

c o e f f i c i e n t  of r e s i s t a n c e .  A f t e r  bombardment w i t h  r e c o i l - p r o t o n s ,  or exposure  

t o  a hydrogen atmosphere,  t h e  t empera tu re  c o e f f i c i e n t  of r e s i s t a n c e  i s  p o s i t i v e .  

I n v e s t i g a t i o n s  o f  R .  H .  Kernohan* show t h a t  a p a l l a d i u m  w i r e  w i l l  a b s o r b  

approx ima te ly  two hydrogen atoms p e r  atom of pa l l ad ium.  The e f f e c t  i s  t o  i n -  

c r e a s e  t h e  r e s i s t a n c e  by a f a c t o r  1 . 7 3 5 a n d i n c r e a s e t h e  l e n g t h  by approx ima te ly  

3%. On t h e  b a s i s  of t h e  above i n f o r m a t i o n ,  t h e  f o l l o w i n g  mechanismis  s u g g e s t -  
e d .  The t h i n  pa l l ad ium f i l m  i s  non-uniform on t h e  rough ce ramic  s u r f a c e ,  and 

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

s e c t i o n  o f  many s m a l l  c o n t a c t  p o i n t s  i n  t h e  m e t a l  f i l m .  I n  t h e  no rma l  re- 

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

c o n t a c t  p o i n t s  c l o s e r  t o g e t h e r ,  i n c r e a s i n g  the  c r o s s  s e c t i o n  a t  t h e  j u n c t i o n s .  
I n  t h i s  manner a n e g a t i v e  component of t h e  t empera tu re  c o e f f i c i e n t  is prov ided  

which n o r m a l l y  o v e r r i d e s  t h e  i n t r i n s i c  p o s i t i v e  c o e f f i c i e n t  of  m e t a l  p a l l a -  
dium. When t h e  hydrogen i s  occ luded  i n  t h e  p a l l a d i u m ,  an ana logous  expans ion  

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

j u n c t i o n s  and r e d u c e s  t h e  r e s i s t a n c e  d e s p i t e  t h e  accompanying i n c r e a s e  i n  re-  
Having become more homogeneous, t h e  f i l m  e x h i b i t s  t h e  t e m p e r a t u r e  

T h i s  phenomenon was f i r s t  observed i n  t h e  f a l l  o f 1 9 4 1  a t  Argonne N a t i o n a l  

L a b o r a t o r y ,  when NEPA conduc ted  r a d i a t i o n  damage tests o n e l e c t r o n i c  components 

under  t h e  d i r e c t i o n  of  Mr. E. S. B e t t i s  and D r ,  E. R ,  Mann. I n  t h e s e  t e s t s ,  and 
a g a i n  r e c e n t l y  a t  t h e  Oak Ridge p i l e ,  t h e  v i t r e o u s  enamel c o v e r e d p a l l a d i u m  f i l m  

1 
i t y .  

c o e f f i c i e n t  o f  a m e t a l l i c  conduc to r .  

"Notes on the Charging of Palladium w i t h  Hydrogen' R .  E. Kernohan, Memorandum Report  PL-MR-1, E. E. 
Dept.  I U n i v e r s i t y  of I l l i n o i s ,  Urbana, I l l .  
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c r e s i s t o r s o f C o n t i n e n t a 1  Carbon were exposed i n j a c k e t s  o f p a r a f f i n ,  p o l y s t y r e n e ,  

* c a s e  o f  t h e  h y d r o g e n o u s  c o v e r e d  r e s i s t o r s ,  some t imes  t o  4% of  t h e  i n i t i a l  

g r a p h i t e ,  cadmium and aluminum. The r e s i s t a n c e  d e c r e a s e d  s u b s t a n t i a l l y  i n  t h e  

v a l u e .  The agreement  i n  t h e  r e s u l t s  between r e s i s t o r s  o f  t h e  same v a l u e  ex -  

posed under  i d e n t i c a l  c o n d i t i o n s  was p o o r ,  and i t  seems p r o b a b l e  t h a t  t h i s  was 
due t o  v a r i a t i o n s  i n  t h e  t h i c k n e s s  of  t h e  p r o t e c t i v e  v i t r e o u s  enamel.  Under 

t h e  same bombardment t h e  r e s i s t o r s  covered w i t h  g r a p h i t e ,  aluminum and cadmium 
d i d  n o t  s u f f e r  an a p p r e c i a b l e  change i n  r e s i s t a n c e "  

A r e s i s t o r  which had been i r r a d i a t e d  w i t h i n  p o l y s t y r e n e  s o  t h a t  i t s  re-  
s i s t a n c e  had  b e e n  r e d u c e d  t o  1 6 , 5 0 0  from 5 0 , 0 0 0  ohms was removed from t h e  
p o l y s t y r e n e ,  and p l a c e d  w i t h i n  a t h i c k  aluminum j a c k e t ,  and i r r a d i a t e d  a g a i n  

i n  t h e  Oak Ridge p i l e .  I n  s i x  days t h e  r e s i s t a n c e  had dropped t o  1 , 2 0 0  ohms. 

The Argonne t e s t s  a l s o  show t h a t  when a p a r a f f i n  c o a t e d  r e s i s t o r  i s  p l a c e d  

w i t h i n  t h e  p i l e ,  t h e  r e s i s t a n c e  commences t o  f a l l  on ly  a f t e r  t h e  p i l e  power i s  

b r o u g h t u p , b u t  a f t e r  t h e  p i l e  i s  s h u t  down, d e -  

c r e a s e .  A p p a r e n t l y  once a r e s i s t o r  h a s  been bombarded by r e c o i l  p r o t o n s ,  a 

m i g r a t i o n  of t h e  hydrogen t r a p p e d  w i t h i n  t h e  c e r a m i c  i s  s u s t a i n e d  by gamma 

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

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

. 
NEUTRON ER'ERGY SPECTROMETER 

B ,  R .  C o s s z c k * ,  K ,  Hen3.y"; T e c h n i c a l  D i v i s i o n  

The NEPA p r o t o n  r e c o i l  n e u t r o n  e n e r g y  s p e c t r o m e t e r  h a s  now been i n s t a l l e d  

a t  ORNL ( F i g .  l j .  P r o t o n s  emerging from a hydrogeneons r a d i a t o r  a r e  d e t e c t e d  
w i t h  a p r o p o r t i o n a l  c o u n t e r ,  The c o u n t i n g  r a t e  is r e c o r d e d  w i t h  d i f f e r e n t  

t h i c k n e s s e s  of  aluminum a b s o r b e r s  i n t e r p o s e d  between r a d i a t o r  and c o u n t e r ,  and 

t h e  n e u t r o n  f l u x  d i s t r i b u t i o n  i n  ene rgy  i s  o b t a i n e d  by a mathematical  a n a l y s i s  
o f  t h e s e  d a t a ,  C a l i b r a t i o n  m e a s u r e m e n t s  w i t h  Pu"' a l p h a  p a r t i c l e s  i n  a 

t e r  d e s i g n e d  f o r  a; a v e r a g e  c o l l i m a t i o n  e r r o r  of  2.7% gave  
h measurements made a t  NEPA. A s i m i l a r  c o u n t e r  is  now b e i n g  

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

T h i s  t ube  w i l l  have an ave rage  c o l l i m a t i o n  e r r o r  of  9,1%. 
T a b l e  1 h a s  been c a l c u l a t e d  t o  i l l u s t r a t e  t h e  o r d e r  of r e s o l u t i o n  which 

c a n  be  o b t a i n e d  w i t h  t h i s  i n s t r u m e n t ,  The f i r s t  column g i v e s  t h e  number of  

c o u n t s  p e r  hour  t o  be e x p e c t e d ,  p e r  cm' of  r a d i a t o r ,  when t h e  i n s t r u m e n t  i s  

* NEPA personnel. 1 7  



P H O T O  NEPA U 30882 
NOT C L A S S I F I E D  

FIGURE 1 .  NEPA PROTON R E C O I L  DETECTOR ASSEMBLY 

P r o t o n s  from t h e  h y d r o g e n e o u s  r a d i a t o r  ( 2 )  a r e  d e t e c t e d  i n  t h e  p r o p o r t i o n a l  c o u n t e r  
(1). T h e  c o u n t i n g  r a t e  i s  r e c o r d e d  w i t h  d i f f e r e n t  t h i c k n e s s e s  o f  a luminum a b s o r b e r s  
( 3 )  i n t e r p o s e d  b e t w e e n  t h e  r a d i a t o r  a n d  t h e  c o u n t e r .  From t h e s e  d a t a  t h e  n e u t r o n  
e n e r g y  d i s t r i b u t i o n  i s  i n f e r r e d .  I n  t h i s  p h o t o g r a p h  t h e  i n s t r u m e n t  i s  b e i n g  c a l i -  
b r a t e d  w i t h  n e u t r o n s  f r o m  a Po-Be s o u r c e  ( 4 ) .  
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TABLE 1 

Energy R e s o l u t i o n  i n  t h e  Neutron R e c o i l  Spec t romete r  

C O U N T S  P E R  e m 2  

p e p  h r  

1 . o  
, 0 2 6  / + ( E )  

0 8  

5.5 
,156 / @ ( E )  

4,5 

dE 

dE 

dE 

1 0  

-0066 / + ( E )  dE 
0 8  

11.0  

.096 / $ < E l  dE 

A V E R A G E  E R R O R  

COLE I MAT I O N  

9 "  1% 

2 . 7 %  

E N E R G Y  S P R E A D  

R A D I A T O R  

1 9  

10% 

P l  

11 

91 

VI: 

MEV E N E R G Y  

I N T E R V A L  

0 . 8  - 1.0 

4,5 - 5.5 

9 , o  - 11.0 

0 , 8  - 1 , O  

4.5 " 5.5 

9.0 - 1 1 - 0  

1 



1 -  p l a c e d  i n  a n e u t r o n  f l u x  f d (E) d E ,  From t h i s  t h e  s t a n d a r d  d e v i a t i o n  can be 
o b t a i n e d ,  a f t e r  a c h o i c e  i s  made of t h e  t i m e  which c a n  be a l l o w e d  f o r  a de -  

s i r e d  count  and o f  t h e  a r e a  ove r  which t h e  f l u x  can be measured. 

C a l c u l a t i o n s  of energy s p r e a d  due t o  t h i c k n e s s  of t h e  hydrogenous r a d i a t o r  

a r e  b a s e d  on t h e  s t o p p i n g  power c a l c u l a t i o n s  f o r  p a r a f f i n  by H i r s c h f e l d e r  and 
Magee (mDC 115). However, p o l y s t y r e n e  r a d i a t o r s  a re  b e i n g  used  b e c a u s e  o f  

t h e i r  more un i fo rm t h i c k n e s s .  P r e l i m i n a r y  measurements of  t h e  r e l a t i v e  s t o p -  
p i n g  power o f  p o l y s t y r e n e ,  made by Mr: K e i t h  Henry,  i n d i c a t e  t h a t  1.2 mg/cm2 

t h i c k n e s s  o f  p o l y s t y r e n e  i s  e q u i v a l e n t  t o  1 c m  of  a i r ,  which c h e c k s  w i t h i n  6% 
o f  t h e  c o r r e s p o n d i n g  v a l u e  based on t h e  p r o t o n - e n e r g y  c u r v e s  of  L i v i n g s t o n  and 
B e t h e ,  R e v .  Mod, P h y s .  9 ,  245 ( 1 9 3 1 )  f o r  a i r ,  and t h e  t a b l e s  o f  H i r s c h f e l d e r  

and Magee f o r  p a r a f f i n .  

SHIELDING MATERIALS 

T, R o e k w e l  E ,  TechnecaE D i v r s i o n  

Pb-B-H,O S y s t e m ,  I t  seems r easonab ly  c e r t a i n  a t  t h i s  t i m e t h a t a  n e a r l y  mini-  
L e a d  seems t o  be weight  s h i e l d w f l l  c o n s i s t  o f a  h e a v y m e t a l ,  hydrogen, and boron,  

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

o t h e r  more e x o t i c  m a t e r i a l s  s o  t h a t  a t t e n t i o n  can be p r o f i t a b l y  focused  on i t  
f o r  some t ime t o  come. B o r o n  and B,C ( 8 0 %  B )  have ve ry  s i m i l a r  p r o p e r t i e s  and 
t h e  l a t t e r ,  c o s t i n g  o n l y  2% a s  much a s  bo ron ,  can be used a s  a s t a n d - i n  f o r  i t  

i n  f a b r i c a t i o n  s t u d i e s .  H y d r o g e n  h a s  been  t h e  s u b j e c t  of c o n s i d e r a b l e  i n -  
v e s t i g a t i o n :  h y d r i d e s ,  hydrox ides  h y d r a t e s  and o r g a n i c s  have been s t u d i e d  a t  
NEPA, i n  t h i s  g r o u p .  and e l s e w h e r e ,  M o s t  of  them have l i t t l e  more hydrogen  
d e n s i t y  t h a n  e r ,  and t h e  p em of s t a b i l i t y  under  o p e r a t i n g  c o n d i t i o n s  of 

t e m p e r a t u r e ,  r a d i a t i o n ,  and  a t m o s p h e r e ,  i s  a s e r i o u s  o n e .  W a t e r ,  f l o w i n g  
t h r o u g h  a l e a d - b o r o n  compac t ,  makes a s h i e l d  which i s  r a d i a t i o n - s t a b l e ,  h e a t  

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

1 

i 
I 
! 
I 

T h e r e f o r e ,  p r e l i m i n a r  x p l o r a t i o n  of  t h e  Pb-B-H,O sys t em was begun t h i s  
I q u a r t e r .  i t h  l i n e s  of c o n s t a n t  d e n s i t y  (F ig .  2),shows t h e  

p o s s i b i l i t i e s o f  t h e  systen; ,  S e v e r a l  methods of f a b r i c a t i o n  s u g g e s t  t hemse lves .  

Lead and b o r o n  c a n  be c o - p r e s s e d  h o t  t o  form a m a t e r i a l  s i m i l a r  t o  "Bora1"c 
S e v e r a l  s u c h  compacts  were made, and c o o l i n g  c h a n n e l s  were p l a c e d  i n  some, t o  

g i v e  a s h i e l d  spec imen  a p p r o x i m a t e l y  15% H,O, and 5 5 %  Ph by volume. 

AT 

30% B,  
- 

20 
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* Somewhat h i g h e r  boron c o n c e n t r a t i o n  and,  be 
o b t a i n e d .  It i s  b e l i e v e d  t h a t  s imi la r  sys t ems  c o u l d  be b u i l t  up of t u n g s t e n  
rods f l a s h - s i n t e r e d  t o g e t h e r ,  with water c o o l i n g c h a n n e l s b e t w e e n  them, and t h a t  

m e t a l l u r g i c a l  g r a d e  B,C " g r a v e l " <  c o u l d  be  u s e d  w i t h  m e r c u r y  c o o l i n g .  The  
s t a b i l i t y  of  such  sys t ems ,  c o n t r a s t e d  w i t h  chemica l  compounds, i s  a marked ad- 
van tage .  

o f  c o u r s e ,  any w a t e r  f r a c t i o n  

B o r a l .  The 250 sq f t  s h e e t s  which were t o  be r o l l e d  a t  Lukens S tee l  Co, 
t h i s  q u a r t e r  were d e l a y e d  by t h e  s t e e l  s t r i k e ,  and a r e  now s c h e d u l e d  f o r  com- 
p l e t i o n  d u r i n g  November. Some d i f f i c u l t y  h a s  been e n c o u n t e r e d  i n  f a b r i c a t i n g  
s p e c i m e n s  f o r  t h e  p r e c i s e  t h e r m a l  c o n d u c t i v i t y  t e s t s ,  b u t  i t  i s  hoped t h a t  

t h i s  w i l l  be completed t h i s  q u a r t e r ,  The i r r a d i a t i o n  of  t h r e e  t e n s i l e  s p e c i -  

mens h a s  b e e n  comple t ed  up t o  n e a r l y  4 X 10'' n v t  ( t h r e e  months i n  t h e  ORNL 
i s o t o p e  s t r i n g e r )  and  t h e  o n l y  c h a n g e  h a s  b e e n  a c o n t i n u o u s  i n c r e a s e  i n  
s t r e n g t h ,  up t o  150% of  t h e  o r i g i n a l ,  New specimens a r e  b e i n g  i r r a d i a t e d  and 
a r e q u e s t  f o r  i r r a d i a t i o n  a t  Hanford h a s  been f i l e d .  T h i s  m a t e r i a l  seems d e s -  

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

f above  t h r e e  p h a s e s  w i l l  be i s s u e d  s o o n ,  t o  s u p p l e m e n t  ORNL 2 4 2 ,  t h e  f i r s t  1 

t o p i c a l  B o r a l  r e p o r t .  
One o f  t h e  g r o u p  has  been w o r k i n g  a t  NEPA, l e a r n i n g  new t e c h n i q u e s  o f  

h o t - p r e s s i n g  and o t h e r  f a b r i c a t i o n s  a p p r o p r i a t e  t o  boron and boron c a r b i d e  i n  
combinat ion w i t h  soft m e t a l s  such a s  l e a d  and aluminum. 

The f i r s t  i r r a d i a t i o n  specimen of  "3oroxal"* (BIOS and A l )  d o e s  n o t  seem 

t o  b e  f a r i n g  a s  w e l l  a s  B o r a l ,  wh ich  i s  n o t  s u r p r i s i n g ,  s i n c e  B,O, i s  t h e  

c o n t i n u o u s  phase i n  t h e  f o r m e r ,  whereas  Boral d e r i v e s  i t s  s t r u c t u r a l  s t r e n g t h  
from a c o n t i n u o u s  aluminum m a t r i x ,  The Boroxal  specimen showed a s i g n i f i c a n t  

d e c r e a s e  i n  s t r e n g t h ,  which w i l l b e  r e p o r t e d  a f t e r  l a t e r  specimens a r e  examined. 
c .  A m i x t u r e  C Tygon ( a  p l a s t i c  p a i n t )  and B,C h a s  t 

I a sheet mechanical  milar t o  l e a t h e r ,  c o n t a i n i n g  50% B by 
volume. S h e e t s  f i v e  f e e t  s q u a r e  and o n e - e i g h t h  i n c h  t h i c k  a r e  b e i n g  f a b r i c a t e d  

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

e u t  e m e t a l  and i m m e d i a t e l y  t h e r m a l i z e d  

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

and removed a t  w i l l ,  They are s t r o n g ,  l i g h t ,  and f l e x i b l e  and shou ld  f i n d  u s e  

i n  many p l a c e s  th roughou t  t h e  p r o j e c t .  
c 

A t o p i c a l  r e p o r t  w i l l  be w r i t t e n .  
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Boron Production and BIO Separation. The l i t e r a t u r e  was su rveyed  and a 
few r u n s  were made t o  p r o d u c e  BC1, f rom B,O, w i t h  HC1 and a d e s s i c a n t ,  and 
l a t e r  w i t h  C1, and C a s  c h l o r i n a t i n g  a g e n t s .  Tempera tu res  up t o  1000" F were 
t r i e d  w i t h o u t  i n t e r e s t i n g  y i e l d s  and t h e  p r o j e c t  was s h e l v e d  f o r  l a c k  of man- 

power. A t  t h e  r e q u e s t  of  t h i s  s e c t i o n ,  some rough c a l c u l a t i o n s  were made by 
I?. Z i r k i n d  of BuAer, USN, of t h e  e f f e c t  o f  i n c r e a s i n g  t h e  B i 0  c o n t e n t  i n  a 

b o r o n  s h i e l d .  P r e l i m i n a r y  r e s u l t s  a r e  e n c o u r a g i n g  and t h e  s u r v e y  o f  t h e  
p o s s i b i l i t y  o f  p roduc ing  cheap t o n n a g e - l o t  Bi0 was a l s o  p romis ing .  

Concretes. Of g e n e r a l  i n t e r e s t  t o  r e a c t o r  t echno logy  i s  t h e  work on con- 

c re tes .  Labora to ry  t es t s  on b a r y t e s  c o n c r e t e  ( d e n s i t y  3.5) for h o t  l a b o r a t o r y  
s h i e l d i n g  have been completed by t h e  group and by t h e  Skidmore-Owings-Merr i l l  
t e s t i n g  s t a f f .  F i e l d  tes ts  have been c a r r i e d  o u t  by J. A. J o n e s  and t h e  A u s t i n  

Company, and r e s u l t s  a t  t h i s  d a t e  seem ve ry  s a t i s f a c t o r y .  A t o p i c a l  r e p o r t  
w i l l  be i s s u e d  by ORNL E n g i n e e r i n g  D i v i s i o n .  

S e v e r a l  t r i a l  p o u r s  of  MO c o n c r e t e  t e s t  s l a b s ,  3 i n .  X 5 6  i n .  X 6 6  i n .  
f o r  t h e  a t t e n u a t i o n  t e s t i n g  f a c i l i t y ,  h a v e  been made, w i th  i n c r e a s i n g  s u c c e s s  

e a c h  time. V i b r a t i o n  p l acemen t ,  as  i s  planned w i t h  f i e l d  p o u r s ,  h a s  been made 
p o s s i b l e  by procurement o f  a s m a l l  e l e c t r i c  i n t e r n a l  v i b r a t o r .  A s a t i s f a c t o r y  

t e c h n i q u e  now a p p e a r s  t o  be a v a i l a b l e  and w i l l  be used  when s a m p l e s  a r e  re-  
q u e s t e d  by t h e  a t t e n u a t i o n  g roup ,  D e n s i t y  can  be v a r i e d  w i t h i n  q u i t e  a wide 

r a n g e  (+ 5 . 0  t o  6 . 3  g / c c )  by v a r y i n g  t h e  r a t i o  o f  s t e e l  p u n c h i n g  t o  s t e e l  
c u r l i c u e s  ( t u r n i n g s ) ,  which p r e v e n t  t h e  punch ings  from p a c k i n g  a s  compact ly .  

D e n s i t i e s  up t o  7 .0  a r e  a n t i c i p a t e d  ( i f  d e s i r e d )  on t h i c k e r  s l a b s .  
Work on s i l i c a  g e l  (97% H,O) was c o n t i n u e d ,  t h e n  s h e l v e d  f o r  l a c k  o f  man- 

power. I f  k e p t  wet, s i l i c a  g e l  seems t o  have most of t h e  d e s i r a b l e  p r o p e r t i e s  
o f  wa te r  (high-hydrogen c o n t e n t ,  t h e r m a l s t a b i l i t y ,  p r o b a b l e  r a d i a t i o n  s t a b i l i t y ,  
n e g l i g i b l e  c e mechan ica l  r e n g t h ,  V a r i o u s  t e s t s  w i t h a n d  w i t h -  

o u t  a g g r e g a t e ,  were performed. 
A g g r e g a t e  s t u d i e s ,  i n c l u d i n g  c o s t ,  a v a i l a b i l i t y ,  d e n s i t y ,  and s t r e n g t h  

of  c o n c r e t e ,  were run on Birmingham l i m o n i t e  Montana t a c o n i t e ,  and Tennessee 
b a r y t e s  . 

Samples  

2 i n .  e a l s o  b e i n g  p r e p a r e d  
as p o s s i b l e  a l t e r n a t e s  f o r  l e a d  b r i c k s .  I n t e n s i v e  fo l low-up  on c o s t  e s t i m a t e s  
have lowered t h e  p r i c e  from $9.00 t o  $1.45 per  b r i c k ,  i n  q u a n t i t i e s ,  d e l i v e r e d .  

Fundamen ta l  w o r k  on c o n c r e t e s  and cemen t s  was c o n t i n u e d  a t  a v e r y  low 

manpower l e v e l .  Sh r inkage  and expans ion  t e s t s  a g g r e g a t e  g r a d i n g  c a l c u l a t i o n s  , 

S t e e l  b r i c k s  have been  o r d e r e d  for s h i e l d i n g  t h e  MTR Mock-up. 
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m o i s t u r e  c o n t e n t  under d i f f e r e n t  c o n d i t i o n s  of  t emperature  and humid i ty ,  a r e  

b e i n g  s t u d i e d .  

I ORNL 2 4 3 ,  an e x t e n s i v e  s u r v e y  o f  c h e a p  s h i e l d i n g  m a t e r i a l s ,  i s  b e i n g  
i s s u e d .  A " f i n a l "  r e p o r t  on o x y c h l o r i d e  c o n c r e t e s  w i l l  f o l l o w .  The m a t e r i a l  

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

p u b l i s h e d  a s  a c l a s s i f i e d  r e p o r t  p r i o r  t o  d e c l a s s i f i c a t i o n .  
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HEAT TRANSFER 
Technical D i v i s i o n  

Work on h e a t  t r a n s f e r  d u r i n g  t h e  p a s t  q u a r t e r  h a s  i n c l u d e d  an abridgment 
o f  ORNL 156, a t h e o r e t i c a l  s t u d y  of  h e a t  t r a n s f e r  i n  a n n u l i ,  and a s m a l l  ex-  

p e r i m e n t a l  s t u d y  which d i s p r o v e d  t h e  e x i s t e n c e  of " p o l a r i z e d  turbulence".  The 
p h y s i c a l  p r o p e r t i e s  which c o n t r o l  t h e  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  of  molten 

sodium hydrox ide  have a l s o  been i n v e s t i g a t e d ,  Expe r imen ta l  l i q u i d  me ta l  h e a t  
t r a n s f e r  s t u d i e s ,  wh ichwere  i n a c t i v e  t h i s  q u a r t e r  w i l l  be resumed n e x t  q u a r t e r .  

HEAT TRANSFER SUMMARY 

W .  B .  Harrison* 

The s u m m a r y  o f  a t o m i c  e n e r g y  h e a t  t r a n s f e r  work ,  ORNL 156, h a s  been  

b r o u g h t  up t o  d a t e  and a b r i d g e d  f o r  p u b l i c a t i o n  a s  an u n c l a s s i f i e d  document. 

I t  was f e l t  t h a t  much o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  o r i g i n a l  r e p o r t  

s h o u l d  be made a v a i l a b l e  t o  i n d u s t r y  and t h e  e n t i r e  e n g i n e e r i n g  f i e l d .  T h i s  
was i m p o s s i b l e  i n  i t s  o r i g i n a l  form,  b u t  by d e l e t i o n  and r eword ing ,  t h e  major 

p o r t i o n h a s  been c o n v e r t e d t o a  u s e f u l  s o u r c e  book which d i s c l o s e s  no c l a s s i f i e d  

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

HEAT TRANSFER I N  ANNULI 

R , ,  Bailey 

H e a t  t r a n s f e r  i n  a n n u l i  w a s  studied by D r .  Raymond B a i l e y  who w a s  on 

l e a v e  t o  t h e  Labora to ry  t h i s  summer from t h e  U n i v e r s i t y  o f  M i s s i s s i p p i  t h rough  

t h e  Oak R idge  I n s t i t u t e  o f  N u c l e a r  S t u d i e s ,  As a r e s u l t  of h i s  work a new 

h e a t  t r a n s f e r  r e l a t i o n s h i p  i s  a v a i l a b l e  which s a t i s f i e s  e x p e r i m e n t a l  r e s u l t s  
w i t h  l i q u i d  m e t a l s  f o r t h e  f i r s t  t i m e  for a l l  c a s e s  where l i q u i d  w e t s  t h e  w a l l .  
The s t u d i e s  have i m p o r t a n t  i m p l i c a t i o n s  f o r  h e a t  t r a n s f e r  i n  a n n u l i  w i t h  a l l  

f l u i d s .  I n  t h e  c o u r s e  o f  h i s  i n v e s t i g a t i o n  i t  was n e c e s s a r y  f o r  Dr. B a i l e y  
t o  d e v e l o p  a knowledge o f  t h e  f l o w  d i s t r i b u t i o n  i n  a n n u l i  w i t h  v e r y  meager 

d a t a .  

1 

A f i n a l  r e p o r t  on t h i s  work w i l l  be i s s u e d  s h o r t l y  as  ORNL 521. ! 

Consultant, from Department of Chemical Engineering, University of Tennessee. 

2 5  



, 

* 

B a i l e y ' s  e q u a t i o n  i s :  

Nu N u s  + -0106 Re=' ( P e ) * * '  , 

where 

l / N u s  1= {1/[8B(R+1)2])  [-3-12B-14B2-4Ba+4(B + 1 )  I n  R ] .  

B = I n n e r  r a d i u s  of  annu lus  d i v i d e d  by t h e  d i f -  
f e r e n c e  between i n n e r  and o u t e r  r a d i u s .  

R = O u t e r  r a d i u s  d i v i d e d  by i n n e r  r a d i u s  o f  
annu lus  

POLARIZED TURBULENCE 

E .  Spar row 

R e p o r t s  by o t h e r  i n v e s t i g a t o r s  have i n d i c a t e d  t h a t  under  c e r t a i n  c o n d i -  

t i o n s  t h e  t u r b u l e n c e  i n  r e c t a n g u l a r  c h a n n e l s  of l a r g e  wid th  t o  t h i c k n e s s  r a t i o  

might be p o l a r i z e d ;  t h a t  i s ,  t h e  t u r b u l e n c e  might occur  on ly  i n  p l a n e s  p a r a l l e l  
w i t h  t h e  w i d t h  of t h e  channe l  and hav ing  no component p a r a l l e l  w i t h  t h e  t h i c k -  

n e s s .  Should p o l a r i z e d  t u r b u l e n c e  be p o s s i b l e  a way would open f o r  a number 
o f  f r u i t f u l  hydrodynamics s t u d i e s *  E x p e r i m e n t s  were c o n d u c t e d  to p r o v e  or 
d i s p r o v e  t h i s  c o n c l u s i o n ,  and i t  was found t h a t  no p o l a r i z e d  t u r b u l e n c e  o c c u r s .  

I n  a d d i t i o n ,  i t  was found t h a t  t h e  mix ing  dep thwise  i n  t h e  c h a n n e l  o c c u r s  a t  
a p p r o x i m a t e l y  t h e  same l i n e a r  r a t e  a s  does the  mixing a c r o s s  t h e  wid th  o f  t h e  
c h a n n e l .  P h o t o g r a p h s  o f  i n k  t h r e a d s  i n  t h e  c h a n n e l  from t w o  p o i n t s  of v i e w  

were o b t a i n e d  s i m u l t a n e o u s l y  which i l l u s t r a t e  t h e  r e s u l t  of  t h e  e x p e r i m e n t .  
The r e p o r t ,  ORNL 471, h a s  been i s s u e d  c o v e r i n g  t h i s  work. 

PHYSICAL PROPERTIES OF MOLTEN SODIUM HYDROXIDE 

A .  S .  K i t z e s  

3 
c o o l a n t  h a s  r a i s e d  t h e  q u e s t i o n  as  t o  

i t s  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s ,  A r e v i e w  of t h e  l i t e r a t u r e  r e v e a l e d  d a t a  
o n t h e  d e n s i t y  and v i s c o s i t y o f  l i q u i d  NaOH, bu t  no d a t a  on the rma l  c o n d u c t i v - i t y  

or h e a t  c a p a c i t y .  T h e r e f o r e ,  t h e  t h e r m a l  c o n d u c t i v i t y  and h e a t  c a p a c i t y  f o r  
l i q u i d  NaOH were d e t e r m i n e d  e x p e r i m e n t a l l y .  The d a t a  a r e  summarized i n  t h e  

f o l l o w i n g  t a b l e .  D e n s i t y  and v i s c o s i t y  d a t a  which were a b s t r a c t e d  from t h e  

l i t e r a t u r e  a r e  a l s o  i n c l u d e d  as r e f e r e n c e  m a t e r i a l .  
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DENSITY TEMP VISCOSITY T E W  THERMAL COPpoCTIVITY 
( d c c  ) ( O C )  (centipoise: (OC) (BTU/hr f t  F / f t )  

1.786 3 20 4 0  3 50 l , ?  

1 , 7 7 1  350 2 ,8  400 

1.746 400 2 , 2  4 50 

1 ,722  45 0 1 , 8  500 
1 - 5  600 

TEMP. 
(OF) 

728 - 
90 0 

The d e n s i t y  and v i s c o s i t y  d a t a  were determined by Arndt  and P l o e t z ,  
2 Phys. Chem. 121 ,  439 (19261, 

BAT CAPACJTY 
( B T U / l b  * F) 

0 .27  

The r e p o r t e d  v a l u e s  a r e  a v e r a g e s  o f  a number of  r u n s  and a r e  b e l i e v e d  

a c c u r a t e  w i t h i n  20%. The s e t - u p  f o r  t h e  the rma l  c o n d u c t i v i t y  measurements w a s  

c a l i b r a t e d  by d e t e r m i n i n g  t h e  t h e r m a l  c o n d u c t i v i t y  of w a t e r  a t  95' C. Good 

ag reemen t  was found between our v a l u e s  and t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  

f o r  w a t e r .  The h e a t  c a p a c i t y  s e t - u p  was checked by d e t e r m i n i n g  t h e  s p e c i f i c  
h e a t  of  l e a d .  Again good agreement was found w i t h  r e p o r t e d  v a l u e s .  

The h e a t  t r a n s f e r  c o e f f i c i e n t  of l i q u i d  NaOH was n o t  de t e rmined .  However, 
0 t h e  c o e f f i c i e n t  can be p r e d i c t e d  approx ima te ly  from Lyon's e q u a t i o n  (OWL 361) 

f o r  h i g h  Reynolds '  number and f r o m t h e D i t t u s - B o e l t e r  e q u a t i o n  f o r  low Reynolds '  

number e 

It  was a l s o  n o t i c e d  d u r i n g  the  c o u r s e  o f t h e  the rma l  c o n d u c t i v i t y  and h e a t  

t r a n s f e r  e x p e r i m e n t s  t h a t  l i q u i d  NaOH i n  t h e  p r e s e n c e  of  oxygen c o r r o d e s  303 
and 304 S t a i n l e s s  S t e e l .  Fe,O, was f o u n d  i n  t h e  NaOH and a l s o ,  g r e e n  and  
ye l low d e p o s i t s  were found on t h e  w a l l s  o f  t he  equipment.  The NaOH a p p a r e n t l y  

a t t a c k s  and removes t h e  chromium from t h e  s t a i n l e s s  s t e e l ,  

THE LIQUID METALS PROGRAM FOR ANP 

TEMP. 
( F) 

800 - 1000 

R. N o  Lyon 

One o f  t h e  p roposed  s y s t e m s  f o r  r e a c t o r  powered a i r c r a f t  i s  t o  t r a n s f e r  

t h e  h e a t  g e n e r a t e d  i n  a n u c l e a r  r e a c t o r  t o  a i r  p a s s i n g  t h r o u g h  a t u r b o j e t  
eng ine  by c i r c u l a t i n g  a l i q u i d  metal .  The development of such  a sys t em can be 
broken down i n t o  a number of  problems which are  l i s t e d  below, n o t  n e c e s s a r i l y  

i n  t h e  o r d e r  i n  which they  shou ld  be a t t a c k e d .  

* 
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1. S e l e c t i o n  o f  l i q u i d  m e t a l ;  

2. 
3. 

S e l e c t i o n  o f  c o n t a i n e r  and component m a t e r i a l s ;  
Development of h a n d l i n g  and f low c o n t r o l  methods, 

a .  Pumps, 

b. Va lves ,  
c. P i p e  J o i n t s ;  

4. Study  of  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  of  l i q u i d  m e t a l s ;  

5. P r e l i m i n a r y  d e s i g n  o f  system; 

6 .  
7. F i n a l  d e s i g n .  

Mock-up and t e s t i n g  of p r e l i m i n a r y  d e s i g n ;  

The s e l e c t i o n  o f  t h e  l i q u i d  me ta l  a p p e a r s  t o  be between bismuth or l e a d -  
bismuth a l l o y  and t h e  mass seven  i s o t o p e o f  l i t h i u m ,  Othe r  p o s s i b l e  c o n t e n d e r s  

have been e l i m i n a t e d  l a r g e l y o n t h e  b a s i s  of t h e i r  induced a c t i v i t y  which would 

r e q u i r e  s h i e l d i n g  of t h e  p i p i n g  and l i q u i d - t o - a i r  h e a t  exchanger .  

The s e l e c t i o n  o f  c o n t a i n e r  m a t e r i a l s  must be made on t h e  b a s i s  o f  h i g h  
t e m p e r a t u r e  s t r e n g t h  and c o r r o s i o n  r e s i s t a n c e  t o  t h e  l i q u i d .  I n  a d d i t i o n ,  
m a t e r i a l s t o b e  u s e d i n t h e  r e a c t o r  i t s e l f  must have a low c a p t u r e  c r o s s  s e c t i o n  

i 

1 .  

4 f o r  n e u t r o n s .  
The development of pumps f o r t h i s  system i n v o l v e s  a number of c o n s i d e r a t i o n s  

. 

i 

n o t  p r e v i o u s l y  e n c o u n t e r e d .  E l e c t r o m a g n e t i c  pumps, which show c o n s i d e r a b l e  

promise i n  h a n d l i n g  sodium and sodium-potassium, a r e  less e f f i c i e n t  when used 

f o r  l e a d - b i s m u t h  or l i t h i u m ,  b e c a u s e  of  t h e  lower e l e c t r i c a l  c o n d u c t i v i t y  o f  

t h e s e  l i q u i d s ,  I n  a d d i t i o n ,  l a r g e  e l e c t r i c a l  g e n e r a t i n g  equipment w i l l  be re- 
q u i r e d  w h i l e  mechanical  pumps can be d r i v e n  d i r e c t l y  by a power t a k e - o f f  from 

t h e  t u r b o j e t  r o t o r .  Thus i t  a p p e a r s  t h a t  mechan ica l  pumps a r e  t o  be f a v o r e d  
ove r  t h e  e le c t r  ornagne t i c  type 

While c o n s i d e r a b l e  p r o g r e s s  has  be a c h i e v e d  a t  o t h e r  i n s t a l l a t i o n s  i n  

t h e  d e v e l o p m e n t  of  pumps f o r  sod ium a l l o y s  a t  h i g h  t e m p e r a t u r e s ,  t h e  con-  
i g h t n e s s ,  compactness ,  and t h e  h i g h e r  t e m p e r a t u r e s  r e q u i r e d  to- 

thium and l e a d - b i s m u t h ,  i n d i c a t e  

To a l a r g e  e x t e n t ,  t h e  development  of  a s u i t a b l e  mechan ica l  pump depends 
I t  is t h e  development  o f  s u i t a b l e  b e a r i n g s  and /o r  a s u i t a b l e  s h a f t  s e a l .  

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

The same s i t u a t i o n  a p p l i e s  t o  t h e  development of v a l v e s  and p i p e  j o i n t s ,  
Tempera tu res  up t o  1800' F a r e  c u r r e n t l y  b e i n g  1 e r  d e g r e e .  - 

c o n s i d e r e d  f o r  t h e  a i r c r a f t  power p l a n t ,  w h i l e  t e m p e r a t u r e s  o f  o n l y  1000 t o  



1200’ F a r e  p l anned  i n  o t h e r  l i q u i d  metal  c o o l e d  r e a c t o r s .  As a r e s u l t ,  more 
i n t e n s i v e  d e v e l o p m e n t  i s  n e e d e d  t o  p r o v i d e  s a t i s f a c t o r y  s o l u t i o n s  t o  t h e  

v a l v i n g  and j o i n i n g  problems i n  t h e  a i r c r a f t  sys t em,  
To work on t h e s e  mechan ica l  h a n d l i n g  p rob lems ,  a new g roup  i s  b e i n g  se t  

up i n  t h e  T e c h n i c a l  D i v i s i o n .  Space is  b e i n g  s e t  a s i d e  and t e c h n i c a l  men a r e  

b e i n g  r e c r u i t e d  f o r  t h i s  work. S tudy  of  t h e  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  of  

l i q u i d  m e t a l s  is  b e i n g  resumed w i t h  i n c r e a s e d  emphas i s ,  b o t h  on a t h e o r e t i c a l  

and on an e x p e r i m e n t a l  b a s i s .  
The l i q u i d  m e t a l  h e a t  t r a n s f e r  g r o u p  i s  b e i n g  e n l a r g e d  and d e s i g n  o f  a 

r e l a t i v e l y  h i g h  p r e s s u r e - h i g h  f low h e a t  t r a n s f e r  system w i l l  be s t a r t e d  almost  

immedia t e ly ,  The t h e o r e t i c a l  s t u d y  o f  l i q u i d  metal  h e a t  t r a n s f e r ,  which h a s  

proved remarkably f r u i t f u l  i n  t h e  p a s t ,  w i l l  be resumed and i n t e n s i f i e d .  C lose  
l i a i s o n  w i l l  b e  m a i n t a i n e d  between t h e  t h e o r e t i c a l  and e x p e r i m e n t a l  work, 
however 

Design and c o n s t r u c t i o n  o f  a Mock-Up o f  t h e  h e a t  t r a n s f e r  s y s t e m  a t  one 

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

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

J ,  H .  F s y e ,  F. K e r z e ,  E. C. Miller; Metallurgy D i v i s i o n  

The Meta l lu rgy  D i v i s i o n i s  u n d e r t a k i n g  t h e  development of a i r c r a f t  r e a c t o r  

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

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

c o o r d i n a t e  t h e  programs and t o  a v o i d  d u p l i c a t i o n  of  e f f o r t .  It is  b e l i e v e d  
t h a t  t h i s  D i v i s i o n  can make i t s  most e f f e c t i v e  c o n t r i b u t i o n  by c o n c e n t r a t i n g  

on fundamental  l i q u i d  metal  c o r r o s i o n  s t u d i e s ,  mechanical  t e s t i n g  o f  m a t e r i a l s  
i n  mol t en  m e t a l s  a t  e l e v a t e d  t e m p e r a t u r e s ,  and i n v e s t i g a t i n g  t h e  f a b r i c a t i o n  

and c l a d d i n g  of  s e l e c t e d  m a t e r i a l s  
I n  t h e  i n i t i a l  p h a s e s  o f  t h i s  work, s e l e c t e d  e l e m e n t s  w i t h  h i g h  temp- 

e r a t u r e  p o s s i b i l i t i e s - i r o n ,  n i c k e l ,  c o b a l t ,  molybdenum, chromium, z i r con ium,  
t i t a n i u m  b e r y l l i u m ,  t u n g s t e n ,  t a n t a l u m ,  columbium, vanadium, and s i l i c o n -  

w i l l  be c o r r o s i o n  t e s t e d  i n m o l t e n  l i t h i u m  and i n  molten bismuth a t  1800-2000" F 
and h i g h e r ,  t o  e f f e c t  a s o r t i n g  on t h e  b a s i s  of  r e l a t i v e  c o r r o s i o n  b e h a v i o r .  

The work may be ex tended  l a t e r  t o  i n c l u d e  o t h e r  c o o l a n t s  such a s  l e a d - b i s m u t h  

a l l o y ,  sodium hydroxide o r  g a s e s <  
On t h e  b a s i s  o f t h e  p r e l i m i n a r y  t e s t s .  t h e  more p romis ing  m e t a l s  and t h e i r  

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

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

mine t h e i r  h igh  t e m p e r a t u r e  mechanical  p r o p e r t i e s  and t h e  f e a s i b i l i t y  of  t h e i r  
f a b r i c a t i o n ,  T h i s  w i l l  i n v o l v e  c r e e p  and s t r e s s - r u p t u r e  t e s t s  i n  l i q u i d  metal 

and o t h e r  e n v i r o n m e n t s ,  a s  w e l l  a s  me thods  o f  s h a p i n g ,  w e l d i n g ,  and o t h e r  
means o f  j o i n i n g .  Molybdenum and low carbon i r o n  a l r e a d y  appea r  t o  have good 
c o r r o s i o n  res i  i n  bismuth,  d p r o b a b l y  i n  l i t h i u m ,  Because o f  t h i s  and 
i t s  h i g h - t e m p e r a t u r e  s t r e n g t h ,  molybdenum w i l l  be t h e  f i r s t  metal  s t u d i e d  i n  

t h i s  manner,  The u n f a v o r a b l e  h i g h  t e m p e r a t u r e  o x i d a t i o n  b e h a v i o r  of  molyb- 
denum w i l l  a l s o  r e q u i r e  c o r r o s i o n  i n v e s t i g a t i o n  a t  low oxygen p r e s s u r e s ,  and 

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

e lemen t s 

1 

i 
j 
i 

The i d e a l  c o n s t r u c t i o n a l  m a t e r i a l  would be a s i n g l e  m e t a l  or a l l o y  P O S -  

s e s s i n g  a combinat ion o f  h i g h  t e m p e r a t u r e  s t r e n g t h ,  o x i d a t i o n  r e s i s t a n c e ,  and 

freedom from c o r r o s i o n  by t h e  l i q u i d  m e t a l  c o o l a n t  ( p l u s ,  o f  c o u r s e ,  t h e  de-  

s i r e d  n u c l e a r  and h e a t  t r a n s f e r  p r o p e r t i e s ) .  Eve ry  e f f o r t  w i l l  be made t o  
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f .  f i n d  such a m a t e r i a l ,  b u t  r e c o g n i z i n g  t h a t  t h i s  may n o t  be p o s s i b l e ,  c o n c u r r e n t  
e f f o r t s  w i l l  a t t e m p t  t o  d e v e l o p  a c o m p o s i t e  m a t e r i a l  i n  which a p r o t e c t i v e  

c o a t i n g o f  a c o o l a n t  r e s i s t a n t  metal  i s  a p p l i e d  t o  one of t h e  more c o n v e n t i o n a l  

or r e c e n t l y  deve loped  h i g h  t e m p e r a t u r e  and o x i d a t i o n  r e s i s t a n t  a l l o y s .  D i f -  

f u s i o n ,  f o r m i n g ,  and j o i n i n g  o f  t h e s e  c o m p o s i t e  m a t e r i a l s  w i l l  a l s o  be i n -  

v e s t i g a t e d .  

I n  t h e  f i r s t  e x p e r i m e n t a l  work, immediately a v a i l a b l e  m a t e r i a l s  have been 

u s e d  t o  s e t  up a r e s i s t a n c e  t u b e  f u r n a c e  i n  which spec imens  c a n  be c o r r o s i o n  
t e s t e d  i n  a c r u c i b l e  o f  m o l t e n  bismuth a t  a b o u t  1800' F i n  e i t h e r  vacuum or 
a rgon ,  T h i s  f u r n a c e  i s  n o t  a d a p t a b l e  t o  l i t h i u m ,  

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

t e c h n i q u e s ,  u s i n g  b e r y l l i u m ,  n i c k e l ,  and s t a i n l e s s  s t e e l  No. 309. B e r y l l i u m  

a p p e a r s  t o  have good r e s i s t a n c e  t o  mol t en  b i s m u t h ;  n i c k e l ,  a s  was e x p e c t e d ,  
d i s s o l v e d  c o m p l e t e l y ;  and S,S, 309 showed some s i g n s  of a t t a c k .  However, t h e  

s e t - u p  proved cumbersome, t h e  maximum a t t a i n a b l e  t e m p e r a t u r e  was t o o  l o w ,  and 

t h e  d e s i r e d  v a r i e t y  of samples  was n o t  immediately a v a i l a b l e ,  

E f f o r t s  a r e  now b e i n g  c o n c e n t r a t e d  on a procedure t o  cha rge  t h e  specimens 

i n t o  s e a l e d  e v a c u a t e d  i r o n  c a p s u l e s  c o n t a i n i n g  t h e  c o o l a n t  m e t a l .  The c a p s u l e s  
w i l l  t h e n  be charged i n t o  a c o n v e n t i o n a l  t ube  f u r n a c e  w i t h  a v a i l a b l e  tempera- 
t u r e s  u p t o 2 5 0 0 '  F. T h i s  shou ld  be i n  o p e r a t i o n  by t h e  f i r s t  week o f  December. 

S t e p s  a r e  a l s o  i n  p r o g r e s s  t o  d e s i g n  and b u i l d  s u i t a b l e  e q u i p m e n t  f o r  

w e t t a b i l i t y  t e s t s ,  c o n t r o l l e d  a t m o s p h e r e  and dynamic c o r r o s i o n  t e s t s ,  and 

s tress- r up t u r e  and c r e e p  i n v e s  t i g a  t i  ons 

Three o f  t h e  L a b o r a t o r y ' s  c o n s u l t a n t s ,  P r o f e s s o r s  E. C. C r e u t z  o f c a r n e g i e  

I n s t i t u t e  o f  Technology, J ,  L, Gregg of C o r n e l l ,  and N ,  J .  Gran t  of  Massachuse t t s  
I n s t i t u t e  o f  Techno logy ,  a r  c t i v e l y  a s s i s t i n g  i n  t h e  c o l l e c t i o n  and e v a l -  
u a t i o n  of  d a t a  on and c l a d d i n g  of  h i g h - t e m p e r a t u r e  a l l o y s  f o r  

r e s i s t a n c e  t o  l i q u i d  me ta l s .  
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RADIATION DAMAGE 

D. S . ,  Billington, Metallurgy Division; M.. Bredig, Physics Division 

REACTOR CORE MATERIAL STUDIES 

Personnel.. The R a d i a t i o n  Damage group o f  t h e  L a b o r a t o r y  h a s  had a g roup  

o f  5 men from NEPA f o r  wel l  ove r  a y e a r .  I n  t h e  c o u r s e  of  t h i s  time t h e y  have 
a c q u i r e d  c o n s i d e r a b l e  e x p e r i e n c e  i n  v a r i o u s  a s p e c t s  of  r a d i a t i o n  damage, s u c h  

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

for "tin p i l e " '  e x p e r i m e n t s  , c o o p e r a t i o n  i n  d e s i g n  o f  " i n  p i l e "  e x p e r i m e n t s ,  

i n v e s t i g a t i o n  o f  r a d i a t i o n  e f f e c t s  i n  c e r t a i n  s e l e c t e d  m a t e r i a l s ,  and an i n -  
t r o d u c t i o n  t o  t h e  t h e o r y  of  r a d i a t i o n  damage th rough  l e c t u r e s  by v a r i o u s  s t a f f  

members, p l u s  a c u r r e n t  l e c t u r e  ser ies  by D r .  Evans on S o l i d  S t a t e  Theory. I n  
a d d i t i o n t o  p r a c t i c e  i n  t h e  u s e  of a n u c l e a r  r e a c t o r s  some of t h e  t r a i n e e s  have 
g a i n e d  e x p e r i e n c e  i n  d e s i g n i n g  e x p e r i m e n t s  f o r  s u p p l e m e n t a r y  s t u d i e s  u s i n g  

a c c e l e r a t o r s  s u c h a s  t h e  Van de  G r a a f f  and the  c y c l o t r o n .  F i n a l l y ,  some of t h e  
* 
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t r a i n e e s  have p a r t i c i p a t e d  t o  some e x t e n t  i n  t h e  d e s i g n  c r i t e r i a  f o r  a new h o t  
l a b o r a t o r y  f a c i l i t y .  

I n  a r e c e n t  augmen ta t ion  o f  t h i s  t r a i n i n g  program, t h r e e  a d d i t i o n a l  men 

from NEPA w i l l  j o i n  t h e  s t a f f  of  t h e  L a b o r a t o r y .  The above t r a i n i n g  program 

h a s  engaged t h e  a t t e n t i o n  of  many o f  t h e  ORNL group and h a s  i n v o l v e d  a l l  o f  

them a t  one t i m e  or a n o t h e r .  It i s  a p l e a s u r e  t o  acknowlege t h a t  t h e  NEPA 
p e r s o n n e l  have c o n t r i b u t e d  i n  l a r g e  measure t o  t h e  s o l u t i o n  of  numerous prob-  
lems o f  t h e  ORNL R a d i a t i o n  Damage Program. 

Cooperative Program., NEPA h a s  been i n v e s t i g a t i n g  c e r t a i n  c e r a m i c  com- 
b i  f e a s i  f o r  f u e l  e l e m e n t s ,  p rov ided  t h e  e l e m e n t s  

w i l l  h o l d  up unde r  r e a c t o r  c o n d i t i o n s .  ORNL h a s  u n d e r t a k e n  t o  make r a d i a t i o n  
damage s t u d i e s  on t h e s e  p r o p o s e d  f u e l  e l e m e n t s .  The f i r s t  c e r a m i c  body now 

under  tes t  i s  b e r y l l i u m - c a r b i d e  ( t h e  modera to r  t h a t  u l t i m a t e l y  i s  e x p e c t e d  t o  
uranium compounds t o  make u p  t h e  f u e l  e l e m e n t  f o r  t h e  a i r -  

t t o  l e a r n  i f  t h i s  mater ia l  w i l l  p rove  s u i t -  

a b l e ,  a s  i t s  o t h e r  p r o p e r t i e s  appear  e x c e l l e n t ,  

P r e l i m i n a r y  e x p e r i m e n t s  a r e  underway i n  t h e  ORNL r e a c t o r  s t u d y i n g  t h e  

e l e c t r i c a l  r e s i s t i v i t y  d u r i n g  i r r a d i a t i o n  and s u c h  p r o p e r t i e s  a s  modulus of  

e l a s t i c i t y ,  h a r d n e s s ,  and c o e f f i c i e n t  o f  t h e r m a l  e x p a n s i o n  b e f o r e  and a f t e r  
i r r a d i a t i o n .  
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i A NEPA-designed the rma l  c o n d u c t i v i t y  a p p a r a t u s  i s  a t  p r e s e n t  b e i n g  s t u d i e d  

i n  t h e  OWL r e a c t o r .  T h i s  and s i m i l a r  e x p e r i m e n t s  w i l l  s e rve  a s  f e a s i b i l i t y  

expe r imen t s  f o r  more e l a b o r a t e  expe r imen t s  making use of  t h e  Hanford R e a c t o r s .  

Exposures of  Be,C b o d i e s  t o  Hanford f l u x  w i l l  be made i n  t h e  n e a r  f u t u r e .  
T h e s e  b o d i e s  w i l l  be s t u d i e d  b e f o r e  and a f t e r  i r r a d i a t i o n  a t  Hanford.  Pro- 
p e r t i e s  t o  be measured a re :  s t o r e d  e n e r g y ,  modulus of  e l a s t i c i t y ,  a n n e a l i n g  

c h a r a c t e r  i s  t i c s  , c o e f f i c i e n t  o f  t h e r m a  1 e x p a n s i o n  d i m e n s i o n a l  s t a b i l i t y  , 
s u r f a c e  e f f e c t s  ( s emi -conduc to r  p r o p e r t i e s )  and t h e r m a l  c o n d u c t i v i t y .  Should 

t h e  damage c h a r a c t e r i s t i c s  o f  Be,C a p p e a r  s u i t a b l e ,  t h e n  UO, a n d / o r  UC w i l l  
b e  added and t h e  mix tu re  s t u d i e d  a s  an a c t i v e  f u e l  e lement .  

The comple t e  program c a l l s  f o r  t h e  s t u d y  o f  a number o f  p o s s i b l e  compo- 

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

components:  t h e  f u e l ,  t h e  modera to r  and t h e  c o a t i n g .  The s t u d y  o f  t h e  b e s t  

form ( p h y s i c a l l y  and c h e m i c a l l y )  f o r  e a c h  o f  t h e s e  i s  a complex problem and 
i n v o l v e s  an immense number of v a r i a b l e s .  C o m b i n a t i o n s  unde r  c o n s i d e r a t i o n  

a r e  : 
1. 
2. 
3 .  
4.  
5 .  

To 
t o  make 

Carbon bonded g r a p h i t e  - uranium bod ies  

Bery l l i um c a r b i d e  m a t r i x  - uranium bod ies  

Meta l - ce ramic  b o d i e s  c o n t a i n i n g  uranium 
B e r y l l i u m  o x i d e  m a t r i x  - uranium b o d i e s  

M a t e r i a l s  above p l u s  s u i t a b l e  c o a t i n g s  such  a s  iron-chromium 
or m e t a l l i c  S i .  

augment t h i s  e s s e n t i a l l y  e n g i n e e r i n g  approach ,  
a s t u d y  of  t h e  g e n e r a l  problem of h igh  t e m p e r a t u r e  damage. 

t h e  ORNL g r o u p  p l a n s  
It i s  f e l t  

t h a t  s i n g l e  c r y s t a l  s t u d i e s  s h o u l d  be  p a r t i c u l a r l y  u s e f u l ;  n o t  o n l y  o f  t h e  
m a t e r i a l s  mentioned above, b u t  a l s o  of  compounds t h a t  may l e n d  themse lves  more 

r e a d i l y  t o  exp i m e n t a l  m a n i p u l a t i o n .  A l s o ,  t h e  d a t a  may be more amenable t o  
t h e o r e t i c a l  and p r a c t i c a l  i n t e r p r e t a t i o n .  T h e s e  s t u d i e s  would i n c l u d e  me- 

t a l l i c  systems.  
I n  a d d i t i o n ,  e x p e r i m e n t s  w i t h  t h e  Van de  G r a a f f  a c c e l e r a t o r  are underway 

e c t i v e  i n  mind of  s t u d y i n g  s e p a r a t e l y  t h e  v a r i o u s  t y p e s  o f  damage 

The f o l l o w i n g  f a c i l i t i e s  a r e  a v a i l a b l e  t o  t h e  ANP R a d i a t i o n  
t o  be expec ted .  

Facilities. 
Damage Program: 

1. The X-10 r e a c t o r  

2. 
3 .  

Hot l a b o r a t o r y  i n  B u i l d i n g  105 
Hot c h e m i s t r y  c e l l s  i n  B u i l d i n g s  706-C and 706-D 
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4.  
5 .  Brookhaven r e a c t o r  - an i n v e s t i g a t i o n  of  t h e  p r a c t i c a b i l i t y  o f  

The Van de G r a a f f  a c c e l e r a t o r  - e l e c t r o n  and p r o t o n  beams 

u s i n g  t h i s  r e a c t o r  h a s  been made and when t h i s  r e a c t o r  i s  i n  
s e r v i c e ,  use w i l l  be made of c e r t a i n  f a c i l i t i e s  

6 .  Hanford r e a c t o r s  
7. M e t a l l o g r a p h i c  and f a b r i c a t i o n  f a c i l i t i e s  of t h e  Meta l lu rgy  D i v i s i o n  

8. Shop f a c i l i t i e s  i n  P h y s i c s  B u i l d i n g ,  Me ta l lu rgy  B u i l d i n g ,  p l u s  
g e n e r a l  Machine Shops.  

c 

AUXILIARY MATERIAL STUDIES 

0 .  Sisman,  C, D .  B o p p ,  Technical  D i v i s i o n  

M e t a l  H y d r i d e s .  In c o o p e r a t i o n  w i t h  NEPA, t h e  r a d i a t i o n  i n d u c e d  d i s -  

s o c i a t i o n  of  t i t a n i u m  h y d r i d e  was de t e rmined  by comparison of  t h e  d i s s o c i a t i o n  
p r e s s u r e s  o b t a i n e d  under r a d i a t i o n  w i t h  those  o b t a i n e d  under normal c o n d i t i o n s  

f o r  a s e r i e s  of t e m p e r a t u r e s .  

The a p p a r a t u s  c o n s i s t e d  e s s e n t i a l l y  of  a f u r n a c e  f o r  h e a t i n g  t h e  sample 
above  n o r m a l  p i l e  t e m p e r a t u r e s ,  and g a u g e s  f o r  o b s e r v i n g  t h e  p r e s s u r e .  A 
s ample  o f  s t o i c h i o m e t r i c  t i t a n i u m  h y d r i d e  (TiH,) c o n t a i n e d  i n  a s t a i n l e s s  

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

A f t e r  t h e  a p p a r a t u s  had b e e n  e v a c u a t e d  and f l u s h e d  s e v e r a l  t i m e s  w i t h  

p u r i f i e d  hydrogen,  measurements were begun. The f u r n a c e  t e m p e r a t u r e  was main- 
t a i n e d a t a  c o n s t a n t  v a l u e  and t h e  sample  a l lowed to decompose u n t i l  it appear- 
e d  t h a t  e q u i l i b r i u m  was e s t a b l i s h e d .  O b s e r v a t i o n s  o f  t h e  d i s s o c i a t i o n  pres- 

s u r e s  were made i n t h i s  manner over  t h e  t e m p e r a t u r e  range from 160' C t o  340' C 
d u r i n g  1 , 8 0 0  h o u r s  i n  t h e  p i l e  a t  a n  e s t i m a t e d  a v e r a g e  f l u x  o f  0 .5  X l o 1 *  
neu t rons / ( cm2)  ( s e c ) .  

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

S i m i l a r  e x p e r i m e n t s  a r e  now underway t o  d e t e r m i n e  t h e  e f f e c t  of p i l e  

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

g e t  f u r t h e r  d a t a  on two compos i t ions  of  t i t a n i u m  h y d r i d e  (TiH,.,; and TiH,). 
P l a s t i c s .  The changes i n  p h y s i c a l  p r o p e r t i e s  o f  commercial  p l a s t i c s  are 

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

i n s u l a t o r s ,  f l e x i b l e  t u b i n g ,  p r o t e c t i v e  c o a t i n g s  and components  o f  e x p e r i -  
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i 

i 

m e n t a l  and t e s t i n g  equ ipmen t ,  The i m p o r t a n c e  of  t h i s  program h a s  i n c r e a s e d  

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

Q u a n t i t a t i v e  i n f o r m a t i o n  on t h e  t e n s i l e  s t r e n g t h ,  impact s t r e n g t h ,  e l a s t i c  

modulus,  p e r c e n t  e l o n g a t i o n ,  h a r d n e s s ,  d e n s i t y ,  and w a t e r  a b s o r p t i o n  a f t e r  
v a r i o u s  i r r a d i a t i o n  d o s a g e s  i n  t h e  ORNL r e a c t o r  h a s  been o b t a i n e d  f o r  a wide 

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

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

r e s i s t a n c e  a r e  a l s o  b e i n g  de te rmined .  
T a b l e  2 p r o v i d e s  an i n d i c a t i o n  o f  t h e  wide  r a n g e  i n  t h e  r e s i s t a n c e  o f  

v a r i o u s  p l a s t i c s  t o  i r r a d i a t i o n  by n e u t r o n s .  Excep t  where t h e  m a t e r i a l  be -  

comes u n u s a b l e  t h e  r a t i n g s  i n  t h i s  t a b l e  a r e  based  on change i n  s t r e n g t h  w i t h  
r a d i a t i o n  r a t h e r  t h a n  a c t u a l  s t r e n g t h ,  Thus f o r  a g iven  purpose B a k e l i t e  re- 

i n f o r c e d  w i t h  p a p e r  or l i n e n  might  be p r e f e r r e d  t o  p o l y s t y r e n e ,  even  though  

t h e  l a t t e r  undergoes e s s e n t i a l l y  no change. 

The f o l l o w i n g  p l a s t i c s  crumbled a f t e r  i r r a d i a t i o n  by 10'' n/cm2: 

Case i n  
Ce l l u l o s e  A c e t a t e  
C e l l u l o s e  A c e t a t e  B u t y r a t e  
C e l l h l o s e  N i t r a t e  

E t h y l  C e l l u l o s e  

F l u o r o t h e n e  
L u c i t e  
T e f l o n  

s 

n e x t  f o u r  t o  s i x  months,  s u f f i c i e n t  d a t a  

1 i c a t i o n  o f t h e  q u a n t i t a t i v e  i n f o r m a t i o n  

11 i n c l u d e  g r a p h s  and t a b l e s  t o  p r e s e n t  t h e  phys- 
i a wide r a n g e  o f  r e a c t o r  ex-  

i 
i 
1 
i 

i 
1 Sodium Hydroxide. I n t e r e s t  i n s o d i u m  hydroxide a s  a p o s s i b l e  p i l e  c o o l a n t  

h a s  r a i s e d  t h e  q u e s t i o n  o f  t h e  s t a b i l i t y  of  mol t en  sodium h y d r o x i d e  t o  p i l e  
r a d i a t i o n .  six 0 . 5  g m  s a m p l e s  o f  sod ium hy-  

d r o x i d e  p e l l e t s  were s e a l e d  i n  3 . 5  c c  g l a s s  ampules and p l a c e d  i n  t h e  p i l e .  

T h r e e  ampules were k e p t  i n  t h e  p i l e  for one week,  and three were kep t  in for 

For a q u i c k  e x p l o r a t o r y  t e s t ,  
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f o u r  weeks. The one week samples  showed no g a s s i n g ,  b u t  t h e  4 week samples  

produced a c o n s i d e r a b l e  q u a n t i t y  of gas. ,  R e s u l t s  a r e  g iven  i n  Tab le  3. 
These s a m p l e s  were n o t  mo l t en  d u r i n g  i r r a d i a t i o n ,  b u t ,  €or e a c h  s e t  of 

t h ree  samples ,  one was me l t ed  b e f o r e  s e a l i n g  t h e  ampule, one was me l t ed  a f t e r  
i r r a d i a t i o n ,  and t h e  t h i r d  was n o t  me l t ed .  A l l  t h r e e  ampules were s e a l e d  a t  
a t m o s p h e r i c  t e m p e r a t u r e  and p r e s s u r e .  The samples  were t e s t e d  f o r  g a s s i n g  by 
b r e a k i n g  t h e  ampules i n a  s e a l e d  c o n t a i n e r  and measuring t h e  volume of e s c a p i n g  

g a s  on a manometer" 
F a s t  F l u x  in H o l e  19, To compare t h e  r a d i a t i o n  damage done i n  Hole 1 9  

o f  t h e  ORNL r e a c t o r  t o  t h e  damage done i n  o t h e r  r e a c t o r s  i t  i s  n e c e s s a r y  t o  
know t h e  n e u t r o n  f l u x  s p e c t r u m  i n  Hole 1 9 .  T h i s  s p e c t r u m  ( F i g .  3 )  h a s  been 

de te rmined  by a method employing t h r e s h o l d  d e t e c t o r s ,  From t h i s  spec t rum t h e  
f a s t  f l u x  (above 1 M e V )  was e v a l u a t e d  a s  0 , 1 1  neutrons/(cm*)(sec)(watt). The 
e p i t h e r m a l  f l u x  was e v a l u a t e d .  by a method employing cadmium r a t i o s ,  a s  5.3 X 

10' neutrons/(cm*)(sec)(watt), 

T h r e s h o l d  d e t e c t o r s  a r e  i s o t o p e s  t h a t  r e a c t  o n l y  w i t h  n e u t r o n s  h a v i n g  
k i n e t i c  e n e r g y  above an i n d i v i d u a l  t h r e s h o l d  ene rgy  f o r  t h e  d e t e c t o r .  Above 
t h i s  t h r e s h o l d  e n e r g y  t h e  p r o b a b i l i t y  for t h e  r e a c t i o n  i n c r e a s e s  u n t i l  i t  

r e a c h e s  a c o n s t a n t  v a l u e ,  The e f f e c t i v e  ene rgy  for t h e  r e a c t i o n  i s  t h e  f i c t i -  

t i o u s  t h r e s h o l d  e n e r g y  a r r i v e d  a t  by a s suming  t h a t  t h e  c r o s s - s e c t i o n  c u r v e  
h a s  a s q u a r e  c u t - o f f  a t  a minimum e n e r g y ,  i n s t e a d  of  t h e  a c t u a l  g r a d u a l  d e -  

c r e a s e  t o  z e r o ,  
The t h r e s h o l d  r e a c t i o n s  l i s t e d  i n  T a b l e  4 were employed  t o  p l o t  t h e  

s p e c t r u m o f F i g .  3 by a method of  s u c c e s s i v e  approx ima t ions .  ( T h i s  method w i l l  
be d e s c r i b e d  i n  OREL 525, I n  T a b l e  4 t h e  average c r o s s  s e c t i o n  of  t h e  i s o t o p e  
f o r  t h e  f l u x  above 1 Mev i s  a l s o  l i s t e d -  I n  F ig .  3 t h e  r a t i o  of t h e  s p e c i f i c  
f l u x  nuE t o  t h e  t o t a l  t h e r m a l  f l u x  nu' P o i n t s  a r e  

p l o t t e d  a t  t h e  e f f e c t i v e  e n e r g i e s  of  e a c h  of  t h e  t h r e s h o l d  r e a c t i o n s  as g iven  

- i n  Tab le  4 .  

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

The 1/E r e g i o n  o f  t h e  s p e c t r u m  i n  F i g .  3 was d e t e r m i n e d  by t h e  method 
( T h i s  method a l s o  g iven  i n  CP 3781 from t h e  cadmium r a t i o s  g iven  i n  MonC 398. 

will be d e s c r i b e d  i n  ORNL 5 2 5 , )  
The t h e r m a l  f l u x  i n  Hole 19 was de t e rmined  by a c t i v a t i o n  measurements of 

c o b a l t  f o i l s .  S e v e r a l  measurements gave a n a v e r a g e  v a l u e  of  3 .0  X 10' n e u t r o n s /  
(cm2 ( s e c  ) ( w a t t )  

High Intensity Gamma Source. I n  o r d e r  t o  intelligentlydesignreactor 

a u x i l i a r i e s ,  e l e c t r i c a l  c o n t r o l  sys t ems  and r ad iochemica l  p r o c e s s i n g  equipment;, 
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REACTION 

~ 1 ~ '  ( n ,  a )  ~a~~ 

Mg2' ( n ,  p )  Na2" 

~ 1 ~ '  ( n l  p )  Mg" 

s~~ ( n ,  p )  pS2 

,? 

P By i n t e g r a t i o n  o f  

the  p i l e  spectrum 

curve  

' -  

TABLE 4 

R e a c t i o n s  Used t o  Determine Fast Flux 

EFFECTIVE 
THRESHOLD 
I N  WEV FOR 
PILE SPECTRUM 

8, P 

6,5 

4 5  

3 1  

2 , 7  

"av IN BARNS 
FOR PILE 
SPECTRUM 

0,0010 

0,0017 

0 0035 

0.14 

0 0 2 9  

40 

AT10 FOR 
RE PILE SPECTRUM 
IF THE FLUX ABOVE 
- 0  MEV TO TEE 
IlERMAL FLUX 

0 . 0 3 9  

0,035 

0 033 

0,022 

0.042 

0,036 

REFERENCES FOR 
CROSS-SECTION 

DATA 

CF 3574 

('1 

t' I 

LA 515  

MDDC 360 



a knowledge i s  needed of  t h e  e f f e c t  of gamma i r r a d i a t i o n  f r e e  of neu t rons .  To 

o b t a i n  such  i n f o r m a t i o n ,  equipment f o r  producing a high i n t e n s i t y  gamma s o u r c e  

by i r r a d i a t i n g  c y l i n d e r s  of g o l d  i n  t h e  p i l e  h a s  been b u i l t  and i s  now b e i n g  

assembled i n  t h e  l a b o r a t o r y  f o r  t e s t i n g ,  
It  is e x p e c t e d  t h a t  t h i s  a p p a r a t u s  w i l l  be i n s t a l l e d  i n  t h e  p i l e  and be 

Gamma r a y  f l u x e s  above 10' r p e r  i n  o p e r a t i o n  b e f o r e  t h e  f i r s t  of t h e  y e a r ,  

hour  a r e  e x p e c t e d .  
Beta versus Gamma Dosage, The e f f o r t  t o  c o r r e l a t e  b e t a  and gamma i r r a -  

d i a t i o n  e f f e c t s  h a s  been c o n t i n u e d ,  It  is  hoped t h a t  w i t h  such  a c o r r e l a t i o n ,  
t h e  e f f e c t s  c a u s e d  by l a r g e  gamma dosage  c a n  be p r e d i c t e d  from t h e  b e h a v i o r  
of m a t e r i a l s  under b e t a  i r r a d i a t i o n .  Th i s  w i l l  g r e a t l y  a i d  i n  c o n d u c t i n g  and 

i n t e r p r e t i n g  i r r a d i a t i o n  e x p e r i m e n t s  u s i n g  s o u r c e s  which e m i t  b o t h  gamma and 

b e t a  emana t ions ,  
The e x p e r i m e n t a l  t e s t s  have now been completed and t h e  c o r r e l a t i o n s  f o r  

a f i n a l  r e p o r t  a r e  underway, 
Lubricants (California Research Corporation). The ORNL r e a c t o r  h a s  a l s o  

been u s e d  by t h e  C a l i f o r n i a  R e s e a r c h  C o r p o r a t i o n  f o r  an e x t e n s i v e  s e r i e s  o f  

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

a c t o r  a c c e s s o r i e s ,  under a MEPA c o n t r a c t ,  The r e s u l t s  of t h i s  work a re  g i v e n  
i n  NEPA r e p o r t s ,  
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