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* 

SUMMARY 

MATERIALS TESTING REACTOR PROGRAM 

R e a c t o r  Design. Des ign  r e p o r t s  were s t a r t e d  and a s y s t e m  o u t l i n e d  f o r  
conveying i n f o r m a t i o n  t o  a d e s i g n  c o n t r a c t o r .  These r e p o r t s  are  approx ima te ly  
SOX'cornplete. L a y o u t s  o f  t h e  g r a p h i t e  were made showing a g e n e r a l  means o f  
s t a c k i n g  w i t h  s p e c i f i c  a t t e n t i o n  a round  e x p e r i m e n t a l  f a c i l i t i e s .  E x t e n s i v e  
work w a s  s t a r t e d  t o w a r d  t h e r m a l  a n a l y s i s  o f  t h e  s t r u c t u r e  and  t h e  t h e r m a l  
s h i e l d .  D e s i g n  p r o p o s a l s  were l a i d  o u t  f o r  t h e  t h e r m a l  s h i e l d ,  s t r u c t u r a l  
s t e e l ,  a i r  system, r e a c t o r  t a n k  and the rma l  column. S e v e r a l  changes a f f e c t i n g  . 
t h e  shim rod  and r e g u l a t i n g  rod p o s i t i o n  i n d i c a t o r s  were made. 

R e a c t o r  Mock-up. The mock-up t a n k  was c o m p l e t e l y  d i s m a n t l e d  and reasem- 
b l e d .  H y d r a u l i c  and  s t r e s s - s t r a i n  m e a s u r i n g  d e v i c e s  were p o s i t i o n e d ,  h e a t  
exchange r s  t o  c o o l  t h e  r e c i r c u l a t i n g  water were i n s t a l l e d ,  m i s c e l l a n e o u s  re- 
p a i r s  a n d  c o r r e c t i o n s  made, a n d  t h e  s y s t e m  t h o r o u g h l y  c l e a n e d .  The  d a t a  
accumulated on t h e  t es t s  d u r i n g  t h i s  p e r i o d  w i l l  b e  reviewed and * t h e  r e p o r t s  
w i l l  be i s s u e d  d u r i n g  t h e  n e x t  q u a r t e r .  

Corrosion. The r e p l a c e a b l e  b e r y l l i u m  a s s e m b l i e s  e x h i b i t  s a t i s f a c t o r y  

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

CHEMICAL ENGINEERING RESEARCH 

E d i t o r s  f o r  a l l  s e c t i o n s  o f  t h e  L i q u i d  Metals  Handbook were a p p o i n t e d  
and f i r s t  d r a f t s  a r e  e x p e c t e d  t o  be  c o m p l e t e d  d u r i n g  S e p t e m b e r ,  1949.  

D e s i g n  o f  an a p p a r a t u s  f o r  e x p o s i n g  m a t e r i a l s  t o  a h i g h  gamma f l u x  was 
comple t ed  and f a b r i c a t i o n  s t a r t e d .  

S e v e r a l  tests,  i n  c o l l a b o r a t i o n  w i t h  NEPA, t o  d e t e r m i n e  t h e  s t a b i l i t y  o f  
m e t a l  h y d r i d e s  s u b j e c t e d  t o  r a d i a t i o n  are p lanned  f o r  t h e  n e a r  f u t u r e .  

A d r y  f l u o r i d e  p r o c e s s w a s  t e s t e d  i n  w h i c h a  f u l l  Hanford s l u g  ( n o t  i r r a d i -  
The t es t  d a t a  were e n c o u r a g i n g  and i n d i c a t e d  s e v e r a l  changes  a t e d )  was u s e d ,  

t o  be t r i e d  i n  t h e  n e x t  e x p e r i m e n t .  

8 



S a m p l i n g o f t h e  p r o c e s s  hood d i s c h a r g e s  from B u i l d i n g  7 0 6 4  was completed.  
S i m u l t a n e o u s  s a m p l i n g  o f  b u i l d i n g  a i r  r e v e a l e d  t h a t  n e a r l y  a l l  o f  t h e  hood 
d i s c h a r g e  a c t i v i t y  was a l r e a d y  p r e s e n t  i n  t h e  room a i r  e n t e r i n g  t h e  hood. 

ENGINEERING DESIGN AND DEVELOPMENT 

P r o c e s s  and  e x p e r i m e n t a l  equipment  was i n s t a l l e d  i n  B u i l d i n g  9204-1 a t  

Y-12. P e r s o n n e l  were t r a n s f e r r e d  from X-10 and a r e  f u n c t i o n i n g  i n  t h e  new 
q u a r t e r s .  

The cha in  conveyor t y p e  i s o t o p e  l o a d e r  i s  b e i n g  modif ied.  
C o r r o s i o n  tes ts  a r e  s e t  up f o r  i n v e s t i g a t i n g  s e v e r a l  m a t e r i a l s  which may 

be s u i t a b l e  f o r  t h e  proposed homogeneous r e a c t o r .  

SHIELDING 

A s u r v e y  o f  t h e  e n t i r e  f i e l d  o f  m o n o l i t h i c  s h i e l d i n g  was c o m p l e t e d  and 
w i l l  b e  i s s u e d  a s  ORNL 243. 

E s s e n t i a l l y  a l l  t h e  work on b o r a 1  was comple t ed  and a r e p o r t ,  ORNL 242, 
i s s u e d .  

Experiments  w i t h  l e a d ,  i r o n ,  and w a t e r  and c a l i b r a t i o n  t e s t s  o n t h e a t t e n u -  
a t i o n  t a n k  w i l l  b e  t h e  p r i n c i p a l  u s e  made o f  t h e  t a n k  d u r i n g  t h e  n e x t  few 
months.  

. 
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. 
MATER I ALS TEST I NG REACTOR PROJECT 

DESIGN PROGRESS 

ORNL Design Responsibitity. A t  t h e  f o u r t e e n t h  m e e t i n g  o f  t h e  M a t e r i a l s  
T e s t i n g  R e a c t o r  S t e e r i n g  Committee a c l e a r  d e f i n i t i o n  o f  t h e  d i v i s i o n  o f  re-  
s p o n s i b i l i t y  between Pak R i d g e  and Argonne N a t i o n a l  L a b o r a t o r i e s  was made. 
T h i s  d e f i n i t i o n  i s  g iven  i n  t h e  minu te s  (ANL-SM-26). I n  g e n e r a l ,  ORNL i s  re- 
s p o n s i b l e  f o r  d e s i g n  o f  a l l  r e a c t o r  c o n t r o l  i n s t r u m e n t s ,  t h e  r e a c t o r  s h i e l d ,  
and e v e r y t h i n g  c o n t a i n e d  t h e r e i n  e x c e p t  e x p e r i m e n t a l  h o l e  p l u g s .  

Design Contractor Information, To p l a c e  n e c e s s a r y  i n f o r m a t i o n  i n  t h e  
hands of  t h e  d e s i g n  c o n t r a c t o r  a s  e f f i c i e n t l y  a s  p o s s i b l e  a r e p o r t  s y s t e m  was 
p l a n n e d  and  p r e p a r a t i o n  o f  t h e  r e p o r t s  s t a r t e d .  The s y s t e m  c o n s i s t s  o f  a 
" C o n t r a c t o r ' s  Work B r i e f w  and a s e r i e s  o f  "MTR D e s i g n  R e p o r t s . "  

The C o n t r a c t o r ' s  Work B r i e f  c o n s t i t u t e s  a n  i n t r o d u c t i o n  t o  t h e  M a t e r i a l s  
T e s t i n g  R e a c t o r  P r o j e c t ,  w r i t t e n  e s p e c i a l l y  for t h e  d e s i g n  c o n t r a c t o r .  I t  is 

w r i t t e n  i n  c o g n i z a n c e  o f  t h e  f a c t  t h a t  i t  w i l l  be u s e d  l a r g e l y  by p e r s o n n e l  
new t o  t h e  t e c h n o l o g y  o f  n u c l e a r  r e a c t o r s .  

S u f f i c i e n t  background and h i s t o r y  a r e  i n c l u d e d t o  d i s c l o s e  t h e  fundamental  
p remises  of  t h e  c u r r e n t  d e s i g n ,  P a r t i c u l a r  e m p h a s i s i s  p l a c e d  upon a review o f  
t h e  p r e - c o n t r a c t  d e s i g n  and development programs i n  e f f e c t  s i n c e  t h e  M a t e r i a l s  
T e s t i n g  R e a c t o r  was i n i t i a t e d  i n  November, 1948.  A method of  t r a n s m i t t a l  o f  
t e c h n i c a l  d a t a  and s p e c i f i c a t i o n s  th rough  t h e  medium o f  MTR Design R e p o r t s  i s  
d e s c r i b e d ,  a l o n g  w i t h  a n  e d u c a t i o n  and o r i e n t a t i o n  program f o r  c o n t r a c t o r ' s  
employees,  C o n t r a c t u a l  r e s p o n s i b i l i t i e s  a r e  r ev iewed  and t h e  mechanism f o r  
c o n s t r u c t i o n  d r a w i n g s  and d e s i g n  c h a n g e s  i s  d i s c l o s e d .  

The MTR Design R e p o r t s  c o n s i s t  of  a series o f  r e p o r t s ,  each  o f  which w i l l  
d e s c r i b e  i n  as  c o m p l e t e  d e t a i l  a s  p o s s i b l e  a g i v e n  component o f  t h e  r e a c t o r  
g i v i n g  t h e  d e s i g n  d a t a ,  deve lopmen t  work, m a t e r i a l s  r e q u i r e d ,  b i b l i o g r a p h y ,  
and d e s c r i p t i o n  o f  d e s i g n  comple t ed .  A l i s t  o f  t h e  t i t l e s  f o l l o w s :  

1. Tank S e c t i o n s  A th rough  E 
2 G r a p h i t e  Ref l e c t o r  
3. A i r  System 
4. Thermal S h i e l d  
5, S t r u c t u r a l  S t e e l  

NTR DESIGN RKPORT L I S T  

6 .  Neutron C r y s t a l  Spec t romete r  
7 .  S l u r r y  Exper imen ta l  F a c i l i t y  
8 .  S h i e l d i n g  F a c i l i t y  
9 .  Thermal Column T-2 

10. V e r t i c a l  H y d r a u l i c s  



MTR DESIGN REPORT L I S T  (Cont’d) 

11, R e a c t o r  Exper imen ta l  F a c i l i t i e s -  14.  Moni to r ing  System 
G e n e r a l  15. R e a c t o r  C o n t r o l  System- 

1 2 ,  P i l e  S t r u c t u r e  E x t e r i o r  
13 .  P i l e  S t r u c t u r e - E x t e r n a l  S e r v i c e  16. Design Data  S h e e t s  

F a c i l i t i e s  17 .  I n s t r u m e n t  Ho les  

D e s i g n  D a t a  S h e e t s .  The d e s i g n  d a t a  s h e e t s  c o n t a i n e d  i n  a memorandum 
from J ,  R. Huffman t o  t h e  S t e e r i n g  Committee (ANL-ABS-3) were s t u d i e d  i n  d e -  
t a i l  and b rough t  up t o  d a t e ,  A new g roup ing  o f  d a t a  has  been used a s  f o l l o w s :  
( 1 )  N u c l e a r  D a t a ,  ( 2 )  E n g i n e e r i n g  Des ign ,  ( 3 )  E x p e r i m e n t a l  F a c i l i t i e s ,  and 
( 4 )  H e a l t h  Hazards and M i s c e l l a n e o u s  Da ta .  

Under N u c l e a r  D a t a  a l l  d a t a  p e r t a i n i n g  t o  n e u t r o n  and gamma r a y s  were 
c o l l e c t e d ,  Graphs showing n e u t r o n  f l u x  d i s t r i b u t i o n ,  h e a t  p r o d u c t i o n  i n  t h e  
r e f l e c t o r ,  and gamma a c t i v i t y  o f  c o o l i n g  w a t e r  were i n c l u d e d  where p r e v i o u s  
i s s u e s  had t a b l e s ,  N e w  d a t a  were used  where a v a i l a b l e  i n  p r e p a r a t i o n  of  t h e s e  
c u r v e s .  A new t a b l e  o f  gamma r a y  spec t rum was added t o  g i v e  a c o n c i s e  group-  
i n g  f o r  s h i e l d i n g  c a l c u l a t i o n s .  A s e c t i o n  on e n g i n e e r i n g  d e s i g n  o f  p r e v i o u s  
i s s u e s  was checked and b r o u g h t  up t o  d a t e .  

A l i s t  of  e x p e r i m e n t a l  f a c i l i t i e s  was a r r a n g e d  i n  o r d e r  o f  f l u x  l e v e l ,  
Exper imenta l  F a c i l i t i e s .  The e x p e r i m e n t a l  f a c i l i t i e s  have s u f f e r e d  o n l y  

minor changes  d u r i n g  t h e  q u a r t e r  and t h e s e  were due to s t r u c t u r a l  c o n s i d e r a -  
t i o n s ,  Two v e r t i c a l  h o l e s  t h r o u g h  t h e  permanent g r a p h i t e  were e l i m i n a t e d  and 
s e v e r a l  o t h e r  f a c i l i t i e s  moved s l i g h t l y .  

A i r  and Water Systems. The a i r  sys t em,  F i g .  1, has  been r e v i s e d  t o  a v o i d  
c o n f l i c t  w i t h  t h e  p r o p o s e d  s t r u c t u r a l  s t e e l  d e s i g n  f o r  t h e  r e a c t o r  t a n k  and 
t h e r m a l  s h i e l d .  Twenty-one 8 - i n c h  s q u a r e  i n l e t  a i r  d u c t s  r e p l a c e  t h e  fo rmer  
8 - i n c h  d i a m e t e r  d u c t s .  Two 3 0 - i n c h  s q u a r e  o u t l e t  d u c t s  r e p l a c e  t h e  f o r m e r  
36-inch d i a m e t e r  d u c t s .  

The e x i t  w a t e r  c r o s s o v e r  was r a i s e d  from 7.33 f e e t  t o  12  f e e t  above t h e  
r e a c t o r  c e n t e r l i n e  f o r  added s a f e t y  p r e c a u t i o n s ,  

S t e e l  S t r u c t u r e ,  It was d e c i d e d  t h a t a  s t r u c t u r a l  s t e e l  s u p p o r t i n g  s t r u c -  
t u r e  is r e q u i r e d  t o  s u p p o r t  t h e  r e a c t o r  t a n k  and the rma l  s h i e l d  independent  o f  
t h e  c o n c r e t e  because of  u n c e r t a i n t y  a s  t o  s h r i n k a g e  f a c t o r s ,  t he rma l  stresses, 
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e t c , ,  i n  t h e  c o n c r e t e .  An a n a l y s i s  o f  t h e  l o a d s  on t h i s  s t r u c t u r e  was made 
and a d e s i g n  p r o p o s e d  ( R .  K .  Browning,  CF 4 9 - 7 - 1 2 ,  J u n e  2 0 ,  1949)  wh ich  i s  
shown i n  F i g ,  2 .  Four 1 4 - i n c h  columns, which a r e  a d j a c e n t t o t h e  o u t e r  c o r n e r s  
of t h e  t h e r m a l  s h i e l d ,  r i s e  from t h e  s u b - p i l e  room f l o o r  t o  w i t h i n  6 f e e t  o f  
t h e  t o p  o f  t h e  p i l e  s t r u c t u r e .  H o r i z o n t a l  beams a t t a c h e d  t o  t h e  columns sup-  
p o r t  t h e  upper  and lower p o r t i o n  o f  t h e  r e a c t o r  t a n k ,  t h e  bottom p l u g ,  and t h e  
the rma l  s h i e l d .  The s t r u c t u r a l  s t e e l  is imbedded i n  t h e  c o n c r e t e  s t r u c t u r e  o f  
t h e  p i l e  e 

C o n c r e t e  Shield. A s t u d y  o f  t h e  c o n c r e t e  s h i e l d  i s  i n  p r o g r e s s  t o  d e t e r -  
mine t h e  h e a t  g e n e r a t i o n  from r a d i a t i o n ,  t e m p e r a t u r e  g r a d i e n t s ,  and r a d i a t i o n  
s h i e l d i n g  e f f e c t i v e n e s s .  A l l  c a l c u l a t i o n s  are  based  on 60,000 kw o p e r a t i o n o f  
t h e  r e a c t o r ,  

The t e m p e r a t u r e  o f  t h e  c o n c r e t e  a d j a c e n t  t o  t h e  v e r t i c a l  w a l l s  o f  t h e  
the rma l  s h i e l d ,  assurninga o n e - h a l f  i n c h  a i r  space  between c o n c r e t e  and the rma l  
s h i e l d ,  w i l l b e  abou t  20" F above t h e  t e m p e r a t u r e  o f  t he  o u t e r  c o n c r e t e  s u r f a c e .  
However, s i n c e  t h e  t o p  and bottom p l a t e s  of  t h e  p r e s e n t  t h e r m a l  s h i e l d  d e s i g n  
w i l l  be abou t  200° F above t h e  o u t e r  v e r t i c a l  p l a t e s ,  t h e  t e m p e r a t u r e  r ise  i n  
t h e  c o n c r e t e  a d j a c e n t  t o  t h e  t o p  and bo t tom p l a t e s  would be  from 100-150" F 
above t h e  o u t e r  c o n c r e t e  s u r f a c e  t e m p e r a t u r e  w i t h o u t  a d d i t i o n a l  c o o l i n g .  Means 
a r e  b e i n g  provided t o  l i m i t  t h e  t e m p e r a t u r e  d r o p  a c r o s s  t h e  c o n c r e t e  t o  50" F. 

e x i t  
w a t e r  l i n e s  and s i x t e e n  i n c h e s  o f  o r d i n a r y  c o n c r e t e  around t h e  e x i t  a i r  d u c t s  
w i l l b e  n e c e s s a r y t o  keep t h e  r a d i a t i o n  l e v e l  o u t s i d e  t h e  c o n c r e t e  below i n s t r n -  
ment t o l e r a n c e  o f  0.01 r/8 h r s .  

A minimum of  f o u r  and o n e - h a l f  f e e t  o f  o r d i n a r y  c o n c r e t e  around Ithe 

Tanks. A more e x t e n s i v e  s t u d y  was made o f t h e  s h i e l d i n g  r e q u i r e m e n t s  i n  
t h e  v i c i n i t y  o f  t h e  t o p  and bot tom p l u g s .  The r e s u l t  i s  an a l t e r n a t e  d e s i g n  
which is p roposed  b u t  n o t  y e t  approved .  It i s  b e l i e v e d  t h e  f a b r i c a t i o n  c o s t  
w i l l b e  l d $ s  f o r  t h i s  d e s i g n  t h a n  f o r  t h e  p r e v i o u s  one, and t h a t  t h e  weak p o i n t s  
of s h i e l d i n g  a r e  e l i m i n a t e d .  S i g n i f i c a n t  changes a r e a  r e d u c t i o n  i n  w a l l  t h i c k -  
n e s s  o f  Tank S e c t i o n  A from 3 i n c h e s  t o 5 / 8  i n c h e s ,  and t h e  a d d i t i o n  o f  a s teel  
r i n g  a t  t h e  t o p  f l a n g e  o f  t h e  t a n k  t o  p r o v i d e  t h e  n e c e s s a r y  s h i e l d i n g .  The i n -  
l e t  w a t e r  l i n e s  a r e  a l s o  lowered f a r  enough below t h e  t o p  o f  t h e  s h i e l d  s o  t h a t  
no special  s h i e l d i n g  i s  r e q u i r e d  above them. 

R a d i a t i o n  s t r e a m i n g  t h r o u g h  t h e  m o n i t o r  t u b e  a n n u l i  and t h e  bo t tom p l u g  
annu lus  does n o t  p r e s e n t  a problem i f  t h e  mon i to r  t u b e s  a r e  r e - d e s i g n e d  t o  con- 
t a i n  a l e a d  f i l l e r .  The a r e a  below t h e  b o t t o m  p l u g  w i l l  be  s l i g h t l y  a b o v e  
i n s t r u m e n t  t o l e r a n c e  ( 0 . 0 1  r p e r  8 h o u r s )  b u t  t h e  a d d i t i o n  o f  a 2 i n ,  t h i c k  
s l i d i n g  l e a d  d o o r  w i l l  b r i n g  t h e  s u b - p i l e  room w i t h i n  l i m i t s .  
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F i g u r e  3 i l l u s t r a t e s  t h e  proposed arrangement  o f  t h e  r e a c t o r  t a n k .  T h i s  
r e p r e s e n t s  t h e  e x i s t i n g  approved d e s i g n  w i t h  t h e  e x c e p t i o n  o f  t h e  reduced w a l l  
t h i c k n e s s  o f  Tank S e c t i o n  A.  I t  w i l l  be n o t e d  t h a t  t h i s  a r r angemen t  d i f f e r s  
from p r e v i o u s l y  p u b l i s h e d  drawings i n  t h a t  s e c t i o n  C i s  now an aluminum s e c t i o n  
e x t e n d i n g  above t h e  t o p  o f  t h e  the rma l  s h i e l d  and c o n n e c t i n g  t o  s e c t i o n B w h i c h  
i s  an expans ion  j o i n t , ,  

Graphite. P r e l i m i n a r y  l a y o u t s  were made o f  a method f o r  s t a c k i n g  t h e  
permanent g r a p h i t e  i n  t h e  t h e r m a l  s h i e l d .  The g r a p h i t e  r e f l e c t o r  between t h e  
o u t s i d e  o f  t h e  R e a c t o r  Tank w a l l  and t h e  i n s i d e  of  t h e  the rma l  s h i e l d  c o n s i s t s  
of a p e b b l e  zone,  s u r r o u n d i n g  and c o n c e n t r i c  w i t h  t h e  t a n k ,  7.33 f e e t  s q u a r e ,  
enc losed  by s o l i d  g r a p h i t e  e x t e n d i n g  t o  t h e  i n s i d e  w a l l  o f  t h e  t h e r m a l  s h i e l d ,  
t h e  g r a p h i t e  a s  a whole h a v i n g  a t o t a l  h e i g h t  o f  9.33 f e e t .  I n  g e n e r a l ,  t h e  
s o l i d  g r a p h i t e  i s  b u i l t  o f  f o u r  i n c h  s q u a r e  b a r s  s t a c k e d  p e r p e n d i c u l a r  t o  t h e  
the rma l  s h i e l d  w a l l s  a s  shown i n  F i g .  4. One-half  i n c h  d i ame te r  c o o l i n g  h o l e s  
p a s s  v e r t i c a l l y  from t o p  t o  bottom o f  t h e  s t a c k  a s  shown i n  F i g s .  5 - 6 .  Along 
t h e  i n s i d e  f a c e  of t h e  s t a c k  one - inch  keys p a s s  h o r i z o n t a l l y  between t h e  b a r s .  

Methods f o r  p a s s i n g  e x p e r i m e n t a l  h o l e s  th rough  t h e  permanent g r a p h i t e  were 
s t u d i e d  and s e v e r a l  a l t e r n a t e s  dev i sed .  The most d i f f i c u l t  e x p e r i m e n t a l  h o l e s  
t o  p r o v i d e  a r e  t h o s e  p a s s i n g  t h r o u g h  a t  an a n g l e ,  s u c h  a s  t h e  o f f - s e t  down- 
h o l e s .  F i g u r e  7 shows t h e  t y p e  o f  i n t e r s e c t i o n  between t h e s e  h o l e s  and t h e  
g r a p h i t e  b l d c k s .  For  e a c h  of  t h e s e  h o l e s  a l i n e r  e x t e n d s  th rough  t h e  t h e r m a l  
s h i e l d ,  s o l i d  g r a p h i t e ,  and p e b b l e  zone. 

The g r a p h i t e  i s  s u p p o r t e d  on s t e e l  p l a t e s  l a i d  on a f a b r i c a t e d  a n g l e  i r o n  
frame work which s t a n d s o n  t h e  bottom p l a t e  of t h e  the rma l  s h i e l d .  The s u p p o r t  
f o r  t h e  pebble  g r a p h i t e  is p e r f o r a t e d  f o r  a i r  f low and d i v i d e d  i n t o  two p l a t e s  
s l o p i n g  toward t h e  c e n t e r  o f  t h e  t a n k  t o  a l l o w  t h e  b a l l s  t o  f low i n t o  c h u t e s  
f o r  d i s c h a r g e  from t h e  r e a c t o r  a s  shown i n  F i g .  8 .  

Cooling of t h e  G r a p h i te Reflector. P r o b l e m s  i n v o l v e d  i n  c o o l i n g  t h e  
g r a p h i t e  r e f l e c t o r  were s t u d i e d  and t h e  c o o l i n g  r equ i r emen t s  r e - e s t a b l i s h e d  on 
t h e  b a s i s o f t h e  most r e c e n t  h e a t  p r o d u c t i o n  i n f o r m a t i o n .  A p a t t e r n  of  c o o l i n g  
c h a n n e l s  was e s t a b l i s h e d  f o r  t h e  permanent r e f l e c t o r  s u b j e c t  to m o d i f i c a t i o n  
by f u r t h e r  c a l c u l a t i o n  and development  of new i n f o r m a t i o n .  

P r e l i m i n a r y  t o  t h e  c a l c u l a t i o n  of  c o o l i n g  problems invo lved  i n  t h e  d e s i g n  
of  t h e  g r a p h i t e  a s u r v e y  o f  r e p o r t s  p e r t a i n i n g  t o  t h e  r e a c t o r  was made t o  
e s t a b l i s h  t h e  p r o b a b l e  h e a t  p r o d u c t i o n  r a t e s  i n  t h e  g r a p h i t e  r e f l e c t o r .  S i n c e  
much o f  t h e  i n f o r m a t i o n  was b a s e d  upon p r e m i s e s  somewhat d i f f e r e n t  from t h e  
p r e s e n t  c o n c e p t i o n  of  t h e  r e a c t o r ,  d a t a  found were nnormalizedn upon t h e  fo l low-  
i n g  b a s i s :  
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Power-30,000 k w  (removed i n  wa te r  and a i r )  
Urn' i n  r e a c t o r - 3 . 5  kg ( 2 3  a s s e m b l i e s  + f: of  4 shim r o d s )  
Cross s e c t i o n  o f  U'"' i n  r e a c t o r  4840 e m 2  
Mev/f iss ion-l87 
Fiss ionp 'sec-9.9 x 10'" 
Average ( P I V ) ~ ~ - ~  x loi4 
Dimensions of s l a b  l a t t i c e - 9 2 . 5  cm X 23 X 60 cm 
S p e c i f i c  power--300 k w J Y i t e r  

Us ing  t h e  c a l c u l a t e d  f l u x  d i s t r i b u t n o n  c u r v e s  ofMonP 272 and t h e  e x p e r i m e n t a l  
c u r v e s  of  ORNE 167 a s  a b a s i s ,  t h e  r a t i o  o f  (nv ) , ,  a t  t h e  c e n t e r  o f  t h e  s l a b  
l a t t i c e  to t h e  a v e r a g e  was e s t i m a t e d  t o  be 1/0.8 and (nv) , ,  a t  t h e  c e n t e r  t o  
be 2 . 5  x lo"", 

W i t h  t h e  l a t t i c e  d e s c r i b e d  above  a s  a mode l ,  a c o m p a r i s i o n  was made 
between it  and t h e  3 k g  c r i t i c a l  assembly f o r  which h e a t  p r o d u c t i o n  d a t a  a r e  
r e p o r t e d  by M a r t i n  and Mann i n  ORNL 167,  R e s u l t s  i n d i c a t e d  t h e  h e a t  produc- 
t i o n  c u r v e s  o f  ORNE 167 s h o n l d  be m u l t i p l i e d  by 1.2 t o  no rma l i ze  t h o s e . c u r v e s  
t o  t h e  model l a t t i c e ,  T h i s  was done and t h e  r e s u l t i n g  c u r v e  e x t r a p o l a t e d t o  
d i s t a n c e s  g r e a t e r  t h a n  t h e  measured 60 c m  from t h e  f a c e  o f  t h e  s l a b  on t h e  
b a s i s  of  p a r a l l e l i s m  w i t h  a c a l c u l a t e d  cu rve  s i m i l a r  t o  t h a t  r e p o r t e d  i n  MonP 
242 b u t  c o r r e c t e d  f o r  r e f l e c t o r  s i z e ,  The resultingheatproductioncurve g i v e s  
v a l u e s  c o n s i d e r a b l y  g r e a t e r  t h a n  t h o s e  o b t a i n e d  from c a l c u l a t e d  c u r v e s  u s e d  
p r e v i o u s l y ,  T h e r e f o r e ,  s i n c e  t h e  d a t a w e r e  o b t a i n e d  from p h y s i c a l  measurements,  
i t  a p p e a r s  n e c e s s a r y  t o  u s e  m o d i f i c a t i o n s  of  Lhis h e a t  p r o d u c t i o n  c u r v e  i n  a l l  
f u t u r e  c a l c u l a t i o n s ,  P r e s e n t e d  i n  F i g ,  9 i s  t h e  c u r v e  c o r r e c t e d  f o r  t h e  con-  
t r i b u t i o n  o f  f a s t  n e u t r o n s  a t  t h e  f a c e  of t h e  l a t t i c e ,  t h e  p re sence  o f a g r a p h -  
i t e  p e b b l e  z o n e ,  and t h e  c o n t r i b u t i o n  from gammas g e n e r a t e d  i n  t h e  t h e r m a l  
s h i e l d ,  The f i g u r e  a l s o  c o n t a i n s  a cu rve  f o r  h e a t  p r o d u c t i o n  p e r p e n d i c u l a r  t o  
t h a t  f a c e o f t h e  s q u a r e  l a t t i c e  n e a r e s t  t h e  t a n k  w a l l ,  F i g u r e  10 shows a c r o s s  
s e c t i o n  o f  t h e  r e a c t o r  and r e f l e c t o r  and t h e  l o c a t i o n  of  t h e  two l o a d i n g s ,  

Assuming t h e  v a l i d i t y o f t h e  h e a t  p r o d u c t i o n  d a t a  t h e  c o o l i n g  o f  t h e  g r a p -  
h i t e  was c a l c u l a t e d  on t h e  b a s i s  of  a maximum p e r m i s s i b l e  g r a p h i t e  t e m p e r a t u r e  
of 570" F when o p e r a t i n g  a t  a s ~ e a d y  power o f  45,000 kw,, A i r  a d m i t t e d  t o  t h e  

p i l e  was assumed t o  be  a t  95" F ,  30% r e l a t i v e  h u m i d i t y  and  2 5 - 5  i n ,  o f  Hg 
a b s o l u t e  p r e s s u r e ;  a l l  c o n s i d e r e d  t o  be  r e p r e s e n t a t i v e  o f  c o n d i t i o n s  a t  Arco,  
Idaho ,  d u r i n g  90% o f  t h e  y e a r ,  
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C a l c u l a t i o n  o f  t h e  c o o l i n g  of  t h e  g r a p h i t e  was based  upon a r e a c t o r  w i t h  
a s q u a r e  l o a d i n g  because  t h e  g r e a t e s t  h e a t  p r o d u c t i o n  i n  t h e  g r a p h i t e  o c c u r s  
i n  r e g i o n s  p a r a l l e l  t o  t h e  f a c e  o f  t h e  s q u a r e  l a t t i c e  a t  i t s  n e a r e s t  approach 
t o  t h e  t a n k  w a l l ,  N e g l e c t i n g  t h e  e f f e c t  o f  conduc t ion  between p e b b l e s ,  i t  was 
found t h a t  an a i r  f l o w  o f  0 , 3 3  l b / f t *  s e e  was r e q u i r e d  t o  m a i n t a i n  t h e  b a l l  
t e m p e r a t u r e  i n  t.he h o t t e s t  zone be low 570" F when o p e r a t i n g  a t  45000 kw. 
T h i s  r e s u l t e d  i n  a p r e s s u r e  d r o p  of  30 t o  40 i n .  o f  w a t e r  through t h e  g r a p h i t e  
and an a v e r a g e  a i r  f l o w  o f  0 . 3 8  l b / f t 2 J s e c .  The t o t a l  a i r  f l o w  t h r o u g h  t h e  
p e b b l e s  was c a l c u l a t e d  to be P3,7 l b / s e c ,  t h e  t o t a l  h e a t  produced 420 kw,  and 
t h e  a v e r a g e  e x i t  a i r  t e m p e r a t u r e  195" F f o r  o p e r a t i o n  a t  45 ,000  kw. 

Recent. i n f o r m a t i o n  from t h e  Asgonne N a t i o n a l  L a b o r a t o r y  i n d i c a t e s  t h e  
p r e s s u r e  d r o p  t h r o u g h  t h e  p e b b l e  bed w i l l  b e  a b o u t  35 i n .  o f  w a t e r .  T h e i r  
tests a l s o  show t h a t  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t s  may be g r e a t e r  b y a  f a c t o r  
of  f i v e  t h a n  t h o s e  u s e d  i n  t h e  d e s i g n  c a l c u l a t i o n s ,  T h i s  would r e s u l t  i n  a 
yaximum pebb le  t e m p e r a t u r e  o f  --490" F; however, u n c e r t a i n i e s  i n v o l v e d  i n  t h e  
expe r imen t  appea r  t o  make unwise any r e d u c t i o n  i n  a i r  f low based s o l e l y  on t h e  
g r e a t e r  h e a t  t r a n s f e r  c o e f f i c i e n t , ,  

The proposed d e s i g n  o f  t h e  c o o l i n g  c h a n n e l s  i n  t h e  permanent g r a p h i t e  i s  

s i m i l a r  i n  most r e s p e c t s  t o  t h a t  o f  N i c o l P  and Eeyse  o f  t h e  Argonne N a t i o n a l  
L a b o r a t o r y ,  mod i f i ed  because  o f  d i f f e r e n t  h e a t  p r o d u c t i o n  d a t a  and t o  p r o v i d e  
c o o l i n g  o f  t h e  beam h o l e  l i n e r s  by a i r  f l o w i n g  th rough  v e r t i c a l  h o l e s  i n  t h e  
g r a p h i t e  a s  shown i n  F i g .  6 ,  The l o c a t i o n s  o f  t h e K i n .  d i a r n e t e r v e r t i c a l c o o l -  
i n g  h o l e s  and t h e  z o n i n g  o f  t h e  r e f l e c t o r  a r e  shown i n  F i g .  11. C a l c u l a t e d  
maximum t e m p e r a t u r e s  i n  zones l ,  2 ,  and 3 a r e  520, 480, and490'  F,  r e s p e c t i v e l y ,  
assuming a f i v e - f o l d  d e c r e a s e  i n  t h e  t h e r m a l  c o n d u c t i v i t y  ove r  a p e r i o d  of  10  
y e a r s ,  The a i r  f low through t h e  h o l e s  i n  t h e  h o t t e s t  zone is  c a l c u l a t e d  t o  be 
8.2 l b / f t 2  sec  w i t h  a t o t a l  a i r  f low th rough  t h e  permanent g r a p h i t e  of 10 l b / s e c .  
The t o t a l  h e a t  removed i s  e s t i m a t e d  t o  be 330 kw and t h e  a v e r a g e  e x i t  a i r  
t e m p e r a t u r e  t o  be 205'  F a t  a p i l e  power o f  4 5 , 0 0 0  kw. 

One o f  t h e  problems c a u s i n g  some conce rn  i s  t h a t  of  c o o l i n g  t h e  beam h o l e  
l i n e r s , ,  The p a r t  o f  each  l i n e r  i n  t h e  pebb le  z o n e i s c o o l e d  by a i r  f l owing  up- 
ward th rough  t h e  pebb les  w h i l e  t h e  p a r t  i n  t h e  permanent g r a p h i t e  i s  coo led  by 
a i r  which f lows  upward t h r o u g h  h o l e s  i n  t h e  g r a p h i t e  b a r s ,  The l i n e r  f o r  t h e  
HG9 h o l e  e x t e n d s  th rough  Che g r a p h i t e  r e f l e c t o r  i n  t h e  r e g i o n o f  h e a t  p r o d u c t i o n  
p e r p e n d i c u l a r  t o  t h e  f a c e  o f  t h e  s q u a r e  l o a d i n g  a t  i t s  c l o s e s t  approach t o  t h e  
t a n k  w a l l , ,  I n  t h i s  p o s i t i o n  t h e  h e a t  p r o d u c t i o n  i n  t h e  Hd;9 l i n e r  and  t h e  
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t emperaause  of t h e  c o o l i n g  a i r  a r e  g r e a t e r  t h a n  f o r  a n y  o t h e r  e x p e r i m e n t a l  
f a c i l i t y ,  Consequen t ly ,  t h e  f i r s t  e f f o r t s  have been devoted t o t h e c a l c u l a t i o n  
o f  t e m p e r a t u r e s  i n  t h a t  l i n e r ,  

The HG9 l i n e r  i s  t e n t a t i v e l y  an aluminum box 1 0  i n ,  X 16 i n .  s q u a r e  X 3/16 
i n ,  t h i c k  e x t e n d i n g  th rough  t h e  g r a p h i t e  from t h e  the rma l  s h i e l d  t o  t h e  alumi-  
num t ank  of  t h e  r e a c t o r ,  When o p e r a t i n g  a t  45,000 kw i t  i s  e s t i m a t e d  t h a t  t h e  
h e a t  p r o d u c t i o n  w i l l  be 1.1 wattsJcmS a t  t h e  t a n k  w a l l ,  0.26 watts/cm3 a t  t h e  
f a c e  of t h e  permanent g r a p h i t e  and 0,00'4 The 
number o f  h o l e s  i n  t h e  pe rmanen t  g r a p h i t e  i s  s p e c i f i e d  t o  p r o v i d e  a g r e a t  
enough f l o w  o f  air a r o u n d  t h e  l i n e r  t o  r e s u l t  i n  an a v e r a g e  a i r  t e m p e r a t u r e  
o f  175" F and a h e a t  t r a n s f e r  c o e f f i c i e n t o f 8  B t u / f t "  h r  O F ,  a s  c a l c u l a t e d  
u s i n g  t h e  e q u a t i o n  

wattsJcm3 a t  t h e  the rma l  s h i e l d ,  

hD/'k 06023 '(DG/p)'" (Cp p / k I o o 4  (McAdams "Heat T r a n s m i s s i o n "  
p .  1 6 8 ) .  

The ave rage  a i r  t e m p e r a t u r e  i n  t h e  pebble  bed i n  t h e  v i c i n i t y  o f  t h e  HG9 l i n e r  
i s  c a l c u l a t e d t o b e  225" F, It  i s  e s t i m a t e d  from an e q u a t i o n  € o r  h e a t  t r a n s f e r  
between s p h e r e s  and a i r ,  

0. 6 
hDp/k, rz 0 , 3 3  (DpG/p.B (McAdams, "Heat Transmission",  p. 237) 

t h a t  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  f o r  t h e  g r a p h i t e  b a l l s  i n  t h e  same l o c a t i o n  
w i l l  be 7 . 1  Btu / f t '  h r  "F,  The h e a t  t r a n s f e r  c o e f f i c i e n t  f o r  t h e  w a l l s  of  t h e  
l i n e r  may be a s  g r e a t  a s  t h a t  p r e d i c t e d  f o r  t h e  b a l l s  or a s  s m a l l  a s  t h a t  p r e -  
d i c t e d  by t h e  e q u a t i o n  o f  Max Leva, 

-Dp/Ds 0. 9 0 
h 0,8B3(kJDt)e  q G / P L ,  (q ' Ind ,  Eng, Chem." V.39, 1947, p.8591, 

f o r  h e a t  t r a n s f e r  a l o n g  t h e  w a l l s  o f  t u b e s  paeked w i t h  s p h e r e s .  
3 - 3  B t u / f t '  h s  " F  i s  c a l c u l a t e d  f rom t h e  Leva e q u a t i o n ,  

A v a l u e  o f  

F i g u r e  12  shows t h e  t e m p e r a t u r e  p a t t e r n  c a l c u l a t e d  f o r  t h e  HG9 l i n e r  
n e g l e c t i n g  t h e  e f f e c t  o f  heaR t r a n s f e r  to p e b b l e s  i n  c o n t a c t  w i t h  t h e  l i n e r  and 
conduc t ion  o f  h e a t  t h rough  t h e  me ta l  t o  t h e  t ank  w a l l  where t h e  c o n t a c t  may be 
p o o r ,  I t  is d e m o n s t r a t e d  t h a t  t h e  maximum t e m p e r a t u r e ,  when o p e r a t i n g  a t  
45,000 kw, may be a s  h i g h  a s  680' F or a s  Pow as  490" F depending upon t h e  v a l u e  
assumed f o r  ahe  h e a t  t r a n s f e r  c o e f f i c i e n t ,  P e b b l c a  i n  t h e  same r e g i o n  a r e  



am. 

FIGWE 12 

& 

I 
0 

Matance from Tank - Cm. 

28 



e x p e c t e d t o a s s u m e  a t empera tu re  of  570' F and so  i t  is  p robab le  t h e  l i n e r  w i l l  
be a t o r  n e a r  t h e  same t empera tu re .  It i s  q u i t e  u n c e r t a i n  whether  t h e  aluminum 
w i l l  w i t h s t a n d  such h i g h  t e m p e r a t u r e s  f o r  any p e r i o d o f  time. C a l c u l a t i o n s  w i l l  
be made d u r i n g  t h e  n e x t  q u a r t e r  t o  d e t e r m i n e  i f  s u c h  t e m p e r a t u r e s  a r e  pro-  
h i b i t i v e  (( 

Thermal S h i e l d .  The the rma l  s h i e l d  as shown i n F i g .  13, i s  made of  4 i n . ,  
6 i n , ,  and 8 i n .  t h i c k  r o l l e d  s t e e l  p l a t e s  t h a t  w i l l  have t h e  beam h o l e s  f lame 
c u t  wherever p o s s i b l e  and t h e n  welded d u r i n g  e r e c t i o n .  Thermal expansion w i l l  
be t a k e n  by % i n .  t o  % i n ,  s p a c e s  b e t w e e n  t h e  s t e e l  a n d  c o n c r e t e  a r o u n d  
t h e  s i d e s  and t h e  t o p .  S t u d i e s  a r e  i n  p r o g r e s s  t o  d e t e r m i n e  t h e  e f f e c t  o f  
t e m p e r a t u r e  g r a d i e n t  and d i f f e r e n t i a l  e x p a n s i o n  w i t h i n  t h e  s h i e l d .  

A p r e l i m i n a r y  c a l c u l a t i o n  o f  t h e  h e a t  p r o d u c t i o n  and t e m p e r a t u r e s  was 
made f o r  t h e  s i d e  t h e r m a l  s h i e l d s .  On t h e  b a s i s  of  t h e  h e a t  p r o d u c t i o n  d a t a  
o f  F i g .  9 ,  and a c a l c u l a t e d  ( n v ) , ,  o f  3 x lo ' '  a t  t h e  c e n t e r  of  t h e  f a c e  o f  
t h e  t h e r m a l  s h i e l d  a t  i t s  n e a r e s t  approach  t o  t h e  l a t t i c e ,  i t  was found t h a t  
t h e  maximum h e a t  f l u x  i n  t h e  s h i e l d  is 0.15 watts/cm* f o r  30,000 kw o p e r a t i o n  
or 0 - 3 1  watts/cm2 f o r  6 0 , 0 0 0  kw o p e r a t i o n  and t h e  ave rage  h e a t  f l u x  i s  25% of  
t h e  maximum. T h i s  r e s u l t s  i n a h e a t  p r o d u c t i o n  o f  1 0  kw p e r  s i d e  o r  a t o t a l  of  
t h e  o r d e r  of 60 kw when o p e r a t i n g a t 6 0 , O O O  kw. 
l y  d i v i d e d  between a b s o r p t i o n  o f  p i l e  and r e f l e c t o r  gammas and a b s o r p t i o n  o f  
c a p t u r e  gammas i n  t h e  s t e e l .  

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

Assuming t h e  v a l i d i t y  o f  t h e  above v a l u e s  t h e  f o l l o w i n g  d a t a  were c a l c u -  

l a t e d  f o r  t h e  s e c t i o n  o f  t he rma l  s h i e l d  a d j a c e n t  t o  t h e  g r a p h i t e  c o n s i d e r i n g  a 
t o t a l  a i r  flow o f  1600 lb/min. 

G A P  BETWEEN h B t u  P R E S S U R E  D R O P  AT MAX. h T  A V G .  

T H E R M A L  SHIELDS ( h r  f P 2  OF) ( i n , H 2 0 )  ( A B O V E  A I R  T E M P )  ( A B O V E  A I R  T E M P )  

P i n .  15  2 . 1  62" F 19" F 
2 7 .8  0.28 110 34 

3 5 - 2  0 .ll 160 53 

4 4 .O 0 -05  210 67 

The v a l u e s  f o r  AT max. a r e  somewhat h i g h  because  o n l y a p a r t i a l  c o r r e c t i o n  

was made f o r  c o n d u c t i o n  o f  h e a t  i n  t h e  s t e e l ,  and so  t h e  v a l u e s  w i l l  be r e -  
c a l c u l a t e d .  S i n c e  t h e  h e a t  p r o d u c t i o n  i n  t h e  o u t e r  s e c t i o n  o f  t h e r m a l  s h i e l d  
a d j a c e n t  t o  t h e  c o n c r e t e  i s  lower by a f a c t o r  o f  a b o u t  20 t h a n  i n  t h e  s e c t i o n  
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a d j a c e n t  t o  t h e  g r a p h i t e ,  c o r r e s p o n d i n g l y  lower t e m p e r a t u r e s  c a n  be expec ted .  
Although some d e c r e a s e  i n  t e m p e r a t u r e  c a n  be r e a l i z e d  by d e c r e a s i n g  t h e  a i r  
gap between t h e  s e c t i o n s  of  t he rma l  s h i e l d ,  t h r e e  i n c h e s  is  b e i n g  h e l d  a s  t h e  
d e s i g n  t h i c k n e s s  e 

Two m a t e r i a l s ,  l e a d  a n d  b i s m u t h ,  a r e  b e i n g  c o n s i d e r e d  f o r  u s e  i n  t h e  
n e u t r o n  window between t h e  g r a p h i t e  and t h e r m a l  column, L i t t l e  i s  known a b o u t  
t h e  p h y s i c a l  p r o p e r t i e s  o f  e i t h e r  o f  t h e s e  m a t e r i a l s  a t  t e m p e r a t u r e s  between 
150 and 300" F. Creep  expe r imen t s  a r e  b e i n g  planned t o  p rov ide  i n f o r m a t i o n  on 
t h i s  problem, 

A c u r t a i n  o f  m a t e r i a l  h a v i n g  h i g h  c r o s s  s e c t i o n  for t he rma l  n e u t r o n s  was 
d e s i g n e d  which may be i n s e r t e d  by remote c o n t r o l  between t h e  permanent g r a p h i t e  
and t h e  t h e r m a l  column. M a t e r i a l  p roposed  i n  t h i s  d e s i g n  i s  b o r a l ,  a newly 
deve loped  m a t e r i a l  o f  B,C and aluminum (ORNL 3 2 3 ) .  

Thermal Column. A v e r t i c a l  s e c t i o n  t h r o u g h  t h e  t h e r m a l  column a s  i t  i s  

p r e s e n t l y  c o n c e i v e d  i s  shown on F i g .  14 .  The s t e e l  s h e l l  i s  b u t t  welded and 
t a k e s  t h e  form of  t h r e e  t e l e s c o p i n g  boxes.  The dimensions i n c r e a s e  from 6 f t .  
X 6 f t  a t  t h e  t h e r m a l  s h i e l d  t o  6.33 f t  X 6 . 3 3  f t  a t  t h e  o u t e r  f a c e  o f  t h e  
c o n c r e t e .  The s t e e l  s h e l l  s e r v e s  t o  r e d u c e  t h e  gamma h e a t i n g  i n  t h e  c o n c r e t e  
i n  a s i m i l a r  manner t o  t h e  t h e r m a l  s h i e l d .  The s h e l l  i s  l i n e d  f i r s t  w i t h  a 
0 .040 i n .  b o r a l  s h e e t ,  and  t h e n  a 2 i n .  l e a d  l i n e r .  The b o r a l  s e r v e s  t o  
abaorb t h e  slow n e u t r o n s  t h a t  would o t h e r w i s e  pas s  i n t o  t h e  s t e e l  and c o n c r e t e .  
The Lead l i n e r  w i l l  p r o v i d e  s h i e l d i n g  from t h e  induced  a c t i v i t y  i n  t h e  s t e e l  

s h e l l  i n  t h e  e v e n t  t h a t  one wi shes  t o  e n t e r  t h e  column a f t e r  shutdown. 
The l e a d  door  a s  shown i s  10 i n .  t h i c k ,  which i s  s u f f i c i e n t  t o  reduce t h e  

These gammas c o n s i s t  mostr gamma a c t i v i t y  t o  b i o l o g i c a l  l e v e l  o u t s i d e  t h e  d o o r ,  
l y  o f  g r a p h i t e  gammas from t h e  the rma l  column i t s e l f .  

The c o l u m n i s  c l o s e l y  packed w i t h  g r a p h i t e  b l o c k s  which maybe removed dur -  
i n g  p i l e  shutdown.  The b a s i c  s i z e  o f  t h e  b l o c k s  i s  4 i n .  x 4 i n .  x 20 i n .  
S i n c e  t h e  p e n e t r a t i n g  e x p e r i m e n t a l  f a c i l i t i e s  a r e  o f  r e c t a n g u l a r  s h a p e  and 
o r i e n t e d  p a r a l l e l  to t h e  p i l e -  c o - o r d i n a t e s ,  l i t t l e  d i f f i c u l t y  i s  e x p e c t e d  i n  
t h e  d e t a i l  d e s i g n  and a p p l i c a t i o n  o f  t h e s e  b l o c k s .  

Controls. 1. P o s i t i o n  I n d i c a t o r s .  A r e d e s i g n o f t h e  p o s i t i o n  i n d i c a t o r s  
w a s  made t o  p r o v i d e  d i r e c t  r e a d i n g  i n d i c a t i o n  and t h u s  r educe  t h e  p o s s i b i l i t y  
o f  e r r o r s  i n  r e a d i n g  and  a t  t h e  same t i m e  p r o v i d e  a d d i t i o n a l  f e a t u r e s .  Wi th  
t h i s  d e s i g n  i t  i s  p o s s i b l e  t o  remove e i t h e r  one o f  t h e  two i n d i c a t o r s  f o r  any 
rod  w i t h o u t  a f f e c t i n g  t h e  o t h e r  i n  t h e  e v e n t  t h a t  one of  them r e q u i r e s  s e r v i c -  
i n g ,  
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A s c h e m a t i c  d r a w i n g  o f  t h e  p r e s e n t  i n d i c a t o r  and g e a r i n g  f o r  t h e  Shim- 
S a f e t y  C o n t r o l  Rod I n d i c a t o r s  is  shown i n  F i g .  15 .  The r e v i s e d  sys t em,  shown 

S c h e m a t i c a l l y  i n  F i g ,  16 ,  p r o v i d e s  d i r e c t  r e a d i n g  pr imary i n d i c a t o r s a t  t h e  p l u g  
p l a t f o r m i n  t h e  f o r m o f  s t a n d a r d  c o u n t e r s  which are d r i v e n  by t h e  shim rod  d r i v e  
motors  t h r o u g h  a r i g h t - a n g l e  f l e x i b l e  s h a f t  c o u p l i n g ,  a f l e x i b l e  s h a f t  and a 
p a i r o f h e l i c a l  r e d u c t i o n  g e a r s .  S i n c e  t h e  c o u n t e r  is d r i v e n  d i r e c t l y  from t h e  
motor t h e  work r e q u i r e d o f  t h e  f l e x i b l e  s h a f t  i s m a t e r i a l l y  reduced,  t h u s  r educ -  
i n g  t h e  n e c e s s i t y  f o r  r e p a i r  or replacement: .  The c o u n t e r s  r e a d  d i r e c t l y  i n  
i n c h e s  and t h o u s a n d t h s  o f  an i n c h .  

The s e l s y n  which c o n t r o l s  t h e  remote or secondary  i n d i c a t o r  a t  t h e  o p e r a -  
t i n g  p a n e l  i s  mounted on a g e a r  h o u s i n g  a d j a c e n t  t o  t h e  shim r o d  h o u s i n g  and 
i s  d r i v e n  b y a  t r a i n  o f  t h r e e  s e t s  o f  worm g e a r s ,  The secondary i n d i c a t o r  w i l l  
be o f  t h e  d i a l  t y p e  w i t h a p o i n t e r  which makes n i n e  d e g r e e s  o f  a r e v o l u t i o n  f o r  
e a c h  i n c h  0 f  rod  t r a v e l  or 279 d e g r e e s  f o r  t h e  f u l l  t r a v e l  o f  31 i n c h e s .  

I n  r e d e s i g n i n g t h e  r e g u l a t i n g  rod p o s i t i o n  i n d i c a t o r s i t  was found i m p r a c t i -  
c a l  t o  u s e  t h e  d i r e c t  r e a d i n g  c o u n t e r  t y p e  o f  i n d i c a t o r  b e c a u s e  o f  t h e  h i g h  
s h a f t  s p e e d s  i n v o l v e d .  However, a d i r e c t  r e a d i n g  i n d i c a t o r  o f  t h e  d i a l  t y p e  
was d e s i g n e d  f o r  u se  a s  a p r i m a r y  i n d i c a t o r  a t  t h e  p l u g  p l a t f o r m  and  is shown 
i n  F i g .  17 .  The i n d i c a t o r  d r i v e  g e a r i n g  was r e v i s e d  t o  s u i t  t h e  new i n d i c a t o r  
and is  shown s c h e m a t i c a l l y  i n  F i g .  18. The o u t e r  d i s c  o f  t h i s  i n d i c a t o r  shows 
t h e  i n c h e s  o f  t r a v e l  o f  t h e  r o d  and i s  d r i v e n  by a geneva type  r e d u c t i o n  gear 
which p e r m i t s  t h e  f i g u r e s  t o  remain s t a t i o n a r y  d u r i n g  one i n c h  o f  t r a v e l .  The 
i n n e r  d i s c  i n d i c a t e s  t h e  rod t r a v e l  d i r e c t l y  i n  h u n d r e d t h s  o f  a n  i n c h  and i n  
thousandthsbyinterpolations, b u t  c o n t i n u e s  r o t a t i o n  w h i l e  t h e  r o d i s  i n  motion. 
One f u l l  r e v o l u t i o n  o f  t h e  o u t e r  d i s c  c o v e r s  t h i r t y  i n c h e s  of r o d  t r a v e l  w h i l e  
t h e  i n n e r  d i s c  makes one r e v o l u t i o n  f o r  each  i n c h  o f  r o d  t r a v e l ,  I n  c o n t r a s t  
t o  t h e  p r e v i o u s  d e s i g n  t h e  s e l s y n  which c o n t r o l s  t h e  secondary  p o s i t i o n  i n d i -  
c a t o r  a t  t h e  c o n s o l e  i s  d r i v e n  by a p a i r  o f  r e d u c t i o n  g e a r s  o p e r a t i n g  from t h e  
d r i v e n  b e v e l  g e a r  s h a f t ,  making i t  independen t  o f  t h e  p r imary  i n d i c a t o r  d r i v e  
g e a r i n g  and c o n s e q u e n t l y  making it removable  w i t h o u t  a f f e c t i n g  t h e  o p e r a t i o n  
o f  t h e  pr imary i n d i c a t o r . .  O t h e r  d e t a i l s  of t h e  g e a r i n g  may be s e e n  by r e f e r r -  
i n g  t o  t h e  i n d i c a t o r  d r i v e  schemat i c .  

2 .  Shim Safety C o n t r o l  Rod B e a r i n g s .  To r e d u c e  t h e  f r i c t i o n a l  d r a g  
caused  by t h e  g r a p h i t e  p a d s  i n  t h e  S h i m - S a f e t y  C o n t r o l  Rod B e a r i n g s ,  a new 
b e a r i n g  was d e s i g n e d  i n c o r p o r a t i n g  r o l l e r s  i n  p l a c e  o f  t h e  g r a p h i t e  pads.  T h i s  
d e s i g n  i s  i l l u s t r a t e d  by F i g .  19 ,  and is  s i m i l a r  t o  t h e  p r e v i o u s  d e s i g n  e x c e p t  
t h a t  i n  e a c h  o f  t h e  f o u r  s p r i n g  p l a t e s  t h r e e  s t a i n l e s s - s t e e l - e n c a s e d  g r a p h i t e  

3 3  



z 
d
 

&
 

I- I
 

a
 

w
 

- 
W

 

DWG. Z;7890 

I I 

I 



n
 

W
 

cn 
>

 
W

 
U
 

-
 

L
L
 

0
 

0 

2
 

w
 
I
 

U
 

m
 2 

*
a

 
“

w
 

35 





FIG. 18 
SCHEMATIC DIAGRAM OF REVISED 

REGULATING ROD POSITION INDICATOR 
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r o l l e r s  a r e  mounted. D e t a i l  drawings of t h i s  b e a r i n g  were completed and a s e t  
o f  b e a r i n g s  is  b e i n g  c o n s t r u c t e d  f o r  t e s t  pu rposes .  

3 .  P r o p o s e d  Shim Rod Design* A new d e s i g n  f o r  t h e  shim s a f e t y  rod  was 
deve loped  t o  be t e s t e d  i n  t h e  mock-up. P u r p o s e o f t h i s  d e s i g n  is t o r e d u c e  t h e  
o v e r a l l  c o s t  by p r o v i d i n g  a s i m p l e r  means o f  f a b r i c a t i o n .  I t  c o n s i s t s  of  a n  
e x t r u d e d  aluminum t u b e  o f  t h e  same o u t s i d e  c r o s s  s e c t i o n  a s  t h e  p r e s e n t  shim 
rod e x t e n d i n g  from t h e  a rma tu re  of  t h e  t o p  o f  t h e  rod  t o  t h e  shock a b s o r b e r  a t  
t h e  bot tom, These end p i e c e s  a r e  made of  s t e e l  f a s t e n e d  m e c h a n i c a l l y  t o  t h e  
e x t r u s i o n ,  t h e  a r m a t u r e  i s  m a g n e t i c  s t e e l ,  a s  i n  t h e  p r e s e n t  d e s i g n ,  and t h e  
shock  s e c t i o n  i s  s t a i n l e s s  s t e e l ,  The u r a n i u m  and cadmium s e c t i o n s  s l i d e  
i n s i d e  t h e  e x t r u s i o n  by removing t h e  a rma tu re  and i n s e r t i n g  them from t h e  t o p .  
These s e c t i o n s  a r e  p o s i t i o n e d  by means o f  s p a c e r s  e a c h  o f  which w i l l  c o n s i s t  
o f  f o u r  318  i n .  d i a m e t e r  aluminum r o d s  h e l d  i n  p o s i t i o n  by two X-shaped webs. 
T i g h t n e s s  of  t h e s e  i n t e r n a l  p a r t s  i s  i n s u r e d  by 1/4 i n .  j a c k  s c r e w s , l o c a t e d  
i n  each  o f  t h e  f o u r  c o r n e r s  o f  t h e  a r m a t u r e ,  which t i g h t e n a g a i n s t  f o u r  s p r i n g s  
p r o v i d i n g  downward f o r c e  a g a i n s t  t h e  t o p  s p a c e r  b u t  a t  t h e  same t i m e  a l l o w i n g  
f o r  t h e r m a l  e x p a n s i o n  t h r o u g h  t h e  s p r i n g s .  T h i s  d e s i g n  r e d u c e s  t h e  t o t a l  
volume o f  uranium-aluminum a l l o y  i n  t h e  f u e l  s e c t i o n  by a p p r o x i m a t e l y  14% a s  
t h e  width of  a l l  t h e  p l a t e s  i s  d e c r e a s e d  s l i g h t l y  and t h e r e  i s  one less  p l a t e .  
The cadmium s e c t i o n  is  f a b r i c a t e d  by sandwiching a s h e e t  ofcadmiumbetween two 
t h i n  s h e e t s  o f  aluminum, one ha rd  and one s o f t .  The sandwich i s  welded around 
t h e  o u t s i d e  and b e n t  i n t o  a s q u s r e  t u b e  w i t h  t h e  s o f t  aluminum on t h e  o u t s i d e  
t o  p r e v e n t  b u c k l i n g  o f  t h e  i n t e r n a l  s h e e t .  An e x p e r i m e n t a l  a s sembly  o f  t h i s  
t y p e  w a s  s u c c e s s f u l l y  f a b r i c a t e d .  

F u e l  Assembly Irradiation. A c a r r i e r  was d e s i g n e d  f o r  u s e  i n  i r r a d i a t i n g  
a comple t e  MTR f u e l  a s sembly  i n  t h e  c e n t r a l  v e r t i c a l  h o l e  i n  t h e  NRX R e a c t o r  
a t  C h a l k  R i v e r .  The c a r r i e r  i s  d e s i g n e d  t o  s u p p o r t  t h e  a s sembly  and a l l o w  
c i r c u l a t i o n  o f  c o o l i n g  w a t e r  t h r o u g h  i t  a t  a r a t e  o f  100  gpm. 
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ENGINEERING DEVELOPMENT 

Sta tus  of The Reactor Mock-up. Dur ing  t h e  p a s t  q u a r t e r ,  t h e  Mock-up t ank  
was comple t e ly  d i s m a n t l e d  and reassembled.  H y d r a u l i c  and s t r e s s - s t r a i n  measu- 
r i n g  d e v i c e s  were p o s i t i o n e d ,  h e a t  e x c h a n g e r s  t o  c o o l  t h e  r e c i r c u l a t e d  water  
were i n s t a l l e d ,  m i s c e l l a n e o u s  r e p a i r s  and c o r r e c t i o n s  made, and t h e  s y s t e m  
t h r o u g h l y  c l eaned .  

O p e r a t i o n  was resumed J u l y  8 ,  1949, and c o n t i n u e d  u n t i l  August 3, 1949. 
The f l u i d  f l o w  d a t a  d u r i n g  t h i s  p e r i o d  i n d i c a t e d  t o o  g r e a t  a volume o f  water  

t h r o u g h  t h e  r e f l e c t o r  s e c t i o n  of t h e  t a n k .  As a r e s u l t ,  o p e r a t i o n  w a s  s u s -  
pended and a l l  "Apt p i e c e s  i n  t h e  r e f l e c t o r  removed f o r  r e p l a c e m e n t o f  o r i e n t i n g  

keys ,  which were removed d u r i n g  t h e  o r i g i n a l  assembly b e c a u s e o f  i m p e r f e c t  f i t ;  
a number o f  t h e  wweep" h o l e s  i n  t h e  l o w e r  s u p p o r t  c a s t i n g  u n d e r n e a t h  t h e  
r e f l e c t o r  were plugged.  Both o f  t h e s e  measures  s h o u l d  r e s u l t  i n  a s u f f i c i e n t  
r e d u c t i o n  o f  f l o w  t h r o u g h  t h e  r e f l e c t o r  and p e r m i t  t h e  r e s u m p t i o n  o f  t h e  
h y d r a u l i c  s tudy .  

Cooling S y s t e m  for the  Rbac tor  Mock-up. The h e a t  i n p u t  of t h e  two 350 hp 
motors which d r i v e  t h e  7 , 0 0 0  gpm pumps of  t h e  Mock-up i s  s u f f i c i e n t  t o  c a u s e  
b o i l i n g  of t h e  c i r c u l a t i n g  water d u r i n g  c o n t i n u o u s  o p e r a t i o n .  To p r e v e n t  such 
e x c e s s i v e  water t e m p e r a t u r e s ,  a bank of  s i x  h e a t  exchange r s  was i n s t a l l e d .  

Wlth t h e  c o o l e r s  i n  u s e  t h e  i n i t i a l  t e m p e r a t u r e  r i s e  of  t h e  e n t i r e  system 
was 7-8' F p e r  hour ,  Although t h e  equipment h a s  been o p e r a t e d  for l o n g e r  t h a n  
s i x  hour s  c o n t i n u o u s l y ,  t h e  e q u i l i b r i u m  t e m p e r a t u r e  of  t h e  c i r c u l a t i n g  water 
w i l l  n o t  exceed  175" F even on t h e  warmest days .  By p u r g i n g  w i t h  d e m i n e r a l i z e d  
w a t e r  a t  a r a t e  of 40 gpm i n  c o n j u n c t i o n  w i t h  t h e  c o o l i n g  system, t h e  p r o c e s s  
r a t e r  t e m p e r a t u r e  can  be h e l d  to approx ima te ly  150" F. 

Metul Gaskets for Mock-up Tank . .  As d i s c u s s e d  i n  t h e  p r e v i o u s  q u a r t e r l y  
r e p o r t  t h e  u s e  of round w i r e  aluminum gaskets  between two smooth-faced f l a n g e s  
a p p e a r e d  p romis ing .  D u r i n g  t h e  q u a r t e r  t h i s  t y p e  g a s k e t  was t e s t e d  a number 
o f  t i m e s  i n  one  70 i n c h  d i a m e t e r  j o i n t  o f  t h e  Mock-up t a n k  and w a s  found t o  
s ea l  s a t i s f a c t o r i l y  e v e r y  t i m e .  The e f f e c t  of t h e r m a l  c y c l i n g  on t h i s  j o i n t  
i s  b e i n g  i n v e s t i g a t e d  and i f  s a t i s f a c t o r y  ( a s  e x p e c t e d )  s i m i l a r  j o i n t s  w i l l  be 
recommended f o r  t h e  a c t u a l  r e a c t o r .  

The p o s s i b i l i t y  o f  d e s i g n i n g  r emovab le ,  t h i m b l e s  f o r  t h e  r e a c t o r  t a n k  
s u g g e s t e d  s t u d y  of smaller m e t a l  g a s k e t s .  T e s t s  on 25 aluminum f l a n g e s  ( 6  i n ,  

I .D.and 3 i n .  I . D . )  show t h a t  a water s ea l  ( 5 0  p s i )  i s  e a s i l y  o b t a i n e d  when 
one  f l a n g e  h a s  a h a l f  c i r c l e  g r o o v e  i n s c r i b e d  i n  i t s  f a c e  t o  p o s i t i o n  t h e  
g a s k e e  and f o u r  b o l t s  a r e  u s e d  t o  c o n n e c t  t h e  f l a n g e s .  I t  w a s  i m p o s s i b l e  
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to o b t a i n  a s e a l  u s i n g  o n l y  t w o  b o l t s  even  t h o u g h  t h e  f l a n g e s  a re  e a c h  two 
i n c h e s  t h i c k .  The g r o o v e  i n  one  f l a n g e  s h o u l d  make i t  e a s y  t o  i n s t a l l  t h e  
f l a n g e  and g a s k e t  r emote ly .  

Shia Safety Rods.. 1. M o d i f i c a t i o n  o f  A r m a t u r e  Section o f  Rod. The 
d i f f i c u l t y  o f  l o w e r i n g  t h e  upper assembly g r i d  on t o  seven  or e i g h t  p r o j e c t i n g  
s h i m - s a f e t y  r o d s  l e d  t o  a m o d i f i c a t i o n  o f  t h e  a rma tu re  end s e c t i o n  of  t h e  r o d s  
t o  p r o v i d e  e n t r a n c e  c l e a r a n c e .  

The a r m a t u r e  of  one r o d  w a s  beve led  a t  a 60" a n g l e  removing 3/16 i n c h  a t  
e a c h  edge  of t h e  t o p  s u r f a c e .  Magnet h o l d i n g - f o r c e  t e s t s  w i t h  t h i s  r e d u c e d  
c o n t a c t  a r e a  show no  d e t r i m e n t a l  e f f e c t  on h o l d i n g  f o r c e .  With t h e  e n d s  o f  
a l l  t h e  shim r o d s  b e v e l e d i n t h i s  manner remote placement  o f  t h e  upper  assembly 
g r i d  w i l l  be less  of a t a s k .  

2 .  F r i c t i o n  in Chevron Pack ing  Glands o f  C o n t r o l R o d ' D r i v e s ,  A s u g g e s t i o n  
t h a t  t h e  s h i m - s a f e t y  r o d  m a g n e t s  be  r e l o c a t e d  o u t s i d e  t h e  r e a c t o r  t a n k  and 
above t h e  t o p  p l u g  brought  f o r t h  t h e  r e q u e s t  t h a t  a measurement be  made of t h e  
f r i c t i o n  i n  t h e  wa te r  s ea l  g l a n d  th rough  which t h e  rod  d r i v e  s h a f t s  move. 

A s e r i e s  of tests were made on a g l a n d  removed from t h e  t o p  p l u g  o f  t h e  
MTR Mock-up and r e i n s t a l l e d  i n  a p r e s s u r e  t a n k  w i t h  water c o n n e c t i o n s .  A 1% 
i n c h  d i a m e t e r  aluminum s h a f t  w i t h  a p l a t f o r m  f o r  w e i g h t s  on t h e  uppe r  end w a s  

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

i n  t h e  upward and downward d i r e c t i o n s .  The d a t a  a r e  p l o t t e d  i n . F i g .  20. A 
f o r c e  of approx ima te ly  15 pounds i s  r e q u i r e d  t o  overcome chevron f r i c t i o n  when 
t h e  s h a f t  i s s t a r t e d  down a g a i n s t  40 p s i  w a t e r  p r e s s u r e .  ( A l l  c u r v e s  have been 

c o r r e c t e d  f o r  t h e  water p r e s s u r e  f o r c e  on t h e  r o d  and i n d i c a t e  f r i c t i o n  o n l y . )  
3 .  Flexible Joint at E l e c t r o m a g n e t s .  O b s e r v a t i o n s  d u r i n g  o p e r a t i o n  o f  

t h e  Mock-up p r o v i d e  r a t h e r  c o n c l u s i v e  e v i d e n c e  t h a t  a f l e x i b l e  l i n k a g e  a t  t h e  
e l e c t r o m a g n e t s  i s  u n d e s i r a b l e .  The random movement o f  o n e  magnet c o n n e c t e d  

r i g i d l y  t o  i t s  d r i v e  s h a f t  a p p e a r s  t o  be  a p p r o x i m a t e l y  1 / 8  i n .  w i t h  15,000 
gpm water  c i r c u l a t i n g .  The o t h e r  magnet w i t h  a f l e x i b l e  l i n k a g e  moves s u f -  

f i c i e n t l y  t o  endanger  a d j a c e n t  magnets,  were they  p r e s e n t .  
The i n h e r e n t  f l e x i b i l i t y  of  t h e  l o n g  1% i n c h  d i a m e t e r  d r i v e  s h a f t  a p p e a r s  

s u f f i c i e n t  t o  c o r r e c t  s l i g h t  mi sa l ignmen t s  f o r  which t h e  f l e x i b l e  c o u p l i n g  w a s  

o r i g i n a l  1 y d e s i g n e d  a 

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

H y p e r s i l  a l l o y  i n  t h e  p o l e  p i e c e s  of  t h e  s h i m - s a f e t y  rod  e l e c t r o m a g n e t s  would 
r educe  f a b r i c a t i o n  c o s t s  and p robab ly  d e c r e a s e  release t i m e .  A magnet o f  t h i s  

a l l o y  i s  b e i n g  f a b r i c a t e d  f o r  t e s t i n g  and i s  approx ima te ly  35% complete.  

4. m p e r a i l  Tese Magnets. 
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Control Sys tenr . .  1. Shim S a f e t y  Rbdzi. The shim s a f e t y  r o d s  and r e l a t e d  

d r i v e  mechanisms have ope ra t ed  s a t i s f a c t o r i l y  e x c e p t  f o r  f a i l u r e  o f  t h e  micro- 
s w i t c h e s  i n s i d e  t h e  c a n s  o f  t h e  e l e c t r o m a g n e t s .  F a i l u r e  r e s u l t e d  from w a t e r  
l eakage  a f t e r  r u p t u r e  of t h e  p o l y e t h y l e n e  shim c o v e r i n g  t h e  magnet p o l e  f a c e s .  
The p l a s e i e  s h i m s  a r e  b e i n g  r e p l a c e d  w i t h  s t a i n l e s s  s t e e l  which i s  known t o  

i n c r e a s e  t h e  r e l e a s e  t i m e  of  t h e  magnets t o  a maximum o f  15 m i l l i s e c o n d s .  The 
u s e o f  s t a i n l e s s  s tee l  a s  a shim e l i m i n a t e s  a weak s t r u c t u r a l  p o i n t  and p e r m i t s  
v e n t i n g  o f  t h e  magnet c a n  t o  a t m o s p h e r i c  p r e s s u r e ,  t h e r e b y  e l i m i n a t i n g  t h e  
problem of o i l  decompos i t ion  (unde r  i r r a d i a t i o n )  and e x c e s s i v e  p r e s s u r e s  with-  
i n  t h e  can. It i s  a l s o  l i k e l y  t h a t  t h e  t roublesome mic roswi t ch  i n s i d e  t h e  c a n  
may be e l i m i n a t e d  by use  o f  t h e  metal  shim a s  an e l e c t r i c a l  c o n t a c t o r .  

Regulating R d d .  1. Shook A b s o r b e r s .  N e w  and s t r o n g e r  s p r i n g s  were 

i n s t a l l e d  i n  b o t h  upper  and lower shock a b s o r b e r s  of  t h e  r e g u l a t i n g  rod d r i v e  
assembly. The new s p r i n g s  appear  t o  perform s a t i s f a c t o r i l y .  

A q u i c k  r e l e a s e  clamp h a s  been a t t a c h e d  t o  t h e  upper  shock a b s o r b e r  and 
s a v e s  a g r e a t  d e a l  o f  t i m e  when t h e  shock a b s o r b e r  i s  removed t o  a l l o w  d e t a c h -  
ment of t h e  r e g u l a t i n g  r o d  from i t s  d r i v e  s h a f t .  

2.  Dur ing  t h e  f i r s t  few h o u r s  of  ope ra -  
t i o n  o f  t h e  r e g u l a t i n g  r o d  t h e  lower  e n d  o f  t h e  r o d  g a l l e d  s e v e r e l y  i n  t h e  
l o w e r  b e a r i n g ,  D u r i n g  d i s a s s e m b l y  o f  t h e  r e f l e c t o r  i t  w a s  f o u n d  t h i s  was 
caused  by t h e  m i s l o c a t i o n  of  t h e  WE" r e f l e c t o r  p i e c e  which s u r r o u n d s  t h e  re- 
g u l a t i n g  rod.  S i n c e  c o r r e c t l y  f a s t e n i n g  t h i s  p i e c e  i n  p o s i t i o n ,  performance o f  
t h e  rod h a s  been w i t h o u t  mishap. 

Ga l l ing  of Rdd in Lower Bearing. 

3. R d g a l a t i n g  Rod Response Teistso The t i m e  foT t h e  r e g u l a t i n g r o d t o  
r e a c h  v a r i o u s  demand s p e e d s  w i l l  be d e t e r m i n e d  d u r i n g  September .  The t a c h o -  
meter h a s  been c a l i b r a t e d  and g i v e s  a l i n e a r  r e s p o n s e  a t  t h e  m a n u f a c t u r e r ' s  
v a l u e s .  A Brush Record ing  O s c i l l o g r a p h  and a m p l i f i e r  are r eady  f o r u s e a n d  t h e  
n e c e s s a r y  power s u p p l y  i s  on hand. 

The e n t i r e  moving p o r t i o n  o f  t h e  r o d  and d r i v e  s h a f t  assembly w a s  found 
t o  weigh 48 pounds,  t h e  d e s i g n e d  weight .  

4. The 

f u e l  a s s e m b l y  m o n i t o r  t u b e  was t e s t e d  u n d e r  maximum f l o w  c o n d i t i o n s .  The 

m i c r o f o r m e r  u n i t  i n d i c a t e d  good l i n e a r  r e s p o n s e  t o  f l 0 w  changes  a l t h o u g h  i t  
i t  w a s  n o t  p o s s i b l e  t o  d u p l i c a t e  r e s u l t s .  A f t e r  s e v e r a l  o p e r a t i n g  c y c l e s  t h e  

u n i t  f a i l e d  because  of  wa te r  l eakage .  

Device for Monitoring Water Flow t h r o u g h  A c t i v e  Fuel Assemblies. 

The r e s u l t s  were reviewed and t h e  d e t a i l s ,  w i t h  s u g g e s t i o n s ,  r e p o r t e d  t o  

t h e  d e s i g n  group. 
Mock-up Handling T o o l s .  A number of  remote h a n d l i n g  t o o l s a n d  a c c e s s o r i e s  
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were f a b r i c a t e d  and t e s t e d  b e f o r e  t h i s  q u a r t e r  and .were i l l u s t r a t e d  and de-  
s c r i b e d i n t h e  p r e v i o u s  r e p o r t .  During t h e  p a s t  q u a r t e r  t h e  e f f o r t  was d i v i d e d  
e q u a l l y  between f a b r i c a t i o n  of a d d i t i o n a l  t o o l s  and improv ing  t h e  d e s i g n  of 
ones a l r e a d y i n u s e .  The t o o l s  t e s t e d  d u r i n g  t h i s  q u a r t e r  a r e  d e s c r i b e d  below: 

UPPER SUPPORT C A S T I N G  TOOL 

T h i s  i tem was f a b r i c a t e d t o p r o v i d e  a s u i t a b l e  means of  l i f t i n g  and lower- 
i n g  t h e  s u b j e c t  c a s t i n g  from t h e  r e a c t o r .  I t  i s  d e s i r a b l e  t o  p r e v e n t  r o c k i n g  
o f  t h e  c a s t i n g  so  a c c u r a t e  a l ignmen t  of  dowels and b o l t s  on "D"! t a n k  w i l l  a l i g n  
w i t h  h o l e s  i n  t h e  c a s t i n g ,  To accompl i sh  t h i s ,  two s t a i n l e s s  s t e e l  p i n s  were 

l o c a t e d  h o r i z o n t a l l y  i n  t h e  c a s t i n g s  c e n t r a l  v e r t i c a l  r i b s  s o  t h e y  c o u l d  be 
c o n t a c t e d  by a double  yoke. The yoke of t h e  l i f t i n g  t o o l  s t r a d d l e s  t h e  v e r t i -  
c a l  r i b s  and c o n t a c t s  e a c h  p i n  on b o t h  s i d e s  o f  i t s  c e n t e r .  I n  t e s t i n g  t h e  
t o o l ,  r o c k i n g  was n e g l i g i b l e  and al ignment  was r e a d i l y  made by maneuvering t h e  
c a s t i n g  from t h e  o p e r a t i n g  p l a t f o r m .  

EXTENSION SOCKET WRENCH 

A p r o t o t y p e  o f  t h e  wrench n e c e s s a r y  t o  t i g h t e n  and l o o s e n  n u t s  on t h e  
r e a c t o r  a t  d i s t a n c e s  of from 12-32 f e e t  from t h e  t o p  of "A" t a n k ,  was f a b r i c a t e d ,  
t e s t e d ,  and found s a t i s f a c t o r y .  A wrench o f  27 f e e t  l e n g t h  was f a b r i c a t e d  of 
s c h e d u l e  No,, 80, 1% i n c h  i r o n  p i p e  wi th  a d r i v e  and s o c k e t  welded on i t s  e n d s ,  
t r a n s m i t t a l  s u f f i c i e n t  t o r q u e  t o  l o o s e n  n u t s  t i g h t e n e d  t o  above 300 f t  l b s  
t o r q u e o  The wrench was d e s i g n e d  t o  r e t a i n  t h e  n u t  and e j e c t  i t  when d e s i r e d .  
N u t  r e t e n t i o n  was accomplished by means of  a s i n g l e  c o i l  wire  s p r i n g  r e c e s s e d  
i n  a c i r c u m f e r e n t i a l  groove i n  t h e  i n s i d e  of  t h e  s o c k e t ,  e j e c t i o n  was p rov ided  
by means of a p l u n g e r  e x t e n d i n g  th rough  t h e  s o c k e t  and p i p e  and c o n t r o l l e d  a t  
t h e  o p e r a t i n g  p l a t f o r m  l e v e l .  

T e s t s  c o n d u c t e d  t h u s  f a r  toward p r o v i d i n g  adequa te  l i g h t i n g  f o r  removal 
and r e p l a c e m e n t  o f  p a r t s  submerged i n  t h e  r e a c t o r  c o o l a n t  water s t r e a m  have 
n o t  been s u a c e s s f u l .  T h i s  i s  d u e  p r i n c i p a l l y  t o  t h e  p r e s e n c e  o f  a i r  b u b b l e s  
i n  t h e  t u r b u l e n t  r e g i o n  j u s t  above and be low t h e  i n l e t  d i f f u s e r s .  I t  was 
shown, however ,  t h a t  by p e n e t r a t i n g  t h e  a i r - b u b b l e  r e g i o n  w i t h  an aluminum 
t u b e  of about  5 i n .  d i a m e t e r  t h a t  good view of sma l l  a r e a s  were o b t a i n e d  wi th -  
o u t  u n d e r w a t e r  l i g h t i n g .  Work i s  a l s o  i n  p r o g r e s s  on t h e  u s e  o f  e x t e n s i v e  

u n d e r w a t e r  l i g h t i n g  ( a b o u t  5 , 0 0 0  w a t t s )  j u s t  b e n e a t h  t h e  s u r f a c e  t o  o b v i a t e  
t h e  use  of a t ube .  

44 



Strain Measurements on Mock-up.. I n  o r d e r  t o  measure t h e  s t r e s s e s  unde r  

o p e r a t i n g  c o n d i t i o n s  on v a r i o u s  p a r t s  of t h e  Mock-up, Baldwin-Southwark "SR-4"i 
s t r a i n  gages were i n s t a l l e d  a t  p o i n t s  where maximum stresses were expec ted .  A 
number of  s t r a i n  measurements were made a d  t h e  stresses c a l c u l a t e d .  (Reported 
i n  T a b l e s  1 and 2 . )  Complete  r e s u l t s  a re  n o t  i n c l u d e d ;  however, a f i n a l  r e -  
p o r t  w i l l  be w r i t t e n  i n  t h e  n e a r  f u t u r e .  

Measurements on t h e  i n s i d e  p a r t s  of  t h e  Mock-up were t a k e n  over  a p e r i o d  
of a b o u t  two weeks w i t h  o n l y  f o u r  or f i v e  h o u r s  a day o f  Mock-ap o p e r a t i o n .  
S e v e r a l  c o n d i t i o n s  o f  p r e s s u r e  and f l o w  r a t e  were u s e d .  A f t e r  t h i s  p e r i o d  
some o f  t h e  gages were l o s t  due  t o  f a i l u r e  of t h e  w a t e r p r o o f i n g  mater ia l ,  SO 

i t  w a s  deemed a d v i s a b l e  t o  remove a l l  i n s i d e  g a g e s  a t  t h i s  t i m e .  However, 
enough measurements were made t o  conf i rm r e s u l t s .  

The gages  on t h e  o u t s i d e  of t a n k  s e c t i o n  "D" have been i n  u s e  for a lmos t  
T h e s e  w i l l  b e  l e f t  i n t a c t  and p e r i o d i c  f o u r  months w i t h  no s i g n  o f  f a i l u r e .  

r e a d i n g s  t aken  d u r i n g  f u t u r e  o p e r a t i n g  p e r i o d s .  
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TABLE 1 

OPERAP I N 0  
CONDITIONS 

Flow 1 4 , 5 0 0  gpm Flow = 1 3 . 0 0 0  gpa Flow = 1 2 . 0 0 0  gpm F l o w  5 10.000 gpm 
Top P r e s s u r e  5 41 p s i  T o p  Pressure = 3 7  psi Top P r e s s u r e  = 3 0  psi Top P r e s s u r e  = 25 p s i  
Bottom P r e s s u r e  = 13 p s i  Bottom P r e s s u r e  = 12 p s i  Bottom P r e s s u r e  = 11 p s i  Bottom Pressure  = 11 p s i  

I I I I 

I I S T R E S S  ( p s i )  S T R E S S  ( p s i )  S T R E S S  ( p s i )  S T R E S S  ( p s i )  

LOCAT I O N  

6" Below Top of Tank 
3'' Above Bottom F lange  
TP from Thimble ,  
h o r i z o n t a l  L 
1K"from Thimble,  
v e r t i c a l  L 

Max Min. Ave e 

2145 1335 1610 
1 3 2 5  770 96 0 

1050  370 78 0 

1185 670 860 

Min a A v e .  Max. Min. 

1250 
410 

1270 I 500 I 7901 9 5 0  1 490 

790 400 610 
60 0 4 

900 1 ' 5 1 0  I 7001 810 I 700 

LOCAT ION 

S i d e  S k i r t  P l a t e  

I 1 I I 

S T R E S S  ( P s i )  

Max. Min. A v e .  
2000 1700 1860 

TABLE 2 

STRESS ( p s i )  

Ave Max e Min. 
12 00 600 9 3 0  

S i d e  S k i r t  P l a t e  and Upper  G r i d  

S T R E S S  ( p s i )  S T R E S S  ( p s i )  

Ave a Max. Min. A v e .  Max. Min. 
700 700 700 800 300 570 

I 

A v e . 1  Max.1 Mid. I Ave a 

Upper G r i d ,  Top S u r f a c e  - 1100 - 700 -900 -600 - 3 0 0  -450 - 3 0 0  - 3 0 0  - 3 0 0  -400 -300 - 350 
1 

7 501 I I 

NOTE: N e g a t i v e  v a l u e  o f  s t r e s s  i n d i c a t e s  c o m p r e s s i o n .  
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CORROSION OF REACTOR MATERIALS 

CDrrosion Product Pick-up in a Recirculating Water Systea.. A t e s t  t o  
o b s e r v e  t h e  b u i l d - u p  o f  c o r r o s i o n  p r o d u c t s  i n  water r e c i r c u l a t e d  t h r o u g h  a 
s y s t e m  c o n t a i n i n g  c a s t  i r o n ,  s t a i n l e s s  s t e e l ,  2s aluminum, and b e r y l l i u m  was 

c o n t i n u e d  f o r  a p e r i o d  o f  31 d a y s .  T h i s  i s  a c o n t i n u a t i o n  o f  a 21 day t e s t  
r e p o r t e d  p r e v i o u s l y .  The water  was r e c i r c u l a t e d  a t  a p H  of  a b o u t  6.0 t o  6.5, a 
t e m p e r a t u r e  of  60' C, H;O, c o n c e n t r a t i o n  of 0.005 M ,  and a f low ra te  o f  a b o u t  
100 gpm. No make-up 
water w a s  added t o  t h e  s y s t e m  d u r i n g  t h e  t e s t .  The w a t e r  volume d e c r e a s e d  
from about  467 g a l l o n s  a t  t h e  s t a r t  t o  about  224 g a l l o n s  a t  t h e  end. Sampling 

and s m a l l  l e a k a g e s  which were n o t  e a s i l y  e l i m i n a t e d  accoun ted  f o r  t h e  loss of 
243 g a l l o n s  d u r i n g  t h e  31 day p e r i o d .  No make-up was added t o  r e p l a c e  t h i s  

l o s s  b e c a u s e  i t  w a s  d e g i r a b l e  t o  measu re  Fe and A 1  c o r r o s i o n  by t h e  water 
a n a l y s i s .  However, i n  t h e  r e c i r c u l a t i n g  s t ream, no measu rab le  i n c r e a s e  i n  Fe 
and A 1  c o u l d  be d e t e c t e d .  Apparen t ly ,  t h e  f o r m a t i o n  of  p r o t e c t i v e  o x i d e  f i l m  

was completed d u r i n g  t h e  f i r s t  21 day tes t .  

D a i l y  samples  were t a k e n  t o  measure Fe and A 1  p i ck -up .  

The s u c t i o n  p i p e  of t h e  pump i s  l o c a t e d  a b o u t  3 i n c h e s  above t h e  bot tom 
of t h e  t a n k  which p r o v i d e s  a s t a g n a n t  h e e l  where f l o c s  of i r o n  and aluminum 
o x i d e  c a n  s e t t l e .  A t  t h e  c o n c l u s i o n  o f  t h i s  t e s t ,  s c a t t e r e d  p a r t i c l e s  o f  

m a t e r i a l  f l o a t i n g  around i n  t h e  bottom of  t h e  t a n k  were c o l l e c t e d  and ana lyzed  
f o r  i r o n  and aluminum. A c o r r o s i o n  r a t e  of  0 .021 mils/mo was o b t a i n e d  f o r  t h e  

c a s t  i r o n ,  a s s u m i n g  n o  F e  p i c k - u p  from t h e  s t a i n l e s s  s t e e l .  T h e  i n i t i a l  
c o r r o s i o n  of t h e  c a s t  i r o n  w a s  p robab ly  i n h i b i t e d  by an asphatum b a s e  c o a t i n g .  
A c o r r o s i o n  r a t e  of 0.052 mils/tno was o b t a i n e d  f o r  t h e  2s aluminum. 

Four r e p l a c e a b l e  b e r y l l i u m  a s s e m b l i e s  mounted i n  a 2s aluminum t a n k  i n  
t h i s  s y s t e m  e x h i b i t e d  s a t i s f a c t o r y  c o r r o s i o n  r e s i s t a n c e  a f t e r  an e x p o s u r e  o f  
52 d a y s  t o  water f l o w i n g  a t  a v e l o c i t y  of 4 f t / s e c .  These a s s e m b l i e s  c o n t a i n e d  

numerous small  p i t s  i n  t h e  b e r y l l i u m  meta l  when r e c e i v e d  from t h e  machine shop. 
It i s  b e l i e v e d  t h i s  o c c u r r e d  d u r i n g  mach in ing  d u e  t o  non-homogenei ty  o f  t h e  
metal .  D u r i n g  t h e  t e s t  t h e s e  p i t s  e x h i b i t e d  l i t t l e  t enddncy  t o  expand w i t h  
a few s m a l l  b a r n a c l e  f o r m a t i o n s .  No c r a c k i n g  or s p l i n t e r i n g  w a s  o b s e r v e d .  
A l l  of  t h e  c o o l i n g  c h a n n e l s  were open. 

Berylliur., Corrosion of a Replaceable Beryllium Aagembly. A r e p l a c e a b l e  
b e r y l l i u m  a s s e m b l y  ( C l a s s  11) h a s  e x h i b i t e d  n o  s i g n i f i c a n t  c o r r o s i o n  when 
exposed f o r  10  m o n t h s t o d e m i n e r a l i z e d  wa te r  moving a t  a v e l o c i t y  of 15 f t / s e c .  
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T h i s  t e s t  i s  a c o n t i n u a t i o n  of  work p r e v i o u s l y  r e p o r t e d .  The wa te r  c o n d i t i o n s  
a re  as f o l l o w s :  t e m p e r a t u r e  88-90' C, 0.005 M i n  H,O,, and a pH range o f  6.0 
t o  6a05, The 1/8 i n .  d i a m e t e r  c o o l i n g  c h a n n e l s  have remained b r i g h t  and f r e e  
from c o r r o s i o n  p r o d u o t s .  No p i t t i n g ,  s p l i n t e r i n g ,  or i n t e r f a c i a l  c o r r o s i o n  
d e p o s i t  w a s  observed.  

High Tempera tu re  B e r y l l i u m  Corrosion Data. The r e s u l t s  o f  a l l  h i g h  tem- 
p e r a t u r e  b e r y l l i u m  c o r r o s i o n  t e s t s  a r e  summarized i n  T a b l e  3. The m a t e r i a l  
h i s t o r i e s  a r e  shown i n  T a b l e  4. These  t es t s  were conduc ted  i n  d e m i n e r a l i z e d  
water a t  515-525" F and 780-840 p s i  a b s o l u t e  p r e s s u r e  f o r  384 hours .  The w a t e r  
pH changed from 5 . 5  t o  7 . 8  d u r i n g  t h e  c o u r s e  of t h e  tes ts .  

The s i x  t y p e s  o f  b e r y l l i u m  e x h i b i t i n g  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  a re  
a r r anged  below i n  a d e c r e a s i n g  o r d e r  of  r e s i s t a n c e  t o  t h e  above c o n d i t i o n s .  

Sample 2, e x t r u d e d  b e r y l l i u m  
Sample 8 ,  QM b e r y l l i u m  
Sample 13, e x t r u d e d  b e r y l l i u m  
Sample 12 ,  e x t r u d e d  b e r y l l i u m  
Sample 6 ,  e x t r u d e d  b e r y l l i u m  
Sample 17, QM B e r y l l i u m  
High t e m p e r a t u r e  c o r r o s i o n  t e s t s  a t  585" F i n  d e m i n e r a l i z e d  water w i l l  

9204-1 ,  be c o n t i n u e d  upon c o m p l e t i o n  o f  t h e  a u t o c l a v e  i n s t a l l a t i o n  a t  Bldg.  
Y-12# i n  t h e  n e a r  f u t u r e .  

QM B e r y l l i u m  Cor ros ion .  S i x t y  day c o r r o s i o n  t e s t s  i n  s i m u l a t e d  MTR c o o l -  

i n g  water have been completed and e v a l u a t e d  f o r  uncoupled QM b e r y l l i u m  and Qbl 
b e r y l l i u m  c o u p l e d  t o  356T-7 aluminum and 2s aluminum, C o r r o s i o n  d a t a  on t h e  

QM b e r y l l i u m  were comparable  w i t h  c o r r o s i o n  d a t a  o b t a i n e d  on e x t r u d e d  m e t a l  
exposed t o  s i m i l a r  c o n d i t i o n s .  An i n t e r i m  r e p o r t  on t h e s e  s t u d i e s  w i l l  b e  
i s s u e d  i n  t h e  n e a r  f u t u r e  on L o t s  1 t h rough  4 a s  l i s t e d  i n  J Q  L. Gregg ' s  memo, 
CF 49-4- 144, "Brush Ho t -P res sed  Bery l l i um fo r  C o r r o s i o n  Tests" .  
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TABLE 3 

S A M P L E  SPEC I Y E N  
NVMBBR A R E A  ( c m 2 >  

The Stagnant Corrosion of Various Tubes of Beryllium 
Metal at 515-525" F and 780-840 p s i  A Pressure in 

Deainera 1 ized Water for 384 Hours 

REMOVED WEIGHT 
G A I N  ( m g / d m ' )  

M A X .  P I T  
D E P T H  ( m i l s )  

1 
2 
3 
4 
5 
6. 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

M A X .  P I T  P I T S  
D I A .  ( m i l s )  p e r  e m '  

34.82 
12.61 
59.85 
52.91 
34.94 
77.85 
27.25 
18.80 
19.68 
9.66 
26.83 
114.30 
114.25 
148.40 
148.10 
50.13 
178.45 

DEF I L Y E D  W B  I G H T  
LOSS ( m g / d n i )  

-75.20 
1.58 

E Q U I V A L E N T  T H I C l t l s E S S  
( m i  I s  /mont h )  

- -  
78.15 
0.29 
2.57 

731.5 
1.60 

-5.08 
-41.35 
-57.75 
16.25 
22.05 
no d a t a  
no  d a t a  
45.75 

4.4 20 
13.6 30 
neg. neg. 
1.2 ' 20 
1.2 20 
1.2 20 
8.0 60 
8.0 120 
10.4 60 
6,. 8 60 - -  

10.6 
17.1 
neg. 
2.8 
1.1 
1.6 
0.5 
4.4 
8.0 
4.3 

313.80 
t0.79 

!d 1318.00 
to. 19 
8.86 
2.31 

;ed - - -  
+O; 53 
7.63 
53.75 
77.80 
2.54 
2.01 

no d a t a  
no  d a t a  

t38.50 
5.65 

.. 1.888 
-- - 
5.010 
- - -  

0.031 
0.009 

._. - - -  
0.031 
0'. 213 
0.307 
0.001 

<o. 001 

* - -  

0'. 022 
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TABLE 4 

H i s t o r y  of B e r y l l i u m  T e s t  Specimens Used for High 
Temperature C o r r o s i o n  T e s t s  i n  Tab le  3 

SAMPLE NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

14 

15 

16 

17 

HISTORY 

Q PROCESS BERYLLIUM r e c e i v e d  f r o m  B r u s h  B e r y l l i u m  C o . .  e a r l y  1947;  r e c e i v e d  i n  machined c o n d i t i o n ,  s i r e  % in.  x 1 in.  
x 2 i n . :  d e n s i t y ,  1 , 8 0 2 ;  n o  c h e m i c a l  a n a l y s i s  a v a i l a b l c .  

EXTRUDED BERYLLIUM. r e c e i v e d  f r o m  MIT. l a t e  1946: r e c e i v e d  a s  1 - 1 / 8  i n .  d i a .  s t e e l - j a c k e t e d  b a r  5 f t .  long: e x t r u s i o n  
r a t i o ,  1 6 : l :  d e n s i t y .  1 . 8 5 5 ;  major  p o r t i o n  of c o r r o s i o n  s t u d i e s  d u r i n g  1946-1948 conducted w i t h  
t h i s  m a t e r i a l ;  no c h e m i c a l  a n a l y s i s .  

EXTRUDED BERYLLIUM r e c e i v e d  f r o m  MIT e a r l y  1947;  r e c e i v e d  a s  3 i n .  d i a .  b a r :  e x t r u s i o n  r a t i o ,  6:1 ,  samples machined 
t o  % i n .  t h i c k  x 2% d i n . :  showed P O O P  m a c h i n i n g  q u a l i t i e s ;  d e n s i t y .  1 .851:  no chemical a n a l ~ s i r .  

EXTRUDED BERYLLIUM r e c e i v e d  f r o m  MIT i n  1947 i n  machined c o n d i t i o n ,  s i r e  % i n .  x 1% i n .  x 2s i n . ;  d e n s i t y ,  1 .Bs:  
h i s t o r y  unknown. 

QM BERYLLIUM r e c e i v e d  f r o m  B r u s h  B e r y l l i u m  Co.. i n  1949;  B i l l e t  4382BPQY: s i z e  3 / 1 6  i n .  x 1-1/16 in. x 2 in. 
mach ined  f r o m  1 i n .  x 4 i n .  x 6 i n .  b l o c k :  d e n s i t y .  1 . 8 4 9 .  

EXTRUDED BERYLLIUM r e c e i v e d  f r o m  MIT i n  1949: B i I l e t  788: e x t r u s i o n  r a t i o .  6 . 5 : l :  s p e c i m e n  c u t  6 in .  back on * A *  
e n d :  H2S04 e t c h  d i s c l o s e d  c r a c k s .  

6 months e x p o s u r e  t o  a i r ;  d e n s i t y .  1 . 8 6 .  
EXTRUDED BERYLLIUM f r o m  MIT; mach ined  f rom 1-1 /8  i n .  d i e .  b a r :  h i s t o r y  unknown: machined s p e c i m n  b l i s t e r e d  d u r i n g  

QM BERYLLIUM f r o m  B r u s h  B e r y l l i u m  C o . :  m a t e r i a l  d e s c r i b e d  i n  J. L. O r e g g ' s  memo of A p r i l  14@ 1949 (CF 49-4-1441 
a s  Lot 3 ,  Bar  6.  

QY BERYLLIUM f r o m  B r u s h  B e r y l l i u m  Co.;  m a t e r i e l  d e s c r i b e d  i n  CP 4 9 - 4 - 1 4 4  t i s  Lot 4 .  B a r  7 .  

EXTRUDED BERYLLIUM b o l t  m a t e r i a l  from MIT; e x t r u s i o n  r a t i o ,  1 6 : l ;  a n n e a l e d  c o n d i t i o n ;  d e n s i t y  1.858.  

QM BERYLLIUM f r o m  B r u s h  B e r y l l i u m  C o . ;  magnesium c o n t e n t ,  1750 ppm.; d e s c r i b e d  i n  CF 44-4-144 as Lot 2 .  

EXTRUDED BERYLLIUM f r o m  YIT: 3 - 3 / 1 6  i n .  d i n . ;  s n a p  

EXTRUDED BERYLLIUM f r o m  MIT: 3-3 /16  i n .  d i n . :  smmp 

EXTRUDED BERYLLIUM f r o m  MIT; s i z e  3% i n .  x 3% i n . :  

EXTRUDED BERYLLIUY f r o m  MIT; s i r e  3% i n .  I 3% i n . ;  

e c u t  o f €  'B' end of  B i l l e t  71.  

e c u t  o f f  OB' end  of B i l l e t  81 .  

sample  N o .  1 f r o m  A-3 s e c t i o n  on B i l l e t  A-$9. 

s a m p l e  N o .  1 f r o m  A-3 s e c t i o n  on B i l l e t  A-812. 

CAST BERYLLIUM f r o m  HIT; s a m p l e  c u t  f r o m  5 5  Ib .  e x p e r i m e n t a l  c a s t i n g :  s a m p l e  s i z e  % i n .  x 1 in .  x 3 in. 

QM BERYLLIUM f r o m  B r u s h  B e r y l l i u m  Co.: B i l l e t  4373  BPQM: s a m p l e  c u t  f r o m  S e c t i o n  5 :  sample s i z e  1 in.  x 1 i n .  
x 3 i n .  
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CHEMICAL ENGINEERING RESEARCH 

L I Q U I D  METALS HANDBOOK 

E d i t o r s  f o r  a l l  s e c t i o n s  o f  t h e  handbook were a p p o i n t e d  and f i r s t  d r a f t s  
of t h e  s e c t i o n s  are  s c h e d u l e d  t o  be completed d u r i n g  September ,  1949. 

The 

P h y s i c a l  and Chemical P r o p e r t i e s  
R .  R.  Miller - Naval Research L a b o r a t o r y  

A n a l y s i s ,  P u r i f i c a t i o n ,  and Small S c a l e  Hand l ing  
C. B. J a c k s o n  - Mine S a f e t y  App l i ance  Company 

Large  Sca le  Hand l ing  
K .  D. McMahon .. Genera l  E l e c t r i c  Company, KAPL 

C o r r o s i o n  
L. R .  Kelman - Argonne N a t i o n a l  L a b o r a t o r y  

He a t  T r a n s  f e r  
R .  N. Lyon - Oak Ridge N a t i o n a l  L a b o r a t o r y  

A v a i l a b i l i t y  
R .  N. Lyon - Oak Ridge N a t i o n a l  L a b o r a t o r y  i n  c o l l a b o r a t i o n  w i t h  

U. S. Bureau o f  Mines 
U t i l i z a t i o n  

D. L .  Katz  - U n i v e r s i t y  o f  Michigan 

E d i t o r  i n  C h i e f  
R .  N. Lyon - Oak Ridge N a t i o n a l  L a b o r a t o r y  

5 1  



HEAT TRANSFER STUDIES 

ORNL 1 5 6 ,  a c r i t i c a l  s u r v e y  o f  p r o j e c t  h e a t  t r a n s f e r  e x p e r i e n c e ,  was 
A s  s o o n  a s  t h e  rough  a b r i d g e d  f o r  d e c l a s s i f i c a t i o n  and b r o u g h t  up t o  d a t e ,  

d r a f t s  a r e  e d i t e d ,  i t  w i l l  be submi t t ed  f o r  d e c l a s s i f i c a t i o n .  
A meet ing f o r  c l o s e r  intra-project’coordination o f  h e a t  t r a n s f e r  problems 

and  r e s e a r c h  s p o n s o r e d  by ORNL was a t t e n d e d  by r e p r e s e n t a t i v e s  f rom mos t  o f  
t h e  p r o j e c t  s i t es ,  i n c l u d i n g  NEPA and t h e  Navy, o n J u l y  28. Subsequent  r e v i s i o n  
o f  ORNL 156 ( s e e  pa rag raph  above)  w i l l  b e  a i d e d  by t h e s e  r e p r e s e n t a t i v e s .  The 
group p l a n s  t o  meet a g a i n  i n  J a n u a r y ,  1950. 

L i q u i d  Metal S t u d i e s .  E x p e r i m e n t a l  work 6n l i q u i d  m e t a l s  w a s  suspended  
t e m p o r a r i l y .  

Heat Transfer in A n n u l i .  P r o f e s s o r  R.  V. B a i l e y  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  i s  s p e n d i n g  t h e  summer working toward t h e  development of a t h e o r e t i -  
c a l  e x p r e s s i o n  f o r  h e a t  t r a n s f e r  i n  a n n u l i .  T h i s  h a s  p a r t i c u l a r  a p p l i c a t i o n  
i n  t h e  a n a l y s i s  of  e x p e r i m e n t a l  d a t a  w i t h  l i q u i d  metals .  

A g e n e r a l  e q u a t i o n  was deve loped ,  b u t  d e t e r m i n a t i o n s  o f  numer i ca l  v a l u e s  
i s  b e i n g  h e l d u p d u r i n g  t h e  development of  r e l a t i o n s h i p s  r e g a r d i n g  t h e  v e l o c i t y  
d i s t r i b u t i o n  and eddy d i f f u s i v i t y  i n  a n n u l i ,  

F l t i i d  Flow S t u d i e s .  A l i m i t e d  e f f o r t  w a s  p u t  on f l u i d  f low s t u d i e s  and 
s i m p l e  equ ipmen thasnow b e e n s e t u p  t o s t u d y  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 .  

ENGINEERING PROPERTIES OF IRRADIATED MATERIALS 

The work d u r i n g  t h i s  q u a r t e r  by t h e  T e c h n i c a l  D i v i s i o n o n  t h e  d e t e r m i n a t i o n  
o f t h e e n g i n e e r i n g  p r o p e r t i e s  o f  i r r a d i a t e d  mater ia l swas  d i r e c t e d  toward s e v e r a l  
i n t e r m e d i a t e  o b j e c t i v e s :  

1. 
2 .  
3 .  

The e s t a b l i s h m e n t  o f  a new ma te r i a l s  t e s t i n g  l a b o r a t o r y  a t  Y-12. 
The d e s i g n  and c o n s t r u c t i o n  of  a h i g h  i n t e n s i t y  gamma r a y  s o u r c e .  
Design and i n s t a l l a t i o n  o f  h y d r i d e  i r r a d i a t i o n  equipment i n  t h e  
OFWL r e a c t o r .  
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4 .  D e t e i m i n a t i o n  o f  t h e  f a s t  n e u t r o n  spectrum of  t h e  t es t  h o l e  i n  
t h e  ORNL r e a c t o r .  
De te rmina t ion  o f  t h e  r e l a t i v e  damage b rough t  abou t  by b e t a  p a r t i -  
c l e s  a s  opposed t o  gamma r a y s .  
D e t e r m i n a t i o n  o f  t h e  e n g i n e e r i n g  p r o p e r t i e s  o f  o i l s  and p l a s t i c s  
p r e v i o u s l y  s u b j e c t e d  t o  2 x l o 8  R o f  gamma r a d i a t i o n .  

5 .  

6. 

7 .  I r r a d i a t i o n  of  o t h e r  samples .  

M a t e r i a l s  T e s t i r r g  L a b o r a t o r y .  The new m a t e r i a l s  t e s t i n g  and r a d i a t i o n  
l a b o r a t o r y  a t  Y-12 h a s  been completed and t h e  equipment i s  b e i n g  i n s t a l l e d .  A 
Baldwin 1 2 0 , 0 0 0  l b  U n i v e r s a l  T e s t i n g  Machine h a s  been e q u i p p e d  f o r  t e n s i l e ,  
compress ive ,  f l e x u r a l ,  and s h e a r  tests. Othe r  equipment ,  which i s  a l r e a d y  i n -  
s t a l l e d  or w i l l  be i n s t a l l e d  i n  t h e  n e a r  f u t u r e ,  w i l l  p r o v i d e  f a c i l i t i e s  f o r  
t h e  f o l l o w i n g  tests:  impac t  s t r e n g t h ;  Rockwell  h a r d n e s s ;  S h o r e  h a r d n e s s  and 
e l a s t i c i t y ;  l i g h t  t r a n s m i s s i o n  and h a z e ;  a r c  r e s i s t a n c e ;  volume 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 ;  s p e c i f i c  g r a v i t y ;  water  a b s o r p t i o n ;  weight  and d imens iona l  
changes;  S a y b o l t  v i s c o s i t y ;  c o n s i s t e n c y o f  g r e a s e s ;  water and sed imen t  i n  o i l s ;  
f l a s h  and f i r e  p o i n t ;  a c i d  and b a s e  number;  and g a s  p r o d u c t i o n ,  A l l  o f  t h e  
t e s t s  have been s e t  up to conform a s  n e a r l y  a s  p o s s i b l e  t o  ASTM s t a n d a r d s  f o r  
p l a s t i c s ,  o i l s a n d g r e a s e s ,  b u t  m a y b e u s e d  f o r  o t h e r  m a t e r i a l s  w i t h  v e r y  l i t t l e  
change i n  procedure.  

The l a b o r a t o r y  w i l l  b e  m a i n t a i n e d  a t  c o n s t a n t  t e m p e r a t u r e  and  h u m i d i t y  
and a l l  samples  w i l l  b e  c o n d i t i o n e d  f o r  a t  l e a s t  one week b e f o r e  b e i n g  t e s t e d .  
Lead s h i e l d s  were b u i l t  around each  p i e c e o f  equipment so t h a t  samples  c o n t a i n -  
i n g  u p t o a b o u t  one c u r i e  of gamma r a d i a t i o n  may be  handled w i t h o u t  d i f f i c u l t y .  

D e s i g n  o f  t h e  a p p a r a t u s  f o r  e x p o s i n g  
m a t e r i a l s  t o  a 10' R/hr  gamma f l u x  i s  c o m p l e t e  and  f a b r i c a t i o n  s t a r t e d .  A 
m o c k - u p o f t h e  a p p a r a t u s  w i l l  be b u i l t  and t e s t e d  b e f o r e  i t  i s  i n s t a l l e d  i n  t h e  
r e a c t o r .  C o n s t r u c t i o n o f t h e  mock-up is schedu led  t o  be completed by September 
15, 1949, and t h e  f i n a l  i n s t a l l a t i o n  by November 1, 1949. 

High  I n t e n s i t y  Gaana Ray S o u r c e .  

The m a t e r i a l s  w i l l  be i r r a d i a t e d  by p l a c i n g  them i n  t h e  c e n t e r  o f  a g o l d  
c y l i n d e r  3 i n .  l o n g ,  h i n .  i n s i d e  d i a m e t e r ,  and 0.08 i n .  t h i c k .  The g o l d  
c y l i n d e r  w i l l  b e  p a r t  of an open e n d  magnesium c a n ,  which w i l l  b e  blown i n t o  
t h e  c e n t e r  o f  t h e  r e a c t o r  by a i r  p r e s s u r e .  S i x  s o u r c e s  c a n  be  a c t i v a t e d  a t  
one  t i m e .  A f t e r  a b o u t  a week i n  t h e  r e a c t o r  t h e  g o l d  r a b b i t s  w i l l  be blown 
i n t o  a s h i e l d e d  chamber where each  one w i l l  f a l l  i n t o  a s e p a r a t e  compartment.  
From t h e s e  compartments,  which may be  r o t a t e d  l i k e  t h e  chambers o f  a r e v o l v e r ,  
any s o u r c e  may be  s e l e c t e d  and dropped i n t o  a n o t h e r  compartment from which i t  
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may b e  p l a c e d  i n  a s h i e l d  c o n t a i n i n g  t h e  t e s t  m a t e r i a l .  A f t e r  a b o u t  a week 
t h e  s o u r c e  w i l l  be removed from t h e  m a t e r i a l  and blown back i n t o  t h e  r e a c t o r  
by a i r  p r e s s u r e  and a r e a c t i v a t e d  s o u r c e  w i l l  be removed and p l a c e d  around t h e  
t e s t  m a t e r i a l .  Every o p e r a t i o n  w i l l  be accomplished by remote c o n t r o l .  

A manometer, connec ted  t o  t h e  t e s t  t u b e  c o n t a i n i n g  t h e  tes t  m a t e r i a l ,  w i l l  
i n d i c a t e  decomposi t ion of t h e  ma te r i a l  by measu r ing  t h e  amount o f  g a s  evo lved .  
The l e a d  s h i e l d  s u r r o u n d i n g  t h e  sample w i l l  be equipped t o  a i r  c o o l  t h e  sample 
i f  n e c e s s a r y g  a l s o  t h e  t e m p e r a t u r e  w i l l  b e  r e c o r d e d  t h r o u g h o u t  t h e  t e s t .  

F a c i l i t i e s f o r l f y d r i d e  I r r a d i a t i o n .  The a p p a r a t u s  des igned  i n c o l l a b o r a t i o n  
w i t h  NEPAtode te rmine  t h e  s t a b i l i t y  of m e t a l  h y d r i d e s  t o  r e a c t o r  r a d i a t i o n  w a s  
a s sembled  and w i l l  b e  i n s t a l l e d  i n  t h e  ORNL r e a c t o r .  The f i r s t  tes t  w i l l  b e  
r u n  on t i t a n i u m  hydride! .  It i s  a l s o  p l a n n e d t o t e s t  z i rconium h y d r i d e ,  l i t h i u m  
h y d r i d e ,  and pe rhaps  t a n t a l u m  hydr ide .  

T h e s e  m a t e r i a l s  w i l l  be p l a c e d  i n  a s m a l l  f u r n a c e  and i n s e r t e d  i n  t h e  
r e a c t o r .  Each s a m p l e  w i l l  be s e a l e d  i n  a s m a l l  s t a i n l e s s  s t e e l  c o n t a i n e r  
which w i l l  b e  t h o r o u g h l y  pu rged  o f  a i r  and k e p t  unde r  a measured p r e s s u r e  o f  
p u r e  hydrogen. The e q u i l i b r i u m  p r e s s u r e  w i l l  b e  determined f o r  t e m p e r a t u r e  up 
t o  about  300" C. The ave rage  n e u t r o n  f l u x  w i l l  b e  measured w i t h a c o b a l t  f o i l .  

To p r e d i c t  t h e  damage 
t h a t w i l l  be done t o m a t e r i a l  s i n  any r e a c t o r  on t h e  b a s i s  of  t h e  d a t a  accumulated 
i n  t h e  Oak Ridge r e a c t o r ,  i t  i s  n e c e s s a r y  t h a t  t h e  f a s t  and e p i t h e r m a l  f l u x  i n  
t h i s  r e a c t o r  be  known i n  a d d i t i o n  t o  t h e  t h e r m a l  f l u x .  The the rma l  f l u x  w i l l  
v a r y ,  d e p e n d i n g  on t h e  a b s o r b i n g  power f o r  t h e r m a l  n e u t r o n s  of t h e  m a t e r i a l  
w h i c h i s  b e i n g  i r r a d i a t e d ,  a s  w e l l  a s  t h e  r e a c t o r  power l e v e l .  C o b a l t  m o n i t o r s  
are  used w i t h  each  g r o u p o f  samples  t o  d e t e r m i n e  t h e  ave rage  the rma l  f l u x .  The 
f a s t  f l u x  will v a r y  o n l y  w i t h  r e a c t o r  power l e v e l  u n l e s s t h e r e a c t o r  l o a d i n g  i s  
changed .  The method by which t h e  f a s t  f l u x  i s  b e i n g  d e t e r m i n e d  c o n s i s t s  o f  
measu r ing  t h e  magnitude o f  a n u c l e a r  r e a c t i o n  w h i c h i s  produced o n l y b y n e u t r o n s  
w i t h  e n e r g i e s  a b o v e  a g i v e n  ' f t h r e s h o l d "  e n e r g y .  

Deter in inat ion o f  F a s t  Flux and S p e c t r u a i n B o l e  1 9 .  

The n u c l e a r  r e a c t i o n  i s  produced i n  a m e t a l  f o i l  which i s  i n s e r t e d  i n  t h e  
t e s t  h o l e  f o r  a measured p e r i o d  o f  t i m e .  Upon r emova l ,  t h e  i n t e n s i t y  o f  t h e  
r a d i o a c t i v i t y  d u e  t o  t h e  a b s o r b e d  n e u t r o n s  i s  measu red .  A d s o r p t i o n  c r o s s  
s e c t i o n s  f o r  f a s t  n e u t r o n s  a r e  g e n e r a l l y  on t h e  o r d e r  o f  lo8 lower t h a n  the rma l  
cross s e c t i o n s .  To  have t h e  f a s t  r e a c t i o n  predominate ,  t h e s e  f o i l s a r e  cove red  
w i t h  cadmium (40 m i l s  t h i c k )  t h a t  i s  e s t i m a t e d  t o  reduce t h e  thermal  f l u x  by a 
f a c t o r  of  10'- 
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I n  t h e  t e s t s  d e s c r i b e d  h e r e  b o t h  b e t a  and gamma a c t i v i t y  were measured t o  
d e t e r m i n e  &e amount of r a d i o i s o t o p e s  produced i n  t h e  f o i l .  To c a l i b r a t e  t h e  
c o u n t e r s ,  a f o i l  o f  t h e  same area and we igh t  (to p r o v i d e  t h e  same s e l f  s h i e l d -  

i n g )  a s  t h e  f a s t  f l u x  f o i l  w a s  made o f  a m e t a l  which produced t h e  same r a d i o -  
a c t i v e  p r o d u c t  w i t h  t h e r m a l  n e u t r o n s  a s  t h e  f a s t  f l u x  f o i l  p r o d u c e d  w i t h  
n e u t r o n s  o f  e n e r g i e s  above i t s  t h r e s h o l d ,  The p a i r s  o f  f o i l s  u s e d ,  and t h e  
f a s t  and t h e r m a l  r e a c t i o n s  i n v o l v e d  were: 

F O I L  REACT I ON 

F a s t  F o i l  A l S 7  ( n , P )  
Thermal Foil Mg"" ( n , Y )  

F a s t  F o i l  Mg' (n9 P) 
The rma l  F o i l  Na2' ( n , y )  

F a s t  F o i  1 A 1 2 7  ( n , a )  
Thermal  F o i l  Na" '  (n,Y) 

NEUTRON 
P R O D U C T  ENERGY 

Mg' 4. 6* 
Mg2 Therm (. 

Na" 6 . 3 *  
Na24 Therm. 

Na" 8 , 1 *  
Na' Therm. 

CROSS. 
SECTION HALF .LIFE' 

rb OF P R O D U C T  

2 . 8  1 0 . 2  min. 
41,O 1 0 . 2  min. 

1 . 0  1 4 . 8  H r .  
590 ;O 1 4 . 8  Hr. 

0 .6  1 4 . 8  Hr. 
590.0  1 4 . 8  H r .  

* B f f c c u h w e  n e w u u o w  e n e r g y  f f r b ~  a f l s s i e n r  s p c c e r u a  ( C F  3 ? 5 4 ) ,  

The c o r r e s p o n d i n g  t h e r m a l  f o i l  was i r r a d i a t e d  a t  a known t h e r m a l  f l u x  i n  
t h e  pneumatic h o l e  f o r  t h e  same l e n g t h  o f  t i m e  as t h e  f a s t  f o i l  w a s  i r r a d i a t e d  
i n  t h e  t e s t  h o l e ,  T h i s  g e n e r a t e d  t h e  same d e g r e e  o f  s a t u r a t i o n  i n  two f o i l s .  
By measu r ing  t h e  r a d i o a c t i v i t y  o f  t h e  f o i l s  i n  t h e  same i n s t r u m e n t ,  g e o m e t r i c  
f a c t o r s  c a n c e l ,  and t h e  a c t i v i t y  p roduced  i n  e i t h e r  f o i l  i s  p r o p o r t i o n a l  t o  
its c r o s s  s e c t i o n  f o r  t h e  n e u t r o n s  e f f e c t i v e  i n  p r o d u c i n g  t h e  r e a c t i o n  t imes 
t h e  f l u x  o f  t h e  e f f e c t i v e  n e u t r o n s ,  The c r o s s  s e c t i o n s  l i s t e d  f o r  t h e  f a s t  
n e u t r o n  r e a c t i o n  i n  t h e  above t a b l e  were o b t a i n e d  from r e p o r t  (CF 3 5 7 4 ) ,  and 
r e f e r  t o  t h e  c r o s s  s e c t i o n  of t h e  metal  f o r  a complete  f i s s i o n  spec t rum.  The 
r e a c t i o n  A I 2 '  ( n , p )  Mg2' h a s  a t h r e s h o l d  a t  3 . 0  Mev (ORNL 2032, s o  o n l y  
n e u t r o n s  above  t h i s  e n e r g y  w i l l  p r o d u c e  t h e  r e a c t i o n .  The two o t h e r  f a s t  
n e u t r o n  r e a c t i o n s  wh ich  were u s e d  have e v e n  h i g h e r  t h r e s h o l d s ,  s o  i n  these 
measurements  w e  were c o n c e r n e d  o n l y  w i t h  n e u t r o n s  o f  3 Mev and h i g h e r .  The 
a s s u m p t i o n  was made t h a t  as a f i r s t  a p p r o x i m a t i o n ,  t h e  s p e c t r u m  i n  t h e  ORNL 
r e a c t o r  above 3 M e v i s  s i m i l a r  to t h e  a p p r o p r i a t e  p o r t i o n  o f a  f i s s i o n  spectrum. 
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C a l c u l a t i o n s  from t h e  f i s s i o n  s p e c t r u m  r e p o r t e d  i n  EA 718 show t h a t  t h e  nv 
above 3 . 0  Meor i s  a b o u t  0.33 o f  t h e  t o t a l  f l u x  o f  t h e  f i s s i o n  spec t rum.  Thus 
t h e  c r o s s  s e c t i o n  o f  a r e a c t i o n  f o r  t h e  f i s s i o n  nv above 3 Mer would be  t h e  
cross  s e c t i o n  a 5  l i s t e d  d i v i d e d  by 0 , 3 3 ,  The nv above 3 Mev or  n v g o 0  i n  t h e  
ORNE r e a c t o r  was d e t e r m i n e d  a p p r o x i m a t e l y  by t h e  f o l l o w i n g  c a l c u l a t i o n :  

L I f nv x cross section X no. of atom 
activity 

fast foil thermal f o i l  

activity 
*33 [ 

cxoss section X no. of atcms ~j 
"'3.0 = 

U s i n g  t h e  t h r e e  fast f o i l s  and c o m p a r i n g  the r e s u l t s  w i t h  t h e  p r e v i o u s l y  
measured t h e r m a l  f l u x  i n  h o l e  1 9  t h e  v a l u e s  f o r  t h e  r a t i o  of  t h e r m a l  f l u x  t o  
nvjoO a t  t h e  midd le  o f  h o l e  19 were: 

REACT I O N  
EFFECT I V E  

E N E R G Y  ( M e w 9  

n v  
3 . 0  t h e  t m a l / n v  

6 . 3  51 f 20% Mg"" ( n , p )  Na*4 

A l " '  ' ( n , a )  Na"" 8.1 46 f 20% 

The above r e s u l t s  were o b t a i n e d  a t  a p i l e  power l e v e l  o,f 3800 KW and a l s o  
a t  a power l e v e l  o f  2 , 5 0 0  KW, ( n , p )  N a 2 4  
r e a c t i o n  and the AI2? ( n , a )  Ne"" r e a c t i o n  i s  w e l l  w i t h i n  t h e  e x p e r i m e n t a l  error 
and t h e  knowledge 0f t h e  cross s e c t i o n s .  The  d e v i a t i o n  o f  t h e  A I 2 ?  ( n , p )  Fag2' 
may a l s o  b e  d u e  t o  e r r o r s  i n  CROSS s e c t i o n  measurement f o r  b o t h  t h e r m a l  and 
f a s t  n e u t r o n  r e a c t i o n s ,  o r  i t  may i n d i c a t e  a s l i g h t  d e p l e t i o n  o f  n e u t r o n s  w i t h  
e n e r g i e s  between 3-4 MeVc, 

The a g r e e m e n t  b e t w e e n  t h e  Mg" 

T e n t a t i v e  v a l u e s  f o r  nw30aas  a r e s u l t  o f  t h e s e  expe r imen t s  a r e :  

A t  t h e  middle  of  h o l e  19 
28 i n c h e s  from middle  of  h o l e  19  
60 i n c h e s  from middle  o f  h o l e  19 
92 i n c h e s  from middle  of h o l e  19 
A t  pneumatic t ube  t e r m i n a l  

IiV3 0 0 

6.0 x 1 0 ~  n/sec. w a t t  c m  
6,O x 10' 
5 , 8  x 10' 
3 . 1  x P O 9  
3 - 4  x 10" n / s e c ,  w a t t  c m  

2 

n / s e c .  w a t t  c m 2  
n / s e c .  w a t t  c m 2  
n / sec .  w a t t  cm2 

2 
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More complete  knowledge o f  t h e  reacgor spec t rum will be o b t a i n e d  upon t h e  
comple t ion  of  a d d i t i o n a l  t e s t s  u s i n g  t h e  P” ‘ ( n , p )  sisi siso ( n , ” )  S i s f  p a i r  
of r e a c t i o n s  and t h e  S” ( n , p l  P’”, P’”” ( n , y 9  Pss p a i r  o f  r e a c t i o n s .  The f a s t  
n e u t r o n  r e a c t i o n s  of t h e s e  p a i r s  h a v e  t h r e s h o l d s  o f  P , 4  M e V  a n d  1 . 6  Mev, 
r e s p e c t i v e l y ,  

A method d e s c r i b e d  i n  CP 3481 15  b e i n g  u s e d  t o  c a l c u l a t e  t h e  e p i t h e r m a l  
f l u x  up t o  1 Mev u s i n g  cadmium r a t i o  v a l u e s  g i v e n  i n  MonC 398, 

R e l a t i v e  Effects of Beta and Gamma I~radnatisn, I f  a r e l a t i o n s h i p  can be 
d e f i n i t e l y  e s t a b l i s h e d  between t h e  e f f e c t s  caused  by b e t a  i r r a d i a t i o n  and those  
caused  by gamma i r r a d i a t i o n ,  t h e  p r e d i c t i o n  o f  m a t e r i a l  b e h a v i o r  in r a d i a t i o n  
w i l l  be e a s i e r  and t h e  Cestnng of  m a t e r i a l s  w i l l  be s h o r t e n e d  and s i m p l i f i e d ,  
s i n c e  gamma, b e t a ,  o r  mixed r a d i a t i o n  c o u l d  be  u s e d  i n t e r c h a n g e a b l y  i n  the 
tes ts ,  Experiments  d e s i g n e d  t o  de t e rmine  t h a t  r e l a t i o n s h i p w e r e  a t t e m p t e d u s i n g  
a s  a measu re  o f  i r r a d i a t i o n  e f f e c t  t h e  o x i d a t i o n  o f  f e r r o u s  i o n  t o  f e r r i c  
i o n  i n a  s o l u t i o n o f  f e r r o u s  ammonnumaulfate, Unforeseen a n a l y t i c a l  d i f f i c u l t i e s  
have p r e v e n t e d  s u c c e s s f u P  e x p e r i m e n t s  s o  f a r ,  b u t  t h e  o r i g i n a l  d i f f i c u l t i e s  
were e l i m i n a t e d a n d  t h e  w o r k i s  e x p e c t e d t o b e  completed d u r i n g  t h e  n e x t  q u a r t e r .  

P r o p e r t i e s  of Gamma I 1 p - a d ~ a t e d  P l a q t i c s  and Oils. Samples  o f  s i l i c o n e  

o i l s ,  a s k a s e l  oils, and p l a s k i c s  were s u b j e c t e d t o g a m m a  r a d i a t i o n  from Hanford 
s l u g s  f o r  a b o u t  6 mon ths ,  The 

s i l i c o n e  o i l s  became s o l i d a n d  produced some g a s ,  
showed n o  v i s i b l e  c h a n g e  and p r o d u c e d  no g a s ,  The p l a s t i c s  h a v e  n o t  b e e n  
c o n d i t i o n e d  S O  no  t e s t s  have been sun ,  I t w a s  n o t e d ,  however, t h e i r  appea rance  
was abou t  t h e  same a s  i f  t h e y  Rad undergone a few days  of r e a c t o r  i r r a d i a t i o n ,  
The r e s u l t s  a r e  t a b u l a e e d  below: 

The t 0 t a l  r a d i a t i o n  dosage  was 1 . 9 3  X 10’ R .  
A s k a r e l ,  and t r i c h l o r b e n z e n e  

F l u o r o t h e n e  - Became q u i t e  b r i t t l e  0 broke on h a n d l i n g ,  
P o l y t h e n e  - Became amber c o l o r e d ,  burt no  o t h e r  a p p a r e n t  change, 
S a r a n  - Became b l a c k ,  b u t  no  o t h e r  a p p a r e n t  change, 
E 2 0 0  f l u i d  - SAE20 Became s o l i d  0 abou t  t h e  c o n s i s t e n c y  o f  wax. 

Produced 5,3P cc  g a s  p e r  gram of oil (@ 160 mrn 
Hg, 25  CS 

DC200 f l u i d  - SAE50 - Became s o l i d  - abou t  t h e  c o n s i s t e n c y  o f  wax. 

DC550 f l u i d  - Became g e l a t i n o u s ,  
T r i c h l o r b e n z e n e  - No a p p a r e n t  change 

A s k a r e l  (40% ks ich losbenzene  - No a p p a r e n t  change, Produced no g a s .  

Produced 6 , 3 9  c c  g a s  p e r  gram o f  o i l  (@ 760 mm Hg, 25’ c ) .  
Produced 6 , 3 7  c c  gas  p e s  gram of  o i l .  

Produced no g a s ,  Seemed t o  have used 
up t h e  oxygen t h a t  was i n  t h e  ampule ( a b o u t  P c c ) .  

60% dapaeny’) Seemed t o  have used up t h e  oxygen i n  t h e  
ampule ( a b o u t  l cc). 
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Othel. Irradiatzonc, A c o n s i d e r a b l e  number o f  r e a c t o r  i r r a d i a t i o n s  w e r e  
made d u r i n g  khe last p e r i o d ,  b u s  most of  t h e s e  specimens have n o t  been t e s t e d  
because  t h e  equipment  w a s  b e i n g  msyed t o  '17-12, About t h i r t y  d i f f e r e n t  t y p e s  
of  p l a s t i c s  have been p r o c u r e d  These  r e p r e s e n t  a good cove rage  o f  t h e  f i e l d  
of  commercial  p l a s t i c s  

R e a c t o r  i r r a d i a t i o n  o f  o i l s  and g r e a s e s  was t e m p o r a r i l y  suspended t o  have 
more space i n  t h e  r e a c t s r  for other m a t e r i a l s  The t e s t s  will be resumed d u r -  
i n g  t h e  n e x t  p e r i o d ,  

SOLVENT EXTRACT ION 

The f i r s t  d r a f t  o f  a r e p o r t  on e x p e r i m e n t a l  i n v e s t i g a t i o n  o f  t h e  f a q t o r s  
i n f l u e n c i n g  d ropwise  l a q u i d - l a q u i d  e x t r a c t i o n  h a s  been c o m p l e t e d ,  The f i n a l  
r e p o r t  w i l l  be completed d u r i n g  t h e  n e x t  q u a r t e r  

I n  t h e s e  s t u d i e s  a c e t i c  a c i d  was e x t r a c t e d  from v a r i o u s  o r g a n i c  s o l v e n t s  
R e l a t i o n s h i p s  beltween k h e  vaanab le s  were e s t a b l i s h e d  f o r  t h e  t u s -  i n t o  w a t e r ,  

b u l e n t  and t r a n s i t i o n  regime of  d r o p l e t  f a l l ,  
Under t h e  t u r b u l e n t  r eg ime  t h e  ~ ~ e ~ a l i l  c o e f f i c i e n t  c a n  be  p r e d i c t e d  by 

ehe e q u a t i o n :  

where: KO i s  t h e  o v e r a l l  mass t r a m s f e 3  c o e f f i c i e n t  

i s  t h e  d r o p  d i a m e t e v  
m o l e c u l a r  d i f f u s i v a t y  
v i s c o s i t y  o f  d i s c o n t i n u o u s  phase  
~ i s c ~ s i t y  of  e s n t i n u o u s  p h a s e  
d e n s i t y  o f  d i s c o n t i n u o u s  phase  
d e n s i t y  o f  c o n t i n u o u s  p h a s e  
i n t e r f a c i a l  t e n s i o n  
v e l o c i t y  o f  d r o p  
a n  association correction f a c t o r  'I 7 
d e g r e e  o f  a s s o c l a t l o n  o f  s o l u t e  i n  t h e  s o l v e n t ,  
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Under t h e  t r a n s i t i o n  regime (Reynolds  modulus from 100 t o  300) t h e  r a t e  
o f  e x t r a c t i o n  can  be p r e d i c t e d  by t h e  Paws o f  m o l e c u l a r  d i f f u s i o n .  

A l i t e r a c u r e  s e a r c h  on k r a n s f e r  a c r o s s  a s t a t i c  l i q u i d - l i q u i d  i n t e r f a c e  
i s  n e a r l y  completed,  I t  w i l l  be fo l lowed  by a l i m i t e d  e x p e r i m e n t a l  program t o  
s t u d y  t h e  v a r i a b l e s  i n v o l v e d  i n  a s t a t i c  system, 

DRY FLUORIDES 

A d r y  f l u o r i d e  p r o c e s s  has  l o n g  been s e e n  as a p o s s i b l e  means o f  s e p a r a t -  
i n g  uranium, p lu ton ium and f i s s i o n  p r o d u c t s  from e a c h  o t h e r  by t a k i n g  advantage 
of  d i f f e r e n c e s  i n  vapor  p r e s s u r e  o f  t h e  v a r i o u s  f l u o r i d e s  i n v o l v e d .  A d i r e c t  
a p p r o a c h  to t h e  p rob lem i s  to f l u o r i n a t e  c o m p l e t e l y  an i r r a d i a t e d  s l u g  o f  
uranium, c o l l e c t i n g  t h e  f l u o r i n a t i o n  p r o d u c t s  i n  one c o n t a i n e r  and s t u d y i n g  
s e p a r a t i o n s  a f f e c t e d  by f r a c t i o n a l  d i s t i l l a t i o n  O E  o t h e r  means,  

K-25 p e r s o n n e l  have been c o l l a b o r a t i n g  w i t h  X-10 p e o p l e  i n  t h e  problem o f  
d e v e l o p i n g  s a t i s f a c t o r y  equipment and p r o c e d u r e s  f o r  f l u o r i n a t i n g  o f  a Hanford- 
s i z e  s l u g  t o  UF,, A system h a s  been i n s t a l l e d  a t  K-25 and a few i n i t i a l  t es t s  
have  been  c o n d u c t e d  i n  wh ich  a f u l l  s i z e  H a n f o r d  s l u g  ( n o t  i r r a d i a t e d )  h a s  
been e x p o s e d  t o  p u r e  f l u o r i n e  u n d e r  v a r i o u s  c o n d i t i o n s ,  

The f l o w  s h e e t  o f  t h i s  s y s t e m  i s  shown i n  F ig .  21. 
The s l u g  c o r e  t e m p e r a t u r e  was measured b y a t h e r m o c o u p l e  w e l l  i n s e r t e d  i n -  

t o  a 1 i n ,  d e e p  h o l e  d r i l l e d  i n  t h e  middle  o f  t h e  s l u g  p e r p e n d i c u l a r  t o  t h e  
l o n g  a x i s  ( F i g ,  2 2 1 ,  

I n  t h e  f i r s t  f l u o r i n a t i o n  e x p e r i m e n t  u s i n g  a Hanfo rd  s l u g  w e i g h i n g  7 .9  
pounds ,  t h e  s l u g  s u r f a c e  was c l e a n e d  t o  b r i g h t  m e t a l  u s i n g  h o t  n i t r i c  a c i d  
(1.1) t o  d i s s o l v e  t h e  o x i d e s ,  It was r i n s e d  w i t h  w a t e r ,  d i p p e d  i n  m e t h y l  
a l c o h o l ,  d r i e d  i n  a i r ,  i n s t a l l e d  i n  t h e  r e a c t o r  and immediately b l a n k e t e d  w i t h  

CO, t o  p r e v e n t  s u r f a c e  o x i d a t i o n  by a i r ,  
The r e a c t o r  was h e a t e d  and f l u o r i n e  f e e d  begun a t  a r a t e  o f  0 , 0 1 0  cfm 

(283 cc/min) when t h e  s l u g  c o r e  t empera tu re  was 480" F.  T h e r e  was no a p p a r e n t  
r e a c t i o n  u n t i l  t h e  s l u g  c o r e  t e m p e r a t u r e  r e a c h e d  570" F ,  The r e a c t i o n  con-  
t i n u e d  for 8 m i n u t e s ,  d u r i n g  which t ime t h e  s l u g  c o r e  t e m p e r a t u r e  r e a c h e d  a 

v a l u e  o f  a b o u t  620* F ,  
The  f l u o r i n e  f l o w  was t h e n  i n c r e a s e d  t o  0 .030 cfrn and  t h e  s l u g  c o r e  

The thermocouples  i n  t h e  w a l l s  a t  t e m p e r a t u r e  r o s e  t o  1150" F i n  2 5  m i n u t e s ,  



t h e  bottom of  t h e  r e a c t o r  were r e a d i n g  e s s e n t i a l l y  r e a c t o r  w a l l  t e m p e r a t u r e s ,  
which d r o p p e d  from a b o u t  650" F t~ a p p r o x i m a t e l y  500' F when a t r i c k l e  o f  
c o o l i n g  water was p a s s e d  th rough  t h e  c o i l s ,  and f i n a l l y  down t o  < 200* F when 
t h e  w a t e r  was t u r n e d  on f u l l ,  

The f l u o r i n e  f l o w  was t h e n  i n c r e a s e d  t o  0 . 1 1 1  cfm, and t h e  s l u g  c o r e  
t e m p e r a t u r e  r o s e  from P150* F t o  138O'"F i n  s i x  m i n u t e s .  No e x c e s s  f l u o r i n e  
was measured by t h e  e x i t  r o t a m e t e r ,  which h a s  a r a n g e  of  0,0018 t o  O.OP6'cfm. 

The f l u o r i n e  flow was d e c r e a s e d t o 0 . 0 6 4  cfm and t h e  s l u g  c o r e  t empera tu re  
d e c r e a s e d  t 0  a p p r o x i m a t e l y  1200"" F and appea red  t o  be c o n s t a n t  a t  t h i s  v a l u e ,  
The ' r e a c t o r  w a l l  t e m p e r a t u r e s  were about  150" F. 

The system was o p e r a t e d  a t  t h i s  f low r a t e  and t e m p e r a t u r e  f o r  30 minu tes  
b e f o r e  s h u t t i n g  down, A c c o r d i n g  eo  t h e  f l u o r i n e  f l o w  r a t e s  and t imes ,  an 
e s t i m a t e d  P,O8 pounds of uran ium s h o u l d  h a v e  been  c o n v e r t e d  t o  UF, a t  t h i s  
p o i n t  0 

When t h e  r e a c t o r  was opened,  i t  was found t h a t  t h e  s l u g ,  or some of  i t s  

f l u o r i n a t i o n  p r o d u c t s  had m e l t e d  a t  t h e  f l u o r i n e  i n l e t  end and f lowed t o  t h e  
end f l a n g e s  The r e a c t i o n  p r o d u c t s  were v e r y  b r i t t l e  and coke l i k e  i n  appea r -  
ance w i t h  t h e  s u r f a c e s  t u r n i n g  g r e e n  upon exposure  t o  a i r ,  The s l u g  w a s  s t i l l  
in i t ac t  and e s s e n t i a l l y  Panattacked a t  t h e  e x i t  end ,  

S i n c e  t h e  s l u g  o r  r e a c t i o n  p r o d u c t s  had m e l t e d  down a round  t h e  thermo- 
wel l s  p r o t r u d i n g  i n t o  t h e  bottom o f  t h e  r e a c t o r ,  i t  was d e c i d e d  t h a t  t h e  b e s t  
way t o  remove t h e  s l a g  would be t o  f l u o r i n a t e  it o u t ,  

A second day  t h e  s l u g  was f l u o r i n a t e d  f o r  abou t  70 minu tes  a t  a f l u o r i n e  
f low r a t e  Qf 0.064 cfm, S t e a d y  c o r e  t e m p e r a t u r e s  o f  1360" F were r e c o r d e d s  
w i t h  o c c a s i o n a l  e x c e s s  f l u o r i n e  r e g i s t e r i n g  on t h e  e x i t  r o t a m e t e r ,  

I t  was dec ided  to conduct  a r e a c t i o n  o f  a h igh  enough t empera tu re  t o  m e l t  
the whole s l u g  t o  o b s e r v e  t h e  e f f e c t  on t h e  n i c k e l  w a l l  o f  c o n t a c t  w i t h  molten 
uranium, 

F l u o r i n e  f e e d  was s t a r t e d  when t h e  s l u g  c o r e  t e m p e r a t u r e  was 590' F. EX- 
cess f o u o r i n e  f l o w  r a t e  was g r e a t e r  t h a n  0 .02O 'c fm w h i l e  t h e  f e e d  r a t e  was 
0.060 cfmB As t h e  s l u g  c0re t e m p e r a t u r e  began t o  r i s e ,  t h e  amount of  e x c e s s  
f l u o r i n e  d e c r e a s e d ,  A t  a s l u g  c o r e  t e m p e r a t u r e  o f  1 2 0 0 " ' F ,  t h e r e  w a s  an ex-  
cess o f  0.005 'cfm 

The f l u o r i n e  f e e d  r a t e  was i n c r e a s e d  i n  s t e p s  u n t i l  a v a l u e  o f  0.107 cfm 
was r eached ,  A t  t h i s  p o i n t  w i t h  a t r i c k l e  o f  c o o l i n g  w a t e r ,  t h e  w a l l  tempera- 
t u r e s  were abou t  600" F a n d t h e  s l u g  core t e m p e r a t u r e  was 1600" F. The c o o l i n g  

wa te r  flow was i n c r e a s e d  s l i g h t l y  and t h e  wal l  t e m p e r a t u r e s  dropped q u i c k l y  t o  
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280" F ,  I n  t h e  meantime t h e  f l u o r i n e  f e e d  was i n c r e a s e d  t o  0 . 1 1 9  cfm, 0.147 
cfm and f i n a l l y  0 .171  cfm, w h i l e  t h e  o b s e r v e d  core  t e m p e r a t u r e s  r a p i d l y  i n -  
c r e a s e d  t o  a v a l u e  o f  2000" F,  and r ema ined  between 1900 and 2000" ' F  f o r  30 
minu tes ,  Up t o  a t e m p e r a t u r e  o f  1700' F ,  a b o u t  0.007 cfm o f  f l u o r i n e  p a s s e d  
th rough  u s r e a c t e d ,  Above 1700" F, no  e x c e s s  f l u o r i n e  was obse rved .  

Then v e r y  s u d d e n l y  t h e  amount o f  e x c e s s  f l u o r i n e  i n c r e a s e d  from some 
v a l u e  less  t h a n  0,0018 cfm t o  some v a l u e  g r e a t e r  t h a n  0.016 cfm, t h e  r ange  of  
t h e  e x i t  r o t a m e t e r ,  and t h e  s l u g  core t e m p e r a t u r e  dropped r a p i d l y ,  The m e l t -  

i n g  o f  t h e  s l u g  had c a u s e d  t h e  uranium and uranium f l u o r i d e s  t o  f l o w  t o  t h e  
bottom of t h e  r e a c t o r p  i n c r e a s i n g  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  by good con-  
t a c t  w i t h  t h e  r e a c t o r  w a l l  so t h e  s l u g  was c o o l e d  below t h e  r e a c t i o n  tempera- 
t u r e  i n  s p i t e  o f  t h e  h e a t  r e l e a s e d  i n  t h e  r e a c t i o n ,  The r e a c t i o n  was t h u s  
s n u f f e d  o u t  by t h e  s u d d e n  i n c r e a s e  i n  c o o l i n g .  

When t h e  r e a c t o r  was opened,  i t  was n e a r l y  h a l f  f u l l  from end t o  end of  
t h e  c h a r a c t e r i s t i c  c o k e - l i k e  me l t .  K-25 o b s e r v e r s  b e l i e v e d  t h a t  t h e  b l a c k  
m e l t  was i n t e r m e d i a t e  f l u o r i n a t e d  compounds between WF, a n d  UF, e 

The r e a c t o r  w a s  c l o s e d  a g a i n a n d  f l u o r i n a t i o n  con t inued .  T h e r e a c t i o n d i d  
n o t  s t a r t  u n t i l  a t e m p e r a t u r e  o f  1100' F was r e a c h e d .  The c o r e  the rmo-we l l  
was a t  t h e  s u r f a c e  o f  t h e  f u s e d  m a t e r i a l  i n  t h e  c e n t e r  o f  t h e  r e a c t o r .  The 
f l u o r i n e  f e e d  r a t e  was k e p t  a t  0 .170 cfm f o r  20  m i n u t e s  and e x c e s s  f l u o r i n e  
was a g a i n  o b s e r v e d  u n t i l  t h e  t e m p e r a t u r e  r e a c h e d  a b o u t  1700" F .  

The c o o l i n g  w a t e r  was l e f t  o f f ,  and t h e  c o r e  t e m p e r a t u r e  i n c r e a s e d  from 
1200* F t o  2000' F i n  3 m i n u t e s ,  w h i l e  t h e  w a l l  t e m p e r a t u r e  was i n c r e a s i n g  
from 1600' F t o  1800' F .  

Immediately a f t e r  t h e w a l l  t e m p e r a t u r e o f 1 8 0 0 °  F had p r i n t e d  on t h e  c h a r t ,  
t h e  bottom o f  t h e  r e a c t o r  w a s  g lowing r e d  a t  t h e  midd le  and some molten m e t a l  
dropped th rough  t h e  i n s u l a t i o n .  I t  w a s  t hough t  t h a t  molten uranium had burned 
th rough  t h e  reac tor  w a l l ,  so t h e  F2 was s h u t  o f f  immedia t e ly  and t h e  c o o l i n g  
water  t u r n e d  on. 

A f t e r  a s h o r t  w h i l e i t s e e m e d  s a f e  t o  r e - e n t e r  t h e  b u i l d i n g  t o  examine t h e  
r eac to r ,  When t h e  i n s u l a t i o n  w a s  removed, i t w a s  found t h a t  p a r t  o f  t h e  copper  
c o i l  had m e l t e d  and t h e r e  w a s  no e v i d e n c e  o f  u ran ium h a v i n g  p e n e t r a t e d  t h e  
r e a c t o r  w a l l .  

The m e l t  i n s i d e  t h e  r e a c t o r  was t h e  same as d e s c r i b e d  a b o v e ,  and  w a s  

c h i p p e d  f rom t h e  r e a c t o r .  I n  t h e  c e n t e r  o f  t h e  m e l t  was found a lump o f  
m e t a l  w e i g h i n g  1 . 1 2  pounds  which d i d  n o t  a p p e a r  t o  h a v e  been m e l t e d .  The 
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w e i g h t  o f  t h e  c o n t e n t s  o f  t h e  r e a c t o r  w a s  5 . 1 2  pounds i n c l u d i n g  t h e  lump o f  
m e t a l .  The amount of UF; c o l l e c t e d  i n  t h e  c o l d  t r a p  w a s  6.30 pounds. 

I n s p e c t i o n o f  t h e  i n s i d e  o f t h e  r e a c t o r  r e v e a l e d  t h e  w a l l  had been a t t a c k e d  
a t  t h e  i n t e r f a c e  between t h e  s u r f a c e  o f  t h e  molten ma te r i a l  and t h e  w a l l ,  for 

t h e r e  were g rooves  i n  t h e  n i c k e l  w a l l  a b o u t  3 or 4 i n c h e s  l o n g ,  1/8 i n .  wide 
and a p p r o x i m a t e l y  1/32 i n ,  t o  1/16 i n .  d e e p .  I t  is s u s p e c t e d  t h i s  a t t a c k  
occur red  because o f  t h e  h igh  t e m p e r a t u r e  o f  t h e  n i c k e l  i n  t h e  l a s t  experiment .  

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

r e v e a  1 ed t h e  f o 11 owing: 

% t o t a l  U = 74;9  
96 F = 2 2 . 5  

46 U', = 6 7 . 3  - 
T h i s  c o r r e s p o n d s t o n e a r l y  p u r e  UF, w i t h  some unaccounted f o r  U and F. F u r t h e r  
r e s u l t s  b o t h  chemica l  and X-ray f r a c t i o n  p a t t e r n s  w i l l  r e v e a l  more a c c u r a t e l y  
t h e  approximate compos i t ion  o f  t h e  m e l t .  

The n e x t  expe r imen t s  to be conducted w i l l  a t t e m p t  s lower  f l u o r i n a t i o n s  a t  

lower t e m p e r a t u r e s  w i t h  b e t t e r  t e m p e r a t u r e  c o n t r o l ,  S i n c e  t h e  r e a c t i o n  a p p e a r s  
t o  be so l o c a l i z e d ,  i t  may be n e c e s s a r y  t o  u s e  a d i l u e n t  gas .  

HOT PROCESS FUME LINES 

Hot Hood Sampl ing-Bldg .  706C. Dur ing  t h i s  q u a r t e r ,  sampling o f  t h e  pro- 
cess hood d i s c h a r g e s  from B u i l d i n g  706C w a s  completed and t h e  r e s u l t s  summari- 
zed. The o r d e r  o f  a c t i v i t y  i n  t h e  d i s c h a r g e  a i r  i s  m i l l i c u r i e s  p e r  cu  
f t  ( a s  1 Mev y d i s e n t e g r a t i o n s ) .  S imul t aneous  s a m p l i n g o f  b n i l d i n g a i r  r e v e a l e d  
t h a t  n e a r l y  a l l  t h e  hood d i s c h a r g e  a c t i v i t y  was a l r e a d y  p r e s e n t  i n  t h e  room 
a i r  e n t e r i n g  t h e  hood. 

Hot P i l o t  P l a n t .  Sampling o f  a 16-day Hot  P i l o t  P l a n t  r u n a t  100X'Hanford 
l e v e l  i s  summarized i n  T a b l e  5 ,  A l l  t h e  fume a c t i v i t y ,  o r i g i n a t i n g  i n  120-day 
s l u g s ,  i s  l o n g - l i v e d .  The d a t a  on t h e  d i s s o l v e r  o f f - g a s  l i n e  were o b t a i n e d  by 
Bartholemew, e t  a 1  (MTT Prac t i ce  Schoo l )  d u r i n g  a doub le  d i s s o l v i n g .  
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TABLE 5 

TOTAL OUTPUT AOUBLY OUTPUT 

MILLICURIES* MILLICURIES* 

D i s s o l v e r  L i n e  2 
C e l l  Vent L i n e  15 
Vessel Off-Gas L i n e  60 

0,067 
0.040 
0.161 

TOTAL 77 0.206 

* E x p r e s s e d  a s  1 M e r  g a m m a ,  1 p h o t o n  p e t  d i s i n t e g r a t i o n .  

The a c t i v i t y  o u t p u t  was o n l y  7 .2% o f  t h a t  e n c o u n t e r e d  a t  a 3 0 Z ' H a n f o r d  
l e v e l .  The r educed  l e v e l  is due t o  t h e  40-day a g i n g  o f  s l u g s  a t  30% Hanfo rd  
l e v e l  a s  compared t o  t h e  120-day a g i n g  o f  s l u g s  a t  100% l e v e l .  

Iodine Precipitation f r o m  D i s s o l v e r  Line. Equipment t o  remove t h e  h o t  
i o d i n e s  from fume l i n e s  was i n s t a l l e d  i n  p a r a l l e l  w i t h  t h e  RaLa O p e r a t i o n s  
d i s s o l v e r  o f f - g a s  l i n e .  The sample p o i n t  w a s a t  t h e  base  o f  t h e  205 s t a c k  w e l l  
beyond t h e  c a u s t i c  s c r u b b e r  and t h e  FG-50 f i l t e r s .  The e q u i p m e n t w a s m a k e s h i f t  
and q u i t e  i n e f f i c i e n t  w i t h  t h e  e x p e c t a t i o n s  o f  d e r i v i n g  r o u g h  q u a l i t a t i v e  
r e s u l t s  from t h e  work, The b a s i c  p r i n c i p l e  i n v o l v e s  t h e  s p r a y i n g  o f  a weak 
s i l v e r  n i t r a t e  s o l u t i o n  i n t o  t h e  l i n e  and s u b s e q u e n t l y  c o l l e c t i n g  t h e  s o l u t i o n  
i n  s t a i n l e s s  s tee l  c y c l o n e s .  The c o l l e c t e d  s o l u t i o n  i s  r e t u r n e d  t o  t h e  s p r a y  
system th rough  a f i l t e r  which car r ies  a c a k e  o f  c o l d  s i l v e r  i o d i d e  ( t h u s  main? 
t a i n i n g  t h e  s o l u t i o n  s a t u r a t e d  i n  s i l v e r  i o d i d e ) .  

The rough r e s u l t s  i n d i c a t e  a p r e c i p i t a t i o n  of  abou t  60 m i l l i c u r i e s  of h o t  
i o d i n e ,  S i n c e  t h e  s a m p l i n g  CU$ was one s i x t h ,  t h i s  s t a t e s  t h a t  a t  l e a s t  360 
m i l l i c u r i e s  o f  h o t  i o d i n e  r e a c h e d  t h e  205  s t a c k  d u r i n g  t h e  f i r s t  d i s s o l v i n g  
( t h e  equ ipmen t  w a s  s h u t  down a t  t h a t  t i m e ) .  

The r e s u l t s  w a r r a n t  more c a r e f u l  work and f a b r i c a t i o n o f  b e t t e r  equipment.  
T h i s  w i l l  be done i n  t h e  n e a r  f u t u r e .  

Building 205'bab Hoods. The v a r i o u s  hoods from t h e  205 Hot Lab have been 
sampled, The maximum d i s c h a r g e  w a s  found t o  be  c a .  lo-* m i l l i c u r i e s  p e r  cu f t  
(7 .5  x 10'' m i l l i c u r i e s  p e r  h o u r ,  t o t a l  d i s c h a r g e ) ,  
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REACTOR COOLING A I R  

REMOVAL D A T E  

L i f e  T e s t - F i Z t e r  House D u p l i c a t e .  The p r e s s u r e  d r o p  a c r o s s  t h e  f i r s t  
FG-50 l a y e r  was 5.4 i n c h e s  o f  w a t e r  a s  o f  J u n e  15,  1949 ,  r e p r e s e n t i n g  a r i se  
of  0 .2  i n .  i n  30 days .  The equipment was s t a r t e d  up Oc tobe r  22 ,  1948,  making 
a t o t a l  o f  236 d a y s  o p e r a t i o n  a s  o f  J u n e  15. S h o r t l y  t h e r e a f t e r  an a c c i d e n t  
f o r c e d  t h e  c e s s a t i o n  of t h e  t e s t  on J u n e  2 2 ,  1949.  

The pack ing  o f  t h e  t e s t  f i l t e r  was 2 l a y e r s  o f  FG-50 backed by CWS pape r .  
U n f o r t u n a t e l y  t h e  sample p o i n t  w a s  such t h a t  n o  water  s o l i d s  ( f rom t h e  c o o l i n g  
wa te r  s p r a y )  r eached  t h e  tes t  f i l t e r .  

To e s t i m a t e  f i l t e r  house l i f e ,  t h e  d a t a  must be a d j u s t e d  by t h e  f a c t  t h a t  
v e l o c i t y  t h r o u g h  t h e  t e s t  f i l t e r  was ca. twice (20  f t  p e r  min t h r o u g h  FG-50) 
t h a t ,  i n  t h e  f i l t e r  house  p a p e r .  

A t t a c h e d  is  F i g .  23 d e t a i l i n g  t h e  a c t u a l  p l u g g i n g  c u r v e .  
S p e c i a l  CWS F i l t e r  P o c k e t s .  A CWS f i l t e r  p o c k e t  was removed from t h e  

R e a c t o r  F i l t e r  House a f t e r  1 4 5  d a y s  of  normal exposure.  Two tes t  p o c k e t s  were 
removed a f t e r  s even  d a y s  o f  normal e x p o s u r e  ( e x p o s u r e s  were d u r i n g  s u c c e s s i v e  
weeks).  T a b l e  6 d e t a i l s  t h e  d a t a .  

TIME E X P O S E D  .. T O T A L  CWS A C T I V I T Y  ( B E T A )  - H I L L I C U R I E S  

A f t e r  . A f t e r  A f t e r  A f t e r  
24 hrs  7 d a y s  14 d a y s  2 1  d a y s  h a l f - l i f e  

TABLE 6 

4-2 5 - 49 
5-2 -49  
5 -9-49 

145 days  250 195 165 145 30 days  
7 days 50 18 11 7 . 5  28 d a y s  
7 days  48 1 6  9 6 . 5  28 d a y s  

I I I I I I 

Uranium a n a l y s i s  can t h e  145-day p o c k e t  r e v e a l e d  less  t h a n  one  microgram 
F i l t e r  house CWS p a p e r  t h u s  can  c o n t a i n  o f  uranium p e r  s q  i n c h  o f  CWS pape r .  

en u p p e r  l i m i t  o f  4 g o f  uranium, and p r o b a b l y  h a s  less t h a n  one gram. 
ExaminationofFG-50 P o c k e t s .  FG-50 p o c k e t s  removed a f t e r  normal exposure  

i n  t h e  r e a c t o r  f i l t e r  house (maximum exposure  time-156 d a y s )  and a n a l y s e d  f o r  
uranium i n d i c a t e  t h e  uranium c o n t e n t  o f  t h e  FG-mater ia l  i n  t h e  f i l t e r  house t o  
have been ca.  25  grams (0.16 grams p e r  d a y )  a f t e r  156 days .  T h i s  c o r r e c t s  a 

p r e v i o u s l y  p u b l i s h e d  v a l u e  o f  900 grams t o t a l  house c o n t e n t .  
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The p o c k e t  removed a f t e r  156 d a y s  c o n t a i n e d  a b o u t  6 5  grams o f  d u s t .  
FG-Pocket Test. I n  o r d e r  t o  e v a l u a t e  t h e  r e l a t i v e  e f f i c i e n c i e s  o f  FG-25 

and FG-50 f i l t e r  m a t e r i a l ,  twenty-two t e s t  p o c k e t s o f  FG-plater ia lwere i n s t a l l e d  
i n  t h e  f i l t e r  house on A p r i l  26 ,  1949. S e v e n t e e n  o f  t h e s e  have been removed 
and t e s t e d  f o r  p r e s s u r e  d r o p  i n c r e a s e  and d u s t  p i ck -up .  

T h r e e  c o m b i n a t i o n s  o f  FG m a t e r i a l  a r e  b e i n g  t e s t e d .  They are  ( 1 )  two 
l a y e r s  o f  ?4 i n c h  FG-50, ( 2 )  two l a y e r s  o f  X i n c h  FG-25, and ( 3 )  o n e  l a y e r  o f  
FG-25 backed by one  l a y e r  of FG750. 

The p r o c e d u r e  b e i n g  f o l l o w e d  i s  t o  remove t h r e e  p o c k e t s ,  o n e  o f  e a c h  
combina t ion ,  a t  p e r i o d i c  i n t e r v a l s  of  t i m e ,  measure t h e  p r e s s u r e  d r o p s  a c r o s s  
e a c h ,  remove and weigh t h e  f i l t e r  m a t e r i a l .  The e x p o s u r e  c o n d i t i o n s  f o r  a l l  
t h r e e  p o c k e t s  wereas  i d e n t i c a l  a s  p o s s i b l e  i n  each  case.  The t i m e  o f  exposure  
for t h e  l a s t  s e t  t o  be  removed w i l l  be abou t  f i v e  months. 

The e x p e r i m e n t a l  r e s u l t s  s h o u l d  i n d i c a t e  t h e  optimum c o m b i n a t i o n o f  f i l t e r  
m a t e r i a l  and make p o s s i b l e  a p r e d i c t i o n  o f  t h e  s e r v i c e  l i f e  o f  t h e s e  f i l t e r s  
when u s e d  i n  t h e  R e a c t o r  F i l t e r  House. 

Reactor Discharge Air Monitor. A m o n i t o r  ("Junior"2) c o n s i s t i n g  o f  a 
f i l t e r  which c o n t i n u o u s l y  f i l t e r s a 2 0  cfm s t r e a m  and a f i l t e r  s c a n n e r  ( a t h i n -  

w a l l e d  i o n i z a t i o n  chamber connec ted  t o  a Beckman micro-micra-ammeter which i n  
t u r n  is connec ted  t o  a 0 t o  1 m i l  L and N Micromax r e c o r d e r )  w a s  connec ted  i n  
p a r a l l e l  w i t h  t h e  r e a c t o r  d i s c h a r g e  a i r  d u c t .  The i n s t r u m e n t  r e s p o n d e d r e a d i l y  
t o  i n j e c t i o n s  of i r r a d i a t e d  d u s t  c o n t a i n i n g  minute  q u a n t i t i e s  o f  uranium; how- 
e v e r ,  i n  s e r v i c e  t h e  i n t e r f e r e n c e o f  gaseous background w a s  so g r e a t  a s  t o  p r e -  
v e n t  a d e q u a t e l y  p r e c i s e  i n t e r p r e t a t i o n s  o f  t h e  c h a r t s .  The i n s t r u m e n t  c l e a r l y  
shows power l e v e l  changes o f  less than  100 KW. 

The i n s t r u m e n t  was r e t u r n e d  f o r  f u r t h e r  development  work t o  t h e  R e a c t o r  
O p e r a t i n g  Department where i t  was o r i g i n a l l y  conceived i n  c o n j u n c t i o n  w i t h  t h e  
I n s t r u m e n t  Department.  It  i s  planned t o  c y c l o n i c a l l y  s e p a r a t e  t h e  d u s t  burden 
a l l o w i n g  o n l y  t h e  d u s t  burden and a g r e a t l y  d i l u t e d  p o r t i o n  ( c a .  1/40)  d f  t h e  
o r i g i n a l  gas a s s o c i a t e d  w i t h  t h a t  burden t o  r e a c h  t h e  i n s t r u m e n t  f i l t e r .  

Reactor Filter House Efficiency Test. The f i l t e r  house i n l e t  and o u t l e t  
a i r  streams w e r e  sampled t h r o u g h a n u m b e r  o f  CWS No. 6 f i l t e r  p a p e r s  i n  ser ies .  
The p a p e r s  were counted and a n a l y s e d  r a d i o c h e m i c a l l y  by t h e  Chemis t ry  D i v i s i o n  
f o r  some o f  t h e  major  r a r e  gas f i s s i o n  p r o d u c t  c h a i n s .  

The r e s u l t s  a r e  g iven  i n  T a b l e  7 .  
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TABLE 7 

FISSION CKALN 

Kryton 89 
Krypton 91 
Xenon 140 
Xenon 141 

ACTIVITY AT REACTOR EXIT ACTIVITY PAST CIS FILTERS 

( C U  t i e s/ d a  y )  ( C u r  i c s / d a y )  

12.5 
200. 
45. 
150. 

12 
34 
19.5 
0.2 

The p a p e r s  c o l l e c t e d  b e f o r e  and a f t e r  t h e  f i l t e r  house i n d i c a t e .  an o v e r -  

a l l  house e f f i c i e n c y  o f  about  91% on g r o s s  b e t a  con tamina t ion  p o t e n t i a l .  The 
a c t u a l  house e f f i c i e n c y  on p a r t i c u l a t e s  i s  i n  t h e  neighborhood o f  99+%, b u t  a 
c o n s i d e r a b l e  q u a n t i t y  o f  g a s  decays t o  p a r t i c u l a t e m a t t e r  a f t e r  t h e  f i l t e r  house.  
T h i s  i s  on t h e  o r d e r  o f  one m i l l i c u r i e  p e r  day of  l o n g - l i v e d  b e t a  emi t te r ,  or 
5 t o  10 m i l l i c u r i e s  per  day o f  s h o r t - l i v e d  p a r t i c u l a t e  a c t i v i t y .  
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ENG 1 NEER I NG DES TGN AND DEVELOPMENT 

MODIFICATION OF EUILDING 9204-1,Y-12 

P r o c e s s  and e x p e r i m e n t a l  equipment  w a s  removed from t h e  205 b u i l d i n g  a t  

X-10 and r e - e r e c t e d  a t  b u i l d i n g  9204-1, a t  Y-12. P e r s o n n e l  were t r a n s f e r r e d  
and a re  now f u n c t i o n i n g  i n  t h e  new q u a r t e r s .  The few a l t e r a t i o n s  r ema in ing  t o  
be a c c o m p l i s h e d  a r e  minor  and have no e f f e c t  on normal  o p e r a t i o n s .  F i g u r e s  
24-29 show t h e  new s e t - u p .  

ISOTOPE LOADER 

The c h a i n  conveyor  t y p e  i s o t o p e  l o a d e r  d e s c r i b e d  i n  t h e  l a s t  q u a r t e r l y  
r e p o r t  was f a b r i c a t e d  and i s  p r e s e n t l y  u n d e r g o i n g  s e v e r a l  m o d i f i c a t i o n s .  

A s p r i n g  l o a d e d  e x p a n s i o n  j o i n t  w a s  i n s t a l l e d  t o  e l i m i n a t e  s l a c k  i n  t h e  
d r i v e  c h a i n  and t o  compensate f o r  t h e  uneven expans ion  o f  d i f f e r e n t  m a t e r i a l s  
on h e a t i n g .  

S i n c e  1 6  i n .  o f  p a r a f f i n  and 6 i n .  o f  l e a d  have been found n e c e s s a r y  t o  
s h i e l d  an open s t r i n g e r  h o l e ,  i n t e r n a l  s h i e l d i n g  e l emen t s  ( 1  i n .  s q u a r e  b l o c k s  
c o n s i s t i n g  of 1/3 i n .  l e a d  and 2 / 3  i n ,  p a r a f f i n  i n  an aluminum c a n )  w i l l  b e  
mounted on t h e  d r i v e  c h a i n  t o  f i l l  up t h e  open c h a n n e l .  Four  f e e t  o f  t h e s e  
b l o c k s  shou ld  r educe  t h e  e x t e r n a l  s h i e l d i n g  r e q u i r e d  t o  1 i n .  o f  boron p l a s t i c  
and 4 i n .  o f  l e a d .  The l a r g e  (22  i n ,  t h i c k )  s h i e l d  which would be r e q u i r e d  
h a s  made i t  i m p o s s i b l e  t o  p l a n  t o  u n l o a d  i s o t o p e s  w i t h  t h e  r eac to r  o p e r a t i n g  
u n t i l  t h e  s h i e l d i n g  e f f e c t  o f  t h e  i s o t o p e  c a n s  themse lves  can be checked a f t e r  
t h e  l o a d e r  i s  i n s t a l l e d .  T h e r e f o r e ,  t h e  p r e s e n t  l o a d e r  d e s i g n  w i l l  be  f o r  u s e  
d u r i n g  r e g u l a r  s h u t  downs on ly .  

ELECTRICAL FLOWMETER 

Two t h e r m o e l e c t r i c  f lowmeters  f o r  t h e  a u t o m a t i c  m e t e r i n g  of f lows  r a n g i n g  
from 20 t o  200 cc/min were c o m p l e t e d  d u r i n g  t h e  p a s t  t h r e e  months.  One was 
s h i p p e d  t o  Argonne N a t i o n a l  L a b o r a t o r y  and t h e  o t h e r  i n s t a l l e d  i n  t h e  ORNL 
semi- works.  
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A CORNER OF THE CORROSION LABORATORY, SHOWING BANKS 
OF ATMOSPHERIC PRESSURE CORROSION TEST UNITS 
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TABLE 8 

M A T E R 1  AL 

Palladium 
Rhodium 
Gold 
Silver 
P1 at inum 
Titanium 
Nickel 
Ticonium 111 
Illium G 
Carpenter 20 
Tan t a1 um 
Ni - Resi s t 

Zirconium 
Hastelloy A 
Hastelloy B 
Hastelloy C 
Hastelloy D 

I N T .  S O L .  

P H  

3.35 
3.42 
3.35 
3.35 
3.33 
3.36 
3.45 
3.45 
3.36 
3.20 
3.16 
3- 20 
3- 28 
3- 36 
3.42 
3. 18 
3.50 

The Stagnant Corrosion of Various Metals and Alloys 
in 0.0145 M Uranyl Sulfate at 1oo0 C for 1008 hours 

S P E C I M E N  
A R E A  ( c m 2 )  

18.29 
18- 25 
18.91 
19- 29 
18.70 
26.64 
23.54 
53.69 
17-09 
46- 45 
30- 87 
24.78 
17. 19 
15.00 
160 64 
25.41 
12.71 

A S  REMOVED WT 
G a i n  

t m s /  dm 2 ,  

C H A N G E  
L o s s  

i g / d m 2 )  

1.64 
- -  
- -  

41- 50 
- -  

39.73 
- -  

1- 68 
7.67 
3-23 
0.97 

1410-0 
- -  

L815* 0 
i660.0 
60.20 

- -  

7' 

MAX. P I T  
E P T H  ( m i l s )  

0.4 
0.3 
1.6 
0 -  8 
0 -  8 
neg. 
- -  
1.4 
neg. 

1. 8 
neg. 

flaky sc 

neg. 

~~ ~~ 

MAX. P I T  
) I A .  ( m i l s )  

4 
2 
20 
10 
10 
neg. 
- -  
lo 
neg. 

20 
neg. 

le formatio 
neg. 

flaky scale formation 
flaky scale formatioi 
neg. 
neg. 

neg. 
neg. 

P I T S  
P E R  c m 2  

0 -  4 
0.9 
3.2 
0.5 
0.7 
neg. 
- -  
0.9 
neg. 

6- 4 
neg. 

neg. 

neg. 
neg. 

E QU I V AL E N T  
B I C K N E S S  L O S S  R A T E  

( m i 1 a /  m o  u t h ) 

- - -  
0.245 
disintegrated 

0 -  006 
0.026 
0.011 
0.002 
16- 51 

- - -  
15- 36 
17.23 
0.190 
- - -  



HOMOGENEOUS REACTOR CORROSION STUDIES 

The s t a g n a n t  u r a n y l  s u l f a t e  c o r r o s i o n  tes ts  a re  
i n c l u d e d  ;s were o p e r a t e d  a t  100" C f o r  1008 h o u r s  i n  
u r a n y l  s u i r a t e  s o l u t i o n  c o n t a l n l n g  approx ima te ly  3.5 gm o f  u r a n i u m / l i t e r .  The 
i n d i v i d u a l  t e s t  volume w a s  4000 m l .  

V a r i o u s  meta ls  and a l l o y s  were exposed t o  t h e  u r a n y l  s u l f a t e  s o l u t i o n  i n  
order t h a t  g r o u p i n g s  of m a t e r i a l s  showing good and poor  c o r r o s i o n  r e s i s t a n c e  
cou ld  be  o b t a i n e d .  F u t u r e  c o r r o s i o n  s t u d i e s  w i l l  be c o n f i n e d  t o  t h o s e  m e t a l s  
or a l l o y s  showing promise of  good c o r r o s i o n  r e s i s t a n c e .  On t h e  r e s u l t s o f t h i s  
c u r s o r y  e x a m i n a t i o n ,  t h e  f o l l o w i n g  m a t e r i a l s ,  a r r a n g e d  i n  a d e c r e a s i n g  o r d e r  
of  c o r r o s i o n  r e s i s t a n c e  to 0.0145 M u r a n y l  s u l f a t e  a t  100' C, appea r  a s  p o s s i -  
b i l i t i e s  f o r  u s e  i n  t h e  c o n s t r u c t i o n  of a homogeneous r e a c t o r ;  t h e  s u i t a b i l i t y  
o f  t h e s e  m a t e r i a l s  c a n  b e  d e t e r m i n e d  o n l y  a f t e r  f u r t h e r  i n t e n s i v e  c o r r o s i o n  
s t u d i e s :  (1) Z i r c o n i u m ,  ( 2 )  Rhodium, (3 )  P l a t i n u m ,  ( 4 )  Gold ,  ( 5 )  T a n t a l u m ,  
( 6 )  Pa l l ad ium,  ( 7 )  Ticonium 111, ( 8 )  C a r p e n t e r  20,  ( 9 )  S i l v e r ,  and (10) ' I l l i u m  
G. 

The approximate chemica l  compos i t ions  o f  t h e  m a t e r i a l s  used i n  t h e  u r a n y l  
s u l f a t e  c o r r o s i o n  t e s t s  a r e  shown i n  T a b l e  9.  

ALLOY 
.DESIGNATION 

Ticonium 111 

I l l i u m  G 
N i - R e s i s t  
C a r p e n t e r  20 
H a s t e l l o y  A 
H a s t e l l o y  B 
H a s t e l l o y  C 
H a s t e l l o y  D 

TABLE 9 

Nomina 1 Chemica I Compositions of A 1 Zoys Used 

for Uranyl Sulfate Corrosion T e s t s  

- 
C r  

26 

21 
2,s 
20 

- 

1 7  

N i  

3 1  

b a l ,  
16 
29 
b a l e  
b a l e  
b a l  
b a l e  

- Mo 
6 

6 

2 
22 
32 
19 

1 
Cu 
= 

4 
7 
3 

3 

- 
Fa 

6 
b a l .  

22 
6 
6 

7 8  

- 
S i  - 

1.8 
1 

1 0  

- co 
31 
- C 

2.80 
0 . 0 7  



The r e s u l t s  o f  4 u r a n y l  s u l f a t e  c o r r o s i o n  tes ts  o p e r a t e d  a t  225"  C a r e  
s h o w n i n T a b l e  IQ These t e s t s  were conducted by h e a t i n g  a s e a l e d ,  heavyival led,  
s i l i c a  g l a s s  t u b e  c o n t a i n i n g  t h e  t e s t  spec imen  immersed i n  4 m l  o f  0.0145 M 
u r a n y l  s u l f a t e  ( 3 . 5  gm U / l )  i n  a t u b e - t y p e . f u r n a c e .  The t o t a l  t ime of t h e  t e s t  

was 138 hours .  

MATER I AL 

Gold 

S i l v e r  

P l a t i n u m  
Pa l l ad ium 

The Stagnant Corrosion of Various Metals 

in 0.0145 M Uranyl Sulfate at 225' c 

INT. SOL. 
p H  

3 .2 

3.2 

3.2 
3.2 

SPEC I MEN 
A R E A ,  c m 2  

3.71 

4.80 

5.21 
4.90 

AS REMOVED 
CAIN 

( m e / d m 2 )  

13.48 

- - -  
21. lo 
10.20 

T. CHANCE 
LOSS, 

( m g / d m 2 )  

- - D  

14.58 

F I N AL I. S A  Y P  LE 
CONBET ION 

No p i t t i n g  obse rved  

F i n e  w h i t e  f i l m  

No p i t t i n g  obse rved  
No p i t t i n g  obse rved  

T h e s e  r e s u l t s  c o r r e l a t e d  c l o s e l y  w i t h  t h e  t e s t  r e s u l t s  o b t a i n e d  w i t h  
R a d i o a c t i v i t y  c o u n t s  were madeonthetestspecirnens, u r a n y l  s u l f a t e  a t  100" C. 

and on t h o s e  samples  showing we igh t  g a i n s ,  t h e  i n t e n s i t y  o f  t h e  c o u n t e x p r e s s e d  
i n  mgofu ran ium,  a g r e e d  c l o s e l y  w i t h  t h e  r eco rded  weight  g a i n s .  These r e s u l t s  
i n d i c a t e d  a d e p o s i t i o n  o f  u ran ium o x i d e  o r / a n d  u r a n y l  s u l f a t e  on t h e  m e t a l  

s u r f a c e s .  The s i l v e r  t e s t  spec imen ,  showing a w e i g h t  l o s s ,  d i d  n o t  e x h i b i t  
any  s i g n s  o f  r a d i o a c t i v i t y .  

T a b l e  11 p r e s e n t s  a l i s t i n g  of t h e  metals  and a l l o y s  exposed  t o  0.0145'M 
u r a n y l  s u l f a t e  a t  100' C f o r  1008 h o u r s .  Four  c a t e g o r i e s  a r e  t a b u l a t e d  and 
t h e  m a t e r i a l s  unde r  each  c a t e g o r y  are l i s t e d  i n a d e c r e a s i n g  o r d e r  o f  c o r r o s i o n  
r e s i s t a n c e .  
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TABLE i l  

. 
Corrosion Behavior of Various Metals and Alloys in 

0.0145 M Uranyl Sulfate at 100' C f o r  1008 Hours 

V a r y  G o o d  G o o d  

Zirconium Ticonium 111 
Rhodium C a r p e n t e r  20 

P la t inum S i l v e r  
Go Id  I l l i u m  G 
Tantalum 
Pa l l ad ium 

CLASSIFICATION 

F a i r  P O O P  

H a s t e l l o y  C Ti tan ium 
414 S t a i n l e s s  S tee l  

N i c k e l  
H a s t e l l o y  A 
H a s t e l l o y  B 
H a s t e l l o y  D 
B e r y l l i u m  

V e r y  ~ 0 0 d  .I E q u i v a l e n t  t h i c k n e s s  l o s s ,  0.002-0:004 mil/month 
G o o d  - E q u i v a l e n t  t h i c k n e s s  loss, 0.006-0.026 mil/month 
F a i r  - E q u i v a l e n t  t h i c k n e s s  l o s s ,  0.390 mil/month 
P o o r  - E q u i v a l e n t  t h i c k n e s s  l o s s ,  0 . 2 5  mil/month and 

g r e a t e r  

P r e l i m i n a r y  r e s u l t s  to d a t e  on v a r i o u s  s t a i n l e s s  s tee l s  i n d i c a t e  t h a t  t h e  
f o l l o w i n g  a l l o y s  f a l l  i n t o  a good t o  v e r y  good ca t egory :  t y p e s  302,  304, 309,  
316, 317, 430, and 431. 

C o r r o s i o n  t e s t s  i n  u r a n y l  s u l f a t e  s o l u t i o n s  c o n t a i n i n g  3 . 5  gm U/Z and 35 
gm U/l a r e  i n  p r o g r e s s  w i t h  o t h e r  m e t a l s  and a l l o y s .  High t e m p e r a t u r e  (250" c )  
c o r r o s i o n  tests i n  35 gm U/l u r a n y l  s u l f a t e  a r e  a l s o  i n  p r o g r e s s .  A one l i t e r  
c a p a c i t y  a u t o c l a v e  f o r  t e s t s  a t  250" C w a s  o r d e r e d .  The c o n s t r u c t i o n  o f  s m a l l  
bombs t o  be h e a t e d  i n  t u b e  f u r n a c e s  t o  expand f a c i l i t i e s  for h i g h  t e m p e r a t u r e  
tes ts  is p lanned .  
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SH'I ELOll NGi 

CONCRETES 

. 

'A s u r v e y  o f  t h e  e n t i r e  f i e l d  o f  m o n o l i t h i c  s h i e l d i n g  was comple t ed  t h i s  
q u a r t e r  a n d a  comprehensive r e p o r t ,  ORBL 243, is b e i n g  p repa red .  The m a t e r i a l s  
s t u d i e d  c o n s i s t  o f  v a r i o u s  c o m b i n a t i o n s  o f  a g g r e g a t e s  ( r a n g i n g  from i r o n  o r e  
a t  a q u a r t e r  o f  a c e n t  p e r  pound t o  f e r r o - t u n g s t e n  a t  $2.00 p e r  pound)  and 
cements  ( f rom s i l i c a  g e l  a t  0.13 c e n t s  p e r  pound t o  l i t h a r g e - g l y c e r i n  a t  0.21 

' c e n t s  p e r  p o u n d ) .  The s u r v e y  was e x t e n d e d  t o  i n c l u d e  b l o c k  o r  b r i c k  t y p e  
s h i e l d s ,  comparing c o s t s  and u t i l i t y  of p a r a f f i n ,  l e a d ,  c a s t  i r o n ,  c o n c r e t e s -  
b o t h  o r d i n a r y  a n d  s p e c i a l ,  and  s q u a r e  c a n s  f i l l e d  w i t h  i r o n  t u r n i n g s  a n d  
s i l i c a  g e l ,  S p e c i a l  f a b r i c a t i o n  t e c h n i q u e s  a n d  t h e i r  e f f e c t  on c o s t s  a n d  
s h i e l d  q u a l i t y  a r e  a l s o  c o n s i d e r e d .  S e v e r a l  t a b l e s  and g r a p h s  a r e  i n c l u d e d  
f o r  easier  comparison.  It i s  hoped t h a t  t h i s  r e p o r t  may f a c i l i t a t e  d e c i s i o n s  
r e g a r d i n g  v a r i o u s  s h i e l d i n g  p r o b l e m s  w h i c h  o c c u r  on and  o f f  t h e  p r o j e c t .  

The long-promised summary r e p o r t  on MO h a s  been d e f e r r e d  u n t i l  t h e  above 
s u r v e y  c o u l d  be c o m p l e t e d .  It  w a s  f e l t  t h a t  t h i s  was j u s t i f i e d  b e c a u s e  t h e  
t r u e  v a l u e  o f  t h e  MO s h i e l d  c o u l d  be more e a s i l y  e v a l u a t e d  a f t e r  it h a s  been 
f i t t e d  i n t o  a summary r e p o r t  o f  a more g e n e r a l  n a t u r e .  For example ,  MO h a s  
been o f t e n  recommended f o r  gamma s h i e l d i n g  w h e r e n o n e u t r o n s  w i l l b e  e n c o u n t e r e d .  
The summary r e p o r t  w i l l  i n d i c a t e  t h a t  a g r e a t  many o t h e r  ma te r i a l s  w i l l  do  a s  
s a t i s f a c t o r y  a j o b  a t  c o n s i d e r a b l y  lower  c o s t ;  t h e  p r imary  c h a r a c t e r i s t i c  o f  
M O ,  i t s  h i g h  water  c o n t e n t ,  i s  o f  l i t t l e  u s e  i n  gamma s h i e l d i n g .  

Working a r r a n g e m e n t s  w i t h  t h e  A u s t i n  Company and w i t h  t h e  MTR, KAPL and 
NEPA g roups  have been m a i n t a i n e d  and s t r e n g t h e n e d ,  and i t  is a n t i c i p a t e d  t h a t  
some e f f o r t s  w i l l  b e  d e v o t e d  t h r o u g h  t h e  coming months t o  r u n n i n g  t e s t s  i n  
c o n j u n c t i o n  w i t h  t h e s e  g roups .  However, t h e  emphas i s  on c o n c r e t e s  which h a s  
c h a r a c t e r i z e d  t h e  ORNL work i n  t h e  p a s t  is  e x p e c t e d  t o  d e c r e a s e  s h a r p l y  a f t e r  
t h e  i s s u a n c e  of  t h e s e  r e p o r t s .  S e v e r a l  t e s t s  on cements  and c o n c r e t e s  now i n  
p r o g r e s s  w i l l  be c o n t i n u e d  and r e p o r t e d .  

BOWL 

E s s e n t i a l l y  a l l  o f  t h e  s m a l l - s c a l e  work on b o r a 1  was completed,  and a r e -  
p o r t ,  ORNL 242 i s s u e d .  Arrangements  have been made by ORNL and NEPA w i t h  t h e  
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Lukens S t e e l  Company i n  C o a t e s v i l l e ,  P e n n s y l v a n i a ,  t o  r o l l  two s h e e t s  a p p r o x i -  
ma te ly  250 s q u a r e  f e e t  e a c h  and ?4 i n ,  t h i c k ,  from which t e n  f i v e - f e e t  by s i x -  
f e e t  s h e e t s  f o r  e x p e r i m e n t a l  s h i e l d i n g  work and f o u r  s h u t t e r s  a p p r o x i m a t e l y  
f o u r  f e e t  s q u a r e ,  w i l l  b e  c u t .  One o f  t h e  i n g o t s  h a s  been c a s t  by t h e  ORNL 
s h i e l d i n g  g r o u p  a t  Y-12, and t h e  o t h e r  one s h o u l d  be completed w i t h i n  a week 
or two. 

S t u d i e s  are b e i n g  d i r e c t e d  toward f i n d i n g  a c h e a p e r  s o u r c e  o f  h i g h  boron 
m a t e r i a l  from which s h e e t s  s i m i l a r  t o  b o r a l  migh t  be  made f o r  u s e  i n  l a r g e ,  
i n e x p e n s i v e  s h i e l d s .  Lead-B,C i n g o t s  have been made by a s p e c i a l  h o t - p r e s s i n g  
t e c h n i q u e  and presumably l a r g e  s h e e t s  can be  m a d e i f d e s i r e d . . S o m e  e x p e r i m e n t a l  
p r e s s e d  s h a p e s  have b e e n  made and f u r t h e r  work a l o n g  t h i s  l i n e  w i l l  b e  done 
when a p a r t i c u l a r  a p p l i c a t i o n  a p p e a r s .  Three  b o r a l  t e n s i l e  s p e c i m e n s  h a r e  
been  p l a c e d  i n  t h e  ORNL r e a c t o r  f o r  r a d i a t i o n  damage t e s t s .  

ATTENUATION TANK 

Two r e p o r t s  have been c o m p l e t e d ,  one on a t t e n u a t i o n  o f  gamma r a d i a t i o n  
t h r o u g h  1 4  f e e t  o f  water ,  and one d e s c r i b i n g  t h e  a t t e n u a t i o n  f a c i l i t y  i n  some 
d e t a i l .  E x p l o r a t o r y  e x p e r i m e n t s  w i t h  l e a d ,  i r o n ,  w a t e r  a n d  c a l i b r a t i o n  
t es t s  on t h e  t a n k  w i l l  be t h e  p r i n c i p a l  u s e  made o f  t h e  t a n k  d u r i n g  t h e  n e x t  
few months.  

An expe r imen t  was run t o  de t e rmine  a r e a s o n a b l y  p r i c e d  minimum s h i e l d  f o r  
a 4 i n .  s q u a r e  s t r a i g h t  h o l e  t h r o u g h  t h e  OFWL s h i e l d  and p i l e .  Measurements 
o f  f a s t  and t h e r m a l  n e u t r o n s  and gamma r a d i a t i o n  were t a k e n  w i t h  a g r e a t  many 
d i f f e r e n t  t y p e s  o f  d e t e c t o r s  w i t h  t h e  h e l p  o f  R. L.  C l a r k  o f  H e a l t h  P h y s i c s .  
The  minimum s h i e l d  w a s  found t o  c o n s i s t  o f  f o u r  4 i n .  l a y e r s  o f  " b o r o f f i n "  
( a  B,O,-paraff in  m i x t u r e )  s e p a r a t e d  by t h r e e  2 i n ,  l a y e r s  o f  l e a d .  N e u t r o n  
s c a t t e r i n g  i n  t h e  p a r a f f i n  caused  t h e  h o l e t o a c t  a s  an i s o t r o p i c  p o i n t  s o u r c e ,  
r e q u i r i n g  a h e m i s p h e r i c a l  s h i e l d  o f  22 i n .  r a d i u s .  The r e p o r t  on t h i s  work, 
a l o n g  w i t h  t h e  o t h e r  t w o  a t t e n u a t i o n  r e p o r t s  ment ioned above,  i s  u n d e r g o i n g  
f i n a l  r e v i s i o n  and w i l l  be  i s s u e d  d u r i n g  t h e  n e x t  q u a r t e r .  

TESTING LABORATORY 

'A c o n s i d e r a b l e  amount o f  t e s t i n g  e q u i p m e n t  was added t o  t h e  m a t e r i a l s  
The new 60 t o n  Baldwin- l a b o r a t o r y  and is b e i n g  c a l i b r a t e d  and p u t  i n t o  u s e .  
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Southwark tensile-compression machine in Building 9204-1  is being used for 
shielding specimens. New thermal conductivity equipment, capable of greater 

precision, has just been completed by the shop and is now being assembled. 
Special apparatus, such as the constant-humidity, variable-temperature system 

for  testing stability of water in cements, is also undergoing calibration runs. 
The equipment for irradiating metal hydrides at high temperatures in the ORNL 
reactor is being completed by NEPA with the help of the K-25 Instrument Shop, 
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