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1 .  INSTRUMENT DEVELOPMENT 

Constant  Water Monitor.  A p r o d u c t i o n  d e s i g n  o f  a c o n s t a n t  w a t e r  m o n i t o r  

h a s  been  c o m p l e t e d  and  r e d u c e d  t o  d r a w i n g s ,  Nos, D-9029 t h r o u g h  D-9035, which  
a r e  on f i l e  i n  t h e  E n g i n e e r i n g  and Main tenance  D i v i s i o n .  The d r a w i n g s  d e s c r i b e  
a c o n t i n u o u s - f l o w  w a t e r  c e l l  o f  4 l i t e r s / m i n  c a p a c i t y ,  a 40-Kev b e t a - s e n s i t i v e  
G e i g e r - M u e l l e r  c o u n t e r ,  l e a d  s h i e l d i n g ,  and  c o n t r o l  p a n e l .  The  n o r m a l  b a c k -  
g r o u n d  c o u n t  r a t e  i s  a b o u t  7 c/m, a n d  w a t e r  o f  a b o u t  2 x l o D 6  pc/ml o f  S r g O  
a c t i v i t y  i s  d e t e c t a b l e  by a n  a p p r o x i m a t e l y  50% i n c r e a s e  o f  t h e  b a c k g r o u n d  
c o u n t i n g  r a t e .  

" 

An o p e r a t i n g  model h a s  been c o n s t r u c t e d  and a s s e m b l e d ,  I t  i s  now m o n i t o r -  
i n g  t h e  d r i n k i n g  w a t e r  s u p p l y  i n  room 1 0 0 ,  a n d  i s  u n d e r  o b s e r v a t i o n  f o r  
p o s s i b l e  f a u l t s ,  The p r e s e n t  method o f  r e c o r d i n g  t h e  c o u n t  r a t e  u s e s  a s c a l e  

o f  2 and a t r a f f i c  c o u n t e r  t o  p r i n t  15-min  c o u n t  i n t e g r a t i o n s ,  t o t a l i z i n g  and  
r e c y c l i n g  e v e r y  h o u r .  

The p r o d u c t i o n  d e s i g n  i s  b e i n g  c o n s i d e r e d  (by  Chemica l  Techno logy  D i v i s i o n )  
f o r  a p p l i c a t i o n  t o  some w a s t e - w a t e r  m o n i t o r i n g  p r o b l e m s  on and o f f  t h e  a r e a .  

We have  been  i n f o r m e d  by t h e  P a t e n t  O f f i c e  t h a t  a p a t e n t  s e a r c h  d i s c l o s e s  
n o  s i m i l a r  a r t ;  an  a p p l i c a t i o n  w i l l  be made f o r  a U. S.. p a t e n t  c o v e r i n g  t h e  
f e a t u r e s  embodied  i n  t h e  w a t e r  c e l l  a n d  c o u n t e r  a s s e m b l y ,  

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

5 



2 <  RADIOACTIVE-WASTE-DISPOSAL RESEARCH 

F u r t h e r  p r o g r e s s  h a s  been made toward  e x p a n s i o n  o f t h e  c o o p e r a t i v e  program 
o f  r e s e a r c h  on w a t e r  and  l i q u i d - w a s t e  d e c o n t a m i n a t i o n ,  p a r t i c u l a r l y  t h r o u g h  
i n c r e a s e d  p a r t i c i p a t i o n  by t h e  P u b l i c  H e a l t h  S e r v i c e ,  One a d d i t i o n a l  s a n i t a r y  
e n g i n e e r  h a s  been  a s s i g n e d  on l o a n  f o r  a n  i n d e f i n i t e  p e r i o d  f o r  work i n  t h e  
w a s t e  r e s e a r c h  p rogram.  A d e t a i l e d  p l a n  and b u d g e t  f o r  f u r t h e r  i n c r e a s e s  o f  

P u b l i c  H e a l t h  S e r v i c e  p e r s o n n e l  a s s i g n e d t o t h i s  p r o j e c t  d u r i n g  t h e  n e x t  f i s c a l  
y e a r  have  been  p r e p a r e d  a n d a r e  b e i n g  c o n s i d e r e d  f o r  a p p r o v a l  a n d a u t h o r i z a t i o n .  

C o n s t r u c t i o n  o f  t h e  H e a l t h  P h y s i c s  Waste  R e s e a r c h  B u i l d i n g ,  m e n t i o n 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  (ORNL 9 6 8 ) ,  i s  p r o c e e d i n g  on s c h e d u l e ,  and p r o -  
cu remen t  o f  l a b o r a t o r y  and e x p e r i m e n t a l  equipment  f o r  t h i s  b u i l d i n g  h a s  begun.  
F a c i l i t i e s  n e c e s s a r y  t o  mee t  i m m e d i a t e  n e e d s  f o r  a d d i t i o n a l  work  s p a c e  and  
e q u i p m e n t  a r e  b e i n g  p r o v i d e d  on a s i t e  n e a r  W h i t e  Oak C r e e k  e a s t  o f  t h e  
s e t t l i n g  b a s i n  These  i n c l u d e  a p r e f a b r i c a t e d  b u i l d i n g ,  a r aw-wa te r  i n t a k e  on 
W h i t e  Oak C r e e k ,  r e  e r e c t i o n  o f  a 3 5 , 0 0 0 - g a l  wooden t a n k  s a l v a g e d  f r o m  t h e  
f o r m e r  X-10 w a t e r  p l a n t  b u i l d i n g ,  p i p e s  and  c o n n e c t i o n s  f o r  d i s p o s a l  o f  t e s t  

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

V a r i o u s  members o f  t h e  Was te  D i s p o s a l  R e s e a r c h  Group h a v e  c o n t i n u e d  t o  
s p e n d  c o n s i d e r a b l e  t i m e  a n d  e f f o r t  i n  a s s i s t i i n g  i n  e d u c a t i o n  a n d  t r a i n i n g  
a c t i v i t i e s  and  i n  m a k i n g  a v a i l a b l e  i n f o r m a t i o n  r e g a r d i n g  m e t h o d s  o f  w a t e r  
d e c o n t a m i n a t i o n  a n d  l i q u i d - w a s  t e  c o n t r o l ,  F o r  e x a m p l e ,  a g r o u p  o f  s e v e n  
m u n i c i p a l  and  s t a t e  w a t e r  w o r k s  a n d  p u b l i c  h e a l t h  o f f i c i a l s  f rom M i s s o u r i ,  
I n d i a n a ,  and t h e  C i t y  o f  D e t r o i t  v i s i t e d  t h e  L a b o r a t o r y  f o r  two d a y s  t o d i s c u s s  
s p e c i f i c  q u e s t i o n s  p e r t a i n i n g  t o  p o t e n t i a l  r a d i o a c t i v e  c o n t a m i n a t i o n  a n d  
methods  o f  emergency  p r o t e c t i o n  o f  l a r g e  w a t e r  s u p p l y  s y s t e m s ,  Under  p r e s e n t  
p l a n s  i t  i s  e x p e c t e d  t h a t  t w o  p r o f e s s o r s  o f  s a n i t a r y  e n g i n e e r i n g  a n d  two  
g r a d u a t e  s t u d e n t s  w i l l  j o i n  t h e  g r o u p  e a r l y  t h i s  summer f o r  e x t e n d e d  p e r i o d s  
o f  work and  t r a i n i n g  e x p e r i e n c e ,  O t h e r  a c t i v i t i e s  i n  t h i s  c a t e g o r y  h a v e  i n . -  
c l u d e d  f o u r  l e c t u r e s  a s  p a r t  o f  w a t e r  and  sewage works  s h o r t  c o u r s e s ,  a l e c t u r e  
t o  a s t u d e n t  e n g i n e e r i n g  s o c i e t y ,  p a r t i c i p a t i o n  i n  a t w o - d a y  c o n f e r e n c e  on  
s a n i t a r y  e n g i n e e r i n g  t r a i n i n g ,  i n c l u d i n g  q u a l i f i c a t i o n s  f o r  work i n  t h e  a t o m i c  
e n e r g y  f i e l d :  and  p r e p a r a t i o n  o f  r e p l i e s  t o  numerous i n q u i r i e s  c o n c e r n i n g  t h e  
r e s u l t s  o f  t h e  ORNL s t u d i e s  on  r a d i o a c t i v e - w a s t e - d i s p o s a l  p r o b l e m s  a n d  

t e c h n i q u e s  
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Water and Liquid-Waste Decontamination Processes. A c t i v e  work h a s  been  
c o n t i n u e d  i n  s t u d i e s  o f  t h e  r emova l  o f  r a d i o a c t i v e  m a t e r i a l s  by w a t e r  t r e a t -  
m e n t  p r o c e d u r e s .  An e x t e n s i v e  s e r i e s  o f  j a r - t e s t  c o a g u l a t i o n  e x p e r i m e n t s  
d e s i g n e d  t o  show t h e  f a c t o r i a l  i n t e r a c t i o n  o f  f o u r  v a r i a b l e  c o n d i t i o n s  h a s  
been  c o m p l e t e d .  The  r a d i o a c t i v e  t e s t  m a t e r i a l  was a m i x t u r e  o f  r a d i o i s o t o p e s  
w h i c h  m i g h t  be found  i n  a w a t e r  s u p p l y  s o o n  a f t e r  a n  a t o m i c  e x p l o s i o n ,  The  
v a r i a b l e s  t e s t e d  w e r e :  pH, t u r b i d i t y  ( c l a y ) ,  c o a g u l a n t  d o s a g e  ( a l u m ) ,  a n d  

l e v e l  o f  r a d i o a c t i v i t y .  I n  t h e  e x p e r i m e n t s  t h r e e  v a l u e s  o f  e a c h  of t h e  above  
v a r i a b l e s  were r e p r e s e n t e d -  Removals  o f  r a d i o a c t i v i t y  were i n  t h e  r a n g e  o f  50 
t o  60%. 

A s e r i e s  o f  s t u d i e s  on a d s o r p t i o n  h a s  been begun and i s  s t i l l  i n  p r o g r e s s ,  
I n  w a t e r  c o n t a m i n a t e d  w i t h  a s t o r a g e - t a n k  w a s t e  ( e v a p o r a t o r  c o n c e n t r a t e )  a t  

l e a s t  t e n  a d s o r b e n t s  a r e  b e i n g  t e s t e d ,  i n c l u d i n g  m o n t m o r i l l o n i t i c  c l a y s ,  
t a n n i n s ,  and l i g n i n s  T h e s e  e x p e r i m e n t s  on a j a r - t e s t  s c a l e  i n d i c a t e  r emova l s  
o f  1 0  t o  50% of  t h e  r a d i o a c t i v e  c o n t a m i n a n t s .  

A s e r i e s  o f  j a r - t e s t  c o a g u l a t i o n  e x p e r i m e n t s  t o  d e t e r m i n e  r e m o v a l s  o f  
y t t r i u m ,  c e r i u m ,  and i o d i n e ,  s i n g l y  and  i n  c o m b i n a t i o n ,  w i t h  v a r i a t i o n s  o f  pH 
and  t u r b i d i t y  h a s  been c o m p l e t e d .  Under  t h e  b e s t  c o n d i t i o n s ,  t h e  r e m o v a l s  o f  
y t t r i u m  and  c e r i u m  i n  a m i x t u r e  and  a l s o  i n d i v i d u a l l y  r a n g e d  up  t o  98% w h i l e  

r e m o v a l s  o f  i o d i n e  w e r e  a b o u t  7 7 % "  

P u r s u a n t  t o  an  i n q u i r y  a n d  r e q u e s t  f rom t h e  E n g i n e e r i n g  and  M a i n t e n a n c e  
D i v i s i o n ,  s a n i t a r y  e n g i n e e r s  o f  t h e  W a s t e  D i s p o s a l  R e s e a r c h  G r o u p  a r e  c o -  
o p e r a t i n g  i n  a s t u d y  t o  e v a l u a t e  t h e  e f f i c i e n c y  o f  o p e r a t i o n  o f  t h e  new OWL 
s e w a g e  t r e a t m e n t  p l a n t ,  p a r t i c u l a r l y  i n  t h e  r e m o v a l  o f  s u s p e n d e d  s o l i d s .  
C h a n g e s  i n  t h e  r o u t i n e  o f  pump o p e r a t i o n  a r e  b e i n g  made t o  o b t a i n  b e t t e r  
e q u a l i z a t i o n  o f  t h e  f l o w  o f  r a w  sewage  t o  t h e  t r e a t m e n t  p l a n t ,  a f t e r  wh ich  a 

p rog ram o f  s a m p l i n g  and  a n a l y t i c a l  d e t e r m i n a t i o n s  w i l l  be c a r r i e d  o u t .  

F u r t h e r  s t u d i e s  have  been  made on t h e  methods f o r  emergency d e c o n t a m i n a t i o n  
o f  d r i n k i n g  w a t e r ,  E x p e r i m e n t a l  work h a s  been comple t ed  f o r  t h e  e v a l u a t i o n  o f  
t h e  s m a l l  w a t e r - d e c o n t a m i n a t i o n  u n i t ,  m e n t i o n e d  i n  a p r e v i o u s  r e p o r t  (ORNL- 
9 6 8 ) ,  and a d e s c r i p t i v e  r e p o r t  o f  t h i s  u n i t  and  o f  t h e  r e s u l t s  o b t a i n e d  w i t h  
i t  h a s  been  c o m p l e t e d  f o r  p u b l i c a t i o n  i n  May. A l s o ,  some work h a s  been  done  
o n  t h e  e v a l u a t i o n  o f  a s m a l l  c o m m e r c i a l  m i x e d - r e s i n  i o n - e x c h a n g e  w a t e r -  

t r e a t m e n t  u n i t  o f  t h e  t y p e  recommended f o r  d e i o n i z a t i o n  o f  s m a l l  q u a n t i t i e s  o f  
w a t e r  f o r  l a b o r a t o r y  u s e ,  The  p u r p o s e  i s  t o  a p p r a i s e  t h e  o p e r a t i n g  c h a r a c -  
t e r i s t i c s  o f  s u c h  a u n i t  a s  w e l l  a s  p e r f o r m a n c e  o f  t h e  m a t e r i a l s  i t  c o n t a i n s ,  
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Survey S t u d i e s  and E c o l o g i c a l  S tudy  o f  White Oak Creek Dra inage  System, 
The f o l l o w i n g  s t u d i e s  have  been  made d u r i n g  t h e  p a s t  q u a r t e r :  

1, A d e t e r m i n a t i o n  o f  t h e  t i m e  o f  w a t e r  t r a v e l  t h r o u g h  W h i t e  Oak 
Creek  and Lake ,  u s i n g  f l u o r e s c e i n  d y e ,  was made a t  t h e  t ime t h a t  
t h e  r a t e  o f  f low i n  t h e  c r e e k  was a b o u t  7 c f s  and  t h e  l a k e  l e v e l  
was a p p r o x i m a t e l y  3 f t  below t h e  e l e v a t i o n  o f  t h e  s p i l l w a y .  I t  
was found t h a t  u n d e r  t h e s e  c o n d i t i o n s  dye  a p p l i e d  t o  t h e  head  o f  
t h e  l a k e  f i r s t  r e a c h e d  t h e  dam i n  29 h r  and  t h a t  t h e  f i r s t  p e a k  
moved t h r o u g h  t h e  l a k e  a n d  a r r i v e d  a t  t h e  dam i n  a b o u t  3 6  h r  
a f t e r  d o s a g e ,  A s e c o n d  p e a k  somewha t  h i g h e r  t h a n  t h e  f i r s t  
a r r i v e d  on  t h e  f o u r t h  d a y  a n d  i t  was e s t i m a t e d  t h a t  t h e  mean 
t i m e  o f  t r a v e l  o r  p e r i o d  o f  r e t e n t i o n  i n  t h e  l a k e  was a p p r o x i -  
m a t e l y  s i x  d a y s .  A r r i v a l  a t  t h e  dam o f  t h e  f a s t e s t  moving w a t e r  
p a r t i c l e  i n  29  h r  i n d i c a t e s  a minimum d i s p l a c e m e n t  o f  o n l y  13% 
o f  t h e  s i x  m i l l i o n  c u b i c  f e e t  o f  w a t e r  c o n t a i n e d  i n  t h e  l a k e  a t  
t h i s  w a t e r  l e v e l  No s t r a t i f i c a t i o n  o f  f l o w  i n  t h e  l a k e  w a s  
o b s e r v e d .  

A s e c o n d  d e t e r m i n a t i o n  o f  t h e  t i m e  o f  w a t e r  t r a v e l  t h r o u g h  
t h e  c r e e k  and  l a k e  h a s  been  made a t  a h i g h e r  r a t e  o f  f l ow i n  t h e  
s t r e a m  a n d  a t  a h i g h e r  e l e v a t i o n  o f  t h e  l a k e ,  a g a i n  w i t h o u t  
s t r a t i f i c a t i o n ,  The  r e s u l t s  o f  t h e  d e t e r m i n a t i o n  have  n o t  been  
r e p o r t e d L  

2.  The  f i s h  p o p u l a t i o n  s t u d y  f o r  t h e  s p r i n g  o f  1 9 5 1  i s  due  t o  be 
c o m p l e t e d  on  A p r i l  2 5 .  P r e l i m i n a r y  e s t i m a t e s  o f  t h e  f i s h  
p o p u l a t i o n  i n d i c a t e  a d e c r e a s e  i n  numbers  o f  a b o u t  25% f rom t h e  
e s t i m a t e  o f  l a s t  f a l l "  T h i s  i s  c o n s i d e r e d  w i t h i n  t h e  n a t u r a l  
r a n g e  o f  w i n t e r  m o r t a l i t i e s  i n  f i s h  p o p u l a t i o n s .  

3 -  T h e  b o t a n i s t  h a s  c o m p l e t e d  t h e  c o l l e c t i o n  o f  s e v e r a l  h u n d r e d  
s h e e t s  o f  p l a n t  s p e c i m e n s  f o r  d e f i n i t i o n  o f  f l o r a  d u r i n g  t h e  
e a r l y  s p r i n g  p e r i o d ,  a n d  i d e n t i f i c a t i o n  o f  s p e c i m e n s  c o l l e c t e d  
l a s t  f a l l  h a s  been  p r a c t i c a l l y  comple t ed  s u b j e c t  o n l y t o  c h e c k i n g  
and v e r i f i c a t i o n ,  Some a b s e n c e s  o f  s p e c i e s  o f  f l o r a  e x p e c t e d  i n  
t h i s  r e g i o n  have  been n o t e d  b u t  have n o t  been e x p l a i n e d ,  

4" I n  t h e  l i m n o l o g i c a l  s t u d y  i n c r e a s e d  t i m e  h a s  been d e v o t e d  t o  t h e  
c o l l e c t i o n  o f  bo t tom o r g a n i s m s ,  T h e s e  and  o t h e r  a q u a t i c  s p e c i -  
mens showed norma l  c h a n g e s  d u r i n g  t h e  w i n t e r  s e a s o n .  

5. P h y s i c a l  a n d  c h e m i c a l  s t u d i e s  h a v e  i n c l u d e d  c o m p l e t i o n  o f  t h e  
s i l t  s u r v e y  o f  W h i t e  Oak L a k e ,  c o n t i n u e d  b i w e e k l y  s a m p l i n g  o f  
w a t e r  a t  v a r i o u s  p o i n t s  i n  t h e  l a k e ,  and  c o l l e c t i o n  o f  a mon th ly  
s a m p l e  f o r  m i n e r a l  a n a l y s i s  a t  t h e  u p p e r  and  l o w e r  end  o f  t h e  
l a k e .  

An a n a l y s i s  o f  t h e  d a t a  on t h e  d i s c h a r g e  o f  r a d i o a c t i v i t y  f rom Whi te  Oak 
Lake  and d i l u t i i g  f l o w s  i n  t h e  C l i n c h  R i v e r  d u r i n g  t h e  p a s t  s e v e r a l  y e a r s  was 
p r e p a r e d  and  p r e s e n t e d  a t  t h e  m e e t i n g  o f  t h e  AEC Waste P r o c e s s i n g  Commi t t ee  
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a t  ORNL on F e b r u a r y  5 and  6 .  A v a i l a b l e  d a t a  f rom p a s t  s u r v e y s  o f  t h e  C l i n c h  
R i v e r  a r e  b e i n g  c o l l e c t e d  t o  a i d  i n  t h e  p r e p a r a t i o n  by t h e  T e n n e s s e e  V a l l e y  
A u t h o r i t y  o f a  comprehens ive  r e p o r t  on c o n d i t i o n s  i n  t h e  e n t i r e  T e n n e s s e e  R i v e r  
B a s i n ,  T h i s  r e p o r t  d e a l s  p r i n c i p a l l y  w i t h  d o m e s t i c  s ewage  and  o t h e r  w a t e r  

p o l l u t a n t s ,  b u t  any a v a i l a b l e  i n f o r m a t i o n  c o n c e r n i n g  r a d i o a c t i v e  c o n t a m i n a n t s  
was r e q u e s t e d  

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

a f f e c t  t h e  u p t a k e  o f  r a d i o a c t i v i t y  i n  s m a l l  f i s h  were c a r r i e d  o u t  i n  t a p  w a t e r  
t o  w h i c h  was a d d e d  CS'~'. An e x t e n s i v e  f a c t o r i a l  s e r i e s  o f  f u r t h e r  e x p e r i -  
men t s  t o  a i d  i n  e v a l u a t i n g  t h e  s i g n i f i c a n c e  o f  f i v e  v a r i a b l e  f a c t o r s  a t  t h r e e  
l e v e l s  o f  r a d i o a c t i v i t y  h a s  b e e n  d e s i g n e d  w i t h  a s s i s t a n c e  f r o m  t h e  ORNL 
M a t h e m a t i c s  P a n e l .  

W e l l - l o g g i n g  m e a s u r e m e n t s  t o  d e t e r m i n e  a n d  r e c o r d  t h e  l e v e l s  o f  g r o s s  

r a d i o a c t i v i t y  i n  t h e  t e s t  w e l l s  i n s t a l l e d  i n  c o n n e c t i o n  w i t h  t h e  G e o l o g i c a l  
S u r v e y  o f  t h e  L a b o r a t o r y  a r e a  h a v e  b e e n  c o n t i n u e d .  To d a t e  a t o t a l  o f  80 
r e c o r d s  on 40 w e l l s  have  been  comple t ed .  An improved d e s i g n  o f  t h e  c a b l e  r e e l  

a p p a r a t u s  i s  b e i n g  u s e d  a n d  t w o  new r e e l  o u t f i t s  a r e  b e i n g  c o n s t r u c t e d -  A 
summary r e p o r t  o f  w e l l - l o g g i n g  d a t a  o b t a i n e d  up  t o  March  was p r e p a r e d  and  
f u r n i s h e d  t o  t h e  g e o l o g i s t s  t o g e t h e r  w i t h  t a b l e s ,  i n t e r p r e t a t i o n s ,  and  s u g -  
g e s t i o n s  f o r  f u r t h e r  work ,  I t  was s u g g e s t e d  t h a t  t o  a i d  i n  d e f i n i n g  t h e  
s u b s u r f a c e  b a c k g r o u n d  o f  r a d i o a c t i v i t y  a n d  i n  i n t e r p r e t i n g  t h e  w e l l - l o g g i n g  
d a t a ,  two a d d i t i o n a l  t e s t  w e l l s  s h o u l d  be d r i l l e d  i n  an  u n c o n t a m i n a t e d  a r e a  o f  
a p p r o x i m a t e l y  t h e  same g e o l o g i c a l  f o r m a t i o n  t h a t  p r e v a i l s  where  t h e  51 t e s t  

w e l l s  have  been  i n s t a l l e d  f o r  s t u d y  o f  t h e  X-10  s i t e .  

Instrumentation and Techniques. F o r  u s e  by t h e  H e a l t h  P h y s i c s  D i v i s i o n  
and  p a r t i c u l a r l y  i n  t h e  deve lopmen t  o f  i n s t r u m e n t s  f o r  w a s t e - d i s p o s a l  r e s e a r c h ,  
a d r y  box h a s  been comple t ed  f o r  g r i n d i n g  and p o l i s h i n g  sodium i o d i d e  c r y s t a l s  
f o r  s c i n t i l l a t i o n - c o u n t e r  c o n s t r u c t i o n .  An e l e c t r i c  power g r i n d e r  f o r  g r i n d -  
i n g  s m a l l  c r y s t a l s  h a s  been  d e s i g n e d  and i s  t o  be c o n s t r u c t e d .  

P r e l i m i n a r y  work h a s  been  done  t o  e x p l o r e  t h e  f e a s i b i l i t y  o f  m e a s u r i n g  
t h e  c o n c e n t r a t i o n  o f  f l u o r o e s c e i n  dye  a s  u sed  i n  t i m e - o f - w a t e r - t r a v e l  s t u d i e s  
by means o f  p h o t o e l e c t r i c  me thods .  

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

t o  d e t e c t  r e s i d u a l  c o n t a m i n a t i o n  i f  p r e s e n t  i n  t h e  i o n - e x c h a n g e  r e s i n s  a s  
r e c e i v e d  and  a l s o  t o  measu re  r a d i o a c t i v i t y  i n  t h e  e f f l u e n t  d u r i n g  t h e  e x p e r i -  
men t s  

9 



I n  r e s p o n s e  t o  r e q u e s t s  f o r  i n f o r m a t i o n  from w a t e r  works  o f f i c i a l s  and 
s a n i t a r y  e n g i n e e r s ,  two  L a n d s v e r k  a n a l y s i s  u n i t s  h a v e  b e e n  r e p a i r e d  and  
t e s t e d .  F u r t h e r  e x p e r i m e n t s  w i l l  be made t o  d e t e r m i n e  t h e  s e n s i t i v i t y  and  
s u i t a b i l i t y  o f  t h e s e  u n i t s  f o r  t h e  m e a s u r e m e n t  o f  r a d i o a c t i v i t y  i n  w a t e r  

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

I n  p r e p a r a t i o n  f o r  t h e  e q u i p m e n t  a n d  u s e  o f  t h e  Waste-  R e s e a r c h  B u i l d i n g  
when c o m p l e t e d ,  c o n s i d e r a b l e  time h a s  been  s p e n t  i n  t h e  s e l e c t i o n  and  p r e p a -  
r a t i o n  o f  p rocuremen t  d a t a  f o r  c o n t r o l  i n s t r u m e n t s  and equ ipmen t  which w i l l  be 
needed  i n  l a b o r a t o r y  and p i l o t  p l a n t  e x p e r i m e n t a l  s t u d i e s ,  

Publications. The  f o l l o w i n g  i s  a l i s t  o f  r e p o r t s  w h i c h  h a v e  been  p u b -  
l i s h e d  d u r i n g  t h e  p a s t  q u a r t e r :  

1. Studies on t h e  Removal of Radioisotopes from Liquid Wastes b y  
CoaguZation, R. A .  L a u d e r d a l e ,  Jr., ORNL-932 ( J a n .  2 3 ,  1 9 5 1 ) .  

2 .  " O b s e r v a t i o n  on t h e  Removal  o f  R a d i o a c t i v e  M a t e r i a l s  f r o m W a s t e  
S o l u t i o n s , "  C o n r a d  P. S t r a u b ,  Sewage and Industrial Wastes 23, 
No. 2 ,  pp.  1 8 8 - 1 9 3  ( F e b r u a r y ,  1 9 5 1 ) .  

3 .  "Problems i n  D i s p o s a l  o f  R a d i o a c t i v e  W a s t e s , "  Conrad  P ,  S t r a u b ,  
Wastes Engineering 2 2 ,  No. 2 ,  pp. 70-71 ( F e b r u a r y ,  1951) .  
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3 .  THEORETICAL PHYSICS 

1 Fast-Neutron Tolerance Calculations. C o l l i s i o n  d e n s i t i e s  a n d  e n e r g y  
l o s s e s  f rom a 10-Mev beam o f  n e u t r o n s  n o r m a l l y  i n c i d e n t  on a 30-cm s l a b  o f  
t i s s u e  h a v e  been  o b t a i n e d  by a Monte C a r l o  p r o c e d u r e ,  A p r e l i m i n a r y  r e p o r t  
summar iz ing  t h e  d a t a ,  t o g e t h e r  w i t h  t h e  r e s u l t i n g  t o l e r a n c e  d e t e r m i n a t i o n ,  i s  

b e i n g  p r e p a r e d .  T h e  n e u t r o n  h i s t o r i e s  o b t a i n e d  f o r  t h e  10-Mev beam a r e  now 
b e i n g  a n a l y z e d  t o  o b t a i n  t h e  e n e r g y  l o s s e s  o f  beams o f  l o w e r  i n i t i a l  e n e r g i e s .  

Empirical Evaluation of an Effective Atomic Number, A r e p o r t  on t h e  
d e t e r m i n a t i o n  a n d  u s e  o f  an  e f f e c t i v e  a t o m i c  number  f o r  compounds i s  b e i n g  
w r i t t e n .  I t  i s  found t h a t  w h i l e  t h e  gamma-ray mass a b s o r p t i o n  c o e f f i c i e n t  c a n ,  
i n  g e n e r a l ,  be  d e t e r m i n e d  t o  w i t h i n  10% by t h e  u s e  o f  s u c h  f o r m u l a s  f o r  
t h e  r a n g e  6 5 2 5 2 0  a n d  f o r  0 . 0 1  Mev - -  < E < 0 . 2 5  MeV, t h e  e r r o r  i n  some 

few c a s e s  may be a s  much a s  2 0 % ~  

Radiation Damage Due to Electronic and Nuclear Collisions i n  Tissue. The 

p r o b l e m  c o n s i s t s  i n  e v a l u a t i n g  e n e r g y  l o s s e s  due  t o  f a s t - n e u t r o n  r a d i a t i o n .  
The  e l e c t r o n i c  and  n u c l e a r  s t o p p i n g  powers  o f  r e c o i l  i o n s  o f  H ,  C ,  N ,  a n d  0 
h a v e  been  e v a l u a t e d ,  u s i n g  B o h r 9 s  f o r m u l a  [ P h y s .  R e v .  5 9 ,  2 7 1  ( 1 9 4 1 ) I  ,, The 
e l e c t r o n i c  s t o p p i n g  power a s  c a l c u l a t e d  d o e s  n o t  a g r e e  w i t h  some e x p e r i m e n t a l  

v a l u e s ,  and  t h e r e f o r e  a s e m i e m p i r i c a l  a p p r o a c h  i s  u s e d  a s  s u g g e s t e d  by Kn ipp  
a n d  T e l l e r  [ P h y s .  R e v .  5 9 ,  6 5 8  ( 1 9 4 l ) I .  

Stopping Power of Protons, Alpha Particles, and Ions of Carbon and Oxygen 

in Tissue. I n  t h e  p r o j e c t s  d i s c u s s e d  above  w e  a r e  c o n c e r n e d  w i t h  t h e  r e l a t i v e  
damage d u e  t o  e l e c t r o n i c  v s ,  n u c l e a r  c o l l i s i o n s  f o r  s l o w  i o n s  r e l e a s e d  by a 
f a s t - n e u t r o n  s t r e a m .  I n  t h i s  p r o j e c t  w e  c a l c u l a t e  t h e  l o s s e s  due  t o  e l e c t r o n i c  
c o l l i s i o n s  o n l y ,  o v e r  an e x t e n d e d  r a n g e  o f  e n e r g i e s  i n c l u d i n g  t h o s e  f o r  wh ich  
t h e  n u c l e a r  c o l l i s i o n  l o s s e s  a r e  n e g l i g i b l e .  The  m e t h o d  u s e d  i s  b a s e d  on 
r e s u l t s  o f  H i r s c h f e l d e r  and  Magee [ P h y s .  R e v .  73, 207 ( 1 9 4 8 ) I  and  K n i p p  a n d  
T e l l e r  [ P h y s .  R e v .  59 6 5 8  ( 1 9 4 1 1 1 ,  
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4. PHYSICS OF NUCLEAR RADIATIONS 

Measurements o f  Neutron Dosage.  Work t h i s  q u a r t e r  c o n s i s t e d  m a i n l y  o f  
f u r t h e r  i n v e s t i g a t i o n  o f  t h e  p r a c t i c a b i l i t y  o f  m o n i t o r i n g  e x p o s u r e  t o  f a s t  

n e u t r o n s  a g a i n s t a g a m m a  background  by means o f  t h e  d i f f e r e n c e  i n  t h e  r e s p o n s e s  
o f  p o c k e t  c h a m b e r s  w i t h  w a l l s  o f  h y d r o g e n o u s  and  n o n h y d r o g e n o u s  m a t e r i a l s ,  
T h e  r e s p o n s e s  o f  p o c k e t  c h a m b e r s  o f  v a r i o u s  m a t e r i a l s  a n d  d i m e n s i o n s  were 

s t u d i e d ,  u s i n g  p o l o n i u m - b e r y l l i u m  a n d  p o l o n i u m - b o r o n  n e u t r o n  s o u r c e s .  The  
p o l o n i u m - b e r y l l i u m  s o u r c e  h a s  an  e n e r g y  s p e c t r u m  a v e r a g i n g  a p p r o x i m a t e l y  4.5 
Mev w i t h  a maximum o f  a b o u t  11 M e V ,  w h i l e  t h e  p o l o n i u m - b o r o n  s o u r c e  h a s  an  
a v e r a g e  o f  a p p r o x i m a t e l y  2 > 5  Mev w i t h  a maximum o f  a b o u t  6 MeVL 

M a t e r i a l s  u s e d  i n c l u d e d  p o l y e t h y l e n e ,  c a r b o n ,  and  aluminum. The i n s i d e  
d i a m e t e r s  o f  t h e  chambers  v a r i e d  from 0 . 6 8  t o  1 . 7 6  cm. E l e c t r o d e s  u s e d  i n  t h e  
s m a l l e r  c h a m b e r s  were o f  a l u m i n u m ,  0 . 1 6  cm ( 1 / 1 6  i n " )  i n  d i a m e t e r ,  w h i l e  
e l e c t r o d e s  u s e d  i n  t h e  l a r g e r  c h a m b e r s  were  o f  v a r i o u s  m a t e r i a l s  and  r a n g e d  
upward t o  1 . 1 2  c m  i n  d i a m e t e r .  The p u r p o s e  o f  t h e s e  v a r i a t i o n s  i n  s i z e  was t o  
c h a n g e  t h e  s u r f a c e - t o - v o l u m e  r a t i o ;  o t h e r  c o n s e q u e n c e s  were  c h a n g e s  i n  c o l -  
l e c t i n g  volume and  i n  c a p a c i t a n c e .  

I n  o r d e r  t o  have  a b a s i s  o f  c o m p a r i s o n ,  t h e  r e s p o n s e  o f  e a c h  chamber t o  a 
n e u t r o n  s o u r c e  i s  e x p r e s s e d  by g i v i n g  t h e  number o f  m i l l i r o e n t g e n s  o f  r ad ium 
gamma r a d i a t i o n  r e q u i r e d  t o  g i v e  a r e s p o n s e  e q u i v a l e n t  t o  t h a t  o b s e r v e d  from 
an  e x p o s u r e  o f  l o 7  n e u t r o n s / c m 2  from t h e  s o u r c e .  

The b e s t  n e u t r o n  r e s p o n s e s  o c c u r r e d  w i t h  p o l y e t h y l e n e  w a l l s  and e l e c t r o d e s  
a n d  w e r e  a p p r o x i m a t e l y  55  m r  e q u i v a l e n t s  p e r  l o 7  P o - B e  n e u t r o n s / c m 2  a n d  
a p p r o x i m a t e l y  4 3  m r  e q u i v a l e n t s  p e r  l o 7  Po-B  n e u t r o n s / c m 2 .  T h i s  r a t i o  o f  
a p p r o x i m a t e l y  1 . 3  f o r  t h e  two e n e r g y  s p e c t r a  a p p e a r e d  i n  a l l  c h a m b e r s  w i t h  
o r g a n i c  w a l l s .  Aluminum w a l l s  and  e l e c t r o d e s  showed n e u t r o n  r e s p o n s e s  o f  17  
t o  2 0  m r  e q u i v a l e n t s  p e r  l o 7  P o - B e  n e u t r o n s / c m '  a n d  a p p r o x i m a t e l y  11 m r  

e q u i v a l e n t s  p e r  l o 7  P o - B  n e u t r o n s / c m 2 .  The r a t i o  o f  r e s p o n s e s  r a n g e d  between 
1 . 5 8  and  1 . 7 7 .  G r a p h i t e  w a l l  and  e l e c t r o d e  g a v e  2 2 . 7  m r  e q u i v a l e n t s  p e r  l o 7  
Po-Be n e u t r o n s / c m 2  and  a r a t i o  o f  1 . 8 3 .  

I t  i s  t h o u g h t  t h a t  t h e  r e s p o n s e s  o f  t h e  h y d r o g e n - f r e e  meters  u n d e r  t h e  
c o n d i t i o n s  o f  t h e s e  e x p e r i m e n t s  a r e  n o t  e n t i r e l y  due t o  gamma r a d i a t i o n ,  The 
f r a c t i o n  o f  t h e  r e s p o n s e  wh ich  may be a s c r i b e d  t o  n e u t r o n  i r r a d i a t i o n  o f  t h e  
m e t e r s  i s  u n d e r  i n v e s t i g a t i o n .  
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The p o c k e t  meters d e s c r i b e d  above  a r e  r e a d b y  o b s e r v i n g  t h e  p o s i t i o n  o f  an 
e l e c t r o m e t e r  f i l a m e n t .  A n o t h e r  c o n s t r u c t i o n  u n d e r w a y  u s e s  t h e  c a p a c i t a n c e  
c h a n g e  o f  a l e a f  e l e c t r o m e t e r  when d i s c h a r g e d  by r a d i a t i o n ,  T h i s  me te r  i s  

i n s e r t e d  i n  a h i g h - f r e q u e n c y  c i r c u i t  where  t h e  c a p a c i t a n c e  v a r i a t i o n  p r o d u c e s  
a f r e q u e n c y  v a r i a t i o n  measu red  a g a i n s t a  c r y s t a l - c o n t r o l l e d  f r e q u e n c y  s t a n d a r d .  
T h i s  m e t h o d  may become v e r y  s e n s i t i v e ,  s i n c e  s m a l l  f r a c t i o n s  o f  1 p p f  c a n  
c a u s e  a f r e q u e n c y  change  o f  s e v e r a l  k i l o c y c l e s .  T h i s  c o n s t r u c t i o n  i s  s t i l l  i n  
t h e  i n i t i a l  s t a g e ,  

Beta P a r t i c l e s .  A b s o r p t i o n  measu remen t s  were c o m p l e t e d  w i t h  c o l l i m a t i o n  
f o r  P3 ' ,  S r g o S  a n d  S 3 ' ,  u s i n g  a b s o r b e r s  o f  v a r y i n g  t h i c k n e s s e s  a n d  a t o m  
numbers  from 4 t o  8 2 .  O r g a n i c  s u b s t a n c e s  and  w e t  t i s s u e s  were i n v e s t i g a t e d  
p a r t i c u l a r l y ,  The  e x t r a p o l a t i o n  chamber and G e i g e r  c o u n t e r  were u s e d  f o r  t h e s e  
measu remen t s  t o  o b t a i n  t h e  a t t e n u a t i o n  by e n e r g y  a b s o r p t i o n  ( chamber )  a s  w e l l  
a s  t h e  r e d u c t i o n  o f  number o f  p a r t i c l e s  ( c o u n t e r ) .  

I n  a d d i t i o n ,  t h e  a t t e n u a t i o n  by a i r  was i n v e s t i g a t e d  w i t h  t h e  c o u n t e r  up 
t o  500 cm (P32, S g O )  d i s t a n c e  be tween s o u r c e  and  d e t e c t o r .  

P a r t i c l e  Problems. F a c i l i t i e s  for r a d i o a c t i v e  p a r t i c l e s  t e c h n o l o g y  a re  

u n d e r  c o n s t r u c t i o n  i n  B u i l d i n g  2 0 0 1 .  T h e i r  c o m p l e t i o n  i s  a n t i c i p a t e d  d u r i n g  
t h e  n e x t  q u a r t e r .  The l a b o r a t o r y  w i l l  b e  u n d e r  p o s i t i v e  p r e s s u r e  w i t h  incoming  
a n d  o u t g o i n g  a i r  c a r e f u l l y  f i l t e r e d  t o  make i t  a s  d u s t p r o o f  a s  p o s s i b l e ,  
M i c r o m a n i p u l a t o r s ,  a m i c r o f o r g e ,  and  t h e r m a l  p r e c i p i t a t o r s  have  been a c q u i r e d ,  
and  a L e i t z  "Panphot"  p h o t o m i c r o g r a p h i c  a p p a r a t u s  w i t h  n e c e s s a r y  a c c e s s o r i e s  
i s  on o r d e r ,  

D u r i n g  t h i s  q u a r t e r  a t e c h n i q u e  f o r  t h e  measurement  o f  p a r t i c l e s  down t o  
0 .006  ,U (60 A )  i n  d i a m e t e r h a s  been  i n v e s t i g a t e d  w i t h  good p r e l i m i n a r y  r e s u l t s .  
Measu remen t s  i n  t h e  r a n g e  o f  0 .003 t o  0 . 0 0 6  p a r e  somewhat q u e s t i o n a b l e ,  and  
m e a s u r e m e n t s  be low 0 . 0 0 3  ,U do n o t  seem f e a s i b l e  w i t h  t h e  e q u i p m e n t  p r e s e n t l y  
a v a i l a b l e .  A s i z e  a n a l y s i s  o f  p a r t i c l e s  p e n e t r a t i n g  CWS No, 6 f i l t e r  p a p e r  
shows  t h a t  t h e  g r e a t e s t  p e n e t r a t i o n  d o e s  n o t  o c c u r  w i t h  p a r t i c l e s  o f  0 . 3  p s  
U s i n g  a g r o u p  o f  i n f l u e n t  p a r t i c l e s  r a n g i n g  from 0 . 0 1  t o  2 - 8  ,U w i t h  a medium 
s i z e  o f  0 - 1 3  p, i t  was o b s e r v e d  t h a t  t h e  s i z e  g i v i n g  maximum p e n e t r a t i o n  l i e s  

below 0 , 0 2  p. Below 0.01 ,U t h e  d i s c r i m i n a t i o n  between p a r t i c l e s  and background 
becomes d i f f i c u l t .  
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Publications. The f o l l o w i n g  a r e  r e p o r t s  which have  been p u b l i s h e d  by 
t h i s  s e c t i o n  d u r i n g  t h e  p a s t  q u a r t e r :  

1. Construction and Operation of a Variable Pressure Extrapolation 
Chamber, T .  E .  B o r t n e r ,  OWL-905 (Mar, 19 ,  1951). 
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2 .  Dose Rates of Radiation f;om Thorium and from Enriched Uranium, 
T .  E .  Bor tner  and H .  K .  R i c h a r d s ,  ORNL-761 (Apr.  9, 1951). 



5. RADIOCHEMICAL ANALYSIS 

Analytical Procedure for Analysis of Urine for Uranium. P r e l i m i n a r y  work 
h a s  b e e n  d o n e  on t h e  d e v e l o p m e n t  o f  a b e t t e r  p r o c e d u r e  f o r  t h e  a n a l y s i s  o f  
u r i n e  f o r  u ran ium.  For t h e  d e t e r m i n a t i o n  o f  u ran ium i s o t o p e s  w i t h  s h o r t  h a l f -  
l i v e s  a t  l e v e l s  o f  u r i n a r y  e x c r e t i o n  which  a r e  c o n s i d e r e d  s a f e ,  i t  i s  n e c e s s a r y  
t o  measu re  t h e  a l p h a  a c t i v i t y  o f  t h e  sample  r a t h e r  t h a n  d e p e n d i n g  upon f l u o r o -  

met r ic  a n a l y s i s .  

The  Health Physics Division Quarterly Report for Period Ending February 

28, 1949 (ORNL-346) d e s c r i b e d  a method f o r  i s o t o p i c  d e t e r m i n a t i o n  o f  u r a n i u m  
i n  u r i n e .  However ,  t h e  p r o c e d u r e  i s  l o n g  a n d  t i m e - c o n s u m i n g .  T h e  p r i m a r y  
o b j e c t i v e  i n  s e e k i n g  a new a n a l y t i c a l  p r o c e d u r e  i s  f o r  e f f i c i e n c y  o f  t i m e  and  

e a s e  o f  r o u t i n e  o p e r a t i o n s .  

T h e  d e t a i l s  o f  t h e  p r o c e d u r e  now u n d e r  i n v e s t i g a t i o n  w i l l  b e  r e p o r t e d  
upon c o m p l e t i o n  o f  t h e  work. I n  1 2  e x p e r i m e n t a l  r u n s ,  made t h u s  f a r ,  a n  a v -  
e r a g e  o f  8 8 %  o f  t r a c e r  u ran ium h a s b e e n  r e c o v e r e d  from 1 0 0 - m l  u r i n e  s a m p l e s .  
The r e p r o d u c i b i l i t y  o f  r e s u l t s  i s  f a v o r a b l e  i n  t h a t  t h e  maximum d e v i a t i o n  from 
t h e  a v e r a g e  w a s  4%. 
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6. PHYSICS OF RADIATION DOSIMETRY 

Pulse-Integration Fast-Neutron Dosimeter,  R e c e n t l y  r e p o r t e d  n e u t r o n  
c r o s s - s e c t i o n s  [ R .  K .  A d a i r ,  R e v s .  M o d .  P h y s .  2 2 ,  249  ( 1 9 5 0 ) I  h a v e  been  u s e d  
t o  compare t h e  e n e r g y  a b s o r b e d  p e r  gram o f  t i s s u e  t o  t h e  e n e r g y  a b s o r b e d  p e r  
gram o f  e t h y l e n e  due t o  f a s t - n e u t r o n  i r r a d i a t i o n ,  I t  was found t h a t  t h e  r a t i o  
o f  t i s s u e  d o s e  t o  e t h y l e n e  d o s e  i s  v e r y  n e a r l y  i n d e p e n d e n t  o f  t h e  n e u t r o n  
e n e r g y  i n  t h e  r e g i o n  o f  100  Kev t o  20 M e V .  Thus e t h y l e n e  i s  t i s s u e - e q u i v a l e n t  
i n s o f a r  a s  f a s t - n e u t r o n  d o s i m e t r y  i s  concerned . .  S i n c e  p a r a f f i n  h a s  a l m o s t  t h e  
same a t o m i c  c o m p o s i t i o n  i t  may be  u s e d  a s  a w a l l  l i n e r  f o r  chambers  c o n t a i n i n g  
e t h y l e n e .  

More c a r e f u l  i n v e s t i g a t i o n  o f  t h e  p r o b l e m  o f  m e a s u r i n g  t h e  f a s t - n e u t r o n  
, t i s s u e  dose  w i t h  t h e  p r o p o r t i o n a l  c o u n t e r ,  m e n t i o n e d i n H e a l t h  P h y s i c s  D i v i s i o n  

Q u a r t e r l y  P r o g r e s s  R e p o r t  for P e r i o d  E n d i n g  J a n u a r y  20, 1951, ORNL-968, r e v e a l s  
t h a t  t h e  p r o p o r t i o n a l - c o u n t e r  method i s  c o m p l e t e l y  a n a l o g o u s  t o t h e  i o n i z a t i o n -  
c h a m b e r  m e t h o d ,  p r o v i d e d  s p e c i a l  c o n s i d e r a t i o n  i s  g i v e n  t o  t h e  f o l l o w i n g :  

1. The g a s  a m p l i f i c a t i o n  o f  t h e  c o u n t e r  must  be known a t  a l l  t imes .  
T h i s  may be a c h i e v e d  by p e r m a n e n t l y  i n s t a l l i n g  an a l p h a  s o u r c e  
i n  t h e  c o u n t e r .  The p r o b l e m  i s  now b e i n g  i n v e s t i g a t e d .  

2 .  A c o r r e c t i o n  m u s t  b e  made f o r  e n e r g y  o f  t h o s e  p r o t o n s  w h i c h  
r e c o i l  w i t h  an e n e r g y  l e s s  t h a n  t h a t  wh ich  w i l l  b e  r e j e c t e d  by 
t h e  b i a s  which  i s  used  t o  d i s c r i m i n a t e  a g a i n s t  gamma-ray p u l s e s .  
A p r e l i m i n a r y  c a l c u l a t i o n  h a s  been  made and  t h e  r e s u l t s  a r e  a s  
f o l l o w s  i n  t h e  case  o f  0 . 2  Mev b i a s  e n e r g y :  

NEUTRON ENERGY 
(MeV) 

0.2 
0.4 
1 . 0  
2 . 0  
4 . 0  

PERCENT OF TOTAL ENERGY 
LOST UNDER B I A S  

100.0  
26.0 
5.0 
2. 0 
1 . 0  

3 .  The l i n e a r  a m p l i f i e r  w h i c h i s u s e d  t o  o b s e r v e  t h e  p u l s e s  p r o d u c e d  
i n  t h e  p r o p o r t i o n a l  c o u n t e r  m u s t  h a v e  a r i s e  t i m e  a n d  a d e c a y  
t i m e  s u c h  t h a t  t h e  maximum h e i g h t  o f  t h e  o u t p u t  p u l s e  i s  n o t  
a p p r e c i a b l y  a f f e c t e d  by t h e  r i s e  t ime  o f  t h e  c o u n t e r  p u l s e .  The  
d i s t r i b u t i o n  i n  r i s e  t imes i s  b e i n g  m e a s u r e d  and t h e  n e c e s s a r y  
a m p l i f i e r  c h a r a c t e r i s t i c s  a r e  b e i n g  d e t e r m i n e d *  

16  



c 

. 

A r r a n g e m e n t s  h a v e  been  made f o r  t h e  u s e  o f  t h e  C o c k c r o f t - W a l t o n  mach ine  
i n  t h e  High  V o l t a g e  L a b o r a t o r y  f o r  t h e  p u r p o s e  o f  u s i n g  t h e  c o u n t e r  t o  measu re  
t h e  d o s e  from w e l l - d e f i n e d  beams o f  m o n o e r g i c  n e u t r o n s .  A t a r g e t  and c o u n t e r  
a s sembly  h a s  been  d e s i g n e d  and c o n s t r u c t e d  f o r t h e  D-D and  t h e  DpT t h i c k - t a r g e t  
r e a c t i o n s ,  

Uniform-Response Neutron Proportional Counter. T h e  u n i f o r m - r e s p o n s e  
n e u t r o n  c o u n t e r ,  men t ioned  i n  Heulth Physics Division QuarterlyProgressReport 
for P e r i o d  Ending A p r i l  15, 1950, ORNL-695, h a s  b e e n  c a l i b r a t e d  w i t h  t h e  
p o l o n i u m - b e r y l l i u m  and  t h e  po lon ium-boron  n e u t r o n  s o u r c e s .  The  c o u n t e r  h a s  an  
e q u a l  s e n s i t i v i t y  o f  ( 1 . 7 5  5 0 . 1 0 )  x loq2 coun t s /neu t ron /cn?  f o r  t h e  two s o u r c e s .  
The s e n s i t i v e  a r e a  i s  a b o u t  20 cm2 and  t h e  background l e s s  t h a n  1 0  c o u n t s  p e r  
h o u r .  I n  o r d e r  t o  make t h e s e  c a l i b r a t i o n s ,  i t  w a s  n e c e s s a r y  t o  c o r r e c t  f o r  
t h e n e u t r o n s  s c a t t e r e d  from t h e  f l o o r  and  w a l l s o f t h e  l a b o r a t o r y .  T h i s  c o r r e c -  
t i o n  was f i r s t  made by s u s p e n d i n g  t h e  s o u r c e  and  c o u n t e r  a b o u t  1 5  f t  f rom t h e  
g round .  With t h i s  geometry  a 1 5 - i n .  cone  o f  p a r a f f i n  p l a c e d  b e t w e e n t h e  s o u r c e  
a n d  c o u n t e r  r e d u c e d  t h e  c o u n t  r a t e  t o  3% o f  t h e  r a t e  when t h e  c o n e  was  n o t  
u s e d .  I f  i t  i s  t h e n  assumed a r b i t r a r i l y  t h a t  h a l f  t h i s  r e a d i n g  is s t i l l  due  
t o  s c a t t e r e d  n e u t r o n s  ( f r o m  t h e  s u s p e n s i o n ) ,  t h e n  t h e  c o n e  i s  e f f e c t i v e  i n  
r e d u c i n g  t h e  d i r e c t  n e u t r o n s  t o  1 .5%. T h i s  a s s u m p t i o n  seems r e a s o n a b l e  when 
i t  i s  c o n s i d e r e d  t h a t  t h e  s c a t t e r i n g  n e a r  a f l o o r  amounts  t o  13%. The cone  i s  

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

The c o u n t e r s  have  t h e  p h y s i c a l  s i z e  o f  t h e  c o u n t - r a t e  d o s i m e t e r s  d e s c r . i b e d  
i n  OWL-930. I t  i s  c a l c u l a t e d  t h a t  t h e i r  r e s p o n s e  i s  u n i f o r m  f rom 0 . 5  t o  1 0  
MeV, w h i l e  b e i n g  i n s e n s i t i v e  t o  l e s s  t h a n  2 r / h r  o f  gamma r a d i a t i o n .  T h e i r  
r e s p o n s e  t o  m o n o e r g i c  n e u t r o n s  o f  v a r i o u s  e n e r g i e s  w i l l  b e  d e t e r m i n e d  when 
s o u r c e s  become a v a i l a b l e .  

Shielding Calculations. C a l c u l a t i o n s  h a v e  been  made o f  t h e  c o n t r i b u t i o n  
o f  n e u t r o n s  s c a t t e r e d  i n  a i r  t o  t h e  t o t a l  d o s e  a t  d i f f e r e n t  d i s t a n c e s  f rom a 
s p h e r i c a l l y  s y m m e t r i c  s h i e l d  a s s u m i n g  c o n s t a n t  c r o s s - s e c t i o n s ,  i s o t r o p i c  
s c a t t e r i n g ,  a n d  n o  a b s o r p t i o n  i n  t h e  a i r .  T h e  c a l c u l a t i o n s  were  made b y  
e v a l u a t i n g  t h e  e x a c t  s o l u t i o n  o f  t h e  Bo l t zmann  e q u a t i o n  f o r  t h i s  c a s e .  T h e  
r e s u l t s  do  n o t  a g r e e  w i t h  t h o s e  (NEPA-997 and 1657)  which  t r e a t  o n l y  f i r s t  and 
s e c o n d  c o l l i s i o n s .  I t  h a s  been shown t h a t ( ' )  t h e  d i f f u s i o n  t y p e  s o l u t i o n  
i s  a p p r o a c h e d  r a p i d l y  a s  t h e  d i s t a n c e  f rom t h e  s o u r c e  i s  i n c r e a s e d  s o  t h a t  
t h e  method o f  t r e a t i n g  o n l y  t h e  f i r s t  two c o l l i s i o n s  seems t o  be i n  e r r o r  and 
t o  g i v e  r e s u l t s  wh ich  a r e  t o o  l o w .  

(1) G. Placzek, N o t e s  o n  Diffusion of N e u t r o n s  Without Change in Energy ,  Montreal Report MT-4 (Apr i l ,  
1943). 
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I t  may b e  shown t h a t  t h e  d o s e  r e c e i v e d  i n  a i r  a t  a d i s t a n c e  R f r o m  a 
s p h e r i c a l l y  s y m m e t r i c  s h i e l d  o f  r a d i u s  r i s  % (r/R)’D i f  r << R .  D i s  t h e  
d o s e  measu red  a t  t h e  o u t e r s i d e  o f  t h e  s h i e l d .  T h i s  r e s u l t  i s  i n d e p e n d e n t  o f  
t h e  a n g u l a r  d i s t r i b u t i o n  o f  t h e  d o s e  a t  t h e  s h i e l d  s u r f a c e .  

I n  d e t e r m i n i n g  t h e r m a l - n e u t r o n  f l u x  i n  w a t e r  by  t h e  f o i l  m e t h o d ,  a 
c o r r e c t i o n  mus t  b e  made f o r  t h e  d i f f e r e n c e  i n  f l u x  p e r t u r b a t i o n  i n  w a t e r  a n d  
i n  t h e  s t a n d a r d  g r a p h i t e  p i l e .  was u s e d  t o  
c a l c u l a t e  t h i s  c o r r e c t i o n  f o r  a 1 - m i l  f o i l .  T h e  a c t i v i t y  f o u n d  i n  w a t e r  
s h o u l d  b e  i n c r e a s e d  by  5%0 

The t h e o r y  p r o p o s e d  by Skyrme(2 )  

To o b t a i n  a n  i d e a  o f  t h e  e r r o r  i n  S k y r m e ’ s  t h e o r y ,  wh ich  i s  c o r r e c t  t o  

s e c o n d  o r d e r  o n l y ,  a o n e - d i m e n s i o n a l  model  o f  a d e l t a  s o u r c e  and  a f o i l  i n  an 
i n f i n i t e  c a p t u r i n g  medium was c o n s i d e r e d .  T h i s  model s h o u l d  b e a  good a p p r o x i -  
ma t ion  f o r  l a r g e  f o i l s  i n  w a t e r .  The f l u x  a t  any p o i n t  i n  t h e  i n f i n i t e  medium 
may be d e s c r i b e d  by a n  i n t e g r a l  e q u a t i o n  wh ich  i n v o l v e s  t h e  s y m m e t r i c  k e r n e l  
E ( x  - x ’ )  and which  i s  i n t e g r a t e d  o v e r  a l l  s p a c e .  I t  may be  c o n v e r t e d  t o  a 

much s i m p l e r  i n t e g r a l  e q u a t i o n  by a p p l y i n g  a F o u r i e r  t r a n s f o r m a t i o n .  T h e  
r e s u l t i n g  e q u a t i o n  i s  i n t e g r a t e d  o v e r  t h e  f o i l  o n l y  and  h a s  a s  a k e r n e l  t h e  
s o l u t i o n  f o r  t h e  u n d i s t u r b e d  d e n s i t y  i n  a n  i n f i n i t e  medium. N u m e r i c a l  work  
w i t h  t h i s  e q u a t i o n  i s  p l a n n e d .  

To d e t e r m i n e  a more  a c c u r a t e  v a l u e  o f  t h e  d i f f u s i o n  l e n g t h  o f  t h e r m a l  
n e u t r o n s  i n  g r a p h i t e  f rom e x p e r i m e n t a l  d a t a ,  t h e  s o l u t i o n  for t h e  t h e r m a l -  
n e u t r o n  d e n s i t y  i n  a r e c t a n g u l a r  p a r a l l e l o p i p e d  c o n t a i n i n g  a p o i n t  n o n t h e r m a l  
s o u r c e  h a s  been  g i v e n  t o  t h e  M a t h e m a t i c s  P a n e l  i n  a form s u i t a b l e  f o r  compu- 
t a t i o n .  I t  w i l l  be i t e r a t e d  o v e r  t h e  d a t a  t o  o b t a i n  an  improved v a l u e  f o r  t h e  
d i f f u s i o n  l e n g t h .  

X-Rays. F u r t h e r  work on p o c k e t  i o n i z a t i o n  chambers  h a s  been  d e l a y e d  by 
t h e  n e c e s s i t y  o f  i m p r o v i n g  t h e  s h i e l d i n g  on t h e  X-ray  machine  b e f o r e  i t  c a n  be 
u s e d .  E x t e n s i v e  l e a d  s h i e l d i n g  h a s  been  added  t o  t h e  t u b e  h e a d ,  and  m o d i f i e d  
c o n t r o l s  a r e  u n d e r  c o n s t r u c t i o n  t o  p e r m i t  a w ide  r a n g e  o f  d o s a g e  r a t e s .  

Cooperation with the School of Reactor Technology, One  member of t h e  
s e c t i o n  h a s  been  a s s i s t i n g  t h e  S c h o o l  o f  R e a c t o r  Techno logy  L a b o r a t o r y  i n  t h e  
c o m p l e t i o n  o f  a n  e x p e r i m e n t  on t h e  s p a c e  d i s t r i b u t i o n  o f  n e u t r o n  f l u x  i n  t h e  
X-10 p i l e .  

(2) T. H. R. Skyrme, Montreal Report MSr91 (no date) .  
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7 .  EDUCATION 

i, ? 

AND TRAINING 

AEC F e l l o w s h i p  Program. The p r e s e n t  g roup  o f  20 AEC F e l l o w s i n R a d i o l o g i -  
c a l  P h y s i c s  a r e  i n  t h e i r  t h i r d  q u a r t e r  o f  w o r k  a t  V a n d e r b i l t  U n i v e r s i t y ,  
S i n c e  F e b r u a r y  12 ,members  o f  t h e  H e a l t h  P h y s i c s  D i v i s i o n  h a v e  been  s p e n d i n g  
two d a y s  a week i n  N a s h v i l l e  t e a c h i n g  a f o u r - s e m e s t e r - h o u r  c o u r s e  i n  h e a l t h  

p h y s i c s .  

Training Program for M i l i t a r y  P e r s o n n e l .  On A p r i l  2 s i x  m e d i c a l  o f f i c e r s  
were a s s i g n e d  t o  t h i s  S e c t i o n  f o r  a n  e i g h t - w e e k  t r a i n i n g  c o u r s e  i n  h e a l t h  
p h y s i c s .  T r a i n i n g  i n c l u d e s  b o t h  l e c t u r e s  and  f i e l d  t r a i n i n g ,  and  f o l l o w s  a 
y e a r ’ s  t r a i n i n g  i n  r a d i a t i o n  b i o p h y s i c s  a t  Duke U n i v e r s i t y ,  

T r a i n i n g  Program for  AEC C o n t r a c t o r s ’  P e r s o n n e l .  On March 2 3  a n  e i g h t -  
h o u r  h e a l t h  p h y s i c s  s e m i n a r  was  c o n d u c t e d  f o r  p e r s o n n e l  f rom t h e  A m e r i c a n  
Cyanamid Company, E.  I ,  du P o n t  d e  Nemours & C o , ,  and  t h e  C a l i f o r n i a  R e s e a r c h  
a n d  Development  C o r p o r a t i o n .  

B e g i n n i n g  A p r i l  2 ,  a n d  e x t e n d i n g  f o r  t h r e e  w e e k s ,  a c o u r s e  i n  h e a l t h  
p h y s i c s  was g i v e n  one h o u r  a d a y ,  f i v e  d a y s  a week, f o r  t h e  P h i l l i p s  P e t r o l e u m  
employees  c u r r e n t l y  a s s i g n e d  t o  ORNL f o r  t r a i n i n g ,  

A m e d i c a l  d o c t o r  f rom t h e  Amer ican  Cyanamid Company i s  p a r t i c i p a t i n g  i n  
t h e  h e a l t h  p h y s i c s  p rogram f o r  t h e  p r e s e n t  m i l i t a r y  g r o u p .  

P h y s i c s  Course f o r  D i v i s i o n  P e r s o n n e l .  A c o u r s e  i n  Atomic  and  N u c l e a r  
P h y s i c s  a t  t h e  c o l l e g e  l e v e l ,  w h i c h  was i n s t i t u t e d  f o r  a g r o u p  o f  H e a l t h  
P h y s i c s  s u r v e y o r s  who e x p r e s s e d  a d e s i r e  f o r  s u c h  a c o u r s e ,  h a s  c o n t i n u e d  
t h r o u g h o u t  t h i s  p e r i o d .  I t  i s  g i v e n  i n  t h e  e v e n i n g ,  t h r e e  h o u r s  a week ,  

L 

f 

M i s c e l l a n e o u s  A c t i v i t i e s .  Members o f  t h e  s t a f f  c o n t i n u e  t o  a s s i s t  i n  
o t h e r  t e a c h i n g  a c t i v i t i e s  i n  t h e  L a b o r a t o r y ,  p a r t i c u l a r l y  i n  t h e  A p p r e n t i c e  
T r a i n i n g  S c h o o l  and  i n  t h e  R e a c t o r  S c h o o l .  
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