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Mr.  J e s s e  C. J o h n s o n ,  D i r e c t o r ,  D i v i s i o n  of Raw M a t e r i a l s ,  
A t o m i c  E n e r g y  C o m m i s s i o n ,  was  b o r n  in  C l a l l a m ,  W a s h i n g t o n ,  
2 F e b r u a r y  1894. He was  g r a d u a t e d  f r o m  the U n i v e r s i t y  of W a s h i n g -  
ton in 1917, hav ing  m a j o r e d  in m i n i n g  e n g i n e e r i n g .  Af t e r  a b r i e f  
p e r i o d  of s e r v i c e  in the  A r m y ,  Mr .  J o h n s o n  e n t e r e d  the  m i n i n g  b u s i -  
n e s s  and fo r  a n u m b e r  of y e a r s  was  a c o n s u l t i n g  e n g i n e e r  wi th  o f f i ces  
in  Sea t t l e ,  Wash ing ton .  In 1942 he a c c e p t e d  a p o s i t i o n  wi th  the  R e -  
c o n s t r u c t i o n  F i n a n c e  C o r p o r a t i o n  on the w a r t i m e  m e t a l s  p r o g r a m .  
He b e g a n  h i s  RFC w o r k  as  an e n g i n e e r  and s e r v e d  as  Ch ie f  E n g i n e e r  
f r o m  June  1944 to J a n u a r y  1946. He b e c a m e  Depu ty  D i r e c t o r  of the  
Off ice  of M e t a l s  R e s e r v e  in  J a n u a r y  1946 and s e r v e d  in  tha t  c a p a c i t y  
un t i l  J a n u a r y  1948. D u r i n g  th i s  p e r i o d  he was  in  c h a r g e  of d o m e s t i c  
and f o r e i g n  p r o c u r e m e n t  of t in,  l ead ,  c o p p e r ,  and o t h e r  m e t a l s ;  the  
m e t a l s  s u b s i d y  p r o g r a m ;  and the  m e t a l  p r o d u c t i o n  p r o g r a m s  o p e r a t e d  
by  M e t a l s  R e s e r v e .  Mr .  J o h n s o n  j o ined  the A t o m i c  E n e r g y  C o m m i s -  
s ion  in  J a n u a r y  1948, b e c o m i n g  A s s i s t a n t  M a n a g e r  in  C h a r g e  of the  
D o m e s t i c  P r o d u c t i o n  s e c t i o n  of the Raw M a t e r i a l s  O p e r a t i o n s  Off ice .  
He was  p r o m o t e d  to the  p o s i t i o n  of Depu ty  M a n a g e r ,  Raw M a t e r i a l s  
O p e r a t i o n s  Off ice  on 18 S e p t e m b e r  1949 and to the p o s i t i o n  of M a n a g e r  
on 1 J a n u a r y  1950. He was  appo in ted  D i r e c t o r ,  D i v i s i o n  of Raw M a t e -  
r i a l s ,  e f f e c t i v e  16 M a r c h  1951. T h i s  is  Mr .  J o h n s o n ' s  s e c o n d  l e c t u r e  
at  the C o l l e g e .  
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M A T E R I A L S  F O R  THE P R O D U C T I O N  O F  ATOMIC E N E R G Y  

30 S e p t e m b e r  1957 

C O L O N E L  DAVIS: G e n t l e m e n ,  th i s  m o r n i n g  we have  the  t h i r d  in 
the s e r i e s  of l e c t u r e s  on n a t u r a l  r e s o u r c e s .  

The  i m p o r t a n c e  of t h e  s u b j e c t ,  " M a t e r i a l s  fo r  the  P r o d u c t i o n  of 
A t o m i c  E n e r g y ,  " would  be d i f f i cu l t  to o v e r e m p h a s i z e .  It i s  a l l  too  
c l e a r  t ha t  v i c t o r y  in the next  m a j o r  w a r  m a y  we l l  depend  on the a v a i l -  
a b i l i t y  of r a w  m a t e r i a l s  fo r ,  and the  a b i l i t y  to p r o d u c e ,  a t o m i c  w e a p o n s .  
It  i s  e q u a l l y  c l e a r  tha t  a t o m i c  p o w e r  and o t h e r  b e n e f i t s  of the  n u c l e a r  
age  wi l l  soon  b e c o m e  an  e s s e n t i a l  e l e m e n t  of e c o n o m i c  s t r e n g t h ,  not  
on ly  in  th i s  c o u n t r y ,  but  c e r t a i n l y ,  and p r o b a b l y  s o o n e r ,  in f r i e n d l y  
w e s t e r n  n a t i o n s .  

The  s p e a k e r  t h i s  m o r n i n g  is  the  D i r e c t o r  of the D i v i s i o n  of R a w  
M a t e r i a l s  of the A t o m i c  E n e r g y  C o m m i s s i o n ,  M r .  J e s s e  C. J o h n s o n .  
He i s  u n i q u e l y  qua l i f i ed  to d i s c u s s  the v a r i o u s  a s p e c t s  and p r o b l e m s  of 
the p r o v i s i o n  of r a w  m a t e r i a l s  fo r  a t o m i c  e n e r g y .  

M r .  J o h n s o n ,  i t  i s  a g a i n  a p l e a s u r e  to w e l c o m e  you to the  p l a t f o r m  
of the I n d u s t r i a l  C o l l e g e  of the A r m e d  F o r c e s  and i n t r o d u c e  you  to the 
C l a s s  of 1958. 

MR. JOHNSON: T h a n k  you ,  C o l o n e l  D a v i s .  

T h e  s u b j e c t ,  " M a t e r i a l s  fo r  the P r o d u c t i o n  of A t o m i c  E n e r g y ,  " 
m i g h t  c o v e r  qu i te  a l a r g e  n u m b e r  of i t e m s ,  but  t h e r e  is  but  one b a s i c  
m a t e r i a l  and tha t  i s  u r a n i u m .  M a t e r i a l s  fo r  s t r u c t u r a l  p u r p o s e s - -  
s t e e l ,  c o n c r e t e ,  and p a r t i c u l a r l y  s t a i n l e s s  s t e e l - - g o  in to  the l a r g e  
a t o m i c  e n e r g y  i n s t a l l a t i o n s ;  but  t h e s e  a r e  ob t a ined  t h r o u g h  the  c o m -  
m e r c i a l  m a r k e t s ,  and we do not  look  upon t h e m  as  s p e c i a l  m a t e r i a l s  
f o r  the  a t o m i c  e n e r g y  p r o g r a m .  

T h e r e  a r e  a n u m b e r  of o t h e r  m a t e r i a l s  as  w e l l  tha t  a r e  o b t a i n a b l e  
t h r o u g h  the  c o m m e r c i a l  m a r k e t s ,  but  have  found s p e c i a l  u s e s  in  a t o m i c  
e n e r g y .  I s h a l l  l i s t  t h e s e  q u i c k l y  at  the b e g i n n i n g ,  of m y  t a lk .  

H o w e v e r ,  wi thou t  u r a n i u m  t h e r e  cou ld  be  no a t o m i c  e n e r g y  p r o g r a m ,  
b e c a u s e  u r a n i u m  is  the  on ly  m a t e r i a l  o c c u r r i n g  in n a t u r e  tha t  i s  a f i s -  
s i o n a b l e  m a t e r i a l .  The  f i s s i o n a b l e  i s o t o p e ,  U-235 ,  c o n s t i t u t e s  but  



l lZ 

s e v e n - t e n t h s  of 1 p e r c e n t  of n a t u r a l  u r a n i u m .  So tha t  in our  s e a r c h  
fo r  n a t u r a l  u r a n i u m ,  at  the  s t a r t  we a r e  p r i m a r i l y  i n t e r e s t e d  in an 
i s o t o p e  which  c o n s t i t u t e s  on ly  s e v e n - t e n t h s  of 1 p e r c e n t  of the m e t a l .  
H o w e v e r ,  in  the c o u r s e  of the  o p e r a t i o n  of a r e a c t o r ,  s o m e  of the  U - 2 3 8 ,  
the  m o r e  p l en t i f u l  i s o t o p e  in n a t u r a l  u r a n i u m ,  is  c o n v e r t e d  in to  p l u t o -  
n i u m ,  a f i s s i o n a b l e  m a t e r i a l  tha t  is  not  p r e s e n t  in n a t u r e .  

T h o r i u m  a l s o  is  c a p a b l e  of be ing  t r a n s f o r m e d  in to  a f i s s i o n a b l e  
m a t e r i a l ,  U-233 .  C o n s e q u e n t l y  t h o r i u m ,  a long  wi th  u r a n i u m ,  is  one  
of the two m a t e r i a l s  tha t  h a v e  b e e n  d e s i g n a t e d  u n d e r  the  A t o m i c  E n e r g y  
Act  as  s o u r c e  m a t e r i a l s ;  and any  t r a n s a c t i o n s  in t h o r i u m  as w e l l  as  
u r a n i u m  a r e  s u b j e c t  to l i c e n s e .  

Of the m i s c e l l a n e o u s  m a t e r i a l s  h a v i n g  s o m e  s p e c i a l  i m p o r t a n c e  
in  the  a t o m i c  e n e r g y  p r o g r a m  by  r e a s o n  of t h e i r  n u c l e a r  p r o p e r t i e s  
as  we l l  as  s t r u c t u r a l  p r o p e r t i e s ,  z i r c o n i u m  is one .  The  ch ie f  u s e  of 
z i r c o n i u m  m e t a l  i s  as  a s t r u c t u r a l  c l a d d i n g  and c o r e  a l l o y i n g  m a t e r i a l ,  
p r i n c i p a l l y  f o r  n a v a l  r e a c t o r s .  Z i r c o n i u m  h a s  low n e u t r o n  c a p t u r e  
c r o s s - s e c t i o n ,  wh ich  m e a n s  tha t  it  is  r e l a t i v e l y  t r a n s p a r e n t  to the  f low 
of n e u t r o n s .  It m u s t  be of h igh  p u r i t y  and f r e e  of h a f n i u m .  

H a f n i u m  a l s o  h a s  a u s e  b a s e d  on i t s  a b i l i t y  to a b s o r b  n e u t r o n s ,  
w h i c h  is  the  o p p o s i t e  of z i r c o n i u m .  At f i r s t  h a f n i u m  was  c o n s i d e r e d  
to be ,  and w a s ,  a v e r y  u n d e s i r a b l e  i m p u r i t y  in z i r c o n i u m .  Al l  of the  
h a f n i u m  we ob t a in  is  f r o m  z i r c o n i u m  o r e s .  So tha t  h a f n i u m  h a s  the  
p r o p e r t y  of n e u t r a l i z i n g ,  you m i g h t  s ay ,  the d e s i r a b l e  p r o p e r t y  of z i r -  
c o n i u m .  But h a f n i u m ,  an i m p u r i t y  r e m o v e d  f r o m  z i r c o n i u m  o r e s ,  now 
i s  a m a t e r i a l  of m a j o r  i m p o r t a n c e  fo r  c o n t r o l  r o d s  f o r  r e a c t o r s .  It  i s  
p o s s i b l e  tha t  the d e m a n d  fo r  h a f n i u m  m a y  e x c e e d  the a m o u n t  p r o d u c e d  
as  a b y p r o d u c t  in the  r e f i n i n g  of z i r c o n i u m .  In tha t  e v e n t  h a f n i u m  
cou ld  b e c o m e  the  p r i m a r y  p r o d u c t  in p r o c e s s i n g  z i r c o n i u m  o r e s .  

B e r y l l i u m  a l s o  h a s  s p e c i a l  n u c l e a r  p r o p e r t i e s .  It i s  an  e x t r e m e l y  
l igh t  m e t a l .  B e r y l l i u m  i s  u s e d  in n u c l e a r  r e a c t o r s  a s  a m o d e r a t o r  and 
a r e f l ec to r . ;  and  it i s  of s p e c i a l  i n t e r e s t  f o r  c e r t a i n  t y p e s  of m i l i t a r y  
r e a c t o r s ,  s u c h  as r e a c t o r s  tha t  m i g h t  be  u s e d  fo r  a i r p l a n e s .  

P r i o r  to the  d e v e l o p m e n t  of u s e s  fo r  a t o m i c  e n e r g y  b e r y l l i u m  m e t a l  
w a s  not  a v a i l a b l e  c o m m e r c i a l l y  in the  p u r i t y  r e q u i r e d .  B e r y l l i u m  a l -  
l o y s ,  h o w e v e r ,  had  a n u m b e r  of i m p o r t a n t  i n d u s t r i a l  and m i l i t a r y  ap -  
p l i c a t i o n s .  One of the e a r l i e r  p r o j e c t s  of t he  A t o m i c  E n e r g y  C o m m i s s i o n  
was  the d e v e l o p m e n t  of a r e f i n i n g  p r o c e s s  to p r o d u c e  b e r y l l i u m  m e t a l  
of v e r y  h igh  p u r i t y .  As a r e s u l t  of t h i s  d e v e l o p m e n t  w o r k ,  b e r y l l i u m  
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m e t a l  of r e a c t o r  g r a d e  is now supp l i ed  by  c o m m e r c i a l  f i r m s ;  and the 
C o m m i s s i o n  no l o n g e r  is  o p e r a t i n g  a r e f i n e r y .  

Graphite of high purity has two principal uses in our program. 
One is as a moderator in graphite reactors of the Hanford type. The 
other is for crucibles for casting certain high-purity metals. Special 
high-purity graphite is required to prevent contamination from the 
crucibles. Synthetic graphite is used for both purposes, as natural 
graphite is not sufficiently pure. 

T h e  p r o b l e m  of ob ta in ing  a h i g h - p u r i t y  g r a p h i t e  d u r i n g  the  e a r l y  
s t a g e s  of the a t o m f c  e n e r g y  p r o g r a m  w a s  an e x t r e m e l y  i m p o r t a n t  and 
d i f f i cu l t  one .  When  a s y n t h e t i c  p r o d u c t  was  d e v e l o p e d ,  the  p r o c e s s  of 
m a k i n g  it  w a s  one of the  t i g h t l y  h e l d  s e c r e t s .  But  a p p a r e n t l y  the  p r o -  
d u c t i o n  of r e a c t o r - g r a d e  g r a p h i t e  now is  g e n e r a l l y  known  to t h o s e  
c o u n t r i e s  e n g a g e d  in a t o m i c  e n e r g y  a c t i v i t i e s .  

L i q u i d  s o d i u m  m a y  have  a p p l i c a t i o n  as a r e a c t o r  c o o l a n t ,  and a l s o  
a s  a c a r r i e r  of n u c l e a r  f u e l s  in a l iqu id  m e t a l  fue l  r e a c t o r .  C o m m e r -  
c i a l l y  a v a i l a b l e  s o d i u m  is  u s u a l l y  s u f f i c i e n t l y  p u r e  fo r  the  p u r p o s e .  

B i s m u t h  of h igh  p u r i t y  m a y  a l s o  have  p o t e n t i a l  u s e  as  a l iqu id  
m e t a l  f o r  a p u r e  r e a c t o r  b e c a u s e  of i t s  p r o p e r t y  of b e i n g  ab le  to d i s -  
s o l v e  u r a n i u m .  I t  cou ld  be u s e d  in s o m e  type  of h o m o g e n e o u s  r e a c t o r .  
T h e  q u e s t i o n  i s  w h e t h e r  t h e r e  would  be a m p l e  b i s m u t h  s u p p l i e r s  fo r  
w ide  u s e  of r e a c t o r s  u s i n g  b i s m u t h  in c o m m e r c i a l  a p p l i c a t i o n .  

S u b s t a n t i a l  q u a n t i t i e s  of h i g h - q u a l i t y  a l u m i n u m  a r e  u s e d  as  c l a d d i n g  
f o r  fue l  e l e m e n t s .  A l u m i n u m  a l s o  m a y  be ~11oyed wi th  f u e l s  in  c e r t a i n  
t y p e s  of r e a c t o r s .  A l u m i n u m  of s u f f i c i e n t  p u r i t y  fo r  r e a c t o r  u s e  i s  
a v a i l a b l e  in  the  c o m m e r c i a l  m a r k e t  and t h e r e  is  no s u p p l y  p r o b l e m .  

T i t a n i u m  of h igh  p u r i t y  a l s o  i s  u s e d  in s o m e  e x t e n t  in  the  r e a c t o r  
p r o g r a m ,  and the u s e  m a y  be  e x t e n d e d .  

T h a t  r o u g h l y  r e p r e s e n t s  the  l i s t  of the m o r e  i m p o r t a n t  t y p e s  of 
s t r a t e g i c  m e t a l s  u s e d  in  the  a t o m i c  e n e r g y  p r o g r a m  o t h e r  t han  u r a n i u m .  

Uran i , , rn  is  the  b a s i c  m a t e r i a l ,  as  I h a v e  m e n t i o n e d ,  fo r  t he  a t o m i c  
e n e r g y  p r o g r a m ;  and a l l  e x p a n s i o n s  in  the  m i l i t a r y  w e a p o n s  p r o g r a m  
h a d  to  t ake  in to  c o n s i d e r a t i o n  the  s u p p l i e s  of u r a n i u m  that  would  be 
a v a i l a b l e .  
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T h e  p r o d u c t i o n  of i n d u s t r i a l  p o w e r  f r o m  a t o m i c  e n e r g y  a l s o  w i l l  
be  d e p e n d e n t  upon  the  supp ly  of n u c l e a r  f u e l s - - u r a n i u m  and p o s s i b l y  
t h o r i u m .  

I n e e d  not  po in t  out  to t h i s  a u d i e n c e  the i m p o r t a n c e  of a t o m i c  
w e a p o n s  and a t o m i c  p o w e r  un i t s  to o u r  m i l i t a r y  p o s i t i o n .  T h e  G o v e r n -  
m e n t  now h a s  an i n v e s t m e n t  of m o r e  than  $6 b i l l i o n  in  f a c i l i t i e s  f o r  the  
p r o d u c t i o n  of f i s s i o n a b l e  m a t e r i a l s  and w e a p o n s .  A l though  the p l a n t s  
f o r  r e f i n i n g  u r a n i u m  and p r o d u c i n g  f i s s i o n a b l e  m a t e r i a l s  c a n  to a l a r g e  
e x t e n t  be  u s e d  to s u p p o r t  the  p o w e r  p r o g r a m ,  the  p r e s e n t  i n v e s t m e n t  
w a s  b a s e d  a l m o s t  e n t i r e l y  upon  the n e e d  fo r  the  w e a p o n s  p r o g r a m .  T h e  
f i g u r e s  g i v e n  do not  i n c l u d e  the c o s t  of u r a n i u m  m i n e s  and o r e  p r o c e s s -  
ing  p l a n t s .  With few e x c e p t i o n s ,  t h e s e  o p e r a t i o n s  a r e  p r i v a t e l y  f i -  
n a n c e d  and o p e r a t e d .  

The  d e v e l o p m e n t  of a t o m i c  p o w e r  fo r  i n d u s t r i a l  u s e  s t i l l  i s  in  the  
i n i t i a l  s t a g e .  Ye t  th i s  G o v e r n m e n t  and A m e r i c a n  p r i v a t e  i n d u s t r y  h a v e  
a l r e a d y  s p e n t  o r  c o m m i t t e d  about  a ha l f  b i l l i o n  d o l l a r s  f o r  r e s e a r c h ,  
d e v e l o p m e n t ,  c o n s t r u c t i o n ,  and p r o t o t y p e  p l a n t s .  A d d i t i o n a l  h u n d r e d s  
of m i l l i o n s  wi l l  be s p e n t  b e f o r e  c o m p e t i t i v e  a t o m i c  p o w e r p l a n t s  a r e  in 
o p e r a t i o n  in  th i s  c o u n t r y .  

B e c a u s e  of h i g h e r  p o w e r  c o s t s  and  the  u r g e n t  n e e d  f o r  e n e r g y  
s o u r c e s ,  E u r o p e a n  c o u n t r i e s  a r e  p r e p a r e d  to c o n s t r u c t  f u l l - s c a l e  
a t o m i c  p o w e r p l a n t s  on the  b a s i s  of p r e s e n t  r e a c t o r  t e c h n o l o g y .  B r i t -  
a in  h a s  s t a r t e d  a 1 0 - y e a r  p r o g r a m  tha t  wi l l  i n v o l v e  a t o t a l  e x p e n d i t u r e  
on the  o r d e r  of 3 b i l l i o n s  of d o l l a r s ,  and i s  e x p e c t e d  to h a v e  an  i n -  
s t a l l e d  c a p a c i t y  of n u c l e a r  p o w e r  e q u i v a l e n t  to about  6 m i l l i o n  kw.  ' s  
b y  1967. T h a t  wi l l  supp ly  abou t  15 p e r c e n t  of B r i t a i n ' s  p o w e r ,  and the 
n u c l e a r  fue l  wi l l  do the  w o r k  of about  18 m i l l i o n  tons  of coa l  a n n u a l l y .  

T h e  E u r a t o m  p r o g r a m ,  w h i c h  is  u n d e r  c o n s i d e r a t i o n  and u n d e r  
p l a n n i n g  b y  the  E u r a t o m  c o u n t r i e s ,  c a l l s  f o r  an  a t o m i c  e n e r g y  p o w e r  
d e v e l o p m e n t  tha t  would s u p p l y  about  15 m i l l i o n  kw. ' s  by  abou t  1967. 
A l though  t h i s  p r o g r a m  i s  on ly  in  the  e x p l o r a t o r y  s t a g e ,  t h e r e  is  no 
q u e s t i o n  abou t  the  n e e d  fo r  the  a d d i t i o n a l  p o w e r .  T h e r e  s e e m s  to  be  
no q u e s t i o n  but  t ha t  e l e c t r i c i t y  can  be  p r o d u c e d  wi th  p r e s e n t  r e a c t o r  
t e c h n o l o g y  at  a c o s t  tha t  would  be c o m p e t i t i v e  wi th  o r  c h e a p e r  t han  
i m p o r t e d  c o n v e n t i o n a l  f u e l s .  M o s t  of the  E u r o p e a n  c o u n t r i e s  t o d a y  
h a v e  f u l l y  d e v e l o p e d  t h e i r  h y d r o e l e c t r i c  r e s o u r c e s ,  a r e  o p e r a t i n g  
t h e i r  c o a l  m i n e s  to the  f u l l e s t  e x t e n t ,  and  a r e  i m p o r t i n g  c o a l  o r  o i l  
f r o m  o v e r s e a s .  We a r e  s u p p l y i n g  c o a l  to m a n y  of the  E u r o p e a n  c o u n -  
t r i e s ,  i n c l u d i n g  G r e a t  B r i t a i n .  " H a u l i n g  c o a l s  to N e w c a s t l e "  i s  no 
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l o n g e r  a n  a b s u r d i t y .  C o a l  l a i d  d o w n  in  E u r o p e  c o s t s  f r o m  $16  to  $20  
a t o n ,  t h a t  i s ,  t h e  A m e r i c a n  c o a l .  

I n  F r a n c e  t h e  c o s t  o f  p o w e r  a t  t h e  p r e s e n t  t i m e  i s  r e a s o n a b l y  e c o -  
n o m i c  b y  E u r o p e a n  s t a n d a r d s .  B u t  t h e  h e a d  of  t h e  F r e n c h  A t o m i c  
E n e r g y  C o m m i s s i o n  s a i d  t h a t  f o r  i n c r e m e n t a l  p o w e r  t h e y  c a n n o t  s e e  
a c o s t  l e s s  t h a n  o n e  to  t w o  c e n t s  p e r  k i l o w a t t - h o u r ;  a n d  t h a t  i f  n u c l e a r  
p o w e r  c o u l d  b e  a v a i l a b l e  a t  a c e n t  a n d  a h a l f  p e r  k i l o w a t t - h o u r ,  i t  w o u l d  
b e  t h e  a n s w e r  t o  f u t u r e  p o w e r  g r o w t h .  T h e  t a r g e t  n o w - - a n d  t h e  E u r o -  
p e a n s  b e l i e v e  t h e y  c a n  r e a c h  t h i s  t a r g e t - - i s  a b o u t  o n e  c e n t  a k i l o w a t t  
h o u r  u s i n g  p r e s e n t  r e a c t o r  t e c h n o l o g y .  P o w e r  a t  t h a t  c o s t  w o u l d  n o t  b e  
c o m m e r c i a l  i n  t h e  U n i t e d  S t a t e s ,  w h e r e  o u r  a v e r a g e  c o s t s  a r e  f i v e  t o  
e i g h t  m i l l s .  I n  c e r t a i n  a r e a s  w i t h  l o w  f u e l  c o s t  o r  w h e r e  h y d r o e l e c t r i c  
p o w e r  h a s  b e e n  d e v e l o p e d  on  a l a r g e  s c a l e ,  we  h a v e  c o s t s  a r o u n d  t h r e e  
m i l l s .  

I w o u l d  l i k e  t o  g o  b a c k  f o r  a m o m e n t  t o  t h e  e s t a b l i s h m e n t  o f  t h e  
r a w  m a t e r i a l s  p r o g r a m  a t  t h e  b e g i n n i n g  of  1 9 4 8 - - j u s t  a b o u t  10 y e a r s  
a g o .  W e  t h e n  h a d  t h e  p r o b l e m  of  a s s u r i n g  a d e q u a t e  s u p p l i e s  o f  u r a n i u m  
f o r  d e f e n s e ,  w i t h  s p e c i a l  e m p h a s i s  on  f i n d i n g  a n d  d e v e l o p i n g  n e w  s o u r c e s  
o f  p r o d u c t i o n  on  t h e  N o r t h  A m e r i c a n  c o n t i n e n t .  

I n  1948 w e  h a d  o n l y  t h r e e  s o u r c e s  of  s u p p l y - - t h e  S h i n k o l o b w e  m i n e  
i n  t h e  i n t e r i o r  o f  t h e  B e l g i a n  C o n g o ,  t h e  P o r t  R a d i u m  m i n e  o n  G r e a t  
B e a r  L a k e  o n  t h e  A r c t i c  C i r c l e ,  a n d  t h e  v a n a d i u m - u r a n i u m  d e p o s i t s  
o f  t h e  C o l o r a d o  P l a t e a u .  M o r e  t h a n  90 p e r c e n t  of  o u r  u r a n i u m  w a s  
c o m i n g  f r o m  S h i n k o l o b w e  m i n e .  I t  h a d  to  b e  s h i p p e d  1 , 4 0 0  m i l e s  b y  
r a i l  a n d  r i v e r  t o  r e a c h  t h e  c o a s t ,  a n d  7 , 0 0 0  m i l e s  a c r o s s  t h e  A t l a n t i c  
t o  o u r  e a s t  c o a s t .  O u r  w h o l e  a t o m i c  e n e r g y  p r o g r a m ,  o u r  w e a p o n s  
p r o g r a m ,  a t  t h a t  t i m e  d e p e n d e d  l a r g e l y  on  t h a t  o n e  m i n e .  T h e  p r o d u c -  
t i o n  in  C a n a d a  w a s  r e l a t i v e l y  s m a l l .  

T h e  p r o b l e m  t h e n  w a s  t o  e x p a n d  p r o d u c t i o n  w h e r e v e r  p o s s i b l e .  
N e i t h e r  t h e  S h i n k o l o b w e  m i n e  n o r  t h e  G r e a t  B e a r  m i n e  w a s  i n  p o s i t i o n  
t o  e x p a n d  s u b s t a n t i a l l y .  T h e y  w e r e  s m a l l  m i n e s ,  l i m i t e d  in  s i z e ,  w i t h  

a n  u n c e r t a i n  l i f e .  

T h e  G r e a t  B e a r  P o r t  R a d i u m  m i n e  i s  1 , 2 0 0  m i l e s  b y  l a k e  a n d  r i v e r  
n o r t h  o f  r a i l h e a d .  S e v e n  t r a n s f e r s  a r e  i n v o l v e d  a l o n g  t h i s  w a t e r  r o u t e ,  
i n c l u d i n g  t w o  t r u c k  h a u l s  t o  b y p a s s  r a p i d s .  F o r  n i n e  m o n t h s  of  t h e  
y e a r  t h e  w a t e r  r o u t e  i s  c l o s e d  b y  i c e ,  a n d  f o r  n e a r l y  t w o  m o n t h s  t h e  
m i n e  i s  i n a c c e s s i b l e  e v e n  b y  a i r .  T h i s  s m a l l  m i n e  o f f e r e d  n o  p r o m i s e  
f o r  e x p a n d e d  p r o d u c t i o n .  
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At the b e g i n n i n g  of 1948 t h e r e  was  v e r y  l i t t l e  u r a n i u m  p r o d u c t i o n  
on the  C o l o r a d o  P l a t e a u .  T h e r e  had  b e e n  no p r o d u c t i o n  in 1946 f o l l o w -  
ing  the  w a r t i m e  t r e a t m e n t  of a c c u m u l a t e d  v a n a d i u m  m i l l  r a i l i n g s .  T h e  
d e p o s i t s  tha t  w e r e  known and had  b e e n  d e v e l o p e d  o v e r  a p e r i o d  of 10 to 
20 y e a r s  w e r e  a l l  s m a l l ,  and a p r o d u c t i o n  r a t e  of a f ew h u n d r e d  tons  of 
u r a n i u m  oxide  a y e a r  was  a l l  tha t  was  r e a s o n a b l y  c e r t a i n .  

A s i d e  f r o m  t h e s e  t h r e e  s o u r c e s ,  we knew of s o m e  s m a l l  d e p o s i t s  
in P o r t u g a l ,  s o m e  l o w - g r a d e  p h o s p h a t e  and s h a l e  d e p o s i t s  in the  U n i t e d  
S t a t e s ,  and u r a n i f e r o u s  gold t a i l i n g s  of South A f r i c a .  

T h e  South A f r i c a n  gold r a i l i n g s  o f f e r e d  the b e s t  c h a n g e  of a l a r g e  
new s o u r c e  of u r a n i u m .  B e t w e e n  50 and 60 m i l l i o n  tons  of gold o r e  
w e r e  b e i n g  m i n e d  a n n u a l l y ,  and about  o n e - t h i r d  of t h i s  t o n n a g e  c o n -  
t a i n e d  f r o m  a q u a r t e r  of a pound of u r a n i u m  oxide  to one pound p e r  ton,  
a v e r a g i n g  about  ha l f  a pound.  The  r e m a i n d e r ,  m o s t l y  the  o r e s  of the 
Ma in  R e e f  s e r i e s  a r o u n d  J o h a n n e s b u r g ,  c o n t a i n e d  on ly  about  a t en th  
of a pound or  l e s s  of ox ide  p e r  ton.  T h e r e  w a s  enough  of the  s o - c a l l e d  
h i g h e r - g r a d e  m a t e r i a l  f o r  a m a j o r  p r o g r a m .  So the t a i l i n g s  tha t  c o n -  
t a i n e d  l e s s  than one q u a r t e r  of a pound of ox ide  w e r e  not  c o n s i d e r e d  in  
ou r  p r o g r a m .  

T h e  l a r g e  r e s e r v e s  of p h o s p h a t e  r o c k  in th i s  c o u n t r y  c o n t a i n  f r o m  
o n e - f i f t h  to o n e - t e n t h  of a pound of u r a n i u m  oxide  p e r  ton.  But  e v e n  
wi th  an a n n u a l  p h o s p h a t e  r o c k  p r o d u c t i o n  of about  i0 m i l l i o n  t o n s ,  w e  
cou ld  hope  fo r  only  a f ew h u n d r e d  tons  of b y p r o d u c t  u r a n i u m  a y e a r .  
The  u s e  of c o m m e r c i a l - g r a d e  p h o s p h a t e  r o c k  fo r  the so l e  p u r p o s e  of 
u r a n i u m  p r o d u c t i o n  is a l m o s t  out of the q u e s t i o n  e c o n o m i c a l l y .  

We have  b i l l i o n s  of t ons  of u r a n i f e r o u s  b l a c k  s h a l e  in T e n n e s s e e  
and a d j o i n i n g  S t a t e s ,  but  I0 to 15 tons  of t h i s  m a t e r i a l  would  h a v e  to  
be  m i n e d  and c h e m i c a l l y  p r o c e s s e d  to ob ta in  one pound of u r a n i u m .  
The  c o s t  of u r a n i u m  would  be  e x t r e m e l y  h igh .  It  would  be f r o m  $30 
to $50 a pound.  But  e v e n  th i s  s o u r c e  had  to be  c o n s i d e r e d .  

So in  1948 the  C o m m i s s i o n  found i t s e l f  wi th  the o r e  supp ly  I have  
j u s t  ou t l i ned ,  $2 b i l l i o n  of f a c i l i t i e s  fo r  the p r o d u c t i o n  of f i s s i o n a b l e  
m a t e r i a l s ,  and a $3 b i l l i o n  e x p a n s i o n  p r o g r a m  u n d e r  c o n s i d e r a t i o n .  
A t o m i c  w e a p o n s  had  b e c o m e  the m o s t  i m p o r t a n t  e l e m e n t  of ou r  d e f e n s e  
p l ann ing .  T h e  m i l i t a r y  r e q u i r e m e n t s  f o r  f i s s i o n a b l e  m a t e r i a l  had  to  
be  m e t .  Our  one b ig  hope ,  of c o u r s e ,  w a s  the  d i s c o v e r y  of l a r g e  h i g h -  
g r a d e  u r a n i u m  d e p o s i t s ,  n e w  S h i n k o l o b w e s .  
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T h e r e  was  l i t t l e  q u e s t i o n  about  the  t h ings  we had to do, but  how 
to ge t  t h e m  done was  a n o t h e r  m a t t e r .  The  p r i n c i p a l  o b j e c t i v e  of the  
r a w  m a t e r i a l s  p r o g r a m  w e r e  t he se :  To a s s u r e  m a x i m u m  c o n t i n u i n g  
p r o d u c t i o n  f r o m  the  Skinkolobwe and P o r t  R a d i u m  m i n e s ;  to i n i t i a t e  
e x t e n s i v e  p r o s p e c t i n g  and e x p l o r a t i o n  of f a v o r a b l e  a r e a s  of the  wor ld ,  
p a r t i c u l a r l y  in  the Uni t ed  S ta tes  and Canada;  to ob ta in  a v a i l a b l e  p r o -  
duc t ion  f r o m  P o r t u g a l ;  to deve lop  an e c o n o m i c  p r o c e s s  fo r  r e c o v e r i n g  
u r a n i u m  f r o m  South A f r i c a n  gold t a i l i n g s  and get  a p r o d u c t i o n  p r o g r a m  
u n d e r  way  as soon  as  pos s ib l e ;  to deve lop  a p r o c e s s  for  r e c o v e r i n g  
b y p r o d u c t  u r a n i u m  f r o m  our  w e t - p r o c e s s  p h o s p h a t e  f e r t i l i z e r  and 
c h e m i c a l  o p e r a t i o n ;  and to be  p r e p a r e d  to u t i l i z e  our  l o w - g r a d e  s h a l e s  
in  c a s e  of n e c e s s i t y .  

Now, I s h a l l  a t t e m p t  to g ive  you s o m e  f i g u r e s  on how t h e s e  p r o -  
g r a m s  d e v e l o p e d  and te l l  you s o m e t h i n g  about the  n a t u r e  of t h o s e  
d e v e l o p m e n t s .  

The South A f r i c a n  p r o g r a m ,  wh ich  was  i n i t i a t ed  by a p r o d u c t i o n  
c o n t r a c t  in  1950, now i n v o l v e s  17 u r a n i u m  p l an t s ,  d r a w i n g  t a i l i n g s  
f r o m  27 m i n e s .  The u r a n i u m  p l an t s  r a n g e  in c a p a c i t y  f r o m  40 ,000  to 
m o r e  than  2Q0,000 tons  of t a i l i n g s  a mon th ,  with a c o m b i n e d  t r e a t m e n t  
r a t e  of a p p r o x i m a t e l y  1.8 m i l l i o n  tons  of r a i l ings  p e r  m o n t h  o r  22 m i l -  
l i on  tons  a y e a r .  

In add i t ion ,  e igh t  f lo t a t ion  p l an t s ,  with a c o m b i n e d  c a p a c i t y  of 
1 m i l l i o n  tons  of t a i l t n g s  a mon th ,  r e c o v e r  p y r i t e  f r o m  a p o r t i o n  of 
the  u r a n i u m  p lan t  r a i l i ngs .  Seven  s u l p h u r i c  ac id  p l an t s  wi l l  b u r n  ap -  
p r o x i m a t e l y  40 ,000  tons  of p y r i t e  a m o n t h  to p r o d u c e  45 ,000  tons  of 
s u l p h u r i c  ac id  n e e d e d  for  d i s s o l v i n g  the  u r a n i u m  out of the t a i l i n g s .  

The  to ta l  c o s t  for  the  u r a n i u m ,  f lo ta t ion ,  and s u l p h u r i c  ac id  p l a n t s  
i s  about  $190 m i l l i o n .  T w o - t h i r d s  of the f i n a n c i n g  was done  by  the  
E x p o r t - I m p o r t  Bank,  and o n e - t h i r d  by  the  B r i t i s h  M i n i s t r y  of Supply.  
B r i t a i n  and the  Uni t ed  S ta tes  a r e  in  p a r t n e r s h i p  in the  p r o d u c t i o n  f r o m  
South A f r i c a ,  in  the  Congo,  P o r t u g a l ,  and A u s t r a l i a .  

The  u r a n i u m  p r o c e s s  u s e d  fo r  the  South A f r i c a n  o r e s  i s  e s s e n t i a l l y  
th is :  The  gold  o r e  s l i m e s  a r e  d i g e s t e d  in s u l p h u r i c  ac id  in  l a r g e  r u b -  
b e r - I i n e d  t anks .  F o l l o w i n g  d i g e s t i o n ,  the  pulp i s  f i l t e r e d  and  the  f i l -  
t r a t e  goes  to  an  i o n - e x c h a n g e  s e c t i o n .  The u r a n i u m  is  a b s o r b e d  on 
I o n - e x c h a n g e  r e s i n s  and then  e lu t ed  f r o m  the r e s i n s  wi th  a m m o n i u m  
n i t r a t e .  
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L i m e  is  t hen  a d d e d  to the  e l u a t e  to r e j e c t  the  i r o n  and s u l p h a t e ,  
and the s o l u t i o n  is  t r e a t e d  with  a m m o n i a  to p r e c i p i t a t e  the  u r a n i u m .  
T h e  u r a n i u m  p r e c i p i t a t e  i s  t hen  r e p u l p e d  to about  35 p e r c e n t  so l i d s ;  
and the s l u r r y ,  the f i na l  p r o d u c t  of the  m i l l s ,  i s  sh ipped  by  t ank  t r u c k  
to a c e n t r a l  c a l c i n i n g  w o r k s ,  w h e r e  the s l u r r y  is  w e i g h e d  fo r  p a y m e n t ,  
c a l c i n e d ,  and p a c k a g e d  in d r u m s  f o r  s h i p m e n t .  The  c e n t r a l  p l a n t  i s  
o w n e d  by the C o m b i n e d  D e v e l o p m e n t  A g e n c y ,  the p a r t n e r s h i p  o r g a n i z a -  
t ion  of the  Uni t ed  K i n g d o m  and the Un i t ed  S t a t e s .  T h e  p r o d u c t  s h i p p e d  
wi l l  a v e r a g e  abou t  80 to 85 p e r c e n t  u r a n i u m  ox ide .  

The  C a n a d i a n  p r o g r a m  upon  c o m p l e t i o n  of c o n s t r u c t i o n  now u n d e r  
w a y  wi l l  be  abou t  as  fo l lows :  The  s m a l l  o r i g i n a l  m i n e  and m i l l  at  
G r e a t  B e a r  L a k e  n e a r  the  A r c t i c  C i r c l e .  T h a t  m i n e  wi l l  be  abou t  e x -  
h a u s t e d  in 1959. A 150- ton  m i l l  n e a r  Y e l l o w  Kni fe  on G r e a t  S lave  L a k e .  
T h r e e  m i l l s  in the A t h a b a s c a  a r e a ,  wi th  a c o m b i n e d  c a p a c i t y  to t r e a t  
4 , 5 0 0  tons  of o r e  da i l y .  E l e v e n  m i l l s  in t he  B l i n d  R i v e r  d i s t r i c t  of 
O n t a r i o ,  wi th  a c o m b i n e d  c a p a c i t y  of 34 ,000  tons  of o r e  p e r  day .  T h r e e  
m i l l s  in the  B a n c r o f t  a r e a  of O n t a r i o ,  wi th  a c o m b i n e d  c a p a c i t y  of abou t  
2 , 5 0 0  tons  p e r  day .  

With the  e x c e p t i o n  of one p r o p e r t y  in the  A t h a b a s c a  a r e a  and  the  
P o r t  R a d i u m  M i n e ,  bo th  of w h i c h  a r e  owned  and o p e r a t e d  by  the  C a n a -  
d i an  G o v e r n m e n t ,  the  C a n a d i a n  u r a n i u m  o p e r a t i o n s ,  as  in the  U n i t e d  
S t a t e s ,  a r e  p r i v a t e l y  owned  and o p e r a t e d  and w e r e  f i n a n c e d  by  p r i v a t e  
c a p i t a l .  

The  t o t a l  c a p a c i t y  of a l l  C a n a d i a n  u r a n i u m  m i l l s  w i l l  be  a p p r o x i -  
m a t e l y  43 ,000  tons  of o r e  p e r  day .  P r o d u c t i o n  i s  e s t i m a t e d  to r e a c h  
14 ,000  to 15 ,000  tons  of u r a n i u m  oxide  a n n u a l l y  by  1959. T h e  t o t a l  
i n v e s t m e n t  in  u r a n i u m  m i n e s  and m i l l s  wi l l  t h e n  be  b e t w e e n  $300 and 
$400 m i l l i o n .  

In  the U n i t e d  S t a t e s  p r o g r a m  we now have  12 m i l l s  in  o p e r a t i o n ,  
wi th  a d a i l y  c a p a c i t y  to p r o c e s s  a p p r o x i m a t e l y  9 , 5 0 0  tons  of o r e .  Mine  
p r o d u c t i o n  and m i l l i n g  r a t e s  a r e  about  in  b a l a n c e  at  the  p r e s e n t  t i m e .  
T e n  new m i l l s ,  w h i c h  a r e  u n d e r  c o n s t r u c t i o n  o r  c o v e r e d  by  c o n t r a c t ,  
w i l l  i n c r e a s e  the  to ta l  m i l l i n g  c a p a c i t y  by  abou t  10 ,000  tons  of o r e  p e r  
day ,  o r  up to abou t  2 0 , 0 0 0  t o n s .  T h i s  r a t e  of p r o d u c t i o n  s h o u l d  be  
r e a c h e d  about  the  end  of 1958, when  the  d o m e s t i c  p r o d u c t i o n  of u r a n t l , m  
oxide  wi l l  be  f r o m  15 ,000  to 17 ,000  tons  a y e a r .  

We a r e  the  l e a d i n g  u r a n i u m  p r o d u c e r  of the  w o r l d  at  the  p r e s e n t  
t i m e .  T h i s  y e a r  C a n a d a  wi l l  be  in  s e c o n d  p l a c e ,  and South A f r i c a  in  
t h i r d  p l a c e .  
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T h i s  r e p r e s e n t s  a m a j o r  c h a n g e  in both  the  p r o d u c t i o n  r a t e  and 
the  p r o d u c t i o n  p a t t e r n  s i n c e  1948. We had  no d o m e s t i c  p r o d u c t i o n  in 
1946, p r a c t i c a l l y  none in 1947, and l i t t l e  in 1948. T o t a l  p r o d u c t i o n  at  
tha t  t i m e  w a s  r e l a t i v e l y  s m a l l  t h r o u g h o u t  the wor ld ;  and had  it not  b e e n  
f o r  the d e v e l o p m e n t  of the C o m m i s s i o n ' s  a t o m i c  e n e r g y  p r o g r . m ,  t h e r e  
t o d a y  would  be  l i t t l e  b a s i s  fo r  the  d e v e l o p m e n t  of l a r g e  r e a c t o r s  fo r  
p o w e r .  The  B r i t i s h  p o w e r  p r o g r a m  cou ld  not  have  b e e n  u n d e r  way ,  and 
the  E u r a t o m  p r o g r a m  p r o b a b l y  would  not  be u n d e r  c o n s i d e r a t i o n .  

T h e  e x p a n s i o n  of u r a n i u m  p r o d u c t i o n  and the d e v e l o p m e n t  of u r a -  
n i u m  r e s o u r c e s  have  m a d e  p o s s i b l e  the i n d u s t r i a l  a t o m i c  p o w e r  p r o -  
g r a m .  

As  f o r  the  m i l i t a r y  p r o g r a m ,  i t  would  have  b e e n  p o s s i b l e ,  of 
c o u r s e ,  to ob ta in  m o s t  any  q u a n t i t y  of u r a n i - m  tha t  the  m i l i t a r y  d e -  
s i r e d  a t  a p r i c e .  We cou ld  h a v e  o b t a i n e d  u r a n i u m  f r o m  s h a l e  at  a c o s t  
f r o m  $40 to $50 a pound.  T o d a y  the a v e r a g e  c o s t  of u r a n i u m  oxide  to  
the  C o m m i s s i o n  i s  a r o u n d  $10 a pound; and i t  i s  b e i n g  r e d u c e d  by  n e w  
t e c h n o l o g y  and l a r g e r  m i l l s  to about  $8. We look  fo r  a m a r k e t  p r i c e  
of abou t  $8 a pound by 1962. T h e  C o m m i s s i o n  h a s  e s t a b l i s h e d  a b u y -  
ing  p r o g r a m  f r o m  1962 to 1966 with  a g u a r a n t e e d  p r i c e  of $8 p e r  pound.  

In  C a n a d a  and in  the U n i t e d  S ta t e s  the  initial p e r i o d  w a s  one of 
i n t e r e s t i n g  p r i v a t e  c a p i t a l ,  p a r t i c u l a r l y  the  p r o s p e c t o r s ,  to  ge t  out  in 
the  h i l l s  and  f ind u r a n i u m .  To  do tha t ,  both  c o u n t r i e s  e s t a b l i s h e d  g u a r -  
a n t e e d  p r i c e s  fo r  u r a n i u m  o r e s  and o t h e r  i n c e n t i v e s  in o r d e r  to ge t  out  
the  t h o u s a n d s  of p r o s p e c t o r s  who a r e  r e a l l y  r e s p o n s i b l e  fo r  the  n e w  
d i s c o v e r i e s  m a d e  in  the  Un i t ed  S t a t e s  and C a n a d a .  It  w a s  as  a r e s u l t  
of t h i s  p r o g r a m ,  which  took  t h r e e  o r  f ou r  y e a r s  b e f o r e  i t  f i n a l l y  b o r e  
f r u i t ,  t ha t  t o d a y  N o r t h  A m e r i c a  is  the  w o r l d ' s  m o s t  i m p o r t a n t  s o u r c e  
of u r a n i u m ,  and  wi l l  be  p r o d u c i n g  o v e r  80 p e r c e n t  of the  u r a n i u m  ou t -  
s i d e  of the  I r o n  C u r t a i n  b y  the  end of 1958, and the  U n i t e d  S t a t e s  i s  the  
l e a d i n g  p r o d u c e r  of the w o r l d .  

T h i s  c h a r t ,  p a g e  10, i n d i c a t e s  the  c h a n g e  in  the  f r e e  w o r l d  s i n c e  
1956. T h e  p r o d u c t i o n  p r i o r  to  1956 i s  c l a s s i f i e d .  So on a n  u n c l a s s i f i e d  
b a s i s  w e  a r e  ab l e  to  show on ly  the  w o r l d  p r o d u c t i o n  f r o m  1956 on t h r o u g h  
and p r o j e c t  i t  t h r o u g h  1967. 

T h e  1956 p r o d u c t i o n  w a s  11 ,000  and a f r a c t i o n .  It  g e t s  up to 17,000 
and  t hen  g e t s  up to  2 9 , 0 0 0 .  T h e  Un i t ed  S t a t e s  p r o d u c t i o n  is  on the  bo t -  
t o m  in  the h e a v y  p a r t .  T h e  C a n a d i a n  is  a b o v e .  Our  p r o d u c t i o n  g e t s  up 
to  abou t  18 ,000  tons  a y e a r .  T h e  C a n a d i a n  wi l l  be abou t  14 ,000 .  If  you  
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went  b a c k  to 1946, the d a r k  l i ne  on the  b o t t o m  would be z e r o .  T h e  
C a n a d i a n  was  siviall .  A m a j o r  p a r t  of our  u r a n i u m  c a m e  f r o m  o v e r -  
s e a s  un t i l  about  1953. 

The  U n i t e d  K i n g d o m  is  a p a r t n e r  wi th  the Uni t ed  S t a t e s  in  o v e r -  
s e a s  p u r c h a s e s .  The  u r a n i u m  h a s  b e e n  a l l o c a t e d  by the  two c o u n t r i e s  
on the b a s i s  of t h e i r  r e s p e c t i v e  r e q u i r e m e n t s .  The  U n i t e d  K i n g d o m  
a l s o  is  now p u r c h a s i n g  s o m e  C a n a d i a n  u r a n i u m .  The  to t a l  a m o u n t  tha t  
wi l l  be  a v a i l a b l e  to the Uni t ed  S ta t e s  wi l l  be  s o m e t h i n g  in  e x c e s s  of 
30 ,000  tons  a y e a r .  

Now, I m i g h t  m a k e  j u s t  a few c o m m e n t s  on the f u t u r e  of u r a n i u m .  

On the  r e s e r v e  p o s i t i o n ,  the Uni ted  S ta t e s  now h a s  e s t i m a t e d  r e -  
s e r v e s  of abou t  70 m i l l i o n  tons  of o r e ,  c o n t a i n i n g  about  175 ,000  tons  
of u r a n i u m  oxide .  C a n a d a ' s  o f f i c i a l  e s t i m a t e  is  225 m i l l i o n  tons  of 
o r e ,  c o n t a i n i n g  about  237 ,000  tons  of ox ide .  South A f r i c a  h a s  an  e s t i -  
m a t e  of 370 ,000  tons  of u r a n i u m  oxide ,  in o v e r  1 b i l l i o n  tons  of o r e .  
T o t a l  w o r l d  r e s o u r c e s ,  as  we know t h e m ,  r e s o u r c e s  of the type  tha t  
cou ld  s u p p l y  u r a n i u m  at a r o u n d  p r e s e n t  c o m m e r c i a l  p r i c e s ,  would be 
abou t  1 m i l l i o n  tons .  Much  of t h i s ,  h o w e v e r ,  m u s t  be p r o d u c e d  o v e r  
a long  t i m e .  

R e q u i r e m e n t s  fo r  u r a n i u m  a r e  e x t r e m e l y  d i f f i cu l t  to p r e d i c t .  One 
of the  e s t i m a t e s  r e c e n t l y  m a d e  by  an AEC a n a l y s t  i n d i c a t e s  tha t  by  
1960 c i v i l i a n  and Uni t ed  S ta t e s  m i l i t a r y  m a y  be f r o m  23 ,000  to 37 ,000  
tons  a y e a r  of u r a n i u m  oxide .  

F o r  1965 the e s t i m a t e  fo r  c i v i l i a n  p o w e r  d e m a n d ,  d o m e s t i c  and 
f o r e i g n ,  i s  about  11,600 to 16,600 tons  a y e a r .  By 1970 c i v i l i a n  p o w e r ,  
d o m e s t i c  and f o r e i g n ,  i s  e s t i m a t e d  to r e q u i r e  in the r a n g e  of 33 ,000  
tons  to 48, 000 tons  of u r a n i u m  annua l l y .  By 1975 the  r a n g e  m a y  be  
67 ,000  to 100 ,000  tons  and by  1977, 90 ,000  to 137 ,000  tons  p e r  y e a r .  

T h e s e  a r e  c i v i l i a n  r e q u i r e m e n t s .  If the  m i l i t a r y  d e m a n d  is  s u p e r -  
i m p o s e d  on tha t ,  the  to t a l  r e q u i r e m e n t s  m a y  be  f r o m  100 ,000  to 150 ,000 .  

The  f r e e  w o r l d  p r o d u c t i o n  r a t e  f o r  1959 is  p r o j e c t e d  at  4 2 , 0 0 0  tons  
a n n u a l l y .  T h i s  y e a r  the d o m e s t i c  p r o d u c t i o n  wi l l  be  a r o u n d  9 , 0 0 0  to 
I 0 , 0 0 0 ;  but  by  the  end of 1958 i t  wi l l  be b e t w e e n  15 ,000 and 1 8 , 0 0 0 t o n s .  
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O u r  i m m e d i a t e  p o s i t i o n  i s  one  w h e r e  e x i s t i n g  p r o d u c t i o n ,  p l u s  t h e  
p r o d u c t i o n  t h a t  w i l l  c o m e  i n  f r o m  p l a n t s  n o w  u n d e r  c o n s t r u c t i o n  o r  
p l a n n e d ,  w i l l  b e  a b o u t  e q u a l  to  t h e  r e q u i r e m e n t .  I n s t e a d  of  t h e  p o l i c y  
t h a t  we  p u r s u e d  in  t h e  p a s t ,  o f  g e t t i n g  a l l  we  c o u l d  a s  f a s t  a s  w e  c o u l d ,  
t h e  C o m m i s s i o n ' s  p o l i c y  w i l l  h a v e  t h e  o b j e c t i v e  of  a t t e m p t i n g  to  h o l d  
u r a n i u m  p u r c h a s e s  a t  a l e v e l  c o n s i s t e n t  w i t h  r e q i r e m e n t s ,  a n d  a t  t h e  
s a m e  t i m e  e n c o u r a g e  t h e  d e v e l o p m e n t  o f  n e w  d o m e s t i c  r e s o u r c e s ,  s o  
t h a t  t h e r e  w i l l  b e  r e s o u r c e s  t o  s u p p o r t  t h e  i n d u s t r i a l  p o w e r  p r o g r a m  
of  t h e  f u t u r e .  

Thank you. 

C O L O N E L  DAVIS:  M r .  J o h n s o n ,  I b e l i e v e  t h a t  e v e r y t h i n g  s o  f a r  
h a s  b e e n  u n c l a s s i f i e d .  

M R .  J O H N S O N :  T h a t  i s  c o r r e c t .  

C O L O N E L  DAVIS :  I f  a n y t h i n g  c o m e s  o u t  d u r i n g  t h e  q u e s t i o n  p e r i o d  
t h a t  i s  o t h e r w i s e ,  M r .  J o h n s o n  w i l l  s a y  s o .  

G e n t l e m e n ,  M r .  J o n n s o n  i s  r e a d y  f o r  q u e s t i o n s .  

Q U E S T I O N :  C o u l d  y o u  t e l l  u s  g e n e r a l l y  w h a t  i s  k n o w n  of  t h e  u r a -  
n i u m  r e s o u r c e s  of  t h e  S o v i e t  b l o c  a n d  t h e  a d e q u a c y  of  t h o s e  r e s o u r c e s  
t o  m e e t  t h e  S o v i e t  r e q u i r e m e n t s ?  

M R .  J O H N S O N :  I do  n o t  k n o w .  A p p a r e n t l y  t h e  S o v i e t s  a r e  f i n d -  
i n g  e n o u g h  u r a n i u m  f o r  a r a t h e r  l a r g e  p r o g r a m .  We  w e r e  f a m i l i a r  
w i t h  t h e  J o a c h i m s t h a l  d e p o s i t  o f  C z e c h o s l o v a k i a ,  w h i c h  h a d  a l o n g  h i s -  
t o r y  b e f o r e  t h e  w a r .  I t  d a t e s  b a c k  to  1600 ,  a s  a s i l v e r  m i n e .  We  f e l t  
t h a t  a s  l o n g  a s  t h e  S o v i e t s  w e r e  p o u r i n g  t h o u s a n d s  o f  s l a v e  l a b o r e r s  
i n t o  t h o s e  o p e r a t i o n s - - a n d  a l l  I k n o w  i s  t h e  r e p o r t s  i n  t h e  p a p e r s - - i t  
w a s  r e a s o n a b l e  t o  a s s u m e  t h a t  t h e y  h a d  n o  l a r g e ,  r i c h  d e p o s i t s  i n  t h e  
h i n t e r l a n d .  R e c e n t l y  I h a v e  s e e n  n o  s u c h  r e p o r t s .  T h i s  m i g h t  i n d i c a t e  
t h e  d e v e l o p m e n t  o f  m o r e  e c o n o m i c  s o u r c e s .  

Q U E S T I O N :  C o u l d  y o u  t e l l  u s  w h a t  p r o g r e s s  h a s  b e e n  m a d e  in  
r e c o v e r i n g  t h e  u r a n i u m  t h a t  h a s  b e e n  p u t  t h r o u g h  t h e  p i l e s  ? 

M R .  J O H N S O N :  T h e r e  i s  n o  m a j o r  l o s s .  
t h e  d e t a i l s  of  t h e  w a s t e  r e c o v e r y  o p e r a t i o n s ,  
t i o n  r e l a t e s  to .  

I a m  n o t  f a m i l i a r  w i t h  
i f  t h a t  i s  w h a t  y o u r  q u e s -  
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F i r s t ,  in  a l l  of the o p e r a t i o n s  a long  the  l i ne ,  s c r a p  m a t e r i a l  i s  
r e c o v e r e d .  Of the  m a t e r i a l  t ha t  g o e s  into  H a n f o r d  fo r  the m a n u f a c t u r e  
of p l u t o n i u m ,  the  r o d s  a r e  a l l  t a k e n  out and r e d i s s o l v e d  and  the p l u t o -  
n i u m  s e p a r a t e d  and the  u r a n i u m  r e c o v e r e d .  The  g a s e o u s  d i f f u s i o n  
p lan t  at  Oak R i d g e  s e p a r a t e s  the i s o t o p e  U-235;  and the  i s o t o p e  U - 2 3 8 ,  
d e p l e t e d  in  the U - 2 3 5 ,  i s  s t o r e d  in c o n t a i n e r s .  So tha t  m o s t  of the  m a t e -  
r i a l  t ha t  h a s  gone in to  the  p r o g r a m  is  s t i l l  in  s t o c k s .  It h a s  not  b e e n  
d i s c a r d e d  as  w a s t e  o r  l o s t .  

QUESTION: You h a v e  p a r t l y  a n s w e r e d  m y  q u e s t i o n ,  but  wha t  h a p -  
p e n s  to the  U-238  tha t  h a s  b e e n  d e p l e t e d ?  And the s e c o n d  p a r t  of m y  
q u e s t i o n  i s ,  Is  t h e r e  any  f u r t h e r  u s e  for  the U-238  tha t  i s  s t o r e d  in 
t h e s e  t a n k s ?  Is a n y t h i n g  be ing  d e v e l o p e d  in the  way  of u s e  f o r  tha t  
U - 2 3 8 ?  

MR. JOHNSON: S ince  the  d e v e l o p m e n t  of the  a t o m i c  e n e r g y  p r o -  
g r a m ,  u r a n i u m  h a s  not  b e e n  a v a i l a b l e  fo r  c o m m e r c i a l  u s e  e x c e p t  in 
s o m e  v e r y  s m a l l  q u a n t i t i e s  fo r  e s s e n t i a l  c h e m i c a l  u s e s .  

P r i o r  to the a t o m i c  e n e r g y  p r o g r a m ,  I th ink  the  m a i n  u s e  fo r  
u r a n i u m  w a s  b y  the c e r a m i c  i n d u s t r y .  T h e r e  a p p a r e n t l y  i s  a m a r k e t  
now in the  c e r a m i c  i n d u s t r y ,  f o r  c o l o r i n g  e n a m e l s  fo r  w a s h i n g  m a -  
c h i n e s ,  r e f r i g e r a t o r s ,  and t h o s e  t h i n g s - - a  n i c e  y e l l o w  o r  o r a n g e  c o l o r .  
But  I don ' t  t h ink  tha t  m a r k e t  w i l l  be  v e r y  l a r g e .  H o w e v e r ,  i t  i s  qu i te  
l i k e l y  tha t  the C o m m i s s i o n  m a y  o f fe r  U-238 ,  d e p l e t e d  in  U - 2 3 5 ,  fo r  
sa le ;  and p o s s i b l y  new m a r k e t s  w i l l  d e v e l o p .  

U-238  h a s  a p o t e n t i a l  u s e  in r e a c t o r s  as  a b l a n k e t .  It  cou ld  be 
c o n v e r t e d  in to  p l u t o n i u m .  At p r e s e n t  I doubt  if t h e r e  is  any  s i z a b l e  
m a r k e t  a v a i l a b l e  f o r  the d e p l e t e d  U-238 ,  a l though  p o t e n t i a l l y  i t  m a y  
be  a v e r y  v a l u a b l e  m a t e r i a l .  

QUESTION: Is  t h e r e  an i m m e d i a t e  r e q u i r e m e n t  by  the G o v e r n -  
m e n t  fo r  the  t o n n a g e s  of u r a n i u m  tha t  a r e  b e i n g  e x t r a c t e d ,  o r  i s  t h i s  
a d e v e l o p m e n t  p h a s e  wi th  the  m a t e r i a l  b e i n g  s t o c k p i l e d  ? 

MR. JOHNSON: The  p r o d u c t i o n  of u r a n i u m  s i n c e  the b e g i n n i n g  
h a s  a l w a y s  b e e n  r e q u i r e d  i m m e d i a t e l y  fo r  the p r o g r a m .  T h a t  p r o g r a m  
d u r i n g  a l l  the  e a r l i e r  y e a r s  w a s  e n t i r e l y  m i l i t a r y .  As you know,  r e -  
c e n t l y  the  P r e s i d e n t  h a s  m a d e  a v a i l a b l e  s u b s t a n t i a l  q u a n t i t i e s  of e n -  
r i c h e d  u r a n i u m  fo r  p o w e r  d e v e l o p m e n t .  But e v e n  d u r i n g  the  p a s t  y e a r  
o u r  p r o b l e m  h a s  b e e n  to ge t  enough  u r a n i u m  to o p e r a t e  the p r o d u c t i o n  
p r o g r a m  at  ful l  c a p a c i t y .  

13 



12 4 

But,  l ook ing  a h e a d  to the  end of 1958, the r e q u i r e m e n t s ,  as  we 
now s e e  t h e m ,  and the s u p p l y  shou ld  be about  in b a l a n c e .  

D e p e n d i n g  upon what  h a p p e n s  to r e q u i r e m e n t s ,  we cou ld  h a v e  
s o m e  o v e r - p r o d u c t i o n ;  o r  we m a y  have  to expand  the p r o d u c t i o n .  
D u r i n g  the  10 y e a r s  tha t  I h a v e  b e e n  with  the p r o g r a m ,  the r e q u i r e -  
m e n t s  have  c h a n g e d  on ly  one way ,  and t h a t ' s  b e e n  up.  We m a y  h a v e  
r e a c h e d  the  po in t  h e r e  w h e r e  t h e r e  m i g h t  be  a c h a n g e  in d i r e c t i o n .  

QUESTION: How e f f e c t i v e  is  a e r i a l  e x p l o r a t i o n ,  and at  what  
dep th  u n d e r  the  s u r f a c e  can  you d e t e c t  u r a n i u m  d e p o s i t s ?  What  p e r -  
c e n t a g e  of the  Uni t ed  S t a t e s  do you e s t i m a t e  h a s  b e e n  e x p l o r e d  by  a i r ?  

MR. JOHNSON: As to the  f i r s t  p a r t  of y o u r  q u e s t i o n ,  a c o v e r i n g  
of a f ew f e e t  of e a r t h ,  p o s s i b l y  l e s s ,  is  an e f f e c t i v e  s h i e l d .  So you  
would  p r o b a b l y  be u n a b l e  to d e t e c t  b u r i e d  u r a n i u m  d e p o s i t s  wi th  a 
G e i g e r  c o u n t e r  e v e n  on the  s u r f a c e .  T h e  a i r b o r n e  w o r k  d e t e c t s  on ly  
e x p o s e d  d e p o s i t s .  

T h e  type  of f ly ing  tha t  h a s  b e e n  m o s t  e f f e c t i v e  in  the  Un i t ed  S t a t e s  
h a s  b e e n  low f ly ing .  High  f ly ing  h a s  the  d i s a d v a n t a g e  of r e c o r d i n g  
l a r g e  m a s s e s  of h i g h e r - t h a n - n o r m a l  r a d i o a c t i v e  r o c k  in the  s a m e  m a n -  
n e r  as  s m a l l  c o n c e n t r a t e d  d e p o s i t s .  So i t ' s  i m p o s s i b l e  to t e l l  wi th  
the p l a n e  f l y ing  at  a t h o u s a n d  f ee t  o r  m o r e  in e l e v a t i o n  w h e t h e r  the  
a n o m a l y  is  a r e s u l t  of a s i g n i f i c a n t  o r e  body  o r  f r o m  a l a r g e  l o w - g r a d e  
s h a l e  d e p o s i t  c o n t a i n i n g  h i g h e r - t h a n - n o r m a l  r a d i o a c t i v i t y .  

P r i v a t e  i n d u s t r y  h a s  found a n u m b e r  of i m p o r t a n t  d e p o s i t s  in 
the Uni ted  S t a t e s  as  the r e s u l t  of a i r b o r n e  w o r k ,  i n c l u d i n g  the  l a r g e s t  
tha t  h a s  b e e n  found ,  the A n a c o n d a  d e p o s i t .  The  f ly ing  h a s  b e e n  c o n -  
c e n t r a t e d  in t h o s e  a r e a s  w h e r e  t h e r e  a r e  o u t c r o p s ,  s u c h  as  the  d e s e r t  
a r e a s  of the C o l o r a d o  P l a t e a u ,  New M e x i c o ,  W y o m i n g ,  and o t h e r  a r e a s  
w h e r e  t h e r e  h a s  b e e n  s o m e  b a s i s  fo r  b e l i e v i n g  tha t  e x p o s e d  u r a n i u m  
d e p o s i t s  m i g h t  o c c u r .  

In go ing  in to  a f o r e i g n  c o u n t r y  we would r e c o m m e n d  a e r i a l  s u r -  
v e y i n g  to fo l low,  not  p r e c e d e ,  g e o l o g i c a l  r e c o n n a i s a n c e  tha t  would  
s e l e c t  the  f a v o r a b l e  a r e a s  in w h i c h  to look .  A e r i a l  t r a v e r s e  l i n e s  
shou ld  be r e a s o n a b l y  c l o s e  t o g e t h e r .  So it i s  not  a d a p t e d  to g e n e r a l  
r e c o n n a i s a n c e .  

QUESTION: You m e n t i o n e d  the f ac t  tha t  in  the Un i t ed  S t a t e s  the  
c o s t  p e r  k i l o w a t t - h o u r  of p o w e r  r u n s  f r o m  about  s e v e n  m i l l s  down to 
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as  low as  t h r e e  m i l l s  w h e r e  t h e r e  is  h y d r o e l e c t r i c  p o w e r  a v a i l a b l e .  
N e v e r t h e l e s s ,  t h e r e  is  the p r o d u c t i o n  of a t o m i c  e n e r g y  e l e c t r i c i t y  
p o w e r  u n d e r  w a y  in the Uni ted  S t a t e s .  Would you t e l l  us  wha t  i s  the 
e x p e c t e d  c o s t  in m i l l s  of p o w e r  f r o m  t h o s e  d e v e l o p m e n t s ,  and w h e t h e r  
or  not  t h e s e  a r e  c o m p l e t e l y  p r i v a t e  d e v e l o p m e n t s  or  w h e t h e r  the Uni ted  
S ta t e s  i s  in s o m e  w a y  s u b s i d i z i n g  the a c t i v i t i e s ?  

MR.  JOHNSON: You a r e  g e t t i n g  into  a f i e ld  w h e r e  I c a n ' t  s p e a k  
with  any  a u t h o r i t y .  The  a t o m i c  p o w e r p l a n t s ,  e x c e p t  fo r  m i l i t a r y  p u r -  
p o s e s ,  now b e i n g  bu i l t  in  the  Uni ted  S ta t e s  a r e  not fo r  the p r o d u c t i o n  
of p o w e r  p r i m a r i l y ,  but  fo r  i n f o r m a t i o n .  In o t h e r  w o r d s ,  t h e y  a r e  
p i lo t  p l a n t s  and  not  e x p e c t e d  to be e c o n o m i c .  The  G o v e r n m e n t  is  b u i l d -  
ing a r e a c t o r  at Sh ipp ingpor t ,  w h i c h  wi l l  be d e d i c a t e d  s o m e  t i m e  th i s  
fa l l .  T h e  p r i v a t e  c o m p a n y  is  pay ing  for  the t u r b i n e s  and e l e c t r o - g e n -  
e r a t i n g  e q u i p m e n t ,  but  the r e a c t o r  is G o v e r n m e n t - f i n a n c e d .  

QUESTION: Would you g ive  us  a f e e l i n g  fo r  the p o s s i b i l i t y  of 
l e s s e n i n g  r e q u i r e m e n t s  for  U-238  due to our  ab i l i t y  to fuse  l i g h t e r  
e l e m e n t s  ? 

MR. JOHNSON: I a m  not  qua l i f i ed  to p a s s  j u d g m e n t  on the f u s i o n  
p r o c e s s .  I h a v e  b e e n  v e r y  i n t e r e s t e d  in t r y i n g  to ge t  the  a n s w e r .  But  
the  peop le  w o r k i n g  on it s h r u g  t h e i r  s h o u l d e r s  and say ,  " T h e  u r a n i u m  
b u s i n e s s  h a s  no th ing  to w o r r y  about .  " 

The  f i r s t  p r o b l e m  is to f ind out w h e t h e r  f u s ion  is  s c i e n t i f i c a l l y  
f e a s i b l e .  If it  i s - - a n d  t h a t ' s  a p p a r e n t l y  a big p r o b l e m - - t h e n  the  q u e s -  
t ion  is  w h e t h e r  it  wi l l  be e c o n o m i c a l l y  f e a s i b l e .  

I a l s o  u n d e r s t a n d  tha t  if i t ' s  p r a c t i c a b l e  at  a l l ,  it wi l l  be fo r  v e r y  
l a r g e  p l a n t s .  Now, what  a v e r y  l a r g e  p lan t  would  be ,  I don ' t  know.  
Maybe  a m i l l i o n  kw. It m i g h t  have  s p e c i a l  a p p l i c a t i o n  and s t i l l  l e a v e  
p l e n t y  of r o o m  for  the  a t o m i c  e n e r g y  f i s s i o n  p lan t .  

C e r t a i n l y  the E u r o p e a n  p r o g r a m  and the B r i t i s h  p r o g r a m - - t h e  
B r i t i s h  a r e  w o r k i n g  on fu s ion  as  w e l l - - a n d  the C o m m i s s i o n ' s  p r o g r a m  
on p o w e r  a r e  not  b a s e d  upon any  i dea  that  the fus ion  p r o c e s s  is  go ing  
to be  c o m p e t i t i v e  in any  n e a r - t e r m  p e r i o d .  By " n e a r  t e r m "  I a s s u m e  
is  m e a n t  20 to 30 y e a r s  or  m o r e  in the f u t u r e .  

C O L O N E L  DAVIS: Mr .  J o h n s o n ,  you have  g i v e n  us a v e r y  i n -  
f o r m a t i v e  l e c t u r e  and v e r y  u s e f u l  a n s w e r s  to our  q u e s t i o n s .  On b e -  
ha l f  of the c l a s s ,  I thank  you,  s i r ,  v e r y  m u c h  i n d e e d .  

(20 Jan  5 8 - - 4 , 1 0 0 ) B / s g h / l j t  
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