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WITH T R IB U T Y L  PH O SPH A T E

J . C .  B u r g e r *  and J .M c N ,  J a r d in e *

INTRODUCTION

1. The d i s c o v e r y  o f  p itch b len d e  on the s h o r e s  o f  G reat  B e a r  L ak e  w a s  
m a d e  by G ilb ert  A .  L a B in e  in 1 9 3 0 (1 ) .  A  r e f in e r y ,  m a in ly  for the  r e c o v e r y  o f  
ra d iu m , w a s  built  at P o r t  H ope, O n tar io ,  in 1932 . S e v e n  to n s  o f  c h e m ic a l s  and  
o th er  m a t e r ia l s  w e r e  r e q u ir e d  to o . ie ’ton  o f  c o n c e n t r a t e s , and the P o r t  H ope  
s i t e  w a s  c h o s e n  b e c a u s e  it w a s  lo c a te d  in  S ou th ern  O ntar io  c lo s e  to  the s o u r c e  
o f  supp ly  o f  b a s ic  c h e m i c a l s . S in c e  t h e r e  i s  about one  ton  o f  u r a n iu m  in  
e q u i l ib r iu m  w ith  one g r a m  of  r a d iu m , u r a n iu m  w a s  a r a th e r  e m b a r r a s s in g  b y ­
product in  the  e a r ly  d a y s  o f  r a d iu m  r e f in in g .  At that t im e  th e  c h ie f  u s e  of  
u r a n iu m  w a s  in  the c e r a m ic  in d u s tr y ,  w h e r e  it  w a s  u s e d  a s  a co lo u r  for  p o t te r y  
and china w a r e ,

2. With the d i s c o v e r y  o f  n u c le a r  f i s s i o n  in  1938, the p o s s ib i l i t y  o f  the
p rod u ct ion  o f  v a s t  qu an tit ie s  o f  e n e r g y  f r o m  u r a n iu m  b e c a m e  app aren t .  The  
m in e  at G reat B e a r  L a k e ,  w h ich  had b e e n  c lo s e d  f r o m  June 1940 to M ay 1942, 
w a s  re  -o p e n e d . In 1943, E ld o r a d o  M in ing  and R e f in in g  C om p an y  began  
p rod u ction  at P o r t  H ope o f  tonnage  q u an tit ie s  o f  U 3 0 g o f  a p p r o x im a te ly  96% 
p u rity  fr o m  G reat B e a r  L ak e  and B e lg ia n  Congo c o n c e n t r a t e s . The U^Og w a s  
sh ipped  to the  U n ited  S ta te s  for  fu r th er  r e f in in g .

3. In 1947, E ld o ra d o  p rod u ced  a s m a l l  quantity  o f  p u r if ie d  u r a n y l  n itr a te
by  f r a c t io n a l  c r y sta l l iza t j .o n .  T h is  w a s  fu r th er  p u r if ie d  by  p r e c ip i ta t io n  as
u ra n iu m  te tr o x id e  and w a s  then  u s e d  for  the  p r o d u c t io n  o f  u r a n iu m  m e t a l  by  
re d u c t io n  w ith  c a lc iu m  in  a p i lo t  plant o f  the  D o m in io n  M a g n e s iu m  C om pany  at 
H a le y ,  O n tar io .  In M arch , 1948, about 90 kg (200 lb) o f  p u r if ie d  u r a n y i  n itr a te  
w a s  p rod u ced  on a la b o r a to r y  s c a l e  by continu ous e th er  e x tr a c t io n .

4. In 1 9 4 9 , a s m e l t in g  p r o c e s s  (2) w a s  d e v e lo p e d  at F o r t  Hope to s e p a r a te
u ran iu m  fro m  oth er  v a lu a b le  c o n s t i tu e n ts  of r a d iu m  g r a v ity  c o n c e n tr a t e s ,
(co b a lt ,  n ic k e l ,  c o p p e r ,  s i l v e r  and b i s m u t h ) .

* R e f in in g  D iv is io n ,  E ld o ra d o  M in ing  and R e f in in g  L im it e d ,  P o r t  H ope, O ntar io
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5. In th is  p r o c e s s  9 9 .  9% o f  the  u r a n iu m  as U O 2  w e n t into the s la g  w h ile  
the  o th er  v a lu a b le  e le m e n t s  a p p ea red  in  the s p e i s s . The s p e i s s  w a s  s o ld  to a 
coba lt  r e f in e r y  for  the r e c o v e r y  o f  c o b a lt ,  n ic k e l ,  c o p p er  and s i lv e r .  T he  
m o lte n  s la g  w a s  gran u la ted  by p a s s in g  it  into a s t r e a m  of  w a t e r .  It w a s  ground  
in  a b a l l  m i l l ,  d ig e s t e d  w ith  n i tr ic  a c id ,  and u r a n iu m  w a s  r e c o v e r e d  f r o m  the  
f i l t e r e d  liq u o r s  by e th er  o r  h e x o n e  e x tr a c t io n .

6. A  p ilo t  p la n t , b a s e d  on the  e t h e r - e x t r a c t io n  plant of the  U n ited  K ingdom  
A to m ic  E n e r g y  A u th o r ity  at S p r in g f ie ld s , L a n c s . , w a s  s e t  up to c a r r y  out  
e x tr a c t io n  w o r k  on s l a g s . A lthough  the p i lo t  p lant w a s  d e s ig n e d  for  e th er  
e x tr a c t io n ,  e th er  w a s  n e v e r  u s e d  a s  an e x tr a c ta n t .  In la b o r a to r y  t e s t s , h ex o n e  
(m e t h y l- i s o b u ty l - k e to n e )  had b e e n  found to  be a b e t te r  e x tr a c ta n t  and w a s  t h e r e ­
fo r e  u se d ;  t e s t s  had sh ow n  a r e c o v e r y  o f  99 . 7% o f  the U^Og in  two e q u a l -v o lu m e  
e x tr a c t io n s .  The p ilo t  p lant o p e r a te d  through  1950 to M ay 1951, y ie ld in g  a 
p rod u ct  on ly  s l ig h t ly  l e s s  p u re  than that m a d e  by  e th er  e x tr a c t io n .

7. In m id  - 1 9 5 1 , t r ib u ty l  p h osp h ate  w a s  f i r s t  t e s t e d  at E ld o r a d o  a s  an 
ex tr a c ta n t  for  u r a n iu m . An in t e n s iv e  p r o g r a m m e  w a s  u n d er ta k en  on s lu r r y  
e x tr a c t io n  u s in g  tr ib u ty l  p h osp h ate  (T B P )  in  a k e r o s e n e  d i lu en t .  K e r o s e n e  i s  a 
sa tu ra ted  h y d r o c a r b o n  w ith  a f la s h  point o f  about 60®C (140°  F ) .  The C a ta ly t ic  
C o n str u c t io n  C om p an y  o f  P h i la d e lp h ia  w a s  e n gaged  to d e s ig n  a c o m p le te  s o lv e n t - 
e x tr a c t io n  p r o c e s s  for  the  r e f in in g  o f  u ra n iu m  for  E ld o r a d o .

8. The in it ia l  p lant d e s ig n e d  by the C a ta ly t ic  C o n s tr u c t io n  C om p an y  w a s  
b a s e d  on the  s m e l t in g  o f  the G reat  B e a r  L ake g r a v ity  c o n c e n t r a t e s , then  d ig e s t in g  
and e x tr a c t in g  the p u lv e r iz e d  s la g  m ix e d  w ith  u r a n iu m -b e a r in g  c h e m ic a l  
c o n c e n tr a te s  f r o m  o th e r  s o u r c e s .  B e c a u s e  o f  th e  l a r g e  c a p ita l  c o s t s  o f  the  
p r o p o se d  r e f in e r y ,  and the l im it e d  known r e s e r v e s  o f  u r a n iu m  in  C anada at that  
t im e  ( 1 9 5 2 ), fu r th er  a c t io n  w a s  d e f e r r e d .  A  m o d if ie d  f lo w - s h e e t  w a s  then  
d e s ig n e d  w h ich  did  not in c lu d e  the s m e l t in g  p r o c e s s . T h is  m o d if ic a t io n  in v o lv e d  
the d ir e c t  d ig e s t io n  o f  a  m ix tu r e  o f  G reat B e a r  L ak e  g r a v ity  c o n c e n tr a te s  w ith  
oth er  c h e m ic a l  p r e c i p i t a t e s , fo l lo w e d  by s lu r r y  e x tr a c t io n .  The o v e r a l l  c o s t  
e s t im a t e s  s e e m e d  far m o r e  f a v o u r a b le , and a d e c i s i o n  w a s  m a d e  to p r o c e e d  
w ith  fu rth er  d e v e lo p m e n t  on the  m o d if ied  p r o c e s s .

9. A s a  r e s u lt  it w a s  found that d i r e c t  d ig e s t io n  o f  fee d  m a t e r ia l s  fo l lo w e d  
by so lv e n t  e x tr a c t io n  o f  the s lu r r y  cou ld  be  c a r r i e d  out w ith  r e c o v e r y  and purity  
o f  the product b e t te r  than any p r e v io u s ly  ob ta in ed . T h e s e  r e s u l t s  w e r e  c o n f ir m e d  
in  p i lo t -p la n t  o p e r a t io n s  at P o r t  H ope in  June and Ju ly  o f  1953, and at the
N a tio n a l  L e a d  C om p an y  o f  O hio in  F e b r u a r y  and M a r c h  o f  1954. The t e s t s  pro v ed  
c o n c lu s iv e ly  that a m e t a l - g r a d e  o x id e  cou ld  be  p r o d u c e d ,  and c o n s tr u c t io n  o f  a 
s o lv e n t - e x t r a c t io n  plant w a s  a p p r o v e d .  T h is  p lant w a s  c o n s tr u c te d  w ith in  the  
w a l l s  o f  the old e x tr a c t io n  p lant .
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10. T h e  n e w  s o l v e n t - e x t r a c t i o n  p l a n t  b e g a n  to  o p e r a t e  in  J u n e  1955. T h e
plant and i t s  o p e r a t io n s  a r e  d e s c r ib e d  a s  f o l l o w s :

(1) D r y - f e e d s  h a n d l in g  an d  d i g e s t i o n
(2) S o lv e n t  e x t r a c t i o n  a n d  s o lv e n t  t r e a t m e n t
(3) B o ild o w n  and d e n itr a t io n
(4) R a ff in a te  e v a p o r a tio n  and t r e a tm e n t
(5) N i t r ic  a c id  r e c o v e r y  and^
( 6 ) S u m p  r e c o v e r y .

DRY-FEED'S HANDLING  AND DIGESTION

11., IVith th e  e x c e p t io n  o f  the G reat B e a r  L ak e  g r a v ity  c o n c e n tr a t e s ,  th e
feed  m a t e r ia l s  r e c e iv e d  a t  th e  P o r t  H ope r e f in e r y  a r e  c h e m ic a l  p r e c ip i t a te s  
conta in ing  b e tw e e n  40% an d  80% U jO g .  A n a ly s e s  o f  ty p ic a l  f e e d  m a t e r ia l s  a r e  
g iv en  in  T a b l e s  1 and 2.

T ab le  1

C h e m ic a l  A n a ly s is  o f  T y p ic a l  F e e d  M a te r ia l s  R e c e iv e d  at the

F o r t  H ope R e f in e r y

P e r  cen t  (as r e c e iv e d )

F e e d A B C D E F G
. ' ' —

U O 3 8
1 4 .0 4 0 .0 74. 0 72. 0 55. 0 8 0 .0 62 , 0

Ca 4 . 2 0. 5 0 .5 0. 5 0 . 8 1 .5 0 . 2

CO 3 *
C l 0 . 0 6 0 „ 1 0

2 . 0  

0 . 0 2 0 . 1 2 0 . 1 2 0. 05 0. 03
F 0. 15 0, 04 0 . 0 1 0 . 0 2 0. 04 0 . 06 0 . 2

P 2 O 5 2 .. 0 1 0 . 0 0 , 2 0 . 4 0. 3 0 . 2 0 . 2

S 0 4 = 2 0 . 0 ^̂ ) 1 . 0 1 . 0 1 . 0 2 . 0 0 .5
Th 0 . 0 2 0 . 0 2 0 . 0 2 0 , 0 2 1 . 0 0. 7 0 . 8

V 2 O 5 0, 3 0. 3 1 . 2 0. 03 0 . 1 0 . 0 1 < 0 . 0 1

HC 1 In so l . 25. 0 4 .5 1 .5 2 .5 4 . 0 0, 7 5 .0
L o s s  at 110° 
(24 h r s )

C
0 . 2 6 . 0 4. 0 6 . 0 8 , 0 1 ,5 2. 5

(a.)' 'O c c u r s  as su lf id e  in  the  c o n c e n tr a te .
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T ab le  2

S p e c tr o g r a ph ic  A na l y s i s  o f  T y p ic a l  F e e d M a te r ia ls  

R e c e iv e d  at the  P o r t  H ope R e fi n e r y

P e r  cen t  (a s  r e c e iv e d )

F  eed A B C D E F G" ' ' '

A g 0. 04 0 . 0 1 - _ -

A1 4. 0 1 0 . 0 0 . 2 0 . 1 0 . 6 0 . 1 0 . 2

A s 14, 0 1 0 , 0 0. 04 0 . 0 2 0 . 08 ~
B 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1

B i 0. 9 1 . 0 _ _ -
Ca 4. 2 0 .5 0. 5 0 .5 0 . 8 1 .5 0 . 2

Cd - - . ~ - - -
Co 3. 3 0 . 03 - _ -
C r 0 . 0 1 - _ - -
Cu 4, 8 7 .6 0 . 0 2 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 2

F e 1 2 . 0 0 . 6 0 . 4 1 . 0 8. 0 0. 3 2 . 0

Mg 4 . 9 0. 5 0 . 2 1 2 . 0 14. 0 1 . 0 15. 0
Mn 0 . 6 0 . 2 0 . 0 1 0 . 0 1 0 . 1 < 0 . 0 1 0 . 0 2

Mo 0. 04 0 . 0 1 < 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1

N a - - 1 2 . 0 1 . 0 2. 7 5 . 0 1 . 0

N i 2 .9 - _ - - „

Fb 1 .5 1 . 0 0. 04 < 0 , 0 1 _

Sb 0 . 1 0 . 1 - _ -

Si 1 2 . 0 1 .4 1 . 0 1 . 1 2 . 1 1 . 0 1 . 0

Ti
Y 0. 14

0 . 2

0 .0 0 3
0 . 1 

0 . 0 2

0 . 0 2  

0 .0 0 0 5
< 0 , 0 1  

0. 04
0 , 1 

0 . 0 2 0 . 04

Lanthanid  e s

Dy 0. 04 0 . 0 0 1 0 . 008 0 . 0 0 0 2 0 . 0 0 2 0 . 0 0 2 o.oot
Gd 0, 04 0 . 0 0 1 0. 004 0 , 0 0 0 1 0 . 0 0 2 0 . 0 0 1 0 , 00(

12. The G reat B e a r  L a k e  g r a v ity  c o n c e n tr a te s  (14% U^Og) a r e  c u r r e n t ly
b e in g  r e c e iv e d  in  4 5 - k g  (1 0 0 -lb )  b a g s ,  but fu ture  s h ip m e n ts  w i l l  b e  m a d e  in  
1 0 0 - l i t r e  (2 5 -Im p . gal) d r u m s  s im i la r  to th o s e  u s e d  for  o th e r  f e e d s . T h ey  a r e  
w e ig h e d ,  sa m p le d ,  and the o r e  is  c r u sh e d  and ground to a p a r t ic l e  s i z e  l e s s  
than 0. 177 m m  ( -8 0  m e s h )  in  a rod m i l l .  The c o n c e n tr a te  i s  then  s to r e d  in  
10 0 - l i t r e  (2 5 -g a l )  d r u m s  u n til  r e q u ir e d .  A  ty p ic a l  a n a ly s i s  o f  the G reat  B e a r  
L ake g r a v ity  c o n c e n tr a te s  i s  l i s t e d  under "A" in  T a b le s  1 and 2.
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13. O ther fe e d  m a t e r ia l s  a r e  r e c e iv e d  in 1 0 0 - l i t r e  (2 5 -gal) d r u m s  c o n ta in in g
fr o m  180 to  270 kg (400 to  600 lb) of m a t e r ia l .  A f te r  s a m p lin g ,  the d r u m s  a r e  
lo a d e d  onto w ooden  p a l le t s ,  and a r e  tak en  to  the s to r a g e  a r e a  by  f o r k - l i f t  tru ck .

14. T h e  fee d  m a t e r ia l s  a r e  c o n v e y e d  by l i f t  tru ck  to  the b len d in g  a r e a .  A
photograph of th is  a r e a  i s  show n in F ig u r e  1. The p e r c e n ta g e  of each  fe e d  can  
be v a r ie d  w ith in  f a ir ly  w ide l im i t s ,  but i s  d e s ig n e d  to  g ive  a s lu r r y  with a 
u ran iu m  content of a p p r o x im a te ly  300 g U / l i t r e .  A t y p ic a l  b len d  i s  a s  f o l l o w s .
T h e  l e t t e r s  c o r r e s p o n d  to  t h o s e  g iv e n  in  T a b le s  1 and 2.

I

F ig u r e  1. B len d in g  A r e a

A drum  of c h e m ic a l  p r e c ip i ta te  about  
to  b e  d is c h a r g e d  into boot of bucket  
c o n v e y o r .  S p rou t-W ald en  r ib b o n -ty p e  
b le n d e r s  in background .
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A m o u n t  U ^O g
F e e d  w t .  % w t .  %

A  15 1 3 .3
B  10 4 0 .0
C 25 7 1 .7
D 25 7 4 .2
E  5 52 . 3
F  . 2 0  8 1 .5

T o t a l  100 6 1 .5  (w e ig h te d  a v e . )

15. T h e  d r u m s  a r e  e m p t i e d  in  the  p ro p er  p r o p o r t io n s  in to  the b oo t  o f  a
b u ck et  e l e v a t o r . The boot i s  equipped w ith  a g r a te  and a  m a g n e t i c  s e p a r a to r  to  
r e m o v e  t r a m p  m a t e r i a l s .  T h e  f e e d  i s  c a r r ie d  by b u c k e t -e le v a to r  to a s c r e w - 
c o n v e y o r  w h ich  in  turn  f e e d s  on e  o f  t h r e e  S p r o u t - W a ld e n  r ib b o n -ty p e  b le n d e r s .  
E a c h  b atch  i s  b len d ed  for  a p p r o x im a te ly  o n e  h o u r .  The m ix e d  fee d  i s  d i s c h a r g e d  
through  another  s c r e w -c o n v e y o r  to  a b u c k e t -e le v a to r  and th is  p a s s e s  the  fe e d  to 
the top f lo o r  of the b u ild in g  w h ic h  h o u s e s  the d ig e s t io n  t a n k s .

16. T h e  f e e d  i s  d i s c h a r g e d  in to  a  s u r g e - h o p p e r  l o c a t e d  a b o v e  the  f i r s t  o f
t h r e e  d ig e s t io n  t a n k s . A  c o n sta n t  f low  of f e e d  i s  m a in ta in e d  by an O m e g a  
g r a v im e t r i c  f e e d e r , w h ic h  d i s c h a r g e s  through  a s e a l  l e g  to the f ir  st  d ig e s t io n  
v e s s e l .  N i t r ic  a c id  (about 55 w t .  %) w h ich  h as  b e e n  r e c o v e r e d  f r o m  another  part  
o f  the  p r o c e s s , i s  c o n t in u o u s ly  fed  at a  c o n tr o l le d  r a te  to  the  f i r s t  d i g e s t o r . The  
s lu r r y  c a s c a d e s  into  the s e c o n d  d ig e s t io n  tank and then  to  the th ird  o n e .  T h is  i s  
a la r g e  tank and i s  the fee d  tank for  the s lu r r y - e x t r a c t i o n  p r o c e s s . The f i r s t  two  
tanks  a r e  p ro v id ed  w ith  c o o l in g  w a t e r  and s te a m  l in e s  to c o n tr o l  the te m p e r a tu r e  
a t  t h e  r e a c t i o n .  T h e  t h i r d  t a n k  i s  e q u ip p e d  w ith  c o o l in g  c o i l s  to  l o w e r  t h e  t e m p ­
e r a t u r e  of t h e  s lu r r y  to  35 °C  (95°F )  b e f o r e  e x tr a c t io n .  The s lu r r y  co n ta in s  about  
300 g U / l , i s  3N in  f r e e  n i tr ic  a c id ,  and h a s  a d e n s i ty  o f  ,1 .6  g / m l .  C o n tro l  of  
both the  u r a n iu m  conten t  and the  f r e e  a c id  in  the  s lu r r y  i s  m a in ta in e d  by  p e r io d ic  
s a m p lin g ,  and the  f low  r a te s  o f  f e e d  m a t e r ia l s  and n i tr ic  a c id  can  be ad ju sted .

17. T h e  hot a c id ic  g a s e s  p ro d u ced  in  d ig e s t io n  a r e  d raw n o f f  in  a vent
s y s t e m  a n d  a r e  c o n ta cte d  b y  a. c ir c u la t in g  w a te r  s t r e a m  in  th e  fu rne  s c r u b b e r .  
N it r ic  a c id  i s  c o n d e n se d ,  and a c o n s id e r a b le  p r o p o r t io n  o f  the  n itr o g e n -o x id e  
g a s e s  i s  c o n v e r t e d  in to  n i t r i c  a c id  in  th e  fu m e  s c r u b b e r .  T h e  a q u e o u s  s t r e a m  
u s e d  fo r  scru b b in g  the g a s e s  i s  s c r u b  l iq u or  r e c y c l e d  f r o m  the sc ru b  c o lu m n  in  
the  e x tr a c t io n  a r e a .  T h is  l iq u o r  o v e r f lo w s  into  th e  f i r s t  d ig e s t io n  v e s s e l  and is  
u s e d  to  m a in ta in  the  s lu r r y  at p r o p e r  d e n s i ty .  W ater  c a n  b e  added i f  r e q u ir e d .  
T h e  n i t r o g e n - o x i d e  g a s e s  w h ic h  a r e  v e n te d  f r o m  th e  s c r u b b e r  a r e  c o n v e r t e d  to  
n itr ic  a c id .  .
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S O L V E N T  E X TR A C TIO N  A N D SO L V E N T  T R E A T M E N T

18. T h e  s o lv e n t - e x t r a c t !  on and s o lv e n t - t r e a t m e n t  a r e a  h a s  t h r e e  im p o rta n t
ta s k s  to p e r fo r m ;

1 . to r e c o v e r  m o r e  than 9 9 % o f  the u r a n iu m  fr o m  th e  s lu r r y
2 . to p rod u ce  a pure  u r a n y l  n i tr a te  s o lu t io n
3. to r e c o v e r  and t r e a t  s o lv e n t  for fu r th er  u s e .

The e x tr a c t io n  o f  u r a n iu m  fr o m  the s lu r r y  and the  p ro d u ct io n  o f  a v e r y  pure
u ra n iu m  so lu t io n  i s  a c c o m p l is h e d  in  t h r e e  p u ls  e - c o lu m n s .

19. The d i g e s t - l i q u o r  f e e d  p a s s in g  to the  e x tr a c t io n  c o lu m n  c o n ta in s  u ran y l
n i t r a t e , o th er  m e t a l  n i t r a t e s ,  f r e e  n i t r ic  a c id ,  c e r t a in  in s o lu b le  m a t e r ia l ,  and 
w a te r .  T h e r e  a r e  a l s o  s m a l l  am ou n ts  o f  s u l fa te ,  p h osp h ate  and a r s e n a t e s . The  
u ran y l  n i tr a te  i s  s e l e c t i v e l y  e x tr a c te d  fr o m  th is  so lu t io n  in to  the  o r g a n ic  p h a se  
(25 v o l  % T B P  in k e r o s e n e )  a c c o r d in g  to the  fo l lo w in g  r e a c t io n .

( A q )  + 2 N O 3  J U 0 2 ( N 0 3 ) 3  . 2 T B P , Q ^ g  ,

The k e r o s e n e  i s  u s e d  as an in e r t  d i lu en t  fo r  th e  tr ib u ty l  p h o sp h a te .  It l o w e r s  the  
d e n s i ty  and v i s c o s i t y  o f  the o r g a n ic  p h a s e ,  t h e r e b y  a id in g  the  m a s s  t r a n s f e r  o f  
the u ran y l  n i tr a te .

20. T h e  s a l t in g -o u t  e f fe c t  o f  the  n i tr a te  io n  fa v o u r s  the  t r a n s f e r  o f  u ra n iu m
into the  o r g a n ic  p h a s e , and it  i s  for  th is  r e a s o n  that a h igh  c o n c e n tr a t io n  o f
n i tr ic  a c id  (3N) i s  e m p lo y ed  in  the  e x tr a c t io n  c o lu m n . The a b s e n c e  o f  the  
sa lt in g -o u t  agent  in  the r e - e x t r a c t io n  c o lu m n  f a c i l i t a t e s  the t r a n s f e r  o f  u ra n iu m  
to the  aqueous  p h a se  ( d e - io n iz e d  w a t e r ) .

21. T h e  m a in  p ie c e s  o f  eq u ip m en t  in  th e  s o l  v e n t - e x t r a c t io n  s e c t io n  a r e
th r e e  p u l s e - c o lu m n s  - the  e x tr a c t io n  c o iu m n , the  sc r u b  c o lu m n , and the  r e  - 
ex tr a c t io n  c o lu m n . Two m ain  s t r e a m s ,  an a q u eou s  one and a s o lv e n t  o n e ,  enter  
each  c o lu m n  w ith  the aqueous s t r e a m  e n te r in g  at th e  top and the s o lv e n t  s t r e a m  
at th e  b o tto m . T h is  i s ,  o f  c o u r s e ,  c o u n te r c u r r e n t  e x tr a c t io n ,  s in c e  the  l iq u id s  
a r e  f low in g  in  o p p o s i te  d ir e c t io n s  one through  th e  o th e r .

2 2 . E a c h  o f  the c o lu m n s  p r o v id e s  in t im a te  c o n ta ct in g  by p u ls in g  the c o u n t e r -
c u r r e n t  f low  of the two p h a s e s . P u l s e s  a r e  p r o v id e d  by p u ls e  pum ps w ith  T e f lo n  
b e l l o w s . T h e  p u m p s , one o f  w h ich  i s  show n in  F ig u r e  2, a r e  lo c a te d  on up p er  
f lo o r s  of the e x tr a c t io n  a r e a  about 4 . 5 m  (15 ft) b e lo w  the  top  l iq u id  l e v e l  in  the  
co lu m n . T he pum ps a r e  lo ca te d  h e r e  in  o r d e r  to  r e d u c e  back  p r e s s u r e  on th e m .
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F ig u r e  2. A  P u l s e  P u m p
The b e l lo w s  o f  the pum p  
a r e  c o n s tr u c te d  o f  T e f lo n

23. E a c h  of the  c o lu m n s  i s  p a ck ed  w ith  a s e r i e s  o f  s t a i n l e s s  - s t e e l  t r a y s
w h ic h  h ave  h o le s  in  th e m . The h o le s  r e p r e s e n t  23% of the a r e a  and a r e  
s p a c e d  5 c m  (2 in) ap art .
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24.

25.

D e s ig n  data on the  c o lu m n s  a r e  g iv en  below :

P u ls e Pum p E ffe c t iv e D ia m e t e r
A m plitude F r e q u e n c y Colurnn h e igh t of h o le s T h e o r e t ic a l

C olum n cm in c y c l e s  /m in m ft m m in S ta g e s

E x tr a c t io n 2 . 7 1 . 1 55 11. 5 37. 5 4 . 8 . 187 6
Scrub 1 . 8 0 . 7 25 11. 5 37. 5 3. 2 . 125 4
R e - e x t r a c t io n 1. 3 0. 5 40 7. 5 25. 0 3. 2 . 125 6

The a c tu a l  he igh t of each  c o lu m n  in c lu d in g  d ise n g a g in g  s e c t io n s  i s  4  m  (12 ft) 
g r e a te r  than the e f fe c t iv e  h e ig h ts  g iv e n  a b o v e .

O p eratin g  f low  r a te s  in  the  s o lv e n t - e x t r a c t io n  a r e a  a r e ;

C olum n F lo w  R a te s  l i t r e s / r n in O r g a n ic /A q u e o u s  R atio

E x tr a c t io n
Scrub
Re -e x tr a c t io i

O rgan ic

100
100
100

A q ueous

25. 0
5 .9

6 6 . 8

4
17 

1. 5

Solvent t r e a tm e n t 100 4. 1 25

26.

27.

S lu r r y  at 300 g U /I, 3N in  f r e e  n i tr ic  a c id ,  i s  pum ped  fr o m  the  
c o lu m n  fe e d - ta n k  to  a s m a l l  p la s t i c  tank s itu a te d  above  the  e x tr a c t io n  c o lu m n .  
F r o m  h e r e  it  i s  fed  con t in u ou s ly  by an O m ega  R o to -d ip  f e e d e r  in to  the  c o lu m n  
b e lo w  the d isen g a g in g  s e c t io n .  The s p e e d  of ro ta t ion  of t h is  f e e d e r  i s  c o n tr o l le d  
e ith e r  a u to m a t ic a l ly  or m a n u a lly ,  and i s  s e t  to  g ive  an e x tr a c t  d e n s i ty  0 . 005  
g / m l  b e lo w  the d e n s i ty  obta ined  i f  th e  s o lu t io n  w a s  sa tu r a te d  w ith  s lu r r y  
con ta in in g  300 g U / l ,  3N in  H NO 3 . At p r e s e n t  the  s a tu ra t io n  d e n s i ty  i s  0. 972  
g / m l  at 35° C (9 5 “ F) with a so lv e n t  of 25% T B P  in k e r o s e n e .

S o lvent  in eq u i l ib r iu m  with 3N n i tr ic  a c id  (d e n s ity  0. 845 g / m l  at 
35° C (95°F) ) i s  pum ped into  the b ottom  of  the e x tr a c t io n  co lu m n , and it f lo w s  
c o u n te r c u r r e n t  to  the aqueous  s t r e a m .  T h e  d e n s i ty  of the  s o lv e n t  at the  top of 
the c o lu m n  i s  kept a s  c lo s e  to  the sa tu r a t io n  d e n s i ty  a s  p o s s ib le  in  o r d e r  to  
m in im iz e  the e x tr a c t io n  of th o r iu m  and o th er  i m p u r i t ie s .  T h e  o r g a n ic  p h a se  is  
p a s s e d  into  a s e t t l in g  tank, through  a D e L a v a l  h e r m e t ic  - ty p e  c e n tr i fu g e  to  
r e m o v e  s o l id s  and any en tra in ed  3.queous p h a s e ,  and th e n c e  to  the bottom, of  
the sc r u b  co lu m n.
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28. In the s c r u b  co lu n in , th e  o r g a n ic  "-uranyl nitra.te so lu t io n  i s  c o n ta cte d  
w ith  a s m a l l  quantity  of d e - io n ized .  w a te r  to  r e m o v e  im p u r i t ie s  and .nitric a c id .
T he s c r u b  l iq u o r  con ta in in g  220 g Xj/l and 2N in  f r e e  n i tr ic  a c id  i s  p a s s e d  to the  
fum e'■scrubbing tank in  the d ig e s t io n  a r e a ,  and .from t h e r e  i t  r e tu r n s  to the  
f i r s t  d ig e s t io n  tank .

2 9 . The p u r if ie d  e x tr a c t  i s  th en  fed  to the r e - e x t r a c t io n  c o lu m n , and
brought in to  c o n ta ct  w ith  a la r g e  quantity  o f  d e - io n iz e d  w a t e r .  T h is  o p e r a t io n  
t r a n s f e r s  th e  u r a n iu m  back  to the aq u eou s  p h a s e .  The aq u eou s  prod u ct  conta in ing  
u r a n y l  n i tr a te  i s  c o o le d ,  and a fter  e n tra in e d  T B P  h as  b e e n  r e m o v e d  f r o m  it by  a 
s k im m e r ,  i t  i s  c o n c e n tr a te d  and d e n i tr a te d .  T h e  s te p  w h e r e  th e  v o lu m e  i s  red u ced  
by b o i l in g  i s  known as "boild ow n” .

30. T h e  s o lv e n t  f r o m  the re™e.xtraction c o lu m n  f lo w s  in to 'a  tank w h e r e  it  
i s  m ix e d  w ith  a 7 w t .  % sod iu m  c a r b o n a te  so lu t io n .  The m ix tu r e  i s  th en  p a s s e d  
to two D e L a v a l  in d u s tr ia l  centr ifugeis  a r r a n g e d  in  p a r a l le l ;  t h e s e  s e p a r a te  the  
o r g a n ic  and aqueous p h a s e s .  The s o d iu m  ca r b o n a te  r e m o v e s  h y d r o l y s i s  p rod u cts  
fo r m e d  f r o m  TB P, and m o s t  o f  th e  r e s id u a l  u r a n iu m  is  le f t  in the  s o lv e n t .  The  
so lv e n t  i s  s e n t  to s to r a g e ,  and the  s od iu m  - c a r b o n a te  so lu t io n  i s  sen t  to the s u m p -  
t r e a tm e n t  a r e a .

BOILDOWN A N D D E N ITR A T IO N

31. T h e  a r e a  for  b o ild ow n  and d e n itr a t io n  c on ta in s  eq u ip m en t  in  w h ich  the
p u r if ie d  s o lu t io n  c o n ta in in g  u r a n y l  n itr a te  i s  c o n v e r te d  to  g r a n u la r  u ra n iu m  tr io x id e .  
T h is  c o n v e r s io n  i s  p e r fo r m e d  in  tv/o s t e p s .  T h e  f i r s t  s te p  c o n s i s t s  o f  a 
c o n c e n tr a t io n  o p e r a t io n  w h e r e  the aq u eou s  s o lu t io n  i s  b o i le d  dow n to m o lte n
u ran y l  n i tr a te  h e x a h y d r a te  (TJNH). The s e c o n d  s t e p  c o n s i s t s  of.a. t.?iermal 
d e c o m p o s i t io n  o f  th is  h yd ra te  to the  g ra n u la r  u r a n iu m  tr io x id e .

32. T h e  u r a n y l -n i t r a te  l iq u or  f r o m  the r e -  e x tr a c t io n  c o lu m n  i s  p a s s e d
into a s u r g e  tank, and fr o m  t h e r e  through  two s ta in le s  s - s t e e l  m i c r o - m e t a l l i c
f i l t e r s  in  s e r i e s  (10 m ic r o n  p o re  s i z e )  in to  th e  f i r s t  o f  two  th e r m o s y p h o n  
e v a p o r a to r s .  In the  f i r s t  e v a p o r a to r  it  i s  concentrated , to 47 w t .  % u r a n y l  n i tr a te .  
S o lven t  i s  s tr ip p e d  fr o m  the u r a n y l  n itr a te  in  a. colum.n pack ed  w ith  R a s c h ig  r in g s  
l o c a te d  ab ove  the  f la s h  c h a m b e r  o f  the f i r s t  e v a p o r a to r ;  s te a m  e v o lv e d  f r o m  the  
f la s h  c h a m b e r  i s  u s e d  for  s tr ip p in g .  T h e  s t e a m  p ro d u c e d  d u r in g  the f la s h in g  
p a s s e s  th rou gh  an e n tra in m e n t  s e p a r a to r  b e f o r e  it i s  d i s c h a r g e d  to the  a tm o s p h e r e .

33. The f i r s t  ev a p o r a to r  i s  l a r g e r  than the  seco n d  and w a s  d e s ig n e d  to be
cap ab le  o f  c o n v e r t in g  th e  UNH into  a  78 w t .  % c o n c e n tr a te  o f  U N . T h is  i s  not
n o r m a l ly  d on e , h o w e v e r , b e c a u s e  the  l a r g e r  s u r fa c e  a r e a  c o n tr ib u te s  to  
in c r e a s e d  c o r r o s io n ,  r e s u l t in g  in' an i r o n  con ten t  in  the  UO_ p rod u ct  o v e r  the  
s p e c i f ie d  v a lu e  o f  30 ppm .
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34. T he le v e l  of the liq u id  in  the f ir s t , e v a p o r a to r  i s  m a in ta in e d  co n sta n t  
by c o n t in u o u s ly  t r a n s f e r r in g  a p o r t io n  fr o m  its. l o w e s t  r e g io n  (b ottom s)  to  the  
s e c o n d  e v a p o r a to r .  The r e c i r c u la t io n  pum p in th e  se co n d  e v a p o r a to r  r e m o v e s  
the  b o tto m s  fr o m  the f i r s t  unit and p a s s e s  the  47 w t. % UN to g e t h e r  w ith  b o t to m s  
fr o m  the seco n d  e v a p o r a to r  th rou gh  a h e a t  e x c h a n g e r .  The s u p e r h e a te d  l iq u id  i s  
f la s h e d  a fter  it l e a v e s  the  h ea t  e x c h a n g e r  to  p rod u ce  78. 5 w t. % UN.

35. A  p o r t io n  of the 78. 5 wt. % UN b o tto m s  m a in ta in e d  in  th e  s e c o n d -  
e v a p o r a to r  f la s h  drum  i s  r e m o v e d  p e r io d ic a l ly  to  any one o f  t h r e e  r e a c t o r s  for  
d en itra t io n .  T h e s e  r e a c t o r s  (F ig u r e  3) a r e  e l e c t r i c a l l y  h e a ted ,  and o p era te  
a p p r o x im a te ly  on a s e v e n -h o u r  b a t c h -w is e ,  d e n itr a t io n  c y c le .

I

F ig u r e  3. D e n itr a t io n  R e a c to r
A d e n itra t io n  r e a c t o r  i s  show n. T h e  top  o f  the  
r e a c to r  i s  at f lo o r  l e v e l .  in su ch  r e a c t o r s  
m o lte n  u r a n y l  n itr a te  i s  c o n v e r te d  to  u ra n iu m  
t r io x id e .  A  s e c t io n  of th e  s t a i n l e s s  s te e l  gu lp ing  

tube i s  sh ow n  on th e  f lo o r .
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T h e  c y c le  i s  a s  fo l lo w s :

P e r i o d  R e a c t i o n

1 st  h ou r  H 2 O e v o lv e d
2 nd hour  H 2 O, N O 2 . O 2  e v o lv e d
3rd  to  5th h o u r s  N 0 2 » O 2  e v o lv e d

6 th to  -7th h o u r s  P r o d u c t  gulped - r e c h a r g e d

36. T h e  U O 3  prod u ct ,  w h ich  i s  u s u a l ly  in g ra n u la r  p ow d er  fo r m ,  i s  m a n u a lly
gulped  fr o m  the unit by a vacuum  s y s t e m ,  and c o o le d  fr o m  a p p r o x im a te ly ,  2 1 0 “ C 
to  6 6 "C (400" to  1 5 0 ° F) in a ja c k e te d  s e c t io n  of the ex h a u st  p ip in g . T h is  i s  done  
to  p r e v e n t  d e t e r io r a t io n  of the  b a g s  in the  dust  c o l l e c t o r  in  w h ich  the  f in e ly  
div id ed  dust  i s  c o l l e c t e d .  The la r g e  p a r t ic l e s  from, th e  c y c lo n e  s e p a r a to r  and  
the f in e ly  d iv id ed  d u st  from, the  dust  c o l l e c t o r  -are d i s c h a r g e d  to  a M ik r o -  
p u lv e r iz e r .  The U O 3  product i s  c a r r ie d  by  v ib r a t in g  c o n v e y o r  to  a h op p er  in the  
p ack ag in g  a r e a .  T h e  product i s  c o n t in u o u s ly  s a m p le d  a.s it  p a s s e s  fro m  th is  
hopp er  into  1 0 0 - l i t r e  ( 2 5 -ga l)  d r u m s ,  the s i z e  c u r r e n t ly  u s e d  for  sh ipp ing  the  
p u r if ie d  p rod u ct .  (See F ig u r e  4).

R A F F IN A T E  E V A PO R A TIO N  AND T R E A T M E N T

37. T h e  r a f f in a te - tr e a tm e n t  s e c t io n  of the  p lant h a s  tw o m a in  fu n ction s:

(i) R e c o v e r y  of n itr ic  a c id  fr o m  th e  r a ff in a te  and
(ii) C h e m ic a l  t r e a tm e n t  of the r a ff in a te  s o  that it can  

b e  s a fe ly  d is c a r d e d .

38, T h e  n i tr ic  a c id  i s  r e c o v e r e d  by the ad d it ion  of s u l fu r ic  a c id  to  the
ra ff in a te  fo l lo w e d  by e v a p o r a t io n  in a f o r c e d - c i r c u la t i o n  h o r iz o n ta l - tu b e  e v a p o r a to r .  
Treatm ient of the  ra ff in a te  for  d i s p o s a l  i s  by n e u tr a l iz a t io n  with a s lu r r y  of 
d o lo m it ic  h y d ra te .

3 9 . T h e  a q u eou s  ra ff in a te  f r o m  the e x tr a c t io n  co lu m n , w h ich  c o n s i s t e n t ly
runs l e s s  than  0 . 1 g U / i ,  i s  pum,ped fr o m  the e x tr a c t io n  a r e a  into  one of t h r e e  
ra ff in a te  h o ld - ta n k s .  T h e s e  tan k s  a r e  o p e r a te d  in  p a r a l le l .  W hile  one i s  b e in g  
f i l le d ,  an o th er  i s  b e in g  d is c h a r g e d ,  and th e  th ir d  b e in g  a n a ly s e d .  R aff in a te  with  
a h igh  u ran iu m  con ten t  i s  sen t  to  a h o ld - ta n k  in the s u m p - r e c o v e r y  a r e a  and is  
then  r e tu r n e d  to  th e  e x tr a c t io n  s ta g e .  S e t t le d  sa n d s  and s lu d g e  a r e  d raw n  off and 
se p a r a te d  fr o m  the ra ff in a te  by  f i l tr a t io n  through  a box  f i l t e r .

40 . A  quantity of su l fu r ic  ac id ,  equiva.lent to  the  c o m b in e d  n itr a te  p r e s e n t ,
i s  added  to  th e  r a ff in a te  s lu r r y  to  f r e e  the  c o m b in e d  n i t r a t e s .  T h e  s lu r r y  i s  then  
p a s s e d  th rou gh  a f o r c e d - c ir c u la t io n  eva .porator , and n i tr ic  a c id  i s  f la s h e d  in a
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F ig u r e  4. P a c k a g in g  H opper

T h e  u ran iu m  t r io x id e  i s  fed  to  th is  s t a in l e s s -  
s t e e l  hop p er  by v ib r a t in g  c o n v e y o r .  It i s  
th en  put into  d r u m s  r e a d y  for  sh ip m e n t .

v e r t i c a l  f la s h - c h a m b e r .  T he n i tr ic  a c id  fr o m  th e  e v a p o r a to r  (30 wt. % H NO 3 ) i s  
se n t  to  the  fra c t io n a t in g  c o lu m n  in  th e  n i t r ic -a c id  r e c o v e r y  a r e a .  The te m p e r a tu r e  
and v i s c o s i t y  of the b o t to m s  a r e  th e  c o n tr o l l in g  f a c t o r s  in  th e  e v a p o r a t io n  step  
a s  th e y  in d ica te  t h e  c o m p le t e n e s s  of evapora.tion. B e tw e e n  75% to  80% of th e  
n itr ic  a c id  con ta in ed  in  the r a ff in a te  i s  r e c o v e r e d  fo r  r e - u s e .
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41. T h e  e v a p o r a t o r  b o t t o m s -  e s s e n t i a l l y  m o l t e n  s a l t s  - m u s t  b e  f u r t h e r
p r o c e s s e d  b e fo r e  th e y  m a y  be d i s c a r d e d .  The b o t to m s  a r e  p um ped  i n to  one of
tw o  m i l d - s t e e l  n e u t r a l i z a t i o n  t a n k s ;  t h e s e  a r e  f i l l e d  w i th  th e  r e q u i r e d  a m o u n t
of d o lo m it ic  h yd ra te  s l u r r y ,  to  n e u tr a l iz e  a c e r t a in  v o lu m e  of e v a p o r a t o r  b o t to m s .  
T h e  t a n k s  a r e  o p e r a t e d  in  p a r a l l e l ,  one r e c e i v i n g  e v a p o r a t o r  b o t to m s  w h i le  th e  
o t h e r  i s  d isc h a rg in g ^  t o  a  r o t a r y  v a c u u m - f i l t e r .

42 . T h e  f i l t e r  c a k e  i s  c o l l e c t e d  in  a  b in  a n d  p e r i o d i c a l l y  r e m o v e d  b y
t r u c k  to  a  s t o r a g e  a r e a  f o r  r e s i d u e .  T h e  f i l t r a t e  g o e s  t o  m o i i i t o r i n g  t a n k s  w h e r e
i t  i s  a n a l y s e d  f o r  u r a n i u m ,  a r s e n i c  a n d  i r o n  b e f o r e  d i s c h a r g e  in to  L a k e  O n t a r i o .  
A t  t h i s  s t a g e  t h e  f i l t r a t e  s a t i s f i e s  t h e  r e q u i r e j m e n t s  f o r  d i s c h a r g e  f o r  e f f lu e n t  
w a s t e s  that have  b e e n  s e t  u p  by the  In tern a t ion a l  C o m m is s io n  fo r  the  C on tro l  of 
B oundary  W a ter s .

NITRIC ACID R E C O V E R Y

43 . T h e  m a in  s t r e a m s  f r o m  w h ich  r e c o v e r i e s  a r e  m a d e  a r e ;

A r e a  T yp e

D ig e s t io n  D ig e s t io n  fu m e s

B o ild o w n  and (a) D e n i tr a t io n  fu m e s
D e n itr a t io n  (b) L iq u o r s  f r o m  the d e n itr a t io n  s c r u b b e r

R a f f in a te  t r e a t m e n t  O v e r h e a d s  f r o m  th e  r a f f i n a t e  e v a p o r a t o r

N itr ic  a c id  i s  r e c o v e r e d  by (i) c o n c e n tr a t io n  and (ii) a b s o r p t io n .  C o n cen tra t io n  
i s  c a r r ie d  out in  a f r a c t io n a to r  on s t r e a m s  w h ich  co n ta in  e i t h e r  l iq u id  n i t r ic  a c id  
or n i t r i c - a c id  v ap ou r . A b so r p t io n  i s  c a r r i e d  out on g a s e o u s  s t r e a m s  c onta in ing  
g a s e o u s  NO and NOg- T h e  c o n c e n tr a t io n  s e c t io n  p r o d u c e s  a 55 w t. % n i t r ic  a c id  
and the a b s o r p t io n  s e c t io n  p r o d u c e s  a 40 wt. % n i t r i c  a c id .

A b so r p t io n

44 . T h e  g a s e o u s  s t r e a m s  p rod u ced  f r o m  the  d e n itr a t io n  and d ig e s t io n
o p e r a t io n s  con ta in  NO and N O 2  of s u f f ic ie n t  quantity  to  w a r r a n t  th e ir  r e c o v e r y .
T h e s e  s t r e a m s  a r e  f i r s t  s c r u b b e d  in  th e ir  r e s p e c t iv e  a r e a s .  The a b so r p t io n  
s y s t e m  i s  d e s ig n e d  to  r e c e i v e  t h e s e  g a s e s  w h ic h  a r e  of th e  fo l lo w in g  a p p r o x im a te  
c o m p o s i t io n :
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T e m p .  C o m p o s i t io n  w t.  % w et b a s i s
S ou rce “C °F N O 2 NO

£ 2 £ 2 H 2 O

D e n itra t io n 40 . 5 105 3. 5 13. 8 25. 6 54. 3 2 . 8

D ig e s t io n 65. 5 150 34. 1 48 . 9 2 . 2 9 . 1 5. 7

45 . T h e r e  a r e  tw o  p r i n c i p a l  r e a c t i o n s  i n v o lv e d  in  th e  a b s o r p t i o n  of 
n itr o g e n  o x id e s  to  f o r m  n itr ic  a c id .  NO i s  f i r s t  o x id iz e d  t o  N O 2 ; t h i s  i s  a  
c o m p a r a t i v e l y  s lo w  g a s - p h a s e  r e a c t i o n .  T h e n  N O 2  i s  a b s o r b e d  in  w a t e r  to  f o r m  
HNO 3  and NO. T h e  NO fo r m e d  i n  t h e  l a t t e r  r e a c t io n  m u s t  a g a i n  b e  o x id iz e d  t o  
NO^- B oth  t h e  l iq u id -p h a s e  a b s o r p t io n  o f  N O 2  in  w a t e r  and t h e  g a s  - p h a s e  o x i d i z a ­
t io n  of NO a r e  f a v o u r e d  b y  low  t e m p e r a t u r e s .

46. T h e  g a s  s t r e a m s  f r o m  d i g e s t i o n  a n d  d e n i t r a t i o n  a r e  d r a w n  b y  tw o  
tu rb in e  b lo w e r s  i n to  th e  oxidation  s e c t io n  b u i l t  in to  th e  b ottom  of th e  a b s o r b e r ,
A s m a l l  am ount of a ir  i s  b led  into  the s y s t e m  to  p ro v id e  oxy g en  fo r  ox idation
of th e  NO- The g a s e s  .stay lo n g  e n o u g h  in  th e  o x id a tion  s y s te m  t o  b e c o m e  ox id iz e d  
f ro m  a n  e s t i m a t e d  30% - 40% NO 2  t o  85% - 90% of th e  t o t a l  (NO + NO 2 ) content.
T h e  f u m e s  p a s s  upward through  a  fa l l in g  s p r a y  of n i tr ic  a c id  w h ich  r e m o v e s  about 
22 kW {15j 000 B T U  per hour) of the heat e v o lv e d  during  the ox id a tion  o f  NO to  
NO 2  and l o w e r s  the t e m p e r a tu r e  of the g a s e s  to  3 8 ° C (1 0 0 °F ) .

47. F u m e s  le a v in g  t h e  ox id a tion  s e c t io n  p a s s  upward th rou gh  t h e  a b so r p t io n  
s e c t io n  of the to w e r .  T h e  a b so r p t io n  s e c t io n  i s  c o m p o s e d  of s e v e r a l  b u b b le -
c a p  t r a y s ,  s o m e  of w h ich  a r e  p r o v id e d  with  c o o l in g  c o i l s .  T h e s e  c o o l in g  c o i l s ,  
through  w h ich  c o o l in g  w a ter  i s  c ir c u la te d ,  r e m o v e  about 47 kW (160, 000 BTU per  
hour) of h eat  e v o lv e d  by the c h e m ic a l  r e a c t io n s .

48. T r a c e  qu an tit ie s  of c h lo r id e s ,  in tr o d u ce d  into  the a b s o r b e r  w ith  the 
r e f lu x  or by  way of the  fe e d  g a s e s ,  a c c u m u la te  at an in te r m e d ia te  point in the  
a b s o r b e r .  The c h lo r id e s  a p p a r e n t ly  e x i s t  in the l iqu id  p h a se  a s  n i t r o s y lc h lo r id e  
and a r e  u s u a l ly  found at th e ir  g r e a t e s t ’ c o n c e n tr a t io n  w h er e  the a c id  s tr e n g th  i s  
b e tw e e n  22 and 23 wt. %. N e g le c t  in  r e m o v in g  th is  c h lo r id e  cou ld  r e s u l t  in an  
e x c e s s  of c o r r o s io n  in the a b s o r b e r  at the  zon e  of h igh c h lo r id e  c o n c e n tr a t io n .  
F a c i l i t i e s  for  o x id is in g  c h lo r in e ,  w h ich  w i l l  be  d i s c u s s e d  la te r ,  a r e  ca p a b le  of  
handling a purge  s tr e a m  f r o m  the a b s o r b e r .  S e v e r a l  b le e d  off  p o in ts  h ave  b een  
p rov id ed .

F r a c t io n a t io n

4 9 . The su l fu r ic  a c id  " sp r in g in g " , and the ev a p o r a t io n  of w a s te  r a f f in a te s  
r e s u l t s  in  the  ev o lu t io n  of c o n s id e r a b le  q u a n t it ie s  of n i tr ic  a c id  and w a te r  in the  
vapour fo r m . T h e s e  vap ou rs  a r e  e f f i c i e n t ly  c o n c e n tr a te d  in  a c o n v e n t io n a l  
b u b b le - tr a y  fr a c t io n a t in g  to w e r .  T h is  to w e r  i s  d e s ig n e d  to  hand le:
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(i) o v e r h e a d s  fr o m  the  ra ff in a te  e v a p o r a to r  at 140®C (285°F)3  
b e in g  a p p r o x im a te ly  30 wt. % H NO 3

(ii) d i lu te  a c id  c o n d e n sa te  fo r m e d  during  th e  s c r u b b in g  of 
d e n itr a t io n  g a s e s  a t  4 0 °C  (105'’F ) ,  34 wt. % n i t r ic  a c id

(iii)  m i s c e l l a n e o u s  l iq u id  s t r e a m s  of n i tr ic  a c id  su c h  a s  sum p  
a c id  and m a t e r ia l  that d o e s  not m e e t  s p e c i f ic a t io n .

A ll  t h e s e  s t r e a m s  a r e  fe d  d i r e c t ly  into  th e  fr a c t io n a to r ,  w h ich  i s  o p e r a te d  at 
about 150 m m  Hg a b so lu te  p r e s s u r e .  A bout 99% of the  n i tr ic  a c id  in  t h e s e  fee d  
s t r e a m s  i s  r e c o v e r e d  a s  a  b o t to m s  p rod u ct  of 55 wt. % n i t r ic  a c id .

C h lor id e  R e m o v a l

50. C h lo r id e s  a r e  r e m o v e d  fr o m  th e  n i tr ic  a c id  by t r e a t in g  it w ith  ozone.
T h e  s t r e a m  fr o m  the  n i t r i c - a c id  fr a c t io n a to r  i s  ta k en  off at a p p r o x im a te ly  the  
20 wt. % H NO 3  l®vel at a  t e m p e r a tu r e  o f  63°C (146°F )  and the a c id  s t r e a m  fro m  
the a b s o r b e r  i s  taken  at the 23% le v e l .  C h lo r id e s  con ta in ed  in  th e  a c id  are  
o x id iz e d  by  ozon e  to  c h lo r in e .  .O zone i s  g e n e r a te d  in  t h r e e  in d u s tr ia l  - t y p e , 
e l e c t r i c a l - d i s c h a r g e  g e n e r a to r s  fr o m  d r ie d  in s tr u m e n t  a i r .  T h e  g e n e r a to r s  a r e  
u s e d  s im u I ta n e o u s ly  to  p ro d u c e  a to ta l  of 27 kg (60 lb) of ozon e  p e r  day. The a ir  
s t r e a m  e m e r g in g  frOm the g e n e r a to r s  w i l l  con ta in  about 1 wt. % o z o n e .  T h is  
o z o n e - a i r  m ix tu r e  i s  then  d is tr ib u te d  by  d i f fu s io n  into  the b o tto m  of the  ozon ation  
tank. The c h lo r in e  fo r m e d  i s  c a r r i e d  b y  the a i r  and d i s c h a r g e d  to  the  a tm o s p h e r e  
th ro u g h  a c e n tr a l  s ta c k .  T h e  ozone  f a c i l i t i e s  a r e  cap ab le  of r e m o v in g  a p p r o x i ­
m a t e ly  6  kg (14 lb) of c h lo r id e  p e r  day.

Sum p Re c o v e  ry

51. T h e  s u m p - r e c o v e r y  a r e a  i s  p r o v id e d :  (i) to p r o c e s s  v a r io u s  w a s te
s t r e a m s  and o f f - s p e c i f ic a t io n  l iq u o r s  fo r  the r e c o v e r y  of u r a n iu m  (ii) to  
m o n ito r  a l l  w a s te  l iq u o r s  l e a v in g  the p lant  for  u ran iu m  con ten t .

52. T h e  tw o m a in  l iq u id  w a s t e s  w h ich  a r e  t r e a te d  i n  th e  su m p  - r e c ove ry
a r e a  a r e  the ca rb o n a te  w a s h e s  fro m  th e  s o lv e n t - e x t r a c t  ion  t r e a t m e n t ,  and the  
v a r io u s  f lo o r  sum p c o l l e c t io n s  f r o m  the d ig e s t io n ,  e x tr a c t io n ,  b o ild ow n ,  
d e n itr a t io n  and ra ff in a te  a r e a s .  A  s e p a r a te  f lo o r  sum p i s  in s t a l le d  in  the  
s ol ven t - e x t r a c t io n  a r e a  b e c a u s e  the  c o l l e c t e d  w a s te  in  t h is  a r e a  u s u a l ly  conta ins  
so lv e n t .  T h e s e  w a s t e s  a r e  p a s s e d  to  a s o lv e n t - s e p a r a t io n  s y s t e m  w h e r e  the  
a q u e o u s  and in o r g a n ic  p h a s e s  a r e  s e p a r a te d .  The c a r b o n a t e - v /a s t e  so lu t io n s  are  
a c id i f ie d  w ith  n i tr ic  a c id  to  a pH of l e s s  than four in  o r d e r  to  d e c o m p o s e  so lu b le  
u r a n y l  ca r b o n a te .  T h e  u ran iu m  and oth er  im p u r i t ie s  a r e  th en  p r e c ip i t a te d  from, 
so lu t io n  b y  n e u tr a l iz a t io n  with a m m o n ia .  The s lu r r y  i s  f i l t e r e d ,  the u r a n iu m - 
Containing ca k e  i s  r e - d i s s o l v e d  in  n i tr ic  ac id ,  and r e tu r n e d  to  the d ig e s t io n  a r e a .
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53. T h e  f i l t r a te  i s  sen t to  the m o n ito r in g  ta n k s ,  and a f te r  c h e c k in g  for
r a d io a c t iv ity  i s  d is c h a r g e d  into L a k e  O n tar io .
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