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©  Vibratory  processing  arrangements. 
©   A  vibratory  processing  arrangement  including  an  appar- 
atus  comprising  three  main  stages.  Namely,  a  high  level 
waste  vibrating  impregnator  (A),  a  vibrating  calciner  (B)  and  a 
vibratory  powder  mixer  (C). 

The  waste  impregnator  (A)  comprises  a  downwardly  in- 
clined  trough  (1)  having  flexible  mountings  (2)  and  a  vibrator 
(3)  at  its  upstream  end,  a  hood  structure  (4)  and  a  series  of 
liquid  sprays  (5)  connected  to  a  high  level  waste  supply  tube 
(6). 

The  vibratory  calciner  (B)  comprises  a  downwardly  in- 
clined  tube  (12)  connected  to  downstream  discharge  tube 
(14).  The  discharge  tube  (14)  has  an  inlet  pipe  (15)  for  entry  of 
reducing  gas.  The  reducing  gas  passes  upwardly  through  the 
tubes  (14,  12)  to  a  gas  discharge  take-off  tube  (16)  near  the 
upstream  end  of  the  tube  (12).  A  vibrator  (18)  is  tuned  to  pro- 
vide  the  desired  flow  rate  through  tube  (12). 

Calcined  discharge  powder  falls  downwardly  into  the 
vibratory  mixer  (C),  which  has  a  vibratory  actuator  (20)  and 
flexible  mountings  (21).  Titanium  powder  is  introduced  into 
the  vibratory  mixer  (C)  through  a  secondary  inlet  (23)  and  is 
intimately  mixed  with  the  calcined  discharged  powder  before 
being  discharged  into  respective  canisters. 
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VIBRATORY  PROCESSING  ARRANGEMENTS 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  v i b r a t o r y   p r o c e s s i n g  

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

p r o c e s s i n g   a r r a n g m e n t   a p p l i c a b l e   to  i m p r e g n a t i n g   s o l i d  

p a r t i c u l a t e   s y n t h e t i c   r o c k   p r e c u r s o r   in  an  a c t i v e   c e l l  

* i t h   h i g h   l e v e l   r a d i o a c t i v e   w a s t e .   S u b s e q u e n t   h o t  

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

* h i c h   t h e   w a s t e   i6  i i u m o b o l i s e d   . 

The  p r e s e n t   a p p l i c a n t   and  The  A u s t r a l i a n   N a t i o n a l  

J n i v e r s i t y   a r e   t h e   p r o p r i e t o r s   of  a  s e r i e s   of  i n v e n t i o n s  

in  t h i s   f i e l d .   A u s t r a l i a n   p a t e n t   a p p l i c a t i o n   n o .  

MJ  - B 6 5 1 7 6 / 8 0   (now  P a t e n t   5 3 1 . 2 5 0 )   d e s c r i b e s   a  h o t   u n i a x i a l  

p r e s s i n g   p r o c e s s   i n c l u d i n g   e m b o d i m e n t s   in  w h i c h   a  c a n i s t e r  

h a v i n g   a  g e n e r a l l y   c y l i n d r i c a l   w a l l   of  b e l l o w s   - l i k e  

f o r m a t i o n   is   u s e d   to  c o n t a i n   t h e   s u p p l y   m a t e r i a l   to  b e  

p r e s s e d   and  w h i l e   h e a t i n g   i s   m a i n t a i n e d   p r e s s u r e   i s  

a p p l i e d   by  a  h y d r a u l i c   p r e s s .   The  s y n t h e t i c   r o c k   p r o d u c t  

i6  f o r m e d   as  t h e   b e l l o w s   l i k e   c a n i s t e r   is  a x i a l l y  

c o m p r e s s e d   . 
A  f u r t h e r   p a t e n t   a p p l i c a t i o n   no.   A U - 7 2 8 2 5 / 8 2   ( n o w  

P a t e n t   5 2 4 . 8 8 3 )   d e s c r i b e s   a  d e v e l o p m e n t   of  t h e   h o t  

u n i a x i a l   p r e s s i n g   in  w h i c h   t h e   p r e s s i n g   is   c o n d u c t e d   in  a n  

u p w a r d   d i r e c t i o n   a g a i n s t   a  f i x e d   t o p   a b u t m e n t   in  t h e   p r e s s .  

The  p r i o r   a r t   r e f e r r e d   to   in  t h e   above   s p e c i f i c a t i o n s  

i n c l u d e s   p r i o r   a r t   of  The  A u s t r a l i a n   N a t i o n a l   U n i v e r s i t y  

d e s c r i b i n g   t h e   f o r m a t i o n   of  s y n t h e t i c   r ock   f rom  s e l e c t e d  
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p h a s e s   and  s u i t a b l e   f o r   t h e   i m m o b i l i s a t i o n   of  r a d i o a c t i v e  

w a s t e .  

T y p i c a l l y ,   s y n t h e t i c   r o c k   p r e c u r s o r   i s   in  t h e   fo rm  o f  

a  f i n e   p o w d e r   and  h i g h - l e v e l   r a d i o a c t i v e   w a s t e   i s   a  l i q u i d  

i  w h i c h   m u s t   be  i m p r e g n a t e d   i n t o   t h e   p o w d e r   in  t h e   a c t i v e  

c e l l   and  p r e s s i n g   m u s t   a l s o   t a k e   p l a c e   in  an  a c t i v e   c e l l .  

E x t r e m e l y   r e l i a b l e   m e c h a n i c a l   h a n d l i n g   m e t h o d s   a n d  

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

e q u i p m e n t   to  o p e r a t e   f o r   t e n s   of  y e a r s   w i t h   s e r v i c i n g   a n d  

LO  r e p a i r s   c o n d u c t e d   o n l y   t h r o u g h   r e m o t e   m a n i p u l a t o r s .  

The  p r e s e n t   i n v e n t i o n   is   d i r e c t e d   to   p r o c e s s i n g  

a r r a n g e m e n t s   and  c o r r e s p o n d i n g   a p p a r a t u s   w h i c h   c a n  

f a c i l i t a t e   a c t i v e   c e l l   p r o c e s s e s   w h i c h   a r e   h i g h l y   r e l i a b l e  

and  c o n d u c t e d   w i t h   e q u i p m e n t   w h i c h   i s   i n t r i n s i c a l l y  

15  r e l a t i v e l y   s i m p l e   so  t h a t   l o n g   w o r k i n g   l i f e   a n d  

m a i n t e n a n c e   w i t h   r e m o t e   m a n i p u l a t o r s   can   be  p r o v i d e d .  

A c c o r d i n g   to  a  f i r 6 t   a s p e c t   of  t h e   i n v e n t i o n   t h e r e   i s  

p r o v i d e d   a  m e t h o d   of  p r o d u c i n g   i m p r e g n a t e d   s y n t h e t i c   r o c k  

p r e c u r s o r   c o m p r i s i n g :  

20  f e e d i n g   p a r t i c u l a t e   s y n t h e t i c   r o c k   p r e c u r s o r   i n t o   a  

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

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

u n d e r   v i b r a t i o n .  

s p r a y i n g   t h e   p a r t i c u l a t e   m a t e r i a l   w i t h   a  l i q u i d  

25  i n c o r p o r a t i n g   r a d i o a c t i v e   w a s t e   o v e r   an  e x t e n d e d   r e g i o n   o f  

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

t h e   p a r t i c u l a t e   m a t e r i a l   w h i c h   c o n t i n u e s   to  a d v a n c e   to  t h e  

d i s c h a r g e   end  of  t h e   d e v i c e ,   a n d  

d i s c h a r g i n g   t h e   i m p r e g n a t e d   s y n t h e t i c   r o c k   p r e c u r s o r .  

30  A l t h o u g h   p r e f e r a b l y   t h e   i n v e n t i o n   i s   i m p l e m e n t e d   in  a  

c o n t i n u o u s   p r o c e s s   in   w h i c h   t h e   e l o n g a t e d   p a t h   e x t e n d s  

f r o m   s p a c e d   u p s t r e a m   and  d o w n s t r e a m   e n d s ,   t h e   p r o c e s s   c a n  

a l s o   be  o p e r a t e d   w i t h   p a t h s   of  d i f f e r e n t   c o n f i g u r a t i o n   a n d  

i n d e e d   can   be  o p e r a t e d   in  a  b a t c h   p r o c e s s   in  w h i c h   t h e  

35  v i b r a t o r y   c o n v e y i n g   means   c a u s e s   t h e   p a r t i c u l a t e   p r e c u r s o r  

to  move  a r o u n d   w i t h i n   a  s u i t a b l e   v e s s e l   as  i t   i s   b e i n g  

s p r a y e d   w i t h   r a d i o a c t i v e   w a s t e   l i q u i d .   For   e x a m p l e ,   a  

4 5 9 2 S / S B  
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g e n e r a l l y   s q u a r e   t r o u g h   l i k e   v e s s e l   may  be  u s e d   and  t h e  
v i b r a t o r y   c o n v e y o r   means   can  c a u s e   t h e   p a r t i c u l a t e  
m a t e r i a l   to   c i r c u l a t e   a r o u n d   t h e   t r o u g h .  

One  v e r y   i m p o r t a n t   e m b o d i m e n t   of  t h e   i n v e n t i o n   i s   o n e  
5  in  w h i c h   h e a t   i s   a p p l i e d   to  t h e   i m p r e g n a t e d   s y n t h e t i c   r o c k  

p r e c u r s o r   t h e r e b y   m a i n t a i n i n g   a  s u b s t a n t i a l l y   d r y   s t a t e  
and  c a u s i n g   e v a p o r a t i o n   of  w a t e r   t h e r e b y   l e a v i n g   t h e  
r a d i o a c t i v e   m a t e r i a l   i m p r e g a t i n g   t h e   w a s t e .   The  l e v e l   o f  
h e a t i n g   i s   p r e f e r a b l y   r e l a t i v e l y   low  e . g .   300°   C  w h e r e b y  

10  t h e   p o w d e r   can   r e m a i n   in  a  f l o w a b l e   s t a t e   and  c o m p o n e n t s  
of  t h e   r a d i o a c t i v e   w a s t e   w h i c h   a r e   v o l a t i l e   a t   h i g h e r  
t e m p e r a t u r e s   r e m a i n   s u b s t a n t i a l l y   in  t h e   s y n t h e t i c   r o c k .  

The  c o n v e y o r   may  be  i n c l i n e d   e i t h e r   u p w a r d l y   o r  
d o w n w a r d l y   or  may  be  h o r i z o n t a l .   T h i s   is   d i c t a t e d   by  t h e  

15  p h y s i c a l   f o r m   of  t h e   p r e c u r s o r .  

P r e f e r a b l y   t h e   i n v e n t i o n   i s   i m p l e m e n t e d   in  a  
g e n e r a l l y   t r o u g h   l i k e   v i b r a t o r y   c o n v e y o r   and  h a s   a  
v i b r a t i n g   e l e m e n t   a p p l i e d   n e a r   i t s   u p s t r e a m   e n d .   i t s  
d o w n s t r e a m   end  b e i n g   s u p p o r t e d   in  a  f l e x i b l e   m o u n t i n g   a n d  

iO  r e m a i n i n g   s u b s t a n t i a l l y   s t a t i o n a r y .  

P r e f e r a b l y   a  s e r i e s   of  s p r a y   h e a d s   a r e   s p a c e d   a l o n g  
t h e   t r o u g h   - l i k e   c o n v e y o r .  

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

5  p o u r a b i l i t y   and  p a c k i n g   d e n s i t y   c o m p a r e d   w i t h   t h e  
p a r t i c l e s   of  s y n t h e t i c   r o c k   p r e c u r s o r ;   i t   has   b e e n   f o u n d  
t h a t   u se   of  t h i s   a s p e c t   of  t h e   i n v e n t i o n   p e r m i t s   v e r y  
e f f e c t i v e   i m p r e g n a t i o n   of  s u c h   g r a n u l e s   w i t h   h i g h l y  
u n i f o r m   d i s p e r s i o n   of  r a d i o a c t i v e   c o m p o n e n t s   t h r o u g h   t h e  

0  f i n a l   s y n t h e t i c   r o c k   p r o d u c e d   a f t e r   a  ho t   u n i a x i a l  
p r e s s i n g   p r o c e s s .  

A c c o r d i n g   to  a  s e c o n d   a s p e c t   of  t h e   i n v e n t i o n ,   t h e r e  
i s   p r o v i d e d   a  m e t h o d   of  p r e p a r i n g   s y n t h e t i c   r o c k   p r e c u r s o r  
f o r   a  ho t   u n i a x i a l   p r e s s i n g   p r o c e s s ,   t h e   p r e c u r s o r   b e i n g  

5  of  p a r t i c u l a t e   f o r m   and  h a v i n g   i m p r e g n a t e d   t h e r e t h r o u g h  
r a d i o a c t i v e   w a s t e ,   t h e   m e t h o d   c o m p r i s i n g   p a s s i n g   t h e  
m a t e r i a l   i n t o   an  u p s t r e a m   end  of  an  e l o n g a t e d   d o w n w a r d l y  
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i n c l i n e d   t u b u l a r   d u c t ,   e s t a b l i s h i n g   v i b r a t i o n   of  t h e  

t u b u l a r   d u c t   w h e r e b y   t h e   p a r t i c u l a t e   m a t e r i a l   a d v a n c e s  

p r o g r e s s i v e l y   and  a p p l y i n g   h i g h   l e v e l   h e a t i n g   so  as  t o  

c a l c i n e   t h e   p a r t i c u l a t e   m a t e r i a l ,   and  d i s c h a r g i n g   t h e  

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

P r e f e r a b l y ,   t h e   a p p a r a t u s   i s   a r r a n g e d   to   p r o v i d e   a n  
o 

o p e r a t i n g   t e m p e r a t u r e   of  a b o u t   750  C .  

The  c a l c i n i n g   a p p a r a t u s   p r e f e r a b l y   has   a  v a r i a b l e  

f r e q u e n c y   v i b r a t i o n   u n i t   w h i c h   p r e f e r a b l y   i s   d i r e c t e d   t o  

LO  a c t u a t e   v i b r a t i o n s   a t   t h e   d o w n s t r e a m   end  of  t h e   t u b e ,   t h e  

u p s t r e a m   end  b e i n g   m o u n t e d   in  s u i t a b l e   f l e x i b l e   m o u n t i n g s  

and  s u b s t a n t i a l l y   n o t   m o v i n g .  

W i t h   a d v a n t a g e ,   i n d u c t i o n   h e a t i n g   can  be  u s e d   f o r   t h e  

f u r n a c e   w h i c h   can   be  s u r r o u n d e d   by  i n s u l a t i n g   m a t e r i a l .  

IS  F u r t h e r m o r e ,   in   t h i s   a s p e c t   of  t h e   i n v e n t i o n   a  m o s t  

a d v a n t a g e o u s   e m b o d i m e n t   i s   one  in   w h i c h   t h e   t u b u l a r   d u c t  

i s   c o n n e c t e d   t o   a  gas   c i r c u l a t i o n   s y s t e m   w h e r e b y   a  

c o n t r o l l e d   a t m o s p h e r e   can   be  p a s s e d   p r e f e r a b l y   in   a  

c o u n t e r   c u r r e n t   a r r a n g e m e n t   t h r o u g h   t h e   t u b u l a r   d u c t .  

20  w h e r e b y   v o l a t i l e   r a d i o a c t i v e   c o m p o n e n t s   f rom  t h e   w a s t e   c a n  

be  t a k e n   up  and  r e m o v e d   t h r o u g h   s u i t a b l e   f i l t e r i n g  

a r r a n g e m e n t s   . 
T h i s   a s p e c t   of  t h e   i n v e n t i o n   p e r m i t s   a  r e l i a b l e   a n d  

v e r y   c o m p a c t   c a p i t a l   e f f e c t i v e   p l a n t   to  be  d e v i s e d   t h e r e b y  

25  o b v i a t i n g   t h e   c o m p l e x i t y   and  v e r y   c o n s i d e r a b l e   v o l u m e  

r e q u i r e d   f o r   an  a p p a r a t u s   s u c h   as  a  r o t a r y   c a l c i n e r .   T h e  

c a p i t a l   c o s t   p e r   c u b i c   m e t e r   of  an  a c t i v e   c e l l   i s   v e r y  

h i g h   and  t h e r e f o r e   a  m a j o r   i m p a c t   on  t h e   e c o n o m i c s   of  s a f e  

d i s p o s a l   of  r a d i o a c t i v e   m a t e r i a l   may  r e s u l t   f rom  use   o f  

30  e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n .  

A c c o r d i n g   to  t h e   t h i r d   a s p e c t   of  t h e   i n v e n t i o n ,   t h e r e  

is   p r o v i d e d   an  a r r a n g e m e n t   f o r   m i x i n g   a  t i t a n i u m   p o w d e r  

i n t o   a  c a l c i n e d   s y n t h e t i c   r o c k   p r e c u r s o r   i n c o r p o r a t i n g  

t h e r e i n   r a d i o a c t i v e   w a s t e ;   t h e   a r r a n g e m e n t   c o m p r i s e s  

35  u s i n g   a  t u b u l a r   v i b r a t o r y   c o n v e y o r   w h i c h   is   d o w n w a r d l y  

i n c l i n e d   in   t h e   d o w n s t r e a m   d i r e c t i o n   and  t h e   t i t a n i u m  

p o w d e r   i s   i n t r o d u c e d   j u s t   d o w n s t r e a m   of  t h e   s y n t h e t i c   r o c k  
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p r e c u r s o r   i n l e t   to   t he   v i b r a t o r y   t u b e ,   w h e r e b y   i n t i m a t e  
m i x i n g   of  t h e   p a r t i c u l a t e   m a t e r i a l   o c c u r s   in  a  w e l l  
c o n t r o l l e d   and  c o n t i n u o u s   m a n n e r .  

The  d i s c h a r g e   can  be  to  a  r e c e i v i n g   h o p p e r   a n d / o r   t o  
5  a  b e l l o w s - l i k e   c o n t a i n e r   w h e r e b y   t h e   p o u r e d   m a t e r i a l   i s  

r e a d y   f o r   a  h o t   u n i a x i a l   p r e s s i n g   p r o c e s s .  
V a r i o u s   e m b o d i m e n t s   of  t h e   i n v e n t i o n   can  c o n t r i b u t e  

s u b s t a n t i a l l y   to  a  most   e f f e c t i v e   p l a n t   f o r   h i g h   l e v e l  
w a s t e   i m m o b i l i s a t i o n   in  s y n t h e t i c   r o c k   by  p r o v i d i n g   a  

10  c o m p a c t   and  r e l i a b l e   p r o c e s s   s u b s t a n t i a l l y   a v o i d i n g   t h e  
h a n d l i n g   of  any  s o l i d s   o t h e r   t h a n   d ry   p o u r a b l e   s o l i d s   a t  
e a c h   s t a g e .  

In  a  mos t   e f f e c t i v e   and  i m p o r t a n t   e m b o d i m e n t   a l l  
t h r e e   of  t h e   a b o v e   a s p e c t s   of  t h e   i n v e n t i o n   a r e   u s e d   i n  

L5  c o m b i n a t i o n   in   s e q u e n c e   and  f u r t h e r m o r e   a  f u r t h e r  
i n v e n t i v e   c o m b i n a t i o n   i s   one  in   w h i c h   t h e   a b o v e   t h r e e  
a s p e c t s   a r e   u s e d   in  c o m b i n a t i o n   w i t h   t he   f u r t h e r   i n v e n t i v e  
s t e p   t h e   s u b j e c t   of  t he   p r e s e n t   a p p l i c a n t ' s   c o - p e n d i n g  
a p p l i c a t i o n   e n t i t l e d   " F o r m a t i o n   of  C e r a m i c s "   and  w h i c h   i s  

10  d i r e c t e d   to  an  i n v e n t i o n   c o n s i s t i n g   in  an  a p p a r a t u s   f o r  
h o t   u n i a x i a l   p r e s s i n g   of  h e a t   r e s i s t a n t   m e t a l   c a n i s t e r s  
c o n t a i n i n g   s y n t h e t i c   r o c k   c o m p o n e n t s ,   t he   c a n i s t e r s   h a v i n g  
a  g e n e r a l l y   c y l i n d r i c a l   w a l l   i n c o r p o r a t i n g   b e l l o w s - l i k e  
f o r m a t i o n s ,   t h e   a p p a r a t u s   c o m p r i s i n g   a  h y d r a u l i c   p r e s s  

!5  h a v i n g   an  u p w a r d l y   a c t i n g   ram  w i t h   a  r e f r a c t o r y   f a c i n g  
t h e r e o n   f o r   s u p p o r t i n g   t h e   b o t t o m   of  t h e   c a n i s t e r ,   a  f i x e d  
t o p   a b u t m e n t ,   a  h e a t i n g   zone   i m m e d i a t e l y   b e l o w   t h e  
a b u t m e n t   and  a d a p t e d   to  s u r r o u n d   t h e   b e l l o w s   c o n t a i n e r  
d u r i n g   t h e   ho t   u n i a x i a l   p r e s s i n g   p r o c e s s   and  a  r e t r a c t a b l e  

0  p l a t e n   a d a p t e d   to  be  i n s e r t e d   l a t e r a l l y   i n t o   t h e   p r e s s  
b e l o w   t h e   h e a t i n g   zone  s u c h   t h a t   a  b e l l o w s   c a n i s t e r   can  b e  
p l a c e d   on  t h e   r e f r a c t o r y   f a c i n g   and  p a r t i a l l y   c o m p r e s s e d  
a t   a m b i e n t   t e m p e r a t u r e   by  u p w a r d   d i s p l a c e m e n t   of  t h e  
h y d r a u l i c   p r e s s ,   t h e   p l a t e n   b e i n g   r e m o v a b l e   to  p e r m i t   t h e  

5  p r e s s   to  be  d i s p l a c e d   u p w a r d l y   to  a  h i g h e r   l e v e l   w h e r e b y  
t h e   b e l l o w s   - l i k e   c a n i s t e r   is   i n s e r t e d   w i t h i n   t h e   h e a t i n g  
z o n e   and  a b u t s   a g a i n s t   t h e   t o p   a b u t m e n t .  

5 9 2 S / S B  



0 2 2 8 8 1 6  

-  6  - 

For   i l l u s t r a t i v e   p u r p o s e s   o n l y   an  e m b o d i m e n t   w i l l   b e  

d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s   o f  

w h i c h :  

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

5  f o r   i m p r e g n a t i n g   s y n t h e t i c   r o c k   p r e c u r s o r   and  f i l l i n g  

b e l l o w s   l i k e   c a n i s t e r s   f o r   u s e   in  a  ho t   u n i a x i a l   p r e s s i n g  

p r o c e s s   f o r   t h e   p r o d u c t i o n   of  s y n t h e t i c   r o c k ;  

F i g u r e   2  i s   a  s c h e m a t i c   s i d e   e l e v a t i o n   of  a  h y d r a u l i c  

p r e s s   a r r a n g e d   in   an  a c t i v e   c e l l   and  r e a d y   f o r   t h e   f i r s t  

10  s t a g e   of  c o l d   p r e c o m p a c t i o n ;   a n d  

F i g u r e   3  i s   a  v i e w   c o r r e s p o n d i n g   to  F i g u r e   1  a n d  

s h o w i n g   t h e   p r e c o m p a c a t i o n   s t a g e .  

The  a p p a r a t u s   s h o w n   in  F i g .   1  c o m p r i s e s   t h r e e   m a i n  

s t a g e s :  

15  A.  H i g h   l e v e l   w a s t e   v i b r a t o r y   i m p r e g n a t o r  

B.  V i b r a t o r y   c a l c i n e r   a n d  

C.  V i b r a t o r y   p o w d e r   m i x e r  

The  w a s t e   i m p r e g n a t o r   A.  c o m p r i s e s   a  d o w n w a r d l y  

i n c l i n e d   t r o u g h   1  h a v i n g   f l e x i b l e   m o u n t i n g s   2  and  a  

20  v i b r a t o r   3  a t   i t s   u p s t r e a m   end .   a  hood  s t r u c t u r e   4  and  a  

s e r i e s   of  l i q u i d   s p r a y s   5  c o n n e c t e d   to   a  h i g h   l e v e l   w a s t e  

s u p p l y   t u b e   6 .  

The  hood  s t r u c t u r e   4  h a s .   a t   i t s   u p s t r e a m   e n d .   a n  

i n l e t   h o p p e r   7  t h r o u g h   w h i c h   s y n t h e t i c   r o c k   p r e c u r s o r  

25  m a t e r i a l   in  p o w d e r   or  p r e f e r a b l y   in  g r a n u l a t e d   f o r m   i s  

p o u r e d .   T h i s   p o w d e r   i s   f o r m e d   o u t s i d e   t h e   a c t i v e   c e l l   a n d  

is   no t   r a d i o a c t i v e .   By  o p e r a t i o n   of  t h e   v i b r a t o r   3.  t h e  

p o w d e r   c o n t i n u o u s l y   and  s t e a d i l y   moves  down  t h e   t r o u g h  

r e a d y   f o r   d i s c h a r g e   a t   t h e   open   d o w n s t r e a m   end  i n t o   a  

30  d i s c h a r g e   h o p p e r   8 .  

As  t he   p r e c u r s o r   m o v e s   down  t h e   t r o u g h   i t   i s   i m p r e g n a t e d  

t h r o u g h   t h e   s p r a y s   5  w i t h   a  s o l u t i o n   of  h i g h   l e v e l   w a s t e ,  

t h e   s p r a y   r a t e   b e i n g   c o n t r o l l e d   so  t h a t   t h e   p o w d e r   r e m a i n s  

s u f f i c i e n t l y   d ry   to   r e m a i n   in  a  f l u i d i s e d   and  p o u r a b l e  

35  s t a t e .   A  r a d i a n t   h e a t i n g   u n i t   9  is  l o c a t e d   b e n e a t h   t h e  

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

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

h o p p e r   8  i n t o   a  d i s c h a r g e   t u b e   10  and  i n t o   t h e   u p s t r e a m  

end  of  t h e   c l o s e d   t u b e   12  of  t h e   v i b r a t o r y   c a l c i n e r   B .  

5  The  t u b e   12  i s   d o w n w a r d l y   i n c l i n e d   and  i s   c o n n e c t e d  

t h r o u g h   a  d o w n s t r e a m   f l e x i b l e   c o u p l i n g   13  to  a  d i s c h a r g e  

t u b e   14.  D i s c h a r g e   t u b e   14  has   an  i n l e t   p i p e   15  f o r  

r e d u c i n g   gas   ( t y p i c a l l y   N2 /3   V o l u m e   %  H2  or  H2 

a l o n e ) .   The  r e d u c i n g   gas   p a s s e s   u p w a r d l y   t h r o u g h   t h e   t u b e  

10  to  a  gas   d i s c h a r g e   t a k e   o f f   t u b e   16  n e a r   t h e   u p s t r e a m  

e n d .   In  t h i s   way  v o l a t i l e   r a d i o a c t i v e   c o m p o n e n t s   p r o d u c e d  

d u r i n g   t h e  

c a l c i n i n g   can  be  t a k e n   up  and  f i l t e r e d   o u t .  

A  f u r n a c e   13  s u r r o u n d s   t h e   c e n t r a l   r e g i o n   of  t h e   t u b e  

15  f o r   c a u s i n g   t h e   s y n t h e t i c   r o c k   p r e c u r s o r   to   u n d e r g o  

p a r t i a l   m i n e r a l   t r a n s f o r m a t i o n s   and  t h e   n i t r a t e s  

a s s o c i a t e d   w i t h   t h e   h i g h   l e v e l   w a s t e   a r e   d e c o m p o s e d .  

M i n o r   a m o u n t s   of  v o l a t i l e   r a d i o a c t i v e   c o m p o n e n t s   may  b e  

e v o l v e d .   The  f u r n a c e   r a i s e s   t h e   t e m p e r a t u r e   of  t h e  

20  p a r t i c u l a t e   m a t e r i a l   to   a b o u t   7 5 0 ° C .  

At  i t s   u p s t r e a m   e n d ,   a  f l e x i b l e   m o u n t i n g   17  s u p p o r t s  

t h e   t u b e   12  and  a t   i t s   d o w n s t r e a m   end  a  v a r i a b l e   f r e q u e n c y  

v i b r a t o r   u n i t   18  i s   p r o v i d e d   t o g e t h e r   w i t h   a  f l e x i b l e  

m o u n t i n g   1 9 .  

25  The  v i b r a t o r y   a c t u a t o r   18  i s   t u n e d   to   p r o v i d e   t h e  

d e s i r e d   f l o w   r a t e   by  v a r y i n g   f r e q u e n c y   and  a m p i t u d e .  

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

a  v i b r a t o r y   m i x e r   C.  h a v i n g   a  v i b r a t o r y   a c t u a t o r   20  a n d  

f l e x i b l e   m o u n t i n g s   21.  A  s e c o n d a r y   i n l e t   23  i s   p r o v i d e d  

30  f o r   t i t a n i u m   p o w d e r   w h i c h   i s   i n t i m a t e l y   m i x e d   as  t h e  

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

d i s c h a r g e d   to  a  d i s c h a r g e   h o p p e r   24  f r o m   w h i c h   b e l l o w s  

c a n i s t e r s   25  may  be  f i l l e d .  

R e f e r e n c e   w i l l   now  be  made  to   F i g u r e s   2  and  3  w h i c h  

35  i l l u s t r a t e   how  t he   f i l l e d   c a n i s t e r s   can   be  u n i a x i a l l y  

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

a  f i x e d   b a s e   31.  an  o p e n ,   u p w a r d l y   e x t e n d i n g   f r a m e w o r k   3 2 ,  
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a  f i x e d   t o p   p r e s s   f r a m e   33,  a  r e f r a c t o r y   t o p   pad  34  a n d  
j u s t   b e l o w   t h e   t o p   pad  a  h e a t i n g   u n i t   c o m p r i s i n g   a n  
e l e c t r i c a l   i n d u c t i o n   c o i l   35  w i t h   a  c y l i n d r i c a l   m e t a l  
s l e e v e   36  f u n c t i o n i n g   as  a  s u s c e p t o r   s l e e v e .   F u r t h e r m o r e ,  

5  t h e   p r e s s   has  an  u p w a r d l y   a c t i n g   h y d r a u l i c   ram  37  w i t h   a  
p i s t o n   38  on  t h e   t o p   of  w h i c h   a  r e f r a c t o r y   t o p   pad  39  i s  
m o u n t e d .  

For   t h e   p u r p o s e   of  c o l d   p r e   c o m p a c t i o n   of  t h e  
c a n i s t e r s   25.   t h e   h y d r a u l i c   p r e s s   i n c o r p o r a t e s   a  

10  r e t r a c t a b l e   p l a t e   l i k e   p l a t e n   40  w h i c h   is   h o r i z o n t a l y  
s l i d a b l y   d i s p l a c a b l e   in   g u i d e s   ( n o t   s h o w n )   by  a c t u a t i o n   o f  
a  s e c o n d a r y   ram  4 1 .  

F i g u r e   2  shows   t h e   f i r s t   s t a g e   in   w h i c h   a  b e l l o w s  
c a n i s t e r   25  has   b e e n   p l a c e d   on  t h e   r e f r a c t o r y   b o t t o m   p a d  

15  39.   The  c a n i s t e r   i s   of  a  h e a t   r e s i s t a n t   a l l o y   or  s t e e l  
s u c h   as  INCONEL  601 .   As  f i l l e d   t h r o u g h   h o p p e r   24  ( F i g   1 ) .  
t h e   c a l c i n e d   i m p r e g n a t e d   s y n t h e t i c   r o c k   w i l l   h a v e   a  
t y p i c a l   d e n s i t y   of  19%  of  t h e   maximum  t h e o r e t i c a l   d e n s i t y  
of  t h e   f i n a l   s y n t h e t i c   r o c k .   A  c o l d   p r e c o m p a c t i o n   i s  

?0  a p p l i e d   by  f i r s t   a c t u a t i n g   t h e   ram  41  to   d i s p l a c e  
h o r i z o n t a l l y   t h e   p l a t e n   40  to   a d o p t   t h e   p o s i t i o n   shown  i n  
F i g u r e   3  and  t h e n   t h e   h y d r a u l i c   ram  47  i s   a c t u a t e d   t o  
p l a c e   t h e   b e l l o w s   c a n i s t e r   25  i n t o   a b u t m e n t   w i t h   t h e  
p l a t e n   40.  P r e s s u r e   i s   m a i n t a i n e d   u n t i l   t h e   d e n s i t y   o f  

!5  t h e   s y n t h e t i c   r o c k   p o w d e r   a p p r o a c h e s   t h e   maximum  w h i c h   c a n  
be  a c h i e v e d   a t   a m b i e n t   t e m p e r a t u r e s ,   e . g .   a b o u t   3 5 t  
t h e o r e t i c a l   maximum  d e n s i t y .   T y p i c a l l y ,   t h e   p r e s s   w i l l   b e  
o p e r a t i n g   a t   t h e   o r d e r   of  20  MPa  and  t h e   t i m e   f o r   t h i s  
p r e s s i n g   s t e p   w i l l   be  t h e   o r d e r   of  3  m i n u t e s .  

0  The  ram  37  i s   t h e n   l o w e r e d   s l i g h t l y ,   t h e   ram  41  
a c t u a t e d   to   r e t r a c t   t h e   p l a t e n   40.   and  ( u n l e s s   an  o p t i o n a l  
s e p a r a t e   p r e - h e a t i n g   f u r n a c e   i s   u s e d )   t h e   ram  37  i s   r a i s e d  
to  p l a c e   t h e   b e l l o w s   c o n t a i n e r   w i t h i n   t h e   h e a t i n g   zone   a n d  
to   o c c u p y   t h e   p o s i t i o n   shown  in  d o t t e d   l i n e s   a n d  

5  r e f e r e n c e d   42* .   I t   i s   n e c e s s a r y   to  h e a t   t h e   b e l l o w s  
c o n t a i n e r   and  i t s   c o n t e n t s   to   a  t y p i c a l   t e m p e r a t u r e   in  t h e  
r a n g e   1 0 5 0 °   to  1 2 6 0 ° C   and  t h i s   w i l l   t a k e   t y p i c a l l y   5 1 0  
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m i n u t e s   f o r   a  «oc»   d i a m e t e r   b e l l o w s   c a n i s t e r  
S u b s e q u e n t l y ,   p r e s s u r e   can   be  a p p l i e d   t h r o u o h   t he   r . .   s o  t h , t   t h e   b e l l o w s   c a n i s t e r   is   in  a b u t m e n t   w i t h   t he   t o p   p a d  34  and  p r e s s u r e s   of  a b o u t   14  MPa  or  h i g h e r   a re   a p p l i e d   f o r  5  s e v e r a l   h o u r s   u n t i l   f u l l   c o m p r e s s i o n   of  t he   b e l l o w s  
c a n i s t e r   o c c u r e s   and  a  d e n s i t y   of  a b o u t   m   t h e o r e t i c a l  
d e n s i t y   i s   a c h i e v e d .  

..  
"   W i "   be  a ^ r e c i ^ e d   t h a t   d u r i n g   n o r m a l   o p e r a t i o n s  t h e   i n d u c t i o n   c o i l   i s   c o n t i n u o u s l y   o p e r a t e d   a n d  

0  a p p r o p r i a t e   i n s u l a t i o n   m a t e r i a l   s u r r o u n d s   the   u p p e r   p a r t  of  t h e   p r e s s   to  r e d u c e   h e a t   l o s s e s .   H o w e v e r ,   t h e   b o t t o m  
pad  39  i s   i t s e l f  

r a i s e d   to   v e r y   h i g h   t e m p e r a t u r e s   and  as  soon   as  t h e  
c a n i s t e r   25  i s   p l a c e d   on  t o p   of  t h e   pad  t h e r e   w i l l   be  a  5  h e a t   f l o w   i n t o   t h e   m e t a l   f o r m i n g   t h e   w a l l s   of  t h e  
c a n i s t e r ,   i t   h a s .   i n t e r e s t i n g l y ,   b e e n   f o u n d   t h a t  
n e v e r t h e l e s s ,   an  e f f e c t i v e   p r e c o m p a c t i o n   can  o c c u r   in  t h e  
m a n n e r   d e s c r i b e d   a b o v e   and  t h e   s h a p e   of  t he   b e l l o w s  
c o n t a i n e r   a c h i e v e d   d u r i n g   t h e   f i n a l   ho t   u n i a x i a l   p r e s s i n g  >  s t a g e   i s   h i g h l y   p r e d i c t a b l e   and  r e p e a t a b l e .  
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CLAIMS:  

1.  A  m e t h o d   of  p r o d u c i n g   i m p r e g n a t e d   s y n t h e t i c   r o c k  
p r e c u r s o r   c h a r a c t e r i s e d   b y :  

f e e d i n g   p a r t i c u l a t e   s y n t h e t i c   r o c k   p r e c u r s o r   i n t o   a  
5  v i b r a t o r y   c o n v e y i n g   m e a n s   (A)  h a v i n g   an  e l o n g a t e d   p a t h   a l o n g  

w h i c h   t h e   p a r t i c u l a t e   m a t e r i a l   i s   p r o g r e s s i v e l y   moved  u n d e r  
v i b r a t i o n .  

s p r a y i n g   t h e   p a r t i c u l a t e   m a t e r i a l   w i t h   a  l i q u i d  
i n c o r p o r a t i n g   r a d i o a c t i v e   w a s t e   o v e r   an  e x t e n d e d   r e g i o n   of  t h e  

10  e l o n g a t e d   p a t h   s u c h   t h a t   t h e   l i q u i d   i s   a b s o r b e d   i n t o   t h e  
p a r t i c u l a t e   m a t e r i a l   w h i c h   c o n t i n u e s   to  a d v a n c e   to   t h e  
d i s c h a r g e   end  of  t h e   d e v i c e ,   a n d  

d i s c h a r g i n g   t h e   i m p r e g n a t e d   s y n t h e t i c   r o c k   p r e c u r s o r .  
2.  A  m e t h o d   as  c l a i m e d   in   c l a i m   1.  c h a r a c t e r i s e d   b y  

15  t h e   c o n t i n u o u s   v i b r a t o r y   c o n v e y i n g   means   (1)  h a v i n g   an  — 
e l o n g a t e d   p a t h   e x t e n d i n g   f rom  s p a c e d   u p s t r e a m   and  d o w n s t r e a m  
e n d s   . 

3.  A  m e t h o d   as  c l a i m e d   in   c l a i m   1  or  c l a i m   2 
c h a r a c t e r i s e d   by  i n c l u d i n g   a p p l y i n g   h e a t   ove r   an  e x t e n d e d  

20  r e g i o n   of  s a i d   e l o n g a t e d   p a t h   f o r   t r e a t i n g   t h e   i m p r e g n a t e d  
s y n t h e t i c   r o c k   p r e c u r s o r   f o r   m a i n t a i n i n g   the   s y n t h e t i c   r o c k  
p r e c u r s o r   in  a  s u b s t a n t i a l l y   d r y   s t a t e   and  c a u s i n g   e v a p o r a t i o n  
of  w a t e r   c o n t a i n e d   in   s a i d   l i q u i d .  

4.  A  m e t h o d   as  c l a i m e d   in  c l a i m   3  c h a r a c t e r i s e d   by  a  
!5  t e m p e r a t u r e   of  t h e   o r d e r   of  300°C   b e i n g   e s t a b l i s h e d   in  t h e  

s y n t h e t i c   r o c k   p r e c u r s o r   p a s s i n g   a l o n g   s a i d   e l o n g a t e d   p a t h .  
5.  A  m e t h o d   as  c l a i m e d   in  any  one  of  t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i s e d   in   t h a t   t h e   c o n v e y i n g   means   (1)  u s e d   h a s  
a  g e n e r a l l y   t r o u g h   l i k e   f o r m   and  has   a  v i b r a t i n g   e l e m e n t   ( 3 )  

0  c o n n e c t e d   t h e r e t o   n e a r   i t s   u p s t r e a m   end .   t he   d o w n s t r e a m   end  o f  
t h e   v i b r a t o r y   c o n v e y o r   b e i n g   m o u n t e d   and  s u p p o r t e d   in  f l e x i b l e  
m o u n t i n g s   (2)  and  r e m a i n i n g   s u b s t a n t i a l l y   s t a t i o n a r y .  

6.  A  m e t h o d   as  c l a i m e d   in  any  one  of  t h e   p r e c e d i n g  
c l a i m s   c h a r a c t e r i s e d   by  t h e   c o n v e y o r   means   u s i n g   a  

5  m u l t i p l i c i t y   of  s p r a y   h e a d s   (5)   s p a c e d   a l o n g   and  a b o v e   s a i d  
e l o n g a t e d   p a t h   f o r   s p r a y i n g   s a i d   l i q u i d .  

7.  A  m e t h o d   as  c l a i m e d   in  any  one  of  t h e   p r e c e d i n g  
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c l a i m s   and   c h a r a c t e r i s e d   by  i n c l u d i n g   t a k i n g   s y n t h e t i c   r o c k  
p r e c u r s o r   in   p o w d e r   form  and  f o r m i n g   t h e   p r e c u r s o r   i n t o   a 
g r a n u l a t e d   f o r m   and  s u p p l y i n g   t h e   g r a n u l a t e d   f o rm  of  t h e  
p r e c u r s o r   to   be  fed   i n t o   s a i d   v i b r a t o r y   c o n v e y i n g   means  ( 1 ) .  

5  8.  A  m e t h o d   as  c l a i m e d   in  any  one  of  t h e   p r e c e d i n g  
c l a i m s   and   f u r t h e r   c h a r a c t e r i s e d   by  a d v a n c i n g   s a i d   i m p r e g n a t e d  
s y n t h e t i c   r o c k   p r e c u r s o r   in  f  l o v a b l e   p a r t i c u l a t e   fo rm  i n t o   a n  
e l o n g a t e d   d o w n w a r d l y   i n c l i n e d   t u b u l a r   d u c t   ( 1 0 ,   1 2 ) ,  
e s t a b l i s h i n g   v i b r a t i o n   of  t h e   t u b u l a r   d u c t   ( 1 0 ,   12)  a n d  

10  a p p l y i n g   h i g h   l e v e l   h e a t i n g   so  as  to   c a l c i n e   t h e   s y n t h e t i c  
r o c k   p r e c u r s o r   d u r i n g   i t s   p a s s a g e   a l o n g   s a i d   d u c t ,   a n d  
d i s c h a r g i n g   t h e   c a l c i n e d   s y n t h e t i c   r o c k   p r e c u r s o r   a t   t h e  
d o w n s t r e a m   end  of  t h e   d u c t .  

9.  A  m e t h o d   as  c l a i m e d   in  c l a i m   8  and  c h a r a c t e r i s e d   i n  
15  t h a t   s a i d   a p p l i e d   h i g h   l e v e l   h e a t i n g   e s t a b l i s h e s   a  t e m p e r a t u r e  

of  t h e   o r d e r   of  750«C  in  t h e   s y n t h e t i c   r o c k   p r e c u r s o r   p a s s i n g  
down  t h e   d u c t .  

10.   A  m e t h o d   as  c l a i m e d   in  c l a i m   8  or  c l a i m   9  a n d  
c h a r a c t e r i s e d   in   t h a t   s a i d   s t e p   of  e s t a b l i s h i n g   v i b r a t i o n   o f  

20  t h e   t u b u l a r   d u c t   (10 .   12)  i s   e f f e c t e d   by  a  v i b r a t o r   u n i t   ( 1 8 )  
c o n n e c t e d   to   t h e   d o w n s t r e a m   r e g i o n   of  t h e   t u b u l a r   d u c t ,   t h e  
u p s t r e a m   end  of  t h e   t u b u l a r   d u c t   b e i n g   m o u n t e d   in  f l e x i b l e  
m o u n t i n g s   ( 1 7 )   and  t h e   m e t h o d   f u r t h e r   c o m p r i s i n g   a d j u s t i n g   t h e  
f r e q u e n c y   of  v i b r a t i o n s   to  c o n t r o l   t h e   f l o w   r a t e   of  t h e  

J5  s y n t h e t i c   r o c k   p r e c u r s o r .  
11.  A  m e t h o d   as  c l a i m e d   in  any  one  of  c l a i m s   8  to  1 0  

and  c h a r a c t e r i s e d   by  f u r t h e r   c o m p r i s i n g   u s i n g   a  g a s  
c i r c u l a t i o n   s y s t e m   t h r o u g h   s a i d   t u b u l a r   d u c t   and  c o n t r o l l i n g  
t h e   a t m o s p h e r e   w i t h i n   t he   t u b u l a r   d u c t ,   gas   e x t r a c t e d   f rom  t h e  

0  t u b u l a r   d u c t   b e i n g   f i l t e r e d   to   r e m o v e   v o l a t i l e   r a d i o a c t i v e  
c o m p o n e n t s   t a k e n   up  from  t h e   r a d i o a c t i v e   w a s t e   c o n t e n t   of  t h e  
s y n t h e t i c   r o c k   p r e c u s o r .  

12.  A  m e t h o d   as  c l a i m e d   in  any  one  of  c l a i m s   8  to  11 
and  c h a r a c t e r i s e d   by  f u r t h e r   c o m p r i s i n g   m i x i n g   t i t a i n i u m  

5  p o w d e r   i n t o   t h e   d i s c h a r g e d   c a l c i n e d   s y n t h e t i c   r o c k   p r e c u r s o r  
by  u s i n g   a  v i b r a t o r y   c o n v e y o r   (20 )   w h i c h   i s   d o w n w a r d l y  
i n c l i n e d   in   t h e   d o w n s t r e a m   d i r e c t i o n ,   t h e   t i t a n i u m   p o w d e r  
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b e i n g   m i x e d   i n t o   t h e   s y n t h e t i c   r o c k   p r e c u r s o r   n e a r   t h e  

u p s t r e a m   end  of  s a i d   v i b r a t o r y   c o n v e y o r .  
13.  A  m e t h o d   of  p r o d u c i n g   c a n i s t e r s   c o n t a i n i n g  

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

b e i n g   a d a p t e d   to   be  t r e a t e d   in  a  ho t   p r e s s i n g   o p e r a t i o n  

w h e r e b y   t h e   r a d i o a c t i v e   w a s t e   i s   i m m o b i l i s e d   in   a  m a t r i x   o f  

s y n t h e t i c   r o c k   in  t h e   c a n i s t e r s ,   t h e   m e t h o d   c h a r a c t e r i s e d   b y  
p r o c e s s i n g   s y n t h e t i c   r o c k   p r e c u r s o r   by  a  m e t h o d   as  c l a i m e d   i n  

any   one  of  t h e   p r e c e d i n g   c l a i m s   and  f u r t h e r   c o m p r i s i n g   p o u r i n g  
t h e   s y n t h e t i c   r o c k   p r e c u r s o r   i n t o   a  c a n i s t e r   ( 25 )   h a v i n g   a  

g e n e r a l l y   c y l i n d r i c a l   f o r m   w i t h   a  b e l l o w s   l i k e   c y l i n d r i c a l  
w a l l   and  f l a t   end  w a l l s ,   c l o s i n g   t h e   c a n i s t e r   a f t e r   p o u r i n g  
t h e   s y n t h e t i c   r o c k   p r e c u r s o r   i n t o   t h e   c a n i s t e r   and  e f f e c t i n g   a  
c o l d   p r e c o m p a c t i o n   by  u n i a x i a l   p r e s s i n g   a l o n g   t h e   a x i s   of  t h e  
c a n i s t e r .  

14.  A  m e t h o d   as  c l a i m e d   in  c l a i m   13  and  c h a r a c t e r i s e d  
in   t h a t   t h e   c o l d   p r e c o m p a c t i o n   of  e a c h   b e l l o w s   c a n i s t e r   i s  
e f f e c t e d   u s i n g   an  a p p a r a t u s   c o m p r i s i n g   a  h y d r a u l i c   p r e s s  
h a v i n g   an  u p w a r d l y   a c t i n g   ram  (37)   w i t h   a  r e f r a c t o r y   f a c i n g  
t h e r e o n   f o r   s u p p o r t i n g   t h e   b o t t o m   of  t h e   c a n i s t e r   ( 2 5 ) .   a  
f i x e d   t o p   a b u t m e n t ,   a  h e a t i n g   zone   i m m e d i a t e l y   b e l o w   t h e  
a b u t m e n t   and  a d a p t e d   to   s u r r o u n d   t h e   b e l l o w s   c o n t a i n e r   d u r i n g  
t h e   ho t   u n i a x i a l   p r e s s i n g   p r o c e s s   and  a  r e t r a c t a b l e   p l a t e n  
( 4 0 )   a d a p t e d   to  be  i n s e r t e d   l a t e r a l l y   i n t o   t h e   p r e s s   b e l o w   t h e  
h e a t i n g   zone   s u c h   t h a t   a  b e l l o w s   c a n i s t e r   (25)   can   be  p l a c e d  
on  t h e   r e f r a c t o r y   f a c i n g   and  p a r t i a l l y   c o m p r e s s e d   a t   a m b i e n t  

t e m p e r a t u r e   by  u p w a r d   d i s p l a c e m e n t   of  t h e   h y d r a u l i c   p r e s s ,   t h e  
p l a t e n   b e i n g   r e m o v a b l e   to   p e r m i t   t h e   p r e s s   to  be  d i s p l a c e d  

u p w a r d l y   to  a  h i g h e r   l e v e l   w h e r e b y   t h e   b e l l o w s   - l i k e   c a n i s t e r  
Ls  i n s e r t e d   w i t h i n   t h e   h e a t i n g   zone   and  a b u t s   a g a i n s t   t h e   t o p  
a b u t m e n t .  

15.  A p p a r a t u s   f o r   i m p r e g n a t i n g   s y n t h e t i c   r o c k   p r e c u r s o r  
In  an  a c t i v e   c e l l   w i t h   a  l i q u i d   c o n t a i n i n g   r a d i o a c t i v e   w a s t e .  
:he  a p p a r a t u s   c h a r a c t e r i s e d   by  a :  

v i b r a t o r y   c o n v e y i n g   means   (1)  h a v i n g   an  e l o n g a t e d   p a t h ,  
in  i n l e t   f o r   r e c e i v i n g   in   p a r t i c u l a t e   f o r m   s y n t h e t i c   r o c k  
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p r e c u r s o r   and  means   f o r   d i s c h a r g i n g   i m p r e g n a t e d   s y n t h e t i c   r o c k  
p r e c u r s o r ,   t h e   v i b r a t o r y   c o n v e y i n g   means  b e i n g   o p e r a b l e   t o  
move  the   s y n t h e t i c   r o c k   p r e c u r s o r   a l o n g   an  e l o n g a t e d   p a t h .  

means   (5)   f o r   s p r a y i n g   t h e   s y n t h e t i c   r o c k   p r e c u r s o r   o v e r  
5  an  e x t e n d e d   r e g i o n   of  t h e   e l o n g a t e d   p a t h   w i t h   a  l i q u i d  

i n c o r p o r a t i n g   t h e   r a d i o a c t i v e   w a s t e   such   t h a t   t h e   l i q u i d   i s  
a b s o r b e d   i n t o   t h e   s y n t h e t i c   r o c k   p r e c u r s o r   as  i t   a d v a n c e s  
a l o n g   t h e   e l o n g a t e d   p a t h .  

16.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   15  and  c h a r a c t e r i s e d  
10  by  t he   v i b r a t o r y   c o n v e y i n g   means   i n c l u d i n g   h e a t i n g   means   f o r  

h e a t i n g   t h e   s y n t h e t i c   r o c k   p r e c u r s o r   as  i t   p a s s e s   a l o n g   t h e  
e l o n g a t e d   f o rm  f o r   m a i n t a i n i n g   s u b s t a n t i a l l y   d r y   c o n d i t i o n s  
and  e v a p o r a t i n g   w a t e r   of  s a i d   l i q u i d .  

17.  A p p a r a t u s   as  c l a i m e d   in  e i t h e r   c l a i m   15  or  16  
L5  c h a r a c t e r i s e d   in   t h a t   t h e   v i b r a t i n g   c o n v e y i n g   m e a n s  

i n c o r p o r a t e s   a  v i b r a t i n g   e l e m e n t   (3)  l o c a t e d   n e a r   i t s   u p s t r e a m  
e n d .   t he   c o n v e y i n g   means   ( l )   b e i n g   of  t r o u g h   l i k e   f o r m   a n d  
b e i n g   m o u n t e d   in   a  f l e x i b l e   moun t   (2)  n e a r   i t s   d o w n s t r e a m   e n d .  

18.  A p p a r a t u s   as  c l a i m e d   in  any  one  of  c l a i m s   15  to   1 7 .  
!0  and  c h a r a c t e r i s e d   by  f u r t h e r   c o m p r i s i n g   an  e l o n g a t e d  

d o w n w a r d l y   i n c l i n e d   t u b u l a r   d u c t   (10 .   12)  h a v i n g   an  u p s t r e a m  
i n l e t   (8)  a r r a n g e d   to  r e c e i v e   s y n t h e t i c   r o c k   p r e c u r s o r  
d i s c h a r g e d   f rom  s a i d   v i b r a t o r y   c o n v e y i n g   m e a n s ,   t h e   t u b u l a r  
d u c t   h a v i n g   v i b r a t i o n   means   f o r   a d v a n c i n g   t h e   s y n t h e t i c   r o c k  

5  p r e c u r s o r   t h e r e a l o n g   and  h e a t i n g   means   f o r   c a l c i n i n g   t h e  
s y n t h e t i c   r o c k   p r e c u r s o r   as  i t   i s   a d v a n c e d   a l o n g   t h e   d u c t   a n d  
b e f o r e   i t   i s   d i s c h a r g e d   f rom  t h e   d o w n s t r e a m   e n d .  

19.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   18  and  c h a r a c t e r i s e d  
by  i n c o r p o r a t i n g   a  gas   c i r c u l a t i o n   s y s t e m   f o r   c o n t r o l l i n g   t h e  

0  a t m o s p h e r e   w i t h i n   t h e   t u b u l a r   d u c t   and  r e m o v i n g   and  f i l t e r i n g  
of  r a d i o a c t i v e   p a r t i c l e s   and  a b s o r b i n g   any  v o l a t i l e   p r o d u c t s .  

20.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   19  and  c h a r a c t e r i s e d  
by  f u r t h e r   c o m p r i s i n g   a  f u r t h e r   v i b r a t o r y   c o n v e y o r   f o r   m i x i n g  
t i t a i n i u m   p o w d e r   i n t o   t he   c a l c i n e d   s y n t h e t i c   r o c k   p r e c u r s o r  

*  and  a  d i s c h a r g e   h o p p e r   f o r   f i l l i n g   c a n i s t e r s   a d a p t e d   t o  
r e c e i v e   and  c o n t a i n   t h e   c a l c i n e d   s y n t h e t i c   r o c k   p r e c u r s o r .  

9 2 S / S B  
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