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©  Method  of  volume-reducing  disposal  of  radioactive  wastes. 

@  In  a  method  of  disposal  of  radioactive  waste  involving 
volume  reduction,  a  product  containing  radioactive  material 
obtained  as  a  result  of  the  treatment,  such  as  by  drying, 
calcination  and  or  incineration,  of  radioactive  waste  liquid 
and or  combustible  solid,  is  mixed  in  an  appropriate  propor- 
tion  with  waste  product  comprising  glass  fibers  having 
radioactive  material  adherent  thereto,  both  wastes  being 
generated  from  an  atomic  energy  installation,  and  the 
mixture  is  melted  by  heating  to  be  converted,  on  subsequent 
cooling,  into  an  integrated  stable  solidified  mass. 



T h i s   i n v e n t i o n   i s   c o n c e r n e d   w i t h  a   m e t h o d ,   i n v o l v i n g  

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

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

t i o n ,   f o r   e x a m p l e   a  n u c l e a r   p o w e r   s t a t i o n .  

In  a d d i t i o n   to  r a d i o a c t i v e   e x h a u s t  g a s ,   a t o m i c  e n e r g y  

i n s t a l l a t i o n s ,   such  as  n u c l e a r   power   s t a t i o n s ,   a re   known  t o  

g e n e r a t e   r a d i o a c t i v e   w a s t e   l i q u i d ,   c o m b u s t i b l e   s o l i d   w a s t e s  

( c o m b u s t i b l e   m i s c e l l a n e o u s   s o l i d s   such  as  c l o t h e s ,   p a p e r   a n d  

wood,   a c t i v e   c a r b o n   or  s i m i l a r   m a t e r i a l s   u sed   in  a i r - c o n d i t i -  

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

n o n - c o m b u s t i b l e   s o l i d   w a s t e s   ( f o r   e x a m p l e ,   g l a s s   wool  a n d  

m e t a l l i c   p a r t s ) .  

M e d i u m - l e v e l   or  l o w - l e v e l   r a d i o a c t i v e   w a s t e s ,   a f t e r   t h e y  

have   been   s u b j e c t e d   to  v o l u m e - r e d u c t i o n   such  as  by  c o n c e n t r a -  

t i o n ,   d r y i n g ,   c a l c i n a t i o n ,   i n c i n e r a t i o n   or  c o m p r e s s i o n   a n d  

f u r t h e r   s u b j e c t e d   to  v a r i o u s   s o l i d i f i c a t i o n   t r e a t m e n t s   s u c h  

as  a s p h a l t   s o l i d i f i c t i o n   and  c e m e n t   s o l i d i f i c a t i o n   a c c o r d i n g  

to  t h e i r   u s a b l e   p h y s i c a l   and  c h e m i c a l   p r o p e r t i e s ,   a r e  

c o n v e n t i o n a l l y   s t o r e d   in  t h e   fo rm  of  s o l i d i f i e d   m a s s e s .  

For  i n s t a n c e ,   in  t h e   c a s e   of  r a d i o a c t i v e   w a s t e   l i q u i d ,  

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

s o l u b l e   m a t e r i a l   by  c h e m i c a l   r e a c t i o n   and  t h e n   i t   i s  

s e p a r a t e d   by  d r y i n g   or  c o n c e n t r a t i o n ,   v o l a t i l e   c o m p o n e n t s  



b e i n g   t r e a t e d   by  c a l c i n a t i o n .   The  p r e c i s e   t r e a t m e n t   o f  s u c h  

l i q u i d s ,   as  is   w e l l   known,   d e p e n d s   upon  t h e   p r e c i s e   n a t u r e   o f  

t h e   l i q u i d s   t h e m s e l v e s .   For   e x a m p l e   in  a  PWR  power   s t a t i o n  

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

n e u t r o n   s u p p r e s s i o n   and  in  a  BWR  power   s t a t i o n   i t   i s   m o s t l y  

w h o l e   l i q u i d   c o n t a i n i n g   s o d i u m   s u l p h a t e .   C o m b u s t i b l e   s o l i d  

w a s t e s   s u c h   as  wood  and   p a p e r   a r e   g e n e r a l l y   r e d u c e d   in   v o l u m e  

by  i n c i n e r a t i o n   to   y i e l d   a sh   i n c l u d i n g   as  p r i n c i p l e  

c o m p o n e n t s   s i l i c o n   o x i d e   and  m e t a l   o x i d e s .   N o n - c o m b u s t i b l e  

s o l i d   w a s t e s   a re   o f t e n   r e d u c e d   in  v o l u m e   by  c o m p r e s s i o n .  

The  c h o i c e   of  s u c h   t r e a t m e n t   i s   made  i n d i v i d u a l l y ,  

d e p e n d i n g   upon  t h e   k i n d   of  w a s t e .   In  a l l   c a s e s   i m p r o v e m e n t s  

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

s o l i d i f i e d   m a s s e s   a r e   d e s i r a b l e .  

H o w e v e r ,   t h e   s t a b l e   s o l i d i f i c a t i o n   of  t h e   p r o d u c t s  

o b t a i n e d   f rom  t h e   v o l u m e   r e d u c t i o n   t r e a t m e n t s   m e n t i o n e d   a b o v e  

o f t e n   r e q u i r e s   t h e   a d d i t i o n   of  v a r i o u s   a d d i t i v e s   u p o n  

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

w a s t e ,   u s e d   g l a s s - f i b e r s   f r o m   a i r   f i l t e r s   of  a i r -  

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

e f f i c i e n c y   of  t h e i r   v o l u m e - r e d u c t i o n   is   i n s u f f i c i e n t   u s i n g  

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

a m o u n t   of  w a s t e   to   be  s t o r e d   i n c r e a s e s   y e a r   by  y e a r   a n d  

r e q u i r e s   e a r l y   c o u n t e r m e a s u r e s .  

As  to   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 ,   w h i l e   v o l u m e -  

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

b e e n   t r i e d ,   g l a s s   f r i t   of  good   q u a l i t y   is   n e e d e d   as  a  r a w  



m a t e r i a l   f o r   t h e   s o l i d i f y i n g   g l a s s .   F u r t h e r m o r e ,   i t   i s  

n e c e s s a r y   to  s e l e c t ,   as  g l a s s   f r i t ,   m a t e r i a l   wh ich   has   b e e n  

m i x e d   in  an  op t imum  p r o p o r t i o n   d e p e n d i n g   on  the   n a t u r e   of   t h e  

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 n v o l v e d .   T h e r e   is  a l s o   a  

p r o b l e m   in  t h a t ,   s i n c e   g l a s s   f r i t   of  good  q u a l i t y   i s   c o n v e n -  

t i o n a l l y   b r o u g h t   f o r   u se   f rom  o u t s i d e   the   a t o m i c   e n e r g y  

i n s t a l l a t i o n ,   i t   i s   e x p e n s i v e .   The  use  of  t h i s   f r i t   a l s o  

o b v i o u s l y   i n c r e a s e s   t h e   vo lume   of  t h e   w a s t e .  

We  have  now  f o u n d   t h a t   a  p r o d u c t   o b t a i n e d   as  a  r e s u l t   o f  

d r y i n g ,   c a l c i n a t i o n   a n d / o r   i n c i n e r a t i o n ,   of  w a s t e   l i q u i d   a n d  

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

s o m e t i m e s   c a l l e d   " p r o d u c t   of  i n c i n e r a t i o n   or  the   l i k e " )  

t o g e t h e r   w i t h   w a s t e   g l a s s   f i b e r s   c o n t a m i n a t e d   by  r a d i o a c t -  

i v i t y   when  mixed   t o g e t h e r   in  an  a p p r o p r i a t e   p r o p o r t i o n ,   a n d  

t h e n   c o m b i n e d   by  m e l t i n g   t o g e t h e r   in   a  f u r n a c e ,   can  f o r m   a  

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

a g e s   as  o u t l i n e d   a b o v e .  

A c c o r d i n g l y   t h e r e   is   p r o v i d e d   a  m e t h o d   of  d i s p o s a l   o f  

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

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

and  o b t a i n e d   as  a  r e s u l t   of  t h e   t r e a t m e n t ,   such  as  by  d r y i n g ,  

c a l c i n a t i o n   a n d / o r   i n c i n e r a t i o n ,   of  r a d i o - a c t i v e   w a s t e   l i q u i d  

a n d / o r   c o m b u s t i b l e   s o l i d ,   is   m i x e d   in  an  a p p r o p r i a t e  

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

r a d i o a c t i v e   m a t e r i a l   a d h e r e n t   t h e r e t o ,   and  the   m i x t u r e   i s  

m e l t e d   by  h e a t i n g   to   be  c o n v e r t e d ,   on  s u b s e q u e n t   c o o l i n g ,  

i n t o   an  i n t e g r a t e d   s t a b l e  s o l i d i f i e d   m a s s .  



The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   more  d e t a i l   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   F i g u r e   1,  w h i c h   i s   a  s c h e m a t i c  

f l o w   d i a g r a m   of   one   p r e f e r r e d   e m b o d i m e n t   of  t h e   m e t h o d   of  t h e  

i n v e n t i o n .  

In  F i g .   1,  a  m e l t i n g   f u r n a c e   1  i s   c o n n e c t e d   w i t h   a  

c o n t a i n e r   2  f o r   a  p r o d u c t   of  i n c i n e r a t i o n   or  t h e   l i k e ,  

t h r o u g h   a  c u t t i n g   d e v i c e   2-1  f o r   t h e   p r o d u c t   of  i n c i n e r a t i o n  

or  t h e   l i k e ,   w h i c h   d e v i c e   i s   p r o v i d e d   w i t h   a  s e t t e r   2 - 2 .   T h e  

f u r n a c e   1  is   a l s o   c o n n e c t e d   w i t h   c o n t a i n e r s   3,  4  and  5  f o r  

d i f f e r e n t   k i n d s   of  w a s t e   g l a s s   f i b e r s   each   of  w h i c h  

c o n t a i n e r s   is   p r o v i d e d   w i t h   i t s   own  c u t t i n g   d e v i c e ,   3 - 1 ,   4 - 1  

and  5-1  r e s p e c t i v e l y ,   f o r   t h e   w a s t e   g l a s s   f i b e r s   t h e r e i n .   A 

d e v i c e   6  f o r   c o l l e c t i n g   m e l t   d i s c h a r g e d   f rom  t h e   m e l t i n g  

f u r n a c e   1  is  a l s o   p r o v i d e d .   The  p r o d u c t   of  i n c i n e r a t i o n   o r  

t h e   l i k e   c o m p r i s e s   a s h - l i k e   p o w d e r ,   w h i l e   t h e   w a s t e   g l a s s  

f i b e r s   a re   f i b e r - l i k e   s o l i d i f i e d   m a s s e s .   When  m i x i n g   t h e s e  

m a t e r i a l s   t o g e t h e r   in  an  a p p r o p r i a t e   p r o p o r t i o n   and  t h r o w i n g  

t he   m i x t u r e   i n t o   t h e   m e l t i n g   f u r n a c e   1,  a l t h o u g h   t h e   a p p r o -  

p r i a t e   p r o p o r t i o n   can  of  c o u r s e   be  a t t a i n e d   by  v a r y i n g   t h e  

amount   of  e i t h e r   m a t e r i a l ,   we  w i l l   d e s c r i b e   t h e   v a r i a t i o n   o f  

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

i n c i n e r a t i o n   or   t h e   l i k e   w i t h   r e f e r e n c e   to  t h e   a m o u n t   of  t h e  

w a s t e   g l a s s   f i b e r s .  

I t   is  to  be  n o t e d   t h a t ,   s i n c e   t he   c o m p o s i t i o n s   of  w a s t e  

g l a s s   f i b e r s   d i f f e r   d e p e n d i n g   upon   t h e   k i n d s   of  d i f f e r e n t  

p r o d u c t s   u s e d ,   a  more   s t a b l e   s o l i d i f i e d   mass  can  be  o b t a i n e d  

by  t r e a t i n g   a t   t h e   same  t i m e   w a s t e   g l a s s   f i b e r s   h a v i n g   t h e  



same  c o m p o s i t i o n ,   which   is  why  as  shown  in  F i g .   1  t h e   g l a s s  

f i b e r s   a r e   i l l u s t r a t e d   as  b e i n g   c l a s s i f i e d   i n t o   t h r e e   k i n d s .  

H o w e v e r ,   c l a s s i f i c a t i o n   i n t o   any  a r b i t r a r y   number   of  k i n d s  

is   d e s i r a b l e   d e p e n d i n g   on  t h e   d i f f e r e n t   c o m p o s i t i o n s   of  g l a s s  

f i b e r s   p r e s e n t .  

We  show  b e l o w ,   in  T a b l e   1,  as  one  e x a m p l e   of  c o m p o n e n t s  

of  a  g e n e r a l   p r o d u c t   of  i n c i n e r a t i o n   or  t he   l i k e ,   t h e  

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

p r e s s u r i z e d   w a t e r   r e a c t o r   (PWR)  and  an  i n c i n e r a t e d   p r o d u c t   o f  

a  c o m b u s t i b l e   m i s c e l l a n e o u s   s o l i d   b o d y ,   r e s p e c t i v e l y .  

I t   w i l l   be  n o t e d   t h a t   i f   a  r a d i o a c t i v e   w a s t e   l i q u i d   i s  

c a l c i n e d   f o r   the   p u r p o s e   of  v o l u m e   r e d u c t i o n ,   i t   is   c o n v e r t e d  

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

o x i d e s   c o n t a i n i n g   n o n - v o l a t i l e   r a d i o a c t i v e   m a t e r i a l s .   F o r  

i n s t a n c e ,   in  the   c a s e   of  a  PWR  p o w e r   s t a t i o n ,   b o r i c   a c i d   B  i s  

a  p r i n c i p a l   c o m p o n e n t ,   and  in  t h e   c a s e   of  a  BWR  p o w e r  

s t a t i o n ,   Na  is  a  p r i n c i p a l   c o m p o n e n t .  

As  r e g a r d s   g l a s s   wool  c o m p o s i t i o n s ,   o n e  e x a m p l e   of  a  



r e p r e s e n t a t i v e   c o m p o s i t i o n   of  E - g l a s s   is   shown  in  T a b l e - 2 .  

For  s i m p l i c i t y   we  w i l l   e x p l a i n   t h e   I n v e n t i o n   in  t e r m s   o f  

t h e   r e p r e s e n t a t i v e   c o n t a i n e r   3  f o r   w a s t e   g l a s s   f i b e r s   i n  

F i g u r e   1.  F i r s t ,   a  c e r t a i n   a m o u n t   of  w a s t e   g l a s s   f i b e r s   i s  

t h r o w n   i n t o   t h e   m e l t i n g   f u r n a c e   1  by  t h e   w a s t e   g l a s s   f i b e r  

c u t t i n g   d e v i c e   3 - 1 .   N e x t ,   a  p r o d u c t   of  i n c i n e r a t i o n   or  t h e  

l i k e   in  an  o p t i m u m   amount   f o r   t h e   c o m p o s i t i o n   of  t h e   g l a s s  

f i b e r s   in  t h e   w a s t e   g l a s s   f i b e r   c o n t a i n e r   3  and  t h e   a m o u n t  

t h e r e o f   f e d   to   t h e   f u r n a n c e   1  i s   m i x e d   i n t o   t he   w a s t e   g l a s s  

f i b e r s   by  m a n i p u l a t i n g   t h e   c u t t i n g   s e t t e r   2 - 2 .  

The  b o t h   m a t e r i a l s ,   m i x e d   t o g e t h e r   w i t h i n   t he   m e l t i n g  

f u r n a n c e   1,  a r e   h e a t e d   to   a  t e m p e r a t u r e   a t   wh ich   the   w a s t e  

g l a s s   f i b e r s   m e l t .   In  t h i s   c a s e ,   among  the   v a r i o u s  

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

m e t a l s   and  m e t a l   o x i d e s   h a v i n g   h i g h e r   m e l t i n g   p o i n t s   t h a n  

t h a t   of  t he   w a s t e   g l a s s   f i b e r s   may  be  p r e s e n t   in  t h e   form  o f  

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

c o m b u s t i b l e   m a t e r i a l s   a re   b u r n t ,   and  t h e r e b y   a  g l a s s - l i k e  

p r o d u c t   h a v i n g   a  maximum  o v e r a l l   r a t e   of  v o l u m e   r e d u c t i o n   c a n  

be  p r o d u c e d .   F u r t h e r m o r e ,   i f   h e a t i n g   i s   c o n t i n u e d   to  a  

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

h i g h e r   m e l t i n g   p o i n t s   t h a n   t h a t   of  t h e   g l a s s   f i b e r s   a l s o  



m e l t ,   t h e n   t h e   g l a s s   f i b e r s   and  t h e s e   m e t a l s   and  m e t a l  

o x i d e s '  m e l t   t o g e t h e r   and  become  c o u p l e d   in  m o l e c u l a r   s t r u c -  

t u r e s   to  g i v e   a  more   s t a b l e   g l a s s - l i k e   p r o d u c t .  

When  t h e   m e l t i n g   has   been   f i n i s h e d ,   t h e   m e l t   i s   t r a n s f e -  

r r e d   f rom  t h e   m e l t i n g   f u r n a c e   1  to  t h e   m e l t   c o l l e c t i n g  

c o n t a i n e r   6,  t h e n   i t   i s   c o o l e d   to  y i e l d   a  s o l i d i f i e d   m a s s  

in  which   r a d i o a c t i v i t y ,   m e t a l s ,   m e t a l   o x i d e s   and  t he   l i k e  

are   s e a l e d .   A l t e r n a t i v e l y   the   m e l t   can  be  c o o l e d   and  s o l i d i -  

f i e d   w i t h i n   t h e   m e l t i n g   f u r n a c e   1  w i t h o u t   b e i n g   t r a n s f e r r e d  

to  t he   me l t   c o l l e c t i n g   c o n t a i n e r   6,  and  the   m a t e r i a l   f o r  

d i s p o s a l   can  be  t a k e n   o u t   of  t h e   f u r n a c e   1  in  t he   f o r m  

of  a  s o l i d i f i e d   m a s s .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   f o r   t h e   p u r p o s e s  

of  i l l u s t r a t i o n   o n l y ,   in  t he   f o l l o w i n g   E x a m p l e s   of  s o m e  

p r e f e r r e d   e m b o d i m e n t s .  

Example   1 

Us ing   t h e   a b o v e - d e s c r i b e d   m e t h o d ,   a  p r e f e r r e d   m i x i n g  

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

of  i n c i n e r a t i o n   or   t h e   l i k e   i s ,   f o r   e x a m p l e ,   20%  of  A  i n  

T a b l e - 1   and  80%  (wt  %)  of  g l a s s   woo l .   T h e s e ,   a r e   m i x e d  

t o g e t h e r   and  h e a t e d   to  a b o u t   1 , 4 0 0 ° C   to  become  m o l t e n   a n d  

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



T h i s   p r o d u c t   on  c o o l i n g   is  a  s o l i d i f i e d   mass   of  t h e  

c o n v e n t i o n a l   b o r o s i l i c a t e   g l a s s ,   and  a t   room  t e m p e r a t u r e  

i t   has  s t r e n g t h ,   s t a b l i t y ,   d u r a b i l i t y   and  e x u d a t i o n -   r e s i s t -  

a n c e   (as  r e p r e s e n t e d   by  t h e   w e i g h t   of  c o m p o n e n t   e x u d i n g  

t h r o u g h   a  u n i t   a r e a   when  f o r c e d   s t i r r i n g   has   b e e n   e f f e c t e d  

in  d i s t i l l e d   ho t   w a t e r   a t   1 0 0 ° C ) .  

E x a m p l e   2 

Us ing   a n o t h e r   p r e f e r r e d   m i x i n g   p r o p o r t i o n ,   20%  o f  

A,  25%  of  B  a n d   55%  (wt  %)  of  g l a s s   wocl  a r e   m i x e d   t o g e t h e r  

and  h e a t e d   a t   1 , 5 0 0  -   1 , 6 0 0 ° C   to  become  m o l t e n .   The  c o m p o s i -  

t i o n   of  t h e   o b t a i n e d   p r o d u c t   was  as  f o l l o w s :  

When  t h i s   p r o d u c t   was  c o m p a r e d   w i t h   t h e   p r o d u c t   of  E x a m p l e  

1  p r o d u c t ,   t h e y   w e r e   n e a r l y   s i m i l a r   and  no  d i s t i n c t   d i f f e r -  

e n c e   was  f o u n d   t h e r e b e t w e e n   in  t h e i r   p r o p e r t i e s .  

E x a m p l e   4 

In  a n o t h e r   p r e f e r r e d   d i s p o s a l   t e c h n i q u e   of  t h e   i n v e n -  

t i o n ,   t he   p r o d u c t   of  i n c i n e r a t i o n   or  t h e   l i k e   as  d e t a i l e d  

in  T a b l e   1  and   w a s t e   g l a s s   f i b e r s   of  t h e   c o m p o s i t i o n   g i v e n  

in  T a b l e   2  w e r e   u s e d   u n d e r   t h e   c o n d i t i o n s   i n d i c a t e d   i n  

T a b l e   3  b e l o w ,   w h i c h   a l s o   d e t a i l s   r e s u l t s   o b t a i n e d .  



A l t h o u g h   t h e   e f f e c t s   and  a d v a n t a g e s   of  t h e   i n v e n t i o n  

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

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



w i t h   t h e   p r o d u c t   of  i n c i n e r a t i o n   or  t h e   l i k e   w h i c h   i s   a  

p u l v e r i z e d   m a t e r i a l   w h i c h   is  l i a b l e   to   s p u t t e r ,   i s   h y g r o -  

s c o p i c ,   and  n e e d s   c o u n t e r m e a s u r e s   to   be  t a k e n   f o r   m a i n t e n a n c e  

and  s t o r a g e ,   and   a r i s i n g   f rom  t h e   r e l a t i v e   i n e f f i c i e n c y   o f  

t h e   known  v o l u m e   r e d u c t i o n   by  c o m p r e s s i o n   of  t h e   w a s t e   g l a s s  

f i b e r s .   The  i n v e n t i o n   f u r t h e r   makes   i t   p o s s i b l e   to   p r o v i d e   a  

s t a b l e   s o l i d i f i e d   mass   w h i c h   has   an  e x t r e m e l y   s m a l l   e x u d a t i o n  

r a t e   of   r a d i o a c t i v e   m a t e r i a l   and  w h i c h   has  a p p r o p r i a t e  

s t r e n g t h   and  a g e i n g   p r o p e r t i e s .   M o r e o v e r ,   in  t h e   i n v e n t i o n ,  

w h i c h   u s e s   g l a s s   f i b e r s   which   have   b e c o m e   r a d i o a c t i v e   s o l i d  

w a s t e s   f rom  t h e i r   p r e s e n c e   in  a i r   f i l t e r s ,   and  w h i c h   a r e  

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

l a t i o n s ,   t h e   r aw  m a t e r i a l   c o s t   i s   z e r o   and  i n c r e a s e   in  t h e  

a m o u n t   of  w a s t e   i s   a v o i d e d .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   a p p r o p r i a t e   p r o p o r t i o n s  

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

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

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

H o w e v e r   t he   d e t e r m i n a t i o n   of  t h e   p r o p o r t i o n s   of  B i 2 0 3 1 ,   S i 0 2 ,  

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

be  u s e d   can  be  made  by  s i m p l e   t r i a l   and  e r r o r   e x p e r i m e n t a t i o n  

to   e n s u r e   t h a t   t h e   r e s u l t a n t   m o l t e n   and   r e s o l i d i f i e d   g l a s s ,  

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

c a p a b i l i t y   as  w e l l   as  m e c h a n i c a l   s t r e n g t h .  

S i n c e   g l a s s   i s   a  n o n c r y s t a l l i n e   ( a m o r p h o u s )   m a t e r i a l ,   i t  

has   a  f l e x i b i l i t y   in  t h a t   i t   can  e n c l o s e   f o r e i g n   m a t e r i a l s ,  

s u c h   as  m e t a l   o x i d e s   and  a c h i e v e   t h e   r e q u i r e d   m e c h a n i c a l  

s t r e n g t h   in  a  r a n g e   of  a p p r o p r i a t e   a m o u n t s   r a t h e r   t h a n   i n  



a m o u n t s   of  f i x e d   p r o p o r t i o n s .  

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

f rom  an  a t o m i c   power   i n s t a l l a t i o n   a r e   n e a r l y   d e t e r m i n e d   f o r  

e a c h   i n s t a l l a t i o n ,   a  f i r s t   m e l t i n g   e x p e r i m e n t   may  be  c a r r i e d  

o u t   in  a  s m a l l   c r u c i b l e   as  a b o v e   d e s c r i b e d   and  in  p r a c t i c e  

t h e   r e s p e c t i v e   a m o u n t s   of  t he   w a s t e s   d e s c r i b e d   a b o v e   a r e  

s u i t a b l y   d e t e r m i n e d   at  such  p r o p o r t i o n s   t h a t   t h e   e n t i r e  

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

can  be  m o l t e n   t o g e t h e r   w i t h o u t   l e a v i n g   any  e x c e s s   nor   r u n n i n g  

i n t o   s h o r t a g e ,   t h a t   i s ,   at  such  p r o p o r t i o n s   t h a t   t h e   a m o u n t s  

of  t h e   w a s t e   m a t e r i a l s   which   a r e   in  s h o r t   s u p p l y   and  h e n c e  

may  have   to   be  b r o u g h t   in  f rom  o u t s i d e   of  t h e   a t o m i c   p o w e r  

. i n s t a l l a t i o n   can   be  m i n i m i z e d ,   p r e f e r a b l y   can  be  made  z e r o .  

Such  a  t r i a l - a n d - e r r o r   e x p e r i m e n t   w i l l   d e t e r m i n e   t h e   a p p r o p r -  

i a t e   p r o p o r t i o n s   fo r   each   i n s t a n c e .  

As  a  m a t t e r   of  r o u t i n e ,   i t   is   of  c o u r s e   n e c e s s a r y   t o  

t e s t   t h e   m o l t e n   and  s o l i d i f i e d   mass  o b t a i n e d   a f t e r   t h e  

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

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

b e e n   s u c c e s s f u l l y   e n c l o s e d   in  a  mass   of  a p p r o p r i a t e   s t r e n g t h  

f o r   s t o r i n g .  



1.  A  m e t h o d   of  d i s p o s a l   of  r a d i o a c t i v e   a t o m i c   e n e r g y  

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

c o n t a i n i n g   r a d i o a c t i v e   m a t e r i a l   and  o b t a i n e d   as  a  r e s u l t   o f  

t he   t r e a t m e n t ,   s u c h   as  by  d r y i n g ,   c a l c i n a t i o n   a n d / o r  

i n c i n e r a t i o n ,   of  r a d i o a c t i v e   w a s t e   l i q u i d   a n d / o r   c o m b u s t i b l e  

s o l i d ,   i s   m i x e d   in   an  a p p r o p r i a t e   p r o p o r t i o n   w i t h   w a s t e  

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

a d h e r e n t   t h e r e t o ,   and  t h e   m i x t u r e   is  m e l t e d   by  h e a t i n g   to   b e  

c o n v e r t e d ,   on  s u b s e q u e n t   c o o l i n g ,   i n t o   an  i n t e g r a t e d   s t a b l e  

s o l i d i f i e d   m a s s .  

2.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1,  w h e r e i n   t h e   g l a s s   f i b e r  

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

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

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