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ABSTRACT

The d i s p o s a l  o f  r a d i o a c t i v e l y - c o n t a m i n a t e d  
so l i d  wastes  has  become a n a t i o n a l  c r i s i s .  In 
such c i r c u m s t a n c e s ,  i t  i s  im p e r a t i v e  t h a t  t h i s  
waste be reduced t o  minimum volume and be 
packaged to  p re v en t  p o l l u t i o n  o f  the  
environment.  The m a j o r i t y  o f  t h e  s o l i d  waste 
gene ra ted  a t  t h e  ho t  c e l l  under  c o n s i d e r a t i o n  
i s  p l a s t i c  l a b  ware.  C u t t i n g  t h i s  waste  i n t o  
small p i ec e s  wi th  a hot  w i re  t e c h n iq u e  reduced 
the  volume 66%. Mel t ing t h e  w a s te ,  a l thou gh  
more t ime consuming,  reduced th e  volume 90%. 
The hot  w ire  t e c h n i q u e  can a l s o  be used to  cu t  
up damaged m as t e r  s l a v e  m a n ip u la to r  b o o t s ,  
g r e a t l y  r e duc ing  t h e i r  d i s p o s a l  volume.

INTRODUCTION

The Remote A n a l y t i c a l  La bora to ry  (RAL) 
pro vides  chemical  a n a l y s i s  s e r v i c e  f o r  the  
Idaho Chemical P ro ce s s in g  P l a n t ,  a f a c i l i t y  
t h a t  p r o c e s s e s  government-owned s p e n t  r e a c t o r  
f u e l .  Many o f  t h e  samples  ana lyzed  in  t h e  RAL 
are  r a d i o a c t i v e  and must be handled in a 
s h i e l d e d ,  r e m o t e ly - o p e r a t e d  hot  c e l l .  The 
des ign o f  t h e  hot  c e l l  i n c lu d e s  p r o v i s i o n  f o r  
removal o f  co n tam ina ted  waste s  g e n e r a t e d  by
c e l l  o p e r a t i o n .  S o l i d  w ast e s  a r e  t r a n s f e r r e d  
out o f  th e  c e l l  and i n t o  a commercia l ly-  
a v a i l a b l e  s e a l e d  p o l y e t h y l e n e  c o n t a i n e r  o f  
60 L c a p a c i t y .  The s e a l e d  c o n t a i n e r ,  shown in 
Figure  I ,  u ses  a p r o p r i e t a r y  do ub le  door
sea led  t r a n s f e r  sys tem to  permi t  packaging the  
hot  c e l l  waste  in  a c o n t a i n e r  w i th o u t  
r e l e a s i n g  co n tam in a t io n  o r  co n tam in a t in g  th e  
o u t s id e  o f  th e  c o n t a i n e r .

A s p e c i a l  waste  ha n d l in g  c e l l  i s  p rovided  
with an i n t e r f a c e  in  t h e  c e l l  f l o o r  f o r  th e  
sea led  t r a n s f e r  sys tem.  The empty waste
c o n t a i n e r  i s  manual ly  loaded  i n t o  a t r a n s f e r  
c a r t  which moves through  a waste l o a d - o u t  c e l l  
and in to  p o s i t i o n  beneath  th e  waste  h and l ing  
c e l l .  The c a r t  i s  shown in F ig u r e  2. A
h y d ra u l i c  sys tem b u i l t  i n t o  th e  c a r t  then 
r a i s e s  and r o t a t e s  t h e  waste  c o n t a i n e r ,
locking i t  i n t o  t h e  i n t e r f a c e  f i x t u r e  in  t h e
ce l l  f l o o r .  A f t e r  t h e  c o n t a i n e r  has been 
f i l l e d  wi th  wast e  i t  i s  removed from th e

DISCLAIMER

i n t e r f a c e  and moved to  th e  waste load -o u t
c e l l .  I t  was o r i g i n a l l y  p lanned t h a t  the 
waste c o n t a i n e r  would be sea le d  i n to  a 120 L 
s t e e l  drum a t  t h i s  p o i n t  and h o i s t e d  in to  the  
s h i e ld e d  cask  shown in Figure  3 f o r  t r a n s p o r t  
t o  t h e  waste  management a r e a . ^  However, as
d i s c u s s e d  below, r a d i a t i o n  l e v e l s  have been 
l e s s  than a n t i c i p a t e d ,  and i t  has been
p o s s i b l e  t o  manual ly handle  the  waste
c o n t a i n e r .  I t  should  be emphasized t h a t  t h i s  
i s  p o s s i b l e  only  because o f  the  c l ea n  e x t e r i o r  
o f  th e  waste  c o n t a i n e r ,  and t h a t  r a d i a t i o n
exposure  t o  personnel  i s  held  wi th in
e s t a b l i s h e d  l i m i t s .  Should r a d i a t i o n  l e v e l s  
i n c r e a s e  in f u t u r e  p ro c es s in g  campaigns,  the 
ca sk  system w i l l  be a v a i l a b l e .  Manual
handl ing  i s  a tremendous improvement in
e f f i c i e n c y  compared to  us ing th e  waste cask 
which r e q u i r e s  use o f  a ded ic a t ed  lowboy 
t r a i l e r  and movement o f  
waste a t  a t ime to  the  
seve ra l  mi le s  d i s t a n t .

only  one co n ta i i i e r  of 
waste management area

The obvious way to  reduce s o l i d  waste 
volumes by waste compaction was e l im in a ted  
from t h e  o r i g i n a l  c e l l  d e s ig n .  The reason was 
t h a t  c a l c u l a t i o n s  i n d i c a t e d  t h a t  a c o n ta in e r  
o f  uncompacted waste would be s u f f i c i e n t l y  
r a d i o a c t i v e  t o  approach t h e  l i m i t  o f  sh i e ld in g  
c a p a b i l i t y  o f  t r a n s p o r t  casks and waste 
s t o r a g e  t e c h n i q u e s .  A c o n t a i n e r  o f  compacted 
waste could  t h e r e f o r e  exceed s h i e l d i n g  and 
handl ing  c a p a b i l i t i e s .  However, subsequent  
changes in waste  r e g u l a t i o n s  have made i t  
n ec e s s a ry  t o  remove heavy metal r e s id u e s  in 
o rd e r  to  avoid producing a dual hazard waste.  
Dual hazard  waste i s  not  pe r m i t t ed  a t  our 
waste management a r e a .  The washing process  to 
remove heavy meta ls  t ends  to  a l s o  reduce 
r a d i a t i o n  l e v e l s  and help  make waste volume 
r e d u c t i o n  a v i a b l e  a l t e r n a t i v e .

EXPERIMENTAL

Operat ing  e x p e r i en c e  in the  hot c e l l  
i n d i c a t e d  t h a t  some type  o f  waste compaction 
was f e a s i b l e  and d e s i r a b l e ,  so e f f o r t s  toward 
implementa t ion were begun. No commercial ly 
a v a i l a b l e  o r  l i t e r a t u r e - d e s c r i b e d  waste 
compactors  were found which were s u i t a b l e
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as a r e t r o f i t  i n s t a l l a t i o n  in t h e  RAL hot  
c e l l .  Our e f f o r t s  t o  deve lop  a s u i t a b l e
compactor began wi th  a ram o p e r a t e d  by a 
pneumat ic c y l i n d e r .  F igure  4 shows t h e  ram as 
i n s t a l l e d  in t h e  h o t  c e l l ,  w i th  t h e  waste  
loadout  i n t e r f a c e  in t h e  background.  This  
dev ice  e a s i l y  c r u s h e s  g l a s s  c o n t a i n e r s .
However, most o f  t h e  l a b  ware used in t h e  ho t  
c e l l  i s  p o l y e t h y l e n e .  P o ly e th y le n e  i s  used 
mainly because  i t  i s  i n e r t  toward h y d r o f l u o r i c  
a c id .  I t  i s  a l s o  cheap,  does  no t  b re ak  i f
dropped,  and p o s s i b l y  can be consumed in 
f u t u r e  waste i n c i n e r a t o r s .  Volume r e d u c t i o n  
o f  p o l y e t h y l e n e  l a b  ware by compaction i s  not  
t o t a l l y  s a t i s f a c t o r y  because  o f  s p r i n g - b a c k
a f t e r  p r e s s u r e  i s  removed. The e s t i m a t e d  ne t  
volume r e d u c t i o n  by compaction a l one i s  33%.

The next  development  was a 15 by 15 cm
g r id  o f  hea te d  Nichrome w i r e s ,  2 .54  cm on
c e n t e r ,  used to  c u t  t h e  waste  i n t o  small 
p i e c e s .  This d e v i c e  i s  shown in  F ig u re  5. A 
c lo sed  hopper i s  p ro v ided  to  feed  t h e  waste
m a te r i a l  to  t h e  g r i d ,  t o  p re v en t  t h e  f o r c i n g
of m a t e r i a l  i n t o  t h e  g r i d ,  t o  pe rm i t  use  o f  an
i n e r t  a tmosphere ,  and t o  c o l l e c t  t h e  o f f  gas
r e s u l t i n g  from t h e  c u t t i n g  o p e r a t i o n .  The 
g r id  i t s e l f  uses  0 .5  mm d i a m e t e r  Nichrome 
wire .  An e l e c t r i c a l  c u r r e n t  o f  7 amperes i s
r e q u i r e d ,  s u p p l i e d  by a v a r i a b l e  t r a n s f o r m e r  
s e t  a t  60 v o H s .  F a i l u r e  o f  t h e  c u t t i n g  wire
could r e s u l t  in  a jammed hopper and g r i d  u n i t ,
so both components a r e  re mote ly  r e p l a c e a b l e ,  
as shown in F igur e  6.  This  d ev i ce  can p ro c es s  
250 ml p o l y e t h y l e n e  b o t t l e s  a t  an e f f e c t i v e  
r a t e  o f  1 p e r  minute .  A 66% r e d u c t i o n  in 
volume i s  a c h ie v ed .  Li m it ing  t h e  wire
tem per a tu re  t o  830*C p r e v e n t s  i g n i t i o n  o f  
the  p o l y e t h y l e n e .  An i n e r t  gas  b l a n k e t  
p re v en t s  i g n i t i o n  i f  h ig h e r  wi re  t e m p e r a t u r e s
are  used.  I t  was c o n s id e r ed  n e c e s s a r y  to  
co n t ro l  th e  fumes to  p re v en t  p lu g g in g  o f  t h e  
c e l l  ex haus t  f i l t e r s .  The fumes q u i c k ly
plugged a vacuum c l e a n e r  d es igned  t o  handle
l a s e r  p r i n t e r  t o n e r ;  w a te r  s c ru b b in g  i s  a 
b e t t e r  a l t e r n a t i v e .

A subseque n t  approach was t o  add t h e  
p o ly e th y len e  b o t t l e s  t o  a 1000 mL g l a s s  beaker  
g reased wi th  s i l i c o n e  g r e a s e  and co n t a i n e d  in 
a h e a t i n g  m an t le .  This  a p p a ra tu s  i s  shown in 
Figure 7. The c y l i n d e r  o f  mel ted  waste  t o  t h e  
r i g h t  o f  th e  mant le  c o n t a i n s  tw e lve  250 mL 
b o t t l e s .  The volume r e d u c t i o n  was b e t t e r  than  
90%. However, t h e  e f f e c t i v e  p r o c e s s i n g  r a t e
was 10 minutes  p e r  b o t t l e .  Al though some o f
t h i s  compaction advantage  over  t h e  g r i d - c u t
waste would be l o s t  when t h e  r e s u l t i n g

c y l i n d e r s  a r e  dumped in to  the  waste 
c o n t a i n e r ,  i t  i s  s t i l l  a very s i g n i f i c a n t  
improvement.  C o n s id e r a t i o n  has been given to 
f i r s t  us ing th e  g r i d  and then process ing
through th e  m e l t e r  t o  see i f  ove ra l l  
p ro c es s in g  t imes can be s i g n i f i c a n t l y  
reduced.

In a d d i t i o n  t o  th e  p l a s t i c  lab  ware, 
an o th e r  major source  of  hot  c e l l  s o l i d  waste 
i s  damaged m an ip u la to r  b o o t s .  Three of  these  
boots  in unreduced form f i l l  a waste
c o n t a i n e r .  The f i r s t  volume redu ct ion  
approach cons ide red  was a mechanical  shear .  
Implementat ion o f  such a dev ice  pre sen ted  
i n s t a l l a t i o n ,  o p e r a t i o n ,  and maintenance 
problems.  I t  was then determined t h a t  a 
s i n g l e  25 cm long hea ted  Nichrome wire 
mounted in a f ixed  "U"-shaped frame could be 
used to  c u t  th e  b o o t s .  This d ev ice  can be 
seen in Figure  5. Boots ar e  cut  into
segments and each segment i s  s p l i t  lengthwise  
i n t o  two p i e c e s .  I t  i s  e s t im a ted  t h a t  f ive  
cu t -u p  boots  can be put i n to  a waste 
c o n t a i n e r .  The boot sample t e s t e d  was not
i g n i t e d  by th e  hot  w i re .  I t  was p o s s i b l e  to 
i g n i t e  th e  sample wi th  an open flame. 
T h e r e fo r e ,  implementa t ion o f  t h i s  process  
wi l l  r e q u i r e  e v a lu a t io n  o f  the  boot  mate r ia l  
used and a b s o l u t e  c o n t r o l  o f  boot i g n i t i o n .

CONCLUSION

I t  i s  e s t im a ted  t h a t  a t  p ro je c te d  
o p e r a t in g  r a t e s ,  a saving o f  a t  l e a s t  one 
waste c o n t a i n e r  per  week wi l l  be achieved 
wi th any combinat ion o f  th e  volume redu ct ion 
t e ch n iq u e s  d e s c r i b e d .  This r e p r e s e n t s  a 
sav ings  o f  $400 in t h e  c o s t  of  th e  co n ta in e r  
a lone .  An o r d i n a r y  s t e e l  drum used as a 
secondary c o n t a i n e r  i s  an a d d i t i o n a l  $60. I f  
a remote ly  r e t r i e v a b l e  drum i s  r e q u i r e d ,  the 
a d d i t i o n a l  c o s t  i s  $500 per  drum. 
S i g n i f i c a n t  as t h e s e  sav ings  may be, they 
wi l l  be g r e a t l y  exceeded by the  e l im in a t io n  
of  t h e  expense o f  t r a n s p o r t i n g  the  waste 
c o n t a i n e r  t o  the  waste  s to r a g e  a r e a ,  the 
c o n s i d e r a b l e  c o s t  o f  p re p a r in g  the  s to rage  
space ,  and th e  undetermined but  i n e v i t a b l e  
g r e a t  c o s t  o f  f u t u r e  permanent d i s p o s a l .

All o f  th e  systems d e s c r ib ed  can be 
e a s i l y  r e p a i r e d  or  r e p la ced  remote ly .

1. F. W. Dykes, e t  a l , "Design Concepts for
th e  Remote A n a ly t i c a l  L abora to ry , "  Proc.
30th  Conf. Remote Svs t .  Te chno l . Vol 1,
75 (1982)
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FIGURE 1. SEALED WASTE CONTAINER
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FIGURE 2. WASTE T R A N S F E R  CART
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FIGURE 3. WASTE TRANSFER CASK



FIGU RE 4. W A S T E  HA NDLING CELL INTERIOR



1

I • « » (

FIGURE 5. PL ASTIC WASTE CUTTER



FIGURE 6. WA S T E  C U TT ER CO MP ONE NT S




