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Abstract 

The 0-y concrete &t ce l l  eatled the ZOO0 Ci-cell, which has been 

used for several years as a prototype chemical plant for the isolation 

and production of actiniwn oxide, i s  now compZeteZy evacuated, 

decontaminated, and refurbished. Equipment yor mechanicaZ measurements 

has raw been instaZZed. 

After decontamination of the two independent stainless steel a-bozes, 

mounted i n  the cel l  and the evacuation of the inner equipment, the 

a-boxes themselves have been dismantled and discarded. The final step 

i n  the cleaning stage has been the decontamination of the hot ce l l  i t s e l f  

and the re furbishent .  

I t  consisted of sandblasting the epoxy-pcrinted concrete walls and the 

steel fZoor and lining it again with a polyester cement, applied as 

a paint. The new measurement equipment could then be installed i n  an 

area considered as non active. 



1 .  I n t r o d u c t i o n  

The B-y c o n c r e t e  h o t  c e l l ,  c a l l e d  t h e  1000 C i - c e l l ,  i s  o n e  o f  t h e  l a r g e r  

f a c i l i t i e s  a v a i l a b l e  a t  t h e  LHRA l a b o r a t o r y  of S.C.K./C.E.N. Mol. Dur ing  

t h e  last y e a r s  it h a s  been  o p e r a t i o n a l  a s  a p r o t o t y p e  s e m i - i n d u s t r i a l  

c h e m i c a l  p l a n t  f o r  t h e  i s o l a t i o n  and p r o d u c t i o n  o f  a c t i n i u m  o x i d e  [l]. 

By t h e  end of t h i s  programme i t  was d e c i d e d  t o  have  a c o m p l e t e  r e f u r b i s h m e n t  

of t h i s  c e l l .  

Work s t a r t e d  w i t h  t h e  d e c o n t a m i n a t i o n  of t h e  two i n d e p e n d e n t  s t a i n l e s s  

steel a l p h a - b o x e s  of t h e  c e l l  and  t h e  d i s m a n t l i n g  and e v a c u a t i o n  of t h e  

equ ipmen t .  The f o l l o w i n g  s t e p  was t o  d i s m a n t l e  and  d i s c a r d  t h e  U-boxes  

t h e m s e l v e s .  Decon tamina t ion  was comple t ed  by p e r s o n n e l  who e n t e r e d  t h e  c e l l .  

F o r  t h e  r e f u r b i s h m e n t  and i n  v i ew  of a p o s t - i r r a d i a t i o n  e x a m i n a t i o n  programme, 

m a j o r  i n f r a s t r u c t u r e  m o d i f i c a t i o n s  and a d a p t a t i o n s  have  been  made. 

F i n a l l y  new e x a m i n a t i o n  equipment  was i n s t a l l e d .  

2. Planning 

I n  o r d e r  t o  cope  t h e  r a t h e r  c o m p l i c a t e d  o p e r a t i o n s  and t o  a s s u r e  safe 

a c t i o n s  a l l  t h e  time, i t  h a s  been  n e c e s s a r y  t o  d raw up d e t a i l e d  p r o c e d u r e s  

and t o  e x e c u t e  a series of s i m u l a t i o n  tests .  

I n  t h i s  way, it h a s  been  p o s s i b l e  t o  g u a r a n t e e  a  c o n t i n u o u s  o p e r a t i o n  of 

a l l  o t h e r  p o s t - i r r a d i a t i o n  e x a m i n a t i o n  i n s t a l l a t i o n s  i n  t h e  same w o r k - h a l l .  

3. Description of t h e  h o t  c e l l  

The B-y h o t  c e l l  i n f r a s t r u c t u r e  h a s  been  used  d u r i n g  f i v e  y e a r s  t o  i s o l a t e  

2 2 7 ~ c  a n d  2 2 8 ~ h  f rom n e u t r o n - i r r a d i a t e d  r ad ium c a r b o n a t e  [l]. 

ie& 9 A g round  p l a n  how t h e  c e l l  was o r g a n i z e d  f o r  t h a t  p u r p o s e  i s  g i v e n  i n  F i g .  1 .  

The two a - b o x e s  i n s t a l l e d  i n s i d e  t h e  c o n c r e t e  walls were i n  c l o s e  c i r c u i t ,  

c o n n e c t e d  t o  a  r a d o n  v e n t i l a t i o n  sys t em.  O u t s i d e  t h e  c o n c r e t e  h o t  ce l l  a 

l e a d - s h i e l d e d  a-box h a s  been  c o n s t r u c t e d  f o r  t h e  i n s e r t i o n  and r emova l  o f  

t h e  r a d i u m  c a r b o n a t e  c h a r g e d  i r r a d i a t i o n  c a p s u l e s .  I n  t h e  basement  u n d e r  

t h e  h o t  ce l ls  s t o r a g e  f a c i l i t i e s  f o r  l i q u i d  waste e f f l u e n t s  has  been  i n s t a l l e d .  

The n o n - s h i e l d e d  U-box i n s t a l l e d  i n  f r o n t  of  t h e  h o t  c e l l s  and be tween t h e  

two w o r k - s t a t i o n s  h a s  been  u s e d  t o  i n t r o d u c e  a l l  c h e m i c a l  r e a g e n t s  needed  

f o r  t h e  p r o c e s s .  



4 .  Decon tamina t ion  and d i s m a n t l i n g  

The f e a r e d  c o n t a m i n a t i o n  one  was c o n f r o n t e d  w i t h .  was caused  by t h e  

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

n a t u r a l  f a m i l i e s  : 

2 2 6 ~ a  - a - i r r a d i a t i o n  - t 1/2 : 1,62.103y 

2 2 7 ~ c  - B - i r r a d i a t i o n  - t 1 / 2  : 21.8Y 

2 2 8 ~ h  - a - i r r a d i a t i o n  - t 1 /2  : 1.91Y 

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

d a u g h t e r  p r o d u c t s  : 

Due t o  t h e  c o m p l e x i t y  o f  t h e  c o n t a m i n a t i o n  and t h e  permanent  p r e s e n c e  of 

r a d i o a c t i v e  a - e m i t t i n g  g a s e s ,  t h e  whole d e c o n t a m i n a t i o n  and d i s m a n t l i n g  

o p e r a t i o n  had t o  b e  d i v i d e d  i n t o  t h r e e  p h a s e s  [2 and 31 : 

1. removal  of t h e  i n - c e l l  equipment  and d e c o n t a m i n a t i o n  of t h e  a -boxes  ; 

2. d i s m a n t l i n g  o f  t h e  a -boxes  and e v a c u a t i o n  a s  c o n d i t i o n e d  r a d i o a c t i v e  

a - e m i t t i n g  waste ; 

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

4.1. R m o t e  decontamination and removal of  i n e e l 2  equipment 

T h i s  t a s k  h a s  been  c o m p l e t e l y  per formed by r e m o t e  c o n t r o l  u s i n g  t h e  

e x i s t i n g  master s l a v e  m a n i p u l a t o r s  [IRL t y p e  NE and  NE]. The d i s m a n t l e d  

equipment  h a s  been  d i s c a r d e d  i n  t i n n e d  waste boxes ,  which had been p u t  

i n  La Ca lhkne  270 w a s t e  t r a n s p o r t  c o n t a i n e r s .  

- The two empt i ed  a -boxes  i n  t h e  c o n c r e t e  c e l l ,  t h e  bot tom of which 

was m a i n l y  c o n t a m i n a t e d ,  have  t h e  s u b j e c t  o f  f o l l o w i n g  o p e r a t i o n s  : 

- m e c h a n i c a l  c l e a n i n g  of t h e  bottom ; 

- c h e m i c a l  c l e a n i n g  w i t h  decon tamina ted  r e a c t a n t s  ( Exa l -Turco ,  

d i l u t e d  n i t r i c  and h y d r o c h l o r i c  a c i d s  w i t h  a d d i t i o n  of Ba - La - 
Th salts1 ; 

- r i n s i n g  w i t h  h i g h l y  p r e s s u r i z e d  w a t e r  j e t s .  



The d e g r e e  o f  d e c o n t a m i n a t i o n  was c o n t r o l l e d  by gamma m e a s u r i n g  i n  t h e  

a - b o x e s  and  by s ampl ing  w i t h  wet  a b s o r b i n g  p a p e r  t h e  r e m a i n i n g  c o n t a m i n a t i n g  

d e p o s i t s .  

A f t e r  pe r fo rmance  of t h e  d e s c r i b e d  p r o c e d u r e s .  t h e  gamma-ray f i e l d  was 

15Rh-I i n  t h e  a l - b o x  and  25Rh-l i n  a2-box .  

4.2. Dismantling and w s t e  disposal of the a-boxes  

The u s e  o f  a  p lasma b u r n e r  h a s  been  p r e f e r r e d  o v e r  o t h e r  t e c h n i q u e s ,  a s  i n  

t h i s  s i t u a t i o n  i t  was t h e  fas tes t  way t o  c u t  t h e  s t a i n l e s s  s tee l  a - b o x e s  

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

The r a p i d i t y  w i t h  which t h i s  c o u l d  be  r e a l i z e d  r e d u c e d  most  d r a s t i c a l l y  

t h e  r a d i a t i o n  r i s k s  o f  t h e  p e r s o n n e l .  

The d i s a d v e n t a g e s  o f  t h i s  c u t t i n g  t e c h n i q u e  were however ,  t h e  real  f i r e  

h a z a r d  i n c l u d i n g  t h e  v u l n e r a b i l i t y  o f  t h e  P.V.C. i n t e r v e n t i o n  a i r - t i g h t  

s u i t s  end  a  s u p p l e m e n t a r y  d i v e r s i o n  o f  formed c o n t a m i n a t e d  metal o x i d e s  

c r e a t i n g  a n  a d d i t i o n a l  waste and  d e c o n t a m i n a t i o n  p rob l em.  

D i s m a n t l i n g  of t h e  a -boxes  w i t h  t h e  plasma b u r n e r  h a s  been  m a i n l y  pe r fo rmed  

m a n u a l l y  ; a  s e m i - a u t o m a t i c  s y s t e m  h a s  a l s o  been  u sed  b u t  i t s  e f f i c i e n c y  

was r a t h e r  s m a l l  d u e  t o  t h e  v e r y  s p e c i a l  form o f  t h o s e  a -boxes .  

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

i n  t h e  1000  C i  h o t  c e l l .  

The who le  o p e r a t i o n  was made p o s s i b l e  and  a u t h o r i z e d  by t h e  r a d i a t i o n  c o n t r o l  

r e s p o n s i b l e s  t h a n k  t o  a n  i n t e r v e n t i o n  l o c k  [2] which  was t e m p o r a r i l y  

S'fco'e 2 i n s t a l l e d  a t  t h e  h o t  c e l l  ( F i g .  21. T h i s  l o c k  was equ ipped  w i t h  a shower ,  

t h e  n e c e s s a r y  a i r  d u c t s  and  t h e  i n f r a s t r u c t u r e  f o r  c o n d i t i o n i n g  and  r emova l  

o f  t h e  waste. 

The n o n - b u r n a b l e  w a s t e  h a s  been  removed v i a  400 L o i l  drums,  mixed w i t h  

\Pi& 3 c o n c r e t e  [ F i g .  3) and  i n t e n s e l y  v i b r a t e d  f o r  c r e a t i n g  a  good s e t t i n g .  

S& &C 4 The b u r n a b l e  was t e .  e s s e n t i a l l y  P.V.C. s u i t s ,  h a s  been  t r a n s p o r t e d  as  s u c h  

t o  t h e  Waste d e p a r t m e n t  f o r  f u r t h e r  t r e a t m e n t .  

A p a r t  f rom t h i s ,  a n  11 t o n  w e i g h i n g  p o r t  c o n s i d e r e d  a s  s l i g h t l y  a - c o n t a m i n a t e d  

h a s  a l s o  been  d i s c a r d e d ,  c r e a t i n g  i n  t h i s  way a v a i l a b l e  s p a c e  a t  t h e  f r o n t  

s i d e  f o r  a  t h i r d  work-pos t  l a t e r  i n  t h e  r e f u r b i s h m e n t  s t a g e .  T h i s  s h o u l d  

a f t e r  r e f u r b i s h i n g  t h e  h o t  c e l l s , c r e a t e  a t h i r d  w o r k - p o s t .  



4.3.  Work area decontamination 

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

a l p h a  b o x e s  h a s  been  u s e d  d u r i n g  2 y e a r s  a s  a  w o r k - h a l l ,  t h e  f l o o r  r e c e i v e d  

a  c o n s i d e r a b l e  enhancement  o f  c o n t a m i n a t i o n .  The w a l l s  and  t h e  c e i l i n g  

o f  t h e  h o t  c e l l  have a l s o  been c o n s i d e r a b l y  c o n t a m i n a t e d ,  p a r t i a l l y  by 

t h e  g a s e o u s  d a u g h t e r  i s o t o p e s  and p a r t i a l l y  by t h e  v o l a t i l i z a t i o n  o f  t h e  

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

S a n d b l a s t i n g  u s i n g  a s p e c i a l l y  t r e a t e d  metal s l a c k  (VASILGRITI h a s  been  

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

h o t  c e l l .  T h i s  c h o i c e  was ba sed  o n  a h i g h  e f f i c i e n c y  and  a  low p r i c e  

o f  t h e  p r o d u c t .  An i m p o r t a n t  d i s a d v a n t a g e  o f  t h i s  t e c h n i q u e s  was t h e  

p r o d u c t i o n  o f  a  new t y p e  o f  s o l i d  waste ( p o w d e r ) .  E i g h t  t o n s  VASILGRIT 

have  been  u s e d  f o r  d e c o n t a m i n a t i n g  200 m 2  of w a l l .  The u s e d  and  c o n t a m i n a t e d  

VASILGRIT h a s  been  d i s c a r d e d ,  mixed w i t h  v i b r a t e d  c o n c r e t e  i n  o i l  d rums  of 

400  L .  An o t h e r  i m p o r t a n t  d i s a d v a n t a g e  o f  t h e  u s e  o f  VASILGRIT was t h e  

c r e a t i o n  of f i n e  d u s t  ( b r o k e n  g r a i n s )  which  b locked  and  c o n g e s t e d  t h e  a i r  

f i l t e r s  o f  t h e  v e n t i l a t i o n  c i r c u i t .  

To a v o i d  t h i s  p roblem t h e  a b s o l u t e  f i l t e r s  had t o  b e  equ ipped  w i t h  a  s u p p l e -  

m e n t a r y  p r e f i l t e r  which  i m p l i e d  a d e l a y  i n  t h e  work a s  t h e y  had t o  b e  

r e g u l a r y  r enewed .  

A  l a s t  p h a s e  i n  t h i s  d e c o n t a m i n a t i o n  was t h e  t h o r o u g h  d i s c a r d i n g  of t h e  

f i n e  d u s t ,  d e p o s i t e d  eve rywhere  i n  t h e  h o t  c e l l .  T h i s  was per formed w i t h  

vacuum c l e a n e r s  and  by s p e r g i n g  t h e  c e i l i n g  and  w a l l s  w i t h  water u n d e r  h i g h  

p r e s s u r e  ( 1 0  b a r l .  T h e s e  s o l u t i o n s  have  been  c o l l e c t e d  i n  50  L PVC f l a s k s  

and  a f t e r  s e d i m e n t a t i o n  of t h e  d u s t , t h e  d e c a n t a t e d  f l u i d  h a s  been  s e n t  

t o  t h e  Waste  d e p a r t m e n t .  

The r e m a i n i n g  s l u d g e  [ f i n e  wet  d u s t )  h a s  been  t r e a t e d  w i t h  c o n c r e t e  t o  fo rm 

s o l i d  waste. 

4.4. PersonneZ interventions and quantit ies of m s t e  

The whole  d i s m a n t l i n g  and  d e c o n t a m i n a t i o n  o p e r a t i o n  h a s  been  pe r fo rmed  

by p e r s o n n e l  w e a r i n g  i n t e r v e n t i o n  suits .  A o n e - p i e c e  PVC s u i t  h a s  been  

c h o s e n  f o r  t h e s e  d u t i e s .  The PVC m a t e r i a l  was m o s t l y  s e l f - e x t i n g u i s h i n g .  

I n  v i e w  o f  t h e  p lasma b u r n i n g ,  a n  a l u m i n i u m - l i n e d  a s b e s t o s  c o a t  was worn 

o v e r  t h e  PVC s u i t .  F o r  m e c h a n i c a l  i n t e r v e n t i o n s ,  a  l e a t h e r  a p r o n  h a s  

been  u s e d .  



A s  s a f e t y  measu re ,  e a c h  PVC s u i t  h a s  been equ ipped  by LHMA w i t h  a d o u b l e -  

v e n t  c o n n e c t i o n  sys t em f o r  m e d i c a l  a i r  s u p p l y .  I n  t h i s  way a t  t h e  t r a n s i t i o n  

f rom t h e  shower  room t o  t h e  work- lock  and  v i c e - v e r s a ,  a  c o n t i n u o u s  a i r  

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

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

A wireless e l e c t r o n i c  communica t ion  sys t em p r o v i d e d  t h e  c o n t a c t  be tween  

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

o f  t h e  h o t  c e l l .  

The p e r s o n n e l  i tself  h a s  been  m e d i c a l l y  s c r e e n e d  f o r  m a j o r  l u n g  and  t r a c h e a  

a f f e c t i o n s  a s  w e l l  as f o r  c l a u s t r o p h o b i a .  

R, .c 5- F i g .  4 g i v e s  a s y n o p t i c  v i ew  o f  t h e  p r o c e d u r e  of access t o  t h e  i n t e r v e n t i o n  

Y < &  6 z o n e .  
T a b l e  1A p r o v i d e s  a  s u r v e y  o f  t h e  d i f f e r e n t  work p e r i o d s ,  m e n t i o n i n g  t h e  

number of i n t e r v e n t i o n s  and  t h e  q u a n t i t i e s  of d i s c a r d e d  c o n d i t i o n e d  and 

non c o n d i t i o n e d  waste. 

T a b l e  18 g i v e s  t h e  number o f  man-rem which h a s  been  r e c e i v e d  by t h e  

p e r s o n n e l  [7]. 



TABLE 1A 

Review of  i n t e r v e n t i o n s  i n  t h e  1000 C i - c e l l  

Date Deseriptfm of t h e  Number of Evacuated 
i n t e r v e n t i o n  i n  t h e  i n t e r v e n t i o n s  w a s t e  

1000 C i - c e l l  af 2 men d u r i n g  
2 h o u r s  

d i s m a n t l i n g  a1 60 19  v e s s e l s  
(400 

d i s m a n t l i n g  a2 5 1 19 v e s s e l s  
(400 Q) 

1 I 

d i s m a n t l i n g  s 4 - a 7  20 
and glove-box I. I 10 v e s s e l s  

(400 Q1 

de lay- tank  
[ZOO m long - 0 32  cm1 1 6  50 p l e c e s  w i t h  

a 4 m l e n g t h  

d i s m a n t l i n g  a 3  10 1  a-box 

decon tamina t ion  and 28 two p a r t s  
e v a c u t i o n  of  y-door  t o t a l  11  t o n s  

d i s m a n t l i n g  of waste  I I 25 v e s s e l s  boxes  and v e n t i l a t i o n  
c i r c u i t  i n  t h e  c e l l a r  I I 
decon tamina t ion  of  t h e  
l 0 0 0  C i - c e l l  by sand- 100 23 v e s s e l s  
b l a s t i n g  

vacuum c l e a n i n g  37 s o l i d  was te  

wet c l e a n i n g  I l i q u i d  was te  

decon tamina t ion  of  t h e  1 2  7 v e s s e l s  
c e l l a r  (200 QI 

t e s t  decon tamina t ion  of 8 
l e a d  b r i c k s  

e v a c u a t i o n  of contaminated 1 7  
l e a d  b r i c k s  I 16 wooden boxes 

t o t a l  : 17 t o n s  



TABLE IB 

Dose e q u i v a l e n t  man-rem r e c e i v e d  by t h e  p e r s o n n e l  d u r i n g  t h e  d i s m a n t l i n s  

P e r i o d  I C o l l e c t i v e  d o s e  
e q u i v a l e n t  
man-rem 

I Nay 1976 

I 

2.  D i s m a n t l i n g  
a 2  4  5 

December 1976 

3. D i s m a n t l i n g  
a4-a7 3 .7  

?larch 1976 

I 4.  D i s m a n t l i n g  
y -door  

September  1977 

5.  D i s m a n t l i n g  
c e l l a r  6.1 

September  1978 

6.  Decon tamina t ion  
1000 C i - c e l l  

February-March 1979 

7 .  T o t a l  
1 +2+3+4+5+6  130 
+ d i s m a n t l i n g  a3 
and d e l a y  t a n k  

May 1977 

Number o f  I n d i v i d u a l  measured 
p e r s o n s  l max. d o s e  

( man%e$ 



5 .  Refu rb i shmen t  o f  t h e  cell 

5.1. Cell i n t e r io r  r e fu rb i shen t  

Complete r e f u r b i s h m e n t  o f  t h e  c e l l  i n n e r  s u r f a c e s  was n e c e s s a r y .  A f t e r  

t h e  c r a c k s  i n  t h e  c o n c r e t e  of t h e  i n n e r  w a l l s  had been s e a l e d  by a n  epoxy 

r e s i n ,  s e v e r a l  ( e p o x y - f i n i s h 1  c o a t i n g s  were  a p p l i e d  t o  c r e a t e  a p p r o x i m a t e l y  

a  180  pm f i l m .  

Epoxy f i n i s h  h a s  been s e l e c t e d  t o  p r o v i d e  good r a d i a t i o n  r e s i s t a n c e  and 

a  h i g h l y  imperv ious  s u r f a c e  [ e a s y  d e c o n t a m i n a t i o n )  and t h e  l i g h t  c o l o u r  

f i n i s h  improves  i n - c e l l  v i s i b i l i t y .  

5.2.  Supplementary work-station 

I n  o r d e r  t o  c o v e r  t h e  e n t i r e  a v a i l a b l e  volume o f  t h e  h o t  c e l l  and i n  

v iew of f u t u r e  equipment  t o  be  i n s t a l l e d  f o r  t h e  p lanned p o s t - i r r a d i a t i o n  

programme, a  s u p p l e m e n t a r y  w o r k - s t a t i o n  a t  t h e  f r o n t  s i d e  o f  t h e  c e l l  was 

found n e c e s s a r y  ( F i g .  1 1 .  T h e r e f o r e ,  t h e  b i g  c o n c r e t e  p l u g  i n  t h e  

f r o n t  s i d e  between t h e  two windows h a s  been r e p l a c e d  by a  s t e e l  box, f i l l e d  

w i t h  b a r y t e  c o n c r e t e ,  equ ipped  w i t h  a l e a d  g l a s s  window and o n e  m a s t e r  s l a v e  

- m a n i p u l a t o r  [ F i g .  51. 

5.3. In-eel2 overhead crane 

The 10  kN i n - c e l l  b r i d g e  c r a n e  was i n s p e c t e d  and m o d i f i e d .  T h i s  c r a n e  

h a s  no t  been  removed from i t s  r a i l s ,  i t  was s e r v i c e d  d u r i n g  c e l l  e n t r y .  

I n  v i ew o f  t h e  h i g h  c o n t a m i n a t i o n  l e v e l ,  t h e  s t e e l  c a b l e ,  e l e c t r i c a l  w i r e s  

and  c o n t r o l  r a c k  have  been  r e p l a c e d .  The mechan ica l  p a r t s  o f  t h e  b r i d g e  

were  i n  good c o n d i t i o n  and no r e p l a c e m e n t s  have been r e q u i r e d .  

5.4. Cell l ight ing modifications 

The e x i s t i n g  l i g h t  f i x t u r e s  have been r e p l a c e d  by s i x  250 W mercu ry  v a p o u r  

lamps  l o c a t e d  above  t h e  c e l l  w o r k - s t a t i o n s .  A d d i t i o n a l  l i g h t i n g  h a s  been  

s u p p l i e d  a s  w e l l  by t h r e e  ha logen  500 W lamps.  The new l i g h t i n g  l e v e l s  

have been  d e t e r m i n e d  t o  be  a b o u t  1000 l u x .  



C e l l  a c c e s s  h a s  been made p o s s i b l e  by i n s t a l l i n g  an a l p h a  t i g h t  d o o r  

behind t h e  heavy c o n c r e t e  d o o r  a t  t h e  l e f t  s i d e  of  t h e  c e l l  ( F i g .  1 1 .  

I n  t h i s  panel  a  t r a n s f e r  system, i . e .  La CalhQne a-door .  has  been i n s t a l l e d  

a l l o w i n g  i n t r o d u c t i o n  of  m a t e r i a l  o r  e v a c u a t i o n  of was te  w i t h  low a c t i v i t y .  

5.6. Transfm system [ F i g .  61  

8 
I n  t h e  l a t e r a l  w a l l  a t  t h e  r i g h t  s i d e  o f  t h e  c e l l ,  t h e  e x i s t i n g  r o t a t i n g  

h e a v i l y  contaminated i n t r o d u c t i o n  system ( F i g .  11 h a s  been comple te ly  

removed from t h e  c o n c r e t e  s h i e l d i n g  and r e p l a c e d  by a  "La CalhQne a - t i g h t "  

t r a n s f e r  system. 

A t  both  s i d e s  of t h e  l i n i n g  a  15  cm t h i c k  l e a d - s h i e l d e d  d o o r  has  been 

i n s t a l l e d .  

Both s y s t e m s , i . e .  t h e  "La CalhSne a - t i g h t  d o o r s  and t h e  l e a d  s h i e l d i n g  

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

6. Installation o f  new equipment 

The p o s t - i r r a d i a t i o n  examinat ion of  a n  i r r a d i a t e d  p r e s s u r e  v e s s e l  s t e e l  

i s  impor tan t  i n  Belgium, a s  seven power p l a n t s  w i l l  become o p e r a t i o n a l  

from 1984 on,  t h e n  producing abou t  58% o f  a l l  e l e c t r i c  power. 

For  t h e s e  PWR power s t a t i o n s ,  s y s t e m a t i c  s u r v e i l l a n c e  of t h e  p r e s s u r e  v e s s e l  

s t e e l  m u s t  be made d u r i n g  t h e  whole time of  t h e  n u c l e a r  r e a c t o r .  Tab le  2 

p r o j e c t s  t h e  number of tests p e r  yea r  from 1985 on [4]. 

I n  o r d e r  t o  s a t i s f y  t h i s  f u t u r e  demand f o r  p r e s s u r e  v e s s e l  s u r v e i l l a n c e  t e s t s ,  

new d e v i c e s  have been i n s t a l l e d  i n  t h i s  1000 C i - c e l l ,  and w i t h i n  t h e  nea r  

f u t u r e .  t h i s  new t e s t  equipment w i l l  be  o p e r a t i o n a l  [ S ,  61. 

6.1. Tension t e s t  apparatus instal lat ion 

A 1 0  t o n  c a p a c i t y  I n s t r o n  t e n s i o n  a p p a r a t u s ,  adapted t o  remote  hand l ing  

h a s  been mounted i n  t h e  c e l l .  I n  o r d e r  t o  s a t i s f y  t h e  t e n s i o n  t e s t s  on 

t h e  t e n s i o n  specimens a s  w e l l  a s  on t h e  f r a c t u r e  mechanics  W . O . L .  specimens ,  

a t  h igh and low t e m p e r a t u r e s ,  a  f u r n a c e  and c o l d  chamber, mounted on an 

e l e c t r o - m e c h a n i c a l  frame des igned  i n  t h e  l a b o r a t o r y ,  have been i n s t a l l e d .  

F i g .  7 g i v e s  a n  i n - c e l l  view of t h i s  frame w i t h  f u r n a c e  and c o l d  chamber. 



TABLE 2 

Pressure vessel surveillance programme peak demand 



6.2. Impact t e s t  apparatus instaZZation 

F o r  t h e  Charpy-V impac t  t e s t i n g  and  a c c o r d i n g  t o  ASTM s p e c i f i c a t i o n s ,  

a  T i n i u s  Olsen impac t  t es ter  w i t h  a  36 .5  kgm (359  J1 c a p a c i t y  f i t t e d  f o r  

r e m o t e  h a n d l i n g  i s  i n s t a l l e d .  

T h i s  a p p a r a t u s  h a s  been  f i t t e d  w i t h  dynamic l o a d  r e c o r d i n g  equ ipmen t .  

Impact  spec imen c o n d i t i o n i n g  i s  made by a  f u r n a c e  and  c o l d  chamber a s sembly ,  

w h i l e  f o r  t h e  p o s i t i o n i n g  o n  t h e  a n v i l  o f  t h e  i m p a c t  t es ter ,  a n  a u t o m a t i c  

e l e c t r o - p n e u m a t i c  r o b o t  was p u r c h a s e d  and  a d a p t e d  t o  t h e  s p e c i f i c  n e e d s .  

K ; ~ Q ~ O  F i g .  8 r e p r e s e n t s  t h e  i m p a c t  t e s t e r  and  t h e  spec imen  p o s i t i o n i n g  s t a g e .  

4. 
The a d d i t i o n a l  i n f o r m a t i o n  o b t a i n e d  f rom t h e  i n s t r u m e n t e d  i m p a c t  test 

i . e .  g e n e r a l  y i e l d  l o a d ,  maximum l o a d  and e n e r g y  d i f f e r e n t i a t i o n  be tween  

:R;& I%) i n i t i a t i o n  and  p r o p a g a t i o n ,  c a n  b e  u s e f u l  f o r  t h e  r e l a t i o n  w i t h  f r a c t u r e  

m e c h a n i c  t e s t s  [ 6 ] .  

6.3. Profile projector instaZZation 

A p r o f i l e  p r o j e c t o r  i s  i n s t a l l e d  be tween  t h e  t e n s i o n  a p p a r a t u s  and  t h e  

i m p a c t  t e s t e r ,  i n  f r o n t  o f  t h e  s u p p l e m e n t a r y  w o r k - s t a t i o n  which  h a s  been 

p l a n n e d .  

T h i s  a p p a r a t u s ,  a l l o w i n g  spec imen  c o n t o u r  p r o j e c t i o n  o n  a s c r e e n ,  e q u i p p e d  

w i t h  a p r e c i s i o n  m e a s u r i n g  X-Y t a b l e  (250  X 1 2 5  mm d i s p l a c e m e n t ) ,  d r i v e n  

by s t e p p i n g  m o t o r s ,  h a s  a  d i g i t a l  measu r ing  s y s t e m  o u t s i d e  t h e  h o t  c e l l  ( F i g . 9 1 .  

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

s u c h  a s  : 

- d i m e n s i o n a l  c o n t r o l s  o n  t h e  t e n s i o n  spec imen  b e f o r e  and  a f t e r  f r a c t u r e  : 

- l a t e r a l  e x p a n s i o n  measurement  on t h e  b r o k e n  h a l v e s  of t h e  Charpy-V 

spec imen .  

A s  i n  t h e  same h o t  c e l l  p o s t - i r r a d i a t i o n  e x a m i n a t i o n  programmes w i l l  b e  

made o n  LWR f u e l  a s s e m b l y  s p a c e r  g r i d s ,  t h e  c o n t o u r  p r o j e c t o r  w i l l  b e  

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



6.4. Cutting apparatus 

A s  t h e  hand l ing  o f  t h e  s u r v e i l l a n c e  c a p s u l e  i t s e l f  i n  f u e l  m a t e r i a l  

contaminated hot c e l l s  m u s t  be avoided a t  any t ime ,  it was dec ided  t o  

i n s t a l l  a  c u t t i n g  d e v i c e  f o r  d i s m a n t l i n g  of  t h e  c a p s u l e  i n  t h e  1000 C i - c e l l  

a s  well. 

R;& d q  Dismant l ing is  c a r r i e d  o u t  by c u t t i n g  l o n g i t u d i n a l l y  t h e  u e l d i n g s  o f  t h e  

c a p s u l e  s h e l v e s  o v e r  a  l e n g t h  of  abou t  one m e t r e .  



C o n c l u s i o n s  

P r e s e n t l y  t h e  r e f m b i s h m e n t  and  i n s t a l l a t i o n  o f  new equ ipmen t  i n t o  t h e  

1000 C i - c e l l  h a s  been  c o m p l e t e d  and  a c c e p t a n c e  tes ts  are g o i n g  on .  The 

f i rst  i r r a d i a t e d  c a p s u l e  w i l l  p r o b a b l y  b e  hand led  a f t e r  t h e  summer h o l i d a y s .  

The programme of o p e r a t i o n s  wh ich  h a s  been p r e s e n t e d  h e r e  proved  t h a t  it i s  

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

many y e a r s  o f  r e m o t e  o p e r a t i o n  e v e n  i n  r a t h e r  s e v e r e  c h e m i c a l  c i r c u m s t a n c e s .  

P l a n n i n g  o f  work was pe r fo rmed  i n  s u c h  a  manner  t h a t  no r a d i a t i o n  r i s k s  

d e v e l o p e d .  

The p e r s o n n e l  was n e v e r  exposed  t o  r a d i a t i o n  i n  e x c e s s  o f  o u r  c u r r e n t  

limits and  no c o n t a m i n a t i o n  was r e l e a s e d  beyond normal  c o n t r o l s .  

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

c o n s i d e r a t i o n s  : 

- r emova l  of c o n t a m i n a t e d  equ ipmen t  o r  p a r t s  o f  equipment  must  b e  f o r e s e e n  

w h e r e v e r  p o s s i b l e  ; 

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

d e c o n t a m i n a t i o n  e a s i n e s s  ; 

- t h e  t e c h n i q u e  o f  p l a s m a - t ~ & h  c u t t i n g  f o r  t h e  a -box  e v a c u a t i o n  and  

s p r a y - c l e a n i n g  o f  c e l l  w a l l s  h a s  been  proved  u s e f u l  i n  t h i s  k i n d  o f  

work .  



REFERENCES 

[l] L.H. BAETSLE, P. OEJONGHE, A.C. OEMILDT 

M.J. BRABERS 

K .  DE TROYER, A. DROISSART, M. POSKIN 

"Large-sca le  p r o d u c t i o n  of 2 2 7 ~ c  and development of an i s o t o p i c  heat  

source f u e l l e d  w i t h  Ac203" 

A/CONF/49/P/287, 1973. 

[2] R. HERENANS, C .  LAMBIET, G. HOYAUX, L.H. BAETSLE 

" I n t e r v e n t i o n  humaine en zone chaude contaminge p a r  gaz r a d i o a c t i f s "  

XVI ihne Cornit6 des L a b o r a t o i r e s  Chauds o rgan i s6  par  1'Euratam (CCE) 

W i n f r i t h  [GB), 18-19 Sept. 1974. 

[3] A. DANIELS, A.C. OEMILOT 

Hot l a b o r a t o r i e s  committee meet ing '79 

Decontaminat ion problems c rea ted  by hot  c e l l s  used f o r  t h e  sepa ra t i on  

o f  ac t in ium-227  f rom n e u t r o n - i r r a d i a t e d  rad ium o x i d e  

LHIIA/TEC/39.3619/10/ACO/AD - June '79 .  

[4] Ph. VAN ASBROECK, H. TOURWE, J. VAN de VELDE, P. GUBEL, P. OE REGGE 

Pressure vesse l  s u r v e i l l a n c e  exper ience i n  B e l g i a n  power p l a n t s  

17/04/79. 

[5J J. VAN de VELDE 

Pressure  vesse l  s t e e l  s u r v e i l l a n c e  programmes 

Hot l a b o r a t o r y  examinat ions 

LHMA/TEC/39.936/298.a/02/JVdV - 30/05/79. 

[ 6 ]  2. VAN de VELOE 

Pressure vesse l  s u r v e i l l a n c e  specimens e v a l u a t i o n  techniques 

LHMA/TEC/39.235/04 - 15/04/80. 

[7J J . P .  OEWORM. G. FIEUW, J .  MARLEIN 

S t r a l i n g s k o n t r o l e  gedurende de on tmante l ing  van de a c t i n i u m  i n s t a l l a t i e s  

Annalen van de Be lg ieche  v e r e n i g i n g  voor  s t ra l ingsbescherming  - Vo1.4- nr .2 .  



FIGURE CAPTIONS 

F i g .  1. The 1000  C i - c e l l  b e f o r e  d i s m a n t l i n g  

F i g .  2. I n t e r v e n t i o n  chamber w i t h  t e n t  f o r  d i s m a n t l i n g  o f  t h e  i n f r a s t r u c t u r e  

of t h e  1000 Ci-cell 

F i g .  3. E v a c u a t i o n  of c o n d i t i o n e d  s teel  v e s s e l s  

F i g .  4. S y n o p t i c  o f  t h e  p r o c e d u r e  f o r  e n t r a n c e  t o  t h e  i n t e r v e n t i o n  a r e a  

F i g .  5.  Supp lemen ta ry  w o r k - s t a t i o n  

F i g .  6.  T r a n s f e r  sys t em 

F i g .  7 .  Frame w i t h  f u r n a c e  and c o l d  chamber o f  t h e  t e n s i o n  a p p a r a t u s  

F i g .  8. Impact  tester  i n s t a l l a t i o n  w i t h  a u t o m a t i c  spec imen  p o s i t i o n i n g  s t a g e  

F i g .  9.  P r o f i l e  p r o j e c t o r  i n s t a l l a t i o n  









Fig .  4. Synoptic of the  procedure f o r  en t rance  the zone of in t e rven t ion .  



Fig. 5 .  'Supplementary work-station. 



Fig. 6. Transfer system. 



Fig .  7 .  Frame w i t h  f u r n a c e  and c o l d  chamber 

of t h e  t e n s i o n  a p p a r a t u s .  



Fig. 8. Impact tester installation with automatic 

specimen positioning stage. 



Fig .  9. P r o f i l e  pro jec tor  i n s t a l l a t i o n .  




