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INTRODUCTION 

A t  t h e  JRC I s p r a  Es tab l i shment  of t h e  European Comnunity a  h o t - c e l l  

f a c i l i t y  named (PETRA) i s  under  c o n s t r u c t i o n .  PETRA i s  a  f a c i l i t y  

wh ich  w i l l  c o n s i d e r a b l y  upgrade t h e  Commission o f  t h e  European 

Communit ies research  emphasis on r a d i o a c t i v e  waste manaoemftnt, b y  ----- .- - - 
v e r i f i c a t i o n ,  d e m o n s t r a t i o n  and o p t i m i s a t i o n  o f  concep ts  a l r e a d y  

under  s t u d y .  The f a c i l i t y  w i l l  be a b l e  t o  produce v a r i o u s  t y p e s  o f  

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

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

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

p rocess  modes, s p e c i f i c a l l y  o r i e n t a t e d  t o  i d e n t i f y ,  a n a l y s e  and 

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

and t o  improve waste q u a l i t y  i n  f u n c t i o n  of b o t h  e f f e c t i v e n e s s  and 

s a f e t y  o f  f i n a l  d i s p o s a l .  

PETRA FACILITY DESCRIPTION 

The hardware f o r  t h e  h o t  e x p e r i m e n t a l  v e r i f i c a t i o n  o f  t h i s  p r o j e c t  

i s  t o  be i n s t a l l e d  i n  t h r e e  h o t  c e l l s  ( 4  05, 4306, 4307) of t h e  2 
ADECO L a b o r a t o r y  on a  su r face  a r e a  of 43 m ( F i g u r e  1). 
The d e c i s i o n  t o  i n s t a l l  t h e  PETRA f a c i l i t y  i n  t h e  e x i s t i n g  spare  h o t  

C e l l s  o f  ADECO, which forms a  p a r t  of t h e  l i c e n s e d  n u c l e a r  

i n s t a l l a t i o n s  i n  t h e  ESSOR r e a c t o r  complex, was m o t i v a t e d  b y  

economica l  reasons.  Indeed,  t h e  f a c i l i t y  e n j o y s  t h e  ex tended s u p p o r t  

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

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

f a c i l i t i e s ,  t h e  h o t  workshop, t h e  v e n t i l a t i o n  system, t h e  r a d i a t i o n  

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

h i g h l y  r e l i a b l e  power s u p p l y  systems e t c .  
Two o f  t h e  e x i s t i n g  o p e r a t i o n a l  h o t  c e l l s  (4411,4304) w i l l  be 

u t i l i s e d  f o r  pe r fo rm ing  mechan ica l  o p e r a t i o n s  on e i t h e r  i r r a d i a t e d  

f u e l  m a t e r i a l  o r  c o n d i t i o n e d  waste specimens. One o f  t h e s e  c e l l s  

(4411)  has a  work ing  h e i g h t  o f  6  me t res  w i t h  d i f f e r e n t  e n t r y  

p o s s i b i l i t i e s .  
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Figure 1 VERTICAL CROSS-SECTION OF THE ADECO HOT CELLS 
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Hot  a n a l y t i c a l  s u p p o r t  w i l l  be p r o v i d e d  i n  an a d d i t i o n a l  s h i e l d e d  

area.  Pneumatic systems a r e  used t o  t r a n s f e r  t h e  samples f r o m  t h e  

Process  c e l l s  and subsequen t l y  t o  t h e  Rad iochemis t ry  b u i l d i n g  f o r  

r a d i o m e t r i c  assay. 

The l a y - o u t  of t h e  process equipment i n  PETRA i s  r e f e r r e d  t o  a  

batch-wise t r e a t m e n t  c a p a c i t y  of 6 kg U t h r o u g h  t h e  f o l l o w i n g  

s i n g l e  u n i t  o p e r a t i o n s  such a s  : 

d i s s o l u t i o n  and feed c l a r i f i c a t i o n  ( b y  f i l t r a t i o n ) ,  

HA - codecon tamina t ion  c y c l e  and s o l v e n t  r e g e n e r a t i o n ,  

U/Pu c o n c e n t r a t i o n ,  

U/Pu c a l c i n a t i o n ,  

HAW c o n c e n t r a t i o n ,  

MAW c o n c e n t r a t i o n ,  

D e n i t r a t i o n  and e v e n t u a l l y  o x a l a t e  p r e c i p i t a t i o n ,  

V i t r i f i c a t i o n ,  

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

Most  o f  these  u n i t  o p e r a t i o n s  w i l l  be per formed on a  d a y - s h i f t  

schedu le  and i n  anyway i n  a  s e q u e n t i a l  o p e r a t i n g  mode. PETRA w i l l  

a l s o  be a b l e  t o  accep t  waste s o l u t i o n s  t r a n s p o r t e d  by a  " c e n d r i l l o n "  

t y p e  system, from wherever t h e y  may be a v a i l a b l e ,  t h u s  enhancing t h e  

f l e x i b i l i t y  o f  t h e  f a c i l i t y .  

DESIGN CRITERIA 

The d e s i g n  p h i l o s o p h y  adopted has been t o  s e l e c t  o n l y  p roven  and 

e s t a b l i s h e d  techno logy .  

The i n - c e l l  equipment compr ises : 

- 1 8  v e s s e l s  of c y l i n d r i c a l  and s l a b  shapes r e s p e c t i v e l y  w i t h  

volumes i n  t h e  range  from 70-120 l i t r e s .  

- 4 h e a t a b l e  u n i t s  w i t h  t h e i r  condensers, t o  se rve  as  r e a c t o r s  and 

e v a p o r a t o r s  ( n o m i n a l  e v a p o r a t i o n  r a t e  1 0  l / h )  

- a  furnace f o r  c a l c i n a t i o n  
3 - a  v i t r i f i c a t i o n  u n i t  w i t h  drum d r y e r  p r o d u c i n g  a  2 dm g l a s s  

b l o c k .  

- 6 m i x e r - s e t t l e r  b a t t e r i e s  f o r  c o u n t e r - c u r r e n t  e x t r a c t i o n  

o p e r a t i o n s  

- 2 off-gas s c r u b b i n g  columns i n  s e r i e s  

- 2 f i l t e r s  f o r  l i q u i d s  and 2 of f -gas f i l t e r s  

- 8 d o s i m e t r i c  pumps and one p e r i s t a l t i c  pump 

- 27 vacuum p o t s  t o  s u p p o r t  l i q u i d  t r a n s f e r  b y  a i r  l i f t s  

- s a m p l i n g  system f o r  a l l  v e s s e l s  and h e a t a b l e  u n i t s .  

... /... ( 3 )  



Photo showing dissolver lid and basket, drip tray and 

denitrator vessel in cell 4306. 

Photo showing upper plug connections/penetrations, 

evaporators and their condensers in cell 4306 



I n  c e l l  4307 a  new a l p h a - t i g h t  s o l i d  waste t r a n s f e r  and h a n d l i n g  

dev ice  has been set-up. T h i s  d e v i c e  mates w i t h  a  r e c e i v i n g  s t a t i o n  

of t h e  c e n t r e  f o r  f i n a l  waste t rea tmen t .  

A l l  c o n s t r u c t i o n  m a t e r i a l  i s  b a s i c a l l y  A I S I  316L SS excep t  t h e  

r e a c t o r s ,  wh ich  a r e  b u i l t  i n  I n c o l o y  825. 

I n  o r d e r  t o  m i n i m i s e  t h e  r i s k  of f i r e ,  a l l  u n i t s  i n  wh ich  o r g a n i c  

s o l v e n t  i s  i n v o l v e d  have been p l a c e d  i n  c e l l  4307, from which on 

t h e  c o n t r a r y  any u n i t  r e q u i r i n g  h e a t i n g  i s  excluded, 

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

m e t a l  t o  m e t a l  coup l ings ,  wh ich  can be hand led  remote ly .  

Accord ing ly ,  t o  an o r d e r  of p r i o r i t y  e s t a b l i s h e d  on  o p e r a t i o n a l  

requ i rements  (e.g. f i l t e r s  and c r u c i b l e s ) ,  on f o r e s e e n  maintenance 

f requenc ies  (e.g. d o s i m e t r i c  pumps) and e v e n t u a l l y  on p rocess  scheme 

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

remote h a n d l i n g ,  i n  o r d e r  t o  assure  a h i g h  degree o f  f l e x i b i l i t y  

w h i l s t  a t  t h e  same t i m e  m i n i m i s i n g  exposure t o  o p e r a t o r s .  Fo r  t h i s  

purpose a 1:5 s c a l e  model was used f o r  o p t i m i s i n g  component l ay -ou t  

purposes. 

I t  has been assured  t h a t  i n  stand-by c o n d i t i o n s ,  no a c t i v e  l i q u i d  i s  

i n  c o n t a c t  w i t h  t h e s e  connect ions.  

A t  t h e  p o i n t s  where removable components l i k e  m i x e r  s e t t l e r s ,  pumps, 

f i l t e r s  etc.,  a r e  i n s t a l l e d ,  s p e c i a l  d r a i n a b l e  d r i p t r a y s  a r e  

p rov ided .  A l l  a i r - l i f t  t r a n s f e r  systems, a r e  i n s t a l l e d  above t h e  

s t a t i c  l i q u i d  head o f  t h e  vesse ls  and so can  d r a i n  back t o  t h e  

l a t t e r .  I n  stand-by c o n d i t i o n s  t h e r e  a r e  t h e r e f o r e  no d e a d - l i q u i d  

volumes i n  t h e  p i p e  work. Equipment and c e l l  w a l l s  can be washed by  

j e t s  and t h e  l i q u i d  c o l l e c t e d  i n  d r i p  t r a y s ,  from where i t  i s  

t r a n s f e r r e d  t o  sump vesse ls  and evapora to rs .  The i n t e g r i t y  o f  t h e  

c e l l s  i s  suppor ted  by  a h i g h  e f f i c i e n t  dynamic con ta inment  b a r r i e r  

based on a v e r y  r e l i a b l e  v e n t i l a t i o n  system. The t e l e m a n i p u l a t o r s  

and a l l  o t h e r  p e n e t r a t i o n s  a r e  g a s - t i g h t .  

PROCESS CONTROL AND INFORMATION SYSTEM 

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

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

domain r e f l e c t o m e t r y  (TDR) is foreseen. T h i s  i s  a  t i g h t  " s t a t i c "  

system (no d ip - tubes  w i t h  purge a i r )  c a p a b l e  o f  d e t e c t i n g  t h e  

presence of two i m m i s c i b l e  l i q u i d  phases i n  a  v e s s e l ,  a l l o w i n g  f o r  

example, t o  c o n t r o l  e f f i c i e n t l y  any unexpected presence of s o l v e n t .  

The concept  o f  remote h a n d l i n g  has a l s o  been e x t e n s i v e l y  a p p l i e d  t o  

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



The PETRA p l a n t  p rocess  c o n t r o l  and i n f o r m a t i o n  system has been 

des igned  i n  o r d e r  t o  s a t i s f y  i n  one l o g i c a l  and p h y s i c a l  s t r u c t u r e  

t h e  d i f f e r e n t  needs of i t s  p o t e n t i a l  users ,  p rocess  o p e r a t o r s ,  

p rocess  eng ineers ,  a n a l y t i c a l  chemis ts ,  d a t a  a n a l y s t s  and  so on, 

a s s u r i n g  a t  t h e  same t ime ,  f l e x i b i l i t y  and s a f e t y .  From t h e  hardware 

p o i n t  of v iew t h e  system i s  based on a  t h r e e  l e v e l  h i e r a r c h i c a l  

a r c h i t e c t u r e ,  t h e  l o w  l e v e l  of wh ich  i s  devo ted  t o  d a t a  a c q u i s i t i o n  

and p rocess  c o n t r o l .  The o t h e r  two l e v e l s  a r e  devoted t o  g r a p h i c a l  

s u p e r v i s i o n  and management ( F i g u r e  2) .  A l l  t h e  a p p l i c a t i o n  sof tware 

has been developed and implemented under t h e  two i n d u s t r i a l  s tandard  

o p e r a t i n g  systems, MS-WS and U n i x  System V. 

The r e l a t i o n a l  Data  Base UNIFY, suppor ted  by  Unix ,  has been chosen 

as  t h e  main t o o l  f o r  d a t a  r e t r i e v a l .  

A p a r t  from t h e  s p e c i a l i s e d  macro language u t i l i s e d  f o r  d a t a  

a c q u i s i t i o n  and p rocess  c o n t r o l ,  a l l  t h e  o p e r a t i n g  p rocedures  have 

been deve loped  w i t h  t h e  programming languages F o r t r a n  77 and C. The 
w e l l  known query  language SQL has been adopted a s  t h e  U n i f y  

i n t e r f a c e .  

RESEARCH ACTIVITIES 

The PETRA f a c i l i t y  o f f e r s  t h e  o p p o r t u n i t y  f o r  p u r s u i n g  r e s e a r c h  on 

t h e  management o f  r a d i o a c t i v e  waste from LWR f u e l  m a t e r i a l  w i t h  

i n c r e a s i n g  h i g h  burn-up r a t e s  t o  be c o n s i d e r e d  t y p i c a l  f o r  t h e  

f u t u r e  a s  w e l l  as  on a n y  o t h e r  waste s t reams r e s u l t i n g  f o r  e.g. f r o m  

non-s tandard f u e l  m a t e r i a l .  I n  o r d e r  t o  make t h e  b e s t  p o s s i b l e  use 

o f  t h e  f a c i l i t y ,  s u p p o r t  and i n f o r m a t i o n  on  c r i t i c a l  p rob lem areas 

i n  t h e  f i e l d  o f  waste management i s  b e i n g  s u p p l i e d  b y  a  group o f  

European exper ts .  A comprehensive o v e r v i e w  on t y p e s  and amounts o f  

p rocess  streams i s  shown i n  F i g u r e  3. 
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Figure 2 Hardware set-up for process control system 




