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DECONTAMINATION AND REFURBISHMENT OF HOT CELLS AT WINFRITH 

by W D Curren and B Longson 

1 INTRODUCTION 

The South Cave i n  t h e  Ac t i ve  Handling B u i l d i n g  a t  W i n f r i t h  has i n t e r n a l  
dimensions o f  10.2 m X 3.6 m X 3.3 m high, and i s  sh ie lded by concrete 
wa l ls  1.5 m t h i c k  (F i yu re  1). An in-cave bench i s  i n s t a l l e d  1 m above 
f l o o r  l e v e l ;  i t  cons is ts  o f  a s t a i n l e s s  s t e e l  sheet 6 mm t h i c k  supported 
on s t e e l  framework. The bench sur face i s  coated w i t h  epoxy pa in t .  
Separated from t h e  cave by  a s l i d i n g  door i s  a Trans fer  Chamber which i s  
used f o r  equipment maintenance and waste handling. 

The cave has been used f o r  20 years f o r  t h e  examination o f  i r r a d i a t e d  
U02 f u e l ,  ma in ly  from t h e  W i n f r i t h  SGHW Reactor. The work has inc luded 
t h e  occasional need t o  c u t  f u e l  specimens. It was l a s t  decontaminated 
i n  1981-82. A f u r t h e r  refurbishment was planned f o r  1986 i n  order  t o  
deal w i t h  a wider range o f  f u t u r e  P I E  a c t i v i t i e s .  Necessary 
mod i f i ca t i ons  i n c l  uded the  i n s t a l l a t i o n  o f  add i t i ona l  z i nc  bromide 
windows and subs tan t i a l  changes t o  t h e  in-cave bench. Several months o f  
in-cave work were estimated, t he re fo re  i t  was necessary t o  decontaminate 
cave i n t e r n a l s  t o  an acceptable l e v e l .  The whole opera t ion  was planned 
t o  be c a r r i e d  ou t  from March t o  September 1986. This paper describes 
t h e  decontamination o f  t h e  cave. 

2 ASSESSMENT OF CONTAMINATION LEVELS 

The contaminat ion i n  the  cave was known t o  cons is t  predominant ly o f  
i r r a d i a t e d  U02 p a r t i c l e s  w i t h  a s p e c i f i c  a c t i v i t y  o f  about 20 GBq 
(0.5 C i )  per gram. Housekeeping i n  t h e  cave dur ing  t h e  previous 5 years 
o f  operat ion had been good; nevertheless f u e l  p i n  c u t t i n g  i n e v i t a b l y  
releases contamination. 

A p re l im ina ry  assessment o f  t h e  s t a t e  o f  t h e  cave suggested t h e  
fo l low ing: -  

( a )  Fuel p a r t i c l e s  smal ler  than 10 microns (100 Bq, 3 nCi) would be 
l e v i t a t e d  by t h e  v e n t i l a t i o n  system and trapped on t h e  e x t r a c t  
f i l t e r s .  

(b) P a r t i c l e s  greater  than 10 microns would s e t t l e  under g r a v i t y  on 
h o r i z o n t a l  surfaces; t he re fo re  v e r t i c a l  surfaces would not  be 
contaminated s i g n i f i c a n t l y .  

( c )  Fuel p a r t i c l e s  greater  than 1 nun (100 MBq, 3 mCi) would be 
detected and removed dur ing  normal housekeeping operat ions. 

The contaminant t he re fo re  was expected t o  cons i s t  o f  f u e l  p a r t i c l e s  
ranging i n  diameter over 2 orders o f  magnitude, and t o  be d i s t r i b u t e d  
ma in l y  over ho r i zon ta l  surfaces a t  low l e v e l .  Since t h e  bench f i t s  t h e  
cave exac t l y ,  w i t h  no gaps through which f u e l  could f a l l ,  t h e  cave f l o o r  
was expected t o  be clean. Therefore decontamination plans focused on 
c lean ing  t h e  pa in ted  s t a i n l e s s  s tee l  sur face o f  t h e  bench. 



3 INITIAL CAVE CLEARANCE 

A l l  f ree-standing equipment was removed from t h e  cave, and t h e  bench was 
brushed, vacuum cleaned, and wiped w i t h  damp swabs us ing t h e  i n s t a l l e d  
manipulators. This  work occupied m 2  weeks. 

4 RADIOACTIVE ASSESSMENT 

An i n i t i a l  ganuna-dose survey was c a r r i e d  out in-cave us ing a  de tec to r  
at tached t o  a  powered manipulator,  used t o  scan t h e  cave i n  3  dimen- 
sions. This  i n d i c a t e d  a  gamma doserate i n  t h e  range 2  t o  3  mSv/hr (200- 
300 mr/hr) a t  a  he igh t  o f  1 m above t h e  bench. The d e t e c t i o n  inst rument  
was not  co l l imated,  and measurements a t  va ry ing  he igh ts  i n  t h e  cave gave 
no guidance on whether t h e  contaminat ion was associated w i t h  t h e  bench 
o r  the  f l o o r  beneath. Ne i the r  was i t  poss ib le  t o  c a l c u l a t e  t h e  t o t a l  
inventory  o f  a c t i v i t y  i n  t h e  cave; a  rough est imate o f  40 GBq (1 Ci)  was 
adopted f o r  p lanning purposes. It was resolved t h a t  a l l  a c t i v i t y  
removed f rom t h e  cave du r ing  decontamination would be assayed, and t h a t  
t h i s  data would be c o r r e l a t e d  w i t h  regu la r  r a d i a t i o n  measurements. 

5 DECONTAMINATION 

5.1 P lann ing  

It had been decided before  cave shutdown t h a t  a  man-dose cos t  i n  
t h e  range 250-500 man mSv (25-50 man rem) f o r  t h e  refurbishment 
programme cou ld  be j u s t i f i e d  by t h e  b e n e f i t s  which were foreseen. 
Since in-cave work would r e s u l t  i n  about 500 man hours o f  
exposure, t h e  i n i t i a l  doserate o f  2  t o  3 mSv/hr was c l e a r l y  
unacceptable. Decontamination was necessary t o  reduce r a d i a t i o n  
l e v e l s  and t o  avo id  t h e  r i s k  o f  contaminat ion spread outs ide  t h e  
cave. I n  add i t i on ,  doses were t o  be as low a s  reasonably 
p - a c t i c a b l e  ( t h e  ALARP p r i n c i p l e )  t h e r e f o r e  it-was resolved t h a t  
decontamination should be c a r r i e d  out remotely, even though t h i s  
would r e q u i r e  more t ime than c leaning by man-entry. 

Foam c leaning had been used success fu l l y  a t  W i n f r i t h  on a  range 
o f  surfaces i n c l u d i n g  f i nned  t ranspor t  f l a s k s ,  t h e  i n t e r i o r  o f  a  
Pu02 - contaminated pressur ised s u i t  area, and a  s t a i n l e s s  s tee l  
in-cave bench. Foam i s  generated from a  small volume o f  l i q u i d  
which conta ins detergents p lus  phosphoric acid, complexiny 
agents, etc .  The foam i s  q u i c k l y  app l ied  by a  lance, al lowed t o  
reac t  f o r  several minutes, then r e t r i e v e d  by a  'wet '  vacuum 
c leaner and c o l l e c t e d  i n  a  tank con ta in ing  an ant i- foam reagent, 
which col lapses t h e  foam t o  t h e  o r i g i n a l  volume. Equipment f o r  
manual opera t ion  i s  shown i n  F igure  2. The technique i s  easy t o  
use, and c l e a r l y  lends i t s e l f  t o  mechanical o r  r o b o t i c  operat ion. 
Arrangements had been made t o  c lean t h e  cave bench w i t h  foam 
using t h e  powered manipulator.  

5.2 Imp1 ementation 

The bench was foarn cleaned, us ing powered brushes t o  a g i t a t e  t h e  
foam before r e t r i e v a l .  A f t e r  repeated foaming over a  3  day 
p e r i o d ,  t h e  bench was v i s i b l y  c leaner,  and a i r -borne 



contaminat ion l e v e l s  i n  cave f e l l  almost t o  " f ree-breath iny  
l eve l s " .  The t o t a l  a c t i v i t y  c o l l e c t e d  i n  t h e  foam however 
was n e g l i g i b l e ,  and doserates i n  t h e  cave b road ly  were 
unchanged. 

This r e s u l t  l e d  t o  f u r t h e r  specu la t ion  on whether contaminat ion 
was associated w i t h  t h e  bench o r  t h e  f l o o r  beneath. To answer 
t h i s  quest ion small p a i n t  samples 100 m square were removed from 
t h e  bench and assayed. The r e s u l t s  showed very l a r g e  va r ia t i ons .  
Larger samples o f  p a i n t  up t o  600 mm square were removed, and 
a c t i v i t y  assays now showed a  reasonably constant r e l a t i o n s h i p  
between a c t i v i t y  r e t r i e v e d  and t h e  area o f  p a i n t  removed. Mean 
r e s u l t s  were cons is ten t  w i t h  t h e  est imated cave i nven to ry  o f  
40 MBq ( 1  C i ) .  The next step the re fo re  was the  remote removal o f  
p a i n t  froin t h e  bench. 

L i q u i d  p a i n t  s t r i p p e r s  based on organic solvents (commonly 
methylene ch lo r i de )  are no t  a t t r a c t i v e  f o r  remote a p p l i c a t i o n  i n -  
cave. The evaporat ion r a t e  i s  h igh  i n  a v e n t i l a t e d  area, and t h e  
t ime between a p p l i c a t i o n  and s t r i p p i n g  needs t i g h t  con t ro l .  
A d d i t i o n a l l y ,  some p a i n t  s t r i p p e r s  damage manipulator  ga i te rs ,  
PVC pressur ised s u i t s ,  e tc .  

An inorgan ic  p a i n t  remover was selected. It i s  de l i ve red  as a  
powder, and before  use water i s  added t o  form a  paste. It 
conta ins a  s t rong a l k a l i  t o  a t tack  t h e  p a i n t  (sodium hydroxide) 
and an i n e r t  f i l l e r  (ca lc ium carbonate). The paste i s  app l i ed  i n  
a  l a y e r  - 10 m th i ck .  The ma te r ia l  i s  c o l l e c t e d  by mechanical 
scrapers, l i f t i n g  t h e  whole p a i n t  f i l m  a t  t h e  same time. The 
f i l l e r  i n h i b i t s  evaporat ion o f  t h e  l i q u i d ,  and t h e  t ime  between 
a p p l i c a t i o n  o f  t h e  p a i n t  s t r i p p e r  and i t s  r e t r i e v a l  can be va r ied  
over t h e  ranye o f  2 t o  24 hours. Traces o f  p a i n t  which remain 
can be washed away w i t h  water, o r  c o l l e c t e d  on damp swabs. 

Pa in t  was removed e f f e c t i v e l y  from a l l  t h e  areas accessib le t o  
manipulators - about 95% o f  t h e  bench area. The contaminated 
p a i n t  s t r i p p e r  was c o l l e c t e d  i n  s tee l  waste cans, and d r y  cement 
was added t o  absorb f r e e  l i q u i d .  On removing t h i s  waste from the  
cave, doserates were low enough f o r  man-entry, which t h e r e f o r e  
began 7-5 weeks a f t e r  cave shutdown. 

A l l  cave e n t r i e s  were c a r r i e d  out  by operators wearing 
pressur ised su i t s .  The bench and wa l l s  were cleaned manually by  
foaming, which removed remaininy pa in t .  Hor izonta l  surfaces on 
overhead cranes, e t c  were swabbed. Dismant l ing f i x e d  equipment 
from t h e  cave bench revealed f u r t h e r  contaminat ion which had 
p rev ious l y  been concealed (and p a r t i a l l y  sh ie lded) .  Whi ls t  t h i s  
contaminat ion was s i g n i f i c a n t  i n  quant i ty ,  i t  was removed q u i c k l y  
by swabbing as i t was found, and t h e  cost  o f  t h i s  add i t i ona l  
c lean ing  i n  man-dose t e r n s  was very low. The dec i s ion  was taken 
t o  re -pa in t  t h e  bench a t  t h e  end o f  t h e  refurbishment campaign. 
Although t h e  presence o f  p a i n t  w i l l  reduce t h e  e f fec t i veness  o f  
f u t u r e  foam c leaning,  a  pa in ted  bench o f f e r s  a  b r i g h t  b u t  non- 
r e f l e c t i v e  surface, and p a i n t  removal has been shown t o  be 
f e a s i b l e  and e f f e c t i v e  as a  decontamination process. 



The t o t a l  dose cos t  o f  cave r e f u r b i s h i n g  was 205 man mSv (20.5 
man rem). 

6 ACTIVITY AND DOSERATE MEASUREMENTS 

Measurements o f  a c t i v e  waste removed from t h e  cave, and o f  t h e  
corresponding reduc t i on  i n  doserates, are d isp layed simultaneously i n  
F igure 3. 

The graph shows i n  t o t a l  t h a t  t h e  gamma doserate was reduced from 2.6 t o  
0.45 rnSv/hr (a  f a c t o r  o f  N 6 )  by  t h e  removal o f  50 MBq (1.5 C i )  o f  
a c t i v e  ma te r ia l .  

As noted e a r l i e r ,  foam c leaning was l a r g e l y  i n e f f e c t i v e ,  bu t  p a i n t  
s t r i p p i n g  removed t h e  b u l k  o f  t h e  a c t i v i t y .  

As noted above, t h e  dec i s ion  was made t o  spend t ime on remote 
decontamination r a t h e r  than dose on man-entry and manual cleaning. An 
approximate est imate o f  t h e  cos t  o f  t h e  dose which was avoided can be 
made. 

Remote c lean ing  had a zero dose cost ,  bu t  occupied 26 days. It i s  
est imated t h a t  manual c leaning by cave e n t r y  would have occupied 9 days, 
and would have r e s u l t e d  i n  72 man hours in-cave working a t  a dose cost  
o f  9 man rem. 

The d i f f e r e n c e  i n  t ime  between t h e  two methods i s  17 days, i e  2 days 
a d d i t i o n a l  cave shutdown t i m e  per  man-rem saved. 

8 SUMMARY AND CONCLUSIONS 

1 The decontaminat ion methods employed reduced contaminat ion t o  
acceptable leve ls ;  t h e  methods were operated remotely a t  zero 
dose cost. 

2 As pred ic ted ,  v i r t u a l l y  a l l  t h e  a c t i v e  ma te r ia l  i n  t h e  cave was 
associated w i t h  t h e  bench surface, and t h e  t o t a l  corresponded 
( w i t h i n  a f a c t o r  o f  2) t o  t h e  i n i t i a l  est imate. B e t t e r  gamma 
mon i to r i ng  equipment i s  needed t o  improve t h e  q u a l i t y  o f  
i n fo rma t ion  ava i l ab le ,  and appropr ia te  a c t i o n  i s  being taken. 

3 The U02 p a r t i c l e s  which contaminated t h e  cave bench a f t e r  foam 
c leaning cons is ted  o f  r e l a t i v e l y  few l a r g e  p a r t i c l e s  (100-1000 
microns) randomly d i s t r i b u t e d  over t h e  surface. 

4 Foam c lean ing  i n v a r i a b l y  reduces a i rborne a c t i v i t y  l e v e l s  
s i g n i f i c a n t l y ,  b u t  i s  unable t o  detach hard U02 p a r t i c l e s  from 
p a i n t  . 

5 The removal o f  p a i n t  remotely proved s t ra igh t fo rward ,  w i t h  
corresponding removal o f  a c t i v e  ma te r ia l .  For t h i s  reason - and 
o thers  - t h e  bench was repa in ted  a t  t h e  end o f  t h e  refurbishment 
programme. 
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