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ABSTRACT ' 

Removal and rep lacement  of t h e  f u e l  channe l  
a s s e m b l i e s  i n  P i cke r ing  U n i t s  1 and 2 was 
h inde red  by a  s o u r c e  of l o o s e  and ext remely  
mobi le  con t amina t i on .  Neutron i r r a d i a t i o n  of t h e  
n i t r o g e n  annu lu s  ga s  i n  t h e s e  u n i t s  had c r e a t e d  a  
Carbon-14 d e p o s i t  o v e r  t h e  i n n e r  s u r f a c e s  of  t h e  
annu lu s  g a s  sys tem.  

Va r ious  r e t u b i n g  o p e r a t i o n s ;  b u t  most n o t a b l y  
t h e  r a p i d  i n d u c t i o n  h e a t i n g  of t h e  e a s t  P r e s s u r e  
Tube t o  End F i t t i n g  r o l l e d  j o i n t s  caused  t h e  
e x p u l s i o n  of Carbon-14 p a r t i c u l a t e  i n t o  t h e  
f u e l i n g  machine v a u l t s .  To c o n t r o l  t h i s  
c o n t a m i n a t i o n  spread  i t  was nece s sa ry  t o  make 
some s i g n i f i c a n t  changes  t o  t h e  r e t u b i n g  
program. P roce s s  l o g i c  was mod i f i ed ,  t o o l i n g  was 
r edes igned  and o p e r a t i n g  procedures  were r e v i s e d  
t o  e n s u r e  t h a t  adequa t e  c o n t r o l  was main ta ined  
o v e r  t h e  con t amina t i on  sp r ead .  Regular  
mon i to r i ng  of Reac to r  Bu i l d ing  contaminaton  
c o n d i t i o n s  and p r e - s e t  a c t i o n  l e v e l s  f o r  s u r f a c e  
decon t amina t i on  were i n s t i t u t e d  t o  p r even t  t h e  
b u i l d  up and sp r ead  o f  con t amina t i on .  

R e h a b i l i t a t i o n  of t h e  r e a c t o r  b u i l d i n g  
fo l l owing  comple t i on  of f u e l  channe l  i n s t a l l a t i o n  
i nc luded  e x t e n s i v e  decon t amina t i on  of t h e  
f u e l l i n g  machine v a u l t s .  Most a c c e s s i b l e  
s u r f a c e s  were c l e a n e d  by wiping w i t h  d e t e r g e n t  
soaked mops and r a g s .  P r i o r  t o  removal from t h e  
r e a c t o r  b u i l d i n g ,  t h e  s h i e l d  c a b i n e t s  were 
t ho rough ly  decontaminated  by a  h igh  p r e s s u r e  wash 
down and r i n s e .  F loo r s  and w a l l s  were pa in t ed  t o  
f i x  r e s i d u a l  c o n t a m i n a t i o n .  

An e x c e p t i o n  t o  t h i s  manual approach t o  
decon t amina t i on  was made i n  t h e  c a s e  of t h e  
f e e d e r  c a b i n e t  i n t e r n a l s .  During r e a c t o r  
o p e r a t i o n  t h e  t empe ra tu r e  w i t h i n  t h e  f e e d e r  
i n s u l a t i o n  c a b i n e t s  r e aches  250 t o  300°C. At 
t h e s e  t empe ra tu r e s  t h e  ca rbon  m a t e r i a l  o x i d i z e s  
r a p i d l y  t o  form c a r b o n  d iox ide  g a s .  T h i s  gaseous  
product  was c o n t i n u o u s l y  drawn o u t  of  t he  c a b i n e t  
con t a inmen t ,  and vented  i n t o  t h e  moni tored  u n i t  
exhaus t  s t a c k .  

PICKERING 'A' FUEL CHANNEL DESIGN 

Each r e a c t o r  Ln P i cke r ing  'A' Nuc l e a r  
Gene ra t i ng  S t a t i o n  (NGS) has  390 h o r i z o n t a l  
c o o l a n t  c h a n n e l s  which p r o j e c t  i n t o  t h e  e a s t  and 

wes t  f u e l l i n g  machine (F/M) v a u l t s .  T h e f r  
primary f u n c t i o n  i s  t o  house t h e  r e a c t o r  f u e l  
and t o  d i r e c t  t h e  c o o l a n t  f low p a s t  i t  t o  remove 
t h e  n u c l e a r  h e a t .  

Each f u e l  channe l  assembly c o n s i s t s  of a 
z i rconium a l l o y  p r e s s u r e  tube (PIT) w i t h  a  
s t a i n l e s s  s t e e l  end f i t t i n g  (E /F )  a t  e ach  end .  
The PIT i s  a t t a c h e d  t o  t h e  E / F t s  by means of a  
t h r e e  grove  r o l l e d  j o i n t .  The outboard  end of 
each E/F makes a s e a l e d  connect  i o n  w i t h  t h e  F/M 
f o r  f u e l  i n s e r t i o n  o r  removal.  The PIT 'S  a r e  
l o c a t e d  i n s i d e  c a l a n d r i a  t ubes  (C/T) and t h e  
annulus  between t h e  two t ubes  i s  main ta ined  by 
g a r t e r  s p r i n g  space r s  and i s  f i l l e d  w i t h  a  g a s  
which p rov ide s  a  non -co r ro s ive  a tmosphere  t o  
minimize c o r r o s i o n  of t h e  f u e l  c h a n n e l  
components.  The annulus  is s e a l e d  by a n  I n c o n e l  
be l l ows  between each E/F and t h e  end s h i e l d  
t u b e s h e e t s .  Feeder  p ipe s  which p rov ide  a  p a t h  
f o r  c o o l a n t  f low i n t o  and o u t  of t h e  c h a n n e l  a r e  
connected  t o  each  E/F v i a  a  b o l t e d  me ta l  t o  me t a l  
c o u p l i n g .  

Fuel Channel Assembly- 

The Retubing P roces s  

A PIT r u p t u r e  occurred  i n  U n i t  2  i n  August  
1983 t h e  c a u s e  of which was a t t r i b u t e d  t o  a  
m e t a l l u r g i c a l  problem a s s o c i a t e d  w i t h  t h e  
Z i r c a l l o y  2 m a t e r i a l  of t h e  t u b e s .  Th i s  r e s u l t e d  
i n  a  d e c i s i o n  t o  r e p l a c e  a l l  of t h e  P / T f s  i n  bo th  
U n i t s  1 and 2 .  These were t h e  o l d e s t  of O n t a r i o  
Hydro's  commercial  r e a c t o r s  and were t h e  on1.y 
ones  i n  which t h i s  m a t e r i a l  was u sed .  

The r e t u b i n g  p roce s s  was a  manual o p e r a t i o n  
c a r r i e d  ou t  p r i m a r i l y  from s h i e l d  c a b i n e t s  b u i l t  
i n  f r o n t  of t h e  r e a c t o r  f a c e  i n  b o t h  F /M v a u l t s .  
These s h i e l d  c a b i n e t s  a f fo rded  some p r o t e c t i o n  t o  
t h e  workers from t h e  gamma r a d i a t i o n  emanat ing  
from the  r e a c t o r  c o r e .  They a l s o  housed suppo r t  
hardware such a s  t h e  Retubing Too l  C a r r i e r  (RTC), 
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S h i e l d  Cabine t  H o i s t ,  and t o o l  s u p p o r t  p l a t fo rm  
o r  work t a b l e .  

The Large Sca l e  Fuel  Channel Replacement 
(LSFCR) program involved  t h e  removal and 
replacement of t h e  west  E/F,  PIT,  g a r t e r  s p r i n g  
s p a c e r s  and bo th  e a s t  and west  s h i e l d  p lugs .  The 
c a l a n d r i a  t u b e s ,  e a s t  E /F1s  and t h e  channe l  
annu lu s  be l lows  were l e f t  i n  p l a c e  and r eused .  

The wes t  E/F was removed i n  two s e c t i o n s .  The 
outboard  o r  r e l a t i v e l y  i n a c t i v e  end was c u t  o f f  
and s e n t  t o  t h e  Bruce was t e  hand l i ng  f a c i l i t y  f o r  
d i s p o s a l .  The inboard  end combined w i th  a  s h o r t  
s t u b  of PIT which had been p r e v i o u s l y  severed  was 
t hen  removed and s t o r e d  i n  a  Dry S t o r a g e  Module 
(DSM) l o c a t e d  a t  t h e  e a s t e r n  end of t h e  P i cke r ing  
s i t e .  Th i s  component was h i g h l y  r a d i o a c t i v e  and 
removal was accomplished by remote o p e r a t i o n  of 
t h e  RTC. 

P r i o r  t o  removing t h e  PIT i t  had t o  be f r e e d  
from t h e  r o l l e d  j o i n t  connec t i on  t o  t h e  e a s t  
E/F. T h i s  was done by a  rap id  i n d u c t i o n  (shock)  
h e a t i n g  t e chn ique  which caused  t h e  PIT t o  s h r i n k  
away from t h e  e a s t  E/F .  Once f r e e d ,  t h e  PIT,  
t o g e t h e r  w i th  t h e  e a s t  and west  s h i e l d  p lugs  
which had been p r e v i o u s l y  pushed t o  t h e  c e n t r e  
of  t h e  c h a n n e l ,  and t h e  two g a r t e r  s p r i n g  s p a c e r s  
cou ld  be pushed o u t  of t h e  c o r e .  Once a g a i n  t h e  
t r a n s f e r  of  t h e  PIT from t h e  l a t t i c e  s i t e  t o  t h e  
s h i e l d e d  f l a s k  was, by n e c e s s i t y ,  a  remote 
o p e r a t i o n  due t o  t h e  h igh  gamma f i e l d s  coming o f f  
t h e  PIT and a c t i v e  s h i e l d  p lugs .  As was t h e  c a s e  
f o r  t h e  E/F inboard  s t u b s ,  t h e  P /T ' s  were s t o r e d  
i n  t h e  DSM's. 

Fol lowing PIT removal t h e  e a s t  E/F r o l l e d  
j o i n t  b o r e  was r e f u r b i s h e d  i n  p r e p a r a t i o n  f o r  
r e c e i v i n g  t h e  new P/T. An i n s p e c t i o n  and c l e a n  
was t h e n  performed on  t h e  i n s i d e  d i ame te r  of t h e  
c a l a n d r i a  t u b e s .  

New component i n s t a l l a t i o n  began w i t h  t h e  
i n s e r t i o n  of t h e  new PIT, which encased w i t h i n  a  
nylon s l e e v e  and he ld  i n  a n  i n s t a l l a t i o n  c a n ,  was 
pos i t i oned  a t  t h e  west end of t h e  channe l  and 
pushed i n t o  t h e  c a l a n d r i a  t u b e .  Once i n  p l a c e  
t h e  p r o t e c t i v e  s l e e v e  was drawn back i n t o  t h e  
i n s t a l l a t i o n  c a n  and r e tu rned  t o  t h e  v a u l t  f l o o r  
f o r  r e l oad ing .  The PIT and e a s t  E/F were t hen  

a l i g n e d  a x i a l l y  and r a d i a l l y  and t h e  e a s t  end 
r o l l e d  j o i n t  was made. The g a r t e r  s p r i n g  
s p a c e r s ;  f o u r  i n  t o t a l ,  were  pos i t i oned  w i t h i n  
t h e  annu lu s  by means of a  t o o l  which s l i d  
between t h e  PIT and C/T. Once t h e i r  p o s i t i o n  
had been  conf i rmed v i a  eddy c u r r e n t  t e chn iques  
t h e  rep lacement  west  E/F was i n s t a l l e d  i n t o  t h e  
l a t t i c e  s i t e ,  a l i g n e d  w i th  t h e  PIT and t hen  
r o l l e d  i n t o  p l a c e .  The f i n a l  p roce s s  was t o  
make t h e  annulus  be l lows  t o  E/F weld and 
r econnec t  t h e  f e e d e r  c o u p l i n g .  

CONTAMINATION SOURCE 

The o r i g i n a l  de s ign  b a s i s  f o r  a l l  t h e  
t o o l i n g  nece s sa ry  t o  c a r r y  out  t h e  r e t u b i n g  
p roce s s  was based on c o n d i t i o n s  observed  d u r i n g  
s i n g l e  c h a n n e l  rep lacements .  It was not  assumed 
t h a t  l a r g e  amounts of  p a r t i c u l a t e  c o n t a m i n a t i o n  
would be r e l e a s e d  d u r i n g  t h e  p roce s s .  
Consequent ly  no s p e c i a l  p r e c a u t i o n s  were t aken  
f o r  con t amina t i on  c o n t r o l  i n  t h e  t o o l  d e s i g n .  

I t  was a f t e r  t he  LSFCR program was w e l l  
unde w a y  t h a t  t h e  con t amina t i on  problem was f i r s t  
encountered .  Shock h e a t i n g  of t h e  e a s t  PIT - E/F 
r o l l e d  j o i n t  was i n  p r o g r e s s ,  i n  p a r a l l e l  w i t h  
t h e  removal of  E /F  inboard  s t u b s  i n  t h e  wes t  F/M 
v a u l t .  Roll t ine measurements had i n d i c a t e d  ve ry  
h igh  l e v e l s  o f  betalgamma con t amina t i on  i n  t h e  
v a u l t s  and North Acces s ib l e  Area.  During one  of 
t h e s e  checks  an  a r e a  which appeared  c l e a n  when 
moni tored  u s ing  a  r e l a t i v e l y  t h i c k  wa l l ed  
d e t e c t o r  i n d i c a t e d  very  h i g h  c o u n t s  when i t  was 
surveyed u s ing  a  t h i n  walled d e t e c t o r .  
I n v e s t i g a t i o n  r evea l ed  t h e  p r e sence  of a  very  low 
ene rgy  b e t a  e m i t t i n g  r a d i o n u c l i d e ,  which was 
subsequen t l y  ana lysed  a s  Carbon-14. F u r t h e r  
c h e c k s  showed e x t e n s i v e  C-14 c o n t a m i n a t i o n  
w i t h i n  t h e  v a u l t s  and t h e  absence  of any gamma 
e m i t t i n g  con t amina t i on  had made i t s  d e t e c t i o n  
v e r y  d i f f i c u l t .  The source  was de termined  t o  be 
t h e  annu lu s  g a s  sys tem,  i n  p a r t i c u l a r  t h e  PIT - 
C/T i n t e r s p a c e .  

The e x i s t e n c e  of h igh  C-14 c o n t a m i n a t i o n  
l e v e l s  i n  t h e  a n n u l i  and t h e  problems a s s o c i a t e d  
w i t h  c o n t r o l  of  t h i s  con t amina t i on  caused  t h e  
r e tub ing  program t o  be h a l t e d .  During t h i s  t ime 
a l l  f u t u r e  and c u r r e n t  r e t ub ing  p roce s s  were 
r e a s s e s s e d  w i th  regard  t o  t h e i r  p o t e n t i a l  f o r  
r e l e a s e  of con t amina t t on  i n t o  t h e  work 
envi ronment .  Mod i f i c a t i ons  were then  made t o  
t h e  procedures  and t o o l i n g  t o  e n s u r e  t h a t  
adequa t e  con t amina t i on  c o n t r o l  measures were i n  
p l a c e .  The more s i g n i f i c a n t  of t h e s e  changes  
have been d e t a i l e d  i n  s e c t i o n s  t o  f o l l o w .  

RETUBE PROCESS HODIFICATIONS 

Shock Heat ing  E a s t  PIT - E/F Ro l l ed  J o i n t  

One of t h e  major mechanisms of con t amina t i on  
r e l e a s e  was through t h e  shock hea t i ng  p roce s s .  
The b a s i c  p r i n c i p l e  of o p e r a t i o n  was t h a t  t h e  
r o l l e d  j o i n t  was r a p i d l y  hea t ed  and coo l ed  a  
number of t imes .  With each succe s s ive  c y c l e  some 
PIT sh r i nkage  occu r r ed .  High p r e s s u r e  c o o l i n g  
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a i r  was blown o v e r  t h e  e a s t  PIT r o l l e d  j o i n t  a t  
t h e  end of e ach  h e a t i n g  c y c l e  t o  b r i n g  down t h e  
P/T t e m p e r a t u r e  a s  q u i c k l y  a s  p o s s i b l e .  A f t e r  
t h e  s e v e n t h  o r  e i g h t h  h e a t i n g  c y c l e  PIT s h r i n k a g e  
was normal ly  s u f f i c i e n t  t o  a l l o w  s i g n i f i c a n t  a i r  
f low th rough  t h e  r o l l e d  j o i n t  and i n t o  t h e  g a s  
annu lu s  s p a c e .  T h i s  f low was t h e  c a u s e  of 
r e s u s p e n s i o n  of C-14 d u s t  w i t h i n  t h e  annulus  and 
t h e  means by which i t  was expe l l ed  i n t o  t h e  west  
v a u l t  v i a  t h e  c u t  be l l ows  o r  PIT. To keep t h e  
shock h e a t i n g  p roce s s  s h o r t  enough t o  be v i a b l e  
f o r  o n - r e a c t o r  u s e  i t  was e s s e n t i a l  t h a t  t h e  
hea t ed  r o l l e d  j o i n t  be coo l ed  r a p i d l y  u s ing  t h e  
h igh  p r e s s u r e  c o o l i n g  a i r .  Thus con t amina t i on  
c o n t r o l  c o u l d  on ly  be accomplished by s e a l i n g  
o f f  a l t e r n a t i v e  f low p a t h s ,  t he r eby  d i r e c t i n g  t h e  
a i r f l o w  back through t h e  h e a t i n g  c o i l  and o u t  
i n t o  t h e  e a s t  F/M v a u l t  v i a  a  High E f f i c i e n c y  
P a r t i c u l a t e  i n  A i r  (HEPA) f i l t e r .  T h i s  was 
ach i eved  by t h e  fo l l owing  t e chn iques .  

The p roce s s  l o g i c  was modified s l i g h t l y  t o  
e n s u r e  t h a t  p r i o r  t o  shock h e a t i n g  any c h a n n e l ,  
t h e  wes t  E / F  i nboa rd  s t u b  had been removed on  
bo th  t h e  t a r g e t  c h a n n e l  and t h e  c h a n n e l  connec t ed  
t o  t h e  t a r g e t  channe l  v i a  t h e  annu lu s  ga s  
p i g t a i l .  Th i s  would t hus  enab l e  t h e  i n s t a l l a t i o n  
of a  s e a l i n g  bung i n  t h e  west  end of t h e  
c a l a n d r i a  t u b e s  of  bo th  o f  t h e  above c h a n n e l s .  
T h i s  bung was des igned  t o  a c t  a s  a n  he rme t i c  s e a l  
t o  c u t  o f f  any  a i r  f low i n t o  t h e  west  F/M v a u l t  
and a l s o  a s  a r e s t r a i n t  t o  p r even t  t h e  P/T from 
be ing  blown o u t  of t h e  channe l  once  s u f f i c i e n t  
s h r i n k a g e  had occu r r ed .  These bungs were 
e f f e c t i v e  and when used  c o r r e c t l y  were s u c c e s s f u l  
i n  p r e v e n t i n g  f u r t h e r  i n c r e a s e s  i n  a i r b o r n e  
c o n t a m i n a t i o n .  

Removal of  West E/F Inboard  Stub  

During removal of t h e  E/F i nboa rd  s t u b  l a r g e  
q u a n t i t i e s  of  carbon-14 were observed  on t h e  
o u t s i d e  of t h e  PIT s t u b  and innermost  p a r t  of 
t h e  E/F i t s e l f .  As t h e  E/F was withdrawn from 
t h e  c h a n n e l  t h e  con t amina t i on  would be shaken  
from i t ,  d e p o s i t i n g  w i t h i n  t h e  end s h i e l d  l a t t i c e  
t u b e ,  on  t h e  work t a b l e  and s h i e l d  c a b i n e t  f l o o r  
and a l s o  on t h e  v a u l t  f l o o r  mounted t r ough .  
T h i s  c o n t a m i n a t i o n  would t h e n  be d i s p e r s e d  
t h roughou t  t h e  r e a c t o r  b u i l d i n g  by movement o f  
t h e  workers .  A i rbo rne  contaminaton  a l s o  i n c r e a s e d  
w i t h i n  t h e  l o c a l  a r e a .  Th i s  was caused  p r i m a r i l y  
by a  system of b ru shes  mounted on  t h e  work t a b l e  
ove r  which t h e  E/F was withdrawn. T h e i r  purpose  
was t o  remove any g a r t e r  s p r i n g  s p a c e r s  which may 
have  been  s i t t i n g  on t h e  PIT s t u b ,  such  t h a t  t h e y  
would no t  f a l l  o f f  a t  random du r ing  t h e  E/F 
removal p roce s s .  I n  f a c t  t hey  a l s o  a c t e d  t o  
sweep t h e  C-14 from t h e  E/F and g e n e r a t e  a  
l o c a l i z e d  c l o u d  of  a i r b o r n e  con t amina t i on .  

I n  o r d e r  t o  e s t a b l i s h  c o n t r o l  of  t h e  
c o n t a m i n a t i o n  sp r ead  t h e  fo l l owing  m o d i f i c a t i o n s  
were made t o  t h e  E/F removal p r o c e s s .  A bagging 
sys tem was employed t o  comple t e ly  e n c l o s e  t h e  
E/F. As i t  was withdrawn from t h e  l a t t i c e  s i t e  
t h e  E/F was p u l l e d  through a  bagging s l e e v e  which 
a u t o m a t i c a l l y  deployed a  bag c o v e r i n g  bo th  
t h e  E/F and P/T s t u b .  The E/F would h e n c e f o r t h  

remain enc lo sed  by t h e  bag a t  a l l  t imes .  Damage 
t o  t h e  bag was guarded a g a i n s t  by means of a  s k i d  
p l a t e  p o s i t i o n e d  on t h e  f l a s k  l oad ing  t r ough  on  
t h e  v a u l t  f l o o r .  The bagged E/F was lowered  o n t o  
t h e  s k i d  p l a t e  and t h e n  t h e  whole assembly  pushed 
i n t o  t h e  w a i t i n g  s h i e l d e d  t r a n s f e r  f l a s k .  The 
bag ,  s k i d  p l a t e  and E/F were t h e n  t a k e n  t o  t h e  
DSM and d isposed  o f .  The p r i n c i p a l  s o u r c e  of  
a i r b o r n e  con t amina t i on ,  t h e  g a r t e r  s p r i n g  s p a c e r  
removal b ru shes ,  were taken  o f f  t h e  work t a b l e .  
The g a r t e r  s p r i n g s  were now a d e q u a t e l y  
c o n t r o l l e d  by t h e  bagging sys tem.  Once t h e  E/F 
had been  removed, t h e  r e s i d u a l  c o n t a m i n a t i o n  
which was l e f t  i n  t h e  l a t t i c e  t u b e  bo re  was s t i l l  
a  p o s s i b l e  sou rce  of con t amina t i on  sp r ead  a s  
t o o l i n g  was subsequen t l y  i n s e r t e d  i n t o  t h e  
l a t t i c e  s i t e .  An e x t e n s i v e  c l e a n  of t h e  l a t t i c e  
t u b e s  and c a l a n d r i a  t ubes  was i n c o r p o r a t e d  i n t o  
t h e  p r o c e s s  l o g i c  j u s t  p r i o r  t o  t h e  s t a r t  of 
component i n s t a l l a t i o n .  

The u se  of t h e  bagging system desc r i bed  above 
d i d  a  g r e a t  d e a l  t o  reduce  t h e  o v e r a l l  sp r ead  of 
C-14 con t amina t i on .  I t s  e f f e c t i v e n e s s  was 
r e f l e c t e d  i n  a  g r a d u a l  d e c l i n e  i n  t h e  l e v e l s  of  
l o o s e  con t amina t i on  which were measured i n  t h e  
r e a c t o r  b u i l d i n g .  

P/T Removal 

During t h e  P/T removal ope r a t i o n  a  s i g n i f i c a n t  
d i f f e r e n c e  i n  l e v e l s  of  con t amina t  i o n  between 
U n i t s  1 & 2  was h i g h l i g h t e d .  

Work p r o g r e s s  on  Un i t  1 was n o t  s i g n i f i c a n t l y  
de layed  due t o  work a r e a  o r  t o o l s  /equipment 
decon t amina t i on .  On U n i t  2 ,  however,  app rox i -  
ma t e ly  2 112 weeks of outage  t ime were l o s t  which 
cou ld  be  d i r e c t l y  a t t r i b u t e d  t o  h i g h  C-14 
con t amina t i on  l e v e l s .  T h i s  l o s t  t ime was 
p a r t i a l l y  t h e  r e s u l t  of  work a r e a / t o o l  
decon t amina t i on  and p a r t i a l l y  due t o  down t ime 
f o r  t o o l  r e d e s i g n  and procedure  m o d i f i c a t i o n s  t o  
e n s u r e  a  g r e a t e r  deg ree  of c o n t a m i n a t i o n  c o n t r o l .  

The p r i n c i p a l  sou rce s  of  con t amina t  i o n  sp r ead  
were t h e  handl ing  of t h e  C/T f l a r e  p r o t e c t i v e  
s l e e v e  (Tophat )  and t h e  hand l i ng  of t h e  PIT push 
t o o l  mandre ls .  Both of t h e  above two i t ems  of 
equipment became h i g h l y  contaminated  d u r i n g  t h e  
removal p roce s s .  

The t opha t  was a  s l e e v e  which was i n s t a l l e d  a t  
t h e  wes t  end of t h e  c a l a n d r i a  t ube .  I t ' s  
f u n c t i o n  was t o  p r o t e c t  t h e  C/T from damage a s  
t h e  sagged P/T was pushed o u t  of t h e  c o r e .  The 
o r i g i n a l  i n t e n t  was t o  r eu se  t h e  tophat  u n t i l  i t  
became u n f i t  f o r  u s e  due t o  mechanical  damage. 
However, t h e  con t amina t i on  Levels  t h a t  r e s u l t e d  
caused  t h i s  p o l i c y  t o  be r e t h o u g h t .  Va r ious  
t e chn iques  f o r  decontaminat ion  of t h e  t o p h a t s  
were t r i e d  w i t h  minimal s u c c e s s .  Thus  
decontaminat ion  was r u l e d  o u t  a s  an  
o p t i o n .  I n s t ead  a procedure  was used which 
minimized t h e  handl ing  of t h e  t o p h a t s .  Once a  
c h a n n e l  was comple te  t h e  t o p h a t  was removed from 
t h e  channe l  u s i n g  an  RTC he ld  t o o l  and 
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immedia te ly  r e i n s t a l l e d  i n t o  t h e  nex t  channe l .  
I f  eve r  t h e  t opha t  was t o  be changed o r  p u t  down 
f o r  any r ea son ,  i t  was bagged p r i o r  t o  be ing  
d i s connec t ed  from t h e  t o o l .  Th i s  t e chn ique  was 
used s u c c e s s f u l l y  w i t h  minimal con t amina t i on  
c o n t r o l  problems.  

The con t amina t i on  of t h e  P/T push t o o l  
mandrels  was of conce rn  due t o  c r o s s  
con t amina t i on  of t h e  workers '  p l a s t i c  s u i t s  
du r ing  mandrel  hand l i ng  and hence  t h e  i n c r e a s e d  
r i s k  of a  C-14 up t ake  du r ing  t h e  und re s s ing  
procedure .  I n  a d d i t i o n  t h i s  caused  t h e  sp r ead  of  
con t amina t i on  throughout  t h e  Reac to r  Bu i l d ing .  
The p roce s s  changes  t h a t  r e s u l t e d  from t h i s  
con t amina t i on  problem were a s  f o l l ows .  

A mandrel  c l e a n i n g  box was i n s t a l l e d  on t h e  
e a s t  E/F. It con t a ined  a  c l e a n i n g  b r u s h  which 
scoured  t h e  mandre ls  a s  t h e y  were withdrawn from 
t h e  c h a n n e l .  I n  a d d i t i o n  a  vacuum was drawn on 
t h e  box t o  remove t h e  con t amina t i on  f r e e d  from 
the  mandre l s .  T h i s  technique  was s u 3 c e s s f u l  i n  
ma in t a in ing  t h e  mandrels  i n  a  u s a b l e  s t a t e .  
However t h e  f r o n t  end of t h e  l e a d  mandrel  was 
contaminated  t o  a  l e v e l  of app rox ima te ly  250000 
cpm and t h i s  was no t  s i g n i f i c a n t l y  reduced .  

I n  o r d e r  t o  more s a f e l y  d e a l  w i t h  such  h i g h l y  
contaminated  t o o l s  r a d i o l o g i c a l  p r o t e c t i o n  
procedures  were modi f ied .  A new i t em  of  
p r o t e c t i v e  c l o t h i n g  was i n c o r p o r a t e d .  A smock 
worn o v e r  t h e  p l a s t i c  s u i t  p r o t e c t e d  t h e  f r o n t  of 
t he  s u i t  and hood from con t amina t i on .  Upon 
comple t i on  of t h e  work a t  t h e  f a c e  t h i s  smock was 
removed p r i o r  t o  l e av ing  t h e  s h i e l d  c a b i n e t  o r  
d i s c o n n e c t i n g  from a n  a i r  supp ly .  A mandatory 
shower was t hen  t aken  t o  dampen t h e  p r o t e c t i v e  
c l o t h i n g  p r i o r  t o  und re s s ing .  Th i s  made 
r e suspens ion  of t h e  Carbon-1 4  l e s s  l i k e l y .  

Ca l and r i a  Tube (C/T) Cleaning  

I n  view of t h e  i n c r e a s e d  c o n t a m i n a t i o n  
problems encountered  du r ing  Uni t  2 p r e s s u r e  tube  
removal i t  was f e l t  t h a t  s i m i l a r  problems and 
d e l a y s  would r e s u l t  du r ing  t h e  p r e s s u r e  t ube  
i n s t a l l a t i o n  phase  on Uni t  2 .  A number of  t o o l s  
dur ing  t h i s  p roce s s  had t o ,  by n e c e s s i t y ,  come 
i n t o  i n t i m a t e  c o n t a c t  w i th  t h e  c a l a n d r i a  t u b e s  
and would a s  a  r e s u l t  become h i g h l y  
contaminated .  To minimize t h e s e  p o t e n t i a l  
problems a s  w e l l  a s  t h e  C-14 up t akes  by 
i n s t a l l a t i o n  c r e w s ,  adecontaminat ion  of t h e  
c a l a n d r i a  t ubes  and l a t t i c e  t ubes  was under taken .  

It was i n i t i a l l y  hoped t o  c l e a n  t h e  c a l a n d r i a  
t ube  and l a t t i c e  tube  i n  one o p e r a t i o n .  However 
t h e  con t amina t i on  checks  which were c a r r i e d  o u t  
i n d i c a t e d  t h a t  t h i s  merely r e s u l t e d  i n  C-14 
be ing  p u l l e d  back from t h e  C/T and r edepos i t ed  on 
t h e  l a t t i c e  tube .  

The t o o l i n g  was t hen  redes igned  t o  c l e a n  
t h e s e  two a r e a s  s e p e r a t e l y  u s ing  a cus tomised  
approach .  The l a t t i c e  t ube  was vacuumed and 

swabbed and t h e  s h i e l d  p lug  r ep l aced  w i t h  a  
decontaminated  one.  The c l e a n  l a t t i c e  t ube  was 
t h e n  p r o t e c t e d  w i t h  a  s l e e v e  wh i l e  t h e  c a l a n d r i a  
t ube  was swabbed u s ing  a  sponge bung soaked i n  
demine ra l i z ed  wa t e r .  Th i s  t e chn ique  was f a i r l y  
s u c c e s s f u l  and r e s u l t e d  i n  a  decontaminat ion  
f a c t o r  of approximate ly  two. T h i s  was 
de termined  by swipes t aken  i n  t h e  l a t t i c e  t u b e  
and c a l a n d r i a  tube  w i t h  a  s p e c i a l l y  des igned  
t o o l .  

Obvious ly  du r ing  t h i s  s e r i e s  h i g h e r  t h a n  
normal l e v e l s  of con t amina t i on  were expe r i enced  
on t o o l i n g .  The most s i g n i f i c a n t  be ing  on t h e  
C/T c l e a n i n g  t o o l  i t s e l f ,  s p e c i f i c a l l y  on t h e  
p l a s t i c  s l e e v e  which con t a ined  t h e  c l e a n i n g  
bung. T h i s  con t amina t i on  was t hen  spread  t o  t h e  
s h i e l d  c a b i n e t  and t o  t he  worker when t h e  wet 
c l e a n i n g  bung was i n s t a l l e d  i n t o  t h e  s l e e v e  f o r  
t h e  nex t  c h a n n e l .  

To overcome t h i s  problem t h e  p l a s t i c  s l e e v e  
was made d i s p o s a b l e  a long  w i th  t h e  c l e a n i n g  bungs 
and a  new s l e e v e  was i n s t a l l e d  on t h e  t o o l  f o r  
each  c h a n n e l .  T h i s  i s  a n  example of where 
'throwaway' technology c a n  be used s u c c e s s f u l l y  
t o  d e a l  w i th  a  s i g n i f i c a n t  con t amina t i on  
problem. Decontamination of such t o o l s  i n  t h e  
v a u l t  i s  d i f f i c u l t  and t i m e  consuming and c a n  
r e s u l t  i n  h igh  man-rem e x p e n d i t u r e .  

Fue l  Channel  I n s t a l l a t i o n  

During t h e  e n t i r e  f u e l  channe l  i n s t a l l a t i o n  
phase o f  Un i t  1 and 2 t h e r e  were no s i g n i f i c a n t  
con t amina t i on  c o n t r o l  problems.  T h i s  i s  
i n d i c a t i v e  of  t h e  succe s s  of t h e  c a l a n d r i a  t ube  
c l e a n i n g  p roce s s  mentioned above and a l s o  a  
r e f l e c t i o n  of t h e  f a c t  t h a t  c o n t r o l  of 
c o n t a m i n a t i o n  spread  was a  major  cons  i d e r a t i o n  i n  
t h e  p l ann ing  and p r e p a r a t i o n  f o r  t h a t  s t a g e  of 
t h e  program. 

There  were however some minor conce rns  which 
were d e a l t  w i th  i n  t h e  fo l l owing  ways. 

Bellows Weld Ring Cleaning .  During t h e  be l lows  
weld r i n g  I / D  c l e a n i n g ,  t h e  a i r b o r n e  l e v e l s  of  
C-14 i n  t h e  immediate v i c i n i t y  of t h e  c h a n n e l  
i n c r e a s e d  t o  approximate ly  1000 MPCa. T h i s  was 
due t o  a  r e su spens ion  of t h e  con t amina t i on  i n s i d e  
t h e  be l lows  caused  by t h e  o p e r a t i o n  of  t h e  weld 
r i n g  c l e a n i n g  t o o l .  Two a c t i o n s  of t h e  t o o l  were  
r e s p o n s i b l e ;  t h e  r o t a t i o n  of t h e  f l a p  wheel 
g r i n d e r  c a u s i n g  a i r  t u rbu l ence  and t h e  g r i nd in l :  
t o o l  a i r  motor exhaus t ,  which was d i r e c t e d  
s t r a i g h t  a t  t h e  be l lows  weld r i n g .  Both 
problems were r e so lved  by t he  rep lacement  of  t h i s  
t o o l  w i t h  a  manually ope ra t ed  c l e a n i n g  t o o l .  

G a r t e r  Sp r ing  I n s t a l l a t i o n .  During g a r t e r  s p r i n g  
i n s t a l l a t i o n  i t  was r o u t i n e  t o  expe r i ence  
s l i g h t l y  e l e v a t e d  l e v e l s  of  a i r b o r n e  C-14. The 
proximi ty  of t h e  g a r t e r  sp r i ng  t o o l  t o  t h e  
c a l a n d r i a  t u b e  r e s u l t e d  i n  con t amina t i on  
t r a n s f e r  t o  t h e  head of t h e  t o o l  and hence 
i n c r ea sed  a i r b o r n e  con t amina t i on  l e v e l s  i n  t h e  
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s h i e l d  c a b i  
t h e  c h a n n e l  

n e t  when t h e  t o o l  was withdrawn from 

It was t h e  o r i g i n a l  p l a n  t o  bag t h i s  t o o l  and 
keep  i t  bagged du r ing  t h e  e n t i r e  o p e r a t i o n  i n  a n  
e f f o r t  t o  c o n t a i n  t h i s  con t amina t i on .  However, 
t h e  c o n c e r t i n a  a c t i o n  of  t h e  bag a s  t h e  t o o l  was 
pushed i n  and o u t  of t h e  channe l  caused  t h e  
c o n t a m i n a t i o n  c o n t a i n e d  w i t h i n  t h e  bag t o  b e  
e x p e l l e d  i n t o  t h e  v a u l t  atmosphere.  

A d e t a i l e d  con t amina t i on  survey  was c a r r i e d  
o u t  i n  which i t  was de termined  t h a t  t h e  a i r b o r n e  
and s u r f a c e  c o n t a m i n a t i o n ,  and C-14 up t akes  by 
t h e  workers  were not  s i g n i f i c a n t l y  d i f f e r e n t  
r e g a r d l e s s  of  whether  o r  no t  t h e  bag was u sed .  
Consequent ly  i t  was dropped from t h e  procedure  a s  
t h e r e  was a n  a d d i t i o n a l  man-rem c o s t  a s s o c i a t e d  
w i th  i t s  u s e .  I n  a n  e f f o r t  t o  minimise t h e  
c o n t a m i n a t i o n  brought  o u t  of  t h e  channe l  a  vacuum 
c o l l a r  was p laced  on  t h e  end of t h e  e x t e n s i o n  
s l e e v e ,  t h e  purpose  of which was t o  r o u t e  a l l  t h e  
d i s p l a c e d  con t amina t ed  a i r  through t h e  vacuum 
sys tem f i l t e r s  and t o  some e x t e n t  p rov ide  a  
measure of decon t amina t i on  of t h e  g a r t e r  s p r i n g  
i n s t a l l a t i o n  t o o l .  A f t e r  t h e  g a r t e r  s p r i n g s  were 
i n s t a l l e d  on  each  c h a n n e l ,  a n  e x t e n s i v e  
decon t amina t i on  of  t h e  t o o l  and work a r e a  was 
c a r r i e d  o u t  t o  m a i n t a i n  g e n e r a l  con t amina t i on  
l e v e l s  a s  low a s  p o s s i b l e .  

P r e s s u r e  Tube I n s t a l l a t i o n .  During t h e  
i n s t a l l a t i o n  of t h e  p r e s s u r e  t u b e s ,  t h e  
p r o t e c t i v e  ny lon  s l e e v e  was i n  i n t i m a t e  c o n t a c t  
w i th  t h e  c a l a n d r i a  t ube .  Thus w i th  each  
s w c e s s i v e  c h a n n e l  i n s t a l l a t i o n  t h e  s l e e v e  would 
draw back  c o n t a m i n a t i o n  i n t o  t h e  i n s t a l l a t i o n  
c a n .  The b o r e  of t h e  c a n  became ext remely  
con t amina t ed  and hazardous  t o  r e u s e ,  a s  i n d i c a t e d  
by i n c r e a s i n g  C-14 up t akes  by workers a s s o c i a t e d  
w i th  t h i s  job .  Contaminat ion  c o n t r o l  was 
r e - e s t a b l i s h e d  by r e p l a c i n g  t h e  contaminated  c a n s  
w i t h  c l e a n  ones  and a  r o u t i n e  moni tor ing  program 
was e s t a b l i s h e d  t o  keep t r a c k  of con t amina t i on  
l e v e l s  w i t h i n  t h e  c a n s  and t o  t r i g g e r  
decon t amina t i on  when nece s sa ry .  

Summary of  Source  C o n t r o l  

I n  summary; whenever r e t ub ing  o p e r a t i o n s  
n e c e s s i t a t e d  i n t r u s i o n  i n t o  t h e  annu lu s  g a s  
system a  C-14 c o n t a m i n a t i o n  problem r e s u l t e d .  
Too l i ng  and p rocedu re s  had t o  b e  developed  t o  
e n s u r e  adequa t e  con t amina t i on  c o n t r o l  measures 
were i n  p l a c e .  

Rou t i ne  a r e a  decon t amina t i on  had a  f a i r  deg ree  
of s u c c e s s  u s i n g  b a s i c  t e chn iques  of wash down 
wi th  a decon t amina t i on  agen t  such a s  'Spotcheck '  . 
I n i t i a l  Decontaminat ion  Planning  

A p r e v i o u s  s e c t i o n  de sc r i bed  t h e  sou rce  of t h e  
carbon-14 p a r t i c u l a t e  i n  t h e  v a u l t s .  I n i t i a l l y  
a i r b o r n e ,  t h e  f i n e  p a r t i c u l a t e  g r a d u a l l y  s e t t l e d  
o u t  o n t o  s u r f a c e s ,  h o r i z o n t a l  ones  r e c e i v i n g  t h e  

bu lk  of t h e  l oad .  The once a i r b o r n e  
con t amina t i on  reached a s  f a r  a s  t h e  v a u l t  a i r  
c o o l i n g  u n i t s  (ACU), some 15  m e t r e s  away from 
t h e  r e l e a s e  p o i n t  a t  t h e  r e a c t o r  f a c e .  A l l  
s u r f a c e s  i n  t h e  west  v a u l t s  were c o n s i d e r a b l y  
more contaminated  t han  i n  t h e  e a s t  v a u l t s  s i n c e  
t h e  wes t  s i d e  r ece ived  most of t h e  e x h a u s t  a i r  
from t h e  shock h e a t i n g  p roce s s .  Leve l s  on t h e  
o r d e r  of 50 ,000 cpm/100 cm2 were  not  uncommon on  
some wes t  v a u l t  s u r f a c e s .  P a r t i c u l a r l y  h e a v i l y  
contaminated  were t h e  f e e d e r s  and heade r s  w i t h i n  
t h e  i n s u l a t i o n  c a b i n e t s ,  a s  w e l l  a s  t h e  end 
s h i e l d s  and end f i t t i n g s .  

P r i o r  t o  t h e  s t a r t  o f  f u e l  c h a n n e l  
r e i n s t a l l a t i o n ,  i t  was dec ided  t h a t  a  f u l l  s c a l e  
decon t amina t i on  of v a u l t  s u r f a c e s  would be  
r e q u i r e d .  The p roce s s  was d iv ided  i n t o  two 
phases ;  r e i n s t a l l a t i o n  p r e r e q u i s i t e ,  and r e a c t o r  
b u i l d i n g  r e h a b i l i t a t i o n  b e f o r e  t h e  u n i t s '  r e t u r n  
t o  s e r v i c e .  Three  ba s i c  o b j e c t i v e s  shaped 
decon t amina t i on  p lanning  : 

( 1 )  Reduce haza rd  l e v e l s  of  l o o s e  s u r f a c e  
con t amina t i on  i n  t h e  v a u l t s  t o  t h o s e  
t y p i c a l  of  a  r ubbe r  a r e a  r e q u i r i n g  t h e  
wearing of d i sposab l e  c o v e r a l l s  and a  
r e s p i r a t o r  o n l y .  

( 2 )  Reduce t h e  p o t e n t i a l  f o r  c o n t a m i n a t i o n  
t r a n s f e r  o u t  of  t h e  R / B  d u r i n g  removal of  
LSFCR equipment.  

( 3 )  Ensure  low con t amina t i on  l e v e l s  a r e  
main ta ined  du r ing  u n i t  s t a r t - u p  and 
subsequent  r e t u r n  t o  o p e r a t i o n .  The 
t a r g e t  f o r  decon t amina t i on  was r e s i d u a l  
l o o s e  con t amina t i on  l e v e l s  l e s s  t h a n  1000 
cpm/100 cm2, and l e s s  t h a n  500 cpm on 
l a r g e  f l a t  s u r f a c e s .  

I f  p r o t e c t i v e  c l o t h i n g  r equ i r emen t s  f o r  
on-face r e i n s t a l l a t i o n  work were t o  be  r e l a x e d ,  
t h e  f e e d e r  c a b i n e t s ,  r e a c t o r  f a c e ,  s h i e l d  
c a b i n e t s ,  ACU's, and v a u l t  s u r f a c e s  would have  
t o  be decontaminated .  The p o t e n t i a l  f o r  l o o s e  
s u r f a c e  con t amina t i on  t o  become an  a i r b o r n e  
i n h a l a t i o n  haza rd  had t o  be e l i m i n a t e d .  V a u l t ,  
s h i e l d  c a b i n e t ,  and ACU e x t e r i o r  s u r f a c e s  c o u l d  
s imply  be c l eaned  by w i p i q  o r  m p p i n g  w i t h  
d e t e r g e n t  s o l u t i o n s .  The f a c e  and f e e d e r  
c a b i n e t  i n t e r i o r s  p r e s e n t  a  somewhat more complex 
s u r f a c e  geometry w i th  d i f f i c u l t  a c c e s s .  Review 
of t h e  o p t i o n s  f o r  a n  e f f e c t i v e  f a c e  and f e e d e r  
c l e a n i n g  i d e n t i f i e d  h igh  p r e s s u r e  washdown a s  t h e  
o n l y  p r a c t i c a l  approach .  Unfo r tuna t e ly ,  t h e  l e a d  
t ime was t o o  s h o r t  f o r  equipment procurement ,  
d e t e r g e n t  q u a l i f i c a t i o n ,  and p r e p a r a t i o n s  f o r  
l i q u i d  was t e  r e cove ry /p roce s s ing  . I n  t h e  end ,  
decon t amina t i on  b e f o r e  r e i n s  t a l l a t i o n  was 
l i m i t e d  t o  a  l a b o u r  i n t e n s i v e  wipe and mop down 
of t h e  s h i e l d  c a b i n e t s  and h igh  t r a f f i c  a r e a s  of  
t h e  v a u l t s .  P r o t e c t i v e  c l o t h i n g  r e s t r i c t i o n s  
were no t  l i f t e d ,  and a l l  r e i n s t a l l a t i o n  a s  w e l l  
a s  r e h a b i l i t a t i o n  a c t i v i t i e s  were performed w i th  
pe r sonne l  i n  a i r  supp l i ed  p l a s t i c  s u i t s  (covered  
w i t h  d i s p o s a b l e  c o v e r a l l s  and b o o t i e s ) .  

I n i t i a l  c l e a n i n g  i n  both  U n i t s  1 and 2 
c o n c e n t r a t e d  on e a s i l y  a c c e s s i b l e  a r e a s .  Vau l t  
ACU's were not  inc luded  a s  a c c e s s  r e q u i r e d  
e x t e n s i v e  s c a f f o l d  c o n s t r u c t i o n .  S u r f a c e s  
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s p e c i f i c a l l y  t a r g e t e d  f o r  decon t amina t i on  by 
wiping were a s  f o l l ows :  

" v a u l t  f l o o r s  
" r o l l i n g  s h i e l d s  
" v a u l t  w a l l s  t o  a  he igh t  of  8 f e e t  above t h e  

f l o o r  
" s t a i r w a y s  l e a d i n g  t o  t h e  b r i d g e  and f e e d e r  

c a b i n e t s  
" s h i e l d  c a b i n e t  r o o f ,  i n t e r i o r  s u r f a c e s ,  and 

a l l  equipment mounted w i t h i n  
" v a u l t  o b s e r v a t i o n  sys tems (cameras)  

Although t h e  decontaminat ion  was by wiping and 
mopping o n l y ,  t e chn ique  proved t o  be c r i t i c a l .  
Rega rd l e s s  of t h e  s t a r t i n g  l e v e l s  of  l o o s e  
con t amina t i on ,  a  sy s t ema t i c  c l e a n i n g  from t o p  t o  
bottom wi thout  t r a c k i n g  ove r  a r e a s  a l r e a d y  
c l eaned  was b a s i c  t o  t h e  technique .  Wiping 
c o n s i s t e n t l y  i n  one  d i r e c t i o n  o n l y ,  and u s ing  a  
c l e a n  rag  s u r f a c e  f o r  each wipe prevented  
r econ t amina t i on  o f  a r e a s  j u s t  c l e a n e d .  Rags were 
d i s ca rded  immediately a f t e r  t hey  had been used 
once.  T e r r y  c l o t h  r a g s  were found t o  b e  most  
e f f e c t i v e  , t h e  c o a r s e  nap p rov id ing  absorbency  t o  
remove and hold  s u r f a c e  con t aminan t s .  O v e r a l l ,  
t h e  i n i t i a l  decon t amina t i on  was e f f e c t i v e  i n  
reducing  l o o s e  con t amina t i on  l e v e l s  t o  t h e  
t a r g e t s  s t a t e d  e a r l i e r .  There  was no s i g n i f i c a n t  
r e con t amina t i on  from s u r f a c e  b l eed  ( o r  swea t i ng )  
24 hours  l a t e r .  Throughout t h e  r e i n s t a l l a t i o n  
phase ,  r o u t i n e  su rveys  and decon t amina t i ons  were 
aimed a t  m a in t a in ing  t h e  g e n e r a l  s t a t e  of 
c l e a n l i n e s s  which had been ach i eved .  

On comple t i on  of f u e l  channe l  r e i n s t a l l a t i o n ,  
reac t o r  b u i l d i n g  r e h a b i l i t a t i o n  became t h e  nex t  
o r d e r  of b u s i n e s s .  I n t e g r a l  t o  t h i s  program was 
t h e  e x t e n s i v e  c l e a n u p  of a l l  v a u l t  and equipment 
s u r f a c e s .  At t h e  t ime of w r i t i n g ,  o n l y  Un i t  1 
had been r e tu rned  t o  o p e r a t i o n .  A l l  d i s c u s s i o n  
t o  f o l l ow  is  based o n  t h e  a c t i v i t i e s  which l e d  t o  
t h e  s u c c e s s f u l  c l e anup  of t h e  Un i t  1 v a u l t s .  
With t h e  excep t  i o n  of minor p rocedu ra l  changes  
r e f l e c t i n g  l e s s o n s  l e a r n e d ,  t h e  t e chn iques  f o r  
Uni t  2 a r e  expec ted  t o  be s i m i l a r .  

Decontaminat ion  Research  

To a s s i s t  decontaminat ion  p l ann ing ,  
fundamental  r e s e a r c h  i n t o  t h r e e  a r e a s  was 
i n i t i a t e d .  Eva lua t i on  of d e t e r g e n t s ,  coup l ed  
w i th  l i q u i d  was t e  p roce s s ing  s t u d i e s ,  were i n  
d i r e c t  suppo r t  of  a  proposed washdown of t h e  
r e a c t o r  f a c e s ,  f e e d e r  c a b i n e t s ,  and v a u l t  
s t r u c t u r a l  s u r f a c e s .  P h y s i c a l  and chemica l  
c h a r a c t e r i z a t i o n  of t h e  c a r b o n  1 4  p a r t i c u l a t e  
was e s s e n t i a l  t o  unde r s t and ing  t h e  contaminant  
behav io r  under  v a r i o u s  c o n d i t i o n s  . 

Dete rgen t  Q u a l i f i c a t i o n .  A d e t e r g e n t  s o l u t i o n  
app l i ed  t o  end f i t t i n g  and f e e d e r  s u r f a c e s  must 
be  of low ha logen  and s u l f u r  c o n t e n t ,  a s  w e l l  a s  
be ing  e f f e c t i v e  i n  removing i n s o l u b l e  carbon-14 
from a  v a r i e t y  of  s u r f a c e s .  O n t a r i o  Hydro 
Research conducted a  s c r een ing  of commerc ia l ly  
a v a i l a b l e  p roduc t s  . Candida tes  were chemica l l y  
ana lyzed  and t hen  t e s t e d  f o r  t h e i r  
decontaminat ion  e f f e c t i v e n e s s .  

Concerns abou t  r u s t i n g  of c a r b o n  s t e e l  
components on end f i t t i n g  and f e e d e r  a s s e m b l i e s  
f o l l owing  a  w a t e r  based washdown prompted a  
s e a r c h  f o r  s u i t a b l e  c o r r o s i o n  i n h i b i t o r s .  T h i s  
i n h i b i t o r  had t o  be w a t e r  s o l u b l e  and c h e m i c a l l y  
compa t ib l e  w i t h  r e a c t o r  m a t e r i a l s .  An amine 
based product  (CORTEC VCI-309) was found t o  
s a t i s f y  b o t h  c r i t e r i a .  Applied w i t h  t h e  r i n s e  
w a t e r  i n  a  c o n c e n t r a t i o n  of 0.5% o r  g r e a t e r ,  
v i s i b l e  r u s t i n g  of wet ted  ca rbon  s t e e l  s u r f a c e s  
l e f t  t o  s t a n d  i n  a i r  would be p r even t ed .  
P r e l i m i n a r y  c o r r o s i o n  t e s t s  were c a r r i e d  o u t  t o  
a s s e s s  t h e  impact of r e s i d u a l  d e t e r g e n t  and 
i n h i b i t o r  i n  c a rbon  s t e e l  c r e v i c e s  a t  o p e r a t i n g  
t empe ra tu r e s .  Based on t h i s  l i m i t e d  t e s t i n g ,  
c r e v i c e  c o r r o s i o n  i n i t i a t e d  by r e s i d u a l  c h e m i c a l s  
was not  expec ted  t o  be a  problem. 

Waste P r o c e s s i n g .  Expect ing  t o  c o l l e c t  l a r g e  
volumes of h i g h l y  contaminated  was t e  w a t e r  d u r i n g  
a  f a c e  and f e e d e r  washdown, s t u d i e s  t o  i d e n t i f  a  Y was t e  p roce s s ing  s t r a t e g y  were  unde r t aken  ( ). 
Approval  f o r  d i r e c t  d i s c h a r g e  i n t o  t h e  s t a t i o n  
a c t i v e  l i q u i d  was t e  management system cou ld  not  
b e  assumed. F i l t r a t i o n ,  u l t r a f i l t r a t i o n ,  
a d s o r p t i o n ,  and i o n  exchange were c a n d i d a t e  
p r o c e s s e s .  Mixed bed i on  exchange showed t h e  
b e s t  per formance ,  removing 90% of t h e  carbon-14 
from a  was t e  wa t e r  feed .  Res in  c a p a c i t y  was 
e s t ima t ed  a t  860  mic rocu r i e s  of carbon-14 p e r  
l i t r e  of  r e s i n .  The va lue  of  f i l t r a t i o n  through 
a  range  of 0.2 t o  2 .  micron  media i s  s t i l l  i n  
q u e s t i o n .  Lab t e s t s  r e p o r t  carbon-14 removal of 
40 t o  70%. F i e l d  t e s t s  c o n t r a d i c t  t h i s ,  a s  
l i t t l e  o r  no carbon-14 removal a c r o s s  s e r i e s  
connected  2 and 0 .2  micron  f i l t e r s  was obse rved .  

C h a r a c t e r i z a t i o n .  Neutron a c t i v a t i o n  of  n i t r o g e n  
t o  carbon-14 i n  t h e  Un i t  1 and 2  g a s  annu lu s  
sys tems produced a  r a t h e r  unique  p roduc t .  
A n a l y s i s  of t h e  p h y s i c a l  and chemica l  p r o p e r t i e s  
of  t h e  carbon-14 hea r i ng  m a t e r i a l  i s  a n  on-going 
p r o c e s s  ( 2 ) .  It i s  now be l i eved  t h a t  t h e  d e p o s i t  
formed w i t h i n  t h e  c a l a n d r i a  t u b e s  i s  a  polymeric 
m a t e r i a l  c o n t a i n i n g  carbon-14,  n i t r o g e n ,  and 
hydrogen.  Carbon-14 accoun t s  f o r  app rox ima te ly  
50% by weight  g i v i n g  t h e  p u r e  m a t e r i a l  a  s p e c i f i c  
a c t i v i t y  of abou t  2  c u r i e s  pe r  gram. I n  a  
n i t r o g e n  b l anke t ed  annu lu s  ga s  c i r c u i t  t h e  
polymer grew a s  a  c r y s t a l l i n e  d e p o s i t  wi th  a  
d e n d r i t i c  s t r u c t u r e  (branched o r  "Christmas t r e e "  
l i k e ) .  Retubing  o p e r a t i o n s  broke p a r t s  of t h e  
c r y s t a l s  away from t h e i r  s i b s  t r a t e ,  f r e e i n g  
p a r t i c l e s  f o r  r e l e a s e  out  o f  t h e  open annu lu s  
g a s  system. 

Cleanup of  l o o s e  p a r t i c u l a t e  was h inde red  by 
t h e  m a t e r i a l s '  i n s o l u b l e  n a t u r e .  Only a  s m a l l  
f r a c t i o n  i s  s o l u b l e  i n  s a l i n e  o r  d i l u t e  a c i d  
s o l u t i o n s .  The m a j o r i t y  (80%) of t h e  carbon-14 
m a t e r i a l  i s  una f f ec t ed  by common s o l v e n t s  and 
r e a g e n t s .  

On exposure  t o  a i r  t h e  polymer undergoes 
p a r t i a l  s u r f a c e  o x i d a t i o n ,  w i t h  a  subsequent  
l i b e r a t i o n  of  gaseous  carbon-14 d iox ide  and a  
sma l l  amount of carbon-14 monoxide. Release  i s  
very  slow a t  room t empe ra tu r e ,  bu t  c a n  be  
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a c c e l e r a t e d  a t  t empe ra tu r e s  above 200°C. Over a  
f o u r  day  pe r i od  a t  300°C i n  a i r ,  90% p a r t i c u l a t e  
a c t i v i t y  i s  conve r t ed  t o  gaseous  p roduc t s .  The 
key h e r e  is  f r e e  r e a c t i v e  oxygen. Under a  
n i t r o g e n  o r  c a r b o n  d i o x i d e  c o v e r  g a s ,  
g a s i f i c a t i o n  of  t h e  p a r t i c u l a t e  i s  l i m i t e d  by t h e  
e x t e n t  of s u r f  a ce  absorbed  o r  c h e m i c a l l y  bound 
oxygen. Once o x i d a t i o n  s i t e s  a r e  d r i v e n  o f f ,  t h e  
r e m a i n i r y  m a t e r i a l  i s  i n e r t  i n  t h e  absence  of 
oxygen ( ). R a d i o l y s i s  i n i t i a t e d  by h i g h  gamma 
d o s e s  i s  no t  expec ted  t o  have a  s i g n i f i c a n t  
e f f e c t  on polymer decomposi t ion  beyond t h a t  
a ch i eved  t h e r m a l l y  ( 4 ) .  

Feeder  c a b i n e t  Decontaminat ion  

While p l ann ing  p r e r e q u i s i t e  a c t i v i t i e s  f o r  t h e  
wash down of f e e d e r  c a b i n e t  i n t e r n a l s  and r e a c t o r  
f a c e s  i t  became appa ren t  t h e  t a s k  was more 
involved  t h a n  o r i g i n a l l y  a n t i c i p a t e d .  It was 
scheduled  t o  o c c u r  a f t e r  f u e l  l oad  and removal of  
t h e  s h i e l d  c a b i n e t s  from t h e  b r i d g e s .  T h i s  pu t  
t h e  wash down on  t h e  c r i t i c a l  pa th  j u s t  ahead o f  
h e a t  t r a n s p o r t  system h o t  commissioning.  Without 
t h e  u s e  of t h e  b r i d g e s  which were lowered f o r  
mounting of t h e  f u e l i n g  machines,  s c a f f o l d i n g  o r  
m a n l i f t s  would be  r e q u i r e d  t o  p r epa re  f o r  and 
c a r r y  o u t  t h e  sp r ay ing .  S o f f i t  p ane l s  would have 
t o  be  removed b e f o r e  a  was t e  wa t e r  c a t c h  t r a y  
would be hung benea th  t h e  uppe r  c a b i n e t  
overhang.  High l e v e l s  of  carbon-14 on t h e  i n s i d e  
s u r f a c e  of t h e  s o f f i t s  were expec ted  t o  c r e a t e  a  
r a d i o l o g i c a l  haza rd  du r ing  t h e i r  removal.  
Expect ing  s e v e r a l  thousand g a l l o n s  of 
con t amina t ed  was te  w a t e r ,  temporary tankage  would 
be r e q u i r e d  t o  ho ld  t h e  volume f o r  p roce s s ing .  
Concerns were exp re s sed  about  t h e  p o t e n t i a l  
damage t o  f e e d e r  i n s u l a t i o n  pane l s  by d i r e c t  
impact  of  a  h i g h  p r e s s u r e  wa t e r  s p r a y ,  o r  w e t t i n g  
of t h e  i n s u l a t i o n  m a t e r i a l  i t s e l f .  Wet 
i n s u l a t i o n  t h a t  sagged and compacted would l o s e  
I t s  i n s u l a t i n g  p r o p e r t i e s .  The dose  p e n a l t y  t o  
c a r r y  o u t  t h e  washdown i n  bo th  v a u l t s  was 
e s t i m a t e d  a t  16 Rem. There  was no immediate 
b e n e f i t  f o r  r e h a b i l i t a t i o n  o r  recommissioning 
work t o  f o l l o w  t h e  decontaminat ion .  

Given t h e  c o n c e r n s  and amount of p r e r e q u i s i t e  
work j u s t  d e s c r i b e d ,  t h e r e  grew a  r e l u c t a n c e  t o  
proceed w i t h  a  washdown. R e s u l t s  of t h e  
carbon-14 o x i d a t i o n  s t u d i e s  a t  h igh  t empe ra tu r e  
provided  an  a l t e r n a t i v e .  A f t e r  i n s  t a l l a t i o n  of 
t h e  end f i t t i n g  jig-saw p a n e l s  on  t h e  r e a c t o r  
f a c e s ,  end f i t t i n g s  and f e e d e r s  would be f u l l y  
c o n t a i n e d .  Ope ra t i ng  t empe ra tu r e  w i t h i n  t h e  

e n c l o s u r e  (250°C) i s  s u f f i c i e n t  t o  g a s i f y  
(decompose) most of  t h e  carbon-14 p a r t i c u l a t e  
o v e r  a  p e r i o d  of a  few months. T h i s  i n  e f f e c t  
would decontaminate  t h e  f a c e  and c a b i n e t  
i n t e r i o r .  C o n t r o l  of c a r b o n  d i o x i d e  r e l e a s e  o u t  
o f  t h e  c a b i n e t s  was t h e  o n l y  i s s u e  t o  b e  
add re s sed .  

P r i o r  t o  h o t  commissioning a purge  sys tem was 
tapped  i n t o  b o t h  t h e  e a s t  and wes t  c a b i n e t s .  A  
sma l l  f low is  drawn o u t  of t h e  c a b i n e t ,  r ou t ed  
through a n  a i r  t o  a i r  h e a t  exchanger  and h i g h  
e f f i c i e n c y  f i l t e r ,  then  exhaus ted  i n t o  t h e  
r e a c t o r  b u i l d i n g  v e n t i l a t i o n  s t a c k .  From a n  
emmissions p e r s p e c t i v e  t h i s  concep t  would n o t  
pose  problems.  I f  t h e  e n t i r e  carbon-14 
i n v e n t o r y ,  c o n s e r v a t i v e l y  e s t i m a t e d  a t  5 c u r i e s ,  
was ox id i zed  and vented  up t h e  s t a c k  i n  a  one  
week pe r i od  t h e  r e l e a s e  would o n l y  b e  0 .4% of t h e  
emi s s ion  l i m i t .  T h i s  was conf i rmed d u r i n g  t h e  
h o t  commissioning ( s e e  s e c t i o n :  Decontaminat ion  
Assessment) .  

With t h e  excep t i on  of  t he  s o f f i t s ,  e x t e r i o r  
s u r f  a c e s  of t h e  f e e d e r  c a b i n e t s  were  
decontaminated  by s imple  wiping w i th  d e t e r g e n t  
soaked r ags .  Technique was t h e  same a s  t h a t  used 
f o r  t h e  g e n e r a l  v a u l t  c l e a n u p s  p r eceed ing  f u e l  
c h a n n e l  r e i n s t a l l a t i o n .  The o n l y  c o m p l i c a t i o n  
h e r e  was p a n e l s  on bo th  s i d e s  of  t h e  r e a c t o r  f a c e  
which were  c o a t e d  i n  a  f i l m  of o i l  o r  g r e a s e  from 
t h e  b r i d g e  d r i v e s .  Th i s  made wipe down t o  meet 
t h e  t a r g e t  of  l e s s  t h a n  1000 cpm l o o s e  a l l  t h e  
more d i f f i c u l t  and t ime consuming. 

ACU Decontaminat ion  

Decontaminat ion  of  t h e  e x t e r i o r  and i n t e r i o r  
of t h e  8 v a u l t  a i r  c o o l i n g  u n i t s  was pe rhaps  t h e  
most d i f f i c u l t  c l e anup  c a r r i e d  o u t .  Access t o  
t h e  t op  and f r o n t  of t h e  u n i t s  r e q u i r e d  
c o n s i d e r a b l e  s c a f f o l d  c o n s t r u c t i o n  spanning  t h e  
f u l l  w id th  of t h e  v a u l t s .  At t h e  t o p  of t h e  
ACU's a r e  exposed c l o s e l y  packed f i nned  c o o l i n g  
p i p e s .  A f t e r  y e a r s  of o p e r a t i o n  a  t h i c k  l a y e r  of 
d u s t  had accumulated on t h e  f a c e  of t h e s e  c o o l i n g  
heads .  P a r t i c u l a t e  carbon-14 was b e l i e v e d  t o  be 
con f ined  and t rapped  amongst t h i s  upper  l a y e r  of 
d u s t .  Finned p ip ing  s u r f a c e s  o n  t h e  i n s i d e  of 
t h e  ACU's were g e n e r a l l y  f r e e  of  carbon-14.  T h i s  
i s  no t  s u r p r i s i n g  a s  t h e  ACU's were  not  running  
when a i r b o r n e  carbon-14 was i n t roduced  i n t o  t h e  
v a u l t  . 

Removal of  t h e  d u s t  l a y e r  and e n t r a i n e d  
carbon-14 from t h e  c o o l i n g  heads  was achieved  by 
vacuuming. Rapid l oad ing  of t h e  vacuum system 
f i l t e r s  o f t e n  de layed  t h e  job  wh i l e  t h e  f i l t e r s  
were be ing  r ep l aced .  For U n i t  2 a  c y c l o n e  
s e p a r a t o r  w i l l  precede t h e  f i l t e r s  t o  pro long 
t h e i r  u s e f u l  l i f e .  A l l  o t h e r  e x t e r i o r  and 
i n t e r i o r  s u r f a c e s  were wiped c l e a n .  T h i s  was a  
slow and o f t e n  r e p e t i t i v e  p roce s s .  Working space  
i n s i d e  t h e  ACU c a b i n e t s  is l i m i t e d .  Most 
s u r f a c e s  i n  t h e  v i c i n i t y  of  t h e  f a n  s h a f t  and 
motor b e a r i n g s  were covered  w i t h  a  heavy f i l m  of 
g r e a s e .  The thoroughness  of  t h e  ACU c l e a n u p  i s  
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c r e d i t e d  t o  a  c o n s c i e n t i o u s  decontaminat ion  
crew.  Technique a g a i n  was a l l  impor t an t .  

Equipment Decontamination and Removal 

The g r e a t e s t  p o t e n t i a l  f o r  con t am ina t i on  
t r a n s f e r  ou t  of  t h e  r e a c t o r  b u i l d i n g s  was d u r i n g  
removal of t h e  b r i dge  mounted LSFCR equipment.  
E a r l y  i n  t h e  p lanning  s t a g e  i t  had been dec ided  
t h a t  thorough decontaminat ion  of t h i s  hardware 
would b e  c a r r i e d  o u t  i n  t h e  v a u l t s  and North 
Acces s ib l e  Area (NAA) . The re  was no 
decon t amina t i on  f a c i l i t y  o u t s i d e  o f  t h e  r e a c t o r  
b u i l d i n g  . l a r g e  enough t o  accommodate t h e  s h i e l d  
c a b i n e t s  and t h e i r  a s s o c i a t e d  components.  

While s t i l l  i n  t h e  v a u l t s  a l l  equipment 
underwent some p r e l i m i n a r y  decon t amina t i on .  
C rev i ce s  were vacuumed o u t .  A g e n e r a l  wipe down 
fo l lowed.  On t r a n s f e r  i n t o  t h e  NAA equipment 
p i e c e s  were enc lo sed  w i t h i n  a  p l a s t i c  t e n t .  
Detergent  s o l u t i o n  was a p p l i e d  ove r  t h e  s u r f a c e s  
and t h e n  r i n s e d  o f f  w i t h  a  14 MPa (2000 p s i )  
wa t e r  sp r ay .  Waste water  on equipment s u r f a c e s  
and t h e  f l o o r  of t h e  t e n t  was removed and 
c o n t a i n e d  u s ing  a  vacuum system. A f t e r  wiping t o  
d r y n e s s ,  s u r f a c e s  were checked f o r  l o o s e  
con t amina t i on .  Areas having  g r e a t e r  t h a n  1000 
cpm/100 cm2 were  f u r t h e r  decontaminated  by wet 
wiping.  T r a n s f e r  o u t  of  t h e  r e a c t o r  b u i l d i n g  was 
on ly  pe rmi t t ed  when con t amina t i on  l e v e l s  on a l l  
a c c e s s i b l e  s u r f a c e s  were l e s s  t h a n  1000 cpm/100 
cm2 

Except ions  t o  t h e  p roce s s  j u s t  d e s c r i b e d  were 
t h e  two s h i e l d  c a b i n e t  c r a n e s .  These c r a n e s  
c o n t a i n  complex s u r f a c e s ,  d r i v e  mechanisms, and 
an  a r r a y  of e l e c t romechan i ca l  components a l l  
s u s c e p t i b l e  t o  wa t e r  damage. Decontamination 
was l i m i t e d  t o  e x t e n s i v e  wiping ,  fo l lowed by a  
p l a s t i c  wrap and c r a t i n g .  Use of  a  h igh  p r e s s u r e  
l i q u i d  Freon sp r ay  on t h e  c r a n e s  was a n  o p t i o n  
explored  i n  some dep th .  Th i s  concep t  was 
r e j e c t e d  when app rova l  f o r  i n  v a u l t  u s e  of  t h e  
ha logen  r i c h  Freon c o u l d  not  b e  s e c u r e d .  

Removable f i x a t i v e s  were a n o t h e r  t e chn ique  
eva lua t ed  For decontaminat ion  of s h i e l d  c a b i n e t  
s u r f a c e s .  I f  con t amina t i on  l e v e l s  c o u l d  n o t  be 
reduced t o  t h e  t a r g e t  l e v e l s ,  a  s t r i p p a b l e  
c o a t i n g  c o u l d  be a p p l i e d  t o  f i x  t h e  
con t aminan t s .  Removal of  t h e  c o a t i n g  a s  a  s o l i d  
was te  would be done a f t e r  t h e  equipment had been 
t r a n s f e r r e d  o u t  of  t h e  r e a c t o r  b u i l d i n g .  T h i s  
n o t i o n  was she lved  upon f i n d i n g  t h e  f i x a t i v e  t o  
have a  l i m i t e d  a b i l i t y  t o  i n c o r p o r a t e  and b ind  
carbon-14 p a r t i c u l a t e .  The c u r i n g  t ime was a l s o  
found t o  be t oo  long  g iven  ou r  s chedu l e  
c o n s t r a i n t s .  

Wall and F l o o r  Decontamination 

O w e  t h e  v a u l t s  had been c l e a r e d  of  t h e  s h i e l d  
c a b i n e t s  and t h e  f u e l i n g  machine b r i d g e s  were 
r e s t o r e d ,  w a l l s  and f l o o r s  were t a r g e t e d  f o r  
decontarninat  ion .  

V e r t i c a l  s u r f a c e s  a r e  t h e  l e a s t  l i k e l y  t o  
c o n c e n t r a t e  d u s t  and contaminant  d e p o s i t i o n .  A s  
a  r e s u l t ,  v a u l t  w a l l s  wiped down p r i o r  t o  f u e l  
c h a n n e l  r e i n s t a l l a t i o n  had remained r e l a t i v e l y  
c l e a n .  Except Eor c l e a n i n g  top h o r i z o n t a l  
s u r f a c e s  of  equipment o r  p ip ing  mounted on t h e  
w a l l s ,  no f u r t h e r  decontaminat ion  of t h e  w a l l s  
was c a r r r i e d  o u t .  It is  impor t an t  t o  r e cogn i ze  
t h a t  t h e  i n i t i a l  decontaminat ion  of t h e  w a l l s  
was on ly  t o  a  h e i g h t  o f  8 t o  1 0  f e e t  above t h e  
f l o o r .  T h i s  i s  cons ide r ed  t h e  p o t e n t i a l  c o n t a c t  
zone f o r  pe r sonne l  working i n  t h e  v a u l t s .  
Cleaning  w a l l  s u r f a c e s  above t h i s  c o n t a c t  zone  
provided  l i t t l e  o r  no b e n e f i t .  A s  a  f i n a l  
measure,  r e s i d u a l  l oose  con t amina t i on  on  t h e  w a l l  
c o n t a c t  zone was f i xed  wi th  a  c o a t  of  p a i n t .  

F l o o r s  r equ i r ed  minimal decon t amina t i on  
e f f o r t .  Loose con t amina t i on  l e v e l s  had been 
main ta ined  low throughout  t h e  f a c e  work and v a u l t  
r e h a b i l i t a t i o n .  Res idua l  con t amina t i on  was f i x e d  
by p a i n t i n g  t h e  e n t i r e  f l o o r  a r e a  i n  bo th  v a u l t s  
and N U .  

Decontamination Assessment 

On rev iew of t h e  decontaminat ion  achievements  
i t  i s  f a i r  t o  s ay  we were s m c e s s f u l  i n  meeting 
o u r  o b j e c t i v e s  . Throughout t h e  p roce s s  of  
decontaminat ing  and removing t h e  s h i e l d  c a b i n e t s  
t h e r e  was no con t amina t i on  r e l e a s e  o u t s i d e  of  
t h e  r e a c t o r  b u i l d i n g .  Contaminated was t e  w a t e r  
c o l l e c t e d  d u r i n g  washdown of t h e  s h i e l d  c a b i n e t s  
and a s s o c i a t e d  equipment was a l l  d i r e c t e d  i n t o  
t h e  a c t i v e  l i q u i d  was te  system. The t o t a l  
carbon-14 i n v e n t o r y  i n  t h i s  d i s c h a r g e  o n l y  added 
abou t  t o  t h e  s t a t i o n  monthly emi s s ion  
l i m i t  . 

Relea se s  of  carbon-14 d i o x i d e  from t h e  f e e d e r  
c a b i n e t s  and ga s  annu lu s  system were monitored 
d u r i n g  h e a t  t r a n s p o r t  system h o t  commissioning.  
Even w i t h  purges  of t h e  annu lu s  ga s  system t h e  
t o t a l  r e l e a s e  of gaseous  carbon-14 f o r  t h e  e n t i r e  
s t a t i o n  d i d  not  exceed t h e  emi s s ion  t a r g e t  (1% of 
r e g u l a t o r y  l i m i t ) .  There  was a  d e f i n i t e  
c o n t r i b u t i o n  from t h e  f e e d e r  c a b i n e t s ,  i n d i c a t i n g  
some g a s i f i c a t i o n  of  carbon-14 p a r t i c u l a t e  had 
t a k e n  p l a c e .  The e x t e n t  of r a d i o l y s i s  a s s i s t e d  
decomposi t ion  du r ing  u n i t  c r i t i c a l i t y  had no t  
been  de termined  a t  t h i s  p o i n t .  

A f t e r  h o t  commissioning t h e  west  v a u l t  was 
checked f o r  r e con t amina t i on .  Recen t l y  p a i n t e d  
s u r f a c e s  and t h e  new meta l  f a c e  pane l s  had not  
been contaminated  du r ing  t h e  hot  t e s t .  T h i s  
e f f e c t i v e l y  d i s p e l l e d  a l l  s u s p i c i o n s  t h a t  ACU 
o p e r a t i o n  would s t i r  up  r e s i d u a l  l o o s e  
con t amina t i on  and sp r ead  i t  around t h e  v a u l t s .  
There  were however l o c a l i z e d  a r e a s  on t h e  
e x t e r i o r  of  t h e  f e e d e r  c a b i n e t s  w i th  
con t amina t i on  l e v e l s  w e l l  i n  e x c e s s  of t h e  1000 
cpm t a r g e t .  Recontamination from o t h e r  s o u r c e s  
i s  not  be l i eved  t o  be responsible. Cur r en t  
t h ink ing  Ls t h a t  t h e s e  were s p o t s  not  adequa t e ly  
c l e a n e d ,  o r  con t amina t i on  has c r e p t  o u t  of 
c r e v i c e s  and j o i n t s  a f t e r  t h e  c l e a n i n g .  
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Rega rd l e s s  of t h e  r e a s o n ,  no f u r t h e r  a c t i o n  was 
t aken .  Leve l s  w i l l  b e  rechecked d u r i n g  t h e  f i r s t  
planned main tenance  ou t age .  A t  t h i s  same t ime a 
su rvey  f o r  carbon-14 w i t h i n  t h e  f e e d e r  c a b i n e t s  
w i l l  a s s e s s  t h e  e f f e c t i v e n e s s  of h igh  t empe ra tu r e  
o x i d a t f o n  a s  a method of  decon t amina t i on .  

Cow l u s i o n s  

The r e t u b e  of PNGS Un i t s  1 and 2 h a s  provided  
many v a l u a b l e  l e s s o n s .  Contaminat ion  c o n t r o l  
r e q u i r e s  a c o n s t a n t  v i g i l .  P o t e n t i a l  pathways 
f o r  t h e  r e l e a s e  and sp r ead  of  p a r t i c u l a t e  i n t o  
t h e  work, a r e a  must be cons ide r ed  i n  eve ry  a s p e c t  
of t o o l  d e s i g n  and o p e r a t i o n .  Decontamination 
shou ld  be  d i r e c t e d  a t  t h e  s o u r c e  i t s e l f  b e f o r e  
t h e  sy s t em conta inment  i s  breached .  F a i l i n g  
comple t e  e l i m i n a t i o n  of t h e  s o u r c e ,  c a p t u r e  of 
t h e  con t aminan t  a t  t h e  p o i n t  of  r e l e a s e  must be 
t h e  nex t  l i n e  of de f ense .  Achieving t h e s e  
o b j e c t i v e s  would s i m p l i f y  b o t h  on-face  work and 
v a u l t  decon t ami na t i on  i n  f u t u r e  LSFCR p r o j e c t s .  
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