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GASEOUS FISSION PRODUCT RELEASE DURING STORAGE AT VARIOUS TEMPERATURES 
FOR HTGR-TYPE FUELS 

C .  L. F i t z g e r a l d  
R.  J .  Shannon 
V.  C .  A. Vaughen 

ABSTRACT 

Measurements were made of gaseous  f i s s i o n  p roduc t  r e l e a s e s  
from a n  HTGR-type f u e l  body under c o n d i t i o n s  s i m u l a t i n g  s t o r a g e  
a t  t e m p e r a t u r e s  up t o  300°C. The f u e l  w a s  a r e c y c l e  t e s t  element 
c o n t a i n i n g  BISO-BISO c o a t e d  f u e l  p a r t i c l e s  which had been 
i r r a d i a t e d  f o r  701 e f f e c t i v e  ful l -power  d a y s  i n  t h e  Peach Bottom 
HTCR . 

S t o r a g e  t e s t  t e m p e r a t u r e s  were ambient (about 30°C), 100 ,  150,  
200, and 300°C. The i n i t i a l  r e l e a s e  r a t e s  of 8 5 ~ r  v a r i e d  a f t e r  
each change i n  t empera tu re .  A  f a i r l y  s t a b l e  r e l e a s e  r a t e  was 
reached t h a t  i n c r e a s e d  from %60 pCi/day a t  ambient t e m p e r a t u r e  
t o  %lo00 pCi/day a f t e r  30 days  a t  200°C and s lowly  decreased  t o  
about  200 pCi/day a f t e r  554 d a y s  a t  200°C. I n  t h e  exper iment  a t  
300°C, a  f i n a l  r e l e a s e  r a t e  of 4000 pCi/day was a t t a i n e d  a f t e r  
66 d a y s .  The r e l e a s e s  of 85Kr were fo l lowed  f o r  abou t  two and 
one-half  y e a r s .  

The s t a b i l i z e d  r e l e a s e  r a t e s  f o r  3~ were  q.40.02 pCi/day a t  
ambient t e m p e r a t u r e ,  %0.750 pCi/day a t  200°C a f t e r  30 d a y s ,  and 
0.460 pCi/day a f t e r  554 days .  The f i n a l  r e l e a s e  r a t e  a t  300°C 
was about  30 uCi/dap a f t e r  66 days .  

Over t h e  l i f e t i m e  of t h e  exper iment ,  %22% of t h e  i n i t i a l  
85Kr i n v e n t o r y  was.  evolved and swept o u t ,  and %4% of t h e  i n i t i a l  
3~ i n v e n t o r y  was evolved and swept o u t .  The a c t i v a t i o n  e n e r g i e s  
c a l c u l a t e d  f o r  t h e .  K r  and 3~ e v o l u t i o n  were ' ~ 7 . 8  kca l /mole  and 
' \~12.4 kca l /mole ,  respe.ct,j.vel.y. 

1. INTRODUCTION 

The r e p r o c e s s i n g  of h igh- temperature  gas-cooled r e a c t o r  f u e l s  

t o  ret1.n-n t h e  f i s s j . o n a b l e  and f e r t i l e  m a t e r i a l s  t o  t h e  f u e l  c y c l e  

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

e lements .  The most economical  manner t o  o p e r a t e  such  a s t o r a g e  f a c i l i t y  

would be w i t h  t h e  e lements  i n  unsea led  c o n t a i n e r s ,  and w i t h  no t r e a t m e n t  

of t h e  o f f -gas .  Sj.nc.e t h e  q u a n t i t i e s  o f  r a d i o a c t i v e  n u c l i d e s  t h a t  can 

h e  r e l e a s e d  t o  t h e  b i o s p h e r e  a r e  r e g u l a t e d  s t r i c t l y ,  a  thorough knowledge 



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

s t o r a g e  t e m p e r a t u r e s  i s  needed t o  a s s i s t  i n  making t h e  d e s i g n  d e c i s i o n s .  
3  An exper iment  t o  measure f i s s i o n  g a s  ( 8 5 ~ r  and H)  r e l e a s e s  d u r i n g  

s t o r a g e  o f  a n  i r r a d i a t e d  f u e l  element was s t a r t e d  on J a n .  27, 1975, 

and t e r m i n a t e d  J u n e  30,  1977.  S t u d i e s  were made a t  ambient t empera tu re  . 

(30°C),  and a t  1 0 0 ,  150 ,  200, and 300°C. D e t a i l s  of t h e  exper iment  

a r e  p r e s e n t e d  below. 

2. FUEL DESCRIPTION AND IRRADIATION DATA 

\ 
RTE-3-5, w h i r h  mas r h n s e n  f n r  t h p s p  t e s t s j  i s  a  r )r l jnr lr ira l  

g r a p h i t e  body about  7 . 6  cm diam by 38 .1  cm l o n g  c o n t a i n i n g  a  c e n t r a l  

h o l e  and e i g h t  s m a l l e r  h o l e s  a r ranged  l i k e  a t e l e p h o n e  d i a l .  The e i g h t  

s m a l l e r  h o l e s  c o n t a i n  t h e  f u e l ;  seven  of t h e  h o l e s  s t i l l  had t h e  o r i g i n a l  

l o a d i n g ,  whereas  t h e  f u e l  had been removed from t h e  e i g h t h .  'This 

p a r t i c u l a r  body was loaded  w i t h  m i x t u r e s  of BISO-coated (4Th/U)02 

p a r t i c l e s ,  BISO-coated ThC2 p a r t i c l e s ,  and p a r t i c l e s  o f  g r a p h i t e  f l o u r .  

The t h r e e  p a r t i c l e s  were loaded  c o n c u r r e n t l y  from t h r e e  v i b r a t i n g  

V-trough f e e d e r s .  The e n t i r e  body was v i b r a t e d  a f t e r  f i l l i n g  t o  

s e t t l e  t h e , b e d ,  and a d d i t i o n a l  g r a p h i t e  f l o u r  was added t o  f i l l  t h e  

v o i d s .  , The beds were s e a l e d  i n  p l a c e  by add ing  2  cm3 o f  methyl  e t h y l  

k e t o n e  and 10% p o l y s t y r e n e .  (The f u e l e d  b o d i e s  were loaded i n t o  Peach 

Bottom f u e l  e lements .  D e t a i l s  of t h e  f a b r i c a t i o n  and i r r a d i a t i o n  of 

t h e  c o a t e d  p a r t i c l e s  and t h e  r e c y c l e  t e s t  e lements  a r e  r e p o r t e d  

el,sewhare. '' 2, 

As s t a t e d  above,  f u e l  from one of t h e  c h a n n e l s  had been removed 

f o r  PIE. A d d i t i o n a l l y ,  t h r e e  g r a p h i t e  components - t h e  s p i n e ,  a  f u e l  

h o l e  p l u g ,  and a  t o p  sample h o l e  p l u g  - had a l s o  been removed. The 

assembled weight  of body RTE-2-5 i s  r e p o r t e d 2  a s  2531.5 g ;  i f  t h e  

w e i g h t s  of miss ing  f u e l  and components a r e  d e d u c t e d ,  t h e  weight  a s  

r e c e i v e d  should have been 2091.8 g .  (A t o t a l  of 590.2 'g of c o a t e d  

p a r t i c l e s  i s  c o n t a i n e d  i n  t h i s  g r o s s  w e i g h t . )  

3 .  EXPERIMENTAL EQUIPMENT AND PROCEDURE 

The e x p e r i m e n t a l  a p p a r a t u s  c o n s i s t e d  of a  s e a l e d ,  purged,  heated 

c o n t a i n e r  t o  hold  t h e  f u e l  e lement .  The c o n t a i n e r  was made of a n  



i n s u l a t e d  4-in.  sched.  40 s t a i n l e s s  s t e e l  p i p e  1 8  i n .  long  and f l a n g e d  

a t  one end w i t h  an  O-ring s e a l .  A Calrod u n i t  s u p p l i e d  h e a t  f o r  t h e  

tests a t  t h e  e l e v a t e d  t empera tu res  ( F i g .  1 ) .  

Moni tor ing and c o l l e c t i o n  of t h e  o f f - g a s e s  f o r  subsequen t  a n a l y s e s  

were performed us ing  t h e  o f f - g a s  i n s t r u m e n t a t i o n  from head-end s t u d i e s .  3 

The o f f - g a s  system c o n s i s t e d  of a CO a n a l y z e r ,  a C02 a n a l y z e r ,  a m u l t i -  

channe l  a n a l y z e r  gamma s p e c t r o m e t e r ,  a h e a t e d  CuO bed ( t o  o x i d i z e  any 

HT t o  HTO), molecu la r  s i e v e  t r a p s  ( f o r  HTO remova l ) ,  a  w e t - t e s t  m e t e r ,  

and an  i n f l a t a b l e  g a s  c o l l e c t i o n  bag.  The CO and C02 a n a l y z e r s  were i n  

t h e  system o n l y  f o r  t h e  300°C t e s t .  An a b s o l u t e  f i l t e r  w a s  i n  t h e  l i n e  

f o r  t h e  t e s t  a t  100°C. 

The pr imary g o a l  of t h e  exper iment  was t o  moni tor  t h e  r e l e a s e s  of 
3 8 5 ~ r  and H a t  v a r i o u s  s t o r a g e  t e m p e r a t u r e s .  S i n c e  t h e  i n - l i n e  gamrna- 

d e t e c t o r  d o e s  n o t  y i e l d  a b s o l u t e  v a l u e s  f o r  k ryp ton  c o n c e n t r a t i o n s ,  

r e p l i c a t e  g a s  samples were t a k e n  from t h e  c o l l a p s i b l e  g a s  c o l l e c t i o n  " 

bag a f t e r  each  c o l l e c t i o n  i n t e r v a l  and counted i n  a 2-in.-well  NaI 

d e t e c t o r .  The sweep g a s  was humid i f i ed  t o  p r o v i d e  i s o t o p i c  d i l u t i o n  
3 f o r  t h e  H ,  and t h e  r e s u l t a n t  HTO was adsorbed on molecular  s i e v e s  

(Type 4A). The HTO was recovered  by r e f l u x i n g  t h e  s i e v e s  f o r  4 h r  i n  

50 m l  of  H20. The l e a c h  s o l u t i o n  was analyzed f o r  t r i t i u m  c o n t e n t  by 

b e t a  l i q u i d  s c i n t i l l a t i o n .  

The e lement  was purged w i t h  m o i s t  a i r  c o n t i n u o u s l y  a t  t h e  beg inn ing  

of each t e s t  u n t i l  a  r e a s o n a b l y  s t a b l e  r e l e a s e  r a t e  was observed .  Once 

t h i s  r a t e  was a t t a i n e d ,  . the  u n i t  was s e a l e d  a t  t e m p e r a t u r e  and purged 

once weekly f o r  a t o t a l  purge volume of a t  l e a s t  t e n  volume changes  

of t h e  t e s t  chamber. The d u r a t i o n  of t h e  exper iment  a t  ambient 

t e m p e r a t u r e  (%30°C), 100,  150 ,  200, and 300°C was 70,  78,  108 ,  554, 

and 66 d a y s ,  r e s p e c t i v e l y .  The extended t e s t  a t  200°C (554 d a y s )  

was performed t o  o b s e r v e  any long-term changes  i n  t h e  a p p a r e n t l y  s t a b l e  

r e l e a s e  r a t e .  

The e x p e r i m e n t a l  r e l e a s e  v a l u e s  must be g e n e r a l i z e d  i f  t h e s e  

v a l u e s  a r e  t o  be  used i n  t h e  d e s i g n  of a s t o r a g e  f a c i l i t y .  The t o t a l  
3 

i n v e n t o r i e s  of 8 5 ~ r  and H i n  RTE-2-5 have been e s t i m a t e d  by ana logy  t o  
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. f u e l  body RTE-2-3 of t h e  same f u e l  e lement  w i t h  t h e  a s s i s t a n c e  of t h e  

ORIGEN code.4  About 0.38 C i  of 8 5 ~ r  p e r  f u e l  channe l  was p r e d i c t e d  

f o r  RTE-2-3. We d i r e c t l y  measured 0 .31  C i  of 8 5 ~ r  (about  80% of t h e  

p r e d i c t e d  amount) i n  head-end exper iments  i n v o l v i n g  f u e l  channe l  RTE- 

2-3-2.5 The n e u t r o n  f l u x  a t  t h e  RTE-2-5 p o s i t i o n  was about  75% of t h e  

f l u x  a t  RTE-2-3; however, RTE-2-5 con ta ined  more 'uranium and thor ium 

t h a n  RTE-2-3. By a d j u s t i n g  t h e  ORIGEN y i e l d  of 8 5 ~ r  f o r  RTE-2-3 by 
3  s imple  f a c t o r s ,  we have e s t i m a t e d  8 5 ~ r  and H i n v e n t o r i e s  of 2.6 C i  

and 56 m C i ,  r e s p e c t i v e l y ,  i n  RTE-2-5. 

4 .  EXPERIMENTAL RESULTS 

R e l e a s e s  of k ryp ton  and t r i t i u m  d u r i n g  s t o r a g e .  The a v e r a g e  d a i l y  

r e l e a s e s  f o r  each t empera tu re  a r e  shown i n  F i g s .  2-6. The e x p e r i m e n t a l  

v a l u e s  a r e  p r e s e n t e d  i n  T a b l e s  A-1 th rough  A-10 i n  t h e  Appendix. Each . 

change i n  t empera tu re ,  excep t  a t  300°C, r e s u l t e d  i n  a  s h a r p  i n c r e a s e  i n  

t h e  d a i l y  r e l e a s e  r a t e ,  which t h e n  decreased  a s y m p t o t i c a l l y  w i t h  t ime .  

The r e l e a s e  r a t e s  a t  300°C d i d  n o t  d e c r e a s e  s i g n i f i c a n t l y  over  t h e  

p e r i o d  of t h e  t e s t  (66 d a y s ) .  

'To p r o v i d e  a  comparison o f  t h e  changes  i n  r e l e a s e  r a t e s  w i t h  

t e m p e r a t u r e ,  t h e  v a l u e s  between about  30 and 100 d a y s  i n t o  t h e  t e s t  

were averaged.  A few o b v i o u s l y  d i v e r g e n t  v a l u e s  were omi t t ed  from t h e  

a v e r a g e s  ( s e e  T a b l e s  A-1- A-10). These a v e r a g e s ,  and t h e  r a n g e s  

c a l c u l a t e d  u s i n g  S t u d e n t ' s  t method f o r  t h e  95% c o n f i d e n c e  i n t e r v a l ,  

a r e  p r e s e n t e d  in Table  1. An i n c r e a s e  was observed i l l  tlie average 

r e l e a s e  r a t e s  between day 30 and day  100 w i t h  i n c r e a s i n g  t e m p e r a t u r e .  

An Arrhen ius  p l o t  of . t h e s e  d a t a  i n d i c a t e s  t h a t  t h e r e  is  some 

r e g u l a r i t y  of behav ior  ( F i g .  7 ) .  The s o l i d  l i n e s  f i t  e q u a t i o n s  a s  

shown i n  (1)  and ( 2 )  below: 
6  -7820/RT. 

f o r  8 5 ~ r ,  k  = 3.937 x  1 0  e  y 

3  f o r  H, k = 1.042 x  1b6 e  -1.2,400/RT. Y 

where i s  t h e  r a t e  of r e l e a s e  i n  pCi /day,  R i s  t h e  i d e a l  g a s  c o n s t a n t  

(1.987 c a l / ~ n o l e . K ) ,  and T  i s  t h c  t empera tu re  i n  K .  ' 

The d a t a  p o i n t s  and r a n g e s  (95% c o n f i d e n c e  i n t e r v a l ,  by S t u d e n t ' s  

t) a r e  a l s o  p r e s e n t e d .  It i s  c l e a r -  t h a t  t h e  d a t a  a t  ambient t empera tu re  

(%30°C) l i e  w e l l  above t h e  p r e d i c t i o n s .  S e v e r a l  hypo theses  f o r  t h i s  

bchav ior  may be advanced. One  is t h a t  t h e  f r e s h  f u e l  had a " s u r p l u s "  



T a b l e  1 .  &,eases  of 85:~r and  3~ a t  v a r i o u s  t e m p e r a t u r e s  1 

- 
Temperature  Da tes  

( " 0  from/ t o  
8 5 ~ r  3~ 

Re lease  r a t e  " t a l  C m C i  from Re lease  r a t e  T o t a l  CpCi 
( p X / d a y )  C i  i n  s t a r t  of ( ~ C i l d a y )  pCi from s t a r t  of 

I n i t i a l  ~ n d ~  p e r i o d  exper iment  I n i t i a l  End i n  p e r i o d  experiment- 

Ambient 1-27-75/4-L-75 900il 60 +_ 1 6  1 6  1 6  3 . 0  0.024 + 0.007 8 . 4 6  8 .46  

a  Average of v a l u e s  b e t w e , ~ n  s 3 0  and %lo0  days  w i t h  95% rar-ge (by S t u d e n t ' s  t ) .  
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. . 85 .. 
F i g .  2. Release r a t e s  f o r  . K r  and 3~ a t  ambient temperature 

(30°C). 
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Fig. II. Release r a t e s  f o r  8 5 ~ r  and 3~ a t  1 5 0 ' ~ .  
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DAYS AT 300° C 

3 F i g .  6 .  Release r a t e s  for  8 5 ~ r  and H a t  300°C. 
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F i g .  7 .  A r r h e n i u s  p l o t  of  r e l e a s e  r a t e s  d u r i n g  s t o r a g e  a t  
v a r i o u s  t e m p e r a t u r e s .  



i n v e n t o r y  i n  i t s  p o r e s ,  which was r e l e a s e d  r a t h e r  e a s i l y .  T h i s  

h y p o t h e s i s  is  g i v e n  some c redence  by t h e  v e r y  h i g h  r e l e a s e  r a t e s  
85 

(3885 + 941 pCi of K r  p e r  day)  s e e n  a t  t h e  s t a r t  of t h e  100°C s e r i e s .  

Thus, pe rhaps  t h e  exper iment  was n o t  r u n  long  enough under ambient 

c o n d i t i o n s  t o  measure t h e  r e l e a s e  mechanism s e e n  i n  t h e  l a t e r  t e s t s .  

The o- ther  d a t a ,  however, a r e  i n  r e l a t i v e l y  good agreement w i t h  

t h e  r e s u l t s  p r e d i c t e d  by t h e  Ar rhen ius  e q u a t i o n .  For  i n t e r p o l a t i o n ,  

t h e  r e l e a s e  r a t e s  p r e d i c t e d  by t h e  Ar rhen ius  c o r r e l a t i o n  a r e  p r e s e n t e d  

on a  s e m i l o g a r i t h m i c  p l o t  of r e l e a s e  r a t e s  v s  t empera tu re  (F ig .  8 ) .  

The k r y p t o n  r e l e a s e  r a t e  i n c r e a s e d  by a lmost  a f a c t o r  o f  70,  w h i l e  

t h e  t r i t i u m  r e l e a s e  r a t e  i n c r e a s e d  abou t  a f a c t o r  o f  800 over  t h e  

t empera tu re  range  30 t o  300°C. 

I n  t h e  t e s t  of l o n g e s t  d u r a t i o n  (200°.C), t h e  r e l e a s e  r a t e s  con t inued  

t o  d e c r e a s e  s lowly  u n t i l  t h e  t e m p e r a t u r e  was changed. The f i n a l  average  
8  5  v a l u e s  f o r  . K r  and 3~ ( a f t e r  554 days  a t  200°C) were 175.8 - + 23.3 pCi/day 

and 0.460 - + 0.130 uCi/day,  r e s p e c t i v e l y .  O v e r a l l ,  abou t  24% of  t h e  

8 5 ~ r  and about  4% of t h e  t r i t i u m  were evolved o v e r  t h e  two and one-half  

y e a r s  of t e s t i n g .  

Re lease  of o t h e r  f i s s i o n  p r o d u c t s  d u r i n g  s t o r a g e .  An a b s o l u t e  

f i l t e r  ( P a l l  C o r p o r a t i o n ,  C o r t l a n d ,  N . Y . ,  P a r t  No. DEA 3001URA) was 

p laced  i n  t h e  o f f -gas  l i n e  f o r  t h e  t e s t  a t  100°C. The p r i n c i p a l  gamma 

e m i t t e r s  found on t h e  f i l t e r  a t  t h e  end o f  t h e  t e s ' t  a r e  shown i n  T a b l e  

2. T h e i r  l e v e l s  of a c t i v i t y  ranged from about  0 . 1  pCi f o r  1 2 5 ~ b  t o  

abou t  0.75 UCi f o r  1 4 4 ~ e .  These r e s u l t s  c a n  be t a k e n  a s  maximum v a l u e s  

s i n c e  t h e r e  is a  p o s s i b i l i t y  t h a t  some of t h e  a c t i v i t y  i s  a r e s u l t  of in -  

c e l l  con tamina t ion ,  even though a  d i l i g e n t  e f f o r t  was made t o  e n s u r e  

t h a t  t h e  e x t e r i o r  of t h e  f i l t e r  body was f r e e  from con tamina t ion .  

The c o n t a i n e r  f o r  t h e  f u e l  body was decontaminated ( e x t e r n a l l y )  

and gamma scanned a t  t h e  end of t h e  exper iment .  These  r e s u l t s  a r e  

shown i n  Tah le  3 .  The v a l u e s  ranged from about  7 1 1 C i  f o r  1 2 5 ~ b : t o  

a b o u t  573 pCi f o r  1 4 4 ~ e .  A s  s t a t e d  above,  t h e s e  r e s u l t s  may be t aken  

a s  maximum v a l u e s .  One should n o t e  t h a t  b o t h  f e r t i l e  and f i s s i l e  

p a r t i c l e s  a r e  BISO-coated, and a d e g r e e  of m i g r a t i o n  of f i s s i o n  p r o d u c t s  

th rough  t h e s e  c o a t i n g s  i s  not uncommon. 
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3 '  Fig. 8. Releases of 8 5 ~ r  and H from stored HTGR fuel at 
various temperatures (30 to 100 days at temperature). 



Table 2. Amounts of activity found on the absolute filter in the off-gas 
line of the storage test at 100°C 

Nuclide Amount found Apparent concentration 
(dpm) (ucilka) 

Trace - 

2.34 x lo5 5.4 

2.30 x 10 5 5.3 

3.48 x lo5 8 .O x 

a The total volume collected at 100°C was 1965 2. 

Table 3. Amounts of residual activity found in the fuel body container 
by gamma scanning 

Nuclide ' Amount found (dpm) 

lo6~u 1.78 x lo7 



The c o n t a i n e r  f o r  t h e  f u e l  body was r i n s e d  w i t h  deminera l i zed  wate r  

t o  remove any  p a r t i c u l a t e s  a d h e r i n g  t o  t h e  i n n e r  s u r f a c e .  The c o n t a i n e r  

was t h e n  washed w i t h  b a s i c  and a c i d i c  s o l u t i o n s .  The b a s i c  s o l u t i o n  

c o n t a i n e d  ( p e r  l i t e r )  1 . 5 2  g  of NaOH, 0 .5  g  of K I ,  and 1 . 4  g  of NaHS03 

t o  remove 12'1. The a c i d i c  s o l u t i o n ,  8  - M HN03, was used t o  l e a c h  o t h e r  

f i s s i o n  p r o d u c t s .  The p r i n c i p a l  gamma e m i t t e r s  con ta ined  i n  t h e s e  

s o l u t i o n s  a r e  shown i n  T a b l e  4 .  The amounts r e p o r t e d  i n  t h i s  t a b l e  a r e  

w i t h i n  abou t  a  f a c t o r  of 2  o f  t h o s e  r e p o r t e d  i n  Tab le  3 ,  r e p r e s e n t i n g  

r e a s o n a b l e  c o n s i s t e n c y  f o r  measurements o f  t h i s  t y p e .  

R e a c t i o n s  between t h e  a i r  purge g a s  and t h e  f u e l  element s t o r e d  

a t  3UU°C. The c a r b o n  monoxide and ca rbon  d i o x i d e  a n a l y z e r s  were i n - l i n e  

f o r  t h e  t e s t  a t  300°C t o  o b s e r v e  any p o s s i b l e  o x i d a t i o n .  The C02 

a n a l y z e r  i n d i c a t e d  t h a t  t h e  purge g a s  c o n t a i n e d  about  1% C02. samples 

t a k e n  f o r  a n a l y s i s  by g a s  chromatography i n d i c a t e d  a n  average  C02 

c o n c e n t r a t i o n  of 1 .12% i n  t h e  o f f -gas .  I f  we assume t h a t  t h i s  v a l u e  i s  

a n  a v e r a g e  c o n c e n t r a t i o n  f o r  t h e  e n t i r e  t e s t  a t  300°C, t h e  observed 

w e i g h t  l o s s  shou ld  be  31.7 g .  The o r i g i n a l  weight  ( a s  r e c e i v e d )  was 

n o t  a v a i l a b l e .  The f u e l  body weighed 1 2 . 9  g  l e s s  t h a n  t h e  c a l c u l a t e d  

weigh t  of 2091.8 g a t  t h e  end of t h e  exper iment .  V i s u a l  i n s p e c t i o n  

o f  t h e  body r e v e a l e d  e v i d e n c e  of a s l i g h t  amount of e r o s i o n  on  t h e  i n l e t  

s i d e  of t h e  purge  l i n e .  We conc lude  t h a t  t h e r e  was some a t t a c k  of t h e  

f u e l  body a t  300°C by t h e  purge  a i r .  

5 .  CONCLUSIONS 

Spent  f u e l  e l e m e n t s  must be s t o r e d  i n  t h e  n e a r  f u t u r e .  Any o f f -  

g a s e s  from such a s t o r a g e  f a c i l i t y  w i l l  need t o  meet t h e  r e q u i r e m e n t s  

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

c o n c e n t r a t i o n s  o f  gaseous  con taminan ts  expected t o  be  r e l e a s e d  a t  t h e  

s t o r a g e  t e m p e r a t u r e  c a n  be e s t i m a t e d  from t h e s e  d a t a ,  and w i l l  have t o  

be  c o n s i d e r e d  i n  t h e  d e s i g n  of t h e  f a c i l i t y .  The l o s s  of up t o  22% 

o f  t h e  8 5 ~ r  and 4% of  t h e  t r i t i u m  i n v e n t o r i e s  of t h e  s p e n t  f u e l  

e l e m e n t s  may r e q u i r e  conta inment  o f  t h e  a c t i v i t y .  R e l e a s e s  of 

p a r t i c u l a t e s  and o t h e r  f i s s i o n  p r o d u c t s  do n o t  appear  t o  p r e s e n t  

u n u s u a l  problems. Design t r a d e - o f f s  between c o s t s  of f u e l  e lement  

con ta inment  and a n y  o f f - g a s  c leanup  methods w i l l  need t o  be performed. 



T a b l e  4 .  Amounts of a c t i v i t y  found i n  f u e l  body c o n t a i n e r  wash s o l u t i o n s  

I s o t o p e  Wash s o l u t i o n s  
( d p m t o t a l )  Water B a s i c  Acid Cd pm 
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7. APPENDIX: TABULATED RESULTS OF 8 5 ~ r  AND 3~ RELEASES FOR STORAGE 
EXPERIMENT RTE-2-3-5 



Table A-1. Release rate for 8 5 ~ r  at ambient temperature 
(~30°C) 

Accumulated days Gas bag vol. Accumulated 
(liters) 8 5 ~ r  (dpmlday) 8 5 ~ r  (pCi/day) 85Kr (mci) 

1 n 3 

- - - -- 

a - 
Values used to determine average and range, X = 60.0 + 15.8. 



Table A-2. Release r a t e  f o r  8 5 ~ r  a t  100°C 

Accumulated days Gas bag vo l .  Accumulated 
( l i t e r s )  8 5 ~ r  (dpmlday) 8 5 ~ r  ( ~ C i l d a y )  85Kr (mCi) 

, ,-. - 

2 62.8 1 .13  x 10  lo 5 . 0 8 ~ 1 0 ~  

3 68.9 1.06 x 10  lo 4.76 x 10 3 

4 58.5 . 9.19 x l o 9  4.14 x 103 

5 67.0 8.68 x 1 0  9 3.91 x l o 3  
6 68.0 8.32 x l o 9  3.75 l o 3  

. 7  68.7 7.34 x 1.0 9 3.31 x l o 3  

8 62.3 5.84 x l o 9  2.63 x 103 

9 71.0 5:58 x lo9  2.51 x 10  3 

1 0  73.0 5 . 0 x 1.0 9 2.25 x l o 3  
13.33 39.3 2.25 x 10  9 1.01 103 

14.33 63.6 2.38 x l o 9  1.07 x l o 3  
15.33 66.7 2.13 x 10  9 9.6 x l o 2  
16.33 68.2 1.94 x l o 9  8.73 x l o 2  
17.33 69.9 2.09 x. 10  9 9.39 x 102 

21.33 60.0 3.64 x 10  lo 1 . 6 4 ~ 1 0 ~  

22.33 73.0 3.30 x 10  9 1.49 l o 3  
23.33 61.0 1.64 x 10  9 7.37 x l o 2  
24.33 66.3 1.25 x 10 9 5.61 x l o 2  

28.0 68.0 1 . 2 8 x 1 0 9  5 . 7 6 ~ 1 0 ~  

29.0 59.6 5.95 x lo8  2.68 x l o 2  
30.0 62.0 9.06 x lo8 4.08 x l o 2  
31.0 10.5 6.20 x 10 8 2 2.79 x 1 0 ~  

34.33 4 0 . 1  l . 3 3  x 10  9 5.97 x l o 2  
35.33 63.8 3.83 x lo8  1.73 x 

36.33 63.2 3.13 x lo8  1 .41  x 

37.33 63.0 2.99 x 10  8 1.35 x 

36.33 60.8 2.91 x 1 0  8 1 .31  x 

45.33 41.2 6.61 x l o 7  2.98 x l 0 l a  

52.33 35.8 1 .6  x 1 0  / 7 - 2  x lo0  
59.33 36.0 2.15 x lo7  9.69 x l o0  
6 6 . 3 3  36.6 1.27 x l o8  5.72 x l 0 l a  

7 8 35.2 8 1 . 1 8 ~ 1 0  . 5 . 3 4 x 1 0 1 a  
a - 

values  used t o  determine average,  X = 102.9 + 50.82. - 



Table A-3. Release rate for 8 5 ~ r  at 150°C 

Accumulated days Gas bag vol. 85Kr (dpmlday) 8 5 Accumulated 
(liters) Kr (11CiIdaY) 85Kr (mci) 

a - 
Values used to determine the average, X = 394 - + 107. 



Table A-4. Release rate for 8 5 ~ r  at 200'~ 

Accumulated days Gas bag vol. Accumulated 
(liters) 8 5 ~ r  (dpmlday) 8 5 ~ r  (uCi/day) 85Kr (mci) 



Table A-4 (continued ) 

Accumulated days Gas bag vol. 85 Accumulated 
(liters) K r  (dpmlday) 8 5 ~ r  (vCi/day) 85Kr (mCi) 



Table A-4 ( continued) 

Accumulated days Gas bag vol. ccumulated 
(liters) 8 5 ~ r  (dpmlday) 8 5 ~ r  (~Cilday) 85Kr (mci) 



Table A-4 (continued) 

Accumulated days Gas bag vol. Accumulated 
(liters) 

8 5 ~ r  (dpmlday) 8 5 ~ r  (wCi/da~) 8SKr (mci) 

a Values used to calculate X = 175.8 + 23.3 . 
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Table A-5.. Release rate for 8 5 ~ r  at 300°C 

Accumulated days Gas bag vol. Accumulated 
(liters) 85fi (dpm/day) 85Kr (11Cilday) 85Kr (mCi) 



Table A-5 (cont inued)  

Accumulated days Gas bag v o l .  ccumulated 
( l i t e r s )  8 5 ~ r  (dpmlday) 8 5 ~ r  ( ~ C i l d a y )  Q5Kr (mci) 

. .. 

- 
'values used t o  c a l c u l a t e  t h e  average,  X = 4095 - + 82. 



Table A-6. Release r a t e  f o r  3~ a t  atnbient temperature  (%30°C) 

Accumulated days 
3~ (dpmlday) 3~ (pCi/day) 

Accumulated 
3~ (pCi) 

- a Values used t o  c a l c u l a t e  t h e  average ,  X = 0.024 - + 0.007. 



Table A-7. Release rate for 'H at 1 0 0 " ~  

Accumulated days 3 Accumulated 
H (dpm/day) 3~ (~Cilday) 3H (UCi) 



Table A-7 (cont inued)  

Accumulated days Accumulated 
3~ (d~m/day )  3~ ( ~ C i l d a y )  3H (UCi) 

a - 
Values used t o  c a l c u l a t e  t h e  average,  X = 0.056 + 0.039. - 



Table A-8. Release rate .for 3~ at 150°C 

Accumulated days 3 Accumulated 
3~ (dpm/day) H (uCi/day) 3H (,,c~) 

a - 
Values used to calculate the average, X = 0.376 + 0.218. 



Table A-9. Release rate for 'H at 200°C 

Accumulated days Accumulated 
3~ (dpmlday) 3~ (WiIday) jH (uCi) 



Table A-9 (continued) 

Accumulated days 3~ (dpm/day) 3~ (~Cilday) Accumulated 
3~ (pCi) 



Table A-9 ( continued) 

Accumulated days 3 Accumulated 
H (dpmlday) 3~ (~Cilday) 3~ (,,c~) 

a - 
Values used to determine average, X = 0.749 - + 0.388. 
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Table A-10. Release rate for 3~ at 300°C 

Accumulated days Accumulated 
3~ (dpmlday) 

- 

a - 
Values used to determine average, X = 19.3 - + 6.7. 



ORNL/TM-6409 
D i s t .  Category UC-77 

INTERNAL DISTRIBUTION 

B a x t e r ,  GAC/ORNL 
Beaver 
Beahm 
Bradley 
Caput o  
Carpen te r ,  Jr. 
C a r t e r  
Coleman 
C o l l i n s  
E a t h e r l y  
Ferguson 
F i t z g e r a l d  
H a r r i n g t o n  
Haws 
H i l l  
Homan 
J e n k i n s  
Johnson 
Kasten 
Kington 
Lackey 
Lamb 
Lin  
Lindemer 
Long 
Lor en z 
L o t t s  
Mack 
Mal inauskas  

K .  J .  Notz 
A.  R. Olsen 
H .  A. P a r k e r  
W .  H; Pech in  
D .  P .  Reid 
J. E. Rushton 
T. F. Scan lan  
H .  C .  Savage 
C .  D.  S c o t t  
J .  H.  S h a f f e r  
R .  J .  Shannon 
D. P .  S t i n t o n  
T. N .  T i e g s  
D .  B .  Trauger  
V .  C .  A .  Vaughen 
J .  R. Weir 
W .  R. Wil l iams 
R. G .  Wymer 
C e n t r a l  Research L i b r a r y  
Labora to ry  Records 
Labora to ry  Records - RC 
OWL P a t e n t  S e c t i o n  
G .  R. Choppin ( C o n s u l t a n t )  
L. J .  Colby ( C o n s u l t a n t )  
E. L. Gaden ( C o n s u l t a n t )  
L. E. Swabb ( c o n s u l t a n t )  
K .  D .  Timmerhaus ( C o n s u l t a n t )  

Research and T e c h n i c a l  Support  D i v i s i o n ,  DOE, ORO, P. 0 .  Box E, 
Oak Ridge,  TN 37830 
D i r e c t o r ,  Reactor  D i v i s i o n ,  DOE, ORO, P .  0 .  Box E, Oak Ridge,  
TN 37830 
D i r e c t o r ,  D i v i s i o n  of Reac to r  Development and Demonstra t ion,  
DOE, Washington, U. C .  20545 
Given d i s t r i b u t i o n  a s  shown i n  TID-4500 under  Gas-Cooled Reac to r  
Technology c a t e g o r y  (25 c o p i e s  - NTIS) 




