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W A S H O U T  T E S T I N G  O F  M I X E D  O X I D E  

C E R A M I C  CORE F U E L  E L E M E N T S  

I N T R O D U C T I O N  

T h i s  r e p o r t  d e s c r i b e s  t h e  t e s t s  t h a t  

w e r e  r u n  i n  an  o u t - o f - r e a c t o r  l o o p  t o  

d e t e r m i n e  i f  some f u e l s  were  b e t t e r  

t h a n  o t h e r s  i n  r e s i s t i n g  c o r e  w a s h o u t .  

I n  mos t  c a s e s  t h e  f u e l  m a t e r i a l  had 

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

F u e l  e l e m e n t s  p r e s e n t l y  u s e d  i n  

t h e  P l u t o n i u m  R e c y c l e  T e s t  R e a c t o r  

(PRTR) c o n s i s t  a l m o s t  e n t i r e l y  of  

UOZ o r  mixed U02-Pu02 c o r e s  w i t h  Z i r c a -  

l o y - 2  c l a d d i n g .  Many d i f f e r e n t  f a b -  

r i c a t i o n  t e c h n i q u e s  a n d  s t a r t i n g  c o r e  

m a t e r i a l  have been  u s e d  i n  t h e  manu- 

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

t h e  d i f f e r e n c e s  i n  p e r c e n t a g e  o f  Pu02 

( 0 % ,  0 . 4 8  w t % ,  0 . 7 5  w t % ,  1 . 0  w t % ,  2 . 0  w t %  

and  4 .0  w t % )  i n  t h e  c o r e ,  t h e  c o r e  

m a t e r i a l  c a n  b e  p r o c e s s e d  e i t h e r  by s i n -  

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

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

c a l l y - m e c h a n i c a l l y  i m p a c t i n g  p a r t i c l e s  

("Nupac" p r o c e s s ) .  F i n a l l y ,  t h e  c o r e  

m a t e r i a l  c a n  b e  b r o u g h t  t o  a  h i g h  d e n -  

s i t y  w i t h i n  t h e  c l a d d i n g  e i t h e r  by 

s w a g i n g ,  i m p a c t i n g ,  o r  v i b r a t i o n a l  com- 

p a c t i n g  ("Vipac" p r o c e s s ) .  

S U M M A R Y  

The washout  o f  c o r e  m a t e r i a l  f o l l o w -  

i n g  a  f u e l  e l e m e n t  f a i l u r e  was e v a l u a t e d  

i n  t h e  I r r a d i a t e d  R u p t u r e  P r o t o t y p e  

( IRP)  Loop. The i r r a d i a t e d  e l e m e n t s  

were  d e f e c t e d  w i t h  a  l o n g  s l i t  and 

p l a c e d  i n  a  s h i e l d e d  t e s t  s e c t i o n  

which  was c o n n e c t e d  d i r e c t l y  t o  t h e  

l o o p .  The w a t e r  i n  t h e  l o o p  was t h e n  

h e a t e d ,  a n d  t h e  t e s t  was r u n  f o r  

s e v e r a l  weeks .  The r e l e a s e  o f  c o r e  

m a t e r i a l  was d e t e r m i n e d  by w e i g h i n g  

t h e  f u e l  e l e m e n t ,  by v i s u a l  i n s p e c t i o n ,  

a n d  by c o n t i n u o u s  measurements  of  

a c t i v i t y  l e v e l s  i n  d i f f e r e n t  p o r t i o n s  

o f  t h e  l o o p .  

The f i v e  c e r a m i c  c o r e  f u e l  r o d s  

t e s t e d  i n  t h e  IRP were  s e l e c t e d  t o  

compare d i f f e r e n t  f a b r i c a t i o n  p r o c e d u r e s  

a n d  c o r e  m a t e r i a l  w i t h  t h e  amount o f  

c o r e  w a s h o u t .  The f i r s t  f u e l  e l e m e n t  

was f a b r i c a t e d  by p h y s i c a l  m i x t u r e  - 

Vipac  p r o c e s s ,  a n d  r e l e a s e d  1 g  o f  c o r e  

m a t e r i a l .  The s e c o n d  f u e l  e l e m e n t ,  

w i t h  a  p h y s i c a l  m i x t u r e - s w a g e d  c o r e ,  

had n o  c o r e  w a s h o u t ,  w h i l e  t h e  t h i r d  

f u e l  r o d ,  p r e p a r e d  by t h e  Nupac-Vipac 

p r o c e s s , .  r e l e a s e d  7  g  o f  c o r e ,  p r i m a r i l y  

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

Nupac-swaged r o d  l o s t  c o r e  m a t e r i a l  

o n l y  a f t e r  e x t e r n a l  v i b r a t i o n  was 

a p p l i e d  t o  t h e  t e s t  s e c t i o n .  A 

f i f t h  r o d  t e s t e d  had a n  u n i r r a d i a t e d  

c o r e ,  t y p i c a l  o f  a  PRTR s h o r t  c o r e  

e l e m e n t ,  f a b r i c a t e d  by Vipac-Nupac ,  

and  i t  l o s t  a  t o t a l  o f  8 4  g  d u r i n g  

24 days  o f  t e s t i n g .  From t h e  t e s t s ,  

i t  was o b s e r v e d  t h a t  
Swaged e l e m e n t s  t e n d  t o  b e  more 

r e s i s t a n t  t o  washout  t h a n  Vipac  

e l e m e n t s  

The amount o f  c o r e  m a t e r i a l  washed 

o u t  depends  on t h e  amount o f  v i b r a -  

t i o n  p r e s e n t  

I n  g e n e r a l ,  c o r e  washout  w i t h o u t  

e x t e r n a l l y  a p p l i e d  v i b r a t i o n  t e n d s  

t o  b e  s m a l l  even  w i t h  l a r g e  d e f e c t s  

i n  t h e  c l a d d i n g .  



DISCUSSION 

DESCRIPTION O F  E Q U I P M E N T  

The t e s t s  w e r e  p e r f o r m e d  i n  t h e  

I r r a d i a t e d  R u p t u r e  P r o t o t y p e  ( IRP)  , 
a n  o u t - o f - r e a c t o r  r e c i r c u l a t i n g  w a t e r  

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

l o o p  i s  shown i n  F i g u r e  1. A f u l l -  

f l o w  f i l t e r  w i t h  a  2 p p o r e  s i z e  r e -  

t a i n e d  t h e  b u l k  o f  t h e  washed o u t  c o r e  

t h e  t e s t  s e c t i o n  f o r  t h e  l o o p  by 

c o n n e c t i n g  i t  d i r e c t l y  t o  t h e  l o o p .  

The c a s k  was o r i e n t e d  v e r t i c a l l y  when 

a t t a c h e d  t o  t h e  I R P  r a t h e r  t h a n  

h o r i z o n t a l l y  a s  i t  i s  i n  F i g u r e  1. 

O p e r a t i n g  c o n d i t i o n s  o f  t h e  l o o p  were  

315 O C ,  1700 p s i  and  w i t h  a  maximum 

f l o w  r a t e  o f  30  gpm. The l o o p  p r o p e r  

was e n c l o s e d  i n  a  1 f o o t  t h i c k  

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

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

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

i n s t r u m e n t s ,  t h e  f i l t e r  was a l s o  

u s e d  a s  a  m o n i t o r i n g  l o c a t i o n  f o r  MATERIALS 

f o l l o w i n g  t h e  r a t e  and  amount  o f  

c o r e  r e l e a s e .  The f u e l  r o d s  t o  be The f u e l  p i e c e s  f o r  t h e s e  t e s t s  

t e s t e d  w e r e  l o a d e d  i n t o  a  c a s k  w e r e  i n d i v i d u a l  s e c t i o n s  o f  Z i r c a l o y - 2  

u n d e r  w a t e r ,  and t h e  c a s k  was u s e d  a s  c l a d  r o d s  o f  a b o u t  0 . 5 7  i n .  O D ,  12 i n .  
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l o n g ,  and w i t h  c l a d  t h i c k n e s s e s  of  0 . 0 3 0  

i n .  Four  o f  t h e  r o d s  were  f rom 1 9 - r o d  

c l u s t e r  e l e m e n t s  f a b r i c a t e d  by Ceramics  

R e s e a r c h  and Development f o r  u s e  i n  t h e  

PRTR. A f t e r  i r r a d i a t i o n  i n  PRTR, t h e  

e l e m e n t s  o r  i n d i v i d u a l  r o d s  were  s e n t  

t o  R a d i o m e t a l l u r g y ,  where  a  12 i n .  

s e c t i o n  was c u t  f rom t h e  r o d  f o r  IRP 

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

e n d s  o f  t h e  r o d s  were  removed and a  

"Lee" t y p e  m e c h a n i c a l  s e a l  ( F i g u r e  2 )  

was u s e d  t o  c a p  t h e  e n d s  and t o  p r o -  

v i d e  a  c e n t e r i n g  d e v i c e  f o r  t h e  r o d  

when i n  t h e  t e s t  c a s k .  The e l e m e n t s  

w e r e  d e f e c t e d  w i t h  a  s l i t  i n  t h e  

c l a d d i n g  down t o  t h e  c o r e .  U s u a l l y ,  

t h e  s l i t  was 6 i n .  l o n g  by 1 / 1 6  i n .  

w i d e .  The f i r s t  t e s t  u s e d  a  s l i t  o n l y  

1 1 / 2  i n .  l o n g ,  b u t  i t  was l a t e r  i n -  

c r e a s e d  t o  6  i n .  The r e m a i n i n g  r o d  

t e s t e d  was u n i r r a d i a t e d ,  b u t  was o f  

t h e  same s i z e  and had t h e  same d e f e c t  

g e o m e t r y .  

The f i r s t  two t e s t s  were  made w i t h  

f u e l  r o d s  e x p o s e d  t o  5 0 0 0  and 4100 

iMWd/ton, w i t h  mixed o x i d e  c o r e s  o f  

Z i r c a l o v - 2  Rod C l a d d i n g  

I 
Plug  \ube Cap 

' a p e r e d  
P l u g  

F I G U R E  2 .  F u e l  Rod End S e a 2  



U02-1/2 w t %  PuOZ p r e p a r e d  by p h y s i c a l  

m i x t u r e .  One was compacted v i b r a -  

t i o n a l l y  and t h e  o t h e r  by swaging.  ( 2 , 3 )  

The t h i r d  and f o u r t h  t e s t s  used  f u e l  

r o d s  i r r a d i a t e d  t o  1890 and 2 2 4  MWd/ton, 
hav ing  mixed ox ide  c o r e s  o f  U02 - 

1 w t %  Pu02,  p r e p a r e d  by Nupac, and 

compacted by v i b r a t i o n  and swaging.  

The f i f t h  t e s t  used  a  f u e l  r o d  w i t h  a  
mixed ox ide  c o r e  c o n t a i n i n g  U02 - 

2 w t %  Pu02,  p r e p a r e d  by Nupac, and 

Vipac compacted. Th i s  rod  was packed 

t o  9 .39  g/cm3 o r  85 .6% o f  t h e o r e t i c a l  

d e n s i t y .  The c o r e  f u e l  p a r t i c l e  s i z e  

c o n s i s t e d  o f  55% - 6  + 1 0 ,  1 2 . 5 %  - 

20 + 35, 1 2 . 5 %  - 35 + 65,  and 20% - 

200 mesh s i z e s .  The mesh s i z e s  o f  U02 

used  i n  t h e  o t h e r  Vipac rods  was 65% + 

6  + 1 0 ,  20% - 20 + 60,  and 15% - 200. 

The swaged r o d  had U02 p a r t i c l e  s i z e s  

o f  50% - 20 + 65,  30% - 65 + 200 and 

20% - 200. G e n e r a l l y ,  t h e  Pu02 used 

i n  a l l  r ods  was -325  mesh. The t h e o -  

r e t i c a l  d e n s i t y  of t h e  Vipac rods  was 

g r e a t e r  t han  8 5 % ;  t h e  swage rods  were 

87 t o  90% of  t h e o r e t i c a l  d e n s i t y .  

EXPERIMENTAL PROCEDURES 

The f o l l o w i n g  p r o c e d u r e s  were used 

f o r  t e s t i n g  t h e  e l e m e n t s .  A f t e r  d e -  

f e c t i n g  t h e  e l emen t s  i n  Rad iome ta l l u rgy ,  

t h e y  were weighed,  pho tog raphed ,  and 

s e n t  t o  242-BAL B u i l d i n g  where t h e y  

were un loaded  under  wa te r  and loaded  

i n t o  t h e  IRP c a s k .  The c a s k  was 

connec t ed  t o  t h e  l o o p ,  and bo th  ca sk  

and loop  were f l u s h e d  and f i l l e d  w i th  

d e m i n e r a l i z e d  w a t e r  a d j u s t e d  t o  a  pH 

of  10 w i t h  L i O H .  The l o o p  wa te r  was 

t h e n  h e a t e d  t o  300 'C ,  an ave rage  

nomina l  s u r f a c e  t empera tu re  of  t h e  

Z i r c a l o y - 2  c l a d d i n g  i n - r e a c t o r ,  and 

t h e  w a t e r  f low ma in t a ined  a t  1 3  f p s  

p a s t  t h e  t e s t  e l emen t .  A s t a n d a r d  

c y c l e  was used  on a l l  t e s t s .  Th i s  

c y c l e  c o n s i s t e d  o f  r e d u c i n g  t h e  l oop  

t e m p e r a t u r e  from 300 t o  40 O C  and 

back a f t e r  1, 3,  7 ,  1 4  and 2 4  days  

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

S t a r t i n g  w i t h  t h e  f o u r t h  t e s t ,  t h e  

loop  was a l s o  t he rma l  c y c l e d  from 

300 t o  270 O C  and back e v e r y  3  h r  

t o  s i m u l a t e  uns teady  power o p e r a t i o n  

A f t e r  comple t ing  t h e  f o u r t h  t e s t ,  

t h e  t e s t  s e c t i o n  was v i b r a t e d  from 

36 t o  96 cps  t o  approach  t h e  v i b r a -  

t i o n  o f  a  PRTR p r o c e s s  t ube  which has  

a  1 6 . 5  cps  f i r s t  mode, 51.6 cps  

second  f r equency ,  and abou t  120 cps  

t h i r d  mode. ( 4 )  The f u e l  r o d  i n  t h e  

f i f t h  t e s t  was n o t  s u b j e c t  t o  induced  

v i b r a t i o n  s i n c e  t h e  t e s t  s e c t i o n  was 

v i b r a t i n g ,  (due t o  t h e  f l o w i n g  w a t e r )  

a t  a  d e s i r e d  f r equency  and a m p l i t u d e .  

R a d i a t i o n  d e t e c t i o n  p r o b e s ,  l o c a t e d  

n e a r  t h e  f i l t e r ,  were used  t o  moni tor  

t h e  c o r e  r e l e a s e  d u r i n g  a  t e s t .  F r e -  

q u e n t  d i s c h a r g e s  and we igh t  measurements 

were made w i t h  t h e  u n i r r a d i a t e d  f u e l  

e l emen t  t o  de t e rmine  c o r e  l o s s  d u r i n g  

t h e  t e s t .  

EXPERIMENTAL RESULTS 

T e s t  Number 1 

The f i r s t  r o d  t e s t e d  was from a  s e c -  

t i o n  o f  f u e l  e lement  No. 5119, a  Vipac-  

p h y s i c a l  m i x t u r e ,  U02 - 1 / 2  w t %  PuOZ 

c o r e  i r r a d i a t e d  t o  abou t  5000 MWd/ton. 
The rod  was o r i g i n a l l y  d e f e c t e d  w i t h  a  

s l i t  1 1 / 2  i n .  long by 1 /16  i n .  wide 

( F i g u r e  3 a ) .  Some f i l t e r  a c t i v i t y  

i n c r e a s e  (80 mR/hr) was n o t e d  d u r i n g  

t h e  3 'h r  h e a t i n g  p e r i o d  t o  r each  300 'C 



and  d u r i n g  t h e  f i r s t  day  up a  t o t a l  

o f  280  mR/hr. No f u r t h e r  i n c r e a s e  

was n o t e d  d u r i n g  t h e  3 1 / 2  week p e r i o d  

c o m p r i s i n g  t h e  r e m a i n d e r  o f  t h e  t e s t .  
• Weigh t  measurements  u n d e r  w a t e r ,  b o t h  

b e f o r e  and a f t e r  t h e  t e s t ,  f a i l e d  t o  

show a n y  w e i g h t  l o s s ;  i n  f a c t ,  a  w e i g h t  
s 

i n c r e a s e  was n o t e d  which was p r o b a b l y  

c a u s e d  by w a t e r  l o g g i n g .  A p i c t u r e  o f  

t h e  e l e m e n t  a f t e r  t e s t i n g  i s  shown i n  

F i g u r e  3b .  

Because  o f  t h e  a b s e n c e  o f  s i g n i f i c a n t  

w a s h o u t  w i t h  t h e  1 1 / 2  i n .  l o n g  s l i t ,  

i t  was d e c i d e d  t o  i n c r e a s e  t h e  s l i t  

l e n g t h  t o  6 i n .  and  r e r u n  t h e  e l e m e n t .  

The e l e m e n t  was r e t u r n e d  t o  R a d i o m e t a l -  

l u r g y ,  and  t h e  o r i g i n a l  s l i t  was i n -  

c o r p o r a t e d  i n t o  t h e  6 i n .  l o n g  s l i t .  

When t e s t i n g  was resumed i n  t h e  IRP, 

an  a c t i v i t y  i n c r e a s e  o f  1 0 0  mR/hr was 

d e t e c t e d  d u r i n g  t h e  f i r s t  3 h r ,  when 

t h e  w a t e r  was b e i n g  h e a t e d  t o  300 O C .  

N e i t h e r  c o n s t a n t  t e m p e r a t u r e  o p e r a t i o n  

o r  t h e r m a l  c y c l i n g  d u r i n g  t h e  3 1 / 2  

week t e s t  c a u s e d  a d d i t i o n a l  a c t i v i t y  

r e l e a s e .  Weight  measurements  showed 

1 g  had  b e e n  l o s t  f rom t h e  f u e l  e l e -  
m e n t .  ( F i g u r e  4 )  

I t  c a n  b e  e s t i m a t e d  f rom t h e  

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

t h e  s e c o n d  p a r t  o f  t h e  t e s t  t h a t  a b o u t  

3 g  was l o s t  d u r i n g  t h e  f i r s t  p a r t  of 

t h e  t e s t .  

( a )  B e f o r e  T e s t i n g  

- -  .-yi- 
- --- -, 

( b )  A f t e r  T e s t i n g  

F I G U R E  3 .  F u e l  Rod No. 5 1 1 9 ,  V i p a c -  
Physical Mixture, Be f o r e  and  A f t e r  
Testing in I R P  



( a )  B e f o r e  T e s t i n g  

( b )  A f t e r  T e s t i n g  

FIGURE 4 .  F u e l  Rod No. 5 1 1 9 ,  V i p a c -  
P h y s i c a Z  M i x t u r e ,  B e f o r e  a n d  A f t e r  
T e s t i n g  i n  I R P  

T e s t  Number 2  

The s e c o n d  r o d  was f rom a  s e c t i o n  

o f  f u e l  e l e m e n t  No. 5164 ,  which  had  a  

s w a g e d - p h y s i c a l  m i x t u r e  c o r e  c o n t a i n -  

i n g  U02 - 1 / 2  w t %  Pu02 i r r a d i a t e d  t o  

a b o u t  4100 MWd/ton. The e s s e n t i a l  

d i f f e r e n c e  be tween  t h i s  t e s t  and t h e  

p r e c e d i n g  t e s t  was t h e  method o f  f i n a l  

f a b r i c a t i o n  (swaged v e r s u s  Nupac) . 
T e s t i n g  i n  t h e  I R P  f o r  t h e  3 1 / 2  

week p e r i o d  a t  300 " C ,  1 3  f p s ,  a n d  

1600 p s i  r e s u l t e d  i n  a n  e x t r e m e l y  s m a l l  

amount  o f  r e l e a s e  o f  c o r e  m a t e r i a l .  

F i l t e r  a c t i v i t y  r e a d i n g s  i n c r e a s e d  

only 2 5  mR/hr.  T h i s  o c c u r r e d  d u r i n g  

t h e  f i r s t  2 h r  ( t h e  h e a t i n g  p e r i o d )  

o f  t h e  t e s t ,  a n d  d i d  n o t  show any 

c h a n g e  a f t e r  t h a t  t i m e  e v e n  d u r i n g  

t h e r m a l  c y c l i n g .  P i c t u r e s  o f  t h e  f u e l  

r o d  b e f o r e  and a f t e r  t e s t i n g  ( F i g u r e  5 )  

show t h e  c o r e  m a t e r i a l  h a s  n o t  b e e n  

washed o u t .  Weight  measurements  o f  

t h e  e l e m e n t  d i d  n o t  i n d i c a t e  any  c o r e  

l o s s ;  t h i s  swaged r o d  r e l e a s e d  a  

s m a l l e r  amount o f  a c t i v i t y  t o  t h e  IRP 

l o o p  s y s t e m  t h a n  d i d  t h e  V i p a c  e l e m e n t .  

The p o s s i b l e  r e a s o n s  c a n  b e  s e e n  by 

c o m p a r i n g  F i g u r e s  4 and  5 .  The V i p a c  

e l e m e n t  ( F i g u r e  4) h a s  a  c o r e  w i t h  a  

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

which  would make i t  e a s i e r  t o  wash o u t  

a n y  l o o s e  f i n e  c o r e  m a t e r i a l ,  w h i l e  

t h e  swaged r o d  ( F i g u r e  5 )  a p p e a r s  t o  

h a v e  a  more compac t  c e r a m i c  c o r e  w i t h  

l e s s  s u r f a c e  a r e a  e x p o s e d  t o  t h e  w a t e r .  

T e s t  Number 3 

Rods used  i n  T e s t s  3 and  4 w e r e  i n -  

t e n d e d  t o  d i f f e r  f r o m  t h o s e  u s e d  i n  

T e s t s  1 and  2  o n l y  by h a v i n g  t h e  c o r e  

m a t e r i a l  p r e p a r e d  by t h e  Nupac p r o c e s s  

r a t h e r  t h a n  by p h y s i c a l  m i x t u r e .  The 

a c t u a l  r o d s  t e s t e d  d i f f e r e d  a l s o  by 

h a v i n g  c o r e  m a t e r i a l  c o n t a i n i n g  1 w t %  

P u 0 2 ,  and  l o w e r  i n - r e a c t o r  e x p o s u r e s  

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



( a )  B e f o r e  T e s t i n g  

( b )  A f t e r  T e s t i n g  

F I G U R E  5 .  Fuel Rod No. 5 1 6 4 ,  Swaged- 
P h y s i c a l  Mixture, B e f o r e  and A f t e r  
T e s t i n g  i n  IRP 

r o d  u s e d  f o r  T e s t  3 was p a r t  o f  f u e l  

e l e m e n t  No. 5233,  which  was e x p o s e d  

f o r  a b o u t  1890 bfWd/ton i n  t h e  PRTR. 

The U02 - 1 w t %  Pu02 c o r e  was compac ted  

by t h e  Vipac  p r o c e s s .  The d e f e c t  

was a g a i n  6 i n .  l o n g  by 1 / 1 6  i n .  w i d e .  

As d e t e c t e d  by f i l t e r  a c t i v i t y  

i n c r e a s e ,  IRP t e s t i n g  c a u s e d  some 

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

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

t h e  n e x t  two t h e r m a l  c y c l e s .  The 

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

c y c l i n g  ( w h i l e  somewhat u n c e r t a i n )  

was mos t  l i k e l y  a s s o c i a t e d  w i t h  ( 1 )  con 

t r a c t i o n s  and  e x p a n s i o n s  o f  c o r e  

m a t e r i a l  and c l a d d i n g  which  c o u l d  r e -  

l e a s e  f i n e  m a t e r i a l ,  a n d  ( 2 )  d i f f e r -  

e n c e s  i n  t h e  p r o p e r t i e s  o f  t h e  w a t e r .  

A t o t a l  o f  250 mR/hr was r e l e a s e d  

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

( F i g u r e  6 ) .  L a t e r  t h e r m a l  c y c l e s  

f a i l e d  t o  r e l e a s e  more a c t i v i t y .  Com- 

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

( F i g u r e  7) b e f o r e  and  a f t e r  t e s t i n g  

show t h a t  p a r t  o f  t h e  c o r e ,  n e x t  t o  

t h e  d e f e c t ,  had been washed o u t  d u r i n g  

t e s t i n g .  Weight  measurements  showed 

7 g  were  m i s s i n g  a s  a  r e s u l t  o f  t h e  

t e s t .  

T e s t  Number 4  

T h i s  f u e l  r o d  was f rom e l e m e n t  

No. 5203 ,  f a b r i c a t e d  by swage-Nupac 

w i t h  a  U02 - 1 w t %  Pu02 c o r e ,  a n d  

i r r a d i a t e d  t o  224 MIFd/ton i n  t h e  PRTR. 

I n  a d d i t i o n  t o  t h e  s t a n d a r d  t e m p e r a t u r e  

c y c l e s  from 300 t o  40 " C ,  a d d i t i o n a l  

c y c l i n g  from 300 t o  270 "C e v e r y  3 h r  

was i n i t i a t e d  t o  s i m u l a t e  u n s t e a d y  
power o p e r a t i o n .  IRP t e s t i n g  f a i l e d  

t o  r e l e a s e  any  c o r e  m a t e r i a l  d u r i n g  

two weeks o f  t e s t i n g ,  i n c l u d i n g  t h r e e  

t e m p e r a t u r e  c y c l e s  t o  40 " C .  k ' e i g h t -  

l o s s  measurements  i n  a i r  d i d  n o t  show 

any l o s s .  S i n c e  p r e v i o u s  e l e m e n t s  

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

p a r t  o f  t h e  t e s t s  o n l y ,  i t  was d e c i d e d  

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

t o  s t a r t  v i b r a t i o n  o f  t h e  t e s t  s e c t i o n  

a t  n e a r  PRTR c o n d i t i o n s .  Because  t h e  

f u e l  e l e m e n t  was n o t  t o o  r a d i o a c t i v e  

( c o u l d  b e  h a n d l e d  by u s e  o f  l o n g  t o n g s ) ,  

i t  was removed from t h e  l e a d  f i l l e d  



F I G U R E  6 .  A c t i v i t y  R e l e a s e  from Fuel  
R o d  No. 5 2 3 3 ,  Vipac-lilupac During 
T e s t i n g  i n  I R P  
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FIGURE 7 .  Fue Z Rod Ho. 5 2  3 3 ,  V i p a c -  
Nupac, B e f o r e  and A f t e r  T e s t i n g  i n  
I R  P 

c a s k  and p l a c e d  i n  a n o t h e r  u n s h i e l d e d  F r e  uenc  Ampl i tude  A c c e l e r a t i o n  V e l o c i t  

v e r t i c a l  t e s t  s e c t i o n  t o  a l l o w  e a s i e r  s e c )  ( i n . - p e a k  t o  peak)  ( g 1 s 2  s e c  p e a k )  J L . Z f t / d  s e c .  p e a k )  

i n d u c e d  v i b r a t i o n .  A f t e r  f o u r  d a y s  
I 

t e s t i n g  w i t h  e x t e r n a l  v i b r a t i o n ,  t h e  
3 6 0 . 0 0 1 4  0 . 0 9  0 . 1 6  

e l e m e n t  l o s t  38 g .  The v i b r a t i o n s  
5  5 0 . 0 0 1 3  0 . 2 6  0 . 2 3  

c o n s i s t e d  of one day a t  e a c h  o f  t h e  
7 5 0 . 0 0 0 9  0 . 2 6  0 . 2 1  

f o l l o w i n g  c o n d i t i o n s :  
9  6 0 . 0 0 2 1  0 . 9 5  0 . 6 5  



An a d d i t i o n a l  t h r e e  days  t e s t i n g  a t  

5 5  c y c l e s / s e c  w i t h  a  0 . 0 0 1 3  p e a k - t o -  

peak  a m p l i t u d e  r e s u l t e d  i n  a n  a d d i t i o n a l  

C 2 7 . 5  g  l o s s  f rom t h e  e l e m e n t .  The 

c o r e  washout  c a n  be s e e n  by compar i son  

o f  t h e  r o d  d u r i n g  v a r i o u s  s t a g e s  of  

t e s t i n g  ( F i g u r e  8 ) .  I t  a p p e a r s  q u i t e  

s i g n i f i c a n t  t h a t  c o r e  l o s s  was n o t e d  

o n l y  when v i b r a t i o n  was a p p l i e d  t o  

t h e  s y s t e m .  

T e s t  Number 5 

An u n i r r a d i a t e d  s e c t i o n  o f  a  h i g h  

power d e n s i t y  f u e l  r o d  used  f o r  t h i s  

t e s t  had  a  c o r e  o f  U02-2 w t %  Pu02 

f a b r i c a t e d  by Vipac-Nupac.  Because  

a c t i v i t y  measurements  c o u l d  n o t  be  

u s e d  t o  d e t e r m i n e  c o r e  washout  f o r  

t h i s  t e s t ,  t h e  e l e m e n t  was d i s c h a r g e d  

f rom t h e  t e s t  s e c t i o n  and weighed  

FIGURE 8 .  Fue l  Rod No. 5 2 0 3 ,  Swage- 
Nupac,  ( a )  B e f o r e  T e s t i n g ,  ( b )  B e f o r e  
V i b r a t i o n ,  (c) A f t e r '  f i r s t  V i b r a t i o n  
P e r i o d ,  ( d l  After second  V i b r a t i o n  
P e r i o d  



d u r i n g  some of  t h e  c o o l i n g  c y c l e s .  

The t e m p e r a t u r e  i n  t h e  l o o p  was c y c l e d  

t o  270 O C  e v e r y  3 h r  i n  a d d i t i o n  t o  

t h e  f o u r  c y c l e s  t o  40 O C .  I t  was i n -  

t e n d e d  t o  e x t e r n a l l y  v i b r a t e  t h e  t e s t  

s e c t i o n ,  b u t  v i b r a t i o n  measurements  

showed c o n s i d e r a b l e  v i b r a t i o n  a l r e a d y  

p r e s e n t  (55  c y c l e s / s e c  a t  a  0 .0005  i n .  

p e a k - t o - p e a k  d i s p l a c e m e n t ) ;  n o  f u r t h e r  

i n d u c e d  v i b r a t i o n  was u s e d .  A f t e r  

s e v e n  d a y s  t e s t i n g ,  t h e  e l e m e n t  l o s t  

59  g  o f  c o r e  m a t e r i a l ;  a f t e r  14 d a y s  

t h e  t o t a l  was 77 g l o s s ;  and  a f t e r  

24 d a y s ,  t h e  t o t a l  l o s s  was 86 g .  The 

e n t i r e  c o r e  w e i g h t  p r i o r  t o  t e s t i n g  

was 351 g ,  s o  a b o u t  2 5 %  o f  t h e  c o r e  

was washed o u t .  P i c t u r e s  o f  t h e  r o d  

a f t e r  t e s t i n g  ( F i g u r e  9 )  s t r i k i n g l y  

r e s e m b l e  t h e  o t h e r  Vipac  f a b r i c a t e d ,  

i r r a d i a t e d  e l e m e n t s  ( F i g u r e s  3 and 6 ) .  

L a r g e  g r a n u l e s  o f  p e r h a p s  - 6  +10 mesh 

m a t e r i a l ,  o f  which  55% o f  t h e  c o r e  

was composed,  c a n  be  s e e n  u n d e r  t h e  

s l i t .  I t  a p p e a r s  t h a t  t h e  f i n e  m a t e r i a l  

a r o u n d  t h e  l a r g e r  g r a n u l e s  h a s  b e e n  

washed away, l e a v i n g  t h e  l a r g e r  p a r t i -  

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

t h a n  t h e  l a r g e s t  p a r t i c l e  u s e d  i n  t h e  

c o r e ,  more of  t h e  c o r e  p r o b a b l y  would 

have  been  washed o u t .  

D I S C U S S I O N  O F  R E S U L T S  

The IRP t e s t s  a r e  o u t - o f - r e a c t o r  

t e s t s  w i t h  p r e v i o u s l y  i r r a d i a t e d  f u e l  

e l e m e n t s .  I t  i s  q u e s t i o n a b l e  w h e t h e r  

t h e  r e s u l t s  o b t a i n e d  i n  o u t - o f - r e a c t o r  

t e s t s  c a n  be  u s e d  t o  p r e d i c t  p a t t e r n  

o f  f a i l u r e  i n  a  r e a c t o r  u n d e r  a c t u a l  

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

by t e s t i n g  i d e n t i c a l  e l e m e n t s  b o t h  

i n - r e a c t o r  and o u t - o f - r e a c t o r  t o  compare  

r e s u l t s .  O b v i o u s l y ,  s e v e r a l  l a r g e  

d i f f e r e n c e s  e x i s t  be tween  power p r o -  

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

r e a c t o r  e l e m e n t s  i n  t e r m s  o f  c o r e  

t e m p e r a t u r e s ,  t h e r m a l  g r a d i e n t s ,  and 

r e s u l t s  o f  w a t e r  p e n e t r a t i o n  t h r o u g h  

d e f e c t s  i n  t h e  c l a d d i n g .  I n -  r e a c t o r  

f u e l  e l e m e n t s  would p r o b a b l y  p r o d u c e  

some s t e a m  from t h e  w a t e r  t h a t  had 

a c c e s s  t o  t h e  c o r e .  The f o r m a t i o n  o f  

s t e a m  c o u l d  c r e a t e  c o n s i d e r a b l y  more 

c o r e  washout  ( d e p e n d i n g  on where  i t  

was b e i n g  f o r m e d ) ,  o r  i t  c o u l d  c a u s e  

l e s s  washout  i f  i t  b l a c k e d  o f f  w a t e r  

which c o u l d  p h y s i c a l l y  wash o u t  p a r t  

o f  a  c r a c k e d  and l o o s e  c o r e .  The 

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

when comparing i n - r e a c t o r  and o u t - o f -  

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

The s i z e  o f  t h e  d e f e c t  u s e d  i n  t h e  

o u t - o f - r e a c t o r  t e s t s ,  6 i n .  l o n g  by 

1 / 1 6  i n .  wide was t h o u g h t  t o  be t h e  

w o r s t  c o n d i t i o n  t h a t  c o u l d  o c c u r  i n -  

r e a c t o r ,  b u t  t h e  r F c e n t  f a i l u r e  i n  

t h e  PRTR FERTF pro@uced  a  d e f e c t  t h a t  

was c o n s i d e r a b l y  worse  t h a n  t h o s e  

u s e d  i n  t h e  o u t - o f - r e a c t o r  t e s t s .  

T h a t  d e f e c t  was t h e  f u l l  w i d t h  o f  

FIGURE 9 .  U n i r r a d i a t e d  S h o r t  Core 
EZement,  UO - 2  w t %  U O g  C o r e ,  After 
T e s t i n g  i n  ?RP 



t h e  f u e l  r o d  ( 0 . 6  i n . )  i n  p l a c e s  a n d  t h e  r e l e a s e  mode t o  b e  p r i m a r i l y  

e x t e n d e d  t o  3 i n .  i n  l e n g t h ;  however ,  d i f f u s i o n .  ( 6  

t h e  a r t i f i c a l  s l i t  d e f e c t  a t  l e a s t  A v i b r a t i o n a l l y - c o m p a c t e d  U02 

seems t o  be  i n  t h e  r i g h t  p r o s p e c t i v e  e l e m e n t  p r e i r r a d i a t e d  t o  1770 MWd/ton 

o f  s i z e .  w i t h  a  3  i n .  l o n g  s l i t  was t e s t e d  f o r  

O t h e r  c o n d i t i o n s  i n  t h e  o u t - o f -  22 days  i n  t h e  FERTF. Underwate r  e x -  

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

a t u r e ,  f l o w  v e l o c i t y ,  w a t e r  pH and e x p o s u r e  showed no e v i d e n c e  o f  f u e l  

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

m a t e r i a l ,  and  o p e r a t i n g  t i m e s ,  were  s w e l l i n g .  The s l i t  w i d t h  h a d  i n c r e a s e d ,  

d e s i g n e d  t o  d u p l i c a t e  i n - r e a c t o r  however ,  f rom 0 . 0 2  i n .  t o  0 . 0 5  i n .  a t  

c o n d i t i o n s .  t h e  w i d e s t  p o i n t .  The s t e a d y  s t a t e  

Even though  d i f f e r e n c e s  d o  e x i s t  a c t i v i t y  r e l e a s e  was more  t h a n  f rom 

be tween  i n - r e a c t o r  and  o u t - o f - r e a c t o r  

w a s h o u t  t e s t s ,  o u t - o f  - r e a c t o r  t e s t s  

may p r o d u c e  r e s u l t s  v e r y  s i m i l a r  t o  i n -  

r e a c t o r  t e s t s .  S e v e r a l  washou t  t e s t s  

have  been  r u n  i n  t h e  FERTF w i t h  swaged 

a n d  v i b r a t i o n a l l y  compac ted  U02 c o r e  

e l e m e n t s  t h a t  were  d e f e c t e d  w i t h  l o n g i -  

t u d i n a l  s l i t s .  The f i r s t  FERTF wash-  

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

swaged r o d s ,  and  i n d i c a t e d  t h a t  f i s s i o n  

g a s  r e l e a s e  i s  g r e a t e r  f rom v i b r a t i o n -  

a l l y - c o m p a c t e d  e l e m e n t s ,  a p p a r e n t l y  

b e c a u s e  o f  t h e  l o w e r  b u l k  d e n s i t y .  ( 5 )  

The s l i t  i n  t h i s  e l e m e n t  was i n c r e a s e d  

t o  a  t o t a l  l e n g t h  o f  4  i n . ,  and  i t  

was, r e i r r a d i a t e d  i n  t h e  FERTF f o r  a n  

o u t  t e s t  u s e d  a  swaged e l e m e n t  p r e i r r a -  a d d i t i o n a l  8 d a y s .  A g a i n ,  n o  e v i d e n c e  

d i a t e d  t o  2440 MWd/ton; i t  showed no o f  f u e l  w a s h o u t ,  w a t e r l o g g i n g ,  o r  o f  

e v i d e n c e  o f  s w e l l i n g ,  n e g l i g e n t  wash-  f u e l  s w e l l i n g  was n o t e d .  The s t e a d y  

o u t ,  and  n o  w a t e r  l o g g i n g  a f t e r  23 s t a t e  a c t i v i t y  r e l e a s e  r a t e  d u r i n g  t h i s  

d a y s  o p e r a t i o n ,  i n c l u d i n g  3 p r e s s u r i -  t i m e  was c o m p a r a b l e  t o  t h e  r e l e a s e  

z a t i o n s  and 10 power c y c l e s .  The e l e -  r a t e  f rom t h e  6 . 5  i n .  l o n g  s l i t  i n  

ment  was o r i g i n a l l y  d e f e c t e d  w i t h  a  t h e  swaged e l e m e n t .  

0 . 6 3  i n .  l o n g  s l i t  which  was l a t e r  The o u t - o f  - r e a c t o r  IRP t e s t s  showed 

i n c r e a s e d  t o  3  i n .  A s e c o n d  swage t h e  swage - c o m p a c t e d  e l e m e n t s  t o  be 

compac ted  U02 e l e m e n t  d e f e c t e d  w i t h  a  more r e s i s t a n t  t o  w a s h o u t  t h a n  t h e  

6 . 5  i n .  l o n g  s l i t  o p e r a t e d  f o r  1 6  d a y s  v i b r a t i o n a l l y - c o m p a c t e d  e l e m e n t s .  The 

w i t h  no e v i d e n c e  o f  f u e l  w a s h o u t ,  w a t e r  swage-compac ted  e l e m e n t s  u s e d  i n  T e s t s  

l o g g i n g ,  o r  f u e l  r o d  s w e l l i n g  v i s i b l e  2 and  4  showed no w e i g h t  l o s s  u n t i l  

u n d e r  w a t e r .  The e l e m e n t  was p r e i r r a -  e x t e r n a l  v i b r a t i o n  was u s e d .  The v i -  

d i a t e d  t o  3270 MWd/ton a n d  was o p e r a t e d  b r a t i o n a l l y  compac ted  e l e m e n t s  u s e d  i n  

a t  a  maximum t u b e  power o f  1157  kW. T e s t s  1 and  3  g a v e  w e i g h t  l o s s e s  o f  

T h e r e  were  n o  a c t i v i t y  b u r s t s  i n  1 t o  4  g  a n d  7  g ,  r e s p e c t i v e l y .  These  

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

c r e a s e s ,  and  s t e a d y  s t a t e  a c t i v i t y  r e -  a r e  d i f f i c u l t  t o  u n d e r s t a n d  when a  

l e a s e  r a t e s  showed a  s t r o n g  power d e -  s i m i l a r  e l e m e n t  i n  t h e  FERTF a p p a r e n t l y  

p e n d e n c e .  A d e t e r m i n a t i o n  o f  f i s s i o n  e x p e r i e n c e d  n o  w a s h o u t .  V i s u a l  exam- 

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



IRP t e s t  e l e m e n t  ( F i g u r e  7) shows t h a t  

c o n s i d e r a b l y  more t h a n  7  g  c o u l d  have  

b e e n  washed o u t .  Two o t h e r  d i f f e r e n c e s  

t h a t  may h a v e  c o n t r i b u t e d  t o  h i g h e r  

l o s s e s  i n  t h e  IRP were  t h e  u s e  o f  a  

m i x e d  o x i d e  c o r e  (U02-Pu02)  r a t h e r  

t h a n  s t r a i g h t  U02 and  t h e  u s e  o f  a  

w i d e r  s l i t  i n  IRP t e s t s  ( 0 . 0 6 5  i n .  

r a t h e r  t h a n  0 . 0 2  i n . ) .  The c o r e  ( F i g -  

u r e  7) a p p e a r s  t o  h a v e  m o s t  o f  t h e  

f i n e s  removed,  ( l e a v i n g  t h e  l a r g e r  

mesh p a r t i c l e s )  b u t  w h e t h e r  t h e y  have  

b e e n  removed f r o m  t h e  o u t e r  c i r c u m f e r -  

e n c e  a l l  t h e  way a r o u n d  t h e  e l e m e n t  o r  

j u s t  u n d e r  t h e  s l i t  i s  n o t  known. The 

swaged e l e m e n t s  f r o m  T e s t s  2  and  4 

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

a n c e ,  and t h e  f i n e s  w e r e  s e e m i n g l y  i n  

p l a c e  b e f o r e  t h e  a p p l i e d  e x t e r n a l  v i b r a -  

t i o n s .  I n  b o t h  t h e  IRP and FERTF t e s t s  

w i t h  swaged e l e m e n t s ,  t h e  c o r e  i s  n o t  

washed o u t .  
The r e l a t i v e  i m p o r t a n c e  o f  t h e  

amount o f  v i b r a t i o n ,  which  may e x i s t  

i n  t h e  s y s t e m ,  s h o u l d  n o t  be  o v e r l o o k e d .  

IRP t e s t s  w i t h  i n d u c e d  v i b r a t i o n s  up 

t o  a m p l i t u d e s  o f  0 . 0 0 2  i n .  a n d  f r e q u e n -  

c i e s  up t o  96 c y c l e s / s e c  c a u s e d  v e r y  

s u b s t a n t i a l  c o r e  w a s h o u t  o f  a  swaged 

c o r e  t h a t  had  n o t  r e l e a s e d  any  c o r e  

u n t i l  v i b r a t i o n s  w e r e  a p p l i e d .  The 

u n i r r a d i a t e d  e l e m e n t  u s e d  i n  T e s t  5  

had a  s l i g h t l y  s m a l l e r  end  f i t t i n g  

( t o  g i v e  a  l a r g e r  f l o w  a n n u l u s )  on  

t h e  downs t ream e n d  t o  p r e v e n t  l a r g e  

p a r t i c l e  wedging b e t w e e n  t h e  e n d  

f i t t i n g  and  t e s t  s e c t i o n  p i p e .  T h i s  

d i f f e r e n c e  i n  e n d  f i t t i n g  s i z e  a p p a r -  

e n t l y  a l l o w e d  t h e  t e s t  e l e m e n t  t o  

v i b r a t e ,  w i t h  s u b s t a n t i a l  c o r e  l o s s  

a s  a  r e s u l t .  

None o f  t h e  t e s t s  i n  t h e  IRP i n d i -  

c a t e d  f u r t h e r  o x i d a t i o n  o f  t h e  c o r e  

t o  some h i g h e r  o x i d e .  No c o l o r  

c h a n g e  o f  t h e  c o r e  o r  no  c l a d  s w e l l i n g  

was v i s u a l l y  d e t e c t e d .  A n a l y t i c a l  

p r o c e d u r e s  were  n o t  u s e d  t o  c o n f i r m  

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

F U T U R E  T E S T S  

The f u t u r e  p l a n n e d  p r o g r a m  f o r  

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

s t u d i e s  i n v o l v e s  t e s t i n g  o f  a  l a r g e  

number o f  b o t h  i r r a d i a t e d  and  u n i r r a -  

d i a t e d  f u e l  s a m p l e s  t o  d e t e r m i n e  i f  

some f u e l s  a r e  more r e s i s t a n t  t o  wash-  

o u t  t h a n  o t h e r s ,  and  t o  d e t e r m i n e  

t h e  n e e d e d  c h a n g e s  f o r  i m p r o v i n g  wash-  

o u t  r e s i s t a n c e .  

One t e s t  t h a t  s h o u l d  b e  p e r f o r m e d  

i n v o l v e s  a n  i r r a d i a t e d  p e l l e t i z e d  

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

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

u s e d  i n  t h e  PRTR. S i n c e  t h e  m a j o r i t y  

o f  U.S. R e a c t o r s  h a v e  u s e d  p e l l e t i z e d  

U02, t h i s  f u e l  t y p e  m i g h t  b e  u s e d  a s  

a  b a s e  f o r  compar ing  washou t  t e s t s .  

The e f f e c t  o f  Pu02 a d d i t i o n  t o  t h e  

U02 mus t  be  e v a l u a t e d  w i t h  i r r a d i a t e d  

e l e m e n t s ,  i n c l u d i n g  Pu02 c o n t e n t s  o f  

2  and  4 w t % .  Swaged and  v i b r a t i o n  

compac ted  U02 c o r e  e l e m e n t s  s h o u l d  

be  t e s t e d  f o r  c o m p a r i s o n  w i t h  Pu02 

a d d i t i o n s  t o  t h e  c o r e .  M a t e r i a l  f rom 

new f u e l  p r o c e s s e s ,  s u c h  a s  t h e  s a l t  

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

Pu02 i n  a n  i r r a d i a t e d  e l e m e n t ,  s h o u l d  

be  e v a l u a t e d .  New t y p e s  o f  e l e m e n t s  

t o  b e  t e s t e d  i n c l u d e :  

EBWR r o d s  

Wire  e n r i c h e d  r o d s  

T h o r i a - P u 0 2  c o r e  r o d s  

Water  t u b e  t e s t  e l e m e n t .  

The s t u d i e s  c o u l d  be  augmented  by 



i n c l u d i n g  t e s t  r o d s  i r r a d i a t e d  a t  

r o d  powers  more t y p i c a l  o f  c u r r e n t  

a n d  f u t u r e  power r e a c t o r s ,  and  which  

a r e  g r e a t e r  t h a n  t h o s e  now r e a c h e d  i n  

t h e  PRTR. 

The above  f u e l  t y p e s  ( a n d  o t h e r s )  

s h o u l d  a l s o  be  t e s t e d  w i t h  u n i r r a d i a t e d  

r o d s .  T e s t i n g  would d e t e r m i n e  e f f e c t  

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

P a r t i c l e  s i z e s  

P a r t i c l e  s h a p e  

Oxygen t o  u r a n i u m  r a t i o  

P a r t i c l e  d e n s i t y  

a P a r t i c l e  s i z e  d i s t r i b u t i o n  

V i b r a t i o n  f r e q u e n c y .  

S e v e r a l  u n i r r a d i a t e d  r o d s  c o u l d  be  

t e s t e d  a t  t h e  same t i m e  t o  r e d u c e  t h e  

t i m e  r e q u i r e d .  I n i t i a l l y ,  mos t  t e s t s  

would  b e  r u n  w i t h o u t  e x t e r n a l  v i b r a t i o n ;  

however ,  t o  d e t e r m i n e  v i b r a t i o n  r e s i s -  

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

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

For  b e t t e r  u n d e r s t a n d i n g  o f  t h e  

c o m p a r i s o n  o f  IRP t e s t s  and  FERTF t e s t s ,  

s i m i l a r  i r r a d i a t e d  and d e f e c t e d  t e s t  

s p e c i m e n s  s h o u l d  b e  r u n  i n  b o t h  t h e  

FERTF and t h e  IRP a t  n e a r l y  i d e n t i c a l  

c o n d i t i o n s .  P o s s i b l y ,  s p e c i a l  V i p a c  

e l e m e n t s  w i t h  mixed o x i d e  c o r e s  c o u l d  

b e  f a b r i c a t e d  and  i r r a d i a t e d  f o r  t h i s  

p u r p o s e .  The r o d s  c o u l d  b e  i r r a d i a t e d  

t o g e t h e r  a n d  t h e  same d e v i c e  u s e d  f o r  

d e f e c t i n g  b o t h  e l e m e n t s .  The same 

t e m p e r a t u r e  and  p r e s s u r e  c y c l i n g  

would b e  u s e d  i n  e a c h ,  and w a t e r  

s a m p l e s  would b e  t a k e n  t o  compare  

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

The a d d i t i o n  o f  a  s e c o n d  l o o p  a t  

2 4 2 - B  f o r  w a s h o u t  s t u d i e s  o f  u n i r r a -  

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

T h i s  s h o u l d  g r e a t l y  i n c r e a s e  t h e  q u a n -  

t i t y  o f  f u e l  r o d s  t e s t e d .  
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