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

This report was prepared by Battelle-Northwest under 

Contract No. AT(45-1)-1830 for the USAEC Division of Reactor 

Development and Technology. 

I Results presented herein were summarized in BNWL-1164, 

FFTF Monthly Informal Technical Progress Report, July 1969. 

S U M M A R Y  

BNW was requested by AEC/DRDT to assist ANL with the 

postirradiation examination of EBR-I1 driver fuel (U + 5Fs) 

pins that became shortened during irradiation. To date, three 

irradiated pins and one nonirradiated pin were examined. A 
portion of the data is summarized in the following tabulations. 

Measurements on EBR-I1 Driver Fuel Pins 

Average 
Length, Density Average 
in. g/cm3 % A V / V  

Control PNL No. C - Batch 112 - 
No. 01924 13 5/8 17.987 - - -  

PNL No. 1 (ANL-21) - Batch 100 - 
No. 2244 13.479 17.667 1.81 

PNL No. 2 (ANL-25) - Batch 112 - 
No. 1909 12.668 17.685 1.71 

PNL No. 3 (ANL-40) - Batch 119 - 
No. 2147 12.509 17.704 1.60 

D I S C U S S I O N  

The diameter changes, mass per unit length and swelling 

of the pins are plotted for individual 1 in. long sections in 
0 

Figures la, b ,  and c as a function of position in the pin. 

The diameter changes were calculated assuming a nominal 
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FIGURE la. Postirradiation Data o n  EBR-II Driver F?ieZ 
Subassembly C-2178, Pin No. E-21--PNL Pin No. 1, 
Batch No. 100 
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FIGURE lb. Postirradiation Data on EBR-11 Driver ~ u e Z  
SubassembZy C-2178, Pin No. E-25--PNL Pin Uo. 2, 
Batch No. 112 





0.144-  i n .  o r i g i n a l  d i a m e t e r .  S w e l l i n g  v a l u e s  were c a l c u l a t e d  

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

d e n s i t y .  Diameter  changes caused  by s w e l l i n g  o n l y  were 

c a l c u l a t e d  and t h e s e  v a l u e s  were s u b t r a c t e d  from t h e  d i a m e t e r  

changes e s t i m a t e d  from micrometer  measurements .  T h i s  y i e l d s  a 

d i a m e t e r  change r e s u l t i n g  o n l y  from i r r a d i a t i o n  growth  which 

i s  p l o t t e d  a s  t h e  f o u r t h  c u r v e  i n  F i g u r e s  l a ,  b ,  and c .  The 

shape  of t h i s  c u r v e  i s  s i m i l a r  t o  t h e  mass p e r  u n i t  l e n g t h  

c u r v e  o r  t h e  a c t u a l  d i a m e t e r  change c u r v e  and c l e a r l y  shows 

t h a t  t h e  b u l k  of  t h e  d i a m e t e r  change r e s u l t s  from i r r a d i a t i o n  

growth .  T h i s  a c c o u n t s  f o r  t h e  d e c r e a s e  i n  l e n g t h .  

The t h e o r e t i c a l l y  minimum s w e l l i n g  expec ted  a l o n g  t h e  

l e n g t h  o f  t h e  p i n s  was e s t i m a t e d  from burnup p r o f i l e  d a t a  

s u p p l i e d  by ANL.  T h i s  i s  p l o t t e d  a l o n g s i d e  t h e  measured 

s w e l l i n g  d a t a  i n  F i g u r e s  l a ,  b ,  and c  f o r  each  p i n .  The 

obse rved  s w e l l i n g  c o r r e s p o n d s  c l o s e l y  t o  t h a t  e s t i m a t e d  from 

B . U .  i n  t h e  lower p o r t i o n  of  t h e  p i n s  b u t  may be somewhat 

h i g h e r  i n  t h e  upper  p o r t i o n .  I t  i s  u n c e r t a i n  a t  t h e  moment 

whether  t h i s  i s  b e c a u s e  of  t h e  h i g h e r  o p e r a t i n g  t e m p e r a t u r e s  i n  

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

i n  t h e  p i n s  i n  t h e  upper  p o r t i o n s .  F i g u r e  2 i s  a  p l o t  o f  t h e  

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

examined. I n  t h e  c o n t r o l  p i n  t h e  t o p  c o r r e s p o n d s  t o  t h e  t o p  

of  t h e  c a s t i n g  b u t  no r e c o r d  was k e p t  on t h e  o t h e r  p i n s  t h a t  

can  p o s i t i v e l y  r e l a t e  t h e  t o p  of  i r r a d i a t e d  p i n s  t o  t h e  t o p  

of  t h e  c a s t i n g .  Thus,  t h e r e  i s  some u n c e r t a i n t y  i n  i n t e r p r e t -  

i n g  t h e  s w e l l i n g  d a t a .  N e v e r t h e l e s s  i t  i s  s i g n i f i c a n t  t h a t  t h e  

v a l u e s  a r e  s m a l l  and canno t  accoun t  f o r  t h e  obse rved  d i a m e t e r  

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

w i t h  t h o s e  p i n s  t h a t  became s h o r t e n e d .  These d i a m e t e r  i n c r e a s e s  

w i t h  t h e  a t t e n d a n t  s h o r t e n i n g  can  o n l y  be  e x p l a i n e d  by i r r a -  

d i a t i o n  growth  due t o  t e x t u r i n g  of  t h e  a l p h a  uranium. 
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FIGURE 2 .  D e n s i t y  V a r i a t i o n s  A l o n g  L e n g t h  o f  ~ h i r r a d i a t e d  
C o n t r o Z  P i n ,  E l e m e n t  1 9 4 7 ,  B a t c h  1 1 2  



The l a c k  of e x a g g e r a t e d  s w e l l i n g  i s  s u b s t a n t i a t e d  by t h e  

l i m i t e d  amount o f  p o r o s i t y  obse rved  by e l e c t r o n  mic roscopy .  

F i g u r e  3 shows a  shadowed, n e g a t i v e  r e p l i c a  p r e p a r e d  from a  

p o l i s h e d  and e t c h e d  s e c t i o n  from t h e  bot tom of  p i n  No. 3.  

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

measurements .  

The s t r u c t u r e s  p r e s e n t  i n  t h e  t o p  and bot tom o f  t h e  c o n t r o l  

p i n  a r e  shown i n  F i g u r e s  4 a  and b .  The g r a i n s  a r e  s i g n i f i -  

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

t i o n  i s  e v i d e n t .  I r r a d i a t i o n  t e n d s  t o  e r a s e  t h i s  o r i g i n a l  

s t r u c t u r e  and i t  i s  e x t r e m e l y  d i f f i c u l t  t o  r e f l e c t  t h e  

o r i g i n a l  g r a i n  s i z e  i n  t h e  i r r a d i a t e d  samples .  F i g u r e s  5a and 

b  show t h e  a s - p o l i s h e d  c o n d i t i o n  of  t h e  t o p  and bot tom of  

p i n  No. 3.  Chromic a c i d  was added t o  t h e  f i n a l  p o l i s h i n g  wheel  

t o  p roduce  t h e  s t a i n i n g  e f f e c t  which we b e l i e v e  r e f l e c t s  t h e  

o r i g i n a l  g r a i n  s i z e .  On t h i s  b a s i s  i t  would appea r  t h a t  t h e  

t o p  of  p i n  No. 3 does  c o r r e s p o n d  t o  t h e  t o p  of t h e  c a s t i n g .  

The e t c h e d  s t r u c t u r e  a t  t h e  bot tom of  p i n  No. 3 i s  d e p i c t e d  i n  

F i g u r e  6 .  Note t h a t  g r a i n  b o u n d a r i e s  a r e  n o t  e v i d e n t .  Most o f  

t h e  second phase  m a t e r i a l  p r e s e n t  i s  b e l i e v e d  t o  b e  i m p u r i t y  

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

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

z i r con ium.  A p o s s i b l e  s o u r c e  c o u l d  b e  t h e  z i r c o n a t e  wash u s e d  

on t h e  g r a p h i t e  molds t h a t  a r e  employed by t h e  m a n u f a c t u r e r  

d u r i n g  t h e  m e l t i n g  o p e r a t i o n .  No c o n c l u s i o n s  a r e  p o s s i b l e  

a t  t h i s  t ime  r e g a r d i n g  t h e  i n f l u e n c e  of  t h e s e  i n c l u s i o n s  on 

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

The o p t i c a l  m e t a l l o g r a p h y  i s  comple ted  on t o p  and bot tom 

s e c t i o n s  o f  t h e  f o u r  p i n s ,  and e l e c t r o n  microscopy i s  i n  

p r o c e s s .  Scanning  e l e c t r o n  microscopy on f r a c t u r e  s u r f a c e s  i s  

b e i n g  conduc ted  and s e l e c t e d  specimens from each  p i n  a r e  b e i n g  

s t u d i e d  w i t h  t h e  s h i e l d e d  e l e c t r o n  mic roprobe .  X-ray  d i f f r a c -  

t i o n  p a t t e r n s  o b t a i n e d  on t o p  and bot tom s e c t i o n s  a r e  now 
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F I G U R E  3 .  Bo t tom o f  an  E B R - 1 1  D r i v e r  F u e l  P i n  No.3 T h a t  Became 
S h o r t e n e d  During I r r a d i a t i o n  t o  0 . 6  a t .  % B .  U .  Shadowed, 
N e g a t i v e  R e p l i c a  



Neg E-9340 a .  Top 750X 

Neg E-9352 b .  Bo t tom 750X 

FIGURE 4 .  Top and Bot tom S t r u c t u r e  o f  an EBR-11 N o n i r r a d i a t e d  
D r i v e r  Fue l  P i n .  ( E t c h e d  by i o n  bombardment . )  



Neg E-9323 a .  T o p  250X 

Neg E-9326 b .  B o t t o m  250X 

FIGURE 5 .  T o p  and  B o t t o m  o f  EBR- I I  D r i v e r  F u e l  P i n  ( N o .  3 )  
T h a t  Became S h o r t e n e d  D u r i n g  I r r a d i a t i o n  t o  
0 .  6 a t . %  B.U. A s  P o l i s h e d  
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FIGURE 6. EBR-11 Driver Fuel Irradiated to 0.6 at.% B.U. 
(Etched by ion bombardment) 



be ing  a n a l y z e d .  An i r r a d i a t e d  p i n  t h a t  i s  b e l i e v e d  t o  have 

i n c r e a s e d  i n  d i a m e t e r  i n  t h e  upper  p o r t i o n  and an  ANL c o l d  

l i n e  p i n  were r e c e n t l y  r e c e i v e d  a t  P N L .  These w i l l  b e  examined 

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