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This ,  s t a t i s t i c a l  a n a l y s i s  e x a m i n e s  volume i n c r e a s e  d a t a  from PTA-04O 
The p u r p o s e  of  t h i s  a n a l y s i s  i s  t o  compare  f o u r  1 . 2 5  e n r i c h e d  u r a n i -  
um c o r e  alloys ( S t a n d a r d ,  B r i t i s h ,  High S i l i c o n ,  a n d  M o d i f i e d  B r i t i s h ) ,  
two h e a t  t r e a t m e n t s  ( I n d u c t i o n  a n d  S a l t  B a t h )  , a n d  t h e  a l l o y - t r e a t m e n t  
i n t e r a c t i o n .  The f o u r  c o r e  a l l o y s  were e a c h  p r o c e s s e d  u s i n g  t h e  two 
t r e a t m e n t s  a n d  t h e n  canned  as 5 .540"  A l S i  f u e l  e l e m e n t s J  T e s t  p i e c e s  
were c h a r g e d  i n  1 6  t u b e s  w i t h  40 p i e c e s  p e r  t u b e ,  The e i g h t  f u e l  t y p e s  
( 4  a l l o y s  x 2 t r e a t m e n t s )  were a r r a n g e d  i n  a s e r i e s  o f  L a t i n  s u a r e s  
i n  t h e  t e s t  t u b e s  t o  e l i m i n a t e  t h e  e f f e c t  of p o s i t i o n  and  t u b e .  71 ) 

.Anal y s i s 

A c o m p a r i s o n  of volume i n c r e a s e  was deemed w o r t h w h i l e  a f t e r  a n a l y z i n g  
PTA-040 w i t h  r e g a r d  to f u e l  e1emeq.t d i s t o r t i o n .  ( * )  
i n  t h e  p r e s e n t  a n a l y s i s  were c a l c u l a t e d  by". D ,  Huber  u s i n g  O D  a n d  
I D  measurements t a k e n  a t  C-Basin w i t h  c o n s i d e r a t i o n  f o r  c a n  w a l l  cor- 
r o s i o n  and  g e o m e t r i c  d i s t o r t i o n .  T h e s e  volume i n c r e a s e  c a l c u l a t i o n s  
were n o t  c o m p l e t e l y  s u b s t a n t i a t e d ,  s i n c e  a t h o r o u g h  c h e c k  w i t h  water 
d i s p l a c e m e n t  m e a s u r e m e n t s  a t  t h e  R a d i o m e t a l l u r g i c a l  L a b o r a t o r y  was 
n o t  p o s s i b l - e ,  D e s p i t e  t h i s  f a c t ,  t h e  p r e s e n t  a n a l y s i s -  was c o n t i n u e d  
s i n c e  a good c o r r e l a t i o n  b e t w e e n  t h e  volume i n c r e a s e  c a l c u l a t i o n s -  a n d  
e l e m e n t  e x p o s u r e  * was o b s e r v e d  . 
Volume i n c r e a s e  V S a  element e x p o s u r e  i s  p l o t t e d  i n  F i g u r e s  1-'5 f o r  
t h e  f o u r  a l l o y s , .  Due t o  i a sed  i n  p r o f i l o m e t e r  r e a d i n g s  a't - * 

C-Bas in ,  as  m e n t i o n e d  i n  f2P, t u b e s  39 ,  4 0 ,  4 9 ,  a n d  51 a r e  e x c l u d e d  
from t h e  i l l u s t r a t i o n s ,  The r e g r e s s i o n  c u r v e s  a re  q u a d r a t i c  f i t s  a s  
c a l c u l a t e d  b y  t h e  George  program;:  and t h e  b a n d s  a r e  95% c o n f i ' d e n c e  
i n t e r v a l s  on t h e  meansI  T h e  e l e m e n t  x ' o s u r e s  were c a l c u 1 a t e . d  from 
t h e  f i t t e d  f l u x ,  r e v i s e d  a c c o r d i n g  t o f 3 q .  
p o i n t s  f o r  a l l  f o u r  a l l o y s  c a n  be e x t r a p o l a t e d  b a c k  t o  0% volume i n -  
c rease  a t  0 e x p o s u r e ,  i n d i c a t i n g  f u r t h e r  r e l i a b i l i t y  of t h e  data. ,  

* T h i s  a n a l y s i s  i s  b a s e d  o n  e l e m e n t  e x p o s u r e  w h i c h  i s  p a r t l y  a 

Volume increases  

L i n e a r l y ,  t h e  p l o t t e d  

f u n c t i o n  of p o s i t i o n  i n  the p r o c e s s  t u b e  and is  t h e r e f o r e  re- 
l a t e d  t o  u r a n i u m  t e m p e r a t u r e .  - 
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L o  HP Rice - 2 -  Sep tember  5 ,  1 9 6 7  

The c u r v e s  fol-ow a n  a l m o s t  l i n e a r  r e g r e s s i o n  t u r n i n g  up s l i g h t l y  a t  
e x p o s u r e s  g r e a t e ' r  t h a n  2 0 0 0 .  Below a n  e x p o s u r e  of 1 6 0 0  t h e ,  d a t a  
i n d i c a t e  v e r y  l i t t l e  d i f f e r e n c e  i n  volume i n c r e a s e  among t h e  alloyso 
A t  h i g h e r  e x p o s u r e s  t h e  S t a n d a r d  a l l o y  a p p e a r s  t o  e x h i b i t  a s i g n i f i -  
c a n t l y  h i g h e r  volume i n c r e a s e o  The  o t h e r  a l l o y s  seem t o  have  a p p r o x i -  
m a t e l y  t h e  same amount of s w e l l i n g ,  t h o u g h  t h e - B r i t i s h .  a l l o y  s w e l l i n g  
i s  somewhat g r e a t e r  i n  t h e  b i a s e d  t u b e s ,  No s i g n i f i c a n t  d i f f e r e n c e  
i s  a p p a r e n t  b e t w e e n  h e a t  t r e a t m e n t s  f o r  a n y  of $he f o u r  a l l o v s ,  t h o u g h  
s w e l l i n g  i s  s l i g h t l y  g r e a t e , r  for t h e  i n d u c t i o n  . h e a t  t r e a t e d  p i e c e s o  

S i n c e  p r i m a r y  c o n c e r n  i n  t h i s  t e s t  was volume inc rease  a t  h i g h  ex- 
p o s u r e ,  a s p e c i a l  a n a l y s i s  of h i g h  e x p o s u r e  p i e c e s  was maded The 
c e n t e r  s i x  L a t i n  s q u a r e s  i n  t h e  t e s t  d e s i g n ,  c o n t a i n i n g  p i e c e s  f r o m  
p o s i t i o n s  9 t h r o u g h  32 i n  t h e  t u b e s ,  were cons i -de red ,  S i x t e e n  volume 
i n c r e a s e  v a l u e s  a r e  s u b s t i t u t e d  i n t o  t h e  c r i t i c a l  r e g i o n  d a t a  for an 
a n a l y s i s  o f  v a r i a n c e o  Two o u t l i e r  v a l u e s  a r e  e l i m i n a t e d ,  e igh . t  n e g a t i v e  
volume i n c r e a s e  c a l c u l a t i o n s  a r e  d i s c a r d e d ,  and  s i x  v a l u e s  a r e  i n s e r t e d  
where  no volume i n c r e a s e  c a l c u l a t i o n s  were made, The above  e r r o r s  c a n  
be a t r r f b u t e d ,  in most  o f  t h e  c a s e s ,  t o  poor I D  and  O D  measu remen t s  a t  
C-Bas in ,  S u b s t i t u t e d  v a l u e s  a r e  d e t e r m i n e d  from t h e  m i s s i n g  v a l u e  
e q u a t i o n  f o r  L a t i n  s q u a r e s  a s  o u t l i n e d  i n  ( 4 ) ~  
t h e  a b o v e  c r i t i c a l  p o s i t i o n s  a r e  i l l u s t r a t e d  i n  F i g u r e  6 ,  

Elemen t  e x p o s u r e s  a t  

T a b l e  I g i v e s  t h e  c r i t i c a l  r e g i o n  mean volume i n c r e a s e  v a l u e s  for e a c h  
alloy, e a c h  h e a t  t r e a t m e n t ,  and e a c h  f u e l  t y p e o  To d e t e r m i n e  if t h e  
d i f f e r e n c e s  i n  T a b l e  I a r e  s i  n i f i c a n t ,  t h e  Duncan M u l t i p l e  Range T e s t  
i s  a p p l i e d  as  e x p l a i n e d  i n  ( 5 9 .  The f o u r  a l l o y s  a r e  r a n k e d  h i g h e s t  t o  
lowest a c c o r d i n g  t o  volume i n c r e a s e o  S i x  c o m p a r i s o n s  on the d i f f e r e n c e s  
a r e  made; h i g h e s t  t o  lowes t  ( i o e o  S t a n d a r d  t o  High S i l i c o n ) ,  h i g h e s t  t o  
s e c o n d  l o w e s t ,  h i g h e s t  t o  s e c o n d  h i g h e s t ,  s e c o n d  h i g h e s t  t o  l o w e s t ,  
s e c o n d  h i g h e s t  t o  s e c o n d  l o w e s t ,  a n d  s e c o n d  l o w e s t  t o  lowest, The p r o -  
c e d u r e  i s  r e p e a t e d  f o r  t r e a t m e n t s .  

R e s u l t s  

The volume i n c r e a s e  d i f f e r e n c e s  b e t w e e n  t h e  S t a n d a r d  a l l o y  a n a  B r i t i s h  
a l l o y ,  t h e  S t a n d a r d  a l l o y  a n d  t h e  M o d i f i e d  B r i t i s h  alloy, a n d  t h e  
S t a n d a r d  a l l o y  a n d  t h e  High  S i l i c o n  alloy a r e  all s i g n i f i c a n t  a t  t h e  ' 

.01 l e v e l .  The o t h e r  d i f f e r e n c e s  among t h e  a l l o y s  are not s i g n i f i c a n t ,  
Compar ing  t h e  h e a t  t r e a t m e n t  e f f e c t  i n  e a c h  a l l o y ,  t h e  d i f f e r e n c e  be- 
tweeti I n d u c t i o n  a n d  S a l t  B a t h  is n o t  s i g n i f i c a n t ,  

The a b o v e  Duncan M u l t i p l e  Range T e s t  o n  Means A f t e r  E x p e r i m e n t a t i o n  
i s  i l l u s t r a t e d  i n  Table  11, 

RC S t e i n / s r h  

A t  t a c  hme n t s  
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TABLE I 

A l l o y  

S t a n d a r d  2.39 
B r i t i s h  1 . 8 8  

High S i l i c o n  lo70 
M o d i f i e d  B r i t i s h  1 . 8 1  

Heat Treatment . 
I n d u c t i o n  
Salt 

Fuel Type 

2.02 
1.87 

Standard  - I n d u c t i o n  
S tandard  - S a l t  
B r i t i s h  - I n d u c t i o n  
British - S a l t  
M o d i f i e d  B r i t i s h  - I n d u c t i o n  
Modi f i ed  B r i t i s h  - S a l t  
High S i l i c o n  - I n d u c t i o n  
High S i l i c o n  - S a l t  

2043 
2.34 
1.99 
1,77 
1091 
1.71 
1.73 
1.67 
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TABLE I1 

DUNCAN MULTIPLE RANGE TEST 

DUN-3053 

e r r o r  mean s q u a r e  
no. o f  o b s e r v a t i o n s  

S t a n d a r d  e r r o r  = I 

Where e r r o r  mean s q u a r e  i s  t h e  r e s i d u a l  mean s i u a r e  c a l c u l a t e d  by 
a n a l y s i s  of v a r i a n c e  

p = n o ,  o f  means i n c l u d e d  i n  t h e  r a n g e  

Range ( E )  = v a l u e  r e a d  from S i g n i f i c a n t  S t u d e n t i z e d  Ranges Tables  
for m d e g r e s s  o f  f r e e d o m  a t  , O S  significance level? 

LSR = least s i g n i f i c a n t  r a n g e s  c a l c u l a t e d  by m u l t i p l y i n g  t h e  
s t a n d a r d  error by Range (3) ( i f  d i f f e r e n c e  i s  &ea te r  t h a n  
LSR it is s i g n i f i c a n t  for t h a t  r a n g e )  

A l l o y  D i f f e r e n c e s  
High S i i i c o n  Mod, British British 

(~~1 6 7 0 1 (l,Sl> (1,881 
S t a n d a r d  ( 2  39 ) ;69* . 5 0 a  , 5 7 *  
B r i t i s h  (1,881 e18 307 
M o d i f i e d  B r i t i s h  (1 .81 )  .11 

P .= 2 3 4 
Range (E) = 2,77 2,92 3.02 

S t a n d a r d  error = .0653 
,191 .197 - -  - -  LSR = .181 - - 

Heat T r e a t m e n t  D i f f e r e n c e s  

High S i l i c o n  ' S t a n d a r d  Mod. B r i t i s h  

B r i t i s h  ( , 2 2 )  
M o d i f i e d  B r i t i s h  ( . 2 0 )  a14 
S t a n d a r d  ( 09 ) D 03 

5 11 

p = 2  3 4 
Range (E) = 2,77 2,92 3,02 

S t a n d a r d  e r r6 r  = , 1 3 1 0  
LSR = ,363 ,383 e396 --- - - - -  - 

* S i g n i f i c a n t  d i f f e r e n c e  
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