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M E A S U R E M E N T O F W A T E R - C H A N N E L GAPS 
IN E B W R C O R E - I F U E L E L E M E N T S 

by 

C. F . Reinke and W. N. Beck 

A B S T R A C T 

An e d d y - c u r r e n t t echn ique was deve loped for m e a s ­
u r i n g w a t e r - c h a n n e l gaps on EBWR C o r e - 1 fuel e l e m e n t s 
u n d e r w a t e r in the E B W R r e a c t o r v e s s e l . Ac tua l m e a s u r e ­
m e n t s w e r e m a d e with a modi f ied c o m m e r c i a l e d d y - c u r r e n t 
d e t e c t i o n dev i ce be fo re and a f te r 100-Mw o p e r a t i o n of the 
E B W R . Befo re h i g h - p o w e r o p e r a t i o n , the channe l s r a n g e d 
fronn about 8.4 m m (0.330 in.) to g r e a t e r than the r e f e r e n c e 
va lue of 11.1 m m (0 .438 in . ) . Af ter 100-Mw o p e r a t i o n , the 
m i n i m u m w a t e r gap was found to be about 10.2 m m (0.400 in . ) . 
The da t a i nd i ca t e tha t swe l l ing (if any o c c u r r e d ) was neg l ig ib le 
and nnasked by a l o s s of oxide f r o m the fue l -p l a t e s u r f a c e s . 

INTRODUCTION 
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The EBWR is a c o m p l e t e , d i r e c t - c y c l e - l o a d i n g , r e a c t o r power 
plant.(-^^ C o r e - I was fueled with p l a t e s of U - 5 w / o Z r - 1 . 5 w / o Nb al loy 

j a c k e t e d with Z i r c a l o y - 2 . The fuel 
e l e m e n t s (shown in F i g u r e 1) a r e 
r e c t a n g u l a r , box - l i ke s t r u c t u r e s 
200 c m (77.625 in.) long and 9.5 c m 
(3.75 in.) s q u a r e . E a c h a s s e m b l y 
con ta in s s ix p l a t e s , 140 c m (54 in.) 
long, 9.2 c m (3.625 in.) wide , and 
e i t h e r 5.4 m m (0.212 in.) o r 7.1 m m 
(0.280 in.) th ick . The p l a t e s , s e p a -

> r a t e d by n o m i n a l w a t e r channe l s of 
11.1 m m (0.438 in.) or 9.4 m m 
(0.370 in . ) , a r e held in p lace by 
p e r f o r a t e d s ide p l a t e s . 

The condi t ion of the C o r e - I 
fuel e l e m e n t s in the EBWR af ter 
o p e r a t i o n to a p p r o x i m a t e l y 0.4 a / o 
b u r n u p and be fo re modi f i ca t ion of the 
r e a c t o r for 100-Mw o p e r a t i o n has 
b e e n determined.v*^^ As p a r t of the 
p r o g r a m to d e t e r m i n e the condi t ion 
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F i g u r e 1. E B W R C o r e - I F u e l 
E lennent 



of the fuel e l e m e n t s , a n n e a l i n g s t u d i e s w e r e conduc t ed of s e c t i o n s of i r ­
r a d i a t e d E B W R fuel p l a t e s . The da ta f r o m t h e s e s t u d i e s i n d i c a t e d tha t a t 
the 0.4 a / o b u r n - u p l e v e l , s i gn i f i can t v o l u m e i n c r e a s e s r e s u l t e d wi th in 
45 h o u r s at 600°C. 

I n f o r m a t i o n on the n a t u r e and ex t en t of s c a l e d e p o s i t s on the fue l -
p l a t e s u r f a c e s a l s o h a s b e e n o b t a i n e d . ( 2 , 3) An eva l ua t i on of the X - r a y 
d i f f r ac t i on and w e t - c h e m i c a l a n a l y s e s i n d i c a t e s tha t the s c a l e w a s p r i ­
m a r i l y b o e h m i t e (AI2O3-H2O). The t h e r m a l conduc t iv i ty of the s c a l e h a s 
b e e n m e a s u r e d as 0 .0076 ± 0.0016 w a t t s / c m - ° C . ( 3 ) C a l c u l a t i o n s of the 
m a x i m u m f u e l - p l a t e t e m p e r a t u r e s d u r i n g 100-Mw o p e r a t i o n v a r i e d . 
Some c a l c u l a t i o n s i n d i c a t e d t h e s e t e m p e r a t u r e s to be 600°C or a b o v e , w ) 
depend ing on the t h i c k n e s s and cond i t i on of the b o e h m i t e s c a l e d e p o s i t s . 
The effect of the s c a l e on the f u e l - p l a t e t e m p e r a t u r e s , when c o n s i d e r e d 
in con junc t ion with the f u e l - s w e l l i n g da t a , i n d i c a t e d a condi t ion of p o s s i b l e 
diff icul ty d u r i n g 100-Mw o p e r a t i o n of the EBWR. 

It w a s e x p e c t e d t h a t f u e l - e l e m e n t d i f f i cu l t i e s , should they o c c u r , 
would m a n i f e s t t h e m s e l v e s p r i m a r i l y by d e c r e a s i n g the w a t e r channe l b e ­
tween fuel p l a t e s . It w a s thus thought a d v i s a b l e to d e v e l o p a s i m p l e and 
r a p i d p r o c e d u r e for d e t e c t i n g any change in w a t e r - c h a n n e l t h i c k n e s s in 
the fuel e l e m e n t s . B e c a u s e of the e x p e n s e and t i m e involved in e x a m i n i n g 
a fuel e l e m e n t in a ho t c e l l , i t w a s d e c i d e d tha t any e x a m i n a t i o n should be 
pe r fo rnaed in the r e a c t o r t ank . T h u s , a p r o b e was d e s i r e d tha t could be 
indexed o v e r , and d r i v e n in to , the c h a n n e l to be m e a s u r e d . The s igna l 
f r o m the p r o b e as i t t r a v e r s e d a c h a n n e l was to be con t inuous ly r e c o r d e d . 
R e l a t i v e v a r i a t i o n s a long e a c h c h a n n e l would be imnned ia te ly a p p a r e n t , and 
a c t u a l w a t e r - c h a n n e l s p a c i n g s could be ob ta ined by c o m p a r i n g the c h a r t 
v a l u e s wi th a known s t a n d a r d . The m e a s u r e m e n t s w e r e to be t aken be fo re 
100-Mw o p e r a t i o n , and then p e r i o d i c a l l y t h r o u g h o u t the r e m a i n d e r of 
C o r e - I A life a s n e c e s s a r y . 

D E S C R I P T I O N O F E Q U I P M E N T 

The d e s i g n c o n s i d e r a t i o n s in p e r f o r m i n g the c h a n n e l - g a p i n s p e c t i o n 
of the E B W R fuel e l e m e n t s w e r e c e n t e r e d a r o u n d the a c c e s s i b i l i t y of the 
c h a n n e l s to be m e a s u r e d and the d e s i r e d a c c u r a c y of the m e a s u r e m e n t . 
F i g u r e 2 shows the fuel e l e m e n t s in p o s i t i o n in the c o r e , a s v i ewed f r o m 
the top of the r e a c t o r v e s s e l . An i r r a d i a t e d fuel e l e m e n t could be w i th ­
d r a w n f r o m the r e a c t o r c o r e to wi th in 150 c m (60 in.) of the s u r f a c e of 
the w a t e r . The w a t e r l e v e l could be r a i s e d to wi th in 140 c m (54 in.) of the 
top of the c e n t e r i n g r i n g . T h e p o r t i o n of the fuel e l e m e n t wh ich w a s to be 
i n s p e c t e d m e a s u r e d 140 c m (54 in.) in l eng th . Th i s m e a n t tha t a r e m o t e l y 
o p e r a t e d p r o b e would have to be h a n d l e d a t a m a x i m u m d i s t a n c e of 4 .3 m e ­
t e r s (14 f t . ) . A w a t e r - c h a n n e l gap which had b e e n r e d u c e d to n e a r 7.6 m m 
(0.300 in.) w a s c o n s i d e r e d c r i t i c a l , and an a c c u r a c y of ±0 .02 m m (±0 .001 in.) 



w a s d e s i r e d wi th in the r a n g e of 7.6 to 8.1 m m (0.300 to 0.320 in . ) . The 
t o l e r a n c e for the r a n g e 8.1 to 10.7 nam (0.320 to 0.420 in.) could be g r e a t e r . 
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F i g u r e 2. E B W R C o r e - 1 F u e l E l e m e n t s in P o s i t i o n in 
C o r e , a s Viewed f r o m Top of R e a c t o r V e s s e l 

V a r i o u s t e c h n i q u e s p e r h a p s a p p l i c a b l e to the i n s p e c t i o n w e r e : 

1. U l t r a s o n i c pu l s e echo 

2. S u r f a c e - c o n t a c t i n g m e a s u r i n g d e v i c e s 
a. Manua l l y o p e r a t e d e x t e n s i o n m i c r o m e t e r 
b . H y d r o s t a t i c a l l y o p e r a t e d be l lows l o c a t e d within channel 
c. G o - n o - g o gauges 

3. E d d y - c u r r e n t t e c h n i q u e s 

4. C a p a c i t a n c e p la te p r o b e 

5. S t r a i n - g a u g e p r o b e 



T h e p e r n a i s s i b l e p r o b e t h i c k n e s s , a s we l l a s the c a l c u l a t e d a c ­
c u r a c y , e l i m i n a t e d s o m e t e c h n i q u e s . The env i ronnaen ta l cond i t ions and 
a p r o v i s i o n tha t a con t inuous f u l l - l e n g t h s c a n of the channe l be m a d e 
p r e c l u d e d the u s e of o t h e r s . The naethod which a p p e a r e d f ea s ib l e was 
an e d d y - c u r r e n t t e c h n i q u e u s i n g a snaal l coi l inabedded in a w a t e r p r o o f 
h o u s i n g . 

F o r th i s a p p l i c a t i o n , a c o m m e r c i a l i n s t r u m e n t was p r o c u r e d and 
mod i f i ed to o p e r a t e wi th a co i l hav ing 6 .1 -nae t e r (20-f t . ) e x t e n s i o n l e a d s . 
The co i l , wh ich w a s 3.2 m m (0 .125 in.) in d i a m e t e r , f o r m e d one leg of an 
LR b r i d g e , and could be s e l e c t i v e l y o s c i l l a t e d b e t w e e n the f r e q u e n c i e s of 
55 and 170 k i l o c y c l e s . The p r i n c i p l e of o p e r a t i o n was the change in the 
i m p e d a n c e of the co i l in the p r e s e n c e of a c o n d u c t o r , which affected the 
b a l a n c e of the b r i d g e c i r c u i t . T h i s , in t u r n , c a u s e d a change of c u r r e n t 
flow in the c i r c u i t , wh ich w a s d e t e c t e d by a m e t e r and a s t r i p c h a r t r e ­
c o r d e r . The i n i t i a l e v a l u a t i o n of the t e s t m e t h o d was p e r f o r m e d on 
v a r i a b l e - s p a c i n g c h a n n e l gaps a s s e m b l e d f rom u n i r r a d i a t e d s e c t i o n s of 
E B W R fuel p l a t e s . The co i l w a s affixed to one p la te s u r f a c e , and the ef­
fec t of the p l a t e spac ing in r e l a t i o n to o s c i l l a t o r f r equency was m e a s u r e d . 
T h e s e t e s t s w e r e m a d e in a i r a s we l l a s u n d e r w a t e r . 

The c h a r a c t e r i s t i c s of a co i l in th i s a p p l i c a t i o n a r e such tha t the 
i m p e d a n c e wi l l v a r y wi th c h a n g e s in e n v i r o n m e n t a l t e m p e r a t u r e . The 
b u l k - w a t e r t e m p e r a t u r e wi th in the r e a c t o r v e s s e l was known to be r e l a ­
t ive ly u n i f o r m , but ganama h e a t f r o m an i r r a d i a t e d fuel e l e m e n t could 
p r o d u c e a t e m p e r a t u r e g r a d i e n t w h i c h would v a r y o v e r the length of the 
c h a n n e l . A s h e a t h e d t h e r m o c o u p l e a t t a c h e d to an e x t e n s i o n rod and a 
p o t e n t i o m e t e r p e r m i t t e d r e m o t e m e a s u r e m e n t s of c h a n n e l - g a p t e m p e r a ­
t u r e s . A c a l i b r a t i o n c u r v e w a s m a d e of the p r o b e t e m p e r a t u r e in r e l a t i o n 
to the p e r c e n t a g e e r r o r of the n a e a s u r e m e n t . 

The swe l l i ng o r bowing of the p a r t i c u l a r fuel p l a t e s was e x p e c t e d 
to be a c c e n t u a t e d in the m i d d l e of a c h a n n e l . The s e n s i n g co i l w a s t h e r e ­
fo re c e n t r a l l y l o c a t e d in a 6 , 4 - n a m - t h i c k M i c a r t a b lock of suff ic ient width 
to guide a g a i n s t the s ide p l a t e s of the fuel e l e m e n t . (The p r o b e i s shown 
in F i g u r e 3.) Two leaf s p r i n g s f o r c e d the p r o b e a g a i n s t one s ide on the 
c h a n n e l . The m e a s u r e m e n t w a s , in e s s e n c e , the w a t e r gap s e p a r a t i n g the 
s e n s i n g co i l f r o m the o p p o s i t e p l a t e . The l ead ing and t r a i l i n g edges of the 
p r o b e w e r e t a p e r e d to o v e r r i d e u n d u l a t i o n s or s c a l e f o r m a t i o n on the p l a t e . 
A f e r r i t e d i s c 0.5 m m (0.020 in.) th ick , w a s u s e d to i s o l a t e the co i l f r o m 
the p la te c o n t a c t i n g the p r o b e s u r f a c e . Th i s d i s c s e r v e d a s a m a g n e t i c 
flux guide and min ina i zed the l i f t -off ef fect if the p r o b e s t r a d d l e d s c a l e 
f o r m a t i o n s . 
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F i g u r e 3. 

1.5X 

View of P r o b e H o l d e r , Showing Spacer Springs , 
Guide R o d s , and Sens ing P r o b e 

The p r o b e was d r i v e n v e r t i c a l l y into the channe l s by two guide r o d s 
a t t a c h e d to a m o t o r - d r i v e n s c a n n e r . The s c a n n e r (shown in F i g u r e 4) was 
d e s i g n e d to be m o u n t e d ove r a hole in the r e a c t o r indexing sh ie ld plug, a s 
shown in F i g u r e 5. The t w o - d i r e c t i o n a l mo t ion was a c c o m p l i s h e d by a 
cha in d r i v e o p e r a t i n g a yoke a s s e m b l y on two guide b a r s . The yoke was 
the a t t a c h m e n t for the p r o b e e x t e n s i o n r o d s . Pos i t i on i ng of two l i m i t 
s w i t c h e s g o v e r n e d the l eng th of t r a v e l and was p r e s e t to inc lude the fueled 
p o r t i o n of the p l a t e s which a p p r o x i n a a t e s 130 cna (51 in . ) . The s c a n n e r 
was f a s t e n e d to a s l ide b a s e p la t e and could be indexed h o r i z o n t a l l y ove r 
the d e s i r e d c h a n n e l to be p r o b e d . 

To ver i fy the p e r f o r m a n c e of the t e s t a p p a r a t u s , a f u l l - s c a l e u n i r ­
r a d i a t e d fuel e l e m e n t w a s i n s p e c t e d . The fuel e l e m e n t was i m m e r s e d in 
w a t e r , and the c h a n n e l s w e r e s c a n n e d unde r cond i t ions of v a r i a b l e p r o b e -
d r i v i n g s p e e d s , w a t e r t e m p e r a t u r e s , and p r o b e - s p r i n g p r e s s u r e s . The 
r e c o r d e d channe l gaps w e r e v e r i f i e d by us ing i n s ide m i c r o m e t e r s in ­
s e r t e d in the web open ings of the e lenaent s ide p l a t e s . The scanning r a t e 
d e t e r m i n e d to be m o s t su i t ab l e for the equipnaent was 2.5 c m (1 in.) pe r 
s econd . The c h a r t speed s e l e c t e d was 1.3 c m (0.5 in.) p e r second . R e ­
p r o d u c i b i l i t y of the r e c o r d i n g s w a s wi th in 2.5% when r e p e a t e d s c a n s w e r e 
m a d e of the s a m e c h a n n e l a t d i f f e ren t t i m e s . The e l e c t r o n i c equ ipmen t 
was o p e r a t e d v/ith a s t a b i l i z e d power supply . Drif t was only a m i n o r 
p r o b l e m a s the c i r c u i t m a i n t a i n e d c a l i b r a t i o n for p e r i o d s in e x c e s s of 
four h o u r s . A dunamy s t a n d a r d p r o b e was coupled to the c i r c u i t , and by 
p e r i o d i c a l l y swi tch ing to th is p robe the c a l i b r a t i o n could be a s c e r t a i n e d . 

I n s p e c t i o n of the f u l l - s i z e e lenaent and g r a d u a t e d m o c k - u p channe l 
gaps enab led the l i m i t s of conf idence in the n a e a s u r e d v a l u e s to be e s t a b ­
l i shed . The p robe was d e s i g n e d to p r o v i d e m a x i m u m a c c u r a c y within 



w a t e r c h a n n e l s of a p p r o x i n a a t e l y 7 . 6 m n a ( 0 . 2 9 9 i n . ) . W i t h ­
in t h e r a n g e of 7 . 3 t o 8.1 n a m ( 0 . 2 9 0 to 0. 320 i n . ) , t h e a c c u ­
r a c y w a s w i t h i n ± 0 . 0 2 m m ( 0 . 0 0 1 i n . ) . F r o n a 8.1 t o 9 .4 nana 
( 0 . 3 2 0 t o O . 3 7 0 i n . ) , t h e e r r o r w a s ± 0 . 1 m m ( 0 . 0 0 5 i n ) ; a n d 
f r o m 9 .4 to 1 1.4 m m ( 0 . 3 7 0 to 0 . 4 5 0 i n . ) , i t w a s ± 0 . 6 m m 
( 0 . 0 2 5 i n . ) . A s e r i e s of t e n c a l i b r a t i o n r u n s w i t h w a t e r 
t e m p e r a t u r e s b e t w e e n 18 a n d 25°C i n d i c a t e d t h a t w i t h i n 
t h a t t e n a p e r a t u r e r a n g e t h e r e s p o n s e of t h e p r o b e w a s 
c o n s t a n t . 

E X P E R I M E N T A L P R O C E D U R E 

W h e n p e r f o r m i n g t h e m e a s u r e m e n t s i n t h e r e ­
a c t o r , a n e l e m e n t w a s w i t h d r a w n f r o m t h e c o r e a n d 
p l a c e d i n a r a c k a d j a c e n t t o t h e i n t e r i o r w a l l of t h e r e ­
a c t o r v e s s e l . T h e r e s p o n s e of t h e m e a s u r i n g p r o b e 
w a s t e n a p e r a t u r e - d e p e n d e n t ; c o n s e q u e n t l y , t h e t e m p e r a ­
t u r e w i t h i n a c h a n n e l w a s f i r s t m e a s u r e d w i t h a c h r o m e l -
a l u m e l t h e r m o c o u p l e . A s t h e r e w a s n o d e t e c t a b l e g r a d i e n t 
a l o n g a c h a n n e l , t h e p r o b e w a s t h e n c a l i b r a t e d a t t h e 
n a e a s u r e d t e m p e r a t u r e b y m e a n s of a m i c r o m e t e r s t a n d ­
a r d . T h e s t a n d a r d c o n s i s t e d of t w o s e c t i o n s of E B W R 
fue l p l a t e t h a t c o u l d b e a d j u s t e d f o r k n o w n s e p a r a t i o n b e ­
t w e e n t h e p l a t e s . 

A f t e r c a l i b r a t i o n , t h e e q u i p m e n t w a s m o u n t e d on 
t h e i n d e x i n g p l u g a t a p o i n t a b o v e a p o s i t i o n i n g r a c k 
h o l d i n g t h e E B W R fue l e l e m e n t to b e e x a m i n e d . T h e 
p r o b e h o l d e r w a s i n d e x e d o v e r , a n d d r i v e n i n t o , t h e 
c h a n n e l t o be m e a s u r e d . T h e s i g n a l 
f r o m t h e p r o b e , a s i t t r a v e r s e d a c h a n ­
n e l , -was c o n t i n u o u s l y r e c o r d e d . R e ­
c o r d i n g s w e r e m a d e o n l y w h e n t h e p r o b e 
w a s t r a v e l i n g i n a n u p w a r d d i r e c t i o n s o 
t h a t t h e d r i v e r o d s w e r e p u l l i n g t h e 
p r o b e t h r o u g h t h e c h a n n e l . O n t h e f i r s t 
e l e m e n t s , a g o - n o - g o g a u g e w^as i n t r o ­
d u c e d i n t o t h e c h a n n e l t o v e r i f y a m i n ­
i m u m d i m e n s i o n r e c o r d e d b y t h e p r o b e . 
(An i r r a d i a t e d e l e m e n t m o u n t e d i n t h e 
r a c k i s s h o w n in F i g u r e 6.) D u p l i c a t e 
r u n s o n s o m e c h a n n e l s i n d i c a t e d t h a t 

Figure 4 

Channel-measuring Device and Associated Re­
cording Equipment. (A mockup fuel element 
is shown in position relative to the probe.) 

106-5770 



Figure 5 

Scanner Mounted on 

Index Plug of EBWR 

Reactor Vessel 

EI-1092 

EI-1096 

Figure 6. EBWR Core-I Fuel Element Mounted in Submerged Rack Inside 
Reactor Vessel. (Probe can be seen entering channel.) 



r e p r o d u c t i o n of the m e a s u r e m e n t s w a s wi th in 2 .5% on c h a n n e l s having gaps 
of about 10.2 m m . R e l a t i v e v a r i a t i o n s a long e a c h c h a n n e l w e r e i m m e d i a t e l y 
a p p a r e n t , and a c t u a l w a t e r - c h a n n e l s p a c i n g s w e r e ob ta ined by c o m p a r i n g the 
c h a r t v a l u e s wi th v a l u e s o b t a i n e d f r o m the known s t a n d a r d . 

The p r o b e w a s r e c a l i b r a t e d a f t e r e a c h fuel e l e m e n t was s c a n n e d , or 
a f t e r a f o u r - h o u r p e r i o d of o p e r a t i o n . As a t e s t , the p r o b e was p e r m i t t e d to 
r e m a i n wi th in a c h a n n e l for 14 h o u r s . In r e s c a n n i n g th is channe l , it was found 
tha t the m e a s u r e m e n t s cou ld be d u p l i c a t e d . 

R E S U L T S AND DISCUSSION 

T h e a p p l i c a t i o n of an e d d y - c u r r e n t p r o b e t e chn ique to the m e a s u r e ­
m e n t of c h a n n e l g a p s w a s d e m o n s t r a t e d to be s i m p l e and c a p a b l e of m e e t i n g 
the d e s i g n r e q u i r e m e n t s . The d e s i r e d m a x i m u m a c c u r a c y was p r e s e t wi th in 
an a n t i c i p a t e d r a n g e which did not a c t u a l l y fall wi th in c h a n n e l - g a p m e a s u r e ­
m e n t s of the i r r a d i a t e d e l e m e n t s . H o w e v e r , r e l o c a t i o n of the co i l could have 
y i e l d e d a c c u r a c i e s of ±0.025 nana (0 .001 in . ) , wi th in any spec i f i ed 0 . 7 6 - m m 
(0 .030 - in . ) r a n g e . 

The w a t e r - c h a n n e l gaps on E B W R fuel e l e m e n t s E T - 2 , E T - 5 , E T - 1 1 , 
E T - 1 5 , E T - 3 1 , and E T - 4 3 w e r e m e a s u r e d . The ET d e s i g n a t i o n iden t i f i e s 
t h e s e a s s e n a b l i e s a s e n r i c h e d th in e l e m e n t s . The e n r i c h n a e n t was a n o m i n a l 
1.4% U '̂̂ ^. F i g u r e 1 g i v e s the n o m i n a l f u e l - p l a t e and w a t e r - c h a n n e l t h i c k ­
n e s s e s of the e l e m e n t s . T h e s e e l e m e n t s w e r e s e l e c t e d for t e s t i n g b e c a u s e 
they r e p r e s e n t e d the m a x i m u n a b u r n - u p cond i t ion e x i s t i n g w^ithin the c o r e 
b e f o r e 100-Mw o p e r a t i o n and would o p e r a t e at the h i g h e s t t e m p e r a t u r e d u r ­
ing C o r e - I A o p e r a t i o n . At l e a s t one s u c h e l e m e n t w a s s e l e c t e d frona e a c h 
q u a d r a n t of the r e a c t o r . The c h a n n e l m e a s u r e m e n t s a r e t a b u l a t e d in T a b l e s I 
t h r o u g h VII. The v a l u e s w e r e d e t e r m i n e d a t 5 - c m (2 - in . ) i n c r e m e n t s a long 
the c h a n n e l l eng th by c o m p a r i n g the c h a r t v a l u e s for e a c h e l e m e n t wi th v a l ­
ues ob t a ined f r o m the known s t a n d a r d . Be fo re 100-Mw o p e r a t i o n , the c h a n ­
n e l s r a n g e d f r o m 8.4 m m (0 .330 in.) to g r e a t e r than the r e f e r e n c e va lue of 
11.1 m m (0.438 in . ) . T h i s s i z a b l e v a r i a t i o n in c h a n n e l spac ing h a s b e e n o b ­
s e r v e d be fo re . (2 ) It is a t t r i b u t e d to m i s a l i g n m e n t b e t w e e n fuel p l a t e s and 
p e r f o r a t e d s ide p l a t e s d u r i n g we ld ing of the e lenaent . 

Af te r the fuel e l e m e n t s w e r e m e a s u r e d , but b e f o r e o p e r a t i o n of 
C o r e - I A , the i n s i d e of the r e a c t o r v e s s e l was mod i f i ed and i n s t r u m e n t e d 
e x p e r i m e n t s w e r e i n s t a l l e d . T h e s e c h a n g e s m a d e i t i m p r a c t i c a l to r e m o v e 
e l e m e n t s E T - 1 5 , E T - 2 5 , and E T - 4 3 . T h e r e f o r e only fuel e l e m e n t s E T - 2 , 
E T - 5 , E T - 1 1 , and E T - 3 1 could be r e m e a s u r e d a f t e r 100-Mw o p e r a t i o n . The 
m i n i m u m w a t e r g a p on the e l e m e n t s r e m e a s u r e d was found to be about 10.2 m m 
(0.400 in . ) . The b e f o r e - a n d - a f t e r m e a s u r e m e n t s of t h e s e e l e m e n t s a r e c o m ­
p a r e d in T a b l e s I to IV. The da t a i n d i c a t e tha t the g e n e r a l i n c r e a s e in w a t e r -
c h a n n e l t h i c k n e s s a g r e e d wi th o b s e r v a t i o n s by r e a c t o r p e r s o n n e l ( 4 ) t ha t oxide 
spa l l i ng o c c u r r e d d u r i n g 100-Mw o p e r a t i o n . T h u s , the da t a i nd i ca t e tha t 
swe l l ing (if any o c c u r r e d ) w a s neg l ig ib l e and w a s m a s k e d by a l o s s of oxide 
s c a l e f r o m the f u e l - p l a t e s u r f a c e s . 



Table I 

WATER-CHANNEL DIMENSIONS ON EBWR FUEL ELEMENT ET-2 (in mm) 

D i s t . 
f r o m 
T o p 

(cm) 

10 

15 

20 

2 5 
30 

35 

4 0 

4 5 

50 

5 5 

60 

6 5 

70 

7 5 

80 

8 5 
9 0 

9 5 

100 

1 0 5 

110 

1 1 5 

120 

1 2 5 

Channe l 1 

B e f o r e 

£11.0 
^11.0 
^11.0 
^11.0 
£11.0 
£11.0 
£11.0 
^11 .0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11 .0 
£11.0 
£11.0 
£11.0 
£11.0 

10.9 
£11 .0 
£11 .0 
£11 .0 
£11.0 
£11.0 

After 

£11 .0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Channe l 2 

B e f o r e 

£11 .0 
10.6 

£11 .0 
£11 .0 
£11 .0 
£11.0 
£11.0 

10.6 
£11 .0 

10.9 
£11.0 
£11 .0 
£11.0 
£11 .0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

10.9 

After 

= 10.9 
10.8 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

10.5 
10.9 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Channe l 3 

B e f o r e 

10.9 
10.8 

£11.0 
£11.0 

10.9 
£11.0 

10.9 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

10.5 
10.5 

£11.0 
£11.0 

10.5 
10.3 

£11.0 
£11.0 

10.9 
10.9 

After 

£11.0 
10.8 

£11.0 
£11.0 

10.8 
10.9 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

10.7 
10.9 
10.4 

£11.0 
10.8 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Channel 4 

Befo re 

£11 .0 
£11.0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£ 1 1 . 0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£ 1 1 . 0 
£ 1 1 . 0 

After 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Channel 5 

Before 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

After 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Table II 

WATER-CHANNEL DIMENSIONS ON EBWR FUEL ELEMENT ET-5 (in mm) 

Dis t . 
f r o m 
T o p 

(cm) 

10 

15 

20 

2 5 

30 

35 

4 0 

4 5 

50 

5 5 

6 0 

6 5 

70 

7 5 

80 

8 5 

90 

9 5 

100 

1 0 5 

110 

1 1 5 

120 

1 2 5 

C h a 

B e f o r e 

10.1 
10.1 
10.5 

£11.0 
£11.0 
£11.0 

10.9 
10.9 
10.5 
10.9 
10.9 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
a l l . O 

10.5 
10.6 
10.3 

i n e l 1 

After 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

C h a 

B e f o r e 

10.0 
9 . 6 

9 . 8 

10.0 
9 . 5 

9 . 3 

9 . 5 

9 . 5 

9 . 5 

9 . 5 

10.6 
10.4 

9 . 9 
9 . 8 

10.3 
10.2 

9 . 8 

9 . 6 

9 . 7 

10.8 
9 . 8 

9 . 8 

£11.0 
£11.0 

i n e l 2 

After 

10.9 
10.9 

£11.0 
£11.0 
£11.0 

10.0 
10.7 
10.9 
10.5 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

10.9 
10.7 
10.9 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

C h a 

B e f o r e 

10.9 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11 .0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11 .0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11 .0 
£11.0 
£11.0 
£11.0 
£11.0 

i n e l 3 

After 

£11 .0 
£11.0 
£11.0 
£11.0 
£11 .0 
£11.0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11.0 
£11 .0 
£11 .0 
£11 .0 
£11.0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11.0 
£11.0 

Chan 

Befo re 

10.5 
10.1 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

10.9 
£11.0 
£11.0 

10.5 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

10.4 
£11.0 
£11.0 
£11.0 

l e l 4 

Af te r 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Channel 5 

Befo re 

9.8 
9 . 6 

10.0 
10.7 
10.1 
10.1 
10.3 
10.0 
10.1 

9 . 8 

10.3 
9 . 9 

£11.0 
£11.0 

9 . 9 

9 . 9 
10.5 

9 . 6 

9 . 8 

9 . 6 

£11.0 
10.6 

£11.0 
10.5 

After 

10.5 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 



Table III 

W A T E R - C H A N N E L DIMENSIONS ON E B W R F U E L E L E M E N T E T - 1 1 (In mm) 

Dis t . 
f r o m 
Top 

(cm) 

10 

15 

20 

2 5 
30 

35 

4 0 

4 5 
50 

55 

60 

6 5 

70 

7 5 

80 

8 5 

90 

9 5 

100 

1 0 5 

110 

1 1 5 

120 

1 2 5 

Channe l 1 

B e f o r e 

10.4 
£11.0 
£11.0 
£11.0 
£11.0 
- 1 1 . 0 
£11.0 
£11.0 

10.6 
£11.0 
£11.0 

10.9 
£11.0 

10.4 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Af te r 

£ 1 1 . 0 
2:11.0 
£ 1 1 . 0 
£ 1 1 . 0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11.0 
£11.0 
£11 .0 
£11.0 
£11.0 
£11 .0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

C h a n n e l 2 

B e f o r e 

10.5 
10.4 
10.9 

£11.0 
£11.0 
£11 .0 

10.9 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
^11 .0 
£11.0 
£11.0 
£11.0 
£11.0 

10.9 
£11.0 
£11.0 

Af t e r 

10.6 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
a l l . O 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

C h a 

B e f o r e 

£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11 .0 

anel 3 

After 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Channe l 4 

B e f o r e 

£11.0 
2J1.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

After 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Channe l 5 

Before 

£11.0 
10.5 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

10.7 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

10.7 
10.3 
10.9 

£11.0 
10.1 
10.0 
10.6 
10.2 
10.0 

After 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

T a b l e IV 

W A T E R - C H A N N E L DIMENSIONS ON E B W R F U E L E L E M E N T E T - 3 1 (in m m ) 

Dis t . 
f r o m 
Top 
(cm) 

10 

15 

20 

2 5 

30 

35 

4 0 

4 5 

50 

55 

60 

6 5 

70 

7 5 

80 

8 5 

90 

9 5 

100 

1 0 5 

no 
1 1 5 

120 

125 

C h a 

B e f o r e 

9.9 
9 . 8 

10.1 
10.2 
10.5 
10.5 
10.9 
10.6 
10.1 

9 . 6 

9 . 6 

9 . 6 

9 . 6 

10.1 
10.7 
10.0 
10.2 
10.9 
10.9 
10.7 
10.6 
10.6 
10.2 

9 .7 

m e l 1 

After 

a l l . O 
a l l . O 
£ 1 1 . 0 
£ 1 1 . 0 
£ 1 1 . 0 
£ 1 1 . 0 
£ 1 1 . 0 

10.9 
10.5 
10.1 
10.7 
10.2 

£11 .0 
£11 .0 
£11 .0 

10.9 
£11 .0 

10.8 
£11.0 
£11.0 
£11.0 

10.2 
10.5 
10.4 

C h a n n e l 2 

B e f o r e 

10.2 
10.3 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
^11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Af te r 

£ 1 1 . 0 
£ 1 1 . 0 
£ 1 1 . 0 
a l l . O 
£11 .0 
£ 1 1 . 0 
£11 .0 
£11 .0 
£ 1 1 . 0 
£11 .0 
£ 1 1 . 0 
£ 1 1 . 0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11 .0 
£11.0 
£11 .0 

C h a 

Before 

10.5 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

nnel 3 

After 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

Channe l 4 

B e f o r e 

10.7 
10.9 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

After 

£11.0 
£11.0 

10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 
10.9 

Channel 5 

Before 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 

After 

£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 
£11.0 



Table V 

WATER-CHANNEL DIMENSIONS ON EBWR FUEL ELEMENT ET-15 
BEFORE 100-Mw OPERATION (in mm) 

Dist. 
from 
Top 
(cm) 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

+ 

1 

>11.1 
10.8 
10.5 
11.1 
11.0 
10.5 
10.4 
10.9 
10.3 
10.1 
9.8 
9.8 

Channel 5 

2 

11.1 
10.5 
10.5 
10.7 
10.5 
10.3 
10,3 
10.3 
10.1 
10 0 

9.8 
9.7 

Channel* 

3 

>11.1 
11.1 
11.0 
10.8 
10.6 
10.8 
10.7 
11.0 
10.8 
10.8 
10.7 
10.6 

was designated 

4 

10.7 
10.3 
10.2 
10.3 
10.3 
10.3 
10.4 
10.4 
10.5 
10.3 
10.5 
10.6 

as the 

5 

>11.1 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 

one bel 

Dist. 
from 
Top 
(cm) 

70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 

Channel* 

9.6 
9.3 
9.3 
9.3 
9.2 
9.2 
9.2 
9.1 
9.4 
9.2 
9.7 
9.6 

9.6 
9.8 
9.3 
9 
9 
9 
9 
9 
9.8 
9.3 
9.6 
9.4 

10.3 
10.0 
10.0 
9.9 
9.9 

10.1 
10.1 
10.0 
10.1 
10.1 
10.3 
10.3 

10.6 
10.0 
10.2 
10.0 
10.0 
10.1 
10.1 
10.0 
10.0 
9.8 

10.3 
10.1 

other channels are referenced from channel 5. 

Table VI 

>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 

WATER-CHANNEL DIMENSIONS ON EBWR FUEL ELEMENT ET-25 
BEFORE 100-Mw OPERATION (in mm) 

Dist. 
from 
T o p 
(cm) 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

1 

>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 

2 

1 8.7 
1 8.7 
1 8.7 
1 8.9 
1 8.7 
1 9.1 
1 8.9 
1 9.1 
1 9.2 
1 9.5 
1 9.3 
1 9.0 

Channe 

3 

8.6 
8 
8 
8 
8 
8 
8 
8 
8 
9 
8 
8 

5 
5 
6 
6 
8 
8 
8 
8 
0 
4 
7 

1* 

4 

>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 

5 

1 9.2 
1 9.2 
1 9.2 
1 9.6 
1 10.7 
1 >11.1 
1 >11.1 
1 >11.1 
1 >11.1 
1 >11.1 
1 >11.1 
1 >11.1 

Dist. 
from 
Top 
(cm) 

70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 

1 

>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 

2 

1 9.0 
1 8.6 
1 8.7 
1 8.7 
1 8.4 
1 8.9 
1 8.5 
1 8.6 
1 9.6 
1 9.3 
1 8.8 
1 8.7 

Channel* 

3 

8.9 
9.3 
9.2 
9.3 
8.5 
8.5 
8.4 
8.6 
8.4 
8.9 
8.8 
8.8 

4 

>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 

5 

1 >1 1.1 
1 >1 1.1 
1 10.6 
1 10.2 
1 10.0 
1 10.3 
1 10.1 
1 10.7 
1 10.0 
1 9.8 
1 10.5 
1 10.1 

•Channel 5 was designated as the one below the identification tab in the top end fitting. The 
other channels a r e re ferenced from channel 5. 



Table VII 

WATER-CHANNEL DIMENSIONS ON EBWR F U E L ELEMENT ET-43 
BEFORE 100-Mw OPERATION (in mm) 

Dist . 
f rom 
T o p 
(cm) 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

*Cha 

1 

9 .2 
9 .2 

9 .1 
9.2 
9 .3 
9 . 3 
9 .4 
9 .4 
9.7 

10.2 
>11.1 

9.4 

nnel 5 

Cha 

2 

9.6 
9 .4 
9 .4 
9.6 
9.6 

10.2 
10.3 

>11.1 
>11.1 
>11.1 

11.0 
9.7 

nnel* 

3 

9.2 
9.3 
9 .3 
9.3 
9.7 
9.4 
9 .3 
9.3 
9 .3 
9.6 
9.6 
9.7 

was designated as 

4 

9.8 
9.4 
9.3 
9 .4 
9.5 
9.6 
9.5 
9.6 
9.7 
9 .8 
9.8 

9.9 

the 

5 

9 .5 
9 .3 
9 .2 
9 .4 
9 .3 
9 .4 
9 .4 
9 .4 
9.7 

10.3 
9.4 

9.1 

one below the 

Dist . 
f rom 
Top 
(cm) 

70 
75 
80 
85 
90 
95 

100 
105 

no 
115 
120 

1 

9.2 
9.0 
9.2 

8.9 
8.9 
9.4 
9.3 
9.2 
9.2 
9.8 

10.2 
125 9.8 

identification tab 

2 

9.8 
>11.1 
>11.1 
>11.1 

9.5 
10.1 
10.2 

>11.1 
>11.1 
>11.1 
>11.1 
>11.1 

in the 

Channe] 

3 

9.1 
9.6 
9.7 
9.6 
9.7 
9.6 
9.7 
9.6 
9.5 
9 .5 
9.4 
9.4 

top end 

+ 

4 

10.0 
10.2 
10.2 
10.3 
10.3 
10.5 
10.3 
10.2 
10.2 

9.8 
9.7 
9.8 

fitting. 

5 

9.0 
9.5 
9.0 
8.9 
8.9 
9.4 
9.5 
9.1 
9.0 
9.1 
9.8 

10.2 

T h e 
other channels a r e r e f e renced from channel 5. 

CONCLUSIONS 

1. Water-channel gaps on fuel e lements , measu red before 
100-Mw operation of the EBWR, ranged from 8.4 mm (0.330 in.) to 
g rea te r than the reference value of 11.1 mm (0.438 in.). 

2. After 100-Mw operation, the minimum water channel on r e ­
measu red fuel e lements was found to be 10.2 mm (0.400 in.). 

3. Swelling (if any occurred) was negligible and was masked by 
a loss of oxide scale from the fuel-plate surfaces . 

4. The eddy-cur ren t technique, as applied to the measurement 
of wate r -channe l gaps, was demonst ra ted to be simple and capable of 
meeting the design r equ i remen t s . 
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