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NEUTRON RADIOGRAPHIC INSPECTION 

OF IRRADIATED SNAP F U E L 

O. R. Hill ig 

Atomics Internat ional^ A Divis ion 
of Nor th A m e r i c a n Rockwel l Corpora t ion 

INTRODUCTION 

P o s t - i r r a d i a t i o n t e s t s a m p l e s of SNAP r e a c t o r fuel e l e m e n t s have been 

nondes t ruc t !ve ly examined us ing neu t ron r a d i o g r a p h y . The r e s u l t s of the neu­

t ron r a d i o g r a p h i c (N- ray) examina t ions have been c o r r e l a t e d with m e a s u r e ­

men t s made using s t a n d a r d hot cel l d e s t r u c t i v e t e s t i ng . F u e l swel l ing , c r a c k ­

ing and decompos i t ion w e r e r e a d i l y d i s c e r n i b l e in the f i r s t s e r i e s of N - r a y 

t e s t s conducted at Atomics In te rna t iona l (Al). F u r t h e r examina t ion of the N-

r a y s r e v e a l e d that i n fo rmat ion was ava i l ab le to d e t e r m i n e hydrogen content in 

the u r a n i u m - z i r c o n i u m hydr ide fuel and that the gap be tween the fuel and the 

cladding could be m e a s u r e d . Addi t ional t e s t s w e r e p e r f o r m e d using n o n i r r a d i -

ated fuel s a m p l e s of known hydrogen content and known gaps be tween fuel and 

cladding to e s t a b l i s h p r o c e d u r e s for neu t ron r a d i o g r a p h y of fuels and to p r o ­

vide s t a n d a r d s for comiparison with future t e s t s . Hydrogen d i f fe rences of 

0.02 H / Z r a tom r a t i o can be d e t e r m i n e d f rom the r a d i o g r a p h us ing known 

s t a n d a r d s for c o m p a r i s o n and gaps be tween cladding and fuel can be m e a s u r e d 

to 0,001 inch a c c u r a t e l y . 

F u t u r e Al fuel i r r a d i a t i o n e x p e r i m e n t s will u se neu t ron r a d i o g r a p h y as the 

p r inc ip l e tool for e x a m i n a t i o n s . It is expected that enough in fo rmat ion is ava i l 

able th rough neu t ron r a d i o g r a p h y that only a l imi t ed n u m b e r of s a m p l e s , s e ­

lec ted by examining the r a d i o g r a p h s , will be d e s t r u c t i v e l y examined . 
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F U E L DESCRIPTION 

T h r e e se t s of SNAP fuel i r r a d i a t i o n e x p e r i m e n t s e i t he r have been or wil l 

be neu t ron r a d i o g r a p h e d . The NAA 120-4 i r r a d i a t i o n e x p e r i m e n t has been 

examined . The NAA l Z l - 1 is being examined and two hundred and e leven 

SNAP 8 Developmiental Reac to r (S8DR) opera t ing r e a c t o r fuel e l e m e n t s will be 

exainined shor t ly after r e a c t o r shutdown. Both the 120-4 and l Z l - 1 e x p e r i ­

men t s a r e in suppor t of the S8DR. The SNAP, S8DR type fuel e l e m e n t is 

a p p r o x i m a t e l y 17 inches in length by 0.53 inches in d i a m e t e r . The 10 w / o 

highly en r i ched u r a n i u m al loyed with z i r c o n i u m hydr ide fuel is conta inea within 

a 10 mi l Has te l loy cladding and has a nomina l 8 miil gap a c r o s s the d i a m e t e r . 

The H to Zr a t o m r a t i o is about 1.70. The 120-4 t e s t s a m p l e s a r e about 

4 inches in length and the 121-1 and the S8DR fuel e l e m e n t s a r e 17 inches long. 

The 120 and 121 e x p e r i m e n t s w e r e i r r a d i a t e d in the Hanford r e a c t o r . 

NEUTRON RADIOGRAPHY 

Neutron r a d i o g r a p h y , while being s i m i l a r and c o m p l e m e n t a r y to x - r a d i o g ­

raphy in many a r e a s , has unique f ea tu r e s which m a k e s it p a r t i c u l a r l y a t t r a c ­

t ive to the examina t ion of r e a c t o r fuel. Some of t he se f e a t u r e s a r e : (1) the 

abi l i ty to d i s t ingu i sh be tween i so topes of an e l emen t such as U-235 f rom U-238 , 

(2) the abi l i ty to r a d i o g r a p h i r r a d i a t e d fuel, and in the ca se of U - Z r H fuel, (3) 

the abi l i ty to d i s t ingu i sh and d e t e r m i n e hydrogen content . 

F i g u r e 1 i l l u s t r a t e s a c o m p a r i s o n be tween X - r a y and N - r a y of the miass 

a t tenuat ion coefficients v e r s u s a t o m i c n u m b e r . One can see that e l e m e n t s of 

s i m i l a r atomiic m a s s which have e s s e n t i a l l y the s a m e m a s s a t tenuat ion coeffi­

c ient for X - r a y or i so topes such as U-238 and U-235 quite often have good s e p ­

a r a t i o n in t h e r m a l neu t ron m a s s a t tenua t ion coeff ic ients . It a l so i l l u s t r a t e s 

the neu t ron r a d i o g r a p h y advantage for some of the l ight e l e m e n t s that have high 

s c a t t e r i n g coefficients (example hydrogen) and the r a r e e a r t h e l e m e n t s that 

have high abso rp t ion coeff ic ients . 

F o r the work d e s c r i b e d in th is pape r the pho tograph ic method using s t and ­

a r d x - r a y f i lm was used . The image defini t ion ava i lab le in neu t ron r a d i o g r a p h y 

is dependent on many f a c t o r s . Some of t h e s e a r e : (1) neu t ron opt ics or r e s o l u ­

t ion of the b e a m , (2) object to c o n v e r t e r d i s t a n c e , (3) s c a t t e r i n g within the object 
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(4) type of c o n v e r t e r , (5) contac t be tween c o n v e r t e r and f i lm, and (6) f i lm e m u l ­

sion type . We use a s m a l l a p e r t u r e and s e p a r a t i o n be tween the a p e r t u r e and 

object to p rov ide good o p t i c s . Reso lu t ion (R) is defined as (L) the d i s t ance f rom 

a p e r t u r e to object divided by (D) the a p e r t u r e d i a m e t e r . Fo r objects such as 

the SNAP fuel e l e m e n t s a r e s o l u t i o n of ~ 3 0 0 is r e q u i r e d to r e s o l v e 0.001 inch 

s ince the object to c o n v e r t e r d i s t ance is 0.300 inch . The U - Z r H fuel has con­

s i d e r a b l e neu t ron s c a t t e r i n g so some image definit ion is los t within the fuel . 

Thin (~0 .001 to 0,005 inch) m e t a l c o n v e r t e r s w e r e g e n e r a l l y used . D y s p r o s i u m 

or Indium foils w e r e used for i r r a d i a t e d fuel examina t ion w h e r e the i m a g e was 

t r a n s f e r r e d f rom c o n v e r t e r to f i lm af ter neu t ron e x p o s u r e . Gadol in ium was 

used for the examiination of u n i r r a d i a t e d fuel v^here the fi lm was sandwiched 
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with the c o n v e r t e r to d i r e c t l y (during neu t ron exposu re ) t r a n s f e r the innage. 

Vacuum c a s s e t t e s a r e used to p rov ide i n t i m a t e contac t be tween the c o n v e r t e r 

and f i lm. Different speed filmis w e r e used to a n s w e r di f ferent r e q u i r e m e n t s : 

slow fi lm for fuel to cladding gap de ta i l and fas t f i lm to p rov ide d e n s e r i m a g e s 

in the difficult to p e n e t r a t e a r e a s for d e t e r m i n i n g hydrogen content . 

NEUTRON RADIOGRAPHY FACILITY AND FUEL HANDLING 

The Shield T e s t and I r r a d i a t i o n R e a c t o r (STIR), F i g u r e 2, i s u sed for neu ­

t r o n r a d i o g r a p h y . The 1 Megawat t pool type r e a c t o r p rov ides the neu t ron 

s o u r c e . Gene ra l ly , t h e r m a l ene rgy neu t rons a r e used for r a d i o g r a p h y al though 

some work has been done using neu t rons of e p i t h e r m a l e n e r g y . In the f o r m e r 

ca se a g raph i t e t h e r m a l column i s used to m o d e r a t e the neu t rons to the d e ­

s i r e d ene rgy while for the e p i t h e r m a l neu t ron r a d i o g r a p h y a b e a m hole is p r o ­

vided in the g raph i t e column to e x t r a c t neu t rons of h igher ene rgy d i r e c t l y f rom 

the c o r e . The fac i l i ty , due to the l a r g e t e s t vaul t and the r e l a t i v e l y in tense 
10 2 

neu t ron b e a m ('-^5 x 10 n / c m - s e c ) at the a p e r t u r e , a l lows for r a d i o g r a p h y 
of l a r g e objects with good r e s o l u t i o n . 

The STIR faci l i ty , not o r ig ina l ly des igned for neu t ron r a d i o g r a p h y , is not 

a p a r t of the Atomics In te rna t iona l Hot L a b o r a t o r y , T h e r e f o r e , neu t ron 

r a d i o g r a p h y of i r r a d i a t e d fuel r e q u i r e s t r a n s f e r of fuel s p e c i m e n s f rom the hot 

cel l to the r e a c t o r fac i l i ty . To o v e r c o m e th is p r o b l e m a r e a c t o r (L-88) has 

been des igned spec i f ica l ly for neu t ron r a d i o g r a p h y and for u s e in a hot ce l l 

fac i l i ty . P r e s e n t l y spec ia l r e m o t e handl ing equ ipment and t echn iques a r e used 

to r a d i o g r a p h fuel. F i g u r e 3 shows the f ix tu re , fuel handl ing cask and conve r t e 

c a s s e t t e as used in th i s work . The e l e m e n t s a r e loaded at the hot ce l l into the 

four a luminum tube f ix ture and capped using O-r ing s ea l s to p rov ide leak t igh t ­

n e s s . The f ix ture is r a i s e d out of the cask at the r e a c t o r faci l i ty and p laced on 

a g e a r e d , m o t o r i z e d a s se inb ly for tu rn ing the e l e m e n t s for different v i e w s . 

Contact be tween the f ix ture and c o n v e r t e r c a s s e t t e is ma in ta ined to op t imize 

image defini t ion. After neu t ron e x p o s u r e , the s p e c i m e n s a r e r e t u r n e d to the 

cask so the c o n v e r t e r image de t ec to r can be changed or for r e t u r n to the hot 

ce l l . The examina t ion of the 211 S8DR e l e m e n t s wil l u t i l ize a 12 tube f ix tu re 

and a m e a n s of r e m o t e l y changing the image c o n v e r t e r s . 
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Figure 2. Shield Test and I r radia t ion Reactor 



Figure 3. Fuel Handling Fixture for Neutron Radiography 

545 



NEUTRON RADIOGRAPHY RESULTS 

The NAA 120 i r r a d i a t i o n e x p e r i m e n t was des igned to p rov ide a d i s s i p a t i o n 

of SNAP fuel m a t e r i a l i r r a d i a t i o n s tab i l i ty as a function of burnup and opera t ing 

t e m p e r a t u r e s . The objec t ives w e r e to c o r r e l a t e the effects of i r r a d i a t i o n t e m ­

p e r a t u r e s , bu rnup , and se l ec t ed compos i t iona l v a r i a b l e s on fuel swel l ing b e ­

h a v i o r , and to eva lua te the effects of phase t r a n s f o r m a t i o n (due to hydrogen 

l o s s e s du r ing i r r a d i a t i o n ) on the p e r f o r m a n c e of the fuel mia te r ia l . F i g u r e 4 

shows r a d i o g r a p h s of fuel m a t e r i a l s before and after i r r a d i a t i o n at Hanford, 

Although neu t ron r a d i o g r a p h y was in i t ia l ly in tended as a r e p l a c e m e n t for pin 

hole auto r a d i o g r a p h y to a s s i s t in the d e s t r u c t i v e t e s t ing of the fuel s a m p l e s , i t 

p roved to be of far g r e a t e r va lue . The r a d i o g r a p h i c n e g a t i v e s , which a r e of 

c o n s i d e r a b l y h ighe r qual i ty than F i g u r e 4 , r e v e a l e d in fo rma t ion on swel l ing , 

c r ack ing and d i s i n t e g r a t i o n . M e a s u r e m e n t s of swel l ing made on the nega t ives 

a g r e e d with l a t e r ac tua l m e a s u r e m e n t s of the fuel s a m p l e s . The f igure shows 

d i s i n t eg ra t i on of the fuel at the s a m p l e ends and c r ack ing in s o m e s a m p l e s . 

Optical d e n s i t o m e t e r m e a s u r e m s n t s w e r e made of the N - r a y n e g a t i v e s . Regions 

of low hydrogen a p p e a r m o r e dense in the nega t ive , l e s s dense on the pos i t ive 

(F igu re 4) , These dens i ty n n e a s u r e m e n t s c o r r e l a t e d v e r y well with m e a s u r e ­

m e n t s of the hydrogen content . The H to Zr a tom r a t i o in fuel before i r r a d i a ­

tion is ~ 1 . 7 0 . The d e n s i t o m e t e r m e a s u r e m e n t a g r e e d to within 0.02 in. H / Z r 

with hydrogen m e a s u r e m e n t s . 

The r e s u l t s of the 120 s e r i e s p r o m p t e d fu r the r s tud ies to i m p r o v e the N-

r a y technique for p o s t - i r r a d i a t i o n fuel examina t ion . Indium c o n v e r t e r foil 

(0.020 inch thick) had been u sed . B e t t e r i m a g e defini t ion is ava i l ab le with thin 

m e t a l c o n v e r t e r s such as gadol in ium for the d i r e c t t r a n s f e r method (cannot be 

used with i r r a d i a t e d fuel) and d y s p r o s i u m for the i n d i r e c t t r a n s f e r me thod . 

Studies have been made with t h e s e and d y s p r o s i u m (0.005 inch thick) wil l be 

used for future s t u d i e s . 

*Some of the r e s u l t s of t h e s e t e s t s a r e c l a s s i f i ed . Only the use of neu t ron 
r a d i o g r a p h y and i n t e r p r e t a t i o n of the r a d i o g r a p h s wil l be d i s c u s s e d . 
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Figure 4, NAA-120-4 SNAP Fuel I rradiat ion Samples 



Two fuel e l e m e n t s w e r e made with fuels of known H / Z r atoin r a t i o s . Each 

e l e m e n t conta ins fuel sannples rang ing in H / Z r f rom 1.415 to 1.795. These 

s t anda rd e l e m e n t s wil l be r a d i o g r a p h e d with each batch of i r r a d i a t e d fuel s tud­

ied and c o m p a r a t i v e d e n s i t o m e t e r m e a s u r e m e n t s of the N - r a y nega t ives wil l be 

used to d e t e r m i n e hydrogen content . F i g u r e 5 shows a densi tomieter t r a c e of 

one s t anda rd and as can be seen , the r e s u l t s c o r r e l a t e with the H / Z r a tom 

r a t i o s l i s t ed . 

In addi t ion to having known H / Z r r a t i o s , the s t a n d a r d fuel e l e m e n t s have 

known gaps be tween the fuel and c ladding. Examina t ion of the N - r a y s show 

that the gaps can be r e a d to about ±0.001 inch a c c u r a c y . The gap m e a s u r e ­

m e n t s w e r e made in two w a y s . They are* (1) an e n l a r g e m e n t (4x) was made 

and a c o m p a r a t o r magnifying g l a s s was used to m e a s u r e the gap , see F i g u r e 6, 

and (2) a d e n s i t o m e t e r with a 10 m i c r o n sl i t was used to t r a v e r s e ' t h e gap at 

slow speed , see F i g u r e 5. Both the t r a v e r s e of F i g u r e 5 and the e n l a r g e m e n t 

of F i g u r e 6 can be i n t e r p r e t e d with good r e s u l t s , ±0.001 inch . 

F u t u r e planned s tud ies a r e : NAA 121 i r r a d i a t i o n e x p e r i m e n t s in suppor t 

of the S8DR t e s t and examina t ion of the 211 fuel e l e m e n t s f rom S8DR. Neut ron 

r a d i o g r a p h y of the 121 s e r i e s i s now in p r o g r e s s . In each study full length , 

two view (0° and 90°) N - r a y s will be m a d e . It is expected that enough i n f o r m a ­

tion (fuel swel l ing ax ia l ly and r a d i a l l y , c ladding condit ion, hydrogen content 

and gap) wil l be ava i lab le so that only a s m a l l f rac t ion of the e l e m e n t s will be 

d e s t r u c t i v e l y examined . 
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F i g u r e 6 . F u e l to Cladding Gap M e a s u r e m e n t 




