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LEGAL NOTICE 

Th is report was prepared as an account of Government sponsored work Neither the 

United States, nor the Commission, nor any person act ing on behalf of the Commission 

A Makes any warranty or representation^ express or impl ied, wi th respect to the 

accuracy^ completeness, or usefulness of the information contained in th is report, or that 

the use of any information, apparatus., method, or process disclosed in th is report may 

not infr inge pr ivately owned r ights, or 

B. Assumes any l i ab i l i t i es wi th respect to the use of, or for damoges resul t ing from 

the use of information, apparatus, method, or process d isc losed in thts report 

As used tn the above, "p^ i 'son act ing on behalf of the Commiss ion" includes any 

employee or contractor of the Commission, or employee of such contractor, to the extent 

that such employee or contractor of the Commission, or employee of such contractor pre­

pares, disseminates, or provides access to , any information pursuant to his employment 

or contract wi th the Commission, or his employment wi th such contractor 
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I . P R O G R A M O B J E C T I V E S 

T h e o b j e c t i v e s of t h e S N A P A e r o s p a c e S a f e t y P r o g r a m a r e t o p r o v i d e , 
t h r o u g h e x p e r i m e n t a n d a n a l y s i s , t h e a b i l i t y t o a s s e s s t h e c o n s e q u e n c e s of v a r ­
i o u s p o s t u l a t e d a c c i d e n t s a n d t o d e v e l o p c r i t e r i a t o g u i d e i n t h e d e s i g n of i n h e r ­
e n t l y s a f e S N A P s y s t e m s . T h e s e o b j e c t i v e s e n c o m p a s s u l t i m a t e s a f e t y p r e ­
c a u t i o n s t h r o u g h o u t t h e f a c t o r y - t o - f l i g h t s e q u e n c e w h i c h i n c l u d e s h a n d l i n g , 
t r a n s p o r t a t i o n , a s s e m b l y , l a u n c h , f l i g h t , a n d r e e n t r y . 

T h e S N A P A e r o s p a c e S a f e t y P r o g r a m c o n s i s t s of a s e r i e s of t e s t s , w i t h 
s u p p o r t i n g a n a l y t i c a l e f f o r t , d e r i v e d f r o m a rev iew^ of t h e v a r i o u s a c c i d e n t s 
p o s t u l a t e d i n t h e f a c t o r y - t o - f l i g h t s e q u e n c e . T h e v a r i o u s a c c i d e n t s a r e c a t e g o r ­
i z e d a n d t e s t s a r e c o n c e i v e d t o a s s e s s t h e c o n s e q u e n c e s of t h e s e a c c i d e n t s . 

I I . P R O J E C T E N G I N E E R ' S S U M M A R Y 

T h e J u l y - S e p t e m b e r q u a r t e r w a s a p e r i o d of i n t e n s i v e d e s i g n a c t i v i t y w i t h i n 
t h e A e r o s p a c e S a f e t y P r o g r a n n . T h e r e q u i r e m e n t s of s e v e r a l p r o j e c t s , c o n c e i v e d 
i n t h e l a t t e r h a l f of t h e p r e v i o u s f i s c a l y e a r , d e m a n d e d t h e d e s i g n of s e v e r a l t e s t 
m o d e l s . T h e m a j o r e f f o r t s w e r e c o n c e n t r a t e d o n t h e S N A P T R A N 2 / l O A - l a n d - 2 
m a c h i n e s a n d t h e m o d e l s f o r t h e R e e n t r y F l i g h t D e m o n s t r a t i o n ( R F D - 1 ) . 

T h e S N A P T R A N m a c h i n e p o s e d s o m e d i f f i c u l t d e s i g n p r o b l e m s p r i m a r i l y d u e 
t o t h e n u c l e a r c h a r a c t e r i s t i c s of t h e a s s e m b l y . T h e s h o r t , p r o m p t n e u t r o n l i f e ­
t i m e ( '^ 6 U s e c ) n e c e s s i t a t e d t h e d e s i g n of u n u s u a l l y r a p i d - a c t i n g c o n t r o l d e v i c e s 
t o i n s e r t a n d r e m o v e r e a c t i v i t y i n t h e s u p e r - p r o m p t c r i t i c a l r e g i o n . T h e d e m a n d s 
of a n e x p e r i m e n t a l p r o g r a m c a p a b l e of p r o v i d i n g t h e d a t a n e c e s s a r y f o r a n u n d e r ­
s t a n d i n g of r e a c t o r b e h a v i o r r e s u l t e d i n s o m e f u r t h e r d e s i g n c o m p l i c a t i o n s . T h i s 
w a s p a r t i c u l a r l y t r u e i n t h e a r e a s of i n s t r u m e n t a t i o n a n d e x t e r n a l t e m p e r a t u r e 
c o n t r o l . 

T h e a n a l y s i s e f f o r t i n t h e q u a r t e r w a s p r i m a r i l y c o n c e r n e d w i t h d e v e l o p i n g 
t h e a n a l y t i c a l t o o l s r e q u i r e d f o r i n t e r p r e t i n g a n d u n d e r s t a n d i n g t h e d a t a a c q u i r e d 
o r t o b e a c q u i r e d f r o m t h e e x p e r i m e n t s . T h e e f f o r t w^as a l s o c o n c e r n e d w^ith 
p r o v i d i n g t h e c a p a b i l i t y of p r e d i c t i n g t h e c o n s e q u e n c e s of c o n d i t i o n s o t h e r t h a n 
t h o s e s i m u l a t e d b y e x p e r i m e n t a l m e a n s . A c o m p u t e r c o d e , R E S T O R E , w a s 
w r i t t e n f o r t h e p u r p o s e of c a l c u l a t i n g r e e n t r y t r a j e c t o r i e s . A n o t h e r c o d e , T A P , 
p e r f o r m s a t h e r m a l a n a l y s i s of v a r i o u s c o n f i g u r a t i o n s of i n t e r e s t , g i v e n a c e r t a i n 
h e a t i n p u t . P r e l i m i n a r y c a l c u l a t i o n s h a v e b e e n p e r f o r m e d , b u t n o r e s u l t s c a n b e 
s t a t e d w i t h c o n f i d e n c e u n t i l t h e s p a t i a l d i s t r i b u t i o n of i n c i d e n t h e a t i s k n o w n m o r e 
a c c u r a t e l y . S o m e of t h i s d a t a w i l l b e o b t a i n e d f r o m t h e " h o t s h o t " t u n n e l t e s t s 
p l a n n e d f o r t h e n e x t q u a r t e r . 

F o r i n t e r p r e t a t i o n of t h e S N A P T R A N t e s t s , t h e c o m p u t e r c o d e , C O M P O S T , 
i s b e i n g d e v e l o p e d t o s o l v e t h e r e a c t o r k i n e t i c s e q u a t i o n s , g i v e n t h e n e u t r o n f l ux 
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and t e m p e r a t u r e h i s t o r y of a t r a n s i e n t . The m o r e u s u a l type of k i n e t i c s c a l c u ­
la t ion , i . e . , so lv ing for flux g iven an input r e a c t i v i t y , w a s a l s o u n d e r d e v e l o p ­
m e n t . Th i s w^ill i n c o r p o r a t e the ef fects of l o s s of h y d r o g e n and c o r e d i s a s s e m b l y 
on the t e r m i n a t i o n of the t r a n s i e n t . 

P l a n n i n g of the SNAPTRAN e x p e r i m e n t a l p r o g r a m w a s u n d e r t a k e n . The 
d e s i r e d ob jec t ive is an o p t i m i z a t i o n of the e x p e r i m e n t s wh ich w i l l be p e r f o r m e d 
in c l o s e c o o r d i n a t i o n w^ith the a n a l y s i s . Due to the n o n r e p e a t a b l e n a t u r e of s o m e 
of the e x p e r i m e n t s , r a p i d and a c c u r a t e da ta a n a l y s i s and i n t e r p r e t a t i o n is i m p e r ­
a t i ve if the p r o g r a m is to be s u c c e s s f u l . 

The m a j o r i t y of the P h a s e I M e c h a n i c a l and T h e r m o c h e m i c a l Effects T e s t 
P r o g r a m , conduc t ed a t H o U o m a n A F B , w a s connpleted du r ing the q u a r t e r . P e r ­
h a p s the m o s t s ign i f i can t c o n c l u s i o n i s the fac t t ha t the fuel e l e m e n t a r r a y can 
s u r v i v e and r e m a i n in tac t f r om both a 100 ft d r o p to a c o n c r e t e pad and a t e r ­
m i n a l v e l o c i t y (550 f t / s e c ) i m p a c t on w a t e r . 

Some t e c h n i c a l d i f f icu l t i es a s s o c i a t e d wi th the f i s s i o n p r o d u c t r e l e a s e e x p e r ­
i m e n t s , c o n d u c t e d by G e n e r a l D y n a m i c s , •were s u c c e s s f u l l y r e s o l v e d . A few 
r e l e a s e s w e r e c o n d u c t e d . 

The w a t e r i m m e r s i o n c r i t i c a l e x p e r i m e n t w a s p l a n n e d in d e t a i l . N e c e s s a r y 
t e s t a p p a r a t u s w a s d e s i g n e d and f a b r i c a t e d . The in i t i a l ob jec t ive wil l be the 
d e m o n s t r a t i o n of an a d e q u a t e sh ipp ing s l e e v e d e s i g n . 

In the next q u a r t e r , m a j o r e m p h a s i s wi l l shift to f a b r i c a t i o n of t e s t a r t i c l e s . 
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I . P R O J E C T O B J E C T I V E S 

T h e o b j e c t i v e of t h e S N A P r e e n t r y p r o g r a m i s t o i n v e s t i g a t e b y a n a l y t i c a l 
a n d e x p e r i m e n t a l m e a n s t h e s e p a r a t i o n a n d d i s p e r s i o n of t h e r e a c t o r fue l u p o n 
r e e n t r y f r o m a s a t e l l i t e o r b i t . T o a c h i e v e t h i s o b j e c t i v e , i t i s f i r s t n e c e s s a r y 
t o d e t e r m i n e t h e m o d e of r e a c t o r b r e a k u p a n d r e l e a s e of t h e f ue l e l e m e n t s . A 
r e e n t r y s a f e t y p r o g r a m , d i v i d e d i n t o t w o p h a s e s , h a s b e e n i n i t i a t e d . T h e f i r s t 
p h a s e , d e s c r i b e d i n t h i s s e c t i o n of t h e r e p o r t , i s c o n c e r n e d w i t h e v e n t s l e a d i n g 
u p t o r e l e a s e of t h e f u e l e l e m e n t s f r o m t h e r e a c t o r v e s s e l . T h e s e c o n d p h a s e , 
w h i c h i s b e i n g c a r r i e d o u t c o n c u r r e n t l y u n d e r S u b a c c o u n t 2067, i s c o n c e r n e d w i t h 
t h e m e l t i n g a n d / o r b r e a k u p of t h e f u e l e l e m e n t s a n d d i s p e r s i o n of t h e r e s u l t i n g 
p a r t i c l e s , 

F o r t h e r e a c t o r s e p a r a t i o n a n d f ue l e l e m e n t r e l e a s e p r o j e c t , t h e p r i n c i p a l 
o b j e c t i v e i s t o e s t a b l i s h t h e m o d e of b r e a k u p of t h e r e a c t o r a n d a s s o c i a t e d s t r u c ­
t u r e w h e n s u b j e c t e d t o r e e n t r y h e a t i n g . T w o a p p r o a c h e s w i l l b e t a k e n i n t h i s 
i n v e s t i g a t i o n . T h e f i r s t w i l l b e t o a n a l y z e t h e m o d e of r e a c t o r a n d v e h i c l e b r e a k ­
u p a n d fue l e l e m e n t r e l e a s e b y a p p l i c a t i o n of a e r o d y n a m i c a n d t h e r n n o d y n a m i c 
t h e o r y , i n c o r p o r a t i n g t h e d a t a f r o m t e s t s c o n d u c t e d b y A I a n d b y o t h e r a g e n c i e s 
w h e r e s u c h d a t a a r e a p p l i c a b l e . T h e s e c o n d a p p r o a c h w i l l b e t o c o l l a b o r a t e w i t h 
o t h e r c o n t r a c t o r s i n t h e c o n d u c t of g r o u n d a n d f l i g h t t e s t s of i n s t r u m e n t e d r e a c t o r 
m o c k u p s ( n o n n u c l e a r ) t o d e t e r m i n e h e a t i n g p a r a m e t e r s a n d m o d e s of f a i l u r e in 
t h e u p p e r a t n n o s p h e r e . 

I I . M A J O R A C C O M P L I S H M E N T S IN F I S C A L Y E A R 1962 

T h e p r i m a r y a c c o m p l i s h m e n t s d u r i n g F Y 1962 w e r e t h e e s t a b l i s h m e n t of a 
p l a n f o r a n a l y s i s of r e a c t o r b r e a k u p a n d of p l a n s f o r t h e e x p e r i m e n t a l p r o g r a m s . 
T h e d e s i g n of t h e r e a c t o r m o c k u p s f o r f l i g h t t e s t w a s i n i t i a t e d a n d c o n s t r u c t i o n of 
s o m e c o m p o n e n t s w a s s t a r t e d . 

III. PROGRESS DURING THE REPORT PERIOD 

It w a s ev iden t e a r l y in t h i s p r o g r a m tha t it would be n e c e s s a r y to have a 
c o m p u t e r code a v a i l a b l e for the c a l c u l a t i o n of t r a j e c t o r i e s and hea t i ng funct ions 
on r e e n t e r i n g b o d i e s . Such a code h a s b e e n deve loped and a d a p t e d to the s p e c i a l 
n e e d s of the p r o j e c t . One way in which t h e s e n e e d s a r e s o m e w h a t un ique i s in the 
e x p e c t a t i o n of r e e n t r y c a u s i n g the m a s s of the r e e n t e r i n g body to d i m i n i s h s i g ­
n i f i can t ly by ab l a t i on and b r e a k u p . This e x p e c t a t i o n i s not p a r t i c u l a r l y a t t r a c t i v e 
to t h o s e who w r i t e codes for r e e n t r y of m a n n e d v e h i c l e s , and t h u s i s of l i t t l e 
i n t e r e s t to t h e m . 
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The c o m p u t e r code h a s been n a m e d R E S T O R E , an a c r o n y m wh ich s t a n d s for 
" R e e n t r y of S a t e l l i t e s to a n Obla te , R o t a t i n g E a r t h . " The c o m p u t a t i o n s a r e p e r ­
f o r m e d by i n t e g r a t i o n of the e q u a t i o n s of m o t i o n in r e c t a n g u l a r C a r t e s i a n c o o r ­
d i n a t e s in i n e r t i a ! s p a c e , a l though the inputs and outputs m a y be e x p r e s s e d in 
p o l a r c o o r d i n a t e s ( l a t i t ude , long i tude , and a l t i t u d e ) . This e l i m i n a t e s a diff icul ty 
wi th p o l a r o r b i t s which is i n h e r e n t in s o m e o t h e r t r a j e c t o r y codes tha t w e r e con ­
s i d e r e d . S e v e r a l t e s t p r o b l e m s have b e e n r u n w^ith th i s code and the r e s u l t s 
c o m p a r e d wi th t h o s e of o the r codes f rom r e l i a b l e s o u r c e s . The ag reennen t v/as 
e x t r e m e l y c l o s e . 

The t r a j e c t o r y code h a s thus f a r been a p p l i c a b l e only to the c a l c u l a t i o n of 
t h e m o t i o n of a p o i n t - m a s s hav ing d r a g but no l i f t . F u t u r e d e v e l o p m e n t wi l l 
ex tend i t s c a p a b i l i t y to c a l c u l a t i o n of the t u m b l i n g of a body w^ith the ae rodynann ic 
and i n e r t i a l p a r a m e t e r s of the body a s i n p u t s . 

Some p r o g r e s s h a s been m a d e in e s t i m a t i n g the l oca l hea t i ng r a t e s on v a r i o u s 
p o r t i o n s of the r e a c t o r and v e h i c l e by the u s e of a e r o d y n a m i c t h e o r y , but the 
conf idence l e v e l of t h e s e e s t i m a t e s is v e r y low due to the l ack of e x p e r i m e n t a l 
da ta to s u p p o r t the e s t i m a t e s . The Sandia C o r p o r a t i o n h a s r u n s o m e wind tunne l 
t e s t s on a s c a l e nnodel of the r e a c t o r and is p lann ing to r u n m o r e t e s t s on a ful l -
s i z e r e a c t o r v e s s e l . A t o m i c s I n t e r n a t i o n a l h a s f u r n i s h e d t h e m wi th s o m e of the 
c o m p o n e n t s for t h e i r t e s t m o d e l . T h e i r t e s t s a r e be ing r u n p r i m a r i l y in s u p p o r t 
of the f l i g h t - t e s t p r o g r a m (to be d e s c r i b e d l a t e r ) , and a r e a l l a t low a n g l e s of 
a t t a c k . 

I n f o r m a t i o n h a s b e e n ob ta ined f rom L o c k h e e d r e g a r d i n g the c e n t e r of g r a v i t y 
and the a e r o d y n a m i c coef f ic ien t s of the SNAP lOA and A g e n a - B c o m b i n a t i o n . 
T h e s e da ta i nd i ca t e t h a t the a e r o d y n a m i c t r i m ang le m a y be a s h igh a s 27 d e g r e e s 
off a x i a l and tha t the veh i c l e wi l l be o s c i l l a t i n g whi le it is d e s c e n d i n g . A n o m a l i e s 
in the v e h i c l e con f igu ra t i on due to s t r u c t u r a l f a i l u r e in r e e n t r y m i g h t c a u s e un­
p r e d i c t a b l e o s c i l l a t i o n s and t u m b l i n g . 

P r e l i m i n a r y c a l c u l a t i o n s of the m e l t i n g and b r e a k u p of the coo lan t p ipe , 
coo lan t p u m p , and the c o r e v e s s e l l ip have b e e n m a d e for the a s s u m e d c a s e of 
z e r o ang le of a t t a c k . The s y s t e m w a s a s s u m e d to be e m p t y of coo l an t for t h e s e 
f i r s t c a l c u l a t i o n s . The effect of the NaK coo lan t wi l l be c o n s i d e r e d in the nex t 
s e r i e s of c a l c u l a t i o n s . B e c a u s e of the low conf idence in the e x t e r n a l hea t i ng 
p a r a m e t e r s , it is not usefu l to quote e s t i m a t e d f a i l u r e a l t i t u d e s a t th i s t i m e . 
H o w e v e r , the t h e r m a l m o d e l s e m p l o y e d have b e e n c h e c k e d and w^ill be r e r u n 
w h e n b e t t e r input da ta a r e a v a i l a b l e . 

The d e s i g n of r e a c t o r m o c k u p s for t h e R e e n t r y F l i g h t D e m o n s t r a t i o n t e s t s 
( R F D - 1 ) w a s n e a r l y c o m p l e t e d . All d r a w i n g s w e r e r e l e a s e d excep t the i n s t r u m e n ­
t a t i on d e t a i l s and the f inal a s s e m b l y d r a w i n g . Many c o m p o n e n t s w e r e f a b r i c a t e d ; 
t h o s e r e m a i n i n g a r e on o r d e r for d e l i v e r y e a r l y in the nex t q u a r t e r . 

T h e s e fl ight t e s t s ( R F D - 1 ) a r e s c h e d u l e d to be conduc ted ove r the At l an t i c 
o c e a n off the c o a s t of V i r g i n i a d u r i n g the l a t t e r p a r t of th i s f i s c a l y e a r . A t o m i c s 
I n t e r n a t i o n a l i s bu i ld ing four m o c k u p s for th i s p r o g r a m . The f i r s t two wi l l be 
sub j ec t ed to a n e x t e n s i v e s e r i e s of v i b r a t i o n , shock , and o t h e r e n v i r o n m e n t a l 
t e s t s to qual ify the d e s i g n whi le the s econd two wi l l be s u b j e c t e d to a s e r i e s of 
a c c e p t a n c e t e s t s to qual ify t h e m for f l ight . At the p r e s e n t t i m e two t e s t f l ights 
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a r e p l anned , but , if the f i r s t t e s t is s u c c e s s f u l , the s e c o n d t e s t m a y not be flow^n. 
T h e s e t e s t s wi l l be conduc t ed in con junc t ion wi th the Sandia C o r p o r a t i o n . 

T h e s e r e a c t o r m o c k u p s c o n s i s t of f u l l - s i z e d r e a c t o r v e s s e l s equ ipped-wi th 
d u m m y c o o l a n t punnps ( p r o t o t y p e fins but n e i t h e r t h e r m o e l e c t r i c e lennents nor 
m a g n e t s ) . To s ave weigh t and thus gain e x t r a v e l o c i t y wi th in the c a p a b i l i t y of the 
b o o s t e r r o c k e t s (Blue Scout) , the b e r y l l i u m r e f l e c t o r s a r e r e p l a c e d by hol low 
a l u m i n u m s h e l l s and t h e fuel r o d s a r e o m i t t e d f rom the c o r e . Twenty t h e r m o ­
c o u p l e s and s i x s w i t c h e s a r e u s e d in the m o c k u p to i n d i c a t e t e m p e r a t u r e s of 
c r i t i c a l p a r t s and to s i g n a l e v e n t s d u r i n g b r e a k u p . The m o c k u p s v/ill not con ta in 
NaK coo lan t b e c a u s e i t s p r e s e n c e would c o m p l i c a t e the a n a l y s i s of the r e s u l t s 
a s w^ell a s i n t e r f e r e •with the t r a n s m i s s i o n of t e l e n n e t e r e d da t a , 

IV. EVALUATION OF EFFORT TO DATE 

The p r o g r e s s in the a n a l y t i c a l effort h a s c e n t e r e d in the d e v e l o p m e n t of 
m e t h o d s for c o m p u t a t i o n of t r a n s i e n t hea t i ng in v a r i o u s c o m p o n e n t s of the r e a c ­
t o r . D r y r u n s of t h e s e m e t h o d s , u t i l i z i ng s e v e r a l r e p r e s e n t a t i v e c a s e s , h a s 
p r e p a r e d us to a n a l y z e the f a i l u r e m o d e s of t h e c o m p o n e n t s once da ta i s ob ta ined 
on the r e l a t i v e a e r o d y n a m i c h e a t i n g r a t e s on the o u t s i d e of the r e a c t o r and s y s t e m 
a t v a r i o u s a n g l e s of a t t a c k . 

The p r o g r e s s in the m a n u f a c t u r e of i n s t r u m e n t e d m o c k u p s for the R e e n t r y 
F l i g h t D e m o n s t r a t i o n t e s t h a s b e e n s a t i s f a c t o r y . While it a p p e a r s t ha t d e l i v e r y 
of the f i r s t i t e m m a y be a few w e e k s beh ind s c h e d u l e , t h i s s l i ppage is not 
e x p e c t e d to de l ay the s c h e d u l e d f l ight t e s t . 

V. N E X T R E P O R T P E R I O D A C T I V I T I E S 

Work wi l l beg in on a s tudy of v e h i c l e a t t i t u d e s and o s c i l l a t i o n s e x p e c t e d 
du r ing r e e n t r y f rom s a t e l l i t e o r b i t s . The s t u d i e s of S h o c k w a v e p a t t e r n s and 
l o c a l h e a t i n g i n t e n s i t i e s on the r e a c t o r and v e h i c l e wi l l be con t inued wi th the u s e 
of da ta f r o m t e s t s r u n by Sand ia . 

T y p i c a l r e e n t r y t r a j e c t o r i e s wi l l be c a l c u l a t e d by the u s e of the R E S T O R E 
c o d e . An i n v e s t i g a t i o n wi l l be m a d e to d e t e r m i n e w h e t h e r the o b l a t e n e s s of the 
e a r t h and i t s a t m o s p h e r e t e n d s to c a u s e s a t e l l i t e s to i m p a c t in c e r t a i n z o n e s on 
e a r t h wi th a h i g h e r p r o b a b i l i t y than in o the r z o n e s , and w h e t h e r th i s would have 
an effect on the sa fe ty p r o b l e m . 

The f i r s t two m o c k u p s for the f l ight t e s t p r o g r a m wi l l be c o m p l e t e d and s e n t 
to Sand ia , The l a s t two m o c k u p s wi l l be n e a r i n g c o m p l e t i o n wi th in the nex t 
q u a r t e r and wi l l be r e a d y for s h i p m e n t e a r l y in t h e t h i r d q u a r t e r . Es t inna te s of 
the we igh t , c e n t e r of m a s s , and m o m e n t s of i n e r t i a of the m o c k u p s wi l l be m a d e . 

A n a l y s i s of the a e r o d y n a m i c hea t i ng and m o d e s of f a i l u r e of the r e a c t o r and 
v e h i c l e wi l l be con t i nued . P r e p a r a t i o n s wi l l be m a d e for the r e d u c t i o n of the 
da ta f rom the fl ight t e s t s and r e l a t i n g t hem to the p r e d i c t i o n of hea t i ng and b r e a k ­
up d u r i n g r e e n t r y f r o m o r b i t . The t h e r m o d y n a m i c a s p e c t s of the coo lan t (NaK) 
r e m a i n i n g in the v e s s e l and p i p e s d u r i n g r e e n t r y wi l l be s t u d i e d . 
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I. P R O J E C T O B J E C T I V E S 

Th i s p r o j e c t is i n v e s t i g a t i n g the b e h a v i o r of SNAP s y s t e m s u n d e r v a r i o u s 
n u c l e a r a c c i d e n t c o n d i t i o n s . The r e s p o n s e c h a r a c t e r i s t i c s of SNAP r e a c t o r s to 
v a r y i n g r e a c t i v i t y i n s e r t i o n s wi l l be d e t e r m i n e d . I n h e r e n t shu tdown m e c h a n i s m s , 
s u c h a s p r o m p t n e g a t i v e t e m p e r a t u r e coef f ic ien t and h y d r o g e n r e l e a s e f rom the 
fuel m o d e r a t o r m a t e r i a l , w^ill be e v a l u a t e d . A m a t h e m a t i c a l m o d e l of the r e a c t o r 
w^ill be d e v e l o p e d . Both b e r y l l i u m - and w a t e r - r e f l e c t e d a s s e m b l i e s wi l l be 
s tud ied , and the effect of d i f f e r e n c e s in the effect ive p r o m p t n e u t r o n l i f e t i m e wi l l 
be d e t e r n n i n e d . The u l t i m a t e shutdown m e c h a n i s m s -will be d e m o n s t r a t e d by 
o b s e r v i n g the r e s p o n s e of the r e a c t o r s to r e a c t i v i t y i n s e r t i o n s l a r g e enough to 
c a u s e i r r e v e r s i b l e r e a c t o r shu tdown. The r e a c t i v i t y a s s o c i a t e d w^ith the r e a c t o r 
in v a r i o u s p o s s i b l e a c c i d e n t cond i t i ons is be ing d e t e r m i n e d e x p e r i m e n t a l l y by the 
c r i t i c a l c o n f i g u r a t i o n t e s t s . F r o m t h e s e t e s t s it is n e c e s s a r y to t r a n s l a t e the 
r e a c t i v i t y da ta to an e x c u r s i o n or e n e r g y r e l e a s e in o r d e r to p r o p e r l y e v a l u a t e 
the c o n s e q u e n c e s of an a c c i d e n t . D e t e r m i n i n g the e n e r g y r e l e a s e in a p o s t u l a t e d 
e x c u r s i o n by a n a l y t i c a l m e a n s i s a diff icul t t a s k , s i n c e d e t a i l e d knowledge of the 
h y d r o g e n r e l e a s e m e c h a n i s m is r e q u i r e d . C o n s e q u e n t l y , e x p e r u n e n t a l s t u d i e s 
a r e be ing conduc t ed to i n c r e a s e the a c c u r a c y of the a n a l y t i c a l c a l c u l a t i o n s . 

II . MAJOR A C C O M P L I S H M E N T S IN F I S C A L YEAR 1962 

The d e s i g n of the m a c h i n e s to be u s e d for b e r y l l i u m c o n t r o l l e d r e a c t i v i t y 
i n s e r t i o n s (SNAPTRAN 2 / l O A - l and 2) w a s s t a r t e d . A l s o , the h a r d w a r e p r o c u r e ­
m e n t for the m a c h i n e w a s i n i t i a t e d . I n v e s t i g a t i o n s to d e t e r m i n e the m o s t p r a c ­
t i c a l fuel a n d / o r c o r e i n s t r u m e n t a t i o n w e r e p e r f o r m e d ; the i n s t r u m e n t e d fuel 
e l e m e n t d e s i g n w a s f ixed. The Safety A n a l y s i s R e p o r t (SAR) w a s s t a r t e d , 
P h i l l i p s P e t r o l e u m C o m p a n y w a s c h o s e n by the AEC to conduc t the t r a n s i e n t t e s t s 
at the N R T S , 

The h y d r o g e n r e l e a s e r a t e s d u r i n g the fuel h e a t i n g e x p e r i m e n t s w e r e shown 
to be l i m i t e d by p o w e r input r a t h e r than diffusion r a t e s . Th i s app l i ed for a power 
input wh ich w a s s low, r e l a t i v e to tha t wh ich is e x p e c t e d d u r i n g the r e a c t o r p e r i o d 
r e s u l t i n g f rom a l a r g e r e a c t i v i t y input . 

III. P R O G R E S S DURING R E P O R T P E R I O D 

A t o p i c a l r e p o r t (NAA-SR-7398) on the e l e c t r i c a l r e s i s t a n c e h e a t i n g t e s t s 
%vas p u b l i s h e d . Th i s r e p o r t i nc luded an a n a l y s i s of e n e r g y input , t e m p e r a t u r e , 
and h y d r o g e n r e l e a s e . In v iew of the a d v i s a b i l i t y of f u r t h e r p u l s e t e s t s u t i l i z i ng 
h i g h e r h e a t i n g r a t e s , e q u i p m e n t t h a t wi l l p r o v i d e an o r d e r of m a g n i t u d e i n c r e a s e 
in the h e a t i n g r a t e w a s i n v e s t i g a t e d . 
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The c u r r e n t s e r i e s of K E W B p u l s e h e a t i n g e x p e r i m e n t s w a s c o m p l e t e d ; 
v a r i o u s a n a l y t i c a l e v a l u a t i o n s a r e now^ in p r o g r e s s . T h e s e inc lude an a n a l y s i s of 
the fuel g r a i n s t r u c t u r e and an a n a l y s i s of the n u m b e r of f i s s i o n s p r o d u c e d in each 
s a m p l e . The l a t t e r a n a l y s i s wi l l be u s e d for e n e r g y b a l a n c e c a l c u l a t i o n s . 

A new^ c o m p u t e r code i s be ing d e v e l o p e d to p e r f o r m " b a c k w a r d " k i n e t i c s 
c a l c u l a t i o n s to d e t e r m i n e c o m p e n s a t e d r e a c t i v i t y fronn r e a c t o r t r a n s i e n t e x p e r i ­
m e n t s . Th i s code , C O M P O S T ( C o m p u t a t i o n s on SNAP T r a n s i e n t s ) , w i l l be u s e d 
to a n a l y z e the d ig i t a l da ta p r o v i d e d by the P h i l l i p s P e t r o l e u m C o m p a n y a t the 
N R T S . Since P h i l l i p s h a s not ye t spec i f i ed the n u c l e a r i n s t r u m e n t a t i o n to be u s e d 
in the t e s t s , the p r e p a r a t i o n of the input s e c t i o n s of the code h a s b e e n d e l a y e d 
un t i l a l a t e r d a t e . A " f o r w a r d " k i n e t i c s c o m p u t e r code is a l s o be ing deve loped to 
i n c o r p o r a t e both the n u c l e a r and the m e c h a n i c a l shu tdown c h a r a c t e r i s t i c s of the 
SNAP r e a c t o r . M e c h a n i c a l shu tdown m o d e l s have b e e n f o r m u l a t e d by u t i l i z ing 
the e x p e r i m e n t a l da ta ob t a ined f rom the e l e c t r i c a l h e a t i n g and K E W B e x p e r i m e n t s . 

The S a f e g u a r d s A n a l y s i s R e p o r t (SAR) w a s p r e p a r e d and r e v i e w e d 
by P h i l l i p s a n d A I p e r s o n n e l . P h i l l i p s d e c i d e d to m a k e a m a j o r r e v i s i o n to the 
r e p o r t to inc lude s u b s t a n t i a l l y m o r e d e t a i l in the a r e a s of r e a c t o r d e s i g n and 
o p e r a t i o n . A t o m i c s I n t e r n a t i o n a l p r e p a r e d a t a b l e of r e a c t o r c h a r a c t e r i s t i c s , a 
d r a w i n g showing a c r o s s s e c t i o n of the c o r e and r e f l e c t o r , t y p i c a l d r u m r e a c t i v i t y 
w o r t h c u r v e s , and a p r o c e s s and i n s t r u m e n t a t i o n d i a g r a m and d e s c r i p t i o n to add 
to the r e p o r t . 

Excep t for the d r u m d r i v e m e c h a n i s n n s , t h e d e s i g n of the SNAPTRAN 2 / l O A 
m a c h i n e w a s c o m p l e t e d d u r i n g t h i s p e r i o d . F i g u r e 1 i s a cu t away d r a w i n g of the 
SNAPTRAN 2 / l O A - l m a c h i n e . P h i l l i p s had a fu l l - s ca l e m o d e l f a b r i c a t e d and 
a s s e m b l e d for u s e in p lann ing fu ture ho t c e l l o p e r a t i o n s . In add i t ion , the m o d e l 
w a s e x p e c t e d to p r o v e helpful in not ing m a c h i n e i n t e r f e r e n c e s . 

The o p e r a t i n g c o n s o l e for the a c t u a l SNAPTRAN m a c h i n e is be ing bu i l t by 
P h i l l i p s . The p l a n s to ship the c o n s o l e to AI w e r e c o m p l e t e d ; P h i l l i p s wi l l s u p ­
p ly p e r s o n n e l to a s s i s t AI in the hookup and o p e r a t i o n of the c o n s o l e a s wel l a s 
the checkou t of the m a c h i n e . 

The S N A P T R A N R e a c t o r Manua l of Checkou t , O p e r a t i o n , and M a i n t e n a n c e 
P r o c e d u r e s i s be ing p r e p a r e d by AI . A checkou t p r o c e d u r e for i n t e r n a l u s e is 
a l s o be ing p r e p a r e d . Th i s p r o c e d u r e wi l l be u s e d d u r i n g the a c c e p t a n c e c h e c k 
of the S N A P T R A N m a c h i n e . 

The p i lo t r u n for the i n s t r u m e n t e d fuel e l e m e n t p r o g r e s s e d w e l l . The h o l e s 
for the t h e r m o c o u p l e s w e r e s u c c e s s f u l l y d r i l l e d in to the f i r s t m o d e l e l e m e n t . 
T h i s e l e m e n t •was then a s s e m b l e d into a can to t e s t the s p e c i a l s e a l i n g t e c h n i q u e . 
L a t e r , a mod i f i c a t i on w a s i n c o r p o r a t e d into the d e s i g n . The m o d i f i c a ­
t ion is in t ended to i m p r o v e the t r a n s i e n t r e s p o n s e of the t h e r m o c o u p l e s wi thout 
a d v e r s e l y af fect ing t h e i r r e l i a b i l i t y . 

The t h e r m a l enve lope door h e a t e r fa i led d u r i n g hea t i ng due to a f a i l u r e of 
the moun t ing m a t e r i a l . The f a i l u r e a p p a r e n t l y o c c u r r e d a f te r the shutdo^wn of the 
h e a t e r s i n c e a d j a c e n t co i l s w e r e touch ing a t s e v e r a l p l a c e s but no s h o r t i n g effect 
w a s o b s e r v e d d u r i n g the o p e r a t i o n . A new moun t ing d e v i c e wi l l be f a b r i c a t e d 
u t i l i z i ng f i b r e f r a x i n s u l a t i o n . A l s o , the Blue M h e a t e r , wh ich is a 4 8 0 - v , s ing le 
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p h a s e h e a t e r , w a s r e c e i v e d and is be ing t e s t e d for p o s s i b l e a p p l i c a t i o n a s the 
t h e r m a l enve lope h e a t e r . 

IV, EVALUATION OF EFFORT TO DATE 

The p r o g r e s s in the d e s i g n , f a b r i c a t i o n , p r o c u r e m e n t , and a s s e m b l y of the 
m a c h i n e h a s b e e n l e s s than e x p e c t e d . B a s e d on the p r e s e n t d e s i g n s t a t u s , and 
u s i n g t y p i c a l p r o c u r e m e n t t i m e s p a n s , it a p p e a r s that t he m a c h i n e should be 
m e c h a n i c a l l y t e s t e d and r e a d y for d e l i v e r y to Idaho d u r i n g the l a t t e r p a r t of the 
t h i r d q u a r t e r of t h i s f i s ca l y e a r . Th i s i s a p p r o x i m a t e l y t h r e e m o n t h s l a t e r than 
o r i g i n a l l y a n t i c i p a t e d . 

A n a l y t i c a l e f for t s a r e p r o c e e d i n g at a s a t i s f a c t o r y p a c e tha t is c o m p a t i b l e 
wi th c u r r e n t d e s i g n , p r o c u r e m e n t , f a b r i c a t i o n , and a s s e m b l y p r o g r e s s . The 
d ig i t a l c o m p u t e r c o d e s for the a n a l y s i s of S N A P T R A N t r a n s i e n t s w i l l be a v a i l ­
ab le d u r i n g the t h i r d q u a r t e r ; t h e r e f o r e , p r o g r e s s in th i s a r e a is m o r e than 
a d e q u a t e . 

V. N E X T R E P O R T P E R I O D ACTIVITIES 

It is e x p e c t e d tha t the r e p o r t on e l e c t r i c a l r e s i s t a n c e h e a t i n g •will be r e l e a s e d 
a s w^ell a s the r e s u l t s of the KEWB p u l s e hea t i ng t e s t s . The SAR r e p o r t r e v i s i o n 
should be c o m p l e t e d and the r e p o r t r e a d y for p u b l i c a t i o n by the end of the p e r i o d . 

The d e s i g n and d e t a i l d r a w i n g s of the S N A P T R A N m a c h i n e wi l l be c o m p l e t e d ; 
f a b r i c a t i o n and a s s e m b l y wi l l be s t a r t e d p r i o r to the end of the s e c o n d q u a r t e r . 
The o p e r a t i n g c o n s o l e tha t P h i l l i p s i s bu i ld ing for the SNAPTRAN m a c h i n e should 
a r r i v e a t AI e a r l y in th i s p e r i o d . It wi l l be i n s t a l l e d and the c h e c k o u t of the c o n ­
so le c o m p l e t e d . The c o m p u t e r code p r o g r a m d e v e l o p m e n t wi l l c o n t i n u e . The 
" f o r w a r d " k i n e t i c s code i s not e x p e c t e d to be c o m p l e t e d d u r i n g th i s p e r i o d but 
C O M P O S T m a y be c o m p l e t e d if P h i l l i p s is ab le to spec i fy the input da t a tha t is 
to be u s e d . 

D e s t r u c t i v e fuel e l e m e n t t e s t s wi l l be u n d e r t a k e n to i n v e s t i g a t e fuel e l e m e n t 
f a i l u r e a s a funct ion of t e m p e r a t u r e . The da ta ob ta ined wi l l be u s e d to def ine the 
t e m p e r a t u r e l i m i t a t i o n s for l a t e r n o n d e s t r u c t i v e t e s t s . 
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Program: SNAP A e r o s p a c e Safety 

Project: R e a c t o r E n d - o f - L i f e Shutdown 

Responsible Engineer: J . L a m p l 

Reporting Period: J u l y - S e p t e m b e r 1962 

General Order: 7611 

D e v i c e s 

Project Engineer: L- I- M o s s 

AEC Category: 0 4 - 6 0 - 5 0 - 0 1 . 1 

Subaccount: 2063 

I. PROJECT OBJECTIVES 

The objective of this project is to develop a re l iable end-of-life shutdown 
device that opera tes independently from the r e a c t o r or power conversion sys tem. 

It is des i rable to incorporate into the reac tor design a rel iable device that 
will cause reac tor shutdown or destruct ion after the useful life of the r eac to r 
sys tem has been achieved. Such a device may incorporate such things as a cor ­
rosion b a r r i e r or radioisotope that, after a finite length of tinne, will t r igger a 
mechanism that will either r e l ea se the ref lec tors or set off an explosive charge . 
Various such devices have been postulated and a r e being investigated for use as 
an end-of-life shutdown device in operat ional SNAP sys t ems . 

II. MAJOR ACCOMPLISHMENTS IN FISCAL YEAR 1962 

During FY 1962, the effort was directed p r imar i ly toward analytical studies 
of possible devices to de te rmine those most suited for the proposed application. 
This investigation included such things as determining ways that a radioisotope 
decay or cor ros ion b a r r i e r could be used to t r igger a charge or r e l ea se a mech­
an ism. In addition, react ion t imes and possible isotopes for use in a device 
were studied. 

III. PROGRESS DURING REPORT PERIOD 

Two devices presen t ly intended for operat ional SNAP sys tems a r e an explo­
sive project i le device and a chemical react ion p res su re -p roduc ing device, both 
of which effect destruct ion of the r eac to r and d i spe r sa l of the fuel e lements 
(see F igures 2 and 3). A single command box incorporating five different com­
mand signals is being designed for both of these devices (see F igure 4), 

A. EXPLOSIVE SHUTDOWN PROJECTILE 

Two bids for a feasibility study of the explosive project i le were received and 
evaluated. The command box (Figure 4), which incorpora tes all five initiating 
commands , was designed. 

B. CHEMICAL REACTION SHUTDOWN 

A se r i e s of tes ts were conducted to obtain react ions of metal l ic fuels and 
oxides above 1350°F, Reactions that were initially successful produced the 
following combinations: 

NAA-SR-7797 
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Fue l 

Mg 

Ca 

Be 

Be 

AI 

AI4C3 

SiC 

Z r 

CaC^ 

Oxidizer Gas P roduce r s 

+^^2^3 + C 

fSnO^ + C 

+Z^2^2°7 + ^ 

H-SnO^ + C (with BeO covering Be) 

+ZnO + C 

+Fe203 + C 

+Ba(N03)2 

^-Mn-O 

+Z-2P2O7 

T h e s e r e a c t i o n s w i l l have to be c h e c k e d a f te r e x p o s u r e to t e m p e r a t u r e and 
i r r a d i a t i o n to d e t e r m i n e t h e i r long t e r m s t a b i l i t y . 

Al l the t e s t s w e r e conduc ted in a c l o s e d 7 0 0 - c c c r u c i b l e in s ide an a i r -
e v a c u a t e d c h a m b e r u n d e r a h e l i u m a t m o s p h e r e ; the r e a c t i o n w a s in i t i a t ed wi th 
a h e a t e d t u n g s t e n f i l a m e n t , 

IV, EVALUATION OF EFFORT TO DATE 

A. E X P L O S I V E SHUTDOWN P R O J E C T I L E 

The b i d s for the f e a s i b i l i t y s tudy for t h i s p r o j e c t i nd i ca t e tha t the a p p r o a c h 
t a k e n by the v e n d o r s is •within the p r e s e n t s t a t e - o f - t h e - a r t , and should p r o v e 
s u c c e s s f u l . 

The c o m m a n d box d e s i g n i t se l f a p p e a r s f e a s ib l e and the f o r c e a n a l y s i s shows 
tha t the m a r g i n of sa fe ty for funct ioning is a d e q u a t e . 

B . C H E M I C A L R E A C T I O N SHUTDOWN 

In th i s p r o j e c t , t h e r e w a s a v e r y b r o a d effor t to d e t e r m i n e the u s e f u l n e s s of 
p y r o t e c h n i c s u n d e r spec i f i ed e n v i r o n m e n t a l c o n d i t i o n s . M o r e t e s t s of t h e s e c o m ­
pounds and s t a b i l i t y t e s t s a r e r e q u i r e d b e f o r e any def in i te r e c o m m e n d a t i o n s can 
be m a d e . 

V. N E X T R E P O R T P E R I O D A C T I V I T I E S 

A. E X P L O S I V E SHUTDOWN P R O J E C T I L E 

The c o m m a n d box d e s i g n w i l l be c o m p l e t e l y de t a i l ed and checked ; b e l l o w s 
s p e c i f i c a t i o n c o n t r o l d r a w i n g s wi l l be r e l e a s e d for p u r c h a s e . A s tudy w i l l be 
m a d e to d e t e r m i n e the o p t i m u m loca t ion of the p r o j e c t i l e guide tube to m i n i m i z e 
the i r r a d i a t i o n d o s a g e in the i n s t r u m e n t c o m p a r t m e n t . 

N A A - S R - 7 7 9 7 
15 



ATOMICS INTERNATIONAL 

A Division of North American Aviation, Inc. 

QUARTERLY PROJECT PROGRESS REPORT 

B. CHEMICAL REACTION SHUTDOWN 

Reactions with AI and Sr(N03)2, utilizing severa l ca ta lys ts , will be conduc­
ted. Reactions will also be conducted with Ca, Zr , Be and Sr(N03)2; Ca and 
CaC03; Ca and S rC03 ; Ca with SrC03 and Na2C03; AI, Pb02 and C; and Li3N 
and Na2C03, These react ion studies will be conducted at the environmental t em­
pera tu re of 1100°F which has now been established as the SNAP 8 environment. 

After conducting stabili ty tes t s with the most promising pyrotechnic com­
pounds, large volume react ions will be conducted to determine the actual p r e s ­
sure r i s e for the conditions required to rupture the reac tor vesse l . 
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I. P R O J E C T O B J E C T I V E S 

The p r i m a r y ob jec t ive is to a c c u r a t e l y d e t e r m i n e t h e r a d i o l o g i c a l c o n s e ­
q u e n c e s of a n u c l e a r e x c u r s i o n . To do t h i s , it is n e c e s s a r y to know the f i s s i o n 
p r o d u c t r e l e a s e f rom the c o r e . Unfor tuna te ly , the r e l e a s e of f i s s i o n p r o d u c t s 
f r om any so l id m a t e r i a l is a c o m p l i c a t e d p r o c e s s combin ing the ef fects of m i c r o ­
scop ic c r a c k i n g , g r o s s diffusion, l a t t i c e d e f e c t s , t h e r m a l s p i k e s , and o the r 
s o l i d - s t a t e p h e n o m e n a . T h e r e f o r e , it is no t p o s s i b l e to a c c u r a t e l y e x t r a p o l a t e 
da ta on the r e l e a s e of f i s s i o n p r o d u c t s f r om m a t e r i a l s o t h e r than the p a r t i c u l a r 
m a t e r i a l be ing s tud i ed (in th i s c a s e a h y d r i d e d z i r c o n i u m - u r a n i u m a l l oy ) . It 
h a s b e e n sho^wn tha t , even for v e r y s i m i l a r a l l oys which have u n d e r g o n e s l i gh t ly 
d i f fe ren t f a b r i c a t i o n p r o c e s s e s , t he r e l e a s e of f i s s i o n p r o d u c t s m a y v a r y by an 
o r d e r of m a g n i t u d e . It is diff icult , if not i m p o s s i b l e , to e x t r a p o l a t e a v a i l a b l e 
da ta for diffusion of a l ight g a s , such a s h y d r o g e n , to g r o s s f i s s i o n p r o d u c t 
r e l e a s e t h r o u g h the s a m e m a t e r i a l . Thus , it is n e c e s s a r y to e x p e r i m e n t a l l y 
ob ta in f i s s i o n p r o d u c t r e l e a s e da ta for the a c t u a l fuel e l e m e n t . 

II . MAJOR A C C O M P L I S H M E N T S IN F ISCAL YEAR 1962 

In the s econd half of FY 1962, AI s u b c o n t r a c t e d the a c t u a l p e r f o r m a n c e of 
the t e s t s a t the NRTS (Nat iona l R e a c t o r T e s t i n g Sta t ion) , Idaho, to G e n e r a l 
D y n a m i c s - F o r t Wor th . Twelve fuel e l e m e n t s a m p l e s w e r e i r r a d i a t e d in the 
MTR in p r e p a r a t i o n for h e a t i n g in an induc t ion f u r n a c e to t e m p e r a t u r e s of 1500 
to 4 5 0 0 ° F . The r e s i d u e f rom t h e s e f u r n a c e t e s t s w e r e to be a n a l y z e d for iodine 
131, cesiunn 137, b a r i u m and l a n t h a n u m 140, s t r o n t i u m 89 and 90, t o t a l r a r e 
e a r t h s , u r a n i u m , rubidiunn 86, and t e l l u r i u m 129, Cont inuous m o n i t o r i n g and 
c o l l e c t i o n of iod ine , k r y p t o n , and xenon w a s to be done du r ing the t e s t s . The 
r a d i o c h e m i c a l a n a l y s i s a t the NRTS w a s s u b c o n t r a c t e d to P h i l l i p s P e t r o l e u m 
C o m p a n y . At the end of FY 1962, the t e s t a p p a r a t u s w a s in the f inal s t a g e s of 
a s s e m b l y and checkou t a t the N R T S . 

III. PROGRESS DURING R E P O R T PERIOD 

After the s y s t e m to be u s e d in the t e s t p r o g r a m w a s a s s e m b l e d ( s e e F i g u r e s 
5 and 6), p r e s s u r e d r o p s a c r o s s s e c t i o n s of the s y s t e m w e r e m e a s u r e d by the 
u s e of a m a n o m e t e r . Using s o a p suds a s a d e t e c t o r , s m a l l l e a k s w e r e found and 
s e a l e d a s the s y s t e m w a s b r o u g h t to o p e r a t i n g c o n d i t i o n s . 

The gas a c t i v i t y m o n i t o r s y s t e m w a s c h e c k e d by u s ing k r y p t o n 85 g a s . This 
g a s w a s i n t r o d u c e d into the f u r n a c e wi th h e l i u m in o r d e r to p r o v i d e an i n e r t 
a t m o s p h e r e . Then the f u r n a c e w a s b r o u g h t t o ' ^ 2 0 0 0 ° F to s i m u l a t e o p e r a t i n g 
c o n d i t i o n s , and about 0.1 c u r i e s of the gas w a s i n t r o d u c e d o v e r a p e r i o d of about 
t en m i n u t e s . After it w a s c o l l e c t e d in the gas t r a p , the l iquid n i t r o g e n l e v e l 
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a r o u n d the t r a p •was l o w e r e d and the g a s w a s t r a n s f e r r e d to a s e c o n d gas t r a p . 
Th i s s e c o n d t r a p c a n be d i s c o n n e c t e d f r o m the s y s t e m to f a c i l i t a t e r a d i a t i o n 
s p e c t r u m a n a l y s i s . While m a k i n g th i s t r a n s f e r , s o m e of the g a s w a s l o s t due 
to lo^w b a c k - p r e s s u r e in the r e m o t e o p e r a t i o n so leno id v a l v e s . T h e s e v a l v e s 
•were l a t e r r e p l a c e d •with m e c h a n i c a l v a l v e s . 

A l a t e r c h e c k o u t of the gas c o l l e c t i o n a p p a r a t u s r e v e a l e d p e r s i s t e n t l e a k s 
in the bo t t om of t h e gas c o l l e c t o r t u b e s . T h e s e l e a k s w e r e d e t e c t e d by p a s s i n g 
r a d i o a c t i v e k r y p t o n t h r o u g h the s y s t e m . The c a p s w e r e w e l d e d and r e w e l d e d 
unt i l the l e a k s w e r e s t o p p e d . 

1 
It w a s d e c i d e d to u s e only h e l i u m a s the i n e r t gas in the f u r n a c e r e g i o n . 

P r e v i o u s l y , a r g o n flow w a s m a i n t a i n e d a r o u n d the c r u c i b l e and g r a p h i t e s u s c e p t o r , 
and h e l i u m above the c r u c i b l e . The s y s t e m w a s found to be b locked ; it •was s u s ­
p e c t e d tha t the a r g o n w a s l iquifying in the s m a l l va lve p a s s a g e s in the l iquid 
n i t r o g e n r e g i o n . To p r e v e n t f u r t h e r b l o c k a g e , h e l i u m w a s s u b s t i t u t e d a r o u n d the 
c r u c i b l e and s u s c e p t o r . L a t e r , in the i n t e r e s t of s i m p l i f i c a t i o n , t he h e l i u m flow 
above the c r u c i b l e w a s d i s c o n t i n u e d . The t e m p e r a t u r e r e c a l i b r a t i o n r u n s showed 
t h a t t h e r e w a s no s ign i f i can t t e m p e r a t u r e effect due to r e p l a c i n g the a r g o n wi th 
h e l i u m . | 

Me l t ing p o i n t s of fuel s a m p l e s and the f u r n a c e c a l i b r a t i o n w e r e d e t e r m i n e d 
by hea t i ng n o n i r r a d i a t e d fuel s a m p l e s . It w a s found tha t u n c l a d e l e m e n t s m e l t e d 
at 3500 ± 5 0 ° F , I n c r e a s i n g the t e m p e r a t u r e to about 3800 to 4 0 0 0 ° F r e s u l t e d in 
the t a n t a l l u m c r u c i b l e a l loy ing wi th the fuel . C lad s a m p l e s m e l t e d a t 2 5 5 0 ° F 
due to a n a l loy ing effect b e t w e e n t h e fuel and the H a s t e l l o y N c l a d d i n g . 

The f i r s t a c t i v e r e l e a s e u t i l i z e d an u n c l a d fuel s a m p l e tha t w a s m a i n t a i n e d 
at 2 8 0 0 ° F for s e v e r a l h o u r s . D u r i n g th i s t e s t , s o m e r e s t r i c t i o n of gas flow w a s 
o b s e r v e d wi th in the sys tenn . This w a s t r a c e d to b lockage in the w a t e r t r a p 
( d r y e r ) , wh ich is a 3 - in . d i a m e t e r by 3-ft long c y l i n d e r con ta in ing d e s s i c c a n t 
c r y s t a l s . This r e s t r i c t i o n w a s e l i m i n a t e d a f t e r r e p a i r i n g a l e a k tha t r e s u l t e d 
due to e x c e s s i v e c h e m i c a l s in the iodine t r a p . 

The s e c o n d r e l e a s e t e s t w a s p e r f o r m e d u s i n g a fuel s a m p l e wi th s t a n d a r d 
c ladd ing and bond ing . The s a m p l e w a s m a i n t a i n e d at 3 5 0 0 " F for 20 m i n u t e s to 
e n s u r e c o m p l e t e m e l t i n g . D u r i n g the t e s t , t he m o n i t o r s i n d i c a t e d tha t evo lved 
gas a c t i v i t y •was-^30 t i m e s the a c t i v i t y o b s e r v e d d u r i n g the f i r s t r e l e a s e . 

The t h i r d t e s t w a s d e l a y e d un t i l the f i s s i o n p r o d u c t gas s y s t e m could be 
mod i f i ed . A c o n s i d e r a b l e p e r i o d of t i m e •was n e c e s s a r y to t r a n s f e r the c o l l e c t e d 
g a s e s into a s e c o n d c o l l e c t o r un i t . Th i s unit w a s t h e n t a k e n f rom the s y s t e m 
and g a m m a - s c a n n e d . This p r o c e s s w a s sinnplif ied by d e s i g n i n g a s i ng l e uni t to 
fulfill both func t ions . 

Af ter the mod i f i c a t i on •was c o m p l e t e d , the t h i r d r e l e a s e t e s t w a s p e r f o r m e d . 
The t e s t p l a n w a s to h e a t a c l ad s a m p l e to 3 5 0 0 ° F ; then the t e m p e r a t u r e w a s to 
be r e d u c e d to 2 0 0 0 ° F for f if teen m i n u t e s . Th i s would s i m u l a t e a n u c l e a r e x c u r ­
s ion fol lowed by a r o c k e t fuel f i r e . Soon a f t e r the t e s t began , the r a d i a t i o n 
p y r o m e t e r , wh ich v i e w s t h e bottonn of the g r a p h i t e s u s c e p t o r t h r o u g h a channe l 
in the bo t tom of the f u r n a c e , c e a s e d to funct ion p r o p e r l y . The t e s t w a s then 
t e r m i n a t e d a f t e r an e s t i m a t e d 3 4 5 0 ° F w a s r e a c h e d . Fo l lowing the t e s t , s ign i f i can t 
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be ta a c t i v i t y w a s d e t e c t e d below t h e f u r n a c e . A coo lan t w a t e r l e ak in the i n d u c ­
t ion f u r n a c e co i l s in the r e g i o n j u s t ou t s i de the g r a p h i t e s u s c e p t o r a l lowed a c t i v e 
m a t e r i a l to be " w a s h e d " down to t h e p y r o m e t e r and the s u r r o u n d i n g r e g i o n be low 
t h e f u r n a c e . The p y r o m e t e r g l a s s w a s c o v e r e d wi th m a t e r i a l and th i s c a u s e d i t s 
m a l f u n c t i o n . A l s o , it w a s found tha t s o m e of the a c t i v e g a s e s w e r e b y p a s s i n g 
the c o l l e c t o r s y s t e m d u r i n g the t e s t s . Th i s r e q u i r e d a m i n o r m o d i f i c a t i o n to 
c o r r e c t the s i t u a t i o n . 

Due to d e l a y s in the p r o g r a m it w a s n e c e s s a r y to r e i r r a d i a t e s o m e fuel 
s a m p l e s to e n s u r e tha t t h e i r f i s s i o n p r o d u c t a c t i v i t y •was h igh enough to give 
good r e s u l t s . A l s o , s o m e diff iculty •was e n c o u n t e r e d in d i s s o l v i n g the fuel e l e ­
m e n t r e s i d u e for a n a l y s i s . T h i s r e q u i r e d m o d i f i c a t i o n of e q u i p m e n t a t P h i l l i p s ' 
C h e m i c a l P r o c e s s i n g P l a n t . A n a l y s i s then p r o c e e d e d s a t i s f a c t o r i l y . 

IV. EVALUATION OF EFFORT TO DATE 

Many p r o b l e m s w^ere e n c o u n t e r e d and o v e r c o m e whi le e s t a b l i s h i n g a s y s t e m 
for the t e s t s t h a t w a s e s s e n t i a l l y l e a k - t i g h t . The f u r n a c e and ac t i v i t y d e t e c t i o n 
e q u i p m e n t had to be p r o p e r l y c a l i b r a t e d . S e v e r a l m o d i f i c a t i o n s w^ere n e c e s s a r y 
b e f o r e the s y s t e m could p e r f o r m s u c c e s s i v e t e s t s f a i r l y r a p i d l y and give a c c u r a t e 
d a t a . T h e s e n e c e s s a r y t a s k s w e r e a c c o m p l i s h e d by the end of the r e p o r t p e r i o d . 

The in i t i a l t e s t s i n d i c a t e d tha t , a f t e r a few f inal m o d i f i c a t i o n s , the da ta 
ob ta ined f r o m the p r o g r a m wi l l be usefu l in d e t e r m i n i n g the r a d i o l o g i c a l con ­
s e q u e n c e s of a n u c l e a r e x c u r s i o n . By the end of th i s r e p o r t p e r i o d , suff ic ient 
p r o g r e s s had b e e n m a d e such t h a t the n ine r e m a i n i n g t e s t s in the s e r i e s could 
be p e r f o r m e d s u c c e s s f u l l y w i th in the nex t few w e e k s . 

V. N E X T R E P O R T P E R I O D A C T I V I T I E S 

All of the r e m a i n i n g c l o s e d r e l e a s e t e s t s wi l l be c o m p l e t e d . The r a d i o ­
c h e m i c a l a n a l y s e s of fuel e l e m e n t r e s i d u e and evo lved p a r t i c l e s and g a s e s wi l l 
c o n t i n u e . C o m p l e t e da ta should be a v a i l a b l e on a t l e a s t half of the t e s t s by the 
end of the nex t r e p o r t i n g p e r i o d . The a n a l y s i s of the da ta a t AI wi l l be i n i t i a t e d . 
The c o m p u t e r c o d e s tha t h a v e b e e n d e v e l o p e d for t h i s p u r p o s e wi l l be e m p l o y e d . 
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I . P R O J E C T O B J E C T I V E S 

In o r d e r to e s t i m a t e the e n e r g y r e l e a s e in a n u c l e a r e x c u r s i o n , it is n e c ­
e s s a r y to d e t e r m i n e the r e a c t i v i t y a s s o c i a t e d wi th the r e a c t o r when it i s s u b ­
j e c t e d to v a r i o u s a c c i d e n t c o n d i t i o n s . This r e a c t i v i t y can be c a l c u l a t e d n u m e r i ­
ca l ly , bu t poor a c c u r a c y wou ld r e s u l t , e s p e c i a l l y w h e r e a w a t e r m o d e r a t o r and 
r e f l e c t o r a r e invo lved . C o n s e q u e n t l y , e x p e r i m e n t a l m e t h o d s a r e n e c e s s a r y to 
ob ta in r e s u l t s u s a b l e for an a c c u r a t e h a z a r d s e v a l u a t i o n . It is the ob jec t ive of 
t h e s e c r i t i c a l con f igu ra t ion t e s t s to d e t e r m i n e the r e a c t i v i t y of SNAP r e a c t o r s 
when they a r e s u b j e c t e d to v a r i o u s w a t e r i m m e r s i o n c o n f i g u r a t i o n s . 

II . M A J O R A C C O M P L I S H M E N T S IN F I S C A L YEAR 1962 

The SNAP 2 / l O A r e a c t o r w a s s u b j e c t e d to v a r i o u s c r i t i c a l con f igu ra t i on 
t e s t s wi th a w a t e r m o d e r a t o r . The t e s t a p p a r a t u s for the s e r i e s c o n s i s t e d of a 
r e m o v a b l e w a t e r r e f l e c t o r wh ich w a s p h y s i c a l l y s e p a r a t e d in to t h r e e r e g i o n s and 
wh ich s u r r o u n d e d the c o r e . E a c h r e g i o n could be r e m o t e l y f i l led or e m p t i e d 
wi th w a t e r . The spec i f i c o b j e c t i v e s of the t e s t inc luded the d e t e r m i n a t i o n of the 
fol lowing: (a) the n u m b e r of fuel r o d s n e c e s s a r y to a c h i e v e c r i t i c a l i t y wi th w a t e r 
both f i l l ing and s u r r o u n d i n g the c o r e , (b) the r e a c t i v i t y of the c o r e w i th a full 
loading of fuel and r e f l e c t e d by w a t e r , (c) the r e a c t i v i t y of the c o r e wi th a full 
loading of fuel and wi th w a t e r s u r r o u n d i n g the c o r e and in the c o r e , and (d) the 
effect on the p r e c e d i n g r e a c t i v i t i e s a s a r e s u l t of po i son ing the c o r e v e s s e l and 
the g r i d p l a t e s . 

In i t i a l ( P h a s e s I and II) t e s t s w e r e p e r f o r m e d in the S E T F (SNAP E n v i r o n ­
m e n t a l T e s t F a c i l i t y ) . R e g a r d i n g r e a c t o r s a f e g u a r d s , the m a i n c o n c l u s i o n d r a w n 
w a s tha t a po i son s l e e v e s u r r o u n d i n g the c o r e would p r e v e n t c r i t i c a l i t y upon 
w a t e r i m m e r s i o n . H o w e v e r , if the c o r e i s then f looded, c r i t i c a l i t y would o c c u r . 

Fo l lowing th i s s e r i e s , the t e s t m a c h i n e w a s t r a n s f e r r e d to the SNAP c r i t i c a l 
f ac i l i ty and i n s t a l l a t i o n w a s begun for f u r t h e r ( P h a s e III) SNAP 2 / l O A t e s t s and 
the i n i t i a l w a t e r t e s t s of the SNAP 8 c o r e . 

III. P R O G R E S S DURING R E P O R T P E R I O D 

The p r o p o s e d P h a s e III E x p e r i m e n t a l P r o g r a m w a s r e v i e w e d and a p p r o v e d 
by the AI C o m p a c t R e a c t o r S a f e g u a r d s C o m m i t t e e . H o w e v e r , s t a r t of the t e s t s 
w a s d e l a y e d pending A E C a p p r o v a l of the Bui ld ing 012 F a c i l i t y Sa fegua rds 
R e p o r t . The a p p r o v a l w a s not f o r t h c o m i n g d u r i n g th i s r e p o r t i n g p e r i o d . 
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E a r l i e r p h a s e s of the SNAP 2 / l O A w a t e r i m m e r s i o n e x p e r i m e n t s have shown 
tha t the w a t e r r e f l e c t e d b a r e c o r e i s s u p e r c r i t i c a l . P o i s o n s l e e v e s (conta in ing 
boron) s u r r o u n d i n g the c o r e w i l l p r e v e n t c r i t i c a l i t y when the c o r e is i m m e r s e d 
in w a t e r . H o w e v e r , if the c o r e i s then f looded, c r i t i c a l i t y o c c u r s . F o r sa fe ty 
r e a s o n s , i t i s d e s i r a b l e to p r e v e n t c r i t i c a l i t y upon both w a t e r i m m e r s i o n and 
f looding. 

The P h a s e III s e r i e s of SNAP 2 / l O A t e s t s w i l l i n v e s t i g a t e the ef fects of 
s u r r o u n d i n g vo ids and s u r r o u n d i n g v o i d - p o i s o n c o m b i n a t i o n s on the b a r e c o r e 
a f te r i t is i m m e r s e d and f looded. Voids a s l a r g e a s a 4 - i n . annu lus w i l l be 
s t ud i ed . Some of the p o i s o n s to be i n v e s t i g a t e d a r e a m o r p h o u s n a t u r a l bo ron 
powder canned in s t a i n l e s s s t e e l , S m 2 0 3 powder (a l so c a n n e d ) , and b ina l (a 
d i s p e r s i o n of B4C in a l u m i n u m ) . The t e s t s w^ill a l s o i n v e s t i g a t e the r e a c t i v i t y 
effect of i m m e r s i n g the b e r y l l i u m - r e f l e c t e d c o r e in w a t e r a s w^ell a s m e t h o d s of 
r e d u c i n g th i s r e a c t i v i t y . 

The t e s t o b j e c t i v e s w i l l be to d e m o n s t r a t e tha t s l e e v e and f i l l e r b lock d e s i g n s 
a r e a d e q u a t e to p r e v e n t c r i t i c a l i t y upon w a t e r i m m e r s i o n and f looding and upon 
w a t e r i m m e r s i o n , r e s p e c t i v e l y . The m a i n p u r p o s e w i l l be to deve lop the ab i l i t y 
to a n a l y z e a g e n e r a l p o i s o n - v o i d s l e e v e d e s i g n , w i th the ob jec t ive of e l i m i n a t i n g 
the n e e d of e x p e r i m e n t s to e v a l u a t e e a c h new s l e e v e d e s i g n . 

F i f t e e n c o n f i g u r a t i o n s ( s ee Table I) w i l l be s tud ied wi th c r i t i c a l loading o r 
c r i t i c a l i t y d e t e r m i n e d w h e r e a p p r o p r i a t e for a n a l y s i s . The r e a c t i v i t y effects 
of n e c e s s a r y s t r u c t u r a l m a t e r i a l in the s l e e v e d e s i g n s w i l l be d e t e r m i n e d . Th i s 
e x p e r i m e n t a l p r o g r a m is d e s i g n e d to p r o v i d e i n f o r m a t i o n to p e r m i t a g e n e r a l 
eva lua t i on of d i f f e ren t s l e e v e d e s i g n s in r e d u c i n g c o r e r e a c t i v i t i e s in w a t e r . 

In add i t ion to spec i fy ing the t e s t p r o c e d u r e s , s u p p o r t e q u i p m e n t w a s 
p u r c h a s e d a n d / o r f a b r i c a t e d a s r e q u i r e d . This i nc luded the c o m p l e t i o n of the 
h a r d w a r e d e s i g n for the SNAP 8 t e s t s and the s t a r t of p r o c u r e m e n t and f a b r i c a ­
t ion . Both a r e e x p e c t e d to be c o m p l e t e d e a r l y in the n e x t r e p o r t i n g p e r i o d . In 
add i t ion , the c r i t i c a l a s s e m b l y m a c h i n e w a s c o m p l e t e l y c h e c k e d . The v a r i o u s 
po i son and void s l e e v e c o n t a i n e r s w e r e e a c h a s s e m b l e d a r o u n d the b a r e , un loaded 
c o r e t o d e t e c t any a s s e m b l y p r o b l e m s . Al l the e q u i p m e n t for the b a r e c o r e t e s t 
w a s a s s e m b l e d and i s now r e a d y for the s t a r t of the P h a s e III t e s t s . Dur ing th i s 
p e r i o d , p h o t o g r a p h s w e r e t aken ( s ee F i g u r e s 7 and 8) of the b a r e c o r e t e s t e q u i p ­
m e n t and of the v a r i o u s s u r r o u n d i n g s l e e v e c o n f i g u r a t i o n s . Mot ion p i c t u r e s w e r e 
a l s o t aken to show the o p e r a t i o n of the e q u i p m e n t . 

The SNAP 8 t e s t s w i l l d e t e r m i n e the r e a c t i v i t y effect of w a t e r i m i m e r s i o n 
and w a t e r flooding on the SNAP 8 c o r e . P o i s o n - v o i d s l e e v e s a n d / o r po i son fuel 
r o d s w i l l be t e s t e d in an effor t to p r e v e n t c r i t i c a l i t y f r o m w a t e r i m m e r s i o n and 
f looding. S t a r t of th i s t e s t p r o g r a m h a s b e e n d e l a y e d pending A E C a p p r o v a l of 
the f ac i l i t y h a z a r d s r e p o r t . F o r s chedu l ing r e a s o n s , the S N A P 2 / l O A p r o g r a m 
w i l l be i n t e r r u p t e d to conduc t SNAP 8 t e s t s . SNAP 2 / l O A t e s t s w i l l then be c o n ­
t inued . To obta in e v a l u a t i o n of the a d e q u a c y of the p o i s o n - v o i d s l e e v e d e s i g n , 
t e s t s 1, 2, 8, 14, and 15 of the P h a s e III T e s t P r o g r a m (Tab le I) w i l l be c o n ­
duc ted p r i o r to the SNAP 8 t e s t s . 
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1-21-63 7611-1827-A 
Figure 7. Water Immers ion Cr i t ica l Machine 
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Figure 8. Shipping Sleeve Configuration 
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IV. EVALUATION O F E F F O R T T O D A T E 

No e x p e r i m e n t s w e r e conduc ted du r ing th i s p e r i o d . The e q u i p m e n t h a s b e e n 
i n s t a l l e d and c h e c k e d out for SNAP 2 / l O A o p e r a t i o n . The t e s t s e r i e s wi l l b e g i n 
upon r e c e i p t of A E C a p p r o v a l of the fac i l i ty h a z a r d s r e p o r t . Al l SNAP 2 / l O A 
e q u i p m e n t w a s d e l i v e r e d . 

The SNAP 8 d e s i g n w a s c o m p l e t e d and f a b r i c a t i o n s t a r t e d . E q u i p m e n t 
p r o c u r e m e n t is p r o g r e s s i n g a t a s a t i s f a c t o r y r a t e ; t h e r e f o r e , no d e l a y s a r e 
e x p e c t e d f r o m th i s s o u r c e . 

V, N E X T R E P O R T PERIOD A C T I V I T I E S 

The d e s i g n and the f a b r i c a t i o n of the w a t e r i m m e r s o n h a r d w a r e for the 
P h a s e III t e s t s w i l l be c o m p l e t e d . The SNAP 8 t e s t s and the P h a s e III t e s t 
s e r i e s "will be s t a r t e d . Da ta c o m p i l a t i o n and a n a l y s i s w i l l beg in a s soon a s 
e a c h t e s t i s c o m p l e t e d . 
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I . P R O J E C T O B J E C T I V E S 

T h e p r i n c i p a l o b j e c t i v e i s t o i n i t i a t e a n d c o m p l e t e a s e r i e s of t e s t s s o t h a t 
d a t a a n d i n f o r m a t i o n w i l l b e a v a i l a b l e t o e v a l u a t e t h e h a z a r d s t h a t m a y o c c u r 
b e f o r e , d u r i n g , a n d a f t e r t h e i n i t i a l f l i g h t t e s t . 

D u r i n g t h e f a c t o r y - t o - o r b i t s e q u e n c e , t h e r e a c t o r a n d i t s r e l a t e d s y s t e m s 
w i l l b e s u b j e c t e d t o v a r i o u s h a n d l i n g , t r a n s p o r t a t i o n , a n d l a u n c h c o n d i t i o n s . 
F r o m t h e s e c o n d i t i o n s , p o t e n t i a l a c c i d e n t s , s u c h a s i m p a c t s , c h e m i c a l i n t e r ­
a c t i o n s , e x p l o s i o n s , a n d f i r e s , c a n b e p o s t u l a t e d . In o r d e r t o a n a l y z e t h e s e 
p o t e n t i a l h a z a r d s , i t i s n e c e s s a r y t o e v a l u a t e t h e e f f e c t of t h e s e m e c h a n i c a l a n d 
t h e r m o c h e m i c a l c h a n g e s o n t h e S N A P s y s t e m . T o p e r f o r m t h i s e v a l u a t i o n , a 
s e r i e s of t e s t s a r e n e c e s s a r y w h e r e b y f u l l - s c a l e m o c k u p r e a c t o r s a n d s y s t e m s 
w o u l d b e s u b j e c t e d t o c o n d i t i o n s s i m i l a r t o t h o s e w h i c h w o u l d o c c u r in t h e v a r ­
i o u s p o s t u l a t e d a c c i d e n t s . 

I I . M A J O R A C C O M P L I S H M E N T S I N F I S C A L Y E A R 1962 

F o u r t e e n t e s t s w e r e p r o p o s e d ; f o u r w e r e r u n a t H o l l o m a n A i r F o r c e B a s e 
p r i o r t o t h e e n d of F Y 1 9 6 2 . T h e c h o i c e w a s d i f f i c u l t t o m a k e b e c a u s e of t h e 
a l m o s t i n f i n i t e n u m b e r of a c c i d e n t c o n d i t i o n s , a t t i t u d e s , a n d g e o m e t r i e s t h a t 
c o u l d b e p o s t u l a t e d t o o c c u r . W h e r e p o s s i b l e , a l i m i t i n g c o n d i t i o n w a s s e l e c t e d 
in e a c h t e s t . T h e t e s t s w e r e d i v i d e d i n t o t h r e e c a t e g o r i e s : ( a ) c h e m i c a l i n t e r ­
a c t i o n , (b) f i r e a n d e x p l o s i o n , a n d (c) i m p a c t . T h e s e t e s t s a r e s u m m a r i z e d a s 
f o l l o w s : 

A . C H E M I C A L I N T E R A C T I O N T E S T S 

T h r e e c h e m i c a l i n t e r a c t i o n t e s t s w e r e p e r f o r m e d t o d e t e r m i n e t h e g r o s s 
e f f e c t s of v a r i o u s s i m u l a t e d a c c i d e n t c o n d i t i o n s . 

T e s t N o . 1 c o n s i s t e d of e x p o s i n g a r e a c t o r v e s s e l a n d i n t e r n a l s t o a 
l i q u i d o x y g e n ( L O X ) d e l u g e . T h e r e w a s n o d a m a g e e i t h e r e x t e r n a l o r i n t e r n a l t o 
t h e c o r e v e s s e l . T h e p u r p o s e of t h e t e s t w a s t o m e a s u r e t h e r a t e of h e a t t r a n s ­
f e r t h r o u g h o u t t h e r e a c t o r a n d t o o b s e r v e t h e g e n e r a l b e h a v i o r of t h e r e a c t o r f o r 
e v i d e n c e of s t r u c t u r a l f a i l u r e d u e t o t h e r m a l s t r e s s , d i f f e r e n t i a l c o n t r a c t i o n , o r 
l o s s of d u c t i l i t y . T h i s t e s t w a s p l a n n e d t o s i m u l a t e t h e f a l l i n g of t h e r e a c t o r 
i n t a c t o n t h e l a u n c h p a d a n d s u b s e q u e n t l y b e i n g e x p o s e d t o t h e L O X d e l u g e f r o m 
a n A t l a s f u e l t a n k . 

T e s t N o . 2 s i m u l a t e d t h e c o n d i t i o n w h e r e b y t h e v e s s e l o r p i p i n g w a s r u p t u r e d 
a n d t h e N a K w a s e x p o s e d t o t h e L O X s p r a y . T h i s t e s t c o n s i s t e d of e x p o s i n g t h e 
N a K a t t h e t w o i n l e t n o z z l e s a n d t h e o u t l e t n o z z l e t o a L O X d e l u g e . T h e p u r p o s e 
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of the t e s t w a s to d e t e r m i n e the effect of a c h e m i c a l r e a c t i o n on the r e a c t o r 
v e s s e l and what e f fec t s , if any, o c c u r r e d due to exp los ions g e n e r a t e d by a LOX-
NaK i n t e r a c t i o n . The LOX s p r a y qu ick ly f r o z e the NaK; no r e a c t i o n o c c u r r e d . 

T e s t No. 3 c o n s i s t e d of expos ing the NaK at the two in le t n o z z l e s and the 
ou t le t n o z z l e to H^O a f te r the r e a c t o r w a s i m m e r s e d in a c o n t a i n e r of H2O ( s e e 
F i g u r e 9 ) . The r e a c t i o n w a s so v io len t tha t the w a t e r t ank w a s r u p t u r e d ( s ee 
F i g u r e 10). The s u b s e q u e n t r a p i d l o s s of the w a t e r f r om the t ank m i n i m i z e d the 
r e a c t i o n ; t h e r e f o r e , it w a s d e c i d e d to r e r u n th i s t e s t a t Sandia at a l a t e r d a t e . 
How^ever, the m o c k u p r e a c t o r w a s no t r e n d e r e d into a con f igu ra t ion tha t would have 
b e e n s u b c r i t i c a l , a s the fuel e l e m e n t a r r a y and the c o r e v e s s e l r e m a i n e d i n t a c t . 

B . F I R E AND EXPLOSION TESTS 

One f i r e ( T e s t No . 4) and one exp los ion ( T e s t No. 5) t e s t w e r e p l anned to 
s i m u l a t e e n v i r o n m e n t a l cond i t ions a r i s i n g f rom a l aunch pad a b o r t . The exp lo ­
s ion t e s t c o n s i s t e d of expos ing a r e a c t o r v e s s e l and r e f l e c t o r a s s e m b l y to an 
exp los ion wi th a r e s u l t i n g o v e r - p r e s s u r e of 415 p s i . The r e f l e c t o r s w e r e e j ec t ed 
but the c o r e v e s s e l w a s not s ign i f i can t ly d a m a g e d . The p u r p o s e of the t e s t w a s 
to o b s e r v e the b e h a v i o r of the r e a c t o r for e v i d e n c e of s t r u c t u r a l f a i l u r e and d i s ­
t o r t i o n due to the e x t e r n a l l y app l i ed p r e s s u r e . Th i s did not o c c u r in a m a n n e r 
n e c e s s a r y to affect the fuel e l e m e n t a r r a y . The f i r e e x p o s u r e t e s t w a s not con­
duc t ed in FY 1962; it is d i s c u s s e d in P a r t III. 

C . I M P A C T TESTS 

Nine i m p a c t t e s t s ( s ix s l ed t e s t s and t h r e e drop- to-wer t e s t s ) w e r e in i t i a t ed ; 
a t e s t a s s e m b l y w a s p r e p a r e d for e a c h t e s t . The p u r p o s e of t h e s e t e s t s w a s to 
d e t e r m i n e the m o d e of f a i l u r e of the t e s t a s s e m b l i e s w h e n s u b j e c t e d to s e v e r e 
shock l o a d s . In the t e r m i n a l ve loc i t y t e s t s , the m o d e of e j ec t i on of the fuel r o d s 
and t h e i r s u b s e q u e n t p h y s i c a l s t a t e and d i s p e r s i o n a r e of p r i m e i m p o r t a n c e . 

The t h r e e d r o p - t o w e r i m p a c t t e s t s w e r e i n i t i a t ed to s i m u l a t e the s y s t e m 
fal l ing f rom the A t l a s - A g e n a v e h i c l e . T h e s e t e s t s w e r e p l anned for an i m p a c t 
ve loc i ty of 80 f t / s e c . P u m p end, c o n v e r t e r end, and s ide a t t i t ude i m p a c t s w e r e 
p l anned . 

F o u r w a t e r and two c o n c r e t e i m p a c t t e s t s w e r p s c h e d u l e d . The f i r s t t h r e e 
w a t e r t e s t s w e r e p l anned for a v e l o c i t y of 550 f t / s e c and the four th at 750 f t / s e c . 
The i m p a c t i n g of the l o w e r ve loc i ty t e s t s w a s to be done for t h r e e d i f fe ren t a t t i ­
t u d e s : (1) i m p a c t on the p u m p end of the r e a c t o r , (2) i m p a c t on the sh i e ld end of 
the r e a c t o r , and (3) i m p a c t on the s ide of the r e a c t o r . The h i g h e r ve loc i t y i m ­
p a c t w a s to be done a t p u m p end a t t i t ude and would inc lude , in add i t ion to a s i m ­
u l a t e d r e a c t o r v e s s e l , r e f l e c t o r , and sh ie ld , a s i m u l a t e d c o n v e r t e r . 

I n s t r u m e n t a t i o n for a l l the t e s t s inc luded p r e s s u r e t r a n s d u c e r s , s t r a i n 
g a u g e s , and a c c e l e r o m e t e r s . In add i t ion , h igh s p e e d c o l o r e d m o t i o n p i c t u r e 
c o v e r a g e w a s to be p r o v i d e d for a l l i m p a c t s . 
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7611-5002 
Figure 9. NaK-H^O Interaction Test Assembly 
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7611-5003 
Figure 10. NaK-H O Interaction Test Resul ts 
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III. P R O G R E S S DURING R E P O R T P E R I O D 

T e s t n u m b e r s 4, 6 t h r o u g h 9, and 11 t h r o u g h 13 w e r e c o m p l e t e d du r ing the 
r e p o r t i n g p e r i o d . T e s t No . 10 w a s c a n c e l l e d and T e s t No . 14 w^ill be c o m p l e t e d 
d u r i n g the next r e p o r t i n g p e r i o d . 

The f i r e e x p o s u r e t e s t (No. 4) c o n s i s t e d of expos ing a r e a c t o r v e s s e l and 
s i m u l a t e d r e f l e c t o r to a h igh t e m p e r a t u r e f i r e of 3 7 0 0 ° F for the f i r s t 2.2 s e c , 
fol lowed by 1 5 0 0 ° F for the n e x t 15 m i n . The r e f l e c t o r b r a z e band p a r t e d 
and e j e c t e d the r e f l e c t o r ( s ee F i g u r e 11). The c o r e i t se l f w a s not d a m a g e d 
The p u r p o s e of the t e s t w a s to o b s e r v e t h e b e h a v i o r of the r e a c t o r for ev idence 
of s t r u c t u r a l f a i l u r e and d i s t o r t i o n due to t h e r m a l s t r e s s o r d i f f e ren t i a l e x p a n ­
s ion . No s u c h d i s t o r t i o n o c c u r r e d , no doubt due to the e x c e l l e n t t h e r m a l coupl ing 
f rom c o r e v e s s e l to the h igh hea t c a p a c i t y c o r e i n t e r i o r . 

The next s e r i e s of t e s t s (No. 6, 7, and 8) w e r e the d r o p - t o w e r t e s t s ( see 
F i g u r e s 12, 13, and 14). In e a c h of the t e s t s , the r e f l e c t o r r e t a i n i n g band fa i l ed . 
Thus , t he r e f l e c t o r s w^ere s e p a r a t e d f rom t h e c o r e v e s s e l in a l l the t e s t s ( s e e 
F i g u r e 15). An e x a m i n a t i o n a f t e r t he s i d e - o n d r o p showed tha t one c o n t r o l d r u m 
had r o t a t e d to the in p o s i t i o n . It w a s not p o s s i b l e to d e t e r m i n e if th i s r o t a t i o n 
o c c u r r e d b e f o r e o r a f t e r the e j e c t i o n of the r e f l e c t o r s ; t h e r e f o r e , f u r t h e r d r o p 
t e s t s have b e e n s c h e d u l e d as p a r t of the P h a s e II p r o g r a m . 

T e s t No . 9 w a s the i m p a c t i n g of a c o n c r e t e - f a c e d m o n o r a i l s l ed upon a 
s t a t i o n a r y r e a c t o r — r e f l e c t o r t e s t a r t i c l e . The v e l o c i t y of the s l ed at i m p a c t 
w a s 560 f t / s e c . The t e s t a r t i c l e w a s c o m p l e t e l y d e s t r o y e d upon i m p a c t ; the 
d e b r i s t h a t •was r e c o v e r e d a c c o u n t e d for only about 10% of the p r e - i m p a c t t e s t 
a r t i c l e . The r e m a i n d e r of the d e b r i s w^as w^ell s c a t t e r e d ove r the t e s t a r e a . The 
t h r e e p i c t u r e s ( F i g u r e s 16, 17, and 18) show the t e s t a r t i c l e p r i o r to s h i p m e n t , 
p r i o r to i m p a c t , and a f te r i m p a c t . 

T e s t No . 10 w a s to be s i m i l a r to T e s t No . 9 excep t t ha t a m o c k u p sh i e ld and 
c o n v e r t e r s t r u c t u r e w e r e to be added and the i m p a c t ve loc i ty w a s to be i n c r e a s e d 
to 750 f t / s e c . H o w e v e r , the d e s t r u c t i o n in T e s t No. 9 at the l o w e r v e l o c i t y w a s 
obv ious ly suff ic ient to e n s u r e s u b c r i t i c a l i t y . T e s t No. 10 w a s t h e r e f o r e c a n c e l l e d . 

T e s t No . 11 w^as a high ve loc i ty , h e a d - o n i m p a c t of a r e a c t o r - r e f l e c t o r 
a s s e m b l y in to a t ank of w a t e r . The t e s t a s s e m b l y w a s t r a v e l i n g a t ' ^ 5 8 0 f t / s e c 
at the t i m e of i m p a c t . It p a s s e d t h r o u g h the t ank of w a t e r and c a m e into c o n t a c t 
w i th a m o u n d of e a r t h ' ^ 2 0 ft beyond the t ank ( see F i g u r e 19). P r i o r to c o n ­
t ac t ing the e a r t h , t h e t e s t a r t i c l e l o s t i t s r e f l e c t o r a s s e m b l y , t h e NaK p u m p , the 
u p p e r head , and the u p p e r g r i d p l a t e s . The r e a c t o r v e s s e l w a s e s s e n t i a l l y in t ac t 
a f t e r t he i m p a c t . The fuel r o d s w e r e d i s p l a c e d long i tud ina l ly into a s p h e r i c a l 
b o u n d a r y a t the u p p e r and l ower g r i d p l a t e s . The l o w e r v e s s e l h e a d w a s d i s ­
p l a c e d in a s i m i l a r f a sh ion . F i g u r e 20 show^s the d e b r i s r e c o v e r e d a f te r i m p a c t . 

T e s t No. 12 w a s a h igh ve l oc i t y , t a i l - o n i m p a c t of a r e a c t o r - r e f l e c t o r a s s e m ­
bly into a t ank of w a t e r . The t e s t a s s e m b l y ve loc i t y w a s 594 f t / s e c at the t i m e of 
i m p a c t . The t e s t a r t i c l e p a s s e d t h r o u g h the t ank of w a t e r and i m p a c t e d into the 
e a r t h mound 20 ft beyond the t ank . The bo t tom of the c o r e v e s s e l w a s r i p p e d off 
and two fuel r o d s w e r e e j e c t e d f rom the c o r e c a n . Two o the r fuel r o d s w e r e 
long i tud ina l ly d i s p l a c e d 10 in . The r e m a i n i n g 33 r o d s w e r e long i tud ina l ly d i s ­
p l a c e d in such a nnanner as to f o r m an a p p r o x i m a t e t i l t e d p lane (over a 6 in . 
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v e r t i c a l p r o j e c t i o n ) a s an u p p e r b o u n d a r y . (See F i g u r e 2 1 . ) E s t i m a t e s i nd i ca t ed 
tha t t h i s fuel rod a r r a y w^ould be s u p e r c r i t i c a l if it w e r e f looded wi th "water. 

T e s t No . 13 w^as s i m i l a r to T e s t s No . 11 and 12, e x c e p t the i m p a c t w a s s i d e -
on. In th i s c a s e , a s w^ith a l l of the i m p a c t s , the r e f l e c t o r s c a m e off. 

T e s t No . 14, t he l a s t t e s t of the P h a s e I s e r i e s , w a s s c h e d u l e d to be r u n 
e a r l y in the next r e p o r t i n g p e r i o d . 

P l a n s for the P h a s e II T e s t P r o g r a m w e r e subrn i t t ed to Sand ia . After d i s ­
c u s s i o n betw^een AI and Sandia , it w^as a g r e e d t h a t the fol lowing t e s t s w^ill be 
spec i f i ed : 

1) A Be f i r e t e s t to eva lua t e BeO c o n t a m i n a t i o n 
2) A 3 - s e c r a d i a n t hea t t e s t of the lockout p in squ ibs to e v a l u a t e the p o s ­

s ib i l i t y of s e l f - i g n i t i o n d u r i n g the fall of a r e a c t o r to the l aunch pad, 
s u b s e q u e n t to an a b o r t 

3) A N a K - H 2 0 i n t e r a c t i o n t e s t , the r e a c t i o n p r o c e e d i n g to c o m p l e t i o n 
4) One high v e l o c i t y c o m p a c t e d so i l i m p a c t t e s t 
5) F o u r d r o p t e s t s to s tudy the t i m e s e q u e n c e of d r u m r o t a t i o n and r e f l e c ­

t o r s e p a r a t i o n . 

IV. EVALUATION OF EFFORT TO DATE 

The t e s t s conduc ted to da t e have p r o v i d e d i n f o r m a t i o n r e g a r d i n g the g r o s s 
b e h a v i o r of the r e a c t o r a s s e m b l y in c e r t a i n a b o r t e n v i r o n m e n t s . The a p p r o a c h 
e m p l o y e d in spec i fy ing t h e s e t e s t s h a s been tha t of (a) d e m o n s t r a t i n g the a d e ­
quacy of a t h e o r e t i c a l r e s u l t a n d / o r (b) e s t a b l i s h i n g the c r e d i b i l i t y or i n c r e d i b i l ­
i ty of s o m e p o s t u l a t e d b e h a v i o r difficult for a n a l y t i c a l so lu t ion . It h a s not b e e n 
c o n s i d e r e d a d v i s a b l e to e x e c u t e a p r o g r a m of s ta t i s | t i ca l t e s t i n g of a l l p o s s i b l e 
o c c u r r e n c e s , s i n c e t h i s would involve a g r e a t n u m b e r of t e s t s in o r d e r to e s t a b ­
l i s h p r o b a b i l i t i e s wi th a high conf idence l e v e l . 

Thus fa r , the t e s t s have v e r i f i e d tha t : (a) r e p r e s e n t a t i v e t h e r m a l and 
e x p l o s i v e e n v i r o n m e n t s have no effect on the fuel e l e m e n t a r r a y , (b) a l l i m p a c t s 
t e s t e d p r o d u c e r e f l e c t o r e j ec t ion , but only the t e r m i n a l v e l o c i t y c o n c r e t e i m p a c t 
c o n c l u s i v e l y d e m o n s t r a t e d c o r e d i s a s s e m b l y . It h a s b e e n shown tha t in a t e r m i ­
na l v e l o c i t y w a t e r i m p a c t , it is c r e d i b l e tha t the fuel e l e m e n t a r r a y r e m a i n s in a 
con f igu ra t i on tha t is s u p e r c r i t i c a l when f looded wi th w a t e r . 

V. NEXT R E P O R T P E R I O D ACTIVITIES 

The l a s t of the P h a s e I s e r i e s ( T e s t No. 14) wi l l be r u n at H o l l o m a n Ai r 
F o r c e B a s e . The d e s i g n and the s t a r t of f a b r i c a t i o n of p a r t s for the P h a s e II 
d r o p t e s t s wi l l be i n i t i a t e d . 

P h a s e II t e s t s s c h e d u l e d to be c o m p l e t e d d u r i n g th i s p e r i o d a r e : (a) the 
N a K - H 2 0 i n t e r a c t i o n t e s t (with the r e a c t i o n p e r m i t t e d to p r o c e e d to c o m p l e t i o n ) , 
(b) the Be f i r e t e s t , (c) the t e r m i n a l ve loc i t y (550 f t / s e c ) s o i l i m p a c t t e s t , 
and (d) the 3 - s e c r a d i a n t h e a t t e s t of the lockout p in s q u i b s . 

N A A - S R - 7 7 9 7 
34 



ATOMICS INTERNATIONAL 

A Division of North American Aviation, Inc. 

QUARTERLY PROJECT PROGRESS REPORT 

7611-5004 

Figure 11. F i r e Exposure Test Results 
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7611-5005 
Figure 12. Drop-Tower Test, Pump-End Impact 
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7611-5006 

Figure 13. Drop-Tower Test, Converter-End Impact 
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7611-5009 

Figure 16. Concrete Impact Test Art ic le P r io r to Shipment 
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Figure I9. Overall View of Water Impact Test Site After Impact 
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Figure 20. Debris Recovered After Head-On Water Impact 
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Program: SNAP A e r o s p a c e Safety 

Project: F u e l E l e m e n t Burnup and F i s s i o n 

Responsible Engineer: R. D. E l l io t t 

Reporting Period: J u l y - S e p t e m b e r I96Z 

General Order: 7611 

P r o d u c t D i s p e r s a l 

Project Engineer: L . I. M o s s 

AEC Category: 0 4 - 6 0 - 5 0 - 0 1 . 1 

Subaccount: Z067 

I. P R O J E C T O B J E C T I V E S 

The o b j e c t i v e s of t h i s p r o j e c t a r e to i n v e s t i g a t e by a n a l y t i c a l and e x p e r i ­
m e n t a l m e a n s the b u r n u p and d i s p e r s i o n of fuel e l e m e n t m a t e r i a l upon r e e n t r y 
of SNAP r e a c t o r s , and to e v a l u a t e the r e s u l t a n t h a z a r d s . 

The a n a l y t i c a l i n v e s t i g a t i o n s of t h i s p r o j e c t wi l l be c o n c e r n e d •with the d e v e l ­
o p m e n t of a m a t h e m a t i c a l m o d e l w h i c h wi l l be u s e d to p r e d i c t the p h y s i c a l and 
c h e m i c a l b e h a v i o r of the fuel e l e m e n t s in the r e e n t r y e n v i r o n m e n t . Th i s m o d e l 
•will be v a l i d a t e d by u t i l i z i ng it to exp la in the r e s u l t s of v a r i o u s l a b o r a t o r y and 
flight t e s t s of fuel e l e m e n t s and fuel a l loy s p e c i m e n s . 

O the r o b j e c t i v e s of t h i s p r o j e c t wi l l be to i n v e s t i g a t e p o s s i b l e m e a n s of 
enhanc ing b u r n u p and d i s p e r s a l of the fuel m a t e r i a l , and to p r o v i d e i n f o r m a t i o n 
wh ich wi l l l e ad to the e s t a b l i s h m e n t of c r i t e r i a for the r e q u i r e d r e l e a s e a l t i t u d e s 
for the fuel e l e m e n t s . 

The t h e r m o p h y s i c a l p r o p e r t i e s of the fuel m a t e r i a l s at high t e m p e r a t u r e s 
a r e not w e l l known at t he p r e s e n t t i m e . Such c h a r a c t e r i s t i c s a s spec i f ic h e a t and 
t h e r m a l conduc t iv i t y wi th h y d r o g e n m i g r a t i o n , l iquid a l loy v i s c o s i t y and s u r f a c e 
t e n s i o n , t h e r m a l e m i s s i v i t y , and ox id i za t i on b e h a v i o r have not ye t b e e n e s t a b ­
l i s h e d . P r e v i o u s e s t i m a t e s of fuel b u r n u p have b e e n b a s e d on s o m e a s s u m e d 
p a r a m e t e r s and on a l i m i t e d n u m b e r of a b l a t i o n t e s t s on z i r c o n i u m - h y d r i d e w i t h ­
out u r a n i u m . D i v e r s e c o n c l u s i o n s have been r e a c h e d by v a r i o u s i n v e s t i g a t o r s 
r ang ing f rom a s s u r a n c e of c o m p l e t e b u r n u p to doubt tha t the fuel e l e m e n t s -would 
m e l t a t a l l . T h e r e f o r e , an e s s e n t i a l p a r t of t h i s p r o j e c t -will be to de t e rnn ine , by 
e x p e r i m e n t a l m e t h o d s , the t h e r m o p h y s i c a l p r o p e r t i e s of fuel a l l o y s . 

E x p e r i m e n t a l i n v e s t i g a t i o n s wi l l be m a d e of the b e h a v i o r of the fuel a l l oys 
in s i m u l a t e d r e e n t r y e n v i r o n m e n t s by the u s e of a r c - h e a t e d a i r j e t s . F i n a l l y , 
t e s t s •will be c o n d u c t e d in f l ight in the u p p e r a t m o s p h e r e , u s i n g a c t u a l fuel a l l o y s , 
but w i thou t r a d i o a c t i v e f i s s i o n p r o d u c t s p r e s e n t . 

II. MAJOR A C C O M P L I S H M E N T S IN F I S C A L YEAR 1962 

An a n a l y t i c a l s tudy w a s p e r f o r m e d to e v a l u a t e c r i t e r i a for safe r e e n t r y of 
SNAP r e a c t o r m a t e r i a l s . A s tudy of o r b i t a l d e c a y t i m e for v a r i o u s s a t e l l i t e 
o r b i t s w a s m a d e . A r e v i e w of the w o r k on the r e l a t i o n s h i p b e t w e e n p a r t i c l e s i z e 
and se t t l i ng t i m e w a s in i t i a t ed , in add i t ion to w o r k on c o m p u t a t i o n a l codes for 
p r e d i c t i n g r e e n t r y t r a j e c t o r i e s and h e a t t r a n s f e r . 

P r e l i m i n a r y m e a s u r e m e n t s w e r e m a d e on the t h e r m a l e m i s s i v i t i e s of 
u r a n i u m - z i r c o n i u m . P r o g r a m s for a r c - j e t t e s t i n g w e r e p r e p a r e d , and a s e a r c h 
for an a c c e p t a b l e a r c - j e t f ac i l i ty w a s conduc t ed . 
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III. PROGRESS DURING THE R E P O R T PERIOD 

The w o r k done on t h i s p r o j e c t fa l l s into t h r e e c a t e g o r i e s : (a) m a t e r i a l 
p r o p e r t y d e t e r m i n a t i o n s , (b) a n a l y t i c a l p r e d i c t i o n s of a b l a t i o n r a t e s , and (3) 
p l ann ing for i n - f l i gh t t e s t s . 

No m a t e r i a l p r o p e r t i e s •were m e a s u r e d in our l a b o r a t o r i e s du r ing th i s 
r e p o r t p e r i o d , but the w o r k of o t h e r i n v e s t i g a t o r s , such a s t h o s e u n d e r c o n t r a c t 
to AFSWC, w a s r e v i e w e d and d i s c u s s e d . P l a n s •were m a d e for the t e s t i n g of four 
s p e c i m e n s of u r a n i u m - z i r c o n i u m h y d r i d e in the a r c - j e t f ac i l i ty a t N o r t h A m e r i c a n 
Avia t ion , I n c . , Los A n g e l e s Div i s ion , but the t e s t s w e r e d e l a y e d b e c a u s e pi lo t 
r u n s m a d e •with z i r c o n i u m m e t a l sho^wed tha t s e l e c t i o n of a d i f fe ren t m a t e r i a l for 
the s p e c i m e n s u p p o r t s •would be r e q u i r e d . The z i r c o n i u m s p e c i m e n s w e r e he ld 
on s u p p o r t r o d s of I n c o n e l - X and on r o d s of z i r c o n i u m . In both c a s e s , the r o d s 
m e l t e d p r e m a t u r e l y and the s p e c i m e n s fell out of the a r c . F u r t h e r t e s t s showed 
tha t t u n g s t e n s u p p o r t r o d s •would be s a t i s f a c t o r y . T e s t s of the fuel a l loy s p e c i ­
m e n s wi l l be r u n e a r l y in the next r e p o r t p e r i o d , u s i n g t u n g s t e n s u p p o r t r o d s . 

The p l a n s for the a r c - j e t t e s t s inc lude e x t e n s i v e p r e p a r a t i o n s for h e a l t h -
safe ty m o n i t o r i n g and d e c o n t a m i n a t i o n of the f ac i l i t y . Two of the four s p e c i m e n s 
of fuel a l l oy wi l l be of a c l a s s i f i e d m o d i f i c a t i o n to the mia te r i a l , and so p h y s i c a l 
a c c e s s to t h e m and to any of the m e l t e d p a r t i c l e s wi l l be l i m i t e d to Q - c l e a r e d 
p e r s o n n e l . A r e p l a c e m e n t h e a t e x c h a n g e r and f i l t e r s e c t i o n of the fac i l i ty h a s 
been p u r c h a s e d by AI; t h e c o n t a m i n a t e d h e a t e x c h a n g e r and f i l t e r wi l l be r e m o v e d 
a f t e r t h e t e s t and s t o r e d in a s e c u r i t y a r e a a t AI. 

A n a l y t i c a l p r e d i c t i o n s of the a b l a t i o n of r e e n t e r i n g fuel e l e m e n t s have b e e n 
m a d e by u s i n g t h e r m o p h y s i c a l p r o p e r t i e s ob ta ined f rom the l i t e r a t u r e . Howeve r , 
it w a s n e c e s s a r y to u s e e x t r a p o l a t i o n s to e s t i m a t e the p r o p e r t i e s a t t he h i g h e r 
t e m p e r a t u r e s . Da t a f rom the s e r i e s of a r c - j e t t e s t s of z i r c o n i u m - h y d r i d e r u n 
in i960 have a l s o b e e n u s e d a s t e s t c a s e s for the a n a l y t i c a l m o d e l . T r a j e c t o r i e s 
of fuel e l e m e n t s r e l e a s e d f rom the r e a c t o r v e s s e l a t a l t i t u d e s of 150,000 ft, 
200,000 ft, 250,000 ft, and 300,000 ft h a v e b e e n t a k e n f rom the w o r k of G e n e r a l 
D y n a m i c s / A s t r o n a u t i c s ( G D / A S T R O Monthly P r o g r e s s L e t t e r 5 9 6 - 2 - 6 4 6 6 , da t ed 
8 May 1962). A e r o d y n a m i c hea t i ng r a t e s w e r e c a l c u l a t e d by t h e fol lowing f o r m u l a , 
due to D e t r a and Hida lgo : 

^stag 
867.7 (r^^^) • 0 . 5 / P f ' l ^ L . ) 

\ 0 . 0 0 2 3 8 / V10,000/ 

3.15 

w h e r e 

q = A e r o d y n a m i c h e a t i n g flux at s t a g n a t i o n poin t , B/f t - s e c , 
s t ag 

eff 
= Effect ive r a d i u s of c u r v a t u r e of s t agna t i on poin t , ft, 

p = D e n s i t y of the a m b i e n t a i r , s l u g s / f t , and 

V = F l i g h t ve loc i ty , f t / s e c . 
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The effect ive r a d i u s for a c i r c u l a r c y l i n d e r n o r m a l to the d i r e c t i o n of f l ight 
is tw^ice the a c t u a l r a d i u s of the c y l i n d e r , w h e r e a s the t r u e r a d i u s would be u s e d 
in the c a s e of a s p h e r e b e c a u s e the c o n s t a n t in the p r e c e d i n g f o r m u l a w a s d e ­
r i v e d for a s p h e r i c a l g e o m e t r y . The m e a n h e a t flux on the s u r f a c e of a c y l i n d e r 
r o t a t i n g about i t s long i tud ina l ax i s w a s r e l a t e d to the s t a g n a t i o n h e a t flux by the 
f a c t o r 0 .36 . 

The c a l c u l a t i o n s of ab l a t i on w e r e imade w i th the u s e of a d ig i t a l c o m p u t e r 
code w h i c h s i m u l a t e s a t h e r m a l a n a l y z e r n e t w o r k . Th i s code , c a l l e d T A P - 2 , 
•was r e v i s e d to m a k e p o s s i b l e the i n c l u s i o n of l a t e n t h e a t s of p h a s e change in an 
e a s i e r and m o r e a c c u r a t e m a n n e r . 

Oxida t ion e f fec t s , wh ich m a y p r o v e to be i m p o r t a n t , have not been inc luded 
in the r e s u l t s to da t e , but they a r e u n d e r c o n s i d e r a t i o n . The effect of h y d r o g e n 
d i s s o c i a t i o n on fuel rod r e e n t r y ab l a t ion w a s s i m u l a t e d by inc luding th i s p r o c e s s 
a s a p h a s e change s e p a r a t e and d i s t i n c t (at a lo^wer t e i n p e r a t u r e ) f r om the fus ion 
p h a s e c h a n g e a s s o c i a t e d •with a b l a t i o n . The r e s u l t i n g effect on r e e n t r y ab l a t i on 
•was v e r y s ign i f i can t ; the a n a l y t i c a l m o d e l i n c o r p o r a t i n g th i s effect t ends to be 
m o r e f a v o r a b l e to b u r n u p . 

A n a l y t i c a l r e s u l t s to da t e i n d i c a t e t h a t b u r n u p is m a r g i n a l for the non tumbl ing 
rod r e l e a s e d at 250 ,000 ft, and i n c o m p l e t e for l o w e r r e l e a s e a l t i t u d e s . H o w e v e r , 
e f fo r t s to i m p r o v e the p r o g r a m input da ta a r e cont inuing to a l low a m o r e a c c u ­
r a t e p r e d i c t i o n . Once da ta h a s b e e n r e c e i v e d f r o m the a r c - j e t t e s t s , the a n a l y t ­
i c a l m o d e l w i l l be f u r t h e r i m p r o v e d . 

R e s u l t s of e x p e r i m e n t s conduc ted by D r . L i f t m a n of the S tanford R e s e a r c h 
Ins t i t u t e w e r e r e c e i v e d . His e x p e r i m e n t s c o n c e r n e d the ox ida t ion of u r a n i u m -
z i r c o n i u m h y d r i d e in an a r c - i m a g e f u r n a c e . He d u p l i c a t e d the hea t i ng r a t e s and 
gas p r e s s u r e s c a l c u l a t e d by G e n e r a l D y n a m i c s for the s a m e t r a j e c t o r i e s t h a t we 
h a v e b e e n us ing in our a n a l y s e s ; he fa i led to m e l t any of the m a t e r i a l . Sev­
e r a l of h i s t e s t s p e c i m e n s show the f o r m a t i o n of an oxide l a y e r . The ox ida t ion 
is m o r e s e v e r e w h e n the s i m u l a t e d t r a j e c t o r y c o r r e s p o n d s to e a r l y e x p o s u r e of 
the a l loy , s i n c e the in i t i a l h e a t i n g i n t e n s i t y is not g r e a t enough to m e l t the s u r ­
f a c e . His r e s u l t s m a y not be d i r e c t l y a p p l i c a b l e , ho^wever, s i n c e in a c t u a l r e ­
e n t r y the a t m o s p h e r e is s t r e a m i n g ove r the s u r f a c e . F u r t h e r m o r e , the c l a d ­
ding on the r o d s wi l l p r o t e c t t h e m f rom ox ida t ion unt i l the h e a t i n g is qu i te i n t e n s e . 

A p r o g r a m to d e t e r m i n e the p o s s i b i l i t y of m a k i n g ho l low fuel r o d s for i n s e r ­
t ion of f l a r e m a t e r i a l w a s u n d e r t a k e n d u r i n g th i s r e p o r t i n g p e r i o d . F i r s t , a rod 
w a s s u c c e s s f u l l y m a c h i n e d wi th a 0 . 5 - i n . d ianne te r ho le in i t s c e n t e r . This rod 
w a s then r e m a c h i n e d to e n l a r g e the ho le to d e t e r m i n e the m i n i m u m •wall d i a m e t e r 
which c a n be m a n u f a c t u r e d . Next , the r e s u l t s of a p i lo t r u n of the f l a r e i n s e r t 
fuel e l e m e n t i nd i ca t ed tha t it i s f e a s i b l e to d r i l l a 0 . 7 5 - i n . hole in the 1.20-in. 
d i a m e t e r SNAP 2 / lOA fuel r o d . L a t e r , l a r g e r h o l e s w e r e a t t e m p t e d and fuel 
r o d s w i th long i tud ina l h o l e s up to 1.0 in . in d i a m e t e r w e r e s u c c e s s f u l l y f a b r i c a t e d . 
Sandia r e q u e s t e d t^welve fuel rod s a m p l e s for r a d i a n t hea t t e s t s . The twe lve r o d s 
m a d e a r e of n a t u r a l u r a n i u m - z i r c o n i u m h y d r i d e , a r e 6 in . in length , and h a v e 
long i tud ina l h o l e s up to 1.0 in . in d i a m e t e r . F o r the l a r g e r h o l e s , th i s l e a v e s 
the w a l l t h i c k n e s s a t only 0.1 in . (See F i g u r e s 22 and 2 3 . ) 
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10-29-62 7611-5112 
F igure 22. Hollow Fuel Rod for Radiant Heat Test 
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IV. EVALUATION O F E F F O R T TO DATE 

While p r o g r e s s h a s b e e n m a d e t o w a r d the d e v e l o p m e n t of a t h e r m a l m o d e l 
t ha t can be u s e d to p r e d i c t the ab l a t i on r a t e of m a t e r i a l s , th i s m o d e l m u s t be 
i m p r o v e d to inc lude the effects of h y d r o g e n m i g r a t i o n and the ef fects of c h e m i c a l 
r e a c t i o n s on the s u r f a c e of the m a t e r i a l s . T h e s e i m p r o v e m e n t s m u s t be b a s e d 
on the r e s u l t s of the e x p e r i m e n t a l p r o g r a m s . At p r e s e n t , the m a t h e m a t i c a l too l s 
a r e a v a i l a b l e but e x p e r i m e n t a l da ta is n e c e s s a r y to c h e c k ou r c a l c u l a t i o n s and 
i m p r o v e t h e i r a c c u r a c y . A r c - j e t t e s t s and fl ight t e s t s can supply th i s d a t a . 

The a r c - j e t t e s t p r o g r a m h a s a g a i n b e e n s t a r t e d . The p r e s e n t s e r i e s of 
t e s t s , wh ich wi l l be c o m p l e t e d d u r i n g the next r e p o r t p e r i o d , wi l l c o m p r i s e about 
four r u n s . T h e s e p i lo t t e s t s wi l l be u s e d to d e t e r m i n e w h e t h e r o r not the a c t u a l 
s e r i e s of t e s t s c a n be r u n wi th the u n c l a s s i f i e d fuel a l l o y . Af ter t h i s h a s b e e n 
d e t e r m i n e d , a t e s t p l an for the a c t u a l s e r i e s w^ill be w r i t t e n and the p r o g r a m 
i n i t i a t e d . 

Some s t u d i e s on p a r t i c l e d i s p e r s i o n a r e needed in o r d e r to e v a l u a t e the 
h a z a r d s r e s u l t i n g f r o m the s e t t l i ng of t h e s e p a r t i c l e s . 

V. N E X T R E P O R T P E R I O D ACTIVITIES 

S e v e r a l s a m p l e p r o b l e m s wi l l be r u n a s p a r t of the con t inu ing T A P - 2 a n a l y t ­
ica l e f for t . 

The a r c - j e t t e s t s wi l l be p e r f o r m e d . The r e s u l t s wi l l be c o m p a r e d to t h o s e 
ob ta ined f rom the a n a l y t i c a l m o d e l a s p a r t of the con t inua l p r o g r a m to i m p r o v e 
the m o d e l . 

The hol low fuel r o d s and t h e i r end p lugs wi l l be s e n t to Sandia so tha t they 
m a y e v a l u a t e the r o d s a s p o s s i b l e s p e c i m e n s for l a t e r f l ight t e s t s . 
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