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ABSTRACT 

T h i s r e p o r t d e s c r i b e s 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 T e s t S e r i e s Conduc ted by A t o m i c s I n t e r n a t i o n a l in con­

junc t ion wi th the A i r F o r c e Spec ia l Weapons C e n t e r at H o l l o m a n 

A i r F o r c e B a s e , New Mex ico , a s one of the p r o j e c t s in the SNAP 

A e r o s p a c e Safety P r o g r a m . The p r i n c i p a l ob jec t ive of the t e s t s 

w a s to ob ta in da ta and i n f o r m a t i o n which could be a n a l y z e d for 

eva lua t ing the h a z a r d s t ha t m a y o c c u r b e f o r e , d u r i n g , and a f te r 

the f l ight of the SNAP lOA r e a c t o r . The r e s u l t s of t h e s e t e s t s 

w i l l p r o v i d e a m e a n s for deve lop ing c r i t e r i a to guide in the d e s i g n 

of i n h e r e n t l y safe SNAP s y s t e m s . 
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I. INTRODUCTION 

The SNAP lOA p o w e r uni t i s a s m a l l , r e f l e c t o r c o n t r o l l e d , n u c l e a r hea t 

s o u r c e u t i l i z ing t h e r m o e l e c t r i c c o n v e r s i o n to d e l i v e r 500 w a t t s of e l e c t r i c a l 

p o w e r c o n t i n u o u s l y for one y e a r in s p a c e . N a K - 7 8 , a m i x t u r e of s o d i u m -

p o t a s s i u m , i s u s e d to t r a n s f e r the t h e r m a l e n e r g y f r o m the c o r e to the t h e r m o ­

e l e c t r i c c o n v e r t e r . The coolan t flow i s p r o d u c e d by a d i r e c t - c u r r e n t conduc t ion 

p u m p . 

The r e a c t o r c o r e v e s s e l i s t h i n - w a l l e d s t a i n l e s s s t e e l , 9 in. in d i a m e t e r 

and 16 in. long . In s ide the v e s s e l , t h e r e a r e 37 u r a n i u m - z i r c o n i u m - h y d r i d e 

fuel e l e m e n t s , s u r r o u n d e d by b e r y l l i u m (Be) r e f l e c t o r s e g m e n t s on the p e r i p h e ry 

of the fuel e l e m e n t c l u s t e r . In add i t ion to fixed Be r e f l e c t o r b l o c k s which en­

c l o s e the ou t s i de of the r e a c t o r v e s s e l , four m o v e a b l e Be d r u m s e g m e n t s p r o ­

v ide r e a c t o r s t a r t u p and c o n t r o l . The o u t e r r e f l e c t o r s y s t e m is he ld in p l a c e 

by a s t a i n l e s s - s t e e l t e n s i o n band vi^ith s ix fus ible l ink b r a z e d j o i n t s . The band 

i s d e s i g n e d to fa i l , a l lowing s e p a r a t i o n of the o u t e r r e f l e c t o r s , w h e n s u b j e c t e d 

to i m p a c t , o v e r p r e s s u r e , o r t h e r m a l e n e r g y . 

The fully a s s e m b l e d pov/er s y s t e m w e i g h s 875 lb and i s 10.8 ft long. 

Dur ing the f a c t o r y - t o - o r b i t s e q u e n c e , the SNAP lOA r e a c t o r and i t s r e l a t e d 

s y s t e m s v/ill be sub jec t ed to v a r i o u s hand l ing , t r a n s p o r t a t i o n , and launch cond i ­

t i o n s . A s a r e s u l t of t h e s e c o n d i t i o n s , po t en t i a l a c c i d e n t s such as 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 , and f i r e s can be p o s t u l a t e d . In o r d e r to 

p r o v i d e a d e q u a t e n u c l e a r s a f e g u a r d s , t h e po t en t i a l h a z a r d s t ha t could r e s u l t 

f r o m the p o s t u l a t e d a c c i d e n t s m u s t be a n a l y z e d . It i s n e c e s s a r y , t h e r e f o r e , to 

e v a l u a t e the e f fec t s of p o s s i b l e t h e r m o c h e m i c a l and m e c h a n i c a l i n c i d e n t s on the 

SNAP s y s t e m . 

To p e r f o r m th i s eva lua t i on a s e r i e s of t e s t s w a s conduc ted a t H o l l o m a n A i r 

F o r c e B a s e , New M e x i c o , in wh ich f u l l - s c a l e m o c k u p r e a c t o r s and s y s t e m s 

w^ere s u b j e c t e d to cond i t ions s i m i l a r to the 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 . 

The s e l e c t i o n of the i nd iv idua l t e s t s w a s qui te c r i t i c a l b e c a u s e of the l a r g e 

n u m b e r of a c c i d e n t cond i t i ons , a t t i t u d e s , and g e o m e t r i e s tha t could be p o s t u l a t e d . 
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F o u r t e e n t e s t s w e r e s e l e c t e d which would g ive a s t a t i s t i c a l l y r e p r e s e n t a t i v e 

s a m p l i n g of the c r e d i b l e c o n d i t i o n s , and would deve lop the m o s t mean ingfu l 

i n f o r m a t i o n . W h e r e p o s s i b l e , l im i t i ng cond i t ions w e r e s e l e c t e d in each t e s t . 

T h e s e t e s t s w e r e d iv ided into 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 

and exp los ion , and (c) i m p a c t . 
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II. SUMMARY AND CONCLUSIONS 

The c o m p l e t e d 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 T e s t P r o g r a m w a s 

a s e r i e s of t e s t s in w h i c h m o c k u p SNAP lOA r e a c t o r a s s e m b l i e s (in s o m e c a s e s , 

inc luding the sh ie ld and c o n v e r t e r s t r u c t u r e ) w e r e sub j ec t ed to a b o r t e n v i r o n ­

m e n t s of t h e r m a l shock, c h e m i c a l i n t e r a c t i o n , o v e r p r e s s u r e , and i m p a c t . 

It w a s no ted tha t t h e r m a l shock due to a LOX de luge had no a p p r e c i a b l e 

effect on the r e a c t o r a s s e m b l y . C h e m i c a l i n t e r a c t i o n s , a l though v io len t in the 

c a s e of the N a K - w a t e r r e a c t i o n , did not s ign i f i can t ly d a m a g e the c o r e v e s s e l . 

F i r e , exp los ion , 7 0 - f t / s e c i m p a c t s on c o n c r e t e , and 5 5 0 - f t / s e c ( t e r m i n a l v e l o c ­

ity) i m p a c t s on w a t e r r e s u l t e d in r e f l e c t o r e j ec t i on wi th l i t t l e o r no d a m a g e to 

the c o r e v e s s e l . I m p a a t on c o n c r e t e a t 560 f t / s e c , h o w e v e r , did p r o d u c e c o m ­

p le t e d i s a s s e m b l y of the r e a c t o r . 

T e s t No. 1 w a s p l a n n e d to s i m u l a t e the r e a c t o r be ing e x p o s e d to a LOX 

de luge f r o m the A t l a s fuel t ank . The c o r e v e s s e l w a s not d a m a g e d a s a r e s u l t 

of the de luge . 

T e s t No. 2 w a s s i m i l a r to T e s t No. 1, excep t that the NaK wi th in the c o r e 

v e s s e l w a s e x p o s e d to the LOX de luge . The LOX quick ly f roze t h e NaK at the 

point of NaK d i s c h a r g e , thus no c h e m i c a l i n t e r a c t i o n o c c u r r e d no r w a s t h e r e 

any exp los ion . 

In T e s t No. 3, the r e a c t o r w a s i m m e r s e d in w a t e r ; the r e a c t o r inlet and 

out le t n o z z l e s w e r e r u p t u r e d , expos ing NaK to the v^^ater. The r e a c t i o n w a s so 

v io l en t t h a t the w a t e r t a n k fa i led . D e s p i t e the r e a c t i o n , the c o r e v e s s e l and 

c o r e w e r e not d a m a g e d . 

In T e s t No. 4 , t he t e s t a r t i c l e w a s e x p o s e d to h igh t h e r m a l flux such a s 

m i g h t be r e l e a s e d by a m i s s i l e a b o r t f i r e . The r e f l e c t o r b l o c k s w e r e s e p a ­

r a t e d f r o m t h e r e a c t o r , bu t the v e s s e l su f fe red only v e r y m i n o r d a m a g e s . 

T e s t No. 5 w a s an e x p l o s i o n t e s t . The r e a c t o r v e s s e l wi th r e f l e c t o r a s ­

s e m b l y w a s p l a c e d 13 ft above 256 lb of TNT. The r e f l e c t o r s w e r e e j e c t e d d u r ­

ing the exp los ion , but the fuel e l e m e n t a r r a y r e m a i n e d in tac t . 

T e s t s No. 6, 7, and 8 w e r e i m p a c t t e s t s u t i l i z ing a 100-ft t o w e r to s i m u l a t e 

the m i s s i l e . The t e s t a r t i c l e s w e r e d r o p p e d f r o m the t o w e r to a c o n c r e t e pad 

in n o s e - o n , s i d e - o n , and t a i l - o n i m p a c t s . In e a c h of the t e s t s t h e r e f l e c t o r 
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r e t a i n i n g band fai led, the r e f l e c t o r s w e r e s e p a r a t e d , and the c o r e v e s s e l had 

s o m e s m a l l c r a c k s in it, but the fuel e l e m e n t a r r a y r e m a i n e d i n t a c t . 

In T e s t No. 9, 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 w a s i m p a c t e d upon a s t a t i o n ­

a r y t e s t a r t i c l e . The ve loc i ty 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 ; d e b r i s f r o m the t e s t a r t i c l e w a s s c a t t e r e d 

o v e r the t e s t a r e a . 

T e s t No. 10 w a s p l anned to be s i m i l a r to T e s t No . 9, excep t wi th an i m p a c t 

ve loc i t y of 750 f t / s e c . The t e s t w a s c a n c e l l e d a f t e r r e v i e w of r e s u l t s f r o m 

T e s t No. 9. 

T e s t s No. 11, 12, and 13 w e r e h i g h - v e l o c i t y w a t e r i m p a c t s . In e a c h of the 

t e s t s , 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 s l igh t ly in e x c e s s of the 550 f t / s e c t e r m i n a l 

v e l o c i t y . In the h e a d - o n i m p a c t , T e s t No . 11, the a r t i c l e p a s s e d c o m p l e t e l y 

t h r o u g h the w a t e r t ank and c a m e to r e s t in a mound of e a r t h beyond the t a n k . 

While v a r i o u s p a r t s of the a s s e m b l y w e r e t o r n off, the c o r e v e s s e l w a s e s s e n ­

t i a l l y i n t a c t . 

T e s t No . 12 w a s a t a i l - o n i m p a c t . The b o t t o m of the c o r e v e s s e l w a s s e v e r e d 

and two fuel e l e m e n t s w e r e e j e c t e d f r o m the c o r e c a n . Two o t h e r fuel e l e m e n t 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 e l e m e n t s w e r e l ong i tud i ­

na l ly d i s p l a c e d in such a m a n n e r a s to f o r m an a p p r o x i m a t e t i l t ed p l a n e . Desp i t e 

th i s d a m a g e , it w a s e s t i m a t e d tha t the fuel e l e m e n t a r r a y would be s u p e r c r i t i c a l 

if i m m e r s e d in "water. 

T e s t No. 13 w a s a s i d e - o n i m p a c t . Again , the r e f l e c t o r s c a m e off, but 

t h e r e w a s no s e r i o u s d a m a g e to the c o r e v e s s e l . 

The l a s t t e s t (No. 14) w a s to c o n s i s t of an A P U i m p a c t i n g , n o s e - f i r s t , in a 

t ank of w a t e r at 750 f t / s e c . Due to a r o c k e t s t a g e ma l func t ion , the i m p a c t v e ­

loc i ty w a s only 428 f t / s e c . The t e s t a r t i c l e p a s s e d c o m p l e t e l y t h r o u g h the w a t e r 

t a n k . The r e a c t o r v e s s e l c a m e to r e s t on an e a r t h m o u n d beyond the tank, whi le 

the sh i e ld and mod i f i ed c o n v e r t e r s t r u c t u r e w e r e t h r o w n f a r t h e r on. Upper and 

l o w e r c o r e v e s s e l h e a d s w e r e t o r n f r o m the v e s s e l and the u p p e r g r i d p l a t e w a s 

s e p a r a t e d , but the fuel e l e m e n t a r r a y r e m a i n e d i n t a c t . 

E x t e n s i v e m o t i o n p i c t u r e c o v e r a g e w a s p r o v i d e d and m a n y p h o t o g r a p h s w e r e 

t a k e n of the t e s t s . The c o n c l u s i o n s m a d e h e r e i n a r e b a s e d upon a n a l y s e s of the 

d o c u m e n t a r y f i l m s . The s ign i f ican t i n f o r m a t i o n r e q u i r e d f r o m the t e s t s , in 
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m o s t i n s t a n c e s , w a s the u l t i m a t e condi t ion of the t e s t a s s e m b l y . T h i s m a d e it 

p o s s i b l e to d e t e r m i n e w h e t h e r the c o r e con f igu ra t i on w a s capab le o r i n c a p a b l e 

of be ing m a d e c r i t i c a l . 

When inc luded , bo th the fixed r e f l e c t o r b l o c k s and r o t a t a b i e c o n t r o l d r u m s 

s e p a r a t e d f r o m e v e r y t e s t a r t i c l e a s a c o n s e q u e n c e of the i m p o s e d t e s t cond i ­

t i o n s . Dur ing the 100-ft s i d e - o n d r o p t e s t , when one c o n t r o l d r u m w a s s e e n to 

" r o t a t e i n , " c o n s e r v a t i v e c a l c u l a t i o n s have shown tha t the r e f l e c t o r a s s e m b l y 

s e p a r a t e d b e f o r e s ign i f i can t po-wer g e n e r a t i o n could have o c c u r r e d . H o w e v e r , 

the f ina l cond i t ion of the r e a c t o r v e s s e l and fuel e l e m e n t a r r a y a f t e r e v e r y t e s t , 

excep t for the 5 6 0 - f t / s e c c o n c r e t e i m p a c t , w a s such tha t the d i s a s s e m b l y w a s 

not suff ic ient to p r e v e n t c r i t i c a l i t y if the r e a c t o r w e r e i m m e r s e d in w a t e r . 

T h i s t e s t s e r i e s p r o v i d e d v a l u a b l e i n f o r m a t i o n about the e f fec t s of the p o s ­

t u l a t e d 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 a c c i d e n t s and c o n s t i t u t e s the foundat ion 

upon wh ich the SNAP sa fe ty p r o g r a m wi l l be b a s e d in t h i s a r e a . 

C a r e f u l e v a l u a t i o n of the P h a s e I t e s t s and r e s u l t s r e v e a l s tha t , a l though 

m a n y q u e s t i o n s h a v e b e e n a n s w e r e d , a d d i t i o n a l t e s t s m u s t be conduc ted in o r d e 

to i n v e s t i g a t e t u m b l i n g i m p a c t , i m p a c t a t l e s s t han 70 f t / s e c , p o s t - r e e n t r y 

i m p a c t , and to s i m u l a t e m o r e c l o s e l y the a c t u a l condi t ion of the r e a c t o r and 

i t s e n v i r o n m e n t . 
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III. TESTS AND RESULTS 

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 T e s t s e r i e s w a s p e r f o r m e d a t 

H o l l o m a n Ai r F o r c e B a s e , A l a m o g o r d o , New M e x i c o . The t e s t s w e r e c o m ­

p le t ed du r ing the p e r i o d of t i m e f r o m May 1962 to O c t o b e r 1962. N u m e r o u s 

p h o t o g r a p h s a r e inc luded in th i s r e p o r t to s u p p o r t the d i s c u s s i o n s p r e s e n t e d . 

A. LIQUID OXYGEN SPRAY TEST 

The p u r p o s e of t h i s t e s t w a s to s i m u l a t e the r e a c t o r be ing e x p o s e d to a 

l iquid oxygen (LOX) s p r a y , wh ich could be expe l l ed f r o m an At l a s fuel t ank . 

It w a s conduc ted to m e a s u r e the effects of the t h e r m a l shock , c r e a t e d by such a 

LOX s p r a y , upon the r e a c t o r v e s s e l , g r i d p l a t e s , fuel e l e m e n t a r r a y , and to 

o b s e r v e the g e n e r a l 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 . 

The t e s t a r t i c l e c o n s i s t e d of the r e a c t o r v e s s e l and i t s i n t e r n a l s ( s e e 

F i g u r e 1). The n o s e cone and r e f l e c t o r a s s e m b l y w e r e no t a p a r t of the t e s t 

a r t i c l e b e c a u s e i t w a s r e a s o n e d tha t the n o s e cone would be d a m a g e d or d e s t r o y e d 

du r ing an a b o r t cond i t ion , and the r e f l e c t o r a s s e m b l y would have s e p a r a t e d . 

F u r t h e r m o r e , thermia l shock to the r e a c t o r v e s s e l would be m i n i m i z e d wi th the 

n o s e cone in p o s i t i o n . 

The t e s t w a s p e r f o r m e d on May 8, 1962. The t e s t a r t i c l e w a s m o u n t e d on 

a s tand wi th the v e s s e l in an u p r i g h t p o s i t i o n . F o r 40 s e c , a d e n s e s p r a y of LOX 

enve loped the r e a c t o r . 

T w e n t y - t w o c h a n n e l s of o s c i l l o g r a p h i c da t a w e r e p lanned to be c o l l e c t e d 

f r o m 12 s t r a i n g a g e s , 9 t h e r m o c o u p l e s and 1 even t r e c o r d e r . B l a c k and wh i t e 

s t i l l p h o t o g r a p h s w e r e t aken be fo re and a f te r the s p r a y . A 1 6 - m m f i lm of the 

t e s t se tup and the t e s t i t s e l f w a s ob ta ined . The f i r s t 5 sec of the t e s t w e r e 

r e c o r d e d by t h r e e s t r a t e g i c a l l y p l a c e d , h i g h - s p e e d ( 1 0 0 0 - f t / s e c ) m o t i o n p i c t u r e 

c a m e r a s . 

T h e r e w a s no e x t e r n a l o r i n t e r n a l p h y s i c a l d a m a g e to the r e a c t o r a s a 

r e s u l t of the t e s t . A r e v i e w of the o s c i l l o g r a p h i c da ta showed tha t the head t e m ­

p e r a t u r e , a s i n d i c a t e d by a t h e r m o c o u p l e a t t a c h e d to the head , v a r i e d i r r e g u l a r l y 

du r ing the f i r s t 18 s ec of the t e s t , and then l eve l ed off at a t e m p e r a t u r e of 5 4 . 7 ° F . 

T h e r e w a s no r e s p o n s e f r o m the o the r i n s t r u m e n t a t i o n . 

B e c a u s e of the th in wa l l c o n s t r u c t i o n of the r e a c t o r v e s s e l and the good 

duc t i l i ty of 316 s t a i n l e s s s t e e l , the t h e r m a l shock effects of the LOX s p r a y w e r e 
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Figure 1. Test Art ic le Before LQK Spray Test 
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not d a m a g i n g . It is conc luded tha t the r e a c t o r and i t s i n t e r n a l s can w i t h s t a n d 

t h e r m a l s h o c k s r e s u l t i n g f r o m a LOX s p r a y such a s m i g h t be r e l e a s e d f r o m an 

At l a s fuel tank and tha t no n u c l e a r h a z a r d e x i s t s u n l e s s the r e a c t o r i s s u b s e ­

quent ly i m m e r s e d in w a t e r . 

B . LIQUID O X Y G E N - S O D I U M POTASSIUM (NaK) I N T E R A C T I O N T E S T 

The p u r p o s e of th i s t e s t w a s to d e t e r m i n e the effects on the r e a c t o r a s s e m ­

bly of the c h e m i c a l r e a c t i o n and any p o s s i b l e exp los ion tha t m a y be g e n e r a t e d by 

the L O X - N a K i n t e r a c t i o n . The t e s t w a s p l anned to s i m u l a t e the condi t ion w h e r e 

the r e a c t o r v e s s e l o r a s s o c i a t e d l iquid m e t a l coo lan t piping w a s r u p t u r e d and the 

NaK w a s exposed to a LOX 

s p r a y f r o m an A t l a s fuel t ank 

d u r i n g a m i s s i l e a b o r t . 

The t e s t w a s p e r f o r m e d on 

May 17, 1962. The t e s t a r t i c l e , 

c o n s i s t i n g of the r e a c t o r v e s s e l 

and i t s i n t e r n a l s ( F i g u r e 2), w a s 

m o u n t e d in an u p r i g h t p o s i t i o n . 

Two s e c o n d s b e f o r e the LOX 

s p r a y w a s in i t i a t ed , s m a l l e x ­

p l o s i v e d e v i c e s w e r e f i r ed to 

r u p t u r e the two in le t n o z z l e s 

and the ou t le t n o z z l e of the r e ­

a c t o r . The LOX s p r a y w a s 

con t inued for 40 s e c . 

T h e r e w a s no exp los ion 

g e n e r a t e d by the L O X - N a K 

i n t e r a c t i o n . The NaK w a s s o ­

l idi f ied at the n o z z l e s and did 

not thaw unt i l 8 m i n a f t e r t he 

LOX s p r a y w a s s t o p p e d . As 

shown in F i g u r e 3, t h e r e w a s 

no e x t e r n a l o r i n t e r n a l d a m a g e 

to the r e a c t o r a s s e m b l y . The 

i n t e r n a l l y m o u n t e d i n s t r u m e n t a ­

t ion i n d i c a t e d no l a r g e t e m ­

p e r a t u r e c h a n g e s . 

7611 -5512 
F i g u r e 2. T e s t A r t i c l e Befo re LOX-NaK 

I n t e r a c t i o n T e s t 
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7611-5503 
F i g u r e 3 . T e s t A r t i c l e After LOX-NaK 

I n t e r a c t i o n T e s t 

It is conc luded , f r o m the t e s t , tha t the r e a c t o r wi l l not be d a m a g e d if the 

c o r e v e s s e l wi th r u p t u r e d NaK l ine s is s u b j e c t e d to LOX s p r a y . No n u c l e a r 

h a z a r d e x i s t s u n l e s s the r e a c t o r is s u b s e q u e n t l y i m m e r s e d in w a t e r . 

C. E X P L O S I O N TEST 

The p u r p o s e of t h i s t e s t w a s to m e a s u r e the g e o m e t r i c c h a n g e s of the fuel 

e l e m e n t a r r a y and to o b s e r v e s t r u c t u r a l f a i l u r e of the r e a c t o r and fuel e l e m e n t 
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d i spe r sa l due to an explosion. This tes t was planned to simulate a prelaunch or 

postlaunch Atlas abort and subsequent propellant explosion. 

The tes t w^as performed on May 23, 1962. It consisted of exposing the tes t 

a r t ic le to an o v e r p r e s s u r e in excess of 400 psi . The reac to r assembly, includ­

ing the r eac to r vesse l w îth in ternals and fixed ref lector blocks, was suspended 

on a line between two ver t i ca l poles. The explosive, 256 lb of TNT, Avas posi ­

tioned 13 ft below the test a r t ic le on a 3-ft-high table rest ing on the ground. 

Instrumentat ion coverage included a ground-mounted p r e s s u r e t ransducer , high­

speed color film documentary of p re run through postrun act ivi t ies , and black 

and white sti l l photos taken before and after the tes t (see F igures 4 and 5). 

Simultaneously w^ith the detonation of the TNT, the tes t i tem suspension 

sys tem was severed. The force of the explosion ruptured the ref lector block 

retaining tension band. Each of the reflector block halves came to r e s t 35 ft 

from their original position; the two halves were 70 ft apar t . The reac tor v e s ­

sel was blackened, and i ts bottom was deformed inwardly by the explosion. Of 

the four high-speed c a m e r a s provided for film coverage, two jammed, and two 

recorded only the light flash from the explosion and dust. The p r e s s u r e t r a n s ­

ducer did not give useful r e su l t s . A posi t ive-phase pulse duration of 2.8 msec 

was est imated. The calculated ove rp re s su re , at the tes t a r t i c le , was 415 psi . 

Some question remains as to how the conditions during this tes t would com­

pare to an actual mis s i l e abort explosion. Some l i t e ra tu re re fe rs to much 

higher o v e r p r e s s u r e s during rocket explosions. It is reasonable to a s sume that 

the damage to the r eac to r with a higher ove rp re s su re would be more severe; 

consequently, chances of a nuclear excursion would be lessened. The condition 

of the reac tor after the above descr ibed tes t explosion "was such that the core 

•would not have become superc r i t i ca l unless it was i m m e r s e d in water . 

D. SODIUM POTASSIUM (NaK) - WATER INTERACTION 
IMMERSION TEST 

The parpose of this tes t was to observe the NaK — H_0 chemical react ion 

and its effect on the r eac to r . 

The tes t a r t ic le consisted of the reac tor vesse l and i ts in te rna l s . The nose 

cone, ref lector assembly , and other components w^ere not included since they 

would not have affected the final fuel element configuration. The reac tor was 

NAA-SR-8304 
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7611-5514 
Figure 4. Test Art ic le Before Explosion Test 

7611-5517 
Figure 5. P ieces of Test Art ic le After Explosion Test 
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7568-0281 
F i g u r e 6. T e s t A r t i c l e in Wate r Tank B e f o r e N a K - H O 

I n t e r a c t i o n T e s t 

3 
p l a c e d in a 36-ft t ank which had one p l e x i g l a s s ide ( see F i g u r e 6). I n s t r u ­
m e n t a t i o n s ina i l a r to t ha t for the LOX s p r a y and L O X - N a K t e s t s w a s p r o v i d e d . 
Th i s t e s t w a s p e r f o r m e d on June 6, 1962. 

After the t ank w a s f i l led wi th c l e a r w a t e r , s q u i b - a c t u a t e d NaK v a l v e s w e r e 

opened , t h e r e b y b r ing ing the NaK into con t ac t wi th the w a t e r . The in i t i a l 

exp los ion , a t one of the v a l v e s , b u r s t one s ide of the w a t e r t a n k . Th i s a l lowed 

the w a t e r to d r a i n f r o m the t a n k . 
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The core vesse l was found to be slightly ballooned, with outward convexity 

of the bottom head. This was caused by p r e s s u r e buildup in the vesse l from the 

NaK-H^O react ion. However, because of the water tank fai lure, the tes t is con­

s idered to have been an under tes t . There was no response from the internally 

mounted instrumentat ion. . Figure 7 shows the test a r t ic le after the t e s t . 

7611-5502 
Figure 7. Test Art ic le After NaK-H^O Interaction Test 

E . DROP TESTS FROM 100 FEET 

The purpose of these tes ts was to determine the mode of failure of the 

r eac to r assembly when subjected to impact with concrete at an impact velocity 

of 70 f t / s e c . These tes t s were intended to s imulate a r eac to r being dropped 

from the top of the launch vehicle during the mating operat ion. 

The tes t a r t ic les consisted of the reac tor vesse l , fixed reflector blocks, 

ref lector d rums , NaK pump, shield, and conver te r . The nose cone was not 

included since it will not be instal led on the Auxiliary Power Unit (APU) until 

after the APU has been mated to the launch vehicle. Instrumentat ion for these 

t e s t s included three Fas tex c a m e r a s , two long-range c a m e r a s , still c a m e r a s , 

and one acce l e rome te r . 
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To s i m u l a t e v a r i o u s m o d e s of i m p a c t , t e s t a r t i c l e s w e r e d r o p p e d (1) s i d e - o n , 

(2) t a i l - o n , and (3) n o s e - o n . The t e s t s w e r e p e r f o r m e d Ju ly 11, 1962. 

F o r the s i d e - o n d r o p t e s t , 1-in. pipe gu ides w e r e p l a c e d at the c e n t e r of 

g r a v i t y and at the end of the APU to e n s u r e p r o p e r i m p a c t a t t i t u d e . The m o d e l 

s t r u c k the c o n c r e t e pad a t 68.8 f t / s e c ( s ee F i g u r e 8) . All four r e f l e c t o r d r u m s 

7611-5510 
F i g u r e 8. C o n v e r t e r Af ter 100-ft, S i d e - O n Drop T e s t 

a p p e a r e d to be t h r o w n into the a i r . The c o r e v e s s e l sk idded 1 0 ft f r o m i t s point 

of i m p a c t . After c l o s e r e x a m i n a t i o n , it w a s found tha t the m a i n r e f l e c t o r b lock 

w a s m four p i e c e s , and tha t t h r e e of the four r e f l e c t o r d r u m s w e r e s e v e r e d f r o m 

t h e i r s u p p o r t s . The four e j ec t ion s p r i n g s w e r e on the g round ; the c o r e v e s s e l 

w a s in t ac t wi th only a s m a l l p u n c t u r e in i t s s ide ( see F i g u r e 9). All the s u p p o r t 

l egs fa i led, and the c o n v e r t e r s t r u c t u r e w a s c o m p l e t e l y f l a t t ened up to the s h i e l d . 

A n a l y s i s of the d o c u m e n t a r y f i lms t a k e n du r ing th i s t e s t r e v e a l e d tha t one 

d r u m r o t a t e d in, two d r u m s did not r o t a t e in, and the p o s i t i o n of the four th d r u m 

could not be e s t a b l i s h e d . It w a s d e t e r m i n e d tha t one d r u m s t a r t e d to r o t a t e 

7 m s e c a f te r i m p a c t . The r e t a i n i n g band fa i led 22.5 m s e c a f t e r i m p a c t , and at 

30 m s e c , the r e f l e c t o r b locks w e r e we l l s e p a r a t e d f r o m the r e a c t o r . The a n g u ­

l a r ve loc i ty of the r o t a t i n g d r u m \vas c a l c u l a t e d to h a v e b e e n 5 . 5 ° / m s e c ; a 

s i m p l i f i e d a n a l y s i s of the p o s s i b l e d r u m r o t a t i o n p r e d i c t e d a ve loc i t y of 8.1 ° / m s e c 
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7611-5501 
F i g u r e 9. R e a c t o r V e s s e l Af ter 100-ft, S i d e - O n Drop T e s t 

The n u c l e a r c o n s e q u e n c e s of p o s s i b l e r e f l e c t o r d r u m ro t a t i on , du r ing i m ­

pac t , h a v e b e e n i n v e s t i g a t e d by m a k i n g four l i m i t i n g c a l c u l a t i o n s us ing the 

w o r s t kind of a c c i d e n t a s s u m p t i o n s . In e a c h c a l c u l a t i o n , it w a s a s s u m e d tha t 

t he r e a c t o r -was s u b c r i t i c a l , but the two s p r i n g - l o a d e d d r u m s w e r e fully i n ­

s e r t e d , and tha t e i t h e r one o r two of the o t h e r d r u m s r o t a t e d in at 5 . 5 ° / m s e c o r 

8 . 1 ° / m s e c , and f u r t h e r , t ha t they r e m a i n e d in un t i l r e f l e c t o r b lock s e p a r a t i o n . 

The e n e r g y r e l e a s e w a s c a l c u l a t e d by apply ing the equa t ion : 

t / T 
Q = 2NT(e^ - 1) 

w h e r e 

Q = e n e r g y r e l e a s e 

N - i n i t i a l pov/er l eve l 

T = r e a c t o r p e r i o d 

and t = t i m e a f t e r r e a c t i v i t y input t i l l r e f l e c t o r s e p a r a t i o n . 
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This IS c o n s e r v a t i v e b e c a u s e it d e s c r i b e s a s t e p input of r e a c t i v i t y and equa l 

p o w e r g e n e r a t i o n du r ing the r i s e and fall of r e a c t i v i t y . Us ing a c t u a l d r u m w o r t h 

vs pos i t i on and r e a c t i v i t y vs r e a c t o r p e r i o d c u r v e s , the m a x i m u m e n e r g y r e ­

l e a s e w a s found to be only 230 w a t t - s e c . 

Upon t a i l - o n i m p a c t , 9 in . of the c o n v e r t e r end r o l l e d up a s shown in 

F i g u r e 10. F o r an i n s t a n t a f t e r the i m p a c t , it a p p e a r e d a s if the r e a c t o r would 

r e m a i n in i t s o r i g i n a l pos i t i on , t h e n it fell into the c o n v e r t e r c o n e . All p a r t s of 

the r e f l e c t o r a s s e m b l y and r e a c t o r s t r u c t u r e , excep t one r e f l e c t o r d r u m , w e r e 

con ta ined wi th in the c o n v e r t e r c o n e . All bo t t om d r u m b r a c k e t s w e r e s e v e r e d , 

and a l l top p ins w e r e ben t out . A c i r c u m f e r e n t i a l buck le deve loped a t t he 

7611-5509 
F i g u r e 10. T e s t A r t i c l e Af ter 100-ft , 

T a i l - O n Drop T e s t 
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t r a n s i t i o n r e g i o n of the c o r e v e s s e l . In the buck le r e g i o n , the v e s s e l w a l l w a s 

p a r t e d a l m o s t c o m p l e t e l y a r o u n d the c i r c u m f e r e n c e . The s t e e l t e n s i o n band w a s 

s e v e r e d , but one of the two fixed r e f l e c t o r b l o c k s r e m a i n e d wi th the v e s s e l ( see 

F i g u r e 11). 

The v e l o c i t y of the t e s t a r t i c l e in the n o s e - o n i m p a c t w a s 64.4 f t / s e c . The 

i m p a c t c a u s e d c o m p l e t e f a i l u r e of t h e p u m p r a d i a t o r s and s e v e r e d a l l of the r e ­

f l e c t o r d r u m s . Af ter the v e s s e l s u p p o r t l e g s fa i led , the r e f l e c t o r b l o c k s w e r e 

p u s h e d in to the c o n v e r t e r s t r u c t u r e and •were h e l d a r o u n d the r e a c t o r v e s s e l by 

the s t r u c t u r e ( see F i g u r e 12). The b o t t o m g r i d p l a t e w a s s e v e r e d , and s e v e n 

fuel e l e m e n t s p u n c t u r e d the b o t t o m h e a d of the c o r e v e s s e l . The e l e m e n t s p r o ­

t r u d e d 3 in . t h r o u g h t h e head , a s shown in F i g u r e 13. Th i s f a i l u r e i s thought to 

have o c c u r r e d b e c a u s e of a cu tout f r o m the sh ie ld wh ich •was m a d e to p r o v i d e 

r o o m for the a c c e l e r o m e t e r . Had t h i s cutout not b e e n m a d e , the v e s s e l would 

no t h a v e fa i l ed in t h i s m a n n e r b e c a u s e of the s u p p o r t p r o v i d e d to the h e a d by the 

sh ie ld . A l l v e s s e l s u p p o r t l e g s •were s e v e r e d . 

No use fu l i n f o r m a t i o n •was ob ta ined f r o m the o n b o a r d i n s t r u m e n t a t i o n du r ing 

any of the d r o p t e s t s . The f inal condi t ion of the t e s t a r t i c l e , h o w e v e r , i n d i c a t e d 

7568-0283 
F i g u r e 1 1 . R e a c t o r Af ter 100-ft , T a i l - O n D r o p T e s t 
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Figure 12. Test Art ic le After 100-ft, Nose-On 
Drop Test 

(7611-5508) 

7611-5505 
Figure 13. Reactor Vessel After 100-ft, Nose-On Drop Test 
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that no nuclear hazard -would resu l t as a consequence of the APU falling from the 

top of the launch vehicle, un less the reac tor i s subsequently i m m e r s e d in water . 

F . FIRE TEST 

The purpose of this tes t was to m e a s u r e differential expansion and to ob­

serve evidence of s t ruc tura l failure of the r eac to r when subjected to a high the r ­

m a l flux environment. It was intended to simulate a prelaunch or postlaunch 

abort and subsequent propellant f i re . 

This tes t was performed on July 19, 1962. The tes t a r t i c le , including the 

r eac to r ve s se l and ref lector assembly , -was mounted on a horizontal tes t stand 

(see Figure 14), A burning cycle of 4000°F flames for 2.2 sec, and 1500°F 

f lames for 15 min completely surrounded the r eac to r . Two Sparrow rocket 

mo to r s , with expansion nozzles removed, provided the high t empera tu re for the 

2.2 sec, A t r ip le - r ing butane burner , using an oxygen-r ich mix ture , was used 

for the 15-min soak. This burning cycle was chosen based upon data obtained 

from the Mart in Company repor t number MND-P-2352, The nose cone was not 

instal led on the tes t a r t i c l e . In the event of f ire with the nose cone attached, a 

des t ruc t charge (HMX explosive, self-igniting at 720° F) would ignite and sepa­

ra te the ref lector a ssembly from the r eac to r . 

Instrumentat ion for this tes t included onboard s t ra in gages and t h e r m o ­

couples, 16-mm color documentary film coverage, and black and white sti l l 

photographs. 

Figure 15 shows the tes t a r t i c le after the tes t . The steel tension band was 

severed during the init ial h igh - t empera tu re run. This allowed the re f lec tors to 

separa te from the ves se l . The ref lec tors , as sho^wn in Figure 15, •were p r e ­

vented from falling a^way from the vesse l by the t r i p l e - r ing butane burner , A 

local deflection invers ion, 6 in, in d iameter , was also observed on the lower 

head. These were the only visible effects of the tes t . No nuclear hazard would 

have existed unless the r eac to r •was subsequently i m m e r s e d in wate r . 

Some question exis ts as to the conditions during this tes t and how they 

•would compare to an actual m i s s i l e abort f i re . Indications a r e that the energy 

genera ted during the tes t was less than that which would be re leased during a 

launch pad abort; therefore , the tes t r e su l t s a r e a conservat ive indication of the 

consequences. 
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7611-5516 
Figure 14. Test Art ic le Before F i r e Test 

7611-5515 
Figure 15. Test Art ic le 

After F i r e Test 
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G. W A T E R I M P A C T T E S T S 

The p u r p o s e of t h e s e t e s t s w a s to o b s e r v e the r e a c t o r a s s e m b l y d u r i n g and 

a f t e r w a t e r i m p a c t . T h e s e t e s t s w e r e i n t ended to s i m u l a t e an a b o r t a t 58 s ec 

a f t e r l aunch (10,000 ft) o r a t any s u b s e q u e n t t i m e , inc lud ing a f r ee fa l l f r o m the 

a p o g e e . 

T h r e e r e a c t o r a s s e m b l i e s and one A P U ( including the c o n v e r t e r and sh ie ld) 

w e r e i m p a c t e d , a t d i f f e ren t a t t i t u d e s , in to an 8 x 8 x l 6 - f t w a t e r t ank . Since the 

n o s e cone i s a lo 'w-energy a b s o r b e n t s t r u c t u r e and a p p r o x i m a t e l y 7000 f t - lb , out 

of the t o t a l r e a c t o r i m p a c t e n e r g y of 1,500,000 f t - lb a t 560 f t / s e c , w i l l d e f o r m it 

a g a i n s t the r e a c t o r head , i t w a s not i nc luded on t h e s e t e s t a r t i c l e s . I n s t r u m e n t a ­

t ion for the t e s t s i n c l u d e d 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 g e s , and a c c e l e r o m -

e t e r s . H i g h - s p e e d c o l o r m o t i o n p i c t u r e c o v e r a g e of the p r e t e s t , t e s t , and p o s t -

t e s t a c t i v i t i e s w a s p r o v i d e d . B l a c k and whi te s t i l l p h o t o g r a p h s w e r e a l s o t a k e n . 

The s i d e - o n w a t e r i m p a c t t e s t w a s p e r f o r m e d on A u g u s t 1, 1962. I m p a c t 

v e l o c i t y in t h i s t e s t w a s 550 f t / s e c ; the r e a c t o r p a s s e d t h r o u g h the w a t e r t ank 

and c a m e to r e s t on a mound of l oose d i r t beh ind the t ank . The fixed r e f l e c t o r 

b l o c k s and the r e f l e c t o r d r u m s w e r e c o m p l e t e l y s e p a r a t e d f r o m the r e a c t o r v e s ­

s e l in the w a t e r . The v e s s e l w a s found i n t a c t ( see F i g u r e 16). No use fu l da t a 

w e r e ob ta ined f r o m the o n b o a r d i n s t r u m e n t a t i o n b e c a u s e the r e c o r d i n g e q u i p m e n t 

fa i led to o p e r a t e . 

The n o s e - o n w a t e r i m p a c t t e s t w a s p e r f o r m e d S e p t e m b e r 12, 1962. I m p a c t 

v e l o c i t y in t h i s t e s t w a s 573 f t / s e c ; the r e a c t o r p a s s e d t h r o u g h the w a t e r t ank 

and c a m e to r e s t on a mound of d i r t 20 ft beh ind the t ank . The r e f l e c t o r a s s e m ­

b ly s e p a r a t e d c o m p l e t e l y f r o m the r e a c t o r v e s s e l in the w a t e r . A l s o , 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 w e r e s e v e r e d f r o m the t e s t 

a r t i c l e . F u e l e l e m e n t s w e r e d i s p l a c e d long i tud ina l ly in such a m a n n e r a s to 

f o r m a s p h e r i c a l p a t t e r n a t the e n d s . Sufficient d i s a s s e m b l y of the c o r e did no t 

o c c u r to p r e v e n t i t s c r i t i c a l i t y in the w^ater. 

The t a i l - o n w a t e r i m p a c t t e s t w a s p e r f o r m e d on O c t o b e r 4, 1962. I m p a c t 

v e l o c i t y in th i s t e s t w a s 596 f t / s e c . The r e f l e c t o r a s s e m b l y w a s s e p a r a t e d , and 

the c o r e v e s s e l sp l i t open a x i a l l y . F u e l e l e m e n t s w e r e d i s p l a c e d long i tud ina l ly 

t h r o u g h the b o t t o m of t h e v e s s e l . Tw^o e l e m e n t s •were c o m p l e t e l y e j ec t ed f r o m 

the a r r a y ( s ee F i g u r e 17). The c o r e would have gone c r i t i c a l in t h e w a t e r . 
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7611-5507 
Figure 16. Reactor Vessel After Side-On Water Impact Test 

7568-0282 
Figure 17. Reactor Vessel After Tail-On Water Impact Test 
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In T e s t No. 14, i t w a s p l anned to i m p a c t the A P U at 750 f t / s e c . A m a l f u n c ­

t ion of one of the s l ed r o c k e t s t a g e s l i m i t e d the i m p a c t ve loc i t y to 428 f t / s e c . 

The r e f l e c t o r a s s e m b l y , NaK pump , sh ie ld , c o n v e r t e r s t r u c t u r e , b o t t o m g r i d 

p l a t e , and b o t t o m h e a d s e p a r a t e d f r o m the c o r e v e s s e l . F u e l e l e m e n t s w e r e 

d i s p l a c e d t h r o u g h the open end of the v e s s e l ( see F i g u r e 18). C o r e d i s a s s e m b l y 

w a s not suff ic ient to p r e v e n t c r i t i c a l i t y in the w a t e r . 

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

The p u r p o s e of t h i s t e s t w^as to o b s e r v e the r e a c t o r a s s e m b l y d u r i n g and 

a f t e r a h i g h - s p e e d c o n c r e t e i m p a c t . Th i s t e s t w a s i n t ended to s i m u l a t e an a b o r t 

a t 58 s ec a f t e r l aunch (10,000 ft) o r a f r e e fal l f r o m the a p o g e e . 

The t e s t a r t i c l e i nc luded the NaK p u m p , c o r e v e s s e l , i n t e r n a l s , and r e f l e c ­

t o r a s s e m b l y . F i v e s t r a i n g a g e s and an a c c e l e r o m e t e r w^ere on b o a r d . H igh­

speed f i lm c o v e r a g e and s t i l l p h o t o g r a p h y w e r e p r o v i d e d . 

The t e s t w a s p e r f o r m e d on Augus t 15, 1962. 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 w^as i m p a c t e d a t 560 f t / s e c onto the p u m p end of the t e s t a r t i c l e ( see 

F i g u r e s 19 and 20). The i m p a c t c o m p l e t e l y d e s t r o y e d the r e a c t o r . The v e s s e l 

w a s in t h r e e p a r t s : the u p p e r h e a d , l o w e r head , and the s h e l l . The l o w e r h e a d 

w a s not found, bu t s o m e s h r a p n e l - s h a p e d p i e c e s of the u p p e r h e a d w e r e c o l l e c t e d . 

The she l l w a s c o m p l e t e l y f l a t t ened and had m a n y l o c a l f a i l u r e s . F i g u r e 21 shows 

the p i e c e s of the t e s t a r t i c l e wh ich w e r e g a t h e r e d a f t e r the t e s t . 
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7611-5506 
Figure 18. Reactor Vessel After Nose-On Water Impact Test 

7611-5504 
Figure 19. Concre te -Faced Monorail 
Sled Used in Concrete Impact Test 
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7611-5513 
Figure 20. Test Art ic le Before Concrete Impact Test 

7568-0284 
Figure 21. P ieces of Test Art ic le Recovered After 

Concrete Impact Test 
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