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ZIRCONIUM-HflX3IDE FUEL BEHAVIOR IN SNAFTM TRANSIENT TESTS 

SUMMARY 

Zirconium-Hydride-Uranium ( ZrHx-U) f u e l e d  r e a c t o r s  of the type  

represented by t h e  SNAP lOA/2 and sWP-8 aerospace r e a c t o r s  con ta in  
* 

w i t h i n  t h e  fuel matrix chemically bound hydrogen which serves  not only 

as an e f f e c t i v e  moderator allowing t h e  u s e  of non-hydrogenous coolants ,  

bu t  also serves as an i n t r i n s i c  s a f e t y  mechanism t o  l i m i t  t h e  energy 

r e l e a s e  from inadvertant  nuclear  excursions.  

The SNAPTW-3 t e s t ,  performed i n  A p r i l  1964, cons i s t ed  of r a p i d  

in t roduc t ion  of r e a c t i v i t y  by immersion of t h e  r e a c t o r  i n  water with-  
I 

41 r out  t h e  beryl l ium r e f l e c t o r .  The p r i n c i p l e  purpose of t h e  tes t  was t o  t 
# 

provide information concerning the  t r a n s i e n t  power and f u e l  behavior 

and t h e  r e l e a s e  of f i s s i o n  products  from t h e  f u e l .  The SNAPIFAN-1 non- 

d e s t r u c t i v e  k i n e t i c s  t e s t i n g  program, performed i n  l a t e  1964 and 1965 

on a modified SlUR 10A/2 r e a c t o r ,  was aimed at providing d a t a  and 

information on t h e  dynamic power response and f u e l  behavior as a 

func t ion  of the  amount of r e a c t i v i t y  added and t h e  i n i t i a l  f u e l  tempera- 

t u r e .  The SMAmRAN-2 test, conducted on January 11, 1966, was a 

con t inua t ion  of t h e  SNAPTRAN-1 program i n t o  t h e  d e s t r u c t i v e  r eg ion  and 

provided a d d i t i o n a l  information concerning t h e  negat ive r e a c t i v i t y  

feedback c o e f f i c i e n t s ,  t h e  n a t u r e  of f u e l  disassembly and f i s s i o n  

product r e l e a s e .  

The r e s u l t s  of the t h r e e  test  series (1)(2)(3)(4) provided i n f o r -  

rnation concerning t h e  thermally induced prompt negat ive temperature 

c o e f f i c i e n t  and f u e l  behavior of importance i n  a s ses s ing  t h e  s a f e t y  of 

t h i s  type r e a c t o r .  The negat ive r e a c t i v i t y  coe f f i c i en t  was determined 



t o  be  12 - + 1 cents/MW-sec and t o  be e s s e n t i a l l y  cons tan t  dur ing  a power 

excursion for f u e l  temperatures  ranging from ambient temperature t o  

1900°F. 

l a t t i c e  a t  a s u f f i c i e n t  r a t e  t o  i n i t i a t e  f u e l  d i s i n t e g r a t i o n  r e s u l t i n g  

i n  compiete core  disassembly. 

accu ra t e ly  p r e d i c t  t h e  t r a n s i e n t  behavior  and t h e r e f o r e  t h e  s a f e t y  of 

t h e  systemd 

A t  about 1gOO"F t h e  hydrogen i s  d i s a s s o c i a t e d  from t h e  f u e l  

With t h e s e  data, it i s  poss ib l e  t o  

The behavior of t h e  zirconium-hydride f u e l  ma te r i a l  as determined 

dur ing  t h e  S@.PT.W t e s t i n g  program i n d i c a t e s  t h a t  f o r  SNAF 1OA/2 type  

r e a c t o r s ,  inadver tan t  r e a c t i v i t y  excursions below 1.7 d o l l a r s  a r e  non- 

d e s t r u c t i v e l y  s e l f  - l imi t ed  by t h e  inherent  temperature  dependent nega t ive  

r e a c t i v i t y  feedback mechanisms; and t h a t  for excursions r e s u l t i n g  f r m  

e s s e n t i a l l y  any amount of r e a c t i v i t y  above 1 .7  d o l l a r s ,  t h e  inherent  

disassembly z h a r a c t e r i s t i c s  of t h i s  type  f u e l  l i m i t  t h e  energy r e l e a s e  

t o  w e l l  below 100 MM-seconds. 

j l  
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I n  t h e  water  immersion t e s t ,  t h e  temperature  of t h e  f u e l  p a r t i c l e s  

immediately fo l lowing  i n i t i a t i o n  of disassembly was r a p i d l y  reduced by 

t h e  quenching e f f e c t  of water  environment. 

l i m i t e d  t h e  r e l e a s e  of noble gases  and t h e i r  daughters  t o  t h e  environ- 

ment from t h e  fue l  t o  l e s s  t han  5% of t h a t  a v a i l a b l e  i n  t h e  fuel. The 

iod ine  r e l e a s e  from t h e  f u e l  was l i m i t e d  t o  less  than  1% of t h a t  

ava i l ab le ,  however, due t o  t h e  scrubbing e f f e c t  of t h e  water, less than  

0.1% escaped from t h e  water  t o  t h e  atmosphere. 

t h e  a i r  environment t e s t ,  fuel d i s i n t e g r a t i o n  was accompanied by hydrogen- 

oxygen combustion and r a p i d  burning of a l a r g e  po r t ion  of t h e  f u e l ,  

r e s u l t i n g  i n  p a r t i c l e  temgeratures  i n  excess  of 3000°F. These high 

te r lpera tures  enhanced t h e  r e l e a s e  of f i s s i o n  products .  Approximately 

Rapid cool ing  of t h e  f u e l  

On t h e  o the r  hand, i n  



10% of t h e  noble gases  and t h e i r  daughters and 5% of t h e  a v a i l a b l e  

iod ine  were r e l e a s e d  t o  t h e  atmosphere. 

The mechanical behavior of t h e  hydride f u e l  material was found from 

the  SNAFTRAN-2 d e s t r u c t i v e  t e s t  t o  be p r e d i c t a b l e  wi th  a simple two- 

himensional model employing temperature dr iven gas  expansion and mass 

a c c e l e r a t i o n  cons ide ra t ions  e The negat ive r e a c t i v i t y  feedback of t h e  

SNAP 1W/2 t ype  r e a c t o r s  was determined f o r  a v a r i e t y  of r e a c t i v i t y  and 

Temperature condi t ions from t h e  SNAPTRAN t e s t i n g  program. 

f eed tack  i s  la,rge and e s s e n t i a l l y  constant  over a wide range of r e a c t o r  

Th i s  r e a c t i v i t y  

per iods and a i l o d j  a high degree of accuracy i n  t h e  p r e d i c t i o n  of t h e  

t r ans i en5  behavior of t h e  zirconium-hydride f u e l e d  r e a c t o r s .  Armed with 

an understanding of both t h e  nuclear  and mechanical behavior over a 
Ir 

wid e r a n g e  of temperatures  and energy depos i t i on  r a t e s ,  t h e  a n a l y s i s  

of t h e  k i n e t i c  bena;rior of zirconium-hydride f u e l e d  r e a c t o r s  can be per- 

formed w i t h  a high degree of confidence and accuracy. 
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