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Summary 

A number o f  c a l c u l a t i o n s  u s ing  t h e  WIMS code package h a s  
been performed on compact s t o r a g e  r a c k s  o f  PWR f u e l .  
The main emphasis has  been p u t  on t h e  des ign  f o r  the '  
Bor s se l e  p l a n t .  I n  o r d e r  t o  o b t a i n  a  check on t h e  o v e r a l l  
accuracy  of t h e  c a l c u l a t i o n s  t h e  KWU benchmark has  been 
c a l c u l a t e d  us ing  t h e  same methods. 

The WIMS code package has  a  number of o p t i o n s  f o r  a  two 
dimensional  c a l c u l a t i o n .  Of t h e s e  t h e  CLUP c o l l i s i o n  
p r o b a b i l i t y  o p t i o n  and t h e  Sn-TWOTRAN o p t i o n  a r e  t h e  most 
s u i t e d  to  t r e a t  h i g h l y  absorb ing  r e g i o n s  a s  they  occur  
i n  compact s t o r a g e  r a c k s .  The c o l l i s i o n  p r o b a b i l i t y  o p t i o n  
t r e a t s  more accu ra t ed ly  t h e  a b s o r p t i o n  p roces s  i n  a  c o a r s e  
mesh b u t  n e g l e c t s  t h e  angu la r  c o r r e l a t i o n  between d i f f e r e n t  
c o l l i s i o n s  of t h e  neu t rons .  Th i s  l a t t e r  e f f e c t  i s  accounted 
f o r  by t h e  TWOTRAN o p t i o n  b u t  t h i s  code assumes l i n e a r  
a b s o r p t i o n  between t h e  mesh p o i n t s .  A mesh o f  3  mm h a s  been 
used f o r  t h e  wa te r  and borium s t e e l  r e g i o n s .  A mesh o f  
about  1 5  mm had t o  b e  used f o r  t h e  c e l l s  w i t h  t h e  f u e l  
p i n s .  The GOG o p t i o n s  u s e s  d i f f u s i o n  theo ry  and t h e  D-mod 
o p t i o n s  u s e s  modified d i f f u s i o n  c o e f f i c i e n t s  t o  approximate 
t h e  one dimensional  c o l l i s i o n  p r o b a b i l i t y  s o l u t i o n .  
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The c a l c u l a t i o n s  f o r  KCB-racks s i m i l a r  t o  t h e  benchmark 
have been performed i n  one and two dimensions .  The 
r e s u l t s  ( t a b l e  1) d i f f e r  by l e s s  than  5 0/00. 
The two d imens iona l  c a l c u l a t i o n s  show t h a t  from s -4  onwards 
t h e  TWOTRAN s o l u t i o n  converges .  The CLUP s o l u t i o n  and t h e  
TWOTRAN s o l u t i o n  a r e  t h e  r e s u l t  o f  two independent  
c a l c u l . a t i o n a 1  methods. From t h e  d i f f e r e n c e  between t h e  two 
calcu 'a t ions  t h e  u n c e r t a i n t y  (one sigma) due t o  t h e  methods 
can be e s t ima ted  t o  be  5 0/00. An u n c e r t a i n t y  due t o  t h e  
s t a t i s t i c a l  combination o f  t h e  u n c e r t a i n t i e s  g i v e s  us a s  
most l i k e l y  va lue  f o r  k, of t h e  compact r acks  
k- = .920 + -007 (one sigma) . Thus i t  can b e  s t a t e d  t h a t  
w i t h  9'5% conf idence  (two sigma l i m i t )  t h e  va lue  of 
km = .935 w i l l  n o t  be exceeded. 

The c a l c u l a t i o n a l  r e s u l t s  o f  t h e  KMU benchmark/l/ a r e  
summarized i n  t a b l e  2.  D i f f e r e n t  c r o s s  s e c t i o n  s e t s  and d i f -  
f e r e n t  c a l c u l a t i o n a l  schemes have been used.  A s t anda rd  
d e v i a t i o n  of 6 0/00 is  ob ta ined .  This  is i n  agreement w i t h  the 
one sigma va lve  of t h e  u n c e r t a i n t y  of 7 o/OO given f o r  t h e  KCI 
ca lcu l .a t ions .  The average va lue  f o r  t h e  pub l i shed  r e s u l t s  
i s  than  kw = .903 + .003 (one s i g m a ) .  The WIMS v a l u e  f o r  
t h e  S-8 c a l c u l a t i o i i  o f  k_ = .905 compares q u i t e  w e l l  w i t h  
t h e  average of t h e  benchmark. 

I t  i s  f e l t  t h a t  adopt ion  o f  a  t r u e l y  i n t e r n a t i o n a l  benchmark 
f o r  compact s t o r a g e  r acks  would be  q u i t e  worthwile .  The KWU 
bench~cark i s  f o r  our  purposes  a  good s t a r t i n g  p o i n t .  What 
we r e a l l y  do  need i s  a  good s e t  o f  exper iments  i n  compact 
s t o r a g e  r ack  geometry. C r i t i c a l i t y  could be  achieved by 
i n c r e a s i n g  a p p r o p r i a t e l y  t h e  enrichment.  

/1/ K .  Roth-Saefr id ,  H .  Raum and F. Born 
"Rritikalitatsrechnungen f i ir  e i n  KWU-kompaktbecken- 
Benchmark-problem" Reaktortagung 1977 p 83-66. 
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Figure  1 K W J - c o n p a c t  racks - 

T a b l e  - 2 K W U - B e n c h m a r k  
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