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Nuclear  C r i t i c a l i t y  S a f e t y  Assessment of 
ORR, N R S ,  and HFRK Fue l  Element Shipping Package 

J. T .  Thomas 

A K STKACT 

A f u e l  e lement  sh ipp ing  package employing a bora t rd -  
pheno l i c  foam as a thermal  i n s u l a t i n g  material i s  designed t o  
t r a n s p o r t  as many as seven f u e l  e lements  f o r  use  i n  t h e  Oak 
Ridge Research Reac to r ,  t h e  Brookhaven F a s t  B e a m  Reac tor ,  o r  
t h e  N a t i o n a l  Bureau of S tandards  Reac tor .  This  r e p o r t  p re-  
s e n t s  t he  c r i t i c a l i t y  s a f e t y  e v a l u a t i o n  and demonst ra tes  
t h a t  t h e  requi rements  for a F i s s i l e  Class I package are 
s a t i s f i e d  b y  the d e s i g n ,  

I .  TNTXODUCT ION 

The n u c l e a r  c r i t i c a l i t y  s a f e t y  o f  a sh ipp ing  package des igned  t o  

t r a n s p o r t  as many as seven p la t e - type  f u e l  e lements  i s  examined by 

c a l c u l a t i o n a l .  t echn iques  e Three d i s t i n c t  packages are proposed one 

f o r  each of t h r e e  s i tes  having  a l igh t -wa te r  r e a c t o r .  These a r e  t h e  Oak 

Ridge Research Reac tor ,  t h e  Brookhaven F a s t  Beam Reac to r ,  and .the 

r e a c t o r  a t  t h e  Na t iona l  Bureau of  S tanda rds .  The t h r e e  packages have 

similar n e u t r o n i c  c h a r a c t e r i s t i c s ,  t h e  same materials of c o n s t r u c t i o n ,  

b u t  d i f f e r  s l i g h t l y  i n  t h e i r  dimensions.  The gross  c h a r a c t e r i s t i c s  of 

a t y p i c a l  package are shown i n  F i g .  1. 

The a n a l y s i s  i s  performed assuming t h e r e  are n i n e  f u e l  e lements  

p r e s e n t  i n  the package r a t h e r  t han  t h e  seven  proposed.  'This mod i f i ca t ion  

i s  made because i t  f a c i l i t a t e s  the geometr ic  d e s c r i p t i o n  of t h e  package 

i n  the  c a l c u l a t i o n ,  arid r e s u l t s  i.n a n  ove res t ima te  of  t h e  neu t ron  coupl ing  

between packages and of t h e  keff of  t h e  a r r a y s  oL' packages.  



M'CARTA 
SPACER - 
ELCCK 1 

L 

}- .... ----------2(9-... 

F i g .  1. Proposed Package Design 
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11. METHOD OF ANALYSIS 

The neu t ron  m u l t i p l i c a t i o n  f a c t o r s  o f  t h e  sh ipp ing  package and of 

a r r a y s  of packages were c a l c u l a t e d  by t h e  KENO IV code' and t h e  Wansen- 

Roach neu t ron  c r o s s - s e c t i o n  sets.2 This  combination of code and c ross -  

s e c t i o n  sets has  been v a l i d a t e d  by c a l c u l a t i o n  o f  c r i t i c a l  exper iments3  ' 4  

wi th  f u e l  e lements  of  t h e  same f i s s i l e  materials and c o n f i g u r a t i o n s .  T h e  

r e s u l t s  of t h e  v a l i d a t i o n  w i t h  f u e l  e lements  are r e p o r t e d  i n  Refs.  5 and 6 .  

The r e s u l t s  of c a l c u l a t i o n s  o f  c r i t i c a l  experiments w i t h  t h e  bora ted-  

pheno l i c  foam are r e p o r t e d  i n  Ref. 7 .  The conc lus ion  of the comparison 

of c a l c u l a t i o n s  and exper iments  i s  t h a t  systems c a l c u l a t e d  t o  have a k e f f  

of 0.98 should  be regarded as having  a p o t e n t i a l  Eor c r i t i c a l i t y .  The 

a n a l y s i s  i s  performed w i t h  HFBR f u e l  e lements  c o n t a i n i n g  350 g U ( 9 3 . 2 )  pe r  

element.  

111. DESCRIPTION OF CODE INPUT 

Each p l a t e  i n  a f u e l  element i s  desc r ibed  i n  t h e  code by a box type 

and t h e s e  are ar ranged  t o  form a f u e l  element w i t h i n  a r e g i o n  of t h e  

s teel  g r i d .  

i s  a s s o c i a t e d  wi th  each  element .  When t h e  m a t r i x  of f u e l  e lements  i s  

d e s c r i b e d  i n  t h e  code, t h e  c o r r e c t  s teel  t h i c k n e s s  i s  s p e c i f i e d  between 

f u e l  e lements  ; however, on ly  one-half the s tee l  t h i c k n e s s  is r e p r e s e n t e d  

f o r  t h e  o u t e r  s u r f a c e  of t h e  m a t r i x .  This  d e s c r i p t i o n  i s  c o n s e r v a t i v e  

i n  t h a t  i t  w i l l  r e s u l t  i n  Larger c a l c u l a t e d  ke f f ' s  than  would b e  

measured. 

One-half t h e  t h i c k n e s s  of  t h e  s t ee l  forming t h e  3 x 3 m a t r i x  

The geometry d e s c r i p t i o n  i s  g iven  i n  Table  1. A fuel element and 

i ts  a s s o c i a t e d  sestrion of t h e  matrix i s  formed by s t a c k i n g  box types  i n  

t h e  order 9 ,  7 ,  5 ,  3 ,  twelve l ' s ,  2 ,  4 ,  6 ,  and 8 .  The d i f f e r e n t  box 







Tab le  1. (Continued) 
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t ypes  are r e q u i r e d  t o  p r e s e r v e  t h e  d i f f e r e n t  water-channel  t h i cknesses  

and t h e  nonfue l -bear ing  end p l a t e s  of t h e  HFBR element .  The materials 

occupying t h e  geometr ic  r e g i o n s  s p e c i f i e d  i n  t h i s  case are r e p r e s e n t a t i v e  

of a c a l c u l a t i o n  i n  t h e  damaged package e v a l u a t i o n s .  

t h e i r  number d e n s i t i e s  are i d e n t i f i e d  and reproduced i n  Table  2 .  The 

end boxes of t h e  f u e l  e lements  are r ep resen ted  as a smeared d e n s i t y  

which p r e s e r v e s  t h e  m a s s  of aluminum. This  i s  material 6 i n  r e g i o n  4 

of  boxes 1 through 9 i n  Table  1. The r e f l e c t o r  r e g i o n  d e s c r i p t i o n  of  

Table  1 s p e c i f i e s  t h e  geometry i n  t h e  r e g i o n  between t h e  3 X 3 s t ee l  

m a t r i x  t o  t h e  o u t e r  c o n t a i n e r  of carbon steel. The material mix tu re  i n  

The materials and 

r e g i o n  4 normally would be  8 ,  t h e  undamaged bora ted-phenol ic  foam 

i n s u l a t i o n ,  b u t  i n  t h e  case d e p i c t e d  r e g i o n  4 r e p r e s e n t s  t h e  r e s u l t  

D f  damage t o  t h e  i n s u l a t i o n  by exposure  t o  f i r e .  

The p r i n c i p a l  damage t o  t h e  package w i l l  be  a c h a r r i n g  of t h e  

bora ted-phenol ic  foam i n s u l a t i o n .  

cha r  depth  from t h e  o u t e r  s u r f a c e  w i l l  n o t  exceed 6 . 4  cm.  

Actua l  tests* ’’ show t h a t  a n  average  

An over-  

be observed 

6 c m  w a s  used 

estimate of neu t ron  coup l ing  between damaged package would 

iF a l a r g e r  cha r  depth  i s  assumed; t h e r e f o r e ,  a v a l u e  of 7 

i n  t h e  e v a l u a t i o n  of t h e  damaged package. 

IV. RESliLTS OF CALCULATIONS 

The computed m u l t i p l i c a t i o n  f a c t o r s  €o r  t h e  undamaged package are 

p resen ted  i n  Table  3 .  It is  e v i d e n t  t h a t  t h e  absence  of w a t e r  from t h e  

f u e l  r e g i o n  of t h e  package r e s u l t s  i n  very low v a l u e s  f o r  k e f f .  

c o n s i s t e n t  w i t h  p rev ious  r e ~ u l t s ~ ’ ~  wi th  t h e s e  f u e l  e lements .  

a l a r g e  i n c r e a s e  i n  kef f  when water occup ies  t h e  Fuel r e g i o n ;  however, 

km remains w e l l  below a v a l u e  of u n i t y .  

This  i s  

There €s 
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70 3E -' 1 92503 
1 9 2 3 X 3 4  c L Q ~ f 4 2 5 - 5 ) -  
1 92834 1.4 12/+1E-04 

Table 2. Description of Materials f o r  Code I n p u t .  

Uranium Oxide and Aluminum 

Y I  X T U R E  bJkJCL.1 DE @EN S T T Y  
1 -92502 1.30703E-33 b 

5 . ' 53P .@OE-O3 I 
Bora ted  phensnoc f oarn -Y~ E. 1. o..o 3 .(l-n !O 0 E r e  3 .......__..._... + 23 1 1 0 1  

R 5 1 0 0 7.5 3 hO 0 E-04 
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Table 3. Computed Neutron Multiplication 
Factors for the Undamaged Package -- 

I_- 

Number of 
Packages Conditions 

0.669 0.008 Single Water in fuel region 

S i n g l e  Water in fuel region, package 0.670 0.008 
closely reflected by water 

Water in fuel region 0.812 0,007 Infinite array 

Infinite array Water in fuel region, water 0.812 0.007 
filling void between packages 

Table 4 summarizes calculations of the damaged package condition. 

Again, one finds k, well below unity. 

Table 4 .  Computed Neutron Multiplication 
Factors for the Damaged Package 

- ~ - -  
Number of 
Packages Conditions 

Single No water present 0 . 0 3 3  0.002 

Water in full region 0.666 0.006 Single 

Single Water i n  full region, package 0.688 0.009 
closely reflected by water 

No water present 0.092 0.003 Infinite array 

0 .739  0.008 Infinite array Water in fuel region 

Infinite array Water in fuel region, water 0.682 0.007 
filling void between packages 
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V. CONCLUSIONS 

The ev idence  of t h i s  s t u d y  shows t h a t  t h e  package loaded wi th  

seven  HFBR f u e l  e lements  meets t h e  n u c l e a r  c r i t i . c a l i t y  s a f e t y  r equ i r e -  

ments of a F i s s i l e  Class I package. I n  view o f  t he  comparati.ve ca l cu la -  

t i o n s  of v a r i o u s  s imilar  f u e l  e lements  w i th  d i f f e r e n t  f i s s i l e  inaterial 

l oad ings   reported,'^^ i t  may be  c o w l u d c d  t h a t  the package may also be 

used as a F i s s i l e  Class I package f o r  t h e  ORR and t h e  NBS f u e l  e lements  

w i th  f i s s i l e  material. Loadings a t  least  as l a r g e  as 350 g 235U/element .  

Fue l  e lements  of similar c o n s t r u c t i o n  used a t  t h e  Oak Ridge 

Na t iona l  Labora tory ,  such as t h e  PCA r e a c t o r  (140 g 2’5U/element) and 

t h e  BSR reactor (200 g * 35U/element) ,  may a l s o  be s h i p p e d  i n  t h e  

c o n t a i n e r .  
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