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TECHNICAL SESSIONS 

1 .  TOPICS CARRIE0 OVER FROM PREVIOUS MEETINGS 

1 . 1 .  S h o r t - l i v e d  f i s s i o n  p r o d u c t  d e c a y  p r o p e r t i e s  

C a m p b e l l  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-257 w h i c h  s u m m a r i z e d  t h e  

c u r r e n t  p o s i t i o n  o f  f i s s i o n  p r o d u c t  d e c a y  d a t a .  

R e c e n t  e x p e r i m e n t s  i n  t h i s  f i e l d  i n c l u d e d  m e a s u r e m e n t s  o f  gamma 

0 h e a t i n g  i n  U235 by O i c k e n s  [ORNL). C a l c u l a t i o n s  u s i n g  ENOF/B-4 

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

t i m e s  up t o  a b o u t  1 0 0 0  s e c o n d s .  The  new e x p e r i m e n t a l  r e s u l t s  

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

made a t  s h o r t  c o o l i n g  t i m e s .  Bo th  t h e  new e x p e r i m e n t s  a n d  t h e  

ENOF/B-4 d a t a  g a v e  v a l u e s  f o r  t h e  U235 gamma h e a t i n g  t h a t  w e r e  

l o w e r  t h a n  t h e  ANS s t a n d a r d  [ b y  up t o  1 0 % )  a n d  t h e  e v a l u a t i o n  

o f  P e r r y  e t  a 1  ( b y  up t o  2C % I  f o r  c o o l i n g  t i m e s  l e s s  t h a n  1 0 0  

s e c s  and  i n f i n i t e  i r r a d i a t i o n .  I t  t h e r e f o r e  seemed  d e s i r a b l e  t o  

make a  c a r e f u l  e v a l u a t i o n  o f  t h e  t h e o r e t i c a l  a n d  e x p e r i m e n t a l  

d a t a  b e f o r e  f u l l  r e l i a n c e  c o u l d  be  g i v e n  t o  t h e  more  r e c e n t  

r e s u l t s .  

I n  t h e  b e t a  h e a t i n g  a r e a  some r e c e n t  m e a s u r e m e n t s  had  b e e n  made 

a t  W i n f r i t h  o f  t o t a l  b e t a  h e a t i n g  f r o m  f a s t  f i s s i o n  o f  U235 a n d  

Pu239 .  F o l l o w i n g  a n  i r r a d i a t i o n  o f  l o 5  s e c s  i n  Z E B R A  t h e  d e c a y  

had b e e n  f o l l o w e d  f o r  a  p e r i o d  o f  1 8  m o n t h s  and  t h i s  work  was 

c o n t i n u i n g .  A p r e l i m i n a r y  c o m p a r i s o n  o f  t h e  r e s u l t s  w i t h  t h o s e  

o f  McNai r  e t  a 1  and  w i t h  c a l c u l a t i o n s  b a s e d  on t h e  d a t a  o f  

T o b i a s  showed t h a t ,  f o r  U235, a g r e e m e n t  w i t h  c a l c u l a t i o n  was good 

up t o  a b o u t  2 x 1 0 ~  s e c s  b u t  t h a t ,  a t  l o n g e r  c o o l i n g  t i m e s ,  t h e  

e x p e r i m e n t a l  v a l u e s  w e r e  h i g h e r  by a b o u t  4 0 % .  The  new r e s u l t s  

w e r e  r a t h e r  h i g h e r  t h a n  t h o s e  o f  McNair  a n d  a l s o  h i g h e r  ( b y  7 - 1 0 % )  



t h a n  t h e  e v a l u a t i o n  o f  P e r r y  e t  a l .  F o r  Pu239 t h e  c a l c u l a t e d  

v a l u e s  w e r e  g r e a t e r  t h a n  t h e  e x p e r i m e n t a l  o n e s  by a b o u t  20 % 

f o r  c o o l i n g  t i m e s  f r o m  20 s e c s  t o  500 s e c s  a n d  a b o u t  1 0  % f r o m  
4  4  l o 3  t o  1 0  s e c s .  Above 2x10  s e c s  t h e  a g r e e m e n t  was g o o d .  

C a l o r i m e t r i c  m e a s u r e m e n t s  o f  t o t a l  d e c a y  h e a t  f o r  t h e r m a l  

f i s s i o n  o f  P u 2 3 G h a d  b e e n  made by F i c h e  a t  F o n t e n a y - a u x - R o s e s .  

F o r  a  s i n g l e  f i s s i o n  C / E  was 1 . 1 3  f o r  a  c o o l i n g  t i m e  o f  100 s e c s  
5 

and  a b o u t  0 . 9  f o r  l o 3  - 10  s e c s .  The  c a l c u l a t e d  v a l u e s  w e r e  

d e r i v e d  f r o m  t h e  d a t a  l i b r a r y  o f  D e v i l l e r s  e t  a l .  

I n  t h e  d a t a  l i b r a r y  a r e a  much e f f o r t  had  b e e n  d e v o t e d  i n  many 

c o u n t r i e s  t o  t h e  i m p r o v e m e n t  o f  d e c a y  d a t a  l i b r a r i e s  f o r  f i s s i o n  
a 

p r o d u c t s .  A l a r g e  amount  o f  new d a t a  had  b e e n  p r o d u c e d  a n d  t h e  

s p e e d  w i t h  w h i c h  i t  c o u l d  b e  p r o c e s s e d  c o u l d  b e  g r e a t l y  i m p r o v e d  

by i n t e r n a t i o n a l  c o l l a b o r a t i o n  i n  t h i s  f i e l d .  The  g e n e r a l  a d o p t i o n  

o f  t h e  ENDF/B-4 f o r m a t  i n  o r d e r  t o  f a c i l i t e  d a t a  c o m p a r i s o n  was 

e n c o u r a g e d .  

C a l c u l a t i o n  o f  s e n s i t i v i t i e s  had  been  made by D e v i l l e r s  e t  a l .  

f o r  t h e  F r e n c h  l i b r a r y  a n d  by S c h m i t t r o t h  f o r  ENDF/B-4. F o r  

s h o r t  c o o l i n g  t i m e s  ( 1 0 - 1 0 '  s e c l  a n d  a  b u r s t  o f  i r r a d i a t i o n  t h e  

e s t i m a t e d  u n c e r t a i n t i e s  w e r e  b e t w e e n  a b o u t  1 5 %  ( 1  SO) and  5 % f o r  

U235 a n d  r a t h e r  h i g h e r  f o r  Pu239 .  C a l c u l a t i o n s  o f  t o t a l  d e c a y  

h e a t  made u s i n g  d i f f e r e n t  l i b r a r i e s  d i f f e r e d  by l e s s  t h a n  t h e s e  
(I, 

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

and  gamma c o n t r i b u t i o n s .  

I n  a  g e n e r a l  d i s c u s s i o n  on t h i s  t o p i c  i t  became a p p a r e n t  t h a t  

f u r t h e r  e x p e r i m e n t a l  a n d  e v a l u a t i o n  work  was i n  p r o g r e s s  i n  a  

number  o f  member c o u n t r i e s  a n d  i t  was f e l t  t h a t  c o - o r d i n a t i o n  

was n e e d e d  i n  o r d e r  t o  a v o i d  d u p l i c a t i o n  o f  e f f o r t .  Members 

a g r e e d  t o  s e n d  t o  t h e  S e c r e t a r i a t  by 1 s t  O c t o b e r  1976  s t a t e m e n t s  

on t h e  work  i n  t h i s  a r e a  b e i n g  p l a n n e d  i n  t h e i r  r e s p e c t i v e  



c o u n t r i e s .  These  s t a t e m e n t s  would i n c l u d e  t h e  r e s u l t s  of e x p e r i -  

m e n t a l  work r e c e n t l y  pe r fo rmed .  The S e c r e t a r i a t  a g r e e d  t o  d i s -  

t r i b u t e  c o p i e s  o f  t h e s e  s t a t e m e n t s  t o  members by 1 5 t h  O c t o b e r .  

B u s t r a a n  a g r e e d  t o  remind t h e  I A E A  of  t h e  u s e f u l n e s s  of  t h e  bench- 

mark e x e r c i s e  on f i s s i o n  p r o d u c t  decay  d a t a  proposed  a t  t h e  

Bologna m e e t i n g .  

1 . 2 .  I n t e r c o m p a r i s o n  of  f i s s i o n  chamber s t a n d a r d s  

a Campbell  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-262,which gave  a  b r i e f  

h i s t o r y  of  i n t e r c a l i b r a t i o n  e x e r c i s e s  u s i n g  f i s s i o n  chambers .  

These i n v o l v e d  : 

( a )  I n t e r c o m p a r i s o n s ,  c a r r i e d  o u t  a b o u t  t e n  y e a r s  ago ,  u s i n g  

p a r a l l e l  p l a t e  chambers f rom W i n f r i t h ,  I daho  and Aldermaston 

c o n t a i n i n g  U233, U235 and Pu239. The r e s u l t s  were c o n s i s t e n t  

t o  an a c c u r a c y  of  a b o u t  1% and  mass c a l i b r a t i o n s  were a c c u r a t e  

t o  1-2 %. 

( b )  Subsequen t  work on Z E B R A  t o  e s t a b l i s h  t h e  t e c h n i q u e  of  a b s o l u t e  

f i s s i o n  r a t e  measurement .  

( c )  A compar i son  o f  t h e  Z E B R A  p a r a l l e l  p l a t e  chambers  w i t h  c y l i n -  

a d r i c a l  chambers f rom MASURCA. T h i s  was r a t h e r  i n c o n c l u s i v e  

and gave  an u n r e s o l v e d  d i s c r e p a n c y  of  4-5 % f o r  t h e  U238/U235 

f i s s i o n  r a t i o .  

( d l  A f u r t h e r  compar i son ,  made a s  p a r t  o f  t h e  "Scherzo-556"  bench-  

mark e x e r c i s e ,  which i n v o l v e d  measurements  on a s t a n d a r d ,  u n i t  

k - i n f i n i t y  l a t t i c e  a t  W i n f r i t h ,  K a r l s r u h e ,  Fontenay  and Cada- 

r a c h e .  The measured v a l u e s  o f  t h e  U238/U235 f i s s i o n  r a t i o  

were i n  good agreement  ( s t a n d a r d  d e v i a t i o n  0 . 8  % l .  

( e l  A check  on t h e  v a l i d i t y  of  low geometry a l p h a - c o u n t i n g  t e c h -  

n i q u e s  i n  which U235 d e p o s i t s  were exchanged between Z E B R A  



and  Gee1 and  b e t w e e n  ZEBRA a n d  W b r e n l i n g e n .  Bo th  c a s e s  g a v e  

a g r e e m e n t  w i t h i n  0 . 3  % f o r  t h e  d e d u c e d  a l p h a - d i s i n t e g r a t i o n  

r a t e s .  

[ f l  An i n d i r e c t  c o m p a r i s o n  i n v o l v i n g  t h e  NISUS f a c i l i t y  a t  London 

U n i v e r s i t y  a n d  t h e  X X  Group a t  Mol f r o m  w h i c h  a  s a t i s f a c t o r y  

a g r e e m e n t  b e t w e e n  Z E B R A  a n d  NBS c a l i b r a t i o n s  o f  Pu23U a n d  

U238 d e p o s i t s  c o u l d  b e  i n f e r r e d .  

The  p a p e r  c o n c l u d e d  t h a t ,  f o r  Pu239 ,  U238 and  U235 t h e  r e s u l t s  

w e r e  c o n s i s t e n t  w i t h i n  a s t a n d a r d  d e v i a t i o n  o f  o n e  p e r c e n t  a n d  

t h a t  t h e r e  was no  p a r t i c u l a r  i n c e n t i v e  t o  c a r r y  o u t  f u r t h e r  work 

on t h e s e  n u c l i d e s .  F u r t h e r  work  w o u l d ,  h o w e v e r ,  be  n e e d e d  i n  t h e  

f u t u r e  t o  e x t e n d  t h e  i n t e r c o m p a r i s o n s  t o  t h e  h i g h e r  i s o t o p e s  o f  
0 

p l u t o n i u m  a n d  t o  a m e r i c i u m  a n d  c u r i u m .  

I n  d i s c u s s i o n  i t  was g e n e r a l l y  a g r e e d  t h a t  t h e  p o s i t i o n  c o n c e r n i n g  

Pu239 ,  U238 a n d  U235 f i s s i o n  r a t e s  was s a t i s f a c t o r y  b u t  t h a t  

f u r t h e r  work  was r e q u i r e d  i n  c o n n e c t i o n  w i t h  t h e  f i s s j o n  r a t e s  o f  

a m e r i c i u m ,  c u r i u m ,  t h e  h i g h e r  p l u t o n i u m  i s o t o p e s  and  Pu238 a n d  

a l s o  t h e  U238 c a p t u r e  r a t e .  T h e r e  w a s ,  h o w e v e r ,  no  u r g e n t  n e e d  

f o r  t h i s  work .  C a m p b e l l  a g r e e d  t o  p r e p a r e  a  p r o p o s a l  f o r  s e t t i n g  

up a  " S c h e r z o - 5 5 6 "  c o r e  f o r  i n t e r c o m p a r i s o n  o f  t h e s e  r e a c t i o n  

r a t e s .  T h i s  work  c o u l d  t h e n  be  u n d e r t a k e n  when a  s u i t a b l e  

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

1 . 3 .  Summary o f  NEACRP v i e w s  on f a s t  r e a c t o r  b r e e d i n g  a s s e s s m e n t .  , 

I n t r o d u c i n g  t h e  p a p e r  NEACRP-A-263 - B a r r Q  p o i n t e d  o u t  t h a t  i t  

s u m m a r i z e d  t h e  b r e e d i n g  s i t u a t i o n  a s  i t  was i n  1 9 7 5  and  d i d  n o t  

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

F o r  a n  o x i d e - f u e l l e d  LMFBR i n  t h e  " c l a s s i c a l "  t w o - z o n e  d e s i g n  

t h e  g l o b a l  b r e e d i n g  g a i n  ( G B G )  r a n g e d  t y p i c a l l y  f r o m  0 . 1 0  a t  



2 5 0  MWe t o  0 . 2 5  a t  2000  MWe. ( T h e  g l o b a l  b r e e d i n g  g a i n  was d e -  

f i n e d  a s  t h e  n e t  e q u i v a l e n t  Pu239  b a l a n c e  i n  a t o m s  i n  t h e  r e a c t o r  

p e r  f i s s i o n  i n  t h e  r e a c t o r . )  T h e  c u r r e n t  G B G  t a r g e t  a c c u r a c y  was 

' 0 . 0 3 .  The  u n c e r t a i n t i e s  i n  t h e  b a s i c  n u c l e a r  d a t a  wou ld  l e a d  t o  

e r r o r s  i n  t h e  c a l c u l a t e d  G B G  o f  t h e  o r d e r  o f  '0 .1 f o r  a  t y p i c a l  

1200  MWe d e s i g n .  T h i s  was w e l l  o u t s i d e  t h e  t a r g e t  a c c u r a c y .  

I m p r o v e m e n t s  i n  t h e  a c c u r a c y  o f  p r e d i c t i o n  o f  t h e  G B G  w e r e  made 

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

( i l  The  mock-up a p p r o a c h  i n  w h i c h  a  c r i t i c a l  a s s e m b l y  was  c o n -  

s t r u c t e d  t o  r e p r e s e n t  c l o s e l y  a  power  r e a c t o r  a t  a  g i v e n  

s t a g e  o f  l i f e  a n d  r e a c t i o n  r a t e  m e a s u r e m e n t s  w e r e  made w h i c h  

a l l o w e d  t h e  G B G  t o  bn d e t e r m i n e d .  A t y p i c a l  r e s u l t ,  o b t a i n e d  

on a  mock-up o f  t h e  C l i n c h  R i v e r  r e a c t o r  i n  ZPPR4 Assembly  4 ,  

g a v e  a  C / E  v a l u e  f o r  t h e  b r e e d i n g  r a t i o  o f  1 .076 '0 .041 f o r  

c a l c u l a t i o n s  p e r f o r m e d  u s i n g  ENOF/B-3 d a t a .  The mock-up 

a p p r o a c h  had t h e  p r o b l e m s  t h a t  i t w a s  d i f f i c u l t  t o  p r o d u c e  

a  r e a l l y  r e p r e s e n t a t i v e  mock-up a n d  t h a t  t h e  C / E  v a l u e s  

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

( i i )  P a r a m e t r i c  a n a l y s i s  o f  t h e  n e u t r o : ,  a a l a n c e  and  d a t a  a d j u s t m e n t .  

I n  t h i s  a p p r o a c h  n e u t r o n  b a l a n c e  p a r a m e t e r s  w e r e  m e a s u r e d  i n  

a  w i d e  r a n g e  o f  c r i t i c a l  a s s e m b l y  c o n f i g u r a t i o n s  a n d  t h e  

r e s u l t s w e r e  u s e d  t o  a d j u s t  t h e  b a s i c  n u c l e a r  d a t a  s o  a s  t o  

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

a p p r o a c h  had t h e  a d v a n t a g e  t h a t  i t  c o u l d  b e  a p p l i e d  t o  a  w i d e  

r a n g e  o f  power  r e a c t o r  l a t t i c e s .  The a c c u r a c y  o f  G B G  p r e -  

d i c t i o n  v a r i e d  f r o m  '0 .03  a t  s t a r t  o f  l i f e  t o  '0 .04  a t  e n d  

o f  l i f e .  

( i i i l  Analysis o f  t h e  i s o t o p i c  c o m p o s i t i o n  o f  f u e l s  i r r a d i a t e d  i n  

power  r e a c t o r s .  I t  was e x p e c t e d  t h a t  m e a s u r e m e n t s  o f  t h i s  

k i n d  i n  p r o g r e s s  on PHENIX would  r e d u c e  t h e  e r r o r  on t h e  

end  o f  l i f e  G B G  t o  ' 0 . 0 3 .  



Methods  o f  i m p r o v i n g  b r e e d i n g  p e r f o r m a n c e  i n c l u d e d  t h e  u s e  o f  

c a r b i d e  o r  n i t r i d e  f u e l s  w h i c h  w e r e  s a i d  t o  g i v e  b r e e d i n g  r a t i o s  

o f  up t o  1 . 5  a n d  t h e  g a s - c o o l e d  b r e e d e r  w h i c h  wou ld  g i v e  a  

b r e e d i n g  r a t i o  o f  a b o u t  1 . 3 5 .  The u s e  o f  t h e  mixed  o x i d e  LMFBR 

i n  t h e  h e t e r o g e n e o u s  v e r s i o n  w i t h  i n t e r n a l  b r e e d i n g  z o n e s  c o u l d  

l e a d  t o  d o u b l i n g  t i m e s  o f  1 1  y e a r s  compared  w i t h  2 2  y e a r s  i n  t h e  

c l a s s i c a l  v e r s i o n .  

A f t e r  d i s c u s s i o n  i t  was a g r e e d  t h a t  members would  s e n d  comments  

on t h e  p a p e r  t o  Barr i !  n o t  l a t e r  t h a n  1 s t  S e p t e m b e r  a n d  t h a t  Barr i !  

would  t h e n  s e n d  t h e  f i n a l  v e r s i o n  o f  t h e  p a p e r  t o  t h e  S e c r e t a r i a t  

who wou ld  r e p r o d u c e  and  d i s t r i b u t : e  i t  a s  a n  NEACRP-U d o c u m e n t .  

1 . 4 .  N e u t r o n i c  p r o b l e m s  i n  f u s i o n  r e a c t o r s  

Italy 

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

The  p a p e r  NEACRP-A-265 s u m m a r i z e d  t h e  g e o m e t r i c a l  mode l  and  m a t e r i a l  

c o m p o s i t i o n s  u s e d  i n  benchmark  c a l c u l a t i o n s  f o r  t h e  JET m a c h i n e  

o p e r a t i n g  w i t h  a  DT p l a s m a .  T h e  c a l c u l a t i o n s ,  w h i c h  w e r e  c a r r i e d  

o u t  a t  J G l i c h ,  H a r w e l l  and  C a s a c c i a ,  w e r e  i n t e n d e d  t o  d e t e r m i n e  

t h e  r a d i a t i o n  d o s e  r a t e s  r e s u l t i n g  f r o m  n e u t r o n  a c t i v a t i o n  o f  t h e  a 
v a r i o u s  c o m p o n e n t s  o f  t h e  a s s e m b l y .  A s i m p l e  i n f i n i t e  c y l i n d r i c a l  . 
mode l  o f  JET was u s e d .  

The r e s u l t s  o f  t h e  c a l c u l a t i o n s  w e r e  g i v e n  i n  t h e  p a p e r  NEACRP-A-282 

( C h a p t e r  V o f  t h e  documen t  EUR-JET-R5). T h e s e  showed good a g r e e m e n t  

b e t w e e n  t h e  d o s e  r a t e  v a l u e s  p r e d i c t e d  by t h e  t h r e e  e s t a b l i s h m e n t s .  

The p r e d i c t e d  d o s e  r a t e s  i n d i c a t e d  t h a t  m a i n t e n a n c e  o r  r e p a i r  work  

on JET would  have  t o  b e  c a r r i e d  o u t  u s i n g  r e m o t e  h a n d l i n g  t e c h n i q u e s .  



The s c o p e  o f  t h i s  work  was t h e n  e x t e n d e d  t o  i n c l u d e  20  t r a n s p o r t  

c a l c u l a t i o n s  ( u s i n g  DOT) a t  C a s a c c i a  and  30  Monte C a r l o  c a l c u -  

l a t i o n s  a t  J i i l i c h .  The  Casaccia work  was d e s c r i b e d  i n  t h e  p a p e r  

NEACRP-A-266. T h e  c a l c u l a t i o n s  w e r e  c a r r i e d  o u t  i n  ( R , Z )  g e o m e t r y  

u s i n g  t h e  S8/P3 a p p r o x i m a t i o n .  The  c a l c u l a t e d  n e u t r o n  f l u x  

d i s t r i b u t i o n s  w e r e  v e r y  s i m i l a r  t o  t h o s e  g i v e n  by t h e  e a r l i e r  

ID c a l c u l a t i o n s .  T h i s  was b e l i e v e d  t o  b e  t h e  f i r s t  a p p l i c a t i o n  

o f  a  2 0  t r a n s p o r t  c o d e  t o  a  t o r o i d a l  g e o m e t r y .  

The  p a p e r  NEACRP-A-271 g a v e  a  b r i e f  a c c o u n t  o f  a  s e n s i t i v i t y  a n a -  

l y s i s  r e l a t e d  t o  t h e  ID b e n c h m a r k  mode l  o f  JET .  T r a n s p o r t  c a l c u -  

l a t i o n s  w e r e  p e r f o r m e d  i n  t h e  S I 6 P 3  a p p r o x i m a t i o n  w i t h  2 9  e n e r g y  

a g r o u p s  a n d  t h e  s e n s i t i v i t y  c a l c u l a t i o n s  w e r e  b a s e d  on g e n e r a l i z e d  

p e r t u r b a t i o n  t h e o r y .  S e n s i t i v i t y  c o e f f i c i e n t s  f o r  s e l e c t e d  r e a c t i o n s  

w e r e  q u o t e d .  The  work  was s t i l l  i n  p r o g r e s s .  

The  p a p e r  NEACRP-A-268 e x a m i n e d  t h e  p o s s i b i l i t y  o f  u s i n g  a p l a s m a  

f o c u s  m a c h i n e  a s  a  n e u t r o n  s o u r c e  f o r  c r o s s - s e c t i o n  m e a s u r e m e n t s  

by t h e  a c t i v a t i o n  m e t h o d .  I t  was  f o u n d  t h a t  t h e  F r a s c a t i  m a c h i n e  
2 

i n v e s t i g a t e d  c o u l d  p r o d u c e  a  n e u t r o n  f l u x  o f  4 x 1 0 ' ~  n/cm / s e c  

u s i n g  a  DT m i x t u r e .  I t  was hoped  t o  b e g i n  a c t i v a t i o n  m e a s u r e m e n t s  

i n  6 -12  m o n t h s '  t i m e .  

The p a p e r  NEACRP-A-269 was c o n c e r n e d  w i t h  t h e  p r o s p e c t s  f o r  h y b r i d  

f u s i o n - f i s s i o n  s y s t e m s .  T h e s e  s y s t e m s  made u s e  o f  t h e  f a c t  t h a t  

f u s i o n  was n e u t r o n - r i c h  w h i l e  f i s s i o n  w a s e n e r g y - r i c h .  By s u r r o u n -  

d i n g  a  + u s i o n  z o n e  by a  f i s s i o n  b l a n k e t  c o n t a i n i n g  u r a n i u m  a n d  

p l u t o n i u m  (and a l s o  l i t h i u m  f o r  t r i t i u m  b r e e d i n g )  i t  was p o s s i b l e  

i n  p r i n c i p l e ,  t o  o b t a i n  u s e f u l  power  a n d  a l s o  t o  b r e e d  f u s i o n  

a n d  f i s s i o n  f u e l .  T h i s  c o n c e p t  made i t  p o s s i b l e  i n  p r i n c i p l e ,  

t o  p r o d u c e  a  p o s i t i v e  e n e r g y  b a l a n c e  by c o u p l i n g  a  s u b - l a w s o n  

p l a s m a  w i t h  a  s u b c r i t i c a l  f i s s i o n  b l a n k e t .  



F a r i n e l l i  e x p r e s s e d  t h e  v i e w  t h a t  t h e  p o s s i b l e  i n c e n t i v e s  f o r  

s u c h  s y s t e m s  w e r e  n o t  s u c h  a s  t o  j u s t i f y  f u r t h e r  i n v e s t i g a t i o n  

o f  t h e m  a t  t h e  p r e s e n t  t i m e .  He d i s c u s s e d  t h i s  i n  t e r m s  o f  t h e  

a d v a n t a g e s  g e n e r a l l y  a t t r i b u t e d  t o  t h e s e  s y s t e m s ,  i . e . :  

( a l ' T h e y  h a v e  s a f e t y  a n d  e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  b e t t e r  

t h a n  t h o s e  o f  p u r e  f i s s i o n  o r  p u r e  f u s i o n  s y s t e m s 1 . - T h e r e  

would  c e r t a i n l y  be  no  h a z a r d  f r o m  a  r e a c t i v i t y  e x c u r s i o r ~  

b u t  t h e  main  p r o b l e m  i n  t h e  f i s s i o n  r e a c t o r  c a s e  w a s , i n  f a c t ,  

t h e  l o s s  o f  c o o l a n t  a c c i d e n t  and  t h i s  wou ld  a l s o  be  t h e  c a s e  

i n  t h e  h y b r i d  s y s t e m .  The  s a f e t y  p r o b l e m s  m i g h t  w e l l  be  

g r e a t e r  i n  t h e  c a s e  o f  t h e  h y b r i d .  

( b l  'The h y b r i d  s y s t e m s  b r e e d  new f i s s i l e  f u e l  a t  a  g r e a t e r  r a t e  

t h a n  p u r e  f i s s i o n  sys t ems1 . -Th i s  wou ld  be  o f  a d v a n t a g e  o n l y  

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

e q u a l  t o  t h a t  o f  e l e c t r i c i t y  dernand. I n  f a c t  t h e  r e q u i r e d  

d o u b l i n g  t imes  c o u l d  be  o b t a i n e d  by t h e  d e v e l o p m e n t  o f ,  f o r  

e x a m p l e ,  a  g a s - c o o l e d  f a s t  r e a c t o r ,  w h i c h  wou ld  s u r e l y  i n v o l v e  

l e s s  p r o b l e m s  t h a n  t h e  d e v e l o p m e n t  o f  a  h y b r i d  f i s s i o n - f u s i o n  

s y s t e m .  

( c )  'The h y b r i d  s y s t e m s  c a n  b e  u s e d  f o r  b u r n i n g  a c t i n i d e s  p r o d u c e d  

i n  f i s s i o n  systems1.- his was  n o t  a  v a l i d  p o i n t  s i n c e  i t  

c u r r e n t l y  a p p e a r e d  t h a t  n e u t r o n  b u r n i n g  o f  a c t i n i d e s  was w o r s e ,  

f r o m  a n  e n v i r o n m e n t a l  p o i n t  o f  v i e w ,  t h e n  t h e i r  d i s p o s a l  i n  

a p p r o p r i a t e  g e o l o g i c a l  f o r m a t i o n s .  I n  a n y  c a s e  t h e  main  p r o b l e m  

c o n c e r n i n g  a c t i n i d e  b u r n i n g  was t h a t  t h e  i n e f f i c i e n c y  o f  r e -  

p r o c e s s i n g  was s u c h  t h a t  t h e  w a s t e s  g e n e r a t e d  made t h e  a d -  

v a n t a g e s  o f  n e u t r o n  b u r n i n g  e x t r e m e l y  q u e s t i o n a b l e .  

( d l  'The h y b r i d  s y s t e m s  c o u l d  a n t i c i p a t e  t h e  a d v e n t  o f  p u r e  f u s i o n  

s y s t e m s  by r e l a x i n g  some o f  t h e  p l a s m a  p h y s i c s  a n d  t e c h n o l o g i c a l  

r e q u i r e m e n t s 1 . - T h i s  was a l s o  a  q u e s t i o n a b l e  p o i n t  s i n c e  i t  

was l i k e l y  t h a t  L a w s o n ' s  c r i t e r i a  wou ld  be  r e l a x e d  by a  f a c t o r  

o f  o n l y  a b o u t  f i v e .  The q u e s t i o n  was w h e t h e r  t h i s  r e l a t i v e l y  



s m a l l  g a i n  was n o t  t o t a l l y  o u t w e i g h e d  by t h e  c o n s i d e r a b l e  

p r o b l e m s  i n v o l v e d  i n  t h e  d e v e l o p m e n t  o f  t h e  h y b r i d  s y s t e m .  

I n  a  d i s c u s s i o n  on t h i s  l a t t e r  p a p e r  Askew e x p r e s s e d  g e n e r a l  

a g r e e m e n t  w i t h  F a r i n e l l i ' s  v i e w  i n  c o n n e c t i o n  w i t h  h y b r i d  s y s t e m s  

i n t e n d e d  t o  p r o d u c e  power  a n d  a l s o  t o  b r e e d  f i s s i o n  a n d  f u s i o n  

f u e l .  He f e l t ,  h o w e v e r ,  t h a t  t h e r e  w e r e  p r o s p e c t s  f o r  a  l a s e r  

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

t h e r e f o r e  h a v i n g  a  w h o l l y  U238 b l a n k e t .  T h i s  wou ld  b e  f a i r l y  

f r e q u e n t l y  r e p r o c e s s e d  s o  a s  t o  m a i n t a i n  a  low p l u t o n i u m  c o n t e n t .  

E u r a t o m  

F a r i n e l l i  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-270 w h i c h  d e s c r i b e d  s t u d i e s  

o f  t h e  r a d i o a c t i v i t y  and  a f t e r h e a t  o f  FINTOR a s  a  f u n c t i o n  o f  

t i m e  a f t e r  s h u t - d o w n .  ENOF/B-4 d a t a  was u s e d  i n  c o n j u n c t i o n  w i t h  

t h e  c o d e  ANISN a n d  POPOP. A c o m p a r i s o n  was made w i t h  t h e  c o r r e -  

s p o n d i n g  q u a n t i t i e s  f o r  a  f i s s i o n  r e a c t o r  a n d  t h i s  i n d i c a t e d  t h a t ,  

i f  t r i t i u m  w e r e  t a k e n  i n t o  a c c o u n t ,  t h e  r a d i o a c t i v i t y  p e r  kWt i n  

t h e  f u s i o n  r e a c t o r  was g r e a t e r  t h a n  t h 3 t  i n  t h e  f i s s i o n  r e a c t o r  

f o r  c o o l i n g  t i m e s  b e t w e e n  6 m o n t h s  and  20 y e a r s .  

S p a i n  

V e l a r d e  p r e s e n t e d  t h e  p a p e r  NEACRP-L-166 w h i c h  d e s c r i b e d  t h e o r e t i c a l  

s t u d i e s  o f  t h e  n e u t r o n i c s  o f  l a s e r - d r i v e n  f i s s i o n - f u s i o n  s y s t e m s .  

The c a s e  c o n s i d e r e d  was a  m i c r o p e l l e t  c o n s i s t i n g  o f  0 . 2  g  p l u t o n i u m  

( w i t h  a  Pu239 c o n t e n t  o f  9 5 % )  s u r r o u n d e d  by a  l a y e r  o f  Li6D. T h i s  

wou ld  b e  c o m p r e s s e d  t o  a  s u p e r c r i t i c a l  s t a t e  by means  o f  a  p u l s e  

f r o m  a  5 MJ l a s e r  w h i c h  wou ld  i n c r e a s e  t h e  d e n s i t y  by a  f a c t o r  o f  

a b o u t  2 0 0 .  The r e s u l t a n t  m i c r o - e x p l o s i o n  wou ld  p r o d u c e  a  b u r s t  o f  
20- 

a b o u t  10  n e u t r o n s .  The  c o n f i n e m e n t  t i m e  wou ld  b e  a b o u t  o n e  n a n o -  
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s e c o n d .  The e n e r g y  p r o d u c e d  by f i s s i o n  wou ld  be  a b o u t  10  J p e r  

o u l s e .  

J a p a n  

H i r o t a  i n t r o d u c e d  t h e  p a p e r  NEACRP-L-165 w h i c h  d e s c r i b e d  t h e  

m e a s u r e m e n t  o f  r a d i a t i o n  h e a t i n g  i n  a  l i t h i u m  a s s e m b l y  s i m u l a t i n g  

t h e  b l a n k e t  o f  a  f u s i o n  r e a c t o r .  The  a s s e m b l y  was d r i v e n  by a  

s o u r c e  o f  DT n e u t r o n s .  The combined  u s e  o f  L i 6 F  a n d  L i 7 F  t h e r m o -  

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

h e a t i n g  t o  b e  m e a s u r e d .  The e x p e r i m e n t a l  e r r o r s  w e r e  i n  t h e  r e g i o n  

o f  + 3 5  %. 8 
The c a l c u l a t e d  r e s p o n s e s  o f  t h e  t h e r m o l u m i n e s c e n t  d e t e c t o r s  w e r e  

o b t a i n e d  u s i n g  t h e  c o d e  s y s t e m  RAOHEAT. The  4 2 - g r o u p  n e u t r o n  

t r a n s p o r t  c r o s s - s e c t i o n s  w e r e  g e n e r a t e d  by SUPERTOG f r o m  t h e  

ENDF/B-3 l i b r a r y  a n d  t h e  2 1 - g r o u p  gamma-ray t r a n s p o r t  c r o s s - s e c t i o n s ,  

w e r e  c a l c u l a t e d  by GAMLEG-JR. The  gamma-ray p r o d u c t i o n  c r o s s -  

s e c t i o n s  w e r e  g i v e n  by POPOP4. N e u t r o n  a n d  gamma-ray f l u x e s  w e r e  

c a l c u l a t e d  u s i n g  ANISN i n  t h e  P5S8 a p p r o x i m a t i o n  a n d  t h e  g r o u p  

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

t h e  n e u t r o n  a n d  gamma r e s p o n s e  f u n c t i o n s .  L a r g e  e r r o r s  i n  t h e  

c a l c u l a t e d  gamma-ray f l u x e s  w e r e  e x p e c t e d  b e c a u s e  o f  t h e  i n a d e q u a c y  

o f  t h e  d a t a  i n  t h e  POPOP4 l i b r a r y .  e 
I n  t h e  c a s e  o f  t h e  b a r e  l i t h i u m  a s s e m b l y  t h e  m e a s u r e d  and  c a l c u l a t e d  

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

r e l a t i o n  t o  t h e  e x p e r i m e n t a l  e r r o r  a n d  t h e  a c c u r a c y  o f  t h e  gamma- 

r a y  d a t a .  F o r  t h e  a s s e m b l y  w i t h  a  g r a p h i t e  r e f l e c t o r  t h e  m e a s u r e d  

and  c a l c u l a t e d  v a l u e s  w e r e  i n  f a i r l y  good a g r e e m e n t  f o r  t h e  L i 7 F  

d e t e c t o r  b u t  t h e r e  was a  l a r g e  d i s c r e p a n c y  i n  t h e  c a s e  o f  t h e  L i 6 F  

d e t e c t o r .  T h i s  c o u l d  b e  a t t r i b u t e d  t o  a n  e r r o r  i n  t h e  c a l c u l a t i o n  



o f  t h e  low e n e r g y  n e u t r o n  f l u x  a r i s i n g  f r o m  a n  i n a c c u r a t e  t r e a t -  

ment  o f  t h e  a n i s o t r o p y  o f  i n e l a s t i c a l l y  s c a t t e r e d  n e u t r o n s .  

N e t h e r l a n d s  

B u s t r a a n  p r e s e n t e d  t h e  p a p e r  NEACRP-A-267 w h i c h  g a v e  a n  a c c o u n t  

o f  b l a n k e t  d e s i g n  s t u d i e s  f o r  t h e  E u r o p e a n  Tokomak. I n  t h e  c h o s e n  

d e s i g n  b e r y l l i u m  was u s e d  f o r  n e u t r o n  m u l t i p l i c a t i o n  a n d  m o d e r a -  

t i o n  a n d  t h e  amount  o f  l i t h i u m  r e q u i r e d  f o r  t r i t i u m  b r e e d i n g  was 

r e d u c e d  by u s i n g  a  t h i n  b r e e d i n g  z o n e  o p e r a t i n g  i n  a  s o f t  n e u t r o n  

s p e c t r u m .  I n  t h i s  c a s e  o n l y  t h e  L i 6 ( n , a ) t  r e a c t i o n  made a  s i g n i f i -  

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

u s i n g  ENDF/B-3 d a t a  g a v e  a  l o w e r  b r e e d i n g  r a t i o  t h a n  t h a t  p r e d i c t e d  

by c a l c u l a t i o n s  b a s e d  on ENDF/B-1. T h i s  was b e c a u s e  t h e  more  r e c e n t  

s e t  p r e d i c t e d  a  l o w e r  n e u t r o n  m u l t i p l i c a t i o n  f r o m  t h e  B e ( n . 2 n l  

r e a c t i o n .  The s t u d i e s  s h o w e d ,  h o w e v e r ,  t h a t  t h e  r e q u i r e d  b r e e d i n g  

r a t i o  o f  1 . 2 0  c o u l d  b e  a c h i e v e d  b y  a p p r o p r i a t e  p o s i t i o n i n g  o f  t h e  

l i t h i u m  w i t h i n  t h e  b e r y l l i u m  z o n e  o f  t h e  b l a n k e t  a n d  by t h e  u s e  

o f  a  L i 6  e n r i c h m e n t  o f  90  %. A m a j o r  d r a w b a c k  o f  t h e  d e s i g n  was 
6  t h e  l a r g e  b e r y l l i u m  i n v e n t o r y  o f  a b o u t  10  kg .  The  s t u d y  i n d i c a t e d  

a  n e e d  f o r  more a c c u r a t e  d a t a  on t h e  B e ( n , 2 n )  r e a c t i o n .  

- USA 

M a i e n s c h e i n  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-264 w h i c h  g a v e  a  r e v i e w  

o f  f u s i o n  r e a c t o r  n e u t r o n i c s  i n  t h e  US. 

I n  t h e  n u c l e a r  d a t a  a r e a  a US C T R  N e u t r o n i c s  Work ing  Group had 

i d e n t i f i e d  maximum p r i o r i t y  r e q u i r e m e n t s  f o r  t h e  m e a s u r e m e n t  o f  

s e c o n d a r y  n e u t r o n  e m i s s i o n  s p e c t r a  a n d  g a s - p r o d u c t i o n  c r o s s - s e c t i o n s  

f o r  L i 7 ,  8 1 1 ,  C ,  F e ,  L i 6 ,  A l ,  Mo, N i  and  C r .  C o r r e l a t e d  u n c e r t a i n t y  

f i l e s  w e r e  n e e d e d  f o r  a l l  s i g n i f i c a n t  CTR m a t e r i a l s .  I t  a l s o  



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

t o  a b o u t  30 MeV i n  o r d e r  t o  a n a l y s e  r a d i a t i o n  damage s t u d i e s  u s i n g  

D - L i  s o u r c e s .  D a t a  a v a i l a b l e  up t o  1 5  MeV w e r e  b e i n g  a s s e m b l e d  

i n t o  a  new m u l t i g r o u p  s e t  ( 1 7 1  n e u t r o n  g r o u p s ,  36  gamma g r o u p s )  

wh ich  was c u r r e n t l y  b e i n g  v a l i d a t e d  a n d  was e x p e c t e d  t o  be  a v a i l a b l e  

by t h e  end  o f  1 9 7 6 .  B.enchmar-k t e s t i n g  o f  n u c l e a r  d a t a  was u n d e r  

way a t  t h e  U n i v e r s i t y  o f  I l l i n o i s  u s i n g  a  1 4  MeV s o u r c e .  T h i s  

work  had  r a i s e d  q u e s t i o n s  c o n c e r n i n g  t h e  h i g h e r  e n e r g y  i r o n  c r o s s -  

s e c t i o n s .  

C a l c u l a t i o n  m e t h o d s  a p p e a r e d  t o  be  g e n e r a l l y  a d e q u a t e .  The f i n i t e  

e l e m e n t  c o d e  TRIDENT i n c o r p o r a t e d  a  t r i a n g u l a r  ( R , Z )  mesh c a p a -  

b i l i t y  and  a  t o r o i d a l  g e o m e t r y  p r e p r o c e s s o r  was b e i n g  d e v e l o p e d  

f o r  u s e  w i t h  t h i s  c o d e .  
0 

S t u d i e s  o f  t h e  s e n s i t i v i t y  o f  t h e  t r i t i u m  b r e e d i n g  r a t i o  t o  

n u c l e a r  d a t a  u n c e r t a i n t i e s  had i d e n t i f i e d  t h e  L i 7 ( n , n : a , t ) ,  

B e ( n , 2 n S )  a n d  F(n . t .1  c r o s s - s e c t i o n s  a s  c o n t r i b u t i n g  t h e  g r e a t e s t  

u n c e r t a i n t i e s  ( o f  a  f e w  p e r c e n t ) .  A s t u d y  o f  m a t e r i a l s  f o r  t h e  

f i r s t  s t r u c t u r a l  w a l l  o f  a  C T R  i n d i c a t e d  s t a i n l e s s  s t e e l  304  a s  

t h e  p r e f e r r e d  m a t e r i a l .  S t u d i e s  o f  t h e  e f f e c t  o f  n u c l e a r  d a t a  

u n c e r t a i n t i e s  i n  i r o n  a n d  c a r b o n  on t h e  h e a t i n g  a n d  r a d i a t i o n  

damage i n  t h e  t o r o i d a l  f i e l d  c o i l  o f  a  Tokomak had  i n d i c a t e d  un-  

c e r t a i n t i e s  o f  t h e  o r d e r  o f  100  % .  

I n  t h e  s y s t e m s  d e s i g n  a r e a  t h e  two  m a c h i n e s  o f  mos t  i n t e r e s t  w e r e  
(P 

t h e  Tokomak F u s i o n  T e s t  R e a c t o r  (TFTRI a n d  t h e  Tokornak E x p e r i -  

m e n t a l  Power  R e a c t o r  (TEPR) .  The TFTR would  be  b u i l t  a t  P r i n c e t o n  

t o  s t u d y  p l a s m a  p h y s i c s .  I t  was e x p e c t e d  t h a t  a i r  and  s t e e l  a c t i -  

v a t i o n  would  g i v e  t h e  p r i m a r y  l i m i t a t i o n  on p e r s o n n e l  a c c e s s  and  

t h a t  r a d i a t i o n  damage t o  t e s t  e q u i p m e n t  w o u l d  a l s o  be  a  l i m i t a t i o n .  

The d e s i g n  o f  t h e  TEPR was s t i l l  i n  a  v e r y  e a r l y  s t a g e .  M u l t i -  

d i m e n s i o n a l  n e u t r o n i c s  s t u d i e s  had i n d i c a t e d  t h e  g r e a t  i m p o r t a n c e  

o f  n e u t r o n  p e n e t r a t i o n  t h r o u g h  s t r e a m i n g  p a t h s  s u c h  a s  n e u t r a l  



beam i n j e c t o r s .  T h i s  c o u l d  g i v e  r i s e  t o  f l u x  i n c r e a s e s b y  f a c t o r s  of  
4  

10  t o  l o 6  a t  t h e  t o r o i d a l  f i e l d  c o i l s .  T h e s e  s t u d i e s  s h o w e d ,  

h o w e v e r ,  t h a t  t h e  p e n e t r a t i o n s  had  o n l y  a  s m a l l  e f f e c t  on t h e  

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

Germany 

K i j s t e r s  p r e s e n t e d  t h e  p a p e r  NEACRP-L-177. M e a s u r e m e n t s  had  b e e n  

made o f  n e u t r o n  s p e c t r a  a t  v a r i o u s  r a d i a l  p o s i t i o n s  i n  a  l i t h i u m  

m e t a l  s p h e r e  w i t h  a  1 4  MeV n e u t r o n  s o u r c e .  T i m e - o f - f l i g h t  m e t h o d s  

a n d  p r o t o n  r e c o i l  t e c h n i q u e s  w e r e  u s e d .  C a l c u l a t i o n s  o f  t h e  n e u t r o n  

s p e c t r a  w e r e  made w i t h  a  1 0  Sn c o d e  u s i n g  t h e  e x t e n d e d  t r a n s p o r t  

a p p r o x i m a t i o n  f o r  t h e  t r e a t m e n t  o f  a n i s o t r o p i c  e l a s t i c  s c a t t e r i n g .  

ENOF/B-3 d a t a  w e r e  u s e d .  Good a g r e e m e n t  b e t w e e n  m e a s u r e d  a n d  c a l c u -  

l a t e d  s p e c t r a  was o b t a i n e d  when t h e  m e a s u r e d  n e u t r o n  s o u r c e  s p e c t r u m  

was u s e d  i n  t h e  c a l c u l a t i o n .  

S t u d i e s  w e r e  made o f  t h e  s e n s i t i v i t y  o f  t r i t i u m  p r o d u c t i o n  i n  t h e  

s p h e r e  t o  u n c e r t a i n t i e s  i n  t h e  c r o s s - s e c t i o n s  o f  t h e  L i 6 ( n , a ) t  

a n d  L i 7 ( n , n , ' a , t )  r e a c t i o n s .  T h e s e  i n d i c a t e d  u n c e r t a i n t i e s  i n  t h e  

t r i t i u m  b r e e d i n g  r a t i o  o f  0 . 9  % a n d  1 5  % a r i s i n g  f r o m  t h e  L i 6  a n d  

L i 7  r e a c t i o n s .  S i m i l a r  s t u d i e s  made by T o b i a s  a n d  S t e i n e r  f o r  t h e  

c a s e  o f  a  l a r g e  f u s i o n  r e a c t o r  b l a n k e t  mode l  g a v e  c o r r e s p o n d i n g  

f i g u r e s  o f  0 . 3 4  % a n d  15  % .  T h i s  i n d i c a t e d  t h a t  t h e  c r o s s - s e c t i o n  

s e n s i t i v i t y  o f  t r i t i u m  p r o d u c t i o n  i s  s t r o n g l y  d e p e n d e n t  on t h e  

b l a n k e t  c o n f i g u r a t i o n .  

M e a s u r e m e n t s  o f  t h e  t r i t i u m  p r o d u c t i o n  r a t e  i n  t h e  l i t h i u m  s p h e r e  

w e r e  made u s i n g  L i  C O  p r o b e s  a n d  t h e  r e s u l t s  showed some d e v i a t i o n s  2 3  
f r o m  t h e  c a l c u l a t e d  v a l u e s .  The  p o s s i b i l i t y  o f  e x p e r i m e n t a l  e r r o r  

was b e i n g  i n v e s t i g a t e d .  



G e n e r a l  D i s c u s s i o n  

I n  a  d i s c u s s i o n  on s e n s i t i v i t y  a n a l y s i s  i t  was g e n e r a l l y  a g r e e d  

t h a t  u n c e r t a i n t i e s  i n  t h e  t r i t i u m  b r e e d i n g  r a t i o  a r i s i n g  f r o m  

c r o s s - s e c t i o n  u n c e r t a i n t i e s  d i d  n o t  p r e s e n t  m a j o r  p r o b l e m s .  The  

KFK c o n c l u s i o n  t h a t  t h e  c r o s s - s e c t i o n  s e n s i t i v i t y  o f  t h e  b r e e d i n g  

r a t i o  d e p e n d e d  s t r o n g l y  on t h e  b l a n k e t  c o n f i g u r a t i o n  was n o t e d  b u t  

M a i e n s c h e i n  p o i n t e d  o u t  t h a t  US s e n s i t i v i t y  s t u d i e s  had  g i v e n  t h e  

same r e s u l t s  f o r  t h r e e  s i g n i f i c a n t l y  d i f f e r e n t  b l a n k e t s .  I t  

a p p e a r e d  t h a t  v a r i a t i o n s  b e t w e e n  d i f f e r e n t  b l a n k e t s  w e r e  l e s s  

i m p o r t a n t  t h a n  t h e  d i f f e r e n c e  b e t w e e n  a  b l a n k e t  d e s i g n  and  t h e  

KFK s p h e r e .  The  s i t u a t i o n  c o n c e r n i n g  h e a t i n g  a n d  r a d i a t i o n  damage 

i n  t h e  t o r o i d a l  f i e l d  c o i l s  o f  a  Tokomak was l e s s  s a t i s f a c t o r y  and  

t h e  US s t u d i e s  had  shown u n c e r t a i n t i e s  o f  t h e  o r d e r  o f  10D % 
0 

a r i s i n g  f r o m  u n c e r t a i n t i e s  i n  t h e  s c a t t e r i n g  c r o s s - s e c t i o n s  o f  

i r o n  a n d  c a r b o n .  

I t  was g e n e r a l l y  a g r e e d  t h a t  e x i s t i n g  c a l c u l a t i o n  m e t h o d s  w e r e  

a d e q u a t e  f o r  d e a l i n g  w i t h  f u s i o n  r e a c t o r  p r o b l e m s .  

I n  a  d i s c u s s i o n  on t h e  a c c u r a c y  o f  gamma-ray p r o d u c t i o n  c r o s s -  

s e c t i o n s  B a r &  s a i d  t h a t  m e a s u r e m e n t s  o f  gamma r a y  h e a t i n g  i n  a n  

i r o n  b l o c k  had l e d  t o  C / E  v a l u e s  o f  t h e  o r d e r  o f  0 . 5 .  K G s t e r s  

d e s c r i b e d  m e a s u r e m e n t s  o f  gamma-ray f l u x ,  made i n  an i r o n  b l o c k  

on t h e  SUAK f a c i l i t y ,  w h i c h  had g i v e n  C / E  v a l u e s  o f  t h e  o r d e r  o f  

0 . 5  when a n a l y s e d  u s i n g  ENDF/B-4 d a t a .  Hemmig s a i d  t h a t  c o r r e -  

s p o n d i n g  US m e a s u r e m e n t s  had  g i v e n  C / E  d i s c r e p a n c i e s  o f  o n l y  

1 0 - 1 5  % f o r  ENDF/B-4 a n a l y s e s  o f  i r o n  b l o c k  e x p e r i m e n t s .  He 

s u g g e s t e d  t h a t  t h e  l a r g e r  d i s c r e p a n c i e s  i n  t h e  German c a s e  m i g h t  

h a v e  o r i g i n a t e d  i n  t h e  p r o c e s s i n g  o f  t h e  ENDF/B-4 l i b r a r y  d a t a .  

M a i e n s c h e i n  s u g g e s t e d  t h a t  t h e  p r o b l e m  m i g h t  a r i s e  f r o m  e r r o r s  i n  

t h e  c a l c u l a t e d  n e u t r o n  d i s t r i b u t i o n .  

I t  was a g r e e d  t h a t  f u t u r e  r e s u l t s  on f u s i o n  wou ld  b e  i n c l u d e d  i n  



t h e  n a t i o n a l  a c t i v i t i e s  r e p o r t s .  

2 .  NEW TOPICS 

2 . 1 .  P r o b l e m s  r e l a t e d  t o  b u r n - u p  i n  t h e r m a l  a n d  f a s t  r e a c t o r s .  

B e l g i u m  

B u s t r a a n  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-278 w h i c h  g a v e  a  r e v i e w  o f  

t h e  j o i n t  B e l g o n u c l Q a i r e - M o l  programme on p l u t o n i u m  r e c y c l i n g  i n  

L W R ' s .  An e x t e n s i v e  programme i n v o l v i n g  b o t h  e x p e r i m e n t a l  and  

t h e o r e t i c a l  work  had  b e e n  i n  p r o g r e s s  f o r  o v e r  1 5  y e a r s .  The 

e x p e r i m e n t a l  programme i n c l u d e d  c r i t i c a l  a s s e m b l y  m e a s u r e m e n t s  

i n  VENUS a n d  i r r a d i a t i o n s  i n  a  number  o f  power  r e a c t o r s .  The  

r e s u l t s  w e r e  u s e d  t o  c h e c k  t h e  v a l i d i t y  o f  t h e  n e u t r o n i c s  c o d e s  

a n d  d a t a .  The c a l c u l a t i o n s  u s e d  a  c o d e  p a c k a g e  b a s e d  on t h e  

PANTHER c e l l  c a l c u l a t i o n  c o d e .  T h i s  s cheme  a l l o w e d  t h e  p r o p e r t i e s  

o f  p l u t o n i u m  f u e l  c o n f i g u r a t i o n s  t o  b e  c a l c u l a t e d  w i t h  t h e  same 

a c c u r a c y  a s  t h a t  o b t a i n e d  i n  t h e  c a s e  o f  u r a n i u m  f u e l ,  f o r  e x a m p l e ,  

i n  t h e  c a s e  o f  p o w e r  d i s t r i b u t i o n , t h e  d i s c r e p a n c y  b e t w e e n  c a l c u -  

l a t i o n  a n d  e x p e r i m e n t  was t y p i c a l l y  o f  t h e  o r d e r  o f  5-7 %. The 

i r r a d i a t i o n  e x p e r i m e n t s  had  shown t h a t  t h e  mixed p l u t o n i u m - u r a n i u m  

o x i d e  f u e l  e l e m e n t s  c o u l d  s a t i s f y  o p e r a t i o n a l  r e q u i r e m e n t s .  

I n  d i s c u s s i o n  i t  was g e n e r a l l y  a g r e e d  t h a t  C / E  v a l u e s  f o r  p o w e r  

d i s t r i b u t i o n s  i n  Pu/U l a t t i c e s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  

t h o s e  i n  u r a n i u m  l a t t i c e s .  T h e r e  was  some f e e l i n g  t h a t  t h e  C / E  

d i s c r e p a n c i e s  i n  t h e  B e l g i a n  p a p e r  c o u l d  b e  r e d u c e d  by t h e  u s e  

o f  a  more  a d v a n c e d  c a l c u l a t i o n  t e c h n i q u e .  



F r a n c e  

Bouchard  p r e s e n t e d  t h e  t h e r m a l  r e a c t o r  a s p e c t s  o f  t h e  p a p e r  

NEACRP-L-157 w h i c h  d e a l t  w i t h  p r o b l e m s  r e l a t e d  t o  b u r n - u p .  The 

F r e n c h  a p p r o a c h  was t o  c r e a t e  a  s y s t e m  o f  c o d e s  a n d  d a t a  f o r  t h e  

c a l c u l a t i o n  o f  a l l  n e c e s s a r y  b u r n - u p  p a r a m e t e r s  and  t o  t e s t  t h e  

s y s t e m  by u s i n g  t h e  r e s u l t s  o f  c r i t i c a l  e x p e r i m e n t s  and  o f  

m e a s u r e m e n t s  on i r r a d i a t e d  f u e l  e l e m e n t s .  

An e x t e n s i v e  programme o f  f u e l  i r r a d i a t i o n s  had  b e e n  c a r r i e d  o u t  

w i t h  s u b s e q u e n t  d e t e r m i n a t i o n  o f  t h e  g l o b a l  c a p t u r e  c r o s s - s e c t i o n  

o f  f i s s i o n  p r o d u c t s ,  p o w e r  d i s t r i b u t i o n  w i t h i n  t h e  f u e l  r o d s  a n d  

h e a v y  n u c l i d e  c o n c e n t r a t i o n s  ( t h e  l a t t e r  i n c l u d i n g  Pu238 ,  Cm242 

and  U2321. The v a r i o u s  m e a s u r e d  q u a n t i t i e s  w e r e  g e n e r a l l y  w e l l  

c a l c u l a t e d  b u t  a  5 % d i s c r e p a n c y  b e t w e e n  t h e  m e a s u r e d  a n d  c a l c u -  

l a t e d  v a l u e s  o f  t h e  Pu239/U238 c o n c e n t r a t i o n  r a t i o  was d i f f i c u l t  

t o  e x p l a i n  a n d  m i g h t  be  r e l a t e d  t o  t h e  d i s c r e p a n c y  b e t w e e n  t h e  

m e a s u r e d  a n d  c a l c u l a t e d  t e m p e r a t u r e  c o e f f i c i e n t  i n  L W R ' s .  

I n  a  d i s c u s s i o n  o f  t h e  C / E  d i s c r e p a n c y  on t h e  c o n c e n t r a t i o n  r a t i o  

Askew r e m a r k e d  t h a t  t h i s  d i d  n o t  a p p e a r  i n  t h e  c o r r e s p o n d i n g  work  

i n  t h e  UK. He s a i d  t h a t ,  i f  t h e  a p p r o p r i a t e  i n f o r m a t i o n  on t h e  

APOLLO c e l l  c a l c u l a t i o n s  c o u l d  be  made a v a i l a b l e ,  he  w o u l d  b e  

p r e p a r e d  t o  c a r r y  o u t  a  c a l c u l a t i o n  u s i n g  U K  m e t h o d s  s o  t h a t  t h e  

r e s u l t s  c o u l d  be  compared  w i t h  t h o s e  g i v e n  by APOLLO. I t  was 

a g r e e d  t h a t  t h i s  s h o u l d  be  d o n e  by d i r e c t  c o n t a c t  b e t w e e n  Askew 

a n d  B o u c h a r d .  K i s t e r s  a s k e d  t o  be  i n f o r m e d  o f  t h e  o u t c o m e  o f  t h i s  

c o m o a r i s o n .  

B a r r e  p r e s e n t e d  t h e  f a s t  r e a c t o r  s e c t i o n s  o f  t h e  F r e n c h  p a p e r .  

The  main  p r o b l e m s  r e l a t e d  t o  t h e  r e a c t i v i t y  l o s s  p e r  c y c l e ,  t h e  

v a r i a t i o n  o f  t h e  g l o b a l  b r e e d i n g  g a i n  and  t h e  p r o d u c t i o n  o f  

t r a n s a c t i n i d e s .  A combined  e x p e r i m e n t a l  and  t h e o r e t i c a l  programme 

had  b e e n  s e t  up t o  d e a l  w i t h  t h e s e  p r o b l e m s  a n d  t h i s  work  was 



c l o s e l y  l i n k e d  t o  t h e  c o r r e s p o n d i n g  work  i n  t h e  t h e r m a l  r e a c t o r  

a r e a .  

I n  t h e  r e a c t i v i t y  l o s s  a r e a  work  was b e i n g  c a r r i e d  o u t  on t h e  e f f e c t  

o f  h i g h e r  p l u t o n i u m  i s o t o p e s  i n v o l v i n g  ( a )  m e a s u r e m e n t s  o f  b u c k l i n g  

a n d  k - i n f i n i t y  i n  p l u t o n i u m - b e a r i n g  l a t t i c e s  i n  w h i c h  t h e  Pu240/Pu 

r a t i o  v a r i e d  f r o m  8% t o  45% ( b )  f i s s i o n  r a t e  r a t i o  m e a s u r e m e n t s  

( c )  r e a c t i v i t y  w o r t h  m e a s u r e m e n t s  on s a m p l e s  w i t h  v a r i o u s  i s o t o p i c  

c o m p o s i t i o n s  ( d l  i r r a d i a t i o n  o f  s a m p l e s  i n  RAPSODIE a n d  PHENIX. 

A n a l y s i s  o f  t h e  i r r a d i a t i o n  e x p e r i m e n t s  u s i n g  C a r n a v a l  v e r s i o n  3  

had  g i v e n  good  a g r e e m e n t  b e t w e e n  c a l c u l a t i o n  a n d  e x p e r i m e n t  a n d ,  

i n  p a r t i c u l a r  t h e  c a p t u r e  c r o s s - s e c t i o n s  o f  Pu239 a n d  Pu240 r e -  

l a t i v e  t o  U238 w e r e  p r e d i c t e d  t o  a n  a c c u r a c y  o f  2 % .  The  d a t a  

o b t a i n e d  i n  t h e  p l u t o n i u m  m e a s u r e m e n t s  w o u l d  b e  i n c l u d e d  i n  a  r e -  

a d j u s t m e n t  t o  p r o d u c e  C a r n a v a l  v e r s i o n  4  w h i c h  was s c h e d u l e d  f o r  

c o m p l e t i o n  i n  November 1 9 7 6 .  

I n  t h e  f i s s i o n  p r o d u c t  a r e a  ( w h i c h  was m a i n l y  o f  i m p o r t a n c e  i n  

r e l a t i o n  t o  r e a c t i v i t y  l o s s  p e r  c y c l e )  m e a s u r e m e n t s  had  b e e n  

made o f  t h e  c a p t u r e  c r o s s - s e c t i o n  o f  g l o b a l  f i s s i o n  p r o d u c t s  by 

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

i n  ERMINE. M e a s u r e m e n t s  w e r e  a l s o  made on t h e  more  i m p o r t a n t  i n d i -  

v i d u a l  f i s s i o n  p r o d u c t s  u s i n g  o s c i l l a t i o n ,  a c t i v a t i o n  o r  i r r a d i a t i o n  

t e c h n i q u e s .  F o l l o w i n g  d a t a  a d j u s t m e n t  i t  was e x p e c t e d  t h a t  t h e  

c a p t u r e  i n  g l o b a l  f i s s i o n  p r o d u c t s  w o u l d  be  p r e d i c t e d  w i t h  a n  

a c c u r a c y  o f  '7% ( 2 0 ) .  

The  v a r i a t i o n  o f  g l o b a l  b r e e d i n g  g a i n  was b e i n g  f o l l o w e d  i n  a n  

e x t e n s i v e  i r r a d i a t i o n  programme on PHENIX w h i c h  w o u l d  g i v e  t h e  

v a r i a t i o n  o f  h e a v y  i s o t o p e  c o m p o s i t i o n  f r o m  t h e  f i r s t  c y c l e  up 

t o  6 0 , 0 0 0  MWd/Te. The  ma in  r e s u l t s  up t o  t h e  t h i r d  c y c l e  w e r e  

a l r e a d y  a v a i l a b l e  a n d  t h e  b l a n k e t  r e s u l t s  w e r e  e x p e c t e d  t o  b e  

a v a i l a b l e  by t h e  e n d  o f  1 9 7 6 .  



I n  s t u d i e s  o f  t r a n s a c t i n i d e  p r o b l e m s  ( b o t h  i n - p i l e  a n d  o u t - o f - p i l e )  

f i s s i o n  r a t i o s  were m e a s u r e d  u s i n g  f i s s i o n  c h a m b e r s .  I t  was c o n -  

s i d e r e d  i m p o r t a n t  t o  e s t i m a t e  t h e  b u i l d - u p  o f  Pu238 w i t h  r e a s o n -  

a b l e  a c c u r a c y  b e c a u s e  of t h e  p r o b l e m s  i t  wou ld  p r o d u c e  a t  t h e  

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

I t  was t h e r e f o r e  p r o p o s e d  t o  make c a p t u r e  m e a s u r e m e n t s  f o r  t h i s  

n u c l i d e ,  a n d  a l s o  f o r  o t h e r  i m p o r t a n t  t r a n s a c t i n i d e s  by means  o f  

a n  i r r a d i a t i o n  i n  PHENIX. The  n e u t r o n  e m i s s i o n  r a t e  o f  c u r i u m  

w o u l d  a l s o  b e  m e a s u r e d .  

I n  d i s c u s s i o n  B a r r k  s t r e s s e d  t h e  n e e d  f o r  b e t t e r  e v a l u a t e d  d a t a  - 
on t h e  i n e l a s t i c  s c a t t e r i n g  c r o s s - s e c t i o n s  o f  f i s s i o n  p r o d u c t s .  

The  p r e s e n t  d a t a  c o u l d  l e a d  t o  e r r o r s  o f  t h e  o r d e r  o f  1 0 %  i n  t h e  

d e r i v a t i o n  o f  c a p t u r e  c r o s s - s e c t i o n s  f r o m  t h e  r e s u l t s  o f  o s c i l l a t o r  

m e a s u r e m e n t s .  A l i s t  o f  f i s s i o n  p r o d u c t s  f o r  w h i c h  t h e s e  d a t a  was  

r e q u i r e d  had  b e e n  p r o d u c e d  a t  t h e  B o l o g n a  m e e t i n g .  

t o  i n f o r m  t h e  N E A N D C  o f  t h e  NEACRP's c o n t i n u e d  i n t e r e s t  i n  t h e s e  

d a t a .  

Italy 

F a r i n e l l i  s u m m a r i z e d  t h e  p a p e r  NEACRP-A-279 w h i c h  d e s c r i b e d  t h e  
' 

d e v e l o p m e n t  o f  a  g e n e r a l i z e d  p e r t u r b a t i o n  t h e o r y  a p p l i e d  t o  t h e  

n u c l i d e  c o m p o s i t i o n s  i n  a  r e a c t o r  l a t t i c e  s o  t h a t  t h e  v a r i a b l e  

c o n s i d e r e d  was t h e  c o m p o s i t i o n  o f  t h e  f u e l .  The t i m e  e v o l u t i o n  

e q u a t i o n  was t h e n  w r i t t e n  i n  t e r m s  o f  t h e  f u e l  c o m p o s i t i o n  v e c t o r  

a n d  a  p e r t u r b a t i o n  e q u a t i o n  was  d e r i v e d  and  u s e d  t o  c a l c u l a t e  

p e r t u r b e d  q u a n t i t i e s .  The m e t h o d  had  b e e n  a p p l i e d  t o  b u r n u p  i n  a  

f a s t  r e a c t o r  a n d  t o  t h e  c a l c u l a t i o n  o f  a c t i n i d e  p r o d u c t i o n .  

Germany 

K d s t e r s  i n t r o d u c e d  t h e  p a p e r  NEACRP-L-175 w h i c h  r e v i e w e d  t h e  IAEA 



a d v i s o r y  g roup  m e e t i n g  on t r a n s a c t i n i u m  n u c l e a r  d a t a  h e l d  a t  

K a r l s r u h e  i n  November 1975.  The p a p e r s  p r e s e n t e d  a t  t h e  m e e t i n g  

had i n d i c a t e d  t h a t  t h e  most s t r i n g e n t  r e q u i r e m e n t s  f o r  t r a n s -  

a c t i n i d e  c r o s s - s e c t i o n s  i n  t h e  r e a c t o r  a r e a  a r e  g i v e n  by t h e  

e f f e c t  of t h e s e  n u c l i d e s  on c o r e  pe r fo rmance .  T a r g e t  a c c u r a c i e s  

f o r  t h e  a c t i n i d e  d a t a  were  g e n e r a l l y  i n  t h e  r a n g e  20-50 % and 

t h e s e  t a r g e t s  c o u l d  c u r r e n t l y  be a c h i e v e d  i n  most c a s e s .  A p a r -  

t i c u l a r  e x c e p t i o n  was Am241 i n  which c a s e  t h e  t a r g e t s  f o r  t h e r m a l  

r e a c t o r s  were  10% f o r  bo th  c a p t u r e  and f i s s i o n  and ,  f o r  f a s t  

r e a c t o r s ,  5% f o r  c a p t u r e  and 15% f o r  f i s s i o n .  One o f  t h e  main 

c u r r e n t  p r o b l e m s ' i n  s e t t i n g  t a r g e t  a c c u r a c i e s  was t h a t  t h e  con-  

c e n t r a t i o n s  o f  t h e  v a r i o u s  n u c l i d e s  were  c r i t i c a l l y  dependen t  on 

t h e  f u e l  c y c l e  scheme a d o p t e d .  Fo r  example,  t h e  h a z a r d  p o t e n t i a l  

o f  a  PWR w i t h  p l u t o n i u m  r e c y c l i n g  was a b o u t  t e n  t i m e s  g r e a t e r  

t h a n  t h a t  o f  t h e  c o r r e s p o n d i n g  r e a c t o r  w i t h o u t  r e c y c l i n g  and such  

v a r i a t i o n s  were  much g r e a t e r  t h a n  u n c e r t a i n t i e s  a r i s i n g  f rom t h e  

c r o s s - s e c t i o n  d a t a .  The c o n c l u s i o n  of t h e  m e e t i n g  was t h a t  t h e  

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

p l a y  a  d o m i n a t i n g  r o l e .  

The PWR burn-up  code GELS, produced  by t h e  G e e s t h a c h t  Resea rch  

C e n t r e ,  was d i s t r i b u t e d  a t  t h e  m e e t i n g .  

Ma iensche in  s a i d  t h a t  US work on burn-up  i n c l u d e d  t h e  deve lopment  

o f  a  30 d e p l e t i o n  code  whjch was an e x t e n s i o n  o f  V E N T U R E .  T h i s  was 

e x p e c t e d  t o  be a v a i l a b l e  fo rm t h e  Argonne Code C e n t r e  by t h e  end 

of 1 9 7 6 .  I n  t h e  f i s s i o n  p r o d u c t  a r e a  CSWG was work ing  on t h e  

i n c o r p o r a t i o n  of s u b s t a n t i a l l y  more d e t a i l  i n t o  t h e  n e x t  v e r s i o n  

o f  ENDF and t o  make compar i sons  w i t h  t h e  r e s u l t s  o f  i n t e g r a l  

f i s s i o n  p r o d u c t  d a t a  measurements .  Improved a c t i n i d e  d a t a  f o r  

t h e r m a l  r e a c t o r s  was a l s o  b e i n g  i n c o r p o r a t e d  i n t o  ENDF.  Cons id-  



e r a t i o n  was b e i n g  g i v e n  t o  i n v e s t i g a t i n g  t h e  s e n s i t i v i t y  o f  d e -  

p l e t i o n  c a l c u l a t i o n s  t o  n u c l e a r  d a t a  u n c e r t a i n t i e s .  

I n  a  d i s c u s s i o n  c o n c e r n i n g  t h e  v a r i o u s  v e r s i o n s  o f  t h e  O R I G E N  

l i b r a r y ,  w h i c h  c o n t a i n s  o n e - g r o u p  a c t i n i d e  d a t a  f o r  f a s t  r e a c t o r  

c a l c u l a t i o n s ,  i t  a p p e a r e d  t h a t  t h e r e  w e r e  c o n s i d e r a b l e  u n c e r -  

t a i n t i e s  a s  t o  w h i c h  o n e - g r o u p  d a t a  w e r e  b e i n g  u s e d  by i n d i v i d u a l  

member c o u n t r i e s  a n d  a l s o  a s  t o  w h i c h  w e r e  t h e  c u r r e n t l y  r e -  

commended v a l u e s .  I n  a  move t o  c l a r i f y  t h i s  s i t u a t i o n  members 

a g r e e d  t o  s e n d  t o  K i s t e r s  d e t a i l s  o f  t h e  o n e - g r o u p  a c t i n i d e  

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

a n d  K i s t e r s  a g r e e d  t o  make a  c r i t i c a l  r e v i e w  o f  t h e s e  d a t a .  

C o n s i d e r a t i o n  wou ld  t h e n  be  g i v e n ,  a t  t h e  n e x t  m e e t i n g  o f  t h e  

c o m m i t t e e ,  t o  t h e  s e t t i n g  up o f  a  b e n c h m a r k  e x e r c i s e .  

E u r a t o m  

F a r i n e l l i  p r e s e n t e d  t h e  p a p e r  NEACRP-A-283 w h i c h  g a v e  a n  e x a m p l e  

t a k e n  f r o m  a  s e r i e s  o f  p a r a m e t r i c  s t u d i e s  on t h e  r e s u l t s  o f  

a p p l y i n g  v a r i o u s  n u c l e a r  s t r a t e g i e s  i n  t h e  p e r i o d  f r o m  1980  t o  

2030 t o g e t h e r  w i t h  a  s t u d y  o f  t h e  s e n s i t i v i t y  o f  t h e  r e s u l t s  t o  

t h e  v a l u e s  o f  t h e  p a r a m e t e r s  u s e d .  

I n  a  f i n a l  d i s c u s s i o n  i t  was a g r e e d  t o  c a r r y  o v e r  t h e  t o p i c  o f  

b u r n - u p  p r o b l e m s  t o  t h e  n e x t  m e e t i n g  o f  t h e  c o m m i t t e e .  

2 . 2 .  P r o s p e c t s  f o r  t h e r m a l  b r e e d e r s  - 

I n t r o d u c i n g  t h e  p a p e r  NEACRP-A-273 T i l l  s a i d  t h a t  t h e  work  d e s -  - 
c r i b e d  r e s u l t e d  f r o m  a n  i n c r e a s e d  US i n t e r e s t  i n  p o s s i b l e  b a c k - u p  



s y s t e m s  f o r t h e  LMFBR.  A s t u d y  had  b e e n  made o f  t h e  p o s s i b l e  

i m p a c t  o f  t h e r m a l  n e a r - b r e e d e r s  i n  a  g r o w i n g  p o w e r  s y s t e m  w h i c h  

was a  s i m p l i f i e d  mode l  o f  t h e  US p o w e r  economy i n  w h i c h  t h e  

n u c l e a r  c a p a c i t y  d o u b l i n g  t i m e  i n c r e a s e d  f r o m  5 y e a r s  i n  1 9 8 5  t o  

30  y e a r s  i n  2 0 5 0 .  The c o d e  ALPS had  b e e n  u s e d  t o  c o m p a r e  cumu- 

l a t i v e  u r a n i u m  r e q u i r e m e n t s  i n  a  number  o f  s c e n a r i o s .  Very  

f a v o u r a b l e  n e a r  b r e e d e r  c h a r a c t e r i s t i c s  w e r e  c h o s e n ,  i . e .  t h o s e  

o f  a  C A N D U  r e a c t o r  on t h o r i u m  c y c l e  w i t h  a  c o n v e r s i o n  r a t i o  o f  

1 . 0 .  The  f i r s t  s e t  o f  c a s e s  e x a m i n e d  w e r e :  

1 :  LWR o n l y  

2 :  LWR + N e a r - b r e e d e r  [ I 9 9 5 1  

3: LWR + LMFBR [ I 9 9 5 1  

4 :  LWR + N e a r - b r e e d e r  1 1 9 9 5 )  + LMFBR [ 2 0 1 5 )  

The  o n l y  c o n s t r a i n t  on t h e  i n t r o d u c t i o n  o f  t h e  n e a r  b r e e d e r  a n d  

LMFBR was p l u t o n i u m  a v a i l a b i l i t y .  C a s e  3  was t h e  o n l y  o n e  w h i c h  

t e n d e d  t o  l e v e l  o f f  t h e  c u m u l a t i v e  u r a n i u m  r e q u i r e m e n t s  a t  v a l u e s  

c o n s i s t e n t  w i t h  e s t i m a t e d  US h i g h  g r a d e  r e s e r v e s .  

A s i m i l a r  s e r i e s  o f  c a l c u l a t i o n s  was c a r r i e d  o u t  f o r  t h e  c a s e  o f  

a  CANDU-based p o w e r  economy a n d  g a v e  q u a l i t a t i v e l y  s i m i l a r  r e s u l t s  

e x c e p t  t h a t  t h e  u r a n i u m  r e q u i r e m e n t s  f o r  a l l  s c e n a r i o s  w e r e  

s u b s t a n t i a l l y  l e s s  t h a n  t h o s e  f o r  t h e  LWR-based economy b e c a u s e  

o f  t h e  much b e t t e r  p l u t o n i u m  p r o d u c t i o n  o f  t h e  C A N D U  r e a c t o r .  The  

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

r a t e s ,  it w o u l d  b e  a b s o l u t e l y  e s s e n t i a l  t o  i n t r o d u c e  t h e  LMFBR 

a t  a b o u t  t h e  y e a r  2000  i n  o r d e r  t h a t  c u m u l a t i v e  u r a n i u m  r e q u i r e -  

m e n t s  r e m a i n  c o n s i s t e n t  w i t h  US h i g h  g r a d e  r e s e r v e s .  

A n o t h e r  s e t  o f  s y s t e m  s t u d i e s  ( H a t c h e r ,  B a n e r j e e  e t  a l ,  A N S  

M e e t i n g ,  Nov. 1 9 7 5 )  had  a s sumed  a n  i n i t i a l  n u c l e a r  c a p a c i t y  

d o u b l i n g  t i m e  o f  5  y e a r s  t h r o u g h  2 0 0 0 ,  11  y e a r s  f r o m  2000  t o  

2030  a n d  no f u r t h e r  g r o w t h  a f t e r  2 0 3 0 .  U n d e r  t h e s e  a s s u m p t i o n s  



t h e  c o m b i n a t i o n  o f  a  n o r m a l  c o n v e r t e r  a n d  a  n e a r  b r e e d e r  g a v e  

b e t t e r  u r a n i u m  u t i l i z a t i o n  t h a n  t h e  LMFBR. T h i s  was b e c a u s e ,  i n  

t h e  i n i t i a l  r a p i d  g r o w t h  p h a s e ,  t h e  u r a n i u m  r e q u i r e m e n t  was d e -  

t e r m i n e d  s o l e l y  by t h e  s p e c i f i c  i n v e n t o r y  o f  t h e  r e a c t o r  s o  t h a t  

a  r e a c t o r  w i t h  low i n v e n t o r y  was f a v o u r e d  w h i l e ,  i n  t h e  z e r o  

g r o w t h  p h a s e  a  s e l f - s u f f i c i e n t  r e a c t o r  was a s  good a s  a b r e e d e r .  

The  g e n e r a l  c o n c l u s i o n  was t h a t ,  i n  t h e  c a s e  o f  s y s t e m  s t u d i e s  o f  

t h i s  k i n d ,  q u i t e  p l a u s i b l e  d i f f e r e n c e s  i n  i n p u t  a s s u m p t i o n s  c o u l d  

l e a d  t o  d i a m e t r i c a l l y  o p p o s e d  c o n c l u s i o n s .  A u s e f u l  c o m p a r i s o n  

b e t w e e n  s t u d i e s  h a v i n g  d i f f e r i n g  a s s u m p t i o n s  c o u l d ,  however ,  be  

made i n  t e r m s  o f  t h e  r e l a t i o n  b e t w e e n  t h e  d o u b l i n g  t i m e  o f  e n e r g y  

demand and  t h e  d o u b l i n g  c a p a b i l i t y  o f  t h e  b r e e d e r  s y s t e m .  e 

Germany 

K G s t e r s  i n t r o d u c e d  t h e  p a p e r  NEACRP-I-169 w h i c h  p r o p o s e d  a  combi -  

n a t i o n  o f  two  t y p e s  o f  p e b b l e  bed  H T R ' s :  [ I )  a  c o n v e n t i o n a l  t y p e  

f e d  w i t h  9 3 %  U235 a n d  t h o r i u m  and  h a v i n g  a  c o n v e r s i o n  r a t i o  o f  

0 . 7 6  a n d  ( 2 )  a  n e a r  b r e e d e r  w i t h  a  c o n v e r s i o n  r a t i o  o f  0 . 9 7  i n  

w h i c h  t h e  b r e d  U233 was r e c y c l e d .  The U233 f r o m  t h e  c o n v e n t i o n a l  

r e a c t o r  was u s e d  a s  make-up f o r  t h e  n e a r  b r e e d e r .  I n  t h e  e q u i -  

l i b r i u m  c o n d i t i o n  t h e  U233 p r o d u c e d  by o n e  c o n v e n t i o n a l  r e a c t o r  

was s u f f i c i e n t  t o  p r o v i d e  make-up f o r  t e n  n e a r  b r e e d e r s .  The 
e 

p r o d u c t i o n  o f  t h e  f u e l  i n v e n t o r y  f o r  o n e  n e a r  b r e e d e r  r e q u i r e d  

s e v e n  y e a r s  f u l l  p o w e r  o p e r a t i o n  o f  t h e  c o n v e n t i o n a l  r e a c t o r .  

The  two  t y p e s  o f  r e a c t o r  had  t h e  same f u e l  e l e m e n t  a n d  c o r e  

d i m e n s i o n s  a n d  a l s o  t h e  same p o w e r  d e n s i t i e s  a n d  t h e  same c o n t r o l  

s y s t e m s  a n d ,  a s  a  r e s u l t ,  a  g i v e n  r e a c t o r  c o u l d  b e  c h a n g e d  f r o m  

o n e  c y c l e  t o  t h e  o t h e r  d u r i n g  f u l l  power  o p e r a t i o n .  T h i s  g a v e  

u s e f u l  f l e x i b i l i t y  f o r  c o p i n g  w i t h  v a r i a t i o n s  i n  p o w e r  g r o w t h  

r a t e s .  A s t u d y  c o v e r i n g  t h e  O e b e n e l u x  a r e a  had  shown t h a t  t h e  

c u m u l a t i v e  u r a n i u m  o r e  r e q u i r e m e n t s  o f  t h i s  combined  H T R  s y s t e m  



w o u l d  b e  a p p r o x i m a t e l y  t h e  same a s  t h a t  o f  an L W R - L M F B R  c o m b i n a t i o n  

f o r  a  a e r i o d  o f  8 -10  d e c a d e s .  

2 . 3 .  C a l c u l a t i o n s  o f  c o n t r o l  r o d  w o r t h s  

U K  - 
C a m p b e l l  p r e s e n t e d  t h e  p a p e r  NEACRP-L-162 w h i c h  d e s c r i b e d  t h e  

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

made i n  ZEBRA c o r e  1 2  w h i c h  c o n t a i n e d  a b o u t  8 0 0  kg o f  f i s s i l e  

p l u t o n i u m .  The  f i r s t  s e r i e s  was t h e  MZC programme o f  m e a s u r e m e n t s  

u s i n g  MONJU mockup r o d s  a n d  t h e  s e c o n d  u s e d  t h e  PFR/CFR n a t u r a l  

b o r o n  mockup r o d s .  

The MONJOU mockup r o d s  c o n s i s t e d  o f  a  1 9  p i n  c l u s t e r ,  t h e  d i a m e t e r s  

o f  t h e  a b s o r b e r  p i n s  b e i n g  1 1 . 1  mm f o r  b o r o n  a n d  1 3 . 1  mm f o r  t a n t a -  

lum. T h e  p i n s  w e r e  c o n t a i n e d  i n  a  s t a i n l e s s - s t e e l ,  s o d i u m - f i l l e d  

c a l a n d r i a  1 0 3  mm s q u a r e .  T h e s e  mockup r o d s  e a c h  o c c u p i e d  t h e  s p a c e  

o f  4 Z E B R A  e l e m e n t s .  M e a s u r e m e n t s  w e r e  made f o r  r o d s  c o n t a i n i n g  

n a t u r a l  b o r o n ,  3 0 % ,  8 0 %  and  9 0 %  e n r i c h e d  b o r o n  a n d  t a n t a l u m .  I n  

a d d i t i o n  a  m e a s u r e m e n t  was made f o r  a  r o d  c o n t a i n i n g  37 p i n s  [ I 9  p i n s  

o f  9 0 %  e n r i c h m e n t  and  1 8  p i n s  o f  8 0 %  e n r i c h m e n t ) .  M e a s u r e m e n t s  w e r e  

made f o r  s i n g l e  r o d s  a t  t h e  c o r e  c e n t r e  and  a t  f o u r  r a d i a l  p o s i t i o n s .  

M e a s u r e m e n t s  w e r e  a l s o  made f o r  a r r a y s  o f  up t o  f o u r  r o d s .  

The  PFR/CFR mockup r o d s  a l s o  c o n t a i n e d  1 9  a b s o r b e r  p i n s  b u t  t h e  

p i n  d i a m e t e r  was 1 8 . 9  mm. The  1 9  p i n  c l u s t e r  was c o n t a i n e d  i n  a  

h e x a g o n a l  c a l a n d r i a  w h i c h  was f i l l e d  w i t h  s o d i u m .  T h i s  h e x a g o n a l  

c a l a n d r i a  f i t t e d  i n t o  a n  o u t e r s q u a r e  c a l a n d r i a  w h i c h  r e p l a c e d  a  

3 x 3  a r r a y  o f  ZEBRA e l e m e n t s .  The  o u t e r  c a l a n d r i a  c o n t a i n e d  mixed 

Pu02/U02 f u e l  p i n s .  M e a s u r e m e n t s  w e r e  made w i t h  s i n g l e  r o d s  a t  

t h e  c o r e  c e n t r e  a n d  a t  t w o  r a d i a l  p o s i t i o n s  i n  t h e  i n n e r  c o r e  a n d  

w i t h  a r r a y s  o f  2  a n d  3  r o d s .  



The c r i t i c a l - b a l a n c e  t e c h n i q u e  was u s e d  t o  d e t e r m i n e  t h e  r o d  

w o r t h s ,  a d d i t i o n a l  f u e l  e l e m e n t s  a t  t h e  o u t e r  c o r e / b l a n k e t  b o u n d a r y  

b e i n g  l o a d e d  t o  c o m p e n s a t e  t h e  c o n t r o l  r o d  a b s o r p t i o n .  A l l  r e a c -  

t i v i t i e s  w e r e  r e l a t e d  t o  t h e  w o r t h  o f  c e n t r a l  o r  d i s t r i b u t e d  

p l u t o n i u m .  

The s t a n d a r d  me thod  o f  a n a l y s i s  u s e d  t o  i n t e r p r e t  t h e  e x p e r i m e n t s  

was X Y  g e o m e t r y  d i f f u s i o n  t h e o r y .  The  number  o f  e n e r g y  g r o u p s  a n d  mesh 

p o i n t s ,  a n d  t h e  t r e a t m e n t  of  a x i a l .  l e a k a g e  w e r e  c h o s e n  s o  t h a t  e a c h  ' 

a p p r o x i m a t i o n  i n t r o d u c e d  a n  e r r o r  o f  l e s s  t h a n  a b o u t  3 % .  T h i s  

r e s u l t e d  i n  t h e  c h o i c e  o f  9 e n e r g y  g r o u p s ,  a  mesh a r e a  o f  27 mm 

x  2 7  mm i n  t h e  c o r e  a n d  g r o u p  a n d  z o n e - d e p e n d e n t  a x i a l  b u c k l i n g s  

t o  r e p r e s e n t  a x i a l  l e a k a g e .  

The s t a n d a r d  method o f  t r e a t i n g  t h e  f i n e  s t r u c t u r e  o f  t h e  f l u x  a 
i n  a  c o n t r o l  r o d  ( w i t h i n  t h e  s q u a r e  b o x )  was t o  a p p r o x i m a t e  i t  

by a  c o n c e n t r i c  c y l i n d r i c a l  m o d e l ,  s u r r o u n d e d  by a  homogeneous  

r e g i o n  o f  c o r e  m a t e r i a l .  The  f l u x  d i s t r i b u t i o -  was c a l c u l a t e d  

u s i n g  M U R A L  a n d  c o l l i s i o n  p r o b a b i l i t y  m e t h o d s  arid e q u i v a l e n t  

homogeneous  c r o s s - s e c t i o n s  w e r e  o b t a i n e d  f o r  t h e  c o n t r o l  r o d  

r e g i o n .  

The a n a l y s i s  by t h e  s t a n d a r d  me thod  g a v e  C / E  v a l u e s  ( f o r  a b s o r b i n g  

r o d s  r e f e r r e d  t o  f o l l o w e r  o r  f o l l o w e r  r e f e r r e d  t o  f u e l )  t h a t  w e r e  

g r e a t e r  t h a n  u n i t y .  The  C / E  v a l u e s  f o r  b o r o n  c a r b i d e  r o d s  a t  t h e  

c o r e  c e n t r e  i n c r e a s e d  w i t h  e n r i c h e m e n t ,  v a r y i n g  f r o m  1 . 0 4  f o r  

n a t u r a l  b o r o n  t o  1 . 1 4  f o r  9 0 %  e n r i c h e d .  The  v a u e  f o r  t a n t a l u m  was a 
1 . 1 0 .  The a c c u r a c y  o f  r o d  w o r t h  p r e d i c t i o n s  a p p e a r e d  t o  i m p r o v e  a s  

r o d s  w e r e  moved t o w a r d s  t h e  e d g e  o f  t h e  c o r e .  T h i s  was t h e  r e s u l t  

o f  a  c o m p e n s a t i n g  e r r o r  i n  t h e  p r e d i c t i o n  o f  f l u x  d i s t r i b u t i o n s .  

The C / E  v a l u e s  f o r  m u l t i p l e  r o d  a r r a y s  w e r e  c o n s i s t e n t  w i t h  t h o s e  

f o r  s i n g l e  r o d s ,  i m p l y i n g  good  p r e d i c t i o n s  o f  r o d  i n t e r a c t i o n s  f o r  

t h i s  s i z e  o f  c o r e .  An i m p o r t a n t  p o i n t  was t h a t  s o d i u m  f o l l o w e r  

w o r t h s  w e r e  n o t  w e l l  p r e d i c t e d  ( C / E  = 1 . 1 5 )  

A d d i t i o n a l  c a l c u l a t i o n s  w e r e  made t o  s t u d y  t h e  i n f l u e n c e  o f  



a p p r o x i m a t i o n s  i n  t h e  s t a n d a r d  m e t h o d s  ( d i f f u s i o n v e r s u s  t r a n s p o r t  

t h e o r y ,  mesh s i z e ,  g r o u p  s t r u c t u r e )  a n d  m o d e l l i n g  o f  t h e  r o d s  

( s m e a r e d - v e r s u s  p i n  g e o m e t r y ] .  I t  was c o n c l u d e d  t h a t  t h e s e  more  

s o p h i s t i c a t e d  t r e a t m e n t s  wou ld  p r e d i c t  a  w i d e  r a n g e  o f  c o n t r o l  

r o d  a r r a n g e m e n t s  i n  a  p r o t o t y p e - s i z e  c o r e  t o  w i t h i n  a  s t a n d a r d  

d e v i a t i o n  o f  2 7 % .  

I n o u Q  s a i d  t h a t  a n  a n a l y s i s  o f  t h e  r e s u l t s  o f  t h e  Z E B R A  m e a s u r e -  

m e n t s  on t h e  MONJU r o d s  had b e e n  c a r r i e d  o u t  u s i n g  d i f f u s i o n  

t h e o r y  c a l c u l a t i o n s  w i t h  t r a n s p o r t  c o r r e c t i o n .  The C/E v a l u e s  

l a y  i n  t h e  r a n g e  0 . 9 5 - 1 . 0 5 .  T h e r e  was no i n d i c a t i o n  o f  a  v a r i -  

a t i o n  o f  C / E  w i t h  c o n t r o l  r o d  p o s i t i o n  o r  w i t h  t h e  number  o f  

0 
c o n t r o l  r o d s .  

F r a n c e  

B o u c h a r d  p r e s e n t e d  t h e  t h e r m a l  r e a c t o r  s e c t i o n  o f  t h e  p a p e r  

NEACRP-L-159. The c a l c u l a t i o n  o f  c o n t r o l  r o d  w o r t h s  a n d  power  

d i s t r i b u t i o n  p e r t u r b a t i o n s  i n  a n  L W R  p r o c e e d e d  i n  two  s t a g e s :  

( 1 1  C a l c u l a t i o n  o f  t h e  9 9 - g r o u p  c r o s s - s e c t i o n s  o f  e a c h  t y p e  o f  

s u b - a s s e m b l y  by t h e  1 0  c o l l i s i o n  p r o b a b i l i t y  c o d e  APOLLO 

w h i c h  g a v e  t h e  c r o s s - s e c t i o n s  o f  t h e  homogen ized  a s s e m b l y  

a n d  t h e  h e t e r o g e n e o u s  c r o s s - s e c t i o n s  o f  e a c h  i n d i v i d u a l  c e l l .  

0 ( 2 )  Whole c o r e  c a l c u l a t i o n s  u s i n g  d i f f u s i o n  t h e o r y  i n  2  o r  4 

e n e r g y  g r o u p s .  

The c a l c u l a t i o n  m e t h o d s  w e r e  c h e c k e d  a g a i n s t  t h e  r e s u l t s  o f  

m e a s u r e m e n t s  made on c r i t i c a l  a s s e m b l i e s  and  on o n e  power  r e a c t o r  

a n d  a l l  c a l c u l a t e d  r e a c t i v i t y  e f f e c t s  a g r e e d  w i t h  t h e  m e a s u r e d  

v a l u e s  w i t h i n  e x p e r i m e n t a l  e r r o r s .  R e a c t i o n  r a t e  d i s t r i b u t i o n s  w e r e  

g e n e r a l l y  c a l c u l a t e d  w i t h i n  2 5 % .  The g r e a t e s t  d i s c r e p a n c y  ( a t  

t h e  c o r e  e d g e )  was l e s s  t h a n  1 0 % .  The  a c c u r a c y  o f  t h e  p r e d i c t i o n s  



was c o n s i d e r e d  t o  be  s a t i s f a c t o r y .  

I n  d i s c u s s i o n  i t  was g e n e r a l l y  a g r e e d  t h a t  c o n t r o l  r o d  c a l c u l a t i o n s  

f o r  t h e r m a l  r e a c t o r s  d i d  n o t  p r e s e n t  s i g n i f i c a n t  p r o b l e m s .  

B a r r 6  i n t r o d u c e d  t h e  s e c t i o n  o f  t h e  F r e n c h  p a p e r  d e a l i n g  w i t h  

t h e  programme on f a s t  r e a c t o r  c o n t r o l  r o d s .  The a i m  o f  t h i s  

programme was t o  a c h i e v e  an a c c u r a c y  o f  '5% ( 2 0 1  i n  t h e  p r e -  

d i c t i o n  o f  c o n t r o l  r o d  w o r t h s ,  '3% on t h e  maximum l o c a l  power  

v a r i a t i o n  and  '2% on t h e  i n t e g r a t e d  a x i a l  power  i n  e a c h  s u b -  

a s s e m b l y .  

Two m e t h o d s  o f  c a l c u l a t i o n  w e r e  u s e d :  ( 1 1  t h e  d e s i g n  method b a s e d  

on 6 - g r o u p ,  d i f f u s i o n  t h e o r y  i n  o n e  o r  two  d i m e n s i o n s  and  u s i n g  
a 

C A R N A V A L  v e r s i o n  3  d a t a  a n d  ( 2 )  t h e  " r e f e r e n c e "  me thod  u s i n g  25  

g r o u p s  and  20  o r  30  c a l c u l a t i o n s .  

A l a r g e  programme had  been  c a r r i e d  o u t  on c e n t r a l  c o n t r o l  r o d s  

a n d ,  f o r  b o r o n  c a r b i d e  r o d s ,  a  s y s t e m a t i c  5 %  o v e r e s t i m a t e  o f  t h e  

r e a c t i v i t y  w o r t h  was f o u n d .  I n  t h e  c a s e  o f  s t a i n l e s s  s t e e l  t h e  

o v e r e s t i m a t e  was 5 - 1 0 % .  The mos t  i m p o r t a n t  p r o b l e m  o c c u r e d  i n  t h e  

c a s e  o f  t h e  s o d i u m  f o l l o w e r  f o r  w h i c h  t h e  r e a c t i v i t y  o v e r e s t i m a t e  

v a r i e d  w i t h  s t a i n l e s s  s t e e l  c o n t e n t ,  r a n g i n g  f r o m  40% w i t h  z e r o  

s t e e l  t o  5% a t  1 0 0 %  s t e e l .  The SUPER-PHENIX f o l l o w e r  was d e s i g n e d  

t o  h a v e o n l y  7 %  o f  s t e e l  s o  t h a t  t h i s  d i s c r e p a n c y  would  c a u s e  c o n -  

s i d e r a b l e  p r o b l e m s .  A n i s o t r o p i c  d i f f u s i o n  c a l c u l a t i o n s  u s i n g  t h e  
e 

c o d e  OIFHET w e r e  l e a d i n g  t o  some i m p r o v e m e n t  i n  t h i s  s i t u a t i o n .  

I n  t h e  c a s e  o f  a  c e n t r a l  d e p l e t e d  u r a n i u m  r o d  t h e r e  was a  d i s -  

c r e p a n c y  o f  1 0 %  i n  a  u r a n i u m  c o r e  a n d  6 %  i n  a  p l u t o n i u m  c o r e .  F o r  

e x c e n t r i c  r o d s  t h e  c o n c l u s i o n s  w e r e  g e n e r a l l y  s i m i l a r  b u t  t h e  

d i s c r e p a n c y  v a r i e d  f r o m  2 7 %  a t  t h e  c o r e  c e n t r e  t o  1 8 %  a t  t h e  e d g e .  

F o r  a b s o r b e r  r o d s  t h e  d i s c r e p a n c y  ( 6 - 7 % )  d i d  n o t  v a r y  w i t h  r a d i u s .  

I n t e r a c t i o n  e f f e c t s  b e t w e e n  two e x c e n t r i c  r o d s  w e r e  o v e r e s t i m a t e d  

by up t o  6 % .  



I n t e r a c t i o n  e f f e c t s  w e r e  e x p e c t e d  t o  l e a d  t o  c o n s i d e r a b l e  p r o b l e m s  

i n  t h e  c a s e  o f  SUPERPHENIX i n  w h i c h  2 4  r o d s  i n  2  o r  3 r i n g s  wou ld  

b e  u s e d  

I n  t h e  c a s e  o f  power  d i s t r i b u t i o n  i t  was f o u n d  t h a t ,  i f  t h e  r o d  

r e a c t i v i t y  w o r t h s  w e r e  c o r r e c t l y  c a l c u l a t e d ,  t h e n  t h e  c a l c u l a t i o n  

o f  t h e  p e r t u r b a t i o n s  p r o d u c e d  by t h e  r o d s  p r e s e n t e d  no  m a j o r  

p r o b l e m s  a n d  d i s c r e p a n c i e s  w e r e  s m a l l  even.  i n  t h e  c a s e  o f  s t r o n g  

nod i n t e r a c t i o n .  

The  c o n t r o l  r o d  programme wou ld  c o n t i n u e  t h r o u g h  1 9 7 7  a n d  wou ld  

i n c l u d e  work  on t h e  " h e t e r o g e n e o u s "  c o n c e p t .  

0 
I n  a  d i s c u s s i o n  o f  t a r g e t  a c c u r a c i e s  B a r r e  s a i d  t h a t  t h e  F r e n c h  

t a r g e t  o f  5% ( 2 0 )  f o r  t h e  p r e d i c t i o n  o f  c o n t r o l  r o d  w o r t h s  had  

b e e n  s e t  t o  a l l o w  a  r e d u c t i o n  o f  t h e  number  o f  r o d s  i n  t h e  c o r e .  

T h i s  wou ld  be  i m p o r t a n t  i n  t h e  c a s e  o f  SUPERPHENIX w h e r e  o f  t h e  

o r d e r  o f  24  r o d s  would  b e  r e q u i r e d .  From t h e  p o i n t  o f  v i e w  o f  

s a f e t y  a l o n e  i t  would  h a v e  b e e n  s d e q u a t e  t o  a d o p t  a  t a r g e t  o f  

'10 %. C a m p b e l l  s a i d  t h a t  t h e  U K  t a r g e t  was '5 % ( 1 0 )  b u t  t h i s  

was l i n k e d  t o  t h e  ~ r o p o s e d  u s e  o f  n a t u r a l  b o r o n  r o d s .  I f  e n r i c h e d  

b o r o n  w e r e  c o n s i d e r e d  

r o d  c a p a c i t y  c o u l d  be  

C o n c e r n i n g  t h e  c h o i c e  

and  K i s t e r s  s a i d  t h a t  

r e s p e c t i v e  c o u n t r i e s ,  

t h e n  t h e  t a r g e t  wou ld  be  r e l a x e d  s i n c e  t h e  

a d j u s t e d  by c h a n g i n g  t h e  e n r i c h m e n t .  

o f  r o d  c o m p o s i t i o n .  B a r r e ,  C a m p b e l l ,  Hemmig 

t h e r e  was no c u r r e n t  i n t e n t i o n ,  i n  t h e i r  

t o  d e p a r t  f r o m  b o r o n  c a r b i d e  a l t h o u g h  i n  

some c a s e s  (US and  U K )  b a c k - u p  s t u d i e s  o f  o t h e r  m a t e r i a l s  had  

b e e n  made. 

Sweden 

H e l l s t r a n d  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-261 w h i c h  d e s c r i b e d  t h e  



t r e a t m e n t  o f  c r u c i f o r m  c o n t r o l  r o d s  i n  CASMO, a  m u l t i g r o u p  t r a n s -  

p o r t  c o d e  f o r  b u r n u p  c a l c u l a t i o n s  i n  L W R ' s .  I n  t h i s  c o d e  t h e  a b -  

s o r p t i o n  i n  t h e  c r u c i f o r m  r o d  was c a l c u l a t e d  by t h e  c o l l i s i o n  

p r o b a b i l i t y  r o u t i n e  CROCOP u s i n g  a  r e a l i s t i c  r e p r e s e n t a t i o n  o f  

t h e  r o d  a s  a n  a r r a y  o f  c y l i n d r i c a l  a b s o r b e r s .  C o m p a r i s o n s  o f  t h e  

r e s u l t s  o f  CROCOP c a l c u l a t i o n s  w i t h  t h o s e  o f  c a l c u l a t i o n s  u s i n g  

s l a b  r e p r e s e n t a t i o n s  o f  t h e  a b s o r b e r  showed t h a t  t h e  l a t t e r  o v e r -  

e s t i m a t e d  t h e  b l a c k n e s s .  CASMO had b e e n  t e s t e d  i n  power  r e a c t o r  

a p p l i c a t i o n s  a n d  a l s o  i n  c o m p a r i s o n  o f  t h e  m e a s u r e d  a n d  c a l c u -  

l a t e d  w o r t h s  o f  c o n t r o l  r o d s  i n  K R I T Z  w h e r e  i t  was f o u n d  t h a t  

t h e  r e a c t i v i t i e s  o f  s y s t e m s  w i t h  a n d  w i t h o u t  a  c e n t r a l  c o n t r o l  

r o d  w e r e  c l a c u l a t e d  w i t h  s i m i l a r  a c c u r a c y .  

F r a n c e  

B a r &  p r e s e n t e d  t h e  p a p e r  NEACRP-L-161 w h i c h  r e p o r t e d  on t h e  - 
s p e c i a l i s t s '  m e e t i n g  on c o n t r o l  r o d  m e a s u r e m e n t  t e c h n i q u e s  h e l d  

a t  C a d a r a c h e  on 2 1 s t  a n d  22nd  A p r i l ,  1 9 7 6 .  The m e e t i n g  had been  

a t t e n d e d  by a b o u t  30  p e o p l e  i n c l u d i n g  r e p r e s e n t a t i v e s  f r o m  

i n d u s t r y  and  f r o m  e l e c t r i c a l  u t i l i t i e s .  T h i s  m i x i n g  o f  p e o p l e  

f r o m  d i f f e r e n t  d i s c i p l i n e s  had  b e e n  a n  e x t r e m e l y  u s e f u l  f e a t u r e  

o f  t h e  m e e t i n g .  

The a i m  o f  t h e  m e e t i n g  had  b e e n  t o  r e v i e w  e x p e r i m e n t a l  t e c h n i q u e s  

f o r  t h e  m e a s u r e m e n t  o f  c o n t r o l  r o d  r e a c t i v i t y  w o r t h s  a n d  o f  t h e  

power  d i s t r i b u t i o n  p e r t u r b a t i o n s  p r o d u c e d  by t h e  r o d s .  Many 

c o n t r i b u t i o n s  c o n c e r n i n g  r e a c t i v i t y  w o r t h s  had  been  p r e s e n t e d  

and  had  l e d  t o  f r u i t f u l  d i s c u s s i o n s  b u t ,  i n  t h e  power  d i s t r i -  

b u t i o n  a r e a ,  l i t t l e  i n f o r m a t i o n  had  been  p r e s e n t e d  a n d  t h e  d i s -  

c u s s i o n s  had  been  l a c k i n g  i n  d e p t h .  

I t  had  been  a g r e e d  t h a t ,  f o r  s a f e t y  p u r p o s e s ,  t h e  t a r g e t  a c c u r a c y  

f o r  t h e  p r e d i c t i o n  o f  t h e  r e a c t i v i t y  w o r t h s  o f  c o n t r o l  r o d s  



was '10 %. F o r  d e s i g n  o p t i m i s a t i o n ,  h o w e v e r ,  i t  would  b e  u s e f u l  

t o  p r e d i c t  t h e  w o r t h s  t o  '5 % w i t h  t h e  a i m  o f  b e i n g  a b l e  t o  r e d u c e  

t h e  n u m b e r  o f  r o d s .  The n e e d  t o  h a v e  a  c o n t i n u o u s  a n a l y s i s  o f  t h e  

r e a c t i v i t y  l e v e l  o f  a  p o w e r  r e a c t o r  ( b o t h  i n  o p e r a t i o n  and  a f t e r  

s h u t - d o w n )  l e d  t o  a  t a r g e t  o f  l e s s  t h a n  '5 % f o r  t h e  c o n t r o l  r o d  

r e a c t i v i t y  w o r t h  g r a d i e n t .  

I n  t h e  power  d i s t r i b u t i o n  a r e a  f e w  comments  had  b e e n  made on t a r g e t  

a c c u r a c i e s .  F o r  f a s t  r e a c t o r s  a c c u r a c i e s  o f  5 3  % on maximum l o c a l  

power  a n d  5 2 %  on i n t e g r a t e d  a x i a l  s u b a s s e m b l y  power  had b e e n  m e n t i o n e d .  

I t  had  b e e n  a g r e e d  t h a t  e x p e r i m e n t a l  t e c h n i q u e s  u s e d  f o r  c o n t r o l  

r o d  m e a s u r e m e n t s  on power  r e a c t o r s  m u s t :  

( 1 )  u s e  t h e  s t a n d a r d  i n s t r u m e n t a t i o n  o f  t h e  p l a n t  

( 2 )  be  s i m p l e  a n d  q u i c k l y  e x e c u t e d  

( 3 )  g i v e  r e s u l t s  r a p i d l y  w i t h o u t  t h e  n e e d  f o r  a d d i t i o n a l  c a l c u -  

l a t i o n s .  

Measuremen t  t e c h n i q u e s  i n  t h e r m a l  p o w e r  r e a c t o r s  w e r e  s t i l l  l a r g e l y  

b a s e d  on s i m p l e  p o i n t  k i n e t i c s  a n a l y s i s  a n d  t h i s  d i d  n o t  s e e m  t o  

b e  a d e q u a t e  e x c e p t  f o r  low p o w e r  m e a s u r e m e n t s .  O n l y  a  f e w  comments  

had  been  made c o n c e r n i n g  d e t a i l e d  s p a t i a l  a n a l y s i s .  M e a s u r e m e n t s  

o f  r o d  w o r t h s  u n d e r  power  c o n d i t i o n s  i n v o l v e d  n o n - l i n e a r  f e e d -  

b a c k  e f f e c t s  a n d  none  o f  t h e  p r e s e n t a t i o n s  d e s c r i b e d  t e c h n i q u e s  

w h i c h  t o o k  t h e s e  e f f e c t s  i n t o  a c c o u n t .  F u r t h e r  work  was n e e d e d  

i n  t h i s  a r e a .  

F o r  f a s t  power  r e a c t o r s  p o i n t  k i n e t i c s  t e c h n i q u e s  w e r e  a l s o  u s e d  

and  s i m p l e  p e r t u r b a t i o n  t e c h n i q u e s  had  b e e n  d e v e l o p e d  f o r  p r e -  

d i c t i n g  c o n t r o l  r o d  w o r t h s  f o r  3 0 0  MWe r e a c t o r s .  I t  wou ld  now 

b e  n e c e s s a r y  t o  e x t e n d  t h e s e  t e c h n i q u e s  t o  d e a l  w i t h  t h e  more 

c o m p l e x  p r o b l e m s  o f  c o m m e r c i a l - s i z e d  f a s t  r e a c t o r s .  



The i m p o r t a n c e  o f  d e f i n i n g  t h e  a c c u r a c y  r e q u i r e m e n t s  f o r  m e a s u r e -  

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

Dower r e a c t o r s  was s t r e s s e d .  

M e a s u r e m e n t s  o f  c o n t r o l  r o d  w o r t h s  i n  c r i t i c a l  a s s e m b l i e s  w e r e  

w e l l  e s t a b l i s h e d  a n d  f o l l o w e d  t w o  main l i n e s :  

( 1 1  C o n t r o l  r o d  i n s e r t i o n  c o m p e n s a t e d  by' i n c r e a s i n g  t h e  c o r e  
r a d i u s  

( 2 1  S u b c r i t i c a l  t e c h n i q u e s ,  n o t a b l y  t h e  s o u r c e  m u l t i p l i c a t i o n  
me thod  w i t h  c o r r e c t i o n s  f o r  s p a t i a l  d e p e n d e n c e .  

A  US p r e s e n t a t i o n  had p r o p o s e d  a  more a c c u r a t e  s u b c r i t i c a l  method 

u s i n g  s o u r c e  m u l t i p l i c a t i o n  c a l i b r a t e d  by an i m p r o v e d  r o d - d r o p  

t e c h n i q u e  and  t h i s  m i g h t  p a r t i a l l y  r e p l a c e  t h e  c o r e  r a d i u s  v a r i -  
e 

a t i o n  t e c h n i q u e  w h i c h  was v e r y  t i m e - c o n s u m i n g .  

N o i s e  t e c h n i q u e s  t h o u g h  a p p l i c a b l e  t o  c r i t i c a l  f a c i l i t i e s  w e r e  n o t  

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

B a r r Q  recommended t h a t  a  f u r t h e r  m e e t i n g  s h o u l d  be  h e l d  a t  a b o u t  - 
t h e  b e g i n n i n g  o f  1 9 7 9  a n d  t h a t  e f f o r t s  s h o u l d  b e  made t o  e n s u r e  

a  l a r g e  p a r t i c i p a t i o n  by p o w e r  r e a c t o r  o p e r a t i n g  s t a f f .  

I t  was a g r e e d  t h a t  members would  s e n d  comments  on t h e  p a p e r  NEACRP- 

L - 1 6 1  t o  B a r r 6  by ' l s t  S e p t e m b e r  a n d  t h a t  he  wou ld  t h e n  s e n d  t h e  @ 
f i n a l  v e r s i o n  t o  t h e  S e c r e t a r i a t  who w o u l d  r e p r o d u c e  and  d i s t r i -  

b u t e  i t .  

Germany 

K G s t e r s  p r e s e n t e d  t h e  p a p e r  NEACRP-L-171  w h i c h  r e v i e w e d  t h e  m e t h o d s  

and  d a t a  u s e d  i n  c o n t r o l  r o d  w o r t h  c a l c u l a t i o n s .  The  mos t  w i d e l y  

u s e d  m e t h o d s  w e r e  20  d i f f u s i o n  t h e o r y ,  30  d i f f u s i o n  s y n t h e s i s ,  



20  t r a n s p o r t  a n d  Monte C a r l o .  D u r i n g  t h e  p a s t  f e w  y e a r s  t h e  i m -  

p r o v e m e n t s  i n  t h e  c a l c u l a t i o n  m o d e l s ,  a n d  i n  t h e  d a t a  s e t s  u s e d ,  

had r e s u l t e d  i n  a  r e d u c t i o n  i n  t h e  C / E  d i s c r e p a n c i e s  f r o m  a b o u t  

2 5  % i n  1 9 6 7  t o  a b o u t  1 0  % a t  t h e  p r e s e n t  t i m e .  I n  g e n e r a l  no  

m a j o r  p r o b l e m s  w e r e  e x p e r i e n c e d  i n  c o n n e c t i o n  w i t h  c o n t r o l  r o d  

i n t e r a c t i o n s  b u t  s p e c i a l  c a r e  was n e e d e d  i n  t h e  t r e a t m e n t  o f  

f o l l o w e r s .  

A p r e l i m i n a r y  a s s e s s m e n t  o f  some v e r y  r e c e n t  r o d  w o r t h  m e a s u r e m e n t s  

i n  SNEAK 9 C  had shown a  C / E  d i s c r e p a n c y  o f  2 9  % f o r  90  % e n r i c h e d  

B4C r o d s  b u t  i t  was f e l t  t h a t  t h i s  m i g h t  be  d u e  t o  t h e  u s e  o f  a n  

i n a d e q u a t e  g e o m e t r i c a l  model  i n  t h e  c a l c u l a t i o n .  A s i m i l a r  d i s -  

c r e p a n c y  i n  t h e  c a s e  o f  EU203 r o d s  was p r o b a b l y  a t t r i b u t a b l e t o  

n u c l e a r  d a t a  e r r o r s .  

I n  a  f i n a l  d i s c u s s i o n  on t h e  c o n t r o l  r o d  t o p i c  i t  was a g r e e d  t h a t  

i t  s h o u l d  be  t a k e n  a g a i n  a t  t h e  1 9 7 8  m e e t i n g .  

2 . 4 .  H o m o g e n i z a t i o n  p r o b l e m s  i n  t h e r m a l  a n d  f a s t  r e a c t o r  c a l c u -  
l a t i o n s  

C a m p b e l l  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-285 w h i c h  s u m m a r i z e d  t h e  

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

r e a c t o r s  a n d  i n d i c a t e d  t h e  f o l l o w i n g  l i m i t a t i o n s  o f  t h e s e  m e t h o d s .  

( a )  The  u s e  o f  s i m p l e  o n e  d i m e n s i o n a l  g e o m e t r y  c e l l  r e p r e s e n t a t i o n s  

f o r  more  c o m p l i c a t e d  g e o m e t r i e s .  E f f e c t s  n o t  t r e a t e d  i n  s u c h  

a p p r o x i m a t i o n s  w e r e :  

( i )  a  p i n  i n  a  c e l l  w i t h  a  h e x a g o n a l  b o u n d a r y  

( i i l  a  s i m u l t a n e o u s  t r e a t m e n t  o f  t h e  p i n s  i n  a  s u b - a s s e m b l y  
a n d  t h e  s u b - a s s e m b l y  w r a p p e r  p l a t e  

( i i i l  i n  z e r o  power  c r i t i c a l  a s s e m b l i e s  w h i c h  u s e d  p l a t e s ,  t h e  
p l a t e  c o m p o s i t i o n s  w e r e  u s u a l l y  s m e a r e d  o v e r  t h e  l a t t i c e  



a r e a ,  t h u s  e f f e c t i v e l y  r e d u c i n g  t h e  d e n s i t y  o f  c a n n e d  
p l a t e s  and  n e g l e c t i n g  e d g e  e f f e c t s  and  t h e  e f f e c t  o f  
t h e  s t e e l  box c o n t a i n i n g  t h e  p l a t e s .  

( b )  A n i s o t r o p i c  l e a k a g e  e f f e c t s  w e r e  u s u a l l y  n e g l e c t e d .  Some work  

had been  d o n e  on t h e  e f f e c t s  o f  s t r e a m i n g  i n  low d e n s i t y  

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

i n  z e r o  power  c r i t i c a l  a s s e m b l i e s  a n d  s t r e a m i n g  a l o n g  c o o l a n t  

c h a n n e l s  a n d  b e t w e e n  s u b a s s e m b l i e s .  However ,  t h e  m e t h o d s  w e r e  

n o t  ' w e l l  e s t a b l i s h e d  a n d  n o t  r o u t i n e l y  a v a i l a b l e .  More work  

was n e e d e d  t o  e s t a b l i s h  t h e  a c c u r a c y  o f  t h e  a v a i l a b l e  m e t h o d s .  

( c )  A n i s o t r o p i c  s c a t t e r i n g  e f f e c t s  m i g h t  be  i m p o r t a n t ,  p a r t i c u l a r -  

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

m a t e r i a l .  Me thods  o f  c a l c u l a t i n g  t h e s e  e f f e c t s  i n  m u l t i - r e g i o n  

c e l l s  had t o  be  d e v e l o p e d .  

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

o f  b r e e d e r  z o n e s ,  t h e  u s u a l  s i m p l e  t r e a t m e n t s  o f  l e a k a g e  by a  
2  m a c r o s c o p i c  a b s o r p t i o n  c r o s s - s e c t i o n  e q u a l  t o  B D c o u l d  b e  

q u i t e  e r r o n e o u s ,  p a r t i c u l a r l y  i n  t h e  z e r o  power  r e a c t o r s  w i t h  

b r e e d e r  z o n e s  c o n t a i n i n g  t h i c k  p l a t e s  o f  u r a n i u m  a n d  d i l u e n t  

m a t e r i a l .  The e f f e c t i v e  b u c k l i n g  c o u l d  be q u i t e  s t r o n g l y  

e n e r g y  d e p e n d e n t  and  t h i s  s h o u l d  b e  t a k e n  i n t o  a c c o u n t .  

T i l l  i n t r o d u c e d  t h e  p a p e r s  NEACRP-A-276 a n d  277 w h i c h  d e s c r i b e d  - 
t h e  c o m p a r i s o n  o f  t h e  r e s u l t s  o f  V I M  c a l c u l a t i o n s  w i t h  t h o s e  o f  

SOX a n d  MC'-11 c a l c u l a t i o n s .  T h i s  work had  b e e n  c a r r i e d  o u t  t o  

v a l i d a t e  t h e  SOX and  M C ~ - 1 1  p r o c e d u r e s  f o r  ZPR p l a t e  c e l l s .  

An i n i t i a l  c h e c k  on t h e  e n e r g y  c o l l a p s e  p r o c e d u r e s  was made u s i n g  

a  z e r o  l e a k a g e ,  homogeneous  m o d e l .  T h i s  showed e x c e l l e n t  o v e r a l l  



a g r e e m e n t  f o r  k - i n f i n i t y  a n d  r e a c t i o n  r a t e  r a t i o s  e x c e p t  f o r  C 8 / F 9  
2 f o r  w h i c h  SDX a n d  MC -11 w e r e  i n  a g r e e m e n t  b u t  w e r e  b o t h  l o w  r e l a -  

t i v e  t o  V I M .  T h i s  was d u e  t o  i n a d e q u a t e  t r e a t m e n t  by V I M  o f  t h e  

u n r e s o l v e d  U 2 3 8  c a p t u r e .  

The e x e r c i s e  was t h e n  r e p e a t e d  u s i n g  a  z e r o  l e a k a g e ,  h e t e r o g e n e o u s  

I D  s l a b  mode l  and  e x c e l l e n t  a g r e e m e n t  was a g a i n  o b t a i n e d  e x c e p t  f o r  

t h e  p r e v i o u s l y  n o t e d  C 8 / F 9  d i s c r e p a n c y .  

The  c h e c k  was  t h e n  e x t e n d e d  t o  i n c l u d e  c a s e s  w i t h  l e a k a g e  a n d ,  f o r  

t h e  homogeneous  a n d  I D  s l a b  c a s e s ,  good a g r e e m e n t  ( %  "I % 1  b e t w e e n  

V I M  a n d  SOX was o b t a i n e d  f o r  k - i n f i n i t y  a n d  mean s q u a r e d  c h o r d  

0 l e n g t h s  

A c o m p a r i s o n  o f  t h e  r e s u l t s  o f  a  V I M  c a l c u l a t i o n  o f  a  3 0  u n i t  c e l l  

w i t h  t h e  r e s u l t s  o f  a  s t a n d a r d  s o l u t i o n  f o r  a  c o r r e s p o n d i n g  1 0  s l a b  

mode l  showed t h a t  t h e  s t a n d a r d  p r o c e d u r e s  u n d e r p r e d i c t e d  l e a k a g e  

t o  a n  e x t e n t  w h i c h  c o u l d  l e a d  t o  an e r r o r  o f  a b o u t  1 % i n  t h e  p r e -  

d i c t i o n  o f  k - e f f  f o r  a  t y p i c a l  GCFR c e l l .  T h i s  was a p p a r e n t l y  b e -  

c a u s e  t h e  p r o c e d u r e  u s e d  t o  p r o d u c e  t h e  1 0  c e l l  mode l  s m e a r e d  t o o  

much o f  t h e  s t e e l  f r o m  t h e  t o p s  and  bo tLdrns  o f  t h e  m a t r i x  t u b e s  - 

i n t o  t h e  v o i d  s l o t s .  

J a p a n  0 - 
H i r o t a  p r e s e n t e d  t h e  p a p e r  NEACRP-A-260 w h i c h  d e s c r i b e d  a  m e a s u r e -  

ment  o f  t h e  r a t i o  o f  p a r a l l e l  t o  p e r p e n d i c u l a r  d i f f u s i o n  c o e f -  

f i c i e n t s  i n  a p l a t e  l a t t i c e  i n  t h e  s e c t o r  z o n e  o f  FCA Assembly  

V I I - 1 .  T h e  m e a s u r e m e n t s  was b a s e d  on a  d e t e r m i n a t i o n  o f  t h e  r e a c -  

t i v i t y  c h a n g e  p r o d u c e d  by c h a n g i n g  t h e  o r i e n t a t i o n  o f  t h e  p l a t e s  

by 90'. T h e r e  was some d i s a g r e e m e n t  b e t w e e n  t h e  r e s u l t s  o f  t h e  

m e a s u r e m e n t s  and  t h e  v a l u e s  c a l c u l a t e d  by B e n o i s t ' s  m e t h o d .  



Germany 

K f i s t e r s  i n t r o d u c e d  t h e  p a p e r  NEACRP-L-170 w h i c h  d i s c u s s e d  a  number  

o f  h o m o g e n i z a t i o n  p r o b l e m s :  

( 1 1  The i n f l u e n c e  o f  g r a i n  s t r u c t u r e  i n  HTR f u e l .  

A c o l l i s i o n  p r o b a b i l i t y  a p p r o a c h  had  b e e n  d e v e l - o p e d  t o  

d e a l  w i t h  t h e  d o u b l y  h e t e r o g e n e o u s  s i t u a t i o n  a r i s i n g  f r o m  t h e  

u s e  o f  f u e l  p a r t i c l e s  embedded i n  g r a p h i t e  s h e r e s  i n  t h e  HTR 

p e b b l e - b e d  r e a c t o r .  T h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  

t h e  r e s o n a n c e  i n t e g r a l s  g i v e n  by t h i s  method a n d  t h o s e  o b t a i n e d  

by s m e a r i n g  t h e  f u e l  t h r o u g h  t h e  g r a p h i t e  s p h e r e .  The  r e s u l t s  , 

g i v e n  by t h e  c o l l i s i o n  p r o b a b i l i t y  me thod  w e r e  i n  s a t i s f a c t o r y  

a g r e e m e n t  w i t h  e x p e r i m e n t .  b 
( 2 1  H e t e r o g e n e i t y  e f f e c t s  i n  f a s t - - t h e r m a l  t e s t  l o o p s .  

E x p e r i m e n t s  a n d  c a l c u l a t i o n s  had b e e n  c a r r i e d  o u t  t o  a s s e s s  

h e t e r o g e n e i t y  e f f e c t s  i n  Mol e x p e r i m e n t s  i n v o l v i n g  i r r a d i a t i o n  

o f  b u n d l e s  o f  h i g h l y  e n r i c h e d  f u e l  r o d s  i n  t h e  10 cm d i a m e t e r  

c h a n n e l  o f  t h e  c e n t r a l  g r a p h i t e  z o n e  o f  t h e  r e a c t o r  A R K .  The 

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

o f  1 2  r o d s  w i t h  a  1 . 6 4  cm r a d i u s .  The  s p a t i a l  v a r i a t i o n  o f  

r e a c t i o n  r a t e s  i n  a  b u n d l e  was s a t i s f a c t o r y  c a l c u l a t e d  by WIMS 

and  t h e  K a r l s r u h e  Monte C a r l o  c o d e  K A M C C O  b u t ,  i n  t h e  c a s e  o f  

R A B B L E ,  t h e r e  was a  c o n s i d e r a b l e  d i s c r e p a n c y  w h i c h  h a t  n o t  y e t  

been  e x p l a i n e d .  

( 3 1  R e s o n a n c e  phenomena ' n e a r  b o u n d a r i e s  i n  f a s t  s y s t e m s .  

The  me thod  u s e d  f o r  c a l c u l a t i n g  r e a c t i o n  r a t e  d i s t r i b u t i o n s  

i n  t h e  r e g i o n  o f  t h e  c o r e - b l a n k e t  i n t e r f a c e  had been  i n p r o v e d  

by t a k i n g  i n t o  a c c o u n t  ( 1 )  t h e  s p a t i a l  d e p e n d e n c e  o f  t h e  

s o u r c e  d e n s i t y  and  [ 2 1  a n i s o t r o p i c  e l a s t i c  s c a t t e r i n g .  T h i s  

i m p r o v e d  t r e a t m e n t  g a v e  e x c e l l e n t  a g r e e m e n t  w i t h  e x p e r j . m e n t .  

A f t e r  d i s c u s s i o n  o f  t h e  p a p e r s  - C a m p b e l l  a g r e e d  t o  p r e p a r e  

ment  on t h e  c u r r e n t  s t a t u s  o f  t h e  t r e a t m e n t  o f  h e t e r o g e n e  

r e a c t o r  c a l c u l a t i o n s .  

a s t a t e -  

i t y  i n  



2 . 5 .  P o w e r  r e a c t o r  n o i s e  

M a i e n s c h e i n  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-280 w h i c h  s u m m a r i z e d  US 

a c t i v i t i e s  i n  p o w e r  r e a c t o r  n o i s e  a n a l y s i s .  The a p p l i c a t i o n  o f  

n o i s e  a n a l y s i s  m e t h o d s  had r e c e n t l y  c o n t r i b u t e d  t o  a  b e t t e r  u n d e r -  

s t a n d i n g  o f  L W R  p r o b l e m s  s u c h  a s  i n s t r u m e n t - t u b e  v i b r a t i o n s ,  c o r e -  

b a r r e l  m o t i o n  a n d  l o o s e - p a r t s  d e t e c t i o n .  T h e s e  a p p l i c a t i o n s  had  

l e d  t o  t h e  c o m m e r c i a l i z a t i o n  o f  n o i s e  m e t h o d s .  The US R e g u l a t o r y  

Commiss ion  had now a c c e p t e d  n o i s e  a n a l y s i s  a s  a  u s e f u l  t o o l  i n  

a s s e s s i n g  t h e  s a f e t y  o f  o p e r a t i n g  p l a n t s .  EPRI was s p o n s o r i n g  n o i s e  

a n a l y s i s  r e s e a r c h  and  a l s o  c o n s i d e r i n g  s p o n s o r i n g  a  n o i s e  a n a l y s i s  

i n f o r m a t i o n  c e n t r e  and  d a t a  b a n k .  

S p e c i f i c  US a c t i v i t i e s  i n  t h e  n o i s e  a r e a  w e r e  l i s t e d  a s :  

D e t e c t i o n  o f  c o o l a n t  b o i l i n g  w i t h i n  s u b - a s s e m b l i e s  

D e t e c t i o n  o f  c o o l a n t  f l o w - b l o c k a g e s  

D e t e c t i o n  a n d  l o c a t i o n  o f  f a i l e d  f u e l  e l e m e n t s  v i a  d e l a y e d  n e u t r o n  

r e l e a s e  t o  c o o l a n t .  

S u r v e i l l a n c e  o f  s p e n t  f u e l  r e p r o c e s s i n g  p l a n t s  

( 2 1  L W R  - - - - - - - 
I n - s e r v i c e  m e a s u r e m e n t  o f  v o i d  f r a c t i o n .  

Measuremen t  o f  t i m e - d e p e n d e n t  t w o - p h a s e  f l o w .  . 
( 3 )  G e n e r a l  - - - - - - - - - - -  
I n s t r u m e n t a t i o n  i n t e g r i t y  a n d  i n  s i t ~  r e s p o n s e  t i m e  t e s t i n g .  

Au tomated  d e t e c t i o n  o f  p l a n t  p e r f o r m a n c e  a n o m a l i e s .  

M o n i t o r i n g  f o r  e x c e s s i v e  f l o w - i n d u c e d  v i b r a t i o n s .  

M o n i t o r i n g  f o r  l o o s e  p a r t s  i n  t h e  r e a c t o r  p r i m a r y  s y s t e m .  

D e t e c t i o n  o f  c r a c k s  a n d  l e a k s  i n  p r i m a r y  p i p i n g ,  s t e a m  g e n e r a t o r s  

and  c o n d e n s e r s .  

C o n t i n u o u s  m o n i t o r i n g  o f  r o t a t i n g  m a c h i n e r y .  



F r a n c e  

B o u c h a r d  p r e s e n t e d  t h e  p a p e r  NEACRP-L-158 w h i c h  d e a l t  w i t h  t h e  - 
a p p l i c a t i o n  o f  n o i s e  a n a l y s i s  t o  PWR's. The  u s e  o f  s u c h  m e t h o d s  

had i n c r e a s e d  s i g n i f i c a n t l y  i n  t h e  p a s t  f e w  y e a r s  a s  a  r e s L l t  o f  

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

a n a l y s i s .  C u r r e n t  e x p e r i m e n t s  w e r e  a imed  a t  m o n i t o r i n g  t h e  c o r r e c t  

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

f a u l t s .  

Boucha rd  a l s o  summar ized  t h e  F r e n c h  n o i s e  a n a l y s i s  programme i n  

t h e  f a s t  r e a c t o r  f i e l d .  Work on t h e  a n a l y s i s  o f  t e m p e r a t u r e  n o i s e  

i n  a  s o d i u m  l o o p  had b e e n  d e s c r i b e d  i n  a  p a p e r  g i v e n  a t  t h e  R i s l e y  

m e e t i n g  ( J a n u a r y ,  1 9 7 6 ) .  The  d e v e l o p m e n t  o f  a  n o i s e - b a s e d  g e n e r a l  

s u r v e i l l a n c e  s y s t e m  f o r  f a s t  r e a c t o r s  ( t h e  30C s y s t e m )  had been  

6 
d e s c r i b e d  i n  a  p a p e r  t o  t h e  1 9 7 5  P a r i s  C o n f e r e n c e .  M e a s u r e r e n t s  

on s o d i u m  b o i l i n g  had been  c a r r i e d  o u t  i n  RAPSODIE u s i n g  b o t h  

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

had  b e e n  d e t e c t e d .  F u r t h e r  e x p e r i m e n t s  o f  t h i s  t y p e  w e r e  e n v i s a g e d .  

B u s t r a a n  r e p o r t e d  on D u t c h  a c t i v i t i e s  i n  t h e  n o i s e  f i e l d  ( s e e  - 
NEACRP-L-155h) w h i c h  c o v e r e d  t e m p e r a t u r e  n o i s e  i n  s o d i u m  a n d  

r e a c t o r  n o i s e  i n  L W R ' s .  (P 

The s o d i u m  n o i s e  m e a s u r e m e n t s  w e r e  made i n  h e a t e d  r o d  b u n d l e s  s i m u -  

l a t i n g  LMFBR f u e l  e l e m e n t s .  I n  a  r e c e n t  e x p e r i m e n t  a  p a r t i a l l y  

b l o c k e d  2 8 - r o d  b u n d l e  was u s e d  a n d  t h e  r e c i r c u l a t i n g  f l o w  p a t t e r n  

was c l e a r l y  o b s e r v e d .  

N o i s e  m e a s u r e m e n t s  had  been  made on t h e  470  MWe PWR a t  B o r s s e l e  

u s i n g  n e u t r o n  d e t e c t o r s  a n d  p r e s s u r e  t r a n s d u c e r s .  T h e s e  had i n d i -  



c a t e d  movements  o f  t h e  c o r e  a n d  v e r t i c a l  f u e l  movemen t s .  

S i m i l a r  m e a s u r e m e n t s  had  b e e n  made o n  t h e  58 MWe BWR a t  Dodewaard 

a n d  t h e s e  w e r e  c u r r e n t l y  b e i n g  i n t e r p r e t e d .  

Germany 

K f i s t e r s  p r e s e n t e d  a  s e r i e s  o f  K a r l s r u h e  r e p o r t s  u n d e r  t h e  number  

NEACRP-L-174. 

M e a s u r e m e n t s  had  b e e n  c a r r i e d  o u t  i n  t h e  s o d i u m - c o o l e d  t h e r m a l  

0 r e a c t o r  K N K  t o  c h e c k  t h e  p o s s i b i l i t y  o f  u s i n g  n o i s e  m e t h o d s  t o  

d e t e c t  f l o w  a n o m a l i e s  (L-174d  a n d  e l .  I t  had  n o t  b e e n  p o s s i b l e ,  

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

a c h i e v e  t h e  h i g h  a c c u r a c y  r e q u i r e d  t o  g i v e  e a r l y  d e t e c t i o n  o f  a  

l o c a l  b l o c k a g e  o r  t h e  s h o r t  r e s p o n s e  t i m e  r e q u i r e d  i n  t h e  c a s e  o f  

a  l a r g e  f l o w  b l o c k a g e  w h i c h  m i g h t  p r o p a g a t e  r a p i d l y  t h r o u g h  t h e  

c o r e .  

The  e x p e r i e n c e  g a i n e d  i n  t h i s  work  l e d  + -  t h e  d e v e l o p m e n t  o f  t w o  

m e t h o d s  f o r  i n  s i t u  t e s t i n g  o f  n e u t r o n  a n d  t e m p e r a t u r e  i n s t r u m e n -  

t a t i o n  i n  a  p o w e r  r e a c t o r  ( L - 1 7 4 ~ ) .  T h e s e  m e t h o d s  u s e d  t h e  i n -  

h e r e n t  f l u c t u a t i o n s  o f  t h e  q u a n t i t i e s  b e i n g  m e a s u r e d  a s  d y n a m i c  

t e s t  i n p u t  t o  t h e  w h o l e  s i g n a l  c h a n n e l .  They c o u l d  t h e r e f o r e  b e  

u s e d  d u r i n g  n o r m a l  r e a c t o r  o p e r a t i o n .  N e u t r o n  i n s t r u m e n t a t i o n  

t e s t i n g  was b a s e d  on t h e  p rompt  j u m p s  i n  r e a c t o r  power  f o l l o w i n g  

s i n g l e  r e a c t i v i t y  s t e p s  p r o d u c e d  b y  t h e  c o n t r o l  s y s t e m  d u r i n g  

n o r m a l  o p e r a t i o n  t o  m a i n t a i n  t h e  p o w e r  a t  a  c o n s t a n t  l e v e l .  The 

s i g n a l  r e s p o n s e  t o  s i n g l e  s t e p s  c o u l d  be  c l e a r l y  i d e n t i f i e d .  

M i s s i n g  a  p r o m p t  jump i n  t h e  s i g n a l  wou ld  i n d i c a t e  a  s i g n i f i c a n t  

f a i l u r e .  T h e  t e s t i n g  o f  t e m p e r a t u r e  i n s t r u m e n t a t i o n  r e q u i r e d  a  

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

p o w e r  n o i s e  was u s e d .  I t  was f o u n d  t h a t  t h e  r a t i o  o f  t h e  maximum 



v a l u e  o f  t h e  c r o s s - c o r r e l a t i o n  f u n c t i o n  b e t w e e n  n e u t r o n  a n d  

t e m p e r a t u r e  n o i s e  s i g n a l s  was a  s u i t a b l e  q u a n t i t y  f o r  t e s t i n g  

t h e  t e m p e r a t u r e  i n s t r u m e n t a t i o n  o f  t h e  r e a c t o r .  

A new me thod  f o r  t h e  d e t e c t i o n  o f  s o d i u m  b o i l i n g  i n  LMFBR's [ L - 1 7 4 b )  

was b a s e d  on t h e  a s s u m p t i o n  t h a t  t h e  b o i l i n g  p r o d u c e d  f l u c t u a t i o n s  

o f  t h e  n e u t r o n  f l u x  w i t h i n  a  r e s t r i c t e d  f r e q u e n c y  r a n g e .  A r e s o -  

n a n c e - t y p e  i n c r e a s e  i n  t h e  p o w e r  s p e c t r a l  d e n s i t y  o f  n e u t r o n  n o i s e  

s i g n a l s  was t h e r e f o r e  o b s e r v e d .  The  p a p e r  d i s c u s s e d  t h e  c r i t e r i a  

r e l a t i n g  d e t e c t i o n  s e n s i t i v i t y ,  f a l s e  a l a r m  r a t e  a n d  r e s p o n s e  t i m e  

and  showed t h a t ,  f o r  a  p r o t o t y p e  r e a c t o r  o f  t h e  t y p e  o f  SNR 3 0 0 ,  

l o c a l  a n d  i n t e g r a l  b o i l i n g  c o u l d  be  d e t e c t e d  by t h i s  m e t h o d .  

A method o f  m e a s u r i n g  s o d i u m  f l o w  v e l o c i t y  [ g i v e n  i n  t h e  p a p e r  

NEACRP-L-168) d e p e n d e d  on t h e  m e a s u r e m e n t  o f  t e m p e r a t u r e  f l u c t u -  

a t i o n s  by two  t h e r m o c o u p l e s  s p a c e d  a t  a  known d i s t a n c e  a p a r t .  

C r o s s - c o r r e l a t i o n  o f  t h e  t h e r m o c o u p l e  s i g n a l s  a l l o w e d  t h e  t r a n s i t  

t i m e  o f  t h e  t e m p e r a t u r e  f l u c t u a t i o n s  ( a n d  t h e r e f o r e  t h e  s o d i u m  

v e l o c i t y )  t o  b e  d e t e r m i n e d  p r o v i d e d  t h a t  a p p r o p r i a t e  a l l o w a n c e  

was made f o r  h e a t  e x c h a n g e  e f f e c t s .  

A m e a s u r e m e n t  o f  l o c a l  s t e a m  b u b b l e  v e l o c i t i e s  i n  BWR f u e l  e l e m e n t s  

(NEACRP-L-173) had  been  c a r r i e d  o u t  i n  t h e  L i n g e n  BWR.  T h r e e  SPN 

d e t e c t o r s ,  whose  v e r t i c a l  p o s i t i o n s  c o u l d  b e  v a r i e d  o v e r  t h e  c o r e  

h e i g h t ,  w e r e  u s e d  and  c r o s s - c o r r e l a t i o n  a n a l y s i s  o f  t h e  s i g n a l s  

f r o m  t h e  d e t e c t o r s  g a v e  t h e  b u b b l e  v e l o c i t y .  Good a g r e e m e n t  was 

o b t a i n e d  b e t w e e n  m e a s u r e d  a n d  c a l c u l a t e d  v a l u e s .  

K f i s t e r s  s u m m a r i z e d  t h e  a r e a s  i n  w h i c h  f u r t h e r  work  w o u l d  be  c a r r i e d  

o u t  a t  K a r l s r u h e  a s  ( 1 )  s o d i u m  b o i l i n g  d e t e c t i o n  (21  m e a s u r e m e n t  

a n d  i n t e r p r e t a t i o n  o f  power  r e a c t o r  n o i s e  s i g n a l s  ( 3 1  i n t r u m e n t a t i o n  

( 4 1  d a t a  p r o c e s s i n g .  



Sweden 

H e l l s t r a n d  s a i d  t h a t  Sweden had a  s u b s t a n t i a l  programme i n  t h e  

n o i s e  a r e a  i n v o l v i n g  measurements  i n  a  number o f  power r e a c t o r s .  

To d a t e  t h e s e  had l a r g e l y  used i n - c o r e  d e t e c t o r s  b u t  an e x t e n s i o n  

t o  i n c l u d e  s u r f a c e  d e t e c t o r s  ( e . g .  f l o w  m e t e r s )  was e n v i s a g e d .  

The aim was t o  i n c l u d e  n o i s e  measurements  a s  an i n t e g r a l  p a r t  o f  

t h e  s u r v e i l l a n c e  s y s t e m s  o f  power r e a c t o r s .  

I n  a  d i s c u s s i o n  on SMORN 2  it was a g r e e d  t h a t  i t  would be a p p r o -  

p r i a t e  t o  ho ld  t h i s  m e e t i n g  i n  O c t o b e r  1 9 7 7  and t h a t  an a t t e n d a n c e  

of  a b o u t  80 would be a p p r o p r i a t e .  Maiensche in  a g r e e d  t o  a s k  Booth 

t o  a r r a n g e  t h e  mee t ing  on t h i s  b a s i s .  The S e c r e t a r i a t  a g r e e d  t o  

@ c o n t a c t  t h e  CSNI S e c r e t a r i a t ,  t h e  I A E A  and t h e  I n t e r n a t i o n a l  

Working Group on R e a c t o r  C o n t r o l  and I n s t r u m e n t a t i o n  i n  c o n n e c t i o n  

w i t h  t h e  a r r a n g e m e n t s  f o r  SMORN 2 .  

2 . 6 .  Review of r e a c t o r  ~ h y s i c s  problems r e l a t e d  t o  LMFBR s a f e t y  

G E R N A N Y  

KDsters  i n t r o d u c e d  t h e  p a p e r  NEACRP-L-172 which o u t l i n e d  t h e  r o l e  

o f  r e a c t o r  p h y s i c s  i n  t h e  a n a l y s i s  o f  f a s t  r e a c t o r  s a f e t y .  

The a c c i d e n t  s i t u a t i o n s  of  p a r t i c u l a r  c u r r e n t  i n t e r e s t  were:  * 
( a )  Loca l  f a i l u r e s  and t h e  p o s s i b i l i t y  of f a i l u r e  p r o p a g a t i o n  

( b l  U n p r o t e c t e d  whole c o r e  a c c i d e n t s  caused  by pump c o a s t  down 

accompanied by f a i l u r e  of  t h e  s a f e t y  s y s t e m  o r  by r e a c t i v i t y  

i n s e r t i o n .  

Loca l  p i n  f a i l u r e s  c o u l d  n o t  be e x c l u d e d  because  of  t h e  v e r y  l a r g e  
5 number of  p i n s  ( o f  t h e  o r d e r  o f  10  1 i n  a  f a s t  r e a c t o r  c o r e .  The 

i m p o r t a n t  q u e s t i o n  was w h e t h e r  s u c h  a  f a i l u r e  would c a u s e  t h e  

r e l e a s e  of  f u e l  i n t o  a  c o o l a n t  c h a n n e l  l e a d i n g  t o  a  l o c a l  b l o c k a g e  



and l o c a l  s o d i u m  b o i l i n g .  F a i l u r e  t o  d e t e c t  t h e  b l o c k a g e  c o u l d  l e a d  

t o  p r o p a g a t i o n  b e t w e e n  s u b - a s s e m b l i e s  p r o d u c i n g  a  m a j o r  a c c i d e n t  

c o n d i t i o n .  R e s e a r c h  o b j e c t i v e s  i n  t h i s  a r e a  i n c l u d e d  e a r l y  d e t e c t i o n  

o f  l o c a l  f a i l u r e s ,  d e t e r m i n a t i o n  o f  t h e  t i m e s c a l e  o f  b l o c k a g e  

g r o w t h ,  e f f e c t s  o f  l o c a l  b o i l i n g  a n d  l o c a l  f u e l  c o o l a n t  

on t h e  s u b a s s e m b l y  s t r u c t u r e  and  p r o o f  t h a t  a  s u b a s s e m b  

i s  u n l i k e l y  t o  l e a d  t o  c o r e  d e s t r u c t i o n .  

I n  t h e  c a s e  o f  w h o l e  c o r e  a c c i d e n t s t h e  r e s e a r c h  o b j e c t  

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

y  a c c i d e n t  

v e s  w e r e  

s u m m a r i z e d  i n  r e l a t i o n  t o  t h e  m o s t  i m p o r t a n t  a s p e c t s ,  i . e . :  

F u e l  P i n  F a i l u r e  - - - - - - - - - - - - - - - -  

I t  was i m p o r t a n t  t o  o b t a i n  a  r e a s o n a b l y  a c c u r a t e  p r e d i c t i o n  o f  t h e  

mechanism o f  f u e l  p i n  f a i l u r e  i n  a  power  t r a n s i e n t  b e c a u s e  0 7  i t s  

s e n s i t i v e  e f f e c t  on s u b s e q u e n t  a c c i d e n t  s e q u e n c e s .  I m p o r t a n t .  

a s p e c t s  w e r e  ( 1 )  upward  movement o f  f u e l  i n  t h e  c e n t r a l  p i n  c a v i t y  

l e a d i n g  t o  n e g a t i v e  r e a c t i v i t y  f e e d b a c k  i f  t h e  p i n  f a i l s  i n  t h e  

u p p e r  p a r t  o f  t h e  c o r e  ( 2 1  mode and amoun t  o f  f u e l  e x p u l s i o n  i n t o  

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

s w e e p - o u t  ( 3 1  mode a n d  amoun t  o f  f i s s i o n  g a s  r e l e a s e  p o s s i b : . ~  

r e s u l t i n g  i n  a  v i o l e n t  d i s a s s e m b l y  mechan i sm.  

L i t t l e  e x p e r i m e n t a l  e v i d e n c e  was a v a i l a b l e  on t h e  mode o f  p r n  

f a i l u r e .  

F u e l - C o o l a n t  I n t e r a c t i o n s  ( F C I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E x p e r i m e n t s  t o  d a t e  w i t h  U02 a n d  s o d i u m  had shown no explosive 

i n t e r a c t i o n  e x c e p t  i n  t h e  c a s e  w h e r e  a  f e w  g r a m s  o f  s o d i u m  w e r e  

i n j e c t e d  i n t o  m o l t e n  U02, t h i s  b e i n g  t h e  r e v e r s e  o f  t h e  s i t u a t i o n  

i n  t h e  r e a c t o r .  I t  was h o w e v e r  e x t r e m e l y  d i f f i c u l t  t o  d e m o n s t r a t e  

t h a t  a n  e x p l o s i o n  would  n o t  o c c u r  i n  a n y  c i r c u m s t a n c e s  i n  t h e  

c o u r s e  o f  a  w h o l e  c o r e  a c c i d e n t .  

The i n c o h e r e n t  o n s e t  o f  FCI i n  s u b a s s e m b l i e s  w i t h  d i f f e r e n t  b u r n -  



up would have a  c o n s i d e r a b l e  e f f e c t  i n  r e d u c i n g  t h e  v o i d  r e a c t i v i t y  

ramp r a t e .  

F u e l  Movement - - - - - - - - - - - - -  

F u e l  sweep-out  w i t h  i t s  a s s o c i a t e d  n e g a t i v e  r e a c t i v i t y  f e e d b a c k  

c o u l d  p roduce  a  v e r y  i m p o r t a n t  r e d u c t i o n  i n  t h e  s e v e r i t y  o f  t h i s  

a c c i d e n t  s e q u e n c e  b u t  o n l y  i f  i t  o c c u r s  r a p i d l y  enough t o  f o r e s t a l l  

t h e  p o s i t i v e  r e a c t i v i t y  e f f e c t s  o f  v o i d i n g .  I t  i s  t h e r e f o r e  

i m p o r t a n t  t o  have a  means o f  m e a s u r i n g  t h e  r a t e  o f  f u e l  sweep o u t  

i n  e x p e r i m e n t s .  Neutron hodoscopes  had been i n v e s t i g a t e d  [ e . g .  a t  

t h e  TREAT f a c i l i t y )  b u t  e x p e r i e n c e  t o  d a t e  had n o t  been t o o  

s a t i s f a c t o r y .  

F u e l  Slumping i n  Pump Coast-Down A c c i d e n t s  - - - - - - - - -  - -  - - - - - - -  . . . . . . . . . . . . . . . . . . . . .  

Up t o  t h e  p r e s e n t  t h e  b o i l i n g  phenomena o c c u r i n g  i n  t h i s  a c c i d e n t  

had been t r e a t e d  t h e o r e t i c a l l y  o n l y  i n  o n e - d i m e n s i o n a l  geomet ry .  

I n  f a c t  t h e  o n s e t  o f  b o i l i n g  w i t h i n  a  sub -a s sembly  was r a d i a l l y  

i n c o h e r e n t .  T h i s  would modi fy  t h e  v o i d  r e a c t i v i t y  p a t t e r n  and 

have a  v e r y  i m p o r t a n t  e f f e c t  on t h e  c o u r s e  of e v e n t s .  The i n c o -  

h e r e n c e  o f  f u e l  s l umping  i n  a s s e m b l i e s  w i t h  d i f f e r e n t  burnup was 

a l s o  of impor t ance .  The a s p e c t  o f  t h i s  problem n e e d i n g  f u r t h e r  

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  was c l a d  mot ion  l e a d i n g  t o  p a r t i a l  

o r  c o m p l e t e  b l o c k a g e  of t h e  c o o l a n t  c h a n n e l s .  

R e c r i t i c a l i t y  - - - - - - - - - - - -  .- 

I n  t h e  c a s e  of r e c r i t i c a l i t y  a f t e r  a  p r i m a r y  e x c u r s i o n  t h e r e  were  

no c l e a r  boundary c o n d i t i o n s  f o r  any  d e t e r m i n i s t i c  p r e d i c t i o n s  of 

t h e  c o u r s e  of t h e  a c c i d e n t .  E x p e r i m e n t a l  s u p p o r t  was a l s o  l a c k i n g  

a t  t h e  p r e s e n t  t i m e .  I t  was hoped t h a t  i n c r e a s i n g  knowledge of t h e  

dynamic b e h a v i o u r  o f  m o l t e n  m a t e r i a l s  would h e l p  t o  r e d u c e  t h e  

u n c e r t a i n t i e s  t o  a c c e p t a b l e  l i m i t s .  



The a b o v e  c o n s i d e r a t i o n  o f  a c c i d e n t  s i t u a t i o n s  i n d i c a t e d  t h a t  t h e  

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

by t h e  n o n - n e u t r o n i c  c h a r a c t e r i s t i c s  o f  t h e  a c c i d e n t  s e q u e n c e s ,  

i . e .  m a t e r i a l  d y n a m i c s ,  t h e r m o h y d r a u l i c s  a n d  t h e r m o d y n a m i c s .  

I n  t h e  r e a c t o r  p h y s i c s  a r e a  t h e  m o s t  i m p o r t a n t  r e q u i r e m e n t s  w e r e  t h e  

p r e d i c t i o n  a n d  v e r i f i c a t i o n  o f :  

- D o p p l e r  r e a c t i v i t y  e f f e c t s  i n  t h e  p r e - d i s a s s e m b l y  and  d i s a s s e m b l y  

p h a s e  o f  a  n u c l e a r  e x c u r s i o n  

- Sodium v o i d  r e a c t i v i t y  d i s t r i b u t i o n  i n  a complex  c o r e  s i t u a t i o n  

- R e a c t i v i t y  e f f e c t s  o f  f u e l  a n d  c l a d  m o t i o n  

- C o n t r o l  r o d  w o r t h  d i s t r i b u t i o n  

- S p a c e - t i m e  d y n a m i c s  b e h a v i o u r ,  e s p e c i a l l y  i n  t h e  c a s e  o f  l a r g e  

r e a c t o r s  w h i c h  a r e  more  d e c o u p l e d  t h a n  t h e  p r o t o t y p e  r e a c t o r s .  

The  a c c u r a c y  o f  p r e d i c t i o n  o f  t h e  f i r s t  f o u r  i t e m s  was  now s u c h  

t h a t ,  i n  a l m o s t  a l l  c a s e s ,  i t  s a t i s f i e d  t h e  r e q u i r e m e n t s  o f  t h e  

s a f e t y  a n a l y s i s .  

One o f  t h e  mos t  i m p o r t a n t  p r o b l e m s  was t o  d e t e r m i n e  t h e  p e r m i s s i b l e  

d e g r e e  o f  s i m p l i f i c a t i o n  w h i c h  c o u l d  b e  u s e d  i n  t h e  p h y s i c s  

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

a n a l y s e s  wou ld  b e  p r o h i b i t i v e l y  e x p e n s i v e  i n  a  s a f e t y  a n a l y s i s , ,  8 
S p e c i a l  a t t e n t i o n  m u s t  be  g i v e n  t o  t h e  r e a c t i v i t y  e f f e c t s  o f :  

- c o n t r o l  r o d  movements  i f  c a l c u l a t e d  by f i r s t  o r d e r  p e r t u r b a t i o n  

t h e o r y  

- l o c a l  s o d i u m  b o i l i n g  ( e . g .  n e a r  t h e  c o r e - b l a n k e t  i n t e r f a c e  i n  

a  pump c o a s t - d o w n  a c c i d e n t 1  

- g r o s s  m a t e r i a l  movement i n  t h e  d i s a s s e m b l y  p h a s e .  



T h e s e  p r o b l e m s  wou ld  become e v e n  m o r e  i m p o r t a n t  i n  t h e  c a s e  o f  

l a r g e  r e a c t o r s  a n d  a n  i m p o r t a n t  t a s k  o f  r e a c t o r  p h y s i c s  was t o  

p r o v i d e  r e l e v a n t  c o r e  p h y s i c s  d a t a  f o r  l a r g e  r e a c t o r  d e s i g n s  a i m e d  

a t  t h e  i m p r o v e m e n t  o f  s a f e t y  c h a r a c t e r i s t i c s  a n d  b r e e d i n g  p o t e n t i a l .  

I n  t h i s  c o n n e c t i o n  i t  s h o u l d  b e  b o r n e  i n  mind t h a t  h e t e r o g e n e o u s  

d e s i g n s  w h i c h  m i n i m i z e  t h e  s o d i u m  v o i d  r e a c t i v i t y  e f f e c t  d o  n o t  

n e c e s s a r i l y  r emove  t h e  main  s a f e t y  p r o b l e m s .  T h i s  i s  b e c a u s e  c o r e  

c o m p a c t i o n  o r  f u e l  s l u m p i n g ,  i f  i t  o c c u r r e d ,  wou ld  d o m i n a t e  t h e  

e x c u r s i o n  b e h a v i o u r  a n d  l a r g e l y  r e m o v e  t h e  a d v a n t a g e  o f  a  low s o d i u m  

v o i d  c o e f f i c i e n t .  

@ I n  c o n c l u s i o n  i t  was s t r e s s e d  t h a t  p r i m a r y  a t t e n t i o n  s h o u l d  b e  

d e v o t e d  t o  t h e  d e v e l o p m e n t  o f  r e l i a b l e  i n s t r u m e n t a t i o n  and  s a f e t y  

s y s t e m s .  

T i l l  p r e s e n t e d  t h r e e  p a p e r s .  The  f i r s t  o f  t h e s e ,  d e a l t  w i t h  t h e  - 
e x t r a p o l a t i o n  t o  t h e  power  r e a c t o r  o f  s o d i u m  v o i d  m e a s u r e m e n t s  

made i n  a  c r i t i c a l  a s s e m b l y .  D a t a  p r e s e n t e d  i n  t h e  p a p e r  i n d i c a t e d  

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

0 v a l u e s  o f  s o d i u m  v o i d i n g  w o r t h s  w h i c h  was p r o d u c e d  by u s i n g  B e n o i s t  

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

v a l u e s .  T h i s  i m p r o v e m e n t  was  d u e  p r i m a r i l y  t o  t h e  i n c r e a s e  

i n  t h e  m a g n i t u d e  o f  t h e  c a l c u l a t e d  l e a k a g e  t e r m .  C a l c u l a t i o n s  

showed t h a t  t h i s  l e a k a g e  c h a n g e  was  d u e  a l m o s t  e n t i r e l y  t o  t h e  

i n c r e a s e d  d i f f e r e n c e  b e t w e e n  d i f f u s i o n  c o e f f i c i e n t s  i n  t h e  n o r m a l  

a n d  v o i d e d  s t a t e s  a n d  n o t  t o  t h e  c h a n g e s  i n  f l u x  a n d  a d j o i n t  

g r a d i e n t s .  

P r e l i m i n a r y  r e s u l t s  w e r e  p r e s e n t e d  o f  a n  e x t r a p o l a t i o n  t o  t h e  

power  r e a c t o r  c a s e  u s i n g  a  l e a s t  s q u a r e s  f i t  t o  d e t e r m i n e  l e a k a g e  



and n o n - l e a k a g e  c o m p o n e n t s  w h i c h  w o u l d  m i n i m i z e  (C-E)  f o r  g r o u p s  

o f  c r i t i c a l  e x p e r i m e n t s .  I n  t h i s  c a s e  t h e  c a l c u l a t i o n s  i n c l u d e d  no 

s t r e a m i n g  c o r r e c t i o n s .  The  a d j u s t m e n t  f a c t o r s  w e r e  o f  t h e  o r d e r  o f  

0.8 f o r  t h e  n o n - l e a k a g e  c o m p o n e n t s  and  1 . 1  f o r  t h e  l e a k a g e  com- 

p o n e n t s .  The  u s e  o f  t h e  E e n o i s t  d i f f u s i o n  c o e f f i c i e n t s  wou ld  p r o d u c e  

a  g r e a t e r  c h a n g e  i n  t h e  l e a k a g e  c o m p o n e n t s  t h a n  t h a t  r e q u i r e d  by 

t h e  f i t t i n g  p r o c e d u r e .  I t  t h e r e f o r e  seemed  t h a t  t h e  B e n o i s t  

c o r r e c t i o n  l e d  t o  a n  o v e r e s t i m a t e  o f  t h e  m e a s u r e d  e f f e c t .  

The  s e c o n d  US p a p e r ,  NEACRP--A-274, d e s c r i b e d  t h e  s i m u l a t i o n  c~f  a  

H y p o t h e t i c a l  C o r e  D i s a s s e m b l y  A c c i d e n t  [HCDAI s e q u e n c e  w h i c h  was 

c a r r i e d  o u t  a s  p a r t  of  t h e  C R B R  e n g i n e e r i n g  mockup s e r i e s  i n  ZPPR 

a s s e m b l y  5.  S t a t i c  r e p r e s e n t a t i o n s  w e r e  made o f  t h e  s i g n i f i c a n t  

s t e p s  i n  a n  H C O A  s e q u e n c e  i n  o r d e r  t o  c h e c k  t h e  s a f e t y  a n a l y s i s  

c a l c u l a t i o n s .  The s e q u e n c e  i n c l u d e d  s e q u e n t i a l  v o i d i n g  o f  soclium, 

s l u m p i n g  o f  s t e e l  a n d  s l u m p i n g  o f  f u e l .  

The t h i r d  p a p e r ,  NEACRP-L-163, d e s c r i b e d  e x p e r i m e n t a l  s t u d i e s  o f  

GCFR s a f e t y  p h y s i c s  p a r a m e t e r s  i n  ZPR9. The r e p o r t e d  m e a s u r e m e n t s  

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

i n t e r e s t ,  h e l i u m  d e p r e s s u r i z a t i o n  w o r t h  a n d  U238 D o p p l e r  r e a c t i v i t y  

w o r t h  a t  c o r e  c e n t r e ,  a n d  t h e  r e a c t i v i t y  e f f e c t s  o f  a c c i d e n t e l  

s t e a m  e n t r y .  The  m o s t  i n t e r e s t i n g  r e s u l t  o f  t h i s  w o r k  was t h a t ,  

w h i l e  t h e  w o r t h s  o f  s m a l l  c e n t r a l  s a m p l e s  o f  w a t e r  a n d  p o l y t h e n e  

foam w e r e  c a l c u l a t e d  a s  n e g a t i v e  [ u s i n g  ENDF/B-IV d a t a ) ,  t h e  

m e a s u r e d  v a l u e s  w e r e  f a i r l y  s t r o n g l y  p o s i t i v e .  A s e r i e s  o f  m e a s u r e -  

m e n t s  w e r e  made o f  t h e  w o r t h s  o f  p o l y t h e n e  f o a m  s p r e a d  t h r o u g h  

a  c e n t r a l  z o n e  o f  t h e  r e a c t o r .  A n a l y s i s  o f  t h e  m e a s u r e m e n t s  u s i n g  

ENDF/B-IV d a t a  showed t h a t  t h e  w o r t h s  w e r e  u n d e r p r e d i c t e d  a t  low 

p o l y t h e n e  d e n s i t i e s  a n d  o v e r p r e d i c t e d  a t  h i g h  d e n s i t i e s .  M e a s u r e -  

m e n t s  o f  a  s m a l l  c e n t r a l  s a m p l e  o f  h e l i u m  i n d i c a t e d  t h a t  t h e  

p o s i t i v e  e f f e c t  o f  h e l i u m  d e p r e s s u r i z a t i o n  was  a b o u t  70  % o f  t h e  

c a l c u l a t e d  v a l u e .  
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Richmond summarized t h e  s t u d i e s  on G C F R  s t eam e n t r y  which were  

b e i n g  c a r r i e d  o u t  on t h e  r e a c t o r  PROTEUS. ( T h i s  work i s  d e s c r i b e d  

i n  t h e  Swiss  a c t i v i t i e s  r e p o r t :  NEACRP-L-155 m . )  Measurements  

were  made o f  t h e  e f f e c t  o f  s t e a m  e n t r y  ( s i m u l a t e d  by p o l y s t y r e n e )  

on n e u t r o n  s p e c t r u m  and r e a c t i o n  r a t e  r a t i o s .  The o b s e r v e d  

c h a n g e s  i n  t h e s e  q u a n t i t i e s  were  a c c u r a t e l y  p r e d i c t e d  by c a l c u -  

l a t i o n s  u s i n g  FGL4 d a t a .  Measurements  o f  t h e  r e a c t i v i t y  wor th  

o f  p o l y s t y r e n e  i n  a  c e n t r a l  zone  o f  t h e  r e a c t o r  gave  p o s i t i v e  

v a l u e s  a s  i n  t h e  ANL e x p e r i m e n t s .  A n a l y s i s  o f  t h e  r e s u l t s  u s i n g  

FGL4 showed t h a t  t h e  wor th  was u n d e r p r e d i c t e d  when t h e  c e n t r a l  

zone  was s u r r o u n d e d  by a  " d r y "  l a t t i c e  and o v e r p r e d i c t e d  when t h e  

s u r r o u n d i n g  l a t t i c e  a l s o  c o n t a i n e d  t h e  s t e a m  si rnulank.  

An a t t e m p t  had been made t o  g e t  some f e e l  f o r  t h e  e r r o r s  a r i s i n g  

from d a t a  u n c e r t a i n t i e s  i n  c a l c u l a t i n g  t h e  e f f e c t  o f  s t eam e n t r y  

i n  a n o p e r a t i n g  power r e a c t o r .  T h i s  was done by compar i son  o f  

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

t h e  i n d i v i d u a l  e r r o r s  on t h e  r o u g h l y  e q u a l  and o p p o s i t e  t e r m s  

( c h a n g e  i n  k - i n f i n i t y  and change  i n  l e a k a g e 1  making up t h e  t o t a l  

r e a c t i v i t y  change .  These c h e c k s  had i n d i c a t e d  e r r o r s  o f  t h e  

o r d e r  o f  t $2 a t  a  s t e a m  d e n s i t y  o f  0 .015  g/cm2 a s  a  r e s u l t  of 

which i t  was,  i n  many c a s e s ,  n o t  p o s s i b l e  t o  p r e d i c t  even  t h e  

a s i g n  o f  t h e  s t e a m  e n t r y  e f f e c t .  - 

I n  d i s c u s s i o n  Campbel l  commented t h a t ,  f o r  t h e  p r o p e r  t r e a t m e n t  

o f  d i s t r i b u t e d  hydrogen i n  sod ium-cooled  r e a c t o r s ,  t h e  c u r r e n t  

UK 37-group  s e t  was c o n s i d e r e d  i n a d e q u a t e  i n  t h e  l ower  e n e r g y  

r e g i o n  and some changes  were  c o n t e m p l a t e d ,  - T i l l  p o i n t e d  o u t  t h e  

c o n s i s t e n c y  between t h e  ZPR9 and PROTEUS r e s u l t s  i n  t h e  s e n s e  t h a t  

t h e  c a l c u l a t e d  hydrogen w o r t h s  changed f rom u n d e r p r e d i c t i o n  t o  

o v e r p r e d i c t i o n  a s  t h e  amount o f  hydrogen  i n  t h e  s y s t e m  was i n c r e a s e d  

and Bar& s u g g e s t e d  t h a t  t h e  p r o g r e s s i v e  s u b s t i t u t i o n  t e c h n i q u e  

migh t  u s e f u l l y  be a p p l i e d  t o  t h e  e x p e r i m e n t a l  s t u d y  o f  s t e a m  e n t r y .  



The p r o p o s a l  by K i e f h a b e r  f o r  a  G C F R  s t e a m  e n t r y  benchmark e x e r c i s e  

was d i s c u s s e d  and Richmond a g r e e d  t o  s e n d  d e t a i l s  o f  t h i s  p r o p o s a l  

t o  t h o s e  members who had e x p r e s s e d  an i n t e r e s t  ( i . e .  T i l l ,  Campbel l ,  

H e l l s t r a n d  and B a r r 6 ) .  

Campbell  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-281 which i d e n t i f i e d  t h o s e  

s a f e t y  prob lems  r e q u i r i n g  r e a c t o r  p h y s i c s  i n f o r m a t i o n .  The Doppler  

c o e f f i c i e n t ,  f o r  example ,  m u s t  be known t o  an  a c c u r a c y  o f  a b o u t  

5 1 5  % n o t  o n l y  o v e r  t h e  o p e r a t i n g  t e m p e r a t u r e  r a n g e  b u t  a l s o  o v e r  

t h e  t e m p e r a t u r e  r a n g e  a p p r o p r i a t e  t o  a c c i d e n t  s i t u a t i o n s .  The U K  

v iew was t h a t  much f u r t h e r  work was r e q u i r e d  t o  a c h i e v e  t h i s  

a c c u r a c y  and t h i s  was i n  c o n t r a s t  t o  t h e  v iew,  e x p r e s s e d  i n  t h e  
0 

German p a p e r ,  t h a t  such  an a c c u r a c y  had been a c h i e v e d .  

I n  t h e  c a s e  o f  c o r e  p e r t u r b a t i o n s  i t  was i m p o r t a n t  t o  c h e c k  t h e  

r a n g e  o f  v a l i d i t y  o f  t h e  p o i n t  k i n e t i c s  a p p r o x i m a t i o n  and t o  

know i n  what c i r c u m s t a n c e s  s p a c e - t i m e  k i n e t i c s  m u s t  be u s e d .  

P e s s i m i s t i c  a s s u m p t i o n s  c o n c e r n i n g  a  sodium v o i d i n g  a c c i d e n t  

i n d i c a t e d  t h e  a d d i t i o n  o f  a b o u t  $ 8  of r e a c t i v i t y  t o  a  1300  MWe 

LMFBR. T h i s  would l e a d  t o  v e r y  h igh  r e a c t i v i t y  ramp r a t e s  and t o  

c o r e  d i s a s s e m b l y  a c c i d e n t s  which would be v e r y  d i f f i c u l t  t o  c o n t a i n .  

These prob lems  cou ld  be g r e a t l y  r educed  i f  t h e  sodium v o i d  e f f e c t  8 
cou ld  be l i m i t e d  t o  a b o u t  $2 .  I t  was f o r  t h i s  r e a s o n  t h a t  s t u d i e s  

were  b e i n g  made on d e s i g n s  w i t h  a n n u l a r  o r  modu la r  c o r e s  f o r  

which maximum sodium v o i d  e f f e c t s  o f  t h i s  magn i tude  were  p r e d i c t e d .  

I n  t h e  c a s e  o f  a  maximum sodium v o i d  e f f e c t  o f  $8 an  a c c u r a c y  of 
C - $ 1 . 5  would be  a c c e p t a b l e .  However, i f  t h e  e f f e c t  were  r e d u c e d  

t o  $ 2  t h e n  t h i s  s h o u l d  be known t o  2 $0.5  and t h i s  a c c u r a c y  had 

n o t  c u r r e n t l y  been a c h i e v e d .  Here a g a i n  t h e  U K  v iew d i f f e r e d  f rom 

t h a t  e x p r e s s e d  i n  t h e  German pape r .  



A  f u r t h e r  r e q u i r e m e n t  f o r  r e a c t o r  p h y s i c s  i n f o r m a t i o n  r e l a t e d  t o  

t h e  c h a n g e  o f  t h e  c o r e  s t r u c t u r e f m m  h e t e r o g e n e o u s  t o  homogeneous  

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

t h e  m a g n i t u d e  o f  t h e  r e a c t i v i t y  c h a n g e  w h i c h  would  o c c u r  when t h e  

s t r e a m i n g  p a t h s  w e r e  c l o s e d .  

I n  t h e  c a l c u l a t i o n  a r e a  i t  was n e c e s s a r y  t o  s e t  u p  a p p r o x i m a t e  

m o d e l s  and  t o  show t h a t  t h e  u s e  o f  t h e s e  i n  a c c i d e n t  c o d e s  c o u l d  

b e  j u s t i f i e d .  The a i m  w a s  t o  l i m i t  t h e  a d d i t i o n a l  u n c e r t a i n t i e s  

d u e  t o  t h e s e  a p p r o x i m a t i o n s  t o  a b o u t  ' 1 0  %. I t  was o f  p a r t i c u l a r  

i m p o r t a n c e  t o  b e  a b l e  t o  c a l c u l a t e  r e a c t i v i t y  c h a n g e s  f o l l o w i n g  

l a r g e  d i s p l a c e m e n t s  o f  c o r e  m a t e r i a l s .  

S u b - a s s e m b l y  a c c i d e n t s  l e a d i n g  t o  l o c a l  v o i d i n g  p r e s e n t e d  p a r t i c u l a r  

d i f f i c u l t i e s  i n  t h e  c a s e  o f  o f f - c e n t r e  i n c i d e n t s .  E x p e r i m e n t a l  

m e a s u r e m e n t s  had shown t h a t  c a l c u l a t e d  p r e d i c t i o n s  w e r e  c u r r e n t l y  

i n a d e q u a t e  i n  t h e s e  c a s e s .  I n  t h e  c a s e  o f  l e s s  s e v e r e  i n c i d e n t s  

i t  was  n e c e s s a r y  t o  h a v e  m e t h o d s  f o r  c a l c u l a t i n g  t h e  r e a c t i v i t y  

e f f e c t s  o f  e l a s t i c  d i s p l a c e m e n t  o f  c o r e  c o m p o n e n t s .  

The  d e t e r m i n a t i o n  o f  t h e  s t a t e  o f  s u b - c r i t i c a l i t y  o f  an L M F B R  

c o r e  was  a n o t h e r  p r o b l e m  a r e a  s i n c e ,  f o r  e x a m p l e ,  t h e  r e m o v a l  o f  

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

s o u r c e  a n d  i t s  r e p l a c e m e n t  by a  more  r e a c t i v e  e l e m e n t  w i t h  a  

s m a l l e r  s o u r c e  was v e r y  d i f f i c u l t  t o  i n t e r p r e t  i n  r e a c t i % ~ i t y  

t e r m s .  I t  was v e r y  i m p o r t a n t  t o  d e v e l o p  a  s i m p l e  a n d  d i r e c t  m e t h o d  

o f  f o l l o w i n g  t h e  r e a c t i v i t y  c h a n g e s .  

J A P A N  

I n o u e  p r e s e n t e d  t h e  J a p a n e s e  r e v i e w  p a p e r  ( N E A C R P - A - 2 5 8 ) .  I n  

c o n n e c t i o n  w i t h  t h e  s o d i u m  v o i d i n g  a c c i d e n t  t h e r e  w e r e  many 

a s s o c i a t e d  phenomena s u c h  a s  f u e l - c o o l a n t  i n t e r a c t i o n  and  f u e l  

s l u m p i n g  whose  e f f e c t s  c o u l d  n o t  be  a d e q u a t e l y  c a l c u l a t e d .  The 



a i m  was t o  d e v e l o p  a n a l y t i c a l  m o d e l s  f o r  s o l v i n g  t h e s e  p r o b l e m s  

and  t h e n  t o  a t t a c k  t h e  v o i d  r e a c t i v i t y  i t s e l f .  E x p e r i m e n t s  wou ld  

be  made t o  d e t e r m i n e  t h e  e f f e c t  o f  c o n t r o l  r o d s ,  f i s s i o n  p r o d u c t s  

a n d  c o r e  t e m p e r a t u r e  on t h e  v o i d  r e a c t i v i t y .  The  a n a l y t i c a l  

t r e a t m e n t  had  i n c l u d e d  t h e  u s e  o f  m o d i f i e d  d i f f u s i o n  c o e f f i c i e n t s  

c a l c u l a t e d  by t h e  L e l i t i n  m e t h o d .  

I n  l a r g e  f a s t  r e a c t o r s  i t  wou ld  b e  m o r e  i m p o r t a n t  t o  s t u d y  s p a c e -  

d e p e n d e n c y  t h a n  i n  t h e  p r o t o t y p e .  The s p a c e  d e p e n d e n c e  o f  t h e  

e f f e c t s  o f  l o c a l i z e d  a c c i d e n t s  a n d  t h e  o p t i m i z a t i o n  o f  d e t e c t o r  

p o s i t i o n s  had  b e e n  i n v e s t i g a t e d  and  t h e  s t r o n g e s t  s p a c e - d e p e n d e n t  

e f f e c t s  w e r e  f o u n d  i n  p e r i p h e r a l  z o n e s  o f  t h e  c o r e .  

The O o p p l e r  c o e f f i c i e n t  m u s t  b e  known t o  a n  a c c u r a c y  o f  * 1 5  % 

and  m u s t  b e  m e a s u r e d  a t  t e m p e r a t u r e s  a p p r o p r i a t e  t o  a c c i d e n t  

c o n d i t i o n s .  

FRANCE 

I n t r o d u c i n g  t h e  F r e n c h  r e v i e w  p a p e r  (NEACRP-L-1601 B a r r e  s t r e s s e d  

t h a t  n e u t r o n i c s  p r o b l e m s  w e r e  n o t  o f  f i r s t  o r d e r  i m p o r t a n c e  a t  t h e  

p r e s e n t  t i m e .  An i m p r o v e m e n t  i n  a c c u r a c y  w a s ,  h o w e v e r ,  d e s i r a b l e  

i n  t h e  a r e a s  o f  D o p p l e r  f e e d b a c k ,  s o d i u m  v o i d  r e a c t i v i t y  e f f e c t  

a n d  t h e  r e a c t i v i t y  e f f e c t  o f  f u e l  m o t i o n  i n  c o r e  d i a s s e m b l y .  

C h a r a c t e r i z i n g  a  h y p o t h e t i c a l  d i s r u p t i v e  a c c i d e n t  by t h e  t o t a l  

e n e r g y  y i e l d  E t h e  l o n g  t e r m  a i m  was t o  r e d u c e  t o  1 5  % t h e  

u n c e r t a i n t y  i n  E a r i s i n g  f r o m  a l l  n e u t r o n i c s  p a r a m e t e r s .  

D o p p l e r  f e e d b a c k  - -  - - - - - - - - - - - -  

C u r r e n t  e s t i m a t e d  u n c e r t a i n t i e s  i n  D o p p l e r  c o e f f i c i e n t  c a l c u l a t i o n s  

w i t h  C A R N A V A L  I11 r a n g e d  f r o %  1 5  % a t  1 5 0 0  O K  t o  25  % f o r  t e m p e r a -  
0 t u r e s  g r e a t e r  t h a n  3 5 0 0  K. The a v e r a g e  v a l u e  was t a k e n  a s  2 0  % 

and  t h i s  wou ld  p r o d u c e  a  1 5  % u n c e r t a i n t y  i n  t h e  e n e r g y  y i e l d .  



I t  was conc luded  t h a t  an improvement by a  f a c t o r  2  was r e q u i r e d  

i n  t h e  a c c u r a c y  of t h e  D o p p l e r  c o e f f i c i e n t .  

Sodium . . . . . . . . . . . . . . . . . . . . .  vo id  r e a c t i v i t y - e f f e c t  - - - . - - -  

The i n i t i a l  r e a c t i v i t y  ramp was d e t e r m i n e d  n o t  o n l y  by t h e  e x c e s s  

r e a c t i v i t y  due t o  sodium v o i d i n g  ( a  n e u t r o n i c s  problem)  b u t  a l s o  

by t h e  r a t e  a t  which t h e  v o i d i n g  t a k e s  p l a c e  ( a  t h e r m o h y d r a u l i c s  

p rob lem) .  The u n c e r t a i n t y  i n  t h e  l a t t e r  p a r a m e t e r  i s  a b o u t  t w i c e  

a s  g r e a t  a s  t h a t  i n  t h e  f o r m e r .  The t o t a l  u n c e r t a i n t y  would have 

t o  be n o t  g r e a t e r  t h a n  15  % ( f o r  c a l c u l a t i o n s  c o v e r i n g  t h e  whole  

c o r e  and t h e  f u l l  f u e l  l i f e t i m e )  i n  o r d e r  t o  l i m i t  t h e  u n c e r t a i n t y  

i n  ene rgy  y i e l d  t o  1 5  %. P r e s e n t  u n c e r t a i n t i e s  were o f  t h e  o r d e r  

of 30-40 %. F u r t h e r  e x p e r i m e n t a l  o r  t h e o r e t i c a l  work was t h e r e f o r e  

r e q u i r e d  i n  t h i s  a r e a  w i t h  t h e  a im of improving  t h e  p r e s e n t  

a c c u r a c y  by a  f a c t o r  3. 

Nega t ive  r e a c t i v i t y  i n s e r t i o n  r a t e  d u r i n g  d i s a s s e m b l y  - -  - - - - - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . .  - _ - - - _ _ - _ _ _  

T h i s  p a r a m e t e r  was conce rned  o n l y  w i t h  t h a t  p a r t  o f  t h e  ene rgy  

r e l e a s e  which o c c u r s  a f t e r  t h e  o n s e t  of c o r e  d i s a s s e m b l y .  I n  t h e  

SUPER-PHENIX c a s e  t h i s  f r a c t i o n  was t y p i c a l l y  40 %. The r e a c t i v i t y  

i n s e r t i o n  r a t e  was c u r r e n t l y  c a l c u l a t e d  by a p p l y i n g  p e r t u r b a t i o n  

t h e o r y  t o  t h e  i n t a c t  c o r e .  The main r e q u i r e m e n t  i n  t h i s  a r e a  was 

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

t h i s  method of  c a l c u l a t i o n  and,  i f  i t  were s i g n i f i c a n t l y  g r e a t e r  

t h a n  20 %, t o  d e v e l o p  an improved method.  

Gene ra l  DSscuss ion  

Dopp le r  ...-..---- 

It was g e n e r a l l y  ag reed  t h a t  t h e  D o p p l e r  e f f e c t  was r e q u i r e d  w i t h  

an a c c u r a c y  of  2 15  % and t h a t  c o n s i d e r a b l e  f u r t h e r  work would 

be needed t o  a c h i e v e  t h i s .  I t  was a c c e p t e d  t h a t  t h e  main un-  



c e r t a i n t i e s  i n  t h e  e n e r g y  r e l e a s e  i n  a  d i s r u p t i v e  a c c i d e n t  l a y  i n  

t h e  n o n - n e u t r o n i c  a r e a  b u t  f e l t  t h a t  a n  i m p r o v e m e n t  i n  t h e  D o p p l e r  

a c c u r a c y  would  make a  u s e f u l  r e d u c t i o n  t o  t h e  o v e r a l l  u n c e r t a i n t i e s .  

T h e r e  was some d i v e r g e n c e  o f  v i e w  c o n c e r n i n g  t h e  f e a s i b i l i t y  o f  

e x t r a p o l a t i n g  D o p p l e r  c o e f f i c i e n t  m e a s u r e m e n t s  ( r e s t r i c t e d  t o  

2000  O C )  t o  o b t a i n  v a l u e s  c h a r a c t e r i s t i c  o f  a c c i d e n t  t e m p e r a t u r e s  

i n  e x c e s s  o f  3 5 0 0  O C .  The g e n e r a l  f e e l i n g  was  t h a t  s u c h  a n  

e x t r a p o l a t i o n  was  n o t  m e a n i n g f u l  b u t  t h e  U K  v i e w  was  t h a t  i t  c o u l d  

be  made w i t h  r e a s o n a b l e  c o n f i d e n c e .  

The t i m e  s e p a r a t i o n  b e t w e e n  t h e  Pu239 a n d  U238 D o p p l e r  e f f e c t s  was 

n o t  f e l t  t o  h a v e  a n  i m p o r t a n t  e f f e c t  o n  t h e  a c c i d e n t  s e q u e n c e .  

Sod ium v o i d  e f f e c t  ----..------------- 

I t  was f e l t  t h a t  t h e  r e q u i r e d  a c c u r a c y  f o r  t h e  s o d i u m  v o i d  c o e f -  

f i c i e n t  c o u l d  n o t  b e  s i m p l y  s t a t e d  s i n c e  i t  would d e p e n d  on t h e  

v a l u e  o f  t h e  c o e f f i c i e n t  i n  a n y  p a r t i c u l a r  d e s i g n  and  on t h e  

maximum p e r m i s s i b l e  v o i d  r e a c t i v i t y .  It d i d  n o t ,  h o w e v e r ,  a p p e a r  

m e a n i n g f u l  t o  t r y  t o  p l a c e  a  v a l u e  on t h i s  l a t t e r  q u a n t i t y  a t  

t h e  p r e s e n t  t ime .  I t  was  a g r e e d  t h a t  t h e  s t u d y  o f  d e s i g n s  g i v i n g  

low s o d i u m  v o i d  r e a c t i v i t y  was d e s i r a b l e  b u t  t h a t  t h e i r  u s e f u l n e s s  

would  b e  q u e s t i o n a b l e  i f  t h e  e n e r g y  r e l e a s e  w e r e  d o m i n a t e d  by 

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

M a t e r i a l  m o t i o n  

The d i f f i c u l t i e s  o f  d e a l i n g  w i t h  t h e  r e l a t i v e l y  l a r g e  c o r e  r e -  

a r r a n g e m e n t s  p r o d u c e d , f o r  e x a m p l e ,  i n  a  pump c o a s t - d o w n  a c c i d e n t  

w e r e  e m p h a s i z e d .  The m i g r a t i o n  o f  t h e  s t e e l  c l a d d i n g ,  w h i c h  

wou ld  p r o d u c e  a  p o s i t i v e  r e a c t i v i t y  e f f e c t ,  was r a t h e r  more  

d i f f i c u l t  t o  d e a l  w i t h  t h a n  f u e l  movement .  T h e r e  was c u r r e n t l y  

l i t t l e  e x p e r i m e n t a l  e v i d e n c e  i n  t h e  a r e a  o f  m a t e r i a l  m o t i o n  a n d ,  

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



b e t w e e n  p r e d i c t i o n  a n d  m e a s u r e m e n t  e s p e c i a l l y  i n  o f f - c e n t r e  

s i t u a t i o n s .  F u r t h e r  e x p e r i m e n t a l  work  was u n d e r  c o n s i d e r a t i o n  

i n  t h e  US a n d  t h e  UK a n d ,  i n  p a r t i c u l a r ,  t h e  US was s t u d y i n g  a  

" D i s p e r s i v e  Mechanism T e s t  F a c i l i t y "  w h i c h  w o u l d  be  i n t e n d e d  f o r  

i n v e s t i g a t i o n  o f  t h e  p r o b l e m  o f  f u e l  b e h a v i o u r  d u r i n g  c o r e  m e l t -  

down. 

I t  was g e n e r a l l y  a g r e e d  t h a t  f u r t h e r  r e a c t o r  p h y s i c s  work  was 

r e q u i r e d  i n  r e l a t i o n  t o  t h e  r e a c t i v i t y  w o r t h  o f  t h e  movement o f  

c o r e  m a t e r i a l s .  

I t  was f e l t  t h a t  t h e  d i s c u s s i o n  had  g i v e n  a  u s e f u l  c l a r i f i c a t i o n  

o f  t h e  c u r r e n t  s i t u a t i o n  and  t h a t ,  a l t h o u g h  t h e r e  w e r e  some 

d i f f e r e n c e s  o f  o p i n i o n  on i n d i v i d u a l  p o i n t s ,  t h e r e  was a n  o v e r a l l  

c o n s e n s u s  o f  o p i n i o n  on t h e  work  r e q u i r e d  i n  t h e  s a f e t y  a r e a .  

K f i s t e r s  a g r e e d  t o  p r e p a r e  a  summary o f  t h e  d i s c u s s i o n  a n d  c i r c u l a t e  

i t  t o  NEACRP a n d  CSNI members .  

3. NATIONAL PROGRAMMES 

a 
3 . 1 .  Rev iew o f  r e c e n t  a c t i v i t i e s ,  n a t i o n a l  p r o g r a m m e s ,  e v a l u a t i o n  

work  

The n a t i o n a l  r e p o r t s  p r e p a r e d  by NEACRP members w e r e  p r e s e n t e d  and  

d i s c u s s e d .  



4 .  BENCHMARKS 

4 . 1 .  20  LWR benchmark  c a l c u l a t i o n s  

Askew p r e s e n t e d  t h e  p a p e r s  NEACRP-A-256/1 a n d  2  w h i c h  r e v i e w e d  

t h e  r e s u l t s  o f  t h e  NEACRP BWR benchmark  e x e r c i s e .  The p r o b l e m s  

s e t  w e r e : .  

( 1 1  A 9 - p i n  s u p e r c e l l  w i t h  a  c e n t r a l  b u r n a b l e  p o i s o n  p i n .  

( 2 1  A "Mini-BWR" w i t h  d i f f e r e n t i a l  U235 e n r i c h m e n t ,  w a t e r  g a p s  
a n d  a  c r u c i f o r m  c o n t r o l  r o d .  

( 3 )  A 7 x 7  p i n  BWR l a t t i c e  c e l l  w i t h  s e v e r a l  U235 e n r i c h m e n t s  a n d  
p o i s o n e d  f u e l  p i n s .  

( 4 )  An 8 x 8  p i n  BWR l a t t i c e  c e l l  w i t h  u r a n i u m ,  p l u t o n i u m  a n d  
p o i s o n e d  p i n s ,  o n e  empty  p i n  p o s i t i o n  a n d  a  c r u c i f o r m  c o n t r o l  
r o d .  

I n  e a c h  c a s e  s i x - g r o u p  m a c r o s c o p i c  c r o s s - s e c t i o n s  w e r e  p r o v i d e d  

f o r  e a c h  m a t e r i a l  s i n c e  t h e  e x e r c i s e  was i n t e n d e d  s o l e l y  a s  a  

c h e c k  on c a l c u l a t i o n  m e t h o d s .  E i g h t  s e t s  o f  s o l u t i o n s  had  been  

r e c e i v e d  f r o m  s i x  c o u n t r i e s .  

A v a r i e t y  o f  c a l c u l a t i o n  m e t h o d s  had been  u s e d :  

( a )  The JAERI s o l u t i o n  a n d  t h e  W i n f r i t h  "AEEW(11" s o l u t i o n  b o t h  

u s e d  t h e  same e x p l i c i t  c o l l i s i o n  p r o b a b i l i t y  r o u t i n e  t o  r e p r e -  

s e n t  t h e  p i n s  i n  t h e i r  t r u e  g e o m e t r y .  T h e s e  c o u l d  n o t ,  h o w e v e r ,  

be  c o n s i d e r e d  a s  r e f e r e n c e  s o l u t i o n s  s i n c e  o n l y  a  c o a r s e  
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s p a t i a l  mesh c o u l d  be  u s e d .  I n  t h e  AEEW(1) c a s e  a  c o r r e c t i o n  

f o r  t h e  c o a r s e n e s s  o f t h e  mesh had  been  a t t e m p t e d  a n d  i t  was 

t h e r e f o r e  c o n s i d e r e d  a s  t h e  b e s t  s o l u t i o n  f o r  t h e  p u r p o s e  o f  

d i s c u s s i o n .  The d i f f e r e n c e  b e t w e e n  t h e  JAERI a n d  A E E ~ ( I )  

r e s u l t s  ( g e n e r a l l y  a b o u t  1  % i n  k - e f f e c t i v e )  c o u l d  be  t a k e n  

t o  g i v e  some m e a s u r e  o f  t h e  r e s i d u a l  e r r o r  i n  t h e  c a l c u l a t i o n a l  

m o d e l .  



( b )  T h e  A E E W  ( 2 )  a n d  RIS0 ( 1 x 1 )  s o l u t i o n s  b o t h  u s e d  e s s e n t i a l l y  

o n e - m e s h - p e r - p i n  d i f f u s i o n  t h e o r y  a n d ,  a s  wou ld  be  e x p e c t e d ,  

t h e  r e s u l t s  f e l l  c l o s e  t o g e t h e r  i n  m o s t  c a s e s .  

( c )  The  A B A  a n d  EIR s o l u t i o n s  b o t h  u s e d  a  s y n t h e t i c  t y p e  o f  c a l c u -  

l a t i o n  a n d ,  h e r e  a g a i n ,  t h e  r e s u l t s  w e r e  g e n e r a l l y  c l o s e  t o -  

g e t h e r .  

( d l  The  RIS0 s o l u t i o n  w i t h  4x4  mesh r e g i o n s  p e r  p i n  w o u l d  be  

e x p e c t e d  ( o n  t h e  b a s i s  o f  e a r l i e r  e x p e r i e n c e )  t o  g i v e  t h e  

w o r s t  s o l u t i o n  a n d  t h i s  was g e n e r a l l y  t h e  c a s e .  

I n  t h e  c a s e  o f  p r o b l e m  ( 1 )  t h e  p r e d i c t e d  k - e f f  v a l u e s  v a r i e d  o v e r  

@ a  r a n g e  o f  5 % .  The A E E W I Z I  a n d  RIS. ( ' l x l )  s o l u t i o n s  l a y  w i t h i n  I %  

o f  t h e  " b e s t "  v a l u e  w h i l e  t h e  ABA a n d  E I R  s o l u t i o n s  w e r e  a b o u t  

2 %  low a n d  t h e  RIS0 ( 4 x 4 1  was 3 - 4  % l o w .  The r e s u l t s  f o r  p r o b l e m  

( 3 )  w e r e  v e r y  s i m i l a r  w i t h  t h e  v a r i o u s  s o l u t i o n s  f a l l i n g  i n  t h e  

same o r d e r .  The w i d e  s p r e a d  o f  r e s u l t s  i n  t h e s e  c a s e s  was  c o n -  

s i d e r e d  d i s a p p o i n t i n g  s i n c e  t h e  p r o b l e m s  w e r e  r e l a t i v e l y  s i m p l e  

a n d  t h e  same  d a t a  w e r e  u s e d  i n  a l l  c a s e s .  

T h e  t w o  c a s e s  w i t h  c r u c i f o r m  c o n t r o l  a b s o r b e r s  showed d i f f e r e n t  

b e h a v i o u r .  P r o b l e m  ( 2 )  w h i c h  had  a  v e r y  t h i n  b l a c k  a b s o r b e r ,  g a v e  

p a r t i c u l a r  d i f f i c u l t i e s  a n d  t h e  s p r e a d  o f  k - e f f  v a l u e s  was a g a i n  

o f  t h e  o r d e r  o f  5 % .  I n  t h i s  c a s e  E I R  a n d  RIS0 ( 4 x 4 )  g a v e  b e t t e r  

r e s u l t s  t h a n  AEEW 12)  a n d  RISO ( 1 x 1 )  g a v e  t h e  w o r s t  r e s u l t  w i t h  

a  k - e f f  o v e r p r e d i c t i o n  o f  3 -4  %. I n  p r o b l e m  ( 4 )  t h e  s p r e a d  o f  

k - e f f  v a l u e s  was r e d u c e d  a n d  a l l  r e s u l t s  e x c e p t  RIS0 ( 4 x 4 1  l a y  

w i t h i n  1 % .  The o r d e r i n g  o f  t h e  v a r i o u s  p r e d i c t i o n s ,  h o w e v e r ,  

d i f f e r e d  f r o m  t h a t  i n  p r o b l e m  ( 2 )  a n d  i t  seemed  p r u d e n t  t o  

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

c a n c e l l a t i o n  o f  e r r o r s .  

An o u t s t a n d i n g  q u e s t i o n  was w h e t h e r  t h e  JAERI a n d  A E E W  (11 m e t h o d s  



c o u l d  b e  a c c e p t e d  a s  g i v i n g  a n  a d e q u a t e  s t a n d a r d  t o  a i d  i n  t h e  

i m p r o v e m e n t  o f  o t h e r  m o d e l s  o r  w h e t h e r  a  more  d e f i n i t i v e  s o l u t i o n  

wou ld  be  n e e d e d .  

I n  d i s c u s s i o n  i t  was a g r e e d  t h a t  i t  would  be  r e a s o n a b l e  t o  w a i t  

f o r  a  p e r i o d  o f  2 - 3  m o n t h s  b e f o r e  p u b l i s h i n g  t h e  r e s u l t s  o f  t h e  

benchmark  s o  a s  t o  a l l o w  a n y  f u r t h e r  c o n t r i b u t i o n s  t o  b e  i n c l u d e d .  

I t  was a l s o  a g r e e d  t h a t  t h e  f i n a l  v e r s i o n  o f  t h e  r e p o r t  s h o u l d  be  

s u b m i t t e d  f o r  p u b l i c a t i o n  i n  N u c l e a r  S c i e n c e  a n d  E n g i n e e r i n g  o r  

t h e  J o u r n a l  o f  N u c l e a r  E n e r g y  p r o v i d e d  t h a t  t h e  i n d i v i d u a l  c o n -  

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

4 . 2 .  F a s t  r e a c t o r  benchmark  

T i l l  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-272 w h i c h  s e t  o u t  t h e  d e t a i l e d  - 
s p e c i f i c a t i o n s ,  p r e p a r e d  by ANL, f o r  t h e  f a s t  r e a c t o r  b e n c h m a r k .  

He s a i d  t h a t  i t  had n o t  b e e n  p o s s i b l e  t o  mee t  t h e  c o m i t t e e ' s  

o r i g i n a l  p r o p o s a l  t o  c o m p l e t e  t h e  benchmark  e x e r c i s e  b e f o r e  t h e  

C h i c a g o  S a f e t y  m e e t i n g  a n d  i t  was now s u g g e s t e d  t h a t  t h e  r e s u l t s  

o f  t h e  c a l c u l a t i o n s  s h o u l d  be  d i s c u s s e d  a t  a  s p e c i a l i s t s ' m e e t i n g .  

The  p r o p o s a l  was b a s e d  on a  s i m p l i f i e d  v e r s i o n  o f  a n  g p t i m i z e d  

d e s i g n  f o r  a  t y p i c a l  1250 MWe o x i d e - f u e l l e d ,  s o d i u m - c o o l e d  f a s t  

b r e e d e r  r e a c t o r .  A t w o - z o n e  c y l i n d r i c a l  mode l  was u s e d  a s  a  r e -  
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f e r e n c e  c o r e  and  homogeneous  c o m p o s i t i o n s  w e r e  s p e c i f i e d  f o r  

e a c h  r e g i o n .  F u r t h e r  d e t a i l i n g ,  e . g .  t h e  i n t r o d u c t i o n  o f  c e l l  

c a l c u l a t i o n s ,  c o u l d ,  i f  n e c e s s a r y ,  b e  i n t r o d u c e d  i n  a  s e c o n d  

s t a g e  o f  t h e  e x e r c i s e .  

The main  a i m  o f  t h e  e x e r c i s e  was t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  

t h e  d i f f e r e n c e s  i n  t h e  v a r i o u s  c u r r e n t  d a t a  s e t s  on t h e  c a l c u -  

l a t e d  r e a c t o r  p h y s i c s  p a r a m e t e r s  o f  t h e  r e f e r e n c e  c o r e  and  on 



t h e s a f e t y  r e l a t e d  p h y s i c s  p a r a m e t e r s  i n  s e v e r a l  v a r i a n t s  o f  t h e  

r e f e r e n c e  c o n f i g u r a t i o n .  

I n  d i s c u s s i o n  members e x p r e s s e d  some c o n c e r n  a t  i n d i v i d u a l  f e a t u r e s  

o f  t h e  p r o p o s a l  ( e . g .  o m i s s i o n  o f  f i s s i o n  p r o d u c t s ,  c h o i c e  o f  a  
0 

t e m p e r a t u r e  o f  1100  K f o r  a l l  r e g i o n s  e t c . )  b u t  i t  was g e n e r a l l y  

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

s t a g e  o f  t h e  e x e r c i s e  and  t h a t  a  more  d e t a i l e d  t r e a t m e n t  c o u l d  b e  

c o n s i d e r e d  i n  a  s e c o n d  s t a g e .  The  m a j o r i t y  o f  members a g r e e d  t o  

p a r t i c i p a t e  i n  t h e  b e n c h m a r k  e x e r c i s e .  

I t  was  a g r e e d  t h a t  s o l u t i o n s  s h o u l d  b e  s e n t  t o  T i l l  by 1 7 t h  March 

1 9 7 7 .  T i l l  a g r e e d  t o  a n a l y z e  t h e  t h e  r e s u l t s  a n d  a r r a n g e  a  

s p e c i a l i s t  m e e t i n g  t o  be h e l d  i n  December  1977 .  The  S e c r e t a r i a t  a g r e e d  

t o  i n v i t e  t h e  CSNI t o  s e n d  a n  o b s e r v e r  t o  t h e  m e e t i n g .  C a m p b e l l  

a g r e e d  t o  i n v i t e  D r .  R.0.  S m i t h  t o  a p p r o a c h  t h e  R u s s i a n  member 

o f  t h e  I n t e r n a t i o n a l  Working  Group on F a s t  R e a c t o r s  w i t h  a  v i e w  

t o  o b t a i n i n g  a  R u s s i a n  s o l u t i o n  o f  t h e  b e n c h m a r k .  

K i i s t e r s  i n v i t e d  members t o  p a r t i c i p a t e  i n  t h e  German 2D a n d  3 0  

f a s t  r e a c t o r  benchmark  e x e r c i s e  f o r  a  30n  MWe f a s t  b r e e d e r  r e a c t o r  

w h i c h  was d e t a i l e d  i n  t h e  p a p e r  NEACRP-L-167. T h i s  b e n c h m a r k  was 

i n t e n d e d  p r i m a r i l y  f o r  m e t h o d s  t e s t i n g .  S o l u t i o n s  s h o u l d  be  s e n t  

t o  G .  B u c k e l  a t  K F K .  

5 .  INFORMATION O N  MEETINGS RECOMMENDED BY NEACRP 

F a r i n e l l i  r e p o r t e d  b r i e f l y  on t h e  m e e t i n g ,  a n  a c c o u n t  o f  w h i c h  

was g i v e n  i n  t h e  p a p e r  NEACRP-L-150. He f e l t  t h a t  t h i s  had  b e e n  

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



i t  had e n s u r e d  u s e f u l  d i s c u s s i o n s a t  t h e  V i e n n a  m e e t i n g  i n  O c t o b e r  

1 9 7 6 .  A new f e a t u r e  o f  t h e  P a r i s  m e e t i n g  had been  t h e  s e t t i n g  u p  

o f  f a s t  a n d  t h e r m a l  r e a c t o r  b e n c h m a r k s  f o r  s e n s i t i v i t y  c a l c u -  

l a t i o n s .  A s o d i u m - c o o l e d  f a s t  r e a c t o r  b e n c h m a r k  was d e s c r i b e d  

i n  NEACRP-L-152 a n d  a PWR benchmark  i n  NEACRP-L-151. 

On t h e  e x p e r i m e n t a l  s i d e  t h e  r e s u l t s  o f  t h e  f i r s t  f o u r  i r o n  b e n c h -  

m a r k  e x p e r i m e n t s  h a d  been  g i v e n  i n  NEACRP-U-73. I t  a p p e a r e d  t h a t  

t h e  c o m p a r i s o n  o f  t h e  r e s u l t s  o f  t h e  v a r i o u s  e x p e r i m e n t s  w o u l d  b e  

r e l a t i v e l y  s t r a i g h t f o r w a r d  s i n c e ,  i n  m o s t  c a s e s ,  a  o n e - d i m e n s i o n a l  

r e p r e s e n t a t i o n  ( w i t h  i m p o s e d  t r a n s v e r s e  b u c k l i n g )  was s u f f i c i e n t l y  

a c c u r a t e .  

The S e c r e t a r i a t  a g r e e d  t o  e n s u r e  t h a t  t h e  f u l l  p r o c e e d i n g s  o f  t h e  

m e e t i n g  w o u l d  be  g i v e n  an NEACRP-A d i s t r i b u t i o n .  

6 .  OTHER A C T I V I T I E S  

A t u t o r i a l  s e s s i o n  was h e l d  on  2 3 r d  J u n e  when v a r i o u s  a s p e c t s  o f  

t h e  AECL p l u t o n i u m  f u e l  p rogramme were  d e s c r i b e d .  The s e s s i o n  was 

f o l l o w e d  b y  a  v i s i t  t o  t h e  P l u t o n i u m  L a b o r a t o r y .  

A d i n n e r  was o f f e r e d  b y  t h e  h o s t  o r g a n i z a t i o n  on  22nd  J u n e .  
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ANNEX 3 

PRELIMINARY AGENDA FOR THE TWENTIETH 

MEETING 

P a r t  A : EXECUTIVE SESSIONS 

1 .  a .  P a r t i c i p a n t s  i n  t h e  m e e t i n g  

h .  C o m m i t t e e  m e m b e r s h i p  

2. A d o p t i o n  o f  t h e  f i n a l  summary r e c o r d  o f  t h e  n i n e t e e n t h  
m e e t i n g  

3 .  A d o p t i o n  o f  t h e  agenda o f  t h e  m e e t i n g  

4 .  C o m p l e t i o n  o f  a c t i o n s  

5 .  a .  A c t i v i t i e s  o f  C e n t r e s  o f  i n t e r e s t  t o  t h e  NEACRP 

b .  D e s i g n a t i o n  o f  NEACRP o b s e r v e r s  t o  t h e  n e x t  m e e t i n g s  o f  
t h e s e  C e n t r e s  

6.  D e s i g n a t i o n  o f  NEACRP o b s e r v e r  t o  t h e  2 0 t h  NEANOC m e e t i n g  

7 .  A r r a n g e m e n t s  f o r  t h e  2 1 s t  m e e t i n g  o f  t h e  C o m m i t t e e  

8 .  O t h e r  m a t t e r s  

9. E l e c t i o n  o f  C o m m i t t e e  o f f i c e r s  

PART B : TECHNICAL SESSIONS 

1 .  New T o p i c s  

1.1. Gamma h e a t i n g  ( i n c l u d i n g  TLO) a n d  c o u p l e d  neu t ron -gamma 
c a l c u l a t i o n s .  
( E u r a t o m ,  US, UK, Germany, F r a n c e )  

1 .2 .  H e t e r o g e n e o u s  f a s t  c o r e  s t u d i e s  ( i n c l u d i n g  t h e r m o h y d r a u l i c  
a s p e c t s ) .  ( F r a n c e ,  UK, Germany, US) 

1.3.  R e v i e w  o f  s e n s i t i v i t y  a n a l y s i s  m e t h o d s  
( I t a l y ,  US, F r a n c e ,  Eu ra tom,  Germany)  

1 .4 .  Sod ium v o i d i n g  (UK, F r a n c e ,  US, Germany)  



1 . 5 .  E s t a b l i s h m e n t  o f  power  p e a k i n g  m a r g i n s  i n  power  
r e a c t o r s .  (UK, F r a n c e ,  Germany)  

1 . 6 .  M i s c e l l a n e o u s  t o p i c s  

2 .  T o p i c s  c a r r i e d  o v e r  f r o m  p r e v i o u s  m e e t i n g s  

2 . 1 .  R e a c t o r  p h y s i c s  p r o b l e m s  r e l a t e d  t o  LMFBR s a f e t y  
(US,  Germany,  U K ,  F r a n c e )  

2 . 2 .  P r o b l e m s  r e l a t e d  t o  b u r n - u p  a n d  f u e l  c y c l e  i n  f a s t  
a n d  t h e r m a l  r e a c t o r s .  ( F r a n c e )  

3. N a t i o n a l  Programmes 

3 . 1 .  Review o f  r e c e n t  a c t i v i t i e s ,  n a t i o n a l  p rogrammes ,  
d i s c r e p a n c i e s ,  e v a l u a t i o n  work  

4 .  Benchmarks  

4 . 1 .  F a s t  r e a c t o r  b e n c h m a r k s  

4 . 2 .  Hydrogen  e n t r y  benchmark  

5 .  G e n e r a l  

5 . 1 .  C o m p i l a t i o n s  

5 . 2 .  H i g h l i g h t s  o f  r e c e n t  m e e t i n g s  of  i n t e r e s t  t o  NEACRP 

5 . 3 .  Any o t h e r  b u s i n e s s  


