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TECHNICAL SESSIONS 

1. NEW TOPICS 

1.1. Gamma heat in^ and coupled neutron-gamma calculations 

US - 
LeSage introduced the paper SEACRP-L-181 which summarized 

@ the status of gamma heating measurements made at ANL using 

thermoluminescent dosimeters. 

The basic problem was to relate the dose measured in a 

dosimeter to the dose in the reactor material of interest. 

This was achieved by putting the dosimeter in a uniform 

sleeve normally made of the material in which the gamma 

heating was to be studied. A theoretical relationship be- 

tween the dosimeter dose and the sleeve dose was then 

established and this allowed the sleeve dose to be determined. 

The theory was checked by encasing Li7F TLO's in sleeves of 

several different materials, exposing them to constant garnma- 

ray fluence and checking that the calculated fluence was 

constant within experimental errors. 

The absolute accuracy achieved in the measurements was about 

+ 5% and was limited primarily by uncertainties in the - 
magnitude of the neutron sensitivity correction. 

Typical results were presented for the case of ZPPR assembly 4. 

These showed good agreement between the measured and calculated 

shapes of the gamma-heating distributions in regions of constant 

composition (i.e. within the core or within the blanket]. 

Difficulties occurred, however, in the case of a zone transition 

e.g. the calculated heating in the blanket was systematically low. 



Maienschein introduced the paper NEACRP-A-304 which described 

the similar development of thermoluminescent dosimeters at 

ORNL over a period of several years. 

Two sets of results were presented : 

(11 Transmission of mono-energetic gamma rays (0.3 - 2.7 MeV) 

through thicknesses of up to 15 cm of iron was measured 

using CaF2 and Li7F TLD's and an ion chamber. The 

expected values of energy deposition together with the 

spectral correction factors were calculated using DOT. 

Agreement within - + 3% was achieved between measured and 

calculated values and the spectrum correction factors were 

verified. 

(21 Radiation heating in iron and stainless steel shields was 

measured at the TSF by staff of ORNL, ANL-Chicago and 

ANL-Idaho. In the case of the iron shield measurements 

agreement between all measurements and the DOT ca1,culations 

was within - + 3% on an absolute basis. In the stainless 

steel case the agreement between the measurements was to 

within - + 4% on an absolute basis but there was poor agree- 

ment between the calculated and measured distributions. 

This resulted from uncertainties in the cross-sections 

determining transport in nickel and chromium. 0 

The ceneral conclusion was that measurements of gamma heating 

were currently achieving the requested absolute accuracy of 

+ 5%. - 

Japan 

Hirota introduced the paper NEACRP-A-296 which described a -- 
study of fission rate and gamma ray heat generation made as 

part of the engineering mock-up experiment for MONJU. The 
0 

measurements were made in a 9 0  sector mock-up of MONJU built 



i n  t h e  FCA VII-1 as sembly .  The s p a t i a l  d i s t r i b u t i o n  of  

t h e  gamma-ray a b s o r b e d  dose  was measured t h r o u g h  t h e  c o r e ,  

r a d i a l  b l a n k e t  and p r imary  n e u t r o n  s h i e l d  u s i n g  T L D ' s  which 

were  c a l i b r a t e d  u s i n g  a  Co60 s o u r c e  i n  a i r .  I n t e r p o l a t i o n  

( o r  e x t r a p o l a t i o n )  t o  t h e  Z e f f  v a l u e  o f  t h e  medium t h e n  a l l o w e d  

t h e  a b s o r b e d  dose  i n  t h e  medium ko be d e t e r m i n e d .  F i s s i o n  

r a t e  d i s t r i b u t i o n s  were measured u s i n g  mic ro -chamber s .  

I n  t h e  a n a l y s i s  o f  t h e  measurements  t h e  coup led  1 0 0 - n e u t r o n  

and 20-gamma-ray g r o u p  c o n s t a n t s  o f  each  medium were  g e n e r a t e d  

(I) by R A D H E A T  ( V e r s i o n  3 )  u s i n g  b a s i c  d a t a  t a k e n  f rom ENOF/B-4 

and f rom t h e  POPOP4 l i b r a r y .  

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

measured  d i s t r i b u t i o n s  w i t h i n  a b o u t  50% o v e r  t h e  r a n g e  f rom 

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

T h e , . c a l c u l a t e d  gamma-ray d o s e  d i s t r i b u t i o n s  were  i n  e x c e l l e n t  

agreement  w i t h  t h e  measured  d i s t r i b u t i o n s  i n  t h e  s h i e l d ,  where 

t h e  medium d o s e  c o u l d  be o b t a i n e d  by Z e f f  i n t e r p o l a t i o n  b u t  

were  l o w e r  t h a n  t h e  measured  r e s u l t s  by a  f a c t o r  o f  t h r e e  i n  

t h e  c o r e  and b l a n k e t  where  e x t r a p o l a t i o n  t o  t h e  medium Z e f f  was 
r e q u i r e d .  

0 

Campbell  summarized t h e  p a p e r  NEACRP-A-299 which gave  an a c c o u n t  

o f  t h e  measurement  o f  gamma-ray e n e r g y  d e p o s i t i o n  i n  Z E B R A .  Li7F 

T L D ' s  were  used and c a l i b r a t i o n  was c a r r i e d  o u t  i n  a  known Co60 

gamma-ray f i e l d .  The c o r r e c t i o n  f o r  n e u t r o n  r e s p o n s e  was 

t y p i c a l l y  15% w i t h  an a s s o c i a t e d  u n c e r t a i n t y  of  15% ( l a ) .  

F o r  t h e  c a l c u l a t i o n  o f  t h e  c a v i t y  c o r r e c t i o n  a  Monte C a r l o  

e l e c t r o n  t r a c k i n g  programme known a s  PROCEED had been w r i t t e n .  

T e s t i n g  o f  t h i s  programme had been  c a r r i e d  o u t  u s i n g  a  Co6O 

s o u r c e  housed i n  t h e  c e n t r e  o f  an i r o n  cube  o f  s i d e  600 mm. 

A number of  t e s t  m a t e r i a l s  i n c l u d i n g  LiF,  C ,  Fe ,  Eu203 and Ta 

were used .  The photon  s p e c t r a  and  d o s e  r a t e s  a t  t h e  c e n t r e s  

' o f  t h e  v a r i o u s  t e s t  m a t e r i a l s  were  c a l c u l a t e d  u s i n g  t h e  MORSE 

88020006 



code and U K N D L  d a t a .  The c a l c u l a t e d  s p e c t r a  were  used  a s  

i n p u t  t o  PROCEED. The C / E  v a l u e s  showed e x c e l l e n t  ag reemen t  

between t h e  P R O C E E D  c o r r e c t e d  measurements  and  t h e  MORSE 

c a l c u l a t i o n s  and i t  was conc luded  t h a t  t h e  measurements  v a l i -  

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

e x p e r i m e n t s .  However, a  s t u d y  of  t h e  c a v i t y  c o r r e c t i o n  

c a r r i e d  o u t  by Van Prooyen u s i n g  m o n o - e n e r g e t i c  s o u r c e s  w i t h  

e n e r g i e s  up t o  8  MeV had shown t h a t ,  i n  t h e  h i g h  e n e r g y  r e g i o n ,  

a  s i g n i f i c a n t  d i s c r e p a n c y  e x i s t e d  between e x p e r i m e n t  and t h e  

P R O C E E D  r e s u l t s  f o r  t h e  c a s e  of  low Z c a v i t i e s  s u r r o u n d e d  ihy 

high-Z w a l l s .  F u r t h e r  work was t h e r e f o r e  needed t o  e s t a b l i s h  

t h e  c a v i t y  c o r r e c t i o n  i n  t h e  h i g h  ene rgy  r e g i o n .  I n  g e n e r a l ,  

however ,  i t  a p p e a r e d  p o s s i b l e  t o  a t t a i n  a  s t a n d a r d  d e v i a t i o n  

of  5% on T L D  measurements  u s i n g  c u r r e n t  t e c h n i q u e s .  

F r a n c e  -- 

B a r r e  i n t r o d u c e d  t h e  p a p e r  NEACRP-L-186 which summarized t h e  -- 
c u r r e n t  s t a t u s  of  gamma h e a t i n g  s t u d i e s  i n  F r a n c e .  The work 

had been i n  p r o g r e s s  f o r  o n l y  a  r e l a t i v e l y  s h o r t  p e r i o d  and 

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

+ 5% r e p o r t e d  by o t h e r  c o u n t r i e s .  I n  a  f a s t  r e a c t o r  t h e  main - 
problems a r o s e  i n  t h e  c o n t r o l  r o d s  and b l a n k e t s  where t h e  

c o n t r i b u t i o n  of  gamma r a y s  t o  t h e  t o t a l  h e a t i n g  was r e s p e c t i v e l y  

a b o u t  34% and 23  - 33% a s  opposed  t o  10% i n  t h e  f u e l  e l e m e n t s .  

The aim was t o  measu re  t h e  gamma r a y  h e a t i n g  w i t h  an u n c e r t a i n t y  

of  - + 20% [ 2 a l .  

Measurements  had been c a r r i e d  o u t  i n  a  b l o c k  of  i r o n  d r i v e n  by 

t h e  s o u r c e  r e a c t o r  H A R M O N I E  and a l s o  i n  t h e  c o r e  and b l a n k e t  

o f  t h e  c r i t i c a l  a s sembly  MASURCA and i n  s t e e l  b a r s  and  boron  

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

I n  t h e  i r o n  b l o c k  measurements  i o n i z a t i o n  chambers  were used  

and a l s o  T L D ' s  c a l i b r a t e d  u s i n g  a  Co60 s o u r c e .  La rge  d i s -  

c r e p a n c i e s  were o b s e r v e d  between t h e  measured  and c a l c u l a t e d  

r e s u l t s .  The e x p e r i m e n t a l  e r r o r s  were e s t i m a t e d  a s  - + A% p l u s  

a  c o n t r i b u t i o n  due  t o  u n c e r t a i n t i e s  i n  t h e  n e u t r o n  c o r r e c t i o n  



te rm.  The i o n  chamber and TLO r e s u l t s  were c o n s i s t e n t  t o  

w i t h i n  - + 5%. 

The measurements on MASURCA ( a l s o  made w i t h  b o t h  i o n  chambers 

and T L D ' s l  were s u b j e c t  t o  l a r g e  e r r o r s  ( t y p i c a l l y  + 20%)  due 

t o  u n c e r t a i n t i e s  i n  t h e  n e u t r o n  c o r r e c t i o n  and t o  t h e  l a r g e  

v a r i a t i o n  o f  t h e  s p e c t r a l  s e n s i t i v i t y  o f  t h e  TLU's i n  t h e  b o r o n  

c a r b i d e  r o d s .  

I n  t h e  c a l c u l a t i o n s  o f  gamma-ray h e a t i n g  t h e  gamma-ray s o u r c e s  

were o b t a i n e d  u s i n g  CARNAVAL I11 o r  CARNAVAL I V  f o r  t h e  c o r e  

(I) and b l a n k e t  r e g i o n s  and PROPANE f o r  t h e  s h i e l d i n g .  The gamma- 

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

(101  o r  MERCURE (301.  A 21-group l i b r a r y  o f  p h o t o n  c r o s s -  

s e c t i o n s  was used. I n  t h e  case o f  t h e  i r o n  b l o c k  e x p e r i m e n t  t h e  

a b s o l u t e  C/E d i s c r e p a n c y  was ( - 2 0  - + 151%. F o r  t h e  measurements 

on MASURCA w i t h  a  c e n t r a l  s t e e l  r o d  t h e  measured and c a l c u l a t e d  

v a l u e s  o f  gamma h e a t i n g  i n  t h e  r o d  and i n  t h e  two c o r e  zones 

were i n  agreement  w i t h i n  t h e  e x p e r i m e n t a l  e r r o r s  o f  - + 20% (201.  

I n  t h e  case o f  a  c e n t r a l  b o r o n  c a r b i d e  r o d  t h e  MERCURE c a l c u -  

l a t i o n s  gave an o v e r e s t i m a t e  o f  abou t  30% w h i l e  ANISN gave 

b e t t e r  agreement .  I n  t h e  b l a n k e t  r e g i o n  ANISN u n d e r e s t i m a t e d  

t h e  gamma h e a t i n g  by  (40  - + 201% t h e  e r r o r  b e i n g  a t t r i b u t e d  t o  

t h e  n e u t r o n  t r a n s p o r t  c a l c u l a t i o n  o f  t h e  gamma-ray s o u r c e .  

Work aimed a t  t h e  improvement  o f  t h e  c a l c u l a t i o n  methods and 

t h e  e x p e r i m e n t a l  t e c h n i q u e s  was now i n  p r o g r e s s .  

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

were now i n  a  p o s i t i o n  t o  measure gamma r a y  h e a t i n g  t o  t h e  

r e q u i r e d  a c c u r a c y  o f  - + 5%.  Campbe l l  f e l t  t h a t  some u s e f u l  

f u r t h e r  wo rk  c o u l d  be done and s u g g e s t e d  t h a t  i t  w o u l d  be use -  

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

r e f e r e n c e  spec t rum.  I t  was ag reed  t h a t  t h i s  w o u l d  i n i t i a l l y  

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

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



1 . 2  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  

US 

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-305 w h i c h  

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

T h e s e  i n c l u d e d  : 

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

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

A p p l i c a t i o n  o f  t h e s e  m e t h o d s  w a s  e x p e c t e d  t o  b e  c o n c e n -  

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

d i s p o s a l  p r o b l e m s  i n  LWR's a n d  LMFBR's. 

Work i n  t h e  a r e a  o f  c h a n n e l  t h e o r y  t h e  a p p l i c a t i o n  o f  

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

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

s h i e l d  o p t i m i z a t i o n .  

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

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

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

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

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

t h e o r i e s .  

Work o n  c r o s s - s e c t i o n  d a t a  a d j u s t m e n t  m e t h o d s  i n  c o n -  

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

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

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

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

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

o n  h i g h e r  o r d e r  s e n s i t i v i t y  m e t h o d s .  T h e s e  were b e i n g  a p p l i e d  

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

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

w i t h  O R N L  a n d  ANL i n  t h i s  f i e l d .  Rief  m e n t i o n e d  t h a t  s e n s i t i v i t y  

a n a l y s i s  was b e i n g  c a r r i e d  o u t  a t  I s p r a  i n  3 d i m e n s i o n s  by  

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



T h i s  might  be u s e f u l  i n  t h e  a n a l y s i s  o f  s t r e a m i n g  e x p e r i m e n t s .  

E x t e n s i v e  s t u d i e s  had been c a r r i e d  o u t  on t h e  a p p l i c a t i o n  o f  

s e n s i t i v i t y  a n a l y s i s  t o  c a l c u l a t i o n s  of  a c t i n i d e  b u i l d - u p .  

B a r r e  s a i d  t h a t  no s i g n i f i c a n t  e f f o r t  was d e v o t e d  t o  t h e  d e v e l o p -  

ment o f  s e n s i t i v i t y  a n a l y s i s  methods  i n  F r a n c e .  S t a n d a r d  

methods were  used .  KGsters  s a i d  t h a t  t h e  s i t u a t i o n  was s i m i l a r  

i n  Germany where no methods deve lopment  work was b e i n g  c a r r i e d  

o u t  a t  K a r l s r u h e .  A t  t h e  U n i v e r s i t y  o f  S t u t t g a r t  s e n s i t i v i t y  

methods had been deve loped  and were  b e i n g  a p p l i e d  t o  s h i e l d i n g  

p rob lems .  

U K - 
Campbell  p r e s e n t e d  t h e  p a p e r  NEACRP-A-298 which d e s c r i b e d  

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

O c t o b e r  1976 ,  f o r  t h e  a p p l i c a t i o n  of  s e n s i t i v i t y  a n a l y s i s  

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

I t  had been a g r e e d . a t  t h e  Vienna m e e t i n g  t h a t  t h e  s t a n d a r d  

d e v i a t i o n  on a  c a l c u l a t i o n  c a u s e d  o n l y  by d a t a  u n c e r t a i n t i e s  

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

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

d e s i g n  p rob lems  it was recommended t h a t  s e n s i t i v i t y  s t u d i e s  

@ c o u l d  be made w i t h  a  o n e - d i m e n s i o n a l  model and t h a t  a  s i n g l e  

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

be u s e d .  Some d e t a i l s  were g i v e n  o f  t h e  m a n i p u l a t i o n s  r e q u i r e d  

t o  t r a n s f o r m  t h e  SWANLAKE o u t p u t  i n t o  a  form c o n v e n i e n t  f o r  

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

A t t e n t i o n  was drawn t o  t h e  s p a r s i t y  of  d a t a  on c o r r e l a t i o n s ,  

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

by Schmidt  and  t h e  ENDF/B c o r r e l a t e d  e r r o r  f i l e s  which were  now 

becoming a v a i l a b l e .  

The p a p e r  t h e n  s e t  o u t  d e t a i l e d  recommendat ions  on t h e  p r o c e d u r e s  

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

f i e l d .  E q u a t i o n s  were  g i v e n  t o  d e f i n e  t h e  u p p e r  and l o w e r  bounds 

of  t h e  f r a c t i o n a l  a c c u r a c i e s  on measured  q u a n t i t i e s .  The 

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



edch ene rgy  group  and no c o r r e l a t i o n  between t h e  g r o u p s .  The 

maximum v a l u e  assumed t o t a l  c o r r e l a t i o n .  A "measurement  

S e n s i t i v i t y "  (which g i v e s  t h e  f r a c t i o n a l  improvement i n  t h e  

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

f r a c t i o n a l  improvement i n  t h e  s t a n d a r d  d e v i a t i o n  of  t h e  measured  

c r o s s - s e c t i o n )  was i n t r o d u c e d  t o  f o c u s  t h e  a t t e n t i o n  of  t h e  

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

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

The a p p l i c a t i o n  of  t h e  p roposed  p r o c e d u r e s  t o  a  t y p i c a l  c a s e  

( t h e  B a r r e  f a s t  r e a c t o r  s h i e l d i n g  benchmark problem).was 

d e s c r i b e d .  

The p a p e r  f i n a l l y  s e t  o u t  i n  d e t a i l  t h e  recommended r e c i p e  0 
t o  be a d o p t e d  i n  c o m p i l i n g  a  r e v i s e d  l i s t  o f  s h i e l d i n g  d a t a  

r e q u e s t s  f o r  i n c l u s i o n  i n  W R E N D A .  ( T h i s  recommended p r o c e d u r e  

i s  a l s o  s e t  o u t  i n  t h e  r e p o r t  on t h e  Vienna m e e t i n g  : 

NEACRP-U-75). 

I n  d i s c u s s i o n  t h e  d e g r e e  of  s o p h i s t i c a t i o n  r e q u i r e d  i n  

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

t h a t  a  r e l a t i v e l y  s i m p l e  app roach  was a d e q u a t e .  The need t o  

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

s e n s i t i v i t y  t o  d a t a  was s t r e s s e d .  The f a c t  t h a t  p r o g r e s s  was 

now b e i n g  made t o w a r d s  t h e  i d e n t i f i c a t i o n  of  r e a l  d a t a  needs  

i n  t h e  s h i e l d i n g  a r e a  was f e l t  t o  be v e r y  e n c o u r a g i n g .  @ 

1 . 3  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  

U K  - 
Campbell  p r e s e n t e d  t h e  p a p e r  NEACRP-A-302 which summarized 

t h e  U K  p o s i t i o n  on h e t e r o g e n e o u s  c o r e s .  The main U K  i n t e r e s t  

i n  such  c o r e s  a r o s e  b e c a u s e  o f  t h e  r e d u c t i o n  t h e y  o f f e r e d  i n  

t h e  p o s i t i v e  r e a c t i v i t y  ramp r a t e  produced  by r a p i d  sodium 

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

t h e  s u b s e q u e n t  e n e r g y  r e l e a s e .  O t h e r  d e s i r a b l e  f e a t u r e s  of  

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



c h a r a c t e r i s t i c s ,  had been n o t e d ,  a s  a l s o  had u n d e s i r a b l e  

c h a r a c t e r i s t i c s  such  a s  t h e  r e d u c t i o n  i n  Dopp le r  c o e f f i c i e n t .  

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

imposed i n  o r d e r  t o  l i m i t  t h e  v e r y  l a r g e  number of  p o s s i b l e  

d e s i g n s .  These  were ( i l  o n l y  P u / U  f u e l  would be c o n s i d e r e d  

( i i l  t h e  sub -as sembly  would c l o s e l y  r e s e m b l e  t h a t  b e i n g  t e s t e d  

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

C F R  ( i i i )  t h e  o v e r a l l  d i a m e t e r  o f  c o r e  and b r e e d e r  would be 

c l o s e  t o  t h a t  o f  t h e  r e f e r e n c e  C F R  d e s i g n .  T h i s  had l e d  t o  con- 

s i d e r a t i o n  of  d e s i g n s  w i t h  ( a )  a  s i n g l e  b r e e d e r  a n n u l u s  ( b )  * two b r e e d e r  a n n u l i  ( c )  a  " c a r t w h e e l "  d e s i g n ,  i . e .  a 6 - s e c t o r  

c o r e  i n  which each  s e c t o r  had i n n e r  and o u t e r  c o r e  r e g i o n s  

s u r r o u n d e d  by a  b r e e d e r  r e g i o n  and ( d l  a  d e s i g n  i n  which 

i s l a n d s  of  b r e e d e r  were immersed i n  t h e  f u e l  r e g i o n .  S t u d i e s  

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

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

r e d u c t i o n  i n  t h e  maximum r e a c t i v i t y  g a i n  on l o s s  of  sod ium 

( t y p i c a l l y  2 $  i n s t e a d  o f  8 % )  and a l s o  i n  t h e  v o i d e d  f u e l  D o p p l e r  

c o n s t a n t  ( t y p i c a l l y  -3 x l o b 3  i n s t e a d  o f  - 5  x  I n c r e a s e s  

i n  b r e e d i n g  g a i n  and mean e n r i c h m e n t  were  a l s o  n o t e d .  The 

c a r t w h e e l  and d o u b l e  a n n u l u s  d e s i g n s  pe r fo rmed  s i m i l a r l y  a l t h o u g h  

t h e  d o u b l e  a n n u l u s  was l o o s e l y  coup led  n e u t r o n i c a l l y  and p r e s e n t e d  

some c o n t r o l  p rob lems .  The i s l a n d  c o r e  d e s i g n  used  o n l y  one  

sub -as sembly  p e r  b r e e d e r  i s l a n d  a n d ,  a s  a  r e s u l t ,  showed a  

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

d e s i g n s .  S t u d i e s  i n v o l v i n g  l a r g e r  i s l a n d s  o r  a  c o m b i n a t i o n  o f  

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

The u n c e r t a i n t i e s  i n  t h e  p r e d i c t i o n  of  t h e  p e r f o r m a n c e  of  t h e  

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

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

d i f f u s i o n  t h e o r y  models  had been used  i n  t h e  h e t e r o g e n e o u s  c o r e  

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

e s s e n t i a l  and one  of  t h e  a ims o f  t h e  Z E B R A  B I Z E T  programme was 

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

e x p e c t e d  t h a t  a  c o r e  of  t h i s  t y p e  would be l o a d e d  i n  Z E B R A  a t  

a b o u t  t h e  end of  1977.  



L e s a s  p r e s e n t e d  t h e  p a p e r  NEACRP-L-182 d e s c r i b i n g  a  US - 
s t u d y  on h e t e r o g e n e o u s  c o r e s  w h i c h  had  b e e n  p r i m a r i l y  m o t i v a t e d  

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

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

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

o f  a  homogeneous  s y s t e m  w i t h  t h e  same h o m o g e n i z e d  v o l u m e  

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

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

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

s p e c t r a l  c o m p o n e n t .  Most  O F  t h i s  w o r k  r e l a t e d  t o  c o r e s  w i t h  @ 
o n e  t h i c k  i n t e r n a l  a n n u l u s  b u t  some s t u d i e s  o f  c o r e s  w i t h  two  

i n t e r n a l  a n n u l i  had  a l s o  b e e n  made .  The  r e d u c t i o n  i n  s o d i u m  

v o i d  r e a c t i v i t y  was  t y p i c a l l y  f r o m  7 $ t o  2 $ a n d  t h e  D o p p l e r  
- 3  

c o e f f i c i e n t  was  r e d u c e d  t y p i c a l l y  f r o m  -9  x 10  t o  - 5  x 

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

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

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

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

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

t h e  s i g n i f i c a n c e  o f  gamma-ray h e a t i n g  i n  t h e  i n t e r n a l  b l a n k e t s .  

e 
N e t h e r l a n d s  - 

B u s t r a a n  s u m m a r i z e d  a n  i n v e s t i g a t i o n  made a t  KEMA [Arnhem)  i n t o  

t h e  i m p r o v e m e n t  o f  t h e  SNR-300 b r e e d i n g  r a t i o  w h i c h  c o u l d  b e  

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

i n c r e a s e  f r o m  0 . 9 0  t o  1 . 1 7  was  a c h i e v e d  i n  t h e  b r e e d i n g  r a t i o  

b u t  t h i s  was a c c o m p a n i e d  by a n  i n c r e a s e  f r o m  3 0 %  t o  75% i n  t h e  

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

r e a c t i v i t y  a n d  D o p p l e r  c o e f f i c i e n t  had  n o t  y e t  b e e n  made .  

Germany 

K i s t e r s  - commented  t h a t  t h e  c u r r e n t  German v i e w  was  r a t h e r  t h e  



r e v e r s e  of t h e  UK and US view i n  t h e  s e n s e  t h a t  a  main aim of  

t h e  f a s t  r e a c t o r  programme was s e e n ,  i n  Germany, a s  t h e  

c o n s e r v a t i o n  of  uranium r e s o u r c e s ,  i . e .  t h e  r e d u c t i o n  o f  

d o u b l i n g  t i m e .  The re  was a  f u r t h e r  i n c e n t i v e  t o  improve  t h e  

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

t h a t ,  a l t h o u g h  t h e  h e t e r o g e n e o u s  d e s i g n s  r educed  t h e  sodium 

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

produced  h i g h e r  f u e l  compact ion  r e a c t i v i t y  and l e d  t o  i n c r e a s e d  

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

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

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

( s e e  NEACRP-L-180, page 761 had g i v e n  r a s u l t s  

v e r y  s i m i l a r  t o  t h o s e  o b t a i n e d  i n  t h e  U K  s t u d i e s .  A more 

comprehens ive  i n v e s t i g a t i o n  of  h e t e r o g e n e o u s  c o r e s  was u n d e r  

way and  t h i s  would i n c l u d e  t h e r m o h y d r a u l i c s  and s a f e t y  a s p e c t s .  

F r a n c e  -- 

B a r r e  p o i n t e d  o u t  t h a t  t h e  F rench  p o s i t i o n  a l s o  d i f f e r e d  f rom 

t h a t  o f  t h e  U K  and US s i n c e  t h e  a im was t o  o p t i m i z e  t h e  

h e t e r o g e n e o u s  c o r e  s o  a s  t o  a c h i e v e  minimum c r i t i c a l  mass and  

e minimum d o u b l i n g  t i m e .  Two 1800 MWe h e t e r o g e n e o u s  r e a c t o r s  

were c u r r e n t l y  b e i n g  s t u d i e d .  The f i r s t  o f  t h e s e  had 5 a n n u l i  

and t h e  o t h e r  had a l s o  5 a n n u l i  b u t  i n  a d d i t i o n  a  15  cm b l a n k e t  

i n  t h e  m i d p l a n e .  A compar i son  o f  t h e  h e t e r o g e n e o u s  d e s i g n  w i t h  

t h e  c o n v e n t i o n a l  d e s i g n  showed t h a t  t h e  b r e e d i n g  g a i n  i n c r e a s e d  

f rom 0 .22  t o  0 . 3 3  - 0 .35 ,  t h e  d o u b l i n g  t i m e  d e c r e a s e d  f rom 25 

y e a r s  t o  16 y e a r s  and t h e  r e a c t i v i t y  l o s s  d e c r e a s e d  f rom 13 t o  

4 pcm p e r  day .  A n o t h e r  u s e f u l  f e a t u r e  of  t h e  h e t e r o g e n e o u s  

c o r e  was t h a t  o n l y  one  f i s s i l e  e n r i c h m e n t  was u s e d .  F u l l  

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

o f  t h e  h e t e r o g e n e o u s  c o r e  b u t  t h e  main aim o f  t h e  d e s i g n  was 

t o  min imize  t h e  d o u b l i n g  t i m e .  

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



i n  NEACRP-L-182 had been p r i m a r i l y  aimed a t  t h e  r e d u c t i o n  o f  

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

were  a l s o  b e i n g  examined.  

LeSage p r e s e n t e d  t h e  p a p e r  NEACRP-L-183 which summarized t h e  

r e s u l t s  o f  a s e r i e s  o f  e x p e r i m e n t s  pe r fo rmed  on ZPPR t o  

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

b r e e d e r  zone  and 3 i n t e r n a l  b r e e d e r  r i n g s )  f o r  t h e  C l i n c h  

R i v e r  B r e e d e r  R e a c t o r .  A t o t a l  o f  5 c o n f i g u r a t i o n s  were  

examined [ZPPR 7A - 7 E )  s t a r t i n g  w i t h  a  c l e a n  r a d i a l  p a r f a i t  

c o n f i g u r a t i o n  and i n c l u d i n g  two d i s t r i b u t i o n s  o f  s i m u l a t e d  

wi thdrawn c o n t r o l  r o d s ,  r e p r e s e n t a t i o n  of  f i s s i l e  b u i l d - u p  

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

t h e s e  r e g i o n s  and a  c o r e  c o n t a i n i n g  s i m u l a t e d  n a t u r a l  B4C 

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

used E N D F / B  - I V  d a t a  and i n c l u d e d  b o t h  d i f f u s i o n  and S4 

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

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

t r a n s p o r t  e f f e c t s  r e l a t i v e  t o  c o n v e n t i o n a l  c o r e  d e s i g n s  and 

a l s o  showed s i g n i f i c a n t  d i f f e r e n c e s  between r z  and xy 

c a l c u l a t i o n s .  

I n  t h e  c a s e  of  t h e  r a d i a l  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  b o t h  

t r a n s p o r t  and d i f f u s i o n  c a l c u l a t i o n s  gave  a  t i l t  i n  t h e  C / E  

v a l u e s  w i t h  t h e  l o w e s t  v a l u e s  n e a r  t h e  c o r e  c e n t r e  and t h e  

h i g h e s t  i n  t h e  o u t e r  c o r e  r i n g s .  T h i s  t i l t  was s e n s i t i v e  

t o  a d j u s t m e n t s  of  t h e  U238 c a p t u r e  c r o s s - s e c t i o n .  I n  t h e  

compar i son  of  o v e r a l l  r e a c t i o n  r a t e s  i n  t h e  c o r e  and i n t e r n a l  

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

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

p r e p a r a t i o n  p r o c e d u r e s  were needed i n  t h e  c a s e  of  U238 f i s s i o n  

and t h i s  i n v o l v e d  s e t t i n g  up a  t r a n s i t i o n a l  c e l l  w i t h  bo th  

b l a n k e t  and c o r e  components  and a d j u s t i n g  t h e  c o r e  and b l a n k e t  

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



The C / E  v a l u e s  f o r  c o n t r o l  rod w o r t h s  were g e n e r a l l y  5 - 10% 

below u n i t y  w i t h  t h e  i n n e r  r i n g  v a l u e s  a  few p e r  c e n t  l o w e r  

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

C / E  v a l u e s  had been c l o s e  t o  u n i t y .  The v a r i a t i o n  between 

r i n g s  was c o n s i s t e n t  w i t h  t h e  obse rved  C / E  t i l t  f o r  t h e  f i s s i o n  

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

The a n a l y s i s  o f  sodium v o i d i n g  measurements  gave  C / E  v a l u e s  

w i t h i n  10% o f  u n i t y  w h i l e ,  f o r  s i m i l a r  a n a l y s e s  o f  con-  

v e n t i o n a l  c o r e s ,  C / E  had been i n  t h e  r a n g e  1 . 2  - 1 . 4 .  

F r a n c e  

B a r r 6  i n t r o d u c e d  t h e  p a p e r  NEACRP-L-184 which d e s c r i b e d  t h e  

pe r fo rmance  and a n a l y s i s  o f  e x p e r i m e n t s  on a  h e t e r o g e n e o u s  

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

zone  30 cm i n  d i a m e t e r  i n s e r t e d  a t  t h e  c e n t r e  of  a  two-zone 

e o r e  w i t h  an o v e r a l l  d i a m e t e r  o f  90 cm. The main p a r a m e t e r s  

s t u d i e d  were  : c r i t i c a l  m a s s , r e a c t i o n  r a t e  r a t i o s ,  b r e e d i n g  

g a i n ,  power d i s t r i b u t i o n ,  sod ium v o i d  e f f e c t s  and gamma-ray 

h e a t i n g .  

0 The o r i g i n a l  i n t e n t i o n  had been t o  a n a l y s e  t h e  measurements  

u s i n g  t h e  s t a n d a r d  methods and d a t a  o f  C a r n a v a l  I11 o r  I V  

b u t  i t  was found  t h a t  improvements  were  r e q u i r e d  f o r  t h e  

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

i n s t e a d  of  d i f f u s i o n  t h e o r y  was s t u d i e d  and i t  was found  

t h a t  t h e  t r a n s p o r t  v a l u e s  of  FR/F5 were  8  - 9 %  l o w e r .  I n  

t h e  c a s e  o f  b r e e d i n g  g a i n  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  

between t r a n s p o r t  and d i f f u s i o n  t h e o r y  i n  t h e  i n t e r n a l  f e r t i l e  

zone  and t h e  f i s s i l e  z o n e s  b u t  t h e  t r a n s p o r t  v a l u e  was 1 0 %  

l o w e r  i n  t h e  r a d i a l  b l a n k e t .  

I n  t h e  p r e p a r a t i o n  of c r o s s - s e c t i o n s  f o r  t h e  f e r t i l e  and f i s s i l e  

z o n e s  t h e  e f f e c t s  were examined of  ( a 1  a l l o w i n g  f o r  l e a k a g e  i n  

t h e  f e r t i l e  zone  i b l  c a r r y i n g  o u t  a c a l c u l a t i o n  f o r  a  

h e t e r o g e n e o u s  c e l l  i n c l u d i n g  b o t h  f i s s i l e  and f e r t i l e  zone  

components  ( a s  i n  t h e  ZPPR s t u d y ) .  I t  was found  t h a t  



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

2 %  i n  t h e  c e n t r a l  v a l u e  o f  t h e  C8/F5 r a t i o  b u t  o t h e r w i s e  had 

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

i n c r e a s e d  F8 /F5  by a b o u t  3% and  C8/F5 by a b o u t  1 . 5 % .  T h e  

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

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

E i g e n v a l u e  t r a n s p o r t  c a l c u l a t i o n s  showed good a g r e e m e n t  

w i t h  e x p e r i m e n t  i n  t h e  c a s e  o f  C a r n a v a l  I V  and  t h i s  c o r r e s -  

ponded  t o  t h e  p e r f o r m a n c e  o f  C a r n a v a l  IV i n  t h e  c a s e  o f  a  

c o n v e n t i o n a l  c o r e .  C e n t r a l  r e a c t i o n  r a t e  r a t i o s  w e r e  

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

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

o v e r e s t i m a t e  o f  F8 /F5  by 5  - 8 % .  A d d i t i o n a l  r e a c t i o n  r a t e  
i )  

r a t i o  m e a s u r e m e n t s  w e r e  made a t  a  p o i n t  i n  t h e  p l u t o n i u m  

z o n e  11 cm o u t s i d e  t h e  b o u n d a r y  o f  t h e  c e n t r a l  b r e e d e r  z o n e .  

A t  t h i s  p o i n t  t h e  v a l u e  o f  F8/F5 d i f f e r e d  by 1 0 %  f r o m  i t s  

a s y m p t o t i c  v a l u e .  I n  t h e  c a s e  o f  F8 /F5  a n d  F9/F5 t h e  C / E  

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

s p e c t r u m  b u t  f o r  C8/F5 t h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  

b e t w e e n  t h e  C/E d i s c r e p a n c i e s  i n  t h e  two  c a s e s .  A " m e a s u r e d "  

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

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

d i s t r i b u t i o n  o f  C8, F8 ,  F9 a n d  F5 t o g e t h e r  w i t h  c a l c u l a t e d  

v a l u e s  o f  t h e  C9 a n d  C5 d i s t r i b u t i o n s .  A g r e e m e n t  b e t w e e n  a 
t h e  c a l c u l a t e d  a n d  " m e a s u r e d "  v a l u e s  was  w i t h i n  e x p e r i m e n t a l  

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

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

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

g e n e r a l l y  3 0  - 4 0 %  g r e a t e r  t h a n  t h e  m e a s u r e d  v a l u e s  i n  t h e  

c e n t r a l  z o n e  a n d  50% i n  t h e  a x i a l  b l a n k e t .  T h i s  was i n  

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

a n c i e s  w e r e  n o t  g r e a t e r  t h a n  2 0 % .  

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

f e r t i l e  c e n t r a l  z o n e  was n e a r i n g  c o m p l e t i o n .  I t  w o u l d  b e  



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

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

r i n g s  would be  i n v e s t i g a t e d .  

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

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

complementary  e x p e r i m e n t a l  programmes would be  more p r o f i t a b l e  

t h a n  v e r y  s i m i l a r  programmes b u t  t h a t  i t  might  be  u s e f u l  t o  

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

c u l a r  c a s e s  w i t h  t h e  a im of r e s o l v i n g  s p e c i f i c  C / E  d i s c r e p a n c i e s .  

The US and U K  members s t r e s s e d  t h a t  much f u r t h e r  work would 

(1) be  r e q u i r e d  t o  o b t a i n  a  b a s i c  u n d e r s t a n d i n g  o f  t h e  p h y s i c s  o f  

h e t e r o g e n e o u s  c o r e s  and t h a t  t h e i r  immedia te  programmes would 

be  aimed a t  o b t a i n i n g  such  an  u n d e r s t a n d i n g  a l t h o u g h  t h e y  

would be  r e l a t e d  t o  r e a l i s t i c  d e s i g n s .  Ban-6,  on t h e  o t h e r  

hand,  e x p r e s s e d  t h e  F rench  p o s i t i o n  t h a t  t h e  e x p e r i m e n t a l  

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

r e f e r e n c e  d e s i g n .  H i r o t a  men t ioned  a  J a p a n e s e  e x p e r i m e n t a l  

programme on a  h e t e r o g e n e o u s  c o r e  which was s c h e d u l e d  t o  s t a r t  

a t  t h e  end o f  1977 .  Due t o  f u e l  s h o r t a g e  a b a s i c  s t u d y  would 

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

p l a n e  o f  t h e  a s s e m b l y .  The t h i c k n e s s  o f  t h i s  z o n e  would be  

v a r i e d  and measu remen t s  made o f  t h e  r e s u l t a n t  c h a n g e s  i n  

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

1 . 4  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  

Askew p r e s e n t e d  t h e  p a p e r  NEACRP-A-303 which was c o n c e r n e d  

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

d u r i n g  normal  r e a c t o r  o p e r a t i o n .  Data  s o u r c e s  c o u l d  be  

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

p l a n t ,  f l o w  and o u t l e t  t e m p e r a t u r e ,  f i s s i o n  chamber  measu remen t s  

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

f u e l .  



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

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

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

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

a n d  t h e s e  w e r e  s m o o t h e d  o v e r  a d j a c e n t  c h a n n e l s  i n  o r d e r  t o  

i m p r o v e  s t a t i s t i c s .  T h e  a x i a l  p o w e r  v a r i a t i o n  was known a t  

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

b u t  t h i s  k n o w l e d g e  d e t e r i o r a t e d  d u r i n g  i r r a d i a t i o n .  T h e  

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

c a l c u l a t e d ,  t h e  m e t h o d s  b e i n g  j u s t i f i e d  by d a t a  f r o m  z e r o  

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

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

A c c o u n t  was  a l s o  t a k e n  o f  t h e  e f f e c t  o f  m a n u f a c t u r i n g  t o l e r a n c  E& 

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

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

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

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

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

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

s i n c e  i t  was  a  c o m b i n a t i o n  o f  many c o m p o n e n t s  o f  s i m i l a r  

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

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

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

k n o w l e d g e  o f  p o w e r  d i s t r i b u t i o n .  T h i s  s h o u l d  make i t  p o s s i b l e  

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

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

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

g i v e  g r e a t e r  c o n f i d e n c e  i n  t h e  t e c h n i q u e s  u s e d  f o r  r e j e c t i n g  

m e a s u r e m e n t s  a s  i n c o n s i s t e n t .  

1 . 5  Sod ium v o i d i n g  

J a p a n  

H i r o t a  i n t r o d u c e d  t h e  r e p o r t  NEACRP-L-189 w h i c h  g a v e  a n  

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



f i s s i o n  p r o d u c t s  on s o d i u m  v o i d  w o r t h .  T h e s e  had  b e e n  c a r r i e d  

o u t  i n  t h e  F C A  V I I - 2  a s s e m b l y .  F i s s i o n  p r o d u c t s  w e r e  s i m u l a t e d  

by B C  a n d  a l s o  by t h e  m i x t u r e  " F s "  p r o p o s e d  by S c h r o d e r .  
4  

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

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

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

n a t u r a l  and  e n r i c h e d  u r a n i u m  a n d  o f  p o l y t h e n e .  I t  was f o u n d  

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

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

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

v o i d  w o r t h .  T h e  r e a s o n s  f o r  t h i s  had  n o t  y e t  b e e n  c l a r i f i e d .  * T h e  w o r t h s  o f  t h e  o t h e r  m e a s u r e d  m a t e r i a l s  w e r e  n o t  s e n s i t i v e  

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

U K - 

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-L-300, w h i c h  r e v i e w e d  

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

a n d  NEACRP-L-301 w h i c h  d e a l t  i n  m o r e  d e t a i l  w i t h  t h e  i n f l u e n c e  

o f  h e t e r o g e n e i t y .  

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

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

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

v o i d i n g  e f f e c t  f o r  a  1 3 0 0  MWe c o n v e n t i o n a l  r e a c t o r  w a s  a b o u t  

8 $  w h i l e  v a l u e s  o f  a b o u t  2 $  w e r e  o b t a i n e d  w i t h  h e t e r o g e n e o u s  

c o r e s  o f  1 3 0 0  MWe a n d  c o n v e n t i o n a l  d e s i g n s  o f  3 0 0  MWe. A  

t a r g e t  a c c u r a c y  o f  - + 1 . 5 $  ( l o )  was  s u g g e s t e d  f o r  a  t o t a l  e f f e c t  

o f  8 $  a n d  - + 0 . 5 $  f o r  a n  e f f e c t  o f  2 $ .  If  o n l y  t h e  v o i d a g e  o f  

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

by u p  t o  4 0 % .  

The  p a p e r  g a v e  a  summary o f  c o m p l e t e d  a n d  p l a n n e d  m e a s u r e m e n t s  

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

m e a s u r e d  t o  w i t h i n  t a r g e t  a c c u r a c i e s .  M e a s u r e m e n t s  t o  d a t e  

h a d ,  h o w e v e r ,  b e e n  r e s t r i c t e d  t o  z e r o  e n e r g y  c o r e s  o f  3 0 0  MWe 

s i z e  a n d  e x t r a p o l a t i o n  t o  p o w e r  r e a c t o r  c o r e s  o f  1 3 0 0  MWe s i z e  

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

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

880.20020 



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

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

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

c a l c u l a t i o n s .  

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

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

v o i d  w o r t h  m e a s u r e m e n t s  i n  p l a t e  r e g i o n s  i n  Z E B R A ,  a  l e a s t  

s q u a r e s  f i t  had  i n d i c a t e d  a  c o r r e c t i o n  f a c t o r  o f  t h e  o r d e r  o f  

+ 2 0 %  f o r  t h e  r a d i a l  l e a k a g e  c o m p o n e n t .  I t  w a s  c l e a r  t h a t  a  

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

o f  t h i s  t y p e  o f  e x p e r i m e n t .  T h e r e  w e r e  some d o u b t s  a b o u t  

t h e  a p p l i c a t i o n  o f  t h e  B e n o i s t  t h e o r y  a n d ,  i n  t h e  U K ,  t h e  

d i s c r e t e  o r d i n a t e s c o d e  WDSNST was  b e i n g  u s e d  t o  i n v e s t i g a t e  

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

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

1 0 % .  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  w e r e ,  h o w e v e r ,  v e r y  

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

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

t h e r e f o r e  r e q u i r e d  a n d  t h e  m e t h o d  o f  K o h l e r  a n d  L i g o u  m i g h t  

b e  a p p r o p r i a t e .  

S t u d i e s  o f  f u e l  t e m p e r a t u r e  e f f e c t s  showed t h a t ,  f o r  a 1 3 0 0  MWe 

r e a c t o r ,  t h e  v o i d  r e a c t i v i t y  i n c r e a s e d  f r o m  4 . 9 $  a t  3 0 0 ' ~  

t o  7 . 5 8  a t  3 3 0 0 ' ~ .  B u r n - u p  s t u d i e s  had  i n d i c a t e d  t h a t  t h e  1) 
m o s t  p o s i t i v e  v o i d  e f f e c t s  w o u l d  o c c u r  a t  t h e  end  o f  a  f u e l  c y c l e .  

J a p a n e s e  s t u d i e s  had  i n d i c a t e d  t h a t  t h e  u s e  o f  t r a n s p o r t  t h e o r y  

('3161 i n s t e a d  o f  d i f f u s i o n  t h e o r y  i n c r e a s e d  t h e  e f f e c t  of  

w h o l e - c o r e  v o i d i n g  by a b o u t  2 0 % .  

Germany 

K u s t e r s  p r e s e n t e d  t h e  p a p e r  NEACRP-L-195 c o n c e r n i n g  t h e  

c u r r e n t  s t a t u s  o f  s o d i u m  v o i d  e f f e c t  p r e d i c t i o n  a t  G f K .  T h i s  

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

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

g e o m e t r y ,  c o r e  s i z e ,  p l u t o n i u m  . v e c t o r  a n d  lumped  a n d  

d i s t r i b u t e d  a b s o r b e r s .  A l a r g e  number  o f  m e a s u r e m e n t s  had  



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

t o  e s t i m a t i n g  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  s o d i u m  v o i d  

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

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

p l u t o n i u m  m e t a l  p l a t e s  w i t h  a  Pu240  f r a c t i o n  o f  1 8 %  showed  

l a r g e  C/E d i s c r e p a n c i e s  ( u p  t o  5 0 % )  c o m p a r e d  w i t h  d i s c r e p a n c i e s  

o f  o n l y  a b o u t  1 0 %  when no p l u t o n i u m  was  p r e s e n t .  I n  t h e  c a s e  

o f  P u 0 2  p l a t e s  w i t h  a  h i g h  Pu240  c o n t e n t  a  C/E d i s c r e p a n c y  o f  

3 0 %  was o b s e r v e d .  T h e  r e a s o n s  f o r  t h e s e  d i s c r e p a n c i e s  w e r e  

u n d e r  i n v e s t i g a t i o n .  * 
F r a n c e  

B a r r Q  i n t r o d u c e d  t h e  p a p e r  NEACRP-L-188. T h i s  s u m m a r i z e d  --- 
t h e  m o s t  i m p o r t a n t  a v a i l a b l e  s o d i u m  v o i d  m e a s u r e m e n t s  f o r  

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

p rogramme w e r e  (11 t o  d e t e r m i n e  t h e  C/E d i s c r e p a n c i e s  a n d  t o  

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

d i s c r e p a n c i e s  a n d  ( 2 1  t o  o b t a i n  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  

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

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

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

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

no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  C a r n a v a l  I11 a n d  

C a r n a v a l  I V  s c h e m e s .  T h e  d i s c r e p a n c i e s  b e t w e e n  c a l c u l a t e d  

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

z o n e s  i n  c o n v e n t i o n a l  c o r e s  w e r e  g e n e r a l l y  l e s s  t h a n  2 0 % .  

G r e a t e r  d i s c r e p a n c i e s  w e r e  f o u n d  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  ( b o t h  a x i a l l y  a n d  r a d i a l l y )  a n d  a l s o  i n  t h e  

a x i a l  b l a n k e t .  T h e s e  w e r e  u n d e r  i n v e s t i g a t i o n  by m e a n s  o f  

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 .  

An e x p e r i m e n t a l  p r o g n m n e  was  u n d e r  way i n  MASURCA w i t h  t h e  a i m  

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

v o i d i n g .  P l u t o n i u m  l o a d i n g s  w i t h  r e s p e c t i v i e l y  8 %  a n d  1 8 %  

Pu240  c o n t e n t s  w e r e  b e i n g  u s e d  a n d  t h e r e  was  a l s o  t h e  

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



Pu240  c o n t e n t  o f  4 4 % .  

D e t a i l s  o f  t h e  s t u d i e s  on s o d i u m  v o i d i n g  i n  h e t e r o g e n e o u s  

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

o r d e r  o f  3 0  - 4 0 % )  had  a l r e a d y  b e e n  g i v e n  i n  t h e  p a p e r  

NEACRP-L-184 ( S e c t i o n  0 . 1 . 3 1 .  

J a p a n  

I n o u 6  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-297 w h i c h  p r e s e n t e d  

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

A t t e n t i o n  had  b e e n  g i v e n  t o  a  c h e c k  o f  t h e  B e n o i s t  a n i s o t r o p i c  

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

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

B e n o i s t ' s  m e t h o d  o v e r p r e d i c t s  t h e  l e a k a g e  c o m p o n e n t s  o f  t h e  

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

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

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

v o i d  w o r t h s  i n  ZPPR A s s e m b l y  3 g a v e  C / E  v a l u e s  g e n e r a l l y  l e s s  

t h a n  u n i t y .  A c o r r e s p o n d i n g  e x e r c i s e  f o r  t h e  M Z A  a n d  M Z B  

c o r e s  g a v e  C/E v a l u e s  v a r y i n g  o v e r  t h e  r a n g e  0 . 3 7  t o  1 . 4 8 .  

F o r  t h e  MZB-(21 a s s e m b l y  C/E a l s o  v a r i e d  w i d e l y  ( f r o m  0 . 2 0  t o  1 . 3 3 ) .  

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

t h e  e f f e c t s  o f  t h e  c h a n g e  t o  f u e l  p i n  g e o m e t r y ,  t h e  i n c r e a s e  o f  1) 
f u e l  t e m p e r a t u r e  t o  3 0 0 0 ~ ~  a n d  t h e  b u r n - u p  o f  c o r e  a n d  b r e e d e r  

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

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

30% i n c r e a s e  i n  t h e  v o i d  r e a c t i v i t y .  

US - 

L e S a g e  p r e s e n t e d  t h e  p a p e r  NEACRP-L-193 w h i c h  c o n s i d e r e d  

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

v o i d  d a t a  t o  t h e  Dower r e a c t o r  c a s e .  Sod ium v o i d  w o r t h  



measurements  were c a r r i e d  o u t  i n  p l a t e  l a t t i c e s  i n  ZPPR 

a s s e m b l i e s  2 and 5 .  The a n a l y s i s  ( u s i n g  ENDF/B-4 d a t a )  

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

a c c o u n t  f o r  s t r e a m i n g  e f f e c t s .  The u s e  of  B 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  i n  p l a c e  of  s t a n d a r d  d i f f u s i o n  c o e f f i c i e n t s  

p roduced  a  s u b s t a n t i a l  improvement i n  t h e  ( C - E )  v a l u e s  f o r  

sodium v o i d  w o r t h s ,  p r i m a r i l y  b e c a u s e  t h e  B e n o i s t  a p p r o a c h  

s y s t e m a t i c a l l y  i n c r e a s e d  t h e  l e a k a g e  t e r m .  B i a s  f a c t o r s  

f o r  e x t r a p o l a t i n g  t o  t h e  power r e a c t o r  were o b t a i n e d  by 

making 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 s p e c t r a l  

* a d j u s t m e n t  f a c t o r s  which would min imize  ( C - E l .  B i a s  f a c t o r s  

of 0 .84  were  found  f o r  bo th  s p e c t r u m  and l e a k a g e  t e r m s  when 

t h e  B 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  were  u s e d .  

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

ag reemen t  on t h e  i m p o r t a n c e  of  h e t e r o g e n e i t y .  B a r r e  

emphas ized  t h e  h a z a r d s  of  a p p l y i n g  t o  p l a t e  l a t t i c e s  t h e  

B e n o i s t  c o r r e c t i o n  which had been d e v e l o p e d  f o r  t h e  p i n  

l a t t i c e  c a s e  b u t  LeSage p o i n t e d  o u t  t h a t  a  s y s t e m a t i c  Monte 

C a r l o  compar i son  by Wade and Ge lba rd  had i n d i c a t e d  t h a t ,  

a l t h o u g h  t h e  B e n o i s t  t r e a t m e n t  produced  some b i a s e s  t h e  r e -  

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

s e n s i t i v i t y  of  t h e  U K  WDSNST c a l c u l a t i o n s  t o  t h e  c h o i c e  of  a c e l l  boundary  c o n d i t i o n s  and s t r e s s e d  t h e  need t o  u s e  c o d e s  

g i v i n g  a  c o r r e c t  t r e a t m e n t  of  t h e  p i n  c e l l  geomet ry .  

Richmond s a i d  t h a t  t h i s  was a c h i e v e d  by b o t h  t h e  KGhler/Ligou - 
and Eisemann methods which had,  i n  f a c t ,  been shown t o  b e  i n  

good ag reemen t  i n  t h e  p r e d i c t i o n  of  s t r e a m i n g  e f f e c t s  i n  

GCFR p i n  l a t t i c e s .  T h e r e  were  some l i m i t a t i o n s ,  however ,  i n  

t h e  KGhler/Ligou approach  s i n c e ,  i n  i t s  c u r r e n t  form,  i t  c o u l d  

n o t  d e a l  w i t h  m a t e r i a l  i n  t h e  c o o l a n t  r e g i o n s .  Askew men t ioned  

t h e  p o s s i b l e  u s e  o f  a  c h a r a c t e r i s t i c s  method which would l e n d  

i t s e l f  v e r y  e a s i l y  t o  s o l v i n g  t h e  problem o f  a  c e l l  w i t h  a  

hexagona l  bounda ry .  

I n  t h e  a r e a  o f  h igh  Pu240 l a t t i c e s  t h e  good a g r e e m e n t  between 

c a l c u l a t i o n  and measurement  o b t a i n e d  f o r  e x p e r i m e n t s  on Z E B R A  

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

i n t e r p r e t a t i o n  o f  t h e  German measurements  on SNEAK. 



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

a  r e v i e w  p a p e r  s e t t i n g  o u t  t h e  c o m m m i t t e e ' s  v i e w s  o n  t h e  

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

a n d  K D s t e r s  u n d e r t o o k  t o  p r e p a r e  s u c h  a  p a p e r .  

1 . 6  M i s c e l l a n e o u s  T o p i c s  -- 

F r a n c e  

B o u c h a r d  i n t r o d u c e d  t h e  p a p e r  NEACRP-A-307 w h i c h  g a v e  t h e  

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

h e a t  c a r r i e d  o u t  a t  F o n t e n a y - a u x - R o s e s  d u r i n g  t h e  p e r i o d  

1 9 7 2  - 7 5  w i t h  t h e  p r i m a r y  a i m  o f  v a l i d a t i n g  t h e  F r e n c h  

f i s s i o n  p r o d u c t  d a t a  b a n k .  T h e  m e a s u r e m e n t s  c o v e r e d  c o o l i n g  
5 

t i m e s  i n  t h e  r a n g e  7 0  - 1 0  s e c o n d s  a n d  g a v e  t h e  d e c a y  h e a t  

v a l u e s  f o r  U235, U233 a n d  Pu239  a f t e r  i r r a d i a t i o n  w i t h  t h e r m a l  
5  

n e u t r o n s  f o r  p e r i o d s  i n  t h e  r a n g e  1 0 0  - 1 0  s e c o n d s .  The  

e x p e r i m e n t a l  e r r o r s  w e r e  < 1 0 %  f o r  c o o l i n g  t i m e s  g r e a t e r  t h a n  

1 5 0  s e c .  a n d  1 0  - 20% f o r  t i m e s  l e s s  t h a n  1 5 0  s e c .  

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

t h e  n e x t  NEACRP m e e t i n g .  

M a i e n s c h e i n  p r e s e n t e d  t h e  p a p e r  NEACRP-A-306 w h i c h  g a v e ,  i n  

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

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

i n  t h e  range 2  - 1 4 , 0 0 0  s e c o n d s  a f t e r  t h e r m a l  n e u t r o n  f i s s i o n  

o f  U235. I r r a d i a t i o n  t i m e s  w e r e  i n  t h e  r a n g e  1 - 1 0 0  s e c o n d s .  

B e t a  a n d  gamma r a y  e m i s s i o n s  w e r e  m e a s u r e d  s e p a r a t e l y  a s  

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

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

l o w e r  t h a n  t h e  ANS 1 9 7 1  s t a n d a r d .  They  o v e r l a p p e d  r e s u l t s  

f r o m  o t h e r  US l a b o r a t o r i e s  w i t h i n  c u r r e n t  e r r o r  b a r s  o f  + 5% - 
b u t  t h e r e  w e r e  some s y s t e m a t i c  d i f f e r e n c e s .  A g r e e m e n t  w i t h  



ENDF/B-4 p r e d i c t i o n s  was  s a t i s f a c t o r y  b u t  p a r t l y  f o r t u i t o u s  

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

i n d i v i d u a l  b e t a  and  gamma c o m p o n e n t s .  D i s c r e p a n c i e s  w e r e  

n o t e d  b e t w e e n  t h e  O R N L  m e a s u r e m e n t s  a n d  e a r l i e r  US m e a s u r e m e n t s  

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

o r d e r  o f  1 0 0 0  s e c o n d s .  I t  was  h o p e d  t h a t  f i n a l  a n a l y s i s  o f  

t h e  ORNL r e s u l t s  w o u l d  i n d i c a t e  e r r o r s  o f  + 3 % .  - 

S p a i n  - 
(I) ~ e l a k d 6  s u m m a r i z e d  t h e  p a p e r  NEACRP-I-187 w h i c h  c o n s i d e r e d  

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

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

p e r  c o l l i s i o n , y  , a n d  t h e  f u n d a m e n t a l  m u l t i p l i c a t i o n  r a t e ,  - 1  

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

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

R e c o m m e n d a t i o n s  w e r e  made f o r  a  w i d e  r a n g e  of  r e a c t o r  s y s t e m s ,  

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

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

Germany 

K i i s t e r s  p r e s e n t e d  t h e  p a p e r  NERCRP-L-198 w h i c h  d e a l t  w i t h  

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

i n  i r o n .  Two t y p e s  o f  s y s t e m s  w e r e  s t u d i e d :  i r o n  s p h e r e s  a n d  

a  s q u a r e  s t e e l  p i l e .  A C f 2 5 2  n e u t r o n  s o u r c e  o r  a  Th228 gamma 

r a y  s o u r c e  [ b o t h  a b s o l u t e l y  c a l i b r a t e d )  c o u l d  b e  p l a c e d  a t  t h e  

c e n t r e s  o f  t h e s e  s y s t e m s .  M e a s u r e m e n t s  o f  n e u t r o n  s p e c t r a ,  

U235 f i s s i o n  r a t e s  a n d  gamma s p e c t r a  w e r e  made ( i n  a b s o l u t e  

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

N e u t r o n  s p e c t r a  and  f i s s i o n  r a t e s  w e r e  c a l c u l a t e d  i n  o n e  

d i m e n s i o n  u s i n g  t h e  S16 a p p r o x i m a t i o n  a n d  2 0 8  e n e r g y  g r o u p s .  

F o r  t h e  gamma c a l c u l a t i o n s  a n  e x t e n d e d  v e r s i o n  o f  t h e  gamma 

t r a n s p o r t  p rogramme B I G G I  4T was u s e d  i n  s p h e r i c a l  g e o m e t r y .  

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

n-y p r o d u c t i o n  m a t r i x  was  p r o d u c e d  f r o m  ENDF/B-IV d a t a .  



I n  t h e  c a s e  o f  gamma l e a k a g e  s p e c t r a  f r o m  t h e  i r o n  s p h e r e s  

t h e r e  was r e l a t i v e l y  good a g r e e m e n t  b e t w e e n  t h e  m e a s u r e m e n t s  

a n d  ENOF/B-1V p r e d i c t i o n s .  S i m i l a r  a g r e e m e n t  was  o b t a i n e d  

f o r  gamma l e a k a g e  s p e c t r a  f r o m  s p h e r e s  w i t h  a  c e n t r a l  C f 2 5 2  

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

t h e  s t e e l  p i l e  w i t h  a  c e n t r a l  C f 2 5 2  s o u r c e  w e r e  a l s o  i n  

g e n e r a l l y  good a g r e e m e n t .  I t  was c o n c l u d e d  t h a t  t h e  

gamma p r o d u c t i o n  c r o s s - s e c t i o n s  d e r i v e d  f r o m  ENOF/B-IV w e r e  

r e l i a b l e .  

2 .  TOPICS C A R R I E D  OVER FROM PREVIOUS MEETINGS 

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  and  f u e l  c y c l e  i n  

f a s t  and  t h e r m a l  r e a c t o r s  - 
J a p a n  - 
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-294 w h i c h  d e a l t  w i t h  t h e  

t e s t i n g  o f  t h e  f i s s i o n  p r o d u c t  d a t a  i n  JENOL-1 u s i n g  i n t e g r a l  

d a t a .  An e v a l u a t i o n  o f  n u c l e a r  d a t a  had  b e e n  made f o r  t h e  

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

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

s t a n t s  had  b e e n  c h e c k e d  u s i n g  i n t e g r a l  m e a s u r e m e n t s  made on 

t h e  STEK r e a c t o r .  T h e  r e s u l t s  o f  a n  i n i t i a l  c o m p a r i s o n  had  (I, 
b e e n  g i v e n  i n  JAERI-1248 b u t  t h e  c o m p a r i s o n  had  now b e e n  

r e p e a t e d  u s i n g  r e v i s e d  v a l u e s  o f  t h e  STEK f l u x  a n d  a d j o i n t  

g i v e n  by E C N .  I n  t h e  c a s e  o f  t h e  mixed  f i s s i o n  p r o d u c t  s a m p l e s  

t h e  r e v i s e d  f l u x  a n d  a d j o i n t  v a l u e s  g a v e  i m p r o v e d  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 .  F o r  t h e  i n d i v i d u a l  

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

i m p r o v e d  C / E  v a l u e s  i n  STEK c o r e s  5 0 0 ,  1 0 0 0  a n d  2 0 0 0 .  

F r a n c e  

B a r r B  p r e a e n ' e d  t h e  p a p e r  NEACRP-L-191 w h i c h  g a v e  a n  a c c o u n t  

o f  t h e  F r e n c h  e x p e r i m e n t a l  programme i n  t h e  f i e l d  o f  b u r n - u p  

i n  f a s t  r e a c t o r s .  T h e  a p p r o a c h  was  t h e  same a s  t h a t  u s e d  f o r  



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

f o l l o w e d  by d a t a  a d j u s t m e n t .  T h e  m a i n  p o i n t s  t o  b e  

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

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

i r r a d i a t i o n .  

( 2 )  R e a c t i v i t y  l o s s  p e r  c y c l e  

( 3 1  O t h e r  p r o b l e m s  r e l a t e d  t o  t h e  f u e l  c y c l e  e . g .  f u e l  

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

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

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

t i m e .  

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

T h e  i n v e s t i g a t i o n  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  was  b a s e d  

on 3  t y p e s  o f  e x p e r i m e n t .  

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

o f  p l u t o n i u m  f u e l  w i t h  Pu240  c o n t e n t s  o f  r e s p e c t i v e l y  

8 % ,  1 8 %  and  4 4 % .  T h e  p l u t o n i u m  e n r i c h m e n t s  o f  e a c h  

o f  t h e  l a t t i c e s  w e r e  a d j u s t e d  s o  t h a t  a l l  had  t h e  

same n e u t r o n  b a l a n c e .  B u c k l i n g  m e a s u r e m e n t s  w e r e  

made by p r o g r e s s i v e  s u b s t i t u t i o n  m e t h o d s  i n  MASURCA 

and  by u n i t  K - i n f i n i t y  m e a s u r e m e n t s  i n  ERMINE. 

( b l  M e a s u r e m e n t s  o f  t h e  f i s s i o n  r a t e s  o f  Pu240 ,  Pu241  a n d  Pu242  

r e l a t i v e  t o  t h e  f i s s i o n  r a t e  o f  U235 o r  U238 w e r e  made i n  

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

( c l  I r r a d i a t i o n  o f  s e p a r a t e d  p l u t o n i u m  i s o t o p e s  i n  OSIRIS ,  

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

Pu240  a n d  P u 2 4 1  t o  b e  d e t e r m i n e d  r e l a t i v e  t o  t h e  U238 

c a p t u r e  r a t e  w i t h  a n  a c c u r a c y  o f  3  - 4 % .  

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

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



Pure fissile samples irradiated in RAPSOOIE and PHENIX fuel 

elements irradiated for up to 3 cycles had been oscillated 

i n  ERMINE in 3 oxide fuelled lattices: a uranium lattice 

characteristic of SUPER PHENIX and 2 plutonium lattices 

characteristic of PHENIX and SUPER PHENIX respectively. 

Oscillation measurements were also made on corresponding 

unirradiated samples. After oscillation the samples were 

chemically analysed. Measurements on separated fission 

product nuclides had included oscillation in MASURCA and 

ERMINE, activation in ERMINE and irradiation in PHENIX. 

A comparison of the results of the buckling and k-infinjty 

measurements with the predictions of CARNAVAL IV showed 

agreement within the experimental errors. Good agreement 

between measurement and prediction was also obtained in the 

case of the PHENIX irradiation measurements of Pu240 and 

Pu241 capture and in the case of the various fission rate 

ratio measurements. 

The results of the measurements on separated fission product 

nuclides made in France and also those made in STEK, FRO and 

CFRMF were used to adjust the capture cross-sections of the 

34 nuclides representing 90% of the global capture. Present 

indications were that this adjusted set predicted global 

fission product effects to within 10 - 14%. The target 

accuracy for this quantity was 7 - 10%. 

It was now considered that the higher plutonium isotope 

problem was solved but further work was planned in the fission 

product area. 

Work in progress in the transactinides area involved evaluation 

studies on a large number of nucl-ides, measurement of integral 

cross-sections by irradiation in PHENIX and measurement of 

fission cross-sections by means of fission chamber measurements 

in MASURCA and ERMINE. 

B a n 6  briefly summarized the paper NEACRP-L-190 which dealt 



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

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

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

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

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  a n d  y i e l d s  o f  t h e  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 )  w e r e  e s t i m a t e d  a s  - + ( 1 3  - 1 6 1 % .  

B a r r e  s u m m a r i z e d  t h e  p a p e r  NEACRP-L-185 w h i c h  d e s c r i b e d  t h e  

c a l c u l a t i o n  s c h e m e  C A R N A V A L  I V .  . T h e  m a i n  i m p r o v e m e n t s  

r e l a t i v e  t o  C A R N A V A L  I11 w e r e :  

* (1 )  I m p r o v e m e n t  o f  c a l c u l a t i o n  m e t h o d s  i n c l u d i n g  t h e  

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

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

( 2 1  R e a d j u s t m e n t  o f  c l e a n  c o r e  d a t a  u s i n g  r e s u l t s  f r o m  a  

t o t a l  o f  1 9 5  i n t e g r a l  e x p e r i m e n t s .  S p e c i f i c  a d j u s t m e n t s  

w e r e  made i n  t h e  casa  o f  t h e  n u c l i d e s  F e ,  C r ,  N i ,  Pu238  

a n d  AmZ41. F o l l o w i n g  t h e  r e a d j u s t m e n t  t h e  p r e d i c t e d  

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

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

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

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

0 
The new s e t  g a v e  r e a c t i v i t y  p r e d i c t i o n s  a b o u t  500  pcm l o w e r  

t h a n  t h o s e  o f  C a r n a v a l  111. 

J a p a n  - 
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-195 w h i c h  p r o p o s e d  t h e  

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

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

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

t h e  p l u t o n i u m .  S t u d i e s  had  i n d i c a t e d  ( 1 )  t h a t  a  s a t i s f a c t o r y  

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

a c h i e v e d  ( 2 1  t h a t  l o c a l  p o w e r  p e a k i n g  c o u l d  b e  k e p t  w i t h i n  

a c c e p t a b l e  l e v e l s  a n d  ( 3 1  t h a t  f u e l  c y c l e  c o s t s  c o u l d  b e  

c o m p e t i t i v e  r e l a t i v e  t o  t h e  c o s t s  o f  a  c y c l e  u s i n g  1 . 5 %  

e n r i c h e d  u r a n i u m  f u e l .  



F r a n c e  

B o u c h a r d  s u m m a r i z e d  t h e  p a p e r  NEACRP-L-194 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  power  d i s t r i b u t i o n  i n  i r r a d i a t e d  LWR 

f u e l  a s s e m b l i e s  u s i n g  gamma-ray s c a n n i n g .  T h e  a i m  was t o  

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

i n s t r u m e n t a t i o n  i n  o r d e r  t o  c h e c k  t h e  r e s u l t s  g i v e n  'y t h e  

r e a c t o r  c a l c u l a t i o n s .  The  power  d i s t r i b u t i o n s  w e r e  

o b t a i n e d  f r o m  m e a s u r e m e n t s  o f  t h e  a c t i v i t y  o f  La140 u s i n g  

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

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

The  m e a s u r e m e n t s  w e r e  made i n  t h e  s t o r a g e  pond d u r i n g  r e -  

f u e l l i n g  p e r i o d s .  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  

t h e  r e s u l t s  o f  t h e  gamma-ray s c a n n i n g  m e a s u r e m e n t s  and  t h o s e  

g i v e n  by t h e  i n - c o r e  i n s t r u m e n t a t i o n .  

Germany 

I n t r o d u c i n g  t h e  p a p e r  NEACRP-A-310, w h i c h  r e v i e w e d  e x i s t i n g  

a c t i n i d e s  d a t a ,  K 6 s t e r s  s a i d  t h a t  h e  had  r e c e i v e d  o n l y  two 

s e t s  o f  o n e - g r o u p  a c t i n i d e  c r o s s - s e c t i o n s  f r o m  members .  

T h e s e  w e r e  t h e  d a t a  u s e d  i n  t h e  U K  c o d e  FISPIN a n d  t h e  O R N L  

c o d e  O R I G E N  f o r  a  t y p i c a l  f a s t  r e a c t o r  c a l c u l a t i o n .  l ie had  

e x t e n d e d  t h e  r e v i e w  by i n t r o d u c i n g  d a t a  f r o m  a  number  o f  

a d d i t i o n a l  s o u r c e s .  T h e s e  i n c l u d e d  KFKINR, t h e  T r a n s a c t i n i u l n  * 
N u c l e a r  O a t a  C o n f e r e n c e ,  ENOF/B-4 and  a  number  o f  r e c e n t  

e v a l u a t i o n s .  A c o m p a r i s o n  o f  t h e  FISPIN and  O R I G E N  d a t a  

showed d i f f e r e n c e s  o f  m o r e  t h a n  a  f a c t o r  o f  two i n  t h e  c a s e  o f  

s e v e r a l  n u c l i d e s .  T h e  h i g h e r  Pu i s o t o p e s  Pu24O a n d  P u 2 4 1  

d i f f e r e d  by a b o u t  3 0 %  i n  t h e  c a p t u r e  c r o s s - s e c t i o n .  

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

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

o f  t h e  LMFBR b e n c h m a r k .  T h i s  c o m p a r i s o n  was l i m i t e d  t o  

NpZ37 a n d  h i g h e r  n u c l i d e s .  A number  o f  d i s c r e p a n c i e s  i n  

F I S P I N ,  O R I G E N  and  KFKINR w e r e  i n d i c a t e d  by c o m p a r i s o n  w i t h  

t h e  rn(1r.e rf!r:ent d a t a .  



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

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

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

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

f u e l  p i n  i n  RAPSOOIE u s i n g  O R I G E N .  T h e  O R I G E N  d a t a  w e r e  

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

i n  e a c h  c a s e ,  O R I G E N  was  u s e d  t o  c a l c u l a t e  t h e  t i m e  b e h a v i o u r  

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

f a c t o r s  g r e a t e r  t h a n  2 )  w e r e  n o t e d  b e t w e e n  t h e  n u c l i d e  

c o n c e n t r a t i o n s  p r e d i c t e d  by t h e  d i f f e r e n t  s e t s .  T h e s e  w e r e  

n o t  t o l e r a b l e  s i n c e  t a r g e t  a c c u r a c i e s  on t h e s e  q u a n t i t i e s  a w e r e  o f  t h e  o r d e r  o f  2 0 % .  
- 

I n  t h e  t h e r m a l  r e a c t o r  a r e a  some g r o s s  i n c o n s i s t e n c i e s  had  

b e e n  o b s e r v e d  i n  t h e  2200  m / s e c .  c r o s s - s e c t i o n s  i n  t h e  ORIGEN 

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

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

LWR f u e l .  

T h e  g e n e r a l  c o n c l u s i o n  o f  t h e  i n v e s t i g a t i o n  was  t h a t  t h e  m o r e  

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

c r o s s - s e c t i o n  s e t s .  

F r a n c e  

B o u c h a r d  -- r e p o r t e d  o n  a  s p e c i a l i s t s '  m e e t i n g  on t h e  s e p a r a t i o n  

a n d  t r a n s m u t a t i o n  o f  a c t i n i d e s  h e l d  a t  I s p r a  o n  March  1 6 t h  - 

1 8 t h .  1 9 7 7  u n d e r  t h e  c o - s p o n s o r s h i p  o f  t h e  IAEA a n d  E u r a t o m .  

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

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

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

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

a c t i n i d e s  was f e a s i b l e  a n d  t h a t  i t  wou ld  b e  m o r e  f a v o u r a b l e  

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

D u r i n g  t h e  m e e t i n g  p r o b l e m s  had  a r i s e n  i n  t h e  

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



a r e a .  I t  had  n o t  b e e n  p o s s i b l e  t o  r e a c h  a g r e e m e n t  on t h e  

u s e  o f  a  r e f e r e n c e  r e a c t o r  mode l  and  a  r e f ~ r e n c e  o n e - g r o u p  

c r o s s - s e c t i o n  s e t .  T h e  NEACRP had  t h e r e f o r e  b e e n  a s k e d  t o  

make a  r e c o m m e n d a t i o n .  

I n  d i s c u s s i o n  K i i s t e r s  q u e r i e d  w h e t h e r  t h e r e  had  b e e n  a n y  

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

i n c i n e r a t i o n .  He r e m i n d e d  members t h a t ,  a t  t h e  Richmond 

c o n f e r e n c e  i n  1 9 7 6 ,  i t  was c l e a r l y  c o n c l u d e d  t h a t  t h e  b u r n i n g  

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

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

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

s e p a r a t i o n .  O n l y  l i m i t e d  d i s c u s s i o n s  had  b e e n  h e l d  on 

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

t h e  w i d e l y  d i f f e r i n g  v i e w s  e x p r e s s e d  by d i f f e r e n t  c o u n t r i e s .  

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

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

e f f i c i e n c y  g r e a t e r  t h a n  a b o u t  9 9 . 5 %  c a n  b e  o b t a i n e d .  

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

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

f u r t h e r  t h e  d i s c r e p a n c i e s  i n d i c a t e d  by K i i s t e r s  r e v i e w  p d p e r .  

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

s e c t i o n s  by c o n d e n s i n g  o v e r  t h e  LMFBR b e n c h m a r k  s p e c t r u m  a n d  

t o  s e n d  K i s t e r s  t h e  r e s u l t s .  K S s t e r s  a g r e e d  t o  r e v i e w  t h e  

d a t a .  I t  was a l s o  f e l t  t h a t  i t  w o u l d  b e  p r e m a t u r e  f o r  t h e  
II) 

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

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

t o  i n f o r m  t h e  N E A  o f  t h i s  v i e w .  

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

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

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

s u g g e s t i o n s  a t  t h e  n e x t  m e e t i n g .  -- Askew p o i n t e d  o u t ,  j n  t h i s  

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

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

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

b e n c h m a r k  i n f o r m a t i o n .  Members a g r e e d  t o  b r i n g  f o r w a r d  a n y  

i n f o r m a t i o n  of  t h i s  k i n d  a t  t h e  n e x t  m e e t i n g .  



2.2 .  R e a c t o r  p h y s i c s q r o b l e m s  -- r e l a t e d  t o  LMFBR s a f e t y  

J a p a n  

Inou6  p r e s e n t e d  t h e  p a p e r  NEACRP-A-293 which d e a l t  w i t h  t h e  

a n a l y s i s  o f  s i m u l a t e d  melt-down and v a p o u r  e x p l o s i o n  e x p e r i m e n t s  

i n  t h e  M O Z A R T  MZB c o r e  which i n c l u d e d  t h e  p r o d u c t i o n  o f  o f f -  

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

was deve loped  i n  which t h e  e f f e c t i v e  l o n g i t u d i n a l  and r a d i a l  

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

from n e u t r o n  c u r r e n t  e q u a t i o n s .  A s i m i l a r  t r e a t m e n t  was 

II) used t o  d e r i v e  d i f f u s i o n  c o e f f i c i e n t s  f o r  c h a n n e l s  c o n t a i n i n g  

d i l u t e  m a t e r i a l .  T h i s  m o d i f i e d  d i f f u s i o n  t h e o r y  was t e s t e d  

a g a i n s t  T W O T R A N - I 1  [ u s i n g  t h e  S4 a p p r o x i m a t i o n )  and s a t i s f a c t o r y  

agreement  was o b t a i n e d .  Comparison o f  t h e  measured  r e a c t i v i t y  

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

gave  C / E  v a l u e s  r a n g i n g  f rom 0 .55  t o  1 . 1 8 .  

LeSage i n t r o d u c e d  t h e  p a p e r  NEACRP-L-192 which d e s c r i b e d  t h e  

s i m u l a t i o n  o f  t h e  s u c c e s s i v e  s t a g e s  o f  a  H y p o t h e t i c a l  Core 

0 D i s r u p t i v e  A c c i d e n t  on ZPPR Assembly 5 .  T h i s  i n c l u d e d  sodium 

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

I n  t h e  s t e e l  s l u m p i n g e x p e r i m e n t s  o n l y  29% o f  t h e  s t e e l  c o u l d  

be moved, t h e  r e m a i n d e r  c o n s t i t u t i n g  t h e  m a t r i x  and d r a w e r s .  

The s t e e l  i n  a  c e n t r a l  r a d i a l  r e g i o n  o f  30 s u b a s s e m b l i e s  was 

moved a x i a l l y  f rom t h e  c e n t r a l  zone  o f  t h e  c o r e  t o  t h e  o u t e r  

z o n e s .  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  u s i n g  ENOF/B-4 d a t a  

p r e d i c t e d  t h e  r e s u l t a n t  r e a c t i v i t y  changes  w i t h  C / E  v a l u e s  

i n  t h e  r e g i o n  of 1.1 f o r  b o t h  i n s e r t e d  and wi thdrawn c o n t r o l  

r o d s .  

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

o f  1 8  s u b - a s s e m b l e s  was moved a x i a l l y  f rom t h e  o u t e r  z o n e s ,  

which t h e n  had z e r o  f u e l  d e n s i t y ,  t o  t h e  i n n e r  zone ,  which t h e n  

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



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

o u t e r  z o n e s .  F o r  t h e  f u e l  s l u m p  i n w a r d s  t h e  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  g a v e  a  good 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  c h a n g e  

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

c o r r e c t i o n s  w e r e  a p p l i e d  ( C  = 1 . 7 7 $ ;  E  = 1 . 8 0 $ ) .  F o r  

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

- 8 . 6 1  ( w i t h  c o n t r o l  r o d s  w i t h d r a w n )  w h i l e  d i f f u s i o n  t h e o r y  

g a v e  - 5 6 h ,  r e d u c i n g  t o  - 2 6 1  a f t e r  s t r e a m i n g  a n d  t r a n s p o r t  

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

r e a c t i v i t y  c h a n g e  was  -23h w h i l e  t h e  p r e d i c t e d  v a l u e  ( w i t h  

c o r r e c t i o n s )  was - 3 7 1 .  

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

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

3 .  NATIONAL PROGRAMMES 

3 . 1  R e v i e w  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  

T h e  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  

a n d  d i s c u s s e d .  a 

4 .  BENCHMARKS 

4 . 1  2 0  LWR b e n c h m a r k  c a l c u l a t i o n s  - 

Askew p r e s e n t e d  a  c o m m i t t e e  n o t e  w h i c h  was  a  new c o p y  o f  t h e  -- 
p a p e r  i s s u e d  l a s t  y e a r  (NEACRP-A-256/2) o n  t h e  r e s u l t s  o f  t h e  

b e n c h m a r k  e x e r c i s e  on BWR l a t t i c e  c e l l  p r o b l e m s .  Some a g r e e d  

c o r r e c t i o n s  t o  t h e  o r i g i n a l  d o c u m e n t  had  b e e n  made a n d  two new 

s o l u t i o n s  had  b e e n  a d d e d .  T h e s e  w e r e  : 

(11 A s e c o n d  ABA s o l u t i o n  (ABA/2) i n  w h i c h  t h e  r e s u l t s  had  

b e e n  o b t a i n e d  f r o m  t h e  CASMO c o d e  w h i c h  c o n t a i n e d  a n  



improved model o f  t h e  p o i s o n  p i n s ,  and 

(21  An a d d i t i o n a l  A E A  c a s e  which had o n l y  been a p p l i e d  

t o  p rob lem 2  and which used  a  c h a r a c t e r i s t i c s  method 

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

geome t ry .  

I n  t h e  f i r s t  p rob lem ( 9 - p i n  s u p e r c e l l  w i t h  c e n t r a l  b u r n a b l e  

p o i s o n  p i n )  t h e  new ABA/2 s o l u t i o n  l a y  between t h e  AEEW (1) 

and JAERI s o l u t i o n s  which had p r e v i o u s l y  been c o n s i d e r e d  t o  

be  t h e  b e s t  s o l u t i o n s .  I n  t h e  s e c o n d  problem ( s m a l l  c e l l  

w i t h  c r u c i f o r m  r o d )  b o t h  new s o l u t i o n s  l a y  between t h e  A E E W ( 1 )  

e and JAERI r e s u l t s .  I n  t h e  r e m a i n i n g  two p rob lems  t h e  ABA/2 

s o l u t i o n  a g a i n  l a y  v e r y  c l o s e  t o  t h e  " b e s t "  s o l u t i o n s .  The 

new s o l u t i o n s  had t h u s  improved t h e  s i t u a t i o n  and h e l p e d  t o  

d e f i n e  t h e  b e s t  answer  t o  w i t h i n  a  r a n g e  o f  a b o u t  1% i n  t h e  

e i g e n v a l u e .  The r e s u l t s  o f  t h e  benchmark would t h e r e f o r e  

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

method. 

The p a p e r  d e s c r i b i n g  t h i s  benchmark e x e r c i s e  would b e  

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

0 4 . 2  LMFBR Benchmark 

LeSage in fo rmed  t h e  commi t t ee  c o n c e r n i n g  t h e  s t a t u s  o f  t h e  

LMFBR benchmark.  S o l u t i o n s  had been r e c e i v e d  f rom t h e  US, 

J a p a n ,  I t a l y ,  S w i t z e r l a n d  and F r a n c e  and s h e e t s  had been 

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

r e a c t o r  p a r a m e t e r s .  S o l u t i o n s  f r o m  Germany and t h e  U K  we re  

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

The a r r a n g e m e n t s  f o r  t h e  s p e c i a l i s t s '  m e e t i n g  t o  be  h e l d  

a t  A N L  t o  e v a l u a t e  t h e  r e s u l t s  o f  t h e  benchmark e x e r c i s e  were  

d i s c u s s e d  and t h e  m e e t i n g  d a t e s  were  a g r e e d  a s  F e b r u a r y  

7 t h  - 9 t h ,  1978 .  I t  was a g r e e d  t o  i n v i t e  t h e  c o l l a b o r a t i o n  

of I A E A  i n  t h i s  m e e t i n g  and t h e  d e a d l i n e  f o r  t h e  r e c e i p t  o f  any 

f u r t h e r  s o l u t i o n s  was 

t o  e n c o u r a g e  non-OECD 

m e e t i n g  would i n c l u d e  

e x t e n d e d  t o  1st  November 1977 i n  o r d e r  

c o u n t r i e s  t o  s u b m i t  s o l u t i o n s .  The 

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



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

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

B a k e r  w o u l d  a l s o  b e  d i s c u s s e d .  D e t a i l s  o f  t h e  m e e t i n g  a r e  

s e t  o u t  i n  t h e  I n f o r m a t i o n  N o t e  (NEACRP-A-3111. 

T u b b s  a g r e e d  t o  w r i t e  t o  t h e  C h a i r m a n  o f  CSNI a s k i n g  him 

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

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

d r a f t  a  l e t t e r  f o r  t r a n s m i s s i o n  t o  t h e  IAEA by t h e  D i r e c t o r  

o f  t h e  NEA i n v i t i n g  non-OECD c o u n t r i e s  t o  s u b m i t  s o l u t i o n s  

t o  t h e  b e n c h m a r k  p r o b l e m .  - LeSa= a g r e e d  t o  d i s t r i b u t e  a  

r e p o r t  on t h e  m e e t i n g  t o  members i n  a d v a n c e  o f  t h e  n e x t  

NEACRP m e e t i n g .  
0 

4 . 3  H y d r o g e n  e n t r y  b e n c h m a r k  

S o l u t i o n s  had  b e e n  s u b m i t t e d  by GfK ( u s i n g  K F K I N R )  a n d  by 

EIR ( u s i n g  FGL4 and  FGLS).  A F r e n c h  s o l u t i o n  ( u s i n g  

C a r n a v a l  111) w o u l d  b e  a v a i l a b l e  s h o r t l y  a n d  t h e r e  was  t h e  

p o s s i b i l i t y  o f  c o n t r i b u t i o n s  f r o ~ n  t h e  US a n d  J a p a n .  D e t a i l s  

o f  t h e  b e n c h m a r k  had  b e e n  s e n t  t o  t h e  N E A  GCFR C o - o r d i n a t i o n  

Group.  A d e a d l i n e  d a t e  o f  1st November 1 9 7 7  w a s  a g r e e d  f o r  

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

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

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

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

a n d  t o  i n f o r m  t h e m  o f  t h e  d e a d l i n e .  

Kisters p r e s e n t e d  t h e  p a p e r  NEACRP-A-309 w h i c h  c o m p a r e d  t h e  

r e s u l t s  o f  t h e  GfK a n d  EIR c a l c u l a t i o n s  f o r  2 o f  t h e  7 

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

( 1 )  a  c l e a n  c o l d  300  MWe GCFR w i t h  no a b s o r b e r s  a n d  (2) a  

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

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

( d K / J p H - " )  w e r e  p o s i t i v e  f o r  a l l  t h r e e  d a t a  s e t s  a n d  had  s i m i l a r  
2' 

v a l u e s .  The  a b s o l u t e  d i f f e r e n c e s  i n  K - e f f  v a l u e s  w e r e  m o r e  

t h a n  2 . 5 %  a t  low s t e a m  d e n s i t y  v a l u e s .  F o r  t h e  h o t  p o i s o n e d  

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



low s t e a m  d e n s i t i e s ,  b e c o m i n g  z e r o  a t  a  d e n s i t y  o f  a b o u t  
3 0 . 0 0 3  g/cm and p o s i t i v e  a t  h i g h e r  d e n s i t i e s .  I n  t h i s  

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

was q u i t e  d i f f e r e n t  f o r  t h e  two d a t a  s e t s .  I n  v i e w  o f  t h e  

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

a d d i t i o n a l l y  q u o t e  k - i n f i n i t y  and  l e a k a g e  f o r  t h e  v a r i o u s  

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

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

e n t r y  e f f e c t s  w e r e  u n a c c e p t a b l y  l a r g e .  Richmond r e c a l l e d  

t h a t  t h i s  was  i n  l i n e  w i t h  t h e  c o n c l u s i o n s  o f  e a r l i e r  w o r k  

c a r r i e d  o u t  a t  E I R .  

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

b e n c h m a r k  s o l u t i o n s  t o  members b y  1st A p r i l ,  1 9 7 8 .  

5 .  GENERAL 

5 . 1  C o m p i l a t i o n s  

F a r i n e l l i  r e p o r t e d  t h a t  t h e  LWR c o m p i l a t i o n  had  b e e n  

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

c o r r e c t i o n  a n d  t o  c o m m i t t e e  members  ( a s  NEACRP-A-290) f o r  

a comment s .  The  f i n a l  v e r s i o n  w o u l d  b e  i s s u e d  i n  S e p t e m b e r  

1 9 7 7  and w o u l d  b e  g i v e n  a n  NEACRP-L d i s t r i b u t i o n .  Members 

a g r e e d  t o  s e n d  comments  t o  M a r t i n e l l i  by 1st S e p t e m b e r  1 9 7 7 .  

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  o f  i n t e r e s t  t o  NEACRP 

C a m p b e l l  commented  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  NEACRP-U-75. He n o t e d  t h a t  a  s u p p l e m e n t a r y  p a p e r  

by McCracken (NEACRP-A-298) had  d e t a i l e d  t h e  m e c h a n i s m s  f o r  

m a k i n g  f u r t h e r  p r o g r e s s  i n  t h i s  a r e a  ( s e e  S e c t i o n  8 . 1 . 2 ) .  

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

P a r i s ,  o f  t h o s e  who had  c o l l a b o r a t e d  i n  t h e  N E A  b e n c h m a r k  

e x e r c i s e .  An a t t e n d a n c e  o f  1 0  - 1 2  p e o p l e  was  a n t i c i p a t e d  



a n d  i t  was  s u g g e s t e d  t h a t  t h e  m e e t i n g  s h o u l d  b e  h e l d  i n  

November 1 9 7 7 .  

I n  d i s c u s s i o n  o f  t h i s  p r o p o s a l  members e x p r e s s e d  c o n c e r n  

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

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

r e l a t i v e l y  l i t t l e  t a n g i b l e  p r o g r e s s  i n  t h e  two m a i n  a r e a s  o f  

d a t a  r e q u e s t s  a n d  b e n c h m a r k  e x p e r i m e n t s .  M a i e n s c h e i n  

welcomed t h e  McCracken p r o p o s a l  a s  r e p r e s e n t i n g  t h e  f i r s t  r e a l  

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

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

became a v a i l a b l e .  He a l s o  p o i n t e d  o u t  t h a t  e f f e c t i v e l y  no 

p r o g r e s s  had  b e e n  made i n  t h e  p e r f o r m a n c e  and  a n a l y s i s  oT t h e  

b e n c h m a r k  e x p e r i m e n t s  d u r i n g  t h e  p a s t  y e a r .  T h e r e  was some 
0 

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

d a t a  r e q u e s t s  b u t  F a r i n e l l i  p o i n t e d  o u t  t h a t  i t  w o u l d ,  i n  a n y  

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

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

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

t h e r e f o r e  c o n c e n t r a t e  [ a s  i n i t i a l l y  p l a n n e d )  on t h e  t h e o r e t i c a l  

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

T h e  c o m m i t t e e  a g r e e d  t h a t  t h e  P a r i s  m e e t i n g  s h o u l d  b e  s e t  up 

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

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

O E C O ( N E A I / I A E A  s p e c i a l i s t s '  m e e t i n g  s h o u l d  b e  h e l d  i n  t h e  

au tumn o f  1 9 7 8  w i t h  t h e  a i m  o f  e s t a b l i s h i n g  s p e c i f i c  n u c l e a r  

d a t a  r e q u e s t s  f o r  s h i e l d i n g  on t ,he b a s i s  o f  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  f e l t  t h a t  t h e  p r o p o s e d  t i m i n g  o f  t h i s  m e e t i n g  

m i g h t  b e  a  l i t t l e  p r e m a t u r e .  L t  was t h e r e f o r e  a g r e e d  t h a t  

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

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

by t h e  p a r t i c i p a n t s  i n  t h e  1 9 7 7  P a r i s  m e e t i n g .  



M a i e n s c h e i n  s a i d  t h a t  t h e  C o n f e r e n c e  had b e e n  d o m i n a t e d  by 

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

i n  t h e  r e a c t o r  c a v i t y  w h i c h  was a  common c e n t r a l  p r o b l e m  f o r  

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

p l a c e  c o n c e r n i n g  t h e  p r o b l e m s  i n  t h e  C a l v e r t  C i f f s  PWR's, 

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

* r e a c t o r  c a v i t y  s t r e a m i n g , a n d  t h e  s i m i l a r  p r o b l e m s  e x p e r i e n c e d  

i n  t h e  J a p a n e s e  s h i p  M u t s u .  I n  b o t h  c a s e s  t h e  p r o b l e m s  had  

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

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

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

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

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

Views f o r  and  a g a i n s t  t h i s  s u g g e s t i o n  had  b e e n  e x p r e s s e d .  

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

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

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

b e c a u s e  t h e  low d u t y  f a c t o r s  o f  t h e  t e s t  f a c i l i t i e s  ( w h i c h  

r e s u l t  f r o m  a c c e s s  r e q u i r e m e n t s )  w o u l d  e l i m i n a t e  r a d i a t i o n  

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

w o u l d  n o t  b e  t e s t e d .  

F a s t  N e u t r o n  F i s s i o n  C r o s s - S e c t i o n s  o f  U233, U235 a n d  Pu239  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( A r g o n n e ,  J u n e  1 9 7 6 )  - - -  - - - - - - - - - - - - - - - -  

K G s t e r s  s a i d  t h a t  t h e  e r r o r s  o n  t h e  U235 and  Pu239  f i s s i o n  

c r o s s - s e c t i o n s  had  b e e n  q u o t e d  a s  - + 3 %  a n d  - + 6 %  r e s p e c t i v e l y .  

R a t i o s  c o u l d  b e  m e a s u r e d  w i t h  e r r o r s  i n  t h e  r a n g e  1 - 2 %. 
No d e f i n i t e  c o n c l u s i o n  had  b e e n  r e a c h e d  a t  t h e  m e e t i n g  o n  

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

c r o s s - s e c t i o n  o f  a  s t a n d a r d  n u c l i d e  ( e . g .  U235) a n d  d e t e r m i n e  



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

t o  make s e p a r a t e  m e a s u r e m e n t s  o f  t h e  c r o s s - s e c t i o n s  O F  t h e  

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

c r o s s - s e c t i o n s  i n  s p e c i f i c  e n e r g y  r e g i o n s  a n d  n o t  t o  make 

m e a s u r e m e n t s  o v e r  t h e  f u l l  e n e r g y  r a n g e .  K G s t e r s  f e l t  t h a t  

no i m p r o v e m e n t  i n  a c c u r a c y  w a s  l i k e l y  i n  t h e  n e a r  f u t u r e  u n l e s s  

v e r y  c o n s i d e r a b l e  e f f o r t a n d  e x p e n d i t u r e  w e r 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  new t e c h n i q u e s  a n d  t h a t  t h i s  was  p r o b a b l y  n o t  

w a r r a n t e d .  

M a i e n s c h e i n  commented t h a t  t h e  - + 6 %  e r r o r  on t h e  Pu239  f i s s i o n  

c r o s s - s e c t i o n  ( r a t i o e d  t o  U 2 3 5 )  was  t o t a l l y  u n s a t i s f a c t o r y  a t  

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

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

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

c r o s s - s e c t i o n s  was g e n e r a l l y  - + 3 % .  He e x p r e s s e d  d i s s a t i s f a c t i o n  

a t  t h e  i n a d e q u a t e  a c c u r a c y  o f  t h e  Pu239 f i s s i o n  c r o s s - s e c t i o n  

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

5 . 3  K e e t i n g s  p l a n n e d  o r  p r o p o s e d  

M a i e n s c h e i n  s a i d  t h a t  t h e r e  had  b e e n  a  good  r e s p o n s e  t o  t h e  

c a l l  f o r  p a p e r s  a n d  t h a t  a  t e n t a t i v e  programme had  b e e n  

i d e n t i f i e d .  One t h i r d  o f  t h e  t i m e  o f  t h e  m e e t i n g  had  b e e n  

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

S e s s i o n  a t  t h e  e n d  o f  t h e  m e e t i n g .  

I n  d i s c u s s i o n  some members  e x p r e s s e d  t h e  v i e w  t h a t  ( b e a r j n g  

i n  mind  t h a t  t h i s  was  a  s p e c i a l i s t s '  m e e t i n g 1  t h e  t i m e  

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

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

a g r e e d  t o  p a s s  on t o  t h e  o r g a n i s a r s  t h e  m e s s a g e  t h a t  t i m e  

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

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



C r o s s - S e c t i o n s  i n  S t r u c t u r a l  M a t e r i a l s  [ G e e l ,  December 1977)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

c o - s p o n s o r e d  by t h e  NEACRP, v e r y  few p a p e r s  had been r e c e i v e d  

f rom t h e  r e a c t o r  p h y s i c s  s i d e .  He r e p o r t e d  t h a t  a  P r e l i m i n a r y  

Announcement had been c i r c u l a t e d  i n  November 1976 .  A Programme 

Commit tee  had been s e t  up i n  J a n u a r y  1977 and had p r e p a r e d  a  

p r e l i m i n a r y  programme which would s h o r t l y  be  c i r c u l a t e d .  The 

f i r s t  two d a y s  o f  t h e  m e e t i n g  would be  d e v o t e d  t o  t h e  p r e s e n t a t i o n  

o f  p a p e r s  and workshop s e s s i o n s  would t h e n  be  h e l d .  

Members e x p r e s s e d  s u r p r i s e  t h a t  a  d e t a i l e d  programme had been 

p r e p a r e d  i n  advance  o f  an o f f i c i a l  announcement  o f  t h e  m e e t i n g  

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

p a p e r s .  

T e c h n i c a l  Commit tee  Mee t ing  on Homogeniza t ion  Methods ( l a t e  1978)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T h i s  3 -day  m e e t i n g  would be  s p o n s o r e d  by I A E A .  The NEACRP a g r e e d  

t o  c o - s p o n s o r  t h e  m e e t i n g .  

P roposed  S p e c i a l i s t s '  Mee t ing  on C r o s s - S e c t i o n s  o f  R e l e v a n c e  @ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

t o  A c t i n i d e  B u i l d - u p  (Sweden, A u t u m n  19781 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The NEACRP d e c i d e d  n o t  t o  s u p p o r t  t h i s  m e e t i n g  s i n c e  a c t i n i d e  

c r o s s - s e c t i o n s  would be f u l l y  d i s c u s s e d  a t  t h e  N E A / I A E A  C o n f e r e n c e  

on Neut ron  P h y s i c s  and N u c l e a r  Data  f o r  F i s s i o n  R e a c t o r s  and 

o t h e r  A p p l i c a t i o n s  t o  be  h e l d  a t  H a r w e l l  i n  S e p t e m b e r  1978.  

The commi t t ee  d e c i d e d  t o  c o - s p o n s o r  t h i s  m e e t i n g  t o g e t h e r  w i t h  

t h e  I A E A .  Tubbs and L a r r i m o r e  a g r e e d  t o  i n f o r m  t h e  N E A  and 

I A E A  r e s p e c t i v e l y  o f  t h i s  d e c i s i o n .  K i s t e r s  and  B a r r e  a g r e e d  

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

o f  t h e  Syposium and s e n d  t h e s e  t o  L a r r i m o r e  ( w i t h  a  copy  t o  t h e  

NEACRP S e c r e t a r i a t )  by 1st August  1977.  



5 . 4  P r o g r e s s  w i t h  t h e  N E A C R P  Book on t h e  S t a t u s  o f  

F a s t  R e a c t o r  P h y s i c s  

O n l y  t h e  J a p a n e s e  a n d  US c h a p t e r s  had  b e e n  c i r c u l a t e d  f o r  

comment s .  A number  o f  members  commented t h a t ,  w h i l e  t h e  US 

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

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

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

p o i n t e d  o u t  t h a t  t h e  c o n t e n t  o f  t h e s e  s e c t i o n s  d i d  n o t ,  i n  a n y  

c a s e ,  f a l l  w i t h i n  t h e  s c o p e  o f  t h e  NEACRP. L e S a g e  a g r e e d  t o  

r emove  t h e s e  s e c t i o n s .  A r e v i s e d  t i m e t a b l e  was  a g r e e d  f o r  t h e  

p r o d u c t i o n  o f  t h e  r e v i e w  b o o k  and  members  u n d e r t o o k  t o  c a r r y  

o u t  v a r i o u s  a c t i o n s  w h i c h  a r e  l i s t e d  a s  i t e m s  4 1  - SO o f  Annex 2 .  0 

6 .  OTHER ACTIVITIES 

A t u t o r i a l  s e s s i o n  was  h e l d  on t h e  a f t e r n o o n  o f  8 t h  J u n e  

f o l l o w e d  by a  v i s i t  t o  t h e  ECN l a b o r a t o r i e s .  

A d i n n e r  was o f f e r e d  by t h e  h o s t  o r g a n i z a t i o n  o n  t h e  same  

e v e n i n g .  
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ANNEX 3 

PRELIM1NARY:AGENDA FOR THE 21ST 

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  

b.  Commit tee membership 

2. A d o p t i o n  of  t h e  f i n a l  summary r e c o r d  o f  t h e  t w e n t i e 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  of  a c t i o n s  a r i s i n g  f r o m  p r e v i o u s  m e e t i n g s  

5.  A c t i v i t i e s  o f  o t h e r  b o d i e s  o f  i n t e r e s t  t o  t h e  NEACRP 

6. a .  R e p o r t  o f  t h e  NEACRP o b s e r v e r  o n  t h e  t w e n t i e t h  m e e t i n g  

o f  t h e  NEANOC 

b .  D e s i g n a t i o n  o f  t h e  NEACRP o b s e r v e r  f o r  t h e  2 1 s t  m e e t i n g  

o f  t h e  NEANDC 

7 .  D i s t r i b u t i o n  o f  NEACRP documents 

8 .  A r rangements  f o r  t h e  22nd m e e t i n g  o f  t h e  Commit tee 

9 .  O t h e r  b u s i n e s s  

10.  E l e c t i o n  o f  Commit tee o f f i c e r s  

P a r t  B  : TECHNICAL SESSIONS 

1. New T o p i c s  

1.1 F u e l  c y c l e s  

1.2 A c t i n i d e  p r o d u c t i o n  and b u r n u p  

1 . 3  N o d a l  and c o a r s e  mesh codes 

1 .4  N e u t r o n  damage 

1 . 5  S t r e a m i n g  p rob lems  

1.6 B l a n k e t  p h y s i c s  



1.7 Miscellaneous topics 

2. Topics -- carried over from previous meetings 

2.1 Heterogeneous LMFBR cores 

2.2 Establishment of power peaking margins 

3. National Programmes -- 

3.1 Review of recent activities, national programmes, 

discrepancies, evaluation work. 

4. Benchmarks - 
4.1 Fast reactor benchmarks 

4.2 Hydrogen entry benchmark 

5. General 

5.1 Highlights of recent meetings of interest to NEACRP 

5.2 Specialists' meetings planned or proposed 
a 

5.3 Progress with the NEACRP book on the Status of Fast 

Reactor Physics 

5.4 Other business 


