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ABSTRACT 

S e n s i t i v i t y  c o e f f i c i e n t s  f o r  t h e  n u c l e a r  d a t a  of t h e  pr in-  
c i p a l  c o n s t i t u e n t s  of a  r e p r e s e n t a t i v e  233~-232Th fue l ed  LPFBR 
have been genera ted .  General ized p e r t u r b a t i o n  c o e f f i c i e n t s  f o r  
s e v e r a l  r e a c t o r  parameters  were computed w i t h  the  VARI code and 
ENDFIB Vers ion  4 d a t a  f o r  a  homogeneous one-dimensional s p h e r i c a l  
model. The fo l lowing  t e n  r e a c t o r  parameters  were s t u d i e d :  
e igenvalue ;  breeding  r a t i o ;  i nne r  c o r e  convers ion  r a t i o ;  o u t e r  
c o r e  conversion r a t i o ;  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  of f o 2 ,  c23 ,  
and c o 2  r e l a t i v e  t o  f 2 3 ;  and t h e  c e n t r a l  m a t e r i a l  r e a c t i v i t y  
worths  of 2 3 3 ~ ,  3 2 ~ h ,  and 2 3 ~ a .  T o t a l  (energy- in tegra ted)  and 
energy-dependent s e n s i t i v i t y  c o e f f i c i e n t s  were ob ta ined  f o r  each 
of t h e s e  parameters  t o  each of t h e  fo l lowing  nuc lea r  d a t a :  u 
f o r  2 3 3 ~ ,  2 3 4 ~ ,  2 3 2 ~ h ,  and 2 3 3 ~ a ;  u f o r  2 3 3 ~ ,  2 3 4 ~ ,  2 3 2 ~ h ,  f  

- 
2 3 3 ~ a ,  2 3 ~ a ,  SS316, and f i s s i o n  p ro8uc t s ;  v f o r  2 3 3 ~  and 2 3 2 ~ h ;  

and ' i ne l  
for 2 3 2 ~ 1 , .  These d a t a  are combined w i t h  e ~ t i m a t e d  

d a t a  u n c e r t a i n t i e s  and wi th  observed l a r g e  d i f f e r e n c e s  i n  
r e c e n t  d a t a  e v a l u a t i o n s  t o  p r o j e c t  t h e  impact on i n t e g r a l  
parameters  c a l c u l a t e d  f o r  a 2 3 3 ~ - 2 3 2 ~ h  fue l ed  LFIFBR. 

INTRODUCTION 

Recent emphasis on the  p r o l i f e r a t i o n  r e s i s t a n c e  of n u c l e a r  f u e l s  has  
renewed i n t e r e s t  i n  t h e  2 3 3 ~ - 2 3 2 ~ h  f u e l  cyc l e .  Cur ren t ly ,  t h e  use  of 2 3 3 ~  
and thorium as f u e l  f o r  bo th  thermal  and f a s t  r e a c t o r s  is  under i n t e n s i v e  
des ign  a n a l y s i s .  Ea r ly  i n t e g r a l  measurements made on t h e s e  systems a r e  
being re-analyzed and t h e r e  is  a l s o  c o n s i d e r a b l e  a c t i v i t y  i n  t h e  measurement 
and e v a l u a t i o n  of b a s i c  microscopic  n u c l e a r  d a t a  f o r  t h e s e  m a t e r i a l s .  In- 
terest i n  t h e s e  a c t i v i t i e s  has  been heightened by t h e  r e c e n t  e v a l u a t i o n s  of 
Smith e t .  n l .  , l  which propose s i z a b l e  changes ( r e l a t i v e  t o  t h e  c u r r e n t  
ENDFIB e v a l u a t i o n s )  f o r  s e v e r a l  of t h e  c r o s s  s e c t i o n s  of 2 3 3 ~  and thorium. 
To assist i n  t h e  i n t e r p r e t a t i o n  of  t h e s e  c u r r e n t  s t u d i e s ,  s e n s i t i v i t y  coef- 
f i c i e n t s  f o r  t h e  n u c l e a r  d a t a  of t h e  p r i n c i p a l  c o n s t i t u e n t s  of a  represen- 
t a t i v e  2 3  3 ~ - 2  3 2 ~ h  o x i d e  LMFBR have been genera ted .  These c o e f f i c i e n t s  a r e  
u s e f u l  i n  s p o t l i g h t i n g  t h e  n u c l e a r  d a t a  of most importance i n  r e a c t o r  des ign  
and i n  t h e  e v a l u a t i o n  of  t h e  e f f e c t s  of changes and/or  u n c e r t a i n t i e s  i n  
n u c l e a r  d a t a  on t h e  p r e d i c t i o n  of r e a c t o r  parameters .  



NUCLEAR DATA UNCERTAINTIES 

Even though many c r o s s  s e c t i o n  measurements a r e  now performed t o  w i t h i n  
2% accuracy ,  t h e  disagreement  among independent  measurements i s  i n  many 
cases much g r e a t e r .  Sometimes t h e s e  d i s c r e p a n c i e s  can be  t r a c e d  t o  incon- 
s i s t e n t  no rma l i za t ions ,  however f o r  many of t h e  m a t e r i a l s  of i n t e r e s t  t h e r e  
still  e x i s t  l a r g e  r anges  where t h e  o n l y  a v a i l a b l e  measurements d i f f e r  by 
more than  20%. A b r i e f  summary of t h e  e s t ima ted  c r o s s  s e c t i o n  u n c e r t a i n t i e s  
f o r  a  2 3 3 ~ - 2 3 2 ~ h  ox ide  fue l ed  LMFBR is g iven  i n  Table 1. It i s  e v i d e n t  from 
t h e s e  e s t i m a t e s  t h a t  unacceptably  l a r g e  c r o s s  s e c t i o n  u n c e r t a i n t i e s  s t i l l  
exist f o r  t h e s e  i s o t o p e s .  The f i s s i o n  c r o s s  s e c t i o n  of 2 3 3 ~  has  a 3-5% 
u n c e r t a i n t y  over  t h e  e n t i r e  energy r ange  of i n t e r e s t  f o r  LMFBR des ign ,  wh i l e  
t h e  u n c e r t a i n t y  i n  t h e  2 3 2 ~ h  c a p t u r e  c r o s s  s e c t i o n  ranges  from a t  l e a s t  10% 
t o  20%. The ~ m 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  of t h e  p r i n c i p a l  s t r u c t u r e  
m a t e r i a l s  range  from 5% t o  20%. The a p p l i c a t i o n  of a p p r o p r i a t e  n u c l e a r  d a t a  
s e n s i t i v i t y  c o e f f i c i e n t s  t o  t h e s e  u n c e r t a i n t i e s  can p rov ide  e s t i m a t e s  of t h e  
u n c e r t a i n t i e s  i n  c a l c u l a t e d  r e a c t o r  performance parameters .  

Table 1. Est imated Cross  S e c t i o n  U n c e r t a i n t i e s  

Energy (keV) 

Ref. 10-1 l o 0  10' l o 2  l o 3  l o 4  



MODEL DESCRIPTION AND CALCULATIONAL METHODS 

The r e a c t o r  composi t ion used f o r  gene ra t ing  t h e  s e n s i t i v i t y  c o e f f i c i e n t s  
cor responds  t o  t h e  beginning-o f  - equ i l i b r ium c y c l e  f o r  a  t y p i c a l  mixed ( 3 ~ -  
' 2 3 2 ~ h )  ox ide  fue l ed  LMFBR. Th i s  model cor responds  t o  t h e  "Pu-free" des igns  
be ing  cons idered  i n  t h e  c u r r e n t  P r o l i f e r a t i o n  R q s i s t a n t  LMFBR Core Design 
S t u d i e s  (PRLCDS). Mult igroup c r o s s  s e c t i o n s  were produced by M C ~ - ~  f o r  each 
of t h e  homogeneous c o r e  composi t ions and f o r  t h e  b l anke t  composi t ion us ing  
ENDF/B Version 4 n u c l e a r  d a t a .  The twelve broad group energy s t r u c t u r e  is  
c o n s i s t e n t  w i t h  p rev ious  s t u d i e ~ . ~ - ~  To reduce  t h e  number of i so t0 ,p . e~  
used in t h e  sensitivity~calculations, i s o t o p e s  were combined t o  form mate- 
r ials.  The s t r u c t u r a l  m a t e r i a l s  (Fe,  N i ,  C r ,  Mo, and Mn) were combined t o  
form s t a i n l e s s  s t e e l ;  t h e  f i s s i o n  products  ( 1 3 5 ~ e ,  1 4 9 ~ m ,  and t h e  t h r e e  
lumped f i s s i o n  p roduc t s  of 2 3 3 ~ )  were combined t o  form a  s i n g l e  lumped 
f i s s i o n  product  p a i r .  Furthermore, c r o s s  s e c t i o n s  corresponding t o  t h e  
i n n e r  c o r e  composition were used throughout  t h e  model, except  f o r  2 3 3 ~  and 
2 3 2 ~ h ,  which used t h e  a p p r o p r l a t e  c r o s s  s e c t i o n s  i n  each of t h e  r eg ions .  

A one-dimensional s e a r c h  was made f o r  t h e  c r i t i c a l  c o r e  r a d i u s  of t h e  
s p h e r i c a l  model, ma in t a in ing  t h e  r a t i o  of c o r e  zone volumes and t h e  th ick-  
nes ses  of t h e  b l anke t  and r e f l e c t o r  r eg ions .  Th i s  f o u r  r e g i o n  s p h e r i c a l  
model was then  r ep resen ted  i n  t h e  s e n s i t i v i t y  c a l c u l a t i o n s  us ing  a  uniform 
mesh spac ing  of 2 5 ,  7 ,  14 ,  and 4  mesh, r e s p e c t i v e l y  i n  t h e  i n n e r  co re ,  o u t e r  
c o r e ,  r a d i a l  b l a n k e t ,  and r e f l e c t o r  r e g i o n s .  

The VARI-1D. code9 was used t o  compute gene ra l i zed  s e n s i t i v i t y  coef-  . 
f i c i e n t s .  The r e s u l t s  quoted h e r e i n  u t i l i z e d  g e n e r a l i z e d  p e r t u r b a t i o n  
theory  (which does n o t  i n c l u d e  an  a r t i f i c i a l  adjustment  of nu-bar).  The 
s e n s i t i v i t y  c o e f f i c i e n t s  a r e  of t h e  form (dX/X)/(da/a) ,  where dX/X i s  t h e  
f r a c t i o n a l  change i n  a  g iven  r e a c t o r  parameter ,  and d a / a  i s  t h e  f r a c t i o n a l  
change i n  a g iven  c r o s s  s e c t i o n  (which produces dX). For some of t h e  p r i n c i -  
p a l  c r o s s  s e c t i o n s  of 2 3 3 ~  and 2 3 2 ~ h  v ~ ~ ,  a o 2  oo2  , a o 2  , , 

n , f '  n ,y  n ,n  
v o 2 ) ,  t h e  s e n s i t i v i t y  c o e f f i c i e n t s  have been computed a s  a f u n c t i o n  of 
energy,  t h a t  is, t h e  n u c l e a r  d a t a  w a s  changed over  each of t h e  12 broad 
group energy ranges  i n d i v i d u a l l y .  The t o t a l  o r  energy i n t e g r a t e d  change i n  
a r e a c t o r  parameter  was a l s o  ob ta ined  by changing t h e  n u c l e a r  d a t a  over  t h e  
e n t i r e  energy range. 

S e n s i t i v i t y  c o e f f i c i e n t s  were computed f o r  t h e  fo l lowing  t e n  r e a c t o r  
parameters:  

Eigenvalue,  k 

I n n e r  Core Conversion R a t i o  

Outer  Core Conversion R a t i o  



C e n t r a l  Reac t ion  Rate  R a t i o s  

C e n t r a l  M a t e r i a l  R e a c t i v i t y  Worths 

2 3 3~ 

3 2 ~ h  

3 ~ a  

The r e a c t i o n  r a t e  r a t i o s  a r e  a l l  r e p o r t e d  r e l a t i v e  t o  t h e  2 3 3 ~  f i s -  
s i o n  r a t e  and correspond t o  t h e  c e n t r a l  ( f i r s t )  mesh po in t .  The d e f i n i -  
t i o n s  of t h e  breeding  and c o r e  convers ion  r a t i o s  i n c l u d e  product ion  i n  
2 3 2 ~ h  and 2 3 4 ~  and d e s t r u c t i o n  of 2 3 3 ~ ,  2 3 5 ~ ,  and 2 3 3 ~ a .  Protact inium-233 
was inc luded  a s  f i s s i l e  m a t e r i a l  i n  t h e  d e f i n i t i o n  of  t h e  breeding  r a t i o  
because i t  8- decays wi th .  a  27.0 day h a l f - l i f e  t o  2 3 3 ~ .  The c e n t r a l  m a t e r i a l  
worths  correspond t o  t h e  a d d i t i o n  of t h e  m a t e r i a l  i n t o  t h e  c e n t r a l  ( f i r s t )  
mesh only.  

SENSITIVITY COEFFICIENTS 

The t o t a l ,  o r  energy i n t e g r a t e d ,  s e n s i t i v i t y  c o e f f i c i e n t s  a r e  l i s t e d  i n  
Table 2. These c o e f f i c i e n t s  r e p r e s e n t  t h e  pe rcen t  change i n  a  p a r t i c u l a r  
i n t e g r a l  parameter  r e s u l t i n g  from a uniform 1% i n c r e a s e  i n  c r o s s  s e c t i o n  over  
t h e  e n t i r e  energy r ange  ( thermal  - 10  MeV). These d a t a  g i v e  a  good indica-  
. t i o n  of t h e  r e l a t i v e  s e n s i t i v i t y  of t h e  p r i n c i p a l  c r o s s  s e c t i o n s .  These 
c o e f f i c i e n t s  can  be  i n t e r p o l a t e d ,  o r  e x t r a p o l a t e d  t o  e s t i m a t e  t h e  e f f e c t s  of 
small changes i n  t h e  magnitude (such a s  r eno rma l i za t ion )  of a  c r o s s  s e c t i o n .  
A s  would be a n t i c i p a t e d ,  t h e  s e n s i t i v i t i e s  f o r  t h i s  2 3 3 ~ - ~ h  fue l ed  system 
a r e  s i m i l a r  t o  t h e  s e n s i t i v i t i e s  f o r  a  2 3 9 ~ u - ~  f u e l e d  system. l o  The re- 
s u l t s  i n  Table 2 c l e a r l y  show t h e  pr imary importance of t h e  2 3 3 ~  and 2 3 2 ~ h  
nuc lea r  d a t a .  A 1% i n c r e a s e  i n  u23 i n c r e a s e s  k by 0.58% Ak/k, dec reases  

f  e  f  
t h e  breeding  r a t i o  by 0.88%, and reduces t h e  cenEra l  r e a c t i v i t y  worths  of 
2 3 2 ~ h  and sodium by 1.1% and 2.2%, r e s p e c t i v e l y .  A 1% i n c r e a s e  i n  u23 de- 
c r e a s e s  k by .035% Ak/k, i n c r e a s e s  t h e  breeding  r a t i o  by .081%, asd re -  

e f  f  duces t h e  c e n t r a l  r e a c t i v i t y  worth of sodium by 0.4%. A 1% i n c r e a s e  i n  3 
f o r  2 3 3 ~  i n c r e a s e s  k by %I%. The r e s u l t s  i n  Table 2 a l s o  i n d i c a t e  t h a t  
t h e  s r ~ i s i t i v i t i e s  ofeff iese i n t e g r a l  parameters  t o  o f o r  2 3 3 ~ a  and f i s s i o n  
products  a r e  q u i t e  smal l .  It may be noted t h a t  curEent  u n c e r t a i n t i e s  ( s e e  
Table 1 )  f o r  even t h e  p r i n c i p a l  c r o s s  s e c t i o n s  of 2 3 3 ~  and 2 3 2 ~ h  a r e  much 
l a r g e r  t han  1%, and t h e r e f o r e ,  a r e  l i k e l y  t o  produce s i g n i f i c a n t  unce r t a in -  
t ies in c a l c u l a t e d  i n t e g r a l  parameters ,  such a s  e igenvalue ,  b reeding  r a t i o ,  

. . and material r e a c t i v i t y  worths .  Energy-dependent ( i . e . ,  a s  a f u n c t i o n  of t h e  
1 2  broad group ene rgy . r anges )  s e n s i t i v i t y  c o e f f i c i e n t s  were computed f o r  each  
of t h e  t e n  i n t e g r a l  parameters  l i s t e d  i n  Table  2 f o r  t h e  fo l lowing  2 3 3 ~  and 



Table 2. Total  (Energy In tegra ted)  d e n s i t i v i t y  c o e f f i c i e n t s a  
f o r  a 2 3 3 ~ - ~ h  Fueled LMFBR 

Cent ra l  Reaction Rate R a t i ~ s  Central  Mate r ia l  Reac t iv i ty  Worths . ' 

Nuclear. Breeding Inner  Core Outer Core 
Data 6klk Ratio Conversion Ratio Conversion Ratio f U 2 / f Z 3  c o 2 / f Z 3  ~ ~ ~ / f ~ ~  2 3 3 ~  2 3 2 ~ h  . Na 

F iss ion :  

Capture: 
- -- .. . 

4 . .  . . _. ... - . 23311 -0.0358 -0.0814 -0.0876 . .- .. - - . . 2 3 4 ~  -0.0008 0.0017 0.0025 
.... . 2 3ZTh -0.3477 0.8088 0.9536 

_, -. 2 3  3 ~ a  -0.0021 -0.0048 -0.0055 
. .. 3 ~ a  -0.0017 -0.0009 -0.0001 

SS316 -0.0299 -0.0154 -0.0027 
F i ss ion  Product -0.0046 0.0009 -0.0003 

Nu: 

I n e l a s t i c  S c a t t e r i n g :  

a ~ h i s  i s  the  percent  change i n  i n t e g r a l  parameter per  percent  change ( increase1 i n  c r o s s  
s e c t i o n  u n i f o m l y  over t h e  e n t i r e  energy range. 



Fig. 1. Percent  Change i n  Breeding Ra t io  
Pe r  Percent  I n c r e a s e  i n  uo2. 

C 

Fig. 2 . .  Percent  Change i n  Eigenvalue 
Pe r  Percent  ~ n c r e a s ' e  i n  a23. f 



2 3 2 ~ h  c r o s s  s e c t i o n s :  u i 3 ,  u i 2 ,  u23, uo2,  v23,  vo2, and uo2 Some of c c n.n' 
t h e s e  r e s u l t s  are i l l u s t r a t e d  i n  F igs .  1 and 2. The pe rcen t  change i n  eigen-  
v a l u e  p e r  pe rcen t  i n c r e a s e  i n  u49 as a f u n c t i o n  of energy is  shown i n  Fig. 1. 

f This  s e n s i t i v i t y  is comparable I n  both  shape and magnitude t o  t h e  correspond- 
i n g  s e n s i t i v i t y  of e igenva lue  t o  u49 i n  mixed ( 2 3 9 ~ u ,  U)-oxide fue l ed  LMFBRs. l o  
 he shape o r  energy-dependence of t h i s  s e n s i t i v i t y  r e f l e c t s  t h e  f l u x  weight ing  
of u23 w i t h  a peak i n  t h e  100-500 keV range.  The pe rcen t  change i n  breeding  f 
r a t i o  p e r  percent  i n c r e a s e  i n  uo2  a s  a  f u n c t i o n  of energy is shown i n  Fig.  2. 
A s  b e f o r e ,  t h e  shape of t h i s  se&sit ivi ty  r e f l e c t s  t h e  f l u x  weight ing  of t h e  
c r o s s  s e c t i o n  ( i n  t h i s  c a s e ,  uo2) .  It is  impor tan t  t o  n o t e  t h e  peak i n  
t h i s  curve  is much broader  andCis  s h i f t e d  t o  lower e n e r g i e s  (around..lO - 
200 keV) compared t o  F ig .  1. T h i s  s h i f t s  i n  s e n s i t i v i t y  t o  lower e n e r g i e s  
is  t h e  r e s u l t  of t h e  v e r y  sha rp  i n c r e a s e  i n  uo2 a t  lower e n e r g i e s .  I n  
t h i s  2 3 3 ~ - ~ h  f a s t  r e a c t o r  model, 63% of  t h e  ngutron c a p t u r e s  i n  thorium 
occur  below 67 keV. 

COMPARISON OF CALCULATED INTEGRAL PARAMETERS USING 
RECENT 2 3 3 ~  AND THORIUM EVALUATIONS 

P r o j e c t i o n s  have been made u s i n g  t h e  s e n s i t i v i t y  r e s u l t s  from t h i s  
s tudy  w i t h  proposed changes i n  t h e  ENDF/B e v a l u a t i o n s .  It should be  noted  
t h a t  p re l imina ry  ENDFIB Version 5 d a t a  were no t  y e t  a v a i l a b l e .  Comparisons 
have been' made wi th  an  i n i t i a l l y  proposed ( i . e . ,  p re-pre l iminary)  ENDFIB 
Version 5 e v a l u a t i o n  (noted  h e r e i n  a s  ENDFIB-5P) i n  o r d e r  t h a t  t h e s e  calcu-  
l a t e d  p r o j e c t i o n s  might be  u s e f u l  i n  t h e  e v a l u a t i o n  process .  The subse- 
quent  p re l imina ry  e v a l u a t i o n s  f o r  bo th  2 3 3 ~  and Th a r e  s i g n i f i c a n t l y  
d i f f e r e n t  t han  t h e  ENDFIB-5P e v a l u a t i o n s  used he re in .  An a d d i t i o n a l  com- 
p a r i s o n  i s  made us ing  a r e c e n t  Th eva lua t ion1  (noted h e r e i n  a s  ANL-2/78). 

Because of t h e  pr imary importance of 2 3 3 ~  f i s s i o n  and Th c a p t u r e  
c r o s s  s e c t i o n s ,  t h e  l a r g e  d i f f e r e n c e s  between t h e i r  r e c e n t  e v a l u a t i o n s  and 
t h e  ENDFIB Version 4 e v a l u a t i o n s  can  be expected t o  produce s i g n i f i c a n t  
changes i n  c a l c u l a t e d  r e a c t o r  parameters .  The percent  d i f f e r e n c e  a s  a  
f u n c t i o n  of energy i n  2 3 2 ~ h  c a p t u r e  c r o s s  s e c t i o n  of ENDFIB-5P r e l a t i v e  
t o  ENDFIB-4 is shown i n  Fig.  3. The thorium c a p t u r e  c r o s s  s e c t i o n  of 
ENDF/B-5P is 5-10% s m a l l e r  ( t h a n  ENDFIB-4) from 0.1 t o  60 keV and ~ 2 0 %  
smaller from 60-400 keV. This  r e d u c t i o n  i n  uo2 would produce a 4.0% in-  
crease i n  e igenva lue  ( r e l a t i v e  t o  t h e  ENDFIB-g d a t a ) .  Two-thirds of t h i s  
e f f e c t  is  produced by t h e  d i f f e r e n c e s  i n  uo2 above 67 keV. I n  f a c t ,  
~ 2 . 3 %  6k r e s u l t s  from t h e  ~ 2 2 %  d i f f e r e n c e  %n uo2 between 67 and 500 keV. 
The p e r c e n t  d i f f e r e n c e  as a f u n c t i o n  of energyCin 2 3 3 ~  f i s s i o n  c r o s s  
s e c t i o n  of ENDFIB-5P r e l a t i v e  ENDFIB-4 is  shown i n  F ig .  4. These d i f -  
f e r ences  a r e  s m a l l  ( c  0.5-1.0%) and bo th  p o s i t i v e  and nega t ive  below 
500 keV. Above 500 keV t h e  2 3 3 ~  f i s s i o n  c r o s s  s e c t i o n  of ENDFIB-5P i s  
l a r g e r  by ~ 3 - 8 % .  The o v e r a l l  e f f e c t  of t h e s e  d i f f e r e n c e s  in a23 upon 
e igenvalue  are small (%0.2% 61c l a r g e r  w i t h  ENDFIB-SP). f  

The c a l c u l a t e d  breeding  r a t i o  w i l l  a l s o  be  s t r o n g l y  e f f e c t e d  by t h e  
d i f f e r e n c e s  i n  ao2 and u23 shown i n  F igs .  3 and 4. The reduced thorium 
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Fig. 3. 3 2 ~ h  (N;Gamma) Percent Difference 
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c a p t u r e  c r o s s  s e c t i o n  of  ENDFIB-5P w i l l  dec rease  t h e  bre,eding r a t i o  by 
~ 1 1 . 8 % .  S i x t y  pe rcen t  of t h i s  change ( i . e . ,  ~ 7 . 1 %  6BR) occu r s  from 67- 
500 keV'and 24% occur s  below 67 keV. The sma l l  d i f f e r e n c e s  i n  a23  change 
t h e  breeding  r a t i o  by ~ 0 . 3 %  (lower i n  ENDFIB-5P). f  

Ca lcu la t ions  w e r e  made f o r  t h i s  same one-dimensional 2 3 3 ~ - ~ h  oxide  
r e a c t o r  model u s ing  t h e  ENDFIB-5P e v a l u a t i o n s  of 2 3 3 ~  and thorium, and t h e  
ANL-2/78 e v a l u a t i o n  of  thorium. The n u c l e a r  d a t a  f o r  a l l  t h e  remaining 
materials was ENDFIB-4. These r e s u l t s ,  a s  summarized i n  Table 3,  i n d i c a t e  
l a r g e  changes i n  s e v e r a l  impor tan t  i n t e g r a l  parameters  a s  p r o j e c t e d  above 
wi th  t h e  s e n s i t i v i t y  c o e f f i c i e n t s .  The eigerivalue is  ~ 4 . 8 %  l a r g e r ' ( r e 1 a -  
t i v e  t o  ENDFIB-4) w i t h  ENDFIB-5P and ~ 4 . 1 %  l a r g e r  w i t h  ANL-2/78. The 
breeding  r a t i o  is reduced 10.5% wi.th ENDF/B-5P and 9.1% wi th  ANL-2/78. A s  
p r o j e c t e d ,  t h e s e  l a r g e  changes i n  bo th  e igenva lue  and breeding r a t i o  r e s u l t  
p r i n c i p a l l y  from t h e  d i f f e r e n c e s  i n  t h e  thorium c a p t u r e  c r o s s  s e c t i o n .  Of 
t h e  11 .2% r e d u c t i o n  (ENDF/B-5P r e l a t i v e  t o  ENDFIB-4) i n  only  0.1% 
r e s u l t s  from t h e  i n c r e a s e  i n  f 2 3  and 11.1% r e s u l t s  from t h e  dec rease  i n  
co2. Table 3 a l s o  i n d i c a t e s  t h e s e  d a t a  have only  s l i g h t  impact on t h e  
power s p l i t s  and s i g n i f i c a n t  e f f e c t s  (5-10%) on c e n t r a l  r e a c t i v i t y  worths .  
C l e a r l y  t h e  l a r g e  changes d i scussed  f o r  t h e s e  p r i n c i p a l  c r o s s  s e c t i o n s  
s t r a i n  t h e  v a l i d i t y  of l i n e a r l y  e x t r a p o l a t i n g  wi th  t h e s e  s e n s i t i v i t y  coef-  
f i c i e n t s .  Furthermore, such a  l a r g e  change i n  e igenvalue  would r e q u i r e  a  
corresponding s i g n i f i c a n t  change (such a s  enrichment)  which could compensate 
f o r  some of t h e s e  changes ( such  as i n  breeding  r a t i o ) .  I n  f a c t ,  an  en r i ch -  
ment ad jus tment  back t o  c r i t i c a l  reduce  t h e  change i n  breeding  r a t i o  by a l -  
most 50% wi th  a cor responding  l a r g e  change i n  f i s s i l e  i nven to ry .  

SUMMARY 

s e n s i t i v i t y  c o e f f i c i e n t s  f o r  t h e  n u c l e a r  d a t a  of t h e  p r i n c i p a l  c o n s t i -  
t u e n t s  of a r e p r e s e n t a t i v e '  3 ~ - 2  3 2 ~ h  f u e l e d  LMFBR have been genera ted .  
These d a t a  were found t o  be ve ry  similar t o  t h e  analogous d a t a  i n  t h e  2 3 9 ~ u -  
and 2 3 5 ~ - f u e l e d  systems.  It i s  no ted ,  however, t h a t  nuc lea r  d a t a  uncer- 
t a i n t i e s  a r e  much l a r g e r  f o r  2 3 3 ~  and 2 3 2 ~ h  than  2 3 5 ~  and 2 3 9 ~ u .  Furthermore,  
r e c e n t  e v a l u a t i o n s  show s i g n i f i c a n t  d i f f e r e n c e s  f o r  some of t h e  most s e n s i -  
t i v e  nuc lea r  d a t a  f o r  t h e s e  systems.  The energy-dependent s e n s i t i v i t y . c o e f -  
f i c i e n t s  ob ta ined  i n  , t h i s  s tudy  should be h e l p f u l  i n  a s s e s s i n g  t h e  impact of 
d a t a  changes on t h e  i n t e g r a l  parameters  of a 2 3 3 ~ - 2 3 2 ~ h  system. 
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