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A s  p a r t  of our p a r t i c i p a t i o n  Zn t h e  Cross Section 
Evaluation Working Group, the  autho+s have generated, campiled, 
and documented a n  extensive set of & e n s i t i v i t y  c o e f f i c i e n t s  
based upon ENDF/B-TV f o r  use  i n  conjunctdon with the  d a t a  
t e s t i n g  of t h e  EMDF/B-V nuclear d a t a  f i l e .  The e f f o r t  a l s o  
included t h e  app l i ca t ion  and t e s t i n g  09 a computer r e t r i e v a b l e  
s e n s i t i v i t y  format (S-0) through t h e  use of computer programs 
for  ed i t ing ,  mode changing, and foldltng with projected changes 
to  t h e  nuclear  da ta  f i l e ,  

Proposed reductions to  2 3 5 ~ ( G )  and 2 3 5 ~ ( n , f )  i n  t h e  f a s t  
energy range have s i g n i f i c a n t  impact f o r  uranium fueled f a s t  
c r i t i c a l  a s s ~ b l i e s  . The long-standing LMFBR 28c/49f calcu- 
l a t e d  overpredict ion is  not resolved .by proposed Version 5 
c ross  sec t ion  modifications f o r  2 J & ~ ( n ,  'Y) and 2 3 9 ~ u ( n , f ) .  The 
upward evaluation f o r  the  2 3 9 ~ ~ ( n ,  f )  /23 %(n,f )  r a t i o  improves 
c r i t i c a l i t y  predic t ions  f o r  Pu fueled  f a s t  assemblies. For . 
thermal reactors ,  changes t o  t h e  2 3 8 ~  resonance parameters 
s i g n i f i c a n t l y  reduce the  long-standlng 28p discrepancy. Reduced 
resonance capture  i n  t h e  1 eV 2 4 0 ~ u  resonance has  s i g n i f i c a n t  
impiicat ions f o r  LWR f u e l  cycle s tud ies .  - -- I_- 

* 

"Research sponsored j o i n t l y  by the E l e c t r i c  Power Research I n s t i t u t e  under 
Interagency Agreement EPRI Projec t  RP 975-3-2: DOE No. RTS 77-49 and the  -- . .  - 
Division of Reactor Research and Technology, U. S. Department of Energy, 
under con t rac t  W-7405-eng-26 with the Union Carbide Corporation. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



INTRODUCTION 

A s  p a r t  o f  o u r  p a r t i c i p a t i o n  i n  t h e  C r o s s  S e c t i o n  E v a l u a t i o n  Working 
Group, t h e  a u t h o r s  have  g e n e r a t e d  compi l ed  and documented12 a n  
e x t e n s i v e  s e t  o f  s e n s i t i v i t y  c o e f f i c i e n t s  based  upon ENDFIB-IV f o r  u s e  i n  
c o n j u n c t i o n  w i t h  t h e  d a t a  t e s t i n g  o f  t h e  ENDFIB-V nuc1,ear  d a t a  f i l e .  The 
s e n s i t i v i t i e s  were  g e n e r a t e d  f o r  many o f  t h e  measured r e a c t o r  p a r a m e t e r s  
( i . e .  k ,  r e a c t i o n  r a t e  r a t i o s ,  c e n t r a l  w o r t h s ,  e t c . )  i n  s e v e r a l  o f  t h e  f a s t  
and t h e r m a l  CSEiJG benchmark a s s e m b l i e s .  The e f f o r t  a l s o  i n c l u d e d  t h e  
a p p l i c a t i o n  and t e s t i n g  of  a computer  r e t r i e v a b l e  s e n s i t i v i t y  f o r m a t  
(SENPRO),l t h r o u g h  t h e  u s e  o f  computer  programs f o r  e d i t i n g , 1 3  mode 
c h a n g i n g , 1 3  f o l d i n g  w i t h  p r o j e c t e d  changes  t o  t h e  n u c l e a r  d a t a  f i l e , l 3  
and  n u c l e a r  d a t a  i nduced  u n c e r t a i n t y  d e t e r m i n a t i o n . 1 4  

A f t e r  some y e a r s  o f  r e e v a l u a t i o n ,  t h e  p r e l i m i n a r y  ENDFIB-v f i l e  h a s  
r e c e n t l y  b e e n  a s sembled  and p h a s e  I re vier.^ ( c h e c k i n g  o f  c l e r i c a l  e r r o r s ,  
i n c o n s i s t e n c i e s ,  e t c . )  i n i t i a t e d .  The p u r p o s e  o f  t h i s  p a p e r  i s  t o  
d e s c r i b e  t h e  e x i s t i n g  s e n s i t i v i t y  c o e f f i c i e n t  l i b r a r y  and a s s o c i a t e d  
computer  programs,  and t h e  u s e  o f  t h i s  l l b r a r y  ' t o  p r o j e c t  c a l c u l a t e d  
r e a c t o r  p a r a m e t e r s  f o r  CSElJG benchmarks b a s e d  upon p roposed  V e r s i o n  I V /  
V e r s i o n  V d i f f e r e n c e s .  S e c t i o n  I w i l l  d e ' s c r i b e  t h e  a v a i l a b l e  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  f a s t  r e a c t o r s  and S e c t i o n  I1 w i l l  d e s c r i b e  t h o s e  f o r  
t he rma l  r e a c t o r s .  The a v a i l a b l e  computer  s o f t w a r e  i s  d e s c r i b e d  b r i e f l y  i n  
S e c t i o n  111. Some o f  t h e  i m p o r t a n t  p roposed  d a t a  changes  f o r  U/Pu s y s t e m s  
a r e  d e s c r i b e d  i n  S e c t i o n  I V .  F i n a l l y ,  S e c t i o n s  V and V I  i n d i c a t e  t h e  
asseSSt~~el lL u 1  s u c h  changes  w i t h  r e g a r d  t o  c a l c u l a t i o n  o f  CSEIJG f a s t  and 
t h e r m a l  r e a c t o r  d a t a  t e s t i n g  benchmarks .  It i s  i m p o r t a n t  t o  n o t e  t h a t ,  a t  
t h i s  t ime,  much o f  t h e  E$TDF/B-v f i l e  i s  s t i l l  p r e l i m i n a r y  and s u b j e c t  t o  
change  b e f o r e  g e n e r a l  r e l e a s e  . in a p p r o s i m a t e l y  t h e  F a l l  o f  1978 .  A l s o ,  d u e  
t o  t h e  b road  s c o p e  o f  t h i s  e f f o r t ,  o n l y  i l l u s t . r a t i v e ~ e x a m p l e s  a r e  p r o v i d e d  
h e r e i n .  FIore d e t a i l e d  d o c u m e n t a t i o n  o f  t h i s  o n g o i n g  e f f o r t  i s  p l a n n e d  
p r i o r  t o  t h e  ENDFIB-v release, a s  approved  by t h e  CSETJG Data  T e s t i n g  
S u b c o r n i t t e e .  

I .  FAST REACTOR SENSITIVI'IY COEFFICIENTS 

Cross  s e c t i o n  s e n s i t i v i t y  c o e f f i c i e n t s  were  g e n e r a t e d  u s i n g  ENDFIB-IV 
f o r  CSE!IG f a s :  r e a c t o r  benchmarks l5  ZPR-617, ZPP.-5/6A, ZPR-3/48, ZPR-3/56B, 
ZPR-3/11, ZPR-9/31, as w e l l  a s  r h e  f a s  t m e t a l  s p h e r e s ,  G O D I V A  and JEZEBEL. 
The two p r i n ~ j p a l  codes  used  t o  g e n e r a t e  t h e s e  c o e f f i c i e n t s  were  FORSS 1 6  
and V A R I - ~ D . ~ '  

With t h i s  l a r g e  volume o f  s e n s i t i v i t y  d a t a  a t  hand ,  i t  i s  n o t  p r a c t i -  
c a l  t o  p r e s e n t  g r a p h s  and t a b l e s  o f  ene rgy-dependen t  s e n s i t i v i t i e s  f o r  
e v e r y  assembl~/response/nuclide/reaction t y p e l l e g e n d r e  m o m e n t l i n c i d e n t  
ene rgy /and  f i n a l  e n e r g y .  Nor have  we found t h i s  t o  b e  n e c e s s a r y !  To 
w i t h i n  a r e a s o n a b l e  a p p r o x i m a t i o n ,  t h e  ene rgy-dependen t  s e n s i t i v i t i e s  o f  
ZPR-617, ZPR-6/6A, ZPR-3/48, ZPR-3/56B, ZPR-3/11, and ZPR-9/31 a r e  s i m i l a r  
and t y p i f i e d  by t h o s e  i l l u s t r a t e d  f o r  ZPR-617. The d e g r e e  o f  " r e a s o n a b l e -  
n e s s "  o f  t h i s  a p p r o x i m a t i o n  i s  s u c h  t h a t  energy-dependent  s e n s i t i v i t i e s  



f o r  d i f f e r e n t  a s s e m b l i e s  b u t  i d e n t i c a l  r e s p o n s e s ,  and comparable c r o s s  
s e c t i o n s  a g r e e  i n  many c a s e s  t o  w i t h i n  % 30% f o r  s e n s i t i v i t i e s  whose 
a b s o l r ~ t e  magnitudes a r e  r e l a t i v e l y  l a r g e  (2 0 . 1 ) ,  and w i t h i n  a  f a c t o r  of 
3 f o r  r e l a t i v e l y ' s m a l l  magnitudes (L 0 . 0 1 ) .  One must examine t h e  p r i n c t p a l  
f i s s i l e  s p e c i e s  ( e . g . ,  2 3 9 ~ u  and 2 3 5 ~ )  and moderator ( e . g . ,  i60  and 1 2 c '  
when comparing s e n s i t i v i t i e s  of a s s e m b l i e s  w i t h  s h a r p l y  d i f f e r e n t  c o n s t i -  
t u e n t s .  The s i m i l i t u d e  of s e n s i t i v i t y  shapes  can b e  used f o r  a p p l y i n g  
a v a i l a b l e  s e n s i t i v i t i e s  of GODIVA t o  JEZEBEL by a s s o c i a t i n g  2 3 5 ~  w i t h  
2 3 9 ~ u ,  2 3 8 ~  w i t h  2 4 0 ~ ~ ,  e t c .  It shou ld  b e  no ted  t h a t  t h i s  approximate  
s i m i l a r i t y  of t h e  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  f o r  d i f f e r e n t  
a s s e m b l i e s ,  which h a s ' b e e n  employ.ed h e r e  f o r  convenience,  h a s  s e v e r a l  
g l a r i n g  e x c e p t i o n s ,  n o t a b l y  t h e  worth s e n s i t i v i t i e s  ( e . g . ,  c e n t r a l  Na 
worth) and s e n s i t i v i t i e s  of some of t h e  t h r e s h o l d  r e a c t i o n s  ( e . g . ,  2 3 8 ~  

i n e l a s  t i c  and f i s s i o n )  . 
A s  a  s p e c i f i c .  example we c o n s i d e r  ZPR-617, wh ich  i s  a l a r g e  (3100 

l i t e r )  p lutonium o x i d e  f u e l e d  f a s t  c r i t i c a l  a s s e m b l y . w i t h  a  s o f t  s p e c t r x m '  
and o t h e r  c h a r a c t e r i s t i c s  r e p r e s e n i a c i v e  of mixed Pu/U LPiFSR d e s i g n s .  
Table  1 summarizes i n t e g r a l  s e n s i t i v i t i e s  o f  s e v e r a l  measured r e s p o n s e s  t o  
t h e  impor tan t  r e a c t i o n  t y p e s .  Only t h o s e  i n t e g r a l  s e n s i t i v i t i e s  a r e  l i s t e d  
vhose  a b s o l u t e  magnitude exceeds  .02.    he i n t e g r a l  s e n s i t i v i t y  c o e f f i c i e n t  
i s  t h e  p e r c e n t  change i n  t h e  pe r fo rmance 'pa ramete r  r e s u l t i n g  from a uniform 
p e r c e n t  change i n  t h e  c r o s s  s e c t i o n  o v e r  a l l  energy .  The c a l c u l a t e d  and 
c a l c u l a t i o n / e s p e r i m r n t  v a l u e s  g i v e n  i n  Table  1 a r e  nominal r e s u l t s  (based 
on ENDFIB-IV, w i t h o u t  r e q u i r i n g  c r i t i c a l i t y )  i n t e n d e d  o n l y  t o  g i v e  t h e  

T a b l a  1. I x c c g r a i  S c n s i t i v i c i e s  o f  ZPR-617 Per fo rmance  P a r a m e t e r s  

t o  V a r i o u s  C r o s s  S e c t i o n  Reacc ion  ~ y p e s '  

C a l c u l a t e d  C a l c u l n c e d  C a l c u l a t e d  C n l c u l a c e d  
,9846 0 . 1 5 2 9  0.02267 1 .1099  

C a l c u L a t i o n / E x p e r i m e n t  C a l c u l ~ , c i o n / E r p e r i m e n t  ~ a l c u l a c i o n /  ~ x p e r i m e k t  C a l c u l a c i o n / E x p e r i n e n c  
.Y865 1 .092  . 9 i l  1 . 0 3 3  

I n c c g r a l  
S r n s i c i v i t y  

M , 9 1 3  

+0 .591  

-0.239 

cg. 126  

Ul.079 

- 3 . 0 6 i  

-0.042 

-0.024 

M . 0 2 3  

-0 .020  

R e a c t i o n  

2 3 ? ~ U ( \ l , i ) !  

2 3 8 ~ ( n , y ) :  

O ( n , n ) :  

' ) ? ~ ( n , n ' ) :  

Na(n .n ) :  

F e ( n , n l ) :  

F e ( n , n ) :  

239pu(,l;i): 

I n t e g r a l  
S e n s i t i v i t v  

- 1 .Oi3  

+0.896 

+O. 109  

M . 0 6 8  

Ul .023  

+0.025 

+0.024 

-0.020 

Rrnc t i o n  

2 3 e ~ ( n .  f )  : 

2 3 9 ~ u ( n . f ) :  

2 3 8 ~ ( n , ~ ) :  

2 ? e ~ ( n . n ' ) :  

F e ( n , n l ) :  

O!n,n): 

2 3 9 ~ u ( n , y ) :  

N a ( n , n q ) :  

Ka(n .n ) :  

F e ( n . n ) :  

F c ( n . y ) :  

I n t c ~ r a l  
S e n s i c i v i c y  

t 0 . 9 h i l  

-0 .761  

f 0 . 2 7 1  

-0 .248  

-0 .199  

-0 .089  

+0 .079  

-0 .075  

-0.048 

~ 0.OL.A 

+O.O?I, 

a ~ a l c t ~ t a c c d  and C/i: v a l u e s  l i s t e d  a r c  t o r  t h e  n i c r o s c o p i c  r e a c c i o n  r a t e s  i n  t h e  h c t e r o g c n c o t ~ s  s y s c r n .  
i n c l u d i n g  : ipp ro :>r i ace  corrections. The s c ~ ~ s i c i v i t y  p r u f t l c s  a r e  bascd  on a  homoacncuus mudel .  Only 
cllose i n c e q r a l  s c n s i  t i v i t i e s  a r e  l i s c c d  wliosa a b s o l u c e  magn i tude  e x c e e d s  .02 .  



r e a d e r  a n  o v e r a l l  s e n s e  o f  whether  t h e  i n t e g r a l  r e s p o n s e  pa ramete r  i s  
c u r r e n t l y  w e l l  c a l c u l a t e d  ( s e e  f o r  example t h e  % 9 %  ca1,cula ted  overpre -  
d i c t i o n  of t h e  c e n t r a l  2 3 8 ~  ~ a ~ t u r e / ~ ~ ~ P u  f i s s i o n  r a t i o ) .  

Tab le  1 shows t h e  expec ted  h i g h  s e n s i t i v i t i e s  t o  t h e  2 3 0 ~ u ( n ,  f )  and 
2 3 2  

U(n,y) c r o s s  s e c t i o n s .  The s e n s i t i v i t y  t o  a  c r o s s  s e c t i o n  t h a t  a p p e a r s  
i n  t h e  d e f i n i t i o n  of a p a r t i c u l a r  r a t i o  r e s p o n s e  is a l s o  h i g h  ( e . g . ,  t h e  
238Ll(n,f) c r o s s  s e c t i o n  i n  t h e  ( 2 8 f / 4 9 f )  r a t i o ) .  Th i s  i s  a r e s u l t  o f  t h e  
l a r g e  d i r e c t - e f f e c t  c o n t r i b u t i o n  a s s o c i a t e d  w i t h  a  c r o s s  s e c t i o n  which 
a p p e a r s  in z r a t i o  r e s p o n s e  d e f i n i t i o n .  Note shou ld  a l s o  b e  made o f  t h e  
s m a l l  b u t  n o n - n e g l i g i b l e  s e n s i t i v i t i e s  (% 0 . 1 )  f o r  i r o n ,  oxygen, and 
sodium. These 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  t h e  r e s u l t  o f  i n d i r e c t  f l u x  
e f f e c t  terms o n l y ,  and a r e  t h e r e f o r e  s m a l l e r  than  t h e  d i r e c t - e f f e c t  compo- 
n e n t s ;  n e v e r t h e l e s s ,  they  a r e  i m p o r t a n t .  

Elore d e t a i l e d  i n f o r m a t i o n  c a n  be  o b t a i n e d  a b o u t  t h e  s e n s i t i v i t y  o f  
t h e  performance pa ramete r s  t o  c r o s s  s e c t i o n  d a t a  by l o o k i n g  a t  t h e  energy- 
d e ? e c d e n ~  s e n s i t i v i t i e s  f o r  ezch n u c l i d e .  F i g u r e  1 p r 2 s e n t s  t h e  r e l a t i v e  

i 
! 

ORNL DUG 76-5564 i 
1 
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F i g u r e  1. S e n s i t i v i t y  of  2 3 8 ~  ~ a ~ t u r e / ~ ~ ~ P u  F i s s i o n  C e n t r a l  Reac t ion  
R a t i o  i n  Assembly ZPR-617 t o  t h e  2 3 9 ~ u  F i s s i o n  Cross  S e c t i o n .  



s e n s i t i v i t y  p e r  u n i t  l e t h a r g y  of  t h e  c e n t r a l  2 3 8 ~  ~ a ~ t u r e / ~ ~ ~ P u  f i s s i o n  
r a t i o  i n  ZPR-617 w i t h  r e s p e c t  t o  t h e  2 3 9 ~ ~  f i s s i o n  c r o s s  s e c t i o n .  The 
l i b r a r y  of f a s t  r e a c t o r  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  d e s c r i b e d  
i n  Refe rence  1 2  i s  a v a i l a b l e  i n  a  documented computer r e t r i e v a b l e  format1 
through t h e  R a d i a t i o n  S h i e l d i n g  I n f o r m a t i o n  Cen te r  a t  ORNL and t h e  N a t i o n a l  
Nuclear Data Cen te r  a t  BNL. 

11. THESlAL REACTOR SENSITIVITY COEFFICIENTS 

Cross  s e c t i o n  s e n s i t i v i t i e s  a r e  c u r r e n t l y  a v a i l a b l e  f o r  TRX-1 and 2 ,  
1 5  

FIIT-1,15 and UL-21218 ( t h e  l a t t e r  i s  c u r r e n t l y  b e i n g  c o n s i d e r e d  f o r  bench- 
mark s t a t u s ) .  The TRX c r i t i c a l s  a r e  rod  l a t t i c e s  o f  1 . 3 %  ( 2 3 5 ~ )  e n r i c h e d  
uranium m e t a l  r o d s  i n  w a t e r ,  MTT-1 i s  a natura l .  uranium m e t a l  rod  l a t t i c e  
i n  h e a w  w a t e r ,  and UL-212 i s  a  mixed o x i d e  l a t t i c e  i n  w a t e r .  

The commonly measured i n t e g r a l  pa ramete r s  a r e  ( f o r  a  U235-U238 
sys tem) : 

23p = r a t i o  o f  epi tkermal- to- ther*l  U238 c a p t u r e s  
256 = r a t i o  of  epi therr .21- to- thermal  U235 f i s s i o n s  
236 = r a t i o  of U238 f i s s i o n s  to. U235 f i s s i o n s  
C* = r a t i o  o f  U238 c a p t u r e s  t o  U235 f i s s i o n s  (modif ied  c o n v e r s i o n  

r a t i o )  
k  

e f f  = e f f e c t i v e  m u l t i p l i c a t i o n  f a c t o r  

(T l l e r~r~a l  c u t  energy = .625 eV) 

I n  a d d i t i o n  t o  t h e  d e t a i l e d  p e r t u r b a t i o n  t h e o r y  approach ,  5y19 s e v e r a l  
s t u d i e s 4 ,  8, i n  which s p e c i f i c  d a t a  v a r i a t i o n s  were  made p r o v i d e  v a l u a b l e  
i n f o r m a t i o n  f o r  p h y s i c s  c h a r a c t e r i z a t i o n  of t h e s e  a s s e m b l i e s .  T h i s  i n f o r -  
ma t ion  d e s c r i b e s  t h e  s e n s i t i v i t i e s  of l a t t i c e  performance pa ramete r s  t o  
2 3 8 ~ ,  2 3 5 ~ ,  2 3 9 ~ u ,  2 4 0 ~ u ,  H ,  0 ,  and A 1  c r o s s  s e c t i o n s  and resonance  pa ra -  
m e t e r s .  The work of  ~ a r d y ~  demons t ra ted  c l e a r l y  t h e  l a r g e  s e n s i t i v i t i e s  
f o r  t h e  2 3 5 ~  c a p t u r e  and 2 3 5 ~  f i s s i o n  i n t e g r a l s ,  p a r t i c u l a r l y  t h e  
unsh ie lded  components of  t h e  c a p t u r e .  

8 5  
RO thens  t e i n ,  Finch and Tomlinson have computed s e n s i t i v i t i e s  t o  

r e sonance  p a r a m e t e r s .  A s  a n  example,   inch^ h a s  o b t a i n e d  t h e  s e n s i t i v i t y  
o f  i n t e g r a i  pa ramete r s  i n  TRY-2 t o  t h e  v a r i a t i o n  o f  rn and Ty f c r  t h e  f i r s t  
seven  resonances  of 2 3 8 ~ .  These a r e  l i s t e d  below i n  Tab le  2. 

P i n a l l y ,  a n  e ~ t e n s i v e  s e t  of  energy dependent  c o e f f i c i e n t s  have been 
computed f o r  TRS-;ZJ and ~ ~ - 2 1 2 ~ ~  r e s p e c t i v e l y .  I n  TRX-'2, f o r  example,  
sensitivities were o b t a i n e d  i l l  1 3 1  energy  groups  f o r  lc, 28p, 2 5 ~ ,  286 and 
C: '  w i t h  r e s p e c t  t o  t h e  f o l l o w i n g  n u c l e a r  p a r a m e t e r s :  o f ,  a c ,  oe ,  and v 

- 
o f  2 3 5 ~ ;  nS, dc,  o f ,  V ,  

' in (by l e v e l ) ,  and i n d i v i d u a l  r e s o n a n c e  pa ramete r s  

o f  2 3 3 ~ ;  2 and o  f o r  H, o and u f o r  160, and 0s and oc f o r  A l .  Table  3  
S C S C 



l i s t s  g roup  s e n s i t i v i t i e s  ( c o l l a p s e d  t o  f o u r  g r o u p s  f o r  e a s e  o f  r e a d i n g )  
f o r  a s  computed by  ~ o m l i n s o n ~ .  

d P / P  
T a b l e  2 .  TRY-2 S e n s i t i v i t y  C o e f f i c i e n t s  - 

d a / a  

k 2 8 ~  2 5 6  2 8 6  C* 
C a l c u l a t e d  C a l c u l a t e d  C a l c u l a t e d  C a l c u l a t e d  C a l c u l a t e d  

.9894 0 .867  0 . 0 6 0  .069 
2 3 6 u  

0 . 6 4 8  
Resonance  C a l c u l a t i o n /  C a l c u l a t i o n /  C a l c u l a t i o n /  C a l c u l a t i o n /  C a l c u l a t i o n /  

Resonance  P a r a m e t e r  Exper iment  E x p e r i m e n t  E x p e r i m e n t  E x p e r i m e n t  E x p e r i m e n t  
Energy ( e v )  V a r i e d  .9894 1 . 0 3 6  0 . 9 8 0  0 . 9 9 0  1 . 0 0 2  

I1 I .  MANIPI.!LATION AND HANDLING TECHNIQUES 
FOR SENSITIVITY COEFFICIENTS 

SEND IN^^ and  SENTINEL'^ a r e  two c o d e s  w r i t t e n  t o  h e l p  a s s e s s  t h e  
e f f e c t s  o f  n u c l e a r  d a t a  c h a n g e s .  SENDIN i s  used  t o  c o n v e r t  u n f o r m a t t e d  
( b i n a r y )  s e n s i t i v i t y  f i l e s  i n  SENPRO f o r m a t 1 9 1 3  t o  c a r d  image  form and v i c e  
v e r s a .  T h i s  i s  p a r t i c u l a r l y  u s e f u l  f o r  t r a n s f e r r i n g  s e n s i t i v i t y  f i l e s  from 
one  i n s t a l l a t i o n  t o  a n o t h e r .  SENTINEL i s  u s e 3  t u  c a l c u l a t e  t h e  p e r c e n t  
cha'nge, i n  a  s p e c i f i e d  r e spo r l s e  due  t o  givert  . p e r c e n t  changes .  i n  s p e c i f i e d  
r e a c t i o n  c r o s s  s e c t i o n s  o v e r  s e l e c t e d  e n e r g y  r e g i o n s .  An e d i t e d  l i s t  o f  
t h c  most  s i g n i f i c a n t  i n d i v i d u a l  c o n t r i b u t i o n s  t o  t he .  r e s p o n s e  change  i s  
a l s o  p r o v i d e d .   COVERT^^ and  CAVALIER^^ a r e  two a d d i t i o n a l  c o d e s  w r i t  t e n  
f o r  e s t i m a t i n g  u n c e r t a i n t i e s  i n  r e a c t o r  p e r f o r m a n c e  p a r a m e t e r s  u s i n g  SENPRO 
s e n s i v i t i t y  and COVERX c o v a r i a n c e  f i l e s .  A l l  c o d e s  a r e  a v a i l a b l e  f rom t h e  



Table 3 .  S e n s i t i v i t i e s  f o r  2 9 p  i n  t he  
TkK-2 Thermal L a t t i c e  

-- 

dS/Rldala . 

Nuclide Item Group la Group 2 Group 3' Group 4 
d 

H 0 -0.084 -0.115 -0.845 0.010 
2 3 5 ~  " f 0.00002 0.00002 0.009 0.540 

H 0.0 0 .0  0.005 0.094 "c 
? 3 S U  0 .0  0.0 0.002 0.177 

ac  
Modera t o r  D B ~  0.001 0.001 . 0 .010 0.017 
238"  u 0.102 0.114 0 .563 -0.802 

A P. Oc 0.0 0 .0  0.0002 0 .00s  
z 3 s u  -n .on7 -0.oo007 0.005 0.002 

Fuel D B ~  0.0001 . 0.00006 0.0005 0.001 

Clod ~ a ?  0 .000? 0.0035 0.0005 O . C O 1  

Vo i a  DB? 0.00001 0.00002 0.0002 0.0001r 

' R a d i a t i o n  S h i e l d i n g  I n f o r m a t i o n  C e n t e r  (KSIC) a t  Oak Ridge  N a t i o n a l  
L a b o r a t o r y .  I 

For  t l ~ o s e  c a s e s  i n  wh ich  s e n s i t i v i t i e s  a r e  a v a i l a b l e  w i t h  r e s p e c t  t o  
s p e c i f i c  r e s o n a n c e  p a r a m e t e r s  ( s e e  Eor example  T a b l e  2 ) ,  a s s e s s m e n t  o f  
p roposed  c h a n g e s  t o  t h e  p a r a m e t e r s  i s  a r e l a t i v e l y  s i m p l e  mu1 t i p l i c a t i o n  
p r o c e s s  wh ich ,  t o  d a t e ,  h a s  b e e n  done  by hand .  ( N o d i f i c a t i o n s  t o  t h e  
SEhTRO f o r ~ n a ~  t o  i n c l u d e  s e n s i t i v i t i e s  t o  r e s o n a n c e  p a r a m e t e r s  a r e  unde r  

. - 
c o n s i d e r a t i o n .  ) However, i n  g e n e r a l  , s e n s i  t i v i t i e c  a r e  a v a i l a b l e  i n  a 
l a r g e  number o f  g roups  and  f o r  many r e a c t i o n  t y p e s ,  i n t e g r a l  p a r a m e t e r s  
and a s s e m b l i e s .  Thus ,  i t  was i m p o r t a n t  t o  g e n e r a t e  computer  programs 
t o  f a c i l i t a t e  t h e  h a n d l i n g  o f  t h i s  d a t a .  



I V .  -4iVTICIPATED NEUTRON CROSS SECTION PIODIFICATIONS 
FOR URANIUM AID PLUTONIUM SYSTEFIS 

The c r o s s  s e c t i o n  ~ n o d i f i c a t i o n s  f o r  a l l  f a s t  and the rmal  r e a c t o r  
m a t e r i a l s  a r e  too numerous t o  p r e s e n t  h e r e .  I n s t e a d ,  proposed modif ica-  
t i o n s  f o r  s p e c i f i c  r e a c t i o n s .  i n  2 3 8 ~  and 2 3 9 ~ u  w i l l  b e  d i s c u s s e d .  Tab le  4  
l i s t s  proposed changes [ ( V e r s i o n  5 - Vers ion  4 ) I ~ e r s i o n  41 i n  p e r c e n t  
based upon p rocessed  c r o s s  s e c t i o n s  from ENDF/B- IV~ '  and from a n  e a r l y  
v e r s i o n  ( p r  e -p re l iminary)  o f  Vers ion  5 d a t a .  

Table  4 .  P o s s i b l e  Cross  S e c t i o n  P l o d i f i c a t i o n s  
from ENDFIB-4 t o  ENDFIB-5 

O Q v  IluutU E b . k c r , ~  1 1 - Z J R I C a r G l  0 * . 1 - ? 3 r ) l Y t F  1  WU B A D  2 3 9  U - 2 J S L N s t i l  k t - 2 . 1 5 l h ~ F  1  NU P A 4  2 3 5  

0 . 9 5  - ( ~ . b b  
2 - 0 7  -1.17 
9 . 5 2  - 1.74 

- 0 . 5 h  - 1  .i3'i 
U . u J  - I  . 5 J  

-2.09 - I . r:, I 
- 3 .  l a  - 0 . 5 +  
- c ' . 7 h  -01.27 
- . \ . C S  -(;.I12 

- 2 . 3 7  0 . 1.1 u 
-2.32 r?. I2 
-2. - 3 3  r i .  I n  
- > . . i  I 0. I S  
- 1 l . u Y  0 .  1 -  
- 1 1 .  Y Y  0. I n  

F i n a l l y ,  10 - 21)? r rec luc t ion~  t o  . t h e  2 3 7 ~ l i  c a p t u r e  c r o s s  s e c t i o n  i n  t h e  
f a s t  r e a c t o r  energy r a n g e  are b e i n g  proposed.  

For thermal  r e a c t o r  sys tems ,  a  most i m p o r t a n t  proposed change i s  t h e  
r e d u c t i o n  of  t h e  c a p t u r e  w i d t h s  of  t h e  f i r s t  t h r e e  l e v e l s  of  2 3 8 ~  (by abou t  
152) and i n c r e a s e d  n e u t r o n  w i d t h s  f o r  t h e  20.9  and 36 eV l e v e l s  (Q 107;). 
Fur thermore ,  t h e  2 4 0 ~ u ( n ,  y) resonance  ' a t  1 eV i s  b e i n g  reduced ,  and t h e  
2 3 5 ~ ~ ( ~ )  r e p r e s e n t a t i o n  i s  b e i n g  changed from energy  independent  t o  
.1 - .,5% i n c r e a s e s  below . 3  e V  and .2% d e c r e a s e  above.  

V.  I?.PACT OF VEXSION V DATA O N  CSEWG 
- FAST REACTOR BENCHPIARKS 

P r o j e c t e d  m o d i f i c a t i o n s  t o  ENDFIB-IV ( s e e  Tab le  4 )  have  been f o l d e d  
wi th  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  e s t i m a t e  t h e  impact  o n  CSEWG f a s t  r e s c r o r  
benchmark performance pa ramete r s .  Some of t h i s  work h a s ,  i n  f a c t ,  been 
done e a r l i e r 1 6 ,  t o  p rov ide  i n i t i a l  guidance and feedback t o  the  eva lu -  
a t o r s .  Es t ima tes  were v e r i f i e d  by r e c a l c u l a t i o n  o f  t h e  problem w i t h  t h e  
new r.ross s e c t i o n  s e t .  

Reeva lua t ion  of 2 3 5 ~ ( J )  e x p e r i m e n t a l  d a t a  coupled w i t h  r e n o r m a l i z a t i o n  
o f  2 5 2 ~ f  6) f o r  ENDFIB-v l e a d s  t o  a  r e d u c t i o n  i n  2 3 5 ~ ( T )  of  t h e  o r d e r  of  



1-17Z above  1 F!eV, and .3-1% between 300 keV and 1 MeV. T h i s  f a c t o r  com- 
b i n e d  w i t h  proposed  2-3% r e d u c t i o n s  t o  t h e  f a s t  2 3 5 ~ ( n , f )  c r o s s  s e c t i o n ,  
and i g n o r i n g  o t h e r  c h a n g e s ,  h a s  s i g n i f i c a n t  consequences  f o r  uranium f u e l e d  
f a s t  a s s e m b l i e s  a s  shown i n  T a b i e  5 .  

T a b l e  5.  The Impact  o f  Proposed  Changes t o  2 3 5 ~  F i s s i o n  
and 5 i s  S u b s t a n t i a l  f o r  F a s t  R e a c t o r  C a l c u l a t i o n s .  

1STEGR;L C..\LCL'LJ.iIO?j PERCEXT CItLVGE I N  PERFOS.IA\:CE DUE TO 

C r i t i c a l i t y  p r e d i c t i o n s  f o r  GODIVA and ZPK-6/6A ( f a s t  and L?IFGR uranium 
a s s e m b l i e s )  a r e  s i g n i f i c a n t l y  lowered  r e s u l t i n g  i n  d i s c r e p a n c i e s  w i t h  
i n t e g r a l  d a t a .  The d i r e c t  impac t  on p l u t o n i u m - f u e l e d  a s s e m b l i e s  ( e . g .  
ZP3-9/31) i s  c l e a r l y  l e s s  g l a r i n g .  However, t h e  r e d u c t i o n s  t o  2 3 5 ~ ( n ,  f )  
impact  d i r e c t l y  t h e  measured  r e a c t i o n  r a t e  r a t i o s  r e l a t i v e  t o  2 3 5 ~ ( n , f )  
a l l e v i a t i n g  d i s c r 2 p a n c i e s  i n  some c a s e s ,  and f u r t h e r  a g g r a v a t i n g  them i n  
o t h e r s .  The 2 5 i / 4 9 f  r a t i o  i n  ZPR-9/31, a l r e a d y  % 4% low, becomes 6% low 
under  t h e s e  c o n d i t i o n s , . s o n e  3-5 s t a n d a r d  d e v i a t i o n s  away i n  i e r n s  of  t h e  
i n t e g r a l  e x p e r i m e n t  u n c e r t a i n t y .  

The r e s u l t  o f  proposed  c h a n g e s  t o  2 3 8 ~ ( n , y )  and 2 3 9 ~ u ( n , f )  a r e  p re -  
s e n s z d  in Tzble 6. Tka l cng - - s t z r . d ing  d i s c r e p a n c y  f o r  t h e  o v e r p r e d i c t i o n  o f  
2ec /L '9 f  (see. T a b l e  1 )  i s  n o t  h e l p e d  b y  c u r r e n t l y  proposed  changes  t n  V e r s i o n  
5 d z t a .  The u!x.:ard e v a l u a t i o n  f o r  tile 2 3 9 ~ ~ ( n ,  f )  /235L!(n, f )  r a t i o  improves  . - 
c r i . t i c a l i t y  p r s d i c t l . o n s  f o r  Pu f u e l e d  f a s t  a s s e m b l i e s .  



T a b l e  6 .  The 2 3 8 ~ ( n ,  y) and 2 3 9 ~ u ( n , f )  Cross  S e c t i o n  Changes 
\ J i l l  Also Impact F a s t  R e a c t o r  C a l c u l a t i o n s .  

IYTEGKAL CALCLiLATION PERCEXT CFLAXGE I X  PERFOL'UKCE DUE TO 

?:\LVIETERS 
ESPERI>!ENT i 3 8 ~ ( n , - ( )  2 3 9 ~ u ( n ,  f )  

GODIVA 

< 

k ? f / i 5 f  

23,/23f 

JEZEBEL 

k 

2%f!i5f 

L ? p / 2 5 f  

ZPR- 6 / 7 

k 

28,iL9f 

The 2 3 S ~  t o t a l  i n e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  f o r  Vers ion  5 i s  
s i g n i f i c a n t l y  l a r g e r  than  t h a t  of  Vers ion  4 over  wide energy  r a n g e s .  How- 
e v e r ,  t h e  newer e v a l u a t i o n  a c t u a l l y  l e a d s  t o  s m a l l e r  energy t r a n s f e r s  due 
p r i z a r  lly t o  r s d u c t i o n s  i n  t h e  c c n t i n u u n  s c a t  t c r i n g  c r o s s  s e c  t i o n 2 1  ( c r o s s  
s e c t i o n s  f o r  l o v e r  l y i n g  l e v e l s  were i n c r e a s e d ) .  Assessment of  such  changes  
v i a  s e n s i t i v i t y  c o e f f i c i e n t s  was n o t  under taken  s i n c e  t h e  e v a l u a t i o n  had 
changed i n  form ( d i f f e r e n t  number of l e v e l s ,  e t c . ) .  The shape  of t h e  f i s s i o n  
spect rum was a l s o  changed from a Maswell ian t o  a n  energy-dependent lJat t spec-  
trum r e s u l t i n g  i n  n o r e  n e u t r o n s  a t  i n t e r m e d i a t e  e n e r g i e s  .and'.  fewer ner l t rons  
a t .  low and high e n e r g i e s .  ~ u j a w s k i ' ~  h a s  determined t h e  s e n s i t i v i t y  o f  k 
i n  Z?R-617 Lo t h e  change I n  t h e  f i s s i o n  s p e c t r u x  shape  t o  be % . 3 X .  

Fi22lj .y,  ~ ~ c ~ n i ~ h t ~ ~  has  sho1.m t h a t  r32 ~:?3p.c35 U-. t o  t>.c 223L.7' i2(ap*{) ' :TOSS 

s e c t i o n  a r e  such a s  t o  i n c r e a s e  t h e  e i g e n v a l u e  f o r  2 3 3 ~ - 1 3 2 ~ h  f a s t  sys tems 
(no 2 3 8 ~ )  by % 4 - 8 %  and to  r e d u c e  t h e  p r e d i c t e d  b r e e d i n g  r a t l o  Ly % 117;. 
These r e s u l t s  a r e  c o n s i d e r a b l y  a l l e v i a t e d  by t h e  n e c e s s a r y  r e d u c t i o n  o f  t h e  
3 3 ' ? ~  f i s s i l e  i n ~ i e n t o r y  which i s  r c q u i r e d  t o  krzp tile r e a c t o r  c r i t i c a l .  

V I .  Z?!P?ICT OF VERSIOS V DATA 021! CSE!.!G 
THERlbIL REACTOR BENCIDbIMS 

The impact of t h e  r e d u c t i o n  of t h e  c a p t u r e  w i d t h s  of  t h e  f i r s t  t h r e e  
s-vave l e v e l s  o f  2 3 8 ~ ,  and t h e  i n c r e a s e d  n e u t r o n  w i d t h s  of  t h e  l e v e l s  a t  



20.9 eV and 36.8 eV a r e  g iven  below i n  Tab le  7 .  These changes  by them- 
s e l v e s  would a p p e a r  t o  remove much of t h e  e x i s t i n g  d i s c r e p a n c y  f o r  2 8 p .  
However, i t  i s  impor tan t  t o  r e c a l l  t h a t  f i n a l  p r o j e c t i o n s  f o r  t h e  i n t e g r a l  
q u a n t i t y  must i n c l u d e  o t h e r  changes  ( o t h e r  r e s o n a n c e s ,  f i s s i o n  spec t rum,  
changes  t o  t h e  i n e l a s t i c  c r o s s  s e c t i o n s ) .  

Tab12 7 .  TI12 Reduct ion  of t h e  C a p t u r e  Widths a t  t h e  F i r s t  Three  L e v e l s  of  2 3 9 ~  (% 15;;) and 
Increasi?d Neutron M i d ~ l ~ s  f o r  t h e  10 .9  and 36.S eV L e v e l s  (% 10%) Are Inlportant  f o r  
Theriilal Benchmarking. 

C a l c u l a t e d  C a l c u l a t e d  C a l c u l a t e d  C a ~ c u l a t e d  C a l c u l a t e d  
.3894 0.867 0 .060  .069 0.648 

2 ? ? "  Resonance C a l c u l a t i o n /  C a l c u l 3 t i o n l  C a l c u l a t i o n 1  C a l c u l a t i o n /  ~ a l . c u l a t i o n /  

R2sonance P a r a i ~ e t e r  Experiment Experiment Experiment Experiment Experiment 
Energy ( e V )  Varied .9S?!, 1 .036  0 .930  0.990 1 .002  

I n t r o d u c t i o n  of proposed energy  dependence f o r  2 3 9 ~ u  ( 7 )  i n c r e a s e s  
t h e  e i g e n v a l u e  i n  UL-212 by .1%. I n  a d d i t i o n ,  changes  t o  t h e  1 eV . 

resonance  c a p t u r e  i n  2 4 0 ~ u  r e d u c e s  t h e  4 0 c / 2 5 f  r a t i o  i n  UL-212 by % 2%. 
I t  c u r r e n t l y  a p p e a r s  t h a t  t h e  shape of  t h e  c r o s s  s e c t i o n  between .0253 
and . 5  eV does  n o t  a g r e e  w i t h  t h e  Vers ion  5 r e s o n a n c e  p a r a m e t e r s ;  t h e  
c r o s s  s e c t i o n  should  a c t u a l l y  b e  h i g h e r .  S i n c e  t h i s  i n c o n s i s t e n c y  c o u l d  
have impor tan t  i m p l i c a t i o n s  f o r  the rmal  r e a c t o r  f u e l  c y c l e  a n a l y s i s  a  
proposed r e v i s i o n  i s  b e i n g  sugges ted  f o r  c o n s i d e r a t i o n  by t h e  Data T e s t -  
i n g  Subcommittee. 



CONCLUSIONS 

The e x t e n s i v e  e f f o r t  'made t o  g e n e r a t e ,  c o m p i l e ,  and document 
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  f a s t  and  t h e r m a l  r e a c t o r  CSElJG benchmarks 
h a s  been  e s t r c m z l y  v a l u a b l e  i n  p r o v i a i n g  r a p i d  f e e d b a c k  t o  t h e  d a t a  
t e s t i n g  p r o c e s s .  The computer  s o f t w a r e  and t h e  l i b r a r y  deve loped  i n  
c o n j u n c t i o n  w i t h  t h i s  e f f o r t  a r e  a v a i l a b l e  f rom RSIC and NNDC. 

Based upon an  e a r l y  v e r s i o n  o f  ENDFfB-5 ( p r e - p r e l i m i n a r y )  we f i n d  
t h a t  proposed  r e d u c t i o n s  t o  2 3 5 ~ ( 5 )  and 2 3 5 ~ ( n , f )  i n  t h e  f a s t  e n e r g y  
r a n g e  have  s i g n i f i c a n t  i m  o r t  f o r  uranium f u e l e d  f a s t  c r i t i c a l  a s s e m b l i e s .  
The l o n g - s t a n d i n g  LEiFBR 2gc/ '9f c a l c u l a t e d  o v e r p r e d i c t i o n  i s  n o t  r e s o l v e d  
by proposed  V e r s i o n  5  c r o s s  s e c t i o n  m o d i f i c a t i o n s  f o r  2 3 8 ~ ( n , y )  and 2 3 9 ~ u  
( n , f ) .  The upward e v a l u a t i o n  f o r  t h e  2 3 9 ~ u ( n , f ) / 2 3 5 ~ ( n , f )  r a t i o  improves  
c r i t i c a l i t y  p r e d i c t i o n s  f o r  Pu f u e l e d  f a s t  a s s e m b l i e s .  Changes t o  t h e  
2 3 2 ~ h ( n , y )  c r o s s  s e c t i o n  a r e  s u c h  as  t o  i n c r e a s e  t h e  e i g e n v a l u e  f o r  
2 3 3 ~ - 2 3 2 ~ h  East s y s t e m s  (no  2 3 8 ~ )  by % 4.8% and t o  r e d u c e  t h e  p r e d i c t e d  
b r 2 e d i . n ~  r a t i o  b y  nd 11%. These  chan%es a r e  c o n s i d e r a b l y  d i n i n i s h s d  by 
t h e  n e c e s s a r y  r e d u c t i o n  o f  t h e  2 3 3 ~  f i s s i l e  i n v e n t o r y  which i s  r e q u i r e d  t o  
keep  t h e  r e ~ c t o r  c r i t i c a l .  - 

For t h s r m a l  r e a c t o r s ,  changes  t o  t h e  2 3 8 ~  r e s o n a n c e  p a r a m e t e r s  s i g n i -  
f i c a n t l y  r e d u c e  t h e  l o n g - s t a n d i n g  28p d i s c r e p a n c y .  The shape  o f  t h e  2 4 0 ~ u  
c a p c u r e  c r o s s  s e c t i o n  be tween .0253 and  . 5  e V  d o e s  n o t  a g r e e  w i t h  t h e  newly 
e v a l u a t e d  r e s o n a n c e  p a r a m e t e r s ;  t h e  c r o s s  s e c t i o n  s h o u l d  a c t u a l l y  b e  ' h i g h e r .  
S i n c e  s u c h  a n  i n c o n s i s t e n c y  c o u l d  have s i g n i f i c a n t  i m p l i c a t i o n s  f o r  f u e l  
c y c l e  s t u d i e s ,  a p roposed  r e v i s i o n  i s  b e i n g  s u g g e s t e d  f o r  c o n s i d e r a t i o n  by - 
t h e  Data T e s t i n g  Subcommit tee .  . .  

The a u t h o r s  are d e e p l y  i n d e b t e d  t o  t h e  f o l l o w i n g  p e r s o n s  and  t h e i r  
c o n t r i b u t i o n s :  J. E.  IJhi te  o b t a i n e d  c r o s s  s e c t i o n s  from V e r s i o n  5  and 
made p l o t s  of  t h e  p e r c e n t  d i f f e r e n c e s  f rom V e r s i o n  4 ,  M. A .  R j e r k e  com- 
pu ted  Ci!e p e r c e n t  d i f f e r e n c e s ,  and R .  Q .  Wright  per formed t h e  SENTINEL 
r u n s .  J . ' D .  D r i s c h l e r  and J .  L. L u c i u s  compi l ed  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  l i b r a r y .  D .  G .  C ~ c u e i  coord ina ted  inuch o f  t h i s  e f f o r t  and made 
s u r e  r e s u l t s  were  a v a i l a b l e  on a t i m e l y  b a s i s .  Lee  S t e v a r t ,  Mullti B h a t ,  
ar?d L a r r y  Weston g r a c i o u s l y  conf i rmed  t h e  p r o j e c t e d  m u l t i g r o u p  c r o s s  
s e c t i o n  d i f f e r e n c e s .  R .  !J. P e e l l e  and G .  d e  S a u s s u r e  b o t h  r ev iewed  t h i s  
srork and o f f e r e d  v a l u a b l e  comments and s u g g e s t i o n s .  F i n a l l y ,  t h i s  Daper 
\.roulci n o t  e x i s t  r.1ithout t h e  c a r e f u l  t y p i n g  and e d i t i n g  p r o v i d e d  by Barba ra  
B e c m  and B e t t , ~  S c t \ u e s s l e y .  
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