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FO REWARD 

The purpose of t h i s  r e p o r t  i s  four fo ld :  

1. To presen t  t h e  r e s u l t s  of t h e  benchmark t e s t i n g  of 

ENDFIB-IV i n  a c l e a r  and c o n s i s t e n t  fashion and t o  

provide documentation of t h e  t e s t i n g  r e s u l t s  a t  

t h i s  po in t  i n  time. 

2. To q u a l i f y  t h e  t e s t i n g  r e s u l t s  recognizing t h a t ,  

i n  a d d i t i o n  t o  t h e  evo lu t ion  i n  t h e  evaluated 

da ta ,  the  computational methods a r e  a l s o  evolving.  

3. To i n d i c a t e  those a reas  of b a s i c  nuc lea r  d a t a  t h a t  

r e q u i r e  a d d i t i o n a l  evaluat ions .  

4. To i n d i c a t e  d e f i c i e n c i e s  i n  c u r r e n t  benchmark t e s t s .  

Benchmark models f o r  d a t a  t e s t i n g  have been i d e n t i f i e d  by CSWEG 

f o r  f i v e  a reas  of app l ica t ion :  thermal r e a c t o r s ,  f a s t  r e a c t o r s ,  

s h i e l d i n g ,  dosimetry and f i s s i o n  products.  The t e s t i n g  r e s u l t s  f o r  

each of t h e s e  a reas  a r e  presented i n  Volume I, Sect ions  I1 through VI. 

Each of t h e s e  s e c t i o n s  was prepared a s  a stand-alone r e p o r t ,  i . e . ,  page 

numbers, t a b l e  and f i g u r e  numbers sequence independently i n  each s e c t i o n .  

A b r i e f  summary of a l l  t e s t i n g  r e s u l t s  is given i n  Sect ion I. 

The t e s t i n g  r e s u l t s  compiled i n  t h i s  r e p o r t  were computed over  a 

per iod roughly def ined  by calendar  y e a r  1975. The r e s u l t s ,  e s p e c i a l l y  

those  f o r  thermal and f a s t  r e a c t o r s ,  a r e  thus  r e p r e s e n t a t i v e  of the  

computational c a p a b i l i t i e s  during t h i s  time. I n  Sec t ions  I1 and 111, 

t h e  computational methods used by the  t e s t e r s  a r e  b r i e f l y  described.  



Volume I1 of ENDF-203 is comprised of two appendices. Appendix A 

conta ins  a m r e  complete d e s c r i p t i o n  of t h e  r e a c t o r  computational 

methods used i n  t h e  thermal r e a c t o r  d a t a  t e s t i n g  and d e t a i l e d  compari- 

sons of broad group c ross  s e c t i o n s  and r e a c t i o n  r a t e s  f o r  t h e  TRX-1 

benchmark. Appendix B con ta ins  a d e s c r i p t i o n  of the  computational 

methods used by each t e s t e r  and t h e  r e s u l t s  of f a s t  r e a c t o r  benchmark 

t e s t s .  Most of t h e  important informat ion contained i n  Volume I1 is 

summarized i n  Volume I. For t h i s  reason,  and s i n c e  Volume I1 is  

r a t h e r  voluminous, Volume I1 w i l l  be a v a i l a b l e  only on a very l i m i t e d  

bas i s .  
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I. INTRODUCTION 

To h e l p  r e s o l v e  t h e  o r i g i n  of  t h e  d i s c r e p a n c i e s  among t h e  
c a l c u l a t e d  r e s u l t s  f o r  t h e r m a l  systems, t h i s  Appendix g i v e s  de- 
s c r i p t i o n s  o f  t h e  v a r i o u s  c a l c u l a t i o n a l  methods, supplementa l  
fewgroup i n f o r m a t i o n  f o r  benchmark TLRX-1, and e d i t s  of t h e  f a s t  
and t h e r n a l  mul t igroup c r o s s  s e c t i o n  l i b r z r i e s .  

The fewgroup e d i t s  f o r  TRX-1 ( S e c t i o n  111) c o n s i s t  of z e  Q- 
l eakage  and l e a k a g e - c o r r e c t e d  $-group r e a c t i o n  r a t e s  f o r  d35,538U 
c a p t u r e s  and f i s s i o n s ;  H, 3, 1°0 and 2 7 ~ 1  c a p t u r e s ;  and t h e  s lowing 
down source  Q. Fo r  each  energy  group t h e r e  a r e  two columns i n  t h e  
t a b l e s  : t h e  l e f t  column i s  $he  r e a c t i o n  r a t e  normal ized  t o  b e  
c o n s i s t e n t  w i t h  a t h e r m a l  2 3 3 ~  f i s s i o n  r a t e  o f  u n i t y ;  t h e  r i g h t  
column i s  t h e  r e a c t i o n  r a t e  d i v i d e d  by t h e  co r re spond ing  SRL r e -  
a c t i o n  r a t e .  The upper  energy  boundar i e s  f o r  t h e  4-group s t r u c t u r e  
a r e  10  MeV, 67.379 keV, 3.355 lceV and 0.625 eV; t h e s e  a r e  cornpat- 
a b l e  w i t h  t h e  ivlU3"T 59-group s t r u c t u r e  end were s e l e c t e d  t o  c l o s e l y  
match t h e  boundar i e s  o f  t h e  f a s t  c r o s s  s e c t i o n s ,  t h e  un reso lved  and 
r e s o l v e d  r e 2  nance r e g i o n s ,  and t h e  t h e r m a l  c r o s s  s e c t i o n s  i n  t h e  
E ~ F / S - I V  b 8 U  e v a l u a t i o n .  

I n  te rms of  t h e  4-group s t r u c t u r e ,  t h e  s lowing Cown d e n s i t i e s  
o u t  of t h e  groups  a r e  d e f i n e d  as f o l l o w s :  

- - 

To t e s t  t h e  E!lfD2/3 c r o s s  s e c t i o n  p r o c e s s i n g  codes ,  mul t ig rcup  
c r o s s  s e c t i o n  e g i t s  f o r  r prn t emperg tu re  H as bound i n  H20, 3 a s  
bound i n  D20, 100, 2 7 ~ 1 ,  835U and 238T.J a r e  a l s o  s u p p l i e d  f o r  t h e  
WFT group structure zbove 67.373 !ceV ( s e c t i o n  I-?). The fol1o:ving 
q u a n t i t i e s  a r e  e d i t e d  f o r  each  energy  group:  

Crzss  S e c t i o n  Type 

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

i n e l a s t i c  s c a t t e r i n g ,  b a r n s  
( n , 2 n ) ,  b a r n s  

cos .  s c a t t e r i n g  a n g l e  (l2b.) 
neu t rons / f  i s s i o n  
f i s s i o n  specLrum+ 

T h e r n a l  ?), ani! t h e  f i s s i o n ,  c a p t u r e  and s c a t t e r i n g  c r o s s  sec -  -- 
t i o n s  f o r  t h e  TIIERKOS group s t r u c t u r e  a r e  a l s o  s u p p l i e d  ( S e c t i s n  \ I ) .  

The 4-group r e a c t i o n  r a t e  compi l a t ion  f o r  T X - 1  prov-  i d e  -che b e s t  
t z s t  of  t h e  c r o s s  s e c t i o n  p r c c e s s i n g  i n  t h e  resonance  r e g i o n s .  

++ C .,Yi = 1, where t h e  energy  group index i i s  sunned oyier a l l  
i 
greups  0 



11. CALCUUTIONAL 2JETHCDS 

A e r o j e t  Nuclear  Company (ANc) 

ETCP was used t o  p r o c e s s  t h e  b a s i c  E N D F / ~  d a t a  i n t o  a  f a s t  
l i b r a r y  composed of 58 q u a r t e r  l e t h a r g y  g rcups  below 10 Me7. T h i s  
l i b r a r y  i s  used by  PH3OG which computes t h e  resonance  s e l f - s h i e l d i n g ,  
s lowing down spectrum, performs group ave rag ing  and o u t 2 u t s  t h e  
s c a l a r  c r o s s  s e c t i o n s  and t h s  Po and PI s c a t t e r  m a t r i x  i n  a  form 

u  a b l e  by t h e  one-dimensional  mul t igroup S?; t r a n s p o r t  code, 
directi1)9f2) SCfi14P. I n  t h e  c a s e  o f  t h e  TRX-l and TEC-2 c a l c u l a t i o n s  
PmCG w e s  e s s e n t i a l l y  used as a d a t a  p r o c e s s i n g  code t o  punch t h e  
f i r s t  65 q u a r t e r - l e t h a r g y  groups o n t o  c a r d s  f o r  use  i n  SCAPiP i n p u t .  
No grouy a T ~ % r a g i n g  was 2 e r f o r a e d  and t h e  r e sonaace  s e l f - s h i e l d i n g  
c a l c u l a t L o n  p e r f o r n e d  by ?X?.CG was o v e r r i d e e n  by s n  indepen?.3nt 
c a l c u l a t i o n .  P53CG was used,  ho;iever, t o  ca lcu la-ce  group depencient 
t r a n s p o r t  c r o s s  s e c t i o n s  t h a t  a r e  used by  SCAMP t o  o b t a i n  t h e  
l eakage  c o r r e c t i o n .  

The resonence  s e Y - s h i e l d i n g  x a s  performed u s k g  2 nod i f  ; c a t i o n  
o f  t h e  ~ 4 3 3 ~ 3 1 3 )  code which i n c l u d e s  t i le o p t i o n s  a v a r l a b l e  t$.2*335E 
2 l u s  an  ~ x e s o l v e d  t-reacmen2 s i x i l a r  t c  t h a t  used b y  3TGC--I ') ; ; i t h  
-che i n c l u s i o n  of aoppler -br9adening  and a  Jzacci'' cc r i - ec t ion  "c t c r  
based  oa t h e  methods of Gel i i f ig  end S a u e r . ( > )  

1 r 

I n  t h e  the rma l  range  ( 3  t o  2.38 eT) ?SaAGi .  II!') :uts used t o  
2 r o c e s s  t h ~  3N3P d a t a  i n t o  e 1 3 1  group 1 1 F b r ~ ~ y  u s a b l e  bgr t h e  
I ? ~ C I T Z ( ~ )  t he rme l  s p e c t r m  code. IBCITE r z s  t h e n  used t o  g e n e r a t e  

n - r  25-group c r c s s  s e c t i o n s  Selow 3.-(9 eV and t h e  f u l l  P3 and PI sczc-  
t e r  n ~ t r i x  us ing  -the Eeywood s c a t t e r  k e r n e l  f a r  +C. I:I$:IT2 d z t a  

-or  f o r  E2C ;vas e l s o  used f o r  t h e  $0 n o l e c u l e  from 3.213 t o  2.38 eVS 
t o  p rov ide  t h e  f u l l  s c a t t e r  ma t r ix  f o r  E2C f r c n  r j  t o  2 .38  eii. 

r? i n e  - 90-group libraries f o r  TXC-1 ancl TXC-2 ?{ere used t o  c b t s i n  
spatially-7,veighted c r o s s  s e c t i o n s  f o r  t h e  homogenized f u e l  c e l i  
by the  use  of SCAiZ i n  c y l i n d r i c a l  geometry (assuming sllx a n g u l z r  
i n t e r v a l s  and f o u r  Gaussien q u z d r a t u r e  p o i n t s ) .  The c o r e  buck l ing  
was used i n  t h e  c e l l  c a l c u l a t i o n s  t o  account  f o r  l eakage  i n  the 
f a s t  groups ;  l eakage  was s e t  t o  z e r o  i n  t h e  t h e r a a l  groups .  The 
c o a l e s c i n g  o p t i o n s  i_n_ SCAi!iP were used t o  f l u x  weight  t'ne c r o s s  
s e c t i o n s  ove r  a l l  r e g i c n s  of  t h e  c e l l  and t h e  t h e r m a l  grougs  c o l -  
l a p s e d  i n  energy  t o  p rov ide  68 group (one t h e r m a l  g r o u p )  homogenized 
c r o s s  s e c t i o n s  f o r  use  i n  t h e  f i n a l  f u l l  c o r e  SCAivlP c a l c u l a t i o n s  
(S6, P1)* 

++ K e l l ~ i n  k e r n e l  above 2 eV. 



?or t h e  homogeneous spheres ,  c r o s s  s e c t i o n s  f o r  16-energy 
groups (1 the rma l )  *tiere obta ined from 31 spec t run  c e l c u l a t i o n s  
us ing t h e  PbXCG 2  code i n  t h e  f a s t  groups and t h e  IXCITE code i n  
t h e  thermal.  I n i t i a l  c r o s s  s e c t i o n s  were obta ined using an e x t r a -  
p o l a t i o n  d i s t a n c e  of 1.76 cm f o r  t h e  PNL spheres  i n  a l l  groups 
and i n  t h e  ca se  of t h e  ORNL spheres  a n  e x t r a p o l a t i o n  l eng th  of 5 . 1  
c n  i n  t h e  f a s t  groups and -6.2 i n  t h e  t n e r a a l .  Fa s t  and thermal  
buckl ings  were then  computed wi th  t h e  SCAMP code and f i n e l  c r o s s  
s e c t i o n s  obta ined us ing t he se  buck l ings .  

The d i f f e r e n c e  between t h e  f i r s t  and f i n a l  SCALP c a l c u l z t i o n s  
was l e s s  than  0.00014 i n  k f o r  a l l  c a se s .  The SCAMP model f o r  t h e  
spheres  i s  g iven  below. 

Region Mesh - 
1 30 

2 20 

No. I n t e r v a l s  on t h e  Angular Half-Space 

S c a t t e r i n g  Treatment 

a e t t i s  Atomic Power Lab. (BAPL) 

Width (em) 
PNL - ORNL - 

The TIiY l a t t i c e s  were analyzed using t h e  RCP Monte Carlo pro- 
gram wi th  leakage c o r r e c t i o n s  obta ined from homogenized, nu l t i g roup  
f u l i - c o r e  c a l c u l a t i o n s .  RCP descr ibed  t h e  l z t t i c e  c e l l  geometry 
e x p l i c i t l y  and neutrons  were fol lowed over t h e  f u l l  energy range 
below 10 MeV. 

The SNDF/S c r o s s  s e c t i o n s  were processed wi th  ZTOl~X and FLAN2, 
which a r e  B e t t i s  ve r s i ons  of  ETOG and FLANGE 11, r e s p e c t i v e l y .  

Above 0.625 eV, smooth c r o s s  s e c t i o n s ,  inc lud ing  t h e  i n e l a s t i c  
s c a t t e r i n g  t r a n s f e r  matr ix ,  were desc r ibed  i n  t h e  54-group MILC 
energy s t r u c t u r e .  Resonance p r o f i l e s  were desc r ibed  w i t h  lG0O 
equa l l y  spaced energy p o i n t s  i n  each RCP group. Smooth thermel  
c r o s s  s e c t i o n s  were desc r ibed  a t  25 energ ies .  The hydrogen thermai  
s c a t t e r i n g  k e r n e l  was a  25-group P3 5aywood k e r n e l  a t  a  temperature  
of 296' :C. 

Xeutrons were s t a r t e d  uniformly i n  t h e  f u e l  w i th  t h e  U-235 
f i s s i o n  s ~ e c t r u m .  A total-collision es t ima to r  and neutron weights  
were used so  t h a t  every  c o l l i s i o n  con t r i bu t ed  t o  a l l  p o s s i b l e  
ab so rp t i ons  a t  t h a t  po in t .  The weight con t r i bu t ed  a t  a  c o l l i s i o n  
t o  ab so rp t i on  of tyne-x was t h e  weight c a r r i e d  by t h e  i n c i d e n t  
neut ron ~ u l t i 3 l i e d  b y  zx/Zt .  The rena inder  of t h e  neut ron was 
allowed t o  undergo one type  of s c a t t e r i n g ,  s e l e c t e d  from t h e  
a p p r o p r i a t e  c r o s s  s e c t i o n s ,  and t o  cont inue  on i t s  way. 



Leakage co r r ec t i ons  were obtained by means of t h e  PAX prograa,  
wi th  c ros s  s ec t i ons  c l o s e l y  matching those  of t h e  Monte Carlo. For 
t h e  two f u l l  l a t t i c e s ,  t h e  epi thermal  c a l c u l a t i o n  used t h e  XUFT 
opt ion,  which t r e a t e d  a hcmogenized,. simply-buckled l a t t i c e  i n  t h e  
51 approximation. A n  "L-factor"  was used t o  f o r c e  t h e  U-238 cap- 
t u r e  i n  t h e  zero-buckling MUAFT c a l c u l a t i o n  t o  match t h a t  of RCP 
above 0.625 eV. A s i n g l e  L-factor was app l ied  t o  U-235 absorp t ion  
( f i s s i o n  p lus  cap tu re )  i n  a similar manner. 

Thermally, a  DP1 c a l c u l a t i o n  was done i n  25 energy groups. 
Thermal disadvantage f a c t o r s  were used t o  fo rce  t h e  zero-buckling 
thermal r e a c t i o n  r a t e s  t o  match those  i n  t h e  RCP c a l c u l a t i o n ,  and 
a  f a s t  advantage f a c t o r  was app l ied  s i m i l a r l y  t o  ob t a in  t h e  proper 
U-238 f i s s i o n  r a t e .  

Leakage co r r ec t i ons  f o r  t h e  two-region l a t t i c e s  were obtained 
wi th  t h e  F7MG opt ion i n  PAX, which performed one-dimensional, 54- 
multigroup calculatLons i n  cy l inde r  geometry. The c a l c u l a t i o n s  
were P3 epitherrnally and double-P1 thermal ly .  There was one 
thermal  group, wi th  cons tan t s  condensed from a  25-group ca l cu l a -  
t i o n  f o r  each homogenized core  region.  

I n  a l l  cases ,  leakage co r r ec t i on  f a c t o r s  f o r  t h e  RCP-calculated 
r e a c t i o n  r a t e s  were obtained a s  t h e  r a t i o  of r e a c t i o n  ra,te i n  t h e  
leaking,  homogenized l a t t i c e  t o  t h a t  i n  t h e  homogenized l a t t i c e  
wi th  zero-buckling. 

.- - -- . - 

The a n a l y s i s  of t h e  ONiL spheres employed F73iG wi th  57 epi-  
thermal  groups and one t h e r a a l  group (averaged over t h e  asymptotic 
spectrum i n  25 groups) .  The c a l c u l a t i o n  was P3 e p i t h e r n a l l y  and 
double PI thermal iy  wi th  idhrshak boungary condi t ions .  Zigenvalues 
were converged t o  b e t t e r  than  5 x 10-O. 

- -- - -- 

Brookhaven National  Laboratorv (BNL) 

The bas i c  ~!TDF/B da t a  were processed i n t o  n u l t i g r  
s e c t i o n s  f o r  t h e  i n t e g r a l  t r a n s p o r t  theory  code W74bE3 
i n t o  t h e  3 0  group THEXdOS s t r u c t u r e  a t  thermal energ ies  below 0.625 
eV, and i n t o  t h e  epi thermal  54 group b%TT s t r u c t u r e  above t h i s  
energy. For t h e  former t h e  S ( a , @ , T )  t apes  con ta in ing  t h e  Haprood 
s c a t t e r i n g  law f o r  IIydrogen i n  H s O  and Deuterium i n  %0 xere  used. 
The Po and P1 s c a t t e r i n g  kern i n  t h e  thermal  group s t r u c t u r g  
were ca l cu l a t ed  by FLANGE-11, 7'7 which a l s o  processed t h e  ZN3F/B-I7 
thermal absorp t ion  and f i s s i o n  c ros s  s e c t i o n s  i n t o  average group 
values .  For nuc l ides  o the r  than  Hydrogen, Oxygen, and Deuterimi, 
FLANGE-I1 was used t o  eva lua te  t h e  thermal arouo va lues  of a-  in -  s cluding resonance s c a t t e r i n g  wherever a p s r o ~ r i a t z .  The gas k e r n e l  
f o r  Oxygen w a s  c a l cu l a t ed  by t h e  cc?q,&ITHE, which prepares  t h z  
thermal  l i b r a r y  f o r  t h e  HAlWlE3 code. k c ) )  

( 1  

A t  epi thermal  energ ies  E G -  was used t o  prepare  t h e  
multigroup da ta .  It was modified i n  accordance with t h e  requ i re -  
ments of t h e  i a t t i c e  a n a l y s i s  code. The cu t  o f f  between t h e  resolved 
and unresolved resonance regions  was f i xed  f o r  each nuc l ide  a t  t h e  
h i g h ~ s t  energy o f t h e  grou9 belonging e n t i r e l y  t o  t h e  resolve6 
regton.  3 t h e  next  group, t h e  resonances were t r e a t e d  as  unre- 
solved,  t h e  average resonance ~ a r a r n e t e r s  being extended t o  t h e  
e n t i r e  group. Again, a t  t h e  upper end of t h e  unresolved resonance 



r e g i o n ,  t h e  resonances  i n  t h e  group be long ing  p a r t i a l l y  t o  t h e  
smooth c r o s s  s e c t i o n  r e g i o n  were conver t ed  t o  e q u i v a l e n t  smooth 
c r o s s  s e c t i o n s .  Such conver s ions  were a l s o  made f o r  t h e  r e s o l v e d  
and unresolved  p-wave resonances ,  and o p t i c n a l l y  f o r  t h e  s-wave 
resonances .  'Thenever r e s o l v e d  s-wave resonances  parameters  were 
inc luded  i n  t h e  mul t igroup l i b r a r y ,  t h e i r  l / v  t a i l  c o n t r i b u t i o n s  
were added t o  t h e  smooth c r o s s  s e c t i o n s  throughout  t h e  r e s o l v e d  
resonance  r eg ion ,  s i n c e  t h e  e f f e c t i v e  resonance  i n t e g r a l s ,  c a l c u -  
l a t e d  i n  t h e  EAXXER code, a r e  reduced co r respond ing ly .  The ( n , 2 n )  
c r o s s  s e c t i o n  was added twice  t o  t h e  i n e l a s t i c  s c a t t e r i n g  c r o s s  
s e c t i o n ,  and s u b t r z c t e d  once from a, s o  t h a t  a t  remzins unchangzd. 
T h i s  approximat ion  i s  based on t h e  assumption t h a t  t h e  spec t rum 
of t h e  i n e l a s t i c a l l y  s c a t t e r e d  neu t rons  i s  n o t  v e r y  different from 
t h a t  of  t h e  n e u t r o n s  produced i n  t h e  ( n , 2 n )  r e a c t i o n .  The weight-  
i n g  spec t rum f o r  c r o s s  s e c t i o n  ave rag ing  was t a k e n  t o  b e  l /E jo ined  
t o  a f i s s i o n  spec t rum a t  h i g h  e n e r g i e s .  (The b r e a k p o i n t  was t a k e n  
t o  b e  67 KeV, and t h e  t empera tu re  of  t h e  f i s s i o n  spectrum 1 .27  MeV 
corresponding  t o  t h e r m a l  f i s s i o n s  i n  U-235). The paremeter  5 which 
i s  h a l f  t h e  mean squa re  l o g a r i t h m i c  energy increment  p e r  c o l l i s i o n  
f o r  e l a s t f c  s c a t t e r i n g  d i v i d e d  by  t h e  co r re spond ing  mean increment ,  
was rep laced  by half t h e  group l e t h a r g y  wid th  f o r  n u c l i d e s  h e a v i e r  
t h a n  Deuterium, t o  p r e v e n t  s p u r i o u s  o s c i l l a t i o n s  i n  t h e  s lowing 
down d e n s i t y  i n  t h e  WFT slowing down t r e a t m e n t .  LQ group i n e l a s -  
t i c  s c a t t e r i n g  was inc luded i n  t h e  i n e l a s t i c  m a t r i x  i n  t h e  m u l t i -  
group d a t a .  

In t h e  l a t t i c e s  which were s t u d i e d  unresolved ,  s-wave a v e r a g s  
resonance  pa ramete r s  were inc luded  i n  t h e  mul t igroup l i b r a r y  f o r  
U-238 f o r  resonance  s h i e l d i n g  c a l c u l a t i o n s ,  t h e  p-wave unreso ived  
resonances  b e i n g  conver ted  t o  e q u i v a l e n t  smooth c r o s s  s e c t i o n s .  
For  l a t t i c e s  of U m e t a l  rods ,  t h e  p-wave s h i e l d i n g  w a s  c a l c u l a t e d  
s e p a r a t e  g u s i n g  a n  a p p r o p r i a t e l y  modif ied v e r s i o n  o f  t h e  TUZ 
progran ,  t y )  and a small c o r r e c t i o n  v z s  a p p l i e d  t o  t h e  unreso lved  
resonance  r e g i o n  c a l c u l a t i o n s .  Tor U-235 a l l  unresolved  resonances  
were conver t ed  t o  e q u i v a l e n t  smooth c r o s s  s e c t i o n s .  I n  t h e  r e s o l v e d  
resonance  r e g i o n s  of  U-238 and U-235,which account  f o r  most of t h e  
resonance  a b s o r p t i o n  i n  t h e r m a l  r e a c t o r  l a t t l . z e s , t h e  resonance  
pa ramete r s  and mul t lgroup smooth a b s o r p t i o n  and f i s s i o n  c r o s s  sec-  
t i o n s ,  a l t h o u g h  a v a i l a b l e ,  were n o t  used d i r e c t l y ,  Zionte Car lo  
r e a c t i o n  r a t e s  be lng  e n t e r e d  i n t o  t h e  l a t t i c e  a n z i y s i s  code wi th  
t h e  i n p u t  f o r  each  run .  The U-235 f i s s i o n  s p e c t r u n  f o r  t h e r m a l  
f i s s i o n s  forined t h e  source  f o r  t h e  u n i t  c e l l  c a l c u l a t i o n s .  

~ I ~ L ~ R ,  which was used t o  c a l c u l a t e  t h e  l a t t i c e s ,  i s  e s s e n t i a l l y  
a n  i n t e g r a l  t r a n s p o r t  code f o r  t h e  u n i t  c e l l  o f  t h e  l a t t i c e ;  c o l l i -  
s i o n  p r o b a b i l i t i e s  f o r  i s o t r o p i c  s o u r c e s  and t r a n s ~ o r t  c o r r e c t e d  
c r o s s  s e c t i o n s  a r e  used.  i n  t h e  'EAbDU3R code e f f e c t i v e  resonance  
i n t e g r a l s  a r e  c a i c u  g t e d  f o r  each  resonance  s e p a r a t e l y  by t h e  
Nordheim procedure .  :Y) I n  t h e  3NL a n a l y s e s ,  however, t h e  Nordhein 
procedure  was r e p l a c e d  w i t h  a  Monte Car lo  resonance  t r e a t m e n t .  
The method f o r  doing t h i s  i s  d e s c r i b e d  i n  r e f e r e n c e  ( 1 0 ) .  The 
lvfonte Car lo  c a l c u l a t i o n s  covered t h e  energy  range from 5 0  ke:J t o  
t h e r m a l  c u t  o f f  (0.625 eV), che  r 5 a c t i o n  f r a c t i o n s  being edibed 
and t r a n s f e r r e d  t o  t h e  EAllfiER a n a l y s i s  progrem i n  t h e  :\!%-I;T groups  
cove r ing  t h e  r e s o l v e d  resonance  r e g i o n  of each  n u c l i d e .  



Chalk 3 i v e r  Nuclear  Labs. (CRNL) 

The TKY and MIT 1 i c e s  were ane lyzed  u s i n g  t h e  U h E v E 2  Fn- 
t e g r  1 t r a n s p o r t  code, 88f which u t i l i z e s  t h e  Nordhein i n t e g r a l  t r e a t -  
mentT3) t o  account  f o r  resonance  a b s o r p t i o n .  Leakzge was c a l c u l a t e d  
u s i n g  a homogenized l a t t i c e  and a 31 approximat ion .  An annulus  
c o n t a i n i n g  a heavy s c a t t e r e r  was used around t h e  l i g h t  wa te r  c e l l s  
f o r  t h e  c a l c u l a t i o n s  i n  t h e  t h e r m a l  energy  range.  

The EI'CG-2(" code was used t o  p r o c e s s  U-235 and U-238, which 
were t h e  o n l y  c r o s s  s e c t i o n s  t a k e n  from ENDF/B. 

E l e c t r i c  Power Research  I n s t i t u t e  (XP2II 

The c a l c u l a t i o n a l  procedure  was 
b u t  resonance  r e a c t 1  f o r  t h e  
by t h e  RABBLE method 

Genera l  Atomic Com~anv (GA) 

similar t o  t h a t  used b y  CL3TL, 
HAiWiER code were c a l c u l a t e d  
t h e  Nordheim t r e a t m e n t .  

The G7E4 code was used t o  g e n e r a t e  99 group G I -  (Bef .  11) 
group s t ruc+,ure l  f a s t  n e u t r o n  d a t a .  The GFZ4 code i s  a.n updated 
v e r s i o n  of t h e  GF22 code d e s c r i b e d  i n  3 e f .  12 which v i i l l  hafidle t h e  
new ZNDF/'~-$ d a t a  f o r z s t s  and a l s c  i z c l u d e s  more g m e r a l  r e s o l v e d  
resonance  ( i n c l u d i n g  Adler-Adier  c a > a b i l l < y )  an3  n o n e l e s t i c  s c r t -  
I ber ing  enzrgy t r a n s f e r  e r r a y  c o n p u t a t i o n a l  a l g o r l t h n s .  

The GAND3 code was used t o  g e n e r a t ?  13k63 energy  resonance  
d a t a  cove r ing  t h e  7102 t o  2.38 e 7  energy  range  (po inz  spac lng  of 
55 n e t e r s / s e c ) .  The GAN33 code i s  an  updated  v e r s i o n  of t h e  GAdD2 
code d e s c r i b e d  i n  Ref .  12, ?qilich w i l l  hand le  t h e  nepr E:J3F/'3-% 
formeta a s  w e l l  a s  XL3X an2 A d l e r - M l e r  r e s o l v e d  resonance  r e g i o n  
r e ~ r e s e n t a t i o n s .  'he GXND3 code was a i s o  used t o  g e n e r a t e  1 C 1  
m e r g y  [;;ATPXR-II (Ref .  1 3 )  g r i ~ ]  t'rrsrxal n e u t r o n  Cat2 f o r  abso rbe r  
n a c l i d e s  by condensa t ion  from a 930 energy  u l t r a - T i n e  a e s h  g r i d  

-n (2.32 $0 C . O O 1  e 3 )  7 ~ i t h  a . l axxe i l i an  jo ined  t o  1/23 a t  12 kT conCen- 
s a t i o n  spectrum. 

The JUNG&l code a l o c a l  rnodlf lcat lor l  of  t he  ?i;;;lJG-I1 code 
J ( 3 e f .  6 )  whlch p r o ~ e r l y  d i s t r i b u t e s  t i le ultra-fine xesh  norr;lelize,- 

t i o n  i n t e g r a l  ove r  a l l  Tine grcuFs r a t h e r  than a s s i g n i n g  it e n t i r e l y  
t o  t i le  s e l f - s c a t t e r  f i n e  group, vias used t o  p r e p m e  1 0 1  ensrgy 
L bherna l  n e u t r o n  s c a t t e r i n g  k e r n e l s  (P3 and PI) Por 3 I n  EsC and 3 
i n  DzC from t h e  1965 E::DF/B s c a t t e r i n g  l e x  d a t a  f o r  these-nl-~cl i , ' les  
( m a t e r i a l s  1002 and 1002 ). E f f e c t i v e  t empere tu res  f o r  use  i n  t h e  
. s h o r t  c o l l i s i o n  t i a e ! '  a,pproxirnation used i n  t h e  F U N G I 6  code f o r  

i n c i d e n t  e n e r g i e s  g r e a t e r  t h a n  1 eV .;Tere o b t a i n e d  from t h e  work of 
X o p e l  and 9ous ton  (3ef.  1Q). Free  g l s  ing<pl t l e r n a i  n e u t r o n  scz-6- 
L ber ing  k e r n e l s  f o r  n'trogen, oxygen, and L J ~ U  Twere p repa red  w i t h  
ti., Z ? G  code (Xef. 1 5 ) .  . -. 

The c r o s s  s e c t i o n  l i b r a r y  was t h e n  used w i t h  t h e  ;(iIC3GX code 
(Ref.  1 6 )  t o  p r e p a r e  19 group c r o s s  sec tFons  f o r  use  i :~ $5 i n t e r v a l  
F l ,  Sq c a l c u l a t i o n s  w i t h  t h e  lDFX code t h e  GAC v e r s i o n  of  t h e  
DTF-IT code (Ref .  17) .  



The biICROX c a l c u l a t i o n s  f o r  t h e  uranium and plutonium spheres  
;?ere one r e g i o n  modif ied Bo spectrum c a l c u l e t i o n s  us ing  energy- 
dependent buck l ings  determined by i t e r a t i o n  between i4ICROX and lDFX 
t r a n s p o r t  t h e o r y  c a l c u l a t i o n s .  The El, S9 t r a n s p o r t  t h e o r y  l ead-  
ages  were used t o  d e t e r n i n e  buck l ings  accorcling t o  t h e  forniula 

The NICROX c a l c u l a t i o n s  f o r  t h e  E2G and D20 moderated l a t -  
t i c e s  were two space r e g i o n  modified Eg c a l c u i a t i o n s  over  t h e  15- 
&lev t o  0.001-eV energy range us ing  t h e  buck l ings  g iven  i n  t h e  + 

benchmark s p e c i f i c a t i o n s .  Dancoff c o r r e c t i o n  f a c t o r s  f o r  t h e  H2C 
and D20 l a t t i c e s  were computed w i t h  t h e  GAD)-CO code (Ref. 18).  

The a l m i n u n  c l a d  was smeared i n t o  t i le  H20 o r  D20 .  The void  
reg ion  i n  t h e  TIE-1/2 l a t t i c e s  was e x p l i c i t l y  r e p r e s e n t e d  i n  t h e  
Dancoff c o r r e c t i o n  f a c t o r  c a l c u l a t i o n s  and smeared i n t o  t h e  modera- 
t o r  r eg ion  i n  t h e  MICRCX 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  D2C moderated l a t t i c e s ,  t h e  r e p o r t e d  r e s u l t s  
were ob ta ined  d i r e c t l y  from t h e  M I C R O X  c a l c u l a t i o n s .  The H 2 C  l a t -  
t i c e  r e s u l t s  were ob ta ined  from 19 group ?: Sk 13EX c a l c u l a t i o n s .  

Savannah Z ive r  Labora tory  (SRL and SRL*) 

Two s e t s  of r e s u l t s  (denoted SRL and S%+) were r e p o r t e d  by 
Savannah I i iver  Laboratory.  _ _ ' o r  each of t h e  c a l c u l s t  ions  t h e  module 
ETCJ of t h e  JOSEIUA s y s t e m ( ~ l  7 was used t o  p rocess  83-group (5%- 
L'4UFT, 30-TEZRYCS groups )  from t h e  p o i n t x i s e  d a t a .  The 84-grcup 
c r o s s  s e c t i o n s  conta ined P3 s c a t t e r i n g  f o r  'hydrogen, deuterium and 
oxygen, and P1 s c a t t e r i n g  f o r  t h e  remaining n u c l i d e s .  

3 0 t h  t h e  SRL and SRL* c a l c u l a t i o n s  analvzed t h e  T X  and NIT ' " 
l a t t i c e s  us ing  t h e  i n t e g r a l  t r a n s p o r t  t h e o r y  r o u t i n e s  employed i n  
t h e  AU:3.A3 module of t h e  JOShUA svstem. However. resonance reac-  
t i o n  r a t e s  i n  t h e  SRL c a l c u l a t i o h s  u t i l i z e d  t h e ' s t a n d a r d  Nordheim 
t r e a t m e n t  ( 3 ) ,  whereas t h e  S2L+ c a l c u l a t i o n s  u t l l i z e d  a  neN, more 
e x a c t  resonance t r e a t n e n t  developed by D. 2. Finch." I n  each c a s e  
t h e  ze ro  leakage  i n t e g r a l  t r a n s p o r t  r e s u l t s  were leakage c o r r z c t e d  
by subsequent B1 c a l c u l z t i o n s  f o r  e q u i v a l e n t  s p a t i ~ l i y  homcgeneous 
c e l l s .  

a Resonance r e a c t i o n  r a t e s  a r e  c a l c u l a t e d  by a  coupled space-energy 
s o l u t i o n  f o r  t h e  f l u x e s  through t h e  resonance reg ion .  Fluxes a r e  
computed a t  d i s c r e t e  e n e r g i e s  us ing  one-dinens ionai  a n n u l a r  geometry. 
React ion r a t e s  a r e  obta ined by n u ~ e r i c a l l g  i a t e g r a t i n g  t h e  space and 
energy dependent f l u e s  wi th  t h e  resonance component of  t h e  c r o s s  
s e c t i o n s  t o  produce t h e  r e a c t i o n  r a t e s  f o r  f i s s 5 o n  and c a p t u r e  which 
a r e  gassed a s  normalized r e a c t i o n  r a t e s  p e r  u n i t  G f o r  each i s c t o g e ,  
a u l t i g r o u g ,  and r e e c t i o n .  

Fluxes a r e  computed by t h e  i n t e g r a l  t r a n s p o r t  equa t lon  

yn 2: (E) $, (E)  = ? ' (3) Sac (3)  7 - 1n-I 2 
I1 

Slowing down sources  ( S )  a r e  co~pu tec I  v i a  t h e  i 3 t e g r a l  slow:Jing clown 
equa t ion  i n  t h e  Po approx ixa t ion ,  and f i r s t  f l i g h t  c o l l i s i o n  pro3a5i -  
l i t i e s  ( 2 )  a r e  coinputed i n  cne-dimensionai  a n n u l a r  georsetry i n  the 
cos ine  c u r r e z t s  z ~ p r c x i a a t i s n a .  



The A N I S N  code(2o)  was used t o  analyze  t h e  GFJTL and FNL spheres 
i n  t h e  Sq approximation. The multigroup c ros s  s ec t i ons  f o r  ANISN 
were co r r ec t ed  f o r  resonance s e l f - s h i e l d i n g  using t h e  Nordheim t r e a t -  
ment. 
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