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B e  J. Toppel,  H. Henryson 11, and C. G .  S t enbe rg  
Argonne N a t i o n a l  Labora tory  . . 

Argonne, . I l l i n o i s ,  U .S . A .  60439 

ABSTRACT 
. . 

The .ETOE-~/PIC*-~/SDX mul t ig roup  c r o s s - s e c t i o n  pro-  
c e s s i n g  codes.  have  been des igned  t o  p r o v i d e  a  comprehensive 
neu t ron  c r o s s - s e c t i o n  p r o c e s s i n g  c a p a b i l i t y  f o r  a  wide r a n g e  
of a p p l i c a t i o n s  i n c l u d i n g  c r i t i c a l  exper iment  a n a l y s i s  and 
c o r e  d e s i g n  calcul-a , t ions.  Fundamental n u c l e a r  d a t a  .from 
ENDFIB p rov ide  t h e  pr imary  i n p u t  t o  t he '  code  system and t h e  
o u t p u t  c o n s i s t s  o f  a  u s e r - s p e c i f i e d  CCCC ISOTXS mul t i g roup  
c r o s s - s e c t i o n  d a t a  f i l e .  G r e a t  f l e x i b i l i t y  has  been provided  
t o  t h e  u s e r  i n  s p e c i f y i n g  t h e  r i g o r  of t h e . c a l c u l a t i o n  s o  
t h a t  a  u n i f i e d  c r o s s - s e c t i o n  p r o c e s s i n g  system w i t h  a  s i n g l e  
d a t a  b a s e  i s  a v a i l a b l e  which may b e  used f o r  bo th  p r e l i m i n a r y  
su rvey  scoping  s t u d i e s  and r . igorous  d e s i g n  c a l c u l a t i o n s .  

The p r i n c i p a l  program b l o c k s  of  t h e  code system 
inc lude :  a l i b r a r y  p r o c e s s o r  and format  c o n v e r t e r  between 
ENDFIB d a t a  and t h e  P I C ~ - ~ / S D X  l i b r a r y ;  a n  u l t r a - f i ne -g roup  
fundamental  node c a l c u l a t i o n  ( M C ~ - ~ )  which p r o v i d e s  a  com- 
p o s i t i o n  dependent  spec t rum c a l c u l a t i o n  and broad-group 
c o l l a p s i n g  c a p a b i l i t y ;  a  r i g o r o u s  hyper-f ine-group s p a t i a l l y  
he te rogeneous  r e so lved  r e sonance  c a l c u l a t i o n  (RAEANL) t o  
supplement t h e  more approximate  NR approximat ion  used i n  
t h e  u l t r a - f  ine-group t r e a  tement ; and a n  i n t e r m e d i a t e  group 
space-dependent  c a p a b i l i t y  (SDX) . 

INTRODUCTION 

The E T O E - ~ / M c ~ - ~ / s D x  mu l t i g roup  c r o s s - s e c t i o n  p r o c e s s i n g  c o d e s  
have been des igned  t o  p r o v i d e  a comprehensive neu t ron  c r o s s - s e c t i o n  
g e n e r a t i o n  c a p a b i l i t y  f o r  a  wide r ange  o f  a p p l i c a t i o n s  i n c l u d i n g  c r i t i -  
cal experiment  a n a l y s i s  and c o r e  c a l c u l a t i o n s .  Fundamental n u c l e a r  
d a t a  (ENDF/B) p rov ide  t h e  pr imary  i n p u t  t o  t h e  code  system and t h e  o u t p u t  
c o n s i s t s  o f  a  user -spec i f  i e d  mu l t i g roup  c r o s s - s e c t i o n  d a t a  f i l e  (ISOTXS) . 
Great f l e x i b i l i t y  i.s provided  t o  t h e  u s e r  i n  s p e c i f y i n g  t h e  r i g o r  o f  a 
c a l c u l a t i o n ,  t h u s  p rov id ing  a u n i f i e d  c r o s s - s e c t i o n  p r o c e s s i n g  system 
w i t h  a  s i n g l e  d a t a  b a s e  which may b e  used f o r  bo th  p r e l i m i n a r y  s u r v e y  
scoping. and d e s i g n  c a l c u l a t i o n s .  

"ork performed under the  auspices of the U.S. Department of Energy. 



C . .  
The p r i n c i p a l  program b l o c k s  of t h e  code system i n c l u d e  a l i b r a r y  

p roces so r  (ETOE-21, a n  u l  t r a - f  ine-group (ufg)  fundamental mode c a l c u l a -  
t i o n  ( M C ~ - ~ ) ,  a  r i g o r o u s  hyper-fine-group (h fg )  s p a t i a l l y  h e t e r o g e -  
neous r e so lved  resonance  c a p a b i l i t y  (RABANL) and a n  in te rmedia te -group 
space-dependent c a p a b i l i t y  (SDX). A b lock  diagram i n d i c a t i n g  t h e  g e n e r a l  
program f low i s  g iven  i n  F ig .  I. Br i e f  d e s c r i p t i o n s  of t h e  p h y s i c s  
methods and models i n c o r p o r a t e d  i n  t h e  E T O E - ~ / M c ~ - ~ / s D x  code sys tem 
a r e  presented  below. 

ETOE-2 

The ETOE-2 program p r o c e s s e s  t h e  fundamental n u c l e a r  d a t a  from a n  
ENDF/B' d a t a  f i l e  and p r e p a r e s  e i g h t  b i n a r y  l i b r a r y  f i l e s  f o r  u s e  by 
t h e  computa t iona l  modules of  E I C ~  - ~ / s D x .  Ne i the r  K 2 - 2 ,  TWBAhT, nor  
SDX r e a d s  t h e  ENDFIB d a t a  d i r e c t l y .  Thus, one could p r e p a r e  E I C ~ - ~ / S D X  
l i b r a r y  f i l e s  from a n  a l t e r n a t i v e  i n p u t  d a t a  base  (e .g. ,  UKNDL, KEDAK) 
by e i t h e r  convers ion  o f  t h e  b a s i c  d a t a  t o  t h e  ENDFIB fo rma t s  o r  by t h e  
replacement  o f  t h e  ETOE-2 code w i t h  a  new p roces s ing  code which genera-  
t e s  t h e  M C ~ - ~ / S D X  l i b r a r i e s .  

The ETOE-2 p.rogram performs six b a s i c  func t ions :  (1) r e f o r m a t  
d a t a ;  (2 )  p rep roces s  " l i g h t "  e lement  (A = 100) resonance  c r o s s ' '  
s e c t i o n s ;  ( 3 )  s c r e e n  and p r e p r o c e s s  ."wide" and "c;-eak" r e s o l v e d  r e sonances ;  
(4) g e n e r a t e  u l t r a - f ine -g roup  " f loo r "  c r o s s  s e c t i o n s ;  (5) c a l c u l a t e  
f u n c t i o n  t a b l e s ;  and (6)  c o n v e r t  a l l  EXDF/B formats  t o  laws which a r e  
allowed by M C ~ - 2 1 s ~ ~ .  ' 

The ENDFIB d a t a  f i l e s  p r o v i d e  a l l  d a t a  f o r  a  g iven  m a t e r i a l ,  
whereas t h e  M C ~ - ~ / S D X  computa t iona l  modules r e q u i r e  t h a t  t h e  d a t a  b e  
ordered  by r e a c t i o n  t y p e  ( e .  g a y  r e so lved  resonance pa rame te r s ,  s c a t t e r i n g  
c o e f f i c i e n t s ,  e t c . ) .  The MC -2/SDX l i b r a r y  s t r u c t u r e  has  been de-  
s igned  t o  permi t  e f f i c i e n t  a c c e s s  t o  d a t a  by t h e  ccmputa t iona l  modules .  
The e i g h t  d a t a  f i l e s  i n  t h e  M C ~ - ~ / S D X  l i b r a r y  i n c l u d e  r e s o l v e d  r e s o -  
nance parameters ,  unreso lved  resonance  parameters ,  u fg  nonresonance 
c r o s s  s e c t i o n s ,  i n e l a s t i c  and (n ,  2n) s c a t t e r i n g  d a t a ,  f i s s i o n  spec  t r u n  
paramaters ,  and e l a s t i c  s c a t t e r i n g  d i s t r i b u t i o n s ,  a s  w e l l  a s  f u n c t i o n  
t a b l e s  and a n  a d m i n i s t r a t i v e  f i l e .  

A t  use r  o p t i o n  t h e  ETOE-2 code c a l c u l a t e s  resonance c r o s s  s e c t i o n s  
from ENDFIB re sonance  parameters  f o r  a l l  m a t e r i a l s  of mass l e s s  t h a n  a n  
i n p u t  va lue .  Gene ra l ly  a mass of 100  i s  used.  These " l i g h t "  e lement  
resonance  c r o s s  s e c t i o n s  a r e  t hen  combined w i t h  t h e  ENDFIB " f l o o r "  c r o s s  
s e c t i o n s  and i n t e g r a t e d  over  u fg  energy  boundar ies  (Au a 0.008) t o  
provide  t h e  ufg  c r o s s  s e c t i o n s  r e q u i r e d  by M c 2 - 2 1 s ~ ~ .  I t  i s  
assumed chac " l i g h r "  e lement  resonance  c r o s s  s e c t i o n s  a r e  composi t ion-  
independent  on t h e  u l t r a - f ine -g roup  l e v e l .  

With r e c e n t  i n c r e a s i n g  emphasis  on t h e  use  of t h e  r i g o r o u s  GBANT 
c a p a b i l i t y ,  much a t  t e n t i o n  has  been g iven  t o  improving t h e  compu ta t iona l  
e f f i c i e n c y  of RABANL. One of  t h e  approaches  t aken  has  been t o  have 

. . 



I )  REFORMAT ENDF/B DATA 
21 SCREEN OUT AND PREPROCESS WIDE 

AND WEAK RESONANCES 

(LIBRARIES FOR M c 2 - 2 /  RABANL/SDX) 
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I I 

j .  
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RIGOROUS HYPER-FINE-GROUP 
RESOLVED RES3NANCE 
INTEGRAL TRANSPORT cr 

2)  GG OR IGG SLOWING DOWN THEORY 

e 
UFG FUNDAMENTAL MODE 

I )  MG AND/OR CSD EXTENDED f/BL THEORY 



ETOE-2 s c r e e n  o u t  and p r e p r o c e s s  a  s i g n i f i c a n t  number o f .  t h e  r e s o l v e d  
resonances  i n t o  composi t ion  and t empera tu re  independent  uf g . "smooth" 
c r o s s  s e c t i o n s .  Resolved r e sonances  s u i t a b l e  f o r  such s c r e e n i n g  c a n  
b e  c h a r a c t e r i z e d  a s  be longing  t o  one  of,.t;wo t y p e s .  The f i r s t  a r e  t h e  
ex t remely  wide r e sonances  w i t h  n a t u r a l  w id ths  much l a r g e r  t h a n  bo th  
t h e ' c o r r e s p o n d i n g  Doppler ' width  and t h e  u f g  wid th .  The second t y p e  
of resonance i s  t y p i f i e d  by t h e  ex t remely  weak resonances  be longing  : 
t o  t h e  medium weight  n u c l e i  o f  low n a t u r a l  ab'undance, o r  t h e  p-wave . 

resonances  of  t h e  heavy n u c l e i .  T h i s  p rep roces s ing  b y ' . ~ ~ 0 ~ - 2  has  
provided s i g n i f i c a n t  r e d u c t i o n s  i n  RABANL execu t ion  t imes ,  e s p e c i a l l y  
f o r  problems invo lv ing  s t r u c t u r a l  m a - t e r i a l  r e sonances  .2 

The ENDFIB fo rma t s  pe rmi t  a  l a r g e  number of o p t i o n s  i n  d e s c r i b i n g  
t h e  fundamental  d a t a .  Many of t h e s e  o p t i o n s  have n o t  been used i n  t h e  
f o u r  r e l e a s e s  of ENDFIB t o  d a t e  and o n l y  a  s u b s e t  of t h e  al lowed 
ENDFIB l a w s  a r e  processed  by M c 2 - 2 1 s ~ ~ .  I t  is ,  t h e r e f o r e ,  n e c e s s a r y  
f o r  t h e  ETOE-2 code t o  p roces s  d a t a  g i v e n  by any of t h e  o t h e r  l a w s  and 
p repa re  t h e s e  d a t a  i n  a  format  pe rmi t t ed  by M c 2 - 2 1 s ~ ~ .  The M C ~  - ~ / S D X  
r e s o l v e d  resonance  a l g o r i t h m s  assume a  s i n g l e  o r  m u l t i l e v e l  Breit-Wigner 
o r  a m u l t i l e v e l  Adler-Adler d e s c r i p t i o n  whereas ENDFIB a l s o  pe rmi t s  
R-Matrix (Reich-Moore) pa rame te r s .  I t  is  w e l l  known t h a t  e q u i v a l e n t  
m u l t i l e v e l  Adler-Adler parameters  may b e  d e r i v e d  from t h e s e  models3 
and t h e s e  e q u i v a l e n t  parameters  a r e  c a l c u l a t e d  by ETOE-2. S i m i l a r l y ,  
ENDFIB pe rmi t s  s k  secondary energy  d i s t r i b u t i o n  laws f o r  i n e l a s t i c  and 
(n,2n)  s c a t t e r i n g ,  whereas Mc2-2 pe rmi t s  on ly  t h r e e .  The ETOE-2 
code g e n e r a t e s  a  t a b u l a t e d  f u n c t i o n  i f  d a t a  a r e  provided f o r  any of  
t h e  t h r e e  laws  n o t  processed  by Mc2-2. S i m i l a r  examples may b e  c i t e d  
i n  t h e  p roces s ing  of e l a s t i c  s c a t t e r i n g  d i s t r i b u t i o n s  and f i s s i o n  
spectrum d a t a .  I n  g e n e r a l ,  t h e  format  conve r s ions  performed by ETOE-2 
do no t  a l t e r  t h e  b a s i c  d a t a  i n p u t  on t h e  ENDFIB f i l e s .  The unreso lved  
parameters  i n  ENDFIB may i n c l u d e  d a t a  f o r  t h e  average  compe t i t i ve  
r e a c t i o n  width.  These d a t a  have been ignored by ETOE-2 up t o  t h e  
p r e s e n t  t i m e .  With t h e  r e l e a s e  of ENDFIB-V t h e  ETOE-2 and M C ~ - ~ / S D X  
codes  w i l l  b e  modi f ied  t o  p r o c e s s  t h e  c o m p e t i t i v e  width r e a c t i o n  d a t a  
and t h e  M C ~ - Z / S D X  l i b r a r y  f i l e s  w i l l  be  changed t o  i n c l u d e  t h e s e  
d a t a .  

The ETOE-2 program t h u s  p r o v i d e s  a n  automated c a p a b i l i t y  f o r  t h e  
g e n e r a t i o n  o t  M C ~ - ~ / S D X  l i b r a r y  f i i e s  from ENDF/B d a t a .  I t  per forms 
t h e  same f u n c t i o n s  f o r  H C ~ - ~ / S D X  a s  t h e  E T O E ~  and M E R F I C Z ~  codes  
performed f o r  t h e  Mc2 c r o s s - s e c t i o n  p r e p a r a t i o n  program.6 S i n c e  t h e  
l i b r a r y  f i l e s  genera ted  by ETOE-2 a r e  n o t  composi t ion  dependent ,  t h e  
program need b e  executed on ly  when new f  undahen ta l  d a t a  become a v a i l a b l e  
(e.g., each  r e l e a s e  of ENDFIB). A l i m i t e d  c a p a b i l i t y  i s  a l s o  a v a i l a b l e  
t o  modify t h e  d a t a  i n  t h e  Nc2-~ISDX l i b r a r i e s ,  t hus  o b v i a t i n g  t h e  need 
t o  r e r u n  ETOE-2 i n  o r d e r  t o  s t u d y  t h e  s e n s i t i v i t y  of  mul t igroup c r o s s  

, sec t ions"  t o  changes i n  fundamentall, data. 



.Since i t s i n t r o d u c t i o n  i n  1967 and up t o  t h e  p r e s e n t  t i m e , . t h e  
Mc2 code h a s  been used e x t e n s i v e l y  fore-?he p r e p a r a t i o n  of mu l t ig roup  
c r o s s  s e c t i o n s .  However, a  number o f  recognized  l i m i t a t i o n s  and . . 

i n c o n s i s t e n c i e s  i n  t h e  code po in t ed  o u t  t h e  need for. a  new c a p a b i l i t y  
which could  s e r v e  a s  a  s t anda rd  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 . .  The 
MC*-2 code7 has  been developed to.  s a t i s f y  t h i s  need and r e p r , e s e n t s  . . 

a s i g n i f i c a n t  depart .ure  from t h e  e a r l i e r  M C ~  code.  Recent advance's i n  
neu t ron  slowing-down theo ry ,  r e sonance  theo ry ,  and numerical  methods 
have been inco rpora t ed  i n t o  t h e  u l t r a - f ine -g roup :  fundamental mode 
Mc2-2 c a l c u l a t i o n .  The code a l g o r i t h m s  and implementat ion s t r a t e g y  
which a r e  desc r ibed  i n  d e t a i l  i n  Ref .  7 a r e ; b r i e f l y  summarized below. 
A block  diagram i n d i c a t i n g  t h e  f low through the.cornputat i 'onal  modules 
of M C ~  -2 is  g i v e n  i n  F i g .  2 .  

BCD INPUT 
PROCESSOR 

I UNRESOLVED 1  RESOLVED I 
RESONAN5ES RESONANCES 

I I 
cr DATA SET. HEAVY 

ELEMENT RESONANCES MAY BE EXCLUDED 
FOR USE AS SPACE DEPENDENT (SOX) 
OPTION INTERMEDIATE - GROUP 0- DATA SET 

UNRESOLVED - I 
RESOLVED 
RESONANCE 
INTERACTIONS 

ULTRA FlNE GROUP 

F i g .  2 

M C ~ - ~  Program Flow 

ELASTIC SCATTERING 
MATRICES. 
ULTRA FINE MULTIGROUP 
L, MODERATING 
PARAMETERS 

The Mc2-2 code s o l v e s  t h e  n e u t r o n  'slowing-down e q u a t i o n s  i n  t h e  
P i ,  B1, c u r l s i s t e n t  P1,  and c o n s i s t e n t  s1 approximat ions  and makes u s e  
of  t h e  extended t r a n s p o r t  approximat ion  t o  account  f o r  h igh-order  
trauspwrt and a n i s o ~ r o p f c  s c a t t e r i n g  e f f e c t s  . O ,  Both t h e  con t inuous  
s lowing down and mul t igroup forms of t h e  slowing-down e q u a t i o n s  a r e  
solved us ing  a n  ufg  l e t h a r g y  s t r u c t u r e  a s  d e p i c t e d  i n  F ig .  3 .  
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The ene rgy  boundary between t h e  m u l t i -  
group and con t inuous  slowing-down formula- 
t i o n s  i s  u s e r - s p e c i f i e d  bu t  must l i e  above 
t h e  to<-Gf t h e  r e so lved  resonance  ene rgy  
r e g i o n .  T h i s  i s  a  consequence of t h e  r e s o -  
nance t r ea tmen t  d i s c u s s e d  below. The mod- 
e r a t i n g  pa rame te r s ,  i n  t h e  con t inuous  
slowing-down fo rmula t ion  may be  c a l c u l a t e d  
us ing  e i t h e r  Greu l ing -Goer rze l l  O o r  Improved 
~ r e u l i n ~ - G o e r  tze18 a l g o r i t h m s .  Only e l a s t i c  
s c a t t e r i n g  i s  t r e a t e d  c o n t i n u o u s l y  i n  t h e  
con t inuous  slowing-down f o r m u l a t i o n .  
Inhomogeneous s o u r c e s  a long  w i t h  f i s s i o n ,  
i n e l a s t i c  and (n ,2n)  s o u r c e s  a r e  r e p r e s e n t e d  
i n  t h e  u f g  mul t igroup form. 

The r e s o l v e d  and unreso lved  resonance  
c a l c u l a t i o n s  of M C ~ - ~  a r e  modeled a f t e r  t h e  

REG ION 
- 0  

work of  ~ w a n ~ l l  and r e p r e s e n t  a  marked i m -  
provement i n  accuracy  and a  d rama t i c  improve- 
ment i n  e f f i c i e n c g  over  t h e  methods i n c o r -  

F ig .  3 ,  M C ~ - ~  Energy po ra t ed  i n  t h e  MC code. The r e sonance  
S t r u c t u r e  a l g o r i t h m s  make u s e  of a  g e n e r a l i z e d  J*- 

i n t e g r a l  fo rmula t ion  based on t h e  narrow 
resonance  approximat ion  i n c l u d i n g  o v e r l a p  e f f e c t s .  The c h a r a c t e r i s t i c s  
of  t h e s e  a l g o r i t h m s  may be  summarized b r i e f l y  a s  fo l lows :  

(1)  The i n t e g r a t i o n  procedure  v a s  opt imized  by u t i l i z i n g  t h e  ' 

asymptot ic  p r o p e r t i e s  of  t h e  i n t e g r a n d s  and t h e  g e n e r a l  c h a r a c t e r i s t i c s  
of  t h e  ~ a u s s , - ~ a c ? b i  q u a d r a t u r e .  T h i s  was achfeve'd by i n t r o d u c i n g  
a r a t i o n a l  t r a n s f o r m a t i o n  of t h e  v a r i a b l e  of i n t e g r a t i o n .  

(2)  For t h e  r e l a t i v e l y  weak r e sonances  which r e p r e s e n t  a  
s i g n i f i c a n t  p o r t i o n  i n  p r a c t i c a l  c a l c u l a t i o n s ,  t h e  J * - i n t e g r a l  is. 
eva lua t ed  a n a l y t i c a l l y .  

(3)  For t h e  r e s o l v e d  energy  r ange ,  t h e  new a l g o r i t h m s  a l l o w  t h e  
u s e  o f  t h e  m u l t i l e v e l  formalism i n  Adler-Adl.er fnrm12 and  t h e  
m u l t i l e v e l  and s i n g l e  l e v e l   rei it-wignerl forms.  

( 4 )  For t h e  unreso lved  energy  range ,  t h e  a l g o r i t h m s  p r o v i d e  
a n  a c c u r a t e  . e s t i m a t e  of t h e  in-sequence o v e r l a p  e f f e c t  which a c c o u n t s  
f o r  t h e  long-range c o r r e l a t i o n  o f  l e v e l s  d e s c r i b e d  by in son'^ and 
i n c l u d e  t h e  i n f l u e n c e  of i n t e r f e r e n c e  s c a t t e r i n g .  

A s  shown i n  Ref .  1 5 ,  t h e  J * - i n t e g r a l  method  provide.^ a n  e f f i c i e n t  
8 -. -. 

means. of  accoun t ing  f o r  r e sonance  e f f e c t s  i n  t h e  cont inuous  s lowing-  
down formula t i o n .  I n  pa r  t i c u l a r  , t h e  con t inuous  slowing-down e q u a t i o n s  
are so lved  f o r  t h e  "asytnptotic" neu t ron  slowing-down d e n s i t y  i g n o r i n g  
narrow resonances .  Then t h e  resonance  r e a c t i o n  r a t e s  a r e  computed. 
u s ing  t h e  f l u x  r e s u l t i n g  from t h e  a sympto t i c  slowing-down d e n s i t y  ' 



a t t e n t u a t e d  by a b s o r p t i o n  i n  h i g h e r  energy  r e sonances .  The u l t r a - f i n e -  

. . 
group f l u x  d e r i v e d  from t h e  a t t e n t u a t e d  slowing-down i s  t h e n  used i n  
t h e  g e n e r a t i o n .  of  broad-group c r o s s  s e c t i o n s  by s t a n d a r d  g roup-co l l aps ing  
methods. 

<--.. 

A s  noted above,  t h e  e n t i r e  M C ' - ~ .  . c a l c u l a t i o n  i s  performed.  on  a n  . ' 

u l t r a - f  ine-group mesh. . I n e l a s t i c  and (IT, 2n) secondary  energy.. d i s t r i -  
' ' 

b u t i o n s  may be  d e s c r i b e d  by d i s c r e t e  l e v e l s ,  e v a p o r a t i o n  s p e c t r a '  , 

- . and/or  t a b u l a t e d  f u n c t i o n s  a c c o r d i n g  t o  ~ ~ & E N D F / B  s p e c i f . i c a t i o n s .  .. 
' 

' Deta i l ed  a n g u l a r  d i s t r i b u t i o n s  a r e  used i n  c a l c u l a t i n g  u l t r a - f  i n e -  . . 

group Pg and PI e l a s t i c  t r a n s f e r  m a t r i c e s  f o r  a l l  m a t e r i a l s .  For 
l i g h t  e lements ,  a n  a n a l y t i c  i n t e g r a t i o n  o v e r . t h e  s i n k  group i s  combined 
w i t h  a  d e t a i l e d  numer ica l '  i n t e g r a t i o n  ove r  t h e  s o u r c e  group. '  Heavy 
element t r a n s f e r  m a t r i c e s  a r e  c a l c u l a t e d  s e m i - a n a l y t i c a l l y  a c c o r d i n g  . . 

t o  t h e  methods d e s c r i b e d  i n  Ref .  1 7 .  

. .. Opt ions  a v a i l a b l e  t o  t h e  u s e r  of M C ~ - ~  i n c l u d e  inhomogeneous 
group-dependent  sou rces ,  group-dependent buck l ing ,  buck l ing  s e a r c h  t o  . . 
c r i t i c a l ,  and i so tope-dependent  f i s s i o n  ' spectrum d i s t r i b u t i o n s .  The 
u s e r - s p e c i f i e d  c r o s s - s e c t i o n  f i l e  gene rd t ed  by P!c2-2 i s  a p p r o p r i a t e  
f o r  n e u t r o n i c s  c a l c u l a t i o n s  ($50 grdups)  o r  f o r  u s e  i n  i n t e r m e d i a t e  
group @50-300 groups)  spectrum c a l c u l a t i o n s .  I n  p a r t i c u l a r ,  t h e  
i n t e r m e d i a t e  group c r o s s - s e c t i o n  f i l e  may b e . u s e d  i n  t h e  SDX c a p a b i l i t y  
d e s c r i b e d  below. 

A hyper-fine-group i n t e g r a l  t r a n s p o r t  c a p a b i l i t y  RABANL i s  a l s o  
a v a i l a b l e  a t  u s e r  o p t i o n .  The h fg  wid th  i s  d e f i n e d  t o  be  s m a l l  compared 
t o  t h e  maximum l e t h a r g y  g a i n  on s c a t t e r i n s  by t h e  h e a v i e s t  i s o t o p e  i n  
t h e  problem. RABANL was modeled a f t e r  t h e  R A E I D ~ ~  and M B E L E ~  
codes a 1  though s i g n i f i c a n t  m o d i f i c a t i o n s  have been made ..to: ( I )  
e l i m i n a t e  p r e c i s i o n  d i f f i c u l t i e s ;  ( 2 )  make use of.' t h e  M C ~ - ~ / S D X  
l i b r a r y  d a t a ;  (3 )  l i n k  t h e  hyper-f ine-group c a l c u l a t i o n  t o  t h e  ui t r2 . -  
f ine-group c a l c u l a t i o n s  th rough t h e  slowing-down souce ;  and ( 4 )  i n c r e a s e  
t h e  o v e r a l l  e f f i c i e n c y  o f  t h e  codes .  

S ince  hundreds o f  thousands  of h f g  may be  i nvo lved ,  e s p e c i a l l y  when 
i n c l u d i n g  resonances  o f  t h e  s t r u c t u r a l  m a t e r i a l s  which occu r  a t  t e n s  o r  
hundreds of  keV, a t t e n t i o n  t o  a l g o r i t h m  e f f i c i e n c y  was e s s e n t i a l  i n  
o rde r  t o  pe rmi t  RABANL t o  be  used f o r  r o u t i n e  c a l c u l a t i o n s .  The ETOE-2 
sc reen ing  mentioned above r ep re sen - t s  one  such  e f f i c i e n c y .  Even more 
s i g n i f i c a n t  was r e c o g n i z i n g  and t a k i n g  advan tage  of  t h e  a sympto t i c  
shape  of  t h e  Doppler broadened r e sonance  l i n e  shape  f u n c t i o n s  t o  
minimize c a l c u l a t i o n s  of  t h e s e  f u t ~ c t i o n s  d u r i n g  t h e  h fg  sweep. 2 

An example of  t h e  improvement i n  accu racy  of  RABANL compared t o  
t h e  p rev ious  codes i s  t h e  c a l c u l a t i o n  of c y l i n d r i c a l  t r a n s m i s s i o n  
p r o b a b i l i t i e s .  By r e c o g n i t i o n  o f  t h e  a sympto t i c  n a t u r e  and a n a l y t i c  
r e p r e s e n t a t i o n  01 t h e  i n t e g r a l s  invoxved,   wan^^' h a s  been a b l e  t o  
e l i m i n a t e  t h e  t a b u l a r  i n t e r p o l a t i o n s  r e q u i r e d  by e a r l i e r  b r u t e  f o r c e  
methods w i t h  consequent  improvements i n  s t o r a g e  r equ i r emen t s  a s  w e l l  a s  
accuracy .  



Whereas initially.RABANL was thought  of a s  a n  o p t i o n .  i n t ended  f o r  
u s e  o n l y  i n  t h e  low energy  r e g i o n  ($300 eV) where t h e  narrow re sonance  
approximation assumed i n  t h e  J * - i n t e g r a l  fo rmula t ion  i s  known t o  be 
d e f i c i e n t ,  t h e  a l g o r i t h m  improvements -I-A..RABANL have r e s u l t e d  i n  a  code  
which i s  now u s e d ' r ~ u t i n e l ~  f o r  d e s i g n  and a n a l y s i s  a c t i v i t i e s  w i t h  
u s e r s  f r e q u e n t l y  s p e c i f y i n g  a RABANL upper '  energy  w e l l  above t h e  heavy 
element r e so lved  resonance  range .  . . 

F i g u r e  4 shows a n  example o f  t h e  s p e c t r a l  d e t a i l  p rovided  by.  t h e  . .  

M C ~ - ~  u f g  c a p a b i l i t y  f o r  a n  i n n e r  c o r e  c o m p o s i t i o n ~ o f  ZPPR.' The 
s p e c t r a l  d e t a i l  below 4 keV i s  provided by t h e  r e so lved  resonance  
t r e a h ' e n t  descr ib,ed above, whereas . t he  d e t a i l  a b o v e ' l  MeV i s  due 

. . p r i m a r i l y  , t o  t h e  u fg  t r e a t m e n t  of  t h e  i n e l a s t i c  and (n ,  2n) s c a t t e r i n g .  

I "I 1 1 1 1  1 1 1 1  

ENERGY, eV 

- 
Fig. 4 .  M C ~ - Z  Spectrum, 0.0001-10 M e V  - 

- 
I n  o r d e r  t o  i l l u s t r a t e  t h e  M C ~ - ~  e x e c u t i o n  t imes  and compare I B M  

and CDC.versions of t h e  code,  a  sample problem a s  s p e c i f i e d  i n  Tab le  1 
was r u n  a t  Ah% on  t h e  IBM/370-195 computer and a t  LRL Berke ley  on  t h e  
CDC 7600 computer. Tab le  2 compares t h e  CPU e x e c u t i o n  t i m e s  on t h e  two 
machines f o r  d i f f e r e n t  a r e a s  o f  t h e  code .  The p e r i p h e r a l  p r o c e s s o r  
time i s  n o t  a v a i l a b l e  on t h e  CDC 7600. 



Table  1. M C ~ - ~  Sample Problem S p e c i f i c a t  i o n s  

- - 
Mixture: 23gpU, 240pU, 241pU, 2 3 5 ~ ;  23811, 12c,  160. 2 3 ~ a ,  27~1, . 

Fe, C r ,  N i ,  Mn, Cu, Mo, S i  --x... 

Options: duUfg = 11120, 27 ep i - thermal  broad groups;  i n c o n s i s t e n t  PI  
homogeneous spectrum; buckl ing  i t e r a t i o n ;  1740 u l t r a - f i n e  
groups ;  s i n g l e  f i s s i o n  spectrum; cont inuous  s lowing down 
below -4 keV; improved Greul ing-Goer tze l  moderat ing 
parameters ;  unreso lved  resonance  s e l f - o v e r l a p ;  f o u r  n e a r e s t  
r e so lved  resonances ;  RABANL t r ea tmen t  below %1.234 keV. 

Table  2. M C ~ - ~  Sample Problem Timing 

. . IBMI 370-195 CDC- 7 600 

CPU, s e c  CPU + .PP, s e c  CPU, s e c  code Area 

Input  

NR Unresolved Resonance a 
NR Resolved Resonance a 
NR I n t e r a c t i o n  

NR Resonance C a l c u l a t i o n  

Tabula ted  a 
E l a s t i c  P la t r ices  
Moderating Parameters  

Macroscopic Data P roces s ing  

U l t r a - f i n e  Group Spectrum 
Broad Group a Planagement 
I n e l a s  t i c  o Management 

Ufg Spectrum and,Broad  Group a 

Broad Group Spectrum 

RABANL Resolved Resonance a 
RABANL Slowing Down 
RABANL C o l l i s i o n  Ra te s  

RABANL 

TOTAL, 

T o t a l   total 0.48 
- - 

a ~ h r e e  p a s s e s  t o  o b t a i n  c r i t i c a l  buckl ing .  



SDX 

A space-dependent c r o s s - s e c t  i o n  gene ra  t i o n  c a p a b i l i t y  i s  p rov ided  
by t h e  SDX o p t i o n  o f  t h e  E T O E - ~ / M C ~ - ~ / S W . C ~ ~ ~  system. The SDX o p t i o n  
may b e  c h a r a c t e r i z e d  by t h r e e  s a l i e n t  f e a t u r e s :  

. . (1). the '  use.  of a n  in te rmedia te -group  micro'scopic c r o s s - s e c t i o n  

l i b r a r y  f o r  a l l  c r o s s  s e c t i o n s  e x c e p t  t h o s e  r e p r e s e n t e d  by r e sonance  
formalisms;  

(2) r u n  t i m e  computa t ion  o f  i n t e rmed ia t e -g roup  resonance  c r o s s  
s e c t i o n s  a p p r o p r i a t e  t o  t h e  compos i t ion ,  c e l l  s t r u c t u r e ,  and t e m p e r a t u r e  
of  t h e  problem; and 

(3)  e x p l i c i t  t r e a t m e n t  of a l l - h e t e r o g e n e i t y  and m u l t i r e g i o n  
s p a t i a l  e f f e c t s  i n  one  d imens ion .  

The SDX o p t i o n  has  been d e s i g n e d  t o  p r o v i d e  t h e  u s e r  g r e a t  , l a t i t u d e  
i n  t h e  r i g o r ,  complexi ty ,  and compu ta t i ona l  e f f o r t  a s s o c i a t e d  w i t h  a  
g i v e n  problem. For example,. i t  i s  p o s s i b l e ,  f o r  each  r e g i o n  i n  a  
m u l t i r e g i o n  problem, t o  o b t a i n  t h e  in te rmedia te -group  c r o s s  s e c t i o n s ,  
perform t h e  resonance  c r o s s  s e c t i o n  and i n t e g r a l  t r a n s p o r t  c a l c u l a t i o n .  
f o r  a hete.rogeneous c e l l  model, and homogenize t h e  in te rmedia te -group  
c r o s s  s e c t i o n s .  The homogenized c r o s s  s e c t i o n s  f o r  each  r e g i o n  would 
t hen  b e  used i n  a  m u l t i r e g i o n ,  i n t e rmed ia t e -g roup  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 ,  and t h e  r e s u l t i n g  f l u x  used t o  c a l c u l a t e  broad-group s p a t i a l l y  
averaged c r o s s  s e c t i o n s  on a  ce l l - ave raged  and p l a t e  (p in ) -wi se  b a s i s .  
The r i g o r ,  and compu ta t i ona l  e f f o r t ,  of  such a  c a l c u l a t i o n  cou ld  b e  . 

r e l a x e d  by us ing .  a  s i n g l e  s e t  of in te rmedia te -group  c r o s s  s e c t i o n s  f o r  
a l l  r e g i o n s ,  bu t  s t i l l  g e c e r a t i n g  t h e  r e sonance  c r o s s  s e c t i o n s  f o r  each  
d i f f e r e n t  r e g i o n .  The i n t e g r a l  t r a n s p o r t  c a l c u l a t i o n  could be  omi t t ed  " 

and volume-averaging used i n  t h e  c e l l  homogenization with o r  w i thou t  
t h e  u s e  o f  equ iva l ence  t h e o r y  t o  accoun t  . f o r  he te rogeneous  e f f e c t s  i n  
t h e  c a l c u l a t i o n  of r e sonance  c r o s s  s e c t i o n s .  A b lock  diagram i n d i c a  t i n &  
t h e  major program modules of SDX i s  g i v e n  i n  F ig .  5. 

A t  i t s  most r i g o r o u s  t h e  SDX c a l c u l a t i o n  i s  more r i g o r o u s ,  y e t  
s i g n i f i c a n t l y  more economica l , .  t h a n  t h e  most r i g o r o u s  p r e v i o u s l y  
e x i s t i n g  f a s t  neu t ron  mu l t i g roup  c r o s s - s e c t i o n  p r e p a r a t i o n  c a p a b i l i t y .  
On t h e  o t h e r  end of t h e  spectruril, t h e  s i m p l e s t  SDX c a l c u l a t i o n  p r o v i d e s  
i n  less t h a n  2 min a  broad-group c r o s s - s e c t i o n  s e t  which should  be  
adequa te  f o r  many a n a l y s e s .  I n  p a r t i c u l a r ,  t h e  l a t t e r  o p t i o n  i s  an.  
improvement upon t h e  s e l f - s h i e l d i n g  f a c t o r  schemes because  of t h e  more. 
a c c u r a t e  resonance  c r o s s - s e c t i o n  and e l a s t i c  removal t r e a t m e n t s .  

Broad-group mic roscop ic  c r o s s  s e c t i o n s  a r e  composi t ion-dependent  
because  o f  t h e  composition-dependence of  t h e  neu t ron  f l u x  (and c u r r e n t )  
weight ing  specrrum. E l a s t i c  removal and heavy e lement  resonance  c r o s s  
s e c t i o n s  a r e  g e n e r a l l y  t h e  most s e n s i t i v e  t o  compos i t ion  d u e  t o  i n t e r -  
med ia t e  e lement  s c a t t e r i n g  r e s o n a n c e s  and heavy element  r e s o n a n c e s .  
I n  t h e  SDX o p t i o n  t h e  r e sonance  c r o s s  s e c t i o n s  a r e  c a l c u l a t e d  on  a n  



UNRESOLVED RESONANCE u 
RESOLVED RESONANCE J *  

RIGOROUS HYPER- FINE- GROUP 
RESOLVED RESONANCE 
INTEGRAL TRANSPORT u 

INTERMEDI4TE- GROUP 

r---- RESONANCE u 
. . 

t 
SPATIAL ---- CELL AVERAGED 

WEIGHTING 

I 

INTERMEDIATE -GROUP 
DATA EXCLUDING o MERGING , . 

1 
SPACE-DEPENDENT 
SPECTRUM 
CALCULATION 

I 

Fig,. 5 

in te rmedia te -group l e v e l  f o r  e a c h . p l a t e  o r  p i n  type  (us ing  e q u i v a l e n c e  
theo ry )  o r  homogeneous mix tu re  i n  each  r e g i o c  cf a  m u l t i r e g i o n  problem. 
A s  F ig .  1 i n d i c a t e s ,  t h e  resonance  c a l c u l a t i c n  i n  SDX u s e s  t h e  same 
program modules a s  ?1c2-2. I n  p a r t i c u l a r ,  e i t h e r  t h e  narrow re sonance  
J* - in t eg ra l  t r ea tmen t  o r  t h e  r i g o r o u s  FLAGAXL t r ea tmen t  may be used t c  
provide  t h e .  composi t ion and t empera tu re  dependent  resonance  c r o s s  s e c t i o n s  .' 
Intermediate-group resonance  c r o s s -  s e c t i o n s  a r e  c a l c u l a t e d  assuming a .  
c o n s t a n t  c o l i i s i o n  d e n s i t y  p e r  u n i t  l e t h a r g y  i n  SDS r a t h e r  t han  by u s e  
of  t h e  a t t e n u a t i o n  t rea t inent  d e s c r i b e d  e a r l i e r  i n  PIC*-2. Thus t h e  
resonance  algori. thms employed i n  t h e  SDX c a l c u l a t i o n  combine a h igh  
deg ree  of accuracy  w i t h  modest computa t iona l  t ime.  I t  i s  assuned i n  
t h e -  SDX o p t i o n  t h a t  a l l  t h e  remaining c r o s s  s e c t i o n s  a r e  composi t ion  
independent  on. t h e  in t e rmed ia  te-group l e v e l  acd  t h a t  t h e  i n t e r n e d i a t e -  
group spectrum w i l l  a d e q u a t e l y  r e f l e c t  t h e  c o z ~ o s i t i o n - d e p e n d e n c e  f o r  
t h e  purpose of  o b t a i n i n g  broad-group c r o s s  s e c t i o n s  . For c u r r e n t  a p p l i -  
c a t i o n s ,  intermed' ia te-group c r o s s - s e c t i o n  l i b r a r i e s  on t h e  o r d e r  of 
150 t o  200 groups have been gene ra t ed .  These l i b r a r i e s  a d e q u a t e l y  
" t r a c e  o u t "  t h e  h ighe r  e n e r g y  s c a t t e r i n g  r e sonances  i n  . i n t e r m e d i a t e  
mass n u c l e i .  The in t c rned ia t e -g roup  c r o s s - s e c t i o n  l i b r a r i e s  may b e  
c o n s t r u c t e d  from Nc2-2 u l t r a - f  i n e  group c a l c u l a t i o n s  a s  i n d i c a t e d  i n  
Fig. 1 o r  any o t h e r  code which c r e a t e s  a  c r o s s - s e c t i o n  f i l e  i n  t h e  
proper  format .  

Three o p t i o n s  e x i s t  i n  SDX w i t h  r e s p e c t  t o  u n i t  c e l l  
homogenization: 

--. 

(1) A homogeneous m i x t u r e  may b e  s p e c i f i e d  i n  which c a s e  
resonance  c r o s s  s e c t i o n s  a r e  computed f o r  a  honogeneous m i x t u r e  and 
s imply  combined w i t h  t h e  in te rmedia te -group l i b r a r y  d a t a  ( i  .e . ,  no 
u n i t  c e l l  homogenizat ion) .  



(2)  I f  a  he t e rogeneous  u n i t  c e l l  i s  s p e c i f i e d ,  he te rogeneous  
resonance  c r o s s  s e c t i o n s  are computed f o r  s e l e c t e d  i s o t o p e s  i n  t h e  . . 

s p e c i f i e d  p l a t e l p i n  t y p e s  u s i n g  e q u i v a l e n c e  t heo ry  o r  t h e  r i g o r o u s  
RABANL heterogeneous  t r e a t m e n t .  These--fesonance c r o s s  s e c t i o n s  a r e  com- 

. . 
bined  w i t h  t h e  i n t e rmed ia t e -g roup  l i b r a r y  d a t a  and a n  i n f f n i t e  s l a b  o r  
c y l i n d e r  i n t e g r a l  t r a n s p o r t  c a l c u l a t i o n  i s  performed f o r  t h e  u n i t  c e l l .  
s p a t i a l  s e l f - s h i e l d i n g  f a c t o r s  and ce l l - ave raged  in te rmedia te -group  
c r o s s  s e c t i o n s  a r e  c a l c u l a t e d .  . The i n t e g r a l '  t r a n s p o r t  c a l c u l a t i o n  is 
based on a modif ied v e r s i o n  o f ' t h e  code C A L H E T ~ ~  which makes ' u se  o f  t h e  
c o l l i s i o n  p r o b a b i l i t y  methods developed f o r  RABANL. . . 

(3)  The i n t e g r a l  t r a n s p o r t  c a l c u l a t i o n  d e s c r i b e d  i n  i t em (2)  
may b e  omi t ted  and volume a v e r a g i n g  used t o  o b t a i n  a l l  c r o s s  s e c t i o n s .  

The in te rmedia te -group  l i b r a r y  d a t a  and ce l l - ave raged  r e sonance  
c r o s s  s e c t i o n s  a r e  i n p u t  t o  a  one-dimensional  d i f f u s i o n  theo ry  c a l c u -  
. l a t i o n .  The s ace-dependent  c a l c u l a t i o n  employs t h e  space-energy 
factorization2~~approximatio~ o p t i o n a l l y  a s  a  f i n a l  s o l u t i o n  o r  a s  a  
means f o r  a c c e l e r a t i n g  t h e  d i r e c t  i n t e rmed ia t e -g roup  s o l u t i o n ,  and 
employs p'ower ' i t e r a t i o n  w i t h  Chebyshev a c c e l e r a t i o n .  A fundarne.nta1 mode 
o p t i o n  is  a v a i l a b l e  f o r  space- independent  s o l u t i o n s .  A modi f ied  v e r s i o n  
o f  t h e  SEFlD code22 i s  used f o r  t h e  space-dependent c a l c u l a t i o n .  Broad- 
group mic roscop ic  c r o s s  s e c t i o n s  a r e  averaged  over  t h e  i n t e r m e d i a t e -  
group spectrum and o v e r  u s e r - s p e c i f i e d  s p a t i a l  r e g i o n s  w i th  c r o s s  
s e c t i o n s  a p p r o p r i a t e  t o  i n d i v i d u a l  p l a t e s l p i n s  a v a i l a b l e  on o p t i o n .  

SDX has  a l s o  been extended t o  p r o v i d e  a  y -p roces s ing  c a p a b i l i t y  
by i n t e r f a c i n g  A F ~ P x ~ ~  gene ra t ed  f i l e s  w i t h  SDX and p rov id ing  a  
y-source module. Use of  t h i s  c a p a b i l i t y  p e r m i t s  a  c o n s i s t e n t  c a l c u -  
l a t i o n  o f  y -product ion  d a t a  accoun t ing  f o r  t h e '  resonance  and s p a t i a l  
s e l f - s h i e l d i n g  o f  t h e  c a p t u r e  and f i s s i o n  c r o s s  s e c t i o n s .  . . 

The computing time r e q u i r e d  f o r  a n  SDX c a l c u l a t i o n  is  dependent  
upon t h e  u s e r  o p t i o n s  a s  d i s c u s s e d  above .  Three sample problems have 
been r u n  on the. IBM-3701195 a t  Argonne N a t i o n a l  Labora to ry  t o  p r c v i d e  
a n  i n d i c a t i o n  of t ime  r e q u i r e m e n t s .  A l l  problems were r u n  w i t h  a  s i n g l e  
156-group c r o s s - s e c t i o n  l i b r a r y .  Both t h e  u n i t  c e l l  c a l c u l a t i o n  and 
t h e  d i f f u s i o n  theo ry  spec t rum c a l c u l a t i o n  depend upon t h e  number of 
i n t e r m e d i a t e  groups .  I n  Tab le  3 t iming r e s u l t s  a r e  p r e s e n t e d  f o r  a  
s i a g l e - r e g i o n  problem i n  both a  homogeneous and he te rogeneous  (I 2-pla t e )  
r e p r e s e n t a t i o n .  The computa t ion  t imes  f o r  t h e  r e s o l v e d  and u n r e s o l v e d  
resonance  c a l c u l a t i o n s  i n c r e a s e  i n  t h e  he te rogeneous  problem s i n c e  t h e  
c a l c u l a t i o n  must be  performed f o r  t h e  homogeneous m i x t u r e  a s  w e l l  a s  
f o r  e a c h  resonance  m a t e r i a l  i n  each  p l a t e .  I n  Tab le  4 t im ings  a r e  
p re sen t ed  f o r  a  m u l t i r e g i o n  space-dependent c a l c u l a t i o n  i n  which each  
r e g i o n  was t r e a t e d  homogeneously. The s i m p l e s t  SDX c a l c u l a t i o n  i s  
r e p r e s e n t e d  by t h e  homogeneous problem o f  Table  3 .  The most d e t a i l e d  
c a l c u l a t i o n  would i n c l u d e  m u l t i r e g i o n  e f f e c t s  a s  i n  Tab le  4 a l o n g  w i t h  
a he te rogeneous  c e l l  model a s  i n  Table  3. 



  able 3 .  ~ u n d a ~ e n t a l '  Mode SDX, -39.- I s o t o p e s  ( t ime i n  s e c )  

Code Area 

Homogeneous ' 

a ~ e t e r o g e n e o u s  
. . 

CPU PP . CPU PP 

I'nput proce 'ssor  <1 . 2  <1 2  

Unresolved r e sonances  18 14 28 32 
. .  . 

Resolved resonances  13 4  2 2  6 

1 n t e r a c . t i o n  and c r o s s - s e c t i o n  
p r e p a r a t i o n  

Unit  c e l l  - - 3 6 9 

Spectrum . . ' 

T o t a l  4 3  50 98 8 1  

--- -- 
a Twelve p l a t e s  of which seven con ta ined  resonance  i s o t o p e s .  

Table  4.  Homogeneous, Space-Dependent 
SDX - 1 6  I s o t o p e s ,  4 Regions 

( t ime  i n  s e c )  

SEFlD Re~uaind e r  T o t a l  

CPTT PP CPIT PP CPIT P P 



PROGRI\MMING METHODS 

The E T O E - ~ / x c ~ - ~ / s D x  code system was developed a t  Argonne 
N a t i o n a l  Labora tory  o n  a n  IBM-370/195,--.All programming ,has  been done  
in FORTRAN and h a s  r i g o r o u s l y  adhered  t o  t h e  s t a n d a r d s  e s t a b l i s h e d  by 
t h e  Cormnittee on Computer Code 'Coord ina t ion  (CCCC) .25  I n  a d d i t  i o n ,  
c o n s i d e r a b l e  e f f o r t  was expended t o  produce a  code which may be  implemented 
as s imp ly  a s  p o s s i b l e  on . o t h e r  computers .  

The e n t i r e  code i s  v a r i a b l y  dimensioned through u s e  of t h e  sub- 
program package BPOINTER .26 A l l  b i n a r y  110 i s  performed by s u b r o u t i n e  
ca l l s  t o  t h e  s t a n d a r d  CCCC r o u t i n e s  E E D I R I T E ~ ~  s o  t h a t  g r e a t  f l e x i -  
b i l i t y .  is  provided i n  s p e c i f y i n g  i n s t a l l a  t ion-dependent  d a t a  management 
s t r a t e g i e s .  The s t a n d a r d  CCCC r o u t i n e  T I F I E R ~ ~  has  been used f o r  
i n s t a l l a t i o n - d e p e n d e n t  t im ing  f u n c t i o n .  Ex tens ive  u s e  h a s . b e e n  made 
of comment c a r d s  i n  o r d e r  t o  make t h e  codes  a s  se l f -document ing  2s 
p o s s i b l e  (approximate ly  o n e - t h i r d  o f . t h e  more t h a n  50,000 s o u r c e  c a r d s  
of Mc2-2 are comments). 

A s  ponted o u t  above,  t h e  i n p u t  t o  t h e  code  system i s  a n  ENDFIB 
d a t a  f i l e .  Broad-group c r o s s - s e c t i o n  f i l e s  a r e  o u t p u t  by t h e  code system 
i n  e i t h e r  t h e  ARC System XS .IS0 format2'  o r  t h e  ISOTXS format24  
s p e c i f i e d  by t h e  CCCC. BCD i n p u t  i s  prepared  acco rd ing  t o  s t a n d a r d  ARC 
System conven t ions .  2 6 

The code system i s  o p e r a t i o n a l  a t  ANL (IBM), SLAC (Ii3?.1), LRL Berke ley  
(CDC), BNL (CDC), and i s  a v a i l a b l e  from t h e  Argonne Code Center  and t h e  
NEA ISPRA Code C e n t e r .  The program package i n c i u d e s  ETOE-2 p roces sed  ' . 

d a t a  f o r  t h e  ENDFIB Vers ion  I V  d a t a .  M o d i f i c a t i o n s  t o  ETOE-2 and 
Mc2-2 a r e  underway t o  p e r m i t  p r o c e s s i n g  of EhQF/B. Versfon V d a t a  which 
i s  scheduled f o r  r e l e a s e  d u r i n g  CY 1978. The modif ied code and d a t a  
w i l l  b e  made a v a i l a b l e  th rough t h e  ANL and ISPW Code C e n t e r s .  
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