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ABSTRACT 

. . 
1. Name: ENDRUN I1 

2. Computer: GE 635 

3. Problem so lved :  G N D R U N  I1 i s  used t o  c a l c u l a t e  mul t ig roup  c o n s t a n t s  - 
from energy-dependent,  microscopic  c r o s s  s e c t i o n s ,  resonance pa ramete r s ,  

and i n e l a s t i c  l e v e l  d a t a  i n p u t  i n  t h e  Evaluated Nuclear Data F i l e  

(ENDFIB) f o r m a t d  Data i s  processed f o r  one m a t e r i a l  a t  a t i m e  and 

t h e  o u t p u t  mul t ig roup  f i l e  i n c l u d e s  bo th  i n f i n i t e l y - d i l u t e  group 

c r o s s  s e c t i o n s  and s e l f - s h i e l d i n g ,  Bondarenko-type f - f a c t o r s  s o  t h a t  

t h e  r e s u l t i n g  g e n e r a l i z e d  f i l e  i s  independent  of r e a c t o r  composi t ion.  

The multigroup d a t a  may be o u t p u t  on punched c a r d s ,  a s t a n d a r d  

l i b r a r y  t a p e ,  o r  p l o t t e d  over  any energy range .  

4 .  Method of S o l u t i o n :  Resolved resonance pa ramete r s  a r e  e v a l u a t e d  

accord ing  t o  t h e  Doppler broadened Breit-Wigner,  s i n g l e - l e v e l  l i n e  

shape e q u a t i o n s .  Resonance c o n t r i b u t i o n s  a r e  averaged o v e r  each f i n e  
. . 

group w i t h  an  e x t r a p o l a t e d  Romberg i n t e g r a t i o n  scheme. Unresolved 

resonance  c a l c u l a t i o n s  employ an averag ing  over  t h e  X-squared 

s t a t i s t i c a l  d i s t r i b u t i o n  of r e sonance  pa ramete r s .  S e l f - s h i e l d i n g  

i s  accomplished by we igh t ing  w i t h  a l / ( o  + a ) f l u x ,  where a is  a n  
t .  . 0 0 

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

P r o v i s i o n s  a r e  made ' fo r  t h e  o v e r l a p  of r e s o l v e d  and unreso lved  resonance  

sequences  and srnooth d a t a .  S e p a r a t e  i n e l a s t i c ,  e l a s t i c ,  and n ,2n 

m a t r i c e s  a r e  c a l c u l a t e d .  

5 .  R r s L r l c L L u ~ l s  UII  t h e  Cor~iplexity of t h e  Problem: ENDRUN may be used 

on any ENDFIB m a t e r i a l  w i t h  less t h a n  9 i s o t o p e s .  A c a s e  may i n c l u d e  

up t o  100 c o a r s e  groups and 30 f i n e  groups  p e r  c o a r s e  group.  Maximum 

t r a n s f e r  m a t r i x  s i z e  is  70 k 50. Up t o  5 oo v a l u e s  and 3 t e m p e r a t u r e s  

may b e  i n p u t  f o r  s e l f  - s h i e l d i n g .  

6 .  T y p i c a l  Running Time: A s i m p l e  29-group c a s e  f o r  any material w i t h o u t  

reoonsnce d a t a  i~ processed i n  o n l y  a few seconds on t h e a A  

similar c a s e  f o r  U-238.with a l l  s e l f - s h i e l d i n g  o p t i o n s  may r u n  over  

a n  hour .  

iii 



7. Unusual Fea tures  of t h e  Program: ENDRUN is designed t o  a l low maximum 

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

s e v e r a l  ENDFIB' r e a c t i o n s  may be combined i n  a  s i n g l e  output  c ros s  

s e c t i o n ,  any type  of d a t a  o r  s i n g l e  c ros s  s e c t i o n  may be processed 

s e p a r a t e l y ,  i npu t  may come from ca rds ,  BCD or  b inary  t a p e ,  o r  

compressed b inary  t a p e ,  and mat r ices  may be output  s epa ra t e ly  o r  

combined. 

8. Rela t ed .o r  Auxi l ia ry  Programs: ENDRUN I1 is  a  supplement t o  t h e  ENDRUN 

I code of A p r i l ,  1970 ( r e f e r ence  1 )  and r e t a i n s  most of t h e  major sub- 

r o u t i n e s  from t h e  e a r l i e r  code. I t  uses  s e v e r a l  of t h e  ENDFIB r e t r i e v a l  

subrout ines  i n  processing t h e  ENDFIB d a t a  f i l e  and a l s o  t h e  QUICKW 
2 t a b l e  look-up r o u t i n e  from MC . A genera l ized  d a t a  f i l e  t ape  (GMUG) 

may be  c r ea t ed  f o r  d i r e c t  use by t h e  TDOWN code. 

' 9 .  S t a t u s :  This code is' i n  product ion s t a t u s  . a t  GE BRDO and is  executed 

from tape.  

10 .  References: 1 )  B. A. Hutchins,  L. N.  P r i c e ,  "ENDRUN-I, A Computer 

Code . to  .. Generate . a General ized Multigroup Data F i l e  

from ENDFIB, GEAP-13592, A p r i l ,  1970. 

2) I .  I. Bondarenko, Group Constants  f o r  Nuclear Reactor 

Ca lcu l a t i ons  (Consul tants  Bureau, New York, 1964) 

3 ) :  H. C .  Honeck, "ENDF/B S p e c i f i c a t i o n s  f o r  an Evaluated 

Nuclear Data F i l e  f o r  Reactor Applicat ions" ,  (Brookhaven, , 
N.Y. ,. 1966).  

Machine Requirements: The program r e q u i r e s  5 2 K  memory on t h e  GE632,- 

i nc lud ing  a  10K ove r l ap  w i th  load ing  rou t ines .  Up t o  5 t apes  and 7 

a u x i l i a r i e s  ( d i s c s  a t  GE) may be r equ i r ed  f o r  some cases ,  bu t  t h e  number 

of. t a p e s  may be  reduced by ~ s i n ~ ' ~ e r m a n e n t  d i s c  f i l e s  and running from 

cards .  

12. Programming Languages Used: ENDRUN is  w r i t t e n  almost e n t i r e l y  i n  

FORTRAN-IV. Only t hose  r o u t i n e s  used i n  t h e  GE compressed b inary  - 
\ 

i npu t  and output  op t ions  a r e  p r e s e n t l y  w r i t t e n  i n  RWSBT o r  NPOST lan-  

. . guages and FORTRAN v e r s i o n s  of t h e s e  r o u t i n e s  a r e a l s o  a v a i l a b l e .  

13. Operat ing System: GECOS-I11 wi th  FORTRAN-IV' compiler.  



14. Other Programming or Operating Information: Primary changes to 

convert this program to another machine would be in the input and output 

routines, auxiliary assignments, and particularly the plotting 

routines . 



SECTION I 

INTRODUCTION 

ENDRUN was developed t o  provide a  c a p a b i l i t y  f o r  p repar ing  a 

genera l ized ,  ~ o n d a r e n k o - t ~ ~ e ( ~ ) ,  multigroup c ros s  s e c t i o n  f i l e  from b a s i c  

nuclear  d a t a  i n  t he  ENDF l i b r a r y  format (2) .  The code i s  a p r i n c i p a l  

component of t h e  General E l e c t r i c  r ap id  c ros s  s e c t i o n  adjustment technique 

and has been s p e c i f i e d  with a  processing f l e x i b i l i t y  which al lows t h e  

user  t o  genera te  only a  few group cons t an t s ,  t o  combine s e v e r a l  r e a c t i o n  

types ,  t o  punch in te rmedia te  d a t a  on cards  f o r  reuse  i n  l a t e r  computations 

and t o  spec i fy  a  complete m a t e r i a l  c ro s s  s e c t i o n  l i b r a r y .  The code f l e x i -  

b i l i t y  and t h e  s imp l i f i ed  Bondarenko approach t o  bypass t h e  r igorous  but 

expensive c a l c u l a t i o n s  of t h e  neutron f l u x e s  and system composition de- 

pendence have made ENDRUN an important  t o o l  i n  t h e  LMFBR des ign  e f f o r t .  

ENDRUN I1 i s  a  supplement t o  t h e  ENDRUN I code of A p r i l  1 9 7 0 ' ~ )  and 

r e t a i n s  many of t h e  f e a t u r e s  of t h e  e a r l i e r  code. However, some r o u t i n e s  

have been modified t o  improve t h e  accuracy and/or e f f i c i e n c y  of t h e  compu- 

t a t i o n a l  opera t ions .  Two important  modi f ica t ions  a r e :  

1. The use  of t he  Romberg i n t e g r a t i o n  technique f o r  c a l c u l a t i n g  

t h e  reso lved  resonance con t r ibu t ion  t o  t h e  coa r se  group c ros s  

s e c t i o n ,  and 

2. The s p e c i f i c a t i o n  of a  s imple s c a t t e r i n g  p r o b a b i l i t y  f u n c t i o n ,  

based upon t h e  average l oga r i t hmic  energy l o s s ,  and used t o  

gene ra t e  A more e x p l i c i t  express ion  f o r  c a l c u l a t i n g  t h e  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  ma t r i ce s .  

The inpu t  format and computat ional  procedures  i n  ENDRUN I1 have been 

,;: updated t o  be  c o n s i s t e n t  wi th  t hose  formats  and procedures  which have been 

s p e c i f i e d  f o r  t h e  ENDF neut ron  c ros s  s e c t i o n  l i b r a r y  of October,  1970. ( 4 )  



SECTION I1 

GENERAL DESCRIPTIOJN OF ENDRUN COMPUTATIONS , 

E he ENDRUN code gene ra t e s  .mult igroup , i n£  i n i t e l y - d i l u t e  c ross  

s e c t i o n s  p l u s  approprkate  resonance se l f - sh i e ld ing  f a c t o r s . f r o m  pointwise 

d a t a ,  resonance parameters and i n e l a s t i c  l eve l '  d a t a .  'The code o u t p u t . i s .  
( 5 )  used d i r e c t l y  i n  TDOWN t o  o b t a i n  e f f e c t i v e  c ros s  s ec t ions  f o r  a s p e c i f i c  

r e a c t o r .  composit ion  and f l u x  'spectrum.. This ou tput  c o n s i s t s  of t he  follow- 

i n g  d a t a  f o r  a  s i n g l e  ENDFIB materi 'al:  
. . 

1. I n f i n i t e l y - d i l u t e  c r o s s : s e c t i o n s  f o r  e l a s t i c - s c a t t e r i n g ,  

i n e l a s t i c  s c a t t e r ,  e l a s t i c  removal, f i s s i o n ,  cap tu re ,  

(n ,2n) ,  and t o t a l  reactio'ns f o r  each group of a  spec i f i ed  

mult igroup s t r u c t u r e  (maximum of 100 groups) .  
- 

2. ~ r o u ~ - a v e r a ~ e :  va lues  of 5 ,. .G 
e l a s t i c  ' v (average neu'trons 

emit ted per  f i s s i o * )  , and. x . ( f i s s i o n . n e u t r o n  f r a c t i o n ) .  

3 .  Downscattering ma t r i ce s  including '  e l a s t i c  s c a t t e r i n g ,  i n e l a s t i c  

s c a t t e r i n g ,  and (n ,2n) r eac t ions .  (Maximum of 70 source:.and 49 - . 

downscat t e r i n g  groups) .. ', 

4 .  Resonance s e l f - s h i e l d i n g  f a c t o r s  f o r  up t o  3 m a t e r i a l  

temperatures  and 5 va lues  bf -0'. (parameter .sp'ecifying t o t a l  
0 

c r o s s  s e c t i o n  per  a tom'of '  resonance .mater ial) ' .  These s e l f -  

s h i e l d i n g  f a c t o r s  a r e  t o  be used toge the r  with t h e  i n f i n i t e l y -  

d i l u t e  c r o s s ' s e c t i o n s  f o r  e l a s t i c  s c a t t e r i n g ,  f i s s i o n ,  cap ture ,  

and t o t a l  r e a c t i o n s  t o  o b t a i n  e f f e c t i v e  group cons t an t s ,  a s  

w e l l  as t o  compute the  con t r ibu t ion  t h i s  m a t e r i a l  makes t o  

. a  when computing se l f - sh i e ld ing  f o r  o t h e r  m a t e r i a l s  (maximum 
0 ' 

of ,100 groups with s e l f - s h i e l d i n g ) .  
. . 



The c a l c u l a t i o n  of groupwise c ros s  s e c t i o n s  is  c a r r i e d  ou t  by f lux-  

weighting the  d a t a  i n  t h e  ENDFIB l i b r a r i e s  and is  based upon t h r e e  broad 

5 ca t ego r i e s  of d a t a  - resolved resonance parameters ,  unresolved resonance 

parameters and smooth pointwise c ros s  s e c t i o n  va lues .  The resonance 

con t r ibu t ions  t o  t h e  groupwise c ros s  s e c t i o n s  a r e  computed wi th  t h e  Breit- 

Wigner s ing le - leve l  formula and a r e  combined with t h e  smooth va lues  which 

c o n t r i b u t e  t o  a  s p e c i f i e d  energy range. Any degree of overlapping of 

smooth d a t a ,  reso lved  resonance energy ranges and unresolved resonance 

energy ranges is  permi t ted ,  with t he  resonance con t r ibu t ions  summed over 

a l l  i so topes .  Secondary energy d i s t r i b u t i o n s  may be used along wi th  smooth 

d a t a  t o  compute the s c a t t e r i n g  ma t r i ce s .  The forms taken by t h e  secondary 

energy d i s t r i b u t i o n s  a r e  l im i t ed  t o  d i s c r e t e  energy l o s s ,  Maxwellian d i s -  

t r i b u t i o n s  and t abu la t ed  d a t a  f o r  both t he  i n e l a s t i c  s c a t t e r i n g  and t h e  
- 

(n,2n) r eac t ions .  The r e a c t i o n  parameters ,  5 and pelastic, are averaged 

by weighting with t h e  product of t h e  f l u x  and e l a s t i c  c ros s  s e c t i o n ,  whi le  
- 
v i s  weighted with t h e  product of f l u x  and f i s s i o n  c ros s  s e c t i o n .  The 

va lues  of x a r e  determined from t h e  secondary energy d i s t r i b u t i o n s  f o r  

f i s s i o n  neutrons and a r e  l im i t ed  t o  Maxwellian d i s t r i b u t i o n s ,  s imple 

f i s s i o n  d i s t r i b u t i o n s  and t h e  Watt f i s s i o n  spectrum. 

Se l f - sh ie ld ing  f a c t o r s  a r e  ca l cu l a t ed  by computing groupwise s e l f -  

s h i e l d i n g  c ros s  s e c t i o n s  f o r  each combination of temperature and a 
0 

and d iv id ing  by t h e  i n f i n i t e l y - d i l u t e  va lue .  The smooth d a t a ,  a s  w e l l  a s  

t h e  resonance con t r ibu t ions  t o  t h e  c ros s  s e c t i o n s ,  may be  s e l f - sh i e lded ,  

wi th  t h e  smooth s e l f - sh i e ld ing  being temperature independent and t h e  I 

resonance con t r ibu t ion  computed f o r  each temperature .  The reso lved  resonance 

pointwise c ros s  s e c t i o n s  a r e  obtained by summing t h e  con t r ibu t ion  from a l l  

important reso lved  resonan'ces, each descr ibed  by t h e  app rop r i a t e  Doppler- 

broadened, Breit-Wigner s ing l e - l eve l  l i n e  shape,  inc lud ing  p o t e n t i a l  

s c a t t e r i n g  i n t e r f e r e n c e .  Cont r ibu t ions  from unresolved resonances i nc lude  

f i r s t  o rde r  c o r r e c t i o n s  f o r  overlapping of resonances from t h e  same and 

d i f f e r e n t  sequences.  Averaging over  chi-squared d i s t r i b u t i o n s  of t h e  

f i s s i o n  and s c a t t e r i n g  widths  is  accomplished by d i v i d i n g  t h e  d i s t r i b u t i o n s  

i n t o  e i t h e r  5 o r  10  equa l ly  probable  p o r t i o n s ,  depending upon t h e  number 

of degrees  of freedom i n  t h e  d i s t r i b u t i o n ,  and us ing  r e p r e s e n t a t i v e  va lues  



of t h e  widths  i n  each p o r t i o n .  D i s t r i b u t i o n s  with 5 o r  more degrees  of 

freedom a r e  taken t o  be  d e l t a  func t ions .  Average resonance widths  may 

be s p e c i f i e d  a s  a f u n c t i o n  of energy i n  ENDFIB. Both t h e  resolved and 
< .  

unresolved resonance con t r ibu t ions  can be  computed f o r  s ,  p and d.waves,: 

. . wi th  up . to  5 J s t a t e s ,  each,  depending on t h e  number of i so topes  and ; 

ranges .  

Flux weighted,  average c r o s s  s e c t i o n s  a r e  obtained by averaging 

over  energy groups, subgroups and po in t s .  The s t r u c t u r e  of t h e  groups 

and t h e  a p p l i c a t i o n  of t h e  groups and p o i n t s  a r e  summarized a s  fol lows:  

1. Coarse Groups - group s t r u c t u r e  which i s  s p e c i f i e d  by 

t h e  u se r  f o r ' t h e  ou tput  multigroup c ros s  s e c t i o n  f i l e . '  

The number of '  coa r se  groups must no t  exceed 100. 
8 .  

2 .  F ine  Groups - . b a s i c  subd iv i s ion 'o f  t h e  coarse  groups 

which is  used d i r e c t l y  t o  average a l l  non-resonance 

d a t a  and f o r  . t h e  f i n a l  averaging of a l l  resonance c ros s  

s e c t i o n s .  Up t o  t h i r t y  f i n e  groups may be s p e c i f i e d  f o r  
. .  I 

each coa r se  group. 

3 .  Ul t r a - f i ne  Groups - subd iv i s ions  of t h e  f i n e  groups which 
. '  a r e  .used- o n l y  -for  t h e  .-numertral  i r i t eg ra t t on  o f .  reso lved  

and unresolved resonances.  The number of u l t r a - f i n e  

groups i n  t h e  reso lved  resonance energy range is  .computed 

by t h e  code based upon a convergence c r i t e r i o n  f o r  t h e  

~ o m b e r ~  i n t e g r a t i o n  method. The u l t r a - £  i n e  groups i n  t h e  

unresolved resonance energy range a r e  determined from t h e  ' 

resonance .width,  t h e  Doppler width and t h e  d i s t a n c e  from 

t h e  resonance peak. I n t e g r a t i o n  of unresolved resonances 

is  c a r r i e d  o u t  by us ing  Simpson's r u l e .  

4. , Unresolved I n t e g r a t i o n  Po in t s  - energy p o i n t s  used f o r  t h e  

i n t e g r a t i o n  over  s i n g l e  r e p r e s e n t a t i v e  resonances i n  t h e  ' 

unresolved resonance averaging procedure.  The con t r ibu t ion  

from a l l '  resonances is determined a t  t h e  s p e c i f i e d  energy ,  

and subsequent averaging is  c a r r i e d  ou t  by i n t e r p o l a t i o n  t o  

t h e  f i n e  groups and £,lux weight ing t o  o b t a i n  t h e  coa r se  group 

va lues .  



The f luxes  which a r e  used f o r  weighting f a c t o r s - i n  t h e  averaging procedures 

a r e  expressed a s  t he  product .of a coarse  v a r i a t i o n  and a f i n e  v a r i a t i o n  

i n  t h e  neutron f l u x ,  

The f i n e  v a r i a t i o n ,  F(E),  r e s u l t s  i n  t h e  resonance s e l f - s h i e l d i n g  and i s  

based on the  constant  c o l l i s i o n  dens i ty  (narrow resonance) approximation 

which g ives  

where a (E) i s  t h e  energy dependent,  t o t a l  c ro s s  s e c t i o n  of t h e  m a t e r i a l - ,  
t ,m 

and uo i s  the  s e l f - s h i e l d i n g , - o t h e r  m a t e r i a l ,  i npu t  parameter.  The coarse  

f l u x  v a r i a t i o n ,  C(E), may be input  by t h e  u se r .  However, i n  t h e  more 

gene ra l  ca se ,  t h e  coarse  f l u x  w i l l  be represen ted  i n  t h e  code by t h e  f i s s i o n  

neutron spectrum a t  high ene rg i e s  and by t h e  i n v e r s e  energy below an inpu t  

break-point.  

An e l a s t i c  removal c ros s  s e c t i o n  f o r  t h e  coa r se  group is  computed a s  

us ing  t h e  group average va lues  of 5 and u . Thus, t h e  e l a s t i c  removal 
e s  

c ros s  s e c t i o n  i s  independent of a p a r t i c u l a r  f l u x  d i s t r i b u t i o n  (except f o r  

t h e  implied 1 / E  f l u x  represen ta t ion)and  must be  co r r ec t ed  i n  t h e  l a t e r  

a p p l i c a t i o n  of the  TDOWN cnde (Reference 5 ) .  

A complete problem i n  ENDRUN ( t h a t  i s ,  f o r  a m a t e r i a l  conta in ing  

reso lved  and unresolved resonance d a t a  a s  w e l l  a s  smooth d a t a  and f o r  a 

r e l a t i v e l y  l a r g e  number of coarse  groups) may r e q u i r e  ex t ens ive  compu- 

t a t i o n s .  Therefore ,  p rovis ions  f o r  p a r t i a l  computations have been made. 

Averaging may be l i m i t e d  t o  any s p e c i f i e d  number of s e q u e n t i a l  coa r se  



groups of a  given group s t r u c t u r e ,  i n  which case  only t h e  cross, s e c t i o n s ,  

c o n t r i b u t i n g  t o  t he  s p e c i f i e d .  groups a r e  considered,  ( including t h e  con- 

t r i b u t i o n s  from reso lved  resonances o u t s i d e  t h e  s p e c i f i e d  groups) ,  and a l l  

t r a n s f e r  terms out  of t h e  s p e c i f i e d  groups. i n  t h e  s c a t t e r i n g  mat r ices  a r e  

computed.. To avoid r epea t ing  lengthy computations of t he  pointwise 

resonance c r o s s  s e c t i o n s ,  i n t e rmed ia t e  d a t a  va lues  may be punched on cards  

f o r  u s e  a t  a  l a t e r  t i m e . ,  P a r t i a l  computations may be performed by l i m i t i n g  
' . 

. '  t h e  r e a c t i o n  types  considered o r  by computing only i n £ i n i t e l y - d i l u t e  c ros s  

s e c t i o n s ,  i n f i n i t e l y - d i l u t e  c r o s s  s e c t i o n s  with s e l f - sh i e ld ing  f a c t o r s ,  

o r  i n f i n i t e l y - d i l u t e  c r o s s  s e c t i o n s  wi th  s c a t t e r i n g  mat r ices .  These op t ions  

f o r  p a r t i a l  c a l c u l a t i o n s  g ive  t h e  user  t h e  f l e x i b i l i t y  needed t o  update 

e x i s t i n g  coarse-group f i l e s  without  recomput ing 'a l l  coarse  group d a t a  f o r  

a  given m a t e r i a l .  Thus, f i l e  updat ing may be accomplished i n  a  r e l a t i v e l y  

s imple  manner where changes a r e  made i n  ENDF/B d a t a  over l im i t ed  energy 

ranges ,  i n  one o r  two types  o f , d a t a  (smooth, resolved o r  unresolved resonance,  

o r  secondary energy d i s t r i b u t i o n s ) . ,  o r  i n  one o r  two of t h e  r e a c t i o n  types .  

Input  t o  ENDRUN al lows the  u se r  many opt ions  i n  a d d i t i o n  t o  t hose  

desc r ibed  'above. The r e a c t i o n  types  from the  ENDF/B f i l e  which ' a r e  t o  be  

inc luded  i n  each of t h e  r e a c t i o n  types  on the  coarse  group. f i l e  a r e  s p e c i f i e d  

by t h e  u se r  ( e .g . ,  t h e  coa r se  group cap ture  c ros s  s e c t i o n  may inc lude  . t h e  

(n ,y ) ,  ( n , a )  and (n ,p)  r e a c t i o n s  from .ENDFIB). Data i n  t h e  ENDFIB format . . 

may be  o v e r l a i d  by card i n p u t .  E he' coarse  groups i n  which smooth d a t a  

c o n t r i b u t e  t o  t h e  s e l f - s h i e l d i n g  f a c t o r s , a r e  s p e c i f i e d  by t h e  u se r .   he' 
u s e r  must have a  good knowledge of the  ENDFIB d a t a  being used.)  EN he s e l f -  

o v e r l a p  c o r r e c t i o n  f o r  unresolved resonances is  l i m i t e d  t o  ene rg i e s  above 

a g iven  inpu t  value.  The energy range over  which unresolved resonances 

c o n t r i b u t e  is  s p e c i f i e d  (normally corresponding t o  t h e  ENDFIB d a t a ) ,  and 

unresolved c o n t r i b u t i o n s  t o  t h e  s e l f - s h i e l d i n g  f a c t o r s  a r e  considered only 

below a  g iven  energy. The con t r ibu t ions  of resolved resonances t o  both t h e  

i n f  i n i t e l y ~ d i l u t e  c r o s s  s e c t i o n s  and t h e  s e l f  - sh ie ld ing  f a c t o r s  i s  : indicated 

by c o a r s e  groups. 

ENDRUN output  i nc ludes  coa r se  group d a t a  both p r i n t e d  and on t a p e  

f o r  use w i th  t h e  TDOWN code. I n  a d d i t i o n ,  coarse  group i n f i n i t e l y - d i l u t e  

c r o s s  s e c t i o n s ,  s e l f - s h i e l d i n g  f a c t o r s  and s c a t t e r i n g  ma t r i ce s  may be 

p l o t t e d  a s . f u n c t i o n s  of neu t ron  energy. 



SECTION 111 

DETAILED DESCRIPTION OF ENDRUN COMPUTATIONS 

3 .1  Averaging Techniques 

The methods f o r  processing the  ENDFIB d a t a  a r e  based upon averaging 

techniques which use a f l u x  weight ing over f i n e  and u l t r a - f i n e  subd iv i s ions  

of t h e  coarse  group energy s t r u c t u r e .  The averaging techniques vary  

wi th  t h e  type  of d a t a  t h a t  i s  being processed and wi th  t h e  type  of output  

t h a t  i s  being reques ted .  An understanding of t h e  averaging procedures 

is necessary t o  t h e  understanding of t he  code formula t ion  i n  t h e  remainder 

of t h i s  s e c t i o n .  

3.1.1 Energy Group S t r u c t u r e  

The coarse  group energy s t r u c t u r e  is inpu t  by t h e  u s e r  and i s  d iv ided  

i n t o  a s p e c i f i e d  number of equa l  l e tha rgy  width f i n e  groups. The f i n e  group 

i s  t h e  b a s i c  u n i t  f o r  processing d a t a  i n  ENDRUN and up t o  t h i r t y  such groups 

may be s p e c i f i e d  f o r  each coarse  group. The a c t u a l  number of f i n e  groups , 

t o  be used i s  dependent upon t h e  importance of t h e  energy range and t h e  

degree of f l uceua r ion  i n  che d a t a .  

Fine groups a r e  used d i r e c t l y  i n  the averaging of smooth, po in twise  

c ros s  s e c t i o n s  and r e a c t i o n  parameters.  However, t h e  f i n e  groups must be 

f u r t h e r  subdivided t o  eva lua t e  t h e  reso lved  and unresolved resonances.  

The c r o s s  s e c t i o n s  f o r  t h e  reso lved  resonance energy range a r e  calcu- 

l a t e d  by t h e  Romberg numerical i n t e g r a t i o n  technique over  u l t r a - f i n e  

energy groups ( see  Sec t ion  3 . 2 ) .  The number of u l t r a - f i n e  groups i s  computed 

by t h e  code ( i n i t i a l l y  one u l t r a - f i n e  group per  f i n e  group) and is  doubled 

i n  succes s ive  Romberg c a l c u l a t i o n s  u n t i l  t h e  f i n e  group va lues  s a t i s f y  a 



8' 
s p e c i f i e d  convergence c r i t e r i o n .  A maxiuium of 2 u l t r a - f i n e  groups is  

pe rmi t t ed  by the  code but  t h i s  va lue  may be o v e r l a i d  by t h e  user .  , 

Designated energy p o i n t s  a r e  used f o r  t h e  i n t e g r a t i o n  over s i n g l e  

r e p r e s e n t a t i v e  resonances i n  t h e  unresolved resonance averaging procedure.  

I n t e g r a t i o n  i s  c a r r i e d  ou t  by us ing  ~ i m ~ s o n ' ' s  r u l e  over- u l t r a - f i n e  groups 

which a r e  determined by t h e  resonance wid th ,  t h e  Doppler width and t h e  

d i s t a n c e  from t h e  resonance peak ( s ee  Sec t ion  3.3) .  The r e s u l t  of t h e s e  

i n t e g r a t i o n s  is  a po in t  c r o s s  s e c t i o n  va lue  f o r  a given energy and 

tempera ture ,  averaged over  t h e  d i s t r i b u t i o n  of resonance parameters.  

3.1.2 Neutron F lux  Spec t ra  f o r  Cross Sec t ion  Averagi* 

~ e a c t i o n  r a t e s  f o r  each m a t e r i a l  a r e  preserved dur ing  a multigroup 

averag ing  procedure by weight ing t h e  f i n e  and u l t r a - f i n e  group c ross .  

s e c t i o n s  'wi'th t h e i r  r e s p e c t i v e  f i n e  and u l t r a - f i n e  group neutron f l u x .  

This  f l u x  spectrum over energy i s  a c t u a l l y  s p a t i a l l y  and composition 

dependent.  However, t h e  mult igroup approach assumes t h a t  such dependencies - 
have a very  smal l  e f f e c t  on t h e  average c ros s  s e c t i o n  va lue  i f  t h e  coarse  

group l e t h a r g y  width is  sma l l  and f l u x  does not  change r a d i c a l l y .  Accord- i 
rr 

i n g l y ,  t h e  f l u x  weight ing used i n  ENDRUN is  assumed t o  be t h e  product 

of a f i n e  f l u x  which may vary  r a d i c a l l y  w i th  energy and a coa r se  f l u x  which 

does n o t .  The f i n e  f l u x ,  t aken  a s  l / o t ,  is  c a l c u l a t e d  s e p a r a t e l y  w i t h i n  

each averag ing  procedure.  The coarse  f l i ix  i s  assumed t o  v a r y ' a s  , the fFs s ion  

spectrum above a s p e c i f i e d  cu to f f  energy, Ec ,  and t o  vary  i n v e r s e l y  w i th  

t h e  energy below t h e  cu to f f  va lue .  The coarse  f l u x  r e p r e s e n t a t i o n  is 
I 

c a l c u l a t e d  only once f o r  each f i n e  group and l a t e r  used i n  a l l  averaging 

procedures .  
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Energy E 

The f l u x  shape must be continuous ac ros s  t h e  boundary between t h e  two 

' spec t r a  ( see  ske t ch ) .  This  i s  accomplished by t h e  fol lowing normal iza t ion :  

normalized (I (E) = 

Since most of t h e  i n t e g r a t i o n s  performed i n  ENDRUN involve  a +(E)dE term, i t  

is  t h i s  product which i s  a c t u a l l y  c a l c u l a t e d  and c a l l e d  t h e  " f i n e  group f l ux" ,  

'j 
. The above express ion  f o r  t h e  f i s s i o n . s p e c t r u m  i s  unfo r tuna t e ly  no t  

d i r e c t l y  i n t e g r a b l e ,  but  can be  eva lua ted  a t  t h e  f i n e  group average energy,  

EaV, and mu l t i p l i ed  by t h e  energy width of t h e  group. I n  t h e  equa t ions  below, 

E .  i s  the f i n e  group, mid-lethargy energy,  Au. i s  t h e  f i n e  group l e tha rgy  
J J 

width,  and AE. is t h e  f i n e  group energy width.  
J 

1 / E  Region 3 



F i s s i o n  Spectrum 

' -Au./2 
where EL = E .  e J ,  , -lower energy 

J 
Au.12 

E = E. e J , upper energy 
u ' - J  

Since the cutoff  energy, Ec, is  a completely arbitrary input parameter, the 

group i n  which E f a l l s  . is  a spec ia l  case: 
C 

where E = 
Ec + 

av 2 



The f l u x  r ep re sen t a t i on  descr ibed above i s  expected t o  be  adequate f o r  

t he  genera t ion  of most multigroup c ros s  s e c t i o n  s e t s .  However, a  more 

d e s c r i p t i v e  s p e c t r a  may be input  f o r  each coarse  group and used a s  i n t e r -  

po l a t i on  po in t s  f o r  determining t h e  f i n e  group f l uxes .  The input  f l uxes  

a r e  assumed t o  be pointwise va lues  per  u n i t  l e thargy .  

3 .1 .3 .  Averaging of Smooth, Pointwise Data 

Smooth c ros s  s e c t i o n s  and r e a c t i o n  parameters a r e  given i n  F i l e  3 

of ENDFIB f o r  s p e c i f i e d  energy po in t s .  These energy p o i n t s  a r e  no t  

neces sa r i l y  t h e  same f o r  a l l  r e a c t i o n s  and t h e  i n t e r p o l a t i o n  mode may 

a l s o  vary - even f o r  t he  same r e a c t i o n  type. The i n t e r p o l a t i o n  mode 

w i l l  be e i t h e r  l i n e a r ,  semi-log o r  log-log and w i l l  be used t o  gene ra t e  

t h e  f i n e  group c ros s  s e c t i o n s  and r e a c t i o n  parameters a t  t h e  mid-lethargy 

energy po in t s  of t h e  f i n e  group. Severa l  i npu t  r e a c t i o n  types  may.be 

combined i n t o  one output  r e a c t i o n  by i n t e r p o l a t i n g  each d a t a  a r r a y  

s e p a r a t e l y  and summing the  f i n e  group va lues .  It should be  noted t h a t  

a zero  i n t e r p o l a t i o n  w i l l  r e s u l t  i f  an energy poin t  i s  e i t h e r  above o r  

below t h e  given range. 

The smooth d a t a  i s  d i r e c t l y  averaged f o r  those  coa r se  groups o u t s i d e  

the  reso lved  resonance energy range. Within t h e  reso lved  range,  smooth 

d a t a  f o r  t h e  f i n e  groups i s  added t o  t h e  c o n t r i b u t i o n s  from t h e  reso lved  

resonances before  ob t a in ing  t h e  coarse  group va lues .  Combinations of 

those  con t r ibu t ions  from smooth d a t a ,  unresolved resonances and reso lved  

resonances inc lude  an adjustment i n  t h e  s e l f - s h i e l d i n g  c ros s  s e c t i o n s  

(a  f i r s t  o rder  over lap  co r r ec t i on )  f o r  t h e  va lue  of t h e  s e l f - s h i e l d i n g  

parameter,  a . 
0 

3.1.4 I n f i n i t e l y  D i lu t e  Cross Sec t ion  Averaging 

The assumption of i n f i n i t e  d i l u t i o n  impl ies  t h a t  t h e r e  i s  s o  l i t t l e  

of t h e  mater ia l  i n  s p e c i f i e d  r eg ion  t h a t  t h e  m a t e r i a l  ha s  no e f f e c t  

upon t h e  f l u x  ( i . e . ,  t h e  f i n e  f l u x  (110 ) i s  assumed t o  be  c o n s t a n t ) .  
t 

% Whether o r  not  t h i s  is ever  a  r e a l i s t i c  approximation, t h e  concept is  

u s e f u l  because s e l f - s h i e l d i n g  £- fac tors  can l a t e r  be app l i ed  t o  t h e  

i n f i n i t e l y  d i l u t e  c ros s  s e c t i o n  va lues  t o  account f o r  v a r i a t i o n  i n  t h e  

f i n e  f l u x .  
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The. i n f i n i e e l y - d i l u t e ,  coarse  group average f o r  r e a c t i o n  over 

\group I i s  given by: 

I n  performing t h i s  i n t e g r a t i o n  i n  ENDRUN, i t  is  assumed t h a t  t h e  coa r se  group 

can be broken i n t o  enough f i n e  groups, j ,  t o  a l low a replacement of t h e  

i n t e g r a l b y  a summation. I n  e f f e c t ,  t h i s  impl ies  t h a t  a l l  sharp  . . resonances 

a r e  given with resonance parameters i n  ENDFIB f i l e  2 ,  not  a s  smooth po in t -  

w i s e  d a t a  i n  f i l e  3 .  The s i g n i f i c a n c e  of ' b h a r p t ' w i l l  obviously vary wi th  

t h e  s i z e  of t h e  coa r se  group. A 0.25 l e tha rgy  width d iv ided  i n t o  25 f i n e  

groups pe r  coarse  group a t  1 keV provides  a po in t  s e p a r a t i o n  of 1 e V .  A 

l a r g e r  group width o r  fewer f i n e  groups would be more r e s t r i c t i v e .  

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

v a l u e s ,  a , and c a l c u l a t e d  f i n e  group f l u x ,  , may be used t o  rewrite 
+j x 4 

t h e  ayerag4 a s :  

Th i s  b a s i c  express ion  is used throughout ENDRUN. Only t h e  method of de- 
. . 

t e rmin ing  t h e  f i n e  group a v a r i e s  w i th  t h e  type  of d a t a .  
x. 
J 



3.1.5 Self-shielded Cross Sect ion Averaging 
, . 

A cross  s ec t ion  is  s a i d  t o  be se l f - sh ie lded  i f  enough of t he  m a t e r i a l  

i s  present  t o  change the  f l u x  ac t ing  upon i t .  The amount of change 

w i l l  depend on the  t o t a l  c ros s  s e c t i o n  a t  each poin t  which i n  t u r n  i s  

the  sum of the  t o t a l  c ross  s e c t i o n  of t h e  m a t e r i a l  i t s e l f  and t h e  t o t a l  

"other-material" c ross  s ec t ion .  I n  p r a c t i c e  t h i s  l a t t e r  va lue  w i l l  

depend on the  s p e c i f i c  r e a c t o r  composition, but  t h e  Bondarenko f - f ac to r  

method approximates t he  s p e c i f i c  case and f a c i l i t a t e s  t he  c r e a t i o n  of 

a genera l  f i l e  by ca l cu la t ing  se l f - sh ie lded  c ros s  s e c t i o n s  f o r  only 

c e r t a i n  s p e c i f i e d ; v a l u e s  of o ther -mater ia l  t o t a l  c ros s  s e c t i o n ,  a 
0 ' .  

which a r e  assumed t o  be cons tan t  over energy. I n  l a t e r  des ign  calcu- 

l a t i o n s ,  the  a c t u a l  va lue  of a f o r  a  m a t e r i a l ,  m ,  is  ca l cu la t ed  f o r  
0 

each energy group by tak ing:  

and t h e  se l f - sh i e ld ing  Elctors a r e .  i n t e r p o l a t e d  t o  t h i s  va lue  ( see  Reference 

5) 

The se l f - sh i e lded ,  coarse  group average f o r  r e a c t i o n  x over group I 

f o r  an "other-material" c ros s  s e c t i o n  a i s  given by: 
0 

where @ ( E l  is  t h e  slowly varying f l u x  descr ibed  i n  Sec t ion  3.1.2. The 

m a t e r i a l  index,  m ,  has been dropped f o r  convenience. 



Equat ion 1.10 can be  r e w r i t t e n  as a  summation by assuming, a s  i n  Sec t ion  

3.1.4,  a  s lowly vary ing  c r o s s  s e i t i o n .  Thus, 

Once t h e  f i n e  group c r o s s  s e c t i o n s ,  6 . '  and u , have been determined, t h e  
X 
j 

t . 
s e l f  - sh ie lded  weight ing .may be r a p i d l y  perf  orm&d f o r  s e v e r a l  a va lues .  

0 

While t h e  above equa t ions  w i l l  hold f o r  any s tandard  r e a c t i o n  - cap tu re ,  
\ 

e l a s t i c  o r  i n e l a s t i c  s c a t t e r i n g ,  cap tu re ,  n2n,  e t c .  - they do not  provide 

t h e  c o r r e c t  weight ing t o  conserve t r a n s p o r t  r e a c t i o n  r a t e s  according t o  t h e  

d i f f u s i o n  equa t ion .  A s e p a r a t e  t reatment  is  t h e r e f o r e  necessary f o r  t h e  

t r a n s p o r t  c r o s s  s e c t i o n ,  a 
t o  

3.1.6 S p e c i a l  Averaging f o r  t h e  Transport  Cross Sec t ion  
.. . - - . . .- ,.. . .. 

Energy a v e r a g i n g d  t h e  t r a n s p o r t  c r o s s  s e c t i o n  over  coa r se  group I i s  

accomplished by f lux-weight ing t h e  mean f r e e  p a t h ,  
'tr , 

With t h e  r e l a t i o n s h i p  Ztr(E) = l / h  (E), t h e  average macroscopic t r a n s p o r t  ,. t r  
c r o s s  s e c t i o n , ,  

. . .  



Over the energy range of i n t e r e s t ,  the greates t  contribution t o  C comes t r  
from C Hence, the average t o t a l  cross  s ec t ion  i s  given by: 

t '  

Applying the narrow resonance approximation and multiplying the numerator . ' . 
and denominator of the upper integral  by Tt(E), t h i s  becomes: 

J d E 

kt (El] 2 



. I f  m i s  a m a t e r i a l  index,  then  f o r  a p a r t i c u l a r  composition, 

where :  am(^) is  t h e  microscopic t o t a l  c ross  s e c t i o n  of m a t e r i a l  : . .  m., Defining 

G t > b i  a & i i l a r  expansion over cpmposi t ion and not ing  the  !efinitio: 

of u t  , t he  microscopic averaging of u t (again dropping t h e  index m) i s  

accomplished by:  



. .  . . . 

3 . 2  Resolved Resonances 

Resolved resonance calculat . ions a r e  ca r r f ed  ou t  i n  ENDRUN by eva lua t ing  

each resonance, a s  def ined by ENDFIB f i l e  2 parameters ,  according t o  t he  , 

s ing l e - l eve l  Breit-Wigner formula,  inc lud ing  s c a t t e r i n g  i n t e r f e r e n c e .  I f  

a  resonance con t r ibu t e s  more t h a n ' a  s p e c i f i e d  amount t o  any c ros s  s e c t i o n  

a t  t h e  upper o r  lower ene rg i e s  of a  coarse  group, i t  i s  i n t e g r a t e d  -- by 

an ex t r apo la t ed  Romberg technique (6)-- over  each f i n e  group w i t h i n  f hat  

coarse  group. The resolved resonance con t r ibu t ion  is ca l cu l a t ed  a t  a s  many 

po in t s  (equal ly  spaced over t.he l e tha rgy  ra&e of t h e  f i n e  group) a s  a r e  

necessary t o  achieve a  s u f f i c i e n t  accuracy i n  t he  average f i n e  group 

c ros s  s e c t i o n  va lue .  The con t r ibu t ions  from a l l  resonances a r e  summed 

and added t o  t h e  app rop r i a t e  smooth .da ta .  The f i n e  group c ros s  s e c t i o n s  

a r e  then averaged using t h e  narrow resonance approximation t o  o b t a i n  

coarse  group average c ross  s e c t i o n s .  Se l f - sh ie lded  c r o s s  s e c t i o n s  a r e  

ca l cu l a t ed  f o r  s e v e r a l  va lues  of a and temperature and a r e  co r r ec t ed  
0 

f o r  t he  over lap  of unresolved and reso lved  sequences. The s p e c i f i c  
, .. 

c a p a b i l i t i e s  a r e  : 

1 )  Up t o  50 coarse  groups may have resolved resonance con t r ibu t ions .  

2)  Up t o  30 f i n e  groups pe r  coarse  group. 

3) Up t o  8 i so topes  per m a t e r i a l .  

4 )  Up t n  7 resonance ranges per  i so tope .  

5) Up t o  5 a,, va lues  per  c a l c u l a t i o n .  

6) Up t o  3  temperatures  p e r  c a l c u l a t i o n .  

Optional  i n t e rmed ia t e  output  from t h e  reso lved  resonance c a l c u l a t i o n  . , 

inc ludes  both f i n e  and coarse  group averages f o r  smooth p l u s  reso lved  . . . . 

con t r ibu t ions  t o  . t h e  . t o t a l ,  s c a t t e r i n g ,  cap tu re ,  and f i s s i o n  c r o s s  s e c t i o n s .  

Both i n f i n i t e l y - d i l u t e  and se l f - sh i e lded  va lues  a r e  ou tput .  
\ 



3.2 .1  Bas ic  Theory and Assumptions 

The coarse  group average c ros s  s e c t i o n  f o r  r e a c t i o n  type  x and group 
" I  ' 

I is  de f ined  a s :  

where E and E a r e  t h e  lower and upper energy bounds of t h e  coa r se  group.* 
. L u 

To e v a l u a t e  Equation 2 .1  over  t h e  resolved resonance  energy range ,  t h e  

fo l lowing  assumptions a r e  made: 

. , 

1 )  The resonance c r o s s  s e c t i o n  is descr ibed  by t h e  ~ o ~ ~ l e r -  

' broadened,  rei it-~iiner, s ing l e - l eve l  formula.  

2) A l l  resonances a r e  assumed t o  be  narrow wi th  r e spec t  t o  

t h e  average energy l o s s  per c o l l i s i o n  wi th  any n u c l e i .  

3) There is no app rec i ab l e  resonance over lap  due t o  o t h e r  
. . 

m a t e r i a l s .  

4 )  The c o n t r i b u t i o n  t o  t h e  t o t a l  c r o s s  sec- t ion from a l l  o t h e r  

i s o t o p e s  can be represen ted  by t h e  i npu t  cons tan t  a . 
0 

I 

The f orrnulae appearing i n  Gregson, e t  a1.  , (7) e m i t t i n g  t h e  i n t e r -  

f e r e n c e  s c a t t e r i n g  t enn ,  have been adopted i n  t h e  d a t a  formats  and procedures  

manual f o r  t h e   neutron c r o s s  s e c t i o n  l i b r a r y  (Reference 4 )  and a r e  

used t o  s p e c i f y  t h e  c r o s s  s e c t i o n  va lue  a t  energy E f o r  r e a c t i o n  type  x due 

t o  resonance r a s  fo l l ows :  

S c a t t e r i n g  

71 + 2 (E-E: s ,)m , s in20  
0 = - 

n , r  k2 gj .] 2.2. 

.*For t h e  t rea tment  of t h e  t r a n s p o r t  c r o s s  s e c t i o n  see s e c t i o n  3.1.6. . . 



Capture and f i s s i o n  

where k  = neutron wave number 

2.j +l 

gj 
= s t a t i s t i c a l  s p i n  f a c t o r  f o r  resonance r = 2 (21+1) 

A = atomic weight of t a r g e t  nuc leus  

I = s p i n  of t a r g e t  nucleus  

j = s p i n  of t h e  compound nucleus  f o r  resonance r 

R = angula r  momentum s t a t e  of i n c i d e n t  neu t ron  f o r  resonance r 

$R = phase s h i f t  

= ka '  f o r  R = 0 
- 1 

= ka '  - t a n  (ka ' )  f o r  R = 1 
- 1 

= ka '  - t a n  (3ka1/ (3- (ka '12) )  f o r  R = 2 

-12 
a' = e f f e c t i v e  s c a t t e r i n g  r a d i u s  ( i n u n i t s  of 10 cm) 

E '  = t h e  e f f e c t i v e  resonance energy . 
0,r 

'E = t h e  energy a t  t h e  resonance peak 
0 , r  

SR = t h e  s h i f t  f a c t o r  

= 0 f o r  L=0 

= l / ( l + k a )  f o r  R = 1  

2  2  4 
= -(18+3(ka) ) /  (9+3 (ka) + (ka) ) f o r  L=2 

PR = t h e  p e n e t r a t i o n  f ' ac tor  

= ka f o r  R=O 

= (ka13/ (l+ka) 2, f o r  R = l  



-12 . .  .. . . . 
a  = channel r a d i u s  ( i n  u n i t s  of 10  cm) 

and r i s  t h e  p a r t i a l  width of r e a c t i o n  type  x i n  resonance r. The 
x , r  

cap tu re  and f i s s i o n  p a r t i a l  widths  a r e  assumed t o  be. independent  of t h e  

i n c i d e n t  neu t ron  energy. However, t h e  s c a t t e r i n g  and t o t a l  widths  vary 

w i th  energy a s  fo l lows  : 

and 

. r r ( E )  = r (El + rk , r  + rf ,r ' .  2.4 
n , r  

where t h e  abso lu t e  va lue  of t h e  resonance energy is  used f o r  bound l e v e l s .  

A p o t e n t i a l  s c a t t e r i n g  c ros s  sect'ion co.rresponding. t o  t h e  e f f e c t i v e  ' 

hard sphere s c a t t e r i n g , . i s  a l s o  included i n  t he  s c a t t e r i n g  .and t o t a l  cross.  

s e c t i o n .  The p o t e n t i a l  s c a t t e r i n g  term i s  determined from , 

where t h e  summation i s  over  a l l  angular .  momentum ' s ta tes :  

 he r e a c t i o n  c r o s s  . s e c t i o n s  . f o r  a s p e c i f i c  energy El i nc ludes  t h e  

c o n t r i b u t i o n  from each .  resonance and t h e  app rop r i a t e  p o t e n t i a l  s c a t t e r i n g  

term a s  fo l lows:  
. . 



Capture and F i s s ion  

T o t a l  - . , , ~ > r r i . d =  q( l i  r , . r o r r  F','-L+ t.nwt5 !,.r , ,h: . . .w.*  v .  -.-,- 7 -4 L .' b .  

Equations 2.2 through 2.8 apply t o  a system i n  which t h e  t a r g e t  nucleus i s  

' e s s e n t i a l l y  a t  rest wi th  r e spec t  t o  t h e  neutron motion. ' A t  e leva ted  
. .  . L i A J I  . . " ' 

temperatures ,  t he  n u c l i a r  thermal motion is s i g n i f i c a n t  and t h e  r i g h t  -' ' 

hand s i d e  of t h e  Equations 2.2a and 2.2b must be  rep laced  w i t h  averages 
,rf \ A *  I 

over t h e  nuc lear  v e l o c i t i e s .  ~$kbhi$$-Q hh'&>~r~~-fn v e l J c i t 9  d i s t r i b u t i o n  
k t  .- 4 

f o r  t h e  n u c l e i  and neg lec t ing  t h e  resonance energy dependence of t hose  

parameters which a r e  slowly varying func t ions  of energy (e.g.,  rn ,  r t ,  
m e  and k ) ,  t h e  temperature deppndent c ros s  s e c t i o ~  become 

(81, 

. , 

S c a t t e r i n g  

Capture and F i s s i o n  

. . 
a (E) = a 
x ,r 

$&x ,E )  o , r  r 
t ,r 

4n I 
n.r  

where , a . = j - ~  g j  , . 
0 ,r t , r  

A = Doppler width = A JbEO 9rk I T  

T = m a t e r i a l  t e m p e r a t u r e h  O K  



X ' 2/rtBr (E' - E ) 
0 

. . 
\ . .l 

kt= Boltzman conetant 

. . .  :. .L < .- .-. ., .. ' $ X , E )  = t h e  Doppler broadened Breit-Wigner. l i n e  shape function 

ti.; .?~ls&r;un jsaxs3 .ad3 do-irit.7 rrf p:o::y~.. :; ...: , : . i . i ,: .;  :: ,:;l,!;.: . . . . . .  
.arid 

. . . .  b : ~  2 E $7 .;!A . . noi 3 ;in n o  j 12,:jn 3 d; :;; .,; .; .> .a ..,. :. -: ; . . , . . . . .  . . : . . 
)((x, -5) ': ;the Doppler broadened in te r fe rence  l i n e  shape  function 

-1 -.z.ir sd3 bn .~  sr i~~ i3 lng . i . s r  21. noi.;'circ . i s m l s r i 3  x:? : . r j t , . . 2  :;* t , ei. lu 63t,( l . r i .  I 

- - 
t - ,.-? .&,2) 2('s~2n'3 3 9  Z # ? I . > ~ . ? ~ Z J I , ~  s j i l l < Y f - r t  5 L ~i : ) iA~, :  

The values of -$fi. 'F)7~ x(9(i,5.)s%&?WbtiQsdv~1";n& %hi+ QUXCKW Cable look- 
( 9 )  up subroutine of previously-calculated values.  

! The energy-dependent neutron f l u x  i n  Equation 2.1 is  based upon t h e  

gross spectrum and l o c a l  f l u x  v a r i a t i e n e ,  as discuesed i n  Section 3.1,2, and 

--.. is  expressed ae . 

' where uT (E) m t o t a l  crose sec t ion  

Oo = t he  t o t a l  croes eect ion per  atom of ma te r i a l  due t o  a l l  

o the r  mater ia le  (an input  constant)  

4, (E) Coaree f l u x  representa t ion  which v a r i e s  inverse ly  with 

energy unless  epeci f ied  i n  t h e  inpu t ,  



The t o t a l  c ross  s e c t i o n  i n  Equation 2.11 should inc lude  a l l  c o n t r i -  

but ions from t h e  m a t e r i a l  i t s e l f  ( resolved resonance, unresolved resonance 

and smooth) i n  order  t o  give t h e ' c o r r e c t  s e l f - sh i e ld ing  e f f e c t s .  This  i s  
. . 

accomplished by summing t h e  i n f i n i t e l y  d i l u t e  t o t a l  c ro s s  s e c t i o n  con- 

t r i b u t i o n s  over a l l  resonances and a l l  i so topes  and then adding i n  t h e  

smooth con t r ibu t ion  which was calculated '  e a r l i e r .  The only con t r ibu t ion  

not  included is thus from t h e  unresolved resonance range. A s tandard  

co r r ec t i on  can be made t o  the  resolved resonance s e l f - sh i e lded  c ros s  

s e c t i o n s  t o  account f o r  an over lap  of t h e  resolved and unresolved energy 

range, but f o r  the  case  i n  which t h e  complete unresolved energy range 

ends i n  t h e  same coarse  group t h a t  t h e  resolved range s t a r t s ,  a more 

accu ra t e  method i s  used. In  t h i s  c a s e ,  t h e  f i n e  group average va lues  

of t he  unresolved t o t a l  c ross  s e c t i o n  a r e  c a r r i e d  i n t o  t h e  resolved l i n k  

and e x p l i c i t l y  included i n  oT(E) of Equation 2.11. The d e t a i l s  of t h e  

overlap c a l c u l a t i o n  and co r r ec t i on  f a c t o r s  a r e  given i n  Sec t ion  3.5. 

3.2.2 Numerical I n t e g r a t i o n  Metho& 

Equation 2.1 is  evaluated over t h e  f i n e  group by us ing  the  Romberg 

numerical i n t e g r a t i o n  scheme (Reference 6 ) :  Thus, 

where f  (u)' = s e p a r a t e  independent eva lua t ion  f o r  both t h e  numerator 

and denominator of Equation 2 . 1 .  

+Note t h a t  l e tha rgy  and energy a r e  used interchangeably.  f ( u )  is  a c t u a l l y  
evaluated a t  t h e  energy endpoints  of t h e  u l t z a - f i n e  subd iv i s ion  of t h e  
f i n e  groups. 



R ( i )  = Trapezoidal-rule  approximation t o  t h e  i n t e g r a l  
2  N 

ca l cu l a t ed  from t h e  subdiv is ion  of t h e  f i n e  group 

l e tha rgy  range i n t o  2  KN equal  p a r t s  

w = subd iv i s ion  l e tha rgy  width 

- f i n e  - (uu  - {ine)/2K~ , - 

. , . . : u f ine  = Upper l e tha rgy  of t h e  . f i n e  group u 

dine = Lower l e tha rgy  of t h e  f i n e  group 

- - f i n e  
u 2 K ~  

u  
.u  

u  - - uo + w ,  e t c .  
1 . -  

= .  2', where t h e  t r a p e z o i d a l  approximation us ing  2  
R 

N 

subd iv i s ions  i s . w i t h i n  10% of t h e  t r a p e z o i d a l  

approximatiori us ing  2"l subdiv is ions .  

-. . . - . . . . . . . . . . . . ... 
The approximat ion  is '  s u f f i c i e n t l y  a c c u r a t e  when 

. . . ,  . .  
. . 

. .where E 5s  set a t  0.001, but  may. be a l t e r e d .  . . i n .  t h e  i npu t .  
. . 



3 . 3  UNRESOLVED RESONANCES . 

Unresolved resonance parameters a r e  given i n  F i l e  2 of ENDF/B f o r  

u se  i n  t h e  Breit-Wigner s i n g l e - l e v e l  formula wi th  i n t e r f e r e n c e .  The 

d a t a  f o r  .each m a t e r i a l ,  i so tope  and energy range can be  read according t o  

t h r e e  op t ions  which a r e  a v a i l a b l e  f o r  spec i fy ing  the  average p r o p e r t i e s  

of t he  resonances.  The opt ions  a r e :  

I. Resonance parameters a r e  given f o r  each R and j s t a t e  and a r e  in -  

dependent of energy. 

2. Resonance parameters,  with t h e  exceptiori of t h e  average f i s s i o n  

width,  a r e  given f o r  each R and j s t a t e  and a r e  independent of 

energy - f i s s i o n  widths a r e  t abu la t ed  f o r  s p e c i f i e d  ene rg i e s .  

3.  Resonance parameters f o r  each R and j s t a t e  a r e - t a b u l a t e d  a s  a 

func t ion  o f '  s p e c i f i e d  energy p o i n t s .  

ENDRUN w i l l  handle da t a  f o r  up t o  8 i s o t o p e s ,  7 energy ranges ,  1 5  

(R, j )  s t a t e s ,  and 30 energy p o i n t s  f o r  a s i n g l e  .ma te r i a l .  

A genera l ized  flow diagram f o r  t h e  unresolved r e sonance ' ca l cu l a t i on  

is  shown i n  Figure I V . l .  The computation of t h e  coarse  group average 

c ros s  s e c t i o n  begins  wi th  t he  c a l c u l a t i o n  of average i n f i n i t e l y  d i l u t e  

and se l f - sh ie lded  c ros s  s e c t i o n s  a t  s p e c i f i e d  energy p o i n t s  ac ros s  t h e  

t o t a l  unresolved energy range. The endpoints  of t h i s  range a r e  t h e  i npu t  

q u a n t i t i e s  URR(1) and URR(3), and should normally correspond t o  t h e  low 

and high extremes of a l l  t h e  unresolved resonance energy ranges of a l l  

i so topes .  The energy po in t s  a r e  a r b i t r a r i l y  s e l e c t e d  and need n o t  coin- 

c i d e  wi th  the energy. given i n  ENDFIB, ~ n f i n i t e l ~ '  d i l u t e  c r o s s .  

s e c t i o n s  a r c  computed f o r  ( n , f ) ,  (n ,y) ,  (n ,n)  and ( n , t )  r e a c t i o n s  a t  each 

energy p o i n t ,  whi le  corresponding se l f - sh i e lded  c r o s s  s e c t i o n s  f o r  each 

va lue  of u and temperature  a r e  cmmputed only a t  t hose  p o i n t s  which do n o t  
0 

exceed t h e  input  energy URR(2). S ince  t h e  s e l f - sh i e lded  computation may 

be t i m e  consuming, t he  po in twise  c r o s s  s e c t i o n s .  may be  o p t i o n a l l y  punched 

on cards  and used i n  subsequent problems f o r  t h a t  m a t e r i a l .  

Fo l lowing . the  genera t ion  of a l l  t h e  pointwise c r o s s  . s ec t i ons ,  coa r se  

group va lues  a r e  computed by i n t e r p o l a t i o n  and averaging over f i n e  groups.  
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These coarse  group c ros s  s e c t i o n s  a r e  l a t e r  combined wi th  con t r ibu t ions  

from the  resolved resonances and smooth d a t a  t o  £orm t h e  complete set 

of c ros s  s e c t i o n s  f o r  t h e  coarse  groups. Spec ia l  t reatment  is given 

f o r  t he  s i n g l e  coarse  group which conta ins  t h e  lower energy bound of t h e  

unresolved resonance range. For t h i s  group, unresolved con t r ibu t ions  

t o  a a r e  computed and saved i n  t he  f i n e  group s t r u c t u r e '  s o  t h a t  they 
t 

may be l a t e r  used d i r e c t l y  i n  the  s e l f - sh i e ld ing  c a l c u l a t i o n s  f o r  t h e  

combined resolved and smooth con t r ibu t ions .  The manner i n  which t h e  

resolved and unresolved over lap  c a l c u l a t i o n s  a r e  c a r r i e d  ou t  is  descr ibed 

i n  Sect ion 4.4.  

3 .3 .1  Resonance Sequences 

The pointwise i n f i n i t e l y - d i l u t e  and se l f - sh i e lded  c ros s  s e c t i o n s  are 

computed independently f o r  each combination of ( R , j )  s t a t e ,  energy group 

and i so tope  . These independently computed c r o s s  

sectsons a r e  then combined according t o  t h e  app rop r i a t e  i s o t o p i c  abundances 

by a )  adding the  i n f i n i t e l y - d i l u t e  c ros s  s e c t i o n s  which apply a t  each 

p o i n t ,  and b)  us ing  a rou t ine  which a p p l i e s  a f i r s t  o rde r  c o r r e c t i o n  

t o  se l f - sh ie lded  c r o s s  s e c t i o n s  t o  account f o r  t h e  con t r ibu t ion  of each 

t o  the  t o t a l  c ro s s  s e c t i o n  seen  by t h e  o t h e r s  ( s ee  Sec t ion  3 . 4 ) .  S i n c e '  

each resonance sequence, which is  def ined  by t h e  combined ( 2 , j )  state, 

energy range,  and i s o t o p e , i s  independent of t h e  o t h e r s ,  t h e  f i r s t - o r d e r  

c o r r e c t i o n ' c a n  be made by consider ing only t h e  average c ros s  s e c t i o n s ,  

( i . e .  a f t e r  t h e  i n t e g r a t i o n s  over s i n g l e  resonances a r e  completed). I f  

o (oo,T) i s  t h e  c ros s  s e c t i o n  f o r  r e a c t i o n  x ,  sequence c ,  and s p e c i f i c  
X ,C 

values  of a and T, t he  combined c ros s  s e c t i o n  a t  energy po in t  E is  
0 

given by 

a l l  c 

where 



and . Bc 
= r e l a t i v e  abundance f o r  the  i so tope  of sequence c .  

E E . .  Values of  a (aA,T) a r e  obtained from t h e  a .  (uo , T) va lues  by a Tay lo r .  
x ,  c x ,  c 

expansion. T h i s ' c o r r e c t i o n '  i s  i n  t h e  d i r e c t i o n  of unse l f - sh ie ld ing  t h e  c ros s  

s e c t i o n s  f o r  a g iven  uo and i s  p r imar i l y  important f o r  smal l  va lues  o f  oo. 

S ince  t h e  independent resonance sequences a r e  def ined by (!?,j) s t a t e ,  

energy range and i s o t o p e ,  con t r ibu t ions  from a given sequence a r e  computed 

only;  a t  those  energy p o i n t s  which f a l l  w i th in  t h a t  p a r t i c u l a r  range. Thus  

t h e r e  is  no r e s t r i c t i o n  placed on t h e  l i m i t s  of t h e  energy r anges , .  and , r anges  

o f . d i f f e r e n t  s i z e s ,  wi th  any degree ,of  over lapping , .  can be  considered. 
. . . . . . 

  ow ever, t h e  l i m i t s  of t h e  ranges w i l l '  no t  be s t r i c t l y  honored s inc ' k .  ' . '  .' 

i n t e r p o l a t i o n  . . between p o i n t s  is  performed. ; .For  example, when an .unreso lved  

range ends between consecut ive  unresolved energy p o i n t s ,  t h e  con t r ibu t ion  

from t h a t  range w i l l  be  f e l t  throughout t he  i n t e r v a l  between t h e .  p o i n t s  by ': 

way o f , i n t e r p o l a t i o n . .  Also,  of course,  t he  input  ene rg i e s  URR(1) and URR(3) 

d e f i n e ' t h e  a b s o l u t e  l i m i t s  of  t h e  unresolved, resonance con t r ibu t ions  regard- 

less of t h e  ranges on ENDF/B. Any .ranges o r  p a r t s  of ranges which f a l l , . .  

. ou t s ide  of t he se  l i m i t s  a r e  simply. ignored. 

3.3.2 ,Treatment of S t a t i s t i c a l  ~ i s t r i b u t i o n s  of Resonance. Parameters . . 

The pointwise c ros s  s e c t i o n s  f o r  each sequence a r e  obtained by averaging 

over  X2 d i s t r i b u t i o n s  f o r  t h e  f i s s i o n  and neutron widths .  These d i s t r i b u t i o n s  

are-approximated by t h e  u se  of d i s c r e t e  va lues  f o r  t h e  parameters ,  each 

r e p r e s e n t i n g  an equa l  p o r t i o n  of t h e  d i s t r i b u t i o n .  Ten va lues  of t h e  
I 

d i s c r e t e  parameters  a r e  used f o r  d i s t r i b u t i o n s  wi th  1 and 2 degrees  of 

freedom, f i v e  va lues  f o r  3 and 4 degrees  of freedom and t h e  s i n g l e  average 

v a l u e  when t h e r e  a r e  5 o r  more degrees  of freedom. The d i s c r e t e  parameters  

a r e  computed from t h e  average parameters by use  'of t h e  mu l t i p ly ing  f a c t o r s ,  

gx ' given  i n  Table  B . 1 .  That i s ,  

. f o r  e i t h e r  t h e  f i s s i o n  o r  neut ron  width.  The va lues  of gx used h e r e  a r e  

t h o s e  generated f o r  t h e  MC' code ( r e f e r ence  9). 
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3.3.3 Pointwise Cross Sec t ion  Generation f o r  a  Given Sequence 

Cross.  s e c t i o n s  are.computed from t h e  Breit-Wigner l i n e  shape formula 

wi th  i n t e r f e r e n c e  and t h e  computations a r e  cons i s t en t  with those procedures 

descr ibed  f o r  t he  ENDF neutron cross  s e c t i o n  l i b r a r y  ( re ference  4) .  

Ana ly t i ca l  i n t e g r a t i o n  i s  carr i 'ed out  f o r  t h e  i n f i n i t e l y - d i l u t e  c a l c u l a t i o n ,  

r e s u l t i n g  i n  t h e  fol lowing simple re 'cipes : 

Scat  t e r i r i g  

. '  \ n , c  

,T/ c  . . . . 
. . 

Capture and Fiss , ion 

where (o " )- = i n f i n i t e l y - d i l u t e  c ros s  s e c t i o n  f o r  r e a c t i o n  x, 
x, c  sequence c  a t  energy E. 

. . 

k = neutron wave number 

= s t a t i s t i c a l  s p i n  f a c t o r  f o r  sequence c  = 
2 (21+1) 

D = average l e v e l  spacing f o r  sequence c  ' 
C 

0R = phase s h i f t  

= ka '  
- 1 

= ka '  - t a n  (ka ' )  

= ka '  - t a n  -1 3ka' 
1 2) (3- (ka  ) 

f o r  R=0 

f o r  R = l  

f o r  L=2 

A = atomic weight of t h e  t a r g e t  nucleus 

I = s p i n  of t h e  t a r g e t  nucleus 
-12 a '  = e f f e c t i v e  s c a t t e r i n g  r a d i u s  ( i n  u n i t s  of 10 cm) 



\ 
a a r e  t h e p . r t i a l  widths f o r  sequence a d  , q> and +gc 

c a t  energy E f o r  s c a t t e r i n g ,  r eac t ion  x and t o t a l  r e spec t ive ly .  The 

f a c t o r  S c o r r e c t s  f o r  t he  parameter d i s t r i b u t i o n  and is  given by 
x , c 

Equation 3.5 i s  numerically evaluated by using d i s c r e t e  parameters der ived 

from the  f a c t o r s  given i n  Table 3.1. 

The p o t e n t i a l  s c a t t e r i n g  c ros s  s e c t i o n ,  a , assoc ia ted  with t h e  
P * c  

p a r t i c u l a r  sequence c ,  i s  added t o  t he  resonance cont r ibu t ion .  It i s  

computed a s  follows: 

where v is t h e  number of degrees of freedom f o r  t h e  neutron width and 
C 

t h e  remaining terms a r e  descr ibed above. Because of t h e  energy dependence 

of t h e  neutron wave number, k ,  and the phase s h i f t ,  Q R ,  a  p o t e n t i a l  

s c a t t e r i n g  con t r ibu t ion  is  ca l cu la t ed  a t  each resonance energy. 
I 

The average neutron width i n  equat ions  3.3, ,3.4 and 3.5,  

i s  obtained from t h e  reduced neutron width,  , by t ak ing  

where V = pene t r a t ion  f a c t o r  f o r  t h e  given R s t a t e  
11 

= 1 

= (ka) 2/ (1+ (ka) 2 )  
f o r  R = 0 

f o r  R = 1 

4  
= (ka) 4 /  (9+3 (ka) '+(ka) ) f o r  .R = 2 

111-25 



and a .= . t h e  penetr-at ion s h i f t .  rad ius  .= [ l .  23(A) 113 + 0,8] x lo-l. 

Sel f -sh ie lded  cross  s e c t i o n s  a r e  derived from Doppler-broadened, Bre i t -  

Wigner, s ing le - l eve l  l i n e  shapes.  In  t h i s  case ,  i n t e g r a t i o n  over 

s i n g l e  resonances i s  done numerical ly ,  with t he  se l f - sh i e ld ing  based on 

t h e  narrow-resonance approximation. Thus, f o r  a given energy po in t  and 

sequence, 

where . the  summations a r e  over t h e  d i s c r e t e  parameters represent ing  t h e  d i s -  
. . 
: , !  t r ibu , t ions ,and  i n t e g r a t i o n  is necessary over only one s i d e  of t he -  resonance . 
': ! 

s i n c e  t h e  con t r ibu t ion  from i n t e r f e r e n c e  terms is neglected.  It i s  assumed 

t h a t  , the resonance spac ing  is cons tan t  a t  D . Thus, t o ,  o b t a i n  an energy- 
. C 

averaged c r o s s  s e c t i o n ,  t h e  i n t e g r a t i o n  i n  t he  denominator is terminated 

a t  h a l f  t h e  resonance spacing.  Other q u a n t i t i e s  i n  Equation 3 . 8  a r e :  

u x , c ( ~  f , i s rn ,m ,T,E1) = Breit-Wigner, energy dependent c ros s  s e c t i o n  
f o r  r eac t ion  x; d i s c r e t e  parameters I' r 

, i s  n,m' 
and temperature T. 

= p o t e n t i a l  s ca tke r ing  c ros s  s e c t i o n  from 

Equation 3 . 6  assoc ia ted  wi th  resonance sequence 
. . 

The Doppler-broadened, energy-dependent c ross  s e c t i o n  i n  Equation 3 . 8  i s  

computed a s  fol lows:  

S c a t t e r i n g  

' cr r , T , E ' )  = - : n , ~ ( ~ f , i '  n,m 
. , 

rqcmr;:n\ - 2.. s i n 2 3 1  ~ ( T , E )  



Capture and F i s s ion  

where t h e  values  of r r and r correspond t o  t h e  d i s c r e t e  parameters f o r  
n '  x T 

the '  s p e c i f i c  i ,  m values  i n  Equation 3.8 and k i s  the  neutron ware number 

a t  t h e  s p e c i f i e d  resonance energy f o r  sequence c. The form of t h e  Bre i t -  

Wigner l i n e  shape, q ( ~  ,E' ) , is  t h e  same a s  t h a t  given f o r  t h e  i e so lved  

resonance c a l c u l a t i o n  (Sect ion 3.2.1) and is obtained from t h e  t a b l e  of 

t h e  complex p robab i l i t y  func t ion  W ,  wi th  

using t h e  QUICKW Routine ( re fe rence  9 ) .  

I n t e g r a t i o n  over energy (reduced v a r i a b l e  x ) is c a r r i e d  ou t  by us ing  

Simpson's r u l e  i n  four  ranges conta in ing  d i f f e r e n t  s t e p  s i z e s .  For 5 2 1 . 0 ,  

i n t e g r a t i o n  i s  c a r r i e d  out  t o  x = 375.6, and f o r  E, < 1.0 ,  i t  is  terminated 

a t  X =  375.615. For f i s s i o n ,  cap ture  and e l a s t i c  s c a t t e r i n g  r e a c t i o n s ,  

t h e  fol lowing remainder term i s  added: . , 

For t h e  t o t a l  c ro s s  s e c t i o n ,  t h e  remainder is  given by 

The va lues  oaf a , I' f o r  d i f f e r e n t  E s t a t e s ,  and energy dependent p a r t i a l  
P,'= n 

widths  are obtained i n  t h e  same manner a s  f o r  t h e  i n f i n i t e l y - d i l u t e  c ros s  



s e c t i o n s .  For t h e  t o t a l  c ros s  s e c t i o n ,  Equation 3 . 8  is modified t o  use 

weight ing by the  square of t he  denominator under t he  i n t e g r a l  s i g n s ,  a s  ,. 

descr ibed  i n  Sec t ion  4.1.6. 

Severa l  op t ions  a r e  ava i l ab l e  f o r  t h e  eva lua t ion  of Equation 3 . 8  (see 

t h e  inpu t  en t ry  d e s c r i p t i o n  f o r  LFLUXC). 1 t . i ~  recommended t h a t  t h e  RAPTURE 

o p t i o n ( l O )  be used s i n c e  t h e  o ther  techniques a r e  f o r  s p e c i a l  s i t u a t i o n s  and 

can g ive  erroneous r e s u l t s  i f  used i n c o r r e c t l y .  The RAPTURE p r 0 c e d u r e . i ~  based 

upon the  fol lowing approximation over t h e  i n t e r v a l  from E t o  E + Dm-/2. 

Equation 3 . 8  then  becomes . . 

A s e l f  -overlap c o r r e c t i o n ,  based on Nicholson's Method A("), can be appl ied  

a s  a  f i r s t  order  co r r ec t ion  t o  the RAPTURE approximation i n  cases  where 

t h e  resonances a r e  broad compared t o  t he  spacing. The following forplula' is  

used f o r  t h i s  c o r r e c t i o n :  

uE'F (0 T) = o 
E , IN. 

X , C  0 ,  " ,C  (00, x , c  

w i th  t h e  s u p e r s c r i p t s  I N  and F r e f e r r i n g  t o  i n f t i a l  and f i n a l  (corrected))  

c r o s s  s e c t i o n s .  The va lue  of E depends upon t h e  d i s t r i b u t i o n  of resonan'ce 
X 

widths and is  given by 

where t h e  averages a r e  obtained by us ing  t h e  d i s c r e t e  va lues  descr ibed  i n  

Sec t ion  3 . 3 . 2 ,  Treatment of S t a t i s t i c a l  D i s t r i b u t i o n s  of Resonance Parameters. 

The va lue  of e  is dependent on the d i s t r i b u t i o n  of l e v e l  spacings and is  



approximated by tak ing  

. , e  = 1 .6  y G(y) 

t where G(y) = 1'- 6 y exp(y) e r f c  (y ) . 

and = c i / 4  

This expressibn f o r  e  i s  based Gn a '  .J = 10 chi-squared d i s t r i b u t i o n  f i r  

t h e  resonance spacing. I n  ENDRUN, e  i s  approximated by 

The e f f e c t  of t h e  se l f -over lap  co r r ec t i on  is t o  br ing  t h e  c ros s  s e c t i o n  which 

was computed using the  RAPTURE approximation c l o s e r  t o  t h e  i n f i n i t e l y - d i l u t e  

va lue .  

Since the  s e l f - sh i e lded  c ros s  s e c t i o n s  a r e  numerical ly  i n t e g r a t e d  over  

each r ep re sen t a t i ve  resonance while  an a n a l y t i c a l l y  i n t eg ra t ed  form i s  used 

f o r  t h e  i n f i n i t e l y - d i l u t e  c ros s  s e c t i o n s ,  t h e r e  w i l l  be smal l  d i f f e r e n c e s  

between the  r e s u l t s .  These d i f f e r e n c e s  a r e  e l iminated by performing a  

numerical i n t e g r a t i o n  with o = 1012 and normalizing t o  t h e  prev ious ly  
0 

computed i n f i n i t e l y  d i l u t e  va lue .  This  normalizat ion is  performed f o r  

each resonance sequence. 

The use of t h e  genera l ized  parameter a f o r  t h e  s e l f - s h i e l d i n g  compu- 
0 

t a t i o n s  e l imina t e s  the  need t o  account f o r  resonance he te rogene i ty  e f f e c t s  , 

i n  t h e  ENDRUN code. Heterogeneity e f f e c t s  may be considered i n  t he  TDOWN 

code ( r e f e r ence  5) o r  o the r  codes which use t h e  genera l ized  f i l e  by 

applying a  c o r r e c t i o n  f a c t o r  t o  t h e  homogeneous a va lue .  Since i t  i s  
0 

assumed t h a t  composition e f f e c t s  on s e l f  - sh ie ld ing  can be  s a t i s f a c t o r i l y  

computed by use  of t h i s  s i n g l e ,  genera l ized  parameter,  i t  is  unnecessary 

t o  consider  i n  ENDRUN t h e  f a c t o r s  which go i n t o  genera t ing  t h i s  parameter 

f o r  r e a l  cases. 

3 . 4  TRANSFER MATRICES 

Downscattering mat r ices  i n  t h e  coarse  group s t r u c t u r e  can be computed 

f o r  i n e l a s t i c  s c a t t e r i n g ,  e l a s t i c  s c a t t e r i n g  and t h e  (n,2n) r e a c t i o n .  These 

c ros s  s e c t i o n s  may be ou tput  s e p a r a t e l y  i n  t h e  genera l ized  f i l e  format ' o r  

can be combined i n t o  a  s i n g l e  t r a n s f e r  mat r ix .  
. . 



3.4 .1  I n e l a s t i c  S c a t t e r i n g  

The i n e l a s t i c  s c a t t e r i n g  r eac t ion  is  charac te r ized  by a  physical  process  

i n  which the  s u b j e c t  nucleus i s  f i r s t  exc i ted  t o  a  higher  energy s t a t e  by 

an i n c i d e n t  neutron of energy E and then de-excited by emi t t ing  a  neutron 

of energy E f .  The secondary energy d i s t r i b u t i o n  of t h e  "sca t te red"  neut ror i . .  

may be descr ibed  by e i t h e r  an  e x c i t a t i o n  energy, Q ,  f o r  a  p a r t i c u l a r  l e v e l  

i n  the  r e s i d u a l  nucleus o r  by an e f f e c t i v e  nuc lear  temperature ,  5 ,  f o r  

t h e  -continuurn r e a c t i o n .  Both r eac t ion  types may be included f o r  a  given 

m a t e r i a l .  

Pointwise c r o s s  s e c t i o n s  and r e a c t i o n  Q-values ( e x c i t a t i o n  ene rg i e s )  

a r e  given i n  F i l e  3 of ENDFIB f o r  t h e  exc i t ed  l e v e l s .  P a r t i a l  t r a n s f e r  

c r o s s  s e c t i o n s  from coarse  group I t o  coarse  group M ,  due only t o . t h e  

l e v e l  d a t a ,  a r e  computed a s  fol lows:  
. . 

N 

Z 10 i n , j , k  j 6 k , j  
l e v e l  

(I*) = 
k= 1 

0 i n  4 .1  

- C 
where k  = index of a  d i s c r e t e  l e v e l  (N l e v e l s )  

j = f i n e  group index 

C = Summation over a l l  fzne  groups i n  coarse  group I 

j 

0 = i n e l a s t i c  c ros s  s e c t i o n  f o r  l e v e l  k i n t e r p o l a t e d  t o  t h e  mid i n ,  jt,k 
l e t h a r g y  energy of f i n e  group j 

m j  = f i n e  group f l u x  

= 0 otherwise  

%.m = 
Upper energy i n  group M 

E~ ,M =: lower energy i n  group M ' . 

+ The e x c i t a t i o n  e n e r g i e s  a r e  given a s  nega t ive  va lues .  



The continuum con t r ibu t ion  t o  t h e  t r a n s f e r  mat r ix  is  .determined 

from a  normalized p r o b a b i l i t y  d i s t r i b u t i o n ,  P(E+E') and can be  broken 

down i n t o  p a r t i a l  energy d i s t r i b u t i o n s ,  fk(E+E1), where each of t h e  

p a r t i a l  d i s t r i b u t i o n s  can be descr ibed by d i f f e r e n t  a n a l y t i c  represen t -  

a t i o n s  . 

and a t  a  p a r t i c u l a r  i nc iden t  neutron energy,  E ,  . 

where Pk(E) is  t h e  f r a c t i o n a l  p r o b a b i l i t y  that t h e  d i s t r i b u t i o n  fk(E+E1) 

can be used' a t  i nc iden t  energy E. The p r o b a b i l i t y  and d i s t r i b u t i o n  

func t ions  a r e  given i n  F i l e  5 of ENDF/B. 

An in t eg ra t ed  d i s t r i b u t i o n  func t ion  i s  def ined a s  

. . 
where j = rrpreselrLs. a  f i n e  energy group 

M = coarse  group M . . .  

E.= t h e  mid l e tha rgy  energy of f i n e  group j 
J 

5 ,m = upper energy of coarse  group M 

E - - l ower  energy of coarse  group M 
L ,M 

F i n a l l y ,  p a r t i a l  t r a n s f e r  c ros s  s e c t i o n s  from coa r se  group I t o  coa r se  

group M ,  due t o  t h e  continuum, a r e  computed as fol lows:  



. .  k=l ;  .' . . . cont  u  (I*) = i n  
, 2 .  - 

where j , k ,  E E a r e  def ined a s  i n  2 ' j , ,  j * u , m 9  L ,M 

. . 
Equation 4 .1  

'k.j 
= t h e  f r a c t i o n a l  p r o b a b i l i t y  of the mid-lethargy energy 

of f i n e  group j 

F L ( j M )  i s  represented  by va r ious  . a n a l y t i c a l  formulat ions based 

upon an  i d e n t i f i c a t i o n  number (LF number) from t h e  ENDFIB 

l i b r a r y .  Only LF=3 and 9 a r e  p re sen t ly  a v a i l a b l e  f o r  

. . . . spec i fy ing  t h e  . d i s t r i b u t i o n . f u n c t i o n  . , .  i n  . ENDRUN. 

. . 
+ '  LF = 3 Exc i t a t i on  of d i s c r e t e  l e v e l s  

- - 1 i f  ELSM 5 E' < E and E'  s a t i s f i e s  t h e  
U ,m 

cond i t i ona l  d e l t a  func t ion  e q u a l i t y  

= 0 otherwise  

'j 
= e x c i t a t i o n  energy of t he  r e s i d u a l  nucleus a t  t h e  

mid-lethargy energy of f i n e  group j 

\ . - 
.. 

, . .  . . 

. . , ,  +  his . d i s t r i b u t i o n  func t ion  is p r e s e n t l y  a v a i l a b l e  but  would not  no'rmally . . . . 
be used t o  desc r ibe  a  continuum reac t ion .  



LF = 9 Maxwellian distribution 

I = normalization constant 

$I. = nuclear temperature at the mid-lethargy energy of fine group j 
' 

= a constant to define the upper limit for the final 
'k ,j 

neutron energy for partial reaction k such that 

The transfer cross sections are determined by adding together the 

partial contributions, 

o (I*) = a level (I*) + ain cont in in ( I+M 

and normalizing the sum of the matrix terms to the total inelastic 

scattering for group I, given by, 

f 1 'in,lc,j 'j 
- - k= 1 

a. in, I 

C @, 
j 

where all the terms have been defined for Equation 4.1 except that N 

corresponds to the total level and continuum partial contributions to the 

inelastic cross section. 



For the case in which the sum of the matrix terms is less than the 

total inelastic cross section, as for a truncated matrix, the difference 

is added to the last matrix term (i.e., added to the iowest downscattering 

transfer cross section). For the case in which the sum of the matrix 

terms is larger than the total inelastic cross section, each matrix term 
, 

is reduced in proportion to its magnitude. 

3.4.2 (n, 2n) and (n ,3n)Reac tions 

The (n,2n) and inelastic reactions are similar processes and the 

(n,2n) downscattering terms are calculated as in Equation 4.5 with 

a replaced by a (the kth partial level or continuum 
in,k,j (n,2n) , k , j  
(n,2n) cross section evaluated at the mid-lethargy energy of fine group 

j). The distribution functions for determining the normalized probability 

distributions of the (n,2n) reaction are limited to the same analytical 

formulations as specified for the inelastic reaction. Namely, the 

excitation of'dkscrete 1evels.and the Maiwellian distributions. The 

distributions are also limited, by the ENDF/B format, to those cases 

in which the exit neutrons have the same energy. 

The sum of the (n,2n) matrix 'terms is normalized to twice the 

total (n,2n) cross section for group I to account for the production 
. . .  

of 'two.' neutrons.  h hat 'is 

The (n,3n) reaction is handled in the same manner as the (n,2e) 

reaction and is added to the (n,2n) matrix. For this case, the sum of 

the matrix terms is set equal to three times the coarse group average 

cross section prior to being added to the (n,2n) matrix and the average 

(n,3n) cross section, a is added to a 
(n,3n) ,I (n,2n) ,I' 



. . 
3 . 4 . 3  E l a s t i c  S c a t t e r i n g  

The t ransf ,e r  c r o s s  s e c t i o n s  due t o  e l a s t i c :  s c a t t e r i n g  . . a r e  ca l cu l a t ed  

by two d i f f e r e n t  methods depending upon t h e  l e tha rgy  group width and t h e  

magnitude of t h e  average logar i thmic  energy l o s s .  I f  t he  logar i thmic  

. energy l o s s  f o r  coarse  group I ,  S I ,  is  "small" a s  compared t o  t h e  l e tha rgy  

width f o r  e i t h e r  coarse  group I o r  I+1, then Method 1 i s  used. For SI 
- 

"large" a s  compared t o  the  coarse  group wid ths ,  Method 2 is  used. (Note 

t h a t  SI i s  a previously ca l cu l a t ed  quan t i t y  - see Sec t ion  3.5.1).  The 

c r i t e r i a  f o r  determining whether <I is  smal l  is  based upon t h e  i npu t  
" .  parameter,  F and t h e  following i n e q u a l i t i e s ,  

5 ' 

where Au i s  t h e , l e t h a r g y  width f o r  t h e  coarse  group. S I  is  considered 

small  i f  both i n e q u a l i t i e s  a r e  s a t i s f i e d .  

Method 1 - 'I smal l  & compared t o  ( A U ) ~  and 1+1 

The e l a s t i c  removal expression f o r  coarse  group I i s  c a l c u l a t e d  

a s  fol lows:  

where a = s c a t t e r i n g  c ros s  secti .on f o r  group I which has  been 
, 

1 
previously ca l cu l a t ed  from reso lved ,  unresolved and 

smooth da t a .  

bI = a c o r r e c t i o n  f a c t o r  t o  be ca l cu l a t ed  

and S1 and (AU) . a r e  def ined  abuvr.  I 

Equation 4.11, without t h e  bI t e r m ,  is  t h e  f a m i l i a r  express ion  

f o r  s c a t t e r i n g  out  of group I i n  a . l / E  .£lux spectrum. The bI term 

i s  then  a c o r r e c t i o n  f a c t o r  t o  account f o r  a . f l u x  shape which is  o the r  

than a 1/E d i s t r i b u t i o n .  



When coarse  group inpu t  f l u x e s  have not  been s p e c i f i e d ,  b w i l l  be 
. .  . .I 

dependent upon,  t h e  i npu t  cut-of f  energy, ,  Ec , which is  used t o  d i s t i n g u i s h  
. .. . 

. . 

between. the ,  l i E  f  l u r  v a r i e r  i o n  and t h e  f i s s i o n  spectrum f l u x  represen t  a t  i o n  
. . . . .  ., . . 

( s ee  Sec t ion  3.1.2). Thus, f o r  l e t h a r g i e s  greater than u (corresponding . . . . C 

. . t o  t h e  cut-off energy) ,  bI w i l l  be equa l  t o  1. That i s , f o r  

For 1 e t h a r g i e s . l e s s  than  t h e  cut-off l e tha rgy ,  bI w i l l  be determined f o r  

a f i s s i o n  spectrum f l u x  shape and given a s ,  

. . 
where EFI = energy corresponding t o  t h e  average l e tha rgy  f o r ,  coarse 

7 . . 
G r o u p 1  = 10 exp + 2 1 3 ~ i )  I' ! 

. , 

8 = f i s s i o n  spectrum , t , e ~ b e r a t u r e  
. . 

+I = summation over  t h e  f i n e  group f l uxes  = Z +j 
and t h e  remaining terms a r e  def ined above. 

When coa r se  group f l u x e s  have been inpu t  and used t o  c a l c u l a t e  t h e  

I 
f i n e  group f l u x e s ,  b i s  given by , 

It is  recognized t h a t  t h i s  t y p e o f . c o r r e c t i o n  w i l l  p resen t  s p e c i a l  

problems i n  codes which process  t h e  genera l ized  f i l e  (output from ENDRUN' 
I I . . 

I and a t tempt  t o  c o r r e c t  t h e  e l a s t i c  removal c r o s s , s e c t i o n  f o r  t h e  t r u e  . j 
8 ,  

f l u x  spectrum r e p r e s e n t a t i o n .  ~ h e s e  co r r ec t i on  techniques .  a r e  d i scussed  
. . ! .  

i n  TDOWN' ( r e f e r ence  5).  

The t r a n s f e r  ma t r ix  f d r  e l a s t i c  s c a t t e r i n g  is  not  ca l cu l a t ed  s i n c e  t h e  

assumption t h a t  5 is  ' smal l  compaied t o  (Au) imp l i e s  t h a t  t h e  t r a n s f e r  I I41 
w i l l  on ly  be  from one group t o  . the next .  , Thus, t h e  t r a n s f e r  c r o s s  s e c t i o n  

w i l l  be  equa l  t o .  t he  e l a s t i c  removal. 



Method 2 - 'I l a r p e  a s  compared t o  ( A d I  ( A u ) ~ + ~  

The second method f o r  c a l c u l a t i n g  downscattering c ros s  s e c t i o n s  is  

based upon a  oimple p robab i l i t y  func t ion  f o r  s c a t t e r i n g  from l e tha rgy  

u  t o  l e tha rgy  u ' .  This  p r o b a b i l i t y  func t ion  f o r  coarse  group I is given 

a s  fol lows 

where u  > u 2 u and AI and B a r e  group cons t an t s  which a r e  determined 
u s 1  - L * 1 I 

from the  s o l u t i o n  of simultaneous equat ions f o r  t h e  average logar i thmic  

energy l o s s ,  51 * and the  s ca t t e r in ' g  p r o b a b i l i t y  normalized over  a l l  

l e t h a r g i e s .  That i s ,  

and 

1 he re  Ln- i s  t h e  maximum l e tha rgy  a i n  f o r  s c a t t e r i n g  from t h e  t a r g e t  nucleus 
a 

and a has  t h e  u sua l  meaning  a = kl2 . , 

  he simultaneous s o l u t i o n  of Equations 4.10 and 4.11 g ives  f o r  A 
I 

and BI, 



The p r o b a b i l i t y  f o r  s c a t t e r i n g  from a f i n e  grpup j w i th in  coa r se  

group I ,  t o  above a n  a r b i t r a r y  le thargy  u i s  next  determined from t h e  k . . 
expres s ion ,  . . . 

where u = lower l e tha rgy  of f i n e  group j 
L , j  . . .  

. . 
u = upper .  l e tha rgy  of f i nk  group j 
u,j . . 

u . = upper l e tha rgy  f o r  coarse  group I u , I  

Au = l e t h a r g y  width of f i n e  group j 
j 

a' = f r a c t i o n  of t h e  f i n e  group j l e tha rgy  width 

which can s c a t t e r  neu t rons  above l e tha rgy  uk 

1 
= 1 f o r  (uk -- Ln;) 2 uL . , j  

S u b s t i t u t i n g  Equation 4.15 i n t o  Equation 4.20 and ca r ry ing  ou t  t h e  

i n t e g r a t i o n  g ives  

. A~ r 
P ( j  +u>u ) .  = - ci ' Au' 1 

k 2 j l B I / A ,  + . . 



For t h e  case  i n  which uk = u , Equation 4.21 g ives  t h e  p r o b a b i l i t y  
u, 1 

f o r  s c a t t e r i n g  from coarse group I. Thus, t h e  e l a s t i c  removal c ros s  

s e c t i o n  ,is t h e  following express ion ,  

where the  summation i s  over a i l  f i n e  groups j i n  coarse  group I. 

The downscat ter ing terms from coarse  group I t o  coarse  group M a r e  

ca l cu l a t ed  i n  a manner s i m i l a r  t o  Equation 4.22. That i s ,  

where.P(j+u>u ) = 0 i f  n e u t r o n s . a r e  no t  s c a t t e r e d  i n t o  coa r se  group M+1.  
U, m 

A l e tha rgy  ga in  i n d i c a t o r  is  included i n  t h e  ENDRUN output  f o r  each 

coarse  group I and i s  i d e n t i f i e d  a s  fol lows:  

Ind i ca to r  

1 

Condition 

1 
Rn- >u I 

111-39 



. . . .  , . ., ' .._ .. . . .  . :i . .::, ..., . . .  . . .  I . ' . . .  

. . 
. . . . .  

The l e tha rgy  ga in  i n d i c a t o r  i s  used i n  t he  co r r ec t ion  of t h e  e l a s t i c  . .  , - .  

removal, .c , ross .sect ion f o r t h e  a c t u a l  f l ux , spec t rum i n  a  s p e c i f i e d  r e a c t o r  . . . . .  
r eg ion  ( i . e . ,  t h e  co r r ec t ion  of t h e  e l a s t i c  removal c ross  s e c t i o n  i n  t h e  

. . 

&nera l i zed  f i l e  which is  output  by ENDRUN). This co r r ec t ion  can be 

d e s c r i b e d b y  r e f e r r i n g  t o  t he  diagram below which shows a  sample f l u x  

d i s t r i b u t i o n  ac ros s  coarse  groups. 

A l e tha rgy  i n d i c a t o r  f o r  coarse  group I has t h e  following connotat ion.  

. :  

Lethargy pa in  i n d i c a t o r ,  = 1 
. . 

  he e l a s t i c  removal c ros s  s e c t i o n  is: cor rec ted  between u  and u , I  
u  - Au 12 based upon a  f l u x  i n t e r p o l a t i o n  between I$ . and (I U , I  . I I I+1' 

Lethargy pa in  i n d i c a t o r  .= 2  ., 

. . 

i The . e l a s t i c  removal c ros s  s e c t i o n  is  cor rec ted  between 
. . .  , . 

%,I and 

u  u ,  1 
- ( A U )  12 based upon a  f l u x  i n t e r p o l a t i o n  between 4 

I 1 and and 

1 c o r i e c t e d  between u  - ( A U ) ~ / ~  and u  - 2 -  based upon a  f l u x  i n t e r -  
U , I  U ,  1 a 

p o l a t i o n  between I$ and I$ 
I 1-1' 



Lethargy ga in  i n d i c a t o r  = 3  t 

The e l a s t i c  removal c ross  s e c t i o n  is corrected between u and 
u s 1  

u - ( A U ) ~ / ~  based upon a  f l u x  i n t e r p o l a t i o n  between 41 
U , I  I and 4I1+1, 

and cor rec ted  between u - ( ~ u ) ~ / 2  and u based upon a  f l u x  i n t e r -  u ,  1 u ,I-1 

pola t ion  between @I and @I-1' 

The a n a l y t i c a l  formulation f o r  co r r ec t ing  the  e l a s t i c  removal term 

is d i f f e r e n t  f o r  each ind ica to r  and i s  descr ibed i n  TDOWN (reference  5 ) .  

3 . 4 . 5  Sca t t e r inp  from Hydrogen 

For the s p e c i a l  case of e l a s t i c  s c a t t e r i n g  from hydrogen., t h e  

removal expression f o r  coarse group I is given a s ,  
-Au . 

t 1 'e m j  
i j  

where the  summation is over a l l  f i n e  groups j i n  coarse  group I and t h e  

remaining terms a r e  def ined i n  Sect ion 3 . 4 . 3 .  

' The downscattering terms f o r  coarse  group I t o  coa r se  group M a r e  I 

the  fol lowing,  

I f  t h e  downscattering mat r ix  i s  t runca ted  t h e  last t r a n s f e r  term w i l l  

be given by, 

Efmax-1 

"er  (14lrnax) = - 1 0 e r (I+L) 



. . . . I 

3.5 REACTION PARAMETERS 
. . 

. . 
React ion parameters which a r e  generated from the  ENDFIB d a t a  include: .  

(1) t h e  average c o s i n e  f o r  e l a s t i c  s c a t t e r i n g ,  p.;. (2 )  t h e  averake logar i thmic  .I : 

energy decrement, 5;  (.3) t h e  number of neutrons emi t t ed .pe r  f i s s i o n ,  v; 

and ( 4 )  t h e  average f i s s i o n  spectrum f r a c t i o n ,  X. .., 

3.5 .1  Average Cosine of t h e  S c a t t e r i n g  Angle, u ,  and Average Logarithmic 

Energy Loss, E, 

Pointwise d a t a  f o r  p and 5 a r e  given i n  F i l e  3  of t h e  ENDFIB l i b r a r y  

and a r e  processed l i k e  t h e  d a t a  fo r  t he  i n f i n i t e l y - d i l u t e  r eac t ion  c ross  

s e c t i o n s .  That i s ,  t h e  pointwise d a t a  a r e  i n t e rpo la t ed  t o  t h e  mid-lethargy 

energy f o r  f i n e  group j and a r e  weighted by t h e  fine group f l u x  and summed 

a s  fo l lows:  

and 

.where the  'summation is  over a l l .  f i n e  group's j i n  coarse  group I,. . . 

I f  e l a s t i c  s c a t t e r i n g  c ros s  s e c t i o n  d a t a  i s  not  a v a i l a b l e  o r  has  not  

been reques ted  by t h e  use r  t h e  ca l cu la t ions .  f o r  p and 5 ,  which r ep resen t  

only a  rough approximation, w i l l  be completed. ~ o w e v k r ,  s i n c e  both p and 

5 a r e  g iven  meaning only i n  t h e  process  of e l a s t i c  s c a t t e r i n g ,  t h e  average 
.. I . . 

of t h e s e  b a n t i t i e s  w i l l  depend n'ot o i l y  on' the. r e a c t i o n  v a r i a b l e s  but  

a l s o  on t h e  r e l a t i v e  e l a s t i c  c r o s s  s e c t i o n  a t  each energy. Thus, t h e  f i n e  

groups a r e  l a t e r  reaveraged ( i f  the d a t a  i s  a v a i l a b l e  and a f t e r  reso lved  

and unresolved resonance con t r ibu t ions  t o  a have been ca l cu la t ed )  and t h e  
s 



. . 

f i n a l  coarse  group average i s  given by: 

and 

I f  t h e  pointwise da t a  f o r  5 a r e  not a v a i l a b l e ,  a  s p e c i a l  i npu t  op t ion  

i n  ENDRUN can be used t o  ca r ry  out  a  t h e o r e t i c a l  c a l c u l a t i o n  of 5 according 

and' A = atomic weight 

An average' over t h e  f i n e  group va lues  of (1-p)usy normalized t o  t h e  
, 

t h e o r e t i c a l  approximation(1-2/3A)os, then provides  a  c o r r e c t i o n  t o  account 

f o r  t h e  e f f e c t s  of an iso t ropy  and y i e l d s  t h e  f i n a l  average f o r  coa r se  group 

1 Y 



3.5.2 Averape Number of Neutrons Emitted Per  F i s s ion .  v 
. . . . 

Data f o r  t h e  average number of neutrons pe r  f i s s i o n ,  v, a t e , g i v e n  i n  

F i l e  1 of tkie ENDF/B l i b r a r y  i n  e i t h e r  of two, ways: . (1) c o e f f i c i e n t s  f o r  

a  polynomial of deg ree  N o r  (2) a  t abu la t ed ,  pointwise r ep re sen t a t i on .  

I n  e i t h e r  ca se ,  t h e  process ing  of t h e  d a t a  is s i m i l a r  t o  t h e  processing 

of t h e  d a t a  f o r  p and 5 i n  t h e  previous'  sect2on.  va lues  of v a r e  ca l -  

cu l a t ed  - from t h e  polynomial equat ion o r  by i n t e r p o l a t i o n  - a t  each mid- 

l e t h a r g y  energy f o r  f i n e  group j .  Since v has  meaning only i n  connection 

wi th  a  f i s s i o n  r e a c t i o n ,  t h e  group average v a l u e ' w i l l  depend upon t h e  
I 

r e l a t i v e  f i s s i o n  c r o s s  s e c t i o n  a t  each energy. The f i n a l  coarse  group 

average of 'v  i s  f i s s i o n  weighted . a s  fo l l ows  : . . . . 
. . . . 

. . 

3.5.3 Average F i s s i o n  Spectrum Frac t ion ,  x 

The average f i s s i o n  spectrum f r a c t i o n ,  X ,  i s  ca l cu l a t ed  from t h e  d a t a  

i n  F i l e  5  of t he  ENDFIB l i b r a r y .  The d a t a  c o n s i s t s  of t abu la t ed  p r o b a b i l i t y  

func t ions  and a range of nuc lear  t empera tures 'wi th  o r  without  a d d i t i o n a l  

cons t an t s .  The tempera ture ,  8 ,  may be given a s  an energy dependent para- 

meter and f o r  t h i s  case  t h e  temperature may be i n t e r p o l a t e d  t o  an input .  
. 

energy s p e c i f i e d  by t h e  u s e r .  

The x values  a r e  c a l c u l a t e d  according t o  one of t h e  f o l l o w i n g ' a n a l y t i c a l  
I 

expres s ions  :- . :  

F i s s i o n  ~p 'ectrum 

Maxwellian Spectrum 

W a t t  Spectrum 
. p---- 



The ENDRUN c a l c u l a t i o n  uses  only a s imple pointwise average. Thus, 

x(E) and P(E) a r e  ca l cu l a t ed  and/or i n t e r p o l a t e d  t o  each of t h e  f i n e  

group mid-lethargy energy va lues  and t h e  i n t e g r a t i o n  is  approximated by 

the '  fol lowing summation 

va lues  a r e  then normalized t o  1.0.  
I 

3.6 OVERLAP CORRECTIONS 

Severa l  d i f f e r e n t  types of c ros s  s e c t i o n  over lap  a r e  p o s s i b l e ,  some 

inheren t  t o  t h e  physics  of averaging c a l c u l a t i o n s ,  o t h e r s  due t o  t h e  

genera l ized  ENDFIB format which al lows d i f f e r e n t  types of d a t a  t o  be  given 

f o r  t h e  same r e a c t i o n  a t  t he  same energy. I n  p a r t i c u l a r ,  t h e  fol lowing 

types o f . o v e r l a p  may be processed by t h e  ENDRUN code: 

(1) S t a t i s t i c a l  resonance over lap  w i t h i n  unresolved resonance 

c a l c u l a t i o n s  -- discussed  i n  Sect ion 3.3 and processed a s  

an op t ion  according t o  the\Nicholson "A" method ( ~ e f e r e n c e  1 ) .  

(2 )  Overlap of unresolved resonance sequences.  

(3) Overlap of unresolved and resolved resonance d a t a  i n  t h e  

same coarse  group. 

(4) Overlap of unresolved and/or resolved resonance d a t a  w i th  

smooch, polnrwlse con t r ibu r ions .  

A l l  of t h e s e  over lap  s i t u a t i o n s  have i n  common t h e  combinatian of  two o r  

more sets of c ros s  s e c t i o n  d a t a  which have been s e p a r a t e l y  averaged over  

a coarse  group. I n  t h e  i n f i n i t e l y  d i l u t e  ca se ,  i n  which only t h e  coa r se  

f l u x  is used f o r  weight ing,  t h e s e  s e p a r a t e l y  averaged q u a n t i t i e s  can be  

c u l u L l i ~ d  Ly a s imple summation, i .e.  

6.1 

'smooth 'unresolved 'resolved 



, . 

S i m i l a r l y ,  unresolved resonance sequences,  k ,  can be summed t o  give:  
. . . . .  

When s e l f - s h i e l d i n g  i s  r e q u i r e d ,  however, t h e  f i n e  f l u x  (l /at+oo) f o r  

each c a l c u l a t i o n  i s  d i f f e r e n t  (e.g.  t he  t o t a l  c ro s s  s e c t i o n  - i n  unresolved 

resonance averaging is only t h e  unresolved con t r ibu t ion  t o  t o t a l ) .  s i n c e .  

a i s  thus  t o o  sma l l ,  t he  . s e l f  -shielded va lues  a r e  a c t u a l l y  f o r  d i f f e r e n t  -- 
t 

and sma l l e r  -- e f f e c t i v e  o o ' s  One way t o  c o r r e c t  t h i s  s i t u a t i o n  is  t o  
I 

f i r s t  determine . the  c o r r e c t  a  and t h e n  ad jus t .  each se l f - sh i e lded  va lue  
t 

by i n t e r p o l a t i n g '  t o  t h e  c o r r e c t  e f f e c t i v e  a  o . For tuna t e ly ,  temperature  . 

remains t h e  same i n  a l l  cas,es,  s o  only a- one-step i n t e r p o l a t i o n  i s  necesqary. 

Th i s  i n t e r p o l a t i o n .  is .based upon a  Taylor expansion abou t  t h e  q r i g i n a l  . , 

a  va lue .  . . 
0 

, . 

. . . . 

. . 3 . 6 , l  . F-Factor I n t e r p o l a t i o n  

The i n t e r p o l a t i o n  scheme employed by ENDRUN f o r  c o r r e c t i n g  t h e  s e l f -  
. . . -. - , , - . - . - . . . . + . . . .  . . ,. . ,. . .. . . , 

s h i e l d e d  c r o s s  s e c t i o n  i s ' b a s e d  upon a  Taylor series expansion . . of t h e  f -  

f a c t o r s  i n  terms of Rn a  . A , t y p i c a l  p l o t , o f  f i  v s  x  ( a c t u a l l y  f c  f o r  
0 

U-238) i s  given i n  F igure  3 .1  where: 

ui(ao) 
f i(uo) = Ui (-1 ( f o r  r e a c t i o n  type  i )  

. . 
Rn a  and 

0 ' .  x  = 
.Rn 10  
. . .  . . . . . . 

. . 

Although t h e  graph s t o p s  a t  x  = 0  o r  u  o = 1 .0 ,  oo va lues  c l o s e r  t o  0  

a r e  p o s s i b l e ;  t h e  only r e s t r i c t i o n  is  t h a t  t he  l oga r i t hmtc  i n t e r v a l s  

between two d i f f e r e n t  v a l u e s  of a  must be  cons tan t  ( i . e .  consecut ive  
0 

v a l u e s  of a  must be  m u l t i p l e s  of t h e  same c o n s t a n t ) .  
0 

I f  we assume t h a t  f  ha s  been c a l c u l a t e d  f o r  v a l u e s  x  I s  X2, X3 s X4 and 
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t h a t  f  = 1.0 a t  x  then  the  i n t e rpo l . a t ed .va lue  of f  a t  x ,  a  d i s t a n c e  
5 ' 

6 from x may b e  found by expanaing t h e  Taylor s e r i e s  around t h e  c l o s e s t  3 ' 
va lues  (e .g .  around x and x ) and weight'ng i n v e r s e l y  wi th  t h e  d i s t a n c e  3 4 
from each ~ o i ' n t .  The Taylor s e r i e s  expansion of f  a t  x  about x is: n 

Evalua t ion  of t h e s e  d e r i v a t i v e s  w i l l  depend on t h e  l o c a t i o n  of x  wi th  

regard  t o  x  and x t h e  minimum and maximum va lues  of x  i n  a  given min max ' 
ENDRUN c a l c u l a t i o n .  I n t e r p o l a t i o n  r e s u l t s  i n  one of t h e  fol lowing 5 

ca se s  : 

f ( x ) = f ( x  ) rnin 

2) x 2 x  + A  max 

3 x < X L X  + A  
min , , mi.n 

where: 6 = x +A-x 
1 , min 

and i f  f  (x) < f(xmin ) f  (x) i s  set = f  (xiin). 

4 j x max - < X I X  + A  . , . . max 

6 . 2  2 

f ( x )  = f(xmax -5) ] + f  (xmax 



where: € i 2 = x - x  max 

and i f  f  (xmaX) <1 and f (x) > 1, f ( x )  is s e t  = 1.0 

i f  f  (xmax) > 1 and f (x) > f (xmax ) , f  (x) is  s e t  = f  (xmaX) 

1oca.te n such t h a t  xn 5 x< x. n+l 

Xn+l-x 
X-X n 

f ( x )  = 
A 

I- - 
x ,n A x ,n+l 

2 2 

where: f  x ,n  = f ( x ) F -  n ( > ) ] + f ( ~ ~ - ~ )  [i k)-$.>] 

f o r :  € i 3  = x-x 
n 

f o r :  n+l 

Although the  d e t a i l e d  equat ions f o r  over lap  co r r ec t ions  a r e  shown 

below only f o r  t h e  case  of unresolved resonance sequences; t h e  method is 

e s s e n t i a l l y  t h e  same f o r  a l l  overlap s i t u a t i o n s .  



3 . 6 . 2  Combining Unresolved Re'sonance Sequences 

The con t r ibu t ion  of each unresolved resonance sequence of a given i so -  

tope  t o  t h e  energy averaged c ros s  s e c t i o n  f o r  r e a c t i o n  type X, a t  each 

energy po in t  and f o r  each a and temperature is  computed by neglec t ing  a 
0 

term i n  t h e  to ' t a l  c r o s s : s e c t i o n  - namely t h e  con t r ibu t ion  of t he  o the r  

resonance sequences,  

which i s  taken to .  be cons tan t  i n  energy across  a resonance spacing.  .. ! 
. . 

That i s ,  t h e  resonance i n t e g r a l s  a r e  or ig ina l ly~ 'computed  wi th  a f l u x  ,. ,'; i . 
. . ., . 
' ,,,! 

' . approximation of t h e  form . , I  .. 
. . : 1 

/ / I  
; 'i 

~ h ' e  missing po r t ion  of t he  t o t a l '  c ros s  s e c t i o n  may be t r e a t e d  a s  an 
, . .  

a d d i t i o n  t o  ao ,  and the  resonance con t r ibu t ion  ad jus ted  t o  t h e  c o r r e c t  
. .. ' 

va1ue . fo . r '  the . .des i red  a . : .. 1 
... , -  

0 .::I 
. -,- 4 

. A .  ;raylor expans-ion about i n  a. is then  used t o  'determine . t he  energy : I 
0 :,! 

average c r o s s  s e c t i o n  which would have been computed wi th  a f l u x  of t h e  

more complete form, 

. . 

'The cor rec ted  va lues  of t h e  c ros s  s e c t i o n  a r e  t hen  summed over  a l l  

reeonance sequences f o r  each energy p o i n t ,  a temperature and r e a c t i o n  
0 ' * 



3.6.3 Resolved-Unresolved Resonance Range Overlap 

I f  t h e  con t r ibu t ions  from resolved and unresolved resonances overlap 

i n  energy ac ros s  a  f u l l  coarse  group, t he  s tandard  over lap  c o r r e c t i o n  a s  

descr ibed i n  Sec t ion  3.6.2 is appl ied .  . T h i s  provides  a  f i r s t  o rde r  c o r r e c t i o n  

f o r  the  e f f e c t s  of each con t r ibu t ion  on t h e ' t o t a l  c ro s s  s e c t i o n  seen  by t h e  

o the r .  However, i n  t he  coarse  groups f o r  which one o r  both the  unresolved 

and resolved ranges end, s p e c i a l  a t t e n t i o n  must be given t o  t he  co r r ec t i on .  

Since one o r  both of t h e  con t r ibu t ions  do not  apply over t h e  e n t i r e  coarse  

group, i t  would be i n c o r r e c t  t o  use  group-average t o t a l  c ro s s  s e c t i o n s  t o  

co r r ec t  t h e  s e l f - sh i e ld ing .  The most importank s i t Y i r i o n  of ; t h i s  type  

involves  the  ' e f f e c t  of the  unresolved con t r ibu t ion  on the  reso lved  s e l f  - 
sh i e ld ing  when the  two energy ranges b u t t ' a g a i n s t  one another .  I n  t h i s  

. , 

case ,  nea r ly  t h e  complete c r o s s  s e c t i o n  con t r ibu t ion  is  t r a n s f e r r e d  from t h e  
. . 

resolved t o  unresolved resonances,  and, s i n c e  l a r g e  energy v a r i a t i o n s  a r e  

l i k e l y  t o  e x i s t  i n  t he  resolved c ros s  s e c t i o n s ,  s i z e a b l e  e r r o r s  could 

e x i s t  wi th  t he  s tandard  co r r ec t i on .  I f  t h e  two ranges a c t u a l l y  ove r l ap ,  

i t  is  most l ike ' ly  t h a t  one o r  t h e  o t h e r  w i l l  dominate and t h e  over lap  

co r r ec t i on  w i l l  be l e s s  important .  

I n  order  t o  d e a l  s p e c i f i c a l l y  wi th  t he  ca se  where t h e  two ranges .. 

b u t t  a g a i n s t  each o t h e r ,  f i n e  group va lues  of a a r e  r e t a i n e d  f o r  t h e  
t 

lowest-energy group of t he  unresolved range and are used d i r e c t l y  i n  s e l f -  

sh i e ld ing  of t he  resolved resonances.  La t e r ,  when a l l  c o n t r i b u t i o n s  a r e  

summed and the  s tandard  co r r ec t i ons  made, t h e  c o r r e c t i o n  t o  t h e  reso lved  

p o r t i o n  of t h i s  boundary group i s  hypassed t o  avoid redundancy. The s e l f -  

sh i e lded  unresolved po r t i on  i s  s t i l l  co r r ec t ed  s i n c e  t h e  reso lved  con- 

t r i b u t i o n  t o  t h e  t o t a l  c ro s s  s e c t i o n  was not a v a i l a b l e  a t  t h e  t i m e  of t h e  

o r i g i n a l  c a l c u l a t i o n .  

For t h e  cases  where both reso lved  and unresolved ranges do no t  end i n  

t h e  same coarse  group, but  s t i l l  ove r l ap ,  t h i s  s p e c i a l  method is aga in  

appl ied  t o  t h e  l.owest-energy unresolved group. The s t anda rd  c o r r e c t i o n  is 

appl ied  t o  t h e  highest-energy reso lved  group. 



. .  . . . 
The ENDRUN program c o n s i s t s  o f ,  a .main  program and e leven  l i n k s .  

. . . .  . . .,. 

, The . . l i n k i n g  . system . al lows t h e  over lay  of coding s o  t h a t  s epa ra t e  d a t a  

types  a r e  processed wi th  only t h e  necessary programming i n  t h e  computer. 

The computer memory requirements  a r e  minimized i n  t h i s  manner. 

. , , . 

The broad'  program l o g i c  & i l l u s t r a t e d  i n  ~ i ~ u r e  4.1.  I n  t h e  
. . 

l l u s t r a t i o n  some l i n k s  have two names; t h e  second name s p e c i f i e s  t h e  
. . .  

l i n k  o v e r l a i d  by t h e  f i r s t .  ~ o l l o w i n g  ~ i $ u r e  4 .1  i s  a descr i 'p t ion  i f  
. . . .. 

t h e  MAIN prqg'ram a n d  each l i n k .  For a more d e t a i l e d  d e s c r i p t i o n  of t h e  
. . . . 

l i n k s  and t h e  sub rou t ines  i n  ENDRUN t h e  Lser i s  r e f e r r e d  t o  t h e  ENDRUN 
, . 

(12) Programmers Manual' . 
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: f o l l o w i n g  l i n k s .  
L . - - - -- - . -- ----- 

_. - 
LINK BLKCMN 

J 
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MAIN - The MAIN rout ine"d3rects  t h e  sequen t i a l  execution 

of t h e  code and conta ins  t he  blank and labe led  common 

used f o r  t r a n s f e r r i n g  d a t a  from l i n k  t o  l i n k .  The 

subrout ines  i n  +IN a r e  always i n  memory so  they a r e  

a v a i l a b l e  f o r  u se  i n  o the r  l i n k s .  ~ h e s e  subrout ines  

a r e  used pr imar i ly  f o r  l oca t ing ,  reading and . i n t e r -  

p b l a t i n g  d a t a  i n  t h e  ENDFIB l i b r a r i e s .  

BLKW . This l i n k  contains  a  block d a t a  r o u t i n e  which loads 

s e v e r a l  cons tan ts  i n t o  labe led  common f o r  use  i n  

. . o the r  subrout ines .  
, . . . 

. . 

TURNL 
-. 

The r o u t i n e  i n . l % R N ~  con t ro l s  the  £ormat of t h e  

input  e d i t .  

INPUTL The . inpu t  d a t a  i s  read ,  checked and loaded i n t o  

memory i n  t h i s  l i n k .  I n i t i a l  c a l c u l a t i o n s  a r e  c a r r i e d  

out  t o  prepare  t he  input  d a t a  i n t o ,  the  a r r a y s  which 

a r e  necessary f o r  t h e  execut ion of o t h e r  l i n k s .  

. . 

FIRST The ENDF/B mate r i a l  is  loca ted  and w r i t t e n  : o n t o  a  

d i s c  i n  FIRST. Resonance d a t a  i s  w r i t t e n  on another  

d i s c  f o r  . use  . i n  t h e  resonance c a l c u l a t i o n s .  The 
.-. . f i n e  grqup energ ies  and f l u x e s  a r e  a l s o  ca l cu la t ed  

. . , i n  t h i s  l i n k .  

UNRES The unresolved resonance con t r ibu t ion  t o  t h e  t o t a l ,  

s c a t t e r i n g ,  cap ture  and f i s s i o n  c ros s  s e c t i o n s  a r e  

computed i n  t h i s  1in.k. The unresolved i n f i n i t e l y -  

d i l u t e  and se l f - sh ie lded  con t r ibu t ions  a r e  ca l cu la t ed  

a t  t h e  energy po in t s  s p e c i f i e d  by t h e  use r ;  then  t h e  

pointwise c r o s s  s e c t i o n s  a r e  f l u x  averaged. f o r  a l l  

coarse  groups. 

SMOOTH The poin twise  c ros s  s e c t i o n s  a r e  averaged over f i n e  . .  , .. . . 

groups a f t e r  i n t e r p o l a t i o n  of t h e  d a t a  t o  t h e  mid- 
. . 

l e tha rgy  energy va lues  of t he  f i n e  groups. Se l f -  

s h i e l d i n g  of t he  smooth c ros s  s e c t i o n s  is  a l s o  done 

i n  SMOOTH. 



RESRES 

NEXT - 

MATRIX 

OUTP - 

. . PLOTT 

f 

The resolved resonance cont r ibu t ion  t o  each f i n e  

group i s  ca lcu la ted  and added t o  t he  app ropr i a t e  

smooth d a t a  i n  t h i s  l i n k .  The output of t h i s  

l i n k  includes t h e  f i n e  and coarse  group c ros s  

s ec t ions  i n  t he  resolved range f o r  a l l  temperatures 

and a 's. 
0 

  he s e l f  - sh ie ld ing  f a c t o r s  a r e  ca l cu la t ed  . i n  NEXT 

based on cont r ibu t ions  from unresolved, resolved 

and smooth d a t a  t o  t h e  c ross  s ec t ions .  The 

average number of .neutrons per f i s s i o n ,  v ,  i s  a l s o  

ca l cu la t ed  i n  t h i s  l i n k .  

This l i n k  contains  rou t ines  f o r  genera t ing  t h e  ine l a s -  

t i c ,  n-2n and e l a s t i c  s c a t t e r i n g  mat r ices .  Group 

average va lues  f o r  p (average cosine of t he  e l a s t i c  

s c a t t e r i n g  ang le ) ,  x ( f r a c t i o n  of f i s s i o n  neutrons 

wi th in  a  coarse group),  and a ( e l a s t i c  removal e r  
c ross  s e c t i o n )  a r e  computed i n  t h i s  l i n k .  

The OUTP l i n k  generates  t h e  . four  types of output  avail- 

ab l e  i n  ENDRUN. The output subrout ines  a r e  b r i e f l y  

descr ibed a s  fol lows:  

OUTPUT - subrout ine  f o r  p r i n t i n g  a l l  group averaged 

c ros s  s e c t i o n s ,  s e l f - sh i e ld ing  f a c t o r s  and 

s c a t t e r i n g  mat r ices .  

FCCOUT - subrout ine  f o r  punching c ros s  s e c t i o n s  t o  

be used i n  f i xed  format codes. 

TROUT - subrout ine  f o r  punching i n f i n i t e l y - d i l u t e  

c ross  s e c t i o n s  on cards .  

STDOUT - subrout ine  genera tes  a one-material  GMUG 

f i l e  on t a p e  f o r  u s e  i n  t h e  TDOWN code, 

Data is arranged i n t o  t h e  format requi red  by the  s e r i e s  

of subrout ines  c a l l e d  DRAW, t h e  GE gene ra l  purpose 

p l o t t i n g  rou t ine .  
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5 . 1  CONTROL CARDS 

~ h &  fol lowing c o n t r o l  ca rds  are '  requi red  on t h e  GE-635 un le s s  ' 

' . .  

otherwise  noted. 

Card Column: 

, CARD PURPOSE 

Job  I d e n t i f i c a t i o n  $ IDENT CCCC,III-locat,ENDRUN i 
i 

. . . . ,. .. 

$ PROGRAM RLHS 
*. .. , . Program loade r  

i 
! 

ENDRUN 'program ' ,  $ TAPE H* , HIDD , ,MMMM, , ENDRUN H* 

Program l i m i t s  $ LIMITS t t ,53K, 10000,10000~ , 1 
I 

P e r i p h e r a l  s t o r a g e  $" '. FILE 0 1 , ' , 2 5 ~  (Tape Optional)  

P e r i p h e r a l  s t o r a g e  $ FILE 02, ,5L 

03, , 5 ~  $ FILE 
7 . !  P e r i p h e r a l  s t o r a g e  I 

:. 

Pe.riphera1 s t o r a g e  , $ , i . 04, ,10L 
. . . . . , . . 

Output f i l e  ( p r i n t )  $ SY SOUT 0'6 .. . . . 

& u t  f i l e  (ENDFIB t i p k )  $ TAPE 07 , N ~ D D ,  ,MMMM, ,NPOST ENDFIB 
. (opt ional)  

Peri .phera1 s t o r a g e  , . $ 

' P e f i p h e r a l  stor.age . $ 

P e r i p h e r a l  s t o r a g e  $ 

Input  f i l e  (QUICKW tape )  $ 

Outpu#t f i l e  (GMUG tape)  $ 

P e r i p h e r a l  s t o r a g e  $ 

FILE 

FILE 

FILE 

. TAPE 

TAPE 

FILE 

10 ,  ,2L 

l l ,QlDD, ,MMMM,,QUICKW TABLE 
(op t iona l )  

~ Z , G I D D , , , , G M U G  MAT. ( op t iona l )  

P e r i p h e r a l  s t o r a g e  , $ . FILE 14 ,  ,25L, i 
. . . j 

FILE P e r i p h e r a l  s t o r age .  . . -. $ 15 ,  ,1L, 

Output f i l e  (PLOT t ape )  $ TAPE . 39 ,PlD, , , ,PLOT TAPE (op t iona l )  .+ i 

Output f i l e  (cards)  $ SY SOUT . . . . 43 , (op t iona l )  _ .,.. _ . .... . . . . , 
. . . . . . , 

$ INCODE I BMF ~ i - a n s l i t  e r a t  i on  card 
. . 

Conclusion of j ob $ ENDJOB . . 

CCCC = u s e r ' s  charge number 
111-locat - u s e r ' s  i n i t i a l s  and l o c a t i o n  

MMMM - t a p e  reel number . . 

, , .  . . . . .  t.t - maximum problem run  time i n  hundredths of ad hour 



A l l  TAPE, FILE and SYSOUT c o n t r o l  cards  use  f i l e  code numbers s o  

re fe rence  can be made t o  t h e  f i l e s .  The alphanumeric f i l e  code number is 

designated i n  card columns 16 and 17. 

Severa l  of the  above p e r i p h e r a l  f i l e  c o n t r o l  cards  a r e  op t iona l .  

These cards  and t h e i r  uses  a r e  l i s t e d  i n  Table  5.1. 

TABLE 5 .1  

OPTIONAL CONTROL CARDS 

Fi le .  Code 

01  

Use - 
'\ 

ENDFIB d a t a  t a p e ,  e i t h e r  BCD ( f i r  one 
m a t e r i a l  only)  o r  b inary .  May be  a  
d i s c  i f  using an NPOST t a p e  on 07 o r  
may be omit ted i f  running from ca rds .  

NPOST compressed b inary  t a p e  conta in ing  .. 
complete ENDFIB d a t a  f i l e .  Desired 
m a t e r i a l  is read on t o  F i l e  Code 0 1  
before  a c t u a l  use .  . . 

QUICKW t a b l e ,  permanently saved on 
tape .  May be generated by ANL 
r o u t i n e s  WL and W (Reference 9 ) .  

GMUG t ape  generated f o r  a  
s i n g l e  m a t e r i a l  a t  t h e  end of an 
ENDRUN case  and saved t o  be  added 
t o  t h e  GMUG f i l e  

P l o t t i n g  t ape  - save temporar i ly  
t o  o b t a i n  X-Y p l o t s  of c r o s s  
s e c t i o n s  o r  £ - f ac to r s .  

4 3 Punched card output  

I f  any o p t i o n a l  f i l e  i s  not  needed, t h a t  c o n t r o l  card may be omit ted.  



. . 
. . 

The d a t a  c a r d s  must be  preceded by a  CASE card and fol lowed by a  

LAST card.  as .shown below. 

Card column: 1 6 9 2  8  

CASE Card ) ENDR iii * nnnnn ddddddd 

Data  Cards 

LAST c a r d  ) LAST ~t 

iii = u s e r ' s  i n i t i a l s  

nnnnn = c a s e  name. 

. . 
ddddddd = d a t e  

(Columns 6.  t o  34 may be l e f t  :b lank)  

The ENDRUN i n p u t  d a t a  a r e  given i n  t h e  f r e e  format  excep t  f o r  s e v e r a l  

o p t i o n a l : d a t a  sets which a r e  i n p u t  i n  t h e  f i x e d  format .  F r e e  form d a t a  

c a r d s  have. t h e .  f  o l lbwing  c o n t e n t  :. 
. . 

COLUMN CONTENT 

1-12 Card t y p e  

13-15 i i 

21-80 
-b 

f r e e  form d a t a  

The c a r d  t y p e  is  r e p r e s e n t e d  b y ' a n  a lphanumeric  name ( l e f t  j u s t i f i e d  

i n  columns 1 t o  1 2 ) .  A s s o c i a t e d  w i t h  t h e  ca rd  t y p e  is a d a t a  set f o r  

which t h e  i n p u t  v a l u e s  are l i s t e d  ( i n  o r d e r )  i n  columns 2 1  t o  80. More 

t h a n  one c a r d  may be i n c l u d e d  f o r  a  s p e c i f i c  d a t a  s e t  and t h e  beg inn ing  

l o c a t i o n  of t h e  d a t a  w i l l  b e  s p e c i f i e d  by ii i n  columns 13-15. I f  ii i s  

l e f t  b l a n k ,  i t  is  assumed t o  b e  one g r e a t e r  t h a n  t h e  l a s t ,  p r e v i o u s l y  

f i l l e d  l o c a t i o n  i n  t h a t  d a t a  set .  Any c a r d  which immediately f o l l o w s  a  

c a r d  o f  t h e  same t y p e  may u s e  a n  a s t e r i s k  i n  column 2 r a t h e r  t h a n  t h e  e n t i r e  

c a r d  t y p e  name i n  columns 1 t o  12.  

The d a t a  i n  columns 2 1  t o  80 ,mus t  be s e p a r a t e d  by one  o r  more 
. . .  . 

b l a n k s  o r  a comma, and comments may be i n c l u d e d  i f  t h e y  a r e  e n c l o s e d  i n  

p a r e n t h e s i s  and are s e p a r a t e d  from t h e  numer ica l  d a t a  by one o r  more 

b l a n k s .  The c a r d s  a r e  p rocessed  one a t  a t i m e  s o  a  number o r  a  comment 

cannot  c o n t i n u e  from one c a r d  t o  ' t h e  next. A number may be  loaded  i n t o n  



consecut ive l oca t ions  05, t h e  d a t a  set i f  i t  i s  followed by one o r  more 

blanks,  o r  a  comma, and then  an R; o r  a  *E. S c  o r  /; preceded by a  blank 

w i l l  i n d i c a t e  t h a t  2 consecut ive l oca t ions  i n  t h e  d a t a  s e t  be skipped 

over without a l t e r i n g  t h e i r  conten ts .  Consecutive commas o r  a  l ead ing  

comma cause i n t e g e r  zeros t o  be loaded. 

Values f o r  several '  d a t a  s e t s  (e .  g. TEMPERATURES) a r e  input  a s  a  

l i s t  of a r b i t r a r y  l e n g t h .  These va lues  must be  loaded i n t o  consecut ive 

l o c a t i o n s  beginning wi th  t h e  f i r s t  a v a i l a b l e  l o c a t i o n  and t h e  end of t h e  

l i s t  &s indica ted  by t h e  f i r s t  zero.  

The following card types a r e  c u r r e n t l y  a v a i l a b l e  f o r  ENDRUN. The 

names of t he  d a t a  set e n t r i e s  shown a r e  genera l ly  those used i n  t h e  

FORTRAN i n s t r u c t i o n s .  They a r e  preceded by an ( i )  i f  they must be  input  

a s  i n t e g e r s  and by an (a) i f  they a r e  alphanumeric. pH must precede 

any 2 cha rac t e r s  of alphanumeric input  ( inc lud ing  b lanks) .  A l l  o t h e r  

input  numbers r e q u i r e  a  decimal po in t  and may be followed (without s epa ra t i ng  

blanks)  by an exponent of t he  form EA'n. The EA need not  be  included;  o r  

i f  t h e  E i s  given,  t he  A and/or  t h e  s i g n  need not  be g iven . t  

I f  a  d a t a  s e t  en t ry  i s  omit ted from input  i t  w i l l  be ass igned t h e  

va lue  of zero .  

Card type Data Set 
name - ii Entry Name Entry Descr ip t ion  

TITLE 1-20 (a)  IDENT 120-character case  i d e n t i f i c a t i o n .  Six 
cha rac t e r s  pe r  e n t r y .  Note t h a t  any 
number of TITLE cards  may be  included 
t o  i d e n t i f y  t h e  ca se ,  .but only t h e  f i r s t  
120 c h a r a c t e r s  w i l l  be p r i n t e d  i n  t h e  
ou tput .  TITLE ca rds  may be omit ted i f  
none a r e  wanted. 

........................................................................... 
GENERAL 1 (i)MATT Mate r i a l  number on ENDF/B f i l e .  

2 ( i )  LRECD ENDFIB f i l e  type  i n d i c a t o r  
= 0; ca rds  
= 1; binary  t ape  
= 2; NPOST t a p e  
= 3 ;  BCD t ape  

t n = an i n t e g e r  
A = 3 one-character blank 



Data Set  Card type  
, Name - ii. Entry Name Entry Descr ip t ion  . , . . .  

. . 
I f  ENDFIB. d a t a  is  .read from an NPOST ' ' 

(GE compressed b inary)  t a p e ,  ENDRUN , 

a c t u a l l y  c r e a t e s  an i n t e rmed ia t e  BCD 
f i l e  ( f o r  one m a t e r i a l )  which may' . . '  

be saved on f i l e  code 01. This  t ape  
could l a t e r  be ' u sed  by s e t t i n g  LRECD=3. 
Recommended procedure, is  t o  use  DAMMET 
t o  c r e a t e  a  l a r g e  ENDFIB binary f i l e  
and - run  ENDRUN from t h a t  i f  a  compressetl 
b inary  system such a s  'PJPOST is not  
a v a i l a b l e .  

3 ( i )  ITOT To ta l  number of coarse  groups. 
1 5  ITOT 100. 

. . 
4 ' (i)IMIN Number of t h e  lowest coa r se  group (highest  

energy) t o  be ca l cu l a t ed .  

5 ( I )  IMAx Number of t h e  ' h ighes t  coarse  group (lowest 
energy) t o  be ca l cu l a t ed .  

SLETH 

FSCL 

FRAC 

St .a r t ing  l e tha rgy .  SLETH is  0.0 f o r '  a 
s t a r t i n g  energy of 10 MeV, but can be 
nega t ive  t o  y i e l d  a  h igher  beginning 
energy. 

Energy a t  which flux-weighting spectrum 
changes from 1/E t o  Maxwellian d i s t r i b u t i o n  

. . . . 
. ( in MeV) . . . , /  

. .. . ... .". . . . . ,  

Temperature i n  M e V  of Maxwellian spectrum. 

F rac t ion  of group l e tha rgy  width used 
i n  c a l c u l a t i n g  t h e  e l a s t i c  removal. c ro s s  
s e c t i o n s .  

. . 

Mate r i a l  number on GMUG f i l e .  

OPTIONS I n d i c a t o r s  which s e l e c t  va r ious  o p t i o n a l  c a l c u l a t i o n s  a r e  
included i n  t h i . s  d a t a  set.  

1 ( i )  SMOOTH = 1; do not c a l c u l a t e  smooth c r o s s  s e c t i o n  
con t r ibu t ion .  

= 0;  do 

2 ( i )NU = 1; do v c a l c u l a t i o n s  
= 0 ;  do no t  



Card type  Data Set 
Name - ii Entry Name &try Descr ip t ion  

I f  N U = l ,  t h e  m a t e r i a l  must be  f i s s i o n a b l e  and 
ICT=4 must be s p e c i f i e d  on a  REACTIONS 
card s o  t h a t  f i n e  group f i s s i o n  c ros s  
s e c t i o n s  a r e  a v a i l a b l e  f o r  weight ing of 3. 

3 (i)NSTOT = l ;  a d j u s t  u f o r  balance and put  ENDFIB e s  
t o t a l  on f i l e  (not a v a i l a b l e ) .  
= 0; a d j u s t  t o t a l  c ro s s  s e c t i o n s  on f i l e  
t o  equa l  sum of p a r t i a l s .  

4 (i)NSPOPT =l; c a l c u l a t e  s e l f - sh i e ld ing  f a c t o r s  
using ICT=5 as  t he  t o t a l  c ro s s  s e c t i o n  
(not  a v a i l a b l e ) .  

= O ;  c a l c u l a t e  s e l f - s h i e l d i n g  f a c t o r s  
using ICT=l a s  t h e  t o t a l  c ro s s  s e c t i o n ,  

5  ( i )  IRUN = l ;  c a se  w i l l  be  executed even i f  non- 
f a t a l  input  e r r o r s  a r e  found. 
=O; execut ion w i l l  be terminated i f  any 
input  e r r o r s  a r e  found. 

OUTPUT Spec i a l  output requirements a r e  s p e c i f i e d  i n  t h i s  d a t a  set.  
It may be  omitted i f  only t h e  automatic  p r i n t o u t  i s  wanted. 

1 (i)LOUT(l) = l ;  GMUG f i l e  c rea ted  on F i l e  Code 12  
=O;  No GMUG f i l e  (and no t a p e  needed on FC12) 

2  (i)LOUT (2) =I.; punched card output  i n  DTF 
.(6E12.6) format.  
= 2 ;  output  on t ape  (not a v a i l a b l e ) .  . . 

7 (I.) T.,OUT ( 3 )  =l; punched cards  i n  TROUT format ( in£ i n i t e l y  
I 

d i l u t e  averages and combined ma t r ix  only) . 
4 (i)LOUT(4) = l ;  P l o t t e d  ou tput  of coarse  group averages 

o r  £ - f ac to r s .  

5  (i)LOUT(5) =l; f i n e  group ene rg i e s  and f l u x e s  used 
i n  averaging a r e  p r in t ed  ou t .  

6 (i)LOUT(6) =l; Unresolved resonance con t r ibu t ions  a r e  
p r i n t e d  a s  a  f u n c t i o n  of R,j a t  each energy 
po in t  and f o r  a l l  coarse  groups. 
=2; F ine  group i n t e r p o l a t e d  unresolved 
con t r ibu t ions  a r e  a l s o  p r i n t e d .  



Card type  
Name 

Data Set  
ii Entry Name Entry Descr ip t ion  

7 (i)LOUT(7) =1; ENDFIB f i l e  3  d a t a  is  p r in t ed  out 
a s  i t  is  read.  

8 (i)LOUT (8) =l; coarse  group averages f o r  s i n g l e  
r e a c t i o n  types  (MT) a r e  p r i n t e d  a s  they 
a r e  ca l cu l a t ed  i n  a d d i t i o n  t o  t h e  
automatic  output  of r e a c t i o n  type  ICT 
averages (smooth region only) .  
=2;  f i n e '  group c ros s  s e c t i o n s  a r e  
p r in t ed  a s  ca l cu l a t ed .  

9 (iILOUT(9) =l; se l f - sh i e lded  coarse  group averages 
. . a r e  p r i n t e d  a s  they a r e  ca l cu l a t ed  

.. (smooth region.  on ly) .  . . 

10 (i)LOUT(10) In te rmedia te  smooth p lus  reso lved  resonance 
c ross  s e c t i o n  con t r ibu t ion  . . ed i t  . i n d i c a t o r  
=O; none 

' -1; coarse  groups ( i n f i n i t e l y  d i l u t e  and 
s e l f  -shielded)  
=2;  coarse  groups and f i n e  group 
i n f i n i t e l y  d i l u t e  
=3;  coarse  and f i n e  groups ( i n f i n i t e l y  
d i l u t e ' a n d  se l f - sh i e lded ) .  

11 (ilLOUT(11) =l; in t e rmed ia t e  p r i n t o u t  of f i n e  group 
va lues  of v and va 

f '  

12 ' (iILOUT(12) go t  s p e c i f i e d  a t  p r e sen t .  
. . ' . . . 

13 (i)LOUT(13) =l; matr ix  changes due t o  renormal iza t ion  
a r e  p r in t ed  ou t .  

14 (i)LOUT(14) Not s p e c i f i e d  a t .  p r e sen t .  

15  (i)LOUT(15) Not s p e c i f i e d  a t  p r e sen t .  

16..  (a)MFIL Alphanumeric m a t e r i a l  name - p r i n t e d  on 
p l o t s  and punched on TROUT and FCC cards .  

Automatic p r i n t e d  ou tput  from ENDRUN inc ludes  a  l i s t i n g  of 
input  c a r d s ,  a  t a b l e . o f  coarse  group ene rg i e s ,  l e tha rgy  widths  
and f - f a c t o r  c o n t r o l  numbers and t h e  f i n a l  coa r se  group averages 
f o r  a l l  ou tput  r e a c t i o n  types ,  £ - f ac to r s ,  and ma t r i ce s .  The 
output  c o n t r o l  numbers i n  t h i s  d a t a  s e t  a r e  i n  a d d i t i o n  t o  
t h e  au tomat ic  p r i n t o u t .  The f i r s t  t h r e e  c o n t r o l  numbers provide 
punched o r  t a p e  ou tput  f o r  d i r e c t  u se  wi th  o t h e r  codes: a  GMUG 



f i l e  f o r  t h e  TDOWN code; punched cards  wi th  £- fac tors  
f o r  t he  B a t t e l l e  FCC-IV code; and punched cards  without 
f - f ac to r s  f o r  a  s tandard  MUG f i ' l e .  

Card type Data Set  
Name ii Entry Name Entry Descr ip t ion  

REACTIONS The ENDFIB r e a c t i o n  types  (MT) which a r e  t o  be  included i n  
any of t h e  ENDRUN output  r e a c t i o n  types  (ICT) a r e  s p e c i f i e d  
i n  t h i s  d a t a  s e t .  For t h i s  card t ype ,  ii is  t h e  ICT va lue  

and j j  (Column 17-18) is  used a s  a  counter  f o r  r e a c t i o n  
types r equ i r ing  more than one card.  

B ICT (i)MCRSICT, L i s t  t h e  ENDFIB r e a c t i o n  types  t o  be  
included i n  ENDRUN output  r e a c t i o n  type.  
See ICT l i s t  below. 

ICT - 
1 

2 

3 

4 

5 

6 

7 

React ion Meaning 

T o t a l  c ros s  s e c t i o n  = sum of p a r t i a l s  

E l a s t i c  s c a t t e r i n g  

Capture ,  may . include ( n , y ) ,  (n ,p) ,  (n,cr) ' 

F i s s i o n  

T o t a l  c r o s s  s e c t i o n ,  a s  given by E N D F ~ B  

I n e l a s t i c  

X i  = average l e tha rgy  l o s s  by e l a s t i c  
s c a t t e r i n g  (5)  

Mu = average cos ine  of e l a s t i c  s c a t t e r i n g  
angle  (PI 

Nu = average number of neu t rons  relLased 
per  f i s s i o n  (v)  

E l a s t i c  removal a 
er 

Chi = f r a c t i o n  of f i s s i o n  neut rons  a r r i v i n g  
i n  t h i s  energy group (x) 



ICT - 
14 

Reaction ' ~ e a n i n g  

LGI = l e tha rgy  ga in  i n d i c a t o r  

15 Blank a t  p r e sen t .  

Output r e a c t i o n s  11 t o  15 a r e  handled d i f f e r e n t l y  from Chose 
numbered 1 t o  10  and should not be s p e c i f i e d  i n  t h i s  d a t a  
s e t .  Any r e a c t i o n  types 1 t o  10 which a r e  no t  s p e c i f i e d  
i n  t h i s  d a t a  set w i l l  not be ca l cu l a t ed .  

ENDRUN a l lows  combinations of s e v e r a l  input  r e a c t i o n  types  
(FlT va lues )  i n  a  s i n g l e  ou tput  type ,  e .g .  ( n , y )  (MT=102) 
and (n ,a )  (MT=107) i n  cap tu re  (ICT=3). The only r e s t r i c t i o n s  
a r e :  1 )  Any MT va lue  can appear i n  only one output  r e a c t i o n  
o t h e r  than  t h e  t o t a l ;  2) No more than 15  MT va lues  can 

- be combined i n  one output  r eac t ion ;  3 )  I f  two o r  more MT 
va lues  a r e  combined i n  one output  r e a c t i o n  t h e  corresponding 
combined MT v a l u e  ( i . e .  absorp t ion)  should not  be used e l s e -  
where; 4)  I f  two MT va lues  a r e  combined and both have 
secondary energy d i ~ t r i b ~ t i o n s ,  only t h e  f i r s t  d i s t r i b u t i o n  
w i l l  be used i n  mat r ix  c a l c u l a t i o n s  and i t  w i l l  b e  
weighted 'by t h e  combined c ros s  s e c t i o n s ,  not  t h a t  of i t s  
s e p a r a t e  MT v a l u e .  Thus, even i f  a  combined i n e l a s t i c  
and (n,2n) ma t r ix  is d e s i r e d ,  i n e l a s t i c  and (n,2n) 
r e a c t i o n s  should be  t r e a t e d  s e p a r a t e l y  w i th  two REACTIONS 
cards ;  5) If t h e  i n e l a s t i c  c ros s  s e c t i o n s  a r e  g iven  
by l e v e l s  i n  f i l e  3 ,  only t h e  f i r s t  and last MT va lues  
fo r  t h e  l e v e l s  should be i npu t  i n  t h e  ICT=6 REACTIONS 
card.  



Card t y p e  Data S e t  
Name - ii Entry  Name ~ n t ; y  D e s c r i p t i o n  

-U/CG The l e t h a r g y  wid th  of each c o a r s e  group i s  s p e c i f i e d  i n  t h i s  
d a t a  s e t .  

3R-2 DELUR Au of each c o a r s e  group i n  sequence R .  

( I )  IFIRSTR Beginning c o a r s e  group i n  sequence R .  

( i )  ILASTR L a s t  c o a r s e  group i n  sequence L. 

Repeat (DELUR, IFIRSTR, ILAST ) f o r  R = l  t o  t h e  number 
of sequences on t h e  ca rd .  

R 

T h e  c o a r s e  group s t r u c t u r e  t o  be  used is  i n p u t  as sequences  
of group l e t h a r g y  wid ths .  The lower e n e r g i e s  of each group 
a r e  t h e n  computed based on t h e  s t a r t i n g  l e t h a r g y  g iven  on 
t h e  GENERAL c a r d .  The l e t h a r g y  w i d t h ,  AU, of each c o a r s e  group 
i n  sequence R ,  i s  assumed t o  be c o n s t a n t  between groups  IFIRST 
and ILAST, Any number of DELTA U/CG c a r d s  may be g iven ,  
and each card may c o n t a i n  a s  many sequences  as w i l l  f i t ,  bu t  
t h e  t h r e e  numbers d e s c r i b i n g  any sequence must a l l  be on t h e  
same ca rd .  

FINE GPS/CG The number of f i n e  groups  i n  each c o a r s e  group is  s p e c i f i e d  
i n  t h i s  d a t a  s e t .  

3R-2 (i)NFGR Number of f i n e  groups  p e r  c o a r s e  group 
i n  sequence R 

1 < NFG 30 - 
( i)IFIRSTR Beginning c o a r s e  group i n  sequence R 

(i).ILASTR L a s t  c o a r s e  group i n  sequence R 

Repeat (NFG , IFIRST, ILAST) a s  necessa ry .  

Any number of PINE GPS/CG c a r d s  may be g i v e n ,  and each  c a r d  
may c o n t a i n  a s  many sequences  a s  w i l l  f i t ,  b u t  t h e  t h r e e  
numbers d e s c r i b i n g  any sequence must a l l  be  on t h e  same ca rd .  

SIGMA-NOUGHT Parameters  r e p r e s e n t i n g  o t h e r - m a t e r i a l  c r o s s  s e c t i o n s  (o ' s )  
0 used f o r  computing a g e n e r a l i z e d  s e l f - s h i e l d i n g  t a b l e  of f -  

f a c t o r s  are s p e c i f i e d  i n  t h i s  d a t a  set .  It may be  omi t t ed  
i f  f - f a c t o r s  are n o t  wanted.  

R SGOR L i s t  a v a l u e s  ( i n  ascend ing  o r d e r ) .  
0 

2 C' R 5 5. - 



Card type  Data Set  
Name - ii Entry Name Entry Descr ip t ion  

Because of t h e  i n t e r p o l a t i o n  r o u t i n e  used i n  a d j u s t i n g . t h e  
s e l f - s h i e l d i n g  f o r  overlapping sequences and d a t a  t ypes ,  
t h e  r a t i o  ( logar i thmic  or  l i n e a r )  of consecut ive o va lues  
mus t . be  cons t an t ,  e.g.  1 . 0  - 10.0 - 100.0 o r  20 - 80 - 80,  
and a t  l e a s t  two a. va lues  must be input  i f  t h i s  op t ion  i s  
used. 

F-F SMOOTH Coarse groups f o r  smooth d a t a  £- fac tors  a r e  
s p e c i f i e d  i n  t h i s  d a t a  s e t .  They may be omitted i f ' £ - f a c t o r s  
a r e  n o t  wanted. 

2a-1 ( i )  I F I R S T ~  Smooth d a t a  f - f a c t o r s  w i l l  be ca l cu l a t ed  
f o r  groups IFIRST t o  ILAST. F-factor 

( i )  ILASTa c a l c u l a t i o n s  a r e  always made f o r  t o t a l ,  
c ap tu re ,  s c a t t e r i n g ,  and f i s s i o n  ( i f  
given) c r o s s  s e c t i o n s  so  no r e a c t i o n  
s p e c i f i c a t i o n  need be made. 

Repeat (IFIRST, ILAST) a s  necessary.  

TEMPERATURES Temperatures used i n  t h e  resonance c a l c u l a t i o n s  a r e  s p e c i f i e d  
i n  t h i s  d a t a  set .    he^ 'may be omit ted i f  f  - f a c t o r s  a r e  no t  
wanted. ' . 

a TTa L i s t  temperatures  i n  degrees-Kelvin. 
( I n  ascending o rde r ) .  15  R 5 3 

I 

A temperature  of 300°K is  au tomat ica l ly  
used f o r  resonance c a l c u l a t i o n s  i f  no 
' temperature  i s  inpu t .  

UNRESOLVED R Input  f o r  t h e  unresolved resonance c a l c u l a t i o n s  is  
s p e c i f i e d  i n  t h i s  d a t a  set.  It may be omit ted i f  no unresolved 
resonance c a l c u l a t i o n s  a r e  wanted. 

1 ( i )  NDELIF =O; Do not punch unresolved r e s u l t s  on cards .  
=l; Punch pointwise unresolved c o n t r i b u t i o n s  
t o  i n f i n i t e l y  d i l u t e  and se l f - sh i e lded  
c ros s  s e c t i o n s .  

3  ( i )  LAPC =l; unresolved resonance s e l f - o v e r l a p  
co r r ec t i ons  f o r  s e l f - s h i e l d i n g  ( re fe rence  4)  



Card type Data Set 
. Name - ii .Entry N a m e  Entry Descript ion 

4 ELAPC Do not  perform overlap co r r ec t ion  
below t h i s  energy ( i n  eV). 

5 (i)NUNDU Number of energy poin ts  i n  unresolved 
range. 3 fNUNDU530 

It is  suggested t h a t  t h e  user  s e l e c t  
a l l  o r  some of t he  energy po in t s  where 
the  unresolved parameters a r e  given on t h e  
ENDFIB f i l e .  

. 6 U R R l  Lowest energy of t h e  unresolved region.' 
( i n  eV). (automatical ly  s e t  t o  ESS, i f  
not  input  ) 

7 
-2 

Energy above which £- fac tors  a r e  not 
needed. ( i n  eV) . (automatical ly  s e t  t o  
ESS, i f  not  i npu t )  

8 
-3 

Highest energy of unresolved reg ion  
( i n  eV) (automatical ly  s e t  t o  ESS m u  
i f  not  i npu t )  

9 ESSl Lowest energy a t  which a n  unresolved 
c a l c u l a t i o n  is  des i r ed  ( i n  eV). 

10 ESS2 Next energy poin t  

NUNDU+8 ESSmU Las t  energy po in t .  

Unresolved resonance c a l c u l a t i o n s  a r e  performed a t  NUNDU energy 
p o i n t s  which depend only on t h e  ENDFIB input  range and not  on t h e  
coarse  group s t t u c t u r e  of a p a r t i c u l a r  ENDRUN case.  The 
NDELIF = 1 option.may, t h e r e f o r e ,  be  used t o  punch cards  w i t h  t h e  
unresolved con t r ibu t ions  a t  t h e s e  energ ies  and future cases  can 
be run d i r e c t l y  from these  cards a t  cons iderable  sav ings  of 
computer t i m e .  

LFLUXC s p e c i f i e s  t he  type  of unresolved c a l c u l a t i o n  t o  be 
performed. The averaging techniques a r e  b r i e f l y  descr ibed  by 
the  genera l  forms below. 



Card type  Data Se t  
Name ii Entry Name Entry Descr ip t ion  - 

LFLLJXC = , 2  is recommended f o r  gene ra l  u se ,  toge ther  wi th  t h e  
se l f -over lap  co r r ec t ion .  I n  some cases  LFLUXC = 1 gives  more 
accu ra t e  r e s u l t s .  

Se l f - sh ie ld ing  i n  t h e  unresolved resonance region i s  f u r t h e r  
complicated by s c a t t e r i n g  i n t e r f e r e n c e  and resonance over lap .  
The former is not considered i n  t h i s  vers ion .  Overlap of 
resonances of t h e  same sequence may be considered with t h e  
LAPC = 1 op t ion  whi le  f i r s t  o rder  co r r ec t ions  t o  t h e  overlapping 
of resonances of d i f f e r e n t  sequences ( d i f f e r e n t  2 , j  s t a t e s )  
is  accounted f o r  by an adjustment of a . - 

0 



Card type Data Set  
Name - ii Entry Name Entry Descr ip t ion  

RESOLVED R Control numbers f o r  resolved resonance ca l cu la t ions  a r e  
spec i f i ed  i n  t h i s  d a t a  s e t .  It may be  omitted i f  no resolved 
resonance ca l cu la t ions  a r e  wanted. 

3 ~ - 2  (I) IS CON^, Resolved resonance con t r ibu t ion  i n d i c a t o r  
i n  sequence R 

1 = No resolved con t r ibu t ion  ( t h i s  e n t i r e  
d a t a  s e t  is  i n i t i a l i z e d  t o  1 before  cards  
a r e  r ead ) .  

2 = Resolved con t r ibu t ion ,  but no s e l f -  
shield. ing necessary.  

3 = Resolved con t r ibu t ion  wi th  se l f - sh i e ld ing .  

(I)IFIRST~ Beginning coarse group i n  sequence R 

( i )  ILASTR Last coarse  group i n  sequence R ' 

Repeat (ISCONl, IFIRST, ILAST) a s  necessary.  

Any number of RESOLVED R cards  may be given and each card may 
conta in  a s  many sequences a s  w i l l  f i t ,  bu t  t h e  t h r e e  numbers 
descr ib ing  any sequence must a l l  be on t h e  same card .  

The use r  should check t h e  resolved resonance energy ranges i n  
F i l e  2 of ENDF/B d a t a  and spec i fy  t h e  coarse  groups i n  which 
resolved resonance d a t a  should be used t o  c a l c u l a t e  t h e  reso lved  
cont r ibu t ion .  

I 

MATRIX Data f o r  matr ix c a l c u l a t i o n s  a r e  s p e c i f i e d  i n  t h i s  d a t a  s e t .  
I f  a p a r t i c u l a r  mat r ix  c a l c u l a t i o n  is  c a l l e d  f o r  t he  cor res -  
ponding smooth c r o s s  s e c t i o n  must  a l s o  be included.  

1 ( i )  INELAS =1; genera te  i n e l a s t i c  matr ix.  

I f  INELAS # 0 ,  ICT=6 must be s p e c i f i e d  on a 
REACTIONS card. 

2 (i)LN2N =I; genera te  (n,2n) and/or (n ,3n) mat r ix .  

I f  L N ~ N # O ,  e i t h e r  ICT=9 o r  ICT=10 must be 
s p e c i f i e d  on REACTIONS cards .  

3 ( i )  LELASM =l; genera te  e l a s t f c  matr ix.  and calculate 
0 .  er 
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Card type Data Se t  
Name - i i Entry Name Entry Descr ip t ion  .. . 

. . ,- 
. .. 

I f  L E L A S M ~ ,  ICT=2 and I C T = ~  o r  8 must be  
spec i f i ed  on REACTIONS cards  s o  t h a t  f i n e  
group values of a and 5 ,are  ava i l ab l e .  

S 

4 (i)LSEPM =O; combine a l l  mat r ices  i n t o  i n e l a s t i c  
matr ix.  
-1; t h r e e  sepa ra t e  mat r ices  ( i n e l a s t i c ,  
(n ,2n) ,  (n,3n) and e l a s t i c )  

I f '  FCC o r  TROUT cards  a r e  d e s i r e d ,  a l l  
mat r ices  should be combined. (n,2n) and 
(n,3n) a r e  combined even when LSEPM=l. 

5 (i)LDXI =O;  c a l c u l a t e  d i r e c t l y  from ENDFIB F i l e  
3 MTm252 
=l; c a l c u l a t e  and allowing f o r  
anisotropy 

' F .  . 
6 . i I L 1  ' '  Highest numbered coarse  group having an 

i n e l a s t i c  mat r ix  (lowest energy group 
having i n e l a s t i c  s ca t t e r ing ) . .  Maximum 
number = 7.0,. 

. . 

7 (i)NDSC Maximum number of downscattering groups 
. . (kor"a l1  ma t r i ce s )  (Maximum = 49) 

8 ( i )  ILNNM Highest numbered coarse  group having an 
. . . (n,2n) mat r ix  (lowest energy group- having ' 

(n,2n) c ros s  s e c t i o n ) .  Maximum = 70. 

9 (i)LCHI =l; ca lcu la t e~ . seconda ry  f i s s i o n  neutron 
spectrum (group average x values)  , ' . . :  

. . 10 . (~ILECHI =O; U s e  8 (nuclear  tempera ture) ,  energy' given 
i n  &FIB F i l e  5 
= Nuclear temperature i n  KeV f o r  u se  i f  

. . .  s e v e r a l  -8 va lues  a r e  .given. 

11 (i)LGP Highest. numbered coa r se  group t o  which 
downscat ter ing can occur (only f o r  TROUT 
card ou tpu t ) .  Maximum = 44. 

Run c o s t s  may be reduced i f  t h e  u se r  checks ENDFIB F i l e  5 f o r  t h e  
t h r e s h o l d  ene rg i e s  of i n e l a s t i c  and (n,2n) r eac t ions .  The cor res -  
ponding coarse  groups can be input  a s  ILINM and ILNNM, r e spec t ive ly  
(upper l i m i t ,  = .70). The maximum number of downscattering groups 
(maximum = 49) w i l l  apply t o  a l l  mat r ices .  I n  t h e  ma t r ix  normalizat ion,  
any c r o s s  s e c t i o n s  f o r  s c a t t e r i n g  beyond t h e  l a s t  downscattering 



Card type Data Se t  
Name - ii Entry Name Entry Descript ion 

group a r e  added t o  t h e  l a s t  s c a t t e r i n g  group. The mat r ix  sum 
is  normalized t o  t he  coarse  group i n e l a s t i c  va lue ,  t he  
d i f f e r ence  being spread over t h e  e n t i r e  matr ix.  These normali- 
z a t i o n  changes w i l l  be p r in t ed  out  i f  LOUT(13)=1 on t h e  
OUTPUT card.  

The secondary f i s s i o n  neutron spectrum (x) may be ca l cu la t ed ,  
but  t he  user  must check t h a t  MT = 18 ( f i s s i o n )  is  given i n  
ENDFIB F i l e  5. 

PLOT SIZES Fliscellaneous con t ro l  i n d i c e s  f o r  p l o t s  a r e  input  i n  t h i s  d a t a  
s e t .  It may be  omitted i f  LOUT(4) = 0 (on t h e  OUTPUT car&).  
It must be included i f  an INF-DIL PLOT o r  a F-FACTOR PLOT ca rd  
is  given i n  the  deck. 

1 (i) NSHEET Number of s e p a r a t e  p l o t t i n g  s h e e t s .  
1 - < NSHEET 5 10. 

P l o t s  must be s p e c i f i e d  f o r  each o£ t h e  
NSHEET s h e e t s  on an INF-DIL PLOT and/or 

' 

a F-FACTOR PLOT card.  

( i )  ISIZE Control  s i z e  of g r i d s  = NIN(2) 
= +N X a x i s  f o r  N inches 

Y a x i s  = 11 i n .  

= -N Y axis of N inches 
X a x i s  = 11 i n .  

= 0 X axis = 11 i n .  
Y' a x i s  = 8 i n .  

= 1 X a x i s  - 8 112 i n .  
Y a x i s  = 11 i n .  

( I )  IXGRID = 0 draw i n t e r n a l  g r i d  l i n e s  

( i )  IYGRID = 1 no  i n t e r n a l  gr idding  



Card type  Data Set  
Name - ii Entry Name Entry Descr ip t ion  

( i IKEY Location of key a r r a y  
. . 

=O no keys 

=1 upper l e f t  corner  

=2 upper r i g h t  corner  

=3 lower l e f t  corner  

=4 lower r i g h t  corner  

=5 above g r i d  ou t s ide  p l o t  

INF-DIL PLOT N ( i )  ISTXI L i s t  ICT va lues  of i n f i n i t e  d i l u t e  curves  
wanted on t h e  Nth p l o t  s h e e t .  R = s t a r t i n g  
l o c a t i o n  of p l o t  on s h e e t  N ,  i .e .  = 1 for .  
f i r s t  p l o t .  Maximum R = 5. 

........................................................................... 
F-FACTR- PLOT N ( I )  ISTX1 

,N 
L i s t  ICT va lue  

a sequence number, and (i)ISTX2R , N  

(i)ISTX3R,N Temperature sequence number f o r  s e l f - sh i e lded  
curves wanted on t h e  Nth p l o t  s h e e t .  
Maximum R = 6. 

The p l o t t i n g  r o u t i n e ,  PLOTXS, w i l l  probably r e q u i r e  adap ta t i on  
by every i n s t a l l a t i o n  and thereby  n e c e s s i t a t e  d i f f e r e n t  i npu t .  
The above, us ing  t h e  GE DRAW r o u t i n e ,  i s  included f o r  complete- 
ness .  

INTRNL Execution c o n t r o l  cons tan ts  which a r e  normally def ined  w i t h i n  
t h e  code may be  redef ined  through t h i s  d a t a  s e t .  

1 EPS   he magnitude of reso lved  resonance con- 
t r i b u t i o n  t o  t h e  t o t a l  c ro s s  s e c t i o n  which 
a resonance must c o n t r i b u t e  t o  a group f o r  
i t s  e f f e c t  t o  be  included i n  t h e  reso lved  
resonance c a l c u l a t i o n s  f o r  t h a t  group. 
S e t  . a t  .0001. 

2 ACCINT R e l a t i v e  accuracy wanted i n  reso lved  
resonance i n t e g r a l  c a l c u l a t i o n s .  Set  
a t  .005. 

3 CLOSE R e l a t i v e  accuracy requi red  between NCLOSE 
succes s ive  i n t e g r a l  approximations be fo re  
t h e  approximations a r e  ex t r apo la t ed . ,  Used 
i n  t h e  reso lved  resonance c a l c u l a t i o n s .  
s e t  a t  .l. 



Card type Data Set 
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4 (i)NCLOSE Number of times t h e  CLOSE requirement must 
be met. Usedin  t h e  resolved resonance 
ca l cu la t ions .  Se t  a t  1. 

5 (i)MXMINI Maximum number of po in t s  t o  u s e  f o r  any f i n e  
o r  u l t r a - f i n e  group i n  resolved. resonance 
i n t e g r a l  ca l cu la t ions .  s e t '  a t  256. 
I f  MXMINI is negat ive.  . 

6 ( i )  IUFG Number of sub in t e rva l s  which t h e  i n t e r v a l  
about a resonance peak w i l l  b e  broken i n t o  
i n  t he  resolved resonance i n t e g r a l  
ca l cu la t ions .  ' S e t  a t  1. 

7 WFG Constant used t o  determine the  energy i n t e r -  
v a l  width centered about a  resonance peak which 
w i l l  be  broken i n t o  IUFG u l t r a - f i n e  groups. 

' Width = WFG/(0 a t  minimum temperature) .  8  
is described i n  t he  resolved resonance 
c a l c u l a t i o n s ,  Basic Theory write-up. 
Set  a t  1 .0.  

8 DIVRG Divergence c r i t e r i o n  used i n  t h e  resolved 
resonance i n t e g r a l  ca l cu la t ions .  
Set  a t  1.001. 

DONE - This  card type must appear a s  t h e  i a s t  card 
of any case. It shoueld be  placed i n  back 
of f i xed  - format card types descr ibed below 
i f  they a r e  used. 



FLUX CARDS FOLLOW ------------ . . 
. i 

. . ;. .., 

( f ixed- fo rmat  d a t a - s e t )  ,. . . 

. A  f l u x  spec t r a  may be input  on cards  following t.he above d a t a  c l a s s  

he-ader. The formats a r e  t h e  same a s  f o r  an ENDFIB TAB1 a r r ay .  
. .  

.Card :1 Column 

1-11 
i2-22 
23-33 
34-44 

j .  ; 45-5'5 
56-66 
67-70 

, 71-72 

, . 
73-.75 

. , .  

Conten t s  

C.1 
C2 
L1 
L2 
N 1  
N2 
MAT. , 
MF . , 

MT 

Comrnen t 

Blank 
Blank 
Blank 
Blank 
Number of  i n t e r p o l a t i o n  "b reaknpo in t s  
Number of ene rgy- f lux  
M a t e r i a l  number 
F i l e  number 
Reac t ion  number 

Format 

E11.4 
E11.4 
111 
I1 1 
I11 . 
I11 
I 4  
12 
I 3  

- . c a r d  2  
1- 11 NBT(M) Point .  a t  wh.ich i n t e r p o l a t i o n  scheme I11  

ends ,  i. e .  "breakpoint"  
. . 12-22 JNT(M1 Type of  G t e r p o l a t i o n  f o r  f i r s t  r ange  I11 

1 = . y  c o n s t a n t  and e q u a l  t o  v a l u e  
. . .  a t ' l o w e r  end o f . t h e  i n t e r v a l  . ' 

2 = y 'lin'kar i n  x 
, , . ,. 

3 = y l i n e a r  i n  I n  x ,...: : . . . . 

. . 4 = In. y  l i n e a r  i n  x 
.. . . 5 j.. . l.inear' in .In x - . . - . , . . . , . . -- 

_ _ .  , . . -  . . 
. . 

6111 Cont inue  f o r  M = 1 , N l  
. . 

Card 3 I 

X (N) 1-11 .Energy p o i n t  (ev.  ) E11.4 
12-22' Y (N) Flux per  u n i t  l e t h e g y  E11.4 

at t h e  s p e c i f i e d  energy 
p o i n t .  

Con t inue  f o r  N = 1,N2 6E11.4 



UNRESOLVED CARDS FOLLOW ------------ 
I .  ( f ixed-format  d a t a - s e t )  

- I f L . t h e  unreso'lved resonance c r o s s  s e c t i o n  c o n t r i b u t i o n  h a s  been,  ca lcu la ted  
b e f o r e  f o r  t h i s  m a t e r i a l  w i t h  t h e  o p t i o n  f o r  punched c a r d s  a t  each energy 
p o i n t  (NDELIF=l on an UNRESOLVED R c a r d ) ,  t h e  c a r d s  may b e  i n p u t  through 
t h i s  d a t a - s e t .  The p resence  of t h e s e  c a r d s  w i l l  a u t o m a t i c a l l y  a v 0 i d . a  
r e p e a t  c a l c u l a t i o n  and w i l l  c o n s i d e r a b l y  reduce  computat ion t ime  i n  t h e  
unresolved resonance c a l c u l a t i o n s .  NOTE: The new c a s e  must u s e  t h e  same 
number of s and t empera tu res  a s  t h e  p rev ious  c a s e  which punched t h e  c a r d s ,  
and t h e  UNR~SOLVED R  ca rd  is s t i l l  r e q u i r e d .  

Card 1 Column Contents  Comment Format 
1-3 MICT Number of c r o s s  s e c t i o n  d a t a  sets t o  . I 3  

f  o  1 low = (3+LFW) (l+NSGO*NTT) . 
4-6 N2 Number of energy p o i n t s  i n  each I 3  

d a t a - s e t .  
7- 18  ES (J) Energy a t  which c r o s s  s e c t i o n s  w i l l  E12.4 

be g iven  (ev.). 

Cont inue f o r  J = 1,N2 6X,6E12 - 4  

Card 2  
1-3 N Card number (1 through MICT) t o  a i d  I 3  

u s e r  i n  o r d e r i n g .  
4-6 ICT Output r e a c t i o n  type ,  a l l  ICT=l f i r s t ,  I 3  

t h e n  ICT=2,3,4. 
7-18 URXI(ICT,J) I n f i n i t e l y  d i l u t e ,  p o i n t w i s e  c r o s s  E12.4 

s e c t i o n .  f o r  r e a c t i o n  t y p e  ICT,, a t  
energy p o i n t  J. 

Cont inue f o r  J =. 1 , ~ 2  6X,6E12.4 

Next Card 2  w i l l  have: 
7- 1 8  URXS(ICT,J,K,L) S e l f - s h i e l d e d ,  p o i n t w i s e  c r o s s  E12.4 

s e c t i o n s  f o r  r e a c t i o n  ICT, o (K), , 

temperat  "re (L) , a t  energy po?nt (J) . 
Cont inue f o r  J = 1,N2 6X,6E12 . f ~  

Vary t empera tu re  L  f i r s t  ( a l l  t empera tu res  f o r  t h e  same o and 
ICT), t h e n  K, t h e n  ICT. Each ICT s t a r t s  w i t h  t h e  i n f i n i t e P y  d i l u t e ,  
p o i n t w i s e  c r o s s  s e c t i o n s .  



. . 

ENDF/B FILE FOLLOWS. . . . . ------------ 
. . (fixed-format data-set. If given', it:must be the last.data set in the 

. : .  . 1 

. . deck.) ", . , .  . . 

When running:directly from.ENDF/B cards, the entire'material may..be 
. . 

used star'ting 'fi-om card 1, ' 

. 



(ABN) (Is) 

Dc 

E 

SECTION VI 

GLOSSARY OF SYMBOLS 

Parameters for Watt fission spectrum 

Nuclear mass 

Channel radius for calculating the penetration factor 

and energy shift factor = (1.23~~'~+0.8)1~10-~ 

Effective scattering radius for calculating the 
potential scattering cross section 

Relative abundance which applies to unresolved 
resonance sequence c. 

Relative abundance of isotope Is. 

Averag'e resonance spacing for unresolved sequence c. 

Neutron Energy 

Average energy of fine group 

Energy above which neutron flux spectrum is taken to be 
a Maxwellian distribution 

Mid-energy of ultrafine group i 

Energy at mid-lethargy of fine group 

Lower energy of group 

Lower energy . . limit of coarse group I 

Upper energy of group 

Peak energy of resolved resonance r. 

Effective peak energy of resonance r(corrected for the 
Phase shifr) 



E ' Secondary neutron energy in inelastic scattering 

fx 
Self-shielding factor for reaction x 

f Corrected self-shielding factor for the nth value of a 
x ,n for a given temperature T. o 

I? (El Function for fine variation of neutron flux with energy 

F~ (E+E ) Fraction of neutron$~inelastically scattered at energy E, 
which have secondary energy El for Kth distribution 

F (E +E ',) Fraction of total (n,2n) cross section associated with Kth ' j distribution for initial neutron energy of E, and final 
neutron energy of E 

j ' 
Input parameter for determining which o£ ' two methods will 
be used to calculate the elastic transfer cross sections, Equal 
to.the fraction"of the lethargy width of the groups. 
Statistical 'spin factor for ,unresolved resonance sequence c . . 

Multiplying factor for obtaining discrete.,parameters to . . 
represent X-squar'ed, distributions 

Spin of target nucleus 

Spin of compound nucleus 

A 
Neutron wave number = 2.19685(=) 1 0 - ~ 6  

Boit'zman's constant . 

Angular momentumstate of 'Lciddnt 'neutron 

Number of J states in unresolved resonance sequence 

  umber of L states in unresolved energy range 

Nuclear density of material m (nucleilbarn-cm). 

Contribution to total cross section from all unresolved 
resonance sequences except sequence c (barns) 

Fraction of total inelastic scattering cross section 
associated with Kth component, in fine group j 

Penetration factor 

Pq (E) Fraction of fission ne,utron,,spectrum associated with the 
qth distribution at energy E. 

sE Parameter distribution correction factqr for reaction x 
x , c and unresolved resonance sequence c at energy E 



. . 

Sk . .  Energy s h i f t  f a c t o r  

T Ma te r i a l  . , temperature 

u ~ , ~  Lower le thargy  of coarse  group I 

% , j  
Lower le thargy  of f i n e  group j 

u Upper le thargy  of coarse  group I 
U , I  

u Upper le thargy  of f i n e  group j u , j  
Pene t ra t ion  f a c t o r  f o r  E s t a t e  

!?, 

x . Reduced energy displacement from resonance peak energy 

Logarithm of n t h  va lue  of uo f o r  a given temperature  

Rat io  of f i n a l  t o  i n i t i a l  neutron energy i n  maximum 
energy l o s s  e l a s t i c  c o l l i s i o n  

Average reduced neutron wid f o r  unresolved resonance , 

sequence c a t  energy E (eV fP2) 

T o t a l  width f o r  resolved resonance r 

Di sc re t e  resonance width f o r  r e a c t i o n  x (eV). 

D i sc re t e  resonance width f o r  r e a c t i o n  type  x and unresolved 
sequence c a t  energy E (eV) 

Average resonance width f o r  r e a c t i o n  x and unresolved 
sequence c a t  energy E (eV) 

Width f o r  r e a c t i o n  type  x f o r  reso lved  resonance r(eV) 

Dopp1.e.r width (eV) 

Fine group energy width 

Lethargy width of coarse  group I 

Fine group l e tha rgy  width 

D i s c r e t e  l e v e l  o r  nuc lear  temperature  f o r  i n e l a s t i c  s c a t t e r i n g .  

Nuclear temperature  i n  MaxwelLian and f i s s i o n  s p e c t r a  d i s -  
t r i b u t i o n s  

Reduced De Brogl ie  wavelength f o r  t h e  neut ron  



Transport  mean f r e e  pa th  a s  a  func t ion  of energy (cm) 

Average t r a n s p o r t  mean f r e e  6 t h  f o r  .group 'I (cm) 

Average cos ine  of s c a t t e r i n g  angle ' f o r  e l a s t i c  s c a t t e r i n g  
a t  energy E  

Average cos ine  f o r  e l a s t i c  s c a t t e r i n g  i n  coarse  group I 

Average cos ine  f o r  e l a s t i c  s c a t t e r i n g  i n  f i n e  group j 

Number of degrees of freedom i n  X-squared d i s t r i b u t i o n  

- 
v (El Average number of neutrons omitted per  f i s s i o n  f o r  i nc iden t  

neutron energy E 

Average number of neutrons produced per  f i s s i o n  i n  coarse  
group I 

"j 
Average number of neutrons produced per  f i s s i o n  i n  f i n e  
group j 

5 Reduced t o t a l  resonance width, 

5 (El Average logar i thmic  energy decrement a t  energy E 

I Average logar i thmic  energy decrement i n  coarse  group I 

(J e r , I  E l a s t i c  removal c r o s s  s e c t i o n  i n  coarse  group I 

u E l a s t i c  s c a t t e r i n g  c ross  s e c t i o n  i n  coarse  group I e s , I  . .-. . . . . 

(J (I*) Transfer  c r o s s  s e c t i o n  from cqarse group I t o  coarse  group M e  s 
due t o  e l a s t i c  s c a t t e r i n g  

(J . T o t a l  i n e l a s t i c  s c g t t e r i n g  c ros s  s e c t i o n  i n  coarse  group I i n , I  

a (I*) i n  I n e l a s t i c  t r a n s f e r  c r o s s ' s e c t i o n  from coa r se  group I t o  
coarse  group M 

. . .  

0 
i n , j  

To ta l  i n e l a s t i c - s c a t t e r i n g  c ros s  s e c t i o n  i n  f i n e  group j 

(J Average ( n Y 2 n ) , c r o s s  s e c t i o n  f o r  coarse  group I . n , 2 n , I  .. . I . .  _ '  . . 

a (I*) Transfer  c r o s s  s e c t i o n  from coarse  group I t'o coarse  group M n ,  2n 
due ' t o  (n ,2n). r e a c t i o n  



a Average (n,3n) c ros s  s e c t i o n  f o r  coarse group I 
n ,3n , I  

u P o t e n t i a l  s c a t t e r i n g  f o r  unresolved resonance sequence 
P ,C c (barns) 

u P o t e n t i a l  s c a t t e r i n g  f o r  resolved resonance range Ra (barns) 
P ,Ra 

a (El Energy dependent p o t e n t i a l  s c a t t e r i n g  c ros s  s ec t ion  
Pot 

a E l a s t i c  s c a t t e r i n g  c ross  s e c t i o n  i n  f i n e  group j (barns)  
s 
j 

0; 
Energy dependent t o t a l  c ros s  s e c t i o n  f o r  m a t e r i a l  m (barns)  

(aE Breit-Wigner i n f i n i t e l y  d i l u t e  c ros s  s e c t i o n  f o r  r e a c t i o n  x 
' X , C  and unresolved resonance c ,  a t  energy E (barns)  

uE (a ,T) Cross s e c t i o n  f o r  r eac t ion  type x due t o  unresolved resonance . 
X , C  0 

sequence c a t  energy E and f o r  a and temperature T (barns)  
0 

u r ,T,E1) 
x ,c (" f ,k+ n , e  

Cross s e c t i o n  f o r  r e a c t i o n  type x ,  unresolved 
resonance sequence c ,  d i s c r e t e  f i s s i o n  and 
neutr.on widths and temperature T a t  energy E' 
(barns)  

ax (E) Energy dependent c ros s  s e c t i o n  f o r , r e a c t i o n  type  x (barns)  

a Resolved resonance p lus  smooth c r o s s  s e c t i o n  f o r  r e a c t i o n  x 
x ,  i f o r  u l t r a f i n e  group i (barns)  

a 
x , i , h  

Cross s e c t i o n  f o r  r e a c t i o n  x in,nlini-group h of u l t r a f i n e  
group i (barns) 

Average i n f i n i t e l y  d i l u t e  c ros s  s e c t i o n  i n  group I f o r  
r e a c t i o n  type x (barns) 

a In te rpola ted  c ros s  s e c t i o n  of type  x i n  f i n e  group j (barns) 
Xi 

J 

a Smooth c ross  s e c t i o n  f o r  r eac t ion  x f o r  f i n e  group j (barns)  
x r j  

0 (El " Cross s e c t i o n  f o r  r e a c t i o n  x due t o  resolved resonance r a t  
x , r  energy E (barns) - .  

a (Ei) Cross s e c t i o n  f o r  r e a c t i o n  x from resolved resonance r a t  t h e  
'=,r u l t r a f i n e  group energy E (barns)  

i 



Average c ros s  s e t t i o n  ' fo r  r eac t ion  .type x and a va lue  , . 

'x(aO' I i n  group I . . (barns)  
. . . . o 

a Parameter spec i fy ing  degree of resonance se l f - sh i e ld ing  .(barns) 
0 

e f f  Eff ec t ive . . resonance '  s e l f - sh i e ld tng '  parameter (barns) , ,,;, , . ' a 
0 

. . 

value  of a a t  which se l f - sh i e ld ing  ' f ac to r s  a r e  s e t  a t  1.0 
0 

. , . . 
am Parameter spec i fy ing  degree of 'resonance se l f - sh i e ld ing  
. 0 f o r  m a t e r i a l  m (barns)  

. . . . 
~ : 

amax . . Maximum va lue  of a input  
0 0 

a To ta l  c r o s s  Bection at' .unbroadehed peak of resonance r (barns)  
0 , r  

C t  (El Energy dependent mncroscopic t o t a l  c ros s  s e c t i o n  (cm-l) 

C t r  (El Energy dependent mAcroscopic t r a n s p o r t  c ross  s e c t i o n  (cm-l) 

Average ,macroac6pic t r anspor t  c ros s  i e c t i o n  f o r  group I ,{ .~m-~) 

'(El' Function f o r  cca r sc  v a r i a t i o n  of neutron f l u x  with energy 
[ (n/cm2-sec) / u n i t  l e thargy  ] 

'i 
Fine group neut ron  f l u x  (n/cm2-sec) 

Phase s h i f t  

' N Coarse f l u x  v a r i a t i o n  normalizing.  constant  
, 

@ (El To ta l  neutron f l u x  a s  a func t ion  of energy [(n/cm2-sec/unit  
l e tha rgy  ] 

: .  . .  

x (E) spectrum func t ion  f o r  neutrons . . produced . . by f i s s i o n  
, .  . . ,. . . . . . 

I 
Frac t ion  of f i s s i o n ' n e u t r o n s . w i t h  energ ies  w i th in  coarse  
group I 

xq (El F i s s i o n  neutron spectrum f o r  q t h  d i s t r i b u t i o n  a t  energy E 

X(x,5)  Brei t -Wigner , Doppler-broadened i n t e r f e r e n c e  l i n e  shape 
func t ion  f o r  reduced parameteqs x and 5 

+(x 95) Bre i t  -Wigner , ~ o ~ ~ l e r - b r o a d e n e d  . l i n e  shape func t ion  f o r  
reduced parameters  x and 5 



. + . :  .; . . : _  

SECTION V I I  

SAMPLE PROBLEM 

7.1 Descript ion 

The input  and output l i s t i n g s  f o r  a  sample problem a r e  given i n  

t h i s  s ec t ion .  The l i s t i n g s  desc r ibe  t h e  ENDRUN computations f o r  Pu-239 

which is m a t e r i a l  1104 on t h e  ENDFIB f i l e s .  The problem c o n s i s t s  of 

twenty nine groups with reso lved ,  unresolved and smooth con t r ibu t ions  

t o  t h e  coarse group cross  s ec t ions .  Se l f - sh ie ld ing  f - f a c t o r s  were 

determined, i n  t he  resonance range, f o r  one temperature and four  d i s c r e t e  

values of a . 
0 

\ 

Downscattering matr ix terms were ca l cu la t ed  f o r  t h e  (n-2n) and , 

i n e l a s t i c  r eac t ions  and an e l a s t i c  removal c ros s  s e c t i o n  was determined 

f o r  each group. 

A s tandard  f l u x  was used f o r  t h e  group weighting func t ions .  That i s ,  

above t h e  cutoff  energy, Ec, a  f i s s i o n  spectrum rep resen ta t ion  was used 

and below E the  f l u x  was assumed t o  vary as 1/E. 
C 

Cards conta in ing  t h e  unresolved con t r ibu t ion  t o  t h e  coa r se  group 

c ros s  s e c t i o n  a t  t h i r t y  energy p o i n t s  were input  t o  bypass t h e  expensive 

unresolved computations. The ca rds  were generated i n  a  previous problem 

f o r  t h e  same temperature and a. range. 

7.2 Output 

The output  l i s t i n g s  f o r  t h e  sample problem inc lude :  

a) t h e  input  da t a ,  

b )  in te rmedia te  d a t a  showing t h e  resonance con t r ibu t ion  
to the f i n e  groups, 

c )  coarse  group i n f i n i t e l y - d i l u t e  c ros s  s e c t i o n s  and r e a c t i o n  
r a t e s ,  £-£actors and s c a t t e r i n g  ma t r i ce s ,  and 

d)  a  t a b l e  of computer t ime. 



A GMUG f i l e  tape was created i n  th i s  problem and the s i z e  of the 

data is printed on page 63.  

Several pages of the intermediate output have been deleted t o  

conserve space. Enough.of t h i s  information has been included to  indicate 

the form of the output data. 



)ENOR CASE I D  NOl PU239  CASE SEQUENCE NO1 1 OSO77 i  O S 2 b l I  PAQE N O # ,  . 1 

........-. ..-. .-- . . .- --_-. -. . . .---.---_._ ^ .-.-. .-_ __-____ . . _. . . . .__ 

ENDHUN INPUT DECK 

CA?D COLUHNSI 123~56789012345678901234~67890123456789012345~7890i23456~8901~s4567890~234567890 
T I  TLE 1 ( PI1239 MAT1 1 1 0 4  ENDF/3 V E R S ~ O Y  2 1 

4 ( 2 9  3ROUPS TE~IPEHATJFIEISOO < S I G 0 ~ 1 0 1 ~ O O ~ 1 0 0 0 , 1 0 0 0 0  ) 
O ( HESILVED RESONANCE 1.300 E V  1 - 
4 ( UNHESOLVED RESONANCE 300EV-?SXEV SO UMRES,PNTS INPUT ) , 

G E ~ C R A L  1 1 1 0 4  2  2 9  1 2 9  0.0 2 , 5 0  4  , 5  1 1 0 4  
O P T  I 014s 1 o l o o o  
oUTPUT 1 1 0 0 O 0 2 0 9 0 3 0 0 1  
REACTIONS 1 2 1 6  1 8  5 1 1 7 3  1 0 2  

2  2  
. . . .. . . . - . - . - - 

Q .. - 8 . 2 5 1  . .  -...---...----..---- 
9 1 6  .--- ------ -.-.- 

DELTA u / C G  1 15 a . 26 185 27 29 
F I N E  C P ~ / C Q  1 3 0  1 2 9  . .. 
S'l GMA-NOUGHT 1 
TEwPERATURES 1 
UNRESOLVED R 1 

0 5 
4 9  
a 1 9  
Q 2 8  
4 3 6  

REsOLVEU R 1 3 2 1  2 9  -I 

-. ... . -.-- - - .  -, . 0 
M A T R I X  1 1 1 1 1 0 1 5 1 5 2 1  ' tc 
U N R ~ S O L V E ~  CAHnS FOLLOW (Fa0.q ?REV IOIJS C A L C U L A T ~ O N ~  

2 0  30  0 ,3000E 0 3  C13100E  0 3  0 ,3400E 0 3  O,3650! 0 3  0 1 8 7 5 0 ~  0 3  015250E  0 3  
0161aOE 0 3  Ol6650E 0 3  0 ,7250E  0 3  0 ,8250E  0 3  0 ,8700E 0 3  
0197SOE 0 3  O1105OE 0 4  0911J75.E 04  011225E  94 O, iS?SE 04 
0 ,2000E  0 4  0 1 2 1 0 0 E  0 4  O 1 2 2 0 0 i  04  0 ,2400E  04  0,280OE 04  
0 ,6500E  0 4  O18500E 0 4  OllOOOE 0 5  n l i 700F :  0 5  0 , 2 5 0 0 E  0 5  - " " - - - - -  

1 I o.40QQE 02 c , 3 9 3 8 :  0 2  oIJ4o8E n2 0 . 3 1 0 1 1  0 2  n ;2288€  0 2  0 ,440JE  0 2  
0,2398E 0 2  0123JZE  0 2  0 1 2 3 0 8 E  0 2  0 ,2239E  0 2  Oo2195E 0 2  
0 1 2 8 0 0 E  0 2  0 ,2442E  0 2  0 ,2130E  0 2  0 ,2140E  0 2  0 1 2 1 4 1 E  0 2  
0 ,2040E  62  012022E  0 2  0 8 2 ~ f l 1 E  0 2  0,1941E 0 2  0 1 1 8 9 0 i  02  
0 ,1645E  0 2  611572E  0 2  0 1 1 5 ~ 5 E  0 2  0 , 1 4 1 7 F  5 2  0 ,1376E  6 2  

2 1 0.1588k  0 2  t 1 1 5 h 7 2  0 2  o l 1530E  n 2  0,1545;  0 2  0 ,1510E 02'  - Q , 1 7 5 8 E  0 2  "--- ,.- .- - .. . 
0 ,1464E 0 2  0 ,146JE 0 2  0 ,1475E  0 2  0 , 1 4 7 8 1  0 2  0 1 1 ? 7 2 E  0 2  
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ENDRUN INPUT EDIT  . . . .  . . . . . . . . . . . .  . . . .  . ., . . . . .  - . . 
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r- - -r - - ;rrrb-  r.rrr-.r.--r 
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. . 0, 1,OOOE 0 7  ...-. ... +. . . . .  - - . . . . . . . . . . . . . . .  ................. ... 
~ M I N  1 5,OOOE-01 b 1 C 6 5 E O b  3 0  I NF-D 1 L; NO$€ . , 

. INF-DIL . NOUE NONE ...-. . . . . . . . . . . . .  ...... . . .  2  . g,OoOE 0 0  3 1 ( 7 ~ E  0 6  :: ,rr- NO,.,E. . . .  
3 1 , 5 0 0 E  0 0  2 i 2 3 1 E  0 6  .-.--..--. 
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NONE -. - - 
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: 

7 ,000E 00 , .  9 , 1 1 9 f  0 3  30  I N F - D I L  NOUE F-FbCTR --.- -..-..... ...-.-.-..-....-... .-..14 ....... . ... . . 
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I N F - D I L  NOuE F;FAcTR . ' ' " '  . . m . 1 9  9 ,500E 0 0  7 ,465E 0 2  3 0  . 
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2 5  1 1 2 5 0 E  0 1  3,727E 0 1  3 0  
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-- ----- 
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.XI.. .' . . . .  ' . . . ' t  ICT ? ' 7 1 1 - 2 5 2 :  . : , ,  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  ::ti(j ,.... ' $ . .  . .  . : . . ; I ICT.S 8 ) 1  2 5 1  - - 

D A T A  FOR NU HA9 B E E ~ R E A D  AND WRITTEN.ON DISC FOR LATER USE . . 



. . .  .. ... . . . . _ . . . . .  . . . .  
4 

, . . . . . . . . . . . . . .  . . .  - . . . . . . .  1 

)ENOR CASE I D  NO, PU239 , CASE SEQUENCE NO, 1. 010T71 OS26 I 1 , . . ,. PAGE NOl a . . . . . . . . .  S 
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... . . . . .  i 1 3 9 2 E  0 1  1 1 1 5 8 E  01 6 1 0 7 i ~ ~ ~ i  ; ; 7 3 3 ~  00  . . 
1139OE 0 1  1 1 1 5 7 E  0 1  . btOO5EmOi 11728; 00  
i 1 3 8 8 E .  0 1  a i l 5 7 6  0 1  5 ; 9 4 0 E = o i . ' - " . ' 1 ; 7 2 4 ~  00  

.- ...- -- 
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1 1 3 8 3 E  O f  1 ;155E OX S1748E'Oi 1 1 7 1 1 5  00  

. . . . . . . . .  1 ,381E 0.1 1;154.E O f  S 1 6 8 5 E - 0 1  1,707; 
00  ' - - " . . -  ... 

i 1 3 8 O E  01. 1 .153E 0 1  5 1 6 2 4 E - 0 1  . 1,763: O O  . 
1 1 3 7 8 E  0 1  * 1 ; 1 5 3 E  0 1 '  -"' 5 1 5 6 2 E - 0 1  f1698.g 0 0  '-I - .-- 

1 I 53qE 01, 1,;217.E 0 1  1 , 1 4 9 E  on 2,667:; o 0  . .--- . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . .  ... 

i 1 5 3 2 E  01 l ' j 215E 0 1  111'39E 'on 2 t a 2 8 E  013 . . . . . . .  . . . . . . . .  . . . . .  11526E o i  1,213E. 01 1 1 1 2 9 E  on ~ , , 9 9 0 r  e o  . . .  -. . . 

1151 '9E 0 1  , 1 ! 2 1 i E .  0 1  ' 11.12O.E On 11.9535. 00  
i 1 5 1 2 E  01 1!209E .0 '1  --  1 1 l i o E  on ' - - " '  i ,916: 0.0 '- 

------..- 

1 t 5 0 5 E 0 1  1 , 2 0 7 E o L  1 1 1 n o E o n  1 1 8 8 O ; o o  
. .  l 1 5 ~ 2 E 0 1  1 ! 2 0 6 E 0 1  t 1 0 6 5 E o n  1 1 . 8 7 6 t o ~  . . . . . . . . . . . . . . . . .  . . 

. 1 1 4 9 9 E  0 1  1!204F: 0 1 .  1 1 0 7 1 E  on 1,874: 00  
1 t 4 9 7 E  0 1  i , 2 0 3 E  d l  t 1 0 5 6 E  0 0  1 1 8 7 1 8  00  . .  .... ..- . . . . - . -  . .  - 

1 1 4 9 4 f  0 1  , ,  l s 2 0 2 E  0 1  1.1041.E On . I 1 8 6 8 F  00  
'1,;491E 0 1  1 1 2 0 i E  O i  ' 1 1 0 2 7 E  on '-- 1 ,8662  00  - . . -- -- g- -' 
1 1 4 8 8 E ,  0 1  1 ! 1 9 9 E  0 1  1 1 0 1 3 E  on 11863; 00  
1,4f!5E 0 1  1 e 1 9 8 E  0 1  9 , 9 9 1 E - 0 1  1,060: 00  . " '  -. . . . . .  - ' ..... . % 
1 1 4 e 2 E  0 1  1 !197E 0 1  -- 91854Ew01 1,858C 00  ....... I . . . . .  .. . ........... . . .  
f 1480E 0 1  1 . r196E 0 1  9 1 7 1 9 E - 0 1  1 ,8552  O O  - r 

'W 
1 1 4 7 7 E  0 1  1.194E 0 1  9 , 5 8 6 E - O i  11852; 00  4 o 

.. . ... 1 ;474E 0 1  1 . 1 9 3 6  0 1  ' 9 1 4 4 4 E - 0 1  '- 1 1 8 5 0 2  00  --. - - -- -. - - - - .- - r-. 
1 1 4 7 i E  0 1  1e192E 0 1  9 i 3 2 5 E - 0 1  11847; 00  , 469E ol l),191E 01 9 ,  197E101 , 4  o o  . . .  ............... - - .  . . .  - - . . . . . . . . . . . . . . . . . . . . . .  

i 1 4 6 6 E  0 1  1 ,189E 0 1  9 1 0 7 l E - O i  11842;. 00  , . 01 1;188E Ol 81946E,01 1183$,? o0  . . . .  . . . .  . . . . . . . . . . . . .  . . .  

1 1 4 6 0 E  .O1 1 ! 1 8 7 E  0 1  8 1 8 2 4 E 1 0 1  ~ 1 8 3 6 F  0 0 .  
1 1 4 5 7 E  0 1  " 1 , 1 8 6 E  0 1  . . '  8'1 70SE-01  3,834: 00.- --.--- 
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1 1 4 4 6 E  0 1  1 1 1 8 1 E  0% 81Z35Em01 ' 1 , 8 2 3 3  00  ' 

. * '  ' - '  ' . . . . 
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l 1 4 3 8 E  0 1  1;177E 0 1  ? 1 9 0 1 E - O i  1 i 8 1 5 ' 4  00  . . ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. . - - .- 

11604 'E 0 1  1;282E 0 1  11.848E 00  2 1 1 5 4 5  00  . . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . .  
l 1 6 8 0 E  0 1  1 ;281E 0 1  l i 8 2 9 E  On 2,138: 00  ' *. " ' 

1 , 6 7 6 1  0 1  , 1 ! 2 8 0 E  0 1  1 1 e l l E  00  2i.122; :::-- ' 
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01 01 
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- 2 1  1 , 1 0 0 d E  02. 1454OE 0 3  ' INF-DIC. , I 1 I 
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. . I 
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2 81002E 0 2  r 4 4 6 5 E  0 3  I ' N F " D I L  . I I . . . . .  I .  . a . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . .  . . . . . . . .  
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l o n o ,  I I .I F . \ 
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APPENDIX A 

. . . ,  . 

USER ERROR INDEX 

E r r o r  No. Cal led  I n  SUB. ' ~ e a n i n ~  
. . 

4 SKIPMT Read an MT va lue  d i f f e r e n t  from t h e  
r e a c t i o n  . t ype  be ing  skipped - .i . e .  , 
t a r d s  out  of o rde r  o r  programming e r r o r  

4 SKIPMF Same except f i l e  number MF is wrong 

4 SKPMAT Same except m a t e r i a l  number MAT is  wrong 

5 RESTOR Overlay E r r o r ,  MF o r  MAT = 0 or-MT 
not  i n  order  

9 9 RREC NT not  def ined 

100 RREC JT out  of range 1-6 (record type)  

101  RREC Mode out of range 1-3 

102 ' RREC ' Temp. not i n  range given i n  d a t a  

103  RREC 

104 KREC 

, 105 RREC 

10 6 RREC 

107 RREC 

I n t e r p o l a t i o n  t a b l e  t oo  long o r  0 , 

L i s t  t o o  long o r  0 

Tabulat ion too  long o r  less than  2 

Improper temp. dependence 

MAT, MF, MT i n c o r r e c t  

. 130 TERP2 Energies  a r e  not  i n  i nc reas ing  o rde r  
( t a b l e  of x) 

Energies  a r e  no t  i n  i nc reas ing  o rde r  
(va lues  of i n t e r p o l a t e d  p o i n t s  xp) 

Calls f o r  i n t e r p .  a t  breakpoint  k 
l a r g e r  than t h e  number of p o i n t s  
g iven  N i .  i . e .  NBT(Ni) is too  smal l  



Error  N o .  'Ca l led  i n  SUB. Meaninp 

133 TERPl 
, . 

. ~ n t e r ~ o l a t i o n  code out of , range 
. . 

134 TERPl Zero o r  negat ive va lue  c a n ' t  be 
i,) 

i n t e rpo la t ed  by log. 

135 TERPl . X 1  = ~ 2 ' ,  d i s con t inu i ty  . 
URESXS 

400 SUB1 

500 FNDMAT ' 

500 SMXSAV 

1102 SUB1 

1111 ELASM 

Atomic weight,  AWR, is  zero.  ' 

Would r e s u l t  i n  i n f i n i t e  loop i f  
not aborted. 

< 0 spec i f i ed  m a t e r i a l ,  MAT, 
I w i  t 
not on  NPOST t ape  

Mater ia l  i s  not on tape  mounted 
o r  more than 10 cards  i n  a  row have 
MAT = 0. Wrong t ape  mounted. 

Reaction types (MT) not  l i s t e d  i n  
increas ing  order .  
(Exception - i n e l a s t i c  va lues )  

F i l e  number (MF) of f i r s t  card = 0 

Asked f o r  resonance c a l c u l a t i o n  
but  no resonance d a t a  is  given 
i n  F i l e  2. 

Asked f o r  e l a s t i c  ma t r ix  and a but  no t  
e l a s t i c  i n £  i n i t e  d i l u e  (MT=2) .er 

1112 ' ELASM Asked f o r  e l a s t i c  ma t r ix  f o r  hydrogen - 
, . not  poss ib l e  now. 

N-2N F i l e  5 d a t a  given i n  form o t h e r  
than LF=l, 3  o r  9. Can't handle.  
Check F i l e  5  of m a t e r i a l ,  

1250 MUXI Asked f o r  p and 5 c a l c u l a t i o n  but  
not e l a s t i c  s c a t t e r i n g  (MT=2). 

1251 MUXI Asked f o r  p c a l c u l a t i o n  bu t  p va lues  
were not  s p e c i f i e d  i n  ICT=8; 



Er ro r  No. Cal led i n  SUB. 
. .  . . . . . .  

Meaninp 
. . 

. . .' . .  . . . .  . .,,. . . . 

1252 MUXI . Asked f o r  5 c a l c u l a t i o n  by d i r e c t  
averaging but  5 values  were not  
s p e c i f i e d  i n  ICT=7.  

1600 NUBAR Asked f o r  v c a l c u l a t i o n  but  not  
i n f i n i t e  d i l u t e  f i s s i o n  (MT=18).. 

INELSM : . Asked f o r  i n e l a s t i c  mat r ix  
. . but  not  t h e  t o t a l  i n e l a s t i c  c ros s  

s ec t ion .  
. ' . ,. :. . 

N2NMAT Asked f o r  N-2N matr ix  but  no t  t h e  
t o t a l  N-2N c ros s  s ec t ion .  . . - .  

. . 
. . . . 

NZNMAT .. Asked f o r  N-2N matr ix  but  no 
d a t a  is  given i n  . f i l e , .  5 

INITL . .. . a o < 0 .O: - can,!t t a k e  log... 

NRESIS .' Input.  a = 0.; .conver~ed..:.to:.O. 1.. 
0 



APPENDIX B 

CHECKOUT STATUS 

There are 10 genera l  a r e a s  i n  t h e  ENDRUN code i n  which a  programming 

o r  input  e r r o r  might occur:  General ,  Data Source, Flux,  Smooth, Unresolved, 

Resolved, Overlap, Non-cross s e c t i o n ,  Mat r ices ,  and Output. An at tempt  

has  been made t o  check out  each of t h e s e  a r e a s  a s  thoroughly a s  pos s ib l e .  

For t h e  b e n e f i t  of new u s e r s ,  t h e  l i s t  of op t ions  below shows those  which 

have been run ~ u c c e s s f u l l y  t o  d a t e  (checked) and those  which s o  f a r  have 

not  been e x p l i c i t l y  checked. While some of t h e  "options" l i s t e d  a r e  a c t u a l l y  

tests of t h e  maximum l i m i t s  o r  combinations of s e v e r a l  op t ions ,  i t  should 

be  noted t h a t  no t  a l l  of t h e  maximum l i m i t s  o r  a l l  of t h e  op t ions  have 

been run  i n  t h e  same case.  The au tho r s  would app rec i a t e  n o t i f i c a t i o n  of -,. . . 

any anomalies t h a t  appear i n  op t ion  combinations not p rev ious ly  t e s t e d .  
? 1 .  

1. General 

2. Data Source 

3 .  Flux 

v' - 100 coa r se  groups 

( - 30 f i n e  groups/coarse group 

4 - s t a r t i n g  l e tha rgy  o t h e r  than  0.0 

- use  of ENDFIB r a t h e r  than sum t o t a l  f o r  

s e l f  - sh ie ld ing  

- use  of ENDFIB t o t a l  a s  ou tpu t ,  a d j u s t i n g  a 
S 

f o r  consis tency 

v' - ENDFIB d a t a  on punched' ca rds  

- BCD tape  f o r  a  s i n g l e  m a t e r i a l  

- binary  t a p e  c r ea t ed  by DAMMET conta in ing  

. s e v e r a l  m a t e r i a l s  . 

4 - NPOST compressed b inary  t ape  

- e n t i r e l y  1/E f l u x  spectrum (FSCL > energy a t  SLETH) 

4 - 1 / E  spectrum combined with a  f i s s i o n  spectrum 

a t  high ene rg i e s  

4 - input  f l u x  spectrum from punched cards  

4 - i n t e rmed ia t e  output  of f i n e  group ene rg i e s  and 

f l u x e s  



4 .  'Smooth 

5. Unresolved 

6. Resolved 

- a  s i n g l e  r e a c t i o n  only (without t o t a l  c r o s s  

s e c t i o n )  

- a s i n g l e  r e a c t i o n ,  a l s o  included a9 t o t a l  

4 - a l l  smooth c r o s s  s e c t i o n  con t r ibu t ibns  

- 2 ENDFIB r e a c t i o n  MT va lues  included i n  t h e  

same ICT 

4 - s e l f  -shielded smooth con t r ibu t ion  

. .  . 

4 - i n f i n i t e l y  d i l u t e  c a l c u l a t i o n  only  

- se l f - sh ie ld in 'g  (RAPTURE) wi th  4 oos,  3 T ' s ,  

J - 30 energy p o i n t s  

- o t h e r  (non-RAPTURE) unresolved c a l c u l a t i o n  

op t  ions  

- punched card output  of point-wise unresolved 

c o n t r i b u t i o n  

- r e r u n  from prev ious ly  punched ca rds  

- maximum of 15  E , j  E ' tates ( app l i e s  t o  e n t i r e  

m a t e r i a l )  

4 - maximum. : of -. 6: i . soiopes 

J - s e v e r a l  energy ranges 

- overlap; c o r r e c t i o n  .below energy ELAPC 

i - in te rmedia te  output  of coarse  and f i n e  group 

unresolved averages 

J - 1 resonance, i n f i n i t e l y  d i l u t e  only . 

f - many resonances,  i n f i n i t e l y  d i l u t e  

.J - s e l f - s h i e l d i n g  with 5  oos ,  3 T ' S  

4 - maximum of 7 resolved resonance energy ranges 

4 - maximum of 6 i so topes  

4 - i n t e rmed ia t e  ou tput  of t o a r s e  and f i n e  group 

. . resolved resonance averages 



7. Overlap 4 - resolved .and unresolved resonance ranges 

ending i n  t h e  same coa r se  group, bu t  no 

energy overlap 

- a c t u a l  energy overlap between resolved and 

unresolved but  ending i n  t h e  same coarse  

group 

- energy overlap extending more t han  one coa r se  

group 

- over lap  of resolved resonance con t r ibu t ion  

with smooth 

4 - over lap  of unresolved resonance con t r ibu t ion  

with smooth 

8. Non-cross s e c t i o n  4 - Averaging of p and 5 d i r e c t l y  from ENDFIB 
d a t a  

4  - LDXI=l, average of 5 based on t h e o r e t i c a l  

va lue  and a n i s o t r o p i c  c o r r e c t i o n  

4  - c a l c u l a t i o n  of v from polynomial r e p r e s e n t a t i o n  

- c a l c u l a t i o n  of v by i n t e r p o l a t i o n  

4 - secondary f i s s i o n  spectrum based on g iven  

ENDFIB t3 temperature (F i s s ion ,  ~ a x w e l l i a n ,  

o r  Watt s p e c t r a )  

t . 9. Matr ices  

4 - secondary f i s s i o n  spectrum when 0 is  ,energy- 

dependent (LECHI#O) 

4 . -  secondary f i s s i o n  spectrum when more than  
I 

one type  of spectrum is  used (NK>l) 

4  - c a l c u l a t i o n  of od 

4 - l e tha rgy  g a i n  i n d i c a t o r  

4 - e l a s t i c  ma t r ix  

4 -. i n e l a s t i c  ma t r ix  LF=3 l e v e l  d a t a  

. . LF=9 energy-dependent Maxwellian 

- n,  2n mat r ix  , LF=1 a r b i t r a r y  t abu la t ed  f u n c t i o n  

LF=9 
LF=10 Watt spectrum 

4 - combined n,2n and n,3n ma t r i ce s  

4  - a i i  matrices' combined i n t o  ine las t ic  ma t r ix  

4 -.maximum ma t r ix  s i z e  of 70x50 (49 downscat ter  groups)  



J - stand=rd 
4 - . GMG . compressed binary file tape . . '  

- plotting of cross sections 
- plotting of f -f actors 
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