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LEGAL NOTICE 

This r e p o r t  was prepared a s  an account of Government sponsored work. 
Nei ther  t h e  United S t a t e s ,  nor  t he  Commission, nor any person a c t i n g  
on behalf  of t h e  Commission: 

A. Makes any warranty o r  r ep re sen ta t ion ,  expressed o r  implied,  with 
r e spec t  t o  t h e  accuracy, completeness, o r  usefu lness  of t he  information 
contained i n  t h i s  r e p o r t ,  o r  t h a t  t h e  use of any information,  appara tus ,  
method, o r  process  d i sc losed  i n  t h i s  r e p o r t  may not  i n f r i n g e  p r i v a t e l y  
owned r i g h t s ;  o r  

B. Assumes any l i a b i l i t i e s  wi th  r e spec t  t o  t h e  use o f ,  o r  f o r  
damages r e s u l t i n g  from t h e  use  of any information,  appara tus ,  method, 
o r  process  d i sc losed  i n  t h i s  r epo r t .  

A s  used i n  t he  above, "person a c t i n g  on behalf  of t h e  Commission1' inc ludes  
any employe o r  con t r ac to r  of t he  Commission, o r  employe of such con t r ac to r ,  
t o  t he  ex t en t  t h a t  such employe o r  con t r ac to r  of t he  Commission, o r  employe 
of such con t r ac to r  prepares ,  disseminates ,  o r  provides access  t o ,  any in fo r -  
mation pursuant t o  h i s  employment o r  con t r ac t  w i th  the  Commission, o r  h i s  
employment with such con t r ac to r .  
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ABSTRACT 

ETOG-1, an  e x t e n s i o n  of t h e  ETOM-1 program, p r o c e s s e s  b a s i c  n u c l e a r  d a t a  

i n  t h e  ENDFIB format  and produces  t h e  d a t a  r e q u i r e d  f o r  t h e  g e n e r a t i o n  of 

MUFT, GAM-I, GAM-11, and ANISN l i b r a r i e s .  ETOG-1 i s  w r i t t e n  e n t i r e l y  i n  

ASA s t a n d a r d  FORTRAN, and i s  designed t o  be computer independent .  I n  

a d d i t i o n  t o  p r i n t e d  r e s u l t s ,  t h e  ou tpu t  i n c l u d e s  punched c a r d s  i n  t h e  

format a p p r o p r i a t e  f o r  t h e  g e n e r a t i o n  of t h e  d e s i r e d  l i b r a r y .  



CHAPTER 1 

INTRODUCTION 

I n  o r d e r  t o  pe rmi t  u s e r s  of t h e  GAM-I'~], G A M - I I [ ~ ~ ,  and A N I S N ' ~ ]  programs 
- - 

t o  g e n e r a t e  l i b r a r y  d a t a  from t h e  Evaluated Nuclear Data F i l e ,  t h e  ETOM-1 [41 

program h a s  been extended.  An improved t r e a t m e n t  of t h e  r e s o l v e d  resonance 

r e g i o n  h a s  been i n c o r p o r a t e d ,  and r o u t i n e s  have been added t o  c a l c u l a t e ,  

e d i t ,  and punch i n  t h e  a p p r o p r i a t e  format t h e  mul t ig roup  t r a n s f e r  m a t r i c e s  

r e q u i r e d  by t h e s e  codes.  

For completeness ,  s e c t i o n s  of t h e  ETOM-1 r e p o r t ,  Reference 4 ,  a r e  reproduced h e r e .  



CHAPTER 2 

PROGRAM DESCRIPTION 

2 . 1  GENERAL INFORMATION 

D e t a i l e d  d e s c r i p t i o n s  of t h e  codes f o r  which l i b r a r i e s  may b e  g e n e r a t e d  a r e  

given i n  References  1-4. Here,  a l i m i t e d  knowledge o f  t h e  s t r u c t u r e  of t h e s e  

programs, i n  a d d i t i o n  t o  t h e  ENDFIB system,  i s  assumed. 

A s  i n  Reference 4 ,  t h e  f o l l o w i n g  n o t a t i o n  i s  used i n  t h i s  r e p o r t .  A  q u a n t i t y  

w i t h  an  argument,  e . g . ,  a ( E ) ,  r e p r e s e n t s  t h e  magnitude of t h a t  q u a n t i t y  a t  
nn 

a p a r t i c u l a r  energy E, w h i l e  t h e  q u a n t i t y  w i t h o u t  an  argument,  e . g . ,  a 
n , n '  

den0 t e s  a  group-averaged v a l u e .  

Average c r o s s  s e c t i o n s  a r e  c a l c u l a t e d  as 

where t h e  i n t e g r a l  ex tends  o v e r  t h e  a p p r o p r i a t e  energy i n t e r v a l .  W(E), t h e  

we igh t ing  function,may vary  as l/E,may be  c o n s t a n t ,  may be  e n t e r e d  a s  i n p u t ,  

o r  may be  expressed  a s  a  combination o f  1 / E  j o i n e d  t o  a f i s s i o n  spectrum.  I n  

combining t h e  c r o s s  s e c t i o n s  and weigh t ing  f u n c t i o n  and performing t h e  i n t e -  

g r a t i o n ,  t h e  program makes use of  t h e  s p e c i f i e d  i n t e r p o l a t i o n  schemes. 

Data i n  ENDF/B F i l e s  1, 2 ,  3 ,  4  and 5 a r e  employed i n  g e n e r a t i n g  t h e  mul t ig roup  

c r o s s  s e c t i o n s ,  s lowing down and f i s s i o n  paramete rs ,  t r a n s f e r  m a t r i c e s ,  and 

s p e c t r a  r e q u i r e d  by MUFT, GAM and ANISN*. 

2 . 2  TREATMENT OF SMOOTH DATA 

* The v e r s i o n  of ANISN f o r  which ETOG-1 p r e p a r e s  l i b r a r y  d a t a  i s  
t h a t  used a t  Ba t te l l e -Nor thwes t .  The a u t h o r s  a r e  i n d e b t e d  t o  
K .  S tewar t  of Bate l le-Northwest  f o r  p r o v i d i n g  them w i t h  t h e  
r o u t i n e s  which punch and e d i t  t h e  l i b r a r y  d a t a  f o r  ANISN. 



2 .2 .1  E l a s t i c  S c a t t e r i n g  Cross S e c t i o n  

The group-averaged symmetric s c a t t e r i n g  c r o s s  s e c t i o n ,  a i s  computed by nn ' 
use  of Equat ion ( 2 . 1 ) ,  where a (E) is  o b t a i n e d  from ENDFIB F i l e  3 ,  r e a c t i o n  nn 
type  MT = 2. I f  n e c e s s a r y ,  a i s  modif ied t o  account  f o r  resonance s c a t t e r i n g .  

nn 
I n  t h e  p roduc t ion  of d a t a  f o r  t h e  MUFT l i b r a r y ,  t h e  on ly  l i b r a r y  t r e a t e d  t h a t  

e x p l i c i t l y  r e q u i r e s  t h e  e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n ,  t h e  h a n d l i n g  o f  

resonance s c a t t e r i n g  i s  determined by one of t h r e e  a v a i l a b l e  o p t i o n s .  (See 

S e c t i o n  3 .3 .4 .13)  . For GAM and A N I S N  l i b r a r y  d a t a ,  a (E)  i s  r e q u i r e d  on ly  
nn 

i n  o r d e r  t o  e s t a b l i s h  t h e  e l a s t i c  s c a t t e r  t r a n s f e r  m a t r i x ;  resonance s c a t t e r i n g  

c r o s s  s e c t i o n s  a r e  c a l c u l a t e d  by u s e  of t h e  s i n g l e  l e v e l  Breit-Wigner fo rmula ,  

as d i s c u s s e d  i n  S e c t i o n  2 .3 ,  and added t o  a ( E ) .  
nn 

I n  t h e  g e n e r a t i o n  of a MUFT l i b r a r y ,  t h e  o p t i o n  a l s o  e x i s t s  f o r  t h e  a d d i t i o n  

o f  t h e  in-group i n e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  t o  a . 
nn 

The composite a ( E )  i s  w r i t t e n  on a  s c r a t c h  t a p e  f o r  l a t e r  use  by t h e  program, 
nn 

e . g . ,  i n  t h e  c a l c u l a t i o n  of t h e  t r a n s f e r  m a t r i x .  

2.2.2 Capture Cross S e c t i o n  

The smooth c a p t u r e  c r o s s  s e c t i o n  i s  c a l c u l a t e d  a s  t h e  sum, 

Each of t h e  averaged q u a n t i t i e s ,  a i s  c a l c u l a t e d  a s  
nx ' 

where a (E) i s  o b t a i n e d  from t h e  ENDFIB F i l e  3  t a b u l a t i o n .  For x  = y ,  p ,  d ,  
3  nx 

t ,  He , a ,  and 2a ,  r e s p e c t i v e l y ,  t h e  t a b u l a t i o n  i s  t h a t  f o r  r e a c t i o n  type  

MT = 102 ,  103 ,  104 ,  105 ,  1 0 6 , 1 0 7 ,  and 108. 

I f  r e q u i r e d ,  a  resonance c o n t r i b u t i o n  i s  added t o  t h e  smooth c a p t u r e  c r o s s  



s e c t i o n s .  When resonance c r o s s  s e c t i o n s  a r e  c a l c u l a t e d  from paramete rs  g iven  

i n  ENDFIB F i l e  2 ,  c o r r e c t i o n s  must b e  made t o  o depending upon t h e  code f o r  n c  
which t h e  d a t a  is  b e i n g  produced, and t h e  p a r t i c u l a r  o p t i o n s  chosen.  For  MUFT 

and GAM-I l i b r a r i e s ,  c o n t r i b u t i o n s  a r e  added t o  a t o  account  f o r  t h e  asymrne- n  c  
t r i c  t a i l s  which a r e  n o t  c a l c u l a t e d  by t h e  codes from t h e  resonance  paramete rs  

s u p p l i e d  t o  them; i n  t h e  groups below t h e  lower  bound of t h e  resonance  r e g i o n  

as d e f i n e d  i n  ENDFIB F i l e  2 ,  t h e  c o n t r i b u t i o n s  t o  o due t o  t h e  symmetric 
n  c 

r e s o l v e d  resonances  a r e  s u b t r a c t e d  from t h e  smooth v a l u e s  g i v e n  i n  ENDFIB 

F i l e  3. For GAM-11, t h e  e n t i r e  c o n t r i b u t i o n  t o  a from t h e  r e s o l v e d  resonan- n c  
c e s  a r e  s u b t r a c t e d  from t h e  smooth v a l u e s  i n  F i l e  3 i n  t h e  grou.ps below t h e  

ENDFIB-defined resonance r e g i o n .  F i n a l l y ,  f o r  ANISN resonance c r o s s  s e c t i o n s  

are conver ted  t o  e q u i v a l e n t  smooth d a t a .  

It s h o u l d  be  no ted  h e r e  t h a t  f o r  t h e  GAM-I1  program, t h e  components o f  t h e  

p a r a s i t i c  c a p t u r e  c r o s s  s e c t i o n ,  t . e . ,  r e a c t i o n  types  MT = 102 t o  108 ,  a r e  

r e q u i r e d  f o r  u s e  i n  e d i t i n g  r e s u l t s  and a r e  punched as p a r t  o f  ETOG o u t p u t .  

2 .2 .3  I n e l a s t i c  S c a t t e r i n g  Cross S e c t i o n  

The i n e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  i s  ca lcu la ted .  as 

where a (E) i s  o b t a i n e d  from ENDFIB F i l e  3 ,  r e a c t i o n  type  MT = 4. The 
nn ' 

c r o s s  s e c t i o n  a is r e q u i r e d  f o r  t h e  g e n e r a t i o n  of a  MUFT l i b r a r y ,  b u t  nn  ' 
does n o t  appear  e x p l i c i t l y  i n  GAM o r  ANISN. The energy-dependent o (E) nn ' 
i s  saved  on t a p e  f o r  f u r t h e r  use  i n  t h e  c o n s t r u c t i o n  o f  t h e  i n e l a s t i c  

s c a t t e r i n g  t r a n s f e r  m a t r i x .  

I n  t h e  c a s e  o f  MUFT, o p t i o n s  e x i s t  whereby a i s  modif ied t o  account  f o r  
nn ' 

t h e  t r e a t m e n t  o f  t h e  in-group i n 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  out 
/ ,  

of t h e  range o f  t h e  d e f i n e d  m a t r i x ,  o r  t h e  n ,2n r e a c t i o n .  

2.2.4 (n,2n) Cross S e c t i o n  

The (n,2n) c r o s s  s e c t i o n  i s  c a l c u l a t e d  a s  



where u (E) i s  o b t a i n e d  from ENDFIB F i l e  3 ,  MT = 16 .  
n ,2n 

The (n ,2n)  r e a c t i o n  i s  n o t  t r e a t e d  e x p l i c i t l y  i n  MUFT o r  ANISN. I n  t h e  

g e n e r a t i o n  o f  MUFT d a t a ,  t h r e e  i n p u t  o p t i o n s  a r e  provided f o r  t h e  u s e r .  

The r e a c t i o n  may be  t r e a t e d  a s  a l l  f i s s i o n ,  as a l l  i n e l a s t i c  s c a t t e r i n g ,  

o r  a s  h a l f  f i s s i o n  and h a l f  i n e l a s t i c  s c a t t e r i n g .  I n  a l l  c a s e s ,  a p p r o p r i a t e  

ad jus tments  a r e  made t o  t h e  smooth c r o s s  s e c t i o n s  and v v a l u e s .  (See S e c t i o n  

3.3.4.10 f o r  f u r t h e r  d e t a i l ) .  

For GAM, t h e  (n,2n) t r a n s f e r  m a t r i x  i s  e s t a b l i s h e d  e x p l i c i t l y ,  as d e s c r i b e d  

i n  S e c t i o n  2 .4 .3 .  I n  t h e  g e n e r a t i o n  of ANISN d a t a ,  e lements  of t h e  m a t r i x  

are added t o  t h e  a p p r o p r i a t e  e lements  of t h e  composite i s o t r o p i c  t r a n s f e r  

m a t r i x ;  a i s  s u b t r a c t e d  groupwise from t h e  a b s o r p t i o n  c r o s s  s e c t i o n  t o  
n ,2n  

p r e s e r v e  t h e  n e u t r o n  b a l a n c e . "  

2.2.5 F i s s i o n  c r o s s  S e c t i o n  

The smooth f i s s i o n  c r o s s  s e c t i o n  i s  c a l c u l a t e d  a s  

where u (E)  i s  o b t a i n e d  from ENDFIB, F i l e  3 ,  r e a c t i o n  t y p e  MT=18. If  r e q u i r e d ,  
nf 

a resonance c o n t r i b u t i o n  i s  added t o  t h e  smooth f i s s i o n  c r o s s  s e c t i o n .  When 

e x p l i c i t  resonance parameters  a r e  given i n  ENDFIB F i l e  2 ,  c o r r e c t i o n s  similar 

t o  those  d i s c u s s e d  i n  S e c t i o n  2.2.2 under smooth c a p t u r e ,  a r e  made t o  a 
n f '  

Also,  an  o p t i o n  e x i s t s  f o r  t h e  a d d i t i o n  of t h e  (n ,2n)  c r o s s  s e c t i o n  t o  a 
n  f  

i n  t h e  g e n e r a t i o n  of MUFT l i b r a r y  d a t a .  

* K.  B.  S t e w a r t ,  P a c i f i c  Northwest Labora to ry ,  p e r s o n a l  communication, J u l y ,  1969. 



2.2.6 Neutrons P e r  F i s s i o n  

Outs ide  t h e  resonance r e g i o n ,  t h e  average  number of n e u t r o n s  p e r  f i s s i o n  

i s  c a l c u l a t e d  as 

where 

and v(E) i s  o b t a i n e d  from ENDFIB F i l e  1, MT = 452. I f  v(E) is  expressed  as 

a  polynomial ,  t h e  p roduc t  i n  t h e  i n t e g r a n d  i s  formed a f t e r  c a l c u l a t i n g  v  at  

each energy p o i n t  i n  t h e  o (E) mesh. If  a t a b u l a t i o n  of v(E) i s  g iven ,  t h e  n  f 
two f u n c t i o n s ,  v(E) and onf(E)  a r e  combined by u s e  o f  t h e  ENDF s e r v i c e  r o u t i n e s .  

I n  t h e  resonance r e g i o n ,  v  i s  c a l c u l a t e d  as 

This  i s  a v a l i d  approximat ion s i n c e  v  i s  n e a r l y  c o n s t a n t  o v e r  t h e  resonance  

r e g i o n ,  and t h e  d e t a i l e d  numerical  i n t e g r a t i o n  of Equat ion (2.7) i s  n o t  

j u s t i f i e d .  

Note t h a t  i n  t h e  g e n e r a t i o n  of MUFT l i b r a r y  d a t a ,  v  may b e  modif ied t o  

account  f o r  t h e  (n ,2n)  r e a c t i o n .  



2.2.7 Additional Parameters Generated for MUFT Library 

Three additional multigroup quantities are required for the creation of a MUFT 

library tape, i.e., the anisotropic scattering cross section, isotropic Greuling- 

Goertzel parameter, and isotropic slowing down power. 

The anisotropic elastic scattering cross section is calculated as 

where V(E) is obtained from ENDFIB File 3, MT = 251, and a )  is retrieved 

from the tape on which it was stored. If no p(E) data is given on the ENDFIB 
tape, then 

where A is the atomic mass ratio, AWR, obtained from the tape. 

The isotropic Greuling-Goertzel parameter, or age number as it is called in 

MUFT, may be calculated as 

where y(E) is obtained from ENDFIB File 3, MT = 253. If no such data is 

present, or if an input option is selected, the age number is calculated as [51 

where Au is the group lethargy width. 

The isotropic slowing down power is calculated as 



where S(E) i s  o b t a i n e d  from ENDFIB F i l e  3 ,  MT = 252,  and onn(E) i s  r e t r i e v e d  

from t h e  t a p e  on which i t  was s t o r e d .  I f  t h e r e  i s  no S(E) d a t a  on t h e  ENDFIB 

t a p e ,  t h e n  

where A i s  t h e  a tomic mass r a t i o ,  AWR, o b t a i n e d  from t h e  t a p e .  

2 .3  RESONANCE TREATMENT 

While ANISN r e q u i r e s  o n l y  composite mul t ig roup  c r o s s  s e c t i o n s ,  MUFT and GAM 

have e x p l i c i t  r e sonance  t r e a t m e n t s .  

2 .3 .1  MUFT Requirements 

2 .3 .1 .1  Resolved Resonance Region 

For each r e s o l v e d  resonance  t r e a t e d ,  t h e  MUFT l i b r a r y  r e q u i r e s  

ETOG-1 c a l c u l a t e s  t h e s e  f a c t o r s ,  and de te rmines  t h e  proper  group f o r  each 

r e s o l v e d  resonance.  

The MUFT t r e a t m e n t  i m p l i c i t l y  assumes t h a t  t h e  e n t i r e  e f f e c t  of a  resonance  

i s  f e l t  i n  t h e  mul t ig roup  i n  which i t s  peak occurs .  T h e r e f o r e ,  t h e  c o n t r i -  



b u t i o n s  of each resonance  t o  a l l  groups  below t h e  lower bound of t h e  resonance  

r e g i o n ,  a s  d e f i n e d  i n  ENDFIB F i l e  2 ,  must be  s u b t r a c t e d  from t h e  smooth c a p t u r e  

and f i s s i o n  c r o s s  s e c t i o n s  which a l r e a d y  i n c l u d e  t h e  c o n t r i b u t i o n s .  S i n c e  o n l y  

t h e  symmetric resonance i s  t r e a t e d ,  i t  i s  n e c e s s a r y  t o  s u b t r a c t  o n l y  t h e  sym- 

m e t r i c  t a i l .  S i m i l a r l y ,  i n  each group i n  t h e  r e s o l v e d  resonance r a n g e ,  where 

r ,  m and a f a c t o r s  have been g e n e r a t e d ,  t h e  asymmetric t a i l  due t o  each 

resonance  must be  added t o  smooth c a p t u r e  and f i s s i o n  c r o s s  s e c t i o n s .  I f  t h e  

c r o s s  s e c t i o n s  have been computed on t h e  f i n e  mesh d i s c u s s e d  i n  S e c t i o n  2 .3 .4 ,  

t h e  asymmetric t a i l s  a r e  c a l c u l a t e d  i n  each group a f f e c t e d  u s i n g  t h a t  mesh, 

and a r e  p r o p e r l y  weighted,  b e f o r e  be ing  averaged over  t h e  group. I f  t h e  f i n e  

mesh h a s  n o t  been e s t a b l i s h e d ,  t h e  c o n t r i b u t i o n s  a r e  c a l c u l a t e d  a t  100 p o i n t s ,  

e q u a l l y  spaced i n  l e t h a r g y ,  i n  each group a f f e c t e d  b e f o r e  be ing  averaged.  

The symmetric t a i l s  a r e  always c a l c u l a t e d  a t  100 p o i n t s  e q u a l l y  spaced i n  

l e t h a r g y  i n  t h e  group a f f e c t e d  b e f o r e  being averaged.  

Resonances below t h e  r e s o l v e d  r e g i o n  a s  d e f i n e d  i n  ENDFIB ( i . e . ,  a t  thermal  

and n e g a t i v e  e n e r g i e s )  a r e  n o t  handled a s  e x p l i c i t  r e sonances  by MUFT,and ETOG 

t r e a t s  them s e p a r a t e l y .  Po in twise  c a p t u r e ,  f i s s i o n  and o p t i o n a l l y ,  s c a t t e r i n g ,  

c r o s s  s e c t i o n s  due t o  t h e s e  resonances  a r e  c a l c u l a t e d  a t  100 p o i n t s ,  e q u a l l y  

spaced i n  l e t h a r g y ,  i n  each group c o n t a i n i n g  r e s o l v e d  resonances .  Then t h e s e  

v a l u e s ,  p r o p e r l y  weighted,  a r e  averaged over  t h e  group t o  o b t a i n  t h e  c o n t r i -  

b u t i o n s  which a r e  added t o  t h e  smooth c r o s s  s e c t i o n s .  

The s-wave c r o s s  s e c t i o n s  a r e  c a l c u l a t e d  by u s e  of t h e  Breit-Wigner s i n g l e  

level  formula: 

where R i s  d e s i g n a t e d  a s  AP i n  ENDFIB and 



The q u a n t i t i e s  a ,  and x  a r e  d e f i n e d  a s  

P-wave c r o s s  s e c t i o n s ,  conver ted  t o  e q u i v a l e n t  smooth d a t a ,  a r e  computed by 

u s e  of t h e  Breit-Wigner formulae  g iven  i n  Appendix C of Reference 7 .  

A number of o p t i o n s  e x i s t  f o r  t h e  t r e a t m e n t  of r e s o l v e d  resonances  d u r i n g  

t h e  g e n e r a t i o n  of MUFT l i b r a r y  d a t a .  For example, s i n c e  t h e  number of reso-  

nances  i n  any one group i s  r e s t r i c t e d  t o  e i g h t  i n  MUFT, o p t i o n s  a r e  provided 

f o r  t r e a t m e n t  of any "ex t ra"  resonances  i f  more t h a n  e i g h t  occur .  

I n  a d d i t i o n ,  ETOG p e r m i t s  a  number of o p t i o n s  f o r  t r e a t m e n t  of r e s o l v e d  

resonance  s c a t t e r i n g  which i s  n o t  handled e x p l i c i t l y  i n  MUFT. S c a t t e r i n g  

i s  p r e s e n t  o n l y  i n  t h e  MUFT smooth c r o s s  s e c t i o n  f i l e .  Although no g e n e r a l  

s t a t e m e n t  can be  made about  t h e  c o r r e c t  way t o  r e p r e s e n t  resonance s c a t t e r i n g  

i n  t h e  MUFT l i b r a r y ,  two l i m i t i n g  c a s e s  can be  c i t e d . *  For m a t e r i a l s  t h a t  

a r e  p r i m a r i l y  resonance a b s o r b e r s ,  t h e  resonance  s c a t t e r i n g  should be  ignored.  

For m a t e r i a l s  t h a t  a r e  p r i m a r i l y  resonance s c a t t e r e r s ,  t h e  resonance s c a t t e r -  

i n g  should be  inc luded  a s  p a r t  of t h e  MTJFT "smooth" s c a t t e r i n g  c r o s s  s e c t i o n  

f i l e .  Mathemat ical ly  i n  t h e  ENDFIB format s t r u c t u r e ,  t h e r e  i s  a  smooth p a r t  

(ENDFIB f i l e  3 )  and a resonance  p a r t  (ENDFIB f i l e  2 ) .  However t h e  mathemat ical  

r e p r e s e n t a t i o n  may no t  be  t h e  p h y s i c a l  one.  For example, t h e  c o n s t r a i n t  of 

Breit-Wigner r e p r e s e n t a t i o n  of resonances  may r e q u i r e  t h e  mathemat ical  smooth 

c r o s s  s e c t i o n  t o  be  n e g a t i v e !  So i f  one wants t o  i g n o r e  t h e  resonance s c a t t e r -  

i n g ,  t h e r e  i s  a  problem. The u s e  of o n l y  ENDFIB f i l e  3 may produce e r roneous  

* D .  R .  H a r r i s ,  B e t t i s  Atomic Labora to ry  and C.  L u b i t z ,  Knol l s  Atomic 
Power Labora to ry ,  p e r s o n a l  communication. 



r e s u l t s .  Likewise ,  i f  t h e  t o t a l  ENDFIB d e s c r i p t i o n  i s  used,  t h e  resonance 

p a r t  may n o t  be  ignored.  Hence t h r e e  o p t i o n s  a r e  provided i n  which t h e  reso-  

nance s c a t t e r i n g  c r o s s  s e c t i o n  may be  computed from t h e  ENDFIB r e p r e s e n t a t i o n ,  

may b e  t aken  a s  t h e  p o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n ,  o r  may be  t a k e n  a s  t h e  

v a l u e  i n  t h e  f i r s t  group above t h e  resonance r e g i o n .  

2.3.1.2 Unresolved Resonance Region 

There  i s  no s p e c i a l  t r e a t m e n t  of unreso lved  resonance  i n f o r m a t i o n  i n  MUFT. 

S ince  unreso lved  d a t a  may be  g iven  i n  ENDFIB, ETOG-I c o n s t r u c t s  e f f e c t i v e  

smooth c r o s s  s e c t i o n s  over  t h e  unreso lved  range .  The method employed i s  t h e  

same a s  t h a t  used by t h e  Argonne* program M C ~  (Reference 11)  where e f f e c t i v e  

resonance  c r o s s  s e c t i o n s  a r e  e v a l u a t e d  a t  d i s c r e t e  energy  p o i n t s ,  E*, i n  t h e  

unreso lved  r e g i o n .  

2 
I n  MC , t h e  e f f e c t i v e  unresolved resonance c a p t u r e  c r o s s  s e c t i o n  a t  energy EYc 

i s  c a l c u l a t e d  a s  

0 (E*) = 
C Y 

m m m 
1 ' dx d s  d r  1- - / Pn( r )  1 Pk(s )  T i - 
6 0 0 0 

Y+B 

where t h e  sum i s  t a k e n  over  a l l  J s t a t e s  f o r  a l l  R s t a t e s .  T h i s  e q u a t i o n  i s  

f o r  f i s s i l e  i s o t o p e s ;  f o r  f e r t i l e  i s o t o p e s  t h e  P  ( s )  i n t e g r a l  does  n o t  appear .  
k  

A s i m i l a r  e q u a t i o n  i s  used t o  c a l c u l a t e  t h e  f i s s i o n  c r o s s  s e c t i o n .  

S i n c e  ETOG-1 does  n o t  pe rmi t  a  t empera tu re  dependence, a  z e r o  t empera tu re  i s  

assumed. Thus, 

* The a u t h o r s  a r e  g r a t e f u l  t o  D r .  Ber t  Toppel of ANL f o r  g r a c i o u s l y  p rov id ing  
2  

them w i t h  t h e  MC s u b r o u t i n e  UNRES f o r  r e f e r e n c e  d u r i n g  t h e  programming of 

ETOM-1 and ETOG-1. 



B i s  d e f i n e d  a s  o  l o  where oo i s  t h e  resonance  peak c r o s s  s e c t i o n  and o i s  
P  0 P  

t h e  macroscopic  p o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n  f o r  t h e  m i x t u r e  p e r  a b s o r b e r  

atom. S ince  ETOG-1 i s  n o t  p r i m a r i l y  a  m i x t u r e  dependent program, t h e r e  i s  no 
'l 

way f o r  ETOG-1 t o  c a l c u l a t e  o i n t e r n a l l y .  Hence, t h e  q u a n t i t y  ( o  - 4 7 ~ ~ ~ )  i s  
P  P 

d e s i g n a t e d  a s  an  i n p u t  i t em.  (ETOG-1 adds  4nR2 t o  t h e  i n p u t  v a l u e  t o  o b t a i n  

t h e  o used i n  t h e  c a l c u l a t i o n ) .  T h i s  p r o v i d e s  t h e  u s e r  w i t h  t h e  f l e x i b i l i t y  
P  

of s e l e c t i n g  a  v a l u e  of o  which i s  t y p i c a l  f o r  h i s  a p p l i c a t i o n s .  Note t h a t  
P  

t h i s  o o n l y  a f f e c t s  t h e  unresolved resonance t r e a t m e n t .  
P  

ETOG-1 c a l c u l a t e s  t h e  c a p t u r e ,  f i s s i o n  and s c a t t e r i n g  c r o s s  s e c t i o n s  a t  100 

e q u a l l y  spaced l e t h a r g y  p o i n t s  f o r  each mul t ig roup  i n  t h e  unresolved r e g i o n .  

These v a l u e s  a r e  t h e n  averaged w i t h  t h e  weight ing f u n c t i o n  t o  p rov ide  t h e  

unreso lved  resonance  c o n t r i b u t i o n s  which a r e  added t o  t h e  smooth c r o s s  s e c t i o n s .  

2 .3 .2  GAM Requirements 

2 . 3 . 2 . 1  GAM-I 

I n  t h e  r e s o l v e d  energy  r a n g e ,  t h e  GAM-I l i b r a r y  r e q u i r e s  f o r  each resonance  

t h e  pa ramete rs  E r r f ,  and an  index ,  L ,  i n d i c a t i n g  whether t h e  narrow 
O ,  m9 v 9  

r e sonance  o r  narrow r e s o n a n c e - i n f i n i t e  mass approximat ion i s  t o  be  used.  The 

l a t t e r  parameter  i s  e s t a b l i s h e d  by a  t e s t  on t h e  p r a c t i c a l  wid th  of t h e  
[ 6 1  resonance.  ETOG-1 o u t p u t s  s-wave resonance  paramete rs  o n l y  and c o n v e r t s  a l l  

h i g h e r  wave resonances  t o  e q u i v a l e n t  smooth c a p t u r e  and f i s s i o n  c r o s s  s e c t i o n  

d a t a .  I n  t h e  unresolved range ,  s i n g l e  v a l u e s  of pa ramete rs  < D > ,  <rA>, < r  > ,  
Y 

< r f > ,  i n  a d d i t i o n  t o  t h e  lower bound of t h e  r a n g e ,  EL, a r e  r e q u i r e d .  Tab les  

of t h e s e  q u a n t i t i e s  a r e  e s t a b l i s h e d  d i r e c t l y  from t h e  ENDFIB d a t a ,  F i l e  2 .  

The p a r t i c u l a r  set of v a l u e s  of unreso lved  resonance  paramete rs  punched depends 

upon i n p u t  q u a n t i t y ,  XAJIN, which i s  t h e  s p i n  of t h e  compound n u c l e u s  f o r  a  

g i v e n  R s t a t e  i n  t h e  unreso lved  r e g i o n .  T h i s  i n p u t  q u a n t i t y  must correspond 

t o  a v a l u e  of J g iven  i n  F i l e  2 ,  r e a c t i o n  t y p e  151. I f  XAJIN does  n o t  c o r r e s -  

pond t o  a  v a l u e  of J i n  t h e  ENDFIB f i l e ,  a l l  unresolved resonance paramters  a r e  

conver ted  t o  e q u i v a l e n t  smooth c a p t u r e ,  f i s s i o n ,  and s c a t t e r i n g  c r o s s  s e c t i o n s .  

Tab les  of smooth a b s o r p t i o n  and f i s s i o n  c r o s s  s e c t i o n s  a r e  s e t  up by u s e  of 

ENDFIB F i l e  3 d a t a .  C o r r e c t i o n s  t o  account  f o r  t h e  t r e a t m e n t s  of symmetric 



and asymmetric t a i l s ,  and of resonances  a t  n e g a t i v e  and thermal  e n e r g i e s  a r e  

made i n  t h e  same manner a s  f o r  t h e  MUFT l i b r a r y .  

Also r e q u i r e d  f o r  t h e  l i b r a r y  i s  t h e  number of n e u t r o n s  produced p e r  f i s s i o n ,  

which i s  r e a d  from F i l e  1 d a t a .  

I n  t h e  r e s o l v e d  resonance range GAM-I1 r e q u i r e s  f o r  each resonance ,  parameters  

Eo s rn ,  r r f ,  and g. F a c t o r s  r ,  used t o  de te rmine  t h e  mesh s p a c i n g  f o r  t h e  
Y '  

numer ica l  i n t e g r a t i o n  y i e l d i n g  t h e  c o l l i s i o n  d e n s i t y ,  and S used t o  determine 

t h e  upper  l i m i t  f o r  t h e  i n t e g r a t i o n  y i e l d i n g  t h e  a b s o r p t i o n  resonance i n t e g r a l ,  

a r e  a l s o  n e c e s s a r y ,  a s  i s  t h e  p o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n ,  a . ETOG 
PO 

s e t s  r e q u a l  t o  0 . 0 ,  S e q u a l  t o  5 .0 ,  and a e q u a l  t o  4 n ~ ~ ,  where R i s  t h e  
PO 

r e s o l v e d  range s c a t t e r i n g  l e n g t h  given i n  ENDF/B F i l e  2 .  I n  t h e  unreso lved  
0 r a n g e ,  pa ramete rs  <D>, <r >, <r > ,  < r  > and g a r e  r e q u i r e d  t o g e t h e r  w i t h  a 
n  Y f  

t a b l e  of e n e r g i e s  a t  which t h e  unreso lved  resonance f u n c t i o n  J (See Reference 

2) s h o u l d  be  c a l c u l a t e d .  The f i r s t  e n t r y  i n  t h e  l a t t e r  t a b l e  i s  t h e  cu t -o f f  

energy ,  E and t h e  fo l lowing  e n t r i e s  c o i n c i d e  w i t h  t h e  f i n e  group boundar ies .  
R ' 

The las t  e n t r y  i n  t h e  t a b l e  i s  t h e  upper  bound of  t h e  s p e c i f i e d  unreso lved  

resonance  range.  Again, as i n  GAM-I, t h e  p a r t i c u l a r  s e t  of ( f i v e )  unresolved 

resonance  paramete rs  punched depends upon i n p u t  q u a n t i t y ,  XAJIN. I f  t h e  v a l u e  

of W I N  does n o t  correspond t o  a  v a l u e  o f  J i n  ENDFIB F i l e  2 ,  a l l  unreso lved  

resonance  parameters  a r e  conver ted  t o  e q u i v a l e n t  smooth d a t a .  

GAiYI-I1 u t i l i z e s  t h e  asymmetric Breit-Wigner formula;  t h e r e f o r e  t h e  c o n t r i b u t i o n s  

o f  t h e  r e s o l v e d  resonances  t o  any group below t h e  lower  bound of  t h e  resonance 

r e g i o n  must be  s u b t r a c t e d  from t h e  smooth c a p t u r e  and f i s s i o n  c r o s s  s e c t i o n s  o f  

ENDFIB F i l e  3 .  Thermal and n e g a t i v e  energy resonances  a r e  t r e a t e d  as they a r e  

i n  MUFT and GAM-I,  t h a t  i s ,  by add ing  t h e i r  c o n t r i b u t i o n s ,  p r o p e r l y  weighted and 

averaged,  t o  t h e  smooth c o n t r i b u t i o n  i n  each group. 

2 . 3 . 3  ANISN Requirements 

A s  r e q u i r e d  by ANISN, t h e  ETOG-1 program p r e p a r e s  group-averaged t o t a l ,  absorp- 

t i o n ,  and f i s s i o n  ( t imes  v )  c r o s s  s e c t i o n s ,  i n  a d d i t i o n  t o  a  composite (cross 



a  and a  a r e  t r a n s m i t t e d  s e c t i o n  t r a n s f e r  m a t r i x .  Tab les  of On,, a n f y  ny n  CL 

a s  a c t i v i t y  c r o s s  s e c t i o n s .  

Cross  s e c t i o n s  must be  genera ted  from t h e  resonance paramete rs  i f  t h e y  e x i s t  

i n  F i l e  2 of ENDFIB, i. e . ,  i n p u t  o p t i o n  IRES = 3 must be  s e l e c t e d .  (See 

S e c t i o n  3 .3 .1)  A s  i n  ~ ~ ~ - 1 1 , t h e  c r o s s  s e c t i o n s  a r e  g e n e r a t e d  i n  t h e  s p e c i -  

f i e d  resonance  r e g i o n  by u s e  of t h e  asymmetric Breit-Wigner fo rmula ,  w i t h  t a i l  

c o n t r i b u t i o n s  i n  t h e  a p p r o p r i a t e  energy group. There fore ,  no c o r r e c t i o n s  a r e  

necessa ry .  Negat ive  and thermal  energy resonance  c o n t r i b u t i o n s  a r e  c a l c u l a t e d ,  

p r o p e r l y  weighted,  and averaged over  each group i n  t h e  resonance r e g i o n .  The 

group-averaged v a l u e s  o b t a i n e d  from t h e  resonance c a l c u l a t i o n  a r e  added t o  t h e  

a p p r o p r i a t e  group-averaged smooth v a l u e s  o b t a i n e d  from ENDFIB F i l e  3 .  The 

po in twise  (weighted) s c a t t e r i n g  c r o s s - s e c t i o n s  a r e  s t o r e d  on t a p e  f o r  l a t e r  u s e  

i n  g e n e r a t i n g  t h e  t r a n s f e r  m a t r i x .  

2 . 3 . 4  Po in twise  Resolved Resonance Cross S e c t i o n s  

I n  a number of c a s e s ,  p o i n t w i s e  c r o s s  s e c t i o n s  must be  c a l c u l a t e d  i n  t h e  

r e s o l v e d  r a n g e ,  e.g., when resonance  c r o s s  s e c t i o n s  a r e  t o  be  added t o  t h e  

smooth c o n t r i b u t i o n  f o r  t h e  g e n e r a t i o n  of a  MUFT l i b r a r y ,  and when GAM o r  ANISN 

t r a n s f e r  m a t r i c e s  a r e  t o  be genera ted  (See S e c t i o n  2 .4 ) .  I n  t h e s e  c a s e s ,  de- 

t a i l e d  d e s c r i p t i o n s  of t h e  energy v a r i a t i o n  of t h e  c r o s s  s e c t i o n s  a r e  n e c e s s a r y  

i n  o r d e r  t o  compute a c c u r a t e l y  group-averaged c r o s s  s e c t i o n s ,  o r  components of 

t h e  t r a n s f e r  m a t r i c e s .  For t h i s  r e a s o n  t h e  c r o s s  s e c t i o n s  a r e  c a l c u l a t e d  on a 

v a r i a b l e  f i n e  mesh which depends upon t h e  resonance s t r u c t u r e  w i t h i n  each group 

and employs a  maximum of 1000 p o i n t s  p e r  group. 

P r e s e n t l y  t h e  f i n e  mesh i s  c o n s t r u c t e d  by c o n s i d e r i n g  a l l  r e sonances  w i t h i n  t h e  

group and p l a c i n g  a  l a r g e  number of p o i n t s  around each peak i n  o r d e r  t o  d e s c r i b e  

a d e q u a t e l y  t h e  r a p i d l y  changing c r o s s  s e c t i o n .  For each group,  a  s p e c i a l  a t t empt  

i s  made t o  d e s c r i b e  t h e  c r o s s - s e c t i o n  o v e r  a  s u f f i c i e n t l y  f i n e  mesh from E t h e  
A-1 2 b  ' 

lowest  energy of t h e  group t o  E ( - ); t h e n  f u l l  advantage may b e  t a k e n  of b A+1 
t echn iques  developed t o  c a l c u l a t e  t h e  e lements  of t h e  t r a n s f e r  m a t r i x  a t  ener-  

g i e s  a t  which t h e  a n g u l a r  d i s t r i b u t i o n  of e l a s t i c  s c a t t e r i n g  i s  i s o t r o p i c  i n  t h e  

c e n t e r  of mass system. Where n e c e s s a r y  t h e  c r o s s  s e c t i o n s ,  p r o p e r l y  weighted,  



a r e  averaged over  t h e  group, and t h e  (weighted) s c a t t e r i n g  c r o s s  s e c t i o n  i s  

w r i t t e n  on t a p e  f o r  l a t e r  u s e  i n  g e n e r a t i n g  t h e  e l a s t i c  t r a n s f e r  m a t r i x .  

2.4 TRANSFER MATRICES 

The l i b r a r i e s  handled by ETOG-1 r e q u i r e  a  number of t r a n s f e r  m a t r i c e s .  For 

MUFT, an  i n e l a s t i c  s c a t t e r i n g  p r o b a b i l i t y  m a t r i x  must be g e n e r a t e d ;  f o r  GAM, 

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

m a t r i c e s  must be  c r e a t e d ;  and f o r  ANISN o n l y  a  composite c r o s s  s e c t i o n  t r a n s f e r  

m a t r i x  i s  needed. 

2 . 4 . 1  I n e l a s t i c  S c a t t e r i n g  

2 .4 .1 .1  MUFT Treatment 

MUFT r e q u i r e s  a n  i n e l a s t i c  s c a t t e r i n g  p r o b a b i l i t y  m a t r i x  a s  MUFT 4  F i l e  5  

(MUFT 5,  F i l e  6 ) .  S ince  t h e  requirement  i s  f o r  a  p r o b a b i l i t y  ( r a t h e r  t h a n  a  

c r o s s  s e c t i o n ) m a t r i x ,  a l l  of  t h e  n e c e s s a r y  i n f o r m a t i o n  i s  con ta ined  i n  ENDFIB, 
F i l e  5. There  a r e  1 0  ENDFIB d e f i n e d  r e p r e s e n t a t i o n s  of secondary energy d i s t r i -  

b u t i o n s .  Although i t  was sugges ted  (Reference 7 ,  page 12.4)  t h a t  i n e l a s t i c  d a t a  

b e  g iven  a s  d i s c r e t e  l e v e l s  (LF = 3 )  p l u s  a  Maxwellian d i s t r i b u t i o n  (LF = 8  o r  9 ) ,  

ETOG-1 w i l l  hand le  LF = 3 ,  6 ,  7 ,  8 ,  9 ,  and 10 .  The o t h e r  d i s t r i b u t i o n s  (LF = 1, 

2 ,  3 ,  and 5)  a r e  ignored by t h e  c u r r e n t  v e r s i o n  of t h e  program. 

During e x e c u t i o n ,  MUFT forms t h e  i n e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  m a t r i x  a s  

t h e  p roduc t  of t h e  i n e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  and t h e  i n e l a s t i c  s c a t t e r -  
i+ j 

ing  p r o b a b i l i t y  m a t r i x .  The e lements ,  o  , of t h i s  c r o s s  s e c t i o n  m a t r i x  a r e  
i n  

used i n  t h e  MUFT c a l c u l a t i o n .  These (averaged v a l u e )  m a t r i x  e lements  should  be 

formed a s  

i+j - r oi+j (E) W(E) dE 
- i n  o  

i n  J W(E) dE 

J pi+' (E) oin(E) W(E) dE 
- - i n  



i+ j 
But oin i s  c a l c u l a t e d  i n  MUFT a s  

i 
and o  i s  c a l c u l a t e d  by ETOG-1 a s  

i n  

i+ j 
Hence P i s  c a l c u l a t e d  by ETOG-1 a s  

i n  

Thus t h e  product  i s  t h e  d e s i r e d  r e s u l t ;  namely, 

i+ j 
i ' ' in (E) W(E) dE J Pin (El oin (E) W(E) dE * $2 - - J; 

i n  
/ W(E) dE ' 'in (E)  W(E) dl2 

/ P (E) uin(E) W(E) dE 

S l i g h t l y  d i f f e r e n t  p rocedures  a r e  needed f o r  t h e  d i f f e r e n t  (LF) r e p r e s e n t a t i o n s  

i n  t h e  ENDFIB F i l e  5 d a t a .  

For LF = 3 ,  an  average  p r o b a b i l i t y  of i n e l a s t i c  s c a t t e r i n g  from t h e  s o u r c e  group 

i s  c a l c u l a t e d .  A l i n e a r  mapping i s  made t o  t a k e  P(E) t o  P ( E ' ) ,  and t h e n  t h e  

f r a c t i o n a l  amount i n  each s i n k  group i s  computed. 

Consider t h e  fo l lowing  f i g u r e :  





For LF = 7 o r  9 ,  a  v a l u e  of 8 averaged over  t h e  s o u r c e  group i s  used i n  t h e  

f u n c t i o n a l  c a l c u l a t i o n .  The r e s t  of t h e  c a l c u l a t i o n  i s  t h e  same a s  f o r  LF = 

6 ,  8 ,  o r  10 .  Thus, 

i+ j and t h e  c o n t r i b u t i o n  t o  t h e  p r o b a b i l i t y  m a t r i x  e lement ,  Pin , i s  t h e n  ca lcu-  

l a t e d  a s :  

A l l  LF s u b s e c t i o n s  d e s c r i b i n g  t h e  secondary energy d i s t r i b u t i o n  of i n e l a s t i c a l l y  

s c a t t e r e d  n e u t r o n s  form t h e  p r o b a b i l i t y  m a t r i x .  Thus, each element of t h e  

m a t r i x  i s  t h e  sum of c o n t r i b u t i o n s  from one o r  more LF s u b s e c t i o n s .  It i s  a  

MUFT requirement  t h a t  t h e  f i n a l  i n e l a s t i c  p r o b a b i l i t y  m a t r i x  be e x a c t l y  norma- 

l i z e d  t o  u n i t y .  Hence a f t e r  t h e  m a t r i x  i s  completed,  i t  i s  renormal ized t o  

s a t i s f y  t h i s  requirement .  I n  p r i n c i p l e ,  t h i s  r e n o r m a l i z a t i o n  is  no t  n e c e s s a r y  

s i n c e  t h e  ENDFIB d i s t r i b u t i o n s  a r e  normalized t o  u n i t y .  However due t o  ca lcu-  

l a t i o n a l  round-off e r r o r s ,  and t r e a t m e n t  of ingroup s c a t t e r i n g  and o u t  of m a t r i x  

s c a t t e r i n g ,  t h e  r e n o r m a l i z a t i o n  i s  e s s e n t i a l .  

2 . 4 . 1 . 2  GAM and ANISN Requirements 

The t r e a t m e n t  i s  t h e  same a s  t h a t  d e s c r i b e d  i n  t h e  p reced ing  s e c t i o n ,  w i t h  t h e  

a d d i t i o n a l  f e a t u r e  t h a t  t h e  product  

i s  formed by ETOG-1. I n  t h e  g e n e r a t i o n  of ANISN d a t a ,  t h e  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 s  a r e  added t o  t h e  i s o t r o p i c  (P ) 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 s .  
0 



2.4.2 E l a s t i c  S c a t t e r i n g  

The c a l c u l a t i o n  of t h e  e l a s t i c  s c a t t e r i n g  m a t r i x  i s  based l o o s e l y  on program 

TMNSFER'~]  , which h a s  been r e - w r i t t e n  e x t e n s i v e l y .  

The d i f f e r e n t i a l  c r o s s  s e c t i o n  f o r  s c a t t e r i n g  e v e n t s  i n  dE and dR which r e s u l t  

i n  n e u t r o n s  i n  dE' and dR',  p e r  u n i t  s o l i d  a n g l e ,  i s  expressed  i n  terms of a  

Legendre polynomial expans ion ,  

where p = 1 . Q' i s  t h e  c o s i n e  of t h e  a n g l e  of s c a t t e r  i n  t h e  l a b  system. - 

I f  t h e  e q u a t i o n  i s  m u l t i p l i e d  by P (u) and i n t e g r a t e d  over  p ,  t h e  r e s u l t i n g  k 
e x p r e s s i o n  f o r  t h e  energy t r a n s f e r  c o e f f i c i e n t s  ( E ' E )  i s :  

II '1 

I f  now t h e  energy c o n d i t i o n  f o r  e l a s t i c  s c a t t e r i n g  i s  in t roduced  i n t o  t h e  

c r o s s  s e c t i o n  a s  a  d e l t a  f u n c t i o n ,  and t h e  c r o s s  s e c t i o n  i s  e x p r e s s e d ,  a s  

g e n e r a l l y  r e p o r t e d ,  i n  terms of a  Legendre expansion i n  t h e  c e n t e r  of mass 

system, t h e n  

bll - 
where 

1 / 2  
(n2-1+u2) p-l+p 2  

II = , t h e  c o s i n e  of t h e  a n g l e  of s c a t t e r  i n  
A 

t h e  c e n t e r  of mass system. 



A-1 
a = and 

f k ( ~ )  = t h e  Legendre expansion c o e f f i c i e n t s  of t h e  a n g u l a r  d i s t r i b u t i o n  

of s c a t t e r i n g  i n  t h e  c e n t e r  o f  t h e  mass system.  

S u b s t i t u t i o n  of Equat ion ,2.31: i n t o  (2.34, fo l lowed by i n t e g r a t i o n ,  l e a d s  t o  [ 9 1 

The e lements  of t h e  t r a n s f e r  m a t r i x ,  of o r d e r  R ,  f o r  s c a t t e r  from group 

i t o  j a r e  d e f i n e d  a s  

where y , d  a r e  t h e  l i m i t s  of group i and 

X , B  a r e  t h e  l i m i t s  of group j .  

The c r o s s  s e c t i o n  i s  r e t r i e v e d  from t a p e ,  and a f t e r  t r a n s f o r m a t i o n  t o  l e t h a r -  

gy t h e  i n t e g r a t i o n  i s  performed numer ica l ly  by u s e  of Simpson's  r u l e .  The 

l i m i t s  of t h e  i n t e g r a l s  i n  Equat ion ( 2 . 3 3 ) ,  depend on t h e  r e l a t i v e  p o s i t i o n  

of t h e  group l i m i t s  and t h e  a tomic mass of t h e  s c a t t e r e r .  S ince  s c a t t e r i n g  

t o  energy E' can occur  from e n e r g i e s  E = E ' / a  t o  E = E' o n l y ,  t h e  l i m i t s  of 

i n t e g r a t i o n  may be  determined by i n s p e c t i o n  of F i g u r e  2  i n  which t h e  l i n e  

E' = ~ / a  i s  drawn i n  t h e  s i x  p o s s i b l e  ways i t  can c r o s s  t h e  r e c t a n g l e .  



Figure  2 

For out-of-group s c a t t e r i n g  ( j  = i) t h e  l i m i t s  i n  t h e  s i x  p o s s i b l e  c a s e s  a r e  

l i s t e d  i n  t h e  fo l lowing  t a b l e .  



TABLE 1 
For  & # -  j ,  

(1) aEi > E  
j 

aE >, E 
i j-1 1 

I n t e g r a l  is  z e r o  

i I n t e g r a l  i s  t h e  sum of  two 

( double  i n t e g r a l s  

i I n t e g r a l  i s  t h e  sum of two 

\ double  i n t e g r a l s  



TABLE 1 (con t inued)  

There a r e  two p o s s i b l e  c a s e s  f o r  in-group ( j  = i) s c a t t e r i n g  i n  which t h e  

l i m i t s  o f  t h e  i n t e g r a t i o n  a r e  l i s t e d  i n  Tab le  2 below. 

TABLE 2 
For i = j 

(7)  aEj-l < Ej 

I n t e g r a l  i s  t h e  sum of two 

double  i n t e g r a l s  



An i n v e s t i g a t i o n  o f  t h e  r a t e  of convergence of t h e  i n t e g r a l s  as a f u n c t i o n  

of t h e  number o f  i n t e r v a l s  i n  t h e  i n t e g r a t i o n  i n d i c a t e d  t h a t  60 i n t e r v a l s  

i n  b o t h  t h e  i n n e r  and o u t e r  i n t e g r a t i o n s  were  adequa te .  It must b e  n o t e d ,  

however, t h a t  t h e  scheme i s  n o t  q u i t e  adequa te  f o r  t h e  c a l c u l a t i o n  of m a t r i x  

e lements  of o r d e r  g r e a t e r  t h a n  1 a t  low e n e r g i e s  a t  which t h e  s c a t t e r i n g  i s  

i s o t r o p i c  i n  t h e  c e n t e r  of m a s s  system; t h e s e  e lements  a r e  small, g e n e r a l l y  
-3 

less t h a n  10 , and a r e  t h e  r e s u l t s  o f s u b t r a c t i o n s o f  terms of t h e  same o r d e r  

o f  magnitude.  For t h i s  r eason ,  when s c a t t e r i n g  t o  on ly  one group below t h e  

s o u r c e  group o c c u r s ,  a t echn ique  sugges ted  by R. Grimesey i s  adopted.  

For e n e r g i e s  a t  which t h e  s c a t t e r i n g  i s  i s o t r o p i c  i n  t h e  c e n t e r  of mass system 

t h e  i n t e g r a l s  i n  Equat ion (2 .33) ,  when summed o v e r  a l l  s i n k  groups ,  may be  

e v a l u a t e d  a n a l y t i c a l l y  [ l o  , t h a t  i s ,  

- 
= 0 t h e  average  s c a t t e r i n g  c r o s s  s e c t i o n  i n  group i. 

i ' 

The phi losophy of t h e  c a l c u l a t i o n  f o r  t h i s  s p e c i a l  c a s e  i s  t o  d i v i d e  t h e  

i n t e g r a t i o n  o v e r  t h e  s o u r c e  group i n t o  2 p a r t s ,  one ex tend ing  from E t o  
i-1 

E.Ia and t h e  o t h e r  from E.Iu t o  E.. The l a t t e r  bounds correspond t o  t h e  
1 1 1 

g e n e r a l l y  s m a l l  r ange  which c o n t r i b u t e s  t o  out-of-group s c a t t e r i n g .  Then 

t h e  out-of-group term is  c a l c u l a t e d  q u i t e  a c c u r a t e l y  as d e s c r i b e d  above,  and 

t h e  in-group term is  computed by use  of r e l a t i o n s h i p s  (2 .34) .  

2 .4 .3  (n,2n) Reac t ion  

For t h e  GAM and A N I S N  l i b r a r i e s ,  t h e  t r e a t m e n t  of t h e  (n ,2n)  r e a c t i o n  i s  t h e  
i+ j 

same as t h a t  o f  i n e l a s t i c  s c a t t e r i n g ,  t h a t  is ,  P i s  computed and t h e  p roduc t  
n ,2n 



is  formed. I n  t h e  g e n e r a t i o n  of ANISN d a t a ,  t h e  (n,2n) t r a n s f e r  c r o s s  s e c t i o n  

e lements  a r e  added t o  t h e  corresponding i s o t r o p i c  t r a n s f e r  c r o s s  s e c t i o n s .  

2.5 SOURCE SPECTRUM 

A s o u r c e  spectrum i s  r e q u i r e d  as p a r t  o f  a  MUFT l i b r a r y  and i s  p r e s e n t  as 

MUFT 4 F i l e  6  o r  as MUFT 5 F i l e  7 .  The s o u r c e  i s  u s u a l l y  t aken  t o  b e  t h e  

secondary energy d i s t r i b u t i o n  of f i s s i o n  n e u t r o n s .  Hence i t  i s  o b t a i n e d  from 

ENDFIB F i l e  5 ,  MT = 18.  The c u r r e n t  v e r s i o n ,  ETOG-1, w i l l  on ly  p r o c e s s  a n  

energy d i s t r i b u t i o n  r e p r e s e n t e d  s imply by o r  a s  a  combination of a s imple  
) I 

f i s s i o n  spectrum (LF = 6 ) ,  a  Maxwellian d i s t r i b u t i o n  (LF = 8), o r  a Watt 

spectrum (LF = 1 0 ) .  The o t h e r  d e f i n e d  d i s t r i b u t i o n s ,  LF = 1, 2 ,  3 ,  4 ,  5 ,  7 

and 9 a r e  n o t  accep ted  and an  e r r o r  message i s  p r i n t e d  by t h e  program. 

Using t h e  r e p r e s e n t a t i o n  s p e c i f i e d  i n  t h e  ENDFIB l i b r a r y ,  ETOG-1 c a l c u l a t e s  

t h e  s o u r c e  a t  each p o i n t  of a  mesh cover ing  a n  energy range  from 20 Mev t o  

t h e  lowest  energy i n  t h e  mul t ig roup  s t r u c t u r e .  The mesh s p a c i n g  i s  1/64 

l e t h a r g y  u n i t  from t h e  lowes t  l e t h a r g y  t o  10.0  and 1 /32  l e t h a r g y  u n i t  above 

10.0 .  Thus t h e  curve  i s  r e p r e s e n t e d  by n e a r l y  1000 p o i n t s .  The i n t e g r a l  of 

t h i s  curve  o v e r  each group is  t h e n  computed and t h e  r e s u l t s  normal ized t o  a 

u n i t  s o u r c e .  For t h e  s o u r c e  c a l c u l a t i o n ,  t h e  t o p  energy o f  t h e  f i r s t  group 

i s  taken  a s  20 Mev, hence t h e  "upper t a i l "  of t h e  spectrum i s  i n c l u d e d  i n  

group 1. F i n a l l y  t h e  s o u r c e  i n  each group i s  d i v i d e d  by t h e  l e t h a r g y  wid th  

of t h e  group s i n c e  MUFT r e q u i r e s  t h e  s o u r c e  t o  b e  i n  n e u t r o n s  p e r  l e t h a r g y  

u n i t .  (For  group 1 t h e  c o r r e c t  l e t h a r g y  wid th  i s  used,  n o t  t h e  width  t o  

20 Mev. ) 



CHAPTER 3 

EXECUTION INFORMATION AND PROCEDURES 

This s e c t i o n  is  w r i t t e n  s o  as t o  be  reasonably se l f -conta ined  i n  o rde r  t o  

provide s u f f i c i e n t  information t o  run  problems wi th  t h e  program. The i n t e n t  

i s  t h a t  t h i s  s e c t i o n  w i l l  provide t h e  program use r  wi th  a code running pre- 

s c r i p t i o n .  The o t h e r  s e c t i o n s  of t h e  r e p o r t  should be  consul ted where f u r t h e r  

d e t a i l s  a r e  requi red .  

3 .1 SUMMARY DESCRIPTION 

ETOG-1 i s  a  program which processes  information from t h e  ENDFIB f i l e  and pro- 

duces d a t a  decks requi red  f o r  t he  genera t ion  of l i b r a r i e s  f o r  t h e  MUFT-4, 

MUFT-5, GAM-I, GAM-I1  and ANISN codes. The output  of ETOG-1 c o n s i s t s  of p r i n t e d  

t abu la t ions  of t h e  da t a  i n  a d d i t i o n  t o  cards  punched i n  t he  proper  format.  

3.2 LIMITATIONS 

Due t o  t h e  f i n i t e  s t o r a g e  capac i ty  of t he  computer, c e r t a i n  l i m i t a t i o n s  a r e  

necessary.  It i s  f e l t  t h a t  t hese  r e s t r i c t i o n s  a r e  not  p re sen t ly  confining.  

The program is cons t ruc ted  such t h a t  these  l i m i t a t i o n s  can be e a s i l y  re laxed  

t o  accomodate f u t u r e  needs. 

3.2.1 R e s t r i c t i o n s  Placed on Multigroups by ETOG-1 

1 )  Maximum number of multigroups - 99 

2) Maximum number of reso lved  resonances - 250 

3) Maximum number of s e t s  of Legendre c o e f f i c i e n t s  pe r  group - 100 

4 )  Maximum number of p o i n t s  allowed i n  the  inne r  and ou te r  i n t e g r a l s  of t h e  

equat ion  used t o  c a l c u l a t e  t h e  elements of t he  t r a n s f e r  mat r ix ,  a 
R - 100 
j ,i 

(The code p re sen t ly  uses  60 i n t e r v a l s  i n  both t h e  inne r  and o u t e r  i n t e g r a l s . )  

The fol lowing is a MUFT r e s t r i c t i o n  and not  an ETOG-1 l i m i t a t i o n :  

5) Maximum number of resonances pe r  group - 8 

3.2.2 R e s t r i c t i o n s  Placed on ENDF/B Data by ETOG-1 



3.2.2.1 F i l e  1 - General Information 

1 )  v r e p r e s e n t a t i o n  by a polynomial: 

Maximum number of c o e f f i c i e n t s  - 10.  

2) v r e p r e s e n t a t i o n  by a  t a b u l a t i o n :  

Maximum number of  t abu la t ed  p o i n t s  - 4000 

Maximum number of i n t e r p o l a t i o n  ranges - 100 

3.2.2.2 F i l e  2  - Resonance Parameters 

1 )  Maximum number of i so topes  - 6 

2) Maximum number of R states - 3 

3) Maximum number of J s t a t e s  p e r  L state - 4 

4) Maximum number of p o i n t s  i n  t h e  f i s s i o n  width t a b u l a t i o n  - 1000 / t o t a l  

number of s t a t e s .  

3.2.2.3 F i l e  3  - Smooth Cross Sec t ions  

1 )  Maximum number of p o i n t s  i n  a l l  F i l e  3 t a b u l a t i o n s  - 4000 

2) Maximum number of i n t e r p o l a t i o n  ranges i n  a l l  F i l e  3  t a b u l a t i o n s  - 100 

3.2.2.4 F i l e  4  - Secondary Angular D i s t r i b u t i o n s  

1 )  Maximum number of Legendre c o e f f i c i e n t s  p e r  energy va lue  - 24 

2 )  Maximum number of p o i n t s  i n  t h e  t ransformat ion  ma t r ix  - 1000 

3) Maximum number of  p o i n t s  i n  angular  d i s t r i b u t i o n  t a b u l a t i o n  - 4000 

4) Maximum number of i n t e r p o l a t i o n  ranges f o r  angular  d i s t r i b u t i o n  tabula-  

t i o n  - 100 

3.2.2.5 F i l e  5  - Secondary Energy D i s t r i b u t i o n  

1 )  Maximum number of p o i n t s  i n  t h e  P(E) t a b u l a t i o n  - 1000 f o r  LF = 1, 4 ,  5; 

2000 f o r  LF = 7, 9 ;  3000 f o r  LF = 2,  3 ,  6 ,  8 ,  10 

2) Maximum number of  i n t e r p o l a t i o n  ranges f o r  P(E) - 10 f o r  LF = 1, 4,  5; 

20 f o r L F  = 7, 9 ;  30 f o r  LF = 2, 3 ,  6 ,  8 ,  10  



3) Maximum number o f  p o i n t s  i n  g(E1+-E) t a b u l a t i o n  - 2000 

4)  Maximum number o f  i n t e r p o l a t i o n  ranges  f o r  E  i n  o b t a i n i n g  g(E1+E) - 1 0  

5) Maximum number of i n t e r p o l a t i o n  ranges  f o r  El i n  o b t a i n i n g  g(E1+E) - 1 0  

6 )  Maximum number o f  p o i n t s  i n  g ( x )  t a b u l a t i o n  - 2000 f o r  LF = 4 ;  

1000 f o r  LF = 5  

7) Maximum number o f  i n t e r p o l a t i o n  ranges  f o r  g ( x )  - 20 f o r  LF = 4; 

10 f o r  LF = 5 

8) Maximum number of p o i n t s  i n  B(E) t a b u l a t i o n  - 1000 

9)  Maximum number of i n t e r p o l a t i o n  ranges  f o r  B(E) - 1 0  

3 .2 .3  I n p u t  Opt ion R e s t r i c t i o n s  

1 )  Maximum number of p o i n t s  i n  i n p u t  w e i g h t i n g  f u n c t i o n  t a b u l a t i o n  - 4000 

2) Maximum number of i n t e r p o l a t i o n  ranges  f o r  t h e  i n p u t  w e i g h t i n g  f u n c t i o n  

t a b u l a t i o n  - 100 

3 .3  INPUT FORMAT 

For reasons  of c l a r i t y ,  t h e  d i s c u s s i o n  of t h e  i n p u t  format  f o r  GAM and ANISN 

i s  s e p a r a t e d  from t h a t  f o r  MUFT. D u p l i c a t e  d e s c r i p t i o n s  appear  where n e c e s s a r y .  

I n  t h e  f o l l o w i n g  i n p u t  l i s t s  t h e  v a r i o u s  i t ems  are d e s c r i b e d  and t h e  columns 

t o  b e  used f o r  each i t e m  a r e  d e s i g n a t e d .  S tandard  FORTRAN i n p u t  i s  used.  

For added convenience,  the a c t u a l  program formats  and symbols are a l s o  l i s t e d .  

The v a r i o u s  o p t i o n s ' a r e  more f u l l y  d e s c r i b e d  i n  t h e  s e c t i o n  f o l l o w i n g  t h e  

i n p u t  d e s c r i p t i o n .  

3 .3 .1  I n p u t  D e s c r i p t i o n  f o r  GAM-I, GAM-11, and ANISN 

Card No. 1 (515, 5X, 4E10.0) 

I t em Columns Name D e s c r i p t i o n  

1 1-5 INALL 0  = only  c a r d  1 i s  r e a d  

1 = a l l  i n p u t  c a r d s  a r e  r e a d  

2 6-10 MATNO ENDF/B t a p e  m a t e r i a l  number 

3 11-15 MATID Mult igroup m a t e r i a l  i d e n t i f i c a t i o n  number 



I t em Columns N a m e  D e s c r i p t i o n  

4  16-20 IREW 0  = ENDFIB t a p e  i s  n o t  rewound by t h e  program 

1 = ENDFIB t a p e  i s  rewound by t h e  program 

5  21-25 NAGDS 0  = ANISN t r a n s f e r  c r o s s  s e c t i o n s  f o r  a l l  p o s s i b l e  

s i n k  groups a r e  punched f o r  each s o u r c e  group 

Z O  = ANISN t r a n s f e r  c r o s s  s e c t i o n s  f o r  NAGDS s i n k  

groups a r e  punched f o r  each s o u r c e  group;  i . e . ,  

downsca t t e r  i s  t r u n c a t e d  a f t e r  NAGDS groups 

below t h e  g iven  group 

6  31-40 XAJIN The J ( s p i n )  v a l u e  f o r  which unreso lved  resonance  

paramete r  c a r d s  a r e  d e s i r e d  ( i f  p o s s i b l e )  

7  41-50 EPSMIN Minimum v a l u e  of e p s i l o n  f o r  combining two TAB1 f u n c t i o n s  

8 51-60 EPSMAX Maximum v a l u e  of e p s i l o n  f o r  combining two TAB1 f u n c t i o n s  

9  61-70 SIGP P o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n  ( p e r  a b s o r b e r  a tom),  

of non-resonance i s o t o p e s  f o r  u s e  i n  unreso lved  reson-  

ance t r e a t m e n t ,  i . e . ,  
C 2  

SIGP = ( - 4nR ) 

where C i s  t h e  macroscopic  p o t e n t i a l  s c a t t e r i n g  c r o s s  
P  

s e c t i o n  of t h e  mixture ,and N is  t h e  number d e n s i t y  and 

4 1 - r ~ ~  i s  t h e  p o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n  o f  t h e  

resonance i s o t o p e .  

Card No. 2 (915, 20X, 15)  

I t e m  Columns Name Description 

1 1-5 IDTAP ENDFIB t a p e  i d e n t i f i c a t i o n  number 

2 6-10 MODE 1 = ENDFIB t a p e  i s  b i n a r y  mode ( s t a n d a r d  arrangement)  

3  = ENDFIB t a p e  i s  BCD mode ( s t a n d a r d  arrangement)  

3  11-15 MCODE 1 = mul t ig roup  code is GAM-I 

2  = mul t ig roup  code i s  GAM-I1  

4  16-20 MAXG Number of mul t ig roups  

5  21-25 IEU 1 = s t a n d a r d  GAM-I group s t r u c t u r e  

2  = s t a n d a r d  GAM-I1  group s t r u c t u r e  

6 = i n p u t  energy group s t r u c t u r e  

7 = i n p u t  l e t h a r g y  group s t r u c t u r e  

6  26-30 I W  1 = w e i g h t i n g  f u n c t i o n  i s  1/E 



I t em Columns Name D e s c r i p t i o n  

2  = w e i g h t i n g  f u n c t i o n  is  c o n s t a n t  

3  = w e i g h t i n g  f u n c t i o n  i s  i n p u t  

4  = weigh t ing  f u n c t i o n  i s  l / E , j o i n e d  t o  a f i s s i o n  

spectrum 

7  31-35 ISPEC 0  = no spectrum c a l c u l a t i o n  

1 = spectrum c a l c u l a t i o n  

8 36-40 IRES 0  = c o n s t r u c t  resonance paramete r  c a r d s  i f  p o s s i b l e  

3  = c a l c u l a t e  e q u i v a l e n t  smooth d a t a  f o r  a l l  

resonance paramete rs .  

9 41-45 IPUN 0  = no punched o u t p u t  

1 = punched o u t p u t  

2  = punched o u t p u t  i n  ANISN format 

10 66-70 NDFB L o g i c a l  u n i t  on which t h e  ENDFIB l i b r a r y  t a p e  i s  

mounted ( i f  = 0 ,  NDFB i s  s e t  = 1 1 )  

Card No. 3  ( o p t i o n a l )  

This  i s  a c t u a l l y  a c a r d  s e t  and i s  necessa ry  on ly  i f  I W  = 3. The s e t  con- 

sists of t h e  d e s i r e d  w e i g h t i n g  f u n c t i o n  as t a b u l a t e d  p o i n t s  p l u s  t h e  t a b l e s  

d e f i n i n g  t h e  i n t e r p o l a t i o n  schemes t o  be  used w i t h  t h o s e  p o i n t s .  The 

w e i g h t i n g  f u n c t i o n  must b e  g iven  i n  o r d e r  of i n c r e a s i n g  energy.  The format  

of t h e  c a r d  s e t  i s  a s t a n d a r d  ENDFIB TAB1 r e c o r d .  

Card 3 . 1  (44X, 2111) 

I t e m  Columns Name D e s c r i p t i o n  

1 45-55 N 1  Number of i n t e r p o l a t i o n  ranges  

2 56-66 N2 Number of w e i g h t i n g  f u n c t i o n  p o i n t s  

Card 3 .2  - ... (6111) 

I t em Columns Name D e s c r i p t i o n  

1 1-11 NBT(1) L a s t  p o i n t  number i n  1st i n t e r p o l a t i o n  range  

2  12-22 JNT(1) I n t e r p o l a t i o n  scheme f o r  1st range 

3  23-33 NBT(2) L a s t  p o i n t  number i n  2nd i n t e r p o l a t i o n  range  



I t em Columns Name D e s c r i p t i o n  

4  34-44 JNT(2) I n t e r p o l a t i o n  scheme f o r  2nd range  

2*N1-1 NBT(N1) L a s t  p o i n t  number i n  N l t h  i n t e r p o l a t i o n  range  

2  * N 1  JNT(N1) I n t e r p o l a t i o n  scheme f o r  t h e  N l t h  range  

Card 3 . 3  - ... (6E11.4) 

I t em Columns Name D e s c r i p t i o n  

1 1-11 x ( 1 )  F i r s t  energy p o i n t  (2 lowes t  energy i n  group s t r u c t u r e )  

2 12-22 Y(1) Weight a t  t h i s  energy 

2*N2-1 X(N2) L a s t  energy p o i n t  (2 h i g h e s t  energy i n  group s t r u c t u r e )  

2JcN2 Y (N2) Weight a t  t h i s  energy 

Card No. 4 ( o p t i o n a l )  

Th is  i s  a c t u a l l y  a  c a r d  set and is necessa ry  o n l y  i f  IEU = 6  o r  7. The s e t  

d e f i n e s  t h e  d e s i r e d  group s t r u c t u r e .  I f  IEU = 6 ,  t h e  s e t  c o n t a i n s  t h e  mul t i -  

group energy b r e a k p o i n t s  g iven i n  o r d e r  of i n c r e a s i n g  energy.  I f  IEU = 7 ,  

t h e  s e t  c o n t a i n s  t h e  mul t ig roup  l e t h a r g y  b r e a k p o i n t s  g iven  i n  o r d e r  of 

d e c r e a s i n g  l e t h a r g y .  

Card 4 . 1  - ... (6E11.4) 

I t e m  Columns Name D e s c r i p t i o n  

1 1-11 XX (1) Energy o r  l e t h a r g y  o f  b r e a k p o i n t  number 1 

2  12-22 XX(2) Energy o r  l e t h a r g y  of b r e a k p o i n t  number 2 

MAXG XX(MAXG) Energy o r  l e t h a r g y  of b r e a k p o i n t  number MAXG 

MAXGi-1 XX(MAXGt1) Energy o r  l e t h a r g y  of b r e a k p o i n t  number MAX-1 

NOTE: I f  I E U  = 6 ,  XX i s  denoted as EGRP; i f  IEU = 7 ,  XX is denoted as UGRP. 



3 .3 .2  A v a i l a b l e  Opt ions  f o r  GAM and ANISN 

3 .3 .2 .1  I n p u t  (INALL) 

This  o p t i o n  i s  des igned  t o  f a c i l i t a t e  s t a c k e d  c a s e s  where s e v e r a l  m a t e r i a l s  

a r e  t o  b e  p rocessed  i n  t h e  same way. Complete i n p u t  is n e c e s s a r y  on ly  f o r  

t h e  f i r s t  c a s e  (INALL = 1 )  and subsequen t  c a s e s  need on ly  t h e  f i r s t  c a r d  

(INALL = 0 )  . 

3.3 .2 .2  Tape Rewind (IREW) 

This  o p t i o n  p rov ides  runn ing  e f f i c i e n c y  by p e r m i t t i n g  a s i n g l e  p a s s  o v e r  t h e  

ENDFIB t a p e  d u r i n g  t h e  p r o c e s s i n g  o f  a s t a c k  of c a s e s .  The f i r s t  c a s e  

shou ld  r e q u e s t  a t a p e  rewind (IREW = 1 )  b u t  subsequent  c a s e s  s h o u l d  n o t  (IREW = 0 ) .  

3 .3 .2 .3  Unresolved Resonance Parameter  (XAJIN) 

This  o p t i o n  a l l o w s  a p a r t i c u l a r  s e t  of unreso lved  resonance paramete rs  t o  b e  

o u t p u t  e x p l i c i t l y .  A l l  o t h e r  s e t s  o f  unreso lved  resonance  paramete rs  a r e  con- 

v e r t e d  t o  e q u i v a l e n t  smooth d a t a .  The J ( s p i n )  v a l u e  e n t e r e d  a s  i n p u t  must 

correspond t o  a J s ta te  e x i s t i n g  i n  t h e  ENDF/B f i l e .  I n  some c a s e s  a J s t a t e  

e q u a l  t o  0  e x i s t s ;  t h e r e f o r e  c a u t i o n  must b e  used i n  s e t t i n g  J = 0 .  

3 .3 .2 .4  Tape Mode (MODE) 

The ENDFIB t a p e  may b e  e i t h e r  i n  t h e  b i n a r y  (MODE = 1) o r  BCD (MODE = 3 )  mode. 

For compactness a n d ' r u n n i n g  e f f i c i e n c y  i t  i s  recommended t h a t  t h e  b i n a r y  mode 

b e  used where p o s s i b l e .  

3.3.2.5 Mult igroup S t r u c t u r e  (IEU) 

This  o p t i o n  a l lows  t h e  s t a n d a r d  68  group GAM-I o r  99 group GAM-I1 s t r u c t u r e  

t o  b e  i n t e r n a l l y  g e n e r a t e d .  D i f f e r e n t  s t r u c t u r e s  may be  e n t e r e d  as i n p u t  i n  

e i t h e r  energy o r  l e t h a r g y  u n i t s .  

3 .3 .2 .6  Weighting Func t ion  (IW) 

This  o p t i o n  p e r m i t s  t h e  w e i g h t i n g  f u n c t i o n s  t o  b e  1 /E ,  c o n s t a n t ,  p o i n t w i s e  



i n p u t  o r  a combinat ion of 1 /E j o i n e d  t o  a  U-235 f i s s i o n  spectrum.  Other  

b u i l t - i n  f u n c t i o n s  can b e  added e a s i l y  i n  t h e  f u t u r e .  

3 .3 .2 .7  Spectrum C a l c u l a t i o n  (ISPEC) 

ETOG-1 w i l l  do e i t h e r  a g e n e r a l  c r o s s  s e c t i o n  deck c a l c u l a t i o n  o r  a spectrum 

deck c a l c u l a t i o n .  Both cannot  b e  done s i m u l t a n e o u s l y .  Hence t h i s  o p t i o n  

s e l e c t s  which c a l c u l a t i o n  i s  t o  b e  done. I f  b o t h  a r e  d e s i r e d ,  two c a s e s  

must b e  r u n  (and t h e  t a p e  rewound b e f o r e  t h e  second c a s e ) .  

3 .3 .2 .8  Resolved Resonance Parameters  (IRES) 

This  o p t i o n  a l lows  r e s o l v e d  resonance  paramete rs  t o  b e  o u t p u t  e x p l i c i t l y  

f o r  t h e  GAM codes o r  p e r m i t s  e q u i v a l e n t  smooth d a t a  t o  b e  genera ted  from t h e  

resonance  parameters ."  I n  c e r t a i n  c a s e s  t h i s  o p t i o n  w i l l  b e  o v e r r i d d e n  

i n t e r n a l l y  (See S e c t i o n  2 .3 ) .  

3.3.2.9 Punched Cards (IPTJN) 

This  o p t i o n  a l lows  c a r d s  t o  be  punched i n  t h e  p r o p e r  format  i f  d e s i r e d .  

I f  c a r d s  i n  t h e  ANISN format  a r e  d e s i r e d  r a t h e r  t h a n  t h e  GAM-I1 f o r m a t ,  IPUN 

is  s e t  e q u a l  t o  2." 

3 .3 .3  I n p u t  D e s c r i p t i o n  f o r  MUFT-4 and MUFT-5 

Card No. 1 (415, 20X, 3E10.0) 

I t em Columns ~ a m e  D e s c r i p t i o n  

1 1-5 INALL 0 = only  c a r d  number 1 is  r e a d  

1 = a l l  i n p u t  c a r d s  a r e  r e a d  

2 6-10 MATNO ENDFIB t a p e  material number 

3  11-15 MATID Mult igroup m a t e r i a l  i d e n t i f i c a t i o n  number 

4  16-20 IREW 0 = ENDFIB t a p e  i s  n o t  rewound by ETOG-1 

1 = ENDFIB t a p e  i s  rewound by ETOG-1 

* I n  o r d e r  t o  o b t a i n  l i b r a r y  d a t a  f o r  ANISN, ETOG-1 shou ld  b e  r u n  t o  produce GAM-I1 
l i b r a r y  d a t a ;  however, t h e  IPTJN o p t i o n  shou ld  b e  s e t  t o  o u t p u t  ANISN d a t a  and t h e  
IRES o p t i o n  shou ld  b e  set t o  conver t  a l l  resonance  paramete rs  t o  e q u i v a l e n t  smooth 
c a p t u r e  and f i s s i o n  d a t a .  



I tem Columns Name D e s c r i p t i o n  

5  41-50 EPSMIN Minimum v a l u e  of e p s i l o n  f o r  combining two TAB1 f u n c t i o n s  

6  51-60 EPSMAX Maximum v a l u e  o f  e p s i l o n  f o r  combining two TAB1 f u n c t i o n s  

7 61-70 SIGP P o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n  ( p e r  a b o s r b e r  atom) 

o f  non-resonance i s o t o p e s  f o r  use  i n  unreso lved  reson- 

a n c e  t r e a t m e n t ,  i . e . ,  
v 

2  
SIGP = ( - 4nR ) 

where C i s  t h e  macroscopic p o t e n t i a l  c r o s s  s e c t i o n  
P  

of t h e  mix ture ,and  N i s  t h e  number d e n s i t y  and 4nR 
2 

is t h e  p o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n  of t h e  

resonance i s o t o p e .  

Card No. 2 (915, 20X, 15)  

I t em Columns Name D e s c r i p t i o n  

1- 5  IDTAP 

6-10 MODE 

11-15 MCODE 

16-20 MAXG 

21-25 IEU 

31-35 ISPEC 

36-40 IRES 

41-45 IPUN 

ENDFIB t a p e  i d e n t i f i c a t i o n  number 

1 = ENDFIB t a p e  is  b i n a r y  mode ( s t a n d a r d  arrangement)  

3  = ENDFIB t a p e  i s  BCD mode ( s t a n d a r d  arrangement)  

4  = mul t ig roup  code i s  MUFT 4  

5  = mult igroup code i s  MUFT 5 

Number of mul t ig roups  

4  = s t a n d a r d  MUFT 54 group s t r u c t u r e  

6  = i n p u t  energy group s t r u c t u r e  

7 = i n p u t  l e t h a r g y  group s t r u c t u r e  

1 = w e i g h t i n g  f u n c t i o n  i s  1/E 

2 = w e i g h t i n g  f u n c t i o n  is  c o n s t a n t  

3  = w e i g h t i n g  f u n c t i o n  is i n p u t  

4  = w e i g h t i n g  f u n c t i o n  i s  1/E j o i n e d  t o  a f i s s i o n  

spec t rum 

0  = no spectrum c a l c u l a t i o n  

1 = spectrum c a l c u l a t i o n  

1 = add e x t r a  resonances  t o  smooth c r o s s  s e c t i o n  

2 = use  e x t r a  resonances  t o  form a pseudo-resonance 

0  = no punched o u t p u t  

1 = punched o u t p u t  



I t em Columns Name D e s c r i p t i o n  

1 0  66-70 NDFB 

Card No. 3  (715) 

I t em Columns Name 

1 1-5 MINR 

2  6-10 MAXI 

3  11-15 ISGG 

5 21-25 INTO 

6  26-30 I EXT 

7 31-35 IXSR 

L o g i c a l  u n i t  on which t h e  ENDFIB l i b r a r y  t a p e  i s  

mounted ( i f  = 0 ,  NDFB i s  s e t  = 1 1 ) .  

D e s c r i p t i o n  

Lowest group number i n  resonance  r e g i o n  

Highest  group number i n  i n e l a s t i c  r e g i o n  

Greul ing-Goer tzel  pa ramete r  

1 = c a l c u l a t e d  from ENDFIB t a p e  

3 = t aken  e q u a l  t o  0.5* Au 

n-2n c r o s s  s e c t i o n  

1 = added t o  f i s s i o n  

2  = h a l f  added t o  f i s s i o n ;  h a l f  t o  i n e l a s t i c  

3  = added t o  i n e l a s t i c  

Ingroup i n e l a s t i c  s c a t t e r i n g  

1 = d i s t r i b u t e d  o v e r  a l l  i n e l a s t i c  groups 

2  = lumped i n t o  a d j a c e n t  ( lowes t )  group 

3  = added t o  smooth 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  o u t  o f  d e f i n e d  m a t r i x  

1 = d i s t r i b u t e d  o v e r  a l l  i n e l a s t i c  groups 

2  = lumped i n t o  a d j a c e n t  ( lowes t )  group 

3 = lumped i n t o  l a s t  ( h i g h e s t )  group 

Resonance s c a t t e r i n g  

0 = c a l c u l a t e d  from ENDFIB t a p e  and added t o  smooth 
2  

1 = t aken  a s  4 ~ r R  o v e r  ENDFIB d e f i n e d  resonance r e g i o n  

2  = t aken  t o  b e  e q u a l  t o  t h e  v a l u e  i n  t h e  f i r s t  group 

above t h e  resonance r e g i o n  

Card No. 4 

This  i s  a c t u a l l y  a c a r d  s e t  and i s  necessa ry  o n l y  i f  I W  = 3 .  The set c o n s i s t s  

o f  t h e  d e s i r e d  weigh t ing  f u n c t i o n  as t a b u l a t e d  p o i n t s  p l u s  t h e  t a b l e s  d e f i n i n g  

t h e  i n t e r p o l a t i o n  shcemes t o  b e  used w i t h  t h o s e  p o i n t s .  The weigh t ing  f u n c t i o n  



must b e  g iven  i n  o r d e r  of i n c r e a s i n g  energy.  The fo rmat  of t h e  c a r d  s e t  i s  

a  s t a n d a r d  ENDFIB TAB1 r e c o r d .  

Card 4 . 1  (44X, 2111) 

I t em Columns Name D e s c r i p t i o n  

1 45-55 N 1 Number o f  i n t e r p o l a t i o n  ranges  

2  56-66 N 2  Number of w e i g h t i n g  f u n c t i o n  p o i n t s  

Card 4 .2  . . . (6111) 

I t em Columns Name D e s c r i p t i o n  

1 1-11 NBT(1) L a s t  p o i n t  number i n  1st i n t e r p o l a t i o n  range  

2  12-22 JNT(1) I n t e r p o l a t i o n  scheme f o r  1st range  

3  23-33 NBT(2) L a s t  p o i n t  number i n  2nd i n t e r p o l a t i o n  range  

4  34-44 JNT(2) I n t e r p o l a t i o n  scheme f o r  2nd range  

2*N1-1 NBT(N1) L a s t  p o i n t  number i n  N l t h  i n t e r p o l a t i o n  range  

2  * N 1  JNT(N1) I n t e r p o l a t i o n  scheme f o r  t h e  N l t h  range  

Card 4 . 3  .... (6E11.4) 

I t e m  Columns Name D e s c r i p t i o n  

1 1-11 x(1)  F i r s t  energy p o i n t  (5 lowes t  energy i n  group s t r u c t u r e )  

2 12-22 y ( i >  Weight a t  t h i s  energy 

2*N2-1 X(N2) L a s t  energy p o i n t  ( ? h i g h e s t  energy i n  group s t r u c t u r e )  

2*N2 Y(N2) Weight a t  t h i s  energy 

Card No. 5 

This  i s  a c t u a l l y  a c a r d  s e t  and i s  necessa ry  on ly  i f  IEU = 6 o r  7 .  The s e t  

d e f i n e s  t h e  d e s i r e d  group s t r u c t u r e .  I f  IEU = 6 ,  t h e  set c o n t a i n s  t h e  mul t i -  

group energy b r e a k p o i n t s  g iven i n  o r d e r  of i n c r e a s i n g  energy.  I f  IEU = 7 ,  t h e  

set c o n t a i n s  t h e  mul t ig roup  l e t h a r g y  b r e a k p o i n t s  g iven  i n  o r d e r  o f  d e c r e a s i n g  

l e t h a r g y .  



Card 5 . 1  (6E11.4) 

I t em Columns Name D e s c r i p t i o n  

1 1-11 XX(1) Energy o r  l e t h a r g y  o f  b r e a k p o i n t  number 1 

2 12-22 XX(2) Energy o r  l e t h a r g y  of breakpo'int  number 2  

MAXG XX(MAXG) Energy o r  l e t h a r g y  o f  b r e a k p o i n t  number MAXG 

MAXG+l XX(MAXGi-1) Energy o r  l e t h a r g y  b r e a k p o i n t  number MAXW1 

NOTE: I f  IEU = 6 ,  XX i s  denoted as EGRP; i f  IEU = 7 ,  XX i s  denoted as UGRP. 

3.3.4 A v a i l a b l e  Opt ions  f o r  MUFT 

3.3 .4 .1  I n p u t  (INALL) 

This  o p t i o n  i s  des igned  t o  f a c i l i t a t e  s t a c k e d  c a s e s  where s e v e r a l  m a t e r i a l s  

are t o  b e  p rocessed  i n  t h e  same way. Complete i n p u t  i s  n e c e s s a r y  o n l y  f o r  t h e  

f i r s t  c a s e  (INALL = 1 )  and subsequent  c a s e s  need on ly  t h e  f i r s t  c a r d  (INALL = 0 ) .  

3 .3 .4 .2  Tape Rewind (IREW) 

This  o p t i o n  p rov ides  runn ing  e f f i c i e n c y  by p e r m i t t i n g  a  s i n g l e  p a s s  o v e r  t h e  

ENDF/B t a p e  d u r i n g  t h e  p r o c e s s i n g  o f  a s t a c k  of c a s e s .  The f i r s t  c a s e  shou ld  

r e q u e s t  a t a p e  rewind (IREW = 1 )  b u t  subsequent  c a s e s  shou ld  n o t  (IREW = 0 ) .  

3.3.4.3 Tape Mode (MODE) 

The ENDF/B t a p e  may b e  e i t h e r  i n  t h e  b i n a r y  (MODE = 1 )  o r  BCD (MODE = 3) mode. 

For compactness and runn ing  e f f i c i e n c y  i t  i s  recommended t h a t  t h e  b i n a r y  mode 

b e  used where p o s s i b l e .  

3 .3 .4 .4  Mult igroup S t r u c t u r e  (IEU) 

This o p t i o n  p e r m i t s  t h e  s t a n d a r d  54 group MUFT s t r u c t u r e  t o  b e  i n t e r n a l l y  

genera ted  o r  a l lows  t h e  s t r u c t u r e  t o  b e  i n p u t  i n  e i t h e r  energy o r  l e t h a r g y  

u n i t s  . 



3.3.4.5 Weighting Funct ion (IW) 

This  o p t i o n  p e r m i t s  t h e  w e i g h t i n g  f u n c t i o n s  t o  b e  1 / E ,  c o n s t a n t ,  p o i n t w i s e  

i n p u t  o r  a combination o f  1 /E  j o i n e d  t o  a U-235 f i s s i o n  spectrum.  Other  

b u i l t - i n  f u n c t i o n s  can be  added e a s i l y  i n  t h e  f u t u r e .  

3.3.4.6 Spectrum C a l c u l a t i o n  (ISPEC) 

ETOG-1 w i l l  do e i t h e r  a g e n e r a l  c r o s s  s e c t i o n  deck c a l c u l a t i o n  o r  a spec t rum 

deck c a l c u l a t i o n .  Both cannot  b e  done s i m u l t a n e o u s l y .  Hence t h i s  o p t i o n  

s e l e c t s  which c a l c u l a t i o n  i s  t o  b e  done. I f  b o t h  a r e  d e s i r e d ,  two c a s e s  must 

b e  r u n  (and t h e  t a p e  rewound b e f o r e  t h e  second c a s e ) .  

3 .3 .4 .7  Resolved Resonance Treatment (IRES) 

S i n c e  MUFT p e r m i t s  o n l y  e i g h t  r e s o l v e d  resonances  p e r  group, some p r o v i s i o n  

must be  made f o r  t h o s e  groups which have more t h a n  e i g h t  r e s o l v e d  resonances .  

Two cho ices  a r e  p rov ided :  

For IRES = 1: A11 m v a l u e s  a r e  c a l c u l a t e d .  The e i g h t  resonances  w i t h  t h e  

l a r g e s t  m v a l u e s  a r e  k e p t  and i n c l u d e d  i n  t h e  MUFT resonance  

f i l e .  The o t h e r  resonances  a r e  t r e a t e d  as e f f e c t i v e  smooth 

c r o s s  s e c t i o n s  and added t o  t h e  MUFT smooth c r o s s  s e c t i o n  f i l e  

accord ing  t o  t h e  r e l a t i o n s h i p s  

where Au = group l e t h a r g y  wid th  and 

a = e f f e c t i v e  smooth c a p t u r e  c r o s s  s e c t i o n  
n  c  

a = e f f e c t i v e  smooth f i s s i o n  c r o s s  s e c t i o n  
n  f  

Note: These r e l a t i o n s h i p s  p r e s e r v e  t h e  i n f i n i t e  d i l u t e  

resonance i n t e g r a l  v a l u e s .  

For IRES = 2: A l l  m v a l u e s  a r e  c a l c u l a t e d .  The seven  resonances  w i t h  t h e  



l a r g e s t  m v a l u e s  a r e  k e p t  and i n c l u d e d  i n  t h e  MUFT resonance  

f i l e .  A pseudo-resonance i s  c o n s t r u c t e d  as t h e  e i g h t h  and 

i n c l u d e d  i n  t h e  MUFT resonance  f i l e .  The m, r ,  and a f a c t o r s  

f o r  t h i s  pseudo-resonance a r e  c a l c u l a t e d ' a s  

where t h e  sums a r e  o v e r  a l l  non-kept resonances .  

3.3.4.8 Output Punch (IPUN) 

This  o p t i o n  permi t s  t h e  punching of t h e  r e s u l t s  on c a r d s ,  i f  d e i s r e d .  The 

o u t p u t  c a r d s  a r e  i n  t h e  c o r r e c t  format  f o r  d i r e c t  use  i n  c o n s t r u c t i n g  a MUFT-4 

o r  MUFT-5 l i b r a r y .  

3.3.4.9 Greul ing-Goer tzel  Parameter  (ISGG) 

This  o p t i o n  p e r m i t s  t h e  Greul ing-Goer tzel  pa ramete r  t o  b e  c a l c u l a t e d  d i r e c t l y  

from t h e  ENDFIB t a p e  o r  t o  b e  t a k e n  e q u a l  t o  h a l f  t h e  group l e t h a r g y  wid th .  

3.3.4.10 (n,2n) Cross S e c t i o n  (IN2N) 

Three  cho ices  a r e  p rov ided  f o r  t h e  t r e a t m e n t  of t h e  (n ,2n)  r e a c t i o n .  

For IN2N =. 1: The (n,2n) c r o s s  s e c t i o n  i s  t r e a t e d  as f i s s i o n  (wi th  a  v v a l u e  

o f  2) and added t o  t h e  smooth f i s s i o n ;  v i s  a d j u s t e d  a c c o r d i n g l y .  



For IN2N = 2: The (n,2n) r e a c t i o n  i s  t r e a t e d  a s  h a l f  f i s s i o n  (with a  v 

va lue  of 1 )  and h a l f  i n e l a s t i c  s c a t t e r i n g .  

For IN2N = 3: The (n,2n) r e a c t i o n  i s  t r e a t e d  a s  i n e l a s t i c  s c a t t e r i n g  and 

added t o  t h e  smooth i n e l a s t i c  value.  

3.3.4.11 Ingroup I n e l a s t i c  S c a t t e r i n g  Cross Sec t ion  (INTO) 

Since MUFT does not  permit ingroup i n e l a s t i c  s c a t t e r i n g ,  t h r e e  opt ions  a r e  

provided f o r  i t s  t reatment .  

For I N T O  = 1: The ingroup s c a t t e r  i s  d i s t r i b u t e d  over a l l  def ined s i n k  

groups i n  propor t ion  t o  the  i n e l a s t i c  s c a t t e r i n g  p r o b a b i l i t i e s .  

For INTO = 2: The ingroup s c a t t e r  is  lumped i n t o  t h e  ad j acen t  group ( i . e . ,  

t h e  f i r s t  of f-diagonal element) . 
For INTO = 3: The ingroup s c a t t e r  i s  t r e a t e d  a s  e l a s t i c  s c a t t e r i n g  by 

adding the  ingroup s c a t t e r  t o  t he  smooth e l a s t i c  c ross  

s e c t i o n  and reducing t h e  i n e l a s t i c  c ross  s e c t i o n  accordingly.  

3.3.4.12 I n e l a s t i c  S c a t t e r i n g  Out of Defined Matr ix (IEXT) 

The l i m i t s  of t he  i n e l a s t i c  mat r ix  a r e  def ined by MAXI. Since t h e r e  may 

be some i n e l a s t i c  s c a t t e r  t o  group numbers g r e a t e r  than MAXI, t h r ee  opt ions  

a r e  provided f o r  t r e a t i n g  t h i s  case.  

For IEXT = 1: The excess s c a t t e r  i s  d i s t r i b u t e d  over a l l  def ined  s i n k  groups 



i n  p r o p o r t i o n  t o  t h e  i n e l a s t i c  s c a t t e r i n g  

p r o b a b i l i t i e s .  

For IEXT = 2: The excess  s c a t t e r  i s  lumped i n t o ,  t h e  lowes t  

group ( i . e . ,  t h e  f i r s t  o f f  d i a g o n a l  e lement ) .  

For IEXT = 3: The excess  s c a t t e r  i s  lumped i n t o  t h e  h i g h e s t  

group (MAXI). 

3.3.4.13 Resonance S c a t t e r i n g  Opt ion (IXSR) 

MUFT h a s  no e x p l i c i t  t r e a t m e n t  of r esonance  s c a t t e r i n g .  Hence t h r e e  

o p t i o n s  a r e  provided:  

For  IXSR = 0: The s c a t t e r i n g  c r o s s  s e c t i o n  is  used complete ly  

accord ing  t o  t h e  ENDF/B r e p r e s e n t a t i o n .  

For IXSR = 1: For  a l l  groups w i t h i n  t h e  ENDFIB-defined resonance  

r e g i o n  (bo th  r e s o l v e d  and u n r e s o l v e d ) ,  t h e  s c a t t e r -  

i n g  c r o s s  s e c t i o n  i s  t a k e n  as t h e  p o t e n t i a l  s c a t t e r -  
L 

i n g  c r o s s  s e c t i o n  (4nR  ). 

For IXSR = 2: For a l l  groups w i t h i n  t h e  ENDFIB-defined resonance  

r e g i o n  (bo th  r e s o l v e d  and u n r e s o l v e d ) ,  t h e  s c a t t e r i n g  

c r o s s  s e c t i o n  i s  t a k e n  t o  b e  e q u a l  t o  t h e  v a l u e  i n  

t h e  f i r s t  group above t h e  resonance reg ion .  

3.3.5 Problem S t a c k i n g  Procedure  

ETOG-1 i s  designed t o  p r o c e s s  s e q u e n t i a l l y  any number of m a t e r i a l s  d u r i n g  

one run .  Normally t h e  f i r s t  m a t e r i a l  r e q u e s t  ( v i a  Card No. 1) w i l l  b e  

accompanied by a l l  i n p u t  d a t a  ( s e t  INALL = 1 )  and t h e  ENDFIB t a p e  w i l l  b e  

rewound by t h e  program ( s e t  IREW = 1 ) .  Subsequent m a t e r i a l  r e q u e s t s  w i l l  

on ly  r e q u i r e  Card No. 1 ( s e t  INALL = 0 )  and t h e  ENDFIB t a p e  w i l l  n o t  b e  

rewound by t h e  program ( s e t  IREW = 0 ) .  S i n c e  t h e  ENDFIB t a p e  is  n o t  

rewound, t h e  m a t e r i a l  r e q u e s t s  shou ld  b e  i n  ascend ing  o r d e r  accord ing  t o  

ENDF/B m a t e r i a l  number (MATNO on Card No. 1 ) .  On subsequen t  m a t e r i a l  



r e q u e s t s  a d d i t i o n a l  i n p u t  i s  n e c e s s a r y  o n l y  i f  i t  d i f f e r s  from t h e  i n i t i a l  

m a t e r i a l  r e q u e s t .  Likewise  t h e  t a p e  shou ld  on ly  b e  rewound i f  t h e  same 

m a t e r i a l  i s  t o  be  p rocessed  twice .  (For  example, i f  b o t h  a c r o s s  s e c t i o n  

deck and spec t rum deck i s  r e q u i r e d ) .  

For  maximum e f f i c i e n c y ,  however, t h e  t a p e  s h o u l d  n o t  b e  rewound and two 

s e p a r a t e  r u n s  may b e  more e f f i c i e n t  t h a n  a s i n g l e  r u n  w i t h  f r e q u e n t  rewinds .  

3.3.6 Sample Problem I n p u t  

The sample problem p r o c e s s e s  t h e  i n f o r m a t i o n  f o r  ENDFIB m a t e r i a l  number 

1051 (Reference 15)  and produces  a d a t a  deck f o r  g e n e r a t i o n  of a GAM-I1 

l i b r a r y .  

The 1051 d a t a  i s  t h a t  p r e s e n t  on ENDFIB t a p e  ( i d e n t i f i c a t i o n  number) 115 

w i t h  s e v e r a l  e x c e p t i o n s .  S l i g h t  changes were  made t o  F i l e  3 and F i l e  4 

d a t a  t o  a s s u r e  t h a t  p ( E )  and t h e  secondary e l a s t i c  s c a t t e r i n g  a n g u l a r  

d i s t r i b u t i o n  were  i s o t r o p i c  a t  e n e r g i e s  below 10 Kev. Card Nos. 681, 682, 

683, 808, and 809 were  c o r r e c t e d .  One c a r d  was i n s e r t e d  a f t e r  Card No. 682,  

and two were  i n s e r t e d  a f t e r  Card No. 811. Images of t h e  c o r r e c t e d  d a t a  

c a r d s  appear  i n  t h e  t a b l e  below. 

M a t e r i a l  1051  i s  Pu-239 and was chosen because  i t s  resonance  r e p r e s e n t a t i o n  



shows s e v e r a l  of t h e  f e a t u r e s  o f  ETOG-1. The sample i n p u t  s h e e t  i s  

g iven  on t h e  n e x t  page. 

3.4 OUTPUT FORMAT 

3.4 .1  P r i n t e d  Output 

The o u t p u t  e d i t  l ists t h e  m a t e r i a l  b e i n g  p rocessed ,  t h e  ENDFIB t a p e  

b e i n g  r e a d ,  and t h e  i n p u t  o p t i o n s  s e l e c t e d .  Tab les  of groupwise energy 

and l e t h a r g y  bounds a r e  given,  a s  w e l l  a s  F i l e  1 d a t a  r e a d  from ENDFIB. 
I f  r e sonance  paramete rs  ( r e s o l v e d  and unreso lved)  a r e  l i s t e d  i n  ENDFIB 

F i l e  2, t h e s e  q u a n t i t i e s  a r e  p r i n t e d ;  groupwise c o r r e c t i o n s  t o  resonance  

c r o s s  s e c t i o n s ,  which depend on t h e  l i b r a r y  t o  b e  genera ted ,  fo l low.  

F i l e  3 d a t a  f o r  each r e a c t i o n  t y p e  p rocessed  i s  e d i t e d  as groupwise c r o s s  

s e c t i o n s .  Before  composite group c r o s s  s e c t i o n s  are t a b u l a t e d  (exc lud ing  

t h e  c o n t r i b u t i o n s  c a l c u l a t e d  from resonance  paramete rs  by t h e  codes f o r  

which t h e  l i b r a r y  d a t a  a r e  i n t e n d e d )  i n f i n i t e l y  d i l u t e  resonance  i n t e g r a l s  

f o r  p a r a s i t i c  c a p t u r e  and f i s s i o n  r e a c t i o n s  are p r i n t e d .  Headings a r e  

s e l f - e x p l a n a t o r y .  

I f  e l a s t i c  s c a t t e r i n g  m a t r i c e s  a r e  e s t a b l i s h e d ,  t h e  r e s u l t s  a r e  p r i n t e d  

n e x t .  I n  t h e  energy range  i n  which t h e  s c a t t e r i n g  i s  i s o t r o p i c  i n  t h e  

c e n t e r  of mass sys tem t h e  sum of c o n t r i b u t i o n s  t o  oQ from a l l  s i n k  
j ,i 

groups j i s  compared w i t h  t h e  expec ted  v a l u e s  g iven  by Equat ion (2 .34) ,  

and a  p e r c e n t a g e  e r r o r  i s  computed. The r e s u l t s  a r e  normal ized t o  t h e s e  

expec ted  v a l u e s .  Note t h a t  t h e s e  e q u a t i o n s  a l o n e  a r e  used t o  de te rmine  t h e  

v a l u e s  of m a t r i x  e lements  f o r  two-group s c a t t e r .  These t a b l e s  a r e  fol lowed 

by t h e  i n e l a s t i c  s c a t t e r i n g  and (n ,2n)  m a t r i c e s ,  i f  they  e x i s t .  Both 

p r o b a b i l i t y  and c r o s s  s e c t i o n  m a t r i c e s ,  b e f o r e  and a f t e r  r e n o r m a l i z a t i o n ,  are 
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e d i t e d .  F i n a l l y ,  images of c a r d s  punched f o r  u s e  by t h e  l i b r a r y  genera- 

t o r s  are p r i n t e d .  

3.4.2 Punched Card Output 

3.4.2.1 Punched Card Format f o r  MUFT-4 

ETOG-1 produces  punched c a r d s  f o r  u s e  i n  g e n e r a t i n g  l i b r a r y  d a t a  f o r  

MUFT-4 F i l e s  3, 4 ,  5 and 6 ,  as d e s c r i b e d  i n  Refe rence  1 2 .  A l l  f l o a t i n g  

p o i n t  numbers are punched i n  excess-50 fo rmat ;  b o t h  f i x e d  and f l o a t i n g  

p o i n t  numbers have t h e i r  s i g n s  i n  t h e  column preced ing  t h e  exponent.  

Only columns 1-72 of any c a r d  a r e  used f o r  d a t a .  Consequently,  t h e  

ENDFIB m a t e r i a l  number i s  punched i n  columns 74-77 of each ca rd .  Cards 

f o r  each m a t e r i a l  a r e  sequenced i n  columns 78-80. 

Column 2 of each ca rd  d e s i g n a t e s  t h e  f i l e  i n t o  which t h e  i n f o r m a t i o n  

g iven  i s  t o  b e  p laced .  Output c a r d s  f o r  MUFT-4 F i l e  3 c o n t a i n  micro- 

s c o p i c  c r o s s  s e c t i o n s ,  s lowing  down paramete rs ,  and f i s s i o n  p roduc t  

pa ramete rs  i n  t h e  fo l lowing  format :  

Card No. 1 

Columns V a r i a b l e  Name 

4-5 MATID 

7- 8 NGR 

9-16 XS 

17- 24 XC 

25-32 X I N  

In format ion  

Element number 

Group number 

T o t a l  s c a t t e r i n g  c r o s s  s e c t i o n  

Smooth c a p t u r e  c r o s s  s e c t i o n  

T o t a l  i n e l a s t i c  s c a t t e r i n g  c r o s s  

s e c t i o n  

Smooth f i s s i o n  c r o s s  s e c t i o n  



Columns V a r i a b l e  Name ( s )  In format ion  

41-48 AGN 

49-56 XSMU 

5 7-64 GNU 

65-72 XSXI 

I s o t r o p i c  Greul ing-Goer tzel  pa ramete r  (age  

number) 

A n i s o t r o p i c  s c a t t e r i n g  c r o s s  s e c t i o n  

Number of n e u t r o n s  p e r  f i s s i o n  

I s o t r o p i c  s lowing  down power 

Card No. 1 i s  punched f o r  each o u t p u t  energy group. 

Card f o r  MUFT-4 F i l e  4 c o n t a i n  resonance paramete rs  i n  t h e  f o l l o w i n g  format :  

Card No. 2 

Columns V a r i a b l e  Name (s ) In format ion  

4-5 MAT I D  

7- 8 JRS 

Element number 

Number (<  - 8) of r - f a c t o r s *  on c a r d ,  f o r  

group n 

r 
n,  JRS 

Card No. 3 

Columns V a r i a b l e  Name (s)  I n f  ormat i o n  

4- 5 MATID Element number 

7- 8 J RS Number (<  - 8) o f  m-factors* on c a r d ,  f o r  

grouR n (same a s  number of r - f a c t o r s )  

m 
n ,  JRS 

* Defined i n  S e c t i o n  2.3.1 



Card Nos. 2  and 3 a r e  repeated f o r  each energy group n  a s  s p e c i f i e d  i n  t he  

inpu t  deck, i . e . ,  f o r  n  = MINR t o  n  = MAXG. 

Card No. 4 

Columns Variable  Name ( s )  Information 

4- 5  MATID Element number 

7- 8 JRS Number (<  - 8) of a - fac tors*  on card,  f o r  

group n  

9-16 AL FA a  
n , l  

17-24 ALFA a  
nY2 

65-72 ALFA a  
n ,  JRS 

I f  f i s s ion- to-absorp t ion  r a t i o s  e x i s t ,  one Card No. 4  i s  punched f o r  each 

group n  a s  s p e c i f i e d  i n  t h e  inpu t  deck, i . e . ,  f o r  n  = MINR t o  n  = MAXG. 

Cards f o r  MUFT-4 F i l e  5 contain t h e  i n 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 s ,  
i+ j 

oi and the  i n e l a s t i c  s c a t t e r i n g  p r o b a b i l i t y  mat r ix  elements P i n  t he  
i n  ' i n  

fol lowing formats : 

Card No. 5 

Columns Variable  Name ( s )  Informat ion  

4- 5 MATID Element number 

9-16 X I N  ( i )  

17-24 X I N  ( i + l )  

65-72 X I N  (i+7) 

Group number, i, of f i r s t  o on card 
i 

i n  
u 

i n  

u i+l 
i n  

Card ( s e t )  No. 5  i s  repea ted  u n t i l  a l l  ou tput  groups a r e  spec i f i ed .  

* Defined i n  Sec t ion  2.3.1 



Card No. 6 

In format ion  Columns 

4-5 

7- 8 

Element number 

Group number, j , t o  which i n e l a s t i c  s c a t -  

t e r i n g  i s  o c c u r r i n g  s 

1-t j 
P 

i n  
2+j 
i n  

i-tj 
where P i s  t h e  p r o b a b i l i t y  of i n e l a s t i c  s c a t t e r i n g  from t h e  ith group t o  

thin 
t h e  j group. 

Card ( s e t )  No. 6 is r e p e a t e d  f o r  each o f  t h e  s p e c i f i e d  groups ,  i . e . ,  f o r  

j = 2 t o  j =MAXI. 

Output  c a r d s  f o r  MUFT-4 F i l e  6 c o n t a i n  s o u r c e  s p e c t r a  i n  t h e  f o l l o w i n g  format :  

Card No. 7 

Columns V a r i a b l e  Name ( s  ) In format ion  

4- 5 MATID Source  spectrum number 

9-16 TRUM(1) 

17-  24 TRUM ( 2 )  

- 
Card No. 7 i s  r e p e a t e d  u n t i l  t h e  f r a c t i o n a l  s o u r c e ,  X i 7 i n  each o u t p u t  energy 

group i h a s  been s p e c i f i e d .  

3.4.2.2 Punched Card Format f o r  MUFT-5 

ETOG1 produces punched c a r d s  f o r  u s e  i n  g e n e r a t i n g  l i b r a r y  d a t a  f o r  MUFT-5 



F i l e s  3 ,  4, 5 ,  6  and 7, as d e s c r i b e d  i n  Reference 13. A l l  d a t a  i s  punched 

i n  excess-0 format .  The s i g n  of t h e  f r a c t i o n  appears  on ly  when it i s  nega- 

t i v e  and,  i n  t h i s  c a s e ,  t h e  number o f  s i g n i f i c a n t  d i g i t s  i n  t h e  f r a c t i o n  i s  

reduced by one. There is  a  maximum of  e i g h t  d a t a  f i e l d s ,  7 columns i n  l e n g t h ,  

p e r  c a r d ;  d a t a  f i e l d s  a r e  s e p a r a t e d  by commas. Only 'columns 9-80 a r e  used 

f o r  d a t a .  Consequently t h e  ENDFIB m a t e r i a l  number i s  punched i n  columns 1-4 

and t h e  c a r d s  f o r  each m a t e r i a l  a r e  sequenced i n  columns 5-7. 

Column 9 o f  each c a r d  d e s i g n a t e s  t h e  f i l e  i n t o  which t h e  i n f o r m a t i o n  g iven  

i s  t o  b e  p laced .  Output c a r d s  f o r  MUFT-5 F i l e  3  c o n t a i n  mic roscop ic  c r o s s  

s e c t i o n s ,  s lowing  down paramete rs ,  and f i s s i o n  p r o d u c t  pa ramete rs  i n  t h e  

f o l l o w i n g  fo rmats :  

Card No. 1 

Columns 

10-12 

13-14 

16 

18-24 

26-32 

34-40 

42-48 

50-56 

Card No. 2  

Columns 

10-12 

13-14 

16 

18-24 

26-32 

V a r i a b l e  Name ( s )  

MATID 

NGR 

NSEQ 

XS 

XC 

X I N  

XF 

XSMU 

Informat ion  

E 1 emen t numb e  r 

Group number 

Sequence number ( = I )  

T o t a l  s c a t t e r i n g  c r o s s  s e c t i o n  

Smooth c a p t u r e  c r o s s  s e c t i o n  

T o t a l  i n e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  

Smooth f i s s i o n  c r o s s  s e c t i o n  

A n i s o t r o p i c  s c a t t e r i n g  c r o s s  s e c t i o n  

V a r i a b l e  Name(s) In format ion  

MATID Element number 

N GR Group number 

NSEQ Sequence number (=2) 

GNU Number o f  neu t rons  p e r  f i s s i o n  

AGN I s o t r o p i c  Greul ing-Goer tzel  pa ramete r  

(age  number) 

XS X I  I s o t r o p i c  s lowing  down power 

A n i s o t r o p i c  Greul ing-Goer tzel  parameter  

( n o t  produced by ETOG-1) 



Columns V a r i a b l e  Name ( s )  In format ion  

50-56 A n i s o t r o p i c  s lowing  down power ( n o t  pro- 

duced by ETOG1) 

Card Nos. 1 and 2  a r e  r e p e a t e d  f o r  each o u t p u t  energy group. 

Cards f o r  MUFT-5 F i l e  4  c o n t a i n  resonance a b s o r p t i o n  paramete rs  i n  t h e  

f o l l o w i n g  fo rmats  : 

Card No. 3  

Co lumns V a r i a b l e  Name ( s )  In format ion  

10-12 MAT I D  Element number 

13-14 NGR Group number 

16 NSEQ Sequence number ( = I )  

Card No. 4  

Columns V a r i a b l e  Name ( s  ) 

10-12 MATID 

13-14 NGR 

16 NSEQ 

18-24 EM 

26-32 EM 

Card Nos. 3  and 4  a r e  r e p e a t e d  

n  = MINR t o  n  = MAXG. 

I n £  ormat ion 

Element numb e r  

Group number 

Sequence number ( = 2 )  

f o r  each s p e c i f i e d  group n ,  i .e . ,  f o r  

Cards f o r  MUFT-5 F i l e  5  c o n t a i n  f  i s s ion- to -absorp  t i o n  r a t i o s  i n  t h e  f o l l o w i n g  

format : 



Card No. 5 

Columns Var iab le  Name ( s )  Inf  ormation 

10-12 MATID Element number 

13-14 NGR Group number 

16  NSEQ 

18-24 ALFA 

26-32 ALFA 

74-80 ALFA 

Sequence number (=O) 

I f  f i s s ion- to-absorp t ion  r a t i o s  e x i s t ,  one Card No. 5 i s  punched f o r  each 

group n a s  s p e c i f i e d  i n  t h e  inpu t  deck, i . e . ,  f o r  n = MINR t o  n = MAXG. 

i 
Cards f o r  MUFT-5 F i l e  6 conta in  t h e  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 s  oin 

i-+ j 
and t h e  i n e l a s t i c  s c a t t e r i n g  p r o b a b i l i t y  mat r ix  elements,  Pin , i n  the  

fol lowing formats : 

Card No. 6 

Columns Variable  Name ( s )  Information 

10- 12  MATID 

13-14 

16 NSEQ 

18-24 X I N  ( i )  

26-32 X I N  ( i + l )  

Element number 

Group number, i, of f i r s t  a on card 
i n  

Sequence number (=O) 
i 

0 
i n  

Card ( s e t )  No. 6 is  repeated u n t i l  a l l  ou tput  groups a r e  s p e c i f i e d .  

Card No. 7 

Columns 

10-12 

13-14 

Information 

Element number 

Group number, j , t o  which i n e l a s t i c  s ca t -  

t e r i n g  i s  occurr ing  

Sequence number 



Columns 

18-24 

Information 
1-t j 

'in 

i+j 
where P i s  t h e  p r o b a b i l i t y  of i n e l a s t i c  s c a t t e r i n g  from t h e  ith group t o  

thin 
t he  j group. 

The sequence numbers, s t a r t i n g  wi th  1, i n c r e a s e  by 1 on each succeeding 

card  u n t i l  a l l  t h e  elements of t h e  jth row of t h e  mat r ix  a r e  punched. The 

sequence number s t a r t s  a t  1 again  f o r  t h e  next  row a s  Card ( s e t )  No. 7 i s  

repea ted  f o r  t h e  nex t  group s p e c i f i e d ,  i .e . ,  f o r  j = 2 t o  j = MAXI. 

Output cards  f o r  MUFT-5 F i l e  7 conta in  source  s p e c t r a  i n  t h e  fo l lowing  format:  

Card No. 8 

Co lumns Var iab le  Name ( s  ) Information 

10-12 MATID Spectrum number 

13-14 Group number, i of  f i r s t  fi on card  

16 NSEQ Sequence number (=O) - 
18-24 TRUM (i ) 

- 
26-32 TRUM(~+~) 

'i+l 

74-80 TRUM (i+7) 

- 
Card No. 8 i s  repea ted  u n t i l  t h e  f r a c t i o n a l  source ,  Xi, i n  each output  energy 

group i has  been s p e c i f i e d .  

3.4.2.3 Punched Card Format f o r  GAM-I* 

The cards  produced by ETOG-1 f o r  use  i n  genera t ing  l i b r a r y  in format ion  f o r  

* The format d i scussed  above was der ived  from a p r i v a t e  communi- 
c a t i o n  w i t h  G. Joanou and J. Dudek. 



GAM-I c o n t a i n  d a t a  i n  columns 1-72 on ly .  Consequently,  t h e  ENDFIB m a t e r i a l  

number i s  punched i n  columns 73-76, and t h e  c a r d s  f o r  each material are 

sequenced i n  columns 77-80. 

It shou ld  b e  n o t e d  t h a t  ETOGl does n o t  produce Card h o s e  1, 2, 3 ,  4, 5 and 

8 which a r e  r e q u i r e d  by t h e  GAM-I l i b r a r y  u p d a t i n g  ( o r  g e n e r a t i n g )  program. 

These c a r d s  a r e  r e s e r v e d  f o r  d e s c r i p t i v e  i n f o r m a t i o n  which must b e  s p e c i f i e d  

by t h e  u s e r  when a p a r t i c u l a r  l i b r a r y  i s  genera ted .  The remaining c a r d s  a r e  

punched i n  t h e  f o l l o w i n g  fo rmats :  

Card Nos. 6 and 7 are punched on ly  when a f i s s i o n  spectrum c a l c u l a t i o n  i s  

performed by ETOG-1; i n  t h i s  c a s e ,  t h e  o n l y  c a r d s  i n  t h e  o u t p u t  deck are 

Card Nos. 6 and 7. 

Card No. 6 

Columns 

1- 72 

I n f o r m a t i o n  

Alphanumeric i n f o r m a t i o n  g i v i n g  ENDF/B 

m a t e r i a l  number and t a p e  number from which 

microscop ic  d a t a  was taken.  

Card No. 7 

Columns V a r i a b l e  Name ( s  ) In format ion  

Card No. 7 i s  r e p e a t e d  u n t i l  t h e  f r a c t i o n a l  s o u r c e  i n  each o u t p u t  energy 
i 

group i h a s  been s p e c i f i e d .  

Card No. 9 

Columns V a r i a b l e  Name I n f  ormat i o n  

1-12 MATID Element number 

13-24 NAOC 1 = an  a d d i t i o n  w i l l  b e  made t o  t h e  GAM-I 



Columns In format ion  

l i b r a r y  (ETOG1 always punches 1 )  

2 = a change w i l l  b e  made t o  t h e  GAM-I 

l i b r a r y  

Card No. 1 0  

Columns V a r i a b l e  Name In format ion  

1-24 A N I D  Alphanumeric i n f o r m a t i o n  g i v i n g  ENDFIB 

m a t e r i a l  number and t a p e  number from which 

microscop ic  d a t a  was t a k e n  

Card No. 

Columns 

1-12 

13-24 

11 

V a r i a b l e  Name 

MATID 

LTOT 

25-36 IWA 

37-48 IWF 

49-60 IWR 

Card No. 

Columns 

1-12 

13-24 

1 2  

V a r i a b l e  N a m e  

LOLIN 

LA I N  

LDIN 

I n f o r m a t i o n  

Element number 

T o t a l  number of e n t r i e s  i n  P 
0 '  P1' 

i n e l a s -  

t i c  and (n ,2n)  m a t r i c e s ,  and i n  t h e  o f ,  u a ' 
and v t a b l e s  

0 = no a b s o r p t i o n  c r o s s  s e c t i o n s  appear  

1 = a b s o r p t i o n  c r o s s  s e c t i o n s  appear  

0 = no f i s s i o n  c r o s s  s e c t i o n s  appear  

1 = f i s s i o n  c r o s s  s e c t i o n s  appear  

0 = no resonance  paramete rs  appear  

1 = only  a b s o r p t i o n  resonance paramete rs  

appear  

2 = a b s o r p t i o n  and f i s s i o n  resonance para-  

mete r s  appear  

In format ion  

T o t a l  number o f  e lements  i n  i n e l a s t i c  m a t r i x  

Number of s o u r c e  groups from which i n e l a s t i c  

s c a t t e r i n g  o c c u r s  

Maximum number of s i n k  groups i n t o  which 

i n e l a s t i c  downsca t t e r ing  o c c u r s .  



Card No. 1 3  

Columns V a r i a b l e  N a m e  In format ion  

1-12 LOL2N T o t a l  number o f  e lements  i n  (n,2n) m a t r i x  

13-24 LA2N Number of s o u r c e  groups  from which (n,2n) 

t r a n s f e r  occurs  

Maximum number o f  s i n k  groups i n t o  which 

(n ,2n) t r a n s f e r  o c c u r s  

Card No. 1 4  

Columns V a r i a b l e  Name In£  ormat ion 

1-12 LOLPO T o t a l  number of e lements  i n  P m a t r i x  
0 

13-24 LAP0 Number o f  s o u r c e  groups from which P 
0 

e l a s t i c  s c a t t e r i n g  o c c u r s  

25- 36 LDPO Maximum number o f  s i n k  groups  i n t o  which P 
0 

downsca t t e r ing  occurs  

Card No. 1 5  

Columns V a r i a b l e  N a m e  In format ion  

1- 12 LOLPl T o t a l  number o f  e lements  i n  P m a t r i x  
1 

13- 24 LAP1 Number o f  s o u r c e  groups from which P 
1 

e l a s  t i c  s c a t t e r i n g  o c c u r s  

2 5- 36 LDPl Maximum number o f  s i n k  groups i n  which P 
1 

downsca t t e r ing  occurs  

Card N o .  16  ( E x i s t s  i n  o u t p u t  deck o n l y  i f  IWA = 1) 

Columns V a r i a b l e  Name In format ion  

1-12 XABS (1)  I a 
a 

13-24 XABS (2) 0 
2 
a 

i 
Card No. 16 i s  r e p e a t e d  u n t i l  t h e  a b s o r p t i o n  c r o s s  s e c t i o n ,  a is s p e c i f i e d  

a '  
f o r  a l l  groups i. 



Card No. 1 7  ( E x i s t s  i n  o u t p u t  deck on ly  i f  IWF = 1) 

Columns V a r i a b l e  Name In format ion  

1-12 XFIS (1) 5 
1 
f 

13-24 XFIS (2)  CJ 
2 
f 

61-72 XFIS (6) 5 
6 
f 

i 
Card No. 1 7  i s  r e p e a t e d  u n t i l  t h e  f i s s i o n  c r o s s  s e c t i o n  5 i s  s p e c i f i e d  

f 
f o r  a l l  groups i. 

Card No. 1 8  ( E x i s t s  i n  o u t p u t  deck on ly  i f  IWF = 1 )  

Columns V a r i a b l e  Name In format ion  

Card No. 1 8  i s  r e p e a t e d  u n t i l  t h e  average  number o f  n e u t r o n s  p e r  f i s s i o n ,  

v i s  s p e c i f i e d  f o r  a l l  groups i. 
i ' 

Card N o .  19  ( E x i s t s  i n  o u t p u t  deck on ly  i f  LOLIN > 0) 

Columns In format ion  

i+ j 
where 5 r e p r e s e n t s  t h e  c r o s s  s e c t i o n  f o r  i n e l a s t i c  s c a t t e r i n g  from group 

i n  



i t o  group j. Card ( s e t )  No. 19 i s  repea ted  u n t i l  t h e  ingroup c ros s  s e c t i o n  

and LDIN s i n k  group c ross  s e c t i o n s  a r e  s p e c i f i e d  f o r  each of t h e  LAIN source  

groups. * 

Card No. 20 (Ex i s t s  i n  ou tput  deck only i f  LOL2N > 0)  

Columns Informat i on  

i+j 
where o r ep re sen t s  t he  (n,2n) c ross  s e c t i o n  f o r  t r a n s f e r  from group i 

n ,  2n 
t o  group j. Card ( s e t )  No. 20 i s  repea ted  u n t i l  t h e  ingroup c ros s  s e c t i o n  

and LD2N s i n k  group c ros s  s e c t i o n s  a r e  s p e c i f i e d  f o r  each of t he  LA2N 

source  groups. 

Card (Set)  No. 21 (Ex i s t s  i n  ou tput  deck only i f  LOLPO - LOLPl > 0) 

Card No. 21.1 

Columns 

13-24 

Information 

* I n  t h e  case  of k macroscopic ou tput  energy groups, n o t e  t h a t  
t r a n s f e r  i n  t h e  i n e l a s t i c ,  (n,2n), and Pn e l a s t i c  mat r ices  i s  
terminated a t  s i n k  group k+l  f o r  every source  group f o r  which 
i+j > k+l. 



Card No. 21.2 

Columns In format ion  

Card No. 21.N 

Columns In format ion  

where N - < K+1 and K i s  t h e  number of macroscopic  energy groups.  

Card No. 2l.N+1 

Columns I n f  ormat ion 

where o k  r e p r e s e n t s  t h e  e lement  o f  t h e  e l a s t i c  s c a t t e r i n g  m a t r i x ,  of 
j ,i 

o r d e r  R, f o r  t r a n s f e r  from group i t o  group j. 

Card ( S e t )  No. 2 1  i s  r e p e a t e d  u n t i l  t h e  ingroup e lements  and LDPO(=LDPl) 

s i n k  group e lements  are s p e c i f i e d  f o r  each of t h e  LAPO(=LAPl) s o u r c e  groups.  

Card No. 22 ( E x i s t s  i n  o u t p u t  deck on ly  i f  IWR > 0)  

Columns V a r i a b l e  Name(s) I n f  ormat ion 

1-12 NRE S Number of r e s o l v e d  resonances  

13-24 I AMAS Atomic mass number 

25-36 ECUT Cut-off energy s e p a r a t i n g  r e s o l v e d  and 

unreso lved  r e g i o n s  

37-48 DLEV Unresolved energy l e v e l  s p a c i n g  



Columns V a r i a b l e  Name(s) I n f o r m a t i o n  

49-60 GNOBAR 
0 <r  >, a v e r a g e  unreso lved  neu t ron  w i d t h  
n 

61- 72 GGBAR < r  >, average  unreso lved  c a p t u r e  wid th  
Y 

Card No. 23 ( E x i s t s  i n  o u t p u t  deck o n l y  i f  IWR > 0 )  

Columns V a r i a b l e  Name ( s )  In format ion  

1-12 ER Energy, E of r e s o l v e d  resonance 
0 ' 

13-24 GAMN r , n e u t r o n  w i d t h  o f  t h i s  r esonance  
n 

25-36 GAMF r , c a p t u r e  wid th  o f  t h i s  resonance 
Y 

37-48 N R O I M  1 = t h i s  r esonance  i s  t r e a t e d  by narrow 

resonance approximat ion 

2 = t h i s  resonance i s  t r e a t e d  by i n f i n i t e  

mass approximat ion 

Card No. 23 is  r e p e a t e d  f o r  each r e s o l v e d  resonance.  

I f  f i s s i o n  paramete rs  e x i s t ,  Card No. 22 and ( S e t )  No. 23 a r e  r e p e a t e d  f o r  

f i s s i o n ,  i .e . ,  

Card No. 24 ( E x i s t s  

Columns V a r i a b l e  

1-12 NRES 

1 3- 24 IAMAS 

25- 36 ECUT 

37-48 DL EV 

49-60 GNOBAR 

61-72 GAFBAR 

i n  o u t p u t  deck on ly  i f  IWR = 2) 

Name ( s )  In format ion  

Number o f  r e s o l v e d  resonances  

Atomic m a s s  number 

Cut-off energy s e p a r a t i n g  r e so lved  and 

unreso lved  r e g i o n s  

Unresolved energy l e v e l  s p a c i n g  
0 < r  >, average  unreso lved  s c a t t e r i n g  wid th  
n 

< r f > ,  average  unreso lved  f i s s i o n  w i d t h  

Card No. 25 ( E x i s t s  i n  o u t p u t  deck on ly  i f  IWR = 2) 

Columns V a r i a b l e  Name(s) In format ion  

1-12 ER Energy, Eo,  o f  r e s o l v e d  resonance 

13-24 GAMN 
rn  ' n e u t r o n  wid th  o f  t h i s  r esonance  

25-36 GAMF rf  f i s s i o n  w i d t h  o f  t h i s  resonance 



Columns V a r i a b l e  Name ( s )  I n f  ormat ion 

37-48 NROIM 1 = t h i s  r esonance  i s  t r e a t e d  by narrow 

resonance  approximat ion 

2 = t h i s  resonance i s  t r e a t e d  by i n f i n i t e  

mass approximat ion , 

Card No. 25 i s  r e p e a t e d  f o r  each r e s o l v e d  resonance.  

3.4.2.4 Punched Card Format f o r  GAM-I1 

ETOG1 produces  punched c a r d s  f o r  u s e  i n  g e n e r a t i n g  l i b r a r y  d a t a  f o r  GAM-I1 

a s  d e s c r i b e d  i n  Reference 2. Only columns 1-72 o f  any c a r d  are used f o r  

da ta .  Consequen t ly , the  ENDFIB m a t e r i a l  number is  punched i n  columns 73-76, 

and t h e  c a r d s  f o r  each m a t e r i a l  a r e  sequenced i n  columns 77-80. 

It must b e  n o t e d  t h a t  ETOGl does n o t  produce t h e  f i r s t  e i g h t  c a r d s  r e q u i r e d  

by t h e  GAM-I1 l i b r a r y  u p d a t i n g  ( o r  g e n e r a t i n g )  program. The remaining c a r d s  

a r e  punched i n  t h e  f o l l o w i n g  fo rmats .  

Card No. 9 

Columns V a r i a b l e  Name ( s )  In format ion  

1-72 A N I D  Alphanumeric i n f o r m a t i o n  g i v i n g  ENDFIB 

m a t e r i a l  number and t a p e  number from which 

microscop ic  d a t a  was taken.  

Card No. 10 

Columns v a r i a b l e  Name ( s )  In format ion  

1-12 MATID Element number 

13-24 NRES Number o f  r e s o l v e d  resonances  

25-36 NUNR Number o f  unreso lved  resonances  (NUNR must 

e q u a l  t h e  number o f  e n e r g i e s  a t  which t h e  

unreso lved  resonance  f u n c t i o n s  5 are t o  b e  

c a l c u l a t e d  (See Card No. 14)  

I f  NRES = 0, c a r d s  11-14 do n o t  appear  i n  t h e  o u t p u t  deck. 



Card No. 11 

Columns V a r i a b l e  Name(s) 

1-12 AMAS 

13-24 XPOTR 

25-36 GBAR 

3 7- 48 NRES 

49-60 S FACT 

61-72 DLEV 

I n f  ormat ion 

Atomic mass number 

P o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n  ( p e r  

a b s o r b e r  atom) of t h e  a b s o r b e r  

< g > ,  average  s t a t i s t i c a l  s p i n  f a c t o r  i n  

unreso lved  range  

Number o f  r e s o l v e d  resonances  

S- fac to r  t o  de te rmine  upper l i m i t  o f  i n t e -  

g r a t i o n  y i e l d i n g  a b s o r p t i o n  resonance i n t e g r a l  

(ETOG-1 a r b i t r a r i l y  s e t s  SFACT = 5.0) 

<D>,  average  energy l e v e l  s p a c i n g  i n  unreso lved  

range  

Card No. 1 2  

Columns V a r i a b l e  Name ( s )  In format ion  

1-12 GOBAR 
0 <%>, average  unreso lved  n e u t r o n  w i d t h  

13- 24 GGBAR <r  >, average  unreso lved  c a p t u r e  wid th  
Y 

25-36 GAFBAR < r  >, average  unreso lved  f i s s i o n  wid th  f 

Card No. 1 3  

Columns V a r i a b l e  Name(s) I n f o r m a t i o n  

1-12 E R Energy, Eo, of r e s o l v e d  resonance  

13-24 GAMN . r , neu t ron  wid th  f o r  t h i s  r esonance  n 
25-36 GAMG r c a p t u r e  wid th  f o r  t h i s  r esonance  

Y '  
37-48 GAMF r f ,  f i s s i o n  wid th  f o r  t h i s  r esonance  

49-60 RFACT r - f a c t o r  t o  de te rmine  mesh s i z e  f o r  numer ica l  

i n t e g r a t i o n  y i e l d i n g  c o l l i s i o n  d e n s i t y  (ETOG-1 

a r b i t r a r i l y  sets RFACT = 0.0)  

61-72 WEAG g ,  s t a t i s t i c a l  s p i n  f a c t o r  f o r  t h i s  resonance 

Card No. 1 3  i s  r e p e a t e d  f o r  each r e s o l v e d  resonance.  

I f  NUNR = 0, Card No. 1 4  does n o t  appear  i n  t h e  o u t p u t  deck. 



Card No. 1 4  

Columns V a r i a b l e  Name(s) 

1-12 EFORJ 

13-24 EFORJ 

I n f o r m a t i o n  

Energ ies  a t  which t h e  unreso lved  resonance  

f u n c t i o n s  3 a r e  t o  b e  c a l c u l a t e d .  The 

f i r s t  and las t  e n e r g i e s  a r e  t h e  lowes t  and 

h i g h e s t  e n e r g i e s ,  r e s p e c t i v e l y ,  i n  t h e  

unreso lved  r a n g e  as d e f i n e d  i n  ENDFIB F i l e  2 

f o r  t h e  i s o t o p e .  The i n t e r m e d i a t e  e n e r g i e s  

a r e  t h e  GAM-I1 f i n e  group boundar ies  which 

f a l l  between t h e s e  limits. 

Card No. 1 4  i s  r e p e a t e d  u n t i l  a l l  such  e n e r g i e s  are s p e c i f i e d .  

Card ( S e t )  Nos. 15 ,  16 ,  1 7 ,  1 8 ,  and 19 are n o t  produced by ETOG-1. These 

c a r d s  a r e  needed on ly  when t h e  t a p e  b e i n g  g e n e r a t e d  i s  updated from an  

e x i s t i n g  l i b r a r y  t a p e  and consequen t ly ,  must b e  s u p p l i e d  by t h e  u s e r .  

Card Nos. 20 and 21  are punched on ly  when a f i s s i o n  spec t rum c a l c u l a t i o n  

i s  performed by ETOG-1. I n  t h i s  c a s e  t h e  on ly  c a r d s  i n  t h e  o u t p u t  deck a r e  

Card Nos. 20 and 21. 

Card No. 20 

Columns 

1-72 

In format ion  

Alphanumeric i n f o r m a t i o n  g i v i n g  ENDFIB 

m a t e r i a l  number and t a p e  number from which 

microscop ic  d a t a  was t aken .  

Card No. 21 

Columns V a r i a b l e  Name(s) In format ion  

- 
Card No. 21 i s  r e p e a t e d  u n t i l  t h e  f r a c t i o n a l  s o u r c e ,  Xi, f o r  each o u t p u t  

energy group i h a s  been s p e c i f i e d .  



Card No. 22 

Columns 

1-72 

Variable  Name ( s )  

A N I D  

Card No. 23 

Columns Variable  Name (s ) 

1- 12 MATID 

13-24 NRES 

25-36 NUNR 

37-48 LOLP 

49-60 LAP 

61-72 LDP 

Card No. 24 

Columns Variable  Name ( s )  

1-12 LOLIN 

13-24 LAIN 

Card No. 25 

Columns Variable  Name(s) 

1-12 IWF 

Information 

Alphanumeric information g iv ing  ENDFIB 

m a t e r i a l  number and t ape  number from 

which microscopic d a t a  was taken.  

Information 

Element numb e r  

Number of reso lved  resonances 

Number of unresolved resonances 

To ta l  number of elements i n  P mat r ix  
R 

(Al l  P mat r ices  a r e  of equal  s i z e )  
R 

Number of source  groups from which Pi 

e l a s t i c  s c a t t e r i n g  occurs .  

Maximum number of groups ( inc luding  in- 

group) t o  which P downscattering occurs .  
R 

Information 

To ta l  number of elements i n  i n e l a s t i c  mat r ix  

Number of source  groups from which ine l a s -  

t i c  s c a t t e r i n g  occurs  

Maximum number of groups ( inc luding  in-  

group) t o  which i n e l a s t i c  downscattering 

occurs 

To ta l  number of elements i n  (n,2n) mat r ix  

Number of source  groups from which (n,2n) 

t r a n s f e r  occurs  

Maximum number of groups ( inc luding  in-group) 

t o  which (n,2n) t r a n s f e r  occurs.  

Information 

0 = t h i s  nuc l ide  i s  n o t  f i s s i o n a b l e  

1 = t h i s  nuc l ide  i s  f i s s i o n a b l e  



25-36 LOL 

Columns Variable Name(s) Information 

13- 24 NUMlD The number of one-dimensional arrays 

present for the nuclide (e.g., the 

parasitic absorption, fission, (n,y), 

(n,p) cross section and v arrays) 

Total number of elements in transfer 

matrix, i.e., total number of elements 

in the composite matrix formed from the 

sum of the P inelastic, and (n,2n) 
R ' 

matrices 

Maximum number of source groups from 

which transfer can occur, i.e., maximum 

of LAP, LAIN, and LA2N 

Maximum number of groups (including 

in-group) to which transfer can occur, 

i.e., maximum of LDP, LDIN, and LD2N 

Number of records for this nuclide* 61-72 LTOT 

Car'd No. 26 

Column Variable Name (s) 

1- 12 AMAS 

Card No. 27 

Columns 

1-22 

Card No. 28 

Columns 

1-12 

Information 

Atomic mass number 

Information 

Identification for the one-dimensional 

array which is punched on Card No. 28. 

Information 

1st element of the one-dimensional array 

* Number of records = 1+1 (if any one-dimensional array exists) +6 (if PL 
matrices exist) +1 (if inelastic matrix exists) +1 (if (n,2n) matrix 
exists) +1 (if any of the PL,  inelastic or (n,2n) matrices exist). 



Columns 

13-24 

Information 

2nd element of the one-dimensional array 

Card No. 28 is repeated until all elements of the one-dimensional array 

are specified. 

Card No. 27 and Card (Set) No. 28 are repeated for each of the one-dimen- 

sional arrays which is to be punched (NUMID). 

If LOLP f 0 ,  Card (Set) Nos. 29-32 are punched for the P P and 0' 2 
P matrices. 3 

Card (Set) No. 29 

Card 29.1 

Columns 

Card 29.N 

Columns 

1-12 

Information 

Information 

where N - < K + 1 and K is the number of macroscopic energy groups. 



Card 29.N+1 

Columns I n f o r m a t i o n  

where oe r e p r e s e n t s  t h e  element of t h e  e l a s t i c  s c a t t e r i n g  m a t r i x  of o r d e r  
j ,i 

R f o r  t r a n s f e r  from group i t o  group j .  Card ( S e t )  No. 29 i s  r e p e a t e d  u n t i l  

LDP s i n k  group e lements  a r e  s p e c i f i e d  f o r  each of t h e  LAP s o u r c e  groups.* 

The format  of Card ( S e t )  Nos. 30, 3 1  and 32 i s  t h e  same as t h a t  of Card 

( S e t )  No. 29, where oo i s  r e p l a c e d  by o  
1 u and o3 r e s p e c t i v e l y .  

j ,i j , i '  j , i '  j ,i 

Card ( S e t )  No. 33 ( E x i s t s  i n  t h e  o u t p u t  deck on ly  i f  LOLIN > 0) 

Columns In format  i o n  

i-+ j 
where oin r e p r e s e n t s  t h e  c r o s s  s e c t i o n  f o r  i n e l a s t i c  s c a t t e r i n g  from group 

i t o  group j .  Card ( S e t )  No. 33 i s  r e p e a t e d  u n t i l  LDIN s i n k  group c r o s s  

s e c t i o n s  a r e  s p e c i f i e d  f o r  each of t h e  LAIN s o u r c e  groups.  

Card No. 34 ( E x i s t s  i n  t h e  o u t p u t  deck on ly  i f  LOL2N > 0)  

Columns 

1-12 

In format ion  

0 
1+1 
n ,  2n 

* I n  t h e  c a s e  of k  macroscopic o u t p u t  energy groups n o t e  t h a t  
t r a n s f e r  i n  t h e  i n e l a s t i c ,  (n,2n) and P e l a s t i c  m a t r i c e s  

R 
i s  t e rmina ted  a t  s i n k  group k  + 1 f o r  every s o u r c e  group 
f o r  which i + j > k + 1. 



Columns In format ion  

i+j 
where cr r e p r e s e n t s  t h e  (n,2n) c r o s s  s e c t i o n  f o r  t r a n s f e r  from group i 

n ,  2n 
t o  group j. Card ( S e t )  No. 34 i s  r e p e a t e d  u n t i l  LD2N s i n k  group c r o s s  

s e c t i o n s  a r e  s p e c i f i e d  f o r  each of t h e  LA2N s o u r c e  groups .  

3.4.2.5 Punched Card Format f o r  ANISN 

Punched c a r d s  c o n t a i n i n g  mul t ig roup  c r o s s  s e c t i o n s  a s  r e q u i r e d  by ANISN 

( d e s c r i b e d  i n  Reference 3) a r e  produced by ETOG-1. Only columns 1-72 of 

any c a r d  a r e  used f o r  d a t a ;  consequen t ly ,  t h e  ENDFIB m a t e r i a l  number i s  

punched i n  columns 73-76 and t h e  c a r d s  f o r  each m a t e r i a l  a r e  sequenced i n  

columns 7 7- 80. 

ANISN e x p e c t s  a t a b l e  of c r o s s  s e c t i o n s  f o r  each i n p u t  energy group. Each 

o u t p u t  d a t a  ca rd  c o n s i s t s  of s i x  twelve-column d a t a  f i e l d s  where each d a t a  

f i e l d  c o n s i s t s  of t h r e e  s u b f i e l d s  of two, one,  and n i n e  columns r e s p e c t i v e l y .  

The c o n t e n t s  of t h e  f i r s t  two s u b f i e l d s  d e f i n e  t h e  o p e r a t i o n  t o  b e  performed 

on t h e  d a t a  con ta ined  i n  t h e  t h i r d  s u b f i e l d .  ETOG-1 u s e s  on ly  t h e  r e p e a t  

o p t i o n ;  i . e . ,  t h e  f i r s t  s u b f i e l d  w i l l  c o n t a i n  an  R which s i g n i f i e s  t h a t  t h e  

d a t a  i n  t h e  t h i r d  s u b f i e l d  i s  t o  b e  e n t e r e d  i n  t h e  n e x t  N l o c a t i o n s  of t h e  

c r o s s  s e c t i o n  t a b l e .  (ETOG-1 a p p l i e s  t h e  r e p e a t  o p e r a t i o n  on ly  t o  t h e  

number 0.0) .  Thus t h e  l o c a t i o n  of a p a r t i c u l a r  c r o s s  s e c t i o n  on an o u t p u t  

d a t a  c a r d  depends upon t h e  number and l o c a t i o n  of z e r o s  i n  t h e  t a b l e .  

For each energy group, j ,  t h e  f o l l o w i n g  c r o s s  s e c t i o n s  a r e  produced i n  t h e  

d e s i g n a t e d  l o c a t i o n s .  

Lo c a t i o n  V a r i a b l e  ( s )  In format ion  

1 XNGAM (n ,y )  c r o s s  s e c t i o n  f o r  group j 



L o c a t i o n  V a r i a b l e  ( s )  I n f o r m a t i o n  

2  XNALP (n ,a )  c r o s s  s e c t i o n  f o r  group j 

3 XC P a r a s i t i c  c a p t u r e  c r o s s  s e c t i o n  f o r  group j 

4 XFIS F i s s i o n  c r o s s  s e c t i o n  f o r  group j 

5 XABS 

6 XNU 

7 XTOT 

8 

9 

1 0  

11 

Absorpt ion c r o s s  s e c t i o n  f o r  group j 

vo f o r  group j 
f 

T o t a l  c r o s s  s e c t i o n  f o r  group j 

where o R  r e p r e s e n t s  t h e  e lement  of t h e  composi te  t r a n s f e r  m a t r i x ,  of o r d e r  
j , i  

R ,  f o r  t r a n s f e r  from group i t o  group j. Cross s e c t i o n s  of a  g iven  o r d e r  R ,  

s t a r t i n g  w i t h  R = O ,  a r e  punched f o r  a l l  energy groups j ,  one group a t  a  time. 

The ( n , y ) ,  ( n , a ) ,  p a r a s i t i c  c a p t u r e ,  f i s s i o n  and a b s o r p t i o n  c r o s s  s e c t i o n s  

a s  w e l l  as vo a r e  s e t  t o  z e r o  f o r  h i g h e r  o r d e r  c r o s s  s e c t i o n s ,  i . e . ,  f o r  
f  

g = l ,  2,  and 3.  

Note t h a t  ETOG-l.does n o t  produce any u p s c a t t e r  components and t h e  maximum 

o r d e r  of s c a t t e r  i s  P A s  i n d i c a t e d  i n  t h e  concluding s e c t i o n  of t h i s  
3 ' 

r e p o r t  (Chapter  6 ) ,  work must b e  done on t h e  p r e s e n t  v e r s i o n  of s u b r o u t i n e  

TRANSFER i n  t h e  code t o  produce r e l i a b l e  h i g h e r  o r d e r  s c a t t e r i n g  components. 

3.4.3 Sample Problem Output 

The sample problem, d e s c r i b e d  i n  S e c t i o n  3.3.6,  was r u n  on a CDC-6600 

computer u s i n g  t h e  SCOPE 3 . 1  o p e r a t i n g  system. S e l e c t e d  pages of t h e  p r i n t e d  

o u t p u t  appear  i n  t h e  f o l l o w i n g  pages i n  o r d e r  t o  i n d i c a t e  t o  t h e  u s e r  t h e  

format  of t h e  a v a i l a b l e  o u t p u t .  
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CHAPTER 4 

PROGRAMMER'S INFORMATION 

This s e c t i o n  conta ins  many of t h e  i n t e r n a l  d e t a i l s  of t h e  program. The 

i n t e n t  i s  t h a t  t h i s  s e c t i o n  w i l l  provide the  programmer wi th  information 

t h a t  w i l l  prove h e l p f u l  f o r  making add i t i ons  o r  modi f ica t ions  and a l s o  

a s s i s t  i n  making the  program ope ra t iona l  a t  o the r  i n s t a l l a t i o n s .  

4.1 GENERAL PROGRAM DESIGN PHILOSOPHY 

This program was w r i t t e n  wi th  t h e  assumption t h a t  i t  would b e  used a t  

many i n s t a l l a t i o n s  with a  v a r i e t y  of computing machinery. Also i t  is  not  

pr imar i ly  a  product ion program bu t  one t h a t  w i l l  simply b e  used from time 

t o  time t o  genera te  new l i b r a r i e s  o r  update o l d  ones.  Hence a  b a s i c  aim was 

t o  produce s t r a igh t fo rward ,  c l e a r  programming t h a t  would be  r e a d i l y  under- 

s tood.  The program i s  e n t i r e l y  i n  ASA s tandard  FORTRAN (FORTRAN IV) and 

uses no programming t r i c k s  and takes  no advantage of any p a r t i c u l a r  hard- 

ware o r  sof tware.  Also i n  t he  s p i r i t  of s i m p l i c i t y ,  v a r i a b l e  dimensioning 

was not  used. 

The program was w r i t t e n  wi th  t h e  expec ta t ion  t h a t  t h e r e  w i l l  b e  f u t u r e  

add i t i ons  and modif icat ions.  Some of t hese  a r e  a n t i c i p a t e d  wi th  s tatement  

a l l o c a t i o n s  and comments. Others a r e  a l ready  wholly o r  p a r t i a l l y  included.  

The main program i s  simply a s e r i e s  of t e s t s  and c a l l s .  It i s  q u i t e  

s t r a igh t fo rward  and se rves  a s  a  gross  flow diagram. The flow i s  i n  a  

s t r a i g h t  l i n e  wi th  few devia t ions ;  hence, segmenting i s  r e a d i l y  accomplished. 

The program a s  d i s t r i b u t e d  i s  segmented according t o  t h e  overlay s t r u c t u r e  

given i n  Sect ion 4 . 3 .  

Many of t h e  subrout ines  used by the  program may b e  u s e f u l  i n  o t h e r  (present  

and f u t u r e )  codes connected wi th  the  ENDF/B system. Hence an at tempt  has  

been made t o  w r i t e  these  rou t ines  wi th  genera l  use  i n  mind and they a r e  s e l f -  

contained (o r  nea r ly  so ) .  Some ETOG-1 subrout ines  may be  replaced by s i m i l a r  

rou t ines  from o t h e r  ENDF/B codes when they become ava i l ab l e .  



Most of t h e  d a t a  handling i s  done wi th  l a r g e  common s t o r a g e  blocks.  A l l  

t ape  d a t a  a r e  f i r s t  read i n t o  these  blocks before  processing.  Data manipu- 

l a t i o n  is  performed i n  t h e s e  blocks.  The blocks a l s o  s e r v e  a s  temporary 

s t o r a g e  f o r  some processed r e s u l t s  be fo re  f i n a l  e d i t i n g .  These blocks a r e  

t he  device  which permits  t h e  genera l  purpose subrout ines  t o  b e  self-contained.  

A t  p resent  t h e r e  a r e  2 f l o a t i n g  po in t  blocks of length  4000. Associated 

wi th  these  a r e  2 f i x e d  po in t  blocks of length  100. 

The l o g i c a l  flow of t he  program is  designed so  t h a t  the  ENDFIB l i b r a r y  t a p e  

w i l l  be scanned only once. Hence, t he  l i b r a r y  tape  is  never backspaced, 

and is  read  forward only. Therefore,  some d a t a  must be saved from the  

time they a r e  f i r s t  encountered on the  l i b r a r y  tape  u n t i l  such time a s  they 

a r e  needed by t h e  program. One such example i s  t h e  s c a t t e r i n g  c ros s  s e c t i o n  

which is  saved on s c r a t c h  t ape  ITPS and used a t  var ious  times i n  t he  program. 

C e r t a i n  o t h e r  d a t a  a r e  s t o r e d  i n  /DENS/ of length  10000. For example, due 

t o  t h e  frequency of t h e  need, t h e  weighting func t ion  ( i f  o t h e r  than  cons tan t )  

is  s t o r e d  a s  t h e  f i r s t  record i n  /DENS/. 

The program w i l l  op t iona l ly  produce MUFT-4, MUFT-5, GAM-I, GMI-I1 o r  ANISN 

l i b r a r y  cards  a s  p a r t  of t h e  output .  Therefore,  a f t e r  l i b r a r y  da t a  have 

been generated,  they a r e  s t o r e d  and then r e c a l l e d  i n  t h e  l a s t  p a r t  of t h e  

program when the  cards a r e  cons t ruc ted  and punched. 

4.2 LABELED COMMON VARIABLES 

The ENDFIB n o t a t i o n  has been r e t a ined  f o r  v a r i a b l e  names when poss ib l e .  

Hence more d e t a i l e d  explanat ions of t h e  v a r i a b l e s  may b e  found i n  Reference 

7. Connected with the  ENDFIB d a t a  a r e  c o n t r o l  paramters t o  f u r t h e r  de f ine  

and desc r ibe  t h e  var ious  s e c t i o n s  of t he  ENDFIB information.  Therefore,  

no te  t h a t  i n  add i t i on  t o  t h e  l a r g e  s t o r a g e  a r e a s  /RECS/ and /DENS/, t h e r e  

a r e  common blocks /CONTFl/-/CONTF5/. The blocks /FILE3/-/FILE6/ a r e  used 

t o  s t o r e  t h e  requi red  information generated by t h e  program. Other blocks 

a r e  self-explanatory.  I n  t h e  fol lowing s e c t i o n ,  t h e  l abe l ed  COMMON block. 

name is given f i r s t  and i t s  genera l  category descr ibed .  The v a r i a b l e s  i n  



t h e  b l o c k  are t h e n  d e s c r i b e d  i n  t h e  same o r d e r  as t h e y  appear  i n  t h e  b lock .  

/TAPES/ l i t e r a l  t a p e  names and d a t a  mode 

MODE mode of t h e  ENDFIB l i b r a r y  t a p e  

I 0 5  i n p u t  t a p e  

I06  o u t p u t  p r i n t  t a p e  

I 0  7 o u t p u t  punch t a p e  

NDFB ENDFIB l i b r a r y  t a p e  

ITP1-ITP4 s c r a t c h  t a p e s  

/TAPUSE/ l i t e r a l  t a p e  names 

ITPR c o n t a i n s  resonance  s c a t t e r i n g  d a t a  

ITPS c o n t a i n s  smooth s c a t t e r i n g  d a t a  

ITPE c o n t a i n s  e l a s t i c  ( resonance p l u s  smooth) s c a t t e r i n g  d a t a  

/RECS/ 

MAT 

MF 

M'r 
C 1 ,  C2 

L1, L2 

N 1  

N 2  

NBT , J N T  

s i n g l e  r e c o r d  s t o r a g e *  

m a t e r i a l  number 

f i l e  number 

r e a c t i o n  t y p e  number 

f l o a t i n g  p o i n t  c o n s t a n t s  

i n t e g e r  c o n s t a n t s  ( u s u a l l y  t e s t  numbers) 

count of i t ems  i n  a  l i s t  t o  f o l l o w  

count of i t ems  i n  a  second l i s t  t o  f o l l o w  

g e n e r a l  i n t e g e r  s t o r a g e  space  ( u s u a l l y  c o n t a i n  i n t e r p o l a t i o n  

t a b l e s )  

g e n e r a l  f l o a t i n g  p o i n t  s t o r a g e  s p a c e  ( u s u a l l y  c o n t a i n  p o i n t -  

w i s e  d a t a )  

maximum l e n g t h  of t h e  NBT and JNT a r r a y s  

maximum l e n g t h  of t h e  X and Y a r r a y s  

c a r d  sequence number 

* This  common b l o c k  i s  p a r t  of t h e  package of ~ e t r i e v a l '  Subrou t ines  f o r  
t h e  ENDFIB System w r i t t e n  by H. C.  Honeck (Reference 14) .  I n  ETOG1, 
some of t h e  a r r a y  dimensions have been changed. 



/DENS / 

JMT 

JAT 

JT T 

JLT 

A 

JNS, MNS 

J X  

dense  (mul t i - record)  s t o r a g e *  

r e c o r d  i d e n t i f i e r  

r e c o r d  s t a r t i n g  l o c a t i o n  

r e c o r d  t y p e  

r e c o r d  l e n g t h  

r e c o r d  b u l k  s t o r a g e  a r r a y  

p o i n t e r s  f o r  nex t  r e c o r d  

maximum l e n g t h  of t h e  A a r r a y  

maximum l e n g t h  of t h e  JMT, JAT, JTT, and JLT a r r a y s  

d a t a  s t o r a g e  a r e a  w i t h i n  a n  o v e r l a y  ( i n f o r m a t i o n  i n  t h i s  

a r e a  cannot  b e  r e t r i e v e d  o r  manipula ted w i t h i n  a n o t h e r  

o v e r l a y )  

d a t a  b u l k  s t o r a g e  a r r a y  

d a t a  s t o r a g e  a r e a  w i t h i n  an  o v e r l a y  ( i n f o r m a t i o n  i n  t h i s  

a r e a  cannot  b e  r e t r i e v e d  o r  manipula ted w i t h i n  a n o t h e r  

o v e r l a y )  

d a t a  bu lk  s t o r a g e  a r r a y  

r e c o r d  l e n g t h  i n d i c a t o r s  

r e c o r d  l e n g t h  v a r i a b l e  ( u s u a l l y  t h e  number of d a t a  p a i r s  

l i s t e d  i n  X and Y) 

r e c o r d  l e n g t h  v a r i a b l e  ( u s u a l l y  a s s o c i a t e d  w i t h  NBT and JNT) 

r e c o r d  l e n g t h  v a r i a b l e  ( u s u a l l y  t h e  number o f  d a t a  p a i r s  l i s t e d  

i n  B) 

r e c o r d  l e n g t h  v a r i a b l e  ( u s u a l l y  a s s o c i a t e d  w i t h  NBT and JNT) 

c o n t r o l  i n f o r m a t i o n  a s s o c i a t e d  w i t h  F i l e  1 

m a t e r i a l  (Z,A) d e s i g n a t i o n  

This  common b lock  i s  p a r t  o f  t h e  package of R e t r i e v a l  Subrou t ines  f o r  
t h e  ENDFIB System w r i t t e n  by H. C .  Honeck (Reference 14) .  I n  ETOG-1, 
some of t h e  a r r a y  dimensions have been  changed. 



AWR 

LRP 

L F I  

LDD 

LFP 

NWD 

LNU 

NC 

C 

N R 1  

NP 1 

/ C O N T F ~  / 

NIS 

Z A1 

ABN 

LFW 

NER 

LISR,  LISRX 

EL 

EH 

LRU 

LRF 

LISU, LISUX 

S P I R  

AP, LY, AA 

NLSR 

CR 

LR 

NRS 

SPIU 

NLSU 

cu 
NEX 

atomic weight  r a t i o  

resonance  i n d i c a t o r  

f i s s i l e  i n d i c a t o r  

r a d i o a c t i v e  decay i n d i c a t o r  

f i s s i o n  p r o d u c t  i n d i c a t o r  

number of (computer)  words i n  m a t e r i a l  d e s c r i p t i o n  

v r e p r e s e n t a t i o n  i n d i c a t o r  

number of v polynomial terms 

v polynomial c o e f f i c i e n t s  

i n t e r p o l a t i o n  t a b l e  l e n g t h  

d a t a  l i s t  l e n g t h  

c o n t r o l  i n f o r m a t i o n  - F i l e  2 

number of i s o t o p e s  

i s o t o p e  (Z,A) d e s i g n a t i o n  

abundance of i s o t o p e  

f i s s i o n  wid th  i n d i c a t o r  

number of energy ranges  f o r  i s o t o p e  

r e s o l v e d  s c a t t e r i n g  c a l c u l a t i o n  i n d i c a t o r s  

lower energy l i m i t  of  a  r ange  

h i g h e r  energy l i m i t  of  a  r ange  

d a t a  type  i n d i c a t o r  

resonance formula i n d i c a t o r  

unreso lved  s c a t t e r i n g  c a l c u l a t i o n  i n d i c a t o r s  

n u c l e a r  sp in - reso lved  r a n g e  

s c a t t e r i n g  l e n g t h s  

number of R s t a t e s  - r e s o l v e d  range  

p e n e t r a t i o n  f a c t o r  c o n s t a n t  - r e s o l v e d  range  

R - r e s o l v e d  range  

number of resonances  

n u c l e a r  s p i n  - unresolved range  

number of R s t a t e s  - unreso lved  range  

p e n e t r a t i o n  f a c t o r  c o n s t a n t  - unreso lved  range  

number of p o i n t s  i n  f i s s i o n  wid th  t a b u l a t i o n  



LU 

NJS 

MUF 

ELOR 

EHIR 

ELOU 

EHIU 

XPOTR 

XPO TU 

LLRR 

LLRU 

LFWX 

/cONTF3/ 

LFS 

NR3 

NP 3  

/coNTF~/ 

LVT 

LTT 

LCT 

NK4 

NM4 

NRE4 

NE4 

NL4 

NR4 

NP4 

E4 

R - unresolved r e g i o n  

number of J s t a t e s  

number of degrees  of freedom i n  f i s s i o n  wid th  t a b u l a t i o n  

lowes t  energy - r e s o l v e d  r e g i o n  

h i g h e s t  energy - r e s o l v e d  r e g i o n  

lowes t  energy - unreso lved  r e g i o n  

h i g h e s t  energy - unreso lved  r e g i o n  

p o t e n t i a l  s c a t t e r i n g  - r e s o l v e d  r e g i o n  

p o t e n t i a l  s c a t t e r i n g  - unreso lved  r e g i o n  

r e s o l v e d  d a t a  i n d i c a t o r  

unreso lved  d a t a  i n d i c a t o r  

f i s s i o n  wid th  d a t a  i n d i c a t o r  

c o n t r o l  i n f o r m a t i o n  - F i l e  3 

f i n a l  s t a t e  number 

i n t e r p o l a t i o n  t a b l e  l e n g t h  

d a t a  l i s t  l e n g t h  

c o n t r o l  i n f o r m a t i o n  - F i l e  4  

t r a n s f o r m a t i o n  m a t r i x  i n d i c a t o r  

d a t a  form i n d i c a t o r  

c o o r d i n a t e  sys tem i n d i c a t o r  

number of e lements  i n  t r a n s f o r m a t i o n  m a t r i x  

number of columns i n  t r a n s f o r m a t i o n  m a t r i x  minus one 

l e n g t h  of E i n t e r p o l a t i o n  t a b l e  

number of energy v a l u e s  

o r d e r  of Legendre polynomial 

l e n g t h  of i n t e r p o l a t i o n  t a b l e  f o r  t a b u l a t i o n  

number of p o i n t s  i n  t a b u l a t i o n  

energy v a l u e s  a t  which secondary energy d i s t r i b u t i o n s  a r e  

g i v e n  

c o n t r o l  i n f o r m a t i o n  - F i l e  5 

number of r e p r e s e n t a t i o n s  ( s u b s e c t i o n s )  



THETA 

LF 

N E  

NR5 

NP 5 

EINIT 

AWATT 

BWATT 

LTHET 

LITHET 

LP P  

LIPP 

LGG 

LIGG 

/MOREIN/  

KRES 

/OPTION/ 

MAXGl 

MAXG2 

M I N R l  

MINR2 

M A X I  1 

MAXI 2  

/FLAGS/ 

KEY 

NOXS 

NOXIN 

0  

f u n c t i o n  r e p r e s e n t a t i o n  i n d i c a t o r  

number of E  v a l u e s  i n  g(E1+E) t a b u l a t i o n  

i n t e r p o l a t i o n  t a b l e  l e n g t h  

d a t a  l i s t  l e n g t h  

E  v a l u e s  i n  g  (E1+E) t a b u l a t i o n  

c o n s t a n t  "a" i n  Watt spectrum 

c o n s t a n t  "b" i n  Watt spectrum 

l e n g t h  of t h e t a  a r r a y  

l e n g t h  of t h e t a  i n t e r p o l a t i o n  t a b l e  

l e n g t h  of P  l i s t  

l e n g t h  of P  i n t e r p o l a t i o n  t a b l e  

l e n g t h  of ~ ( E ' / B )  l ist  

l e n g t h  of g ( ~ ' / e )  i n t e r p o l a t i o n  t a b l e  

b a s i c  i n p u t  ( s e e  i n p u t  d e s c r i p t i o n )  

i n p u t  o p t i o n s  ( s e e  i n p u t  d e s c r i p t i o n )  

resonance  parameter  o r  e q u i v a l e n t  smooth d a t a  i n d i c a t o r  f o r  

s t a c k e d  c a s e s  

i n p u t  o p t i o n s  ( s e e  i n p u t  d e s c r i p t i o n )  

MAXG+l 

MAXG+2 

M I N R + l  

MINR+2 

MAxI+l 

MAXI+2 

program c o n t r o l  i n d i c a t o r s  

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

e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  p r e s e n c e  i n d i c a t o r  

i n e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  p r e s e n c e  i n d i c a t o r  



NON2N 

NOXF 

NONG 

NONP 

NOND 

NONT 

NOHE 

NONA 

NON 2A 

NO CAP 

N OMU 

/CONSTS/ 

EZERO 

P I  

HAFP I 

/GROUP s / 
EGRP 

UGRP 

/RESON/ 

NRES 

NUNPL 

ECUT 

DLEV 

GNOBAR 

GGBAR 

GBAR 

GOBAR 

GAFBAR 

RFACT 

SFACT 

n-2n c r o s s  s e c t i o n  p resence  i n d i c a t o r  

f i s s i o n  c r o s s  s e c t i o n  p resence  i n d i c a t o r  

(n ,y)  c r o s s  s e c t i o n  p resence  i n d i c a t o r  

(n ,p)  c r o s s  s e c t i o n  p r e s e n c e  i n d i c a t o r  

(n ,d)  c r o s s  s e c t i o n  p r e s e n c e  i n d i c a t o r  

( n , t )  c r o s s  s e c t i o n  p r e s e n c e  i n d i c a t o r  
3 

(n,He ) c r o s s  s e c t i o n  p resence  i n d i c a t o r  

( n , a )  c r o s s  s e c t i o n  p r e s e n c e  i n d i c a t o r  

(n ,2a )  c r o s s  s e c t i o n  p r e s e n c e  i n d i c a t o r  

a b s o r p t i o n  c r o s s  s e c t i o n  p r e s e n c e  i n d i c a t o r  - 
p (average  c o s i n e  of t h e  s c a t t e r i n g  a n g l e )  p resence  

i n d i c a t o r  

d a t a  c o n s t a n t s  

1.0 l o 7  

group s t r u c t u r e  

energy s t r u c t u r e  

l e t h a r g y  s t r u c t u r e  

resonance  r e g i o n  v a r i a b l e s  

number o f  r e s o l v e d  resonances  

"accep tab le"  s e t  of unreso lved  resonance  paramete rs  i n d i c a t o r  

c u t o f f  energy between r e s o l v e d  and unreso lved  ranges  

unreso lved  mean l e v e l  s p a c i n g  

average  unreso lved  resonance  reduced n e u t r o n  wid th  

average  unreso lved  resonance  c a p t u r e  wid th  

average  unreso lved  resonance  s t a t i s t i c a l  s p i n  f a c t o r  

average  unreso lved  resonance  reduced n e u t r o n  wid th  

average  unreso lved  resonance  f i s s i o n  w i d t h  

GAM-I1  r - f a c t o r  

GAM-I1 S - fac to r  



W EAG 

ER 

Gmm 
GAMG 

GAMF 

NROIM 

/RESCNT/ 

N R I G  

/ EXTRAS / 

CDTEUP 

FDTEUP 

RINP 

R I N D  

RINT 

RIHE 

RINA 

RIN2A 

ARRAY 

resonance  s t a t i s t i c a l  s p i n  f a c t o r  

energy of r e s o l v e d  resonance  

r e s o l v e d  resonance  n e u t r o n  w i d t h  

r e s o l v e d  resonance  c a p t u r e  w i d t h  

r e s o l v e d  resonance  f i s s i o n  w i d t h  

narrow resonance  o r  i n f i n i t e  mass approximat ion i n d i c a t o r  

resonance  i n d i c a t o r  

group c r i t i c a l  r esonance  i n d i c a t o r  

resonance  i n t e g r a l  v a r i a b l e s  

c a p t u r e  resonance  i n t e g r a l  due t o  t h e  e x p l i c i t  unreso lved  

paramete rs  o u t p u t  f o r  GAM-I o r  GAM-I1 

f i s s i o n  resonance  i n t e g r a l  due t o  t h e  e x p l i c i t  unreso lved  

paramete rs  o u t p u t  f o r  GAM-I o r  GAV-I1 

asymmetric c o n t r i b u t i o n  t o  GAM-I1 c a p t u r e  resonance  i n t e -  

g r a l  below ENDFIB r e s o l v e d  energy r e g i o n  due t o  r e s o l v e d  

resonances  o u t p u t  f o r  GAM-I1  

asymmetric c o n t r i b u t i o n  t o  GAM-I1 c a p t u r e  resonance  i n t e -  

g r a l  i n  ENDFIB r e s o l v e d  energy r e g i o n  due t o  r e s o l v e d  

resonances  o u t p u t  f o r  GAM-I1 

asymmetric c o n t r i b u t i o n  t o  GAM-I1 f i s s i o n  resonance  i n t e -  

g r a l  below ENDFIB r e s o l v e d  energy r e g i o n  due t o  r e s o l v e d  

resonances  o u t p u t  f o r  GAM-I1 

asymmetric c o n t r i b u t i o n  t o  GAM-I1  f i s s i o n  resonance  i n t e g r a l  i n  

ENDFIB r e s o l v e d  energy r e g i o n  due t o  r e s o l v e d  resonances  

o u t p u t  f o r  GAM-I1 

(n ,p)  resonance  i n t e g r a l  

( n , d )  resonance  i n t e g r a l  

(n,  t )  r e sonance  i n t e g r a l  
3 

(n,He ) resonance  i n t e g r a l  

(n ,a )  r esonance  i n t e g r a l  

(n ,2a)  resonance  i n t e g r a l  

t o t a l  ( r e s o l v e d  o r  unresolved p l u s  smooth) (n ,y)  c r o s s  s e c t i o n  



/SMOOTH/ 

XAB S  

XFIS 

mu 

/TRANS/ 

AH1 

AP 1 

ALPLG 

CFAL 

AL 

BU 

CL 

DU 

WUPP 1 

NLENG 

A19 

FBB 

FOLA 

CX 

P L W  

PLETA 

PLTl 

/ PARAM/ 

NPE 

XNPE 

mul t ig roup  c r o s s  s e c t i o n s  

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

f i s s i o n  c r o s s  s e c t i o n  

average  number o f  neu t rons  p e r  f i s s i o n  

e l a s t i c  s c a t t e r i n g  c a l c u l a t i o n  v a r i a b l e s  

A-1; A = atomic mass 

L 
A-1 

l o g  (a) ;  a = ( - ) 
A+l  

1- a 

lower l i m i t  f o r  o u t e r  i n t e g r a l  

upper l i m i t  f o r  o u t e r  i n t e g r a l  

lower l i m i t  f o r  i n n e r  i n t e g r a l  

upper l i m i t  f o r  i n n e r  i n t e g r a l  

NLENG+l 

h i g h e s t  o r d e r  of non-zero Legendre expansion c o e f f i c i e n t s  

a v a i l a b l e  f o r  a  group 

2 j  + 1; j = 0 ,  1, . . . NLENG 

v a l u e  of i n n e r  i n t e g r a l  a t  any energy mesh p o i n t  

R 
components, a , of t r a n s f e r  m a t r i x  

j ,i 
P  (u) ;Rth  o r d e r  Legendre polynomial e v a l u a t e d  a t  u 

R 
P  (n) ;Rth o r d e r  Legendre polynomial e v a l u a t e d  a t  n 

R 
c o e f f i c i e n t s  i n  r e c u r s i o n  formula f o r  c a l c u l a t i o n  of 

Legendre polynomials 

c o e f f i c i e n t s  i n  r e c u r s i o n  formula  f o r  c a l c u l a t i o n  of 

Legendre polynomials  

e l a s t i c  s c a t t e r i n g  c a l c u l a t i o n  v a r i a b l e s  

number of mesh p o i n t s  used i n  c a l c u l a t i n g  o u t e r  i n t e g r a l  

NPE-1; number of i n t e r v a l s  used i n  c a l c u l a t i n g  o u t e r  

i n t e g r a l  



NPEP 

XNPEP 

LPEP 

QLPEP 

NPIS 

LOR1 

NGROUP 

LOLIN 

LAIN 

LDIN 

LOL2N 

LA2N 

LOLPO 

LDPO 

LOLPl 

LAP1 

number of mesh p o i n t s  used i n  c a l c u l a t i n g  i n n e r  i n t e g r a l  

NPEP-1; number of i n t e r v a l s  used i n  c a l c u l a t i n g  i n n e r  i n t e g r a l  

number of mesh p o i n t s  used i n  c a l c u l a t i n g  i n n e r  i n t e g r a l  

(in-group component on ly)  

LPEP-1; number of i n t e r v a l s  used i n  c a l c u l a t i n g  i n n e r  

i n t e g r a l  (in-group component o n l y )  

number of energy p o i n t s  f o r  which e l a s t i c  s c a t t e r i n g  c r o s s  

s e c t i o n s  a r e  c a l c u l a t e d  f o r  a p a r t i c u l a r  group 

number of energy p o i n t s  f o r  which Legendre expansion coef-  

f i c i e n t s  a r e  c a l c u l a t e d  f o r  a p a r t i c u l a r  group 

h i g h e s t  o r d e r  of s c a t t e r i n g  m a t r i x  d e s i r e d  p l u s  one 

s o u r c e  group number 

f i n a l  e l a s t i c  s c a t t e r i n g  m a t r i x  e lements  

P m a t r i x  e lements  f o r  a p a r t i c u l a r  s o u r c e  group 
0 

P m a t r i x  e lements  f o r  a p a r t i c u l a r  s o u r c e  group 
1 

P m a t r i x  e lements  f o r  a p a r t i c u l a r  s o u r c e  group 
2 

P m a t r i x  e lements  f o r  a p a r t i c u l a r  s o u r c e  group 
3 

m a t r i x  column sums 

m a t r i x  column sums (e .g . ,  i n e l a s t i c  and ( n , 2 n ) )  

m a t r i x  dimensions 

t o t a l  number of e lements  i n  t h e  i n e l a s t i c  m a t r i x  

number of s o u r c e  groups from which i n e l a s t i c  s c a t t e r i n g  occurs  

number of groups i n t o  which i n e l a s t i c  downsca t t e r ing  occurs  

t o t a l  number of e lements  i n  t h e  (n,2n) a r r a y  

number of s o u r c e  groups from which (n,2n) t r a n s f e r  occurs  

number of groups i n t o  which (n,2n) t r a n s f e r  occurs  

t o t a l  number of e lements  i n  P m a t r i x  (GAM-I) 
0 

number of s o u r c e  groups from which P e l a s t i c  s c a t t e r i n g  
0 

occurs  (GAM-I) 

number of groups i n t o  which P downsca t t e r ing  o c c u r s  (GAM-I) 
0 

t o t a l  number of e lements  i n  P m a t r i x  (GAM-I) 
1 

number of s o u r c e  groups from which P e l a s t i c  s c a t t e r i n g  
1 

occurs  (GAM-I) 



L D P  1 

L O L P  

LAP 

L D P  

LOL 

L A  

L D  

/ M u F T ~ ~ /  

N F I L  

N COD 

NGR 

N S E Q  

L A S T  

S I G N  

I X P  

F R A C  

/ INFO / 

AN I D  

NAO C 

L T O T  

IWA 

I W F  

I W R  

NUMID 

number of groups  i n t o  which P downsca t t e r ing  occurs  (GAM-I) 1 
t o t a l  number of e lements  i n  each P i .e. ,  Po, PI, P2,  and 

R ' 
P m a t r i x  (GAM-11) 3 7 

number of s o u r c e  groups from which P e l a s t i c  s c a t t e r i n g  R 
o c c u r s  (GAM-11) 

number of groups i n t o  which P downsca t t e r ing  o c c u r s  R 
(GAM-11) 

t o t a l  number o f  e lements  i n  composite t r a n s f e r  m a t r i x  

number of s o u r c e  groups from which composi te  t r a n s f e r  o c c u r s  

number of groups i n t o  which composite t r a n s f e r  occurs  

o u t p u t  c a r d  c o n s t r u c t i o n  v a r i a b l e s  

f i l e  number 

MUFT m a t e r i a l  number 

group number 

sequence number 

m a t r i x  column i n d i c a t o r  

c o n s t r u c t e d  s i g n  

c o n s t r u c t e d  exponent 

c o n s t r u c t e d  f r a c t i o n  

i n f o r m a t i o n  f o r  GAM punched o u t p u t  

a lphanumeric  i d e n t i f i c a t i o n  f o r  n u c l i d e  

GAM-I l i b r a r y  new a d d i t i o n  o r  change i n d i c a t o r  

t o t a l  number of e n t r i e s  i n  P 
0 ' PI, i n e l a s t i c ,  and (n,2n) 

m a t r i c e s  and i n  t h e  a a and v t a b l e s  f '  a' 
a b s o r p t i o n  c r o s s  s e c t i o n  p resence  i n d i c a t o r  

f i s s i o n  c r o s s  s e c t i o n  p r e s e n c e  i n d i c a t o r  

resonance  parameter  p r e s e n c e  i n d i c a t o r  

number of one-dimensional a r r a y s  p r e s e n t  f o r  n u c l i d e  

c a r d  sequence number 

f i e l d  number i n d i c a t o r  



NUM number of e lements  i n  a r r a y  

KT a r r a y  e lement  c o u n t e r  

I X  f i r s t  s u b f i e l d ;  i n t e g e r  o r  b lank  

J X  second s u b f i e l d ;  o p e r a t i o n  i n d i c a t o r  

FX t h i r d  subf  i e l d ;  numerical  d a t a  

XS 

XC 

X I N  

XF 

AGN 

XSMU 

GNU 

XSXI 

ETA 

ZETA 

( o u t p u t  f o r  MUFT F i l e  3 )  mul t ig roup  c r o s s  s e c t i o n s ,  s lowing 

down and f i s s i o n  product  pa ramete rs  

s c a t t e r i n g  c r o s s  s e c t i o n  

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

i n e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  

f i s s i o n  c r o s s  s e c t i o n  

i s o t r o p i c  Greul ing-Goer tzel  pa ramete r  (age  number) 

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

V 

i s o t r o p i c  s lowing down power 

a n i s o t r o p i c  s lowing down power 

a n i s o t r o p i c  Greul ing-Goer tzel  pa ramete r  ( a l s o  used t o  

s t o r e  t h e  group i n t e g r a l  of t h e  we igh t )  

/FILE4/ (ou tpu t  f o r  MUFT F i l e  4 )  MUFT group resonance  i n d i c a t o r  

JRS number of resonances  i n  group 

/FILE51 (ou tpu t  f o r  MUFT F i l e  5 )  i n e l a s t i c  and (n ,2n)  m a t r i c e s  

PMX p r o b a b i l i t y  and /or  c r o s s  s e c t i o n  m a t r i x  

D I A G  ingroup s c a t t e r  

XTRA o u t  of m a t r i x  s c a t t e r  

/FILE6 / (ou tpu t  f o r  MUFT F i l e  6) s o u r c e  spectrum 

TRUM s o u r c e  spectrum ( a l s o  used f o r  temporary s t o r a g e )  

4.3 OVERLAY STRUCTURE AND ROUTINE LIST 

Following i s  a l i s t  of t h e  programs, s u b r o u t i n e s ,  and f u n c t i o n s  used by ETOG-1. 



A b r i e f  summary of t h e  purpose  of each is  inc luded .  The o r d e r  of t h e  l i s t  

i s  t h e  same a s  t h a t  of t h e  p h y s i c a l  deck. I t  i s  a r r a n g e d  by program seg- 

ment; h e n c e , t h i s  l i s t  a l s o  s e r v e s  a s  t h e  o v e r l a y  s t r u c t u r e  d e s c r i p t i o n .  

Over lay (0,O ) 

FLOW c o n t r o l s  f low of main program 

ERR p r i n t s  e r r o r  message 

ERROR p r i n t s  e r r o r  message* 
STORE s t o r e s  r e c o r d  i n  dense  s t o r a g e *  
FETCH f e t c h e s  r e c o r d  from dense  s t o r a g e *  
DELETE d e l e t e s  r e c o r d  from dense  s t o r a g e *  
ECSI computes i n t e g r a l  of y  (x) * 
GRATE i n t e g r a t e s  TAB1 f u n c t i o n *  

COMB combines two TAB1 f u n c t i o n s *  
COMBP combines one p a n e l  of two TAB1 f u n c t i o n s *  
ADD combining f u n c t i o n  f o r  a d d i t i o n *  
SUB combining f u n c t i o n  f o r  s u b t r a c t i o n *  
MULT combining f u n c t i o n  f o r  m u l t i p l i c a t i o n *  
D I V  combining f u n c t i o n  f o r  d i v i s i o n *  

TERP i n t e r p o l a t e s  between two p o i n t s *  
TERPl i n t e r p o l a t e s  one p o i n t *  
TERP2 forms new t a b l e  by i n t e r p o l a t i o n *  
LRIDS l o c a t e s  r e c o r d  i n  dense  s t o r a g e *  
FPDS f e t c h e s  p o i n t  from dense  s t o r a g e *  
LPDS i n t e r p o l a t e s  p o i n t  i n  dense  s t o r a g e *  

HOLL r e a d s  h o l l e r i t h  m a t e r i a l  d e s c r i p t i o n  
CONT r e a d s  c o n t r o l  (CONT) r e c o r d  
LIST r e a d s  LIST r e c o r d  
TAB1 r e a d s  TAB1 r e c o r d  
TAB2 r e a d s  TAB2 r e c o r d  

TPO S p o s i t i o n s  ENDF/B t a p e  t o  f i l e  (MF) and r e a c t i o n  (MT) 
XTND ex tends  d a t a  a r r a y  
SAVE w r i t e s  o r  r e a d s  a  s c r a t c h  t a p e  
TERPO i n t e r p o l a t e s  a  d a t a  a r r a y  

* This  s u b r o u t i n e  ( o r  f u n c t i o n )  i s  p a r t  of t h e  package of R e t r i e v a l  
Subrou t ines  f o r  t h e  ENDF/B System w r i t t e n  by H. C. Honeck (Reference 14) .  



GPAV averages  o v e r  s e l e c t e d  groups 
AVRG averages  over  a s e l e c t e d  energy r a n g e  
OUT 3 p r i n t s  o u t p u t  ( F i l e  3 d a t a )  
XSP4 c o n v e r t s  d a t a  t o  excess-50 fo rmat ,  punches MUFT-4 and PfUFT-5 

Over lay (1,O) 

ETOGlO c o n t r o l s  f low of program i n  o v e r l a y  (1,O) 

I N I N  
OUT0 
ZERO 
EU 
GENT1 
FISS 
TRID 
TMAT 
TMFl 
OUT 1 

r e a d s  i n p u t  
l i s t s  i n p u t  o p t i o n s  s e l e c t e d  
i n i t i a l i z e s  v a r i a b l e s  
c o n s t r u c t s  group s t r u c t u r e ,  we igh t ,  and weigh t  averages  
g e n e r a t e s  TAB1 f u n c t i o n  
g e n e r a t i n g  f u n c t i o n  f o r  f i s s i o n  spectrum 
r e a d s  ENDFIB t a p e  I . D .  
p o s i t i o n s  ENDFIB t a p e  t o  m a t e r i a l  (MAT) 
r e a d s  ENDFIB F i l e  1 
p r i n t s  o u t p u t  ( i n p u t )  

Over lay (2,O) 

ETOG20 c o n t r o l s  f low of program i n  o v e r l a y  (2,O) 

TMF2 r e a d s  ENDFIB F i l e  2 
RE SO c a l c u l a t e s  resonance  parameters  f o r  GAM-I and GAM-I1  
RESS c a l c u l a t e s  r e s o l v e d  resonance  s c a t t e r i n g  
FACTR c a l c u l a t e s  p e n e t r a t i o n  and s h i f t  f a c t o r s  and phase  s h i f t  
RESR c a l c u l a t e s  r e s o l v e d  resonance  paramete rs  and low resonance  

e f f e c t  
RESU c a l c u l a t e s  unreso lved  resonance  c o n t r i b u t i o n  

Over lay (3,O) 

ETOG30 c o n t r o l s  f low of program i n  o v e r l a y  (3,O) 

TMF 3 r e a d s  ENDFIB F i l e  3 
CRO S c a l c u l a t e s  smooth c r o s s  s e c t i o n s  
RESI c a l c u l a t e s  i n f i n i t e l y  d i l u t e  resonance  i n t e g r a l s  

Over lay (4,O) 

ETOG40 c o n t r o l s  f low of program i n  o v e r l a y  (4,O) 

TRAN c o n t r o l s  c a l c u l a t i o n  o f  t r a n s f e r  e lements ,  p r i n t s  e l a s t i c  
s c a t t e r i n g  m a t r i c e s  



G R I D  
MVAL 
DINT 
S INT 

G ADD 

TMF4 
LECOM 

LEGEND 

s e t s  up l e t h a r g y  mesh f o r  i n t e g r a t i o n  
e v a l u a t e s  i n n e r  i n t e g r a n d  a t  an energy mesh v a l u e  
performs double  i n t e g r a t i o n  f o r  m a t r i x  e lement  
performs double  i n t e g r a t i o n  f o r  in-group m a t r i x  element 
( s p e c i a l  c a s e )  
r e t r i e v e s  s c a t t e r i n g  c r o s s  s e c t i o n s  and Legendre coef-  
f i c i e n t s  
r e a d s  ENDFIB F i l e  4 
e s t a b l i s h e s  Legendre c o e f f i c i e n t s  i n  center-of-mass 
c o o r d i n a t e  sys tem 
f i t s  Legendre c o e f f i c i e n t s  t o  t a b u l a t e d  a n g u l a r  d i s t r i b u t i o n s  

Over lay (5,O) 

ETOG50 c o n t r o l s  f low of program i n  o v e r l a y  (5,O) 

INF5 
TMF5 
IMAT 
CWAX 
PUTW 
OUT5 
RENO 
SPEC 

i n i t i a l i z e s  F i l e  5  
r e a d s  ENDFIB F i l e  5  
c a l c u l a t e s  c o n t r i b u t i o n s  t o  i n e l a s t i c  m a t r i x  
combines weight  and c r o s s  s e c t i o n  
r e s t o r e s  we igh t  t o  p r o p e r  p l a c e  
p r i n t s  o u t p u t  ( F i l e  5  d a t a )  
r enormal izes  i n e l a s t i c  m a t r i x  
c a l c u l a t e s  s o u r c e  ( f i s s i o n )  spectrum 

Over lay (6,O) 

ETOG60 c o n t r o l s  f low of program i n  o v e r l a y  (6,O) 

POUT punches o u t p u t  f o r  MUFT 
GOUT p r i n t s  and punches o u t p u t  f o r  GAII 

Overlay (7,O) 

ETOG7O c o n t r o l s  f low o f  program i n  o v e r l a y  (7,O) 

ANOUT p r i n t s  o u t p u t  f o r  ANISN 
ANPUN punches o u t p u t  f o r  ANISN 
ANPUNF punches las t  c a r d  

4.4 ERROR STOPS 

I f  c e r t a i n  e r r o r s  a r e  d e t e c t e d ,  an e r r o r  message w i l l  b e  p r i n t e d .  Some 

messages a r e  p r i n t e d  d i r e c t l y  by t h e  r o u t i n e  i n  which t h e y  are d e t e c t e d .  



Others a r e  p r in t ed  by one of t h e  e r r o r  p r i n t i n g  subrout ines .  Subroutine 

ERR w i l l  p r i n t  an e r r o r  number, t he  subrout ine  and the  s ta tement  number 

where t h e  e r r o r  occurred and t h e  c o n t r o l  words, FAT, MF, MT, C 1 ,  C2, L1, 

L2, N 1  and N2. Subroutine ERROR p r i n t s  only the  e r r o r  number and t h e  con- 

t r o l  words, MAT, MF, and MT. Following i s  a  l i s t  of t h e  e r r o r  numbers, 

t h e  subrout ine  which d e t e c t s  t h e  e r r o r  and an explana t ion  of t he  e r r o r .  

Er ror  Detect ing 
Number Subroutine Explanation 

ECSI 

TERP2 

TERP2 

TERP2 

TERPl 

TERPl 

TERPl 

STORE 

STORE 

STORE 

FETCH 

COMB 

COMB 

COMB 

COMB 

IPDS 

GRATE 

I n t e r p o l a t i o n  code ou t  of range 

X(N) not  i n  i nc reas ing  o rde r  

XP(N) n o t  i n  i nc reas ing  o rde r  

I n t e r p o l a t i o n  t a b l e  i n c o r r e c t  

I n t e r p o l a t i o n  code not  i n  range 1-5 

X - < 0 cannot be i n t e r p o l a t e d  by logs  

X 1  = X2, d i s c o n t i n u i t y  

JT no t  i n  range 1-6 

MA=O not allowed 

Overflow, record w i l l  no t  f i t  

MA = 0 ,  record not  i n  /DENS/ 

Overflow, answer w i l l  not  f i t  i n  /RECS/ 

MA o r  MB not  i n  /DENS/ 

XL > XH - 
MA o r  MB i s  zero 

Improper i n t e r p o l a t i o n  t a b l e  

I n t e r p o l a t i o n  t a b l e  i n c o r r e c t  



CHAPTER 5 

ENVIRONMENT INFORMATION 

The amount of c o r e  s t o r a g e  r e q u i r e d  by ETOG-1, a s s o c i a t e d  sys tem l i b r a r y  

f u n c t i o n s ,  and t h e  SCOPE 3 .1  o p e r a t i n g  system i s  approximately  55,000 10 
l o c a t i o n s .  ETOG-1 u s e s  f o u r  s c r a t c h  t a p e s  i n  a d d i t i o n  t o  t h e  mounted 

l i b r a r y  t a p e .  I t  a l s o  r e q u i r e s  s t a n d a r d  sys tem i n p u t ,  o u t p u t ,  and punch 

u n i t s .  The program, w r i t t e n  e n t i r e l y  i n  FORTRAN I V ,  shou ld  compile and 

e x e c u t e  p r o p e r l y  on any c o n f i g u r a t i o n  meet ing t h e s e  requ i rements .  



CHAPTER 6 

COMMENTS AND CONCLUSIONS 

A s  i n d i c a t e d  i n  t h e  r e p o r t ,  t h e  p r e s e n t  v e r s i o n  of ETOG h a n d l e s  t h e  job  

f o r  which i t  was w r i t t e n  q u i t e  w e l l .  However, s u g g e s t i o n s  may b e  made a s  

t o  p o s s i b l e  improvements i n  a f u t u r e  v e r s i o n  of t h e  code, p a r t i c u l a r l y  t h e  

g e n e r a t i o n  of h i g h e r  o r d e r  terms of 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  mat r ix .  

Where t h e  a n a l y t i c  behav ior  o f  t h e  c r o s s  s e c t i o n  and weigh t ing  f u n c t i o n  i s  

known i t  might be  p o s s i b l e  t o  i n c l u d e  a s e m i - a n a l y t i c  t r e a t m e n t  o f  t h e  

i n t e g r a l s .  When p o i n t w i s e  resonance  c r o s s  s e c t i o n s  a r e  genera ted ,  a t e s t  

on l i n e a r i t y  of p o i n t s  i n  t h e  t a b l e  might b e  i n c o r p o r a t e d  t o  de te rmine  t h e  

i n t e r p o l a t i o n  scheme r e q u i r e d  between p o i n t s  and t h u s  p e r m i t  more a c c u r a t e  

i n t e g r a t i o n .  Although t h e  runn ing  t ime  of t h e  program w i l l  b e  i n c r e a s e d  

a p p r e c i a b l y ,  i t  i s  expec ted  t h a t  c r o s s  s e c t i o n s  genera ted  f o r  a g iven  

m a t e r i a l  w i l l  b e  v a l i d  f o r  a y e a r ,  pe rhaps ;  t h e r e f o r e ,  runn ing  t i m e  shou ld  

n o t  b e  t h e  primary c o n s i d e r a t i o n .  

I n  a d d i t i o n ,  m o d i f i c a t i o n  of t h e  c u r r e n t  v e r s i o n  of t h e  code i s  r e q u i r e d  

t o  p e r m i t  t r e a t m e n t  of a number of h i g h  energy r e a c t i o n s  such a s  (n ,3n) ,  

( n , n l ) a ,  ( n , n 1 ) 2 a ,  e t c .  P r e s e n t l y ,  i f  c r o s s  s e c t i o n s  above 10 Mev a r e  

r e q u i r e d ,  t h e  u s e r  shou ld  examine ENDFIB F i l e  3 t o  de te rmine  whether  t h i s  

shor tcoming w i l l  a f f e c t  h i s  o u t p u t  r e s u l t s .  

F i n a l l y ,  comments shou ld  b e  made about  m o d i f i c a t i o n s  r e q u i r e d  t o  pe rmi t  

t h e  h a n d l i n g  of a l t e r e d  ENDFIB fo rmats .  C u r r e n t l y ,  i n  t h e  r e s o l v e d  

resonance  r e g i o n ,  o n l y  t h e  Breit-Wigner s i n g l e - l e v e l  formula  i s  assumed t o  

h o l d .  I n  t h e  unresolved r e g i o n ,  neu t ron  and gamma wid ths  a r e  assumed t o  b e  

energy-independent,  w h i l e  t h e  f i s s i o n  wid ths  may be  t a b u l a t e d  a s  a f u n c t i o n  

of energy.  Also t h e  t o t a l  i n e l a s t i c  c r o s s  s e c t i o n ,  i . e . ,  MT=4, i s  t r e a t e d  

w h i l e  components of t h e  c r o s s  s e c t i o n ,  i .e . ,  MT=5-15, a r e  n o t  handled.  A 

c o n s i d e r a b l e  e f f o r t  i s  r e q u i r e d  t o  extend t h e  c a p a b i l i t i e s  of t h e  c u r r e n t  

v e r s i o n  of t h e  code. 
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