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ABSTRACT 

ETOT is  a  d i g i t a l  computer program which 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  ENDF/B fo rmat  and produces  l i b r a r y  d a t a  i n  the rmal  l i b r a r y  fo rmat .  

ETOT 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  des igned  t o  b e  

computer independent .  Along w i t h  p r i n t e d  r e s u l t s ,  t h e  o u t p u t  i n c l u d e s  

punched c a r d s  i n  t h e  fo rmat  a p p r o p r i a t e  t o  t h e  d e s i r e d  l i b r a r y .  



1 .0  INTRODUCTION 

ETOT was developed t o  p rov ide  a program which would c o n v e r t  t h e  

ENDFIB (Reference 1, 2 )  d a t a  i n t o  t h e  v a r i o u s  the rmal  l i b r a r i e s .  (The name, 

ETOT, i s  t h e  mnemonic f o r  - ENDFIB -- TO Thermal.) 

The b a s i c  frame of ETOT i s  based on ETOM-1 (Reference 3 ) ,  a program t o  

p r o c e s s  t h e  d a t a  from t h e  ENDFIB f i l e  t o  t h e  MUFT format .  

I n  t h i s  r e p o r t ,  a l i m i t e d  knowledge of t h e  the rmal  codes (References  

4-9) and t h e  ENDF/B s t r u c t u r e  i s  assumed. Some ENDF/B n o t a t i o n  w i l l  b e  

used w i t h o u t  a d e t a i l e d  e x p l a n a t i o n .  Likewise  t h e  meanings o f  t h e  thermal  

pa ramete rs  w i l l  n o t  b e  e x p l a i n e d  i n  d e t a i l  b u t  on ly  t h e  means o f  c a l c u l a t i n g  

them w i l l  b e  d e s c r i b e d .  



2.0  PROGRAM DESCRIPTION 

2 . 1  General  In format ion  

The program i s  d i v i d e d  i n t o  f o u r  g e n e r a l  p a r t s  - i n p u t ,  resonance 

d a t a ,  smooth d a t a  and o u t p u t .  These s e c t i o n s  w i l l  be  d e s c r i b e d  s e p a r a t e l y  

i n  t h e  f o l l o w i n g  pages .  

2 .1 .1  Average Values 

ETOT may be  asked t o  c a l c u l a t e  group averaged c r o s s  s e c t i o n s .  

These a r e  c a l c u l a t e d  as 

Here t h e  i n t e g r a l  is  t a k e n  over  t h e  a p p r o p r i a t e  energy range ( u s u a l l y )  

t h e  group) and W(E) is  t h e  w e i g h t i n g  f u n c t i o n .  The p r e s e n t  v e r s i o n  

of t h e  program does t h e  i n t e g r a t i o n  by u s i n g  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 a s s o c i a t e d  w i t h  t h e  c r o s s  s e c t i o n s  and t h e  w e i g h t i n g  

f u n c t i o n .  

2.1.2 Weighting Func t ions  

A t  p r e s e n t  t h e r e  a r e  f o u r  p o s s i b l e  w e i g h t i n g  f u n c t i o n s .  These 

a r e  1 / ~ ,  c o n s t a n t  a t  a  v a l u e  of 1 .0 ,  i n p u t ,  o r  a combination o f  a  

Maxwellian d i s t r i b u t i o n  j o i n e d  t o  1/E. 

For t h e  combination o f  a  Maxwellian d i s t r i b u t i o n  j o i n e d  t o  1 /E ,  

t h e  j o i n i n g  p o i n t  i s  t a k e n  a t  t h e  energy 4kT. The Maxwellian d i s -  

t r i b u t i o n  is g iven  by: 

where 
5 

k  - Boltzmann's c o n s t a n t  - 8.6167 x 10 e v / " ~  

T - Temperature O K  

E - energy ev .  

EJ - energy ev.  a t  j o i n i n g  p o i n t  



The 1 / E  p a r t  of t h e  f u n c t i o n  i s  g iven  by C/E where 

2 . 1 . 3  P o i n t  Values 

ETOT has  t o  c a l c u l a t e  p o i n t  v a l u e s  of t h e  c r o s s  s e c t i o n s .  These 

a r e  found by i n t e r p o l a t i o n  o f  t h e  g iven  f u n c t i o n  u s i n g  t h e  i n t e r p o l a -  

t i o n  schemes g iven  by t h e  d a t a .  

2.2 Resolved Resonance Data 

ETOT w i l l  c a l c u l a t e  KATE t y p e  resonance  paramete rs  and /or  c a l c u l a t e  

t h e  mic roscop ic  c r o s s  s e c t i o n s  u s i n g  t h e  s i n g l e  l e v e l  Breit-Wigner formula.  

The resonance paramete rs  a r e  l o c a t e d  i n  f i l e  2  of t h e  ENDF/B t a p e .  

S i n c e  ETOT does n o t  c o n s i d e r  unreso lved  resonances ,  only  t h e  r e s o l v e d  para- 

mete r s  are read  from t h e  ENDF/B t a p e .  Th is  cor responds  t o  t h e  s e c t i o n  where 

LRU= 1. 

The u s e r  i n p u t s  through t h e  pa ramete r  IRES t h e  number of resonances  

which w i l l  b e  r e p r e s e n t e d  by KATE t y p e  resonance paramete rs .  

The KATE resonance parameters  a r e  g iven  s e p a r a t e l y  f o r  each t y p e  o f  

c r o s s  s e c t i o n ,  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 .  They w i l l  on ly  b e  calcu-  

l a t e d  when t h e  remaining non-resonant c r o s s  s e c t i o n  can b e  i n p u t  t o  KATE 

a s  a  s i n g l e  number, i . e .  c a p t u r e  o r  f i s s i o n  b e i n g  l / v  and s c a t t e r i n g  b e i n g  

a  c o n s t a n t .  Otherwise ,  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  o v e r  t h e  thermal  

l i b r a r y  energy mesh a s  d e s c r i b e d  i n  s e c t i o n  2.2.1. 

2 .2 .1  Microscopic  Cross S e c t i o n s  

The Breit-Wigner s i n g l e  l e v e l  f o r m u l a t i o n  is used when t h e  micro- 

s c o p i c  c r o s s  s e c t i o n s  a r e  t o  be  computed from t h e  resonance  parameters :  



6 r AWR + 1.008665) 2 (2.6036 x10 ) - n u = 
I E  r g ( 

0 AWR 
1 01 

where R i s  designated a s  AP i n  ENDFIB 

The cross  s e c t i o n  is computed f o r  each resonance of a l l  i so topes  i n  t h e  

ma te r i a l .  The complete c ros s  s e c t i o n  is taken a s  t h e  sum of t h e  c ros s  

s ec t ions  from each resonance times i t s  r e l a t i v e  i s o t o p i c  abundance. I f  

t h e  c ross  s e c t i o n s  a r e  po in t  va lues ,  t h e  c ross  s e c t i o n  is ca l cu la t ed  a t  

t h e  energy po in t .  I f  t h e  c ros s  s e c t i o n s  a r e  group averaged va lues ,  t h e  

c ros s  s e c t i o n  i s  c a l c u l a t e d  over  100 energy po in t s  of equal  mesh spacing 

per  group and then  averaged over  t h e  group. 



A l l  r e sonances  a r e  used when c a l c u l a t i n g  t h e  c r o s s  s e c t i o n s ;  

however, i t  must be  remembered t h a t  t h e s e  c r o s s  s e c t i o n s  a r e  added t o  

t h e  smooth c r o s s  s e c t i o n s  from f i l e  3 only  f o r  p o i n t s  w i t h i n  t h e  

resonance r e g i o n  a s  d e f i n e d  by t h e  ENDFIB t a p e .  

2 . 2 . 2  KATE Resonance Parameters  

0 
The KATE resonance parameters  a r e  denoted* by Eoy T n y  r a y  K1, 

K 2 ,  and K I f  KATE resonance  paramete rs  a r e  d e s i r e d ,  ETOT w i l l  
3' 

f i n d  t h e  IRES l a r g e s t  resonances  t h a t  are b o t h  w i t h i n  t h e  the rmal  

l i b r a r y  range  and w i t h i n  t h e  ENDFIB d e f i n e d  resonance  r e g i o n .  The 

resonances  a r e  compared as t o  t h e i r  t o t a l  peak c r o s s  s e c t i o n  g iven  by 

- - (2.6036 x l o 6 )  5 AWR + 1.008665 2 
00 r ( AWR ) 

IFo! 

The IRES l a r g e s t  resonances  a r e  conver ted  i n t o  UTE paramete rs  i f  t h e  

background c r o s s  s e c t i o n s  a r e  l / v .  The background i s  composed of t h e  

remaining resonances  ( u s u a l l y  e p i t h e r m a l )  and t h e  smooth c r o s s  s e c t i o n s  

from ENDF/J f i l e  3 .  

The s i n g l e  l e v e l  Breit-Wigner formula ,  when w r i t t e n  us ing  t h e  KATE 

paramete rs  i s  given b y ;  

* 0 
I n  t h e  KATE r e p o r t  ( r e f .  9 ) ,  I? i s  denoted by n and T a  is  denoted by y . 

n 

2-4 



6  
- (2.6036 x 1 0  ) r g  

AWR + 1.008665 
K1 - n  I E o  1 ( AWR j 2  

6  r 
- (2.6036 x 1 0  ) n  AWR + 1.008665 

K3 - I E o l  Y ( AWR i2 
S i n c e  t h e  resonance  r e g i o n  u s u a l l y  w i l l  n o t  cover  t h e  l i b r a r y  energy 

mesh, t h e  t a i l s  of t h e  resonances  which a r e  p u t  i n t o  KATE paramete rs  

must be s u b t r a c t e d  from t h e  smooth c r o s s  s e c t i o n s  o u t s i d e  of t h e  

resonance  r e g i o n .  Also ,  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  does  no t  i n c l u d e  

t h e  i n t e r f e r e n c e  term s o  i t  must be  added t o  t h e  smooth c r o s s  s e c t i o n  

f o r  t h e s e  resonances .  T h i s  cor responds  t o  t h e  second term of t h e  

e q u a t i o n  f o r  0 i n  S e c t i o n  2 .2 .1 .  
s 

2 .3  Smooth Cross  S e c t i o n s  

The i n f o r m a t i o n  r e q u i r e d  f o r  t h e  the rmal  codes  i n c l u d 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 s  w e l l  a s  t h e  f i s s i o n  n e u t r o n  y i e l d  

and t h e  average c o s i n e  of s c a t t e r i n g .  These v a l u e s  can be c a l c u l a t e d  a s  

group averaged v a l u e s  o r  p o i n t  v a l u e s  depending on t h e  i n p u t  o p t i o n  I A V .  

2 . 3 . 1  S c a t t e r i n e  

I n  t h e  the rmal  range ,  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  taken  a s  

t h e  e l a s t i c  c r o s s  s e c t i o n  which i s  o b t a i n e d  from ENDFIB f i l e  3 ,  E4T=2. 



2.3.2 Cap ture  

The b a s i c  smooth c a p t u r e  is  t a k e n  as a  , b u t  i f  any o t h e r  "capture-  
Y 

l i k e "  c r o s s  s e c t i o n  is  non-zero, i t  is  added t o  t h e  c a p t u r e  c r o s s  s e c t i o n .  

I f  a  m a t e r i a l  i n d e x  is g iven  i n  F i l e  1, ETOT w i l l  s e e  i f  t h e  (n ,y )  c r o s s  

s e c t i o n  is  t a b u l a t e d .  I f  i t  is n o t ,  and a  is g iven ,  i t  w i l l  c a l c u l a t e  a  
a  b y a c = o  - a  a  i s  o b t a i n e d  from ENDFIB f i l e  3, J!lT=27 and a  

c a f '  a Y 
is  o b t a i n e d  from ENDF/B f i l e  3, MT=102. 

2.3.3 F i s s i o n  

The f i s s i o n  c r o s s  s e c t i o n  i s  taken  from ENDFIB f i l e  3 ,  MT=18. 

2 .3 .4  Neutrons p e r  F i s s i o n  

The number of n e u t r o n s  pe r  f i s s i o n  is  t a k e n  a s  a  s i n g l e  p o i n t  

v a l u e  s i n c e  i t  does  n o t  v a r y  i n  t h e  the rmal  range .  v i s  ob ta ined  

from ENDFIB f i l e  1, MT=452. 

2.3.5 Average Cosine of S c a t t e r i n g  

The average  c o s i n e  of s c a t t e r i n g  i s  t a k e n  a s  a  p o i n t  v a l u e  s i n c e  

i t  u s u a l l y  does  n o t  v a r y  i n  t h e  the rmal  range .  11 i s  o b t a i n e d  from 

ENDFIB f i l e  3 ,  MT=251. I f  v i s  n o t  g iven  on t h e  ENDFIB t a p e ,  t h e n  

where AWR i s  t h e  a tomic mass r a t i o  t aken  from ENDF/B f i l e  1. 

2.3.6 Ep i the rmal  S c a t t e r i n g  and Epi thermal  Average Logar i thmic  
Energy Change p e r  C o l l i s s i o n  

S ince  ETOT cannot  f i n d  v a l u e s  o u t s i d e  of t h e  energy s t r u c t u r e ,  

t h e  e p i t h e r m a l  s c a t t e r i n g  i s  taken  t o  b e  e q u a l  t o  t h e  s c a t t e r i n g  i n  

t h e  h i g h e s t  group. The average  l o g a r i t h m i c  energy change i s  c a l c u l a t e d  

u s i n g  t h e  approximat ion 



where AWR is  t h e  a tomic mass r a t i o  t aken  from ENDFIB f i l e  1. 

2 . 3 . 7  Extension of t h e  Cross  S e c t i o n s  

F r e q u e n t l y  t h e  c r o s s  s e c t i o n s  a r e  n o t  t a b u l a t e d  t o  a  low enough 

energy on t h e  ENDFIB t a p e .  Rather  t h a n  assume t h e s e  c r o s s  s e c t i o n s  

a r e  z e r o ,  ETOT e x t r a p o l a t e s  and c a l c u l a t e s  t h e s e  v a l u e s  from a  second 

degree  polynomial f i t t e d  by least s q u a r e s  t o  t h e  l a s t  t e n  p o i n t s  f o r  

which t h e  c r o s s  s e c t i o n  i s  known. The polynomial i s  of t h e  form 
2 

a  + a E + a E and i t  i s  f i t  t o  t h e  v a l u e s  
0 1 2 

/ T O f  and o 
- t r  

where a = ( 1  - u s .  These c o e f f i c i e n t s  correspond t o  t h e  KATE 
t r  

smooth c o e f f i c i e n t s  d e s i g n a t e d  a s  R i t .  



3.0 EXECUTION INFORMATION AND OUTPUT DESCRIPTION 

This section is written so as to be reasonably self-contained in 

order to provide sufficient information to run problems with the program. 

The intent is that this section will provide the user with a program run- 

ning prescription. The other sections of this report should be consulted 

where further details are required. 

3.1 Summary 

ETOT is a program to process data from the ENDFIB file and produce 

thermal library decks for ARK, LASER, TEMPEST, THERMOS and KATE. 

3.2 Limitations 

Due to the finite storage capacity of the computer, certain limita- 

tions are necessary. It is felt that these restrictions are not presently 

confining. The program is constructed such that these limitations can be 

easily relaxed to accommodate future needs. 

3.2.1 Group Restrictions 

1) Maximum number of groups - 310 
2) Maximum number of resonances representable in KATE param- 

eters - 4 (NOTE: This is a KATE restriction). 

3.2.2 ENDF/B Data Restrictions 

3.2.2.1 File 1 - General Information 

1) v Representation by a polynomial: maximum number of coeffi- 

cients - 10. 
2) v Representation by a tabulation: maximum number of tabulated 

points - 4000; maximum number of interpolation ranges - 50. 



3.2.2.2 F i l e  2 - Resonance Paramete rs  

1 )  Maximum number of r e s o l v e d  resonances  - 500. 

3 . 2 . 2 . 3  F i l e  3 - Smooth Cross  S e c t i o n s  

1 )  Maximum number of p o i n t s  f o r  each 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  each t a b u l a t i o n  - 
50. 

) 

1) Maximum number of p o i n t s  i n  i n p u t  we igh t ing  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  we igh t ing  

f u n c t i o n  t a b u l a t i o n  - 50. 

3 .3  Inpu t  D e s c r i p t i o n  

I n  t h e  fo l lowing  i n p u t  l i s t ,  t h e  v a r i o u s  i t e m s  a r e  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 em d e s i g n a t e d .  Standard FORTRAN i n p u t  i s  

used.  For added convenience t h e  a c t u a l  program formats  and symbols a r e  

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  n e x t  

s e c t i o n .  

Card No. 1 (20A4) 

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

1 1-80 LABEL General  o u t p u t  l a b e l  

Card No. 2 (715, 13X, E12.5) 

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

1 1-5 INALL O=only c a r d s  number 1-3 a r e  read  i n .  
l = a l l  i n p u t  c a r d s  a r e  r e a d .  



Card No. 2 (715, 13X, E12.5) (cont'd.) 

Item Columns Name Description 

2 6-10 MCODE Program for which the library is 
intended 
=1 KATE 
=2 THERMOS 
=3 ARK 
=4 TEMPEST 
=5 LASER 

3 11-15 NMAT Number of materials 

4 16-20 IREW O=ENDF/B tape is not rewound by ETOT. 
l=ENDF/B tape is rewound by ETOT. 

5 21-25 IPUN O=no punched output 
l=punched output 

6 26-30 IAPX O=do not try to fit cross sections to 
1 /v 
l=try to fit cross sections to l/v 

7 31-35 IRES Number of resonances which are to be out- 
put by resonance parameters. 

8 49-60 EPSLON Maximum relative deviation for l/v fit. 

9 61-72 TEMP Temperature for Maxwellian distribu- 
t ion. 

Card No. 3 (4 (215,  lX, A4) ) or (1215) 

Item Columns Name Description 

1 1-5 MATNOS ENDFIB tape material number 

2 6-10 MAT IDS Principle thermal material number 

3 12-15 MAT 2 ID Secondary thermal material identifica- 
tion number. Alphanumeric (A4) for 
MCODE=l, 3 & 4 and numeric for MCODE= 
2 or 5. 

The above set is repeated NMAT times with four sets per card. 



Card No. 4(515) (If INALL=l) 

Item Columns Name 

1 1-5 IAV 

2 6-10 I EU 

3 11-15 IW 

4 16-20 MAXG 

5 21-25 IGRAPH 

6 49-60 EPSMIN 

7 61-72 EP SMAX 

Card No. 5(415) (If INALL=l) 

Item Columns Name 

1 1-5 NDFB 

2 6-10 IDTAP 

3 11-15 MODE 

4 16-20 LTAPE 

Card No. 6 

Description 

I f = O ,  cross sections will be group 
averaged 
If=l, cross sections will be point 
values. 

Group structure option. 

Type of weighting function 

Number of groups 

Graphing option, graphs made if . O .  

Minimum error for combining two TABl 
functions 

Maximum error for combining two TABl 
functions 

Description 

ENDF/B tape unit 

ENDF/B tape ID 

Mode of ENDF/B tape 
=1 binary 
= 2  BCD 

Library tape unit 
I f = O ,  no library written. 

This is actually a card set and is necessary only if IW=3. The set 

consists of the desired weighting function as tabulated points plus the 

interpolation tables defining the interpolation scheme to be used with 

the tabulated points. The weighting function must be given from low to 

high in energy. The format of the card set is a standard ENDF/B TAB 1 

record. 



Card 6 . 1  (44X, 2111) 

I tem 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 we igh t ing  f u n c t i o n  p o i n t s .  

Card 6 .2  - . . . (6111) 

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

1 1-11 NBT (1)  Las 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 .  

e t c .  

NBT (Nl) L a s t  p o i n t  number i n  N 1  i n t e r p o l a t i o n  
range .  

2 ; ' ;~1 JNT (N1 ) I n t e r p o l a t i o n  scheme f o r  t h e  N 1  r ange .  

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

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

1 1-11 BLOK3 (1) F i r s t  energy p o i n t  (2 lowest  energy i n  
group s t r u c t u r e ) .  

2  12-22 BLOK4 (1) Weight a t  t h i s  energy.  

e t c .  u s i n g  N2/3 c a r d s  

BLOK3 (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 ) .  



Card 6 . 3  - ... (6E11.4) ( c o n t ' d . )  

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

2*N2 BLOK4 (N2) Weight a t  t h i s  energy.  

Card No. 7  

T h i s  is a c t u a l l y  a  c a r d  set and is n e c e s s a r y  on ly  i f  INALL=l and 

IEU=1,2,3,6,7,  o r  8. I f  IEU=l, t h e  s e t  i s  t h e  energy b r e a k p o i n t s  from low 

t o  h igh  energy.  I f  IEU=2, t h e  s e t  is t h e  speed  b r e a k p o i n t s  of t h e  s t r u c -  

t u r e  g iven  from low t o  h i g h  v e l o c i t y .  I f  IEU'3, t h e  s e t  i s  t h e  energy 

p o i n t s  from low t o  h i g h  energy.  I f  IEU=6, t h e  s e t  is t h e  d e s c r i p t i o n  o f  

t h e  energy p o i n t  mesh i n  terms of t h e  increments  and e n d p o i n t s .  I f  

IEU=7, t h e  s e t  is  t h e  speed  p o i n t s  from low t o  h i g h  i n  energy.  I f  IEU=8, 

t h e  set  is  t h e  d e s c r i p t i o n  o f  t h e  speed p o i n t  mesh i n  terms of t h e  i n c r e -  

ments and endpoin t s .  An example b e s t  c l a r i f i e s  t h e  increment  i n p u t .  

I f  t h e  i n p u t  c o n s i s t s  of XX(l)=O.O, XX(2)=.005, XX(3)=.1, XX(4)=.05, 

XX(5)=1.5, t h e  energy a r r a y  would b e g i n  a t  0 .0 ,  s t e p  .005 f o r  each p o i n t  

u n t i l  .1 and t h e n  s t e p  .05 u n t i l  1 .5 .  See S e c t i o n  3 .4 .8  f o r  f u r t h e r  

e x p l a n a t i o n .  

An energy p o i n t  o r  a  group b r e a k p o i n t  o f  z e r o  is al lowed.  

Card 7 . 1  (6E11.4) 

I t e m  Columns Name 

1 1-11 

e t c .  u s i n g  (MAXG+1)/6 c a r d s  

MAXG XX (MAXG ) 

MAXGl XX (MAXG 1 ) 

NOTE: (MAXG+1)/6 c a r d s  must b e  used ,  even i f  b l a n k s  must be used, 



3.4 A v a i l a b l e  Opt ions  

3 .4 .1  Read I n p u t  Option (INALL) 

T h i s  o p t i o n  i s  designed 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  be processed i n  about  t h e  same way. Com- 

p l e t e  i n p u t  i s  n e c e s s a r y  on ly  w i t h  t h e  f i r s t  c a s e  (INALL=l) and sub- 

sequen t  c a s e s  need on ly  t h e  f i r s t  few c a r d s  (INALLSO). 

3 .4 .2  Thermal Code Option (MCODE) 

S ince  a c t u a l  p r o c e s s i n g  i s  t h e  same, t h i s  merely  c o n t r o l s  t h e  

punched o u t p u t  f o r m a t s .  The a v a i l a b l e  o p t i o n s  a r e :  

1 KATE 

2 THERMOS 

3 ARK 

4  TEMPEST 

5 LASER 

3.4 .3  Tape Rewind Option (IREW) 

T h i s  i s  t o  p rov ide  running e f f i c i e n c y  by a  s i n g l e  p a s s  over  t h e  

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

t a p e  rewind (IREW=l) b u t  subsequent  c a s e s  should n o t .  

3 .4 .4  Punch Option (IPUN) 

T h i s  o p t i o n  merely  s e l e c t s  whether o r  n o t  t h e  r e s u l t s  should  be  

punched o u t  on c a r d s .  

3 .4 .5  l / v  Approximation Option (IAPX) 

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

t e s t e d  f o r  a  l / v  f i t  w i t h i n  a  r e l a t i v e  e r r o r  of EPSLON. 



3.4.6 Resonance Parameter Option (IRES) 

This  cor responds  t o  t h e  maximum number of resonances  which w i l l  

be g iven  a s  resonance  paramete rs  i f  t h e  remaining c r o s s  s e c t i o n  is  l / v .  

I f  t h e  remaining c r o s s  s e c t i o n  i s  n o t  l / v ,  no resonances  w i l l  b e  spe- 

c i f i e d  by paramete rs .  

3 .4 .7  Average Opt ion (IAV) 

T h i s  o p t i o n  de te rmines  whether t h e  c r o s s  s e c t i o n s  w i l l  be  group 

averaged (IAV=O) o r  p o i n t  v a l u e s  (IAV=l). 

3.4.8 Energy S t r u c t u r e  Option (IEU) 

T h i s  o p t i o n  p e r m i t s  t h e  s t a n d a r d  the rmal  s t r u c t u r e s  t o  be  

i n t e r n a l l y  genera ted  o r  a l l o w s  t h e  s t r u c t u r e  t o  b e  i n p u t  i n  a  v a r i e t y  

of ways. 

IEU=1 Inpu t  energy b r e a k p o i n t s  

IEU=2 I n p u t  speed b r e a k p o i n t s  

IEU=3 Inpu t  energy p o i n t s  

IEU=4 S tandard  LEOPARD 172 p o i n t s  

IEU=5 S tandard  LEOPARD 309 p o i n t s  

I E U = 6  Energy increment  i n p u t  

IEU=7 Speed p o i n t s  i n p u t  

IEU=8 Speed increment i n p u t  

IEU= 9 LASER s t a n d a r d  35 p o i n t s  

IEU=10 TEMPEST and KATE s t a n d a r d  246 p o i n t s .  

I E U = 1 1  THERMOS s t a n d a r d  30 p o i n t s  

The speeds  a s  i n p u t  a r e  i n  f r a c t i o n s  of 2200 m/sec and t h e  ener -  

g i e s  a r e  i n  e l e c t r o n  v o l t s .  The increment  i n p u t s  a r e  a s h o r t e n e d  form 

by which t h e  s t r u c t u r e s  can be  g iven .  The f i r s t  number is  t h e  i n i t i a l  

v a l u e ,  t h e  second i s  t h e  inc rement ,  t h e  t h i r d  i s  t h e  f i n a l  v a l u e  f o r  

t h i s  increment  and t h e  i n i t i a l  v a l u e  f o r  t h e  n e x t  inc rement ,  e t c .  For 

example, 



implies the point values: 

The breakpoints are the end points of the groups while the 

points are the center points of the group. 

3.4.9 Weighting Function Option (IW) 

This option chooses the weighting function to be used. The 

following four are currently available and other built-in functions 

can be easily added in the future. 

IW=1 1/E 

IW= 2 1.0 

IW=3 Input 

IW=4 Combination of 1 / ~  plus Maxwellian. 

3.4.10 Graph Option (IGRAPH) 

This option allows for the absorption, fission and transport 

cross section to be graphed (IGRAPH > 1). If IGRAPH=9 only the 9" 

hard copy will be made and if IGRAPH=35 only the 35 mm film will be 

used. For any other value, both will be made. 

3.4.11 Tape Mode Option (MODE) 

The ENDF/B may be either in the standard binary or BCD mode. 

For compactness and running efficiency, it is recommended that the 

binary mode be used where possible. 

3.5 output 

ETOT gives a very thorough listing of the cross sections and values 

associated with them, graphs of the absorption, fission and transport 

cross section, and punches cards in KATE, TEMPEST, LASER, THERMOS, or ARK 

format. 



3 .5 .1  P r i n t e d  Output 

ETOT f i r s t  l i s t s  t h e  m a t e r i a l s  f o r  which c r o s s  s e c t i o n s  a r e  t o  be 

found and t h e n  g i v e s  a  summary of t h e  i n p u t  o p t i o n s .  The group s t r u c t u r e  

w i l l  t h e n  be l i s t e d .  The energy is  i n  e .v .  and t h e  speed i s  g iven  a s  

f r a c t i o n s  of 2200 m/sec.  I f  a p p l i c a b l e ,  t h e  we igh t ing  f u n c t i o n  w i l l  then  

be g iven .  

The d a t a  d e s c r i p t i o n  from f i l e  1 i s  l i s t e d .  

The p o t e n t i a l  s c a t t e r i n g  and t h e  c r o s s  s e c t i o n s  r e s u l t i n g  from 

t h e  resonance paramete rs  a r e  t h e n  l i s t e d .  

The smooth c o e f f i c i e n t s  a r e  found and l i s t e d  f o r  t h e  t r a n s p o r t ,  

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 .  

ETOT w i l l  t h e n  g i v e  t h e  f i n a l  l i s t i n g  of t h e  c r o s s  s e c t i o n s .  The 

f i r s t  set i s  t h e  energy (E) ,  s q u a r e  r o o t  of t h e  energy (SQRT(E)), 

a b s o r p t i o n  c r o s s  s e c t i o n  (SIGA), f i s s i o n  c r o s s  s e c t i o n  (SIGF), c a p t u r e  

c r o s s  s e c t i o n  (SIGC), t r a n s p o r t  c r o s s  s e c t i o n  (SIGTR), s c a t t e r i n g  c r o s s  

s e c t i o n  (SIGS) and t h e  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  (MUBAR) 

f o r  each group,  t h e  thermal  v a l u e  of t h e  number of n e u t r o n s  p e r  f i s s i o n  

( N U ) ,  and t h e  e p i t h e r m a l  v a l u e s  of s c a t t e r i n g  (XS(EP1)) and average  

l o g a r i t h m i c  energy change p e r  c o l l i s i o n  t imes  t h e  s c a t t e r i n g  (XI*XS(EPI)). 

I n  t h e  second s e t  i s  t h e  energy (E) ,  s q u a r e  r o o t  o f  energy (SQRT(E)), 

number of n e u t r o n s  p e r  f i s s i o n  t imes  t h e  f i s s i o n  c r o s s  s e c t i o n  (NUSIGF), 

t h e  c a p t u r e  t o  f i s s i o n  r a t i o  (ALPHA), t h e  number of n e u t r o n s  pe r  

a b s o r p t i o n  (ETA), s q u a r e  r o o t  of energy t imes  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  

(RTE>kSIGA), and t h e  s q u a r e  r o o t  of energy t imes  t h e  f i s s i o n  c r o s s  s e c t i o n  

(RTE*SIGF). 

The punched o u t p u t  i s  a l s o  l i s t e d .  

3 .5 .2  Graph ica l  Output 

An o p t i o n  i s  a v a i l a b l e  i n  ETOT t o  g raph  t h e  t r a n s p o r t ,  a b s o r p t i o n  



and fission cross sections. This is done using the S-C 4020 film 

plotting equipment. 

3.6 Sample Problem Input 

The sample problem processes data for ENDFIB material number 1104 

and produces a 246 point TEMPEST deck. The 1104 data is that present 

on ENDFIB tape 201. 

3.7 Sample Problem Output 

The sample problem was run on a CDC-6600 using the scope 3.1 operating 

system. The output is on the following pages and is self-explanatory. 
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This section contains many of the internal details of the program. 

The intent is that this section will provide the programmer with informa- 

tion that will prove helpful for making additions or modifications and 

also assist in making the program operational at other installations. 

4.1 General Program Design Philosophy 

This program was written with the assumption that it would likely be 

used at many installations with a variety of computing machinery. Also 

it is not primarily a production program but one that will simply be used 

from time to time to generate new libraries or update old ones. Hence, a 

basic aim was to produce straightforward, clear programming that would be 

readily understood. The program is entirely in ASA standard FORTRAN 

(FORTRAN IV) and uses no programming tricks and takes no advantage of any 

particular hardware or software. Also in the spirit of simplicity, vari- 

able dimensioning was not used. 

The program was written with the expectation that there will be future 

additions and modifications. Some of these are anticipated with statement 

allocations and comments. Others are already wholly or partially included. 

In any case, adequate storage remains to handle any foreseeable contingency. 

The main program is simply a series of tests and calls. It is quite 

straightforward and serves as a gross flow diagram. The flow is in a 

straight line with few deviations hence segmenting is readily accomplished. 

The program as distributed is segmented according to the overlay structure 

given in Section 4.3. 

Many of the subroutines used by the program may be useful in other 

(present and future) codes connected with the ENDFIB system. Hence an 

attempt has been made to write these routines with general use in mind and 

they are self-contained (or nearly so). Some ETOT subroutines may be 

replaced by similar routines from other ENDFIB codes when they become 

available. 



Most of t h e  d a t a  hand l ing  i s  done w i t h  l a r g e  common s t o r a g e  b l o c k s .  

A l l  t a p e  d a t a  a r e  f i r s t  r ead  i n t o  t h e s e  b l o c k s  b e f o r e  p r o c e s s i n g .  When 

d a t a  a r e  manipu la ted ,  t h e y  a r e  done i n  b l o c k s .  The b l o c k s  a l s o  s e r v e  a s  

temporary space  f o r  some processed r e s u l t s  b e f o r e  t h e y  a r e  o u t p u t .  These 

b l o c k s  a r e  t h e  d e v i c e  which p e r m i t s  t h e  g e n e r a l  purpose  s u b r o u t i n e s  t o  be 

s e l f - c o n t a i n e d .  A t  p r e s e n t  t h e r e  a r e  4 f l o a t i n g  p o i n t  b l o c k s ,  two of 

l e n g t h  4 0 0 0  and 2 of l e n g t h  1000. Assoc ia ted  w i t h  each of t h e  f o u r  i s  a  

f i x e d  p o i n t  b lock  of l e n g t h  50. 

The l o g i c a l  f low of t h e  program is  designed s o  t h a t  t h e  ENDFIB 

l i b r a r y  t a p e  w i l l  be scanned on ly  once; hence,  t h e  l i b r a r y  t a p e  i s  never  

backspaced and i s  on ly  read  forward.  Thus, t h e  d a t a  a r e  processed i n  t h e  

o r d e r  they  appear  on t h e  ENDFIB t a p e .  

4 .2  Labeled COMMON V a r i a b l e s  

/TAPES/ 
MODE mode of t h e  ENDFIB l i b r a r y  t a p e  
I05 i n p u t  t a p e  
I 0 6  outpu t  p r i n t  t a p e  
I07 o u t p u t  punch t a p e  
NDFB ENDFIB l i b r a r y  t a p e  
LTAPE thermal  l i b r a r y  t a p e  

/DENS/* 
JMT record  i d e n t i f i e r  
JAT r e c o r d  s t a r t i n g  l o c a t i o n  
JTT record  t y p e  
JLT r e c o r d  l e n g t h  
A bu lk  s t o r a g e  a r r a y  
JNS ,MNS p o i n t e r s  f o r  nex t  r ecord  
J X  maximum l e n g t h  of A a r r a y  
MX maximum l e n g t h  of JMT, JAT, JTT, and JLT a r r a y s  

/RECS/* 
MAT m a t e r i a l  number 
MF f i l e  number 
MT r e a c t i o n  t y p e  number 
Cl,C2 f l o a t i n g  p o i n t  c o n s t a n t s  
Ll,L2 i n t e g e r  c o n s t a n t s  

*This common b lock  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  
ENDFIB system w r i t t e n  by H .  C .  Honeck (Reference 1 0 ) .  



/RECS/* ( c o n t ' d . )  
N 1 coun t  of i t e m s  i n  a  l i s t  t o  f o l l o w  
N2 count  of i t e m s  i n  a  second l i s t  t o  f o l l o w  
NBT , J N T  g e n e r a l  i n t e g e r  s t o r a g e  space  
X , Y , B  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  
N I X  maximum l e n g t h  of t h e  NBT and JNT a r r a y s  
NZX maximum l e n g t h  of t h e  X and Y a r r a y s  
NS c a r d  sequence number 

/GROUPS / 
EGRP energy b r e a k p o i n t s  
VGRP speed b r e a k p o i n t s  
EPTS energy p o i n t s  
V speed p o i n t s  

/FILE31 
X S  s c a t t e r i n g  c r o s s  s e c t i o n  
XC c a p t u r e  c r o s s  s e c t i o n  
XF f i s s i o n  c r o s s  s e c t i o n  
XSMU 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  
ZETA weigh t ing  f u n c t i o n  

/FILE61 
TRUM e x t r a  c r o s s  s e c t i o n  s t o r a g e  

/RESP/ 
NREF 
EZERO 
GAMN 
GAMG 
GAMF 
G 
ELOW 
EHIGH 
S  IGP 

/OPTION/ 
IDTAP 
MCODE 
MAXG 
MAXGl 
MAXG2 
I W  
I EU 
IGRPE 
IRES 
IPUN 
IAV 
IAPX 
TEMP 
IGRAPH 

number of r e sonances  
energy a t  r e sonance  peak (Eo) 
n e u t r o n  wid th  e v a l u a t e d  a t  Eo 
r a d i a t i o n  wid th  e v a l u a t e d  a t  Eo 
f i s s i o n  wid th  e v a l u a t e d  a t  Eo 
s p i n  f a c t o r  
lower bound of r e sonance  r e g i o n  
upper bound of r e sonance  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  

ENDFIB t a p e  I D  
o u t p u t  format  
number of groups  
MAXG+l 
MAXG+2 
t y p e  of weight  
energy s t r u c t u r e  
i f  lower group i s  a t  0 e . v .  
maximum number of r e sonance  pa ramete r s  
punch o p t i o n  f l a g  
group averaged o r  p o i n t  v a l u e s  
t e s t  l / v  approximat ion f i t  
t e m p e r a t u r e  ( O K )  f o r  Maxwellian d i s t r i b u t i o n  
graph o p t i o n  f l a g  



/IN/ (See input description) 

/MATS / 
NMAT number of materials 
IMAT number of current material being processed 
MATNOS ENDFIB material numbers 
MAT IDS thermal material numbers 
MAT2 ID second thermal ID 

/LABL/ 
LABEL Punched output label 

/FLAGS/ 
KEY data presence indicator 
NOXF fission cross section indicator 
IVA l/v fit to absorption cross section 
IVF l/v fit to fission cross section 
IV S constant fit to scattering cross section 

/ENDS/ (lowest group where data is tabulated) 

/CONTFl/ 
Z A material (Z,A) designation 
AWR atomic weight ratio 
LRP resonance indicator 

NOTE: In ETOT5, the /RECS/ labeled common is used as storage for various 
cross sections and other nuclear data which are edited by ETOT. 

4.3  Overlay Structure and Routine List 

Following is a list of the programs, subroutines, and functions used 

by ETOT. A brief summary of the purpose of each is included. The order 

of the list is the same as that of the physical deck. It is arranged by 

program segment. Hence this list also serves as the overlay structure 

description. The subroutines with an asterisk are part of the package of 

Retrieval Subroutines for the ENDFIB System written by H. C. Honeck (Refer- 

ence 10). 

Overlay (0,O) 

FLOW control flow of ETOT 

ERR print error message 
ERROR print error message * 



T  IMEIT compute and p r i n t  e l a p s e d  t ime 

STORE 
FETCH 
DELETE 
LRIDS 
FPDS 
IPD S  

TPOS 
CONT 
HOLL 
LIST 
TAB 1 
TAB2 

COMBP 
COMB 
ADD 
SUB 
MULT 
D I V  

TERP 
TERPl 
TERP2 
TERPO 

XTND 

ECSI 
GRATE 
AVRG 
GPAV 

POINT 

ETOTl 
EU 
WEIGHT 
GENT1 
WELL 
TRID 
OUT1 

s t o r e  r e c o r d  i n  dense  storage+: 
f e t c h  r e c o r d  from dense  s t o r a g e *  
d e l e t e  record  from dense  storage+: 
l o c a t e  r e c o r d  i n  dense  storage;k 
f e t c h  p o i n t  from dense  s t o r a g e k  
i n t e r p o l a t e  p o i n t  i n  dense  s t o r a g e  * 
p o s i t i o n  ENDF/B t a p e  t o  f i l e  (MF) and r e a c t i o n  (MT) 
read  c o n t r o l  (CONT) r e c o r d  
r e a d  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  
read  LIST record  
read  TABl r e c o r d  
read  TAB2 record  

combine one pane l  of two T A B l  f u n c t i o n s *  
combine two TABl f u n c t i o n s  * 
combining f u n c t i o n  f o r  addi t ion+:  
combining f u n c t i o n  f o r  s u b t r a c t i o n  
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  9: 

combining f u n c t i o n  f o r  d i v i s i o n 2  

i n t e r p o l a t e  between two points9: 
i n t e r p o l a t e  one point9: 
form new t a b l e  by i n t e r p o l a t i o n *  
i n t e r p o l a t e  d a t a  a r r a y  

extend d a t a  a r r a y  

compute i n t e g r a l  of y(K)* 
i n t e g r a t e  TABl function;: 
average  over  a  s e l e c t e d  range 
average  over  s e l e c t e d  groups  

c a l c u l a t e  c r o s s  s e c t i o n s  a t  energy p o i n t s  

c a l c u l a t e  reso lved  resonance c r o s s  s e c t i o n s  

r e a d  i n p u t  
c o n s t r u c t  group s t r u c t u r e  
c o n s t r u c t  weight  and weight  averages  
g e n e r a t e  T A B l  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  Maxwellian d i s t r i b u t i o n  
read  ENDFIB t a p e  I . D .  
p r i n t  i n p u t  d a t a  



Overlay (2,O) 

ZERO 
TMAT 
TMFl 

Overlay (3,O) 

TMF2 
RESCAL 
OUT3 

c o n t r o l  f low of program i n  o v e r l a y  (2,O) 

i n i t i a l i z e  
p o s i t i o n  ENDFIB t a p e  t o  m a t e r i a l  
r ead  ENDFIB f i l e  1 

c o n t r o l  f low of program i n  o v e r l a y  (3,O) 

read  ENDFIB f i l e  2  
c a l c u l a t e  resonance d a t a  
p r i n t  resonance d a t a  

Over lay (4,O) 

ETOT4 c o n t r o l  f low of program i n  Over lay (4,O) 

TMF3 
CROSS 

read  ENDFIB f i l e  3 
c a l c u l a t e  smooth c r o s s  s e c t i o n s  

Overlay (5,O) 

ETOT5 c o n t r o l  f low of program i n  o v e r l a y  (5,O) 

PRELIM 
FIT2V 
FINDC 
S  I M Q  
SETUP 
GRAPH 
PLOT 
LOUT 
KOUT 
CVRT 
ALPHA 
CARD 
LAUT 

4.4 E r r o r  S t o ~ s  

c a l c u l a t e  c o e f f i c i e n t s  and resonance paramete rs  (KATE type)  
tests f o r  f i t  t o  l / v  
c a l c u l a t e  second o r d e r  l e a s t  s q u a r e s  polynomial 
s imul taneous  e q u a t i o n  s o l v e r  
e x t e n d s  and p r i n t s  c r o s s  s e c t i o n s  and r e l a t e d  d a t a  
graph t h e  c r o s s  s e c t i o n s  
graph d a t a  a r r a y  
punch i n  ARK format  
punch i n  KATE format  
c o n v e r t  r e a l  i n t o  decimal  and exponent 
c o n v e r t  i n t e g e r  i n t o  a lphanumeric  
punch one KATE c a r d  
punch i n  LASER o r  THERMOS format .  

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  be  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  from t h e  r o u t i n e  where t h e y  a r e  d e t e c t e d .  

Others  a r e  p r i n t e d  by one of t h e  e r r o r  p r i n t i n g  s u b r o u t i n e s .  Subrou t ine  

ERR w i l l  p r i n t  an  e r r o r  number, t h e  s u b r o u t i n e  and t h e  s t a t e m e n t  number 

where t h e  e r r o r  occur red  and t h e  c o n t r o l  words, MAT, MF, MT, C 1 ,  C2, L1, 



L2, N1 and N2. Subroutine ERROR prints only the error number and the 

control words, MAT, MF, and MT. Following is a list of the error numbers, 

the subroutine which detects the error and an explanation of the error. 

Error Detecting 
Number Subroutine Explanation 

110 EC S I Interpolation code out of range 

130 TERP2 X(N) not in increasing order 

131 TERP2 XP (N) not in increasing order 

132 TERP2 Interpolation table incorrect 

133 TERPl Interpolation code not in range 1-5 

134 TERPl X < 0 cannot be interpolated by logs - 

135 TERPl Xl=X2, discontinuity 

300 STORE JT not in range 1-6 

301 STORE MA=O not allowed 

302 STORE Overflow, record will not fit 

303 FETCH MA=O, record not in /DENS/ 

308 COMB ~verflow, answer will not fit in /RECS/ 

309 COMB MA or MB not in /DENS/ 

310 COMB XL > XH - 
311 COMB MA or MB is zero 

314 IPD S Improper interpolation table 

315 GRATE Interpolation table incorrect. 



5 . 0  ENVIRONMENT INFORMATION 

ETOT r e q u i r e s  approximately  50,000 l o c a t i o n s  and u s e s  t h e  ENDFIB 
1 0  

d a t a  t a p e  and produces  a  l i b r a r y  t a p e .  It a l s o  r e q u i r e s  s t a n d a r d  system 

i n p u t ,  o u t p u t ,  and punch u n i t s .  S i n c e  t h e  program i s  e n t i r e l y  i n  FORTRAN 

I V ,  i t  shou ld  compile and e x e c u t e  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 .  The on ly  po ' s s ib le  d i f f i c u l t y  i s  t h a t  ETOT c a l l s  t h e  

SC-4020 p l o t t i n g  r o u t i n e  AICRT3. 
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