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ABSTRACT 

A s  descr ibed i n  t h e  main r e p o r t ,  ETOG processes  bas i c  nuc lea r  d a t a  i n  the  

ENDF/B format and punches neutron d a t a  l i b r a r i e s  f o r  MUFT, GAM-I, GAM-11, 

ANISN and LASER. Necessary co r r ec t ions  and changes t o  ETOG a r e  descr ibed 

i n  t h i s  Supplement. The r e s u l t i n g  new ve r s ion ,  ETOG-3, succes s fu l ly  reads  

ENDFIB vers ion  111, acheives a  high accuracy, and is  designed f o r  machine 

independence wi th in  t h e  realm of l a r g e  s c i e n t i f i c  computers. 



CHAPTER 1 

INTRODUCTION 

I n  o r d e r  t o  pe rmi t  u s e r s  o f  t h e  MUFT-4 121 [12]* ,  M U F T - ~ [ ' ~ ] ,  GAM-I['], GAM-I1  , 

A N L S N ' ~ ]  and LASER [ I 6 ]  programs t o  g e n e r a t e  l i b r a r y  d a t a  from ENDFIB Vers ion 

I I I ' ~ ] ,  changes have been made i n  ETOG-1. D .  E. Kusner performed a  s e t  of 

changes y i e l d i n g  an  u n o f f i c i a l  v e r s i o n  c a l l e d  ETOG-2. With t h e  need f o r  

h i g h e r  accuracy  r e v e a l e d  by TEDIUM'~ ' ] ,  and t h e  advent  of Vers ion 111 of 

ENDF/B, M. Raymund undertook f u r t h e r  m o d i f i c a t i o n s  t o  produce ETOG-3. T h i s  

supplement w i l l  g i v e  d e t a i l s  t o  c o r r e c t  t h e  main r e p o r t ,  co r responding  t o  

b a s i c  changes of ETOG. A number of new e x p l o i t a t i o n s  of mass s t o r a g e ,  sub- 

r o u t i n e  changes ,  e t c . ,  w i l l  be  d e t a i l e d  i n  Chap te r s  4 and 5.  The d e t a i l s  

may be h e l p f u l  t o  someone implementing t h e  program on machines o t h e r  than 

t h e  CDC-7600. However, f o r  o r d i n a r y  ETOG-3 r u n s ,  t h e  main r e p o r t  i s  a  f u l l y  

adequa te  u s e r s '  guide .  

A s  p o i n t e d  o u t  i n  t h e  l i t e r a t u r e  [17y18 I ,  ETOG1s days  a r e  numbered. There  

w i l l  a lways be p o s s i b i l i t i e s  f o r  new v e r s i o n s  of ETOG t o  h a n d l e  new v e r s i o n s  

o f  ENDFIB (ETOG-3 c e r t a i n l y  cannot  p r o c e s s  a l l  of ENDFIB v. I and p o s s i b l y  

w i l l  f a i l  on some of ENDFIB v. IV) ,  However, t h e  new ph i losophy  of p r o v i d i n g  

c e n t r a l  p r o c e s s i n g  of c r o s s  s e c t i o n s  i n t o  "super-group" f i l e s ,  e a s i l y  co l -  

l a p s i b l e  t o  a l l  major group-average schemes, w i l l  p u t  an end t o  most ETOG 

runn ing  w i t h i n  3  o r  4 y e a r s .  Re lease  of ETOG-3 i s  n e c e s s a r y ,  however, i f  

p r e s e n t  ETOG u s e r s  a r e  t o  p r o c e s s  c r o s s  s e c t i o n s  w i t h  accuracy  comparable 

t o  ENDFIB-I11 q u a l i t y .  

* 
The r e f e r e n c e s  g iven  i n  t h e  main r e p o r t  a r e  reproduced h e r e  a s  Ch. 7 ,  
w i t h  upda t ing  and a d d i t i o n s  ( [ I 6 1  e t .  s e q . ) .  
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PROGRAM DESCRIPTION 

2.1  GENERAL INFORMATION 

The ground-work concerning codes s e r v e d  by ETOG, and concern ing  symbol 

d e f i n i t i o n ,  i s  assumed from t h e  main r e p o r t .  

The a l t e r a t i o n s  r e p r e s e n t e d  by ETOG-3 r e q u i r e  c e r t a i n  m o d i f i c a t i o n s  t o  

Chapter 2 of t h e  main r e p o r t .  These a r e  l i m i t e d  t o  t h e  t o p i c s :  1 )  r e s o l v e d  

resonances ,  2 )  i n e l a s t i c  s c a t t e r i n g  and 3) s o u r c e  s p e c t r a .  There i s  a minor 

change i n  unresolved resonance c a l c u l a t i o n s ,  w i t h  d e t a i l s  g i v e n  on Page 3-2 

of t h i s  r e p o r t .  



2.2 RESOLVED RESONANCE TREATMENT 

2.2.1 RESOLVED RESONANCE FORMULAE 

The formula (2.16) of the main report, and descriptions following, for 

cross sections from s-wave resolved resonance parameters, are replaced 

by the specifications given in Appendix D of Reference 7 (official ENDFIB 

specification). This Appendix is quoted extensively below. Note that 

stands for the angular momentum state, so that s-wave cross sections 

are covered by L=O. Letting 1=1 covers p-wave, which is also programmed 

in ETOG-3. Higher values of L are not included in the new version. 

1. Elastic Scattering Cross Section 

NLS 

where 

2. Radiative Capture Cross Section 
NLS 

where 

NR , 



3. F i s s ion  Cross Sect ion 

NLS 

where 

where 

I i s  the sp in  of the t a r g e t  nucleus and J i s  the  sp in  of the  

compound nucleus f o r  the resonance s t a t e .  

I = SPI, a s  given i n  F i l e  2 da t a  f o r  each i so tope  

The summation on A extends over a l l  A-states  descr ibed.  There 

w i l l  be NLS terms i n  the  summation. 

NLS i s  given i n  F i l e  2 f o r  each i so tope  

The summation on J extends over a l l  poss ib l e  J - s t a t e s  fo r  a 

p a r t i c u l a r  A-state. NR i s  the  number of resonances f o r  a given p a i r  of 
J 

R and J values.  

J 

NRS i s  given i n  File 2 f o r  each a-value 



t h  r ( I E  I )  =- GN i s  the  neutron width, f o r  the r resonance 
n r  r r 

f o r  a  p a r t i c u l a r  value of a, evaluated a t  the resonance energy E r . For 

bound l e v e l s ,  the  absolu te  value I E , J  i s  used. 

r n r ( ~ )  + rvr c rfr i s  t he  t o t a l  width. 

The fol lowing q u a n t i t i e s  a r e  given i t 1  F i l e  2 f o r  each resonance: 

E r  = E R ,  the resonance energy 

J = AT, the  s p i n  of the  resonance s t a t e  

(  E 1 )  = GN, the neutron width 

rr = GG, the  r a d i a t i o n  width 

rfr = GF, the f i s s i o n  width 

AWRI 
k = 2.196771 AwRI + & , 

where k i s  the neutron wave number and AWRI i s  the  r a t i o  of the  mass of the  

p a r t i c u l a r  i so tope  t o  t h a t  of the  neutron. 

AWRI given i n  F i l e  2 d a t a  f o r  each i s o t o p c  

E i s  the inc iden t  neutron energy (Laboratory system); 

S i s  the s h i f t  f a c t o r ,  
R So = 0 



P is the penetration factor, a 

Po = P 

where p = ka and "a" is the channel radius (in units of lo-'' crn) and is 

defined as 

a = [~.~~(AwRI)~'~ + 0.81 X lo-' ; 

ul 
is the phase shift, 

A 

00 = " 
= 6 - tan-' 8 

where 6 = k; and i is the effective scattering radius. 

i = AP, as given in File 2 data 

These formulae are extremely difficult to follow through the ETOG programming, 

especially as symmetric or anti-symmetric parts are called for in an intricate 

logical system. 

The definition of a. must be retained, however, to specify the calculation 

of MUFT resonance parameters. The term ( A  i*008665) in the definition of 
A + ' 

where A is defined as in Expressions (2.10) and a was replaced by - 
0 A 

(2.14) of the main report, that is 



This considerable change in formulae is justified for high-energy resolved 

resonances, where differences can be observed between the formalism of 

the main report and the ENDFIB definitions. 

The MLBW calculation specified in Reference 7 is used in ETOG-3 for ENDFIB 

resolved resonance data which calls for this form. Quoting again from 

Appendix D of Reference 7: 

Multilevel Breit-Wigner Formula: LRU=l, LRF=2 

The equations are exactly the same as above, except that a level-level 

i~terference term is included in the equation for elastic scattering: 

It is crucial to notice that any term in the sum above is omitted if the 

J value assigned to resonance s differs from the J value assigned to 

resonance r. This is not a deficiency in the specifications in Reference 7, 

but merely a caution, since the classes "NR~" are not always segregated 

in ETOG. 

ETOG-3 lacks provisions for D-wave Breit-Wigner, for Reich-Moore, and for 

Adler-Adler formalisms. The only ENDF/B v. 111 material excluded by 

these shortcomings is ?33, Mat 1110. 

2.2.2 POINTWISE RESOLVED CROSS SECTIONS 

There is a discussion given in the main report, pp. 2-13 and 2-14, 

concerning pointwise cross sections generated from resolved resonance 
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parameters. This description is correct for ETOG-3, except that an 

additional sophistication was added to ETOG-3. It was found that a 

very fine mesh was used (in earlier versions) from Eo to E + (1/2)rt, but 
0 - 

that for energies further from peak, the grid could be very coarse in 

ETOG-1. This is a known source of an overestimate in producing group 

cross sections via the method of forming the pointwise cross sections. 

In ETOG-3, the original fine mesh has been left undisturbed from Eo to 

E + (l/4)Pt, but the points which covered from + (1/4)rt to + (1/2)Tt 
0 - - 

have been spread a little more coarsely to cover from t (1/4)r to 2 (512)~~. t 

This moved observed errors from as high as +6% down to as low as 0.25% 

for isolated resolved resonances. With complete reprogramming, a number 

of excellent suggestions for further improvements could be considered. 

It is obvious that when 30 or 40 resolved resonances lie within a single 

group, the ETOG scheme is hampered by limited total grid point storage 

available. 



INELASTIC SCATTERING 

The pa ragraph  i n  t h e  middle  of  p .  2.14 of  t h e  main r e p o r t  r e q u i r e s  

r e v i s i o n  due t o  changes i n  "LF numbers." The f o l l o w i n g  would now 

s e r v e  a s  a n  i n t r o d u c t i o n  t o  t h e  MUFT t r e a t m e n t  of i n e l a s t i c  s c a t t e r i n g :  

MUFT r e q u i r e s  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  a s  

MUFT 4 ,  F i l e  5  (FUFT 5 ,  F i l e  6 ) .  S ince  t h e  requ i rement  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  c o n t a i n e d  i n  ENDFIB, F i l e  5. There  

a r e  s i x  ENDF/B 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 ,  l a b e l e d  by numbers LF. ETOG-3 w i l l  h a n d l e  

LF=l ,  3 ,  7 ,  9 and 10 .  The o t h e r  d i s t r i b u t i o n  (LF=5) i s  ignored  

by t h e  program. 

On p.  2-16, j u s t  a f t e r  e x p r e s s i o n  2.24,  t h e  r e f e r e n c e  i s  now o n l y  

t o  LF=10. The new s e n t e n c e  would be:  

For LF=10, a n  E' mesh i s  c o n s t r u c t e d  t o  cover  t h e  e n t i r e  energy 

r a n g e ;  t h e  a p p r o p r i a t e  (LF) funct ion ,  f ( E ) ,  i s  c a l c u l a t e d  o v e r  

t h i s  r a n g e ,  and t h e  f r a c t i o n a l  amount i n  each s i n k  group computed. 

A s  a  new f e a t u r e ,  ETOG-3 accommodates t h e  scheme "LF=ll' which is  r e a l l y  

n o t  a  secondary  energy d i s t r i b u t i o n  f u n c t i o n  ( a n a l y t i c  fo rm) ,  b u t  a  

t a b u l a t i o n .  The new computat ion f o r  LF=1 u s e s  t h e  energy arrangements  

s e t  up f o r  laws LF=7 and 9 and t h e  g e n e r a l  c o n s i d e r a t i o n s  g iven  i n  

pp. 2-16 and 2-17 (of t h e  o r i g i n a l  r e p o r t )  a p p l y .  One c a u t i o n :  a  t e s t  

of a  TEDIUM LF=1 d a t a  c a s e ,  w i t h  p r o b a b i l i t y  i n  t h e  form o f  a  d e l t a  



function, revealed that the energy grid arranged in ETOG-3 would miss 

the non-zero data, resulting in a completely zero transfer matrix. 

Work with real ENDF/B v. 111 data (e.g., Iron, MAT 1180) was satisfactory 

for LF=1. 



2.4  SOURCE SPECTRUM 

A c o r r e c t i o n  of t h e  s p e c i f i c a t i o n s  descr ibed  by p.  2-24 of t h e  main r e p o r t  

i s  r equ i r ed  because of changes i n  LF ( d i s t r i b u t i o n  law numbers) a s  now 

defined f o r  ENDF/B. ETOG-3 w i l l  p rocess  a f i s s i o n  spectrum descr ibed  by 

LF=7, 9 ,  or 10. Combinations of LF number w i th in  t h i s  set a r e  a l s o  processed.  

The def ined  LF numbers 1 and 3 a r e  no t  accepted;  an e r r o r  message i s  p r i n t e d  

and t h e  program s t o p s .  I f  f i s s i o n  source spectrum processing i s  attempted 

wi th  LF=5, another  message i s  p r i n t e d ,  and zero  is cont r ibu ted  t o  the  spectrum. 

An a t tempt  t o  process  a spectrum f o r  a m a t e r i a l  l ack ing  any ENDF/B f i l e  5 ,  

MT=18 d a t a  ( f i s s i o n )  r e s u l t s  i n  a program s t o p ,  without  any message. 



CHAPTER 3 

EXECUTION INFORMATION AND PROCEDURES 

This chapter  i s  w r i t t e n  t o  po in t  o u t  t he  few s e c t i o n s  of Chapter 3 of t h e  main 

r epo r t  which should be  up-dated i n  order  t o  correspond wi th  ETOG-3. 

3 .1 LIMITATIONS 

Program r e s t r i c t i o n s  given on p. 3-1 through p. 3-3 need very  few changes. 

ETOG-3 allows 500 resolved resonances a s  a maximum. 

Secondary Energy D i s t r i b u t i o n  Laws 2 ,  4 ,  6 and 8 no longer  have any 

o f f i c i a l  meaning (programming has no t  been removed). Some enlargement 

of s t o r a g e  has  occurred f o r  LF=l, bu t  a s imple d e s c r i p t i o n  of t h e  l i m i t s  i s  

not  pos s ib l e .  A t o t a l  t a b u l a t i o n  of about 8000 p o i n t s  is the  l a r g e s t  t h a t  

can be handled. This i s  lowered somewhat i f  s t o r a g e  has  been pre-empted 

f o r  o ther  f e a t u r e s  of ENDFIB d a t a .  Messages a r e  p r in t ed  out  t o  show overflows. 



3.2 INPUT FORMAT 

With r e g a r d  t o  S e c t i o n s  3 .3 .2 .4  and 3.3.4.3,  ETOG-3 h a s  always been run  i n  

BCD (MODE=3) mode. The b i n a r y  mode h a s  n o t  been t e s t e d  i n  t h e  new ETOG 

v e r s i o n .  

One n o t e  of i n t e r e s t  i s  t h a t  smooth c r o s s - s e c t i o n  i n f o r m a t i o n  i n  MUFT format  

i s  n o t  p o s s i b l e  i n  t h e  f u l l  s e n s e  of ENDFIB d e f i n i t i o n s ,  i f  r e s o l v e d  resonance  

paramete rs  a r e  used t o  r e p r e s e n t  p a r t  of t h e  c r o s s  s e c t i o n s  i n  t h e  d a t a  f i l e s .  

Two a l t e r a t i o n s  have been made i n  t h e  unreso lved  resonance t r e a t m e n t  i n  ETOG, 

w i t h  t h e  viewpoint  of c l o s e r  conformat ion w i t h  Appendix D of Reference 7 .  

Quoting from t h a t  Appendix once more: 

Cross S e c t i o n s  i n  t h e  Unresolved Region 

a. 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  

NLS 

Not ice  t h a t  t h e r e  i s  a phase  a n g l e  dependence i n  t h e  e l a s t i c  s c a t t e r  o f  t h e  

form s i n  4 Without any change of t h e  b a s i c  M C ~ ' ~ ' ]  method used i n  ETOG, L ' 
t h i s  s i n  4 dependence shown h a s  been i n t r o d u c e d  i n  p l a c e  of c o n s t a n t s  1 
p r e v i o u s l y  used.  These changes l e d  t o  a  few-percent improvement i n  r e s u l t s  
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i n  t h e  k i l o v o l t  range.  T e s t s  w i t h  TEDIUM [ I 7 ]  i n d i c a t e  t h a t  t h e  ENDF/B 

p r e s c r i p t i o n  is  numer ica l ly  e q u i v a l e n t  t o  ETOG, provided t h a t  "SIGP" i s  

i n p u t  (pp. 3-4 and 3-9 of t h e  main r e p o r t )  a s  a  l a r g e  p o s i t i v e  number. 

Convent ional  i n p u t  h a s  been +lo7 f o r  SIGP. The e f f e c t s  of t h e  s i n  me 
dependence i n  U-238 p r o c e s s i n g  is  shown i n  Chapter  6 of t h i s  supplement.  

The sample i n p u t  (p. 3-19 of t h e  main r e p o r t )  must be  modernized t o  HAT 1159 

(Card 1, Col.  7-10) and Tape 308 (Card 2 ,  Col. 3-5)--see p.  3-4 of t h i s  r e p o r t .  

The new LASER [I6] l i b r a r y  o p t i o n  can be d e s c r i b e d  f o r  i n p u t  i n  terms o f  

changes i n  t h e  14UFT-4 l i b r a r y  o p t i o n  c o n t r o l s .  T h i s  does  n o t  p rov ide  t h e  

thermal  l i b r a r y  d a t a ,  of c o u r s e .  R e f e r r i n g  t o  p. 3-9 of t h e  main r e p o r t ,  

t h e  s p e c i a l  LASER requ i rements  a r e :  

MAXG = 50 

IEU = 8 

IPUN = 3 





3 . 3  OUTPUT FORMAT 

3  . 3 . 1  PRINTED OUTPUT 

Note t h a t  t h e  i n f i n i t e l y  d i l u t e  i n t e g r a l  e d i t  now has  t h e  e l a s t i c  s c a t t e r i n g  

i n t e g r a l  i n c l u d e d .  For convenience,  ZA and PUT a r e  now shown on t h i s  e d i t .  

3 . 3 . 2  PUNCHED CARD OUTPUT 

ETOG-3 a u t o m a t i c a l l y  g i v e s  t h e  bonus of a MUFT-5 punch whenever MUFT-4 

is s p e c i f i e d .  The MUFT-4 punch comes f i r s t ,  and MUFT-5 a f t e r ;  each i s  

p a r t i t i o n e d  by an  ENDFILE s t a t e m e n t  i n  FORTRAN. 

Large l i b r a r y  h a n d l i n g  r e q u i r e s  u s e  of permanent f i l e s  f o r  "punched1' o u t p u t ,  

and t h e  u s e  of f i l m  f o r  p r i n t e d  o u t p u t .  C u r r e n t l y  t h i s  is achieved on t h e  

CDC 7600 by t h e  execu t ion  c a r d  

ETOG3 ( , , FILMPR , , SAVPUN) . 
The f i l e  FILMPR i s  a u t o m a t i c a l l y  s e n t  t o  a  fiche-making machine, and SAVPUN 

i s  prese rved  as a u s e r  f i l e  f o r  later l i b r a r y  manipu la t ion .  No a c t u a l  c a r d s  

a r e  punched, and o n l y  t h e  sys tem p r i n t o u t  c a l l e d  a " d a y f i l e "  comes o u t  on 

paper.  S i m i l a r  d i s p e n s i n g  w i t h  c a r d  hand l ing  is  a v a i l a b l e  on o t h e r  modern 

computers.  

3 3.3 SAMPLE PROBLEN OUTPUT 

The f o l l o w i n g  pages (3-7 through 3-43) p rov ide  t h e  new example of o u t p u t  

cor responding  t o  t h e  o l d  example on pp. 3-44 through 3-73 of t h e  main 

r e p o r t .  These show t h e  changes due t o  u s e  of ENDFIB Version-111 d a t a  

3-5 



and due to processing by ETOG-3, in combination. These results may be 

useful for someone implementing ETOG-3. They should not be used to 

draw any quantitative conclusions concerning either ENDF/B or ETOG 

changes. This output is the result of running the control data shown 

on p. 3-4. As in the original ETOG report, this sample of output represents 

only a third of the actual printout. 
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CHAPTER 4 

PROGRAMMER'S INFORMATION 

A s  exp la ined  i n  t h e  main r e p o r t ,  t h i s  computer program i s  in tended  f o r  

many i n s t a l l a t i o n s .  The programmer f a c i n g  t h e  t a s k  of implementing 

ETOG a t  h i s  i n s t a l l a t i o n  should have l i t t l e  d i f f i c u l t y .  T h i s  c l a i m  i s ,  

however, a r e l a t i v e  one.  Vers ion 3 e x p l o i t s  c e r t a i n  modern computer 

f e a t u r e s  which may pose  a s e v e r e  d i f f i c u l t y  i n  a d a p t a t i o n  on some 

computers.  

4 . 1  PHILOSOPHY 

Programming i d e a l s  a r e  n o t  changed f o r  t h e  new v e r s i o n .  



4.2 LABELED COMMON VARIABLES 

An immediate problem in moving from a CDC-6600 Computer to a CDC-7600 

Computer involved reduction of memory requirements for ETOG. One result 

of this is that part of the common block /DENS/ no longer exists in the 

program, being replaced by access to fast random storage. This is called 

"Large Core Storage" (LCS) locally and will be discussed further in 

Chapter 5. (Use of serial storage was tried (locally a disk) and found 

to be 50 times slower.) The label /LARC~R/ is applied to the LCS area 

used (length 17000). The name "Extended Core Storage" (ECS) is sometimes 

used. On the CDC 7600, only "Small Corefr (150K8) is available for a 

program. "Large Corett (-Extended Core) can be used in Fortran by 

explicit transfers ("READEC" and "wRITEC," etc.). 

In addition, it was necessary to consider the recommendation for a "disk 

paging" system for ENDF service programs, resulting from recent enlarge- 

ments of format limits on ENDF/B tabulations, etc. Consequently, in order 

to "shrink ETOG into the CDC 7600," it was decided to make a paging system 

of "A storage" in the common block /DENS/ to provide some additional, 

generally applicable, relief of storage problems in the ENDF family of 

computer codes. This was arranged so that it was easy to change from 

11 extended-core paging" to "disk paging." 

The /DENS/ storage system can include many different stored "records" of 

all the official ENDF/B types. Consequently, access to the "A array" is 

through the special service routines ST~RE, DELETE, FETCH, FPDS, IPDS, 



LRIDS. A l l  r e f e r e n c e s  t o  c o n t e n t  of A were a u t o m a t i c a l l y  programmed 

by FUNCTION s u b r o u t i n e s  A and LA ( i n t e g e r  e q u i v a l e n t  t o  A). A l l  program 

s t a t e m e n t s  w i t h  A o r  LA r e f e r e n c e s  l e f t  of t h e  e q u a l  s i g n  ( F o r t r a n )  were 

r e w r i t t e n  w i t h  c a l l s  t o  a  s u b r o u t i n e  "WRITA." A d d i t i o n a l  s e r v i c e  r o u t i n e s  

SETA ( f o r  s e t t i n g  f i l e  c o n t e n t  t o  z e r o )  and LOADA a r e  used.  There  i s  a  

s p e c i a l  COIIMONIPAGEAI. A l l  t h i s  i s  an i m i t a t i o n ,  a s  f a r  a s  p o s s i b l e ,  of 

t h e  sys tem s e t  up f o r  X and Y o f  t h e  common b lock  /RECS/ i n  t h e  new 

CHECKER [ I 4 ]  program. 

For "d i sk  paging,"  sys tem d i f f i c u l t i e s  exper ienced  on t h e  PDP 1 0  and 

CDC 7600 (namely, t h e  f a i l u r e  of a  WRITE i f  done on a d i s k  f i l e  when t h e  

p r i o r  o p e r a t i o n  on t h e  f i l e  was a  READ) l e d  t o  t h e  u s e  of one d i s k  f i l e  

f o r  READ'S and a n o t h e r  f i l e  f o r  WRITE'S. A l l  READ o p e r a t i o n s  a r e  s t epped  

w i t h  page WRITE o p e r a t i o n s  s o  t h a t  changes of A c o n t e n t ,  i f  any,  a r e  

moved i n t o  t h e  WRITE f i l e .  When a "lower page number" must be a c c e s s e d ,  

b o t h  f i l e s  a r e  "rewound" and in te rchanged  ( t h e  WRITE f i l e  becomes t h e  new 

READ f i l e ,  w h i l e  t h e  READ f i l e  becomes t h e  new WRITE f i l e ) .  

Extended c o r e  paging might b e  t ransmuted t o  h i g h - e f f i c i e n c y  d i s k  paging 

by "Random Access.  I '  



4.3 OVERLAY STRUCTURE AND ROUTINE LIST 

Following is  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-3. "LCS" i n  p a r e n t h e s e s  used a f t e r  some s u b r o u t i n e s  i s  exp la ined  

i n  S e c t i o n  4 . 2  above. 

A b r i e f  summary of t h e  purpose  of each i s  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.  It i s  a r ranged  by program 

segment; hence,  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 .  

Overlay (0,O) 

ETOG3 c o n t r o l s  f low of niain 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  d e n s e  s t o r a g e *  

S  ETA 
WRITA 
A 
LA 
L~ADA 
FETCH 
DELETE 
ECSI 
GRATE 

z e r o  c u r r e n t  page (LCS) 
w r i t e  i n t o  page (LCS) 
read  from page (LCS)-reals 
 ad from page (LCS) - i n t e g e r s  
move page t o  o r  from LCS 
f e t c h e s  r e c o r d  from dense  s t o r a g e *  
d e l e t e s  r e c o r d  from dense  s t o r a g e *  
computes i n t e g r a l  of y (x)*  
i n t e g r a t e s  TABl 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 IV combining f u n c t i o n  f o r  d i v i s i u 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 *  
LR I D  S 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 *  
IPD S  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 *  

- 
% 

T h i s  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  Sub- 
r o u t i n e s  f o r  t h e  ENDF/B System w r i t t e n  by H.  C.  Honeck (Reference 1 4 ) .  



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  
TAB 1 r e a d s  TAB1 r e c o r d  
TAB 2 r e a d s  TAB2 record  

TPOS 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 e x t e n d s  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  

GPAV averages  over  s e l e c t e d  groups 
AVRG a v e r a g e s  over  a s e l e c t e d  energy range 
OUT3 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 MUFT-5 
TIMEIT prov ides  t i m i n g  in format ion  (example on p.3-13) 
ET IME c a l l s  sys tem time r o u t i n e s  

Overlay (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 
TKID 
TMAT 
TMFl 
OUT 1 

r e a d s  i n p u t  
l is ts  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 ,  w e i g h t ,  and weight  averages  
g e n e r a t e s  TABl f u n y 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  ENDF/B t a p e  I. D .  
p o s i t i o n s  ENDF/B 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 )  

Overlay (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) 

INF 2 i n i t i a l i z e s  v a r i a b l e s  
TMF2 r e a d s  ENDFIB F i l e  2 
RES 0 c a l c u l a t e s  resonance  paramete rs  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  and some c a p t u r e  o r  f i s s i o n  
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  

SESTAR s e r v e s  f o r  some resonance  a r i t h m e t i c  
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  
UW unpacks unreso lved  d a t a ,  g e t s  i n t e r p o l a t i o n s  
ANW does  resonance  a r i t h m e t i c ,  e s p e c i a l l y  f o r  average  n e u t r o n  w i d t h  

i n  unreso lved  r e g i o n  
U R I  sums f l u c t u a t i o n  i n t e g r a l s  f o r  unreso lved  resonances  
PHASE g i v e s  phase  needed f o r  p o t e n t i a l  and f o r  n e g a t i v e  s c a t t e r i n g  term 

(unreso lved)  



Overlay (3,O) 

ETOG3 0  c o n t r o l s  flow of program i n  overlay (3,O) 

TMF3 reads  ENDF/B F i l e  3  
CROS c a l c u l a t e s  smooth c ros s  s ec t ions  
RES I 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  

Overlay (4,O) 

ETOG4 0  c o n t r o l s  flow of program i n  overlay (4,O) 

TRAN c o n t r o l s  c a l c u l a t i o n  of t r a n s f e r  elements,  p r i n t s  e l a s t i c  
s c a t t e r i n g  ma t r i ce s  

G R I D  
MVAL 
DINT 
S INT 
GADD 
TMF4 
LECaM 
LEGEND 

s e t s  up l e tha rgy  mesh f o r  i n t e g r a t i o n  
eva lua t e s  inner  integrand a t  an energy mesh va lue  
performs double i n t e g r a t i o n  f o r  mat r ix  element 
performs double i n t e g r a t i o n  f o r  in-group ma t r ix  element ( s p e c i a l  case)  
r e t r i e v e s  s c a t t e r i n g  c ros s  s e c t i o n s  and Legendre c o e f f i c i e n t s  
reads  ENDF/B 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 coord ina te  system 
f i t s  Legendre c o e f f i c i e n t s  t o  tabula ted  angular  d i s t r i b u t i o n s  

Overlay (5,O) 

ETOG50 c o n t r o l s  flow of program i n  over lay  (5,O) 

REED E 
INF 5 
TMF5 
IMAT 
IP2DS 
JUMP 

ERFU 
CWAX 
PUTW 
OUT5 
RENO 
SPEC 

reads  a  s c r a t c h  t ape  
i n i t i a l i z e s  F i l e  5 
r eads  ENDF/B F i l e  5 
c a l c u l a t e s  con t r ibu t ions  t o  i n e l a s t i c  ma t r ix  
i n t e r p o l a t e s  i n  dense s to rage  (from TAB2 reco rds )  
supp l i e s  a  s e c t i o n  of IMAT (improperly nes ted  i n  o lde r  ve r s ion )  f o r  

secondary energy mesh. 
c a l c u l a t e s  e r r o r  func t ion  e r f  (x) .  
combines weight and c r o s s  s e c t i o n  
r e s t o r e s  weight t o  proper p l ace  
p r i n t s  output  ( F i l e  5 d a t a )  
r enormalizes i n e l a s t i c  mat r ix  
c a l c u l a t e s  source ( f i s s i o n )  spectrum 

Overlay (6,O) 

ETOG60 c o n t r o l s  flow of program i n  over lay  (6,O) 

POUT punches output  f o r  MUFT 
GOUT p r i n t s  and punches output  f o r  GAM 
OPAR handles a r r ay /ou tpu t  



Over l a y  (7 ,0 )  

ETOG70 c o n t r o l s  flow of  program i n  over lay  (7,O) 

AN OUT p r i n t s  ou tput  f o r  ANISN 
ANPUN punches ou tput  f o r  ANISN 
ANPUNF punches l a s t  card 

Overlay (10,O) ( I n t e r p r e t e d  i n  o c t a l ;  r e s u l t  i s  8 ) 
10 

FTOGlOO c o n t r o l s  f low of program i n  ove r l ay  (10,O) 
LOUT punches ou tput  f o r  LASER 
OPAR handles  a r r a y  ou tput  



CHAPTER 5 

ENVIRONMENT INFORMATION 

The amount of co re  s t o r a g e  r equ i r ed  by ETOG-3, a s soc i a t ed  system l i b r a r y  

func t ions ,  and t h e  CDC 7600 SCOPE 2.0 ope ra t i ng  system is  approximately 42,000 10 

l o c a t i o n s  p l u s  17,00010 l o c a t i o n s  of extended c o r e  (or  equiva len t  17,00010 of 

random acces s  s t o r a g e ) .  ETOG-3 uses  four  s c r a t c h  f i l e s  i n  a d d i t i o n  t o  t h e  u se r -  

suppl ied  l i b r a r y  f i l e .  Standard system i n p u t ,  ou tput  and punch u n i t s  a r e  

requi red .  

The memory f i g u r e s  above r e f l e c t  t h e  use  of a  CDC compiler c a l l e d  FTN, with 

op t imiza t ion  chosen a t  " l eve l  2". The qu i ckes t  compilat ion occurs  wi th  a 

" l eve l  0" choice ,  but  t h e r e  i s  a  lower e f f i c i e n c y  i n  t h e  co re  s t o r a g e  u s e ,  

a s  w e l l  a s  i n  execut ion t i m e .  

ETOG-3 i s  w r i t t e n  i n  FORTRAN I V .  A l l  "Non-ANSI" f l agg ing  by t h e  compiler 

has  been remedied. The program i s  expected t o  compile and execute  proper ly  

i n  any i n s t a l l a t i o n  which provides  t h e  con f igu ra t i on  capac i ty  o u t l i n e d  

above. 



CHAPTER 6  

COMMENTS AND CONCLUSIONS 

Not a l l  of t h e  improvement needs  mentioned i n  Chapter 6 of t h e  main r e p o r t  

have been m e t .  Some r e a c t i o n  schemes have been added f o r  e x p l o i t a t i o n  o f  

ENDFIB F i l e  3  high  energy c o n t e n t .  Resolved resonance  t r e a t m e n t  i s  s t i l l  

a concern,  i n  regard  t o  accuracy  of p o i n t w i s e  c r o s s  s e c t i o n s  used.  The u s e  

of a lmost  a l l  of  ENDFIB Vers ion I11 was a s s u r e d  by add ing  t h e  Breit-Wigner 

m u l t i - l e v e l  formula t o  t h e  programming. T r a n s f e r  m a t r i c e s  have been improved 

s i n c e  ETOG v e r s i o n  1, from two p o i n t s  of view. More ENDFIB fo rmats  can be  

handled,  and c a l c u l a t i o n s  a r e  more a c c u r a t e .  

A survey r e g a r d i n g  accuracy  i s  t a b u l a t e d  i n  Reference 1 9  ( resonance i n t e g r a l s ) .  

(The change mentioned on Page 3-2 i n  unreso lved  resonance t r e a t m e n t  was made 

i n  l a t e  June ,  1973,  b u t  i t  r e f e r s  o n l y  t o  s c a t t e r i n g .  The r e s u l t s  shown i n  

Reference 19 do n o t  i n v o l v e  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 v i s i o n  from 

t h e  t a b l e  given i n  t h a t  paper  i s  shown on Page 6-3. 

Comparison of l ib ra ry-process ing-code  t r e a t m e n t  of ENDFIB U-238 d a t a  was 

r e q u e s t e d  by CSEWG i n  November, 1972. A look  a t  some r e s u l t s  from t h i s  

e f f o r t  (Pages 6-4 and 6-5) g i v e s  a c l e a r  impress ion  of t h e  e f f e c t  of t h e  

c o r r e c t i o n  t o  unresolved resonance  s c a t t e r i n g  mentioned on Page 3-2 .  Page 6 - 4  

i s  "before"  and Page 6-5 i s  " a f t e r . "  A t t e n t i o n  shou ld  b e  focussed  on t h e  

f i r s t  column of r e s u l t s ,  i n  Groups 22 through 32 .  The p o s s i b i l i t y  of t h e  

need f o r  t h i s  c o r r e c t i o n  was p o i n t e d  o u t  by R. Q.  Wright of Oak Ridge 

N a t i o n a l  Labora to ry .  I a m  g r a t e f u l  t o  him and t o  R. B. Kidman of  



Westinghouse-Hanford Engineering Development Laboratory for permission 

to show their SUPERTOG [201 and ETOX [211 results, respectively. 



"ETOG-3  and ETOT-3.. . . " M.  Raymund, Trans. Am. Nucl . Soc. 15, 323 (1973) : 

TABLE I (Corrected) 

Calculated (n,u) Capture I n t e g r a l s  and ( n , f )  F i ss ion  I n t e g r a l s    barn^)^ 

% D i f f e rence  
Standard b 

t N D F / R -  I I I ETOG-2' ETOG- 3' ETOG-3) - Std. 
Y,ltt.,-idl No. (BNL) (MUFT ;w) --- ( M U F T ; ~ )  

-- 
(' Std. 

. I n t e g r a t i o n  l i m i t s  0.5 eV - 15 MeV; f i s s i o n  i n t e g r a l s  a re  denoted by F. 

. Weight ing f u n c t i o n  va r ied  as 1/E. 

c .  Weiqht ing f u n c t i o n  va r ied  as 1/E j o i n e d  t o  a  f i s s i o n  spectrum. 

d .  Spccia l  ETOG-3 run  i n  ANISN mode g ives 9.69 barns. 

. P re l  im inary  r e s u l t s .  
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