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National Neutron Cross Section Center. 
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with respect to the accuracy, completeness, or usefulness of 
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ABSTRACT 

A s  d e s c r i b e d  i n  t h e  main r e p o r t ,  ETOT i s  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  ENDFIB format  and produces  

l i b r a r y  d a t a  i n  thermal  l i b r a r y  format .  ETOT i s  w r i t t e n  e n t i r e l y  i n  

ASA Standard FORTRAN and i s  des igned  t o  be  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  format  

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 .  

Necessary c o r r e c t i o n s  and changes t o  ETOT a r e  d e s c r i b e d  i n  t h i s  

Supplement. The r e s u l t i n g  new v e r s i o n ,  ETOT-3, s u c c e s s f u l l y  r e a d s  

ENDFIB Vers ion 111, a c h i e v e s  a  h i g h  accuracy  and h i g h  speed ,  and i s  

des igned  f o r  machine independence w i t h i n  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  of t h e  SOFOCATE[~]*,   TEMPEST'^], KATE[)] , and 

T H E R M @ S [ ~ ]  codes  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 111, changes 

have been made i n  ETOT. C .  L .  Beard 's  programming i s  adequa te  f o r  ENDFIB 

Vers ion 11, b u t  w i t h  t h e  advent  of Vers ion I11 of ENDFIB, 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 ETOT-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 ETOT. F u r t h e r ,  ETOT h a s  been modif ied t o  be  a b l e  t o  a c c e p t  U n i v e r s a l  

Supergroup System ( the rmal )  f i l e s  i n  p l a c e  of ENDFIB. Details regard-  

i n g  USS i n p u t  w i l l  be  g i v e n  i n  Chapter  3 of t h i s  Supplement. However, 

f o r  o r d i n a r y  ETOT-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  [1"12 I ,  ETOT 's days  a r e  numbered. There 

w i l l  always 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 ETOT t o  hand le  new 

v e r s i o n s  of ENDFIB (ETOT-3 c e r t a i n l y  cannot  p r o c e s s  a l l  of  ENDFIB Version I 

and p o s s i b l y  w i l l  f a i l  on some of ENDFIB Vers ion IV).  However, t h e  new 

phi 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  c o 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 ETOT runn ing  w i t h i n  3 o r  4 y e a r s .  Re lease  of ETOT-3 

is  n e c e s s a r y ,  however, i f  p r e s e n t  ETOT u s e r s  a r e  t o  p r o c e s s  ENDFIB-111 
perfectly. 

The c h a p t e r s  of ' t h i s  Supplement a r e  o rgan ized  cor responding  t o  t h e  c h a p t e r s  

o f  t h e  main r e p o r t ,  w i t h  t h e  e x c e p t i o n  of Chapter  6 .  Chapter  6 w i l l  con- 

t a i n  remarks concerning t h e  n e a r  p e r f e c t i o n  of ETOT o b t a i n e d  as a by- 

p roduc t  o f  g e n e r a t i n g  a p r e l i m i n a r y  v e r s i o n  of t h e  USS ( the rmal )  l i b r a r y  

f i l e s .  

* 
The r e f e r e n c e s  g i v e n  i n  t h e  main r e p o r t  are reproduced h e r e  as Ch. 7 ,  
w i t h  upda t ing  and a d d i t i o n s  ( [ l l ]  e t .  s e q . ) .  



CHAPTER 2 

PROGRAM DESCRIPTION 

2.1 GENERAL INFORMATION 

The groundwork concerning codes served by ETOT, and concerning symbol 

definition, is assumed from the main report. 

The alterations represented by ETOT-3 require certain modifications to 

Chapter 2 of the main report. These are limited to the topics: 1) resolved 

resonances, and 2) capture cross sections. 



2.2 RESOLVED RESONANCE TREATMENT 

2.2.1 RESOLVED RESONANCE FORMULAE 

ETOT will calculate KATE type resonance parameters and/or calculate 

the microscopic cross sections using the single-level or multi-level 

Breit-Wigner formula. 

The formulae on Page 2-3 of the main report for cross sections from 

resolved resonance parameters are replaced by the specifications given 

in Appendix D of Reference 2 (official ENDF/B specification). This 

Appendix is quoted extensively below. Note that 1 stands for the angular 
momentum state, and ETOT-3 will handle the values l = O ,  1, and 2. 

I. Elastic Scattering Cross Section 
PJT.S 

o (E) = (E), 
n, n 11, n 

where 

2. Radiative Capture Cross Sect ion_ .---- - 
NT.S 

a 
A (E) = C c.7 (E) 

"r?' *,Y 

where 

NR, 



3. F i s s i o n  Cross Sect ion 

NLS 

where 

where 

I i s  the  s p i n  of t he  t a r g e t  nucleus and J i s  the  s p i n  of the 

compound nucleus fox the resonance s t a t e .  

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

The summation on A extends over a l l  4 - s t a t e s  descr ibed ,  There 

w i l l  be NLS terms i n  t h e  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  pos s ib l e  J - s t a t e s  f o r  a 

p a r t i c u l a r  & - s t a t e .  NR i s  t he  number of resonances f o r  a given p a i r  of 
J 

,C and J values. 

hXS i s  given i n  F i l e  2 f o r  each R-value 



r n r (  
1 )  r GN r i s  the  neutron width, f o r  the  rth resonance 

f o r  a p a r t i c u l a r  va lue  of R,  eva lua ted  a t  the  resonance energy E r . For 

bound l e v e l s ,  the  abso lu t e  va lue  I E , ~  is used. 

rr = r n r ( ~ )  + ryr + rfr i s  t h e  t o t a l  width. 

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

Er = ER, the  resonance energy 

J = M,  t he  s p i n  of t he  resonance s t a t e  

( E )  = GN, the  neutron width 

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

r,, = GF, the  f f ~ s i o n  width 

where Ic i s  the  neutron wave number and ALRI i s  t h e  r z t i o  of t h e  mass of t he  

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

AImI given i n  F i l e  2 d&3 for each i so tope  

E i s  t h e  i nc iden t  neutron energy (Laboratory system); 

s i s  t h e  s h i f t  f a c t o r ,  a 
0 

= 0 



P i s  the penetration fac to r ,  a 
Po = P 

where p = ha and "a" is the channel radius (in units of 10-la cm) and is 

defined as 

a = [1.23(AWRI)1/3 + 0.81 x 10" ; 

0 is the phase s h i f t ,  a 
q ) = P  

= 6 - tan-' fi 

where 6 = kg end P is the effective scattering radius. 

= kP, 86 ~ i v e n  in File 2 dsta 

This considerable change in formulae is not justified for typical 

low-energy ETOT processing, but the change was made to achieve near 

perfection (4-digit accuracy) in comparison of ETOT results with standard 

results up to 3 eV. 

The MLBW calculation specified in Reference 2 is used in ETOT-3 for 

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

from Appendix D of Reference 2: 

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

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

interference 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 2, but merely a caution, since the classes IfNRJ" are not always 

segregated in ETOT. 

ETOT-3 lacks provisions for Reich-Moore and for Adler-Adler formalisms. 

The only ENDFIB Version-I11 material excluded by these shortcomings is 

u~~~~ Mat 1110, for cross sections above 0.79 eV. 

2.2.2 KATE RESONANCE PARAMETERS 

Some corrections to the main report are required, and certain correc- 

tions were made in ETOT for KATE parameters. Certain questions concerning 

energy dependence of r are still unresolved. However, a faithful descrip- 
n 

tion of actual computing will be given. The author has never used the 

ETOT option for KATE parameters. 

0 
The KATE resonance parameters are denoted* by Eoy rnY ray K1, K2, 

and K3. If KATE resonance parameters are desired, ETOT will find the IRES 

largest resonances that are bokh within the thermal library range and 

within the ENDFIB defined resonance region. The resonances are compared 

as to their total peak cross section given by 

The IRES largest resonances are converted into KATE parameters if 

the background cross sections are l/v. The background is composed of the 

remaining resonances (usually epithermal) and the smooth cross sections 

from ENDFIB File 3. 

The single-level Breit-Wigner formula, when written using the KATE 

parameters, is given by: 
..--- ,., -7 * 

In the KATE report (ref. 9 ) .  rz  is denoted by n and I? a is denoted by y. 



(These formulae are only explanatory; they are not the basic cross- 

section formulae of ETOT-3.) 

where 

(An erroneous use of l/ (r + I' ) in K has been reprogrammed as 1/ (r + r f ) .  ) n f 2 Y 

Since the resonance region usually will not cover the library energy 

mesh, the tails of the resonances which are put into KATE parameters must 

be subtracted from the smooth cross sections outside of the resonance region. 

Also, the scattering cross section does not incl e the interference term 

so it must be added to the smooth cross section for these resonances. This 

corresponds to the sine terms of the equation for o in Section 2.2.1. 
n ,n 



2.3 SMOOTH CROSS SECTIONS 

The information required for the thermal codes includes the capture, 

fission, and scattering cross sections, as well as the fission neutron 

yield and the average cosine of scattering. These values can be calcu- 

lated as group-averaged values or point values depending on the input 

option IAV. 

2.3.1 SCATTERING 

In the thermal range, the scattering cross section is taken as 

the elastictcross section which is obtained from ENDFIB File 3, MT=2. 

Where the resolved-resonance-energy region extends into the thermal range, 

the contribution from resonance parameters to the scattering is added. 

This is, of course, modified by the statement at the end of Section 2.2.2 

above, when KATE parameters are being generated. 

2.3.2 CAPTURE 

The basic smooth capture is taken as a but if any other "capture- 
Y' 

like" cross section is non-zero, it is added to the capture cross section. 

If a material index is given in File 1, ETOT will see if the (n,y) cross 

section is tabulated. If it is not, and a is given, it will calculate a 
o b y o c = a  - a  a is obtained from ENDFIB File 3, MT-27,and o is 
c a f* a Y 
is obtained from ENDFIB File 3, MT-102. 

Again, proper resonance contributions are added when the thermal 

group or point structure overlaps the resolved-resonance-energy region. 

In order to accommodate the Universal Supergroup System (thermal) 

as input data to ETOT-3 in place of ENDFIB, an arrangement was made to 

recognize File 3, MT=101 data. This is called "parasitic absorption 

(redundant) ...I1 in Reference 2, p. B-3. ETOT-3 takes in MT=101, if 

present, as capture information, but replaces by any other "smooth capture" 

MT sections found in File 3 of the incoming library data for the material 

being processed. 



2.3.3 FISSION 

The fission cross section is taken from ENDF/B File 3, MT=18. 

Once more, it is pertinent to remark that applicable resolved-resonance- 

generated cross sections are added to File-3 quantities to give final 

results . 



CHAPTER 3 

EXECUTION INFORMATION AND OUTPUT DESCRIPTION 

This chapter is written to replace many sections of Chapter 3 of the main 

report which contained errors and should be updated in order to correspond 

with ETOT-3. "Input Description" andt'Available Options" are covered 

completely and, likewise, "Sample Input" and "Sample Output. " A vertical 

black bar will be placed in the margin, for Sections 3.3 and 3.4, to 

indicate changes or corrections. 

3.1 LIMITATIONS 

The limitations stated in the main report still hold. The additional 

limitation required is concerned with graphical output. This feature 

did not function in the ETOT version first deposited at the Argonne Code 

Center and has not been worked on since that time (January, 1972). 

3.2 NOTE ON USS DATA 

As pointed out in Reference 11, a preliminary version of the Universal 

Supergroup System (thermal) is available from the National Neutron Cross 

Section Center (Brookhaven'National Laboratory). ETOT-3 will accept the 

non-kernel portion of this data just as if ENDFIB-111 data were used. 

Tape i . d .  numbers are the same, but all MAT numbers on the USS tapes are 

reduced to 2 or 3 digits to avoid confusion with the ENDF/B library itself. 

Because the "one-dimensional" sections are essentially "File 3" 

formats, all materials from the USS library are processed by ETOT-3 with 
the high speed of a "no-resolved resonances" material. (Along these lines, 

a user may wish to remove large blocks of coding to produce a small ETOT 

version for USS processing only.) 

The USS files, of course, cannot provide any KATE resonance parameters. 

There should be no difference in this respect from an ENDFIB material 

containing no resolved resonances. For the rest of this chapter, regular 

ENDFIB processing is assumed. 

3-1 



3.3  INPUT DESCRIPTION 

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 ems  a r e  d e s c r i b e d  and 

t h e  columns t o  be used f o r  each i t e m  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  (915, 3 X ,  2E12.5) 

I tem 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 are r e a d  i n  
l = a l l  i n p u t  c a r d s  a r e  read  

2  6-10 MCODE Program f o r  which t h e  l i b r a r y  i s  
in tended  
=1 KATE 
=2 THERMOS 
=3  ARK 
=4 TEMPEST 
=5 LASER 

3  11-15 . NMAT Number of m a t e r i a l s  

4  16-20 IREW O=ENDF/B t a p e  i s  n o t  rewound by ETOT 
l=ENDF/B t a p e  i s  rewound by ETOT 

5  21-25 IPUN O=no punched o u t p u t  
l=punched o u t p u t  

6  26-30 IAPX O=do n o t  t r y  t o  f i t  c r o s s  s e c t i o n s  
t o  l / v  
l = t r y  t o  f i t  c r o s s  s e c t i o n s  t o  l / v  

7 31-35 IRES  Number of resonances  which a r e  t o  
be  o u t p u t  by resonance  paramete rs  



Card No. 2 (915, 3X, 2E12.5) (~ont'd) 

Item - Columns Name Description 

8 36-40 IXL Not in use 

9 41-45 LEG0 Not in use 

10 49-60 EPSLON Maximum relative deviation for l/v fit 

11 61-7 2 TEMP Temperature for Maxwellian distribution 

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

Item Columns Name Description 

1 1-5 MATNOS ENDFIB tape material number 

2 6-10 MATIDS Principle thermal material number 

3 12-15 I4AT2ID 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, 23X, 2E12.5) (If INALL=l) 

Item Columns Name Description 

1 1-5 IAV If=O, cross sections will be group 
averaged 
If=l, cross sections will be point 
values 

,6-10 I EU Group structure option 

11-15 I W Type of weighting function 

16-20 MAXG Number of groups 
I 

21-25 IGRAPH Graphing option, graphs made if > 0 
(Not yet used on CDC-7600 computer) I 

49-60 EPSMIN Minimum error for combining two TAB1 
functions 

61-72 EPSMAX Maximum error for combining two TAB1 
functions 



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

Item Columns Name Description 

1 1- 5 NDFB ENDFIB tape unit 

2 6-10 IDTAP ENDFIB tape ID 

3 11-15 MODE Mode of ENDFIB tape 
=1 binary (Not yet tried on CDC-7600 

computer) 
=2 BCD 

16-20 LTAPE Library tape unit (Not yet used on 
CDC-7600 computer) 
If=O, no library written 

Card No. 6 

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 ENDFIB TAB 1 
record. 

Card No. 6.1 (44X, 2111) 

Item Columns Name Description 

1 45-55 N1 Number of interpolation ranges 

2 56-66 N2 Number of weighting function points 

Card No. 6.2 - ' . . .  (6111) 
Item Columns Name Description 

1 1-11 NBT(1) Last point number in 1st interpolation 
range 

2 12-22 JNT(1) Interpolation scheme for 1st range 

3 23-33 NBT(2) Last point number in 2nd interpolation 
range 

4 34-44 JNT(2) Interpolation scheme for 2nd range 

etc. 



Card No. 6.2 - . . . (6111) (Cont ' d )  

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

NBT(N1) 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*N1 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 No. 6 .3  - ... ( 6 ~ 1 1 . 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  (5 lowes t  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 ) -  

BLOK4(N2) Weight a t  t h i s  energy 

Card No. 7  

Th is  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  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 i g h  energy.  I f  IEU=2, t h e  set i s  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 igh  energy.  I f  IEU=6, t h e  s e t  i s  t h e  d e s c r i p t i o n  of 

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

IEU=7, t h e  s e t  i s  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  s e t  i s  t h e  d e s c r i p t i o n  of 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  o f  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 .  ( ~ n e r g y  increment  i n p u t  h a s  n o t  y e t  been used on t h e  CDC-7600 

computer.) 

I 
An energy p o i n t  o r  a  group b r e a k p o i n t  of z e r o  i s  a l lowed.  

3-5 



Card No. 7.1 (6E11.4) 

Item Columns Name Description 

1 1-11 XX(1) 

etc. using (MAXG+1)/6 cards 

MAXG XX (MAXG ) 

MAXGl XX (MAXG 1 ) 

Note: (MAXG+1)/6 cards must be used, even if blanks must be used. 

3.4 AVAILABLE OPTIONS 

3.4.1 READ INPUT OPTION (INALL) 

This option is designed to facilitate stacked cases where several 

materials are to be processed in about the same way. Complete input 

is necessary only with the first case (INALL=l) and subsequent cases 

need only the first few cards (INALL=O). 

3.4.2 THERMAL CODE OPTION (MCODE) 

Since actual processing is the same, this merely controls the 

punched output gormats. The available options are: 

1 KATE 

2 THERMOS 

3 ARK 

4 TEMPEST 

5 LASER 



This is to provide running efficiency by a single pass over the 

ENDFIB tape during a stack of cases. The first case should request a 

tape rewind (IREW=l), but subsequent cases should not. 

3.4.4 PUNCH OPTION (IPUN) 

This option merely selects whether or not the results should be 

punched out on cards. 

3.4.5 1/V APPROXIMATION OPTION (IAPX) 

This is an option to signal that the cross section is to be 

tested for a l/v fit within a relative error of EPSLON. 

3.4.6 RESONANCE PARAMETER OPTION (IRES) 

This corresponds to the maximum number of resonances which will 

be given as resonance parameters if the remaining cross section is l/v. 

If the remaining cross section is not l/v, no resonances will be speci- 

fied by parameters (not yet tried on the CDC-7600 computer). 

3.4.7 AVERAGE OPTION (IAV) 

This option determines whether the cross sections will be group 

averaged (IAV=O) or point values (IAV=l). 

3.4.8 ENERGY STRUCTURE OPTION (IEU) 

This option permits the standard thermal structures to be internally 

generated or allows the structure to be input in a variety of ways. (Not 

all choices have been tried in ETOT-3.) 



I n p u t  energy b r e a k p o i n t s  

Inpu t  speed b r e a k p o i n t s  

Inpu t  energy p o i n t s  

Standard LEOPARD 172 p o i n t s  

Standard LEOPARD 309 p o i n t s  

Energy increment  i n p u t  

Speed p o i n t s  i n p u t  

Speed increment i n p u t  

LASER s t a n d a r d  35 p o i n t s  

TEMPEST and KATE s t a n d a r d  246 p o i n t s  

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  e n e r 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 shor tened  form by 

which t h e  s t r u c t u r e s  can b e  g iven .  The f i r s t  number i s  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 

i m p l i e s  t h e  p o i n t  v a l u e s :  

The b r e a k p o i n t s  a r e  t h e  end p o i n t s  of t h e  groups  w h i l e  t h e  p o i n t s  

a r e  t h e  c e n t e r  p o i n t s  of t h e  group. Energy increment  i n p u t  h a s  n o t  been 

s u c c e s s f u l l y  used on t h e  CDC-7600 computer. 

3.4.9 WEIGHTING FUNCTION OPTION ( I W )  

Th i s  o p t i o n  chooses t h e  we igh t ing  f u n c t i o n  t o  be  used.  The fol low- 

i n g  f o u r  a r e  c u r r e n t l y  a v a i l a b l e  and o t h e r  b u i l t - i n  f u n c t i o n s  can b e  

e a s i l y  added i n  t h e  f u t u r e .  



I W =  1 1/E 

IW=2 1 . 0  

IW=3 I n p u t  

IW=4 Combination of 1 /E p l u s  Maxwellian 

3.4.10 GRAPH OPTION (IGRAPH) 

This  o p t i o n  a l l o w s  f o r  t h e  a b s o r p t i o n ,  f i s s i o n  and t r a n s p o r t  c r o s s  

s e c t i o n  t o  be  graphed (IGRAPH > 1 ) .  The on ly  medium o p t i o n e d ,  i n  t h e  

CDC-7600 environment,  i s  m i c r o f i c h e .  N e v e r t h e l e s s ,  when l a s t  t e s t e d  

IGRAPH was i n o p e r a t i v e .  

3 .4 .11 TAPE MODE OPTION (MODE) 

The ENDFIB may be  e i t h e r  i n  t h e  s t a n d a r d  b i n a r y  o r  BCD mode. 

"Binary mode" h a s  n o t  been t e s t e d  on t h e  CDC 7600. Resonance computa- 

t i o n s ,  e t c . ,  a r e  a  much g r e a t e r  l o a d  t h a n  BCD d a t a  r e a d i n g .  

3.5 OUTPUT 

ETOT g i v e s  a  v e r y  thorough l i s t i n g  of t h e  c r o s s  s e c t i o n s  and v a l u e s  

a s s o c i a t e d  w i t h  them, and punches c a r d s  i n  KATE, TEMPEST, LASER, THERMOS, 

o r  ARK format .  

3.6 SAMPLE PROBLEM INPUT 

The sample problem p r o c e s s e s  d a t a  f o r  ENDFIB M a t e r i a l  Number 1159 

and produces  a 246-point TEMPEST deck.  The 1159 d a t a  i s  t h a t  p r e s e n t  

on ENDFIB Tape 308. 

3.7 SAMPLE PROBLEM OUTPUT 

The sample problem was r u n  on a  CDC 7600 u s i n g  t h e  Scope 2 .0  o p e r a t i n g  

system. The o u t p u t  i s  on t h e  f o l l o w i n g  pages  and is  s e l f - e x p l a n a t o r y  

(pp. 3-12 through 3-43). 



SAMPLE PROBLEM OUTPUT 



W C 5 T  INGHOUSE 
FORM we57 0 @ Westingho~se E le~ t~ iC  Corporation ' DATA CODING FORM 
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TITLE QMPI F PKMLFM FUR 6 UUP-73~ ANALYST 
73 ----- 76 
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FMnF/R TAPE NUYPE? = ? O R  

E N n F I R  TAPE LARFL = FN'lF/3-TTT T 4 P E  3?R ( R F V . 1 )  ( 1 2 - 4 - 7 2 )  

P U Y C Y  O P T I O N  = 1 

N O  PFSOKANCF P4PLIYFTERS W I L L  RC: CQLCIJLATFQ 





E N E R G Y  POTPIT SPEED Pr)TNT FNFPGY QbNGE SPEED O A N G E  

1 . 1 6 4 5 5 1  - 1.201119 
1 . 2 J l l l 9  - 1.217462 
1.217452 - 1.233588 
1.2335R9 - 1.269586 
1 .249506  - 1.265224 
1 . 2 5 5 2 2 4  - 1.2R0768 
1.79674'7 - 1.296087 
1.296JR7 - 1.'11247 
1 .311247  - 1.326233 
1 .326?33  - 1.341051 
1.341C51 - 1,355758 
1 .355719  - 1.37J2LR 
7 7 7 1  - 1,394556 
1.3R4556 - 1e79'7757 
1.31R757 - 1.412915 
1 .412415  - 1.65?963 
1 .F  ,2963 - 1.721751 
1 . 7 2 1 7 5 1  - 1.932944 
1.P32944 - 1.937767 
1 . 9 7 7 7 6 7 -  2 . -37233 
2.037733 - 2.133Cd7 
2 .132u?7  - 2.222771 
2 .222771  - 2.309972 
2 .? 99077  - 2.793998 
2.?93998 - 2.475173 
2 e L 7 5 1 7 3  - 2.553770 
2.3577a7 - 2.633318 
2.C72J19 - 2.704118 
2 . 7 0 k l i A  - 2,776240 
2.77624: - 2.946536 
2.P455-5 - 2.115137 
7.015117 - 2.982160 
2.qRZlhS - 3. rk7710 
3 . i L 7 7 1 3  - 7 . 1 1 l R A O  
?.lI:RA, - 5.174752 
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CHAPTER 4 

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. 

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 ENDF/B 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  h a n d l i n g  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 e a d  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 locks  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  3 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  4000 and 1 of l e n g t h  8000. 

The l o g i c a l  f low of t h e  program i s  des igned 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  b e  scanned o n l y  once;  hence ,  t h e  l i b r a r y  t a p e  i s  never  

backspaced and i s  o n l y  read  forward.  Thus,  t h e  d a t a  a r e  p rocessed  i n  t h e  

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

4 . 2  LABLLLED COMMON VARIABLES 

/TAPES/ 
MODE 
I05 
106 
I07 
NDFB 
LTAPE 
ITP 4 

/DENS/*  
JMT 
J AT 
JTT 
JLT 
A 
JNS ,MNS 
J X  
MX 

mode of t h e  ENDFIB l i b r a r y  t a p e  
i n p u t  t a p e  
o u t p u t  p r i n t  t a p e  
o u t p u t  punch t a p e  
ENDFIB l i b r a r y  t a p e  
thermal  l i b r a r y  t a p e  
s p a r e  

record  i d e n t i f i e r  
r ecord  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  
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  next r e c o r d  
maximum l e n g t h  of A a r r a y  
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 
ME' f i l e  number 
MT r e a c t i o n  type  number 
C 1 ,  C2 f l o a t i n g  p o i n t  c o n s t a n t s  
L1 ,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  S u b r o u t i n e s  f o r  t h e  
ENDFIB sys tem w r i t t e n  by H. C .  Honeck (Reference  10) .  

4-2 



/RECS/* (cont'd.) 
N 1 count of items in a list to follow 
N2 count of items in a second list to follow 
NBT , JNT general integer storage space 
x, y general floating point storage space 
N 1Y maximum length of the NBT and JNT arrays 
N2X maximum length of the X and Y arrays 
NS card sequence number 

Note: In ETOT-3, the /RECS/ labelled common is used as storage for 

various cross sections and other nuclear data which are edited 

by ETOT. 

/GROUPS / 
EGRP 
VGRP 
EPTS 
v 

/FILE31 
xs 
XC 
XF 
XSMU 
ZETA 
GNU 

/FILE61 
TRUM 

/RESP/ 
NREF 
EZ ERO 
GAMN 
GAMG 
GAMF 
G 
ELOW 
EHIGH 
S IGP 

energy breakpoints 
speed breakpoints 
energy points 
speed points 

scattering cross section 
capture cross section 
fission cross section 
average cosine of the scattering angle 
weighting function 
neutrons per fission 

extra cross section storage 

number of resonances 
energy at resonance peak (Eo) 
neutron width evaluated at Eo 
radiation width evaluated at E, 
fission width evaluated at Eo 
spin factor 
lower bound of resonance region 
upper bound of resonance region 
potential scattering 



/OPTION/ 
I D T A P  
MCODE 
MAXG 
MAXGl 
MAXG 2 
IW 
I EU 
I G R P E  
I R E S  
I P U N  
I AV 
I A P X  
I X L  
L E G 0  
TEMP 
IGRAPH 

/MATS/ 
NMAT 
IMAT 
MATNO S 
MATIDS 
I U T  2 I D  

/LABL/ 
LABEL 
ELABEL 

/ TLABL / 
TLABEL 

/FLAGS/  
KEY 
NOXS 
NOXIN 
NON2N 
NOXF 
NONG 
NONP 
NOND 
NONT 
NOHE 
NONA 
NON2A 
NOCAP 
I V A  
I V F  
I V  S 

E N D F I B  tape I D  
output format 
number of groups (or points) 
MAXG+l 
W G + 2  
type of weight 
energy structure 
if lower group is at 0 eV 
maximum number of resonance parameters 
punch option flag 
group averaged or point values 
test l/v approximation fit 
spare 
spare 
temperature ( O K )  for Maxwellian distribution 
graph option flag 

(Eight words--see input description) 

number of materials 
number of current material being processed 
E N D F I B  material numbers 
thermal material numbers 
second thermal I D  

punched output label 
store 1st line of Hollerith description of material from E N D F I B  
tape (for GRAPH) 

ENDF/B  tape label 

data presence indicator 
elastic cross-section indicator 
inelastic cross-section indicator 
(n, 2n) cross-section indicator 
fission cross-section indicator 
(n, y) cross-section indicator 
(n, p) cross-section indicator 
(n, d) cross-section indicator 
(n, t) cross-section indicator 3 (n, He ) cross-section indicator 
(n, alpha) cross-section indicator 
(n, 2-alpha) cross-section indicator 
absorption ( E N D F I B )  cross-section indicator 
l/v fit to absorption cross section 
l/v fit to fission cross section 
constant fit to scattering cross section 



/ C O N T F ~ /  
Z A 
AWR 
LRP 
LF I 
LDD 
LFP 
N WD 
LNU 
NC 
C 
N R 1  
NP 1 

/CONF2/ 
N I  S  
Z A I  
ABN 
LFW 
NER 
LISR 
EL 
EH 
LRU 
LRF 
SPIR 
AP 
NLSR 
CR 
AM 
LR 
NRS 
LFWX 

/AWRI/ 
AWRI 

( lowes t  group where d a t a  i s  t a b u l a t e d )  

m a t e r i a l  (Z , A) d e s i g n a t i o n  
a tomic weight  r a t i o  
resonance i n d i c a t o r  
f i s s i o n  i n d i c a t o r  ( d a t a )  
r a d i o a c t i v e  decay d a t a  i n d i c a t o r  
f i s s i o n  p roduc t  y i e l d  d a t a  i n d i c a t o r  
l e n g t h  of H o l l e r i t h  d e s c r i p t i o n  of d a t a  
i n d i c a t e s  t y p e  o f  v d a t a  - 
number of polynomial terms of v d a t a  
polynomial . c o e f f i c i e n t s  of ii d a t a  
s p a r e  
s p a r e  

resonance d a t a ,  subscripted o f t e n  f o r  i s o t o p e  and energy range 
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  
i s o t o p e  abundance 
f o r  unresolved resonances  ( n o t  used by ETOT) 
number of energy ranges  
o b s o l e t e  
low end of an  energy range 
upper end of an energy range 
r e s o l v e d / u n r e s o l v e d  i n d i c a t o r  
formalism of resonance r e p r e s e n t a t i o n  
n u c l e a r  s p i n  of t a r g e t  (energy r a n g e ,  i s o t o p e )  
e f f e c t i v e  s c a t t e r i n g  r a d i u s  (energy r a n g e ,  i s o t o p e )  (spin-up) 
number l - s t a t e s  (energy range ,  i s o t o p e )  
"AWR" mass of i s o t o p e  i n  u n i t s  of n e u t r o n  mass 
e f f e c t i v e  s c a t t e r i n g  r a d i u s  ( s p i n  down; z e r o  i f  s p i n  independence) 
1 v a l u e  (energy r a n g e ,  i s o t o p e ,  1 s t a t e )  
number o f  r e s o l v e d  resonances  (energy range ,  i s o t o p e ,  1 - s t a t e )  
f i s s i o n  i n d i c a t o r  

(no t  used)  

i s o t o p i c  m a s s  i n  u n i t s  of n e u t r o n  mass 

c a r r i e s  l e n g t h s  of i n t e r p o l a t i o n  t a b l e s ,  e t c .  

pa ramete rs  f o r  ENDFIB " F i l e  3" d a t a  
f i n a l  s t a t e  i n d i c a t o r  
number o f  energy ranges  ( i n t e r p o l a t i o n  t a b l e  s i z e )  
number of energy p o i n t s  



4 . 3  OVERLAY STRUCTURE AND ROUTINE LIST 

Fol lowing 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 ETOT. A b r i e f  summary of t h e  purpose  of each i s  i n c l u d e d .  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 .  The s u b r o u t i n e s  w i t h  an  a s t e r i s k  a r e  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 ) .  

Overlay (0,O) 

ERR 
ERROR 

TIME IT 

STORE 
FETCH 
DELETE 
LRIDS 
FPDS 
IPDS 

TPOS 
CONT 
HOLL 
LIST 
TAB 1 
TAB 2 

COMBP 
COMB 
ADD 
SUB 
MULT 
D I V  

TERP 
TERPl 
TERP2 
TERPO 

XTND 

c o n t r o l  f low of ETOT 

p r i n t  e r r o r  message 
p r i n t  e r r o r  message* 

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

s t o r e  r e c o r d  i n  dense  s t o r a g e *  
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  r e c o r d  from dense  s t o r a g e *  
l o c a t e  r e c o r d  i n  dense  s t o r a g e *  
f e t c h  p o i n t  from dense  s t o r a g e *  
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  ENDFIB 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  
read  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 r e c o r d  
read  TABl r e c o r d  
read  TAB2 record  

combine one p a n e l  of two TABl 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  a d d i t i o n *  
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 *  
combining f u n c t i o n  f o r  d i v i s i o n *  

i n t e r p o l a t e  between two p o i n t s *  
i n t e r p o l a t e  one p o i n t *  
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  



ECSI compute i n t e g r a l  of y(K)* 
GRATE i n t e g r a t e  TAB1 f u n c t i o n *  
AVRG average  over  a s e l e c t e d  range  
GP AV average  over  s e l e c t e d  groups  

POINT 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  
RE S c a l c u l a t e  r e s o l v e d  resonance c r o s s  s e c t i o n s  
PHASE c a l c u l a t e  r e s o l v e d  r e s ~ n a n c e " ~ h a s e  s h i f t "  argument f o r  e l a s t i c  

s c a t t e r i n g  formulae 
PEN c a l c u l a t e  r e s o l v e d  resonance " p e n e t r a t i o n  f a c t o r "  
SHIFF c a l c u l a t e  r e s o l v e d  resonance " s h i f t  f a c t o r "  ( t o  g e t  change 

i n  resonance energy a s  viewed from a n o t h e r  energy)  

OVERLAY (1,O) 

ETOTl r e a d  i n p u t  
EU c o n s t r u c t  group s t r u c t u r e  
WE IGKT c o n s t r u c t  weight  and weight averages  
GENT1 g e n e r a t e  TAB1 func t ion*  
WELL 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  
T R I D  read  ENDFIB t a p e  I . D .  
OUT 1 p r i n t  i n p u t  d a t a  

OVERLAY (2,O) 

ETOT2 c o n t r o l  f low of program i n  o v e r l a y  (2,O) 

ZERO i n i t i a l i z e  
TMAT p o s i t i o n  ENDF/B t a p e  t o  m a t e r i a l  
TMFl read  ENDFIB F i l e  1 

OVERLAY (3,O) 

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

TMF2 read  ENDFIB F i l e  2 
RESCAL c a l c u l a t e  resonance d a t a  
OUT 3 p r i n t  r esonance  d a t a  

OVERLAY (4,O) 

ETOT4 c o n t r o l  f low of program i n  o v e r l a y  (4,O) 

TMF 3 read  ENDFIB F i l e  3 
CROS 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 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)  
FIT2V t e s t s  f o r  f i t  t o  l/v 
F I N D C  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 I M Q  
SETUP 
GRAPH 
PLOT 
LOUT 
KOUT 
CVRT 
ALPHA 
CARD 
TOUT 
L AUT 
XSET 

s imul taneous  e q u a t i o n  s o l v e r  
ex tends  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 
conver t  r e a l  i n t o  decimal and exponent 
conver t  i n t e g e r  i n t o  alphanumeric 
punch one KATE c a r d  
punch i n  TEMPEST format  
punch i n  LASER o r  THERMOS format  
punch " l ibp"  format  f o r  LAUT 

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  from t h e  r o u t i n e  where they  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, N 1  and N2. Subrou t ine  ERROR p r i n t s  on ly  t h e  e r r o r  number and t h e  

c o n t r o l  words,  MAT, MF, and MT. Following is  a  list of t h e  e r r o r  numbers, 

t h e  s u b r o u t i n e  which d e t e c t s  t h e  e r r o r  and an e x p l a n a t i o n  of t h e  e r r o r .  

E r r o r  D e t e c t i n g  
Number Subrou t ine  Explana t ion  

110 ECSI I n t e r p o l a t i o n  code o u t  of r a n g e  

130 TERP 2  X(N) n o t  i n  i n c r e a s i n g  o r d e r  

131  TERP2 XP(N) n o t  i n  i n c r e a s i n g  o r d e r  

132  TERP 2 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  

133 TERPl I n t e r p o l a t i o n  code n o t  i n  range  1-5 

134 TERPl X - < 0 cannot  be  i n t e r p o l a t e d  by l o g s  

135 TERPl Xl=X2, d i s c o n t i n u i t y  

300 STORE JT n o t  i n  range 1-6 

301 STORE MA=O n o t  al lowed 

302 STORE Overflow, r e c o r d  w i l l  n o t  f i t  i n  /DENS/ 

o r  GENT1 Overflow, r e c o r d  w i l l  n o t  f i t  i n  /RECS/ 

303 FETCH MA=O, r e c o r d  n o t  i n  /DENS/ 

308 COMB Overflow, answer w i l l  n o t  f i t  i n  /RECS/ 

309 COMB MA o r  MB n o t  i n  /DENS/ 



E r r o r  
Number 

D e t e c t i n g  
Subrou t ine  

COMB 

COMB 

IPDS 

GRATE 

CROS 

CRO S 

Explana t ion  

XL > XH - 
MA o r  MB i s  z e r o  

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  

I n e l a s t i c  c r o s s  s e c t i o n  non-zero w i t h i n  t h e  
group s t r u c t u r e  

n-2n c r o s s  s e c t i o n  non-zero w i t h i n  t h e  group 
s t r u c t u r e  

E r r o r  s t o p s  n o t  handled by ERR o r  ERROR i n c l u d e :  (from) 

a .  "ENDFJB TAPE I D  NO. = n REQUESTED TAPE I D  NO. m" 

meaning t h e  d a t a  t a p e  d i s a g r e e s  w i t h  c o n t r o l  c a r d s ;  (TRID) 

c. "DESIRED MATERIAL NUMBER n IS  NOT ON TAPE OR IS  

OUT OF ORDER 

TAPE HAS BEEN SEARCHED TO MATERIAL NUMBER m"; 

d .  "ERROR - LNU = n BUT MUST BE EITHER 1 OR 2" 

meaning ETOT cannot  hand le  v d a t a  ( f i l e )  found; 

e .  "TAPE ENTRY ERROR -" 
"NER = n BUT MUST = 1 OR 2"; 

o r  "LRU = n BUT MUST = 1 OR 2"; 

o r  "LRF.= n BUT MUST = 1 OR 2"; 

o r  "LFI = n BUT MUST = 0 OR 1"; 

("LRF = n,"  e tc . ,  f o r  one o r  more i s o t o p e s  does  n o t  

r e s u l t  i n  a program s t o p ,  b u t  c a u s e s  t h e  resonance  c a l c u l a t i o n  

t o  be s k i p p e d ) ;  

f . "UNRESOLVED REGION EXTENDS INTO GROUP STRUCTURE. I t  (TMF2) 



CHAPTER 5 

ENVIRONMENT INFORMATION 

ETOT r e q u i r e s  approx imate ly  50,000 l o c a t i o n s  and u s e s  t h e  ENDFIB d a t a  
1.0 

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  sys tem i n p u t ,  

o u t p u t ,  and punch u n i t s .  S ince  t h e  program i s  e n t i r e l y  i n  FORTRAN I V Y  

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  r e q u i r e -  

ments. The o n l y  p o s s i b l e  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. 



CHAPTER 6 

COMMENTS AND CONCLUSIONS 

An alternative title for this brief chapter could be "Accuracy and Speed." 

Improvements leading to the new ETOT-3 version were discussed in Reference 12. 

Some recapitulation is given here, with user and programmer in mind. 

Quoting from Reference 12: 

A version of ETOT-3 with modified output (ETCO) has been used to 

process all 133 "materials" of ENDFIB-I11 to give a preliminary 

"Universal Thermal Library." Comparisons of 2200 m/s results from 

ETOT-3 and from RESEND~INTEND 
[13,14,15] 

gave agreement better 

than 0.1% for 122 ENDFIB-I11 materials. The eleven exceptions 

with disagreements < 1% appear to be caused by interpolation 

defects in ETOT-3 edits. 

First, an amplification about "ETCO" is appropriate. A 460 group struc- 

ture had to be handled, so simple storage increases were made in ETOT-3. 

An output subroutine was written to produce an ENDFIB-like format. Long 

computer time was required because resonance calculations were being done 

at a large fraction of 46,000 energy points. Consequently, improvements 

were made in ETOT-3 itself to reduce the number of calls to resonance 

r o u t i n e s  ( p e r  group) and t o  reduce  t h e  number of c a l l s  t o  s i n e  and c o s i n e  

routines (by applying algebraic identities). 

As a few materials were intensively compared with results from other 

processors, minor errors were corrected in ETOT-3 itself until complete 

5-digit agreement was obtained. ( The other processors were RESEND-INTEND [13,14 j 

and FLANGE-II!'~' ) As processing was pushed, with "ETCO," through all 

of ENDFIB 111, processing failures resulted in corrections of ETOT-3 itself. 

Likewise, when a gross disagreement in 2200 m/s values (from comparison 

with Reference 15) was remedied in "ETCO," the correction was applied also 

to the basic ETOT-3. 



When ETOT e d i t s  2200 m / s  c r o s s  s e c t i o n s ,  t h e  i n t e r p o l a t i o n  t a b l e  informa- 

t i o n ,  a v a i l a b l e  a t  d a t a  i n t a k e ,  h a s  been thrown away. I n  many c a s e s  

i n t e r p o l a t i o n  i n f o r m a t i o n  provided i s  inadequa te  anyway, because  t h e  c r o s s  

s e c t i o n  i s  e n t i r e l y  o r  p a r t i a l l y  p r e s c r i b e d  by resonance paramete rs .  

Consequently,  ETOT assumes a log- log i n t e r p o l a t i o n ,  and 2200 m / s  e d i t s  

can be  d i s t o r t e d .  Much b e t t e r  r e s u l t s  may be o b t a i n e d  i f  t h e  energy s t r u c -  

t u r e  c o n t a i n s  a  2200 m / s  p o i n t  o r  micro-group. Th is  i s  wasted f o r  

l i b r a r y  a p p l i c a t i o n s ,  b u t  is  thoroughly u s e f u l  i n  checking on p r o c e s s i n g  

q u a l i t y .  Th i s  concludes  t h e  d i s c u s s i o n  of speed and accuracy from a  

programming p o i n t  of view. 

A f i n a l  remark on s o f t w a r e  c o n f i g u r a t i o n  i s  a p p r o p r i a t e .  The CDC high- 

e f f i c i e n c y  F o r t r a n  compiler  c a l l e d  "FTN" h a s  a  u s e r  parameter  c a l l e d  

"OPT." S e t t i n g  OPT t o  al lowed h i g h e r  v a l u e s  may double  compil ing t ime ,  

but  may s h o r t e n  ETOT e x e c u t i o n  t i m e  by a s  much a s  10%. It i s  easy  t o  s e e ,  

s i n c e  t h e  e x t r a  compi la t ion  t ime i s  about  5 seconds ,  and complete l i b r a r y  

p r o c e s s i n g  may r e q u i r e  h a l f  an  hour o r  s o .  t h a t  compil ing f o r  h i g h  e f f i c i e n c y  

i n  t h e  program is worthwhile.  
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