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DISCLAIMER OF RESPONSIBILITY

Distribution of this improved ETOT code and document has come about through
cooperative activity in the Cross Section Evaluation Working Group of the

National Neutron Cross Section Center.

Neither Westinghouse Electric Corporation nor any individual author hereof:

A. Makes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness of
the information contained in this report, or that the use of
any information disclosed in this report may not infringe

privately owned rights; or

B. Assumes any responsibility for liability or damage which may

result from the use of any information disclosed in this report.
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ABSTRACT

As described in the main report, ETOT is a digital computer program
which processes basic nuclear data in the ENDF/B format and produces
library data in thermal library format. ETOT is written entirely in
ASA Standard FORTRAN and is designed to be computer independent. Along
with printed results, the output includes punched cards in the format

appropriate to the desired library.

Necessary corrections and changes to ETOT are described in this
Supplement, The resulting new version, ETOT-3, successfully reads
ENDF/B Version III, achieves a high accuracy and high speed, and is
designed for machine independence within the realm of large scientific

computers.

iv



CHAPTER 1

INTRODUCTION

. [51% [6] [7]
In order to permit users of the SOFOCATE , TEMPEST » KATE

, and
THERM¢S[9] codes to generate library data from ENDF/B Version III, changes
have been made in ETOT. C. L. Beard's programming is adequate for ENDF/B
Version II, but with the advent of Version III of ENDF/B, M. Raymund
undertook further modifications to produce ETOT-3. This supplement will
give details to correct the main report, corresponding to basic changes

of ETOT. Further, ETOT has been modified to be able to accept Universal
Supergroup System[ll] (thermal) files in place of ENDF/B. Details regard-
ing USS input will be given in Chapter 3 of this Supplement. However,

for ordinary ETOT-3 runs, the main report is a fully adequate users'
guide.

[11,12], ETOT's days are numbered. There

As pointed out in the literature
will always be possibilities for new versions of ETOT to handle new
versions of ENDF/B (ETOT-3 certainly cannot process all of ENDF/B Version I
and possibly will fail on some of ENDF/B Version IV). However, the new
philosophy of providing central processing of cross sections into '"super=-
group" files, easily collapsible to all major group-average schemes, will
put an end to most ETOT running within 3 or 4 years. Release of ETOT-3

is necessary, however, if present ETOT users are to process ENDF/B-III

perfectly.

The chapters of this Supplement are organized corresponding to the chapters
of the main report, with the exception of Chapter 6. Chapter 6 will con-
tain remarks concerning the near perfection of ETOT obtained as a by-
product of generating a preliminary version of the USS (thermal) library

files.

*
The references given in the main report are reproduced here as Ch. 7,
with updating and additions ([11] et. seq.).
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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.
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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 £ stands for the angular

momentum state, and ETOT-3 will handle the values £=0, 1, and 2.

1. Elastic Scattering Cross Section
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3. Fission Cross Section
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I is the spin of the target nucleus and J is the spin of the

compound nucleus for the resonance state.

I = SPI, as given in File 2 data for each isotope

The summation on £ extends over all f-states described, There

will be NLS terms in the summation.

NLS is given in File 2 for each isotope

The summation on J extends over all possible J-states for a

particular f-state. NR_ is the number of resonances for a given pair of

J
NRS = E NRJ

J

£ and J values.

NRS is given in File 2 for each f-value




I‘r(lEr|) = GNr is the neutron width, for the rth resonance
for a particular value of £, evaluated at the resonance energy Er' For

bound levels, the absolute value IEr! is used.

_r@ T ED
Tar P,( ]Er D

r} = rhr(h) + I;r + I}r is the total width,

The following quantities are given in File 2 for each resonance:
Er = ER, the resonance energy
J = AJ, the spin of the resonance state
Ihr(lEr|) = GN, the neutron width
I;T = GG, the radiation width

I}r = GF, the fission width

s,(Je ) - 5,(®)

1
E Er'+ ZPZ(lErI) rhr(‘Er‘)
K = 2.196771 —2RE__ o 3073 E

AWRI + 1.0

where It is the neutron wave number and AWRI is the ratio of the mass of the

particular isotope to that of the neutron.

AWRT given in File 2 data for each isotope

E is the incident neutron energy (Laboratory system);

Sz is the shift factor,

5, = 0

S, = a i

1 1+ ¢

S - 18 4+ 35°
2 9+ 3¢° + o



P, is the penetration factor,

£
Pos’p
3
P -—-&—5.
1 1+ 9
P = ps 74
2 9 + 3p° + p

-12
where p = ka and "a" is the channel radius (in units of 10 : cm) and is

defined as )
a = [1.23(AWRI) 3 + 0.8] x 107 ;

0, is the phase shift,

where § =ka and & is the effective scattering radius.

& = AP, as given in File 2 data

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
ENDF/B resolved resonance data which calls for this form. Quoting again
from Appendix D of Reference 2:

Multilevel Breit-Wigner Formula: LRU=1, 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:

) MR, r-1 [(E-E')(E-E')+-1~I‘I‘J
) grz; 2 ((E-Er)g +—I‘3] [(E -E J)? +-}:I“"’]
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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 "NRJ" are not always

segregated in ETOT.

ETOT-3 lacks provisions for Reich-Moore and for Adler-Adler formalisms.
The only ENDF/B Version-ITI material excluded by these shortcomings is

U233, 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 Fn are still unresolved. However, a faithful descrip-
tion of actual computing will be given. The author has never used the

ETOT option for KATE parameters.

The KATE resonance parameters are denoted* by Eo’ Fg, Fa’ Kl, K2,
and K3. If KATE resonance parameters are desired, ETOT will find the IRES

largest resonances that are both within the thermal library range and
within the ENDF/B defined resonance region. The resonances are compared

as to their total peak cross section given by

_ (2.6037 x 10%) TUE D faur + 1.0\2

% E_| T AWR
(o]

The IRES largest resonances are converted into KATE parameters if
the background cross sections are 1/v. The background is composed of the
remaining resonances (usually epithermal) and the smooth cross sections

from ENDF/B File 3.

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

parameters, is given by:

*In the KATE report (ref. 9), Fg is denoted by n and Pa is denoted by vy.
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(These formulae are only explanatory; they are not the basic cross-

section formulae of ETOT-3.)
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(An erroneous use of 1/(1"n + Ff) in K2 has been reprogrammed as 1/(FY + Ff).)

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 %..n in Section 2.2.1.
2
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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 TAV.
2.3.1 SCATTERING

In the thermal range, the scattering cross section is taken as
the elastic'cross section which is obtained from ENDF/B 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 OY, but if any other "capture-
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. TIf it is not, and %, is given, it will calculate
0 byo =0 =-o0.. o_ is obtained from ENDF/B File 3, MT-27 and o_ is

c c a £ a > Y
is obtained from ENDF/B File 3, MI=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 ENDF/B, an arrangement was made to
recognize File 3, MT=101 data. This is called "parasitic absorption

in Reference 2, p. B-3. ETOT-3 takes in MT=101, if

(redundant)..."

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.
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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.
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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' and'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 ENDF/B-III 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 '"mo-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 ENDF/B material
containing no resolved resonances. For the rest of this chapter, regular

ENDF/B processing is assumed.
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3.3 INPUT DESCRIPTION

In the following input list, the various items are described and
the columns to be used for each item designated. Standard FORTRAN
input is used. For added convenience the actual program formats and
symbols are also listed. The various options are more fully described

in the next section.

Card No. 1 (20A4)

Item Columns Name Description
1 1-80 LABEL General output label

Card No. 2 (915, 3X, 2E12.5)

Item Columns Name Description

1 1-5 INALL O=only cards Number 1-3 are read in
1=all input cards are read

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 0=ENDF/B tape is not rewound by ETOT
1=ENDF/B tape is rewound by ETOT

5 21-25 IPUN 0=no punched output

: 1=punched output

6 26-30 TAPX 0O=do not try to fit cross sections

to 1/v

l1=try to fit cross sections to 1/v

7 31-35 IRES Number of resonances which are to
be output by resonance parameters
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Description

Not in use
Not in use

Maximum relative deviation for 1l/v fit

Card No. 2 (915, 3X, 2E12.5) (Cont'd)
Item Columns Name
8 36-40 IXL
9 41-45 LEGO
10 49-60 EPSLON
11 61-72 TEMP

Temperature for Maxwellian distribution

Card No. 3 (4(215, 1X, A4)) or (121I5)

Ttem
1

2

Columns

1-5

6-10

12-15

Name
MATNOS
MATIDS

MAT21ID

DescriEtion

ENDF/B tape material number
Principle thermal material number

Secondary thermal material identifica-
tion number. Alphanumeric (A4) for
MCODE=1, 3 & 4 and numeric for MCODE=
2 or 5.

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

Card No. 4(5I5, 23X, 2E12.5) (If INALL=1)

Item

1

Columns

1-5

6-10

11-15

16-20

21-25

49-60

61-72

Name

TIAV

IEU

IW

MAXG

IGRAPH

EPSMIN

EPSMAX

Description

If=0, cross sections will be group
averaged

If=1, cross sections will be point
values

Group structure option

Type of weighting function

Number of groups

Graphing option, graphs made if > O
(Not yet used on CDC-7600 computer)

Minimum error for combining two TABL
functions

Maximum error for combining two TABI
functions



Card No. 5(4I5) (If INALL=1)

Item Columns Name Description
1 1-5 NDFB ENDF/B tape unit
2 6-10 IDTAP ENDF/B tape ID
3 11-15 MODE Mode of ENDF/B tape
=1 binary (Not yet tried on CDC~7600
computer)
=2 BCD
4 16-20 LTAPE Library tape unit (Not yet used on

CDC-7600 computer)
If=0, 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 ENDF/B TAB 1

record.

Card No. 6.1 (44X, 27111)

Item Columns Name Description
1 45-55 .Nl Number of interpolation ranges
2 56-66 N2 Number of weighting function points
Card No. 6.2 - ... (6I11)
Item Columns Name Description
1 1-11 NBT(1) Last point number in lst interpolation
range
2 12-22 JNT (1) Interpolation scheme for lst range
3 23-33 NBT (2) Last point number in 2nd interpolation
range
4 3444 JNT (2) Interpolation scheme for 2nd range
ete
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Card No. 6.2 - ... (6I11) (Cont'd)

Item Columns Name Description
2*N1-1 NBT (N1) Last point number in N1 interpolation
range
2*%N1 JNT (N1) Interpolation scheme for the N1 range
Card No. 6.3 - ... (6E1l.4)
Item Columns Name Description
1 1-11 BLOK3 (1) First energy point (< lowest energy

in group structure)

2 12-22 BLOK4 (1) Weight at this energy

etc. using N2/3 cards

2%N2~1 BLOK3(N2) Last energy point (> highest energy
in group structure)
2%N2 BLOK4 (N2) Weight at this energy
Card No. 7

This is actually a card set and is necessary only if INALL=1 and
IEU=1,2,3,6,7 or 8. 1If TIEU=1, the set is the energy breakpoints from low
to high energy. If IEU=2, the set is the speed breakpoints of the struc-
ture given from low to high velocity. If IEU=3, the set is the energy
points from low to high energy. If IEU=6, the set is the description of
the energy point mesh in terms of the increments and endpoints. If
IEU=7, the set is the speed points from low to high in energy. If IEU=8,
the set is the description of the speed point mesh in terms of the incre-
ments and endpoints. An example best clarifies the increment input.

If the input consists of XX(1)=0.0, XX(2)=.005, XX(3)=.1, XX(4)=.05,
XX(5)=1.5, the energy array would begin at 0.0, step .005 for each point
until .1 and then step .05 until 1.5, See Section 3.4.8 for further
explanation. (Energy increment input has not yet been used on the CDC-7600

computer.)

An energy point or a group breakpoint of zero is allowed.
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Card No. 7.1 (6E1l.4)

Item Columns Name Description
1 1-11 XX (1)
2 12-22 XX(2)

etc. using (MAXG+1)/6 cards

MAXG XX (MAXG)
MAXG1 XX (MAXG1)

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=1) and subsequent cases

need only the first few cards (INALL=0).
3.4.2 THERMAL CODE OPTION (MCODE)

Since actual processing is the same, this merely controls the

punched output formats. The available options are:

1 KATE

2 THERMOS
3 ARK

4 TEMPEST
5 LASER
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3.4.3 TAPE REWIND OPTION (IREW)

This is to provide running efficiency by a single pass over the
ENDF/B tape during a stack of cases. The first case should request a

tape rewind (IREW=1), 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 1/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 1/v.
If the remaining cross section is not 1/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=0) or point values (IAV=1).
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.)
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IEU=1 Input energy breakpoints
IEU=2 Input speed breakpoints
IEU=3 Input energy points

IEU=4 Standard LEOPARD 172 points
TEU=5 Standard LEOPARD 309 points
IEU=6 Energy increment input
IEU=7 Speed points input

IEU=8 Speed increment input

IEU=9 LASER standard 35 points
IEU=10 TEMPEST and KATE standard 246 points
IEU=11 THERMOS standard 30 points

The speeds as input are in fractions of 2200 m/sec and the energies
are in electron volts. The increment inputs are a shortened form by
which the structures can be given. The first number is the initial
value, the second is the increment, the third is the final value for
this increment and the initial value for the next increment, etc. For

example
0.0,0.1, 0.3, 0.2, 0.9
implies the point values:
0.0, 0.1, 0.2, 0.3, 0.5, 0.7, 0.9
The breakpoints are the end points of the groups while the points
are the center points of the group. Energy increment input has not been
successfully used on the CDC-7600 computer.

3.4.9 WEIGHTING FUNCTION OPTION (IW)

This option chooses the weighting function to be used. The follow-
ing four are currently available and other built-in functions can be

easily added in the future.



TwW=1 1/E

IW=2 1.0
IW=3 Input
IW=4 Combination of 1/E plus Maxwellian

3.4.10 GRAPH OPTION (IGRAPH)

This option allows for the absorption, fission and transport cross
section to be graphed (IGRAPH > 1). The only medium optioned, in the
CDC-7600 environment, is microfiche. Nevertheless, when last tested

IGRAPH was inoperative.
3.4.11 TAPE MODE OPTION (MODE)

The ENDF/B may be either in the standard binary or BCD mode.
"Binary mode" has not been tested on the CDC 7600. Resonance computa-
tions, etc., are a much greater load than BCD data reading.

3.5 OUTPUT

ETOT gives a very thorough listing of the cross sections and values
associated with them, and punches cards in KATE, TEMPEST, LASER, THERMOS,
or ARK format.

3.6 SAMPLE PROBLEM INPUT

The sample problem processes data for ENDF/B Material Number 1159
and produces a 246-point TEMPEST deck. The 1159 data is that present
on ENDF/B Tape 308.

3.7 SAMPLE PROBLEM OUTPUT

The sample problem was run on a CDC 7600 using the Scope 2.0 operating
system. The output is on the following pages and is self-explanatory

(pp. 3-12 through 3-43).
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"8 £TNT w8

FTNT SAMPLE ©RPONLEM PlI=229 FMNF/R 1159
TEMPEST
£NnE /R THEOMAL MATCRTAL
MATEPIAL  FIRST IN  SEFONN ID
11°9 A oy39
EMNF/B TAPE NUMPES = 308
ENNF/R TAPE LAREL = ENNF/9-TTT TAPE 308 (RFV,1) (12-4-72)
EPSMIN = 10E-04 EPSMAX =  ,50E~-0b

PUNCH OPTION = 4
MO PFSONANCE PARAMETERS WILL RE CALCULATEN

THE FRNSS SECTICNS ARE POTINT VALUES



GePaye

OB NI NI

ENERGY POTINT

0.070000
001050
002007
.083000
«N0L0n
025300
NILILE
L0a7900
RYESTE
509300

.0100C0°

011900
«(12300
« 013000
2« 016000
«1150C0CH
« 015000
«017CR0
«£18700
. 019009
«C2C0CTH
«02100C
« (22000
233110
«F24300
« 026010
«L26CT0
«N275C"
2R 00C
«£293000

070900

«031C00
« 032500
032108
« 0206000
£ 025000

SPEEN POINT

.209030
«1 988114
« 2R1101
e 3L4350
«207/R21
UL 4550
sLRHI85
e 52104
« 552222
«59AL32
«H7RRKAS
« 65978
«5R370C
716822
71 TRAY
« 79931

«72624%

«819717
«RLTUARD
«ARR59H

«8801]8 .

«011165
322595
« 953467
.9797¢C
« 994153
1.313740
1.672151
1.35227
1.573R28
1.38897%
1.10£321
1.12464L2
1.162380
1.150256
1.1761R0

se% CTNT sws

GRNAUP STRURTUDE

CNFPLY RANGE

0.C00030C
« 2005700
« 0315203
. 0025700
«C35(00
« 00L600C
«CNESCOC
«£36500C
«037822)
«GIREGEC
. 0C95C0N
«01753190
si11F700
«125¢90
« 2125200
« 2145001
« 6156020
« 0165001
« (175000
«C1RRCOT
«21G65C00
205790
«N2180 070
eG225200
« 227703
e L2LSLCC
«L25800C
« 0265700
«?27550¢C
«C2R&C D0
« 0295000
« 0FISOLE
+G3152C¢C
«0325710C
«FRIGCL
« (345239¢

.00050C0
«1015030
«0225000
«1335010
« 0245000
.0175€06¢C0
«026500°C
«J30750%0
.023835000
329539
» 31050460
«J3115¢CC3
« 3125000
«711350790

e J1 S50

3155022
«01h52732
« 0175040
«J1RE007
«519535C 7]
«022501)
«3215¢00
«1225240C
«023590C¢C
«J2L5000
« 3255073
« 31265030
«0275C4110
« 22850010
«3295G00
« 13050090
«£315000
«0325090
«2335000
«C3L50C0
»035500¢

SPEEN RANGE
J.0506223 - «140580
«1405A80 - « 243492
e 314347 - « 371941
«3719061 - e 421701
L2174 - 466252
W4FE252 - «506870
«SLAR7G - e S4LL66
WSUllLAE - 570628
«579h28 = «512776
612775 = 2644220
HULH22]) - oH674L230
WETW2]T - «7352902
07012932 = 2730677
o 733477 - « 757949
« 757549 - « 782718
« 782713 - +A07573
«B8L7573 - «231685
«A31FAC - +855117
+B855117 = «R77924
WwR77924 - «920154
v9Cd18%4 - «321847
2921847 - L3042
24242 - «963771
QQG3771 -~ 098“063
«ORLGHT - 1.3132945
1.002945 - 1.1234061
1.023444 - 1.062572
13[“2572 - 10361359
1.(£1759 - 1.079818
1.079918 ~ 1.297968
1.0979R8 = 1.115A22
1.115822 =~ 1.133395
1.,132795 - 1.,153730
1.1553713 - 1.167748

1.167748 -

1.184561



GROUP

X7
2R
29
%)
'S4
w2
43
L
45
46
47
LR
49
50
51
52
53
5y
55
56
57
<
£q
AO
~1
A2
53
(31
65
66

[

68
69
71
71

ENERGY POIMNT

.036303
+L27000
«£380C0
.0299C9
«Lu2rn
«04100"
062000
.Ge30C0¢0
«CLu0o
L5300
«LUhNOC
«GL700C
«0LROMO
L0u00N
«(500090
JTERLICO
«0743003
00300
«.C9000°7
.10030C0
.110000
.120000
2130000
«140000
«150000
«160000
«17090C
«180000
.101908
.23230°0
.2100°00
«2270C80
«2725000
2240002
«250CCY

SPEED PNOINT

1.192864
1.2097%18
1.225551
1.241572
1.257R9
1.273910
1.2RR641
1.3035R9
1.718761
1227547
1.368400
1.362777
1.377401
1.301A75
144265874
1.539981
1.h6777¢C
1.778217
1 RRARNRY
1,98R157
2.385144

2,1778672

?e2RFTI1
24352363
24324924
25147738
?+592174
2.6H7325
2.740416

?,R11501

243710461
2.948839
r,21%113
2,1799R2
2,147473

B8R CYNY w85

GROUP STRUCTURE

ENEPGY

» 0355000
3365006

« 02753060

.3385000
«£3a530¢0
« C4GSNA0
» 0615038
«CW2500C
«fL5LNC
s NLL500C
s 2L55C0C
P Y e R
fDLTEN N
o Cuas{QC
‘e {HA5C 0
«0625000
«CHETLNEC
07553350
« 3850000
» 0953CCG
«10527010
«1150C93
«1250009
«1353C023
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«1R5070C
«178C0ONC
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« 2550700
«216CC0CC
«22532C0C
«2350C0¢C
e 2450200

RANGE

+ 3365090
+ 3375030
2395009
« 3335000
«04C500C
« 0415000
0425030
3435030
«064503C
«C455375¢C
«JUAEQCO
«W750C0
«QWRCOFD
«3695030
1508930
« 06500
3755630
«135287%¢C
«395C000
«13520C0
«1153C.0
1250300
«13500358
«145303¢C
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«165004G0
«17508170
«185004¢C
013520330
2350000
«21500G6C
«225°€20
«235594C
«2L50000
«255(C830

SPEED

1.1845%1
1.221119
1.,217462
1.233588
1.249506
1.265224
1.28074R8
1.29€387

« 214247
1.226233
1.341C051

2ANGE

1.3557)18 -

1.27323R
1.3R45656
1.398757
1.412815
1.6.2%62
1.721751

1.8322944°

1.927767
2.G37213
201324217
2.222771

«2090a72
2.233998
2.L75173
2.553773
2.,670J14
2.706118
2.77624L5
2.84LK525
2.9151%7
2.9R21A7
3.0L7713
2.111R85

1.201119
1.217462
1.233588
1.249536
1.265224
1.280748
1.296087
1.211247
1.326233
1.341051
1.1355708
1.374208
1.384L556
1,98757
1.412815
1.602863
1.721751
1.832944
1.937767
2..37233
2.132047
2.222771
2309972
24393998
2475173
24553770
2.630)18
2.704118
2.776240
2.846536
2.915137
2.982160
3.0L7710
*.111880
2.174752
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Genyo

177
178
171
189
124
182
1773
1Ry
125
135
187
1A”R8
139
199
191
107
193
194
195
196
197
198
199
251
201
202
203
200
205
205
ony7
one
290
719
211

ENERGY POINT

1.310000
1.2200r00
1,2300n¢
1.24030¢
1.350007
1.2600¢C0
1.37¢0010
1.280000
i.30990¢¢C
1.400000
1.4100C0
1.423000
1.6200°0
1.4L0510
1.450700
1.4627"0
1.4700°0
1.,420003
1.409G57°1"
1.5033¢0
1.510C00
1.520200
1.5%)000
1.547000
1.550000
1.5600°€0
1,5706000
1.5807 00
1.799¢cc¢C
1.6000C0
1./131900
1.62700C
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GJ+300ucen®
So43004Em°
p2+sCuuan®
fovaciloxr”®
Jovaualux
Jut3Cousx®
Sova0dusz”’
JUutauuube’
Go+3i0une®
Su+3Lloee”
06+306Juca®
03+30vate*
£)+30030¢°
33+30aibe*
00+5000u¢"
3J+30004e°
3
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GROUP
109
110
1114
112
113
114
115
116
117
118
119
1219
121
122
123
124
172%
126
127
1?78
129
19
131
12
133
134
138
136
137
124
139
160
141
162
143
166

3
+62000E400
<HUOCOF4+ 00
+ 6500 +2¢
CEECANE DL
«B7000F
SRROCIF4ND
«ROCQAF 4T
$70000F 40
RELILIZTYL
$72707F40N
RASTLITNL
STLEINE4D]
$75007F 400
JTEDCOFENE
«77CN0ELTG
S7R0ANERIQ
2 7CNLIC N
SAGRRIF ]
SRITCTIF4TE
+B2900F+ 00
SRTTCOFH DN
SRLONAF4 D
LARLEOF 41D
CRAI0IF+NQ
LR7GLIE4TC
SRRCANE4TT
LROCOOF4NE
£90003E+00
«O1009E+ 70
LQ2030F4+ %0
«92099C4 90
LALOCGFeCY
LTI VLAY
LA6COCT+ 00
LO7R00F +0]
<aR3LIT T

SORY (E)
«79373E4+00
LR0C0IE+00
«BLE23IE+00
«B81240E407
«R185LE( )

«R2LF2E 4 (1.

RICARRF LN
«BTREREHT]
«BLPARIE L]
«BULAGZF 40
SJASLLGF 4N
«BRAL22F 4+
«ARALIE 3T
«B7178FE4+0)
+RTT7E3F +51
«ARRTIAFEAGY
+BARADF 4]
«ARALLTIF40]
«3CCCIE+EN
J3ISELE4 Q)
«91104F &0
«Q1FEPF 4NN
«932195E4+0)
«A273RE+ 20
«93274F407
«9T87RF 4+ Q1
« UL IF4 LD
+ALBRBF 4N
« 9574 F 40
e 9501 7F 400
«ARLITESDN?
« GARAELF + (1)
CA7LARF 42
+Q7ARIF+Y]
«ORLAGE + ()
«9R995F 4 31

S1GA
«13101F4 03
«412572E4+157
«119314F453
»1140554(3
1117054073
«10FRLLE+ 03
LU LR
«OR72HF4+ N2
C LY o R vicd
290155402
s BAALHT 402
CR7UFLT 40D
WAREL7LT 402
WR2RATC4 (2
«B81R13IEHD
e TRLT 42
W 7TIR2F 412
WTISTR2T 42
s TATR2FA "D
W71621F402
«7TITLLTH T2
WFAPL1F43?
R7201F4 52
JRROFRTEX(2
CFLAZCF 42
E2ANTEN2
«E20ANF 402
«hIR7CESHE2
«F0Q277492
«FRILOF+?
C7RINT 40D
« RIS AT 402
« 5520412
s ELTEAT4(C2
«€30277 402
« 52985+ 722

»x% FTIOT wws

MATERIAL NUMBEP 4

SIGF
»9173354 32
+AR35QF 432
BLLTTE4(2
«81228E+(2
«7RAGSE4G2
«75LARF 402
«7TANTARELG2
«7CBATF402
HPTURFEEC2
RARCLF+C2
«HLIGLEL[2
«HPRLTF4Z2
«H7aR2Ce 52
«69%749F 42
«5?71LF L2
«5h1AR2F4 (7
WGR2RTEE2D
WFLPLIT 2
5284474 (2
612797432
«GN7EACHC2
W LACLIE 402
«491127402
JL47206F &2
JURLTRE S 2
«LBL5R5402
L4454
fHRLIFRCO2
« 429727472
«U1773%4(2
WUL12FRT L2
JL034aFE(2
« 398784102
«389197+12
«T8R12F 2
«TTRQ7C4 D2

SI1GC
«39284E4+22

«37761E422

CIYRTIFH;2
(374 ]FC2
«32L33F452
« 2001954 2
\208 1 JF4 (2
«2PCTAEHI2
J272R95432
P2FLILE )2
JPEERQI4I2
V2LRLTEH52
LPLI01F 42
237455412
«PPRANF 32
0227917472
» 2197 °F ¢ ]2
L2121 802
\23061F422
$20ThTTe 02
«199127+)2
(10650032
.190895422
«1B7HRAEH2
c1RLLTT4I2
C1RL36T4 22
WATFO5F4 3D
C1RL5AFET2
(1701754352
L16E71F 402
V1FZ71C432
S1ER1TT402
(15AT 15+ 12
(156437402
L1571674 52
«15(L1F4+02

SIGTR
«121975 472
121425422
0120925402
«123L354C2
«119099E+4(2
e1195LF 4.2
«11914F472
118 7LF ¢ .2
e11837E+[2
«11A51E422
«11768F4C2
«11735E4(72
«117C4E+C2
1167LE4(2
«116UAEeC2
«11R18E4+72
.11597F+7 2
«115RRE 02
«115437 402
«115193F ¢ 72
116737F 42
J11L75F 402
s11bLCLESL?
116345472
1141474 (2
»112958+( 2
2112775422
«117595422
»113L2F 472
«113265 402
113128402
«112945+17 2
«1127364¢72
112657472
.112505+¢2
112357 ¢72

SI6S
«12231£4792
«1217RE4+ (2
«121265 422
0123772402
«1203284C2
«11388£402
«119347€4+(C2
«11937F+432
»11879Z+02
2119347402
«11801¢c+02
«117hARE+ 2
»1177E4 202
117375402
«11R79F402
«11A515402
«11R2584 22
«115997 42
«1157554C2
01155154 (2
1152984+ 32
115077402
»1148AR5402
s1146H54(2
«114LHELN2
«11427E4L2
«1140024+02
«11331€+432
2113745402
«1175a24+ 22
«11 L2742
«11226F+ 22
«11311€4)2
«1129/E+ 32
»11282=+(2
«112R3E~102

MURBAR
0 281345-02
«28134E~-02
+28134E-02
«28134E-02
»29134E-)2
«28134E-02
2 2R134E-(2
«2%134E-G2
e 28134E=-C2
«2R13LE-02
«28134E-C2
+281342-02
«2813045-02
«2R136E-02
«2813UE-(2
»281347-02
$ 29134E-(2
«2R1345=(2
«281TE-G2
«23134F-C2
«29134E-Q2
«2R13LF=-02
«29134E-02
«28134E=-32
«201342-02
281 34E=-02
«2R1304E-D2
e 28134E~(2
+29134E~02
«29134E-02
«28134E-02
«2913LF-352
«28134E-22
«28134E-02
«29134LE-02
«2B12E=-G2



GROUP
145
146
147
1hA
149
1546

162
157
154
15%
166
157
158
159
160
161
162
1673
1h4
165
166
167
18
19
1790
171
172
173
174
17¢%
175
177
178
179
182

F
+9a0CNF+ 05
«100C0F+01
«10100F+01
+1C207F 401
L1C0T00Fe0
(1 040TF401
RELLLETEN
S10RIOF 4N
«10750Fe0
£10R07F 401
RUELLIZY )
EE LI TP
Jd110CFen
L112077 401
L117376471
c11607F40y
$11500F 09
«11A00F+91
C11707E+ 0
«11R00C4
«11900€471
JRELLLIYS 21
«12100F4 01
$127209C47
$1730IF491
c1zunnFeny
$12507E401
0125397401
«12790F+ "1
«1280354 71
«129)0%¢04
C1X00F 4N
«12100F+01
$17200F 401
$12300F+01
f1760T 40

SNOT(F)

+93499F 421
«10000E+91
«17060EF401
2101006481
«171495431
1719864014
SLOPUTF 404
«13206F 401
c11TuuT40Y
L 1029274101
106675404
C1324RAF 4T
$1357RE 401
SA0ERTFA0Y
W1IFT0E4NY
c11677F 401
S107240401
127777404
CANRLTE ANy
1NRE3EL]Y
«10979F 451
.19954°+314
«11C0R0C 0y
SLLELSFeng
+11£917+71
1113RF401
C111RGE+
112257431
L112F0T479
e 112165401
.11353F 491
«11472E4%1
c11LGLRAF +31
+11LROE+( 1
S11513E401
115766401

STRA
«51928T+ 32
.509zAac+]?2
«EC2RAEH(02
e LOLRAT L2
cLRAABT G (2
W L79LTT4 02
WLT721274 02
WLRET1F 452
JUSRYATE ND
WL51T5T4 52
dLLLTT7FAN2
«LTATEEL T2
o224 4 4102
4259954 (2
W L25217402

LALTBELD

L4 254102
CLiL215472
s 709195402
2041 340D
«2RA24F 402
e 7RLLBFHT?
. 7737854712
.17;1&:;09
«TTTHRRFAND
s TRAPARE4D2
0761027402
¢ TERTAT N
e I5L2TELC?
e 250E5F 402
s ILAROANTEND
e TLTTI2E4 (2
s220ar0C4ND
CITRILELT2
.?’?QQE}@Z
« T20RNF402

NEE FTAT sw»

MATEDTAL NUVRER 4

SINF
«371825402
s ARLAETCHC2
«36EQCTFeC2
«3E54QAT4 L2
«3FNETCEH(2
s L5724 02
RIS S Jad
«376F3ICHL2
e TTI224LF 42
« 7279754+ (2
¢ X23R274(2
«31A7GE4L2
e 215795402
«311933F+(2
s IR (2
¢ ICLT73FeC?
« 7012974 C2
«29704F¢52
s POLRART D
«2914R54 72
«2RY22C4(G2
« 285255402
e 2RP?2EFR L2
e 277217402
«27HBL2F472
¢ 27263542
270027402
¢ ?ERILECH (2
e 2A5Q074 (2
2RIL2T4 DD
«2h118F+C2
s 25APQF 402
+25R6TF 402
e 2FLL2F 402
252254 (2
20126402

SIRC
1LT7uR"4 32
slLLAL1TH G2
«142.97+ 32
«12G497+752
«12R2A854 32
«17TRLE4 )2
«17(a8r4+02
«1287278 4732
0126867452
«127854 32
LA2TA7F+ 2
«11RK1F+)2
«11F#3174¢72
e11L0GAF4 32
«1110674+ 22
«110(027+722
«10R12E+ 32
v 1(E27F+ 32
s17LL5Cs 2
112675432
«102925+ 732
«90278E4]1
.A7E2754 31
s AFRT7A74+ 79
«ALPETF 451
QP FRKE5E4 71
»91(9393F+ 7
«ANT71Q74 39
s AATA 24 Y
PA7MT454 ]
« 857215451
CALLTIFE DY
«ATIRG T4 )Y
¢ 819172424
e RTFRAEL YL
«7OLTREE D]

SIGTP
11222F4C2
«112185 482
J11272E4C 2
.11286E402
2112716472
11256F ¢ 2
c112U2E402
112275422
11213E+(2
$11252F402
«1118pE 4.2
111736452
s1118IF4C2
111476422
111356432
e11122F+72
s11109€+22
11097F¢22
e115A5F4(2
«1107354722
110615402
«1108254502
11038452
110275472
113162472
L.11075E402
17394 F+ 2
13985542
1797674352
C1TARTELT2
103597402
12950F402
e129L22472
«11934F4+32
139265402
«1591854(2

SIGS
«112547402
«1124757402
#112345¢(2
113187402
113037402
«112R8:+C2
«1127354C2
«11259:4+02
«112457402
«112715402
«112197402
+112(657¢(2
«11192:¢(2
«11179F+ (2
«111AK74C2
e111577¢02
«111417402
«111287+02
«11116:¢C2
«11174r #3532
«11292:402
«11381%+C2
11069462
«11i535+02
«115477432
JA12REHC2
«11025K+32
«11J1A54(2
w119277+C2
«12993°+¢2
«1099CF 42
«10981% 432
£129727+(2
«10965%4+G2
«10956F#22
«109unteC2

MURAR
«28134E-02
«29136E-(2
«28174E=32
«28134E-02
«281345-02
«28134E-G2
«28134E-(2
«23134E=-02
e 231345-(2
2« 281345-02
« 2R134LE-G2
«2%134E-02
02813“5-02
e 281 34E-02
«23136E-(2
«2R134E-y2
«2812E-02
«23134E-32
«28134E-352
«28134E-02
+28134F-C2
«281364E-32
W 2A13LE-Q2
«2313LE-32
«28134E-02
2 28136E-02
«28136E-C2
231 34E-32

«28134E-02

«28134E~-02
«2813E~-Q2
«28134E-C2
«28134LE~]2
«28134E-02
«28134E-C2
«28134E-Q2
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[V N R P PP PFR TS WY
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2243069401
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PR R WIRE A
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23+3l"wot
Cl434Cw0T"
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24321
S+3lEwlT*
PEEE 7" 0
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2l439y0652°
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cd+3rYlel”
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Z¢T+439% oS
AR VALY
di+s5éubl”
[AX XVVR-Y
PAVE ER RS P
cl+s2.e Bz
ciesteole "
PAYE TR T
cC+3lchiz”
cb+sTunie®
2i+3984Iz "
cutigubis
eb+340828
el+51rylt
vals

IC+36.9eT"
To+d00dT"
Totslaoet”
T2+458colt
1G+3n8ell®
134396 ¢t”’
T0+390uw2T"*
TC+al922T"
Ti+3uddict®
TI+5049327°
l0+3b9927°

04351921

FC+30LacT"*
T3+53r3¢T
Ti+3vonetr®
L4062
Ti+30Thct
Tu+3e9e21*
TO0+4bcedl”®
TO+3gudcl®
LR VA A28 O
To+4452¢T”
L PR ETTR 97 O
Ti+3n¢12T°
IR ETSIPA R
TlL+3cniet”
To+ad0221°
TL+svs0TT°
TLi+39T01T"
Tu+aniwlil®e
TO+3cgult”
To0+3LbLiTT "
TuesinitT”
TO4+393.TT°
104329971
Pi+501971°

(3)ials

Tu+al00LT"
Tu+3ido9l®
To+400u9t”
TI+=00e47°
104460991 °
IR ENPERE N
To+300991°
TL+3060.9F°
Ti+ab 09t
TuesliTIT"
TO+aLLuvl®
Ti+4305ua b
Totauieal®
TI+300L0T°
T9+50409at"*
To+33Cual®
Tu+3539ai*
T3+4230:51°
Tu+33lear”
To+=008a1"
Tu+3090atT"
To+aldonl®
T3+550en 1"
104503407
1o+ 3009t
Pi45063ant”
Fo+3009m1°
Tu+30bCent®
Tu+zGuch e
Fut300InT"
T0+4L3CnT"
TO+3000xt”
TI+430G0ue T
TU+4004ET"
TL+5009ET"
TC+5005¢ 1"
E]

912

0%
6lc¢
| 1T
¢Lle
94
90

dNlay
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GenypP
247
248
219
220
221
222
22%
224
225
226
227
22n
229
239
231
2%2
233
?3%
235
236
237
2%
239
249
261
262
267
246k
265
246

3
«17100F+ 01
«1 72205421
«17300F+ 104
«17L00FE+01
«175N0F+ 01
«17600FE+01
« 177005401
«17807F4 01
s170N02F 404
«18003F+01
« 121304 G
«132107F 401
«183007+ 21
186007+ 01
«1AGQTIF4CY
«1RACAE+ 01
«187C07 401
«12R807E 401
+1 FG(0F+ 01
«10000E¢014
«12100F+ N4
«1920954 0y
«19200F+04
«18L00F+01
110600C4 04
«19R00F + 01
«10700F+ 01
«10R0IF+ N1
1 CANF 4]
«20000F+01

SNRTULEY
SLITTES01
«13115E401
131536431
«13191E401
12229F401
132FRE 404
2133045401
137425404
«137795471
+1341AT 401
«13454F 494
«12691F 404
135287 401
«135658 401
13B017 401
S1TFTRE 421
136758421
$13711F 401
W1T7URE 401
$177845 404
$17R21F 401
«13ASEF+01
«13P927401
« 130 2RF +01
«139604F + 191
SAUrairene
S140365 401
W14L0T71E401
S14167E401
2161626451

SIGA
P 26155402
$ 279675402
237725402
»23500QFE4+32
W2TULTELCD
e 232LSE4 (2
« 220745402
$ 220045452
LPPTTACL DD
S 2256974 C2
L Z2LTIEL 3D
W 2227TRT4ND
« 220755402
$219135402
W 217E7F4 "2
. 218020402
L 21L32F 402
L212765432
.211108402
«20OR2E 42
J2CR0RT4ND
W20 RSEE4N2
L2051 2E4 02
« 253505452
. 271095412
L200LREEND
.10899c4+ 2
«197650F 492
L1GR"TE4)2
+10456F 402

"% FYNT sus

MATEPTAL NUMRER 4
SIGF SIGC
«10325€402 ,482885+01

«192P7F+ N2
«19093)5¢ (2
«1RQ7LF4(2
«188A10E4+(2
«18759%4 02
«1RALIFH02
«1AGLES2
1RU2T7ESD?
«1R87215#02
«iR21HA5 (2
«1R112F4(2
«180{QCsr2
e179)R54 (2
W 17806FeC2
«177 747402
«17AJ4F*C2
«1750654(2
174 BFa0?
«1720304C2
«17211°4C2
«1711645402
e17313F402
«1£923F4 (2
«1RR2AF+2
167355402
s 1AELIT4 52
«e1h5L4R74192
1 FL5RT4 02
W1ETEST4 (2

JUTRO2E4 11
WWRQA2174 71
W WhH265F401
JU55 778431
sULOLSESTY
sLULT2284 31
4 7702F 401
WLT0R7EL Y
JUPLTSES )]
«L1BARESJ1
12RTE+]
CULERTE4T
sul{AAT4I1
«30LT72F41

CIRBRAE §1

» I87945 431
e 377097451
2712854351
W TRE5 3543
« 35Q74LE+2Y
#«35L01E+51
e TLRT{F+ ]
e TLU2ALT S 1Y
«32FQ35¢ )1
LT212704 1
e I2F77E4)1
« 32020541
«31L65F+ 31
$2T012E401

STGTR
WA1CET7ESL2
«106737 402
«1i6RAF+(2
«10FRA3E+(C2
«10658E4(2
«13RELEHT2
«1CBLLE42
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CHAPTER 4

PROGRAMMER'S INFORMATION

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 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 ENDF/B codes when they become

available.
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Most of the data handling is done with large common storage blocks.
All tape data are first read into these blocks before processing. When
data are manipulated, they are done in blocks. The blocks also serve as
temporary space for some processed results before they are output. These
blocks are the device which permits the general purpose subroutines to be
self-contained. At present there are 3 floating point blocks, two of

length 4000 and 1 of length 8000.

The logical flow of the program is designed so that the ENDF/B
library tape will be scanned only once; hence, the library tape is never
backspaced and is only read forward. Thus, the data are processed in the

order they appear on the ENDF/B tape.

4.2 LABELLED COMMON VARIABLES

/TAPES/

MODE mode of the ENDF/B library tape
105 input tape

106 output print tape

107 output punch tape

NDFB ENDF/B library tape

LTAPE thermal library tape

I1TP4 spare
/DENS/*

JMT record identifier

JAT record starting location
JTT record type

JLT record length

A bulk storage array
JNS,MNS pointers for next record
JX maximum length of A array
MX maximum length of JMT, JAT, JIT, and JLT arrays
/RECS/*

MAT material number

MF file number

MT reaction type number
Ccl,C2 floating point constants
L1,L2 integer constants

*This common block is part of the package of Retrieval Subroutines for the
ENDF/B system written by H. C. Honeck (Reference 10).
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/RECS/* (cont'd.)

N1 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

N1X maximum length of the NBT and JNT arrays
N2X maximum length of the X and Y arrays

NS card sequence number

Note: 1In 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 energy breakpoints

VGRP speed breakpoints

EPTS energy points

\Y speed points
/FILE3/ ,

XS scattering cross section

XC capture cross section

XF fission cross section

XSMU average cosine of the scattering angle
ZETA weighting function

GNU neutrons per fission

/FILE6/

TRUM extra cross section storage
/RESP/

NREF number of resonances

EZERO energy at resonance peak (E,)
GAMN neutron width evaluated at Eg
GAMG radiation width evaluated at Eg,
GAMF fission width evaluated at Eg

G spin factor

ELOW lower bound of resonance region
EHIGH upper bound of resonance region
SIGP potential scattering
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/OPTION/

IDTAP ENDF/B tape 1ID

MCODE output format

MAXG number of groups (or points)

MAXG1 MAXG+1

MAXG2 MAXG+2

W type of weight

IEU energy structure

IGRPE if lower group is at 0 eV

IRES maximum number of resonance parameters
IPUN punch option flag

TAV group averaged or point values

IAPX test 1/v approximation fit

IXL spare

LEGO spare

TEMP temperature (°K) for Maxwellian distribution
IGRAPH graph option flag

/JIN/ (Eight words—-see input description)
/MATS/

NMAT number of materials

IMAT number of current material being processed
MATNOS ENDF/B material numbers

MATIDS thermal material numbers

MATZ2ID second thermal ID
/LABL/

LABEL punched output label

ELABEL store lst line of Hollerith description of material from ENDF/B

tape (for GRAPH)

/TLABL/

TLABEL ENDF/B tape label

/FLAGS/

KEY data presence indicator

NOXS elastic cross-section indicator

NOXIN inelastic cross-section indicator

NON2N (n, 2n) cross-section indicator

NOXF fission cross-section indicator

NONG {(n, y) cross-section indicator

NONP (n, p) cross—section indicator

NOND (n, d) cross—-section indicator

NONT (n, t),cross-section indicator

NOHE (n, He”) cross-section indicator

NONA (n, alpha) cross-section indicator

NON2A (n, 2-alpha) cross—section indicator
NOCAP absorption (ENDF/B) cross-section indicator
IVA 1/v fit to absorption cross section

IVF 1/v fit to fission cross section

IVS constant fit to scattering cross section
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/ENDS/

/CONTF1/
ZA
AWR
LRP
LF1
LDD
LTP
NWD
LNU
NC
C
NR1
NP1

/CONF2/
NIS
ZAI
ABN
LFW
NER
LISR
EL
EH
LRU
LRF
SPIR
AP
NLSR
CR
AM
LR
NRS
LFWX

/CONTF4&4/

/AWRI/
AWRT

/BLOKS/

/CONTF3/
LFS
NR3
NP3

(lowest group where data is tabulated)

material (Z, A) designation

atomic weight ratio

resonance indicator

fission indicator (data)

radioactive decay data indicator
fission product yield data indicator
length of Hollerith description of data
indicates type of v data _
number of polynomial terms of v data
polynomial coefficients of Vv data
spare

spare

resonance data, subscripted often for isotope and energy range
number of isotopes

isotope (Z, A) designation

isotope abundance

for unresolved resonances (not used by ETOT)

number of energy ranges

obsolete

low end of an energy range

upper end of an energy range

resolved/unresolved indicator

formalism of resonance representation

nuclear spin of target (energy range, isotope)

effective scattering radius (energy range, isotope) (spin-up)
number £-states (energy range, isotope)

"AWR'" mass of isotope in units of neutron mass

effective scattering radius (spin down; zero if spin independence)
£ value (energy range, isotope, £ state)

number of resolved resonances (energy range, isotope, £-state)
fission indicator

(not used)

isotopic mass in units of neutron mass
carries lengths of interpolation tables, etc.
parameters for ENDF/B "File 3" data

final state indicator

number of energy ranges (interpolation table size)
number of energy points
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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 ENDF/B System written by H. C. Honeck
(Reference 10).

Overlay (0,0)

ETOTO3 control flow of ETOT

ERR print error message

ERROR print error message*

TIMEIT compute and print elapsed time

STORE store record in dense storage*

FETCH fetch record from dense storage*
DELETE delete record from dense storage*
LRIDS locate record in dense storage*

FPDS fetch point from dense storage*

IPDS interpolate point in dense storage¥*
TPOS position ENDF/B tape to file (MF) and reaction (MT)
CONT read control (CONT) record

HOLL read hollerith material description
LIST read LIST record

TABL read TABl record

TAB2 read TAB2 record

COMBP combine one panel of two TABl1 functions*
COMB combine two TABl functions¥*

ADD combining function for addition*

SUB combining function for subtraction*
MULT combining function for multiplication*
DIV combining function for division¥*

TERP interpolate between two points¥*

TERP1 interpolate one point*

TERP2 form new table by interpolation¥*

TERPO interpolate data array

XTND extend data array



ECSI compute integral of y(K)*

GRATE integrate TABl function*

AVRG average over a selected range

GPAV average over selected groups

POINT calculate cross sections at energy points

RES calculate resolved resonance cross sections

PHASE calculate resolved resonance''phase shift" argument for elastic
scattering formulae

PEN calculate resolved resonance ''penetration factor"

SHIFF calculate resolved resonance "shift factor" (to get change

in resonance energy as viewed from another energy)

OVERLAY (1,0)

ETOT1 read input

EU construct group structure

WEIGHT construct weight and weight averages

GENT1 generate TAB1 function¥*

WELL generating function for Maxwellian distribution
TRID read ENDF/B tape I.D.

OUT1 print input data

OVERLAY (2,0)

ETOT2 control flow of program in overlay (2,0)
ZERO initialize

TMAT position ENDF/B tape to material

TMF1 read ENDF/B File 1

OVERLAY (3,0)

ETOT3 control flow of program in overlay (3,0)
TMF2 read ENDF/B File 2

RESCAL calculate resonance data

OUT3 print resonance data

OVERLAY (4,0)

ETOT4 control flow of program in overlay (4,0)
TMF3 read ENDF/B File 3
CROS calculate smooth cross sections

OVERLAY (5,0)

ETOTS control flow of program in overlay (5,0)

PRELIM calculate coefficients and resonance parameters (KATE type)
FIT2V tests for fit to 1/v

FINDC calculate second order least squares polynomial
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SIMQ simultaneous equation solver

SETUP extends and prints cross sections and related data
GRAPH graph the cross sections

PLOT graph data array

LOUT punch in ARK format

KOoUT punch in KATE format

CVRT convert real into decimal and exponent

ALPHA convert integer into alphanumeric

CARD punch one KATE card

TOUT punch in TEMPEST format

LAUT punch in LASER or THERMOS format

XSET punch "1libp" format for LAUT
4.4 ERROR STOPS

If certain errors are detected, an error message will be printed. Some
messages are printed directly from the routine where they are detected.
Others are printed by one of the error printing subroutines. Subroutine
ERR will print an error number, the subroutine and the statement number
where the error occurred and the control words, MAT, MF, MT, Cl, C2, L1,
L2, N1 and N2. Subroutine ERROR prints only the error number and the
control words, MAT, MF, and MI. 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 ECSI 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 TERP1 Interpolation code not in range 1-5
134 TERP1 X < 0 cannot be interpolated by logs
135 TERP1 X1=X2, discontinuity
300 STORE JT not in range 1-6
301 STORE MA=0 not allowed
302 STORE Overflow, record will not fit in /DENS/
or GENT1 Overflow, record will not fit in /RECS/
303 FETCH MA=0, record not in /DENS/
308 COMB Overflow, answer will not fit in /RECS/
309 COMB MA or MB not in /DENS/
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Error Detecting
Number Subroutine Explanation
310 COMB XL > XH
311 COMB MA or MB is zero
314 IPDS Improper interpolation table
315 GRATE Interpolation table incorrect
401 CROS Inelastic cross section non-zero within the
group structure
402 CROS n-2n cross section non-zero within the group
structure
Error stops not handled by ERR or ERROR include: (from)

"ENDF/B TAPE ID NO. = n REQUESTED TAPE ID NO. m"

meaning the data tape disagrees with control cards; (TRID)
"TAPE END EC@UNTERED. HENCE"; (TMAT)
"DESTRED MATERIAL NUMBER n IS NOT ON TAPE OR IS

OUT OF ORDER

TAPE HAS BEEN SEARCHED TO MATERIAL NUMBER m'"; (TMAT)

"ERROR - LNU = n BUT MUST BE EITHER 1 OR 2" (TMF1)

meaning ETOT cannot handle v data (file) found;

"TAPE ENTRY ERROR =" (TMF2)
"NER = n BUT MUST = 1 OR 2";

or "LRU = n BUT MUST = 1 OR 2';

or "LRF.= n BUT MUST = 1 OR 2'";

or "LFI = n BUT MUST = 0 OR 1";

("LRF = n," etc., for one or more isotopes does not
result in a program stop, but causes the resonance calculation

to be skipped);

""UNRESOLVED REGION EXTENDS INTO GROUP STRUCTURE." (TMF2)
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CHAPTER 5

ENVIRONMENT INFORMATION

ETOT requires approximately 50,000 locations and uses the ENDF/B data

tape and produces a library tape. lgt also requires standard system input,
output, and punch units. Since the program is entirely in FORTRAN IV,

it should compile and execute on any configuration meeting these require-
ments. The only possiblé difficulty is that ETOT calls the SC~4020

plotting routine AICRT3.
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CHAPTER 6

COMMENTS AND CONCLUSIONS

An alternative title for this brief chapter could be "Accuracy and Speed."
Improvements leading to the new ET0T-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 ENDF/B-III to give a preliminary

' Comparisons of 2200 m/s results from

[13,14,15]

"Universal Thermal Library.’
ETOT-3 and from RESEND/INTEND
than 0.1% for 122 ENDF/B-III materials. The eleven exceptions

gave agreement better

with disagreements < 17 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 ENDF/B-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

routines (per group) and to reduce the number of calls to sine and cosine

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]

and FLANGE—IIE16] ) As processing was pushed, with "ETCO,'" through all

of ENDF/B III, 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 edits 2200 m/s cross sections, the interpolation table informa-
tion, available at data intake, has been thrown away. In many cases
interpolation information provided is inadequate anyway, because the cross
section is entirely or partially prescribed by resonance parameters.
Consequently, ETOT assumes a log-log interpolation, and 2200 m/s edits

can be distorted. Much better results may be obtained if the energy struc-
ture contains a 2200 m/s point or micro-group. This is wasted for

library applications, but is thoroughly useful in checking on processing
quality. This concludes the discussion of speed and accuracy from a

programming point of view.

A final remark on software configuration is appropriate. The CDC high-
efficiency Fortran compiler called "FTN" has a user parameter called

"OPT." Setting OPT to allowed higher values may double compiling time,

but may shorten ETOT execution time by as much as 107Z. It is easy to see,
since the extra compilation time is about 5 seconds, and complete library
processing may require half an hour or so. that compiling for high efficiency

in the program is worthwhile,
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