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Abstract

Translation of nuclear data from one representation into another one permit
programs, which are linked to a specified data base, to use also data out of

another data base.

The programs BRIGITTE and COPEND, used for translating from ENDF/B to

KEDAK, will be described in detail. The description includes source program
listings. Translation from KEDAK to ENDF/B can be done with the program KTOE.
The report contains a copy of the NEA (Nuclear Energy Agency) CPL (Computer
Programme Library) abstract. The programs BRIGITTE (abstract no. NEA 438)
and KTOE (abstract no. NEA 342) can be obtained from the NEA CPL.

Das KEDAK Programm Compendium
Teil VI

Mechanisierte Ubertragung von Nuklearen Daten von ENDF/B nach KEDAK und

umgekehrt

Zusammenfassung

Die Ubertragung von nuklearen Daten aus einer Darstellung in eine andere
erlaubt es in Programmen, die an eine Datenbasis angeschlossen sind, auch

Daten aus einer anderen Datenbasis zu verwenden.

Die zur Ubertragung von ENDF/B nach KEDAK verwendeten Programme BRIGITTE
und COPEND werden ausfiihrlich beschrieben. Die Beschreibung enthidlt auch
Quellprogrammlisten.Die Ubertragung von KEDAK nach ENDF/B kann mit dem Pro-
gramm KTOE erfolgen. Der Bericht enthdlt eine Kopie der NEA (Nuclear Energy
Agency) CPL (Computer Programme Library) Kurzbeschreibung. Die Programme
BRIGITTE (abstract no. NEA 438) und KTOE (abstract no. NEA 342) k&nnen von
der NEA CPL bezogen werden.
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Section 1.

Some remarks about the

exchange of nuclear data

E. Stein
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Normally the representation of nuclear data,used to exchange these data,is
different from that one used to work with these data. This must be done,
because using the exchange data set, which is in nearly all cases sequentially
written on a magnetic tape, is ineffective, if a lot of random accesses are
made. It is evident, that the translation from the exchange representation

of the data to the local library and vice versa, should be rather simple.

E.g. the translation program must not be changed, if new data types are

defined.

Unfortunately the described state is not at all realized. There are existing =~
due to historical reasons - different nuclear neutron data libraries. The

data of these libraries can only be exchanged easily, if the receiving

library is of the same type. The difficulties result from the different
conventions used when storing the same physical data. One solution of this
problem could be to use world wide one set of conventions when representing
the same data, that means to use one library. But this can be done only with

a very great effort of work, because all programs, which are working with

the data of a specified library, are using the special conventions of this

library. That means, that all these programs then had to be changed.

A second solution of the problem is to translate the data from one represen-—
tation into another and vice versa. This does not only mean to represent

the data in such a manner that they can be read by the retrieval routines
of the other library, but alsoc to use all conventions of the other library

in the translation of the data.

So far we have made only general considerations about the problem. In the following
we will restrict to the exchange of data between the libraries ENDF/B (see

/2/ and /3/) and KEDAK (see /4/, /5/, and part II of this KEDAK Program
Compendium). Because the data in KEDAK are mainly intended to be used for the
calculation of fast reactors, only a subset of the ENDF/B data types must

be exchanged. To enable the programs, which are working with KEDAK, an access

to this subset of ENDF/B-data, the program BRIGITTE - described in section 2. =

has been written. A change of all the programs would have been much more diffi-

culty.

If - in the future - KEDAK users will be interested in datatypes, which are

not processed by BRIGITTE until now, the data can be used directly from
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ENDF/B, or the program BRIGITTE has to be extended. An extension of the program
BRIGITTE should be made, if the existing programs can work with the trans-
lated data after performing only minor program changes. If processing of the
new data types requires new programs or extensive program changes, the data
should be directly read from ENDF/B. In this case the data should not be

read from the card image form of ENDF/B, but from a dataset to be created

on a direct access device, which allows random access, without sequential

processing.

Until now only one way — ENDF/B to KEDAK - of data exchange has been treated.
The tools for the other direction are described in section 4. Until now, we have
not done any translation from KEDAK to ENDF/B. But it is planned in the near
future to offer KEDAK materials, which have been evaluated in Karlsruhe, also

in an ENDF-representation. This will be done by using the program, which

is described in section 4., or, if this is not possible, by changing this pro-

gram, or by developing own methods.

But it should be kept in mind, that a card image representation of the KEDAK
library exists. This card image representation is used to exchange the data
between KEDAK libraries on different installations. But it can also be

used to print the data, or if retrieval programs exist+), to process the
data. However, due to the sequential representation, this is not an optimal

way.

+)

A retrieval program package for the KEDAK card image representation,
which will have the same subroutine calls as the LDFPAC (see part III),

will be developed in the near future.
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Section 2.

BRIGITTE

A program for translating nuclear data
in ENDF/B-representation to nuclear data

in KEDAK-representation

J.C.Schepers+), E. Stein, P.Vandeplas++)

described by

E. Stein

+)
++)

Formerly employed by CEN MOL

Working at CEN MOL
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Introduction

The program BRIGITTE translates a selection (see 2.2.2) of ENDF/B (see /2/
and /3/) data types into the KEDAK-representation (see /4/, /5/ and II.1 of
this compendium). The necessity to do this has been explained in section 1.
The present version of the program solves the problem in a nearly automatic
way. But because the translated data must be controlled and in few cases
changes must be made, we prefer to use the term "mechanized transfer" in-

stead of automatic transfer.

Several people nave developed the program BRIGITTE. The first version was

written by J.C. Schepers (see /1/) from CEN at MOL (Belgium). The present

running version of the program at GfK in Karlsruhe has been developed out

of the program witten by J.C. Scnepers by making corrections, improvements
and extensions. Thnis work has been influenced by some important proposals

and ideas from P. Vandeplas, from the CEN at MOL. P. Vandeplas improved

some parts of the program in the version of BRIGITTIE, running at MOL.

This report describes the Karlsruhe version of BRIGITTE only. To understand
tnis report, the user should be familiar to some extent with ENDF/B and KEDAK.
For ENDF/B, one may read the reports /2/ or /3/; for KEDAK, the preceding
parts of this Compendium (mainly II.1 and sections of III) or the reports /4/

and /5/ can be used.

The following information about the program BRIGITTE starts with a guide for
the program user. The recommendations given in 2.2 should be obeyed, when
reading this section., The user's guide is followed by a prosrammer's guide
(2.3), where one can find all information, which is necessary for program
changes or for the location of program errors. After this section one can find
the reference listings (2.4) followed by the source program. Section 2.5
contains a list of the source programs together with some aids to find one's

way in this listing.

At the end of this introduction, we would like to point to section 2.2.4,
where the normal way of inserting data into a public KEDAK library is des-—
cribed. This section will explain the necessity of the program COPEND, which

is described in 3.
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2.2 User's guide

2.2.1

If one likes torun the program BRIGITTE, one may read the following sections
until 2.2.10 and additionally 2.3.1 and 2.3.3, and then start the program.

But if one wants to have a BRIGITTE output at once and are only reading

2.2.10, we must give a warning for using a KEDAK-library produced by or processed
with KEMA (see part II of this Compendium or /4/) as direct acceptor (data-

set linked to FTOIFO00!) for the converted data. Before running the program,

one should in any case read 2.2.4.

In this section the expense of work, which must be done by the program
BRIGITTE, will be shown. This work results from the differences between the

ENDF and the KEDAK representations of the same data.

(1) ENDF-conventions (see /2/ and /3/)

(a) ENDF is built up of mainly four record types: CONT, LIST, TAB!l, and
TAB2. To represent a specified cross section type these records
are composed in a defined manner. But this composition can depend
from the value of a quantity in a first record. The type and
sequence of records can differ from datatype to datatype and must

be given for all datatypes 1in a written description.

The data in ENDF can be retrieved in units of records. A TABl-record
can contain e.g. the pointwise representation of the total cross

section in the whole energy range.

(B) ENDF uses five interpolation schemes. By this the number of stored
data can be reduced, but problems occur when combining the ENDF-

data (e.g. addition of two pointwise cross sections).
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(Y) ENDF did not contain compound cross sections like the tramsport

cross section ,

(8) Often a parametric representation is chosen in ENDF instead of a
pointwise representation; e.g. in the resonance region only para-

meters plus a correction cross section is given.

(2) KEDAK conventions (see /4/, /5/ and part II of this Compendium):

(a) KEDAK is built up of data items. A data item can have N arguments
(N > 0) and M functional values (M > 0). An example for a data
item is with N = 1 and M = | an energy value together with a cross
section value, or with N = 3 and M = 8 an item describing a resolved
resonance. The data in KEDAK are retrieved in units of data items.
A number of data items is composed to a data type, e.g. & cross
section in the whole energy range or a set of all resonance in-
formation for a specified material. This datatype can have one or
more so called "further names'". In the case of the inelastic ex-
citation cross sections,the excitation energy is a further name.
To each further name or each combination of further names a set
of data items, which have all the same number N of arguments and

the same number M of functional values, is associated.

(B) KEDAK uses only linear interpolation.

(Y) Programs, which are using KEDAK, expect to find a number of compound

cross sections, like the transport or the absorption cross section.

(§) Some cross sections must not be given only in parametric form on KEDAK,

but also in a pointwise representation, because users of KEDAK and

above all, programs working with KEDAK are expecting these data.

By (1)(a) and (2)(a) we can see that each datatype of ENDF with a different
structure must be processed with a different method. But this is not only
a problem of the program BRIGITTE but also a problem in a normal retrieval

of data from ENDF/B. Points (1)(B) and (2)(B) shows that converting from
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ENDF/B to KEDAK means the introduction of only linear interpolatiom. This

can be done by generating enough points between the existing ones.

Due to (1)(y) and (2)(y) the compound cross sections must be produced in
BRIGITTE. This is only done for the transport and the absorption cross

section.

The differences mentioned in (1)(8) and (2)(§) give rise, in the case of
the resonance parameters, to a lot of computer work, because the calculation
of pointwise cross sections out of resolved resonance parameters is very

CPU-time consuming in the case of many resonances.

In the following table all datatypes, that can be converted by the version
of the program described here, are listed. The ENDF identification (see
/2/,/3/) is followed by the associated KEDAK alphamerical name (see /4/,

/5/, 11). Some data types, which are given in ENDF/B by different formulations,
as in the case of energy distributions of secondary neutrons, can only be
converted for some formulations. This is also mentioned in the following
table. If the ENDF MI-number is enclosed in " (", that datatype is no longer
used in ENDF/B. That means this datatpye must be generated during conversion.
A "-" sign in the MT-column means: this KEDAK-datatype did not exist in
ENDF/B. Remember: In the case of SGT,SGN,SGF and SGG the resolved and un-
resolved resonance part - if existant - is added to the appropriate point-

wise cross sections of ENDF/B MF = 3.

ENDF KEDAK
MF MT alphamerical remarks
name
1 452 NUE average total number of neutrons per fission
(If given in a polynomial representation,
the pointwise representation is calculated
in conversion.)
2 151 RANGRES see /4/, /5/, 11
1SOTI " "
IS0T2 i "
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ENDF KEDAK
MF MT alphamerical remarks
name
2 151 IS0T3 generated in the case of more than 1 isotope.
See /4/, [5/, 11.
RES resolved resonance parameter set
ST unresolved resonance parameter set
STGF generated in the case of fissionable materials.
Contents see /4/, /5/, 11
pointwise cross sections are produced out of
the resonance parameters and added to the
appropriate data of ENDF MF = 3, Conversion and
generation of pointwise cross sections is only
done for single and multilevel Breit-Wigner
parameter sets
3 1 SGT total cross section
3 2 SGN elastic scattering cross section
3 3 SGX non elastic cross section D
3 4 SG1 total inelastic cross section
3 16 SG2N (n,2n) cross section
3 17 SG3N (n,3n) cross section
3 18 SGF total fission cross section
3 22 SGIA (n,n'a) cross section
3 23 SGI3A (n,n'3a) cross section
3 24 SG3NA (n,2na) cross section
3 25 SG3NA (n,3na) cross section
3 (27) SGA absorption cross section. Produced in the
program.
SGA = SGG + SGF + SGP + SGD + SGH3 + SGHE3 +
SGALP + SG2HE
3 28 SGIP (n,n'p) cross section
3 29 SGI2A (n,n'2a) cross section

1)

The translated cross section SGX does not contain the resonance parts.
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ENDF KEDAK
alphamerical remarks
MF MT name
3 51 SGIZ inelastic cross section for excitation of
rest nucleus, (If MT = 51 did not exist,
. but higher MT-numbers can be found, see
90 2.2.6, namelist INPUT, variable SALINE.)
3 91 SGIZC inelastic scattering cross section to the
continuum
3 102 SGG (n,y) radiative capture cross section
3 103 SGP (n,p) cross section
3 104 SGD (n,d) cross section
3 105 SGH3 (n,t) cross section
3 106 SGHE3 (n,He3) cross section
3 107 SGALP (n,a) cross section
3 108 SG2HE (n,2a) cross section
3 - SGIR transport cross section SGIR = SGT - MUEL ¥ SGN
Always calculated in conversion (if MUEL exists)
3 - ETA average number of fission neutrons per neutron
absorption. (Not produced in the running version
of the program but foreseen in later versions.)
3 - ALPHA ratio of capture (SGG) to fission (SGF) cross
section. (Foreseen to be produced in later
program versions.)
3 251 MUEL average cosine of the elastic scattering angle
in the laboratory system
4 2 SGNC angular distributions of secondary neutrons
for elastic scattering. SGNC and SGNL are
SGNL tabulated distributions in the center of mass
resp. laboratory system. LEGNC and LEGNL are
LEGNG sets of Legendre coefficients. If the ENDF/B
data are given in tabulated form, only SGNC
LEGNL resp. SGNL is generated. In the case of Legendre
coefficients, the tabulated data are generated.
5 16 SED2N energy distributions of secondary neutrons
emitted by the (n,2n) process
5 17 SED3N energy distributions of secondary neutrons
emitted by the (n,3n) process
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ENDF KEDAK
MF MT alphamerical remarks
name

5 18 SEDF energy distributions of secondary neutrons
emitted in the fission process

5 o1 SEDIC energy distributions of secondary neutrons
emitted in the inelastic scattering to the
continuum

Only the following ENDF energy distribution
laws can now be converted:

LF = 3 in K = 4 (excitation of discrete levels)

LF = 7 in K = 2 (Maxwellian spectrum)
LF = 9 in K = | (evaporation spectrum)
LF = 10 in K = 2 (Watt spectrum)

2,.2.3 General description of the program (options, region, time, restrictions)

As described in the preceding sections, the program BRIGITTE trans-

lates nuclear data from the ENDF- into the KEDAK-representation. Only a

selection of the data types 1S processed (see 2.2.2).

Provided that a load module of the program exists, one can use the JCL-cards,
described in 2.2.9, and the input control cards, described in 2.2.6, to
start the program. The construction of a complete job will be much simplified,

when using the examples given in 2.2.10.

An exact description of the program flow can be found in 2.3.1. For this
section it is sufficient to know, that the translation of the ENDF/B data
is made filewise. First some data of MF = | are processed and stored in an
auxiliary file, then the resonance data (MF = 2) are read, stored and used
for the calculation of pointwise cross sections, which are also stored in
an auxiliary file. These pointwise data are then combined with the MF = 3
data. The result of this process is then adapted to KEDAK conventions and
stored in an auxiliary file. After this some data of MF = 4 and afterwards
MF = 5 are processed in a similar mode. In the last section of the program

)

Pq e . . . . *
the data, stored on the auxiliary file, are included into a KEDAK-library

» . . .
)Thls KEDAK-library must not be created by or processed with KEMA (see 2.2.4)
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There are some options in the program, which can be selected by using the
quantities in the namelist control input. Processing of data of MF = 4 and/or
MF = 5 can be suppressed, or processing only MF = 4 or MF = 5 data can be
selected (see IF4 and IF5 in the namelist INPUT, 2.2.6). Only due to
historical reasons the data translation can be made with respect to a not
longer used KEDAK convention: all inelastic cross sections

have the same energy mesh (see KEDAVE in the namelist INPUT, 2.2.6). Until
now, only two options, controlled by quantities in the namelist INPUT, have
described. To get a total knowledge of all options, one must read section

2.2.6.

Some important options are controlled by variables in the namelist LIB (also
described in 2.2.6). One can select, whether the program has to built up

a new KEDAK-library, or can use an existing one. It is also possible, to
delete in an existing library a material, if it has the same name, as the
converted one. But remember: all possible program options are described

in 2.2.6.

The region used by the program itself is about 102 k-byte. Some region is
needed by the system, for read-input and print-output buffers, and for
buffers for other datasets, used by the program. As a mean value we can
take about 150 k-byte necessary for the program, for system use, and for
buffers. The rest of the region, which is given in the JOB-card, is used
for data arrays, The size of the data field region mainly depends on the
number of resolved resonance parameters. If there are no such or only a
few parameters, 300 k-byte are normally sufficient to run the program. In
the case of many resolved resonance parameters, 300 k-byte will not be
enough. But we recommend, to start with 300 k-byte. If the program has not
enough region, an error message will be produced. This error message will

help to decide, how much additional region is necessary.

The CPU (central processing unit)-time needed by the program, also depends

on the number of the resolved resonance parameters., This time will be given
for an IBM/370 model 168. If there are no parameters, | minute is sufficient.
For about 80 single level Breit Wigner resonances about 11 minutes are used.
The CPU-times will increase up to hours, if there are many multilevel resolved

Breit Wigner resonance parameters.
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Although the data storage used in the program is variably dimensioned, there
are some arrays of a fixed lenght, which causes some restrictions. These
are:

- One (natural) element may have up to 10 isotopes.

- Five different l-states (1 = 0,1,2,2,4) are alliowed in the resolved Breit

Wigner resonance parameter set.

- Three different l-states and 6 different j-states for each l-state are

allowed in the unresolved Breit Wigner resonance parameter set.

~ One hundred points are allowed asprimary energy grid for energy distri-

butions of secondary neutrons.

Insertion of the translated data_into_a local KEDAK library

The program BRIGITTE produces a KEDAK-library, which differs from the KEDAK-
libraries produced by the program KEMA (see II, /4/ and /5/). The BRIGITTE
created libraries contain in word 880 of the first record (the word is the

last one) the number of the next available record in the library.

This word is used, when inserting new data in the subroutine SICKY (see
2.3,5.86), In the library created by BRIGITTIE also the data of each material
start on a new record. By this, deleting materials and compressing the
library in the direct access form is much simpler than for the KEDAK-
libraries created by KEMA (see /4/ resp. II). Because of the differences
described here, it is not possible to use a KEDAK-library, which has been
created by or processed with KEMA, as direct acceptor for the data converted
by the program BRIGITTE. But there are no difficulties for the KEDAK re-
trieval codes, as described in III, to use the BRIGITTE created libraries.
Because all programs, which are working with KEDAK, use these routines, all

these programs can work with the "BRIGITTE-created" libraries.

In most cases using of a KEMA created (or processed) library will cause the
program to do no insertion of the translated data. But because the present
version of the program only tests word 880 of the first record, the decision

whether the library is BRIGITTE~- or KEMA-created (or processed) may be
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incorrect. Therefore we recommend never to use a KEMA created (or processed)

library as direct acceptor for the data translated by BRIGITTE.

The only way to insert the translated data in a public KEMA-created (or
processed) library is to produce KEMA-input out of the BRIGITTE-created
libraries. This problem is solved by the program COPEND, described in 3.

One may ask, why BRIGITTE itself does not produce this KEMA-input instead

of a KEDAK-library. The answer is very simple: in many cases it is not
necessary to insert the data into the public KEDAK-library. As stated before
all retrieval routines, described in III, can work with the BRIGITTE-created
libraries. Why then insert the data into one library? There are several

reasons for this action:

(1) If the data should be kept for a longer time interval, it is much
simpler to manage one library (e.g. produce back-up copies), than

a number of different libraries.

(2) 1f a BRIGITTE-created library has been processed by KEMA (e.g. to

correct some data), it can not be longer used by BRIGITTE.

(3) There are programs, which are processing several materials in one
run. This materials must be contained in one library, because these
programs use the retrieval program III.3, which permits only one

KEDAK-library.

A last questionmay be left. Why BRIGITTE does not write directly in public

KEMA~created KEDAK-libraries. There are three answers to this question:

(1) To have a control about changes in KEDAK, only one program should

be allowed to update the library. This is the program KEMA.

(2) The program KEMA performs some formal checks before inserting the

data.

(3) The program BRIGITTE can delete materials, with names identical to
the translated ones, and compress the library after the deletion.
This would be very difficult and expensive with KEMA-created (or

processed) libraries.
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The contents of this section can be summarized in the following statement.

Never use a KEMA created (or processed) KEDAK-library in a BRIGITTE run as

acceptor for the translated data. If the checks in BRIGITTE will fortuitously

fail, the KEMA-ereated (or processed) library may be destroyed.

2.2.5 External data sets

The programm BRIGITTE uses 7(8) data sets represented by the following
ddnames (see /10/):

FTO6FO01
FTO5F001
FTO1FOO1
FTO9F001
FTI10F001
FT11FO01
FT12F001
(FT15F001) optional

The datasets, which the program expects to be allocated to this ddnames,

will be described in the following.

FTO6FO001

Description:
Print output.

Actions taken:
The program makes only WRITE-statements on this dataset. This is done
in the subroutines TITEL, PRIEIN, GSPACE, INITNL, INGRID, REGINE, MARY,
#ARYO!, LUCY, RESERR, MILLI, MELA, ANNICK, ANNIO!, DENISE, MARION,
SOPHIE, SUZY, ADDPNT, SUPNEG, ISABEL, FILES5, PRIZEI, ERROR, PRCONT,
PRLIST, PRTAB1, PRTAB2, PRHOL, PRTPID, WDA, WRECS, SICKY,LISA, TABPRT,
PAGE and A8FORM.

DD~parameters:
The printer must be able to produce lines with a maximum of

132 characters.

Possible errors:

Maximal line length of the printer is smaller than 132 characters.
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FTO5F001

Description:

Input unit for (card) control input.

Actions taken:
The data are read from FTO5F00! in the subroutines INITHL, PRIEIN
and SICKY. A REWIND is made in PRIEIN,

DD~parameters:
The record format (RECFM) must be fixed (F) or fixed blocked (FB)
with 