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Abstract

The IAEA is presently engaged in a project which is designed to use a
step—by-step approach to verifying the accuracy of neutron cross section
processing codes. This report presents the results of the first step, or
round, of comparisons. The first round of comparisons is intended to
test the ability of processing codes to accurately produce, cold (0
Kelvin), wunshielded, flat weighted multigroup <c¢ross sections; in
principle this should be the simplest quantity that can be derived from
evaluations. At present contributions to this project have been received
from forty~two participants using thirteen different processing codes.
In the initial comparisons not one participant has been able to obtain
agreement with benchmark results; differences varied from 2% to a factor
of over 50. However, this project has already in its initial phase been
successful in detecting and correcting problems with a number of cross
section processing codes and, in particular, has led to the practical
result of identifying accurate codes and of improving the ENDF/B-V
dosimetry library as distributed in 620 groups.

Introduction

The International Atomic Energy Agency (IAEA) has begun a project for
the intercomparison of neutron cross section processing codes in order to
verify their ability to reproduce proven correct numerical benchmark
results. In this report this reproducibility aspect is referred to as
the "processing accuracy" of a code. This paper will discuss: the scope
of this project, the most prominent areas and sources of disagreement
between processing codes and the current status of this project
concerning improving the reliability of the output from processing codes.

The neutron cross section processing code is merely a link between
evaluated data on the one hand and transport or adjustment codes on the
other hand. This fact has been used in order to simplify the
verification task; specifically, the IAEA project attempts to assure
that for a given input of evaluated data and physical assumptions, the
output of the cross section processor is accurate. This project does not
address the "evaluation accuracy" of the evaluated data (which are used
as input to the processor), nor the '"model accuracy" of the transport or
adjustment code (which uses the output of the processor).

The objectives of this project are: (l.) to test the accuracy of
processing codes, (2.) to understand and eliminate the sources of
discrepancies, (3.) to arrive at the point where we have a number of
cross section processing codes which can be used as safely as possible as
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“black boxes", without worry, to accurately process cross section data,
for use in a variety of applications. At the present time, this project
has been successful in the sense that starting from a variety of
processing codes which produced multigroup cross sections which were not
the same from any two codes, we have now arrived at the point where a
number of the codes produce results which agree with benchmark results.

Eackground

In 1981 a report was published (1) on a comparison (performed in
1980) between the 620 group (SAND-II structure (2)) averaged «cross
sections derived from the ENDF/B-V Dosimetry Library (3) at Brookhaven
and those derived at ECN Petten, Netherlands. These 620 group cross
sections were both derived from the same evaluated data and the group
constants corresponded to cold (0 Kelvin), unshielded, flat weighted
results. Of the twenty—-five materials in the ENDF/B-V Dosimetry Library
large differences were found in fourteen reactions. In individual
reactions, in specific groups, differences were found of up to a factor
of twenty (not twenty per—cent, a factor of twenty). Fig. 1 illustrates
the ratio of the 620 group 2-”7Np fission cross sections calculated at
Brookhaven to those calculated at Petten (l). From fig. 1, in the
unresolved resonance region there appears to be no correspondence between
the multigroup results generated by the two codes starting from the same
evaluated data. Unfortunately this study (1) could not address the
question of which of these two sets of data is correct.

In order to determine which of these two sets is correct the IAEA
obtained additional multigroup data sets from a number of laboratories in
the United States and Europe. Comparison of data sets generated at eight
different laboratories showed general agreement and confirmed that the
cross sections generated at Brookhaven were incorrect. In none of these
eight sets were differences seen that were anywhere near those found in
the Brookhaven/Petten comparison. However, in no case did any two of the
data sets agree for all reactions, in all groups to within 6X. This was
a very surprising result, since generally these data sets were purported
to be accurate to within a small fraction of one per-cent.

IAEA Verification Project

Based upon the disagreement that was seen between the output data
generated by a variety of cross section processing codes the Nuclear Data
Section of the IAEA decided to initiate a project to methodically examine
and compare the output of cross section processing codes in order to
determine the current accuracy of these codes. These comparisons could
then be used to improve the codes in order to reach the ultimate goal of
this project, which is to identify those processing codes which can be
reliably used to process evaluated cross section data. Potential users
of cross section processing codes would be periodically informed by an
IAEA publication specifying those codes which have been tested and in
particular those that have passed a set of benchmark tests and can be
recommended for reliable use,
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This verification project is based on asking one simple question
“"Given a set of evaluated data can the existing cross section processing
codes reliably produce output to some specified accuracy for use in
applications?" Based upon the initial comparisons performed at the
beginning of this project the answer to this question was a resounding
NO! Fortunately this project has demonstrated that by intercomparing
codes it is possible to greatly improve the reliability of results.

It is important to understand that this verification project is not
designed to examine the quality of evaluated data which is used as input
to processing codes, nor is it designed to examine the transport methods
that use the output from these codes. It should be realized that since
the results of transport calculations are often used in an attempt to
improve evaluated data (e.g. sensitivity calculations), the evaluated
data, cross section processing and transport calculations are not
completely independent. However, this verification is only designed to
guarantee the accuracy of the output from cross section processing
codes. If this can be achieved, then any differences between the results
of transport calculations and experimental measurements can be truly
identified as due to either the evaluated data, transport model or both.
In this case the result of transport calculations can be used to improve
evaluations and/or transport methods. However, as long as processing
codes introduce large uncertainties into the multigroup data, any
differences between calculated and measured results may be due to error
in processing, which would prevent any attempt to improve evaluations or
transport methods.

Establishing Benchmark Results

In order to verify the accuracy of the results provided by cross
section processing codes it is necessary to establish benchmark results
which can be used as a standard for comparison. Because of the
complexity and volume of data included in modern evaluations, cross
section processing codes have become correspondingly complex making it
difficult, if not impossible, to verify that any given processing code
will produce accurate results for all combinations of cross section
representations encountered in modern evaluations. To give but one
example, ENDF/B format cross sections may be represented by a combination
of tabulated data and resonance parameters. The tabulated data may use
up to five different types of interpolation laws. Both resolved and
unresolved resonance parameters may be given. Resolved parameters may be
given in terms of one of four representations and unresolved parameters
in terms of one of three representations. In addition the ENDF/B formats
and conventions which specify how to interpret resonance parameters are
not the same for all versions of the ENDF/B library. From this one
example one can appreciate the difficulty of attempting to verify that a
processing code can accurately process all possible combinations of
tabulated data and resonance parameters, let alone all of the other data
required for a transport calculation.

In the past attempts have been made to establish idealized
evaluations which would be simple to process and compare results.
Generally these efforts have failed because (l.) the evaluations were too
idealized and although they tested basic representations of evaluated
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data they did not correspond to or simulate the complexity of modern
evaluations, (2.) since the evaluations were idealized the results were
not of practical interest which made it difficult to generate
enthusiastic support from code designers and made it equally difficult
for code designers to justify spending their time, efforts and computer
expense involved in processing these idealized data.

For this project it was decided to take a more pragmatic approach in
which real evaluations would be used to generate results. Establishing
benchmark results by this approach presented a problem since as pointed
out earlier initial comparisons of the results generated by a variety of
processing codes demonstrated that no two codes initially generated the
same results.

In order to establish benchmark data the results of comparisons were
returned to each processing code designer. Each code designer was asked
to independently examine the comparisons, investigate the sources of
observed differences, implement code improvements and submit improved
results. Even the initial code comparisons made it possible to identify
a number of generic problems that existed in most or all codes and
allowed the code designers to focus on the source of problems and to
improve their codes. Using this approach it was possible to arrive at
the point where a number of processing codes can now each produce the
same multigroup results to within a small fraction of 1% for all
reactions, in all groups. More important than the absolute differences
in the results generated by these codes 1is the observation that
differences 1in the results are now significantly smaller than the
uncertainty in the evaluated data. As such it is now possible to
interpret the multigroup data as having the same uncertainty as the
evaluated data. Therefore any differences between calculated and
experimental results obtained using this data may now be interpreted as
due to either the evaluated data or transport method, which in turn may
be used to improve the evaluated data and/or transport method.

This benchmark approach does not lead to absolute benchmark results
where we can say one or more codes exactly reproduce the standard
results, Rather it leads to practical benchmark results which can be
reproduced to within a required accuracy. Therefore within this report
we will not identify the results obtained by one single code as a
standard, nor will we attempt to distinguish between the codes which can
reproduce the standard to high accuracy; we will merely present the
results of initial and current comparisons and identify those codes which
can presently reproduce the benchmark results within an acceptable
accuracy.

Problem Areas

The results of initial comparisons indicated large differences in the
cross sections generated by various codes, primarily in the resolved and
unresolved resonance regions. These differences will affect both the
self-ghielding and Doppler broadening properties of the cross sections.
Similarly, recently Perez (4) has shown an inconsistency in the methods
normally used to calculate group averaged <cross sections in the
unresolved resonance region. By calculating self-shielded cross sections
in the resolved resonance region first directly from the resolved data
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and then by treating the data as unresolved and using the equivalent
average level widths and spacings Perez found differences in excess of
30¥. In addition, Perkins (5) has recently investigated the numerical
stability of the methods used to generate group-to-group transfer
matrices and has found that if extreme care is not used severe round-off
problems can occur.

A more subtle problem area 18 the effect of these inconsistencies on
the many relatively new applications which use the uncertainties quoted
for the evaluated data in order either to assign confidence limits to
calculational results or to improve our knowledge of spectra or cross
sections (6) (e.g. unfolding procedures (7)). The results of these
calculations can be very sensitive to the uncertainties assigned to the
cross sections used. 1If the cross section processor introduces an error
which 1s large compared to the error assigned to the evaluated data (as
occurred in the initial comparisons described above) the results obtained
using the processed cross sections and only the uncertainties assigned to
the evaluated data, without folding in the errors introduced by the cross
section processor, are of questionable validity.

Step by Step Verification

Attempting to eliminate this wultitude of deficiencies from
processing codes in one fell swoop is too ambitious an undertaking and
one that would be almost bound to fail. Therefore the IAEA has decided
to begin a step-by-step verification project in an attempt to address
first the most glaring areas of disagreement, using the simplest possible
test cases. Then more subtle areas of disagreement will be addressed,
using progressively more complex test cases.

Following this step-by-step philosophy at present two rounds of
comparisons are being performed. 1In the first round of comparisons the
areas of largest disagreement, which 1s the calculation of cross sections
in the resolved and unresolved resonance regions, will be investigated.
The simplest way to investigate this problem would be to compare the
energy dependent point cross section values generated by a variety of
processing codes, However, this information 1s not available from all
processing codes. The next best, silmple comparison 1s constant
(flat-weighted), cold, unshielded cross sections using a fine group
structure.

In the second round of comparisons those processing codes which have
passed the first round of tests are asked to calculate complete sets of
multigroup data for a variety of representative materials. This second
round will allow us to investigate self-shielding, Doppler broadening,
transfer matrices, to name but a few areas of interest.

First Round

The first round of comparisons 1s being coordinated directly by the
IAEA Nuclear Data Section and anyone interested 1n participating or
obtaining more information should contact
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D.E. Cullen

Nuclear Data Section

International Atomic Energy Agency
P.0O. Box 100, Wagramerstrasse 5
A~1400 Vienna, Austria

The first round is directed toward testing data which is used in general
applications.

For the first round of comparisons the IAEA Nuclear Data Section is
asking all those interested in participating in this exercise to use the
same evaluated neutron data: ENDF/B-V Dosimetry Library (mod. 1), to
calculate flat weighted, 0° Kelvin, unshielded cross sections using the
SAND-II 620 group structure. Those who use energy-dependent cross
sections (e.g. in continuous energy Monte Carlo calculations) will be
asked to send energy-dependent cross sections and IAEA Nuclear Data
Section will convert them to multigroup form for comparison. Anyone who
uses neutron cross sections is encouraged to participate in this study.

Results should be sent to D.E. Cullen at the IAEA in the ENDF/B
format (each reaction as a section of file 3 wusing the histogram
interpolation law) (3).

The results of each comparison will be reported back to the
participants. If there are any differences, participants will be asked
to investigate and eliminate the sources of these differences and to then
re-submit their results.

Second Round

Within the United States

The second round of comparisons is being coordinated within the
United States by

N.M. Greene

Union Carbide Corporation
Nuclear Division

P.0. Box X, Oak Ridge, TN. 37830
U.S.A,

For the second round of comparisons within the United States all
those interested in participating should use ENDF/B-V data for H (MAT
1301), Fe (MAT 1326) and 238y (MAT 1398). Two separate sets of
comparisons will be performed, first involving neutron cross sections and
second involving photon production cross sections.

For the neutron cross section comparison participants are asked to
use a 100 group set of boundaries consisting of the GAM~II structure with
one thermal group., This group structure has 49 groups equally spaced in
lethargy between 14.91825 MeV and 110.9 keV, 50 groups equally spaced in
lethargy between 110.9 keV and 0.414 eV and one thermal group from
0.414eVto 10™2eV. Participants should use room temperature (293 K) and
two different weighting spectra, one flat-weighted and the other fully
shielded, i.e. 1/Egy weighted.
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Participants are asked to submit,

1. Group-averaged values of as many processes (e.g. total, elastic,
(n,2n)....etc.) as can be conveniently supplied.

2. Scattering matrices separated by process (if at all possible) with
P3 Legendre fits of processes with angular dependence,

3. A short description of any special treatments which the code may
have used in generating the numbers. For example, the code could
have used an analytic treatment for hydrogen elastic scattering
which assumes the <cross sections are isotropic 1in the
center—-of-mass system (as AMPX does), or within-group terms may
have been transport-corrected, etc.

For the photon production cross section comparison participants are
asked to use the same 100 group set for neutrons, described above, and a
20-group structure with 1 MeV increments from 20 MeV to 1 MeV and the
bottom group extending to 25 keV. In this case participants are asked to
submit scattering matrices separated by process for all gamma producing
interactions. A P3 Legendre fit should be used for those processes
with angular dependence. If the matrices are in "yield" units, the
average neutron cross sections of the processes should be supplied.

Results should be sent to N.M. Greene at Oak Ridge on magnetic tape
in a BCD format which can be read on an IBM-computer, e.g. blocked in
80-character records in ASCI1 or EBCDIC, preferably labelled and written
at 1600 or 6250 bpi.

As yet benchmark results for these materials have not yet been
established.

Qutside United States

The second round of comparison 18 being coordinated outside the
United States by,

P, Vertes

Central Research Institute
for Physics

Hungarian Academy of Sciences

P.0. Box 49

H-1525 Budapest, Hungary

For the second round of comparisons outside the United States the
Nuclear Data Section of the IAEA will wmake available evaluated data in
the ENDF/B format for the following materials, H, C, Fe, 2327y,
235y, 238y, 237Np, and 23%Pu (note, since the ENDF/B~V 1library is
only available within the United States, these materials will be in the
ENDF/B-V format, but not from the ENDF/B-V library). Only neutron data

will be compared.
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For this comparison participants are asked to use the ABBN 26 group
structure, a flat weighting function and the following constants are to
be submitted:

1. "Cold" (not Doppler broadened), self-shielded (i.e. 1/(oTt0OQ)
weighted), group averaged cross-sections and/or self-shielding
factors for each of the processes: total, elastic, (m,y), (n,f) as
can be conveniently supplied. The following self-shielding
conditions should be used:

Material Bondarenko Ogp

Fe (MAT=1192) 10 102 100 10°
23210 (MAT=1296) 10 50  10% 200
233%;  (MAT=1261) 10 102 100 10
238, (maT=1262) 10 50 102 200
237 0 (MAT=1263) 10 102 100 10
2395, (MAT-1264) 10 102 100 10

2. Elastic scattering matrices with up to P3 Legendre fits without
self-shielding for the above materials plus for H (MAT=1301) and C
(MAT=1306)

3. Group—averaged elastic slowing-down constants:
- average scattering cosine in laboratory system
- average lethargy change
if they are calculated from elastic angular distribution

4, Inelastic scattering matrices for materials in the above table.
These may be given either by inelastic processes separately, or in
any “"summed up” form (total inelastic scattering matrix, total
discrete level matrix and matrix for unresolved inelastic levels,
separately).

Results should be sent to P. Vertes, Budapest on magnetic tape.

As yet benchmark results for these materials have not yet been
established.

Subsequent Rounds

The results of the first two rounds of testing will be used to
identify specific problem areas that require additional investigation,
e.g. spectrum weighting, Doppler broadening and self-shielding. However,
each of these effects will be introduced in a step-by-step manner so that
when we see differences we can isolate the cause of the difference, which
will simplify the task of remedying the problem.

Each of these areas of verification requires a coordinator and if all
areas are to be investigated volunteers are needed to provide leadership
in these studies. Anyone interested in leading this verification effort
in one or more subject areas 1s asked to contact D.E. Cullen at the IAEA,
Vienna.



Round One Results

To date we have received contributions from forty-two participants
using thirteen different processing codes. The thirteen processing codes
include,

ENTOSAN - Petten, Netherlands

RESEND/INTEND - Brookhaven National Laboratory, U.S.A.
LINEAR/RECENT/GROUPIE - Nuclear Data Section, IAEA, Austria
FOURACES - Bologna, Italy

RESCAL - Greenwood, Argonne National Laboratory, U.S.A.
RESENDD - JAERI, Japan

FEDGROUP-3 - Central Research Institute for Physics, Budapest, Hungary
FEDGROUP-C - Institut Jozef Stefan, Ljubljana, Yugoslavia
NJOY (CDC) - Los Alamos National Laboratory, U.S.A.

NJOY (IBM) - NEA Data Bank, Saclay, France

AMPX -~ 0Oak Ridge National Laboratory, U.S.A.

MINX -~ Oak Ridge National Laboratory, U.S.A.

GRUCON - Obninsk, U.S.S.R.

As pointed out results have been obtained from forty-two cross
section processing code users. Of these results thirteen results were
obtained from the actual code designer or 1laboratory presently
responsible for maintenance of the code. Presumably the code designer or
maintainer should be the one most familiar with each code and should
submit the best results for each code. 1In addition if we are to focus on
the objective of this project, which 1is not Jjust to detect errors in
codes, but rather to improve codes, the most important contributions were
from code designers and maintainers, since in general they are the only
ones in a position to use the initial comparisons to improve their codes.

Therefore in this report we will only present detailed results of the
initial and current status of the results obtained from the thirteen code
designers or maintainers. The results obtained from other participants
will only be briefly summarized.

In the initial comparison of data of those who submitted complete
results not even one participant has obtained agreement with our
benchmark results within every group, for every reaction; the closest
agreement was 2% and the worst disagreement was more than a factor of 50
(that is a factor of 50, not 50%). However, the verification project has
led to positive results in the sense that once differences 1in the
multigroup cross sections are located it has been fairly easy to identify
the source of the differences, eliminate problem areas and end up with
improved processing codes. This has been demonstrated by 1improved
results obtained from participants which show greatly improved agreement
with our benchmark results. The initial and current maximum differences
found in the results submitted by each code designer or maintainer are
presented in Table I,
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Table 1
Summary of initial and current maximum
per—cent differences for each code

(results are presented in the chronological order
in which they were received from code authors)

code initial maximum current maximum
difference difference or status
RESEND 2018 % abandoned
ENTOSAN 2 % agreement
LINEAR/RECENT/GROUPIE 6 2 * agreement
FOURACES 2692 % agreement
RESCAL 113 % 87 % *
RESENDD 5488 % agreement
FEDGROUP-3 188 % ** 16 % **
FEDGROUP-C 2482 % ** agreement
NJOY(CDC) 19 % =* agreement *
NJOY( IBM) 100 2 * 19 % #
AMPX 26 % 1.7 %
MINX 2018 7 *=* no additional results
GRUCON 2,5 % ** no additional results
* -~ this ignores large per—cent differences for small cross sections

near thresholds

** - comparison based on only a portion of ENDF/B-V dosimetry library
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Our initial round of comparisons identified a variety of problem
areas in the participating cross section processing codes. Since most of
these problems occurred in more than one code they will be discussed in
detail here, rather than separately for each code. For each code it will
merely be mentioned which problems existed initially or currently. The
problem areas identified included,

l. Programming errors

which lead to large differences, as illustrated in fig. 1. The
complexity of modern processing codes makes it difficult to locate such
errors without resorting to intercomparison of the results generated by a
variety of codes. For example, the major cause of the programming error
illustrated in fig. 1 was found to be due to switching two arguments in
the subroutine in RESEND which interpolates unresolved parameters. Since
RESEND is the father or grandfather of many processing codes it 1is
possible to intercompare the results from several codes which are based
on RESEND and to obtain agreement, even though all are generating the
same wrong answer. Only by comparing the results from several codes,
which are developed 1independently, 1is it possible to find such
programming errors.

2. Inadequate representation of narrow resonances

leading to large differences in the resolved resonance region, as
illustrated in fig. 2. Most of the codes which participated in this
study first convert the resolved parameters to energy dependent cross
sections and then group average the energy dependent cross sections,
Even if cross sections are accurately calculated within a computer, when
a code outputs the cross sections reconstructed from resonances in the
ENDF/B BCD format the normal Ell.4 format can be totally inadequate to
represent energies (e.g. 1234.56789 eV is output as either 1.2346E+3 or
0.1234E+3 depending on the computer). Extension of the format to six
digit accuracy, as used in many codes, improves the accuracy (e.g., by
not outputting "E" it is possible to output the above energy as
1.23457+43). However for heavy even-even isotopes which have milli-eV
capture widths in the KeV energy range even six digits are inadequate to
represent the shape of narrow resonances; the result can be to randomly
either over- or underestimate the integral of narrow resonances. This
effect has been avoided in several codes by either recognizing that
energies are always positive and only require at most a one digit
exponent, which allows energies to be output with up to nine digits of
accuracy (e.g. the above energy can be output as 1.23456789+3) or by
simply outputting energies in F format (e.g. output the above energy
without an exponent in the form 1234.56789). Either of these
representation is more than adequate to represent the energy well beyond
the accuracy required. The magnitude of the error which results when the
energy is output in the ENDF/B BCD format has been investigated (by the
author) by using the entire ENDF/B-V dosimetry library. Internal to the
computer all calculations were performed to the same accuracy, but the
results were output to a different number of digits accuracy in the
energy. Each result was then group averaged to 640 groups and results
were compared. The maximum differences occurred, as expected, in 2327y
and 238y capture due to narrow resonances. When compared to the
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results based on energies output to nine digits accuracy the following
maximum differences were found in one or more group averaged cross
sections,

5 digit energy - 72%
6 digit energy - 6%
7 digit energy - 0.3%
8 digit energy - 0,0%

Some codes have completely avoided this problem by simply using the
ENDF/B binary format for intermediate storage between the resonance
reconstruction and the multi-group calculation; this approach will
maintain the complete accuracy of the internal representation of the
cross section. Logically this is the simplest approach to avoid the
problem. However, it may be difficult to implement in existing codes and
impractical to implement in existing code systems where a number of codes
are each designed to use the ENDF/B BCD format for a variety of different
applications.

3. Failure to consider the competitive width

In earlier versions of ENDF/B the total width for each resonance was
defined as the sum of the elastic, capture and fission widths. In more
recent versions of ENDF/B the competitive width is defined as the
difference between the total width and the sum of the elastic, capture
and fission widths and the threshold for the competitive reaction 1is
defined by a Q-value. This has led to two problems: (a) some codes were
not updated to consider the competitive width, which effectively ignore
the competitive width and underestimate the strength of each resonance,
(b) several codes which consider the competitive width fail to consider
the competitive reaction Q-value. To correctly consider the intended
effect of the competitive width it is necessary to use the available
energy (incident energy minus competitive reaction threshold) in
calculating the penetration factor for the competitive reaction. If this
is done properly the effective competitive width reduces to zero below
the threshold of the competitive reactions and smoothly increases above
the threshold.

4., Interpolation in the unresolved resonance region

as illustrated in fig. 3. 1In all versions of ENDF/B three possible
representations have been available within the ENDF/B format for
unresolved resonance parameters: (a) all parameters energy independent
(i.e. all parameters constant over a given energy range), (b) fission
widths energy dependent with an implied interpolation law and all other
widths energy independent, (c) all widths energy dependent with a given
interpolation law. Until ENDF/B-IV the convention was that between the
energies at which wunresolved parameters are tabulated wunresolved
parameters should be interpolated to each energy and cross sections
should be <calculated at each energy based on the interpolated
parameters., This was a scheme which was applicable to all three
representations of unresolved parameters and which resulted in a unique
representation of the unresolved parameters at each energy.
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Starting with ENDF/B-V it was decided that for practical reasons in
applications since it is the cross sections rather than the parameters
that are actually used-it would be simpler to adopt the convention, for a
set of parameters tabulated at a given set of energies, to calculate
cross sections at the energies at which parameters are given and define
the cross sections at all other energies by interpolating the cross
sections rather than the parameters.

Therefore starting with ENDF/B-V it was decided that the convention
should be that in the unresolved resonance region one should interpolate
cross sections rather than parameters. In addition in going from
ENDF/B-IV to V it was decided, again for practical use in applications,
that the implied interpolation law for the fission width energy dependent,
all other widths energy independent representation should be changed from
log-log (ENDF/B-IV) to lin-lin (ENDF/B-V) interpolatioms.

At the time these appeared to be minor changes which should have
minimal, if any, impact on the evaluated data files. 1In practice this
has resulted in introducing major uncertainties into the cross sections
calculated by processing codes. If we examine the three possible
representations of unresolved parameters and the equations that describe
the cross sections that result at any energy from a given set of
unresolved parameters we can see that the effect of a set of energy
independent parameters is to produce a basically 1/v cross section.

It quickly became obvious to processing code designers that since the
energy independent representation of unresolved parameters can represent
parameters as constant over a number of energy decades the all parameters
energy independent representation of unresolved parameters did not lend
itself to simply calculating the cross section at both ends of the energy
interval and linearly interpolating between these two points to define
the cross section at all intermediate energies. For example, using
exactly the same evaluations which appeared in ENDF/B-IV and which were
carried forward without modification to ENDF/B-V if one uses the
ENDF/B-IV or V conventions one can obtain differences in the cross
section based on parameter vs. cross section interpolation of over 300%.
Linearly interpolating the cross section leads to non-realistic, non-1/v
variation. Therefore most code designers who implemented the ENDF/B-V
conventions decided that for the all parameters energy independent
representation interpolating cross sections is 'nonsense" or rationalized
that since parameters are not energy dependent, there is nothing to
interpolate and the constant parameters should simply be used at each
energy to define the cross section.

When we examine the fission width energy dependent, all other widths
energy independent representation in ENDF/B we run into another problem.
According to the ENDF/B-IV convention where cross sections were based on
interpolating parameters this representation resulted in basically 1/v
behavior for the elastic and capture cross sections and, due to the
implied log-log interpolation of the fission widths, variations from 1l/v
based on the variation in the fission width. If one follows the ENDF/B-V
convention of interpolating cross sections one obtains elastic and
capture cross sections which are linearly interpolable over the entire
unresolved region, which are non-realistic and fission cross sections
which vary linearly with energy between the energies at which fission
parameters are given, which are equally unrealistic. This situation was
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not as simple to address by code designers as the all energy parameters
energy independent case. On the one hand to obtain realistic elastic and
capture cross sections it seemed obvious that one should treat them as
identical to the all parameters energy independent representation (to
which logically and physically they are identical) and merely calculate
the cross sections at each energy based on the constant elastic and
capture widths. However, if one does this and at the same time follows
the ENDF/B-V convention to only calculate fission cross sections at the
energies at which fission widths are given and then linearly interpolates
the fission cross section to define the fission cross section at all
other energies one obtains non-realistic capture to fission ratios. For
example, using exactly the same evaluations which appeared in ENDF/B-1V
and which were carried forward without modification to ENDF/B-V if one
uses the ENDF/B-IV or V conventions one can obtain differences in the
capture to fission ratio of over a factor of two (i.e. 200%). It should
be noted that this effect would not have been nearly as large if the
ENDF/B-IV convention of using an implied log-log interpolation law for
this representation had been carried forward to ENDF/B-V; the log-log
interpolation law reproduced a 1/v variation (similar to the capture) and
produces reasonable capture to fission ratios. In contrast the ENDF/B-V
convention of using an implied linear interpolation 1law for this
representation leads to non-realistic capture to fission ratios. To
reproduce realistic 1/v cross sections and capture to fission ratios
requires interpolation of parameters, which violates the ENDF/B-V
convention, The results in the wuncertainty of how to treat this
representation of unresolved parameters have led to confusion among code
degigners which has resulted in each designer implementing ad hoc
conventions to obtain the results which each designer considered to be
the most realistic.

Finally we come to the all unresolved parameters energy dependent
representation which in principle should be the easiest to consider. For
this representation at first glance the ENDF/B-V convention seems to be
straightforward: in the ENDF/B formats and procedures manual it states
that for ENDF/B-V one should calculate the cross sections at the energies
at which parameters are given and define the cross sections at all other
energies by interpolating gross sections, not parameters, according to
the explicitly given interpolation law (what could be simpler). However,
if one reads further into the ENDF/B formats and procedures manual one
discovers that the situation is not that straightforward and clear.
Specifically, in the manual it 1is stated that even though the new
convention is to interpolate cross sections, not parameters, evaluators
should provide parameters on a 'dense enough'" energy grid to insure that
the differences in the cross sections obtained by parameter vs. cross
section interpolation are small. The question arises as to what is
"dense enough" and what should the code designer do if the evaluator does
not provide parameters on a '"dense enough" energy grid (as occurs in many
ENDF/B-V evaluations). On the one hand one could assume that the
evaluator knows best and whatever energy grid the evaluator provides for
the unresolved parameters is ''dense enough". In the other extreme the
code designer could assume that the convention is that evaluators should
interpolate their parameters to a ''dense enough' energy grid to insure
that subsequent interpolation to a finer energy grid yields essentially
the same cross sections, regardless of whether parameter or cross section
interpolation is used to interpolate to the finer energy grid. If this
is the convention then code designers can automatically determine if
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an energy grid is 'dense enough" by simply interpolating parameters to a
fine enough grid such that subsequent interpolation of crogs sections or
parameters yields essentially the same cross section at all energies. If
this procedure is followed it 1is obviously equivalent to using the
ENDF/B~IV convention of interpolating parameters (since one interpolates
parameters to a fine enough energy grid such that it is irrelevant how
one interpolates to a finer energy grid). Besides the two extremes of
assuming the evaluator has provided a '"dense enough'" energy grid or the
code designer insuring a 'dense enough" energy grid by parameter
interpolation, the code designer can merely insure that parameters are
not given on too sparse an energy grid by insisting that the successive
energies at which parameters are given not be more than a certain
multiple of one another (e.g. 2 or 3, etc.). By considering different
possible multiples from very large to very small one ends up with an
infinite number of possible interpretations of the unresolved parameters
extended from the two extremes of using the evaluator's energy grid
(equivalent to using a very large multiplier) to interpolating parameters
(equivalent to using a multiplier close to one).

How much difference does it make if one interpolates cross sections
or parameters for actual ENDF/B-V evaluations? 1In the ENDF/B-V dosimetry
library there is an excellent example which can be used to illustrate
both the magnitude of the differences that result and the problem of
trying to uniquely define a "dense enough" energy grid. For 237Np
unresolved parameters are given over the energy range 130 ev to 40 Kev.
Between 130 ev and 4.954 KeV parameters are given on a very fine energy
grid that would pass most multiplier tests (e.g. 130, 198, 208, 231, 240,
249, 259, 278, 288, 330, 340 ev, etc.). Between 4.954 and 40 KeV
parameters are only given at the two end points of this energy interval.
An additional complication which effects results is that even though in
the energy range 130 ev to 4.954 KeV the parameters are given on a very
fine energy grid the fission widths vary dramatically between tabulated
energies, by up to two orders of magnitude, e.g.

E (ev) L s (ev)
130 5.4391E-6
198 3.0718E-4
208 2.8031E-6
231 9.1923E-5

From fig. 3 we can see that the effect of using the ENDF/B-V
convention of interpreting cross sections (STANDARD result) or the
ENDF/B-1IV convention of interpolating parameters (AMPX result) results in
almost a 20% difference in the fission cross section in the energy range
between 130 ev and 4,954 KeV, where the parameters are given on a very
fine energy grid. The maximum difference occurs near 140 ev. This
indicates that it is impractical to attempt to eliminate the difference
between the cross sections obtained by parameter or cross section
interpolation by simply insuring that the successive energies at which
parameters are specified are within a given multiple of one another. 1In
the case of 237Np fission this would require a multiple very close to
one, which would require the cross section to be calculated at an
enormously large number of energies; far more energies than would be
required by simply interpolating parameters.
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For 237Np in the energy interval 4.954 to 40 KeV where unresolved
parameters are only given at the ends of this energy interval the fission
widths increase almost exactly by v over the interval and the net effect
is that the fission cross section calculated at 4.954 KeV is almost
exactly equal to the fission c¢ross section calculated at 40 KeV.
Obviously in this case interpolation of the fission cross section over
this energy interval will result in a constant fission cross section (see
fig., 3 STANDARD results). In contrast interpolation of the f£fission
parameters over this energy interval results in a fission cross section
which decreases by about 18% over this energy interval.

To summarize the status of unresolved resonance parameter
calculations,

1. At the beginning of this study very few codes had implemented cross
sectiop interpolation (ENDF/B-V convention) and almost all codes were
still using parameter interpolation (ENDF/B-IV convention).

2. During the course of this study virtually all codes were converted to
use cross section interpolation (ENDF/B-V convention).

3. Examination of the results obtained using strictly cross  section
interpolation indicates that for the three possible representations
of unresolved parameters available in the ENDF/B system the results
are often physically wunrealistic. This has resulted in code
designers implementing ad hoc methods in an attempt to make their
results more physically acceptable, e.g. resorting to purely
parameter interpolation or interpolating parameters to an energy grid
where successive energies cannot exceed some multiple of one another.

4. The case of 237Np fission in the energy range 130 eV to 4.954 KeV
indicates that it is impractical to insure that there will not be
differences between the cross section obtained by parameter vs. cross
section interpolation to a finer grid by simply starting from
parameters which have been interpolated to an initial energy grid
where the energies at which parameters are given are simply multiples
of one another. If one attempts to find such a multiple which can be
uniformly used for all ENDF/B-V evaluations, obviously the 237Np
case indicates that a multiple very close to one would have to be
used to obtain a fine enough starting grid to eliminate significant
differences between the cross sections obtained by subsequent cross
section vs. parameter interpolation to a finer energy grid. The
result of attempting to find a fine enough starting grid which can be
used for all ENDF/B-V evaluations results in the situation where (a)
since parameters are interpolated to define the fine enough starting
grid this approach is physically equivalent to using the ENDF/B-IV
convention of simply interpolating parameters, (b) defining a
multiplier for use with all ENDF/B-V evaluations results in the
situation where for most evaluations cross sections are calculated at
far more energies than if one simply interpolates parameters. As
such use of a multiplier offers no advantage over simply resorting to
parameter interpolation.

5. The seemingly simple change in ENDF/B conventions between parameter
interpolation (ENDF/B-IV) and cross section interpolation (ENDF/B-V)
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has resulted in the situation where a variety of cross section
processing codes can obtain completely different results and yet code
designers can all claim that they are following the ENDF/B-V
conventions. The differences that have been found in the unresolved
region cross sections calculated in this study cannot be blamed on
the code designers; rather the differences should be blamed on the
ambiguity and impracticality of the current ENDF/B-V conventions
concerning interpolation of unresolved data.

6. Many evaluations were carried forward from the ENDF/B-IV to the
ENDF/B-V library without being modified. If one uses exactly the
same evaluations from the ENDF/B-IV library or the ENDF/B-V library
and the conventions associated with each of the two ENDF/B versions
one can obtain a difference of a factor of three (i.e. 300%) in the
cross sections derived from the unresolved parameters. Which is
correct?

7. If one 1is given a single set of energy independent unresolved
parameters and codes them into the ENDF/B format using each of the
three possible representations of unresolved parameters available in
ENDF/B (all of which can accommodate energy independent unresolved
parameters) one can obtain three completely different unresolved
cross sections. Which is the physically most acceptable? Obviously
the 1/v cross sections obtained using parameter interpolation.

8. In the author's view, the change in ENDF/B conventions between
ENDF/B-1IV and V, which was designed to simplify use of the unresolved
data, has led to a more complicated situation involving ad hoc
assumptions and procedures which can introduce large differences 1in
the cross sections derived from unresolved parameters using different
combinations of assumptions and procedures. The only procedure which
is applicable to all three representations of unresolved parameters
available in ENDF/B and leads to a unique averaged unresolved cross
section is to interpolate parameters and not cross sections.

5. Treating small cross sections as zero and/or not using the ENDF/B
interpolation law

as illustrated in fig. 4. For use in transport calculations when the
cross sections for any reaction become small (e.g. in fig. 4 less than
1076 barns) it is practical to ignore the ENDF/B interpolation law and
assume that the cross section is linearly interpolable. This leads to
the differences seen in fig. 4 in the energy range 500 Kev - 1 MeV. 1In
addition when the cross section becomes very small (in fig. 4 less than
1078 barns) the cross section may be considered to be zero. This leads
to the differences seen in fig. 4 below 28 KeV.

Introducing either or both of these assumptions will have no effect
on the flux or other reaction rates obtained from a transport
calculation, As such it is a practical approach to reducing the
complexity of transport calculations by wminimizing the number of
reactions that must be considered in any energy range. Therefore the
differences seen here should not be considered to be due to errors in the
code, but are rather the result of introducing a practical, physically

acceptable approximation.
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The only point that the user should be aware of is that even though
the flux'in any transport calculation will not be affected, the reaction
rate obtained using the calculated flux and the approximate cross section
may be in error. For example, from fig. 4 we may see that any flux
spectrum which has a peak at low energies (e.g. thermal reactor spectrum)
and is essentially zero above 28 KeV will yield a small reaction rate
using the standard cross section, but a zero reaction rate using the
approximate cross section. It should be pointed out that the use of
essentially threshold reactions for such purposes is inappropriate, but
if the user insists on performing such calculations one can still obtain
the appropriate reaction rate by using the calculated flux and the cross
sections from a standard library, such as the ENDF/B dosimetry library.

6. Numerical instabilities near discontinuities in the cross section

as at resonance region boundaries, as illustrated in fig. 5. This
problem is introduced by codes which calculate multigroup cross sections
from energy dependent cross sections. In order to illustrate the source
of this problem consider trying to integrate a linearly interpolable
cross section over a small energy interval,

E+dE
J(A+BE)dE
E

where A is the zero energy intercept cross section and B is the slope.
This appears to be a trivial calculation to perform, but unfortunately in
the resonance region A and B can be enormous numbers, generally of
opposite signs, which leads to round-off problems. The result om short
word length computers (e.g., IBM) is to generate essentially random
results. For example, from fig. 5 we can see that in the one group which
spans the resolved-unresolved resonance region boundary the calculated
cross section is over 20 times too large. Admittedly this effect only
occurs in the group where the discontinuity is located, but such large
differences can affect both calculated fluxes and reaction rates if the
flux spectrum is strongly peaked in the vicinity of this group.

This problem can be avoided by simply re-writing the above equation
in a form which avoids numerical instabilities. For example defining the
energy and cross section at the mid-point of the energy interval; <{E)
and (¢ and the change in cross section across the emergy interval 8¢ the
equation can be written in the form.

CE>+ 4 5E
[<o>+1s0(E—<ED) g = 5E<o
(E)—lzae

This approach also works where the integrand is the cross section
times a flux and for logarithmic variation.



RAT 6379

- 21 -~

(N, GAMMA)
CROSS SECTIONS

79-AU-197

- STANDRFD

-
-

-

v

PR | "y

ol

-0.5§

{ T0 2017 % DIFFERENCES

1 L

L RESENDD-81 (S. 1GRRRS], JRER

I

Fiqg. 5

| N

| .

1 J
RESENDD-81 (S.1GARRS], JRERI) / STANDRRD A B N ¥

- 3 "~ -y N P | PO GrIeroR | aaaad PO | P § "l. 5 PPN | e | 'y

1010 309 408 g0 10® S Y 103 19?2 gl P io!

' MEV 79-AU-~197

1gé
17
1P
102
1074
g
107
1P
1072

107y
3.0
2.5
2.0

41.5

1.0
Q.5

BARNS

BARNS

RATIO



_22_

Note, that even when 6E is very small, which leads to instability in
the original equation, the result of using the re-formulated equation is
still stable and leads to the average cross section times the width of
the energy interval.

7. Different results based on different input operations

Modern cross section processing codes have many input options, generally
to select one of a number of possible routes through the codes, specify
processing accuracy or the use of certain approximations. Therefore it
was not surprising to find that the results submitted by code users
differed from the results submitted by code designers, even though both
used the same code and evaluated data.

At the beginning of this study it was assumed that since the code
designers should be the ones most familiar with their own codes they
would submit the best results for each code. Therefore it was surprising
to find that based on the initial round of comparisons four code
designers stated that they used the wrong input options on their own
codes and could have obtained better results simply by selecting a more
appropriate set of input options.

These results indicate that code designers should attempt to make
their codes more "user friendly”" by recommending standard input options
and documenting the range of validity and the influence of input
parameters on calculated results.

Summary of problem areas

An important point to realize is that because of the complexity of
modern evaluations, modern cross section processing codes are equally
complex and the large volume of data output by these codes would have
made it impossible to identify these problem areas without
intercomparison of the results generated by a variety of codes.

A second point is that the author considers the designers of the
cross section processing codes which participated in this project to be
some of the best code designers in the world, yet in every case the
participating codes were found to have one or more errors. This
illustrates that the complexity of modern cross section processing codes
makes it impossible for even experienced code designers to insure the
accuracy of the results generated by their codes without intercomparison.

In this study once initial comparisons were performed it was fairly
easy to identify and isolate problem areas in each code and for the code
designers to improve their codes.

Based on the results of this study, since problems were found in
every participating code, it is fair to ask: how accurate are the results
generated by codes which did not participate in this study? 1In an
attempt to answer this question and to nelp improve as many codes as
possible, all code designers who have not participated in this study to
date are still encouraged to participate in this study by sending results

for the first round of comparisons.,
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Benchmark results

All participants were asked to use the ENDF/B-V dosimetry library to
generate cold (0 Kelvin), unshielded, flat weighted 620 group (SAND-II
group structure) averaged cross sections in the ENDF/B format and to
submit their results to the Nuclear Data Section, IAEA, Vienna for
comparison to the benchmark results.

This study has extended over a number of years and during this time
several versions of the ENDF/B~V dosimetry library were distributed by
Brookhaven National Laboratory, namely: Mods. 0,1 and 2. In an attempt
to insure that any differences in the results submitted by participants
are due to the codes used, rather than the evaluated data, benchmark
results have been established for each of the three mods. of the
library. The following plots document the differences that are to be
expected based on use of any mod. of the ENDF/B-V dosimetry library,
specifically, the benchmark results for mod. 1 were compared to the
results for mod. O and the mod. 2 results were compared with mod. 1
results. The following plots indicate those reactions for which
differences in excess of 12 were found in the group averaged cross
sections in one or more groups.

Mod. O vs. Mod. 1
The only differences between the cross sections in the
ENDF/B-Dosimetry libraries mod. O and 1 is that for 238y figsion and
Fe capture two tabulated data points which were incorrect in mod. O
have been corrected in mod. 1.

Mod. 1 vs. Mod. 2
Between mod. 1 and mod. 2 eight reactions were modified as follows,

237Np fission - Resonance region is 1072 to 300 ev in mod. 2 (it was
0.3 - 130 ev in mod. 1) and new resonance parameters.

197 a4 capture — The resonance region i1s 1079 to 5 KeV in mod. 2 (it
was 1072 to 4.827 Kev in mod. 1). The extension of
the resonance region to 5 KeV without additional
resonances causes the cross section in mod. 2 to be
considerable lower in the energy range 4.827 to 5 KeV
(resulting in the 80% difference seen in the following
figures).

232y figssion - For mod. 2 all resolved fission widths are zero (in
mod. 1 they were small, but non-zero)

232t capture Resonance parameters have been slightly modified. The
biggest effect 1is seen near 70 ev where slightly
shifting overlapping resonances between mod. 1 and 2

leads to a 216% difference in the cross section.

47Ti(n,p), 54Fe(n,p), 58Ni(n.P) - For mod. 2 the cross sections have
been modified to have an effective threshold once the
cross section falls to a low value. 1In mod. 1 these
reactions were continued to 1low energies with very
small, but non-zero cross sections.

1151, capture = mod. 2 has a completely new set of resolved resonance
parameters.
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Cross Section Processing Code Results

The following sections document the initial and latest results
generated by each participating code compared to our benchmark results.
In each case the submitted results have been compared to the benchmark
results for the corresponding mod. of the ENDF/B-V dosimetry library.
Therefore all differences presented in the following sections are due to
the processing codes and not due to differences in the evaluated data.

Explanation of Results

Results for each code are presented in the chronological order in
which the initial results were received from participants. Each code is
identified by a name and a year (e.g. RESEND-80). The year identifies
the year in which the comparison was performed; the year is not a version
number for the code. For each code tabulated and graphical results are
presented.

The tabulated results present a one line summary of the comparison
for each reaction. Each line indicates whether or not the reaction was
compared (i.e., all participants did not submit results for the entire
ENDF/B-V dosimetry library). 1If compared, the line summarizes maximum
negative and positive per-cent differences found in any group and the
value of the average cross sections for the two sets of data in the group
where the maximum negative and positive per—-cent differences were found.
An asterisk (*) following the per—cent difference indicates a difference
in excess of 1%. The results for each reaction in which differences in
excess of 1% were found are presented in graphical form following the
tabulated results. For any reaction in which the per-cent difference
could not be defined because the standard result is zero in a group where
the other result is not, the tabulated results contain a warning and the
reaction is plotted; this occurred for several threshold reactions.

The graphical results are presented as a series of plots, one per
reaction. Each plot presents the standard (i.e. benchmark) results, the
submitted results and the ratio of the submitted result to the standard.
As in the case of the tabulated results each code is identified by name
and the year in which the comparison was performed. The maximum negative
and positive per-cent differences are listed in the upper right hand
corner of each plot. The position (in energy) where these differences
occurred are identified at the bottom of the plot by an up arrow (4) for
the maximum ratio and a down arrow (¢) for the minimum ratio. In order
to assist in identifying the source of errors in each code the resolved
and unresolved resonance regions (if any) are identified by vertical
dashed lines at the region boundaries and the word RESOLVED or UNRESOLVED
at the bottom of the plot.

For each code up to two sets of results may appear: the initial and
latest comparison results. If the latest comparison results for any code
agree with the benchmark results to within 1% for every reaction, in
every group the latest comparison results are not presented; it is merely
stated that the results generated by the code agree with the benchmark
results.

Since all of the problem areas found in this study have been
discussed in a preceding section, they will not be discussed in detail
for each code. For each code it will merely be stated which problems
were found and whether or not the problem has been eliminated.
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RESEND

The RESEND code was designed to convert resonance parameters and
background cross sections to energy dependent cross sections in the
ENDF/B format. The RESEND results obtained in 1980 indicate that RESEND
has major problems in the resolved and unresolved resonance regions. The
differences found indicate that in the resolved region the energy grid
used is inadequate to accurately represent narrow resonances, which leads
to appreciable errors even in the average <cross sections (see,
23Na-capture, 2321h-fission and capture). The differences in the
unresolved region (see, 237Np-fission) have been traced to a
programming error which resulted in incorrect interpolation of the
unresolved parameters. Another programming error which incorrectly
interpolated background cross sections led to the differences seen in
58Fe7capture and 63Cu-capture. Another error 1is due to outputting
the linearly interpolable resonance contribution using the interpolation
law of the background cross section (e.g., a zero background with
histogram interpolation leads to a resonance contribution in histogram
form). Another error was introduced by the code which was used to
convert the RESEND energy dependent cross sections to multigroup form.
For 197Au-capture we can see that this code introduces a numerical
instability due to the discontinuity in the cross section at the upper
energy limit of the resolved resonance region. The result is an average
cross section in one group which is a factor of over twenty (i.e. 2000%)
too high.

As a result of these comparisons it was decided that the problems
with RESEND were too extensive to remedy and the code has been abandoned,.

The author would like to point out that the RESEND code was one of
the first codes which was designed to process ENDF/B data into energy
dependent form and it has now been in use for almost fifteen years. As
the father or grandfather of many currently used cross section processing
codes RESEND has made a significant contribution over this time period
toward improving our ability to process ENDF/B data. Certainly without
the existence of RESEND as a starting point half of the processing codes
which participated in this project would not have been able to generate
pointwise cross sections. As such even though RESEND was eventually
found to contain errors its contributions toward processing ENDF/B data
should be recognized and the author for one will mourn its passing on to
computer code heaven.
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ENTOSAN

The ENTOSAN code was designed to convert resonance parameters and
background cross sections directly into wunshielded multigroup cross
sections, without the intermediate step of reconstructing energy
dependent cross sections. As pointed out earlier in this work, the
ENTOSAN~RESEND results published by Petten were instrumental in
initiating this verification project.

The ENTOSAN comparisons performed in 1980 indicated that ENTOSAN had
no major problems. Only minor differences were found in the resolved
resonance region and these were easily eliminated by the code designers
by using more stringent convergence criteria in calculating integrals.

The latest ENTOSAN results agree with the benchmark results. It is
worth noting that comparison of the initial results submitted by all
codes indicates that of all the processing codes which submitted results
for the entire ENDF/B~V dosimetry library the 1initial ENTOSAN results
were eventually found to be closest to the benchmark results.



TCOMPARTSON OF EVALUATED DATA '(PROGRAM TOMPLOY 84-2)

" - T s Ty 4 - — . = " - 1 — T - . = A = S s - — " - "t T T T —— - - " —— - -

— s - ——————— - T 5 T " " —— — —— o . = A e N = e = - - - T - T o = - 4 o " o — T . " T T e 2 A o - . - -

BATA1 =8 TANDARD o T TER I IS TN TIAIITR
DATA2=ENTOSAN-80 (W.ZIJP,PETTEN)

e o e s —— i — - - - " o 4 - - ——— = " Y = . e = " S 4 = o o — — Y - ——— — = . " —— " o " - W S — " A o - — ————

e e L A L L L D L L L L L L L L L L L L L L s L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L e L L e L L L L L . . L Ll L L L e L Ll L L Lo il il lols

DATA1=1AEA PROCESSING cooe VERIFICATION PROJECT STANDARD (MOD.O 9000
DATA2= ENTOSAN...ENDF/B-V DOSIMETRY LIBRARY (W.ZIJP,PETTEN, 1980 800
MATERTAL “"WT MATT MATZ POTNTT BPOTNTY ENERGY RANGE (EVY 7 77777 MAXTMUM 7 7 T ERDES T SEETTON T(BARNS Y AT BOTNTS
MINIMUM MAXIMUM PER-CENT DIFFERENCES OF MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATAY DATA2 DATA DATA2
TI-NA="2377162 6311 3 1380 128071.0000- "4 2.0000+ 7 -0.154 0.09Y9
13-AL- 27 103 6313 4 365 365 1.8000+ 6 2.0000+ 7 -0.152 0.074
13-AL- 27 107 6313 4 337 337 3.2000+ 6 2.0000+ 7 -0.122 0.005
........... 25-MN- 55 .mlgmﬁazsm" 9 193 193 1.0400+ 7 2.0000% T -0.080 0. 0B et eee eeereeeeeeeeee e eose et e e
27-C0O-"'59 16 6327 i3 89 89 L0600+ 7 2.0000+ 7 -0.001 0.003
27-CO- 59 102 6327 13 1280 1280 1.0000- 4 2.0000+ 7 -0.253 0.060
27-C0O- 5 107 6327 13 291 291 5.5000+ 6 2.0000+ 7 -0.003 0.042
93-NP-237 18 6337 27 ...1280 1280 MJ,OOOQ—“QW_%&QQOQ#WZ ........ =1.948 *  0.112  1.08239- 2 1.06130- 2 e
79-AU-197 7102 6379 23 1280 1280 '1.0000- 4 .0000+ 7 -0.07% 0.054
90-TH-232 18 6390 24 861 861 5.0000+ 0 2.0000+ 7 -1.920 * 0.056 3.06708- 4 3.00820- 4
90-TH-232 102 6390 24 1280 1280 1.0000- 4 2.0000+ 7 -1.918B * (0.057 4.96248+ 1 4.86730+ 1
............ 92-U -235% 18 6395 25 ...1280 . 1280 ].QOOD:AQW,Z,QOOOth”” ot 1 L T+ B < L OO OO SO
92-y -238 186398 2 280 280 0000- 4 2.00004 7 -0.096 0.040
92-U -238 102 6398 26 1280 1280 1.0000- 4 2.0000+ 7 -0.726 0.071
94-PYU-239 18 6399 28 1280 1280 1.0000- 4 2.0000+ 7 -1.783 * 0.125 3.31479+ 1 3.25570+ 1 !
3-LI-_ . 6..207 6424 mm%m" 280 . .ZQQM.].00997m4mm2a0000tm1m“ =0.098 o 0.090 oo e e e T
5-8 =1 20776425 280 280 0000- 4 2.0000+ 7  -0.09 0.053 v
21-SC- 45 102 6426 5 1280 1280 1.0000- 4 2.0000+ 7 -0.108 0.031 '
22-T1- 46 103 6427 6 369 369 1.6000+ 6 2.0000+ 7 -0.002 0.004
..22-T1- .47 .28 . 6428 T . 89 189..1.0600+ 7 2.0000+ 7 . .-0.095  ...0.001
22-T1- 47 71036428 7 1280 1280 0000~ 4  2.0000+ 7 -0.003 0.005
22-7TI- 48 28 6429 8 169 169 1.1600+ 7 2.0000+ 7 -0.099 0.041
22-TI- 48 103 6429 8 337 337 3.2000+ 6 2.0000+ 7 -0.004 0.002
um28-F .04 .103. 6430 ..10...1280 . 128..m%ﬁQOOO:Wﬁmw2L0000+M7”” -0.103. .. ...0.08%
~FE-"56 103 6431 1 34 34 L9000+ 6 2.0000+ 7 ~0.072 0.005
26-FE- 58 102 6432 12 1280 1280 1.0000- 4 2.0000+ 7 -0.130 0.093
28-NI- 58 16 6433 14 153 153 1.2400+ 7 2.0000+ 7 0.0 0.000
“mge NI- 58 103 6433 “14"_ 1280 1280 1.0000= 4 2.0000+ 7  =0.008 0. 078 e e eeeee oo eee e et reeneeeenenoer
8-N1-"60 '103 6434 8 351 5172.5000+ & '2.0000+ 7 " -0.102 0.032
29-CU- 63 102 6435 16 1280 1280 1.0000- 4 2.0000+ 7 -0.110 0.009
29-CU- 63 107 6435 16 367 367 1.7000+ 6 2.0000+ 7 -0.102 0.070
.29-CU=~ 6516 6436 17 ....201  ..201 1.0000+ 7 2.0000+ 7  -0.003 .. .0.005
49-IN-115 651 6437 21 42 427773.2000+ 5 '2.0000+ 7 -0.062 0.004
49-IN-115 102 6437 21 1280 1280 1.0000- 4 2.0000+ 7 -0.123 0.111
53-1 -127 16 6438 22 17 217 9.2000+ 6 2.0000+ 7 -0.055 0.099
i, 1678321036439 _t** NQ . COMPARISON 2.2 e e

PER-CENT DIFFERENCE = 100 * ((DATA1-DATA2)/DATA1) AT EACH ENERGY POINTY
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



WAT 6337 FISIION 93-NP-237
CROSS SECTIBNS
STANDRAD - o -1.95 10 0f112 % DIFFERENCES !
| 1
{ 1
[ 1
] 1
sty s . et
[ ENTOFN-80 (N.Z10P,PET X
] |
J |
] 1
ey T e M e B
L ENTOSAM-80 (W.Z1J0P,PETTEN 4 STRNDRFD 3
v i s . — Y N i =
109 y0® 0? 1w07 10® S w0t wd 10? 1e! P 10!
1 nevY 93-NP-237
NAT 8390 F1SSION 80-TH-232
TAOSS SECTIONS
[mmm THRESHOLD=5. D000 EV -1.92 TO 0.056 % DIFFERENCES i
1 1
1 1
r 1
1 1
1 1
1 1
1. — . ot NOPETODUN, A
! ENTOSAN-80 (M.Z1JP,PETTEN  THRESHOLD=F. 0000 EV o ]
i 1
y 1
J 1
y 1
J |
J 3
et o A - N N )
 1ENTOSAN-80 (N.Z1JP,PETTEN / STANDRRD ' o ;
- ™
S L) -
PRBOT.....t A N N2 T N
1078 1Y 103 102 107! 1P 10!
2 MEV 90-TH-232

1Y

1P
1!

102

1Y
1.02

1.00
g.98

0.96

1P
1072
Y

1076

BAANS

BRANS

RAT!B

8RANS

BRARANS

RRTIO

MAT 6390 (N, GRMNA) 90-TH-232
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RECENT

The RECENT code was designed to convert resonance parameters and
background cross sections into energy dependent cross sections.

The RECENT 1initial comparisons which were performed in 1980
identified two problem areas with the code. Failure to follow the ENDF/B
interpolation law for small cross sections led to large errors for small
cross sections close to thresholds (e.g., 27Al-(n,alpha)). The program
had an input option to allow energies to be output in the ENDF/B format
to six or nine digit accuracy. The initial results were generated using
the six digit option, which resulted in differences in the average cross
section of up to 6% (e.g. 59Co—capture). The author must admit that
this is an example of using the wrong input option with his own code.

RECENT was modified to use the ENDF/B interpolation law all the way
to threshold., This did not lead to any numerical instability, nor did it
cause significantly more energy points to be generated. The six-nine
digit input option was eliminated; all energies are now output to nine
digit accuracy. With these two modifications the current version of
RECENT can now reproduce the benchmark results,
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DATA IOENTIFICATIONS

______________________________________________________________________________________ U S e S A g ——
BATAV=5TANDARG e ' ’ '
DATA2=RECENT-80 (D.CULLEN, IAEA)
ENDF/B_TAPE LABELS
DATA1=1AEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.0) 9000
DATA2=ENDF/B-V DOSIMETRY LIBRARY FROM RECENT-80 (IAEA,VIENNA) 9000
MATERTAL  MT MATY MATZ BOTNTT POINT2 7 ENERGY nANGE (Ev) MAX T MUM cnoss SECTION (BARNSY AT POINTS ™~
MINIMUM XIMUM PER-CENT OIFFERENCES MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2
T1-NA="23 7102 6311 86311 1280 1280 1.0000- 4 2.0000+ 7 -0.1b4 0.364 o ) :
13-AL- 27 103 6313 6313 365 365 1.8000+ 6 2.0000+ 7 -0.003 0.003
13-AL- 27 107 6313 6313 337 337 3.2000+ 6 2.0000+ 7 -0.001 247.098 * 4.83039-17 1.67662-16
..“rMN:mﬁgmmw}ﬁm6325m6325 ............. 193193 . 0400+ 7 2.00004 T . ~0.000 0. 000 oot e es e oot eees et nesseemt e
27-CO-"5 6 6327 6327 189 189 0600+ 7 "2.0000+ 7 0.0 0.0
27-CO- 59 102 6327 6327 1280 1280 1.0000- 4 2.0000+ 7 -2.190 * 5.560 * 1.97407- 2 1.93083- 2 2.42248- 2 2.55739- 2
27-CO- 59 107 6327 6327 291 291 5.5000+ 6 2.0000+ 7 0.0 0.0
_.93-NP-237 18 6337 63371280 ...1280  1.0000- 4 2.0000+ 7 0,072 0.0 oo esee £ ettt erter e eeeeerrenees
79-AU-197 102 637976379 1280 12807771.0000- 4 2.0000+ 7 -0.211 0.219
90-TH-232 18 6390 6390 861 861 5.0000+ 0 2.0000+ 7 -2.182 ¢ 1.809 * 7.00047- 6 6.84769- 6 6.02101~ 6 6 12992~ 6
90-TH-232 102 6390 6390 1280 1280 1.0000- 4 2.0000+ 7 -1.948 ¢ 1.545 * 1.33445+ 0 1.30846+ 0 1.13697+ 0 .15454+ 0
.m92:um123§mm“}§m.395 6395 ....1280 . 1280 1 0000-. 4  2.0000+ 7 0. 00T 003 e ee e oo oot e eser e oeoeoreeeeeee
92-U"-238 8 6398 639 1280 1280 0000- 4 2.0000+ 7 -0.126 0.067
92-U -238 102 6398 6398 1280 1280 1.0000- 4 2.0000+ 7 -0.191 0.093 \
94-PU-239 18 6399 6399 1280 1280 1.0000- 4 2.0000+ 7 -0.073 0.063
.3-L1- 6207 6424 6424 1280 . 1280 ] -0000- 4. .2.0000+ 7  -0.063 .. . 0.051 S
5-8 =710 207 6425 6425 1280 1280 0000-"4"2.0000% 7 -0.001 0.001 (6=
21-SC- 45 102 6426 6426 1280 1280 1.0000- 4 2.0000+ 7 -0.055 0.016 \
B G B AH B IR e sl b, 3
22-Y1-74777103 g4zg 428 j280 1280 l.oooo- 47 2.0000+ 7 .0 0.0
22-T1- 48 28 6429 6429 169 169 1.1600+ 7 2.0000+ 7 -0.003 0.002
PRI IRLR - R I O IR G S R
- T..R29....0U3 HEI0 | 0 £ O\ L1090 1.YUUPT 8 <. VUUN + T .- e I E e et i—— et aaaaa—aaaeae e te ey eammArmmarnrremeeteaetaetieaaaeter e eaeiaetetaaneeciasarnaeans
26-FE- 56 103 6431 6431 34 34 5.9000+ 6 '2.0000+ 7 -0.001 0.00
26-FE- 58 102 6432 6432 1280 1280 1.0000- 4 2.0000+ 7 -0.099 0.007
28-N1- 58 16 6433 6433 153 153 1.2400+ 7 2.0000+ 7 0.0 0.0
. g Nl-msam“logm§433“.ﬁaawmmlzaow 1280..1-0000- 4 2.0000+ 7  -0.004 ..0.907
~NI-"60 103 6434 6434 351 351 5000+ 6 2.0000+ 7 -0.004 0.002
29-CU- 63 102 6435 6435 1280 1280 1.0000- 4 2.0000+ 7 -0.058 0.006
29-CU- 63 107 6435 6435 367 367 1.7000+ 6 2.0000+ 7 -0.001 0.001
_mzsf,U:.65m“m1§"643§m§4_Qmwmwznj .201 . .1.0000+ 7 2.0000+ 7 20 o e oot eeseoee s s oot e ee e es oo emeeee e
49-IN-115" 51 6437 6437 427 427773.2000+ 5 2.0000+ 7 " -0.001 0.000
49-IN-115 102 6437 6437 1280 1280 1.0000- 4 2.0000+ 7 -0.082 0.066
53-1 -127 16 6438 6438 9.2000+ 6 2.0000+ 7 0.0 0.0
16-S5.~-.32 .103 6439 *t* NO. COMPARISON #rr e
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PER-CENT DIFFERENCE

MAXIMUM PER-CENT DIFFERENCE

10

0 * ((DATA1 DATA2)/DATA1) AT EACH

LARGEST PER-CENT OIFFERENCE AT

ENERGY POINT

ANY ONE OR MORE ENERGY POINTS
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RATIO
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MAT 6390 F1SSION 90-TH-232
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wli0 6% ar® o7 e eSS et w? o ar? et ot
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FOURACES

FOURACES is a multigroup processing system (unlike the codes
previously described which only produce cross sections) designed to
produce complete multigroup sets for use in calculations, starting from
evaluated data in any of a variety of evaluated data formats (e.g.,
ENDF/B, KEDAK, UKNDL).

The initial FOURACES comparisons indicated major problems in the
resolved region and some problems in the unresolved resonance region.
Resolved region results indicated that the energy grid used was
inadequate for isolated resonances (e.g., 58Fe~capture-2400% error) and
for narrow resonances at higher energy (e.g. 197Au-capture,
232Th-capture, 2380-capture). The unresolved region results for
237Np-fission, 235y-fission and 239py-fission indicated that
FOURACES was using the ENDF/B-IV convention of parameter interpolation
and that there was an error in the calculation of the fluctuation
integrals.

FOURACES has been modified to use an improved energy grid in the
resolved resonance region. In the unresolved resonance region FOURACES
is now using the ENDF/B-V convention of cross section interpolation and
the problem in calculating the fluctuation integral has been eliminated.
The latest FOURACES results agree with the benchmark results.



COMPARTSON OF EVAUUATED DATA TBROGRAM COMBLOT A=Y = o o e e
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 BAtAT=S TANDARD T TINITTTTTo T TII oI I I IO
DATA2=FQURACES-81 (G PANINI, BOLOGNE)

- - 0 ot o — — s " ] - —— i~ —— ——— - T — - - o = = A " - - = = An s a = At . —— P - - S b - T - o T o — -

CBNDE/B TAPE LABELS .o e ettt et e e oo e e e e e e e e

B e L L L L L L e a R R L R L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L o L L L L L L L L L L L L L L L L L L L L O e L L L S e ol ollisas

DATA1=1AEA PROCESSING CODE VERIFICATION PROJECT STANDARD (M0OD.O) 9000
DATA2= FOURACES...ENDF/B-V DOSIMETRY LIBRARY (G.PANINI,BOLOGNE, 1981) 8000
MATERTAL "Mt MATT MAT2 POTNTT BOINTY Euencv RANGE (EVY T MAXTMUM TCROSS SECTTON (BARNS) AT POINTS
MINIMUM MAXIMUM PER-CENT DIFFERENCES OF MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2
T1=NA-"237"102 63116311 1280 1240°1.0000- 4 2_0000+ Y -1.638 0.536 2.05035- 22 01680-
13-AL- 27 103 6313 6313 365 325 1.8000+ 6 2.0000+ 7 -0.141 0.
29-wi- 55 16 6300 8308 397 80 30000+ 7. 210000+ 7. 0,073 0081
27-C0- 59 38 6327 632 18 49 } 0600+ 7 72.0000+ 7 -0.001 0.003
27-CO- 59 102 6327 6327 1280 1240 1.0000- 4 2.0000+ 7 -5.478 * 97.777 * 5.95111+ 2 5.62510+ 2 1.07758- 1 2.13120- 1
33 NP-237. 18 6937 S35 1380 1230 3.0000- 3 2:0000+ 7 -66.899 + 179:392 + 2.28005- 2 7.5655 165 75160- 2
s o . - + = . . o £ - QIIVT 2. YO97 . £.... ¥ QY.
79-AU-197 132 6379 3379 1280 1240 } 0000="4" 270000+ 7 -6.222 % 2.208 *+ §5.65247% 2 "5.30080% 2 3.&70 4% 3 3.95630+ 3
90-TH-232 18 6390 6390 861 821 5.0000+ ¢ 2.0000+ 7 -10.056 ¢ 5.315 ¢ 5 50765- 6 4.95380- 6 8.62973- 5 9.08840- S
90-TH-232 102 6390 6390 1280 1240 1.0000- 4 2.0000+ 7 -6.997 * 5.267 * 1.28684+ 0 1.19680+ 0 1.25908+ 1 1.32540+ 1
.............. 92-U -23%5....18 6395 639" 1280 . }240 I 0000~ 4. .2.0000+ 7 -19.767 % 13.949 * 01748+W%Mmaq163501m9mm“$28255t.o.mImigson, 0
92-0 -23 1 398 639 280 240 0000- 4 2.0000+ 7 -100.000 ¢ Y7.797 # 07190- 0.0 $0 .82507-1077'5.68790-10
92-U -238 102 6398 6398 1280 1240 1.0000- 4 2.0000+ 7 -8.067 * 1.901 * 1.09308+ 0 1.00490+ 0 1.97888- 1 2.01650- 1,
94-pPU-239 18 6399 6399 1280 1240 1.0000- 4 2.0000+ 7 -14.382 * 18.324 * 4.60839+ 0 3.94560+ 0 4.51516+ 0 5.34250+ 0
3-LI-. . 6..207 6424 6424 m*.ﬂo 1240...1.0000~- .4 2.00Q0+ 7  -0.09! ...0.090 et eees —ereraseaseseessrem s » I
5-8 - 10 207 6425 6425 80 12407771.0000- 4 "2.0000+ 7 " -0.09 0.053 =
21-SC- 45 102 6426 6426 1280 1240 1.0000- 4 2.0000+ 7 -4.204 * 29.320 * 4.83496- 1 4.63170- 1 4.35881- 1 5.63680- 1 ,
22-T1- 46 103 6427 6427 369 329 1.6000+ 6 2.0000+ 7 -0.002 0.004
22-TI- 47 28 5423,8425 189 .14 20600+ 7 2.00004 T —0.000 0. 00 oo oot oeeeet st
22-T1-"4777103 6428 6428 1280 1240 .0000- 4772.0000+ 7 -0.003 0.005
22-T1- 48 28 6429 6429 169 129 1.1600+ 7 2.0000+ 7 -0.099 0.041
L E mEmAn g Spen s Lol e b
~FE~ 9430 21240 ..1.000Q- 4 + -0.102 ... D DB et et oot eee e et r e tneen e ee e e ane e
26-FE- 56 ]o 2431 431 3 30 ;.9000+ 6 3 0000+ 7~ -0.072 0.003
26-FE- 58 102 6432 6432 1280 1240 1.0000- 4 2.0000+ 7 -0.988 2691.591 ¢ 2.85837- 1 7.97940+ 0
28-NI- 58 16 6433 6433 153 113 1.2400+ 7 2.0000+ 7 0.0 0.000
28-NI- 98 103 6433 6433 . .1280 1240 . ; 0000- 4  2.0000+ T —0.004 0. 078 oo eeeeeemee e e e tet eeeeeremseee
28-NI-"60 103 6434 6434 311 5000+ & 2.00004 7 -0.1072 0.032
29-CU- 63 102 6435 6435 1280 1240 1.0000- 4 2.0000+ 7 -1.416 ¢ 0.532 8.01181- 2 7.89840- 2
29-CU- 63 107 6435 6435 367 327 1.7000+ 6 2.0000+ 7 -0.096 0.070
... 29-CU- §5mmm16“543§ 6436 201 Jslm"; Q000+ 7. 2.0000+ 7  =0.003 0002 e eeee e sseer st eeeeeeeene oo
49-IN-115"""51 6437 6437 427 387 2000+ §772.0000+ 7 -0.067 0.004
49-IN-115 102 6437 6437 1280 1240 1.0000- 4 2.0000+ 7 -5.823 * (0.844 5.42183+ 1 5.10610+ 1
53-1 -127 16 6438 6438 9.2000+ 6 2.0000+ 7 -0.057 0.093
L 16-8 - .32 103 .6439 *2: NO..ACOMPARISON b AR
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PER-CENT DIFFERENCE = 100 * ((DATA1-DATA2)/DATAY) AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS
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MAT 6337 F1SS10N 93-NP-237
CROSS SECTIONS
[ STANDAFD -66.8 T0 §72. 7 OIFFERENCES 1
[ 1
[ 1
1 1
1 A
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i 1
] 1
[ 1
/ I 1
e e | R ot torassnf b et
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1010 409 10® 107 10® 105 oY 103 10?2 1! i g0t

1 NEY 11-NA-23
NAY 6327 {N, GRMNRA) 27-C0-59
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rm -5.48 TO 97.p Z DIFFERENCES 1
1 1
| 1
r 1
| 1
| 1
J 1
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RESCAL

The RESCAL code is designed to calculate unshielded multigroup cross
sections from resonance parameters and background cross sections. As an
intermediate step the code calculates energy dependent cross sections on
a dense fixed energy grid and then group averages the cross sections.

The initial RESCAL comparisons performed in 1980 indicate that the
fixed energy grid leads to surprisingly good results in the resolved
region (e.g. a maximum difference of about 2% for 23Na-capture and
238y~fission). The 237Np-fission and 238U-capture results
indicated that RESCAL was using the ENDF/B-IV convention of interpolating
parameters and there was an error in the calculation of the fluctuation
integral. The peaks or holes in the average cross sections at resonance
region boundaries (e.g., 59¢Co-ca ture, 197Au—capture, 235U—fission,
238y-fission, %ISc-capture and 2 Fe-capture) indicates a numerical
instability in the group averaging algorithm used by RESCAL. From the
471i(n,p), I%Fe(n,p) and 78Ni(n,p) results it can be seen that
RESCAL treats all cross sections which are less than 10~9 barns as if
they are zero. For 93cCu(n,alpha) results indicate that RESCAL may not
be following the ENDF/B interpolation law.

The latest RESCAL comparisons performed in 1982 included results for
the entire ENDF/B-V dosimetry library. Most of the problems described
above for the 1980 comparisons were still present in the 1982
comparisons. In addition a curious new phenomen was seen in the results
for a number of reactions (e.g. 23Na-cap:ure, 59Co-capture,
238U—fission, etc.) where periodic, inexplicable peaks were observed in
the ratio of RESCAL results to the standard.
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BARNS

BARNS

RATIB

16 -



T"COMPARTSUON OF EVALUAYED DAYA (PROGRAM COMPLOT 84-2)
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 BATAT =S FANDARD T RET I RRI IR TR T T ITTTTIITITTIOTIITII I TITTON TTTTITITTIIIOIINT T T TN T
DATA2=RESCAL-82 (L .GREENWOOD,ANL )

e o o o e e e . " - e e = - - - —— s T > o . - -~ — — — - " = - —— - — — - - ———— ——— - ———

™ — et =~ 2~ — — —————— T — " T o " i S o = S " — =~ T T e ——— = . " = e - T — — " T —— " o = S — - " — ——

DATA1=IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2=RESCAL .. .ENDF/B-V DOSIMETRY LIBRARY (L .GREENWDOD,ANL, 1982) 800
TMATERTAL " MT MATT MAT2 POINT1 POINT2 TENERGY RANGE (EV) " MAX 1 MOM TTCRUSS SECYION (BARNSY AT BOINYS
MINIMUM MAXIMUM PER-CENT DIFFERENCES OF MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2
T1=NA=" 23 19276311 3% 1280 1240 1.0000- 4 "2.0000+ 7 T-2.B26 % 1.830 ¢ 2.30281-74 232500 479 11016- 72 5.54500- 2
13~-AL- 27 103 6313 32 365 325 1.8000+ 6 2.0000+ 7 -1.380 * 2.517 ¢ 5.48877- 2 5.41300- 2 5.56003- 2 5.70000- 2
13~-AL- 27 107 6313 32 337 297 3.2000+ 6 2.0000+ 7 -2.2890 * 4.482 * 7.85786- 2 7.67800- 2 8.03006- 2 8.39000- 2
25-MN- 55 .16 6325 45 . ..193 153 ] 0400+ 7 2.0000+ 7 -0.36Q | L I OSSOSO
27-C0O-"59 16 6327 17 189 149 0600+ 7 2.0000+ 7 -0.057 0.000
27~-CO- 59 102 6327 42 1280 1240 1.0000- 4 2.0000+ 7 -1.529 * 10.638 * 6.53999- 4 6.44000- 4 2.41238- 2 2.66900- 2
27-CO- 59 107 6327 17 253 5.4000+ 6 2.0000+ 7 -0.0 0.036
.WARNING, . .FOR ABQVE COMPARlsgN COULD NOT DEFINE RATIQ AT ALL ENERGIES. e
DATA1 15 ZERO AT IES WHERE DATAZ2 15 NON-ZERO.
FIRST OCCURRENCE AT 5.40000+ 6
93-NP-237 18 6337 51 1280 1240 1.0000- 4 2.0000+ 7 -17.565 ¢ 24.312 1.15679- 2 9.53600- 3 9.35546- 3 1.16300- 2
LI9-AU-197 102 6379 49 1280 1249 .1.0000- 4  2.0000+ 7 -47.928 * 1y?59.tml-22996fm8mm§,50009:m] ....... 5.72136+ 2 5.82200+ 2 .
90-TH-23277 18 6390 55 861 821775,0000+ 0 '2.0000+ 7 -100.000 # 0.536  5.50765- 0.0 +0
90-TH-232 102 6390 55 1280 1240 1.0000- 4 2.0000+ 7 -1.319 * 19,440 * 1.26367+ 0 1.24700+ O 1.28684+ 0 1.53700+ O
92-U -235 18 6395 53 1280 1240 1.0000- 4 2.0000+ 7 -67.399 * 40.025 * 2.14194+ 0 6.98300- 1 2.50598+ 1 3.50900+ 1 !
_92-U. —23  ...18 6398 54 1280 ..1240 .1.0000- 4 2.00Q0+ 7 = -2.288 * ;-?BSM!M%,QSBG 7W4WNUL992QO:W§N 08885~ 9. ? 4400-.5
92-y 102 639 56 280 1240 .0000- 4 2.0000+ 7 -B6.859 # .8227%71.52124~" ¢ 99900~ 09308+ 0 1300+ 0
94- PU 239 18 6399 52 1280 1240 1.0000- 4 2.0000+ 7 -66.748 * 21.058 * 1.64981+ 0 5.48600- 1 8.98743+ 0 1.08800+ 1 |
3-LI- 6 207 6424 28 1280 1240 1.0000- 4 2.0000+ 7 -1.333 ¢ 1.780 * 3.20979+ 0 3.16700+ 0 1.73119+ 2 1.76200+ 2
L8578 - 10 207 6425 .29 1280 ....1240 1.0000-.4 2.0000+ 7  -1.068 *  1.800 * 5.18335- 1 _5.12800- 1. 2u29ﬁ.9fmgm 2a§3599t"3
21-5C-745777102 6426 46 1280 1240 1.0000- "4 2.0000+ 7 ~-0.726 63.883 % 2.77088< 4.54100-2
22-TI- 46 103 6427 18 369 329 1.6000+ 6 2.0000+ 7 -0.036 0.934
22-T1- 47 28 6428 t*t NO COMPARISON s
.22-T1- 47 103 6428 . 20 351..1.0000-. 4 2.0000+ 7 ~100.000 * 0,002  7.98794-~10 0.0 ..+ 0 .. .
22-T1- 48" 286429 #é+ No coupAﬁtSON ¥y
22-TI- 48 103 6429 22 337 3 2000+ 6 2.0000+ 7 -0.037 0.000
26-FE~ 54 103 6430 30 1280 373 .0000- 4 2.0000+ 7 -100.000 * 3.601 * 1.75750~- 8 0.0 + 0 1.95944- 1 2.03000- 1
_m26—FE—msgmwloamﬁ431mMm33mwm 343 303”m2 9000+ 6 .2.0000+ 7 = -2.040 ‘v””4,906”f“ﬁ,86300~m2mm6 72300~ 2“,2 ?gooo’m%.m1a210907 2
26-FE~"8 102 6432777857 1280 1240 71.0000- 4 2.0000+ 7 -38.958 % 1.784 4 72,86690- 3 .75000- 3 2410~ 2.16200- 1
28-NI- 58 16 6433 24 153 113 1.2400+ 7 2.0000+ 7 -0.025 4.994 * 4.28500- 5 4.48900- S
28-NI- 58 103 6433 38 1280 373 1.0000- 4 2.0000+ 7 -100.000 * 3.641 * 1.29499- 6 0.0 + 0 2.13911- 1 2.21700- 1
.28-NI1- 60 103 6434 34 351 . 311 .2.5000+ 6. .2.0000+ 7  -1.118 %  2.149 * B.04999- 2 7.96000- 2 8.14500- 2 8.32000- 2
29-CU-"6377102 6435 43 1280 12407771.0000~ 477 2.0000+ 7 -0.548 1.802 % 8.32397+°0 '8.47400+ ©
29-CU- 63 107 6435 25 367 327 1.7000+ 6 2.0000+ 7 -39.072 * 135.467 * 5.38668- 2 3.28200- 2 1.53397- 7 3.61200- 7
29-CU~ 16 6436 26 201 161 1.0000+ 7 2.0000+ 7 -0.085 16.053 * 5.41647- 4 6.28600- 4
e, 49-IN- 115m"“5]”6431mm,31mmm 427 ....387 .3.2000+ S5 2.0000+ 7  -0Q.229 B et ee ezt et oL AR £ oot oL oEA st
49-IN-115 " 102 6437 44 1280 1240 71.0000- 4 2.0000+ 7 ~'-5.,18B9 # 2,958 # . 19184+ 2 1.13000+ 2 7.39912-"4 T.61800- 4
53-1 -127 16 6438 27 217 177 9.2000+ 6 2.0000+ 7 -0.071 0.115

16-S - 32 103 6439 **+ NO COMPARISON t#¢

e L s -t~ - o - = - " T T e o - — _ = o 2 T A e o L e e - = " —— e . - ——_— - - T — - ———— " ———

- PER-CENT DIFFERENCE = 100 # ((DATAI-DATA2)/DATA{) AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS
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WRT 8311 N, GAMHMA) 11-NR-23
) £ROSS SECTION
STANDRFD - -2.83 10 1.83 % DIFFERENCES 1
|
L
1
1
1
T SN RUOR DU . —
MESCAL-62 (L. GREENNODD, ANL) ]
1
1
A
1
e I et e DY ottt soramon} rons ]
MESCRL-82 L. AN /S
T —
¥ J— ot onedh, m Y . Sy saaasad - ansed 3
10710 g% 4?07 e® S Y a0 a2 ! P o
1 nev 11-MR-23
wAr 8319 NP 13-AL-27
CRO3S SECTIONS
[ STANPD  THRESHOLO=1.8000 WEY -1.38 10 2.52 2 DIFFERENCES ]
s ]
- :
= -
[ ]
- 4
o ]
o N -
[ MESCAL-62 1..CREENNOOD,ANL) THRESHOLD=1.8000 MEV ¥ b
s ]
E p
F 3
E 3
< . ]
 RESCAL-82 IL. GREENWDOD,ANL) / STANDARD N E
N == l [ )
2 3 Y 3 € 7 8 9 44 2
2 WEV 13-AL-27

1P

108
109
10712
10!

Tl
1?

10?d
108
1079
112
1015
st

1.00

BARNS

RATIO

BARNS

RATLO

AT 6313 (N, ALPHA 13-AL-27
CROSS SECTIONS
E STANDRFD THRESHOLD=3. 2000 MEV -2.29 T0 4.48 % DIFFERENCES E
< ) 3
E RESCAL-82 (L. GREENWOOD,ANL)  THRESHOLD=3. 2000 MEV 3
: 415
3 3
MESCAL-82 (L. GREENNODD,ANL) / STANDRRD '
3 1
, el
u S s 7 8 8 1o 2
3 nev 13-AL-21
WAT 6327 (N, GRMMR) 21-C0-59
e SMOSS SECTIONS —
[snmm -1.53 10 10.F % DIFFERENCES i
] |
[ 1
[ 1
] 1
] 1
J e e ceram-sotutantnd )
| FESTRL-82 1. GREENIORD. AL) !
1 1
| 1
] 1
1 1
] 1
| oterateo} resnd i oand ot  — omwosast oo +totaning ot ]
RESCAL-B2 (L. GREENNODD,ANL) / STRNDRAD
F—t—+—+
|
)
PR} pr—y anaad. anad —y —y p—y | » Setnnadl. ehetamadd.
1019 109 10® 0?7 10f 1S 't 0?2 10?2 ! P 10!
i wEY 27-€0-59

1°
1Y
1079
w12
e
lu-zo

‘U-le
1P

1Y

|648
,urzo
W

1.04
1.02
1.00

J0.98

1.0§

1.00

0.95

BARNS

RATIO

BARRANS

RATIO

€S -



WRT 6327 N, ALPHR)

CROSS SECTIONS

27-CB-58

STRNORFD THRESHOLD=5.5000 MEY

Z0.066 10 0.036 % DIFFERENCES |

—‘\\“——-

3

AESCAL-82 (L.GREEMNOOD,AM)  THRESHOLD=S.8000 MEV
T —
1
1
. . T . fer, . , "
6 s 10 12 1% 16 18 2
5 nev 27-c0-59
WAT 8337 FIssion 23-NP-237
CROSS SECTIONS
[smfﬁ"n o -17.6 10 0.3 7 DIFFERENCES }
{ ]
j 1
1 1
e Do et sos s sutsnet
PESCAL-82 (L. GREENWODD, ANL) 1
] [ !
" osom) e St 4 oand- ottt ternnd- oot e & ond- ol
WESCAL-82 Q.GREENMOOD,ANL) 1/ STRNDARD ]
P i . |
T i - e R AN
el vaad sonsd sl Y ard W annd saedd
1w!t0 409 4ot 67 et 105 w6t 10?2 ! 10!
) 93-NP-237

10!
1
1!
1P
10!
1

.03
.02
01
.00
99
.90
.97

MILLI-BARNS

MILL1-DRAANS

AATIO

BAANS BAANS

AATIO

MAT 6379 (N, GRMMA) 19-AU-197
e - CROS5S SECTIONS
STANDRAD —H7FTB 1.76 % DIFFERENCES j
L 4
= E
L 4
. :

RESCAL-B2 (L. GREENNOOD. ANL

T™rTT"T

S—

bk b

PV S Y

fESCAL-62 (L. CREENNOOD,ANL) / STF

ol

stotrbonsl- - oot
ool oored a3

i

LS. ]
A Crded o | asand e | ey prasy | gy aaanal o | addad -5
1! or? 0?7 1g® S o 03 r? oY P e
7 ueY 79-AU-197
MAT 6390 F1SeION 90-TH-232
£ROSS SECTIONS
STANDRRD  THRESHOLD=S.000D EV -100. TB 0.536 % DIFFERENCES

P e Ty Ty

P P G G G R gy

Ty vy

AESCAL-82 (L.GREENWOOC,ANL)  THRESHOLD

kS, 0000 EV

/_f
o O ]
M [—fn‘/
ot Sotoirn} saant-

FESCAL-82 (L.GREENWDOD,ANL) / STANDRRD |
] - 3
H , Y T — .1
105 wt 103 1072 1ot 1P 10t
s wEY . 908-TH-232

BRANS

RATIO

BRRNS

BRANY

RATIA



MAT 6390 (N, GAMNAY 90-1H-232
_CAOSS SECTIONS e,
-1.B2 10 1).4 % OIFFERENCES 1
1
1
}\ 1
RESCAL-62 (L. GREENNDOD, ANL) R o - i
1
1
\ 1
1
]
RESCAL-82 (L. GREENNOOD,ANL) / STANDARG T o o
3 3 e 3
PO ansedh oy WY aceaud -'-J..‘ g ol tvanned,
1019 19 4o ar? 1e® 1S e 0?02 ! @ 1o
9 "ev 90-TH-232
MAT 6395 FISS108 92-U 235
CADSS SECTIONS
STANDRAD -67.4 T0|40.0 % DIFFERENCES
! 1
[ 1
i 1
4 1
—————
anmt o sesom —t S 4 rora s tensssnd—t st ecsatan b scisoret
RESCAL-62 . AL
| 1
| 1
[ 1
| 1
L w
PESCRL-82 fL.GREENMDOD,ANL) / ST N - o
i
3 — i S >
1019 40® 16® 10?7 10® 105 w0t 0?2 ! P 1o
10 13 92-U -235

103
12
1o
1P
10!

1073

0.95

DARNS

BARNS

AATIO

BAANS

BARNS

RATIO

MAT 6398 FI1SS10M 92-U -238
CAOSS SECTIONS
I STANDARD -2.p9 TO 1.79|% OIFFERENCES 4
a4 4
Z\MMM |
> -
! beoumnens} ol ] ] itant otesosnd et s osetmmere]- casnt ennd )
| RESCAL-82 (L.GREENWOOD, ANL) 4
L 4
9 4
L 4
PRSI e A S r——
RESCAL-B82 (L.GREENNOO0D,ANL) / S

- — il
1wr'® g% ag? 1w’ w08 165 et e? w2 ag! P o
11 MEV 82-0 -238
MAT 6398 N, GAMMA) 92-0 -238

CRDSS SECTIONS

s "~ -gsl9 1o 1.82

% DIFFERENCES

| AESCAL-62 (L. GREENNOOD, AL I

]
]
F\\
]
]
]

o i ——— satonel- g st e —s-3-s bttt -3-0-o desutban e &

RESCAL-82 (L.GREENNOOD,ANL) / ST
—d
N1
auma_

atutttgd. Aadutetandd aenad. Py Povery 44..‘". wre— g -!A.—A ataad
1010 49 4?0?10 S ' 16?102 ! P o
12 v 92-U 238

1wt

0.8
0.6
o.N
0.2
0.0

BARNS

BARNS

ARTIO

BRANS

BARNS

RATIO

- 66



MAT 8399

F

1SS10M

94 -PYU-239

CADSS SECTIONS
- -y

STANDRRD - "~ -66.7 T0|21.1 % DIFFERENCES
] 1
] |
] 1
| k 1
-
— atond —~— sotsponi) e — atond e !
AESCRL-62 (L. GREENND0D, ANL)
i 1
f !
[ 1
j 3
e
A
S Parar e e e B
AESCAL-62 (L. GREEMMDOD,ANL) / S
] WA
FE_—
possee Y anttedl -y JP—y - aand -'-._l amted. ntantl,
1'% 4109 10® 107 0?10 et 0?2 10?2 ! P e
13 3 ay-PU-239
MAT By WE-4 PRODUCTION 1-L1-8
CMOSS SECTIONS ‘
STANIRFD -1.33 T0 1.78 X DIFFERENCES |
] A
[ 1
] |
| 1
j 1
ettt +414 00t 1o -0l ottt -2+t b o wos
RESCAL-62 (L. GREENWOOD, ANL)
1 1
j 1
] 1
j 1
] 1
00 -l -3t A bttt +1-0 bt +brrot
RESCAL-B2 L. GREENWOOD,ANL) / STANDRRD
y -
A.ll]7 A J
-
1)
— . Ty ... SO
1010 4g® 4?47 40® 105 w0t 0?1021t P e
" nEY 3-L1-8

1.03
1.02
1.01
1.00
0.99
0.90
0.9?

BAANS

BAANS

RATIO

AATIOo

AT 6425 HE-4 PRODUCTON S-8 -10
— - CROSS_SECTIONS
. ST -1.07 10 1.80 % DIFFERENCES ]
] 1
J 1
1 1
] |
1
e e L S I DU O NS O S-S S
[ RESCAL-82 (L. GREENNO00, ANL) ]
| 1
] 1
] 1
4 1
| 1
A P AR e S Gt SRR o, PG aweot B B aehac B aen s Bn e Be e
RESCAL-82 (L. GREENWDOD, ANL) / STANDRRD
T« A ST TS &9
1w 169 w? 7 10® 1S et 1?02 et @ o
15 =3 5-8 -10
WAT 6426 N, GAMMA) 21-5C4S
TAOSS SECTIONS
| STORD -0.726 10 83.3 % DIFFERENCES J
[ 1
| 1
1 3
| |
O e, DY VUM BT e SR v
[ FESCRL-82 (L. GREENHOND. AL ]
r |
| 1
j 1
] 1
y 1
RESCRL-82 fL.GREENNOOD.ANL) / STRDRRD =
n.
et i T ... -
169 109 10® 10?7 10® 1S et w03 0?2 el P el
18 3] 21-3C4S

10°

108
12
10!
1P
w!
10°
18
10°
12
10!
1P
10!
1.03
1.02
1.01
1.00
0.99
0.98
0.97

BAANS

BARANS

RATIO

BRRNS

BARNS

RRATIAO

- 9%



MAT 6y28 N P) 22-T141
CROSS SECTIONS

STANDRFD S T -100. 10 0.002 % DIFFERENCES

ASAASRAREERARERRE AL
Atanaaasdiaiiaiasidal

oy enntnnd- gy WPy Y aned JU—| —oserd —

MESCRL-82 (L.GREENWOOD,AM)  THRESHOLD=B0D. 00 KEV

Adaadddddtiiaaasa ey

\SARAAANAARASR S S LA,

antesel sooted Y somnb popenry sl

oottt st et
PESCAL-62 (L. CREENNDOD,AN) / STANDRRD

10019 40?1?07 108 1S Y 102 0?2 ! P o
17 ey 22-T1417

MRT 6430 N, P} 28-FE-SW
CROSS SECTIONS

-100. T0 3.60 2 DIFFERENCES

Addiatiaet et it il

PESCAL-82 0L.GREENWDOD,ANL)  THRESHOLD=475.00 KEV

¥ RESCAL (L. GREENNDOD, ANL} / STRMORRD

3 e - RETTIPETU T, ..x WOTTS &
o"° 10?0?07 0% 10 it 10?02 ! P e
18 MEVY 26-FE-5¢

1P
1Y
108
112
T
1020

1°
14
108
1012
11®
1020

0.4

0.0

RATIO

_ﬁ_ﬁ_,_q

PO U S P

RATIO

AT BY3L . P 26-FE-58
CROSS SECTIONS
[ STANORD  THRESHDLD=2.9000 HEY -2.04 T0 4.01 % OIFFERENCES 1
i i
- 1
L 4
H 4 .
- AESCAL-B2 (L.CREENMOOD.ANL)  THRESHOLD=2.9000 MEV J ]
! — ]
d -
L 4
o <
| PESCRL-82 1. TEENO0, ML) 7 STROWD ' 1

3 [} S 6 7 8
19 MEY
MAT 8432 (N, BANNA)
CROSS SECTIONS
STANDARD

vy vy vy

1ot

20-FE-56

26-FE-56

-39.0 10 1.78 lBlFFEHENCES |

ey

2

!
|
1
|

oA
i
|
i

mm-az L. GREENWOOD, ANL}

——— R .- 2
1010 10? 108 ar? 0% 105 10t 10?02 ! P o
20 nEY 26-FE-58

10!
1P
1!

40.7
0.8

0.5

BARNS

RATIO

BARNS

RATIO



MAT 6433 (N, 2N} 28-41-58
(CROSS SECTIONS
rsmm THRESHOL D=12.400 MEY -0.025 T8 4.99 2 DIFFERENCES 1
] 1
’ !
| ]
rﬁxﬂ.-& ., GREENMO0D,AL)  THRESHOLD=12.800 MEY ) '.!
] 1
] 1
i 1
k- 4 4 } !
RESCAL-B2 L, GREENWOOD, AN) / STRNORRD
T 1% T 20
21 MEY 26-N1-58
MAT 6433 ™, P) 28-n1-58
CROSS SECTIONS
STANDARD -100. 7O 3.64 ¥ OIFFERENCES

RESCAL -82 (L. GREENSIOOD, FML)

THRESHOLD=4Y75.00 KEV

4
4
.
p
p
-

../ VRN

w! P 10!
28-N1 58

102

1.02

1.00

MILLI-BRANS

MILLI-BRANS

RATIG

BARNS BRANS

RRTIO

MAT 64N (N, P)

CRUSS SECTIONS

28-N1-80

STANDRRD THRESHOLD=2.5000 MEY

]
4
]
]
{
]
]
J

-1.12 T8 2.15 7 DIFFERENCES

RESCAL-82 (.GREENNNOD.AM.) THRESHOLD=2.5000 MEV

]
J
|
{
J
1
J
]

RESCAL-82 (L.GREENNOOD,ANL) / STANDARD

i

(N, GRMA)
CABSS SECYIONS

20-N1-80

29-CU-83

N

-0.548 Tb 1.80 X% DIFFERENCES

12
10!
i
T

1
1
1
1
] 102

 ——t - osmsgna)
[ RESCAL-82 (L. GREENWO0D, ANL)

Py oy Y Jory

A
Ay

17
10t
1P
ot

1
1
1
1
] 1072

]
]
]
-

SCAL-82 (L. GREENWOOD,ANL) / STANDARD

11.02

1.00

P

29-cU-6)

BARNS

BRANS

RATIO

BRRANS

BARNS

RRTIEB

- 8¢



MAT 8435 (N, RLPHA] 29-cy-83
CAOSS SECTIONS
r:munm THRESHOLD=1. 7000 MEY -39.1 T0 135. 2 DIFFERENCES i
1 1
1 1
] 1
] 1
| 1
J 1
[mm-ea (L.GREENNOOD,AM.)  THAESHOLD=1,7000 HEV ’ 1
| 1
] 1
| 1
] |
1
1
. 1
RESCAL-82 L. GREENMOOD, AM.) / STRNDRRD )
=l. I . N l-ﬂl

2 ’ t s & 1 8 9 g 2

25 weY 29-CU-63

MAT 8436 N, 2W) 29-CU-65

CADSS SECTIONS
STRMORFD  THRESHOLO=10.000 NEY -0.085 T0 16.1 7 OfFFERENCES

] |
J |
[ 1

+ + . + A

MESCAL-62 1L.GAEENMOOD,AMLI  THRESHOLD=10.000 MEV

] 1

[ 1

{a . . . R ]
RESCAL-82 (L.GREENNOOD,ANL) / STANDARD .

I== N N . = .
10 12 iu 18 18 20

26 "y 29-CU-65

1078
2.5

2.0

BAANS

RATLO

BRANS

BRRNS

RATLO

MAT 6437 N, GRMHA) N9-IN-115
CROSS SECTIONS
| STCRRD -5.19 T0 2.96 % DIFFERENCES !
j 1
1 1
] 1
1 1
1 1
] 1
/ 1
s tersnd el et esoomand .t —nd oo teseretand - ]
| PESCRL-82 1L GREENSIOO0D, ANL) o ' 1
j 1
1 1
I 1
1 1
1 1
f |
1 1
e e S ot bttt porsoth s
RESCAL-82 (L.GREENMOOD,RNL) / S
L L .
1 1 1
! LI At
NS

———— — —— et
10601 49 4g® g07 106 1S 0t 10?2 ! P o
21 (3] u9-1N-115

1.0
1.02
1.00
0.98
0.96
0.94

BARNS

BRANS

ARTIO
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RESENDD

The RESENDD code is designed to calculate energy dependent cross
sections from resonance parameters and background cross sections in the
ENDF/B format.

The RESENDD comparison performed in 1981 indicate a problem 1in
representing narrow resonances in the resolved region (e.g.,

Th-fission and capture, 238U-capture and fission, 2 Fe-capture),
the use of the ENDF/B-IV convention of interpolating unresolved
parameters (e.g., 237Np-fission), an error in interpolating cross
sections a la RECENT (e.g., Cu-capture) and a numerical instability
in the code which was used to calculate multigroup constants from the
energy dependent cross sections (e.g., 197Au-capture).

All of the above problems have been eliminated from RESENDD and the
latest RESENDD results agree with our benchmark results.
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DATA1=TIAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.O0)
DOSIMETRY LIBRARY (S.IGARASI,JAERI,1981)

DATA2= RESENDD...

ENDF /B-V

9000
9000

- - — — . o T . - T . " o T = " o = A - T T " 7 T T . — Y - - - - - . - —

TMATERTAL T MT MATT MAT2 POINTY POINT2

ENERGY RANGE (EV)

R

CROSS SECTION (BARNS) AT BOINFE

MINIMUM MAXIMUM PER-CENT DIFFERENCES OF MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2
T1=NAS 2877162 8311 6511 1280 12407 1.0000-""4" 2.0000+ 7 =1.8YBF VU021 ¥ Y B4688- A S UARORT- AT U154 D6 241060
13-AL- 27 103 6313 *** NO COMPARISON **#
1g-ah- gg 1?7 gg;g ::: NO cgaga:rson :::
27-C0- 59 12 6327 ##% §8 coupAn{ggn W :
27-CO- 59 102 6327 *** NDO COMPARISON **»
B3 Np-237 |18 6337 6337 - 280 1240 . 1.0000- 4. 7..-17.250 *  18.273 * 1.15840-2 9.58571-.3 3.29277- 2 3.8944%

. = s 0 000~ 2.0000%+ 7 -17.250 73 % 1.15840- 2 9.58571- 3 3 17-.2.. Y S
T9-AU-197 103 2379 6379 128077 1240 l 000- 4 7 2.0000+ 7 -0.564 2017.479 % ? 32906+ 0 g 30251+
90-TH-232 18 6390 6390 861 1240 1. oooo— 4 2.0000+ 7 -0.529 20.524 * 2.54758- 6 3.07044- 6 ’

WARNING. . .FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL ENERGIES.

_.DATAY 1S ZERD AT 557 ENERGIES WHERE DATA2 IS NON-ZE RO . i eoeeseeseeeeeseseeeeeeeereeessereseseeemsemessmeesee s 4141420133 eseetemereroee oo L1 e 220 ee e eeeeseererereestesseeeeeemsesessoeseoreorencs

TFIRST OCCURRENCE AT 1.00000- 4 EV.
90-TH-232 102 6390 6390 1280 1240 1 0000- 4 2.0000+ 7 -0.624 11.743 * 1.14930+ 0 1.28426+ 0
92—~ u -235 18 6395 6395 1280 1240 1.0000- 4 2.0000+ 7 -1.582 * 1.788 * 1.56412+ 1 1.53937+ 1 2.48513+ 1 2.52956+ 1

“m92 mmw35“539§m6398 .]280 - 1240mm}[0000—m4u.Z,OOOOtm?“m“:o.ésa m5287&039“!WWmmmmmemmmwmmmmmmmmmmmalgoJaAr 6 laIZQS.fHAQx .....

2-U° 23 102 6398 6398 280 1240 .0000- 4" 2.0000+ 7 -0.761 '5488.309 # 7.96262+ 0 .44976+ 2~
94 PU-239 18 6399 6399 1280 1240 1.0000- 4 2.0000+ 7 -0.882 1.936 * 3.03207+ 0 3.09076+ O,
ST 8 207 saa 1110 cowmnisan 1

3B =~ 10..207. 6425 ) P B i ip e e et £ A oL <o et oAt S oEoER: - eoereroere 12" 1rReAR S et eere e te Heeeereo s L2 oA Te s e e e 1L L s eoee s 1ot Rt s et emte et r e ee e eeeese e s e s e ee e ae e eeron
21-2C— 5 102 8426 6426 1280 1240 1.0000- 4 2.0000+ 7 -0.747 0.968
22-TI~ 46 103 6427 *** NO COMPARISON #**

331147 83 B8R 111 NS COMARISON 1o

.22=T1- 47 103 6428 *** NQ | P o e e e e e e e e s e i e s e eeam e e ettt see oo e e ees e es e b ea s eee e eetma e Seemeesrsaeeespatre s rme e
22-T1<748 gg 6420 *¥¥ 'NO COMPARISON ##3#
22-TI- 48 103 6429 *** NO COMPARISON s**
7EEs 58 103 BA% it N8 GRRARISEN 1
26-FE<~ 58 102 64326432 1280 1240 {.0000- 4 2.0000+ T -0.274 1556587 ¥ ' : BUA008Y- 1 118622+ 0
28~-NI- 58 16 6433 *** NO COMPARISON ***
2B-NIs 20 103 6432 ses NO COMPARION aia
. -.60 103 6434 *** NO COMPARISON ®*% i e R e i eeesee e oprseee e e eeee e et e e eeeeee e e s e g R R - pace o AR AR AR SR 3k e oo
29-CU-"63 102 6435 6435 1280 1240 1.0000- 4 2.0000+ T -0.03%9 94 002 ¢ 1.07784= 9 "5.06103- 2
29-CU- 63 107 643% 6435 367 327 1.7000+ 6 2.0000+ 7 -0.856 0.889
29-CU- 65 16 6436 *** NO COMPARISON #**#

.............. 49-1IN-11%5 . .51 6437 6437 427 . 387 3.2000+ 5 2.0000+ 7.  -0.823 ... 0.920. e e 2o e AR R RS e e e e erenetie
49-IN-115 102 6437 6437 1280 1240 1.0000-"4 2.0000+ 7 -0.8a7 1.045 # 8.88480- 48.97761-" 4
53-1 -127 16 6438 *** NO COMPARISON *%%

16-S - 32 103 6439 *** NO COMPARISON #***

e = s . s A ————— . s - —— " T T o = = . T T = A= s T dmn o T U T o " A - = e e o = = A A Y - — —— = ——— - ——
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TPER-CENT DIFFERENCE = AT EACH ENERGY POINT —

100 *+ ((DATAT-DATA2)/DATAT)
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS
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MAT 6390 (N, GRMMA) 90-TH-232
CABSS SECTIONS
STANDRAD o -0.624 10 1].17 % DIFFERENCES i
1
1
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1
1
bt o 4ebt00m - bttt - abes s PO TORSII N I E—
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- nasmn -t —— SOV I IS
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1 ¥
———
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1
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-
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1
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MAT 6398 F1SS1ON 92-U -238
CABSS SECTIONS
[ sTANORAD -0.46B 10 5287 [z DIFFERENCES -
b g
- -4
L p
ottottin—+—t-+-botmisane}- — tentmel- essen-  — otta——t-ososmmtsnl i) otnd-
L RESENDD-81 (5. IGRRRST, JRERT) 4
b -4
1 ]
L Aotetiont) e} S ——— o) oo oven osond ] sonl watnd- )
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109 r? ge® ae? 108 1S et 1w? 10?2 ge! i el
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NAT 6398 (N, GRRNR) 92-u -298
CHISS SECTIONS
[smum ~0.7B1 TO SW8B 2 OIFFERENCES
1 1
4 3
i \!
ittt ot b tctsmn ot s B
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] 1
J 1
] |
] 1
1 1
v s som st — e o S
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3 il | anndh LUK S [ - Py E
110 4¢?  rf 4?08 105 1t ?d 10?2 el P e
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1P
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\ U'a
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3.0
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1.0

3.0
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1.0
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BARNS

BARNS

RATIO
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WRT 8399 F1SS10N 94-PU-239
CROSS SECTIONS —
STAORD o -0.882 T0{1.94 % DIFFERENCES
j 1
1 1
[ 1
r b\"\'&\ ]
Y e
bt ottt SOFREIA S TN S IR, v weernemerBUwaEr
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1 1
| 1
] 1
| M !
M’
| o tanm e s etare, e B L Rt e S SR
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- B -

e i LW e
1019 40 r® g’ 10® 165 et 1?0?21
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WAT 6492 N, GRmwe) 26-FE-58

CROSS SECTIONS
STANDRFD -0.27% T8 125. % [DIFFERENCES
1 1
[ 1
[ 1
[ 1
R DU Bewr R RSTSBTRES DR S DTSRI P ——
RESENDD-81 (5. [GARRS], JRERT}
] 1
i 1
] 1
| ]
T U S UTRO IV SO WP Eoswo-
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e e e - - e
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MAT 8435 (N, GAMMA) 29-CU-63
CROSS SECTIONS
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0.99
0.90
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BARNS

RATIO
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FEDGROUP-3

The FEDGROUP-3 code is designed to generate complete multigroup data
sets for use in applications.

FEDGROUP-3 results have been submitted for only a portion of the
ENDF/B-V dosimetry library. Comparison of the initial FEDGROUP-3 results
performed in 1982 indicate large differences 1in the resolved resonance
region (e.g., 23Na-capture, 59co-capture, 232Th-capture and
fission) as well as in the unresolved region (e.g., 23%U-fission). 1In
addition surprisingly large differences were found even at higher
energies where the original evaluated data are tabulated (e.g.,

9Co—capture and 232Th-figsion) which appear to be due to
interpolation.

The latest FEDGROUP-3 comparison performed in 1983 were also only for
a portion of the ENDF/B-V dosimetry library. The latest results show
improvement in the resolved resonance region treatment as well as at
higher energies where the cross section is tabulated. The 235y-~fission
results also indicate an improvement in the wunresolved resonance
treatment. The 237Np-fission results indicate that FEDGROUP-3 is still
using the ENDF/B-IV convention of interpolating unresolved parameters.



T COMPARTSON OF "EVALUATED DATA (PROGRAM COMPLOT B4-2)
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....... BATATSS TANDARD oo TR TR IR A IR SR AT ne T
DATA2=FEDGROUP-3-82 (P.VERTES,KFKI)
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e o e e e i . e i 2 o e o e 0 e e 2 o 1 . it o o ot 5 T m 1om S B 1 . . . . . e o . e e S . T o T . . T M 1 . M . o om0 i b o T W e ot T o o o o e o

DATA1=1AEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2=FEDGROUP-3 ENDF/B-V DOSIMETRY LIBRARY (VERTES,BUDAPEST, 1982) 9000
“““““““““ MATERTAL “MT MATY MAT2 POINTI BOINT2  ENERGY RANGE“(Ev) T MAXTMUM
MINIMU MAXIMUM PER-CENT OIFFERENCES OF MAXIMUM PER-CENT OIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2
T1-NA-"23 102 831163111280 12490 "1.0000-"4 "2.0000+ 7 21,979 + 713,001 ¢ 2.8B6H42-74 9 . 06170=- 4 3 5A6BB-"4 4 00B060- 4
13-AL- 27 103 6313 6313 365 325 1.8000+ 6 2.0000+ 7 -0.086 0.098
13-AL- 27 107 6313 6313 337 297 3.2000+ 6 2.0000+ 7 -0.034 0.160
. 25-MN- 55 .16 6325 6325 193 53 104004 7 2. 00004 7 0. 073 0. 0 oo eeeee e eessemeeee et eerees oo eee st ee et eeerereeeroo
27-CO- 6977 16 6327 **+ NO COMPARISON i
27-CO- 59 102 6327 6327 1280 1240 1.0000- 4 2.0000+ 7 -58.796 * 187.518 * 8.20313- 3 3.38000- 3 5.46852- 2 1.57230- 1

27-CO- 59 107 6327 *** NO COMPARISON ***
_____________ 93-NP-237 .18 6337 *** NO COMPARISON **%t B e e e et e e eeeee e eteareee e LA e erer s APt e e AL eeet oo et r e e eeeeeenevereeeneerneenens
79-AU-197 10 6379 ##¥ NO COMPARISON #+#
90-TH-232 18 6390 6390 861 821 5.0000+ 0 2.0000+ 7 -30.733 * 63.065 * 3.61400- 1 2.50330- 1 3.25753- 3 5.31190- 3
WARNING. . .FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL ENERGIES.
ﬂmmD.TA4 15 ZERQ. AT 2_ENERGIES WHERE DATA2 IS NON-ZERO. . e e s e e et oo ee e e et eee
FIRS ocCuneeNce AT 4.75000+ 5 EV.
90-TH-232 102 6390 6390 1280 1240 1.0000- 4 2.0000+ 7 -23.407 * 31.454 * 3.82500- 1 2.92970- .
92 U -235 18 6395 6395 1280 1240 1.0000- 4 2.0000+ 7 -13.103 * 20.012 * 3.24452+ 1 2.81940+ '
.92-V 23 .18 6398 1t NO COMPARISON "'mmmmmm"mmﬂm“”um.m”mwmmm_um“”m”_mu”“mmmw”mmmmmm_mmmmmmmmmmMNWmMmWNMMmmmWmmWMmmmmmmmmmmmmmoL
92 102 6398 #%# NO COMPARISON ### o
94- PU 239 18 6399 *** COMPARISON %1%
3~LI- 6 207 6424 6424 1280 1240 1.0000- 4 2.0000+ 7 ~0.072 0.1 !
L.9-B - 10207 6425 6425 1280 1240 1.0000- 4 2.0000+ 7 -~0.090 0.1
P1-SC-"45 7102 6426 **+ COMPARTSON ¥4+
22-TI- 46 103 6427 *%¢ COMPARISON %+##
22-TI- 47 28 6428 **» COMPARISON **#
22-T1= 47 103 6428 2t NO COMPARIQON 2% e e
22-T1-"48" 28 6429 ¥+ COMPARISON ##3%
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- —h

22- Tl— 48 103 6429 *** COMPARISON #*##
26-FE- 54 103 6430 **# COMPARISON t**

. 26-FE- 56 103 6431 *** NO COMPARIS ON”?S?mmmm”m“", ..... e e e e e et e et es e oot r e e oottt s r et e eee et roneerees
26-FE-'§ 102 6432 '### COMPAR1 ted
28-NI- 58 16 6433 **» COMPARISON et
28-NI1- 68 103 6433 =2 COMPARISON *##

"m2§1NL:m§Qmmloau643§m#'* VCOMPAR{SONM?thH,“m“mmﬂ,,mA“m,,mm ........................................................................................................................................................................................
29-CU- 63 02 6435 ¥4+ COMPARISON ###
29-CU- 63 107 6435 *x2 COMPARISON #*#1*
29-CU- 65 16 6436 *** COMPARISON #*%

.............. 49-IN-115.....5) 6437 *»» MR AR LS ON. E e

49 IN-115777102 6437 ##%"
53-1 -127 16 6438 *22 COMPARISON **%
16-S - 32 103 6439 22 COMPARISON #**
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""PER-CENT DIFFERENCE =100 ¥ ((DATA1 DATA2)/DATAT) AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS
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FEDGROUP-C

FEDGROUP-C is designed to generate complete multigroup data sets for
use in applications.

The initial FEDGROUP-C comparisons performed in 1982 were for only a
few reactions., The initial comparisons indicated that FEDGROUP-C was
still wusing the ENDF/B-IV convention of interpolating unresolved
parameters (e.g., 237Np-fission) and that it had a problem in
calculating fluctuation integrals (e.g., 232Th-capture). The
232Th-fission results indicated some problem in representing narrow
resonances in the resolved region. The 63Cu-capture results indicate a
problem in selection of the energy grid in the resolved region,
particularly in extending the grid a 1long distance from isolated
resonances,

The latest FEGROUP-C results are for the entire ENDF/B-V dosimetry
library. All of the problems described above have been eliminated and
the latest FEDGROUP-C results agree with the benchmark results.
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NJOY

The NJOY system is designed to calculate complete multigroup data
sets for use in applications.

The 1initial NJOY comparisons performed in 1981 showed excellent
agreement in the resolved resonance region (the best initial results
submitted by any participating code). The unresolved results for

37Np-fission indicated that NJOY was still wusing the ENDF/B-IV
convention of interpolating unresolved parameters and the 232U-fission
and 239py-fission results indicated some problem in calculating
fluctuation integrals. The only other observed differences were due to
the NJOY convention of assuming that small cross sections (10”9 to
107® barns) are linearly interpolable (e.g. 2%Fe (n,p), 2%Fe(n,p),
60Ni(n,p), ©3cu(n,alpha)) and treating ver; small cross sections
(less than 102 barns) as zero (e.g. ’Al(n,alpha), 47Ti(a,p),
54Fe(n,p), 38Ni(n,p)).

The latest NJOY results performed in 1984 indicate that in the
unresolved resonance region NJOY is now wusing an improved method
calculating fluctuation integrals (e.g. 235y and 239pu fission) and a
modified interpolation scheme. Where the parameters are given at closely
spaced energies NJOY is interpolating cross sections (e.g. 237Np-fission
below 5 KeV) and where parameters are given at widely spaced energies
NJOY is first interpolating parameters to a fine energy grid and then
interpolate cross sections to a finer energy grid (e.g. 23/Np-fission 5
to 40 KeV). As pointed out earlier in this work the differences obtained
in the unresolved resonance region by various codes are due to the
uncertainty introduced by the change in ENDF/B conventions between
ENDF/B~IV and V, rather than due to errors 1in the cross section
processing codes. As such, as yet it is not possible to say which codes
are generating the most consistent and physically reliable results.
However, it should be mentioned that the unresolved resonance treatment
as seen 1in the latest NJOY results corresponds to the method recently
recommended by the Cross Section Evaluation Working Group (CSEWG).

Small cross sections (107® to 1079 barns) are now interpolated
using the ENDF/B interpolation law (e.g., 2%Fe(n,p), I6Fe(n,p),
60Ni(n,p), ©3cu(n,alpha)) yielding results which agree with the
benchmark results. For practical reasons, as explained earlier, NJOY
will continue to treat very small cross sections as equal to zero.
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" —— - e 1 ot > - —— 1 — " (T s - " o o = T e =8 " - —— - = - — A T —— — T s st D T T = i Y B " e T -

- = T = o o et e S o . o o T . =~ o > A = i T " . " ——— . o |  — ———  — —_ - ——— " " - - = — . " - > o

PER-CENT DIFFERENCE = 100 * ((DATA1-DATA2)/DATA1) AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS
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ILELE] N,P) 13-AL-21
CADSS SECTIONS
[ STANDAD THRESHOLD=1. 8000 MEV -100. 18 32.0 % DIFFERENCES ]
[ ]
- -
: ]
E NJOY-81 (R.MACFRALAME,LAML)  THRESMOLD=2. 10D0 MEY N ]
: :
[ ]
: ]
5 -+
E ) ]
E NJOY-81 (A.NACFARLANE,LANL) / STRNDRAD ’ E
wrireT .

] 3 € 1 8 9 g 2

1 nEY 13-AL-27

WAT 6313 N, ALPHA) 13-AL-21

CAE3S SECTIONS

E STRMORAD  THAESHOLD=3. 2000 MEY -100. T8 5.79 % DIFFERENCES J
3 E
3 3
E NJOY-8] (N.WCFRRLANE,LAM)  THRESHOLD=W.3000 MEY 3
NJOY-81 (R.MACFRRALANE,LAM.) / STRANDARD ) E
it . :
q S [ 7 8 9 1& 2

2 wey 13-AL-27

.S

0.0

1Y
107
112

RAATIO

ARTIE

WAT 6337 FIssion 93-uP-231
CABSS SECTIONS

STANDRFRD -17.4 10 8.7 % DIFFERENCES
]
i A

S DU ot —oitotraeil- 000 ttoriattt] oot et B s, RS
NJOY-81 (N, NACFARLANE, LANL) | 1
1
|
'

A
| |

ot B s e B e RV Y RUPRE B o bttt
| WJOY-81 (N WACFFRLANE, LAM.) 1/ STRAGRARD H ]

10010 459 ge? a0’ 10® 105 Y w0 1?2 we! P g

3 neY 93-NP-237

WAT 8395 Frssiow . 92-U 235
_ChOSS SECTIONS

STRNORRD <1.91 T0[2.27 Z DIFFERENCES

e
NJOY-81 (A.MACFRALANE, LANL)

ot —o-00 utetttt—otesattonsi:

HJOY-81 (M. MACFARLANE,LANL) / STRNDRRD

BAANS

ARTIEG

BARNS

ARTIO



MAT 6398 F1ssion 92-U -239
CAOSS SECTIONS

A v oy ———r— ooy iy oy e —r reny
- STANDRAD -100. 7O 0.055|7% DIFFERENCES
}. E
L J
- -5
E\ | ]
[ ]
! e o G ¢ S — e E——— R TR R ]
L MJBY-8) (R, MACFRRALANE, LANL) 4
o 4
L ]
L ]
" /\.—J b
L\ ]
L .
: 1
P e IR ot St e o L B oo

WIOY-31 (R, NACFARLANELANL) / S
E, g -l 2 hvamatedd — o 1 ased . 2]
1r!® 1o® 0® ar? 1e® e a0t ard g2 gt P o
3 [ 1] 92-u -238
nar 8398 N, GRMPA) 92-u -238
ChOSS SECTIONS

| STANDARD -0.105 10 1,29 |% DIFFERENCES 1
] 1
J 1
r —— ,
§ |
] 1

—— o M e S S 4 s woa)- acamtnd
[m-m . MRCF APRLANE , LRI} 1
] 1
] 1
I \-\\ 1
4 1
1 ]

bt ot bttt oot e S ST PERE SR Pt
rnm-el (A, NACFARLANE, LANL) / STRNDARD

|
- - — et

100 4g? g8 g7 4e® 105 w0t 0?12 et P 1o
6 nEY 92-y -238

1P
108
1wt
158
1078
110
1P
1072
1o
10°8
108
T

1.02

BRANS

BRANS

RATIG

ARTIAG

AT 5399 FISSION 94 -PU-239
CADSS SECTIONS
STANDRAD o -0.B46 T0[2.31 7 DIFFERENCES
[ i
1
[ 1 103
[ 1 12
10!
| 1
e sesnrm s snnt s sos ot st e 1P
NJOY-81 (A, MACFARLANE, LANL) &
1
1 |
' 1 163
1?
i 1
1ot
| 1
_
bata - bbbt s BUPR-RTION S SENPIIY oo i s SO l‘%u
E NJOY-81 (R.NACERALANE, LANL) / STRNDARD 1"
3 {102
_d1
o d1.00
1 fo.08
ey el asnadd. P | wowew | n
10! 4e® o ae? 10® 10 et 1e? ae?2 1! @ e
7 mEy 9 -PU-239
HAT 8428 MNP 22-1147
CADSS SECTIONS
STANDRAD THRESHOLD=10.600 MEY -40.8 T0 0.223 % DIFFERENCES P
i {1
o
r 1
1P
] 1 .
1o
J ] "
10
. . . . R
NJOT-8] (R.MACFARLANE,LANL) THRESHOLDe10.600 MEY ?
1
]
s {
1P
1 1 .
1
j 1
1072
rl" " N 2 " "
NIOY-81 . WCTARLANE LANL) / STRORD ' ' 4.0
0.9
0.9
Jo.?
Jo.5
J=" == " . . Jo.5
12 T 16 18 20

MEV

22-1147

BARNS BARNS

RATIO

MILL[~BRANS

MILLI-BARANS

RATIG

Le



mAT 6420 N,P) 22-1141
CROSS SECTIONS

f —— o ——y —y -y ~ voy - vy

STANDRAD -100. 10 0.0 X DIFFERENCES

Al ddaddad i Al2addy

THRESHOLD=B40. 00 KEV

NJOY-81 B.NACFARLANE, LANL)

ALAALAAA AL AR AL A ddy

vr e I T e B e tersont
NJIOY-81 (R.NACFFRLANE,LANL) / STRADRAD
e e e e et T R &
1019 40? 40® 10? 10® S et 0? 10? ae! al® ge!
9 wev 22-1141
HAT 6429 W.N") P 22-1140
CNOSS SECT [ONS
| STROFO  THAESHOLO-11.600 WEY ~10.9 10 0.22) % DIFFERENCES |
| |
y 1
[ 3
]
!uum'-al (.WACFARLANE,LAML)  THRESHOLD=11.600 MEVY j '1
j 1
] 1
| 1
j L
e 4 + + +
. MIIY-B1 (R MACFARLANE 1ON1 / STAMOARD 3
L 3
F. == \ \ .
12 14 18 18 2
22-T149

10 MNEV

w2

0.0

ARTIO

MILLI-BAMNS

MILLI-BRANS

RATIO

AT 6429 (N, P) 22-T1-48
CTRDSS SECTIONS
[ STANDRRD  THRESHOLD=3. 2000 MEY ~100. T0 0.0 % DIFFERENCES |
i 1
b -
[ , 1
[ NJOY-81 (R.MACFARLANE,LANL) THRESHOLD=3.3000 MEV ]
- -
MJOY-81 (R MACFARLANE,LANL) / STRNDARD )
o . =
3 s 3 T 6 8 g 3
1 ey 22-T1-48
WAT 6430 N, P) 26-FE-5
CHBSS SECTIONS
[ STRORFO -100. T0 101. % DIFFERENCES ]
3 ]
s ]
s eonlntrtoto s eistres-+ 2t --abmbrtf s oo . ot oot eserromm et sereatot]
' WJ0Y-61 (R.WACFARLANE,LAL1  THRESHOLD=27.000 KEV o R
L 3
NJOY-81  (R.NACFARLANE, LANL) / STRNDARD
ot i et i - tET
Tl T LT T LAY S A A LAl L T T T
12 Y 26-FE-50

0.5
0.0
-0.5

BARNS

BRANS

AATIO

BAANS

BAANS

ARTIO

- 8L

...gL—



MAT Bu31 N, P) 26-FE-56
CRUSS SECTIONS
[ STANDRAD THRESHOLD=2.9000 MEY -0.087 T0 B73. % OIFFERENCES 7
3 4
- :
N -
NJOY-B]1 (R.MACFRRLANE,LAML) THRESHOLD=2.3000 MEY ' 1
3 4
- y
H:i LLANL) / STRNDRAD )
3 3 5 [] 1 ] -] IO’ 2
13 nEY 26-FE-56
MAT 8433 o.2% 20-N1-59

CROSS SECTIONS

| STANDRFD  THRESHOLO=12, 400 MEY -1.3% 70 0.0 X OIFFERENCES 4
J—/, !
w8t @ WACFARLANE, LA} THRESHOLD=12.400 MEY ’ 1
1
1
1
E NJOY-81 (B, WAL, W) 7 SRR ' g
il .
L= .\ 4 . . k
19 18 18 20

1 mev 28-N1-58

3.0
2.5
2.0
1.8
1.0
0.5

R

BAANS BARNS

RATIO

MILL1-BARNS

MILLI-BRANS

AART10

NJOY-81 (R, MACFARLANE, LANL)

THRESHOL D=360.00 EV

MAT 6433 28-N1-58
; CRBSS SECTIUNS
STANORRD -100. 10 22.3 % DIFFERENCES

10-15

0.4

3.0

§2.5

42.0

A

F NOY-81 M. MACFARLANE,LANL) / STRORO o o -
b1 3

100!% 0® 4o 4?7 1e® 1S Y 1ed 10? e! P add

15 MEV 28-N]1-58

NAT GUN - NP 28-N1-60

CAOSS SECTIONS

[ STANDAFRD THAESHOLD=2.5000 NEV -0.081 T0 u73. % DIFFERENCES
1 1
i |
i L
f 1
| L
1 Y
] 1
j NJOY-B1 B.MACFARLANE,LFML)  THAESHOLD2.5000 MEV J 1
§ 1
| 1
] 1
] 1
1 1
| |
] 1

NJOY-81] (. ARCFAALANE. LANLS /7 STRNORRD N

= R N == ;
3 4 3 & TTTE Y g 2

16 nEY 28-N1-60

1.5
1.0
0.5

BARNS

BARANS

RATIO

BARNS

BAANS

RATIA

- 6L
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MAT 6435 (N, ALPHR) 29-CU-63
CRB5S SECTIONS
[smmm THRESHOLO=1.7000 MEY -0.077 TO 8.94 % DIFFERENCES :
—_—_
J 1
1 1
] |
[ |
i 1
| |
"y 1 1
rn.u('nr-m (R.NACFARLANE, LANL) THRESHOLD=1.7000 MEV '
, —!
1 1
] 1
1 1
1 1
1 3
] 1
b NJOY-81 (R.MACFARLANE, LRNL) / STRNDARD ' g
] g
4 mris N : L_._‘
2 3 m 3 8 1 8 9 4 2
17 MEV 29-CU-63
MAT 6437 336.000 KEV (N,N*) LEVEL 49-1IN~115
CROSS SECTIONS
; STANDARD  THRESHOLD=320.00 KEV -0.062 T8 2.51 % OIFFERENCES 4
[ \—1
{ 1
] 1
j 1
1 1
] 1
{ ) 1
[u.m-ax (R.MACFARLANE. LANL) THRESHOLD=320.00 KEV ) b
] \1
] L
] 1
f L
[ 1
| L
{ . ) 1
E NJOY-81 (R.MACFARLANE,LANL) / STANDRRD ' 3
R 3
3 ]‘5‘.‘-” - |'-'.“.'-" . k
U 5 6 788,p 2 3 U5 6 78 9, 2
18 MEV N9-IN-115

1P

1072
1074
1076

10-8

10°

1072
1074
1076

1078
1.10
1.08

41.06
J1.04

0.98

R

3
n

10

—
ol
=

-
S,
o

108

%

102
1074
1076

1078
1.04

11.02

i1.00

0.99

BRARNS

BARNS

RATIC

BARNS

BRARNS

RATIO
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DATA IDENTIFICATIONS

e e e e e e e e e o o = T e e i A - —— - -~ T —— T o o i A . o o e U WD B - = A - s " " - = . — - - - - -

DATAT=STANDARD
DATA2=NJOY-84 (R MACFARLANE , LANL)

—_-———-———__.__.—-__—_....--—__---——_—-._..——-—..__..__..____-_‘———-_-__-—___-..___.._____..___...—_.._-__..____———-.__---..———-.._——-___---———_-_-¢——

wnENDE /B U TAPE, LABELS | oot 0o e e et e et R e e e e

o e e e o e o e o o e e i i o o n n  a. n o o i . s o 1 0 o o 2 o 20 e e o e e e L L L L L L L L L L L L L L L L e A R L L AL L AL LIl

DATA1=IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2= ENDF/B-V, MOD. 1 DOSIMETRY - NJOY 640 GROUPS (MACFARLANE LANL) 1
MATERTAL "MT MATY WMAYZ POINTI POINT2  ENERGY RANGE (£V) " MAX TMUM cnoss SECTION (BARNSY AT POINTS
MINIMUM  WMAXIMUM PER-CENT DIFFERENCES MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2
TI-NA= 29771026391 6311 1280 1280 1. 0000~ 4 T2.0000+ 7 -0.146 H.004
13-AL- 27 103 6313 6313 365 359 1.8000+ 6 2.0000+ 7 -100.000 * 0.074 4.81401-11 0.0 +0
13-AL- 27 107 6313 6313 337 315 3.2000+ 6 2.0000+ 7 -100.000 * 0.006 4.72629-10 0.0 +0
5-MN- 55 ‘g 325.6325. .. ]93 93..1-0400+ 7 2.0000+ 7 . -0.080 . 0.082 e .
27-C0-"59 327 6327 8 89771.0600+ 7 2.0000+ 7 -0.153 0.000
27-CO- 59 102 6327 6327 1280 1280 1.0000- 4 2.0000+ 7 -0.240 0.076
27-CO- 59 107 6327 6327 291 291 5.5000+ 6 2.0000+ 7 -0.000 0.042
..93-NP- 237mmw18mggazm§331mmm.Zsoumulzaqmwl.oooot.4 2.0000+ 7 -17.376 * 0.121 1.15679- 2 9.55786-.3 . ... ..
79-AU-197 102 63796379 280 1280 '1.0000- 4 '2.0000+ 7 -0.064 0.080
90-TH-232 18 6390 6390 861 677 5.0000+ 0 2.0000+ 7 -0.176 0.060
90-TH-232 102 6390 6390 1280 1280 1.0000- 4 2.0000+ 7 -0.153 0.059
92-U. -23 .......18.6395 6395 ...1280 . 1280 .1.0000- 4 2.0000+ 7 -0.322 0 e OB it oeesee e seoseeaeeseeeee s e eseeeeeeeerene et oo eeeereereeee
)2-U 18 6398 6398 280 1270 71.0000- 4 "2.0000+ 7 -100.000 * 0.049 9 39702-10 0.0 +0
92— 238 102 6398 6398 1280 1280 1.0000- 4 2.0000+ 7 -0.124 0.073
04- PU 239 18 6399 6399 1280 1280 1.0000- 4 2.0000+ 7 -0.098 0.124 !
3 LI- ,9...207 6424 6424 1280 . 1280 1.0000- 4 2.0000+ 7  -0.074 .. 0.090Q . ®.......
5= 1077207 6425 6425 280 1280771.0000- 4 '2.0000+ 7 -0.090 0.053 =
21—sc- 45 102 6426 6426 1280 1280 1.0000- 4 2.0000+ 7 -0.094 0.084 |
22-TI- 46 103 6427 6427 369 369 1.6000+ 6 2.0000+ 7 -0.679 0.001
..22-TI- 47 .28 6428 6428 189 = 189  1.0600+ 7 2.0000+ 7 -40.757 *  0.026  9.37500- 6 5.55408~= 6 e,
22-¥1-747 7103 64286428 1280 389 71.0000- 42,0000+ 7 -100.000 *  0.001 8.87585-10 0.0 0
22-TI- 48 28 6429 6429 169 169 1.1600+ 7 2.0000+ 7 -10.914 * 0.084 2.23744- 6 1.99325- 6
22 TI- 48 103 6429 6429 337 335 3.2000+ 6 2.0000+ 7 -100.000 * 0.001 3.44827-10 0.0 +0
- FE-NSQWW.Qamﬁﬁhomgﬁuqmmmlzanmmmmszamm%&QOOQ:WAM.210000+ 7.-100.000 ¢ 0.085 .9.97488-10 .0.0 ...+ 0
2 FE- 56 103 6431 6431 343 343 .9000+ 6 2.0000+ 7 -0.090 0.007
26-FE- 58 102 6432 6432 1280 1280 1.0000- 4 2.0000+ 7 -0.110 0.092
28-NI- 58 16 6433 6433 153 153 1.2400+ 7 2.0000+ 7 -1.354 * 0.000 4.28500- 5 4.22700- S
_mzaz_%:msawmlogm6433Meéggmmmlzaommmmﬁs.mw1 .0000- 4 2.0000+ 7 -100.00Q0 * 0.078  9.79989-10 0.0 . . D e et eee s e
28-N1-"60 103 6434 64 351 351772.5000+ 6 2.0000+ ¥ -0.08 0.048
29-CU- 63 102 6435 6435 1280 1280 1.0000- 4 2.0000+ 7 -0.10% 0.051
29-CU- 63 107 6435 6435 367 367 1.7000+ 6 2.0000+ 7 -0.077 0.086
.W2976uf_6§mum16u§43§m843§mmmm201wm""201mm1 .0000+ 7 2.0000+ 7 -0.000 . . . 000 00 e ——ee oot ee e oo eeeeres s e reree e
49-IN-115 516437 6437 427 427 '3.2000+ 5 2.0000+ 7 -0.062 0.025
49-IN-115 102 6437 6437 1280 1280 1.0000- 4 2.0000+ 7 -0.112 0.113
53-1 -127 16 6438 6438 217 217 9.2000+ 6 2.0000+ 7 -0.056 0.096
.............. 16-5.-.32..103.6439 6439385 .385 9.2000+ 5 2.0000+ 7 0.0 ..0.001

o ——— i e o o e o~ T _——— " =~ o — = = — i T - —— "~ —— = T = = _ —— - ———— e . S = o o - ——— — " " — —— . - — - > "

o e e e e o e e o e . S . 7 Y . o T m et P e e e . o e 1 o e e o T . S0 T e < M . 0. o o . e . . 2 e e . 1 e S ' 8 . o . o o o T e o o . o . . o o o A . e e . . o 4 b o o o

PER-CENT DIFFERENCE = 100 * ((DATA1-DATA2)/DATA1) AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS

e o e e e e e i m e e e ks e et e e o L 5 e e e T e e e e o S - e e o



WAt 8313 NP1 13-AL-27
CROSS SECTIONS .
F STANDARD  THRESHOLD=1.8000 MEV -100. 10 0.074 X DIFFERENCES ]
: :
b NJOY-B (R.MACFARLANE,LANL)  THRESHOLD=2. 1000 MEY ¥ f
g ]
3 3
: _ 3
WJOY-84 (N, MACFARLANE,LANL} / STRNDARD )

) . tor
2 u 3 e 7 8 9 4 2

1 nev 18-AL-27

WAT 8313 N, ALPHA) 19-AL-27

CAOSS SECTIONS
f STANORD  THRESHOLD=3. 2000 MEV -100. 70 0.006 % OIFFERENCES 3
E NJOY-O0 M. MACFAALANE.LAML)  THRESHOLD=Y. 3000 MEV E
3 3
NJOT-8N R MRCFRALANE.LANL) / STRMDARD ’

3 =T = . 3
[} 6 7 8 9 |d 2

2 MEY 13-AL-27

1o 1S

1020

14

0.0

0.4

RATIS

RATLEO

WAT 6337 F1SSION 93-NP-237
CABSS SECTIONS
[smnw | -17.4 T0 0J121 7 DIFFERENCES
{ | 1
[ R
| 1
] Py mnu LA B
] 1
1 |
| |
{ 1
| avetasd sy SORAAR G Attt seteronnt
Jﬂ'ﬁ_‘&m;ﬂu_!m
-
-
L]

—— T ""{ﬂ" . ;
U ALNT T LT T LY CRNNT L IY o w! P o
3 ney 93-wP-237
MAT 6390 F13310W 92-u -2%8

CROSS SECTIONS ——
L STRNORFD -100L 10 0.049]x DIFFERENCES 1
[ )
oottt st cottano csobm-sessernnh NS PR
L NIOY-84 (R, MACFARLANE, LANL) p
s ]
L AAors IS, I arn oAbttt tetreith wel ool 9000 —e-t-sutatr )
NJOT-84 (M. NACFARLANE,LANL) / STRNDARD

L —y y— Abendatel. are til Py Anttndl. ntandl 3
1010 4g? 4?7 10® S ot a0? 10? ag! P
4 "y

92-U -238

1.00
0.95

§0.85

BAANS

BARNS

RAT(O

BRANS

BARANS

RAATIO

8 -



MAT 6428 NN) P 22-1141
CADSS SECTIONS

STANDARD  THRESHOLD=10. 600 MEY -40.8 10 0.026 X DIFFERENCES
] 1
j 1
| 1
NJOY-B4% (R MACFARLANE.LANL) THRESHOLD=10.600 MEV ) ’
[ 1
1 |
[ 1
' 1
I 4 + 4 ' +

NJOY-B4 (. MACFARLANE. LANL) / STRNORAD

18 20

22-T1147

WAT 6428 N, P 22-T147

CAOSS SECTIONS
- STRNDAFD -100. 10 0.0 % DIFFERENCES -
5 3
5 3
o 3
5 s
E NJOY-84 (R.MACFARLANE,LANL) THRESHOLD=BY0.00 KEY R
b 3
s a
: s} osotvand . oot s At £ oon} Sttt —o-t-otosebomnef Sotntied 3
NJOT-84 (. NACFARLANE,LANL) / STRNDAFRD

3 o et et s ——— T

10000 409 g% g7 4e® 10 ot e 10?2 1! P 10t

() "y 22-1147

1.0
D.9
0.8
0.1
0.8
0.S

MILLI-BRRNS

MILLI-BARNS

RATIO

BRANS BRANS

AATIO

WAT 6429 NN P 22-11-48
CROSS SECTIONS
| STAMOFO  THRESHOLD=11.600 MEV -10.9 10 0.084 % OIFFERENCES '1
] |
| 1
] 1
] |
! NJOY-84 (R.MACFARLANE,LANL) THRESHOLD=11.600 MEV ) '1
I 1
[ 1
4 1
] !
Lot » + $ +
. MJOY.O0 R MICEGRLRME, LML) /. STRMDGRD.
(ot

ol . . == R
12 T 16 18 20

1 3 22-1148

NAT 6429 wn.m 22-1148

CABES SECTIONS
| STANODRRD  THRESHOLD=3. 2000 MEY -100. TO 0.0 X DIFFERENCES |
- P
L ]
L 4
- -
o 4
L o~ L
3 -4
[ NJOY-04 (A.MACFRALANE.LANL) THRESHOLDe3.3000 MEV ]
NJOY-84 (R MACFARLANE,LANL) / STRMORAD )

= . s
. 5 3 7 8 9 4 2

8 MEV 22-T140

0.98

40.92

MILLI-BARNS

MILLI-BARNS

AATIO

BRANS BRANS

RATIO



BARNS BRANS

RATIG

WAT 6430 N, P2 26-FE-5U MAT 6433 N.P) 26-M1-58
CROSS SECTIONS CROSS SECTIONS
Pepssas R ~ -100. YO 0.085 % DIFFERENCES ], ~100. 16 0.078 X OIFFERENCES 1 |
3 110?
I R
] @ 109
. {512
] 10
; Jio18
NIOY-84 N, MACFRALANE,LAML)  THRESHOLD=27.000 KEV 3 NJOY-BY (R.MACFFRLANE,LANL) THRESHOLD=360.00 EY 10
5 110
3 @ {i0®
] {012
3 ],q15
ettt sttt -t - - s it 1T ettt -t = - oo+ e ot~ 12
NJGT-8 (. NACFRRLANE, LANL) / STRNDRAD WIOY-8y (R.MACFFRLANE.LANL) / S
1 Jo.8 E Jo.0
3 ® 3 3
1 Jou & E {o.u
1o.0 io.0
AT x WIS S i Y
1019 0% o® 0? 10® S Y w0? w0? et  aef 108 g% w® o7 16® g5 1Y 0?02 ! P o
9 "y 26-FE-54 1 "y 28-W1-58
WAT By ™, 2N 28-N1-58
CRO35 SECTIONS
| STROWD THRESHOLD=12.40D MEY -1.35 10 0.0 7 DIFFERENCES 1 1%
i
10!
{ 1 &
T
[ 1 2
x
1
f 1 10
[u.m-u (. MACFARLANE, LANL)  THRESHOLD=12.400 MEY ’ ', 1%
£
! ] 1w =
7
| 1 2
| =
1
[ {1
 WIOY-B4 (R.MACFFALANE, LNL) / STRNDRAD ' 11.02
1.00 o
| e
o g
jo.90
.lw . ﬂ- . ) K 0.96
1 16 18 20
10 3} 28-N1-58
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NJOY/IBM

In this report results have been presented for only one version of
each code, because it was felt that only by working with the code author
would it be possible to not only identify problem areas in codes, but to
actually improve each code. Because NJOY, which was written for use on a
CDC-7600 computer (a long word length computer), is widely used on a
number of different computers it was decided to include results obtained
from NJOY as implemented on an IBM computer (a short word length
computer). For this purpose the version of NJOY implemented at the
NEA/Data Bank on an IBM computer was used.

The objective of the NJOY/IBM comparisons was somewhat different than
our other comparisons. In the other comparisons we attempted to identify
problems in each code and to have the code designer correct the code in
order to obtain agreement with our benchmark results. Since NJOY was
already participating in this study it was decided to use the NJOY/IBM
results to identify computer dependent problems in NJOY, particularly
those due to numerical instability and round-off on the shorter word
length IBM computer., E. Sartori, NEA Data Bank, would then use the
NJOY/IBM results to identify and eliminate computer dependent problems in
an attempt to reproduce the initial NJOY results (rather than our
benchmark results). Using this approach it was hoped that the
improvements being implemented by NJOY's author could be combined with
the improvements implemented by E. Sartori to obtain an improved version
of NJOY which could be used on a variety of computers.

When compared to the initial NJOY results the NJOY/IBM results showed
a numerical instability close to resonance region boundaries (e.g.
237Np-fission, 232Th-fission and capture, 238U-fission and capture,
239py-fission and ©3Cu-capture). Unlike the numerical instability
found in other codes, where the effect was isolated to a single group,
this instability extended over a number of groups.

E. Sartori, NEA/Data Bank, was available to sucessfully modify
NJOY/IBM to eliminate the numerical instability problem and to reproduce
the initial NJOY (CDC) results. In addition E. Sartori lowered the
minimum cut-off cross sectons used by NJOY, which eliminated or reduced
the differences found for low cross sections near thresholds.



TTCOMPARTSON OF EVALUATED "DATA  (PROGRAM COMPLUT 84-2)

e e e e et e o . " e . = A P 4 T T S o e = AP T e o - T S . > - = e = —— . - T i - A W T A = — - — " " [ ——— - o ——

o e e ke e A A G e L S o i e . 08 T e e e A o o o e s o i o . 0 € e e e O O o

COATAT=SFANDARD e TS TSR EI T AT AT R SSTTTTTII
DATA2=NJOY/IBM-82 (E.SARTORI,NEA/DB)

e e o et T " s - —_— e " Y o = - — —— . o i o v~ A = " - - A o . - e " — o —— - T - . T A~ . - - —— ———— —

N e N a m e L L L L R L D d e s e e s L L L L L L L L L L L L e L L L . L L L d L L L L L L L L L L L L L L L L e e L L L L L L L e e e R Lol oo i osonse

DATA1=IAEA pnocessxne CODE VERIFICATION PROJECT STANDARD (MOD 1) 9000
DATA2=NJOY/1BM. . .ENDF /B-V DOSIMETRY LIBRARY (E.SARTORI,NEA/DB,1982) 9000
TNMATERTAL UMY MATT MATY BOINTY POINT2 7 ENERGY RANGE (EVY T MIAK T MUM CROSS "SECTION (BARNSY AY BPOINTS e
MINIMUM MAXIMUM PER~CENT DIFFERENCES OF MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2
TI=NA="23 1027831176311 1280 1240 1. 0000- 4 20000+ Y T -0.07Y . 542 ’
13-AL- 27 103 6313 6313 365 325 1.8000+ 6 2.0000+ 7 -1.454 * 173.884 * 6.65345-18 6.55669-18 4.81401-11 1.31848-10
13-AL- 27 107 6313 6313 337 297 3.2000+ 6 2.0000+ 7 -0.034 247.102 * 4.83039-17 1.67664-16
............. ZM:MN:mﬁgmu“ngﬁazswgazs 193 ”153m.},0400tm1m % 0000+ 7  -0.073 .0.082 et e e et reeeeeeee
27-CO-"'% 16 6327 6327 89 149 L0600+ 7 0000+ 7 -0.150 0.007
27-CO- 59 102 6327 6327 1280 1240 1.0000- 4 2.0000+ 7 -0.135 0.181
27-CO- 59 107 6327 6327 291 251 5.5000+ 6 2.0000+ 7 -0.001 0.042
9.:NR:ZQmem1§m5331mg§31m 280 ,zsoum*hoooo:mém.% -0000+ 7 -77.036 * 18.737 * 3.31167-.3..7.60508- 4  3.29277- 2 3.90974- .2 .
79-AU-197 102 63796379 280 240 .0000- 4 0000+ 7 -0.057 0.079
90~TH-232 18 6390 6390 861 821 5.0000+ 0 2.0000+ 7 -81.010 * 0.571 6.56278- 7 1.24626~ 7
90-TH-232 102 6390 6390 1280 1240 1.0000- 4 2.0000+ 7 =-27.977 * 0.465 3.02312- 1 2.17733- 1
.92-U -23%5 .18 6395 639% .. 1280 ,24omw1xooonrm9” 2.0000+ 7 -39.375 ¢ 2.259M?.7&4!§J§fN;MM4 .49544% 1 2.48513+ 1 mg 4]3 ....................
92-U"-23 18 6398 6398 1280 240 .0000-"4 72.0000+ 7 -100.000 * ¥7.752 * 6.11938- 0.0 $70 72.82507-10" 2161-
92-U -238 102 6398 6398 1280 1240 1.0000- 4 2.0000+ 7 -91.248 * 1.294 * 4,91881- 1 4.30510- 2 3.68240- 1 73005— 1
94-PU-239 18 6399 6399 1280 1240 1.0000- 4 2.0000+ 7 -42.543 * 2.309 * 3.53280+ 1 2.02983+ 1 3.03207+ 0 3.10207+ O !
3-L1I-._ 6207 6424 6424 1280 1240 1.0000= 4 2.00004+ 7 0. 0T 8 0 000 oo ee oot est e eeeeae s oo eeeemeeee e ee s ees e eeeee -
5-B - 107207 642576425 1280 12407771.0000- 4" "2.0000+ 7 -0.090 0.053 >
21-SC- 45 102 6426 6426 1280 1240 1.0000- 4 2.0000+ 7 -0.094 0.245%
22-TI- 46 103 6427 6427 369 329 1.6000+ 6 2.0000+ 7 -0.679 0.000 L
.22-T1-.47 28 6428 6428 189, ,%QSHW1L0600f”?u 2.0000+ 7 -40.75%% * . 0.223 9.37500-~ 6. 5.55425= 6. oo
22-T1-747 7103 6428 642 1280 1240 "1.0000- 4 72.0000+ 7 -0.00 0.002
22-T1- 48 28 6429 6429 169 129 1.1600+ 7 2.0000+ 7 -10.782 * 0.221 2.23744- 6 1.99621- 6
SLT 3 MR R R up gient § ORI A% " 0f8a  OTI0 ST L eerr 1 s.azers
26-FE- 56 03 6431 2431 348 303 4.9000+ 6 2.00004 7 T-0.084 B72.520 % 3 8579— 9?17 < ;
26-FE- 58 102 6432 6432 1280 1240 1.0000- 4 2.0000+ 7 -0.110 0.425
8-NI- 28 103 84337.6433. . 1280. 1240 1.0000- 4 2.0000¢ 7. -0.073.. 22.299 & -28900" 5 4.22700- 5 3-92430- 6. 3.97640
28-NI- 60 103 6434 6434 351 31 4.5000+ 6 72.0000+ 7 -0.081 7 472.913 # 4.04948-"7 g.géobo— g
29-CU- 63 102 6435 6435 1280 1240 1.0000- 4 2.0000+ 7 -89.770 0.051 2.17329- 1 2.22327- 2
29-CU- 63 ‘?g 6435 6435 367 327 }.7ooo+ ? g.oooo+ ; -0.070 8.939 * 4.63949- 7 5.05420- 7
\ 6.6436 . 201, J161...1.0000+ 7 . 2.0000+ 7 . 0. 0.
3. 5§ 2. 7 0.
1. a4 2. 7 0.
9 6 2. 7 0.
. + 5 .2, o 0.

PER-CENT DIFFERENCE =
MAXIMUM PER-~CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT

T T e e e e e e e e e e e e e T e e e e e e et e o e e e em - o e = e e o e e i e 3 - .t o e s e e o A A e A e o

100 * ((DATA1-DATA2)/DATA1)

AT EACH ENERGY POINT

ANY ONE OR MORE ENERGY




NAT 8313 N, P) 13-AL-27
CABSS SECTIONS
[ STAMDARD THRESHOLD=1.8000 MEV -1.45 T8 174, % OIFFERENCES ]
: ]
[ ]
- 4
o 3
t e . 4 :
F NJOY/18M-82 (E.SARTORL,NER/DE)  THRESHOLOa1.B000 MEY N ]
- NJOY/1BM-02 [E.SAATORI ,NER/DB) / STANDARD N
1 1== ,
2 s . s € 1 8 9§ 4 2
1 wEY 13-pL-27
MAT 8313 N, ALPHA) 19-AL-27
CABSS SECTIONS
E STANDRRD  THRESHOL D=3, 2000 MEY -0.03% TO 247. % DIFFERENCES
E MJOY/1BM-82 (E.SRRTORI,NEA/DB)  THRESHOLD=3.2000 WEV E
3 3
E 3
NJOY/IGH-82 (E.SARTORI,NER/DB) / STRANDARD '
=t L= , |
u 3 g 7 CR ) 2
2 wEY 13-AL-27

1P
103
108
10?
112
1015

1018
1

1078
1079
12
118

18
1%

2.5

j2.0

10-2‘

1020

3.0
2.5
2.0
1.5
1.0
0.5

BARNS

AATIG

AATIQ

AT 6337 F1SSION 93-WP-2317
- CABSS SECTIONS
Bru -77.0 10 {8.7 2 OIFFERENCES }
[ }
1 1
] | |
1 ‘ 3
oo} e e ) otdted- etmiten}- rsvied obossnd- aind P tasad) .
| NJOY/1BM-B2 (E. SARTORT,NER/B) [ 1
] 1
| 1
] 1
1 1
Sottntont} sl atontontf et —a-t-e 4ottt} oo ool onend setoraand- voont)
NJOY/1BM-B2 (E.SRATORI,NER/0BI / STANDARD ]
]
L
PRSI ... | PRI | PR S
10!% 109 10® 10?7 1t eSS ot ge? 10?2 g! P 10!
3 1] 93-NP-237
MAT 6390 — FISSION 90-TH-232
CABSS SECTIONS

STANDAFD THRESHOLD=S.0000 EV

Ty

-l

~81.0 T8 0.571 % DIFFERENCES

P PP G IO G G g

NJOT/18M-82 (E. SRATORT ,NER/DB)

Ty Ty ey

" THRESHALD=S.0000 EV

-y

[

P PO U G R g G |

*:me-ua (€. SARTORL ,NER/DB) / STANDRRD

Y
"

4

e

C/
o
"
-

[ . ]
=3 - " - -~ — M..
1078 1Y 1073 1072 1! 1 1
5 MEV 90-TH-232

1074
1.2
1.0
0.8
0.6
0.4
D.2
0.0

1@
1072
1o

108

t.0

0.4

40.2

0.0

BARANS

BRANS

ARTIO

BAANS

BARNY

RATIQ

L8 -



HAT 8390 (N, GRMmA) 90-TH-232
CRO3S SECTIONS - -
STANORFD -28.p T8 0.§65 7zmrrsnemzes1
1
:
1
1
T e mome TOURIRE BRI O B oot —bsmronind
NIOT/1BM-B2 (E. ARTORT, NER/DB) 1
|
F\- ]
1
1
e B T e S o st
NJOY/IBM-82 (E. SARTORI NER/DB) / ST e
et B —ns w, —
it g g 0?7 0 oS et 0?02 ! i el
5 wEY 90-TH-232
nAT 8385 FISSION 92-U -235
CRBSS SECTIONS
STANDARD -39.4 10|2.27 x DIFFERENCES
|
o ose sonel wtnbansn). tortatt)—o—s-sbetttnnd m
NJOY/18M-82 (E. SRATOR] , NER/TB)
3
3

NJOY/184-B2 (E.SARTORI, NER/DB) /.

0.6
0.5

BRANS

ARTLO

BARNS

BARNYS

RATIO

MAT 6398

FISS1ON

92-U -238

CROSS SECTIONS

L sTANDRFO o -10p. 10 77.8]7 DIFFERENCES A
:-—__-.-__..~_—~_._-—-———h—-r—__/)\JJ\thlJ‘]fiiA\\\ :
L NJOY/18M-82 (E. SARTORI, NER/TB) T N I R
! ]
- -
- -
: L 4
5 _
L\ ]
- p
- -
. ottt tormea =t 1urtte0h-batalsrnf ettt | ottt saten
- WJOY/184-82 (E. SARTORI,NEA/DB) /| STRNDRAD
. ] H‘—.
adndnttated attndd adnad, ™ P | aamnd. ——y porpe | — Sy
108 g9 1w® 0?7 10® S Y w0? 0?2 o! s
7 MEV 92-u 238
MAT 6398 N, GAMMR) 92-u -239
e CROSS SECT I6NS
j STANORFD -9112 'T0 1.297 DIFFERENCES {
] 3
1 3
] 1
1 1
| NJ0V/18%-82 €. SARTOR] , NER/DB) T o B D .
1 1
I 3
1 ._-_...____\~ 1
] 3
] 1
NJOY/IBN-82 (€.SRATORI,NER/DB) /) STRWDRAD i N
— ]
antcbattd. v | Shadd. [ Adpnad Skl Adchasnd Py ey dmtianed.
10019 10?2 0?07 ae® 105 et wr? ar? gt ad e
) v 92-U -238

2.0

41.5

0.8
0.4
0.2
0.0

BAANS

BARNS

RATIO

BAANS

BARNS

RAT1O



WAT 6399 FISSION 9w -PU-239
CROSS SECTLONS

STANDRRD -42.5 18|2.31 % OIFFERENCES
| 1
1 |
e ——

NJOY/IBM-82 (. SRTORI ,NER/0B) R o I
1 1
] 1
{ 1

P B ool ason BT ortag-eb otteittrd e B
[ NJOY/1BM-82 (E.SRATORL,NER/DB) /i STANDRRO 1

- v s s— g g . I-_‘«&esse-ze—

... S O - et

1012 469 gg? g7 g€ oS Y a0? 10? ae! P e
9 wey 94-Py-239
NRT 6428 N P 22-1141

CROSS SECTIONS

STANDRRD  THRESHOLO=10.500 MEY -40.8 10 0.223 % OIFFERENCES
| 1
] 1
] |
] ]
i . N R N )
NJOY/IEM-B2 (E.SARTORI,NER/DB) THRESHOLD=10.600 NEY ’ .
‘ |
] |
| |
| 1
f . N . . R
NJOY/1BM-B2 (E. SRTORI,NER/DB) / STRAMDARD j ) j
= - o e e |
==t . . . .
12 L) 16 18 20

10 '3} 22-11-47

1

102
10!

1P
1

103
1?
10!

1.0
0.9
0.8
0.7
0.6
0.5

1.0
0.9
0.8

10.7

0.6
0.s

BARNS DAARNS

RAATIO

MILLT-BRANS MILL!-BAMNS

AAT10

NAT 8U29 NN*) P 22-11-48
CROSS SECTIONS
[ STANDAFD  THRESHOLD=11.500 MEV -10.8 10 0.221 % DIFFERENCES | 1#
' ! 1
1P
] 1 .
'y
] 1.,
10
1 1
[NJUY'IIBHQ (€. SRATORI,NER/DB)  THRESHOLO=11.600 MEY ) '] 1#
' 1 10!
1P
y |
| ! 10!
102
| 1
I L + + " "
L NOY/IBM-B2 IF. SERIDRL.HEA/DAI / STANOAAD 1, 00
— .
1 0.98
i §o0.92
» 3o.00
ik == N . .
12 14 18 18 20
1 wey 22-T1-48
MAT 6429 - NP 22-11-48
CABSS SECTIONS P
[ STANDRFD  THRESHOLO=3. 2000 MEV -3.79 10 0.0 % DIFFERENCES |
L 1lUQ
! 4
L 1o
i 1ot
! Tio®
o -4
L . ' —d 1P
NJOY/IBM-B2 (€. FRTORI,NEA/DB! THRESHOLD=13,2000 MEV ]
t Jio2
- -
| JiY
[ 1108
! 1
! Jor®
| NJOY/1EM-82 (E_SARIOAL NEA/DE)_/ SINDRRD - 1.01
1.00
i 0.99
0.98
0.97
0.96
0.95
Lo e )
u 5 3 7 89 g 2
12 "y 22-1148

MILLI-BAANS

MILL[-BAANS

ART10

BAANS BAANS

RATIS



WAT 6430 N.P) 26-FE-5%
CAOSS SECTIONS
STRMDARD " .0.080 TO 101. % DIFFERENCES

NJOY/16M-82 (E.SRRATORI, NER/DDI

NJOY/1EM-82 (E. SRRTORI,NER/DB) / STANDAAD

e et L
1019 10?® 10? 10?7 10 105 et 1w0? i0? te! P o
13 wEV 26-FE-54
WAT 8431 o, P 26-FE-S58
CROSS SECTIONS

[ STAMRFD  THRESHOLD-2. 9000 WEY -0.08% TD 873. 2 DIFFERENCES ]
| ]
L 4
- NJOY/184-82 (E.SFRTOR| NER/DB) THRESHOLD=2.9000 MEV 1
X —_— ]
l-// -
b -

107/ 18982 (€. SARTORT, NER/DB) / STAMDARD K

3 u s 6 7 89 |‘o‘ 2
14 mEY 26-FE-56

118

13.0
{2.8
42.0

1.5
1.0
0.5

BARNS

AAT1O

BARNS

AATIO

MAT 6433 (N, 2N)

CROSS SECTIONS

28-N1-58

| STANDAFD THRESHOLD=12.400 MEY -1.35 10 0.006 7 DIFFERENCES '1
[ 1
J 1
3
y NJOY/IBN-82 E.SARTORI,NER/DBI  THRESHOLO=12.400 WEV g
I 1
f 1
1 1
E NJOY/1EM-B2 (€. SATOR],NER/DB) / STANDRRD ' '
J

1= = . . K
T} 18 18 20

15 3 28-M1-58

WART 6433 NP 28-N1-58

CAUSS SECTIONS
STRNDRRD -0.073 10 22.3 Z OIFFEAENCES

NJOY/18M-82 (E.SRATORI, NER/DB!

NJOY/18M-82 (E.SARTORI,NER/DB) / STRANDARD

e o I
1019 4g?  4e® 90?105 105 et w0 1r?2 ac! @
16 v 28-N1-58

MILLI-BARNS MILLI-BARNS

RATIO

BAANS BRANS

RATIO



MAT BU3N NP 28-N1-60
£ABSS SELYIONS
r STANDAAD THRESHOLD=2.5000 MEY -0.681 10 473. % DIFFERENCES ]
1 L
J L
| L
i 1
| |
{ 1
] |
| WIOV/IB4-62 (E.SARTORI,NEA/UB)  THRESHOLD=2.5000 WEV 1
] 1
§ 1
1 1
] 1
J 1
| 1
1 1
mle[Emuumn / STRNDRRO ’
! =t . o

3 [} s [ 7 8 9 .d 2

17 "y 20-N1-60

wAt 8435 N, GRMNA) 29-CU-63

— CAOSS SECT IONS

rsmmm -68.8 Td 0.051 X DIFFERENCES ]
] ]
/ 1
| 1
! 1
’wﬁi-oz (€. RTORI, NER/DB) DR N o M 1
f 1
[ 1
] 1
j 1

NJOY/1BM-B2 (E. SARTORI,NER/DBY / ST T j N T o
1
naveamd. . Aniedttnd. btnad e | oo | | peony ‘ -"'AA_A whabedanel }

100 40?408 o7 08 oS Y 03 o2 ! P o

16 MEY 29-CU-63

1.5
1.0
0.5

1.0
0.8
0.6

0.4
40.2

0.0

BRANS

RARTIO

8RANS

RATIA

WAT 6435 (N, RLPHAY 29-CU-63
CRB3S SECTIONS
[ STWORD  THRESHOLD=1.7000 WEY -0.070 70 6.94 ¥ OIFFERENCES ‘
y |
y L
| 1
J 1
I 1
] 1
R 1
rmnm—aa (E.SAATORT.NEA/DB)  THRESHOLD=1.7000 MEY ’ ‘
| |
| 1
1 1
| |
] 1
1 1
. 1
NJOY/1BM-B2 (E. SARTORI,NER/DB) / STRNDARD )
1 e, I

o | R &
F) 3 . s CR B T T 2

19 eV 29-CU-63

1.08
1.08
1.4
1.02
1.00
0.98

BAANS

BRANS

RATIO

16 ~



" COMPARTSON OF EVALUATED DATA (PROGRAM COMPLOT Ba-2)

e o " o — — " . - - ——— Y . — " > " e = - i A - "t o o S T - —— — Y —— " - ———— — —— ——— — ——_ — - -

e e e s — —— — — o - it - 7 o —— — - —— = A . B - T i A= e - " e A W o = o A o — ——— — > o i — " - - —— " o S

AAAAAA BATATSETANDARD o T S D S mmnm T mmmn T manmmnnes
DATA2=NJOY/IBM-83 (E. SARTORI NEA/DB)

. ENOF/B TAPE LABELS

e e e e et e e e o e o S el e o = e e o - e o T e e e e e ) s e i e i - e e e e € e e e o

DATA1=IAEA pnocsssxus CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2=NJOY/1BM. . .ENDF/B-V DOSIMETRY LIBRARY (E.SARTORI,NEA/DB,1983) 9000
TMATYERTAL MT MATY MATY POINTY POINT2 " ENERGY RANGE (EV) TMAXTMUM CROSS SECTION (BARNS)Y AT POINTS
MINIMUM MAXIMUM PER-CENT DIFFERENCES OF MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2
TYENA="237 1029 8311763114 1280 12487 1. 0000- "4 2. 0000+ ¥ -p.078 O.7Bb e
13-AL- 27 103 6313 6313 365 325 1.8000+ 6 2.0000+ 7 -1.454 ¢ 0.091 6.65345-18 6.55669-18
13-AL- 27 107 6313 6313 337 297 3.2000+ 6 2.0000+ 7 -0.034 0.194
=WN- 55 ...16.632% 6325 _m*s 2153, ‘ 0400+ 7 2.0000+ 7 —0 . O80 D OB e oo e eeeeteeereeseeeeeseesssepeereeeeeseneeee e seseeeeeesrenrene e
7-C0-"59 16 632776327 8 49 0600+ 7 2.0000+ 7 -0.153 0.000
27-CO- 59 102 6327 6327 1280 1240 1.0000- 4 2.0000+ 7 -0.135 0.384
27-CO- 59 107 6327 6327 291 251 5.5000+ 6 2.0000+ 7 -0.001 0.042
o 93-NP~237 18 6337 6337 1280 1240 .1.0000-_4 2.0000+ 7 -17.377 * 18.736 * 1.15679- .2 9.55779- .3 3.29277- 2 3.90971-.2 .
79-AU-~197 10 6379 6379 280 240 1.0000-"4  2.0000+ 7 -0.055 0.079
90-TH-232 6390 6390 861 823 4.7500+ 0 2.0000+ 7 -0.153 0.498
WARNING. . .FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL ENERGIES.
...DATAY Ig ER AT 2_ENERGIES NHERE DATA2 IS NON-ZERO. ... . . . e e e et e et e e s o2 eet et maeen eaee e et ee et eee e e e eeems et e s reen e
"FIRST OCCURRENCE AT ~4,75000+ 0 EvV .
90-TH-232 102 6390 6390 1280 1240 1.0000- 4 .0000+ 7 -0.437 0.386
92-U -235 18 6395 6395 1280 1240 1.0000- 4 2 0000+ 7 -1.910 * 2.269 * 1.56412+ 1 1.53425+ 1 2.48513+ 1 2.54153+ 1
.92~ "—238mm”1gW639§m6393wmm.280mmm.240Wm} .0000- 4 2.00Q00+ 7  -0.082 “”51-518"*4“”mmmmm.Mmmwmmemmmmmmumg +82507-1 m4a2389§:1?,°
92-U -238 102 6398 6398 280 240 0000- 4 2.0000+ 7 -0.107 1.204 ¢ 68240~ 3.73005- 15
94-PU-239 18 6399 6399 1280 1240 1.0000- 4 2.0000+ 7 -0.847 2.309 * 3.03207+ 0 3.10207+ 0O
3-LI- 6 207 6424 6424 1280 1240 1.0000- 4 2.0000+ 7 -0.074 0.090 !
"mm?fB“:WJQmmzozmg425“ﬁézﬁmmmlzaq.Wmu24qmm1,ooootm4‘“2 .0000+ 7 -0.090 0 00 e e er e oot ser e eeeees
21-SC-"4577102 6426 642 1280 240 71.0000-"4 2.0000+ 7 -0.094 0.083
22-TI- 46 103 6427 6427 369 329 1.6000+ 6 2.0000+ 7 -0.679 0.000
gg }1- 27 123 6:%8 g:ga 1;83 1;38 1'8808* Z g gggg: ; -48 533 * 8.833 9.37500- 6 5.55407- 6
. .mm“mWW.“M”".”m.u““mmm““h“mmmm”mmmM”l_.OH:m"m” B A ¢ ¢ [ e O e i oReake SRR et e eee e oo ereeses s s eet oo e eteemee e eeeeeeense oo e e eeaes s eenaeenn
29-TI-"'4 gs 429 642 169 129 ‘.1eoo+ 772.0000+ 7 -i0.914 % 0.084 Y 2374458166925
22-T1- 48 103 6429 6429 337 297 3.2000+ 6 2.0000+ 7 -3.786 * 0.001 3.44827-10 3.31773-10
26-FE- 54 103 6430 6430 1280 1240 1.0000- 4 2.0000+ 7 -0.080 0.085
.26~ FE—m5§“m{93m§431_6431mm‘ 343 303 2.9000+ 6 2.0000+ T o008 0. Q0 e ———— oo oot e eee et
26-FE- 58 102 6432 6432 1280 1240 " '1.0000~"4 2.0000+ 7 ~-0.110 0.13%
28-NI- 58 16 6433 6433 153 113 1.2400+ 7 2.0000+ 7 -1.365 * 0.000 4.28500- 5 4.22650- 5
28-NI- 58 103 6433 6433 1280 1240 1.0000- 4 2.0000+ 7 -0.072 0.078
..28-NI- 60 103 6434 6434 . 351 3112 soopfﬁg.w2 0000+ 7. -0.081 B N+ 2. X T oo OO oo
29-CU-"6377102 6435 6435 1280 1240 1.0000- 2.0000+ 7 ~0.105 0.052
29-CU- 63 107 6435 6435 367 327 1.7000+ 6 2.0000+ 7 -0.070 0.086
29-CU- 65 16 6436 6436 201 161 1.0000+ 7 2.0000+ 7 -0.000 0.000
L A49-IN-115. . 51.6437 6437 . 427 ...387 3.2000+ 5 2.0000+ 7  -0.062 .. . 0.02%5 .
49-IN-115 102 6437 6437 1280 1240 "1.0000- 47 2.0000+ 7  -0.108 0.113
53~1 -127 16 6438 6438 217 177 9.2000+ 6 2.0000+ 7 -0.056 0.096
16~S - 32 103 6439 6439 385 345 9.2000+ 5 7 0.

e G - — —— T~ — —— —— - T —— = . - = — - i T — A A T T = s e . . A — ——— - = . — . —— " - - — - - -

" PER-CENT DIFFERENCE = 100 * ((DATAIT-DATA2)/DATAI) AT EACH ENERGY POINT ’ " U
MAXIMUM PER~CENT OIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



WAT 6313 N, P} 13-AL-27
CROSS SECTIONS
[ STANDRFD  THRESHOLO=1.8000 MEY -1.45 TO 0.091 % OIFFERENCES -
: ]
: ]
[ WJOY/1EM-83 (E.SRATORI,NER/DB)  THRESHOLD=1.8000 MEY X ]
s ]
- -
: ]
- e
[ 3
- o N -
. WJOY/IGN-83 (E. SARTORT,NER/DB) / STRNDRRD ’ ]
F] 3 ] S 6 1 8 9 4 2
1 [ 3] 13-AL-27
AT 8937 FISSION 83-NP-237
CAOSS SECTIONS
STANDARD -17.4 10 §8.7 X OIFFERENCES

| 1
] |
[ 1
] !
D XX S T R A R Ty
| 1
| 1
| 1
j 1
SO SUNNIDUUUID NI [VSPRIUNTH. S UUNISPEUIPESU W STE—

| NJOY/IBN-B3 (E. SRRTORI,NER/UB1 / STANDARD 1

oy

1w! 10!
93-NP-237

1073

0.99

1

1.2

BAANS

AATIO

RAATIO

MAT 6380 FISSION 90-TH-232
CROSS SECTLONS
[ [sTANORRD  THRE SHOLD=5. 0000 EV -0.153 10 0.4398 % OIFFERENCES ]
- -
g ]
r ]
C ]
Y ]
[ h
[ ]
b p
o -4
st o s _— et o bo b sotrnal.

[ INJOY/16M-83 (E. SRATORI,NER/0B)  THRESHALD=4. 7500 EV 1
[ INJOY/1BM-83 (E.SAATORI,NER/DB) / STRNDRAD i o ]
Vi A . e and. bl ey et aatanld ]

10-5 104 103 102 10! 1P 10!
3 NEY 90-TH-232
WAT 6385 F1SSION 92-U -235

CAOSS SECTIONS

ey r——— ey ] oy ooy ——y vy ————

STANDRFD -1.91 10|2.27 7 DIFFERENCES
1 1
i |
1 1
| 1

NJOT/1EM-83 (E. SARTORT, NER/DB}

}
| 1
j 1
1 L‘_\"q_ﬁ
NJOY/184-83 (E. SARTORI, NER/DB) /| STRNDRRD i R
" ;

]

1010 4g9  yo®  10? 1w 1d
¥ v 92-U 215

102
o4
1078
1078
1010
1042

1P

104
106
100
,U-IO
012

1.03
1.02
1.01
1.00
0.99
0.98
0.97

1.0%
1.0¢
1.01
1.00
0.99
0.98
0.97

BAANS

ARTIO

BAANS

BRANS

RATIc



WAT 8399 FISSION 92-u -238
CADSS SECTIONS —mt

L STaNORD -0.082 10 51.8% OIFFERENCES -
[ o |
\ ]
- +
2 4
- -4

statel vasenf e} st eannd s o S oamtund oanted
L NJOY/18M-83 (E. SRRTORI,NER/TB) ]
e T ]
[ ]
PO NPUNIUSPUUUUPEUD PSR NS
' NJOY/184-83 (E. SARTORI, NER/DB! 7, STANDARD

— SN

et ... I b U=
1010 09 0? 107 10t 105 ot w? 1w0?2 et P e
5 1] 92-U -238
wAar 6398 N, GRMNA) 92-U 238

CROSS SECTIONS
~vvwor re——y vy e—— v ey rerovey verrwr vy

BT -0.1p7 70 1.29|x OIFFERENCES {
[ 1
1 1
] 1
] 1

oottt} — —— onpinntf- sornonnd eon} sotemaonl wand oo
| NJOY/1B-83 (E. SRATORI .NER/DB) 1
y 1
1 1
i -\ 1
] ¥
| 1
R e, T e & SRR

NJOY/1BM-83 (E. SRRTORI.NER/DB) /| STRNDRAD

1!t g9

RATIO

BRANS

BRANS

RATIO

MAT 6399 FI1S59108 9 -PY-239
CROSS SECTIONS
STANDRRD -0.847 TO|2.31 7 OIFFERENCES
] ]
| 1
J

4

o oy P! e e W A Brere SUWRS
NJOY/IBM-83 (€. SPRTOR] . NEA/DB)
[ 1
] 1
] 1

ot —t—tsrom— -t FPENe NPUNS PRI ue: e e e il
F NJOY/[BM-83 (. SARTORI, NER/DB) /| STANDARD E
41
Por—y oy vy o | ooy A_AA-J-- pa—y aatndl. ateatadl.
1w!? 409 1o? 10? 10® oS 1Y w03 6?2 ! P 1
7 wEV 9y -PY-239
AT 6428 ul.u'g P 22-T147
cApss SECTions
STAMORFD  THRESHOLD=10. 600 MEY -%0.8 T0 0.025 % OIFFERENCES
] 1
] 1
! 1
. . . \ ]
NJOY/[BM-63 (E.SRRTORI,NER/DB) THRESHOLO=10.600 NEV
! 1
] !
] |
L , R , N R
WJOY/IBM-83 (E. SAATORI,NER/DB) / STANDRRD
-r— —
1= . . = . Rk
12 10 16 18
8 mEY

22-T1-41

10°
102
10!

1
103
16
1ot

]dJ

.04

1.00

1.0
0.9
0.9
0.7
0.6
0.5

BARANS BRAANS

RATIO

MILLI-BARNS MILLI-BARNS

AATIO



NAT 8429

(N.N") P
CROSS SECTIONS

22-11-48

STANDRFD  THRESHOLD=11.600 MEY

ety

-10.9 10 0.084 % DIFFERENCES

y 1
j 1
[ 3
{ |
/ 1
ru?/lm—ua (€. SARTORI, NER/DB)  THRESHOLO=11.600 MEY j '1
| 1
! 1
| 1
] 1
e ' ! ' i
”wr,_f 83E-SPRITALNEA/D6L £ STIOXO
=y . . A ,
12 14 18 18
9 wEV 22-T148
WAY 5429 N, P) 22-T148
CABSS SECTIONS

[ SYRMDRFD  THRESHOLO=3. 2000 MEV

T

-3.79 10 0.0 X OIFFERENCES

]
| i
[ NJOY/IEM-83 (E.SRATOR],MER/DB) THRESHOLO=3.2000 WEV i
- 4
I ]
L -4
- 1
- e
| RJ0Y/158-83 €. SPRIORL NER/0B1 / STOMNORD -
!
“ N LT
i 3 & T8 8 g 2
10 MEV 22-11-48

J0.92

0.88

.01
.00
.99
a8
9
96
95

0O O O 0O O == =

MILLI-BRANS

MILLI-BRANS

RATIO

BARNS BARNS

RATIG

MAT 6U33 N, 2N) 20-N1-58
CRBSS SECTIONS
{STM THRESHOLD=12. 400 MEY -1.37 70 0.0 % DIFFERENCES
1 1
)y 1
[ 1
 Noer/ien-63 {E. SARTORI ,NER/DB)  THRE SHOLO=12.400 WEV ) g
1 1
' 3
[ 1
E NJOY/[BM-83 (E. SARTORI,NER/DBT / STANDRRD ' g
u
1= . . . k
T 16 18 20
11 MEV 28-N158

1.02

0.98

MILLI-BRANS

MILLI-BRANS

RATIO



_96._

AMPX

The AMPX system is designed to calculate complete multigroup data
sets for use in applications.

The initial AMPX comparisons performed in 1982 showed generally good
agreement in the resolved region; the only exception being 28Fe capture
where 24% differences were found in the minima between resonances. The
unresolved resonance results illustrated that AMPX was still using the
ENDF/B-IV convention of interpolating unresolved parameters (e.g. 237Np
fission), but there were additional problems with 233y fission, 238y
capture and 239py fission which resulted in differences of up to
17.5%. The agreement for all other reactions was excellent.

The latest AMPX results show improvements in the resolved resonance
region (note, the agreement for 98Fe capture). In the unresolved
resonance region AMPX 1is now wusing the ENDF/B-V convention of
interpolating cross sections and has an improved algorithm for
calculating fluctuation integrals, which has resulted in greatly improved
results. In general the latest AMPX results agree closely with our
benchmark results.



 COMPARTSON OF EVAUUATED BATA {BROGRAM COMBLOT BAZH) ™~ = 7 s oo o i i s e e

s T —  —_ S — > "5 = . = . " WD W D Tt o i o e e o et L > S = Y = o - A " g — . " T S i — T - -

e e . — —— o —— - > . (o - Y " —— " . o o T = T = L = = > - - T = M — = - o~ T S (W S o - P T - S - -t

T DATAT=STANDARD -
DATA2=AMPX-82 (M GREENE ,ORNL)

- e 8 . et Y TS S . . . . . e . s T T o Y o e s e e M O e s M e i AP > > T o o o A S B o A - —— o T . A —— - - = - -~ ——— —— " - — - - ——— — —— o -

e T o o T ——— — . 1 ST T 2 D o 1 — > o " T —— > e . i o T T — — — T = - " — " —— - - —— o — o ——

DATA1=1AEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2= AMPX OUTPUT...ENDF/B-V DOSIMETRY LIBRARY (M.GREENE, ORNL, 1982) 8000
MATERTAL "MT MATY MAT2 BOINTY BPOINTY ENERGV RANGE (EV)’ CUMAXIMUM T TEROSE SECTION (BARNSY AT POINTS
MUM MAXIMUM PER-CENT DIFFERENCES OF MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2
T1-NA="23 710263118311 1280 1246 1.0060- 4 "2.0000+ 7 “AUBTYFTTHIB06 0 31295 471 .98B30- 4 - ”
13-AL- 27 103 6313 6313 36 325 1.8000+ 6 2.0000+ 7 -0.152 0.074
13-AL- 27 107 6313 6313 337 297 3.2000+ 6 2.0000+ 7 -0.120 0.004
25-WN- 55 .16.632% 6325 .. 193153 1 0400+ 7 2.00004 7 -0 088 0. 080 e eeeerereee e reeeeeeeerereeeeeeereeneennen
27-C0O-59 6 6327 6327 189 149771,0600+ 7 72.0000+ 7 -0.003 0.003
27-CO- 59 102 6327 6327 1280 1240 1.0000- 4 2.0000+ 7 -8.855 * 0.672 5.85290+ 2 §5.33460+ 2
SITNPo237. |18 6337 6337 1380 1330 1 00m0s & 2-0000r 7 10293 . 19902 . 65580-.3 3.20277- 2 _3.94160- 2
............. -NP-237 .18 337....1280 . . 0000-.4 000+ 7 -16.%52¢ 19.705 * ...9.65580-.3 .3.29277- 2 .3.94160-.2 . ..
79-AU-197 102 6379 6379 1280 1240 '1.0000- 4 2 0000+ 7 -10.955 # 0.463 ] 53286+ g ?.36850+ g .
90-TH-232 18 6390 6390 861 821 5.0000+ 0 2.0000+ 7 -8.674 * 0.741 6.56278- 7 5.99350- 7
WARNING. . .FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL ENERGIES.
AAAAAAAA DATA1 IS ZERQ AT 2 ENERGIES WHERE OATA2 IS NON-ZERO. . . e e e ee e eeeeeee st st eeer e s e res s e reee s oo e . erevereeerenne
FIAST DCCURRENCE At "4_00000+ 3 EV.
90-TH-232 102 6390 6390 1280 1240 1.0000- 4 .0000+ 7 -2.872 * 0.639 3.02312- 1 2.93630- 1
93-0 —238 }3 83956998 1280 1349 1.0900- 4 % 0000+ 7 . 6358 + 11332 + 6.37938- 1..5.32a21-.7. 3.85304~.7. 2.89450- 7.
-4 =238 18 6398 6398 . e ...1-0000- 4 2.0000+ 7 - .¥...1.432 * 6. 38-.7..5.72421= 4-..7 .2.894% St S
= -238 102 63986398 1280 1240 .0000-"4772. ooog+ 7 517,489 770 . 647 1.5&985— 1 ?.2953 = &
94-PY-239 18 6399 6399 1280 1240 1.0000- 4 2.0000+ 7 -1.368 * 3.860 * 1.15896+ 1 1.14310+ 1 3.03207+ 3.14910+ 0 ™
251 10 207 8438 £a3e 1280 1340 1.0000- 4 39000+ 7 010y 9098 :
e -8 -..10..207 ©425 6425 1280 1240  1.0000- 4 DO At 00 1 L OO, ¢ N 1 - 1< OO OO OO O SOsTEOsORTOTUSOTU TP S
21-5C="35 %02 2428 6428 }280 1340 1.0000-"4 "2.0000+ 7 " -0.750 0.267
22-TI- 46 103 6427 6427 369 329 1.6000+ 6 2.0000+ 7 -0.003 0.004
22-TI- 47 28 6428 6428 189 149 1.0600+ 7 2.0000+ ? -0.091 0.00!
,.g TI-mAIWWJSgWGQZQNSQHQNNMI BQWMm124Qmm1,QOOO:Mﬁmm3 B 0T 0 Lo kL e ¢ S 010 OO ¢ B 1 . OO OOt O OO TP OO TSSOSO
~T1-748 6429 6429 69 129 1600+ 7 0000+ 7 -D.D9 0.04
22-T1- 48 103 6429 6429 337 297 3.2000+ 6 2.0000+ 7 -0.002 0.004
RS gt el G S pE e pu i e, 4R
= . - + o LR A DU T i G (. R T 1 T Sy LT L LR R Lr T LTy T S TR T P PSP TR P PP T TP
58-FE- 58102 643 8484 1280 1240 %.oooo- 4 %.oooo+ T77593.9717F 7 770,106 VT893 1. 332006~ 3
28-NI- 58 16 6433 6433 153 113 1.2400+ 7 2.0000+ 7 -0.014 0.005
25-NI-_ 20, 103 6434 6433 . ‘351 399 - 2000+ & 20000+ 7 0:108  9:093
—.90 WUg D434 DA% oIV 21y L0 " S XN A 0+ [ ' R = 0 N ekt B S Sk ek gk e ne e egeeeteerRe et Rk AR Ake - h et Hsogeeeeaes <erasreesettetisaseseesiensiiviraseesssnssarssstrstesies femmansscerenarinn
29-CU- gg ]o 43576435 1280 {240 ?.oooo- 4772.00004 7 TS90.118 7% T 0. 143 T I1TE98- 17195340~
29-CU- 63 107 6435 6435 367 327 1.7000+ 6 2.0000+ 7 -0.096 0.070
29-CU- 65 16 6436 6436 201 161 1.0000+ 7 2.0000+ 7 -0.022 0.001
............. 49-IN-115....51.6437 6437 . 427 387 3.2000+ 5  2.0000+% 7  0.06T 0 Q08 e s esreeeszere et eseeees e eeoe e eeeeeeeereeeeeeeneee s oo etseereeees e eereeeeeemeeeense
49-IN-115 102 6437 6437 1280 1240 771.0000-"4 72.0000+ 7 T-11.347 % 0. 111 262074+ 3 224270+ 3
53-1 -127 16 6438 6438 217 177 9.2000+ 6 2.0000+ 7 -0.055 0.093
16-S - 32 103 6439 6439 385 345 9. 5 2.0000+ 7 0.0 0.014

e e e e e e o e e A - = — = = = —— " ——_——— " — — —_ o~ — e o = Y —— ek - - . =~ - " — . T

e e e e e e e e e e e e e e - e e s e e o e e e e e = e i S e e e 4 e e = = e L e e - e e e s e

" PER-CENT DIFFERENCE = 100 # ((DATAI OATAZ) JDATAY) AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS

e T — . . . i . . o o o o o B B . T S A e A — " — . T — " = = = . = T — . ——— —— - — Y — - — T —



WAT 6311 (N, GAMMA) 11-NA-23
) CROSS SECTIONS s
STANDARD -1.88 10 0.306 z OIFFERENCES
1
1
1
1
1
1
APX-62 O.GREENE.OML) o T o ‘
1
1
1
1
1
s ool ool oo o} —atnnd - | 4 roent-
L RPX-B2 (1. GREENE.OFWL) / STANDRRD 3
T T
3 el At et gy power] P § oy eanal. had aandusl. 3
101 r® ot e’ 10® oS v 0 0?2 ! P e
1 3 11-NA-23
MAT 8927 N, GRMMA) 27-¢0-59
CRES3 SECTIONS ,
rsmum -8.86 10 0.6%2 Z DIFFERENCES 1
f 1
1 1
| 1
] . 1
] |
s D e VIO e T DUR B ot sorment ]
{m-ez (1. GREENE , OANL) 1
] 1
] ]
1 1
] 1
f K—n~—s~”\~_~_\“1
;
B T T T s e aan, S B B ot o~
E RMPX-82_ M, GREENE, 0PML) / STRNDRRAD
) -
L w
i ]
1
]
_MaYe.
-'..._A anbbtadl. osery aabuttaad. poeew ] anend. o | Senpandl.. vew |
1019 169 10® 1?7 10® 0S5 Y 10?12 ! P o
2 3] 27-c0-59

10!

107!
102
103
1
1S
10t

107!
102
103
1Y
1073
1.02

10°
1%
10!
1P
1!

102

108
1
10!
1P
107!

103
1.02
1.00
.98
0.96
0.9
0.92

40.90

BRANS

BAANS

181 ]

RAT10

MAT 8337

FISSION
CROSS SECYIONS

93-NP 237

[ STANDARD

|

{
]
|

U -16.5

5 10 (9.7 % OIFFERENCES

Y

bbbt e
[ Px-62 In.GREENE , DRNL)

|

]
]
|

scaamh a0l

]ttt b o orratl)
APX-82 M, GREENE,DANL) / SEANDRRD

10710
3

WART 8379

10é oS

1
3]

(N, GRMMA)
CABSS SECTIONS

'y P | -
10003 o2

it P 1ot
93-NP-237

79-RU-187

STANDARD

T

r—r-—r—"

YW

f §

TO 0.463 2 OIFFERENCES -

im?

RPX-62 (M, GREENE , DRNL}

!

- pPX-82 (M, GREENE, ORML) / STRANDRRD

1.00

30.92

acsud.

P 1ot
79-RU-197

102 !

BAANS

BRARNS

AAT!O

BAANS

BARNS

AAT10



MAT 6390 F1SSION 90-TH-232
CAOSS SECTIONS
[ sTANDRRD  THRESHOLD=5. 0000 EV -8.87 10 0.741 7 OIFFERENCES ]
- Px-82 . GREENE, 0L THRESHOLD=S. 000 EV - o ]
’ 1
o + . * ot e -
NPX-82 O, GREENE, B / STRNDRRO
—— YT
wwev'y A, -.l 1 Anteiad, Anhatel. and
105 104 103 102 ! 1P 1ot
s rEV 90-TH-232
MAT 6390 N, GAMNA) 90-TH-232
CROSS SECTIONS
STRGHFD -2.41 10 0.39 % DIFFERENCES

PP N g G ey

APY-82 M,GREENE, 0ANL)

1

|

1

L“‘--— 1

|

L MPX-82 (N, GREENE, ORML) / STANDARD o N

v IM—-—-’
3 MRy E
PR ¥ — O i — it

1rl0 49 18 g7 4e 165 et w0? 10?  o! 10!

8 eV 90-TH-232

1P
102
1w
1678
1yo?
110

1072
1004
1078
1079
10010

1.02
1.00
0.98
0.908
0.9%
0.92
0.90

BAANS

RAT!O

RATIO

MAT 6395 FISSION 92-y 235
CABSS SECTIONS
vy e - —— v — —y — v—r
STANDAARD -1.34 T1012.89 % DIFFERENCES
r 1
[ 1
1 1
' ]

cooratadd

St —o—t-oserbonsd poad
RPX-82 (M. GREENE, DANL)

r
r
{
I

] oo ———
F AMPX-82 (M.GREENT,ORML) / STANDA

anaed.

P

Y

"y

109 109 10?07 10® S et w0? 10?
) MEV

_l‘o"m—l‘d’ 1ot

92-u -235
MAT 6398 F1S310M 92-y -238
CROSS..SECT [ONS
rer— r— oy e —y — Sov— omy
" STANDARD -8.46 10 1.43 |2 OIFFERENCES
[ ]
- Vgamun SRS E
:\ :
s 4
vt + oot sornt SRS B! st st ]
L pePX-82 (M, GREENE. DRNL) ]
-\ L 1
o -
APX-82 .GREENE. ORNL) / STRNDA o N A
L
EENMSUYT | % §
1019 40?2 o8 107 108 105 et w3 10?2 ! o
[) 92-y -238

1.04

1.02

BARNS

BAANS

RAATIO

BARNS

ARTIO



(N, GRMMA)

92-U -238

CROSS SECTIONS

T.17.5 16 0.647

1
1
1
H~_,__\‘- }
1

% DIFFERENCES {

/

j PX-82 M. GREENE, ORML) | o R o B
J 1
1 1
[\ 1
1 L\\ 1
1 L
| 1
e T L S B
APX-82 (N.GREENE,DANL) / STANDA
o
st bt nns sk A R 5 A
1019 409 yo? g0? 10® 1S et a0? 10?0t P
9 neY 92-u -238
MAT 8399 F19310W 9 -PU-239
CROSS SECTIONS
STRANDRRD -1.37 1013.86 % OIFFERENCES
[ 1
1 1

PP Uy Gy

| APYX-82 (N, GREENE, DRNLI / STANDH

] SRy acand asnad aandd . _— - S aaad d ;
1010 40?40?07 10 oS 10t 103 0?2 ! P o
10 v 9 -PU-239

1.00

40.95

10.85

1.02

1.00

Q.98

BAANS BAANS

RATIG

BAANS

_-__._-._,-__'

BANNS
o PP v § —— aend.

ARTIO

WAT 6432 (N. GAMNA) 26-FE-58
e CROSS SECTIONS
STANDAFD -24.0 10 0.106 % PIFFERENCES
] 1
] 1
[ 1
] 1
T S U SO U OO DU D —:—:__}:/
APX-82 (M. GREENE, OFNL!
] ]
] |
] 1
| 1
——\————~_,/
e B o SUSP DU DO IR IND S AN
RMPX-82 (.GREENE,DRNL) / STANDRRD )
e =T T
10 40? 10® 07 1w0® 1S 't 10? 10? r! P 10!
11 wEY 28-FE-58
WAT 8435 (N, GRIMA 29-CuU-83
e CAO9S SECTIONS
STANDAFD -10.1 74 0.143 7 DIFFERENCES

PUSON ST LUy U PUrOUUr S Te PGP |

e
J—y cotad o

WY

Jrow—y

18 0?7 o8

108

1wt ol

MEV

102

1P 10!
29-CU-63

1wt

0.7

0.92

BAANS

BAANS

ART1O

BARNS

BARANS

ARTIO

- 001



MAT 6437

(N, GAMMA)

CABSS SECTIONS

49-IN-115

rsfmmn"" T co "l-n.awioﬁo.uwi % DIFFERENCES ]
[ I 1
f | 1
y 1
y 1
[ 1
[ 1
1 1

M Bt B Al ad a0 A g

AMPX-B2 (M. GREENE, ORNL)

3 s

.‘-..'.F aadd . o anad | sad . N et aaal r.'l'.f " N
1010 19 1o o7 10® 165 10t 103 10?2 10! 10!
13 MEV 4g-1IN-115

0.9%

0.92

DARNS

BARNS

RATIO

= 101 -



~ COMPARTSON OF € VALUATED DATA (PROGRAM COMBLOT BA=Ry - = o o e et e ARk e R et et b e e earaens s enee

e - e A e = e A A - ——— " - - —— . - Y - - ———— . o " > " T " - - o

e e -~ - = " . W B> Y T o~ = 2 - —— s e T S = o e i - - ——— - — . . = o — - " > o T o

BATATESTANDARD o o RRmTIIIIIIEIIT IO Dbttt bbb —==
DATA2=AMPX—-83 (M.GREENE ,ORNL)

At~ B =t - - T ——— = = R . = = . — — — ———— " > " = s P - — . = = A = - T —— - g — > o~ — o o " = - —————

__ENDF/B_TAPE LABELS

DATA1=1AEA PROCESSING COoE VERIFICATION PROJECT STANDARD (MOD 1) 9000
DATA2=AMPX OUTPUT...ENDF/B-V DOSIMETRY LIBRARY (M.GREENE, ORNL, 1983) 9000
"""""" ”WMATEWIKL““MT”HATT“MATQ”P&INTI“ﬁUINTQ‘”””ENEth RANGE (EV) ~ " MAXTMUM '““‘“”””mm”ChﬁSS”SECTION (BARNS ) AT POINYS ™
MINIMUM MAXIMUM PER-CENT DIFFERENCES MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2

T1oNAS 5y D P
13-AL- 27 103 6313 *** NO COMPARISON #*¢#
13-AL- 27 6313 ¢ :8 COMPARISON ##3

25-MN- 325 *+* NO COMPARISQN t¢*
L 29-MN- ﬁmmmnﬁmﬁ..5”6327 ?MS 0

27-C0O-'69 6 6327 149 V. 0600+ T 0.0000+ T -0.003 0.003
27-CO- 59 102 6327 6327 1280 1240 1.0000—- 4 2.0000+ 7 -0.386 0.671
27-CO- 59 107 6327 6327 291 251 5.5000+ 6 2.0000+ 7 -0.003 0.042
“m9§7NR:231mm”J§.ﬁaazmﬁaazmmN}280mmm124oM"I,Qonﬂfm4m“2,oooo+uzmmmro.445m“mmwl,szgmzw .................................................................... 8.69192~ 2 8,82870- 2 .
79-AU-197 77102 6379 6379 280 1240 0000- 4 '2.0000+ 7 -0.289 0.445
90-TH-232 18 6390 6390 861 821 5.0000+ 0 2.0000+ 7 -0.430 0.743
WARNING...FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL ENERGIES.
DATA] 1S ZERQ AT .2 ENERGIES WHERE DATA2 IS NON-ZERO. .
T FIRST DCCURRENCE At 4.00000+ 3 EV.
90-TH-232 102 6390 6390 1280 1240 1.0000- 4 2.0000+ 7 -0.387 0.656
92- u -235 18 6395 6395 1280 1240 1.0000- 4 2.0000+ 7 -0.331 1.120 ¢ 3.10750+ 0 3.14230+ 0
.”92 -238 18 6398 6398 1280 24om,1ﬁoooo- .2.0000+ 7 -0.388  1.418 * i 2. 85364 7 2.89410- 7
92-('-238 1026398 6398 280 240 .0000- 4 " 2.0000+ 7 -0.389 0.661 o
94- PU 239 18 6399 6399 1280 1240 1.0000- 4 2.0000+ 7 -0.348 1.667 ¢ 3.68446+ 0 3.74590+ 0
3-LI- 6 207 6424 t** COMPARISON t*% :

................. =B . =.10..207 6425 ***

COMPARISON *%%
COMPARISON ###%

COMPARISON #ts

COMPARISON *t*
_COMPARISON ***

COMPARISON ##3%

22-TI- 47 28 6428
. 22-T1-.47 103 6428 **
22-T1-748 286429 tit

5 ES%SESSEEES

22-TI- 48 103 6429 *** COMPARISON **3#
T 30103 ) 1L M8 CgmaRie
E-.56 103 6431 K PA ez e aateee oozt v e e e oo e eeet e oot eee e oo e eeeeee e e s e r e e e oo ee e et eeeeeaseom s e er e s errreeeee
26-FE- 58 102 6432 6432 1280 1240 1.0000- 4 2.0000+ 7 T -0.343 0.906
28-NI- 58 16 6433 *** COMPARISON *#3#
28-NI- 58 103 6433 ***t NO COMPARISON #**3#
_28-NI- 6.mutog,ﬁqaﬁmf?meQWCDMPARISON B e e oot oo oo
29-Cu-' 6 102 6435 *%% NO COMPARISON ###
29-CU- 63 107 6435 *** NO COMPARISON **#
29-CU- 65 16 6436 t** NO COMPARISON **#
.............. 49-IN-115....51.6437.6437 427 387 3.2000+ 5 2.0000+ 7  —0.067 . 0.008 e e e ee et eee e e eeerseenemeee
gg—IN—};g 1?% 6437 **¥+ NO COMPARISON ¥#+

6438 *** NO COMPARISON #*+% )
16-S - 32 103 6439 *** NO COMPARISON *t2 :

T e e e e e e e e e e e e e e o e o e~ e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e

. e . L=~ . = " o = _— =~ T " . e = o . T = = o — . = = e =~ = = et ——— = s T - — o — — - — - —— —

T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = —— —

"PER-CENT DIFFERENCE = 100 # ((DATAl -DATA2)/0ATAT) AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS

e s > e £ - s = T s . s " T T s - . = "t o —— -~ = e "~ - ——— — . " — " " —— — " = s . 4 > — - — -~ -



MAT 6337

F1SSION
CAOSS SECTIONS

93-NP-237

T .0.4u5 TO f.

S7 % DIFFERENCES |

]

el s o
APY-83 M, GREENE, DAML)

PRSrer EPI STy

PO PP S Sy

RPY-83 (. GREENE,OFNL) / SHANORRD

T L 24 — - ~
1'% 409 g% go? 10® 165 et 10? 0? r! P a0
1 wevY 93-NP-237
MAT 6390 F1sSION 80-TH-232

CAOSS SECTIONS

H{STAMDARD  THRESHOLD=S5. 0000 EV -0.430 TO 0.743 % DIFFERENCES
1 ]
o -
o -4
:._L_p/!\mojl.’yllr1'hﬁ'-—--' ]
o e
- o ot bostel .
APY-83 OV GREENE,OAL) THRESHOLD=S. 000 EV

AUy

Y rrrTYr YTy

—=
=

Al A a4 1L Ld

MP1-83 A.CREENE, DALY / STANDFFD

—————CYY ~iﬁlL;;;,__,..__.~

L o [

1075 1o 1072 102
2 NEY

1P

10!

90-TH-232

1.02

9.9%

1079

1079
1!2

1.03
1.02
1.01
1.00
0.99
0.08
0.97

BARNS

RATIO

B8RRNS

RAT1O

WAT 6385 FISSION 92-U -235
A _CROSS SECTLONS
STANORFD 720,331 T0]1.12 % DIFFERENCES
1 |
f 1
—————
o y ——— e} SO DS N vt
! AMPX-83 (M, GREENE, ORNL)
] 1
1 1
[ 1
e P Sp—— L\\_—H—.*—: et
AHPX-83 (N, GREEMNE,OFNL) / STRNDRRD o
M
=Ty
ooy ataatil. . w ooy | -t oY aond, anatd.
ALY Y L T T Y C Y T T T LT R
3 3] 92-u 235
MAT 6398 FISSion 92-y -238
~ CMDSS SECTIONS
- STANDRRD "7-0.388 10 1.42 % DIFFERENCES
:—~—--_--________-_-_~‘-‘ | e :
! )
3 L
R e S IVIENREI SETEUREETS N DI
L RMPX-83 (M. GREENE . OFML) B
! | — ] :
’_\ e
[ M 1
L Vg s Sgiaren o S s oot .
AMPX-83 M.GAEENE,ORNL) / STRNDRA
|
e
S — -
Adatmasd. gl . anbattnl] e asnad. b Aedanand, s bttt
1019 40?  1r? g0’ 1g® 105 ot a0 12 gt P e
i nEY 92-u -238

1t
10°
12
10!
1P

10°
162
10!

1.03
1.02
1.01
1.00
0.99
0.99
0.97

1.02
1.00

BAANS

BARNS

ARTIO

BRANS

BRANS

RATIO

= t0T1 -



MRT 6399

FISSION

CROSS SECTIONS

9y -PU-239

STANDARD o "-0.348 T0|1.67 % OIFFERENCES i
1
1
1
E
S S
AMPX-83 (N.GREENE,ORNL] N T
1
1

EINPX—63 (M.GREENE,ORNL) / STANDR

1019 1?1?1077

10 10!

94 -PU-239

BARNS

BAANS

RRTIQ

- %01 -
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MINX

MINX is a complete multigroup processing system which is designed to
generate complete multigroup data sets for use in applications.

The MINX comparisons performed in 1983 indicate excellent agreement
in the unresolved region and good agreement in the resolved region. The
only major differences seen were for 2380—capture and fission and

Cu-capture which appear to be due to an error in interpolating cross
sections & la RESEND. The Au-capture results at the resolved region
boundary indicate a numerical instability in the wmultigroup averaging

scheme used.

The error which led to the 2380—cathte and fission and
63Cu—capture differences as well as the instability that led to the
197Au—capture results have been reported to have been remedied in
MINX. However, no later results were submitted for comparison.



COMPARISON OF EVALUATED DATA (COMPLOT 84-2)

o e ot T —_— — —— — o — - ——— -~ — . — — T~ —— o = - ot o S\ — T e - — T —— - - — . WP " " = - —— - —— -

et = e ” = = - - = — T = - - ———_— T~ i @ . > - -~ - ——— . T — = - - - — " —— - — - I - ——— - —— - — - — " -

DATA1=5TANDARD
DATA2=MINX-83 (J.WHITE . ORNL)

e e et e - —— e T o A o = —_ = o T —— T m - = T = " — = . —————— > T " T\ = =t~ ————_———_ — T —— ———————— — T — " —— " ————— —— = =

e o - - T -+ = = " — o — i T T — " T = = = = e " — - T " = -~ —— .\ =~ S —_—— —— __——— o - — " - — A ———— = -

DATAt=TAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
NATA2= MINX...ENDF/B-V DOSIMETRY LIBRARY (J.WHITE, ORNL) 9000
MATERIAL MT MAT1 MAT2 POINTY1 POINT2 ENERGY RANGE (EV) MAX T MUM CROSS SECTION (BARNS)Y AT POINTS
MINIMUM MAXIMUM PER-CENT DIFFERENCES OF MAXIMUM PER-CENT DIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA1 DATA2
11-NA- 23 102 6311 6311 1280 1240 1.0000- 4 2.0000+ 7 -1.302 * 0.375 1.54897- 3 1.52880- 3
13-AL- 27 103 6313 6313 365 325 1.8000+ 6 2.0000+ 7 -0.170 0.163
13-AL- 27 107 6313 6313 337 297 3.2000+ 6 2.0000+ 7 -0.180 0.158
25-MN- 55 . 16 632% 6325 193 153 .1.04004 T 2.0000% T . —0.055 00009 e e e et oo et
27-CO- 59 16 6327 6327 189 149 '1.0600+ 7 2.0000+ 7 ~-0.000 0.000
27-CO- 59 102 6327 6327 1280 1240 1.0000- 4 2.0000+ 7 -0.847 0.562
27-CO- 9 107 6327 6327 291 251 $.5000+ 6 2.0000+ 7 -0.173 0.001
93-NP-237 .. .18 6337 6337 1280 . 1240 1.0000- 4 2.0000+ 7 -0.262 -
79-AU-197 102 6379 6379 1280 1240 1.0000- 4 2.0000+ 7 -0.349 2017.561 ¥ 1.29906+ 0 2.60267+ 1
90-TH-232 18 6390 6390 861 1240 1.0000- 4 2.0000+ 7 -0.882 0.434
WARNING. . .FOR ABOVE COMPARISON COULD NOT DEF INE RATIO AT ALL ENERGIES.
DATA1 IS ZERO AT . 422 ENERGIES WHERE DATA2 IS NON-ZERO. o B e e e et
FIRST OCCURRENCE AT 1.00000- 4 EV.
90-TH-232 102 6390 6390 1280 1240 1.0000- 4 2.0000+ 7 -0.767 0.250
92-U -235 18 6395 6395 1280 1240 1.0000- 4 2.0000+ 7 =-1.022 * 0.708 1.40193+ 1 1.38760+ 1 '
92-U -238 18 6398 6398 . 1280 .. 1240 1.0000-.4 2.0000+ 7 -5.123 * 14.912 * 5.12500- 5 4.86245- 5 4,32594- 7 4.97101- 7. . .
92-U -238 102 6398 6398 1280 1240 1.0000- 4 2.0000+ 7 -2.092 * 12.869 * 9.75215- 1 9.54811- 1 1.84121-"1 2.07816- 1=
94-PU-239 18 6399 6399 1280 1240 1.0000- 4 2.0000+ 7 -0.982 0.747 S
3-LI- 6 207 6424 6424 1280 1240 1.0000- 4 2.0000+ 7 -0.142 0.180
5-B_~ 10 207 6425 6425 . 1280 . 1240 1.0000- 4 2.0000+ 7 m0. 029 0 B e et e ee et ereerenenseeerens ) !
21-SC- 45 102 6426 6426 1280 1240 1.0000- 4 2.0000+ 7 -0.565 0.556
22-TI~ 46 103 6427 6427 369 329 1.6000+ 6 2.0000+ 7 -0.000 0.000
22-TI~- 47 2B 6428 6428 189 149 1.0600+ 7 2.0000+ 7 -0.022 0.123
22-TI~- 47 103 6428 6428 1280 1240 1 0000- 4 2.0000+ 7 -0.024 0.002
22-TI~- 48 28 6429 6429 169 129 .1600+ 7 2.0000+ 7 -0.064 0.138
22-TI- 48 103 6429 6429 337 297 3 2000+ 6 2.0000+ 7 -0.000 0.001
26-FE~ 54 103 6430 6430 1280 1240 1.0000- 4 2.0000+ 7 -0.165 0.162
26-FE~- 56 103 6431 6431 343 303 2.9000+ 6 2.0000+ 7 -0.100 = 0.083
26-FE<~ §8 102 6432 6432 1280 1240 1.0000- 4 2.0000+ 7 ~0.879 0.560
28-NI- 58 16 6433 6433 153 113 1.2400+ 7 2.0000+ 7 -0.000 0.000
28-NI- 58 103 6433 6433 1280 1240 1.0000- 4 2.0000+ 7 -0.168 0.134
28-NI- 60 103 6434 6434. 351 = 311 2.5000+ 6 2.0000+ 7 -0.122 . .0.163 e e e e e e e e et e et e+ et eeaesne e eresme e o
29-CU- 63 102 6435 6435 1280 1240 1.0000- 4 2.0000+ 7 -0.090 93.065 * 1.07784- 2 2.08093- 2
29-CU- 63 107 6435 6435 367 327 1.7000+ 6 2.0000+ 7 -0.150 0.138
29-CU- 16 6436 6436 201 161 1.0000+ 7 2.0000+ 7 ~0.176 0.000
49-IN- 115M .91 6437 6437 .. 427 ...  .387 .3.2000+ 5 2.0000+ T -0.200 0.158
49-IN-115 102 6437 6437 1280 1240 1.0000- 4 2.0000+ 7 ~0.447 0.565
53-1 -127 16 6438 6438 217 177 9.2000+ 6 2.0000+ 7 ~-0.149 0.081
16-S - 32 103 6439 6439 385 345 9.2000+ 5 2.0000+ 7 ~-0.209 0. 106

T e e e e e e e o e e e e e e e e e e e e e e e e e e e e - e e T o P - e
e e o e e - — o - - i — e L = = A = . e = A " - o = = — - S T - " S - T 4t " o " " - — >~ —— - - - ——

T T e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e

PER-CENT DIFFERENCE = 100 + ((DATA1-DATA2)/DATA1) AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS

e e o o i A A i L = - —— s T e e = e T s Y A o " e - " A e - e . - T T = . . . - e -



AT 6311 (N, GAMNA) 11-NA-23
) CAOSS SECTION —
STANOARO ©1.30 T0 0.375 7 OJIFFERENCES
1
7 1
1
1
]
1
S T S I DU sttt -
WINX-83 (). HHITE, ORNL)
1
1
1
1
1
]
e I R B —— bttt vout
WINX-83 (J.HHITE,ORNL} / STANDRFD
v L 4
: d — ot osntntd 2 +sopnl i . 3 3
AR AT LY T T Y S T Y T LT Y.
1 "y 11-NA-23
WAT 6379 N, GRMMA) 79-AU-197
CABSS SECTIONS
L STRNoRFD -0.349 10 2018 72 DIFFERENCES 1
- -
- -
: 1
| i
L MINX-83 (. WHITE, ORNL) - o o o ]
- -
i J
| ]
o 4
MINX-83 ().WHITE.ORM) / STRODRRO T
i LT ‘: o
Py e | | PR aesnd. gy b " amtanad ey gt
10! 4% 40f o7 10® S % w03 10?2 1!t @ e
2 wEY 79-AU-197

107!

1o

BAANS

BARNS

AATIO

BARNS

BAANS

ARTIG

MAT 6390

FISSION

CROSS SECTIONS

90-TH-232

[ STANDARD  THRESHOLO=5. 0000 EV " -0.842 10 0930 % DIFFERENCES ]
- -4
! ]
o -
F MINX-83 (J.WHITE. ORML) o T - R
3 -
- -4
C ]
Y ]
y- -
F ]
- VPR, sttt sorrd oot etorensd dowt vond—s
WINX-83 (J.WHITE.ORNL} / STANDRRD
10! 4e? 0® 10? 10® oS gt g0 10? ar! 1P
3 "y 90-TH-232
MAT 6395 FIS310N 92-U -235
_CROSS SECTIONS e
STANDRRD -1.02 T0 D.708 7 DIFFERENCES
[
1 1
1 1
[ 1
w
o Dun e - ot +tesssam -+ rrcma—-btesmt
WINK-83 (J.WHITE,ORNL)
1
[ 1
1 3
1 3
w
o) P—Y — anae) ::* smtnnd 1 avelilo-tescranand -
MINX-83 {J.MHITE,OPNL) / STANDRRD
. R, . e, . -~ A A
l"" i e v
e et it ....J-"- IlmT"-'"'ﬂ'_L TR —
109 10? 10® 30?7 10 0SS 1et 10 10?2 1ot 10!
M v 92-U -235

NE

12

0.96

BRANS

BARNS

AATIO

BAANS

BAANS

AART IO

= (01



MAT 6398

FISSION
CROSS SECTIONS

92-U -238

A1 vy

STANDRAD

LD SR BN S S dn e s a5

o0ttt —omtasaschittth oy

\W”“

B2 10 1u.9

7% DIFFERENCES J

PRV S N S G S W

i

MINX-83 (J.WHITE,ORNL)

LZAR D SN Mt aen S Sum o S Eun

.

RO S T U U T R S S S 1

o } rovend oo - ] totestnnd - D s 1 o
KINX-83 {J.WHITE,ORML} / STRNORFD

DY =
Sadanattnd. P | P | . --5 el 1. deitand. sl o] -
109 o® 4?7 1o® oS et 10?2 ! 10!
5 wEY 92-U -238
MAT 6398 (N, GRMMA) 92-4 -238

CROSS SECTIONS —
| STRNORFD -2.p9 10 12.9[% DIFFERENCES §
1 1
1 1
r\ 1
1 1
] 1
 MINX-83 (J.WHITE.ORNL) o o R K
| 1
] ]
1 “\‘ 1
F 1
y 1
E NINK-83 (). WITE.ORNL) / STRORRD - - h T

L]

1019 4o gr® 07 e S et 10?2 ot i ol

6 92-U -238

1P
102
1o
108
108
1010
1P
1072
10
1078
108
1o-10
1.15
1.10

1.05

10.95

0.90

BRANS

BRANS

RATIO

BARNS

BARNS

RATIO

AT 6435 (N, GRMMA) 29-CU-63
— CROSS SECTIONS

| sToD -0.090 1h 93.1 % DIFFERENCES
i
4
MINX-83 (J.WHITE,ORNL) ” R T
1
1
|
[

T T ——— SR TR EINTR R a—
NINX-83 (J.WHITE,OANL) / STANOARD

_— - e — e N A —
1010 4g?  w0® 4?7 0t 10 e g3 a2 ! P e
7 wEY 29-CU-63

BRANS

BRRANS

RATIO

=~ 80T
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GRUCON

GRUCON is designed to calculate complete sets of multigroup data for
use in applications.

GRUCON results were submitted for only four reactions, and
comparisons performed in 1983 to our benchmark results showed generally
good agreement. In particular the 237Np fission results indicate that
GRUCON is using the ENDF/B-V convention to interpolate cross sections.

Unfortunately, since only four reactions were submitted for GRUCON
even though the agreement for these four reactions is quite good it is
not possible at this time to draw any conclusions regarding GRUCON's
ability to reproduce the benchmark results for the entire ENDF/B-V
Dosimetry library.



T COMPARTSON OF EVALUATED DATA (PROGRAM COMPLOY B4-2)y " =~

e . —— o o k-~ ——— - . > - ek = T e - " - - = > =k = = —— 7 = A e T A " - ——— A ——— — - — - ————

e e e e -~ " o —————— i Vo= s - . A " - A - - o A o . - = " — - e =+ 4 - = - S o W W . - — T — — "~ ———_————

CBATAY =S FANDARD I IITTIRTIIINIIIAT I NININS ame e bt teborhaabeb ettt T TTITTTIITIITIIS T TTITTIT T S T TTIIIIT
DATA2=GRUCON-83 (V.MANOKHIN,OBNINSK )

e e - " o —— . T — T = = G = = o - A = - . — " o - - b - - " S — " - - T~ —— S, - " " —— - - ——— - - ——

DATA1=IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.0) 9000
DATA2= GRUCON...ENDF/B-V DOSIMETRY LIBRARY (V.MANOKHIN,OBNINSK, 1983) 9000
T MATERTAL MY MATY MAT2 POINTY POINT2 ~ ENERGY RANGE (EV) " O MAXTMUM T T CROSS SECTION (BARNS) AT POINTS — o
MINIMUM MAXIMUM PER-CENT DIFFERENCES OF MAXIMUM PER-CENT ODIFFERENCE
NEGATIVE POSITIVE DATA1 DATA2 DATA?Y DATA2

e e s " — — ——— — o~ " o b G4 I " . S ke e e o e 4 W S e e o o s - e o o > " 4 = o - " T S o . i A S T D " -~ — - " - ——

NO COMPARTSON #4477 7 s s o e
NO COMPARISON *#*
NO COMPARISON #%#¢

TN O B B3t N ) M AR O 8 e e et e Ao e R R e e
NO 'COMPARISON "###
38 COMPARISON *#+

27-CO~ 59 107 6327 *** COMPARISON #*%%

L93-NP-237 18 6337 63371280 1238 1.0000- .4 2.0000+ 7  -1.926 *  2.460 * 8.56108- .2 8.39617- 2 3.13213- 2 3.,20919- 2
79~AU-197 102 6379 *** NO COMPARISON ##¥
90-TH~232 18 6390 *** NO COMPARISON t**
90 TH 232 102 6390 6390 1280 1238 1.0000- 4 2.0000+ 7 -0.383 0.109

35 ....18.6395 *#** NO COMPARISON *** it etr g e reeE e e 35+ 3 ETARCereeeeeer LS5 AR e e e rereeeee s e e 1eeeeeseeaeeee e ereseee oLt er e e eeeee e eee s e et e e s e e e oot eeeesees e eeeeear e eeeer e e e

% 3 86398 6398 1280 1238 1.0000- 4 2.0000+ 7 <0.413 0.739
92 «233 102 6398 6398 1280 1238 1.0000- 4 2.0000+ 7 ~-0.415 1.047 * 5.63688- 1 5.69588- 1
L1230 207 8392 s++ NO COMPARISON o+t :

5-B <7107 207 6425 vid COMPARISON ### =

21-SC~ 45 102 6426 *** COMPARISON ##t O
22-TI- 46 103 6427 t#** COMPARISON *#*

.,,.,52:1, -.47...28 6428 %** NO COMPARISON *** !

NO
NO
NQ et
NO COMPARISON *##
22-T1- 48 28 6429 *** NQ COMPARISON %%
22-TI- 48 103 6429 *** NO COMPARISON ***
. 26-FE- ﬂmmloﬁ”5430mf?£MNQ“COMPAR SgN“?!?WNW.m
26-FE- 56 103 6431 ##* NO N $ed
26-FE- 58 102 6432 *** ng COMPARISON %%
NOQ
NO
NO
NO
NQ
NO
NO
NO
NO

28-NI- 58 16 6433 t** COMPARISON ¢t#

: 5 ....16 6436 *** |
49-IN-715 6437 #i#
49-IN-115 1 6437 *t
53-1 -127 6438 %t
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CONCLUSIONS

This report presents the results of the first step, or round, of
verification comparisons. The first round of comparisons is intended to
test the ability of processing codes to accurately produce, cold (0
Kelvin), unshielded, flat weighted multigroup cross sections; in
principle this should be the simplest quantity that can be derived from
evaluations. At present contributions to this project have been received
from forty-two participants using thirteen different processing codes.
In the initial comparisons not one participant has been able to obtain
agreement with benchmark results; differences varied from 2% to a factor
of over 50, However, this project has already in its initial phase been
successful in detecting and correcting problems with a number of cross
section processing codes and, in particular, has led to the practical
result of identifying accurate codes and of improving the ENDF/B-V
dosimetry library as distributed in 620 groups.

Of the thirteen cross section processing codes which participated in
this project seven have been improved to the point where they can
currently reproduce the benchmark results for the entire ENDF/B library
(ENTOSAN, RECENT, FOURACES, RESENDD, FEDGROUP-C, NJOY AND AMPX). Based
upon our experience in this project code comparisons can be used to
eagily identify and allow problems to be eliminated from codes. The fact
that problems were found in every code which participated in this project
indicates that all processing codes should participate in this project.
Code users and designers are still encouraged to submit results for the
first round of comparisons.
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