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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), 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 tne 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: (1.) 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.

ftackground

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 237^ fi88i0n cross sections calculated at
Brookhaven to those calculated at Petten (1). 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 6%. 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. Verificat,ionr 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 (1.) 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 is the observation that
differences in 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-shielding 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 is 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. If the cross section processor introduces an error
which is 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 multitude 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. In the first round of comparisons the
areas of largest disagreement, which is 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 is not available from all
processing codes. The next best, simple comparison is 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 is being coordinated directly by the
IAEA Nuclear Data Section and anyone interested in participating or
obtaining more information should contact
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D.E. Cullen
Nuclear Data Section
International Atomic Energy Agency
P.O. 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/8
format (each reaction as a section of file 3 using 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.O. 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 2 3 8U (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 10~5eV. Participants should use room temperature (293 K) and
two different weighting spectra, one flat-weighted and the other fully
shielded, i.e. 1/Eax weighted.



- 7 -

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 in 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 ASCII or EBCDIC, preferably labelled and written
at 1600 or 6250 bpi.

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

Outside United States

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

P. Vertes
Central Research Institute

for Physics
Hungarian Academy of Sciences
P.O. Box 49
H-1525 Budapest, Hungary

For the second round of comparisons outside the United States the
Nuclear Data Section of the IAEA will make available evaluated data in
the ENDF/B format for the following materials, H, C, Fe, 232Th,
235Uf 238Uj 237Np> a n d 239Pu (note, since the ENDF/B-V library 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. l/(ax+cro)
weighted), group averaged cross-sections and/or self-shielding
factors for each of the processes: total, elastic, (n,y), (n,f) as
can be conveniently supplied. The following self-shielding
conditions should be used:

Material

Fe (MAT=1192)
232

TH (MAT=1296)
2 3 5U (MAT-1261)

U (MAT=1262)
237

Np (MAT-1263)
239

Pu (MAT=1264)

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 is asked to contact D.E. Cullen at the IAEA,
Vienna.
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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 - Oak 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 laboratory 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. In addition if we are to focus on
the objective of this project, which is not just 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 in 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 improved
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 I

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
difference

current maximum
difference or status

RESEND

ENTOSAN

LINEAR/RECENT/GROUPIE

FOURACES

RESCAL

RESENDD

FEDGROUP-3

FEDGROUP-C

NJOY(CDC)

NJOY(IBM)

AMPX

MINX

GRUCON

2018 %

2 %

6 % *

2692 %

113 %

5488 %

188 % **

2A82 % **

19 % *

100 % *

24 %

2018 % **

2.5 % **

abandoned

agreement

agreement

agreement

87 % *

agreement

16 % **

agreement

agreement *

19 % *

1.7 %

no additional results

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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Problem. Areas

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,

!• 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
RESENO is the father or grandfather of many processing codes it is
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 independently, is 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+3). 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 232jn

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 is
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 inr the unresolved resonance region

as illustrated in fig. 3. In 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 unresolved parameters are tabulated unresolved
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) interpolations.

At the time these appeared to be minor changes which should have
minimal, if any, impact on the evaluated data files. In 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-l/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 1/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-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
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 law 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 uncertainty of how to treat this
representation of unresolved parameters have led to confusion among code
designers 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 cross 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 is 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



- 17 -

an energy grid is "dense enough" by simply interpolating parameters to a
fine enough grid such that subsequent interpolation of cross sections or
parameters yields essentially the same cross section at all energies. If
this procedure is followed it is 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? In 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 ^'Np
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 (ey) Tn f (ey)

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-IV 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. In
the case of .̂3'Np 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 237flp 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 cross 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 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
section interpolation (ENDF/B-V convention) and almost all codes were
still using parameter interpolation (ENDF/B-1V 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 unrealistic. 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 237jjp fi8SiOn 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 2 3 7 ^
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 is 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-IV 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 in
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 parameter? 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
10~& 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. In
addition when the cross section becomes very small (in fig. 4 less than
10~8 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 minimizing 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 xero 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+«E
/*(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 on 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 <a> and the change in cross section across the energy interval ba the
equation can be written in the form.

This approach also works where the integrand is the cross section
times a flux and for logarithmic variation.
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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? In 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. 0 and the mod. 2 results were compared with mod. 1
results. The following plots indicate those reactions for which
differences in excess of 1% were found in the group averaged cross
sections in one or more groups.

Mod. 0 vs. Mod. 1
The only differences between the cross sections in the

ENDF/B-Dosimetry libraries mod. 0 and 1 is that for 2 3 8U fission and
^8Fe capture two tabulated data points which were incorrect in mod. 0
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 10~5 to 300 ev in mod. 2 (it was
0.3 - 130 ev in mod. 1) and new resonance parameters.

capture -

232Th fission

232Th capture

The resonance region is 10~5 to 5 KeV in mod. 2 (it
was 10~5 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).

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

Resonance parameters have been slightly modified. The
biggest effect is seen near 70 ev where slightly
shifting overlapping resonances between mod. 1 and 2
leads to a 216% difference in the cross section.

*7Ti(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. In mod. 1 these
reactions were continued to low energies with very
small, but non-zero cross sections.

n capture - mod. 2 has a completely new set of resolved resonance
parameters.
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Cross, Section Processing Cpder 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.

Explanatipp 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). If 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 (f) 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,
23fla-capture, 232T^_f i s si o n an(j capture). The differences in the
unresolved region (see, 237Np-f i.88ion) 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
58p e_ c ap t u r e an<j 63cu-Capture. Another error is 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 19?Au-capture w e c a n g e e 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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DATA IDENTIFICATIONS

DATA1-STANDARD
DATA2=RESEND-80 (B.MAGURNO.BNL)

ENDF/B TAPE. LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.O) 9000
DATA2=RESEND OUTPUT...ENDF/B-V DOSIMETRY LIBRARY (B.MAGURNO. BNL. 1980) 803

MATERIALMT MAT1 MAT2 P0fWf2 RANGE (EV)
MINIMUM MAXIMUM

MAXIMUM
PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTIOH (BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 DATA1 OATA2

11-NA- 231626911 6 3 1 1 1 2 8 6 1 2 4 6 1 . 6 6 6 6 - 4 2.6666+
13-AL- 27 103 6313 6313 365 325 1.8000+ 6 2.0000+
13-AL- 27 107 6313 6313 337 297 3.2000+ 6 2.0000+

55 1ft. §325 §325 193 153 1,0400+1 2.9000+if 193 153 1,
189 149 1,27-co- 5 9 I S 6327 6 3 2 7 1 8 9 1 4 9 i : o 6 6 b + 7 2.0000+

27-CO- 59 102 6327 6327 1280 1240 1.0000- 4 2.0000+
27-CO- 59 107 6327 6327 291 253 5.4000+ 6 2.0000+

WARNING,.,FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL
DATA1 IS ZERO AT 2 ENERGies WHERE DATA2 IS NON-ZERO.
FIRST OCCURRENCE AT 5.40000+ 6 EV.

93-NP-237 18 6337 6337 1280 1240 1.0000- 4 2.0000+
79-AMr197 102 6379 6379 .1280 1240 1,P0Pp- 42,ppOO+
90-TH-232 18 6390 6390 861 1240 1.0000- 4 2.0000+

WARNING.--FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL
DATA1 IS ZERO AT 422 ENERGIES WHERE DATA2 IS NON-ZERO.

7 - 0 . 1 0 3
7 -0.152
7 -0.122
7 - Q . 0 T 2
7 -0.000
7 -1.208
7 0.0
ENERGIES.

16.001 •
0.074
0.001
0.081

2.62310-53.04281-5

0.000
* 6.271 *

0.042
5.99952- 2 5.92706- 2 2.46276- 2 2.61720- 2

7 -97.656
7 -P., .193
7 -0.836
ENERGIES.

* 109.727 * 2.07430- 1
2017.552*

23.662 *

4.86301- 3 2.55572- 3 5.36003- 3
1,22906+ .0 2,69260+..l
2.54758- 6 3.15038- 6

G
FIRST..OCCURRENCi.AT ..1.P0QPP- 4 EV. .....

10-TH-232 102 6390 6390 128092-U -235
92-U -238
92-U -238
94-PU-239
3-LI- 6
5-B - 10
21-SC- 45

18 6395 6395
18 6398 6398

It

124b i:6600-4 2.0000+
1280 1240 1.0000- 4 2.0000+
1280 1240 1.0000- 4 2.0000+

5398.§398 1290 1240 1..,.0000-4 2,0000+
i280 1240 1.0000- 4

22-Tf- 46
22-TI- 47
22-TI- 47
22-TI- 48
22-Tl- 48
26-FE- 54
26-FE- 56
26-FE-..58
28-NI- 58
28-NI- 58
28-NI- 60
29-CU- 63
29-CU- 63
29-CU- 65
49-IN-115
49-JN-115
53-1 -127
16-S - 32

3399 6 3 9 9 1 2 8 6 1 2 4 0 1 . 6 0 6 0 - 4 2 . 0 0 6 6 +
207 6424 6424 1280 1240 1.0000- 4 2.0000+
207 6425 6425 1280 1240 1.0000- 4 2.0000+

6426 642§ 12§0 1240 1,0000-.A 2,0000+
4:
6428
6428

E429429
6430
6431
6432
6433
6433
6434
6435
6435
6436
6437
6437
6438
*** NO

'& 132*
149 1

1240 1

6000+6 1 "8

? -67619 12.629 -*•
7 -2.545 * 9.123 * 2.79848+ 0
7 -0.375 5.151 *
7 -4,184 * 9 6 1 6 * 7,11360r 1
7 -0.658 0.886
7 -0.098 0.091
7 -0.098 0.053

-0,251 2,524 •
.0 0.001

7 -0.088 0.000
7 0.0 0.002
7 -0 - 099 0•042
7 0.6 6.661
7 -0.101 0.085
7 -0.070 0.001
7 -0,379 9,936 *
7 0.0 0.000
7 -0.095 0.074
7 -0.101 0.032
7 -0,104 94•058 *
7 -0.095 0.070
7 0.6 6.000
7 -0.065 0.001
7 -0,104 3,951 *
7 -0.056 0.096

r;735«-"-1 6.71652- i •*'
2.72727+ 0 2.70950+ 0 2.95668+ 0 1

3.56413- 3 3.74771- 3
6.81597- 1 1.11774+ 0 1.22522+ 0

2,91846-2 2,99211-2.
10;
28
103

103
103
1Q2
16
103
103
102
107
16
51
102
16
103

6427
6428
6428
6429

6430
6431

6433
6434
6435
6435
6436
6437
6437
6438
6439

1
1240 1
303
124(

9
189

1280m
1280
343

1 5 3 1 1 3 1
1280 1240 1
351 311 2
1280 1240 1
367 327 1
201 161 1
427 387 3
1 2 8 0 1 2 4 0 1
217 177 9

COMPARISON ***

1.1600+ 7
3.2000+ 6

0600+
0000-
1600+
2000+
0000-
9000+ 6
0000-4
2400+ 7
0000- 4
5000+ 6
OOOOr 4
7000+ 6
0000+ 7
2000+ 5
0000- 4
2000+ 6

0000+
2.0000+
2.0000+
2,0000+
2.0000+
2.0000+
2.0000+
2,0000+
2.0000+
2.0000+
2.0000+
2,0P00+
2.0000+
2.0000+
2.0000+
2,0000+
2.0000+

4 , 66373- 3 5..,.127.1.1-...3...

1 ,07784-22 ,09163-2

2 , 2 9 9 5 2 - 1 2 , 3 9 0 3 7 - 1 .

14 PLOTS GENERATED

* - INDICATES DIFFERENCE EXCEEDS 1.00 PER-CENT

PER-CENT. DIFFERENCE - 1.00 * ((DATA1-0ATA2)/0ATA1 J... AT EACH ENERGY..POINT
MAXIMUM PER-CENT DIFFERENCE » LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



MOT 6311 (N. GflHHfl)
CROSS SECTIONS

l l - N f l - 2 3 HflT 6327

KSDO-60 B.MROUWB.BNU / STflNDRRD

itr7 i<r8 iir5 nr* nr3 itr2 nr

IN.flLPHfl)
CRBSS SECTIBN3

27-C0-59

t<rJU i«r

mi 6327 IN.GflHHR)
CWBSS SECTIONS

27-C8-59

00

101

27-C0-S9

STflNDRFO THRESHOLD'S.SOOO HEV 0.0 TO 0.0112 Z OIFFEREMCES

FCSEW-80 (B.WGUnNO.BN.) THRESHOLO-S.4000 HEV

-80 (B.WHJRNO.BN.) / STflton)

.F ISSIOK
CROSS SECTIONS

- 9 7 . 7 TO 1 1 0 . X DIFFERENCES

flESOC-80 IB.mGUM0.MJ

lir6 icrs 10*'
MEV

10°
93-NP-237



MflT 8379 (N.GRMMA)
CBHSS SECTIONS

79-RU-197 MRT 6390

- 0 . 1 ! 3 TO 2D18 t DIFFERENCES

RESEMI-80 (R.mann.BN.1 / S T R M H C

(N.CflMMBI
CRBSS SECT HNS

9O-TH-23Z

FISSION
CHH5S SECTIONS

10'
79-BU-197

90-TH-232

STfHOWD THRESHOLO-S.0000 EV

RESENO-60 (B.HRGURNO.BNU

RESENO-60 O.WCUnNO.BNL) / ST»O»V

-O.H36 TO 2t

i r 8 IQT7 t(T6 ior5 i<r» iir3 id"2 nr1 io° IO1

.7 Z OIFFERENCES 10°

Iff41

1(T8

i<rie

itr20

10"8

16i<r

1.25

1.20

1.15

1.10

. .05

1.00

0.95

- 0 . 8 1 9 TO 1 .6 X DIFFERENCES

RESEN3-80 [B.WI0URN0.8N.I

A 1 i < MI..H i M I . | H H '-I H ' 'I'HRESEND-60 IB.HROURMO.BNL) / STfMHW

1(T10 1(T9 I T 8 10"7 1(T6 1(T5 10"* 10"3 10"2 10"1 10° 10

MRT 6 3 9 5 FISSION
CRBSS SKTIONS

92-U -235

1(T10 IB"9 Iff"8 !0"7 1(T6 10"S 10"" 1(T

1.10

1.05

.00

. 0.95

I

U)

10'
92-U -235



m r 6398 FISSION
CRBSS SECT HNS

92-U -238 MOT 6V26

- 0 . 3 75 TB 5 . 1 5 7. D IFFERENCES -

RE3EW-80 tB.mGURNO.BNJ / ST»

id" 9 i i r 8 io~7 io" 8 io"5

STflNOfH)

1 • ••••*
HESEfC-60 (B.

—-—i%K
RESEW-80 iB.majnNo.BM.1 /sifwnno

CROSS SECTIONS
92-U -238

18 TO 9.62

r

DIFFERENCES

_, L

I
irf» i

id*

itP i

ir2

1.10

1.05 „

I . O O <r

0.95

1(T10 1(T9 l(T8 !<T7

10
i i r 6 t(Ts nr" icr3 t t r 2 i t r '

. NEV
irf3 IO1

92-U -238

(N.GRNHR)
CRBSS SECTIONS

21-SCJJS

5TRN0RR0 -0.251 TO 2.5:

HESEtO-80 tB.NRGURNO.BNL)

RESEW-80 IB.NRGURN0.8NL) / STHNDRRO

• \ ^ J>^*jiAAilM^.Xj~I.iIiri.U

•/. OIFFERENCES

•i i i'N

lir10 to"9 itr8 icr7 IO-8 i r 5 to-* iir3 KT2 i r 1 ifi IO1

11 NEV 21-SCJI5

IC3

>o> „
HP I
.<r l "
Id-2

lo-3

103

ID2

UP i

ID"2

I(T3

1.04

1.02 „

cc
1.00 *

0.98

NRT 6V32 (N.-GRHNR)
CBOSS SECTIONS

STRNDRHD

RESEND-80 IB.HnGURNO.BM.1

RESEK)-80 (B.rmjnNO.BN.1 / STRNDRRO

• ' .'•••: . n \ - P W O W V W W W W W

i

i

1

-0.3T9 TO 9.94 7.

"•in—.i ,n '"z;;;

H l t M ^ IMIBHRI ^

26-FE-5B

DIFFERENCES

•i

1

irf1 5

icr1 I

.0 - '

ir2

io-3

1.12

1.08

1.04
- 1.00

1 < T 1 0 1 (T 9 l f l"8 ID"7 l f l" 6 1 0 ~ S l
12 MEV

1(T3 10"1 lrf5 101

26-FE-S8
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HflT 6435 (N.GflMMR)
CROSS SECTIONS

29-CU-63

9«.l % DIFFERENCES

RESEND-80 (B.HRGUmO.BN.)

nESEND-80 CB.MRGURN8.BNL1 / STflNOflRO

l - a r • ° - 8

ICT 1 loP 101

29-CU-63

(N.GRMNfl)
CROSS SECTIONS

-0.10U TO 3.95 '/. DIFFERENCES

H «H »H -
RESEND-80 (8.MF)GURN0.BNLI

S -"H H «H
RESENO-80 (B.MRGURNO.BNL) / STRNDflRO

icr8 icr7 icr6 itr
j 0 . 9 8

10
MEV •49-IN-115



- 34 -

ENTOSAN

The ENTOSAN code was designed to convert resonance parameters and
background cross sections directly into unshielded 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 initial ENTOSAN results
were eventually found to be closest to the benchmark results.



COMPARISON OP eVALUAteO OATA (PROGRAM cOMPLOT 84-2)

DATA IDENTIFICATIONS

DATA1-STANDARD
DATA2-ENTOSAN-80 (W.ZIJP,PETTEN)
ENDF/B TAPE LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.O)
DATA2- ENTOSAN...ENDF/B-V DOSIMETRY LIBRARY (W.ZIJP.PETTEN,1980)

9000
800

MATERIALMT MAT1MAT2 POINT1P01NT2 ENERGY RANGC (EV) MAXIMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 DATA1 DATA2

1T-NA- 23
13-AL- 27
13-AL- 27
.25—MN— 55..
27-CO- 59
27-CO- 59
27-CO- 59
93rNP2a7
79-AU-197
90-TH-232
90-TH-232
92-M -235
92-U -238
92-U -238
94-PU-239
3-LI- 6
5-B - 103
5

2t-SC-
22-TI-

45
46

22-TI- 47
22-TI- 47
22-TI- 48
22-TI- 48

26-FE-

162 6311
103 6313
107 6313

102 6327
107 6327
.19 6337.
102 6379
18 6390

102 6390

102 6398
18 6399

.2Q7.6424
207 6425
102 6426
103 6427
28.6429...
103 6428
28 6429
103 6429

43Q..
431

102 6432
16 6433

5433
03 6434
102 6435
107 6435
.16 6436
51 6437
102 6437
16 6438

103 6439

3
4
4

13
13

§3
24
24

26
28

5
6

1280
365
337

li
1280
291
128Q
1280
861
1280
1280
1280
1280
1280

•m-
1280
369
189

1280
169
337

1280 1
365 1
337 3
193 1
189 1

1280 1
291 5

.1280 1
1280 1
861 5
1280 1
1280 j
1280 1
1280 1
1280 1

..iasap. 1
1280 1
1280 1
369 \

...189 j
1280 1
169 1
337 3

1280 1
153 1
1280 1
1280 1
367 1
20.1 1
427 3
1280 1
217 9

- 4

.8000+ 6

.2000+ 6
• 0400+ 7.
.0600+7
.0000- 4
.5000+ 6
.0000-4
.0000- 4
.0000+ 0
.0000- 4
.pOOp- 4
.boob- 4
.0000- 4
.0000- 4
.0000-4
.0000- 4
.0000- 4
.6000+ 6
•0600+ 7
.boob- 4
.1600+ 7
.2000+ 6
.POOO- 4
.9000+ 6
.0000- 4
.2400+ 7
.OQQP- 4
.5000+ 6
.0000- 4
.7000+ 6
,0000+ I
.2000+ 5
.0000- 4
.2000+ 6

2 bdbo+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2,0000+
2.0000+
2.0000+
2.0000+
2.0000+

-0

20000+ 7
2.0000+
2.0000+

POO0+
.0000+

2.0000+
2.0000+
2.P0PP+

2.
2.

0.155
0.152

122
0,080
0.001
0.253
0.003
1 •948 •
0.075
1.920 •
1-918 *
0.093
0.096
0.726
1.783 •
0,098
0.098
0.108
0.002
0 • 095
o:ob3
0.099
0.004
p..103
0.072
0.130
0.0
P-P94
0.102
0.110
0.102
P-PP3
0.062
0.123
0.055

0:09-9
0.074
0.005

..P..081
0.003
0.060
0.042
0.112 1.08239- 2 1.06130- 2
0.054
0.0560.057
0.086
0.040
0.071
0.125
0.090
0.053
0.031
0.004
P.QP.1
0.005
0.041
0.002
P.085
0.005
0.093
0.000
PP74
0.032
0.009
0.070
P-P05
0.004
0.111
0.099

3.06708- 4 3.00820- 4
4.96248+ 1 4.86730+ 1

3.31479+ 1 3.25570+ 1
Or

a-
5828-NI- 58

0
29-CU- 63
29-CU- 63
29-CU-.65
49-IN-115
49-IN-115
53-1 -127
.16.-$. - 32

1P3

8
8

I?
12
14
14

16
16

IT
21
22

* * * MQ

1280
153

1280
351
1280
367

1280
217

.0000+
2.0000+
2.0000+
2.P0PP+
2.0000+
2.0000+
2.0000+
2.PP0P+
2bbbb+
2.0000+
2.0000+
2.0PP0+
.0000+
.0000+

COMPARISON *•*
2.0000+ 7

4 PLOTS GENERATED

• - I N D I C A T E S DIFFERENCE EXCEEDS 1.00... PER-CENT

PER-CENT DIFFERENCE = 100
MAXIMUM PER-CENT DIFFERENCE

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



mr 6337 FISSION
cross SECTIONS

93-NP-237 HflT 6390

i<r9 ior8 HT7 itr6 itr

(N.GnMHR)
CWBSS SECTIONS

90-TH-232

NRTB39O FISSION
CMS3 SECTIONS

3TPNORFC THRESHOLD'S. OOOO EV

-f-
EMTOSHN-80 (M.riJP.PETTEW THRESHOLD- 1.0000 EV

••- "f-
EMTOSRM-80 (H.EIJP.PETTEW / STWf lO

-4-

-1.92 TO O.0S6 X DIFFERENCES

10-2

itr"

10-6

Iff-6

1.02

1.00

0.99

. 0.96

101

90-TH-232

-1.78 TO 1.125 X DIFFERENCES

tNTOSfM-aO (H.ZIJP.PETTEM / STfi OWO . 1.02

1.00

. 0.98

. 0.98

REV
icr3 i r 2 ltr1 io° IO1

. ,9«-1"U-?39
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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 initial 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., 2^Al-(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. -"^Co-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.



DATA IDENTIFICATIONS

DATA1-STANDARD
DATA2-RECENT-80 (D.CULLEN,IAEA)
ENDF/B TAPE LABELS

DATAWAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.O)
DATA2-ENDF/B-V DOSIMETRY LIBRARY FROM RECENT-80 (IAEA,VIENNA)

9000
9000

MATERIALMT MATrMAT2 POINT1P01NT2 ENERGY RANGE (EV)
MINIMUM MAXIMUM

MAXIMUM
PER-CENT DIFFERENCES
NEGATIVE POSITIVE

CROSSSECTION (BARNS) At POINTS
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 DATA1 DATA2

11-HA-23
13-AL- 27
13-AL- 27
25-MN- 55
27-CO- 59
27-CO- 59
27-CO- 59
93-NP-237
79-AU-197
90-TH-232
90-TH-232
92-V -235
92-U -238
92-U -238
94-PU-239

21-SC-
22-TI-

45
46

-TI- 47
22-TI- 47
22-TI- 48
22-TI- 48
26r-FE- 54
26-FE- 56
26-FE- 58
28-NI- 58

?8
30

29-CU- 63
29-CU- 63
29-CU- 65
49-IN-115
49-IN-115
53-1 -127
16-S...- 32

102 6311
103 6313
107 6313
....1.9. 6325
16 6327

102 6327
107 6327
.....1.8. 6337
102 6379
18 6390

102 6390
18 6395
18 6398

102 6398
18 6399

207 §424
207 6425
102 6426
103 6427
28 6428
163 6428
28 6429
103 6429
103....94.30.
103 6431
102 6432
16 6433
03. 6433
03 6434
102 6435
107 6435
16 6436
61 6437
102 6437
16 6438

103 6439

6311
6313
6313
6325
6327
6327
6327
6337
6379
6390
6390

6398
6399

?424425
6426
6427
6428
6428
6429
6429
6430
6431
6432
6433
6433
6434
6435
6435
6436
6437
6437
6438
*** NO

1 2 8 0 1 5 8 6 1 .
365 365 1.
337 337 3.
.193 193 1.
189 189 1,

1280 1280 1
291 291 5
1280 12?0 1
1280 1280 1
861 861 5
1280 1280 1
1 2 8 0 1 2 8 0 1
1280 1280 1
1280 1280 1
1260 1280 1
1280 1280 j
1280 1280 1
1280 1280 1
369 369 1

0000-:'"4
8000+ 6
2000+ 6
0400+ 7

....1.89 .189 .1
1280 1280 1i:

169 1
337 3

'Mi
1280 1
153 1

1280 1
351 2
1280 1
367 1

. 20.1 1
427 3
1280 1
217 9

0600+
0000- 4
5000+ 6
0OQO- 4
0000- 4
0000+ 0
0000- 4
0000- 4
0000- 4
0000- 4
0000- 4

oooo- 4
0000- 4
0000- 4
6000+ 6
0600+7
0000- 4
1600+ 7
2000+ 6
PQOQ- 4
9000+ 6
0000- 4
2400+ 7
0000-4
5000+ 6
0000- 4
7000+ 6
0000+ 7
2000+ 5
0000- 4
2000+ 6

7 2

2 0000+ 7
2.0000+ 7
2.0000+ 7
2,0000+ 7

0000+
2.0000+
2.0000+
2.0000+
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7

-2

-2

2.0000+
2.0000+
.0000+
•0000+

2.
2.

-0

2 0000+ 7
2.0000+
2.0000+
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+
2.bboo+
2.0000+
2.0000+
2,0000+

0.194
0.003
0.001
0.009
0.0

190
0.0
0,072
0.211

182
1.948
0-057

126
0.191
0.073
Q. 063
0.001
0.055
0.0
0.002
0.0
0.003
0.0
P O O ]
0.001
0.099
0.0
P-PP4
0.004
0.058
0.001
P.O.......
0.001
0.082
0.0

0.
0.

247.
Q,
0.
5.
0.
0,
0.
1.
1.
P-
0.
0.
0.
p,
0.
0.
0.
p.o.
0.
0.
9..,
0.
0.
0.
p.
0.

o.
0.
0-
0.
0.
0.

364
003
098 *
007
0
569 *
0
082
219
809 *
545 *
039
067
093
063
051
001
016
0
005
0
002

lu
007
0
PPJ
002
006
001
0
000
066
0

4.83039-17 1.67662-16

1.97407- 2 1.93083- 2 2.42248- 2 2.55739- 2

7.00047- 6 6.84769- 6 6.02101- 6 6.12992- 6
1.33445+ 0 1.30846+ 0 1.13697+ 0 1.15454+ 0

oo

S-Ufc-B I

169
337

• ' » •

1280
153

1280
351
1280
367
201
427
1280
217

0000+ 7

COMPARISON *•*

2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+

4 PLOTS GENERATED

• - I N D I C A T E S DIFFERENCE E X C E E D S 1 , 0 0 P E R - C E N T

PER-CENT DIFFERENCE = 100
MAXIMUM PER-CENT DIFFERENCE

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



HUT 6313 (N.HlPHfll
CHBSS SECTIONS

13-AI-27 MflT 6390

STflNOflPD THRESHOLDS. 2000 MEV - 0 . 0 0 1 TB 2»7. 7. DIFFERENCES

nECEKT-80 (O.QJLLEM,IBEffl 1HRESH01O-3.2OOD HEV

RECENT f ) (O.OLLEN. IflERI / STROM)

•art

Hn f 6327

7 8 9 ,„.
HEV

(N.GOHMfll
CROSS SECTIONS

10°

itr"

io"e »

"12I0"12 I
l e

Id"2 0

itre

10" 16

r20

10"

3.0

2.5

2.0

1.5

1.0

0.5

211

13-BL-57

27-C0-59

- 2 . 1 9 TB 5 . 5 / X DIFFERENCES

RECEKT-80 (O.CULLEH. lflEW

I i A
RECENT-«D (D.CUXEH.lflBM / ST»«W)

1 0 itr9 ion" iir7 lir6 i tr s tiru io"3 KT2i(T10 itr9 ion" iir7 lir6 i tr s tiru io"3 KT 10° 101

27-C0-59

FISSION
CHOSS SECTIONS

90-TH-232

STWCRPD THRESHOLD.5.0000 EV

RECEMT-80 (0.CU1EN. IflEPI THRESHOLD-S .0000 EV

RECENT-aO (O.CUiEM.lHEPI / STflNDRRO

«*"•>"»

- 2 . 1 8 TO 1.81 7. DIFFERENCES , irfJ

10-6

10°

1.02

i.oo 2
a
c

0.98

0.98l(T

- 1 . 15 TO 1 55 X DIFFERENCES

0.96

I O " 1 0 id"9 i tr 8

v HEV
I01

90-TH-232

I
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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., ^8pe_capture_2400% error) and
for narrow resonances at higher energy (e.g. ^^kyi-captxxre,
232xh-capture, 238u-Capture). The unresolved region results for
237up-fission, 235u-fission and 239pu_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.



COMPARISON OPEVALUATED BATS (PRoSRAl/TcOMPLoT 84-2T

DATA IDENTIFICATIONS

OATAi-STANOARD
DATA2-F0URACES-81 (G.PANINI.BOLOGNE)
.ENDF/B TAPE ..LABELS

DATA 1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.O) 9000
DATA2- FOURACES...ENOF/B-V DOSIMETRY LIBRARY (G.PANINI.BOLOGNE,1981) 8000

MATERIALMT MATT MAT2 POINT1P01NT2 ENERGV RANGE (EVJ MAXIMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS 5ECTI0N(BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE
DATA1 DATA2 DATA1 DATA2

13-AL-
13-AL-

23
27
27
.55..2 7 ^ 59

27-CO- 59
27-CO- 59
93-NP-237
79-AU-197
90-TH-232
90-TH-232

92-U -238
94-PU-239

4
45
46
47

102 6311
103 6313
107 6313
16 6325
16 6327

102 6327
107 6327

37
79

107
18

16218 6390
102 6390

21-SC-
22-TI-

Il-tl- 47
22-TI- 48
22-TI- 48

26-FE- 58
28-NI- 58
28-NJ- 58
28-NI- 60
29-CU- 63
29-CU- 63
29-cy-.65
49-IN-115
49-IN-115
53-1 -127
16-S - 32

102 6398
18 6399

207 6424
207 6425
102 6426
103 6427

103 6428
28 6429
103 6429
103 643Q
103 6431
102 6432
16 6433

6433
6434

102 6435
107 6435
.16 6436
51 6437
102 6437
16 6438
103 6439

6311
6313
6313
§325
6327
6327
6327
6337
§379
6390
6390

6398
6399
6424
6425
6426
6427
428

1 2 8 0 1 2 4 0
365 325
337 297
19.3 .1.53..
189

1280
291
1280
1280
861
1280

llgg
1280
1280
.1280
1280
1280
369

149
1240
251
1240
1240
821
1240
240
240

1240
1240
?40
240

1240
329
149

i.oodo- 4
1.8000+ 6
3.2000+ 6
.1,0400+7

1240 t
1240 1
1240 1
1240 1
124Q 1
1240 1

1240
129
297
1240
303
1240
113

124Q
311
1240
327
161.
387
1240
177

6600+7
1.0000- 4
5.5000+ 6
1,0000-4
1.0000- 4
5.0000+ 0
1.0000- 4

0000-4
0000- 4

1.0000- 4
1.0000- 4

0000-4
0000- 4

1.0000- 4
1.6000+ 6
,0600+7

2.0OOO+
2.0000+
2.0000+
•0000+
.0000+
.0000+
.0000+

?0+ 7
)0+ 7

.0000+
2.0000+
• 0000+
.0000+

2.0000+

2.
2.
2.
2
2.

-1.638
-0.141
-0.114
-0,072

2.0000+ 7

.0000-4
1.1600+ 7
3.2000+ 6
1,0000- 4
2.9000+ 6
1.0000- 4
1.2400+ 7
1,0000- 4
2.5000+ 6
1.0000- 4
1.7000+ 6
1,0000+7.
3.2000+ 5
1.0000- 4
9.2000+ 6

**•

.0000+

.0000+
2.0000+
2.0000+ 7
2,0000+

7
7

-0.001
-5.478
-0.003
-66,819
-6.222
-10.056
-6.997

-19767
-100.000
-8.067

-14.382
-0,09?

•* 0536
0.074
0.007
0-081

2.05039-22.01680-2

0.003
97.777
0.042

172,375
2.208
5.315
5.267

* 5.95111+ 2 5.62510+ 2 1.07758- 1 2.13120- 1

-0.098
-4.204
0.002
-0091

1.901
18.324
0,090

•2.28005-2
* 5.65247+ 2
5.50765- 6
1.28684+ 0
1,0.1748+ X
1.07190- 2
1.09308+ 0
4.60839+ 0

itfJBH Mlttti-f7,56550-5
5.30080+ i
4.95380- 6 8.62973- 5 9.08840- 5
1.19680+ 0 1.25908+ 1 1.32540+ 1
,16350+0 jLj
-0 +0 2.1

1.00490+ 0 1.97888- 1 2.01650- 1
3.94560+ 0 4.51516+ 0 5.34250+ 0

0.053
29.320
0.004
0 005

* 4.83496- 1 4.63170- 1 4.35881- 1 5.63680- 1

• «

428
6429
6429

•18?
6432
6433
6433
6434
6435
6435
6436
6437
6437
6438
*** NO

169
337
1280
343
1280
153

1280
351
1280
367
201
427
1280
217

0000+
2.0000+
2.0000+
2,0000+
2.0000+
2.0000+
0000+

-0

.0000+7

.0000+ 7

0.003
0.099
0.002

102
0.072
0.988
0.0
0 094

2.0000+
2.0000+
2.0000+
2.0000+
2.0000+

COMPARISON
2.0000+ 7

-0.102
-1.416
-0.096
-0003
-0.067
-5.823
-0.057

0.005
0.041
0.004
0-085
0-003

2691.591
0.000
0-074

2.85837- 1 7.97940+ 0

0.032
0.532
0.070
0.002
0.004
0.844
0.093

8.01181- 2

5.42183+ 1

7.89840- 2

5.10610+ 1

14 PLOTS GENERATED

INDICATES DIFFERENCE EXCEEDS1,00 PER-CENT

PER-CENT DIFFERENCE •= 100
MAXIMUM PER-CENT DIFFERENCE

* ((DATA1-DATA2)/DATA1) AT EACH ENERGY POINT
= LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS
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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 ^Na-capture an(j
238u-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., ^Co-capture, 197Au-capture, 235u-fi8Sion,
238(j_f i8Sion, ^Sc-capture and "Fe-capture) indicates a numerical
instability in the group averaging algorithm used by RESCAL. From the
^7Ti(n,p), 5^Fe(n,p) and 58Ni(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 ^3Cu(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-capture, ^Co-capture,
238U-fission, etc.) where periodic, inexplicable peaks were observed in
the ratio of RESCAL results to the standard.



COMPARISON 0 * T^^^

DATA IDENTIFICATIONS

DATA!-STANDARD
DATA2-RESCAL-80 (L.GREENWOOO,ANL)

ENDF/B TAPE LABELS.

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.O)
DATA2-RESCAI ENDF/B-V DOSIMETRY LIBRARY (L.GREENWOOD,ANL,1980)

9000
800

MATERIAL MT MATT MAT2 POINT 1P0IKJT2 ENERGY RANGE (EV) MAXIMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARNST AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE
DATA1 DATA2 OATA1 DATA2

Tf-NA- S3
13-AL- 27
13-AL- 27JI-MN- IS
27-CO- 59
27-CO- 59

1 0 2 6 3 1 1 1 1 2 8 0 1 2 4 0 1 . 0 0 0 0 - 4 2 . 0 0 0 0 +
103 6313 3 365 325 1.8000+ 6 2.0000+
107 6313 3 337 297 3.2000+ 6 2.0000+

9... 1 9 3 _ 153 .1,0400+ 7 2.0000+HP27
102 6327 12
107 6327 12
ABOVE COMPARI
" AT 2 "El""

COMPARISON
1280
291

1

7 - 2 . 8 2 6 *
7 -0.146
7 -0.132
7 -0.078

0 126 2:39261- 4 2.32500- 4
0.068
0.042
0.083

OAYAi IS J
FIRST OCCURRENCE AT 5.40000+ 6 EV

93-NP-237 18 6337 22 1280

1240 1.0000- 4 2.0000+
253 5.4000+ 6 2.0000+

I.DEFINE RATIO.. AT ALL
ATA2 IS NON-ZERO.

7 -0.834
7 -0.003
ENERGIES.

10.638 *
0.042

2.41238- 2 2.66900- 2

79rAU-197
90-TM-232
90-TH-232
92-U -235
92-U -238
92-U -238
94-PU-239
3-LI- 6

33
379
390

102 6390
18 6395

10
1

1240
124q
821
1240
1240
1

19 1280
20 1280
.21 1289
21 1289

18 6399 *** NO COMPARISON ***
297 6424 *** NO COMPARISON •**
297 6425. ***.vNQ.COMPARISON ***

1.0000-
.1,9099-
5.0000+ 0
1.0000- 4
1.0000- 4
1,9990-4
1.0000- 4

2.0000+
2-9000+
2.0000+
2.0000+
2.0000+
2,0999+
2.0000+

7 -88.706
7-47.928

-1.442
-1.319

-47.805
-2.337
-4.895

113.347 * 2.28005- 2 2.57500- 3 7.60732- 3 1.62300- 2
9.0971.22906+8
9.035 1.24089- 5
0.036 1.26367+ 0 1.24700+ 0
25.821 * 2.50598+ 1 1.30800+ 1 2.14194+ 0 2.69500+ 0 '

8.333 * 1.56985- 1 1.49300- 1 1.52124- 1 1.64800- 1 ti

22-TI- 46
22-TI- 47

48
54

58

22-TI -
22-TI-
26-FE-
26-FE-
2g_FE_
28-NI- 58
28-NI-
28-NI-
29-CU-
29-CU- 63
29-CU- 65
49-4N-115
49-IN-115
53-1 -127
16-S - 32

102 642(
103 6427
28 6428
103 6428
28 6429
103 6429
103 6430mm
16 6433

103 6433
103 6434
102 6435
107 6435
16 6436
..5.1 6437
102 6437
16 6438

103 6439

1280 1240 1.6000-4
5 369 329 1.6000+ 6

*** NO COMPARISON ***
.0000- 4

2.0000+
2.0000+

-07726
-0.002

63.883 *
0.946

2.f7088- 24.54100- 2

2,0000+ 7 -100.000 * 0-003 7,98794-10 9,9 + 9

7 337 297 3.2900+ 6
9 1280 373 1.0000- 4
10 343 .303 2,9000+6
11 1280 1240 1.0000- 4

*** NO COMPARISON ***
13 1280 373 1.0000- 4

2,5000+ 6

7 -0.002
7 -100.000 *
7 - 9 . 0 7 9

15 367 327 1.7000+ 6
**• NO COMPARISON *••
16 427 a387 3,2000+5

*** NO COMPARISON ***
**• NO COMPARISON ***
*** NO COMPARISON **•

2.0000+
2.0000+
2.0099+
2.0000+

2.0000+
2,0000+

2.0000+ 7 -39.072 *

2,0000+7-0,092

-0.543
7 -100.000 *
7 - 0 , 1 3 9

0.004
0.098 1.75750- 8 0.0
.9-934 ,

+ 0
278669'6-"3 - 3

0.078
0.027

1.29499- 6 0.0 + 0

135.467 • 5.38668- 2 3.28200- 2 1.53397- 7 3.61200- 7

O,.O37

16 PLOTS ••GENERATED"

* - INDICATES DIFFERENCE EXCEEDS 1.00 PER-CENT

PER-CENf '"DIFFERENCE = 100 "» (i(DAf Ai-DATA2")/DAf A1 ) AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS
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STflNDRPO THRESHOLD-S.5000 HEV - 0 . 0 0 3 TO 0.01(2 Z DIFFERENCES

HESCTL-80 a..GnEENHO0D.RNl) THRESHOLD'S. <OO0 NEV

CSCPL-80 IL.GREENNOOD.flNL) / STRNORKI

IO1 I

10-' *

10*

IO1 S

1.03

1.02

1.01

1.00

0.99

0.98

0 .97

10 12 1« 18 20
27-C0-59 00

I

lO"10 1(T9 10-"
u

ID1



MflT 6 3 7 9 (N. CMWI)
CROSS SECTIONS

79-RU-197 MflT 6390

IE9CH.-W (L.OHEENNOOO.WC) / STRMMO

. O.I*

Ftssim
cmss SECTIONS

IO<
79-HU-197

9O-TH-Z32

STRMHRD THf.ESHOLO-5.0000 EV

RESCPL-eO IL.CnEENHOOO.RM.) THRESHOLD 5.0000 EV

RESCa-60 fl.GREENMX».fM.) / STNTOWO

I . - .

- l . M « TO 0 . 0 3 5 X DIFFERENCES

• H -

T 1

10-2

io-«

10°

10-2

nr"
10-6

1.02

1.00

0.98

0.96

l(Ta id-"
MEV

irf1

(N.GRHHRI
CBOSS SECTIONS

90-TH-232

-1.3 2 TO 0. 136 X DIFFERENCES JO3

RESCflL-80 (L.CREENNOOO.fH.1 / STRKMW

NRT6395

NEV

F I S S I O N
CBB3S SECTIONS

KT2 KT1 10° 101

90-TH-232

92 -U -235

90-TH-232

-M7.B TO 2 5 . • Z DIFFERENCES

NESCR.-80 (L.GnEENHOOO.RN.) / ST KWRD

KEY
io '* io~3 to"2 IO" 1 10° I01

92-U -235



NAT 6398

3TWCRRD

H
RESOL-60 H.GREENHODO.nN.1

BE3CPL-80 B..GREENNOOD.RNJ / SI M H O

FISSIO*
CRB3S SECTIONS

92-U -238 MPT6U26

-2.3 1 TO 0.067 V. DIFFERENCES - !<£

itr8

Iff"8

lO"10

10°

10-6

10

ID"8

tor
1.02

1.00

Nf)TB398

STflKWC

HESCa-80 IL.CnEBWOOO.fWL) / ST K M

CWBS3 3ECTIBN3

io>
92-U -238

9J-U -238

10 TB 8.33

^z

i<r t0

10

DIFFERENCES

I02

10°

10*

1(TZ

1.10

1.05

1.00

0.9S

iir8 K T B KT5

HEV
nr* io"3 icra o° IO1

B8-U -238

IN, GRMHR)
CRBSS SECTIONS

21-SC-JJ5

RESCfL-aO (L.GREENHOOD.RNJ

I H -4 • "• • • •< H H
RESCRL-SO l.GflEENHOOO.FH.) / STRtOHC

itr10 nr9 tor8 icr7 nr8 io"s IIT* io~

CBBSS SECTIONS

RESCTL-aO l.CnEENHOOO.m.) THRESHOLD'800.00 KEV

RESCflL-80 (L.(MEENH00O,flM.t / STRNDPRO

1(T 1 0 1(T9 I D " 8

12
10- ' 10° 10'

3 2 - T U 4 7

O



HRT6U30 (N.P1
CRBSS SECTIONS

26-fE-S*

STRNOVD - 1 0 0 . TO 0 .098 7. DIFFERENCES

•4- •4-
BESCH.-W l.GREENMOOO.RNU THRESH0L0«U7S.00 KEV

iesca-eo .CPtENNOOD,I.RN.) / SmNDRRO

if10 i t r 9 to-* i<r7

13
i<r5 ir" io-9 if IO1

26-FE-5>(

I(T6

ID"8

IO-1 2

IO-1 5

io-'8

10-3

iir6

io-18

0.8

0.1 |

0.0

HRT 6433 IN. PI
CRBSS SECTIONS

28-N1-S8

STANOWD - 1 0 0 . TO 0 . 0 7 8 X DIFFERENCES

HE5CTL-80 ll.OnEENNOOD.WLI THnESHOLO>>l7S.O0 KEV

NESCfL-80 (L.GnEENM0OD,MJ / STflNDflKl
t •<

i ( T 1 0 io"9

15
icr7 io"s 10-*

HEV
iirs

irf1

i<r3

S

12ID"

•a"6 I
i<r* =>

1.2

0.8

0.1 I

0.0

O° IO1

2B-NI-58

HAT6V32 (N. CRNHfl)
CHB33 SECTIONS

26-FE-58 HRT 6M35

«ESCfL-80 L.GnEENMOOD.fM.) / STRrORRD

MEV
itr2 id"1 if 101

26-FE-S8

(N.RCPHfll
CBBSS SEC TUNS

29-CU-63

S T M m THRESHOLD-1.7000 HEV - 3 9 . 1 TB 135. X DIFFERENCES

ieSCHL-80 d.GREENMBBD.fH.1 THRESHOLD*! . 1 0 0 0 MEV

RESCFL-SO (L.GnEENNOOD.flNLI /

. jrar

16
5 6 7 8 9 1O1

MFV

KT"

10°

IO-11

itr6

io-8

2.5

2.0

1.5 ~

1.0

0.5



COMPAR1SON OP DATA (PROGRAM COMPLOT 84-2)

DATA IDENTIFICATIONS

DATAi-STANDARD
DATA2-RESCAL-82 (L.GREENWOOD.ANL)

ENDF/B TAPE LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2=RESCAI ENDF/B-V DOSIMETRY LIBRARY (L.GREENWOOD,ANL.1982) 800

MATERIALMT MAT1MAT2 POINT! P0INT2ENERGY RANGE )
MINIMUM MAXIMUM

MAXIMUM
PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 DATA1 DATA2

11-NA- 23
13-AL- 27
13-AL- 27

To2 6 3 1 1 3 9 1 2 8 6 1 2 4 6 1 . 0 6 6 6 - 4 2 . 0 0 0 0 +
103 6313 32 365 325 1.8000+ 6 2.0000+
107 6313 32 337 297 3.2000+ 6 2.0000+

25:-MN-:...gs 16 §325 45 ]93 153 1,04pP+ 7 2.0000+
" '- — 149 1.0600+ 7

27-C0-
27-CO- 59
27-CO- 59

16 6327
102 6327
107 6327

17
42
17

189 149 1.0600+ 7 2.0000+
1280 1240 1.0000- 4 2.0000+
291 253 5.4000+ 6 2.0000+

WARNJNG...FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL
OATAi IS ZERO AT 2 ENERGiES WHERE DATA2 IS NON-ZERO.
FIRST OCCURRENCE AT 5.40000+ 6 EV.

93-NP-237 18 6337 51 1280 1240 1.0000- 4

7 - 2 : 8 2 6 *
7 -1.380 *
7 -2.289 *
7 - P . 3 6 Q
7 -0.057
7 -1.529 *
7 -0.066
ENERGIES.

1.836 * 2.39261- 4
2.517 • 5.48877- 2
4.482 * 7.85786- 2
0.083
d.boo
10.638 * 6.53999- 4
0.036

2.32500-4
5.41300- 2
7.67800- 2

9.77016- 2
5.56003- 2
8.03006- 2

9:94900-2
5.70000- 2
8.39000- 2

6.44000- 4 2.41238- 2 2.66900- 2

79-AU-197 102 §37? 49 1280 1240 1,P0PP- 4
90-TH-232
90-TH-232
92-U -235
92-U -238
92-U -238
94-PU-239
3-LI- 6

18 6390
102 6390
18 6395
18 6398

102 6398
18 6399

207 6424

55
55
53
54
56
52
28

861
1280
1280
1280
1280
1280
1280

821
1240
1240

1118
1240
1240

5 0000+ 0
1.0000- 4
1.0000- 4
j .OPPO- 4
1.0000- 4
1.0000- 4
1.0000- 4

2.0P00+
2-0POP+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.000P+

rB -.10 207 64?5 29 128P 1240I.pppgr 4 2,ppgg+
21-SC- 45
22-TI- 46
22-TI- 47
22-TI- 4

102 642
103 6427
28 6428

.103 642

22-TI- 48
26-FE- 54

28-NI- 58
28-NI- 58
28-NI- 6.Q
29-CU- 63
29-CU- 63
29-CU- 65
49-IN-115
49-IN-115
53-1 -127
16-S - 32

42
103 6429
103 6430

16 6433
103 6433
103 6434
102 6435
107 6435
16 6436

6437
102 6437
16 6438

1P3 6439

46
18

*** NO
,20

.0000- 4

.6000+ 6
2.60P0+
2.0000+

7 -17.565 *
7 -:47,928.*
7 -100.000 *
7 -1.319 *

-67.399 *
r2.299 .......

-86.859 •
-66.748 *
-1.333 *
-1.068 *

7 -0.726
7 -0.036

24.312
.1.759
0.536
19.440
40.025
1.785
1.822

21.058
1.780
1 • 800

63.883

* 1.15679- 2
..* 1.229P6+ 0

5.5P765- 6
* 1.26367+ 0
* 2.14194+ 0
* 2.P3865r 4
* 1.52124- 1
* 1.64981+ P
* 3.2P979+ p
* 5.18335- 1

9.536P0- 3
.6,40000-1
P.P + 0
1.247P0+ 0
6.983P0- 1
1,99200-4
1.99900- 2
5.486P0- 1
3.1670P+ 0
5.12800- 1

9.35546- 3
...5... 72.1.36+ 2

1.16300- 2
5,82200+. 2

1280 1240
369 329 1.6000+ 6 2.0000+ 7 -0.036 0.934

COMPARISON ***
.1280 „ 351 1.0000- 4 2.P000+ 7 -100..000 * 0,002 7.98794-10 0,0 + 0

1.28684+ 0
2.50598+ 1
3.08885- 5
1.09308+ 0
8.98743+ 0
1.73119+ 2
2.24459+ 3
2.77P88- 2

1.53700+ 0
3.50900+ 1
3 44400- 5
1.11300+ 0
1.08800+ 1
1.76200+ 2
31.29500+ 3
4.54100- 2

16
.51
1 2

•** NO COMPARISON **•
22 337 297 3
30 1280 373 1
33 343 303 2
57 1280 1240 1
24 153 113 1
38 1280 373 1
34 351 311 2
43 128P 124P 1
25 367 327 1
26 201 161
31.44
27

*** NO

,38? 3.427
128P 1240
217 177 9.2000+ 6

COMPARISON ***

2000+ 6
0000- 4
9000+
0000-
2400+ 7
OOOP- 4
5000+ 6
0000- 4
7000+ 6
0000+
200.0+
0000-

2.
2.

7

4

2.0000+
2.0000+

POPP+
.OPPP+

2.PPPP+
2.PPPP+
2,0000+
2.0000+
2.0000+
2.0000+
2.000P+
2.0000+
2.0000+

7 -0.037
7 -100.000 *

-2.04
-387

7 -0.025
7 -100.000 •

^6 ."si! •'•*'
-39.072 *
-0.085
rO 229
-5.189 *
-0.071

0.000
3.601
4.006
4*994
3.641
2-149
1:862

135.467
16.053
0.454
2.958 * 1.19184+ 2
0.115

1.75750- 8
6,86300-2
2.86690- 3

1.29499- 6
8,04999- 2

0-0 + 0
6,72300-2
1.75000- 3

0.0 + 0
7,96000-2

5.38668- 2 3.28200- 2

1.13000+2

1.95944- 1
6,99000- 2
2.12410- 1
4.28500- 5
2.13911- 1
8,145P0r 2
8.32397+ 0
1.53397- 7
5.41647- 4

2.03000- 1
7,27000-2
2.16200- 1
4.49900- 5
2.21700- 1
8,32000-2
8.47400+ 0
3.61200-

.Ul..

6.28600- 4

7.39912-47.61800-4

27 PLOTS GENERATED

• - INDICATES DIFFERENCE EXCEEDS 1.00 PER-CENT

PER-CENT•"DIFFERENCE - 100 * ("(DAfAi'-DAfA2j/DAtA1 ) AT EACH ENERGY "POINT'
MAXIMUM PER-CENT DIFFERENCE » LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



HRT631I (N.GRHHR)
CWOSS SECTIONS

l l -NR-23 HRTS3I3

- 2 . 8 3 TO 1.83 X UFFERENCES

(N.flLPHR)
CRBSS SECTIONS

13-KL-27

IN.PI
CMSS SECTIONS

STONORTC THRESHOLD-1.6000 HEV - 1 . 3 8 TO 2.52 X DIFFERENCES

: RESCflL-tC IL.CnEENHBOD.RNLI THflESHOLO-1. (OOD HEV

RESCflL-82 IL.GflEENHOOD.RMU / STRNDRRO

5 6 7 8 9 1O1

MEV

10°
1(T3

nr9

ItT1

itr1

10"
10°

16

I 0 " 8 co

IB

1.02

1.00

0.98

13-RL-27

STRNOVD THRESH0LD«3.?OO0 HEV - 2 . 2 9 TB V.V8 X DIFFERENCES

nESCRl-82 ll.GnEENNOOO.flNL) THRESHOLD'3.2000 HEV

RESCRl-82 n..GREENN00D.(N.I / STRHDMC

IN.CRMHfl)
CMSS "SECTIONS

flESCa-B2 a.OnEENNOQD.RN.1

REXRL-S? a.GBEEMO0D.RM.I / STflNORRO

i n - ' 0 1(T9 10" ' I ( T 7 i r B IO"S lor* ID"3 ltf"2 10"1 10° 101

I



HRT 6327 IN. RLPHR)
CBBSS SECTIONS

27-CB-59 HPT 6379

STflHDRTO THnESHOLD-5.5000 HEY - 0 . 0 6 6 TO 0.036 X DIFFERENCES

HESCO--62 IL.GREENHOOO.RNLI THHESHOLO>S.<000 MEV

CSCM.-B2 <l.GREENMOOD.RNU / STRNDRRD
"II I'M • I ' I " ' • • ' !

tar-

10' |
<r
ID

IO-' *

10?

10« S

uP i

1.03

1.02

1.01

1.00

0.99

0.98

0.97

10 12 1« IS 20

27-C0-59

10" io" io"5 io"* iff"3 i ir? to-' io° io'
HEV 93-NP-237

(N. CRMMfll
CBBSS SECTIONS

79-BU-I97

HEV
io"3 itra to"1

HRT 6390 FISSION
CROSS SECTIONS

Iff0 I01

79-MJ-I97

90-TH-232

STAMDRRD THRESHOLD'S.0000 EV

•4- -f-
(L.GREENHOaO.nLI THRESHOLO

RESCRL-B2 d.GREENMOOO.flND / STRNDRRO

•4-
5.0000 E*

- 1 0 0 . TO 0.S36 t DIFFERENCES

... r
10"'
MEV

IOT' 10°

10°

10-2

KT" I
10-6

ID"8

1.2

O.S
o

o.q |

o.o

i

96-TH-2J2



MRT 6390 (N.GRHMRI
CMSS SECTIBWS

90-TH-232 MRT 6398

I ' ' " - H "4 H
RESCR.-82 II.GBEENH00O.RM.I

IESCH.-82 1.GREENWOOD.flNJ / STflNDO*

- I . 12 TO 1 . 4 2 DIFFERENCES

10°

itr'

icr2

10?

10° I

•<rs

.20

.IS

.,o 5
<r

.OS =

.00

0.9S

HE3CA.-82 (L.GnEENMOOD.M.) / SI HMO

I0"5 ID'* 1(T3 1(T2 ID"1 10° 101K T 1 0 I 0 " 8 10"8 10"
10

STPNOBflD

HESCH.-82 (L.GnEENNOOD.HN.)

4 1 «4 ' " — 4 i •" _,_
RESCRL-82 (L.GREENMOOO.nNL) / SThNDRRO

—M—H—

FISSION
CKgSS SECTIONS

92-U -238

- 2 . !9 TO 1.79 X DIFFERENCES

«4 «H

«t m*

H •<

"4 »4

•H <

•4 H

.0-"

10-8

10"

ID"2

10

i.o?

i.oo

0.91

0.96

12
itr IO-

6 n r s tor* itr3 i ir2 10"' io° IO1

MEV 92-U -238



MRT 6399

STBNDWC

< «
NESCfL-62 (L.

»-•-
L-62 (L.

4
lESCfL-K a..CREENWOD.HNU / SI HJBO

FISSION
CBBS3 SECTIONS

9M-PU-239 MOT 61125

- 6 6 . 7 TO

H ' "'H

1(T1 0 I ( T 9

13

21.1 X DIFFERENCES

10"7 1(T8 1(TS I (T * I ( T 3 1(T2 ICT1 lrf1 1
MEV 9U-PU-239

HE-W PRODUCTION
CMSS SECTIONS

3-Li-e

S1WUHHJ - 1 . 3 3 TO 1.78 Z DIFFERENCES

IL.CflEEMMOOO.RNLI

BESCH.-82 a.GnEENNOOO.M.) / STRNWW

-HH—i- Tl-r-r

wrt
IO-10 i<r9 i r " io-7

11

1O3

. 0 *

1O1

lrf>

id1

1O3

IO*

10*

1.2

1.0
o

O.B j ;
a

0.6 «

0.2

105

103

102

101

l(f

105

103

ID 2

101

1.03
1.02
1.01 e
1.00 £
0.99 *
0.98
0.91

IIT"
HEV

KT2 KT' itP IO1

3-LI-8

HE-M PROOOCT10N
CROSS SECTIONS

S-B -10

STfiNGfW) - 1 . 0 7 TO 1 .80 V. DIFFERENCES

(L.OREENWnD.m.1
H H H i

BESCfL-82 (L.GREENHOOD.RNU / STflNDPRD
H ^ I I M H ' ' " - < " ' H I < ^ H

103

io<

10°

IO-1

10*

id*

IO3

id2

IO1

10°

io-'
1.03
1.02
1.01
1.00
0.99
0.96
0.97

B

10"10 Iff"9 If* I(T7 1(T6 Id"5 10"* I(T3

IS HEV

HAT 6H26

itr2

tWOSS SECTIONS

if IO>
5-8 -10

21-SCJIS

RESCFL-62 (l.CflEEMUOOO.PNLI / STflNDRRO

io"10 icr9 ior" ior7 i t rB io"s 10° I01

ZI-SC-4S



HUT 6V28 IN.Pl
CBBSS SECTIONS

22-U-U7 HRT 6U31

ICSCTL-62 (l.GREENMOOD.RNLI THRESHOLD-800.00 KEV

o.o

IN. PI
CROSS SECTIONS

IO - 1 to0 IO1

22-TI-U7

88-FE-5I
- 1 0 0 . TO 3 . 6 0 X DIFFERENCES

NESCftl-K a.OCENNOOD.RW.1 THRESHOLD-H75.00 KEV

mCAL-62 (l.CHEEMMOOD.RHL) / STRNDRRO

1 0 - ' ° IB"9

18

IO-3

IO*8 2

io-'

iir

irf>

0.8

0.4

0.0

to-7 i(T6 to"5

HEV
to"3 ior2 K T 1 if 101

26-FE-5»

(N.Pl
CROSS SECTIONS

26-FE-S6

STfWOm THRESHOLD-2.9000 MEV -2.0M TO «.OI X DIFFERENCES "

RESCH.-B2 a.GREENMOOO.flNLI THRESHOLDS.9000 NEV

RESCfL-62 n..GREENNO0O.RM.I / STRNDRRO

.0°

10-" «
a

1 0 * "

I(TB

10-2

Iff*

to-'

I.OM

1.02 „

1.00 i

0.98

IN.
CROSS SECTIONS

39.0 TO 1.78 7.

RESCTL-82 (L.GnEENNOOO.RNL)

RESCRL-82 IL.GnEENNOOO.RNL) / STflNDRRD

I d " 1 0 1(T9 lO"8 I<T7 10"6 1(T5 10-* I ( T 3 I 0 " 2 10" 10° 101

26-FE-58

O l



MIT 6133 IN.2NI
CHBSS SECTIONS

28-111-58

STANDARD THRESH0lD»I2.«O0 MEV - 0 . 0 2 5 TO M.99 X DIFFERENCES

10°

i<r'

RESCH.-82 (l.GREENMmD.MJ / STWCHRD

I
3

10°

Iff"1

1.01

I . Of

1.02

l.OO

21

NflT 6U33

IB

HEV

IN.P)
CHBSS SECTIONS

18 20

28-NI-S8

2B-NI-56

STftNDRRO -100. TO 3.6V 7. DIFFERENCES - |00

10-6

10-"

I0"11

HESCTL-82 (L.CnEENHOaD.m.) T H R E S H O L D S 7 5 . 0 0 KEV

1

Escn82
I 1
nEscn.-82

H H
.cnEENHono.m.) / STSTBSTBMMC

<o

i<r3

10-6 I

,o-9 £

io-'5

1.2

O.B

o.n g
0.0

1(T10 1(T9 Iff"8 I<T7 10"6 1(TS 10-* I(T3 l (Ta 10"' 10° I01

22 NEV 28-N1-58

(N.PI
CROSS SECTIONS

28-NI-60

STflNOFTO THRESHOLD-J.5000 HEV

ICSOL-82 H.GREENHOOD.HN.) / STTHMRO

IN. G W
CBCSS SECTIONS

STflNDRHD

BESCT.-82 a.GREENNOOD.HN.)

i) H
RESCTL-82 (L.GREEtMOOO.PNLI / STWOflRD

—1—+—t—I 1

-0.518 T) 1.80 X DIFFERENCES

< 1

10-2

I

•I ' i'i"H i I.OV

1.02

1.00

0.98

1(T1 0 10"9 10"8 10"7 l f l"6 Id" 5 1(T* 10"3 10"2 1 C 1 10° 101

2U (CV 29-CU-63

00

I



KHTSIJS M.RLPHfll
CROSS SECTIONS

39.1 TO 135. 7. DIFFERENCESSTRNORRD THRESHOLD-1. 7000 HEV

ICSOL-K (L.GREENMOOO.flMD THRESHOLD-1. 7000 NEV

ICSCa-82 l.mEENKJOO.flNLl / STOOHHD

IN.ZNI
CROSS SECTISNS

STANOflRD THRESHOLD-10.000 HEV - 0 . 0 8 5 TO 16.1 Z DIFFERENCES

RESCflL-6? l.GREENMMD.fN.1 THRESHOLO-10.000 NEV

RESCTL-fl? l.CPEENHOOD.nNLI / STRNOmO

HRT6M37 IN. GflHHfl)
CROSS SECTIONS

V9-IN-II5

STRNDRRO

L-62 (L.
•< i inH 1

RESCTL-82 (L.GREENMOOO.RNLI / 5TWOPRD

I I |

- 5 . 1 9 TO 2 . 9 6 X DIFFERENCES

"H H H

I

10"2

itf

I(T2

1.00

1.02

1.00

0.98

0.96

0.9V

id"10 io"9 itr8 io"7 i<r6 io"s 10"*
27 MEV

iir2 ia~' irf1 IO1

H9-IN-I IS

20

29-CU-6S



- 60 -

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 in
representing narrow resonances in the resolved region (e.g.,
232ih-fission and capture, 238u-capture and fission, ^*Fe-capture),
the use of the ENDF/B-IV convention of interpolating unresolved
parameters (e.g., ^'Np-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., ^''Au-capture).

All of the above problems have been eliminated from RESENDD and the
latest RESENDD results agree with our benchmark results.



"COMPARISON OPEVALUATED DATA (PROGRAM COWPLOT 8 4 - 2 )

DATA IDENTIFICATIONS

(JATA1-STAN0ARC*
DATA2-RESENDD-81 (S.IGARASI,JAERI)

ENDF/B TAPE. LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.O) 9000
DATA2- RESENDD...ENDF/B-V DOSIMETRY LIBRARY (S.IGARASI,JAERI.1981) 9000

MATERIALMT MATTMAT2 P0iNTrP0lNT2 ENERGY RANGE (EV) MAXIMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS••"SECTION (BARNS) At P01NY5
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 DATA1 DATA2

11-NA- 23
13-AL- 27
13-AL- 27
25-MN-..55..
27-CO- 59
27-CO- 59
27-CO- 59
93-NPr237
79-AU-197
90-TH-232

WARNING...FOR

1026311 6 3 1 1 1 2 8 0 1 2 4 0 1 . 0 0 0 0 - 4 2 . 0 0 0 0 + 7 - 1 . 8 7 5 * 1 . 0 2 1 * 3.54688^. 4 3 . 4 8 0 3 7 - 4 6 . 1 7 7 9 5 + 0 6 . 2 4 1 0 6 + 0
103 6313
107 6313li ill?
102 6327
107 6327

***
***
*•*

••*•»•»••

* * *

* * *

0
NO COMPARISON
NO COMPARISON
NQ COMPARI
NO COMPARI

* * *

* « *

• * *

COMPARII6H -*•*•*•
NO COMPARISON ***
NO COMPARISON ***

. x aJ37 .6337 1280 124P .„..,.„.., ,...,..,., „ „ „.. .
102 §379 6379 1280 1240 1.OOOO- 4 2.0000+ 7 -0.564
18 6390 6390 861 1240 1.0000- 4 2.0000+ 7 -0.529
ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL ENERGIES.

1 -PPPP- 4 2,pppp+ 7 -17,250 * .18..373. •1 15840-2 9,58571- 3
1.0000- 4 2.0000+ 7 -0.564 2017.479 *20.524

3,29277-2
1.22906+ 0
2.54758- 6

3.§9445r 2
2.60251+ 1
3.07044- 6

FIRST OCCURRENCE
90-TH-232 102
92-U -235 18
92-U -238 18
92-U -238 102
94-PU-239 18
3-LI- 6 207
5-9 - 10 2P7

21-SC- 4 5 1 0 2
22-TI- 46 103
22-TI- 47 28
22-tl- 47 10
22-TI- 4 8 2
22-TI- 48
26-FE- 54
26-FE.- 55

28-NI- 58
28-NI- 58
28-NI- 60
29-CU- 63
29-CU- 63
29-CU- 65
49-IN-115
49-IN-115
53-1 -127
16-S - 32

AT T.OOOoO
6390 6390
6395 6395
6398.6399
6398 6398
6399 6399
6424 *** NO
6425 ••* NO
6426 6426
6427 *** NO
6428 *** NO

6429 *** NO
6430 *** NO
6431..*** NO
6432 6432

*** NO
*** NO

. *** NO
6435 6435
6435 6435
6436 *** NO
6437 ©437
6437 6437
6438 *** NO
6439 *** NO

EV.
1280 1240 1
1280 1240 1
J29P 124p j
1280 1240 1
1280 1240 1
COMPARISON ***
COMPARISON ***
1 2 8 6 1 2 4 6 1
COMPARISON ***
COMPARISON *•*
COMPARISON ***
COMPARISON ***
COMPARISON ***
COMPARISON ***
COMPARISON.***
1280 1240 1
COMPARISON ***
COMPARISON •**
COMPARISON***
1280 1240 1
367 327 1

COMPARISON ***
.427 387 3
1280 1240 1
COMPARISON ***
COMPARISON ***

0000- 4
0000- 4
POOO-4
0000- 4
.0000- 4

2.0000+ 7
2.0000+ 7
2.000P+ 7
2.0000+ 7
2.0000+ 7

-0.624
-1.582 *
-0469 5
0.761 !
-0.882

11.743 *
1.788 * 1.56412+ 1

297.039 *
488.309 *

1.936 *

1.53937+ 1
1.14930+ 0
2.48513+ 1
3.20135- 6
7.96262+ 0
3.03207+ 0

1.28426+ 0
2.52956+ 1
1,72458- 4
4.44976+ 2
3.09076+ 0

6006- 4 2:6666+: 7" -6.747 6.968

103
103
...1.03.
102
16

103
10
10
0
0
107
16
.51
102
16
103

6 3 2
6433
6433
6434
64

0666-4 2:6666+7 -6.274 125:297 * 5.36951- i1:19622+ 0

6666- 4

.7000+ 6

2000+5
.0000- 4

2.6660+7
2.0000+ 7

2-0000+ 7
2.0000+ 7

6.639
0.856
0.823
0.847

94.662 *
0.889

0-920
1.045 *

1.67784- 2 2 ; 6 9 1 6 3 - 2

8 . 8 8 4 8 6 - 4 8^.97761- 4

12 PLOTS GENERATED

* - INDICATES DIFFERENCE EXCEEDS 1.00 PER-CENT

PER-CENT blFFERENCE = 1 0 0
MAXIMUM PER-CENT DIFFERENCE

*((DATAi-DATA27/DATA1) AT EACH ENERGY POINT
= LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



MflT 6311 (N.GRMMfll
CRBSS SECTIONS

l l - N A - 2 3 HflT 6379

K9CWO-8I (S.IGRRRSl.JWntl /

(N.GRHMHJ
CRBSS SECTIONS

79-HU-I97

MEV
10° I01

ll-Nfl-23

-0 .51 % Tfl 2017 Z DIFFERENCES

BESEM3O-81 (S.IGnRBSI.XERII / STflNDBRO

i r 9 to*8 i<r7 io-s iir* iir3 io"2 IO"1 io° IO1

NEV 79-DU-I97

HflT 6337 FISSION
CIWSS SECT 1BHS

83-W-237 HflT 6390

- 1 7 . 3 TB IB.3 t DIFFERENCES

i<r10 l r 9 nr" itr7 KT8 iir5 "3

HEV
10° IO>

93-MP-237

mum
CWBSS SECTUNS

90-TH-232

STfMDH) THRESHOLD'S. 0000 EV

RESENTJD-81 IS.IQVKSI, JBERII

•4-
RESEHX)-ei (S.IGHHRSI.JRERII / STflNOW )

- 0 . ! 29 TB 2 . 5 Z DIFFERENCES '

M • -H

•1ST
i(T10 in-9 ior8 iir7 itr6 itr5 io-u i ir3 itr2

10"'

1(TB

•« 5

-10

10-8

lcr"

1.30
1.15

e
1.10 £

IT

1.05 "

1.00

0.95

MEV
10° ltf

90-TH-?3?



HRT 6390 (N.GRMMR)
CMSS SECTIONS

90-TH-232 MRT 6398

-O.e >tl TO 1 . 7 X DIFFERENCES

RESEMJ0-B1 (S.IGRRRSI.JKnil

RESEMK-81 (S.IGRRR51.JCRII / STRNDH )

itr7 j<r8 i<rs iir* KT3 iir2 nr1 io° IO1

Fission
CROSS SECTIONS

IESENDD-et (S.IGRnRSI.JRERII

RESEND0-6I (S.IGNRRSI.JRERII /

iir7 KT6 i f 5 ID*11 io"3 itr2 nr

STRNtmi

RESENDO-81 (S.1GMWSI.JRERII

"4-
fESENDD-81 (S.IGPRRSI.JBEBM /

FISSION

cnoss SECTIONS
92-U -238

-O.ilJB TO 52B7 I DIFFERENCES

worn

lir10 lir9 i r 8 icr7 id"6 i f 5 ir* i<ra JITZ iir1 to0 io*
7 HEV 9Z-U -238

NAT 6398

STRNDWD

HESEKJD-81

———XMiiUflH^-
RESENDD-6I (S. ItJKWSI, JBERI1 / SlTflNDPflO

(H. GBMR)
CROSS SECTIONS

92-U -238

-0 .7 tl TO 5088 DIFFERENCES

itr"

10°

itr" £
,0-B £

SO"8

1(T10

3.0

2.5
e

2.0 r
<r

1 .5 «=

1.0

0.5

id*

ID*

10°

10-2

3.0

2.S

2.0

I.S

1.0

o.s

MEV 92-U -235
i(T10 nr9 iir8 icr7 i<r8 iirs KT* icr3 itr2 KT1 io° to1

8 HEV 92-U -238



HRT 6399 FISSION
CROSS SECTIONS

9M-PU-239 MRT 6435

RESEMX-ei (S.IGWWSl.JREflll / STWOBflO

itr10 itr9 iir
10

(N, GRMHRI
CBOSS SECTIONS

29-CU-63

STHNORRO

i H 1 H
HESENDO-81 (S. IGRRnSl.JRERII

•4- •4-
RESENDD-81 (S. IGHBBSI. JBEBII / STBNOPRO

-0.039 Tl 9K.0 X DIFFERENCES , \if

H •<

I d " 1 0 I ( T 9 I 0 " 8 I ( T 7 10"6 ltf"5 10"* 10"3 I 0 " 2 N T 1 10° I0 1

11 HEV 29-CU-63

icr1

icr2

ic?

•o>

2.0

1.6

1.6

1.4

1.2

1.0

NflT G437
CROSS SECTIONS

K9-IN-11S

JS-FE-58

- 0 . 6 4 7 TO 1.04 7. DIFFERENCES

iff"10 icr9 i ir8 i(r7 iirB KT S
1CT1 10° 101

. «9-IN-115
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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 in the resolved resonance
region (e.g., 23jja_capture> ^yco-capture, 232jn_capture an(j
fission) as well as in the unresolved region (e.g., ^^^U-fission). In
addition surprisingly large differences were found even at higher
energies where the original evaluated data are tabulated (e.g.,
^'Co-capture and 232jh-fission) 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 ^^^U-fission
results also indicate an improvement in the unresolved resonance
treatment. The 237Np-fission results indicate that FEDGROUP-3 is still
using the ENDF/B-IV convention of interpolating unresolved parameters.



COMPARISON OP eVALUATCt) DATA (PROGWAW COMPLOf S4-2)

DATA IDENTIFICATIONS

DATA!-STANDARD
DATA2-FEDGROUP-3-82 (P.VERTES,KFKI)

ENDF/B TAPE LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2-FEDGROUP-3 ENDF/B-V DOSIMETRY LIBRARY (VERTES.BUDAPEST.1982) 9000

MATERIALMT MAT1 MAT2 P01NTT P01NT2 ENERGY RANGE (EV)
MINIMUM MAXIMUM

MAXIMUM
PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 DATA1 DATA2

11-NA- 2 3 1 0 2 6311 6 3 1 1 1 2 8 °
13-AL- 27 103 6313 6313 365
13-AL- 27 107 6313 6313 337
25-MN- 55 16 6325 6325 193
27-CO- 59 16 6327 *** NO COMPARISON ***
27-CO- 59 102 6327 6327 1280 1240 1.0000- 4
27-CO- 59 107 6327 *** NO COMPARISON ***

-NP-237 ,18 6337 **• NO COMPARISQN •**

1 2 4 0 1 . 0 0 6 0 - 4
325 1.8000+ 6
297 3.2000+ 6
153 1.0400+ 7

0000+
0000 +
0000+
0000+

-21.179 * 13.001 •"* 2.86942- 4 2.26170-4 3:54688-4 4.00800- 4
-0.086
-0.034
-0.073

0.098
0-160
Q-169

2.0000+ 7 -58.796 * 187.518 * 8.20313- 3 3.38000- 3 5.46852- 2 1.57230- 1

J-AU-197iO2 6379 *** NO COMPARiSON **•
90-TH-232 18 6390 6390 861 821 5.0000+ 0 2.0000+ 7 -30.733

WARNING...FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL ENERGIES.
DATA]I.SZERO AT ^ 2..ENERGIES WHERE DATA2....IS NON-ZERO,
FIRST OCCURRENCE AT 4.75000+ 5 EV.

90-TH-232 102 6390 6390 1280 1240 1.0000-
92-U -235 18 6395 6395 1280 1240 1.0000-
92-U -238 18 63«8 *** NO COMPARISON ***
92-0 - 2 3 8 1 0 2 6398 *** NO COMPARISON ***
94-PU-239 18 6399 *** NO COMPARISON ***
3-LI- 6 207 6424 6424 1280 1240 1.0000-

) 1.0000-
• * * *

* 63.065 * 3.61400- 1 2.50330- 1 3.25753- 3 5.31190- 3

5-B - 1Q 2Q7 6425 6425 1280 1240
21-SC- 4 5 1 0 2 6426 *** NO COMPARISON "<

4
4

2.0000+ 7
2.0000+ 7

-23.407
-13.103

31.454
20.012

* 3.82500- 1
* 3.24452+ 1

2.92970-
2.81940+

4.91008-
1.01748+

6.45450-
1.22110+

0000+
0000+

-0.072
-0-090

0.181
0.175

22-TI-
22-TI-

46
47

103 6427 **• NO COMPARISON
28 6428 **• NO COMPARISON ***

|-T}- 47 103 §42§**» NO COMPARISON ***

22-TI-
48
48

5429'•'"*"** NO COMPARi
103 6429 *** NO COMPARISON

26-FE- 54 103 6430 *** NO COMPARISON
?6rFE- 56 IQ3 6431..*.*• NQ COMPApisON
26-FE- 58 102 6432 *** NO COMPARISON
28-NI- 58 16 6433 *** NO COMPARISON

103 6433 *** NO COMPARISON
103 6434
102 6435
107 6435

28-NI- 58
28-NI- 60
29-CU- 63
29-CU- 63
29-CU- 65
..49-I.NT.U5...
49-IN-115
53-1 -127
16-S - 32

NO COMPARISON
NO COMPARISON

***

*** NO COMPARISON
16 6436 *** NO COMPARISON
.51 6437 •*•.NO COMPARISON
102 6437 *** NO COMPARISON
16 6438 *** NO COMPARISON

103 6439 *** NO COMPARISON

if**-
***
* • *
***
i i i
***
***
***
* * * •

* * *

* * *

• * ' « * •

t**
* * *

5 PLOTS GENERAtEb

* - INDICATES DIFFERENCE EXCEEDS 1.00 PER-CENT

PER-CENT DiFFERENCE = 1 0 0
MAXIMUM PER-CENT DIFFERENCE

* ( (DATAi -DAtA2) /DAfA1) AT EACH ENERGY POINT
= LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



HAT 6311 (N, GRHMR)

cross SECT laws
l l -NH-23 MRT 6390

WIT 6327 (N.cnmfli
CWBSS SEC TUNS

Z7-C0-59

FEDCflOUP-3-82 (P.VERTES.ITKn / STOMDRHO

1(T 1 0 1(T9 l i r B I (T 7 1(T6 1CT

FISSION
CBBS5 SECTUWS

90-TH-Z32

STRNCBflD THRESHOLD-5.0000 EV

-4-
FEDCnOUP-3-82 IP.VERTES.KFKI) THRESHOI

»*- »•-
FEDGH5UP-3-82 (P.VERTES.KFK1) / STRNDHC

"4-
D.5.0000 EV

- 3 0 . 7 TB 63 .1 Z DIFFERENCES • icP

itr3

io-e

1(T9

I0"1

.0°

ID"3

1(T9

-12

1.6

I.H

. 0

O.B

0 .6

KT

- 2 3 H TO 3 . 5 7. DIFFERENCES

1<T IO>
90-TH-232



HRT 6395 FISSION
CROSS SECTIONS

92-U -235

-13 .1 TO 20.0 7. DIFFERENCES

FEDGROtP-3-82 (P.VERTES.KFKI)

FEOGROUP-3-82 (P.VERTES.KFKI) /

ID"1 10° I01

92-U -235

inz
ina

in

00



COMPARISON OFEVALUATEO DATA (PROGRAM COMPLOT 84-2)

DATA IDENTIFICATIONS

OATA1-STANDARD
OATA2-FEDGROUP-3-83 (P.VERTES,KFKI)
ENDF/B TAPE LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2-FEDGROUP-3 ENDF/B-V DOSIMETRY LIBRARY (VERTES.BUDAPEST.1983) 9000

MATERIALMT MATi MAT2 P01WT1 P01NT2 ENERGY RANGE (EV) MAXIMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARNST AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE
DATA1 DATA2 DATA1 DATA2

11-NA- 23
13-AL- 27
13-AL- 27

102
103
107

If
102
107

6911
6313
6313
6325
6327
6327
6327
6337
6379
6390
6390

6398
6399

t424425
6426
6427
6428
6428
6429
6429
6430
6451
6432
6433

6311
*** NO
*** NO
*** NO
•*•*•* NO
6327
*** NO

1 2 8 0 1 2 4 0 1
COMPARISON •*•
COMPARISON ***
OMPARISON ***
O M P A R I S O N "•*••*"*••
1280 1240 1.
COMPARISON ***
1 2 9 0 1 2 4 0 1 ,
1280 1240 1.
861 821 5
1280 1240 1

0000-42.0000+7 -6. 171 0.910

27-CO- 59
27-CO- 59
93-NP-237...
79-AU-197
90-TH-232
90-TH-232
92-U -235
92-U -238
92-U -238
94-PU-239
3-LI- 6
5-B - 10

21-SC- 45
22-TI- 46
22-TI- 47
22-Ti- 47
22-TI- 48
22-TI- 48
2$-FE- 54

0000- 4 2.0000+ 7 -0.761 0.341

18
102

If
102
18

207
207
102
103
...,88.
103
28
103

...10.3.
103
102
16
10
io
102
107

6390
6390

w
•** NO
*** NO
*** NO
•*••** NO
*** NO
*** NO

-KH8-
*** NO
*** NO
*** NO
**• NO
6432
*** NO
*** NO
*** NO
*** NO
*** NO

0000-4
0000- 4
0000+ 0
0000- 4
0000- 4

2,0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7

-15-592 * 16.223 * 1.14631- 2 9.67690- 3. 5.68665- 2 6.60920- 2
-0.494 0.157
-0.981 0.437
-1.025 * 0.248 1.71942- 1 1.70180- 1
-0.777 1.900 * 2.50598+ 1 2.55360+ 1

COMPARISON ***
COMPARISON ***
COMPARISON...**?
COMPARISON •**
COMPARISON ***
COMPARISON ***

•SBPfflggBU
COMPARISON •**
COMPARISON ***
.COMPARISON. •••
COMPARISON ••*
1280 1240 1
COMPARISON ***
.COMPARISON...***
COMPARISON ***
COMPARISON ***
COMPARISON ***
COMPARISON..***
COMPARISON ***
1280 1240 1
COMPARISON *•*
COMPARISON ***

I

26-FE-S6
26-FE- 58
28-NI- 58
28-NI- 58
28-NI- 60
29-CU- 63
29-CU- 63
.59.-CW-....8.5..
49-IN-115
49-IN-115
53-1 -127
...1.6.-.S - 32.

0000- 4 2.0000+ 7 -0.130 0.148

103 6433
103 6434

102
16
103

6435
6435m
6437
6438
6439

6437
•** NO
••* NO

.0000- 4 2.0000+ 7 -0.716 0.111

3 PLOTS GENERATED

..*...-^ INDICATES DIFFERENCE EXCEEDS 1,00^ PER-CENT

PER-CENT DIFFERENCE - 100
MAXIMUM PER-CENT DIFFERENCE

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



MAT 6337 FISSION
CB033 SECTIONS

93-NP-237 HflT B39S

I«TB 1(T5 IB"* I(T3 l (T2 tfl"1 10° JO1

FISSION
CROSS SEC TUNS

92-U -235

-0 .777 TO 1.90 X DIFFERENCES

FEDGRM>-3-«3 (P.VEHTES.IffKI) /

I (T 1 0 1(T9 Iff"8 ICT7 I(T6 I(TS IB"* IIT3 I (T J Iff"1 Iff0 I01 I

o
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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 using the ENDF/B-IV convention of interpolating unresolved
parameters (e.g., ^^^Np-fission) and that it had a problem in
calculating fluctuation integrals (e.g., 232xh-capture). The
232fh-fission results indicated some problem in representing narrow
resonances in the resolved region. The ^^Cu-capture results indicate a
problem in selection of the energy grid in the resolved region,
particularly in extending the grid a long 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.



COMPARISON OP EVALUATED DATA (PROGRAM COMPLOT 84-2 )

DATA IDENTIFICATIONS

DATAi-StANbARb
0ATA2-FEOGR0UP-C-82 (A.TRKOV.LJUBLJANA)

ENDF/B TAPE LABELS

DATA1=IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.O) 9000
DATA2- FEDGROUP-C...ENDF/B-V DOSIMETRY LIBRARY (A.TRKOV,LJUBLJANA,1982) 9000

MATERIALMT MAT1MAT2 POINT1P0INt2 ENERGY RANGE (EV) MAXIMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 0ATA2 DATA1 DATA2

H-NA- 23 102 6311 •••••*•*'*• NO COMPARISON •**
13-AL- 27 103 6313 **• NO COMPARISON ***
13-AL- 27 107 6313 **• NO COMPARISON ***
25-MN- 55 1.6. 6325.***..NO... COMPARISON. ***
27-CO- 59 16 6327 *** NO COMPARISON •**
27-CO- 59 102 6327 •** NO COMPARISON ***

107 6327 *** NO COMPARISON «**
18 6337 6337 .1280 1280 1.0000- 4 2.0000+ 7 -23.832 * 18.918 * 1.15840- 2 8.82330- 3 3.29277- 2 3-91570- 2

102 6379 *** NO COMPARISON ***
18 6390 6390 861 861 5.0000+ 0 2.0000+ 7 -4.756 *

WARNING...FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL ENERGIES.
0ATA1 IS ZERO AT 2 ENERGIES WHERE DATA2 IS NON-ZERO.
FIRST OCCURRENCE AT4.00000+ 3 EV.

90-TH-232 102 6390 6390 1280 1280 1.0000- 4 2.0000+ 7 -4.718 *
92-U -235 18 6395 *** NO COMPARISON ***
2-U -239 13 6398 *** NO COMPARISON •**
'-'•' " B 162 6398 *** NO COMPARiSON * * •

27-CO- 59
93-NP-237
79-AU-i97
90-TH-232 1.881 * 5.58840- 5 5.32260- 5 4.44665- 8 4.53030- 8

92-U -238
94-PU-239
3-LI- 6

18 6399 *** NO COMPARISON ***
207 6424 *** NO COMPARISON ***

^5-B - J O 2 0 7 6425 *** NO COMPARISON .***
21-SC- 45 102 6426 *** NO COMPARISON ***
22-TI- 46 103 6427 *** NO COMPARISON *•*
22-TI- 47 28 6428 *** NO COMPARISON ***
22-TI- 47 103 6428 *** NO COMPARISON ***
22-Ti- 48 28 6429 "*** NO '" ~ : " "" ''

27. 491 * 9. 03857+ 0 8 .61210+ 0 4 .48675- 1 5 . 72020- 1
I

NJ

1

22-TI- 48
26-FE- 54

56
58

26-FE-

28-NI- 58
28-NI- 58

29-CU- 63
29-CU- 63
29-CU- 65
49-JN-U5
49-IN-115
53-1 -127
16-S - 32

O M P A R i S O N ••*"*•*
103 6429 *** NO COMPARISON ***
103 6430 *** NO COMPARISON **•
103 6431 *** NO COMPARISON ***
102 6432 6432 1280 1280 1.0000- 4
16 6433 *** NO COMPARISON •**

103 6433 *** NO COMPARISON **•
1Q3 6434 ••*. NQ COMPARISON.. •*•
102 6435 6435 1280 1280 1.0000- 4
107 6435 *** NO COMPARISON **«
16 6436 *** NO COMPARISON ***

.51 6437...*.** NO COMPARISON...•.**
102 6437 *** NO COMPARISON ***
16 6438 *** NO COMPARISON *•*

103 6439 *** NO COMPARISON ***

2 . 0 0 0 0 + 7 - 0 . 1 3 6 0.555

2.6600+7 -3.697 *2482.176 * 8 61181-2 t :76370- 2 1 : 1 6 9 8 6 - 2 2 . 8 6 5 7 6 - 1

4 PLOTS GENERATED

* - INDICATES DIFFERENCE EXCEEDS 1.00 PER-CENT

PER-CENt DIFFERENCE = 100 * ( (DAfAi -bAfA2) /bAtA i ) At EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



HUT 6337 FISSION
CROSS SECT 1 BUS

93-NP-237 HUT 6390

iir9 irB id"7 itr8 io-s itr» iir3 io*a HT1 lrf1 IO1

NUT 6390 FISSION
CROSS SECT IQMS

90-TH-232

STMOWD THflESHOLD-5.0000 EV

• i i i •....)

FEOGHJUP-C-62 IB. TIKOV.LJUBLJfiNW THRE

FEDGR0UP-C-B2 (fl.TRKOV.LJUBLJRNRI /

TL.

I . . . . .

<+•
>H0LD-5.00O0

5T(W Dm

'Sfffj Try?, . .7

- » . 7 6 TO 1.88 X DIFFERENCES

" • ' I i ' ' ' " " <

•>

lrf>

10-2

io-6

irf1

I f f *

1(T8

1.02

1.00
o

0.9S a
a:

0.96

0.9U

« i

IIT3 Iff"4 10"3 H T 2

MEV
Ifl"1 10° IO>

90-TH-23?

IN.GOMMRI
CROSS SECTIONS

90-TH-232

SIWOW

FEOGROUP-C-K (R.TWOV.LJUBlJflNfl)

. FE0GR0UP-C-B2 / 5WN0WC

-II. 72 TO 2 .5 X DIFFERENCES , \(?

101

10°
ID"'

I 0 3

102

IO>

lrf>
10-'

10-2

I(T9

1.3

1.2

1.1

1.0

0.9

S
1

HUT 6M3S

1«T* 10"1 JO0 101

(N. GRMMO) .
CROSS SECTIONS

- 3 . 1 0 T l 21182 Z DIFFERENCES

FEOGROlP-C-82 (R. TmOV.LJUBLJWn

8 1(T7 Iff"6 l f l " S I I P * 10"3 I ( T 2 N T 1 ifP I01
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NJOY

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

The initial 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
237Np-fission indicated that NJOY was still using the ENDF/B-IV
convention of interpolating unresolved parameters and the 2^i>U-fission
and "9pu_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
10~6 barns) are linearly interpolable (e.g. 54pe (n,p), ^^Fe(n,p),
^^Ni(n,p)f ^^Cu(n,alpha)) and treating very small cross sections
(less than 10"^ barns) as zero (e.g. ^^Al(n,alpha), ^7Ti(n,p),
5*Fe(n,p), 58Ni(n,p)).

The latest NJOY results performed in 1984 indicate that in the
unresolved resonance region NJOY is now using an improved method
calculating fluctuation integrals (e.g. 235u an(j 239pu fission) and a
modified interpolation scheme. Where the parameters are given at closely
spaced energies NJOY is interpolating cross sections (e.g. ^^Np-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. 2J7^p-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 in 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 in the latest NJOY results corresponds to the method recently
recommended by the Cross Section Evaluation Working Group (CSEWG).

Small cross sections (10~° to 10*~° barns) are now interpolated
using the ENDF/B interpolation law (e.g., 5*Fe(n,p), 56Fe(n,p),
"^Ni(n,p), °^Cu(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.



COMPARISON OP EVALUATEDDATA (PROCRAM COMPLOt 8 4 - 2 )

DATA IDENTIFICATIONS

DATA1-STANDARD
DATA2-NJOY-81 (R.MACFARLANE.LANL)

ENDF/B TAPELABELS.

DATA 1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2- ENDF/B-V DOSIMETRY LIBRARY FROM NJOY/CDC (MACFARLANE.LANL) 1

MATER1At Mt MATT MAt2 POINT 1 POINTS ENERGYRANGE (EVJ MAXIMUM
MINIMUM. MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE
DATA1 DATA2 DATA1 DATA2

T1-NA- 23
13-AL- 27
13-AL- 27
25-MN- 55
27-cO- 59
27-CO- 59
27-CO- 59
93-NP-237
79-AU-W
90-TH-232
90-TH-232
92-U -235
92-U -238
92-U -238
94-PU-239
a-Li-
5-B -
21-SC-
22-TI-

15
45
46

22-TI- 47
25-Tl- 47
22-TI- 48
22-TI- 48
26-FE-

102 6311
103 6313
107 6313
16 6325
16 6327
102 6327
107 6327
18 6337

102 6379
18 6390
102 6390
]8 6395
18 6398
102 6398
18 6399

207 6424
207 6425
102 6426
103 6427
28 6428
103 6428
28 6429
103 6429
193 6439
103 6431
102 6432
16 6433B-K8-
102 6435
107 6435
16 6436
51 6437
102 6437
16 6438
103 6439

6311
6313
6313
6325
6327
6327
6327

185
189

1280
291

6390
6390

6398
6399
6424
6425
6426
6427
6428
6428
6429
6429m
6432
6433
6433
6434
6435
6435
6436
6437
6437
6438
..**.*...NQ.

1280

1 2 8 0 1 2 7 8 1 .
365 357 1.
337 313 3.-m

1278 1.
289 5.
1278 1,

80 1278 1.
861 675 5.
1280 1278 1.
1280 1278 1.
1 2 8 0 1 2 6 8 1 .

1278 1.
1278 1.

l i l t I :
1278 1.
367 1.

1280
1280
1280
1280
1280
369

1280
169
337
1289
343
1280
153

>& I:
167 1.
333 3.
521 1,
341 2.
1278 1.
151 1.

-Wi:

0000_ 4
8000+ 6
2000+ 6
0400+7
0600+ 7
0000- 4
5000+ 6
POOP- 4
0000- 4
0000+ 0
0000- 4
PPPP- 4
0000- 4
OPOP- 4
0000- 4
PPPP- 4
0000- 4
0000- 4
6000+ 6
P6PP+ 7

2.0900+7
2.0000+ 7
2.0000+ 7
2,0000+7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2,0000+7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+
2.0000+
2.0PPP+
2.0000+
2.0000+
2.0000+
2,pPPP+
2.0000+
2.0000+ 7
2.0000+ 7
2,PP0P+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0PP0+ 7
2.0000+ 7

7
7

7
7
7

-o:o78
-100.000 *
-100.000 *
-Q.Q9Q
-0.142
-0.149
-0.000

-17.376...»
-0.060
-0-166
-0.436

. -1,90.9...»
-100.000 *
-0.105
-0.846
-P.P74
-0.090
-0.094
-0.677
-4P.75P *

0.785
31.981 *
5.786 *
0.082
0.000
0.204
0.042
18-738 *
0.082
0.070
0.070
2.271 *
0.055
1.294 *
2.309 *
P.090
0-053
0.245
0.001
p.223
0.001
0.221
0.001

1pp.748 *
875.528 •

0.425
0.000

22.3QP!....•
472.913 *

0.P53
8.939 *

lira-*
0.579
0.096

4.81401-11
4.72629-10

0.0
0.0

+ 0
+ 0

1.62941- 8 2.15051- 8
2.90406- 9 3.07210- 9

1,15679-2 9,55786-3 3,29277-2 3,90978-2

1.56412+ 1
9.39702-10

.1.53426+ 1
0.0 + 0

2.48513+1 2.54156+1
3.68240- 1
3.03207+ 0

3.730P5- 1
3.10209+ 0 '

9-3750P- 6
8.87585-10
2.23744- 6
3.44827-10
9.97488-10

4.28500- 5
9,79989-10.

5,55466-6
0-0 + 0
1.99349- 6
0.0 • 0
0.0 + 0

4.22752- 5
.0,0 + 0

0000-

26-FE- 58
28-NI- 58
28-NI- 58
28-Ni- 60
29-CU- 63
29-CU- 63
29-Cy- 65.
49-IN-115
49-IN-115
53-1 -127
16rS -.32

1280
367

1280
217

1600+
2P00+ 6
PPPO- 4
9000+6
0000- 4
2400+ 7
POOP- 4
000+ 6

0000- 4
7000+ 6
PPOP+ 7
2000+ 5
0000-

34«
1278 1.(
365 1.
199 1.(
425 3.:
1278 1.1
215 9.2000+ 6 2.0000+ 7

0000+
0000+
PPPP+
0000+
0000+

COMPARISON ***

-100.000
-10.903 •
-100.000 •
-rop.ppp!...»
-0.087
-0.110
-1.341 *

-100.POP *
-0.081
-P.105
-P.077
-PPPP
-P.062
-0.1P8
-0.056

2,

2.92430-6
4.04948- 7

4.63949- 7

1.33523- 4

[642-
iooo-

5.05422- 7

1736877- 4

18 PLOTS GENERATED

• - INDICATES DIFFERENCE. EXCEEDS 1,00 PER-CENT

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



NAT 6313 IN.PI
CH833 SECTIONS

13-BL-27 NBT 6337

STBNOBRD THRESHOLD-1.8000 NEV - 1 0 0 . TO 3 2 . 0 Z OlFFEBENCES :

NJ0T-8I Ifl.WCFflRLflNE.lflNLI THRESHOLDS. lOOO MEV

NJOT-81 (It.mCFflnLBNE.UM.) / STBNDRRD

FISSION
CWPSS SECTIONS

93-HP-237

I<T3

10"8 «

i(T9 5

I S

l e

1<T

l(T
10°

1(TS

Iff"'

icr>a

ID - ' 5

1.0
e

0.3 £

0.0

8
MEV

7 8 « ) O 1
13-BL-27

NRT63I3

SIHNUWU

NJBT-81

NJBY-81

THRESHOLD

m.mcFm.RNE

ffl.MRCFRflLflNI

• 3.2000

.LRNL)

.UM.) /

tN.m.PHB)
CM3S SECTIONS

NEV

. " •

THRESHOLD

^—

STBNDRRD

- M . 3 0 0 0 NEV

-100.

13-RL-27

TB 5.79 7. DIFFERENCES :

•

lrf>
IO-"

I(T8 «

I d - 1 8

Id" 2 0

10"8 J
,0-12 I
.o-i8

o.a

0.0

7 8 9 1O1

MEV I3-HL-2T
l i r 1 0 id"9 i t r 8 to"7 id"8 to"5 i ir» i<r3 n r 2 10° 10l

92-U -235



HflT 6398

STWOH)

I i niit H
MJBT-81 m.MBCrBRLRf€,LflM.I

• I I I I.IH I .!••«
Hjgr-at n.NncF(n.K.UN.i / si ram

FISSION
CIWSS SEC TUNS

92-U -238 HflT 6399

-IOC

1 H

i »l M

TO O.0S5 X DIFFERENCES
10°

ID"2

I t f *

10°

icr» I

10-8

0.8

0.0

io-10 to"9 i r " I T 7 io-e nrs itr* JO"3 itr2 JO"1 iiP to1

S HEV 92-U -238

HflT 8398

""— %tv-
HJBT-81 W.WCFWLfK.m

~~—-——Xlljtort^
H • ' " H

NJ8T-81 ffl.WCFPn.nNE.LflM.1 / ST MJflTC

IM.GMtMU
CM5S 5ECTHWS

92-U -238

- 0 . 1 )5 TO 1.29

:t

DIFFERENCES id1

ID"2

10*

itr10 iir9 itrB itr7 i<r6 KTS i r * iir3 KT2

1.04

1.02

1.00

0.98

1 io° to1

92-U -238

FISSION
CBBSS SECTIONS

9H-PU-239

. 10*-0.BU6 TO 2.31 Z DIFFERENCES

NJOT-81 ID.HRCFm.(ME.LflM.) /

CUBSS SECT IIW3
140.8 TO 0.223 7. DIFFERENCESSTflNDRRD THRESHOLD-10.600 ME*

NJBT-81 IR.NRCFflnLmE.LfM.) THRESHOLD-10.600 HEV

NJ0T-B1 lfl.l«CFWLRre,UH.I / STHNBWO



HflTSHH) (N.P)
CMSS SECTIONS

22-TH7

tmtm -100. TO 0.0 Z DIFFERENCES

KJOY-61 R.IWCFflnLRNE.LflN.) THnE5HOL0«6«i0.O0 KEV

NJOY-61 m.NRCFmLME.LRNU / 3TRNDHTO
•< , n-H , .,,H i i"H •"—I

1(T10 Iff"9 !0"8 I(T7 tO"B 1(TS Iff"* I0"3 10T2 Ifl"1 10° I01

9 HtV 22-T1-M7

(N.N'I P
CIW33 SECTIONS

10°

icr1*

I(T

ID"
irf1

1 6

2 0

10-1*

I (T 'B

0.8

0.0

STfftm THRESHOLD-11.600 HEV -10.9 TO 0.221 7. DIFFERENCES •

•+•
Mjrrr-ei m.MCFRnLfME.uM.) THRESHOLD. 11.6O0 MEV

m Nmranmf IPM 1 / grmimn ;

i-«r nsr
10

is
HEV

18

,o> I
10° ?

10"' jj

Iff2

10°

1.00

0.9S a

a
0.92 •=

0.8t

20

HUT 6429 (N.PI
CBBSS SECTIONS

22-TIJI8

00

I

NJ0Y-B1 (R.mCFRRLflNE.LRNLI THRESHOLD-3. 3000 NEV

NJOY-61 m.HBCFPBLWC.LPK.) / STANDARD

03

IN. PI
CW8SS SECTIONS

-100 . TO 1 0 1 . 7. DIFFERENCES

NJOY-61 m.NRCFPHLflME.LPK.1 THRESMOLO-27.000 KEV

NJOY-ei IR.NnCFRnLME.LflN.1 / STRNDRnO

22-TI-U8 12
10 I T 9 I0"7 1(T6 10"S 10"* ItT3

HEV
i r ! io° 101

26-FE-5"!

10°

I(T3

itr6 5
ID"9 I

18

10°

.a-3

ID-"

I0-9

ID"'2

,0-«5

itr>«

2.0

I.S

1.0

O.S

0.0

-0.5



MHT 61131 (N,P)
CWS3 SECTIONS

86-FE-56 HOT 61133

0.087 TO 873. Z DIFFERENCESSTHNDRBD THRESHOLDS. 9000 NEV

MJOT-81 m.MVFflRLRNC.UM.1 THRESHOLO-2.9000 HEV

• XJT-fll M.MCFfHJK.UH.1 / STBMJRRO

(N.2N)
CROSS SECTIONS

STRMNRO THRESHOLO-12.400 ME» I.3M TO 0 . 0 X DIFFERENCES ,

MJOT-fll <A.WCTfflLnNE.U*U THRESH0L0-12.U00 HEV

NJOT-ei (R.HPCFPRLRNE.LflM.1 / STWDRRO

(N.P)
CBOSS SECTIONS

26-HI-58

STflNDRRD - 1 0 0 . TO 2 2 . 3 X DIFFERENCES

H H •4- M m
NJ0Y-6I m.MfiCF(«Lf»C.LfH.) THRESHOLD-360.00 EV

•H M M H

NJ0Y-6I m.WCFWLIfC.LflNL) / STRNDRW
M< < * H

J"TL JSS-
I ( T I Q 1(T9 1(T8 lO"7

IS

NRT6M3H

1O"S lO"* 1(T3 l f l"2

HEV

IN. PI
CWBSS SECTIONS

10°

10-3

Iff"*

ID"9

1(T1Z

ID"'5

10°

J O " '

IT6 I
10-9 m

1.2

0.8

o.o

10° IO1

28-MI-SB

28-NI-60

HEV 28-NI-58

NXT-61 ffl.HPCFRn.IWE.UM.) THAESH0LD'2.S000 MEV

16 2B-NI-60



- 80 -

MRT 6U35 (N.RLPHR)
CROSS SECTIONS

29-CU-63

5 T M H V THRESHOLD* 1.7000 HEV - 0 . 0 7 7 TU 8.914 7. DIFFERENCES

NJ0Y-8J ffl.NflCFflRLflNE.LflM-) THRESHOLD" 1 . 7000 NEV

NJOY-81 ffl.NKFflnLRNE.LflML) / STRNORRD

IU1

ID'2

»o-" 1
10-6

10°

10- 2

10-4

JO"6

io-B

1.10

1.08

1.06

l.OU

1.02

1.00

0.96

ma
£D

(I

a:

17

HHT 6437

U S 6 7 8 9 1Q1

MEV

336.000 KEV IN.N'J LEVEL
CROSS SECTIONS

29-CU-63

149-1N-115

. STflNORRO THRESHOLD-320.00 KEV - 0 . 0 6 2 TD 2 .51 7. DIFFERENCES

. NJOY-61 (R.HflCFflRLRNE.LfiNi) THRESHOLD«320.00 KEV

NJOY-81 (R.NRCFflRUINE.LflNU / STFHKRD

jgiff

10°

,-2JO"

lO" 4

io-6

-8

10°

cr

,-2iff

10"

IO"e

10"°
1.04

1.02

1.00

0.96

a
CD

a
cc

16
5 6 7 8 Sl(p 2 3

MEV
5 6 7 8 910l

U9-IN-115



COMPARISON 0^ DATA (PROGRAM COMPLOt 84 -2 )

DATA IDENTIFICATIONS

DATA 1-STANDARD
DATA2=NJ0Y-84 (R.MACFARLANE.LAND

ENDF/B.. TAPE.LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2- ENDF/B-V, MOD. 1 DOSIMETRY - NJOV 640 GROUPS (MACFARLANE.LANL) 1

MATERIAL MT MAT 1 MAT2 P01NT1 P01NT2 ENERGY RANGE (E V)
MINIMUM MAXIMUM

MAXIMUM
PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECT10M (BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 DATA1 DATA2

11-NA- 23
13-AL- 27
13-AL- 27

.2.5-MN-...55...
27-CO- 5S
27-CO- 59
27-CO- 59
93-NP-237
79-AU-197
90-TH-232
90-TH-232
92-U -235

102 6311
103 6313
107 6313

25

92-U -231
92-U -238
94-PU-239
3-LI- 6

27
102 6327
107 6327
.18 6337
102 6379
18 6390

102 6390

18

6311
6313
6313

51§ §325 6325 193 193 1
16 6327 6327 189 189 1

5-B - Id
21-SC- 45
22-TI- 46
22-TI- 47
22-ft-47
22-TI- 48
22-TI- 48
26-FE-
26-FE-
26-FE-

18
102 6398
18 6399

207 6424

!7
6327
6327

11
6390
6390
6395.

1280
365
337
93

79 111

267 §426
102 6426
103 6427
.28 6428

8
6398
6399
6424
6425
6426
6427
6428

8
1280
291
280
280
861
1280

0
0

1280
1280
1280

1280
359
315
193
89

1280
291
128P
1280
677
1280
80
70

1280
1280
280

1.00OO- 4
1.8000+ 6
3.2000+ 6
I.0400+ 7

w

1280 1280 1
1280 t270 1

1280 1
1280 1

0600+ 7
1.0000- 4
5.5000+ 6

0000- 4
0000- 4
0000+ 0

1.0000- 4
•0000- 4
.0000- 4

1.0000- 4
1.0000- 4
-0000- 4

2.0000+7
2.0000+ 7
2.0000+ 7
2.0000+ 7
>.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.OO00+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2,0000+

-0.146
•100.000 *
-100.000 *
-0,080
-0.153
-0.240
-0.000

-17.376 *
-0.064
-0.176
-0.153
rO.322

0.094
0.074
0.006
0.082
0.000
0.076
0.042
0.12.1

4.81401-11 0.0 + 0
4.72629-10 0.0 + 0

100.000 *
-0.124
-0.098
-P.074

0.080
0.060
0.059
0,082

1.15679-29.55786-3

0.049
0.073
0.124
0.090

9 . 3 9 7 0 2 - 1 6 6 . 0 + 6

. CD

4
6

58
28-NI- 58
28-NJ-
28-NI-
29-CU- 63
29-CU- 63
29-CU- 65
49-IN-115
49-IN-115
53-1 -127

...16-S -.32

103 6428
28 6429
103 6429
1036430
103 6431
102 6432
16 6433

6433
6434

102 6435
107 6435
16 6436
51 6437
102 6437
16 6438
103 6439

105
10c

6428
6429
6429
§430
6431
6432
6433
6433
§434
6435
6435
§436
6437
6437
6438
6439

1280
1280
369
,189
1280
169
337

1280
153

1280
351
1280
367
20.1
427
1280
217
385

280
1280
369
189
389
169
335

1280
153
.693.
351
1280
367

1280
217
385

.0000-4
1.0000- 4
1.6000+ 6
1.0600+7
1.0000- 4
1.1600+ 7
3.2000+ 6
1,0000-4
2.9000+ 6
1.0000- 4
1.2400+ 7
1,0000-4
2.5000+ 6
1.0000- 4
1.7000+ 6
1.0000+ 7
3.2000+5
1.0000- 4
9.2000+ 6
9.2000+ 5

270000+ 7
2.0000+ 7
2.0000+ 7
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2.0000+
.2,.00.0Q+

-0.090
-0.094
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4.28500- 5 4.22700- 5
9,79989-10 0,0 * °

11 PLOTS GENERATED

• - INDICATES DIFFERENCE EXCEEDS 1,00 PER-CENT

PER-CENT DIFFERENCE *° 100
MAXIMUM PER-CENT DIFFERENCE

* ((DATA1-DATA2)/DATA1) AT EACH ENERGY POINT
» LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS
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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 NJOY18 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.
237p_fission, 232xh-fission and capture, 238u-fissiOn and capture,

pu_fi8sion and "Cu-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/Oata 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.



CO*H>ARtSW OF

DATA IDENTIFICATIONS

DATA!-STANDARD
DATA2-NJOY/IBM-82 (E.SARTORI,NEA/DB)

ENpF/B.TAPE LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2-NJOY/IBM...ENDF/B-V DOSIMETRY LIBRARY (E.SARTORI.NEA/DB,1982) 9000

MATERIALMT MAT1MAT2 POINTi POINTS ENCRGV RANGE (EV) MAXIMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CR055 SECT10M (BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 DATA1 DATA2

11-NA- 29
13-AL- 27
13-AL- 27
25-MNr. 55.

27-C0- 59
27-C0- 59
93-NP-237
79-AU-T97
90-TH-232
90-TH-232
92-U -235
92-U -238
92-U -238
94-PU-239

102 6311
103 6313
107 6313
16 6325
16 6327

102 6327
107 6327

Toi 6337
6379

3r.L.I......©..
5-B - 10

21-SC- 45
22-T I - 46

79
18 6390

102 6390
18 6395
18 6398

102 6398
18 6399

207 6424
207 6425
102 6426
103 6427
28 6428
103 6428
28 6429
103 6429

6311
6313
6313
§325
6327
6327
6327
bog I
6379
6390
6390
6395
6398
6398
6399
6424.
6425
6426
6427
6428
6428
6429
6429
§430
6431
6432
6433
6433
6434
6435
6435
6436
6437
6437
6438
6439

1280
365
337

III
1280
291
1280
1280
861
1280
1280
1280
1280
1280
1280..
1280
1280
369
189

1280
169
337

1240 1
1240 1

1240
325
297
153
149

1240
251
1240
1240
821
1240
!240
1240
1240
1240
1240.
1240
1240
329
.149
1240
129
297

.1240
303
1240
113

1240
311
1240
327

1.0000-4
1.8000+ 6
3.2000+ 6
1-0400+ 7
1.0600+ 7
1.0000- 4
5.5000+ 6
.1,0000-4
1.0000- 4
5.0000+ 0
1.0000- 4
0000- 4
0000- 4

1.0000- 4
1.0000- 4
1,0000-4
1.0000- 4
1.0000- 4
1.6000+ 6
1,0600+7
1.0000- 4
1.1600+ 7
3.2000+ 6
1.0000-4
2.9000+ 6
1.0000- 4
1.2400+ 7

!5000+ 6
1.0000- 4
1.7000+ 6
1.0000+ 7
3.2000+ 5
1.0000- 4
9.2000+ 6
9,2000+ 5

* 7
2.0000+ 7
2.0000+ 7
2.0000t 7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2,0000+7
2.0000+ 7
2.0000+ 7
2.0000+ 7
2,0000+7
2.0000+ 7
2.0000+ 7
2.0000+ 7
20000+ 7
2.0000+ 7

-0.079
-1.454
-0.034
-0,073
-0.150
-0.135
-0.001

-77,036
-0.057
-81.010
-27.977
739.375
-100.000
-91.248
-42.543
-0.074.
-0.090
-0.094
-0.679
-40.755
-0.001
-10.782
-3.786
-0...P8Q...
-0.084
-0.110
-1.354
rQ.O73
-0.081
-89.770
-0.070
0-0.

-0.
-0.108
-0.056

0.992
* 173.884
247.102
0082
0.007
0.181
0.042

* 18-737
0.079
0.571
0.465
.2.269
77.752
1.294
2.309
0 • 090:..
0.053
0.245
0.000
0.223
0.002
0.221
0.001

100748
872.520
0.425
0.006
22.299
472.913
0.051
8.939
Q.0P5
0.193
0.113
0.096
0.001

* 6.65345-18
*

6.55669-18 4.81401-11
4.83039-17

1.31848-10
1.67664-16

* 3,31167- 3 7,605O8r 4 3,29277-2 3,90974-.2.

6.56278- 7
3.02312- 1

* 7.41516+ 1
* 6.11938- f
* 4.91881- 1
* 3.53280+ 1

1.24626- 7
2.17733- 1
4.49544+ 1
0.0 + 0
4.30510- 2
2.02983+ 1

1.48513+ 1 2.54153+ 1
! .825b7-16 i .02 l i i - i 0
3.68240- 1
3.03207+ 0

3.73005- 1
3.10207+ 0

0000+
0000+
0000+

48
48
4
6

22-TI-
22-TI-
26-FE-
26-FE-
26-FE- 58
28-NI- 58
28-NI- 59
28-NI- 60
29-CU- 63
29-CU- 63
29-CU- 6549-IN-115
49-IN-115
53-1 -127
16-S - 32

2.0000+7
9,37500- 6 5 , 5 5 4 2 5 - 6

103
103

5430
3431

102 6432
16 6433

1036433
103 6434
102 6435
107 6435

5,64:
102 6437
16 6438

103 6439

1280
153

1280
351
1280
367

4^7
1280
217
385

2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.QOQO+
2.0000+
2.0000+
2.0000+

.2.0000+
2.0000+
2.0000+
2.0000+

2.23744- 6
3.44827-10

4.28500- 5

1.99621- 6
3.31773-10

4.22700- 5

2.22327- 2

2.92430- 6 3.5764Q-
4.04948-7* * - * *2bbo-

5.05420- 7
2.17329- 1

5436
4.63949- 7

1240
177
345 2,0000+7 r.0.,OQ1.

19 PLOTS GENERATED

• - INDICATES DIFFERENCE EXCEEDS 1,00 PER-CENT
PER-CENT DIFFERENCE = 100
MAXIMUM PER-CENT DIFFERENCE

* ((DATA1-DATA2)/DATA1) AT EACH ENERGY POINT
- LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS
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ID-" I
<r
m

ltr8

io-»

1.10

1.08

1-08 o

1.0« S

1.02

1.00

0.98
29-CU-63

I



COMPARISON OP EVALUATED DATA (PROGRAM COMPLOT 84-2)

DATA IDENTIFICATIONS

DATA1-STANDARD
DATA2-NJ0V/IBM-83 (E.SARTORI.NEA/DB)

ENDF/B TAPELABELS

DATA1MAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1)
DATA2=NJOY/IBM...ENDF/B-V DOSIMETRY LIBRARY (E.SARTORI.NEA/DB.1983)

9000
9000

MATERIAL MT MAT! MAT2 POINT 1 P01NT2 ENERGY RANGE (EV)
MINIMUM MAXIMUM

MAX I MUM
PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARNS! AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 DATA1 DATA2

ti-NA- 23 102 6311 6 3 1 1 1 2 8 0 1 2 4 0 i.oooo- 4 2O000+
13-AL- 27 103 6313 6313 365 325 1.8000+ 6 2.0000+
13-AL- 27 107 6313 6313 337 297 3.2000+ 6 2.0000+
5-MN- 55 16 §325 §325 193 153 1.Q4Q0+72,0900+
27-CO- 59
27-CO- 59
27-CO- 59
93-NP-237
79-AU-197
90-TH-232

K
102
107

193 153 1
189 149 1 .0600+ 7

1.0000- 4
5.5000+ 6

7-0.078
7 -1.454 *
7 -0.034
7 - Q , 0 8 0

6.65345-18 6.55669-18

-0.153
-0.135
-0.001

-17-377 *
-0.055
-0.153

0.786
0.091
0. 194
0,082
0.000
0.384
0.042
18-736 * 1.15679- 2
0.079
0.498

27 632
6327 6327
6327 6327

.18 6337
102 6379

1280
291

49
1240
251

.0000+
2.0000+
2.0000+

102 6379 6379
18 6390 6390

337 1280 1240 1,0000-42.0000+180
1280
861

40
823

1.0000- 4
4.7500+ 0

2.0000
2.0000+
2.0000+

9 . 5 5 7 7 9 - 3 3 .29277- 2 3.,.90971- .2.

WARNING...FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL ENERGIES.
PATA1 JS ZERO AT . 2 ENERGIES WHERE DATA2 IS NON-ZERO,
FIRST OCCURRENCE AT 4.75000+ 0 EV.

90-TH-232
92-U -235
92-U -238
92-U -238
94-PU-239
3-LI- 6

102 6390 6390 1280
18 6395 6395 1280
18 6398 6398 1280

102 6398 6 3 9 8 1 2 8 0
18 6399 6399 1280

207 6424 6424 1280
207 6425 6425 1280
102 6426 6426 1280
103 6427 6427 369
28 6428 6428 189

22-TI- 47 103 64?8 6428 12
22-Tl- 4 8 2 8 6429i 6 4 2 9 1
22-TI- 48 103 6429 6429 337
26-FE- 54 103 6430 6430 1280
6-FE- 56 103 6431 6431 343

" 102 6432 6432

22-TI-
22-TI-

46
47

26-FE-
28-NI-
28-NI-
28-NI-
29-CU-
29-CU-
29-CU-

5?
58
58

63
65

16 6433 6433
103 6433 6433
103 §434 6434
102 6435 6435
107 6435 6435
16 6436 6436

1280
153

1280
.,35.1
1280
367
201

1240
1240
1240
(240
1240
1240
1240
1240
329
149

124
12
297
1240
303
1240
113

1240
311
1240
327
161

4
4
4
4
4
4
4
4
6
7
4

.1600+7
3.2000+ 6
1.0000- 4
2,9000+6

1.0000-
1.0000-
1•0000-
1.OOOO-
1.0000-
1.0000-
1.0000-
1.0000-
1.6000+
1.0600+

j.oooo-

.0000-

.2400+

.0000-
5000+6
0000
7000+

1.0000+
49-IN.-115 51 6437 6437 427 387 3,2000+5
49-IN-115 102 6437 6437 1280 1240 1.0000- 4
53-1 -127 16 6438 6438 217 177 9.2000+ 6
16-S - 32 103 6439 6439 385 345 9.2000+ 5

2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2-0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2-0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.0OO0+
2.0000+
2.0000+
2,0000+
2.0000+
2.0000+
2.0000+

•J

-0.
-1.
-0,
-0.
-0.
-0.
-o.
-0.
-o.

-40.

-o-3
-0
-0
-0
-1
-0
-0
-0
-0
-0
-0
-0
-0
-0

437 0-386
910 * 2.269 * 1.56412+
082 .51.818*
107 i.294 *
847 2.309 *
074 0 - 090
090 0-053
094 0.083
679 0.000
757 * 0.025
000:...., 0-002
914 * 0.084
786 * 0-001
080 0.085
0 8 7 0 007
110 0.135
365 * 0-000
072 0.078
08.1 0-048
105 0-052
070 0.086
000 0.000
0 6 2 0 - 0 2 5
108 0.113
056 0.096
001 0.001

1 1.53425+ 1 2.48513+ 1 2.54153+ 1 I

3.03207+ 0 3.10207+ 0

9.37500- 6 5.55407- 6

2:23744-6
3.44827-10

1:99325-6
3.31773-10

4.28500- 5 4.22650- 5

11 PLOTS GENERATED

* - INDICATES DIFFERENCE EXCEEDS 1.00 PER-CENT

PER-CENT DIFFERENCE = 100 * UbAf :Ai-DATA2}/DAfA1) At EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE * LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



HUT 6313

: STWDRRO THRESHOLD-

r
: NJOY/IBH-83

NJDT/IBN-83

y—

lE.SWUORI

r * -

(E.SRRTORI

1.8000

—»

.NEH/0B1

.NER/DBI

(N
CROSS

MEV

THRESHOLD.1.

/ STfMDflflD

.PI
SECTIONS

8000 HEV

- I . K 5 T8 0 . 0 9 !

13-BL-27

)! DIFFERENCES :

HflT 6390

IO"B in

itr9 1

icr»

10°

icr3

I0"6 <n

10

1.02

1.00

0.98

0.98

8 9 101

NRT 6337

NJ0Y/IBH-B3 (E.9RmW!. tCM 31

HJOt/lW-B3 (E.SflRTOni.NEn/IBI / STRNDflRO

I

a

MEV
1 10°

93-NP-237

FISSION
CROSS SECTIONS

90-TH-232

STWOWO THAESH0L0-5.0000 E¥

•4- "4-
NJOY/IBM-83 (E.SRRTORI.NEH/OBI THRESH! .0=1.7500 EV

"4- "4- »4-
MJ0Y/IBM-B3 IE.SflRrORI.NEB/OB! / STWOfiF

_ M |

-0 .1S3 TO 0 .198 X DIFFERENCES

- t -

10°

10-2

iir« s

itr8 i

.0-8 "

ID"'0

io- i a

uP
10-2
IIT* <n
10-6 I

.o-« "

i<r'°

ID"1*

1.03
1.02
1.01 D

1.00 g
0.99 «=
0.90
0.97

HRT 639S

NEV

FISSION
CROSS SECTIONS

10° 101

90-TH-Z32

92-U -235

- 1 . 9 1 TO 2 . 2 7 7. DIFFERENCES

NJ0T/IBM-B3 (E.SRRTORl.NEn/Oe)

MJOY/IBH-83 IE.SRRTORI,NER/OB)

I(T5

NE»
ID" 1(T2

l O " 1 10° 101

92-U -235



NUT earn FISSION

CROSS SECT raws
92-U -238 MJU6399

STSNORRD

NJBT/IBH-BS E.SflRTORI.ICR/'DB)

H " " H
NJOY/IBH-B3 (E.SflRTORI.ten/061 /

to"10 to"9 lir8 i<r7

s

HOt 6398

- O . 0 S 2 TO 5 I . 8 J X DIFFERENCES •

STRNDHRO
H • ' " H

Jsr

10-8

itr»°

to-"

1(T8

IS'0

I.II

1.0

STBCRflO

H
HJOT/1B4-B3 (E.SnRTORI.NER/DBI

~~~——AMlbri*-
H
BHMJOT/1BH-83 (E.

io*s io"* to*3

HEV

I N . cnmwi
CRBSS SECTIONS

10° 1O1

92-U -238

92-U -238

- 0 . 1 37 TB 1 . 2 9

STBMOfWO

to-1 0

6
io-» to-7 i«r6 i r s itr« to"3

HEV

t

X DIFFERENCES

Iff3

lrf>

ID"2

10*

10*

1(P

ID"?

1.011

1.0?

1.00

0.98

KT1 rf1 to1

92-U -238

FISSION
CBBSS SECTIONS

9U-PU-239

MJOT/IBM-83 (E.SRRTORI.NEfl/OB)

HJ0Y/IW-B3 (E.SmT0RI,NEfl/0B) /

HPT 6428

HEV

(D.N'J P
CBBSS SECT IHNS

IO1

9U-HJ-J39

22-T I -H7

5TBNDHRD THRESHOLD-10.600 HEV -DO.8 TO 0.025 7. DIFFERENCES

-4- - t -
NJOT/IBH-83 lE.SHRTORI.NER/OB) THRESHOLD-10.600 HEV

NJOT/IBH-83 (E.SRRTORI.NER/OB) / STfiHDBFC

io>

10-2

,0> I
(D

irf» g
IO*1 *

i<r2

i.o

0.9

0.8 "

0.7 S

0.6

O.S
12 1U IS IB 20

HEV 22-TU17



HRT 6129 (N.N ' I P
CR8S3 SECTIBNS

2 2 - T U I 8 MflT6U33

5THN0BRD THRESHOLD-i!.600 MEV -10.9 TO 0.081 X DIFFERENCES

MJOt/IBM-83 (E.SflRTOBI.NER/tBI THRESHOLO-11.600 MEV

M MY/tim-OT ic amrnai upi/imi /

tsar
12

9

WflT 6 4 2 9

1U IB

NEV

(N.P)
CMSS SECTIONS

Iff2

10*

ID"2

102

,0' |

10° «

I(T2

1.00

0.98 o

cc

0.92 x

0.88

18

22-TI-U8

22-TIJ48

5TWCRPD THRESHOLD'S.2000 MEV - 3 . 7 9 TO 0 .0 X DIFFERENCES
qirf>

NJOY/IBH-83 IE.3flRT0HI.NEn/DBI THRCSHOLD-3.2000 HEV

u HY/iPM-m if soRinpi

c cc

IQ-B m

1(T8

10°

10-2

,0-H |

Iff"6 ">

10-6

1.01

1.00

0.99 o

0.98 C

0.97 c

0.96

0.95

10

8

NEV 22-TI-M

(N.2N1
CBBSS SECTIBNS

28-NI-S8

STflNORRD THAESH0L0*12.<l00 HEV - 1 . 3 7 TO 0 .0 7. DIFFERENCES •

-+•
NJ0Y/1BM-B3 (E.SflmORI.NEfl/DB) THRESHOLO-12.100 NEV

NJ8T/[BM-e3 (E.SHRTORr.NEB/OBI / STflNOfTO

CD

r

itr1

102

1.02

1.00 o
CE

0.98

0.96
1U 16 18 20

I I MEV 28-NI-58
I



- 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 58pe 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. 237^
fission), but there were additional problems with 235JJ fission, 238y
capture and 239pu 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 ^8pe capture). In the unresolved
resonance region AMPX is now using 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.



COMPARISON OF EVALUATEDDATA ( PROGRAM COMPLOT 64-2 V

DATA IDENTIFICATIONS

OATA1-STANDARD
DATA2-AMPX-82 (M.GREENE.ORNL)

ENPF/B TAPE LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2- AMPX OUTPUT...ENDF/B-V DOSIMETRY LIBRARY (M.GREENE, ORNL, 1982) 9000

MATERIAL MT MAT! MAT2 POINTr POINTS ENERGY RANGE (EV) MAXIMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 DATA1 DATA2

11-NA- 231026311 6311128012401.0000-4
13-AL- 27 103 6313 6313 365 325 1.8000+ 6
13-AL- 27 107 6313 6313 337 297 3.2000+ 6
25-MN- 55 16 6325 6325 193 153 .1.0400+ 7
27-C0- 59 16 6327 6327 189 149 1
27-CO- 59 102 6327 6327 1280 1240
27-C0- 59 107 6327 6327 291 251
93-NP-237 18 6337 6337 ] 280 1240
79-AU-197 102 6379 6379 1280

5.0000+
2.0000+
2.0000+
2.0000+
2.0000+
2.0000+

5.5000+ 6 2.0000+
1,0000-42.0000+
1.0000- 4 2.0000+
5.0000+ 0 2.0000+

1
0600+7
0000- 4

102 6379 6379 1280 1240
90-TH-232 18 6390 6390 861 821 .

WARNING...FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL
PATA1.IS^ERQAT;. 2..ENERGIES^ WHERE. DATA2 IS NON-ZERO.

7 - 1 . 8 7 7 ••*••

7 -0.152
7 -0.120
1 r r P , 0 8 8
7 -0.003
7 -8.855 *
7 -0-003
7 -16.529 *
7 -10.955 *
7 -B.674 *
ENERGIES.

0.306
0.074
0.004
0.080

1:31595-4 1.28830- •••«"

0.003
0.672
0.042

5.85290+ 2 5.33460+ 2

19•705 * t,15679- 2 9,<
0.463 1.53686+ 3 1.:

JQ- 3 3.29277- 2 3.9416.0- 2
. . . . . _ 50+ 3 .'

0.741 6.56278- 7 5.99350- 7

FIRST OCCURRENCE AT4.00000+ 36V.
90-TH-232
92-U -235
oo—U —238
92-U -238
94-PU-239
3-LI- 6
5-B - 10

21-SC- 4E

102 6390 6390
18 6395 6395

18 6399 6399
207 6424 6424

22-TI-
22-TI-

46
47

•m- IW
22-11- 47
22-T1- 48
22-TI- 48
26-FE- 54
26-FE- 56
26-FE- 58
28-NI- 58
28-NI- 58

542!
103 6427 6427
28 6428 6428
103 6428 6428
28 6429 6429
103 6429 6429
103 6430 6430

16 6433 6433
103 6433 6433

1280
1280
1280
1280
1280
1280
1280.
1280
369
189

1280
169
337
1280
343
1280
153

1280

1240
1240
...1.24Q
1240
1240
1240

?40
240
329
149

1.0000- 4
1.0000- 4
1.0000-4
1.0000- 4

1240 1
1340 1

297
1240

g 1

1.0000- 4 2
1.0000- 4

0000-4
0000- 4

1.6000+ 6
1.0600+ 7

0000-4
1600+ "

3.2000+

113
1240

1.0000- 4
2.9000+
1.0000-
1.2400+ 7
1.0000- 4

J-N.I- 60 103 6434 .6434 351 ...3.1J 2,5000+6
J-CU- 63 102 6435 6435 1280 1240 1.0000- 4

29-CU- 63 107 6435 6435 367 327 1.7000+ 6
29-CU- 65 16 6436 6436 201 161 1.0000+ 7
49-IN-115 51 6437 6437 427 387 3.2000+5
49-IN-115 102 6437 6437 1280 1240 1.0000- 4
53-1 -127 16 6438 6438 217 177 9.2000+ 6
16-S - 32 103 6439 6439 385 345 9.2000+ 5

2.0000+
2.0000+

0000+
0000+
0000+

2.0000+
2-0000+
2.0000+
2.0000+
2-0000+

0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+

2.0000+
2.0000+

0000+
0000+
0000+
0000+
0000+

2.
2.

2.
2.

7
7

7
7
7
.7...
7
7
7
7
7
7
.7.....
7
7
7""
7
7
.7 ..
7
7
7

-2.872 *
-1.344 *
-6-458 *
-17.489 *
-1.368 *
-0.100
-0,10.1
-0.750
-0.003
-0.091
-0.003
-0.099
-0.002
-0.102

- " * • • •

-0.014
-0.110
TO.108
-10.118 *
-0.096
-0.022
-0,067
-11.347 *
-0.055
0.0

0.639
2.888
.1.432
0.647
3.860
0.090
0-053
0.267
0.004
0.001
0-005
0.041
0.004
0.085
0-003
0.106
0.005
0-072
P. 023
0.143
0.070
0.001
0,004
0.111
0.093
0.014

3.02312- 1
• 1.56412+ 1

2.93630- 1
1.54310+ 1

J- 75-7242!- 7
_ 5- 1 1.29530- 1

* 1.15896+ 1 1.14310+ 1

2.48513+ 1 2.55690+ 1 ,
2.85364- 7 2.89450- 7

3.03207+ 0 3.14910+ 0 -1

f

i;7s3is- 3 r:33290- 3

5.17329- i1.96340-
2.
2.
2,
2.
2.

2:52974+32:24270+3

2.0000+

13 PLOTS GENERATED

* - INDICATES DIFFERENCE EXCEEDS 1.00 PER-CENT

"PER-CENT' DIFFERENCE "'-" 100
MAXIMUM PER-CENT DIFFERENCE

* ( (DAfA1-bAtA2) /0AtAi ) AT EACH ENERGY POINT
= LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



Mfll 6311 (N.GMIMfl)
CROSS SECTIONS

l l -Nf l -23 MflT 6 3 3 7

- 1 . 6 8 TO 0.306 7. DIFFERENCES

RRPX-02 M.GKENE.0RN.I

I •!••••« •!
IMPX-K m. GREENE. ORM.) / STRNOfHl

i n " 1 0 ID" 9 to"* 1(T7 I ( T 6 I ( T 5 1IT* 1O"3 tO"2 10"1 10° 101

FISSION

cwass SECTIONS
93-NP-237

0.9S

10-'° itr9 iir8 ior7 iir6 io-5 nr* io"3 nr2 itr1 ifi IO1

NflT 6327 IN. GRHM)
CW0S3 3ECTI8W3

Z7-C0-59 W)T 6379

- 8 . 8 6 TO 0 .612 7. DIFFERENCES

RMPK-82 m.CREEfC,ORNL) / STBNOflRO

IN, GHWR1
CTBSS SECTIONS

79-RU-197

NEV
10° I01

27-C0-S9

BWPX-82 m.GBEEME.OHNLl / STWNDRBO

10- 1 0 1(T9 ID"8 IOT7 10"8 1(TS 10'* I 0 - 3

It HEV
I 0 " 2 ID"1 10° 101

79-RU-197



MAT 6390 FISSION
CROSS SECTIONS

90-TH-232 NAT 6395

STANDARD THRESHOLD-5.0000 EV

fWTX-82 THRESHOLD'S.I OOO EV

"f- <+-BMPX-82 M.GREENE,ORNLI / STANDARD

SUt=l^

- 8 . 6 7 TO O.7M1 7. DIFFERENCES 10°

I0-2

ItT"

itr6

icr

to

itf
Iff"2

nr"
I0"8

10-"

1.02

1.00

emus SECTIBWS

vP to1

90-TH-232

90-TH-232
STftanm

BNPX-82 M.GREENE,OFML) / STANDARD

-s.e r TO o.

io-'° lir9 itr8 i(T7 tcr6 iir5 nr"
6 MEV

139 X DIFFERENCES 10*

10°

ID"2

10-3

id9

10*

itr'
10-2

i<r3

1.02

1.00

0.98

0.96

n

io° iol

90-TH-232

FISSION
CROSS SECTIONS

92-U -235

-1 .3H TO 2 . 8 9 Y. DIFFERENCES

RMPX-82 m.GflEENF.mLI / ST(M» D

id"10 i(T9 iir8 io-7 io-8 id"5 to-* tor3 to"2 to"1 if IO1

1.00

0.98

HRT 6398

STflNORPD

< H <
AHPX-82 m.GREENE.ORNL)

"4-

fMPX-62 IM. GREENE.ORNL) / STRNDF D

FISSION
CBBSS-3ECTI0N3

92-U -238

- 6 . 16 TO 1.113 7. DIFFERENCES -

iH 4 K

T W|fl J>

irf1

Iff"2

1(TB

la-'"

ItP

I(T2

Id"11 I

.0-6 "

nr"
KT110

1.02

1.00

0.98 S

0.96 *

0.9i|

0.92

iir1 0 I T 9 ior8 io"7 nr6 icrs nr* iir3 tcr2

8 KEY
B° IO1

92-U -238



HOT 6398 (N.cnmtRi
CBBSS 3ECTIBM3

92-U -238 HRT 6U32

WPX-83 M.GflEBC.OML)

itr7 ltr8 io"s to"* io"3 i(r2 io° IO1

92-U -238

FtSSIOM
CWS3 36CTI8W3

3.86 X DIFFERENCES

IO"1 0 io"9 io"e tor7 iff"6 itr5 lir* iir3 icr2 KT1 IO° IO1

IN.CRNHR)
CR8S5 SECTIONS

26-FE-58

STRNORFO -2<I.O TO 0.106 1 DIFFERENCES

RMPX-62 m-
"i H

1
RN>X-82 M.GPEErC.ORNU / STflNCMRO

I .

io"10 io"9 io"8 io"7 io"B i t r s i i r*
II HEV

NRT6D35 (N.GRHHR)
CWWS SECTIONS

I0"2 10*' 10° I01

28-FE-58

29-CU-63

I0 2

IO>

Irf1 s

id"1 I

ID"2

i<rs

IO1

.0- I
ID"2

.o-33

t .o

0.9 S
a
c

0.8

0.7

ior7 itrB iff-5 ID"* io"
HEV 29-CU-63



HflT 643? (N. GflMMfl)
CROSS SECTIONS

U9-IN-115

- H . 3 TO 0.111 •/. DIFFERENCES

mm l / T̂QHOflRD

I
I—*

o

I

HEV U9-1N-115



COMPARISON OPEVALUATED DATA (PROGRAM COMPIOT B4-2)

DATA IDENTIFICATIONS
DATA!-STANDARD
DATA2-AMPX-83 (M.GREENE,ORNL)

ENDF/B.TAPE LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1) 9000
DATA2-AMPX OUTPUT...ENDF/B-V DOSIMETRY LIBRARY (M.GREENE, ORNL, 1983) 9000

MATERIALMTMAT1MAT2 POINT1P01NT2 ENERGY RANGE (EV) MAXIMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARNSI AT P0IHT3
OF MAXIMUM PER-CENT DIFFERENCE

DATA1 DATA2 0ATA1 DATA2

11-NA- 2 3 1 0 2 6 3 1 1 *** NOCOMPARISON **•
13-AL- 27 103 6313 **• NO COMPARISON ***
13-AL- 27 107 6313 *** NO COMPARISON •**
2 5 - M N - J 5 1 6 6325 •*.!..MO COMPARISON ***
27-C0-
27-C0- 59
27-C0- 59
93-NP-237
79-A0-197
90-TH-232

327 6327
102 6327 6327
107 6327 6327
..,.1.8. 6331 633J
102 6379 6379
18 6390 6390

189
1280
291
1280
1280
861

149
1240
251
1240
1240
821

1.0600+ 7
1.0000- 4
5.5000+ 6
LOQQQ- 4
1.0000- 4
5.0000+ 0

2.6606+
2.0000+
2.0000+
2.Q0Q0+
2.0000+
2.0000+

WARNING...FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL
OATA.1 IS ZERO AT 2 ENERGIES WHERE DATA2 IS NON-ZERO.
FIRST OCCURRENCE A T 4 . 6 6 6 6 6 + 3 £v .

90-TH-232 102 6390 6390 1280 1240 1.0000- 4 2.0000+
92-U -235 18 6395 6395 1280 1240 1.0000- 4 2.0000+
§?-M ..-238 1§ 639§ 6398 1280 1240 1,.ppQ0r.. 4 2.0000+

7 - 0 . 6 6 3
7 -0.386
7 -0.003
7 -0.445
7 - 6 . 2 8 9
7 -0.430
ENERGIES.

0.663
0.671
0.042
1574 *
6.445
0.743

8,69192-28,82870-2

92-U -238
94-PU-239

3-LI- 6
10
45

22-TI- 46
22-TI- 47
22-TI- 47
2 2 - T I - 4 8
22-TI- 48
26-FE- 54
26-FE- 56
26-FE- 58
28-NI - 58
28-NI -
28-NI -
29-CU-
29-CU- 63
29-CU- 65
49-JN-115
49-IN-115
53-1 -127
16-S - 32

58

102 639J
18 6399

207 6424
207 6425
102 6426
103 6427
28 6428
103 64?8
28 6429
103 6429
103 6430
103 6431
102 6432
16 6433

103 6433
1P3 6434
102 6435
107 6435
16 6436
51 6437
102 6437
16 6438
103 6439

6391
6399
•** NO
***

• * • • * • *

* * *

* * *

* * *

• • * • * • • * •

NO
NO
NO
NO

***
•**

NO
NO

*** NO
6432
***
* **
*»*

- * • • * • * •

• **
***
6437

1280 1240 1
1280 1240 1.0000- 4
1280 1240 1.0000- 4
COMPARISON ***
COMPARISON **•
COMPARISON * * *
COMPARISON * * *
COMPARISON * * *
COMPARISON * * *
COMPARISON * • *

2.0666+
2.0000+

-0.387
-0.331
-0,388
-0.389
-0.348

0.656
1.120 *
1.418 *
6.661
1.667 *

3.10750+ 0 3.14230+ 0 I
2,85364-7 2..8941.P.-...7....H...

3.68446+ 0 3.74590+ 0 S
I

COMPARISON ***
COMPARISON ***
COMPARISON ***

NO
NO

*
NO
NO6437

*•* NO
*** NO
••* NO

1286 12461.6666-4
COMPARISON ***
COMPARISON •**
COMPARISON •**
COMPARISON ***
COMPARISON ***
COMPARISON ***
...427 387 3.2000+ 5
C O M P A R I S O N •***
C O M P A R I S O N * * *
C O M P A R I S O N * * *

2 . 6 6 6 6 + 7 - 6 . 3 4 3 6.166

2,0000+ 7 -p., 067 0,004

5 PLOTS GENERATEb

INDICATES DIFFERENCE EXCEEDS 1.00 PER-CENT

PER-CENT biFFERENCE = 166 * ( (DATA1-DATA2) /DATA!)AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



HUT 6337 FISSION
CHBSS SECTIONS

93-NP-237 NflT 6395

i r 1 0 i(r9 to-1 itr7 io-B

i

(WT6390

HEV

FISSION
CROSS SECTIONS

ior3 io"2 IO"1 io° IO1

93-NP-237

90-TH-232
STANDHRD TMBESHOLD-S.0000 EV

~ 4 -
(•TX-83 T H R E S H 8 L D - 5 . (

fH'H-83 m.GREEIC.OM-) / SISNOfRD

aoo EV

-O .MO TO 0.7>l3 X DIFFERENCES

.0-3

,0-B

IIT9

10-'*

Iff"3

1.03

1.02

1.01 „

1.00 ^

lO"5 to-

FISSION
CRBSS SECTIONS

9 2 - U -23S

(tTX-83 m.GREENE,ORNLI / STRNDf D

STflNORTO

"4-
WPX-83 IM.GREENE.ORML)

nrx-63

FISSION
CHBSS SECTIONS

92-U -238

- 0 . : B TO 1.V2 DIFFERENCES -

ID" 2

in-*

l(Te

10-8

l(Ta

,o-"

.0-6

ID"1B

1010"

1.02

1.00

0.98

9O-TH-J32
io- '° io"9 i r 8

io"7 io"s ID-" . c 3 itr2

NEV
io° IO1

92-U -538



HRT6399 FISSION
CROSS SECTIONS

9U-PU-239

s

mpx-63 (H.GREENE.OBNU /

HEV
IOl

9H-PU-239

o
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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 ^^°U-capture and fission and
"Cu-capture which appear to be due to an error in interpolating cross
sections a la RESEND. The l*'Au-capture results at the resolved region
boundary indicate a numerical instability in the multigroup averaging
scheme used.

The error which led to the 238y-capture and fission and
^^Cu-capture differences as well as the instability that led to the
197^u_capture results have been reported to have been remedied in
MINX. However, no later results were submitted for comparison.



COMPARISON OF EVALUATED DATA (COMPLOt 8 4 - 2 )

D/XTA IDENTIFICATIONS

DATAi=StANbARb
DATA2=MINX-83 (J.WHITE.ORNL)

ENDF/B TAPE LABELS

DATA1"
PATA2*

IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD. 1)
MINX...ENDF/B-V DOSIMETRY LIBRARY (J.WHITE. ORNL)

9000
9000

MATERIAL MT MAT1 MAT2 POiNti P0iNT2 ENERGY RANGE (EV) MAXiMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS SECTION (BARN'S T AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE
DATA1 DATA2 DATA1 DATA2

1280 1240 1.0000- 4 2.0000+ 7 -1.302 * 0.375
365 325 1.8000+ 6 2.0000+ 7 -0.170 0.163
337 297 3.2000+ 6 2.0000+ 7 -0.180 0.158
193 153 1,0400+ 7 2.0000+ 7 -0.055 0-099
189 149 1.0600+ 7 2.0000+ 7 -0.000 0.000
1280 1240 1.0000- 4 2.0000+ 7 -0.847 0.562
291 251 5.5000+6 2.0000+7 -0.173 0.001
1280 1240 1.0000- 4 2.0000+ 7 -0-262 0.269
1280 1240 1.0000- 4 2.0000+ 7 -0.349 2017.561
861 1240 1.0000- 4 2.0000+ 7 -0.882 0.434

WARNING...FOR ABOVE COMPARISON COULD NOT DEFINE RATIO AT ALL ENERGIES.
DATA1 IS ZERO AT 422 ENERGIES WHERE DATA2 IS NON-ZERO.
HIRST OCCURRENCE AT 1.00000- 4 EV

11-NA- 23
13-AL- 27
13-AL-
25-MN-
27-CO-
27-CO-
27-CO-
93-NP-237
79-AU-197
90-TH-232

27
55
59
59
59

102 6311 63ii
103 6313 6313
107 6313 6313
16 6325 6325
16 6327 6327

102 6327 6327
107 6327 6327
.18 6337 6337
102 6379 6379
18 6390 6390

1.54897- 3 1.52880- 3

1.22906+ 0 2.60261+:""i"

90-TH-232
92-U -235
92-U -238
92-U -238
94-PU-239
3-LI- 6
5-B...- 10
21-SC-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
26-FE-
26-FE-
26-FE-
28-NI-
28NI- 58
28-NI- 60
29-CU- 63
29-CU- 63
29-CU- 65
49-IN-115
49-IN-115
53-1 -127
16-S - 32

45
46
47
47
48
48
54
56
58
58

102 6390 6390 1280 1240
18 6395 6395 1280 1240
.18 6398 6398 1280 1240
102 6398 6398 1280 1240
18 6399 6399 1280 1240

207 6424 6424 1280 1240
207 6425 6425 1280 1240
102 6426 6426 1280 1240
103 6427 6427 369 329
28 6428 6428 189 149
103 6428 6428 1280 1240
28 6429 6429 169 129
103 6429 6429 337 297
103 6430 6430 1280 1240
103 6431 6431 343 303
102 6432 6432 1280 1240
16 6433 6433 153 113

103 6433 6433 1280 1240
103 6434 6434 351 311
102 6435 6435 1280 1240
107 6435 6435 367 327
16 6436 6436 201 161
51 6437 6437 427 387
102 6437 6437 1280 1240
16 6438 6438 217 177

103 6439 6439 385 345

0000- 4
0000- 4
0000- 4
0000-
0000-
0000-
0000-
0000-
6000+

1.0600+

7
4

oooo-
1.1600+
3.2000+ 6
1.0000- 4
2,9000+ 6
.0000- 4
.2400+
.0000-

2.5000+ 6
.0000- 4
.7000+ 6
.0000+ 7

3.2000+ 5
1.0000- 4
9.2000+ 6
9.2000+ 5

2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2
2
2.
2.
2
2.
2.
2.
2.
2
2

0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+
0000+

2.0000+

-0.767 0.250
-1.022 * 0.708 1.40193+ 1
-5.123 *.... 14.912 * 5.12500- 5
-2.092 * 12.869 * 9.75215- 1
-0.982 0.747
-0.142 0.180
-0-129 0.184
-0.565 0.556
-0.000 0.000
-0.022 0.123
-0-024 0-002
-0.064 0.138
-0.000 0.001
-0.165 0.162
-0.100 0-083
-0.879 0.560
-0.000 0.000
-0.168 0.134
-0,122 0.163
-0.090 93.065 *
-0.150 0.138
-0.176 0.000
-0.200 0.158
-0.447 0.565
-0.149 0.081
-0.209 0.106

1.38760+ 1
4,86245- 5
9.54811- 1

4,32594-7 4.97101- 7.'
1.84121- 1 2.07816- 1£

1.07784- 2 2 .08093 - 2

7 PLOTS GENERATED

- INDICATES DIFFERENCE EXCEEDS 1.00 PER-CENT

PER-CENT DIFFERENCE = 100 • ((DATA1-DATA2J/DATA1) AT EACH ENERGY POINT
MAXIMUM PER-CENT DIFFERENCE = LARGEST PER-CENT DIFFERENCE AT ANY ONE OR MORE ENERGY POINTS



MOT 6311 (N. GflHHRI
CROSS SECTIOHS

l l -NR-23 MBt 6390

o

a

0.96

MRT6379 (N.Gnmmi
CBBS3 SECTIONS

10P 101

ll-Nfl-23

79-BU-197

- 0 . 3 1 9 TB 2018 7. DIFFERENCES

NINX-83 U.MHITE.0IM.I / STDNDnW

HEV
10°

79-BU-197

FISSION
CBBS5 SECUBWS

90-TH-232

STBNOBfC THRESHOLD = 5 .0000 EV

HINX-83 U.HHITE.OHNLI

H H
HINX-83 U.MHITE.ORNU / STRNORRD

- 0 . 8 J 2

H • • • - H

1 «H

7. DIFFERENCES • 10°

ID"?

io-8

icr10

10°

1(TB

10icr

1.02

1 0 10-9 io"8 10-7 iff"6 i r s io-* IOT3 itr2 nr110-10 10-9 io"8 10-7 iff"6 i r s io-* IOT3 itr2 nr

FISJION
CROSS SECTI8NS

HINX-63 (J.WHITE.0FH.I / STPNORRt)

10"10 10"9 I D " 8 10-7 i(TG io" io° 101

92-U -235

O
—J



HUT 639S FISSION
CBBSS SECTIONS

92-U -238 MPT 6435 (N.GflHMfll
CROSS SECTIONS

29-CU-63

O
00

'STflNOAHD "" " '""' -5 . (^2 TO 'I<l. 9 J X DIFFERENCES - n STRNOflflO ' - 0 . 0 9 0 T|) 93^1 X DIFFERENCES ( g 2

4 M H « < A i I M I H I I M M j « «.i 1° < • • • • —« 4 < H »j *< < H 1 4 < H •
HINX-83 U.MHITE.nRNLI ! - <j H1MX-63 U.HHITE.ORNll t ] ( ^

< ' ' " H i 'n iH I ' "-H < H H "• ' •«H . . . . . H •• l 0 ~ < H H 4 < I M H 1 1 H H •
NIMX-83 U.MHITE.OIM.) / STflNOHF ) , J 5 KINX-83 U.MHITE.OBNLI / STBNOWD I . 2 . 0

ift . 1 . 8
j . 1 . 1 0 91 I

I . 0.95 '—^ UH Ul j |.O

,. A , j . . is^f iiTy""._i ^ _ Jo.9o . _.. _. , „ i18""... ^Srf "Trlwr.. ^ ^ • °-8

l i r 1 0 io"9 icr* io*7 i r 6 ltr5 lir* io"3 itra 10"1 io° 101 to"10 \<r9 io"8 i<r7 10"6 KT S tor* i r 3 KT 2 10"1 to0 IO1

5 MEV 92-U -238 7 HEY 29-CU-63

MAT 6398 (N.GRHMR) 92 -U -238
CROSS SECTI8WS

'STBNOBPD " - 2 . )9 TO 1 2 . 9 X DIFFERENCES - l 0 "

< I I I IH i H < M iH ^ i i ln i i^ HI H H i' ,J4
HINX-83 (J.HHITE.OflHLI • l ! r

———,-Jillbrt^—___ > 1

< H "t 4 J I I I I H •< M I'l'iiH -t I H * i' , ,i
HINX-83 U.HMTE.ORNLI / STBNOflfl ) ! . i . i a

l i r 1 0 ID- 9 jo"8 io"7 i i r 6 ](T5 IOT" io- 3 io"2 10"' io° IO1

6 HEV 92-U -238
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GRUCON

GRUCON is designed Co 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 2-^Np 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'8
ability to reproduce the benchmark results for the entire ENDF/B-V
Dosimetry library.



COMPARISON OFEVALUATeo DATA (PROGRAM COMPLOT B4-2)

DATA IDENTIFICATIONS

DATA1-STANDARD
DATA2-GRUC0N-83 (V.MANOKHIN,OBNINSK)
ENDF/B TAPE LABELS

DATA1-IAEA PROCESSING CODE VERIFICATION PROJECT STANDARD (MOD.O) 9000
DATA2- GRUCON...ENDF/B-V DOSIMETRY LIBRARY (V.MANOKHIN,OBNINSK,1983) 9000

MATERIALMT MATT MAT2 P0INT1 P01NT2 ENERGV RANGE (E V) MAXIMUM
MINIMUM MAXIMUM PER-CENT DIFFERENCES

NEGATIVE POSITIVE

CROSS S6CT10H (BARNS) AT POINTS
OF MAXIMUM PER-CENT DIFFERENCE
DATA1 DATA2 DATA1 DATA2

23
27
27

i1-NA—
13-AL-
13-AL-
.25-MN-.5]
27-CO- 5£
27-CO- 59
27-CO- 59
93-NP-237
79-AU-197
90-TH-232
90-TH-232

92-U -238
94-PU-239
3-LI- 6.
5-B - 10
21-SC- 45
22-TI- 46

102 6311
103 6313
107 6313
16 6325

22-TI- 48
22-TI- 48
26-FE-

26-FE-
28-NI-
28-NI-
28-NI-
29-CU- 63
29-CU- 63
29-gU-65
49-IN-115
49-IN-115
53-1 -127
16-S....- 32

58
58
58
>0

1
102 6327
107 6327
18 6337
162 6379
18 6390
102 6390
18 §395
18 6398

102 6398
18 6399

207 6424
207 6425
102 6426
103 6427
28 64
103 64
28 6429
103 6429
1Q3 643Q
103 6431
102 6432
16 6433

433
434

102 6435
107 6435
.16 6436
51 6437
102 6437
16 6438
103 6439

10
10

**•* NO
* * * NO
* * * NO

..••.If NO
* * * NO
* * * NO
* * * NO

-RPw
* * * NO
6390
* * * NO
6398
6398
* * • NO
*** No
* * * NO
* * * NO
• * * NO

•«H8-
• * * NO
• * * NO
tt*

• • * • * * •

* * * NO
* * * NO

. * • • NO
* • * NO
* * • NO
* * * NO
* * •

• • * • * *

* * « NO
* * • NO
.**.* NO

COMPARISON •**
COMPARISON •**
COMPARISON ***
COMPARISON..***
COMPARISON ***
COMPARISON ***
COMPARISON ***
1280 ... 1238 1 ,0000- 4
COMPARISON ***
COMPARISON ***
1280 1238 1.0000- 4
COMPARISON ***
1280 1238 1.0000- 4
1280 1238 1.0000- 4
COMPARISON ***
COMPARISON ***

.2,0000+ 7 -1,926 * 2.460 .*.. 8.56108-.2 8.39617-2 3-13213- 2 3,20919-2

2.0000+ 7 -0.383 0.109

2.0000+72.0000+ 7 -0.413
-0.415

0.739
1.047 * 5.63688- 1 5.69588- 1

as

COMPARISON **•
COMPARISON •••
COMPARISON *•*
COMPARISON **•
COMPARISON *•*
COMPARISON ***
COMPARISON *•*
COMPARISON ***
COMPARISON ***
COMPARISON ***
COMPARISON ***
COMPARJS
COMPARIS
COMPARISON ***
COMPARISON ***
COMPARISON ***
COMPARISON **•
COMPARISON ***
COMPARISON ***
COMPARISON ••*.

o
1

• * *
" * • * * • •

2 PLOTS GENERATED

* - INDICATES DIFFERENCE EXCEEDS 1,00 PER-CENT

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



- I l l -

MflT 6337 FISSION
CROSS SECTIONS

93-NP-237

% DIFFERENCES

GHUCON-83 (V.NRNOKHIN.

. GRUCON-83 (V.MPNOKHIN.OBNINSK) / STRNDflRO

I

icr1 0 tor9 itr8 io"7 r U io"3 icr2 ltr1 10° 10
MEV

MflT 6398 (N.GRMMR)
CROSS SECTIONS

93-MP-237

92-U -238

0.HJ15 TO 1.05 X DIFFERENCES

GnUCON-83 (V.HRNOKHIN,OBNINSK) j

GRUCON-83 (V.MRNOKHIN,OBNINSK) /

icr10 icr9 io"a io"7 io"6 io"5

10?

10°

ID"2

id*

102

10°

io-2

1.03

1.02

1.01

1.00

0.99

0.98

0.97

tor1 itP 101

92-U -238
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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
easily 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.

ACKNOWLEDGEMENTS

The author thanks Miss Sabine Schmied for preparing the text and
figures which appear in this publication. The author thanks each of the
forty-two participants who contributed results for this project. It is
worth noting that even though the combined effort of the forty-two
participants to perform calculations and correct processing codes
involved several man-years of effort all participation in this project
was on a voluntary basic and the entire project was conducted at no cost
to the International Atomic Energy Agency.



- 113 -

REFERENCES

[1] ZIJP, W.L., et al., "Comparison of two fine group cross section
libraries resulting from the ENDF/B-V dosimetry file", Report
ECN-97, Netherlands Energy Research Foundation, ECN, Petten,
August (1981).

[2] SIMONS, R.L., and MCELROY, W.N., Evaluated reference cross section
library, BNWL-1312 (1970), Richland.

[3] GARBER, D., et al., Data Formats and procedures for the evaluated
nuclear data file, ENDF, BNL-NCS-50496 (ENDF-102) (1975).
Brookhaven.

[4] - PEREZ, R.B., et al., Trans. Amer. Nuc. Soc, TANSAO 39, pp. 883
(1981).

[5] PERKINS, S.T., Multigroup Transfer Matrices for Charged Particle
and Neutron Induced Reactions", UCRL-86106 and UCRL-86782 (1981),
Livermore.

[6] PEREY, G.F., Least Squares Dosimetry Unfolding, The programme
STAY'SL, ORNL/TM-6062, ENDF-254 (1977), Oak Ridge.

17] ZIJP, W.L., NOLTHENIUS, H.J., "Comparison of four neutron spectrum
unfolding codes", Contribution to Rottger, H. (editor), Proc.
ASTM-EURATOrt Symposium on Reactor Dosimetry, Report EUR 6813, Vol.
II, p. 787 (CEC-JRC, Petten, 1980).


