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Abstract

The WIMS-D4 code is one of the most widely used thermal reactor
physics lattice-~cell codes and is of interest especially to reactor
physics groups in developing countries. The WIMS-D4 code has its
working nuclear data library in processed form. The presently
available nuclear data library of the WIMS-D4 code is outdated.
The IAEA WIMS-D4 library update project is principally conceived to
proceed through a series of thermal reactor benchmark calculations
using the evaluated nuclear data libraries, nuclear data processing
codes and the WIMS-D4 code. The final outcome of the project will
be a reliable up-to-date nuclear data base for the WIMS-D4 code.
This report presents a compilation of the papers related to the
IAEA WIMS-D4 library update project. The project is expected to be

completed by 1996.
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introduction
by

S.Ganesan

The IAEA WIMS-D4 library update project was conceived with the
goal of providing updated working nuclear data libraries for the
users of the WIMS-D4 or compatible thermal reactor lattice-cell
code. This report presents a compilation of papers related to the
developments in the WIMS Library Update Project to highlight the
progress achieved thus far.

The WIMS-D4 code is a freely available thermal reactor physics
lattice-cell code used widely especially by scientists in
developing countries for thermal research and power reactor
application calculations. The presently available and widely used
WIMS-D4 nuclear data library was generated more than 20 years ago
using basic files available in the early sixties.

The recently released basic evaluated nuclear data files such
as ENDF/B-VI, JENDL-3.1, BROND-2 and CENDL-2 are not directly used
as input to neutronics or other applied calculations but are first
converted to pre-processed files which are post-processed into
multigroup files which are then cast into specially formatted
working libraries that are compatible with neutronic codes. The
urgent need to provide a consistent and correct multigroup data for
core physics calculations of thermal research and power reactor
applications derived from the recently released basic evaluated
data files remain to be fulfilled.

Both the developed and developing countries are finding it
difficult to sustain and fund adequately the nuclear data
processing activities. The processing tasks demand specialized
expertise using computer resources committed over a long period of
time (several years) to execute the tasks. There has been no
active common forum to bring the scientists, in particular in
developing countries working in this area together. The field of
study of nuclear data processing and preparation of processed
nuclear data libraries form the connecting bridge between basic
evaluated nuclear data files and application calculations. The
subject involves development and validation of computer software
using knowledge of ENDF/B formats and conventions, numerical
reconstruction of resonance line shapes, calculations of Doppler
broadening, thermalization effects, self-shielding factors in
resolved and unresolved resonance regions, transfer matrices for
various Legendre orders etc.

The nuclear data processing requirement must satisfy the very
important requirement that errors due to processing of the basic
data does not introduce unacceptable errors in the processed data
which are the results of processing. The accuracy of the processed
data should correctly reflect the quality of the basic evaluated
data.

The present project assumes special importance because of the
need to provide updated working libraries compatible with the WIMS
code (or equivalent lattice cell codes that are compatible with
WIMS-D4 nuclear data working library). The preparation of updated
working WIMS library is an important practical step to enable



scientists use the updated nuclear data files, ENDF/B-VI, JENDL-
3.1, BROND-2 and CENDL-2 which cannot be directly used in thermal
research and power reactor calculations.

The task of updating the WIMS-D4 library involves the tasks of
processing the basic neutron cross section files ENDF/B-VI, JENDL-
3.1, BROND-2 and CENDL-2 using the nuclear data processing code
system such the NJOY code system, taking care to ensure that the
quality of the working library correctly reflects the gquality of
the basic evaluated data file from which the working library is
derived, keeping the conventions and definitions of the group
constants as expected by the lattice cell code system, WIMS-D4,
without introducing unacceptable errors in processing.

In response to a letter dated 27 August 1994, inviting
scientists to participate in the "WIMS Library Update Project,
(WLUP)" and, subsequently to a second letter dated 8 September 1992
inviting scientists to participate in the extension of Phase I and
in Stage 3 of the WLUP, over 23 laboratories from 18 countries
together participated. It should be stressed that the
participation was through correspondence and at no cost to the
Agency. The results submitted by various scientists were tabulated
and analyzed by A. Trkov and M. Ravnik of the Institute "Jozef
Stepan" Ljubljana, Slovenia within the scope of an IAEA Research
Contract No. 6291. The WIMSR module of the NJOY code system was
closely examined for its consistency using initially the 1976
ENDF/B-1IV data as experimental validation and comparison with
other calculations in the published literature are available for
ENDF/B-IV for comparison purposes. The NJOY code system with the
updated WIMSR module has been successfully used, as a first
attempt, to process the recently released (1992) basic evaluated
nuclear data files ENDF/B-VI, JENDL-3.1, BROND-2 and CENDL-2 for a
few selected isotopes. Some questions still remain as pointed out
in section 2 and Section 3.

It is planned to continue to execute the IAEA WIMS-D4 library
update project so that the goal of obtaining the updated WIMS
working nuclear library for all the isotopes of interest can be
attained.

Volunteers are invited to join the project at any time in any
stage.

In order to help the newcomers to the WLUP, the letter dated
27 August 1990 inviting scientists to participate in the "WIMS
Library Update Project," and alsc the letter dated 8 September 1992
inviting scientists to participate in the extension of Phase I and
in Stage 3 of the "wims Library Update Project," have been included
in this compilation as item 6 and item 7.
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Comparison of WIMS Results Using Libraries Based
on New Evaluated Data Files

Primerjava rezultatov programa WIMS z uporabo
razli¢nih knjiZnic presekov na osnovi novejsih
evaluiranih knjiZnic podatkov

A.TrkovT, T.Zidii, S.Ganesan?
t Institute " JoZef Stefan™, Ljubljana, Slovenia,
1 International Atomic Energy Agency, Vienna, Austria

ABSTRACT - A number of selected benchmark experiments have been modelled
with the WIMS-D/4 lattice code. Calculations were performed using multigroup
libraries generated from a number of newly released evaluated data files. Data
processing was done with the NJOY91.38 code. Since the data processing methods
were the same in all cases, the results may serve to determine the impact on integral
parameters due to differences in the basic data. The calculated integral parameters
were also compared to the measured values. Observed differences were small, which
means that there are no essential differences between the evaluated data libraries.
The results of the analysis cannot serve to discriminate in terms of quality of the
data between the evaluated data libraries considered. For the test cases considered
the results with the new, unadjusted libraries are at least as good as those obtained
with the old, adjusted WIMS library which is supplied with the code.

POVZETEK - Nekaj izbranih testnih kriti¢nih eksperimentov smo modelirali s
programom WIMS-D/4. IzraZuni so bili narejeni na osnovi grupnih konstant dobljenih
iz ve& razliZnih ncvejsih knjiZnic evaluiranih nevtronskih podatkov. Za procesiranje
podatkov je bil uporabljen program NJOY91.38. Ker je bila priprava podatkov izve-
dena na enak nadin, so rezultati primerni za doloéitev vpliva razlik med knjiZnicami
na integralne parametre. Izralunani integralni parametri so bili primerjani tudi z
izmerjenimi vrednostmi. Ugotovljeno je bilo, d~ so odstopanja majhna, zato na os-
novi teh rezultatov ni mogote ugotoviti bistvenih razlik v natan&nosti podatkov v
razli¢nih evaluiranih knjiZnicah. Za obravnavane testne primere smo ugotovili, da
so rezultati z novimi, nepopravljenimi WIMS knjiZnicami najmanj tako dobri kot
tisti dobijeni s staro knjiZnico, ki je bila popravljena na osnovi integralnih meritev

1 Introduction

The WIMS package [1] originating from the Winfrith laboratory is widely used for
reactor calculations of a variety of thermal reactors. It consists of a lattice transport
code and the associated library. The lattice code exists in a version, which is available
from the NEA Data Bank at Saclay as WIMS/D-4, and versions LWR-WIMS and WIMS-E



which are distributed to the users through the ANSWERS service {2] on commercial
terms. They all use basically the same multigroup data library [3], although the
commercial versions allow some format extensions and their library 1s reported to
include some further data adjustments [4] which improve the performance of WIMS.

The libraries that are supplied with different versions of the WIMS code are
based on basic evaluated data files originating from tiie sixties. Considering that the
source data base 1s very old and obsolete, the performance of WIMS has been shown
to be remarkably good because of several adjustment to the multigroup data and
particularly to the resonance integrals. The adjustments were performed through
comparisons of the calculated integral parameters with measurements for a wide

range of "benchmark” experiments.

With the welcomed release of several new evaluated data files [5,6] through
the International Atomic Energy Agency (IAEA), such as JENDL-3.1, BROND-
2, ENDF/B-VI, JEF-2 and CENDL-2, it was felt that the performance of WIMS
for lattice calculations could be improved by updating its library from one of the
new evaluated data files. With this objective in mind, the Nuclear Data Section
of the IAEA has initiated the WIMS Library Update Project (WLUP) through in-
ternational cooperation (7], which commenced in 1991. The work completed so far
includes optimization of WIMS inputs to model some selected benchmark exper-
iments as accurately as possible (8] and intercomparison of data entered into the
WIMS library using different code systems {9). Related to this work is also the up-
grading of the WIMSR module of the NJOY code for nuclear data processing [10], so
that it could be used reliably to prepare group constants for the WIMS library. The
principal advantage of NJOY [11] is its versatility and its comprehensive capability
to process data in ENDF-6 format, which is used for the ENDF/B-VI, JEF-2 and
CENDL-2 evaluated data libraries.

A parametric study of the effect of different NJOY input options on integral
results calculated by WIMS has been performed {12]. The ENDF/B-IV [13] library
was used in the analysis. Using the updated library based on ENDF/B-IV data,
WIMS calculations were done for a selection of benchmark lattices [14], considered
1n Stage-1 of WLUP. The results were compared to the highly accurate published
results [15) for the same lattices (obtained mainly by Monte Carlo codes), which
were used as numerical benchmarks In this way a consistent set of NJOY91.38
1nput instructions to process evaluated nuciear data files and generate an updated
WIMS library have been obtained.

Once the optimized data processing procedures for generating the WIMS library
from ENDF/B-IV data with NJOY91 .38 have been established, they were applied to
other libraries (JENDL-3.1, ENDF/B-VI, JEF-1, JEF-2 and CENDL-2) that can be
processed by the same code. The results of such analysis are presented in this work.

2 Data processing verification

The data processing details and the sensitivity of the results to the selection of
the input parameters have been reported elsewhere {10,12,16,9], so they will not
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Table 1: Summary of WIMS results based on ENDF /B-1V data for selected
benchmark lattices and comparison with reference results.

LATTICE | key p2* 628 62* c’
TRX-1 | 0 98760( 32) 1 382( 43) 0 0pd( B6O) O 0066( 63) O 806( 26)
ENDF/B-IV | O 98706(- 06) 1 380(- 14) © 1002(« 80) O 0028(-2 8) O BO4(- 25B)
TRX-2 | 0 99360( 31) © 863( 68) 0.0800( 49) 0.0876( 44) 0.647( .31)
ENDF/B-IV | O 98916(- 44) O 868(+ 58) O 0616(+1 0) O 0860(-2 4) O 649(+ 25)
BAPL-1 | 0 99340( 30) 1 433( 20) 0.0836( 1 6) 0.0736( ©5) O 817( 1 3)
ENDF/B-IV | 0.99321(+ 18) 1 420(- 28) O 08B43(+ ©8) 0.0717(-2.5) O 814(-.31)
BAPL-2 | 0 90320( ©09) 1t 188( t.3) O 0678( 1.8) O 0831( 79) O 742( 81)
ENDF/B-IV | O 99326(+ 01) 1 191(+ 26) O 0688(+1 4) O 0817(-2 3) O 743(+ 08)
BAPL-3 | 0 99395( 21) O 938( 1 7) 0.0522( 38) © 0616( 78) O 664( 1 1)
ENDF/B-IV | 0 99373(- 02) 0 938(+ 21) © 0629(+1 3) O 0606(-2.0) 0.664(0 00)

NOTE For each lattice the reference solution and the % uncertainty 1s given in the
first row. The results using the updated ENDF/B-IV based library and the %
difference from reference are given in the second row.

be repeated here. Integral measurements on thermal reactor lattices TRX-1, TRX-
2, BAPL-UO;,-1, BAPL-UO,-2 and BAPL-UO,-3, which serve as standard bench-
marks for vesting nuclear data [14], have been selected for the analysis. For con-
venience, the comparison table of the calculated integral parameters [10] based on
ENDF/B-IV data and the reference results is reproduced in Table 1. The measured
integral parameters are listed below:

k.ss the effective multiplication factor,
p*® the ratio of the epithermal to thermal capture reaction rates in 3877
§2% the ratio of the epithermal to thermal fission reaction rates in #3°U,

528 the ratio of the total fission reaction rates in 238U and 233U,

C~ the ratio of the capture reaction rates in 2330 and fission reaction rates in 233U
(i.e. the conversion ratio), measured in the TRX lattices only.

The thermal cutoff energy for the parameters defined above is 0.625 ¢V where ap-
plicable.

The reference results {15] were obtained by averageing the results of 106 differ-
ent contributors, 6 of them using sophisticated Monte Carlo methods. Very good
agreement between different contributions was observed, so we believe the reference
results to be highly reliable.

From the results in Table 1 it can be seen that WIMS predicts p?® and C-
quite well. The k.ss is generally predicted well, but there might be a trend to
underpredict k.sy in lattices with metal fuel. Parameter 62% lies at the upper end of
the uncertainty interval of the reference results. This could be due to the differences
in the treatment of the unresolved resonance parameters, which are used to describe
the 23%U cross sections over most of the resonance range. There is a very clear
underprediction of parameter §2¢ of about 2.4%. This parameter was found to be
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sensitive not only to the fission spectrum, but also to the cross section averageing
spectrum This is an 1ndication that the WIMS 69-group structure is inadequate

in the fast resonance range. This problem cannot be overcome within the present
scope of analysis.

The conclusions reached with ENDF /B-IV data must be considered when analysing
the results obtained with other evaluated libraries, discussed in the next section.

3 Comparison of integral results using different re-
cently released evaluated libraries

Evaluated data libraries that have been included in the analysis are the following
CENDL-2 the Chinese evaluated nuclear data library,

ENDF /B-VI the evaluated nuclear data files from USA,

JEF-2 the revised joint European files,

JEF-1 the original joint European files,

JENDL-3.1 the Japanese evaluted nuclear data library.

The Russian BROND-2 library was also considered, but there arose problems with
data processing. In the library some uncommon data formatting options are used to
describe angular distributions which have not yet been incorporated into NJOY91 .38,
so a complete and consistent data set could not be produced.

The JENDL-3.1 and CENDL-2 libraries have no thermal scattering law data,
therefore the ENDF /B-III file was used. The JEF-2 library also lacks thermal scat-
tering law data, so the thermal scattering matrix for hydrogen bound in water
processed from JEF-1 was used instead.

The results of all the calculations are summarized in Table 2. For each of the
benchmark lattices the measured values of the integral parameters and the associ-
ated measurement % uncertainty are given. Then follow the calculated results using
libraries generated from different evaluated data files. The calculated values and
the % differences from the measurement are given. The results using the old WIMS
library 3] are also presented. The result show that the maximum difference in k.yy
never exceeds 0.58% With most of the new libraries the parameter p2® is predicted
well within the uncertainty interval of the measurements for all lattices except for
BAPL-2, where a systematic overprediction of 3 to 4 % is observed. This could be an
indication of an error in the measurement. The agreement of the calculated values
of 62° is also very good. There is a large experimental uncertainty 1n the measure-
ments of §%%. The calculated values are generally within the uncertainty interval
of the measurements, except for the well thermalized BAPL lattices, where some
underprediction of 6§28 is observed. Part of this underprediction can be attributed
to the coarseness of the energy mesh 1n the fast neutron range, as observed in the
analysis with the ENDF/B-IV data summarized in the previous section. Parameter
C" 1s predicted well with all the new libraries.

12



Table 2. Summary of WIMS results using different evaluated data libraries
for selected benchmark lattices and comparnison with measured
values

LATTICE | keyy p?t §% 5% ce

TRY.-1 | ) 00000( 30) 1 320( 1 6) O 0987( 1 0) O 0P46( & 3) 0 797( 1 0)
CEKDL-2 | O ©9997(- 00) 1 348(+2 1) 0 0980(- 72) 0.0060(+1 4) 0 789(-1 1)
ENDF/B-VI | O 99472(- 63) 1 346(+1 ©) O OO8B(- 18) O 0969(+2.8) O 7e<{- 38)
JEF-1 | 0 900080(- 04) 1.3368(+1 2) O 0088(+ 12) O O097€(+3 4) 0 793(- 53)
JEF-2 | C 99882(- 32) 1.339(+1 4) O 0986(-.23) O 0968(+1.3) O 798(s 09)
JZNDL-3 : | O 98457(-.65) 1.344(-1.8) 0.0970(-1.8) O 0078B(+3.3) O 703(- <5b)
WIMS-D/4 | 1 00227(~- 23) 1 278(-3 1) 0.0990(+ 30) O 0965(+2.0) O 780(-Z 1)
TRX-2 ! 1 00000( 10) ©0 837( 1 8) 0.0614( 1 3) ©0.0603( 6.1) O 647( 93)
CENDL-2 ‘ 0 99911(- 09) 0.8650(+1 6) 0.0603(-1.8) 0.0882(-1 6) O 638(-1 &)
ENDF/B-V1 | 0 99429(- 68) © 847(+i.2) 0.0806(-1.4) 0.08B9(-.66) O 633(- 68)
JEF-1 | O 99B44{- 16) 0.812(+« 60) O 0608(- 99) 0.0609(+.81) O 642(- 74)
JEF-2 | 0 99BB1(- 42) O B44(+ 84) 0.0608(-1.3) O 0884(-: 3) O 646(- 12)
JEKDL-3.1 | 0 p94E2(- B5) O B47(+i 2) O 0B95(-2 9) O 0697(+ BB) O 64i2(- 77)
WIMS-D/4 i 0 99664(- 36) O 80OB(-3 6) 0.0610(- 64) 0.0895(+ 30) O 638(-: 7)

BAPL-1 1 1.000C00{ 10} 1.390( 72) 0.0840( 2 &) ©0.0780( 5 :) 0 000

CEKD.L-2 ' 1.00649(+ 64) 1.399(+ 63) 0.0826(-i.8) O 0740(-5 2) C 799
ENDF/B-VI | 1.00052(+ 05) 1.252(+ 1<) ©0.0823(-1 4) 0 C747(-3 3) 0O BO4
JEF-1 | 1.00567(+ E6) 1.386(- 36) ©.CE32(- 93) 0.0758(-2.8) © 8GC23
JEF-2 1 1 00286(+.28) 1.386(- 36) O 0828(-1 4) ©0 O741(-6 1) O 808
JENDL-3 1 | 1 00137(+.14) :.392(+ 14) 0.0816(-2 9) ©0.0767(-3 0) O 803
WIMS-D/4 | 1 0C202(+.29) 1.368(-2 3) 0.0840(+.08) 0.0766(-3 z) © 800
BAPL-2 | 1 00000( .10) 1 120( 89) 0.0680( 1.6) 0.0700( 5.7) 0.000
CENDL-2 | 1 00424(+ 42) 1.167(+4 2) 0.0874(- 96) ©0.06368(-9 1) 0.73)
ENDF/B-VI | 0 990356(- 06) 1 161(+3.7) C 0676(- 66) 0.0822(-8.3) 0 734
JEF-1 | 1.00436(+.43) 1.1566(+2.2) 0.0679(-.10) 0.08E3(-6.7) 0.734
JEF-2 | 1.00167(+ 16) 1.166(+3.1) 0.0676(-.564) C.0838(-8.8) 0.737
JENDL-3.1 | 1 00039(+ 04) 1 161(+3 7) 0.0666(-2 1) 0.0862(-6.9) 0.733
WIMS-D/4 | 1 00049(~ 0B) 1.133(+1.2) 0.0687(+1 0) ©0.0662(-6.8) 0 732
BAPL-3 | 1 00000( 10) © 906( 1.1) 0.0620( 1.9) ©0.0870( B.3) 0.00
CENDL-2 | 1.00347(+.34) 0.919(+1 6) 0.0618(-.38) 0.0521(-8.6) 0.653
ENDF/B-VI | 0.90886(- 12) O 914(+ 88) 0.0520(+.04) 0.0527(-7.6) 0.668
JEF-1 | 1 00341(+ 34) O 911(+.65) O 0623(+ 48) O 0B36(-6.8) O 657
JEF-2 | 1 00073(+ 07) O 910(+ 44) O 0520(+« OB) O 0524(-8 0) O 661
JENDL-3.1 | 1 00000(+ 00} O ©16(+.99) O 0512(-1.5) O 0535(-6 2) O 857
WIMS-D/4 | O 99807(- 19) O 89i(-1 3) 0.0829(+1 7) O 06358(-6.6) O 657

NOTE Measured values and their % uncertainty (in brackets) for each lattice are given in
row-1. Then follow the results using libraries based on different evaluated data files

and the old WIMS library, and in brackets the % difference from measurements.

To make the comparison clearer, averages over all the benchmark lattices were
calculated and are presented in Table 3. The average measurement uncertainty
was calculated as the root-mean-square of the uncertainties for each parameter over
all the lattices. For each parameter, for each of the data libraries considered, the
simple mean of the differences between the calculation and the measurement was
calculated. As a measure of the spread of the results, the standard deviations were
also calculated. For parameter p?® the results of the BAPL-2 lattice were excluded

from averageing.
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Table 3- Summary of average measurement uncertainties and average dif-
ferences between calculated and measured values over all the
benchmark lattices

LATTICE | kg p?® 6%° 62" c
Average 0 18 1 32 1 69 6 12 0 97
CENDL-2 0 24( 0 25) {1 46( 0 63) -1 13( 0 B9) -4 60( 4 04) -1 22( O 1B)
EXDF/B-VI | -0 26( 0 28) 1 03( 063) -060(069) -367(409) -0 62( 0 18)
JEF-1 0 23( 0 28) 0 50( 0 68) -0 28( 0.68) -2.24( 3.88) -0 83( 0 1)
JEF-2 | -0 06( 0 28) 0 68( 0 84) -0 68( 0 569) -4.39( 3 88) -0.02( 0 11)
JENDL-3 1 | -0 19( 0.29) 1.03( 0 69) -2.23( 0 B7) -2.43( 3.91) -0.61( 0.18)
WIMS-D/4 0 00( 0 24) -2 B6( 0 B4) 0 49( 0 81) -266( 3 38) -1.80( 0 23)

NOTE Average uncertainty over all lattices for each of the parameters is given. Then
follow the mean differences between the calculated values and the measure-
ments and in brackets the standard deviation for each of the evaluated libraries
considered.

On average the claculated k.;y with the new libraries differs by up to 0.25%
from criticality. The spread in the results is comparable to that obtained with the
old WIMS library. This result is not disappointing, since we must consider, that the
old WIMS library was adjusted to predict well the k..

A significant improvement compared to the results with the old WIMS library
is observed in predicting p?®. The average difference from the measured values
lies within the uncertainty interval of the measurements with all libraries except
CENDL-2 where it is slightly outside. The spread in the results is also reduced
compared to the old WIMS library.

Parameter 625 is predicted within the uncertainty interval of the measurements
with all libraries except JENDL-3.1 where it is slightly outside. The spread of the
results is smaller than with the old WIMS library.

On average, parameter 628 is underpredicted by a few percent, but within the
uncertainty interval of the measurements. The average difference from the measure-
ments and the spread in the results are comparable to that obtained with the old
WIMS library.

Since the measurements of parameter C* are not available for the BAPL lat-
tices, the comparison is limited to the two TRX lattices. Good agreement with
measurements 1s observed with all the libraries except CENDL-2 where the differ-
ence slightly exceeds the measurement uncertainty. The average difference from the
measurements and the spread of the results with the old WIMS library are consid-

erably larger

4 Conclusions

Nuclear cross section data processing methods for generating a WIMS library from
evaluated nuclear cross section data files have been established. They have been
verified by comparing the results obtained with the ENDF /B-IV library to the pub-
lished results of highly accurate Monte Carlo calculations, using the same basic

data.
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Using the same data processing methods, WIMS libraries have been generated
from several recently available evaluated data files. A number of selected thermal
reactor benchmark lattices have been analysed. The results show that there are no
significant differences related to thermal reactor applications between the libraries

By comparing the calculated results for the benchmark lattices with the mea-
sured values, good agreement 1s observed. Almost all the parameters lie within (or
very close to) the uncertainty interval of the measurements. Comparing the results
with those obtained with the old WIMS library it can be concluded, that a signif-
icant improvement in predicting global lattice parameters has been achieved, even
though the muitigroup constants libraries for WIMS were generated from first prin-
ciples. No empirical adjustments on the new data libraries were made. The work
presented in this paper forms a sound basis for a systematic updating of the WIMS

library.
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NJOY Verification for WIMS Library Preparation

A.Trkov, T.Zidi, S.Ganesan

University of Ljubljana
Institute “JoZef Stefan” Ljubljana, Slovenia

Reactor Physics Division

1 Introduction

The NJOY code [1] has recently become the standard tool for processing nuclear
data into multogroup libraries for various applications. Version NJOY91 .38 has been
released and it includes the WIMSR module which is of special interest to the WIMS |2]
users community, because the standard WIMS library which is distributed with the
WIMS/D-4 code is rather old and also deficient in some important reactor materials.
With the availability of new evaluated data libraries it is felt that a significant
improvement in WIMS performance could be achieved through the use of an updated
multigroup library.

Unfortunately, the WIMSR module as distributed with NJOY91.38 does not meet
the requirements for updating the WIMS library. For this reason, a project has been
initiated by the International Atomic Energy Agency (IAEA) to improve this module
so that it could be used to insert new data into the WIMS library based on one of
the new evaluated data files. This project runs in parallel with the WIMS Library
Update Project (WLUP), the aim of which is to prepare methods for verifying the
WIMS library by comparison with integral experiments [3] and by comparing data
entered into the WIMS libraries by different processing codes [4].

2 NJOY Processing verification

Verification of the data processed by NJOY was carried out in several stages:

checking cross section reconstruction from resonance parameters,

checking doppler broadening,

checking group averageing and self-shielded cross section preparation,

checking formatting the data according to WIMS cefinitions and formats spec-
ifications,

The work was performed under a Special Service Agreement between the first author
and the International Atomic Energy Agency, Vienna during the period Nov.24** to

Dec.237%1992.

17



e checking for numerical roundoff errors (calculations on short word/long word
machines),

e intercomparison with other codes,

e verification on integral results.

Since the integral results are not relevant for the verification of the data process-

ing methods, to reduce the processing times and also to allow comparison with data

processed by other codes, material 387 (MAT 1262) form the ENDF/B-IV library
was selected for testing. In later stages the ENDF/B-VI library will be used.

2.1 Resonance reconstruction

Analysis of resonance roconstruction using NJOY has already been reported by other
authors [5]. The analysis repeated in this work serves only to investigate the propa-
garion of errors on the group constants. The pointwise data for 238U from ENDF /B-
IV prepared by NJOY were compared against those obtained by running LINEAR/92-1
and RECENT/92-1 [6]. A portion of the resolved resonance range for the elastic and
capture cross sections is presented in Figure 1. From the figure it can be observed
that there is a difference between the RECONR module of NJOY and the RECENT/92-1
code in the treatment of the negative cross sections which arise due to the use of the
Single level Breit-Wigner resonance formalism. Otherwise, in the resonance peaks
no significant differences are observed. The physical impact of the differences is
discussed in the following sections.

2.2 Doppler broadening

In Figure 2 the Doppler broadened elastic and capture cross sections for 238U

from ENDF/B-IV are compared as calculated by the BROADR module of NJOY and
by running SIGMA1/92-1 and FIXUP/92-1 [6] on the cross sections prepared by
RECENT/92-1. From the figure it can be observed that the differences encountered
before Doppler broadening are carried over to the broadened cross sections. No
additional major discrepancies are noted.

2.3 Group averageing

The cross sections were group averaged in a 1/E spectrum by the GROUPR module
of NJOY and by running GROUPIE/92-1 [6] on the cross section file prepared by
SIGMA1/92-1. The narrow resonance approximation was assumed in both cases.
Differences in the unresolved resonance region were ignored, since it is known that
GROUPIE/92-1 can not do self-shielding and Doppier broadening in the unresolved
resonance range.

At infinite dilution the agreement between the group constants calculated by the
two codes is very good, especially for the capture cross section. Differences in the
treatment of the small cross section values below the resonance energies is reflected
by up to 0.6 % difference in the averaged elastic cross section (see Figure 3). This

difference is not physically significant.
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Figure 1: Comparison of the Uranium-238 elastic and capture cross sections
from ENDF/B-IV reconstructed from resolved resonance param-
eters by NJOY91.38 and RECENT/92-1.

19



NJOY VERIFICATION FOR YIMS
Elastic cross sect. (300 k)

e . : .
10 _ SIGMAL '
5 | —-———— BROADR
i 10 5 Maximum Difference
£ 10t 2.575+8 %
o -] at X= 65.000
L 3
- 10 5
2
ﬁ 10 5
Q 1
“ 10 5
@ 10° ——-\\Y
5
5 -1
© 10 5 j
-2
10 ' — 1 y
104 i I ' ' l '
32
2 10 o n n
< 10 4 | “
£ jo! 2 | |
03 | }‘
10- 2 £ | { L .
101 2 3 4 5 6 7 8 9102
ENERGY (eV)
NJOY VERIFICATION FOR YIMS
Capture cross sect. (300 k)
6 7 1 T T T ) S
103
w5 ©
g 10
L
~ 101 5
g 10°
7 _15
n 10 SIGMAL
g 5 BROADR
5 10 Maximum Difference
6 1.213 %
16-3 | at X= B83.956 ! 43
1. g %
Y 3 !
o E Ly
pe) 1. E .
& :

ENERGY (eV)

20

Figure 2: Comparison of the Uranium-238 elastic and capture cross sec-

tions from ENDF/B-IV Doppler-broadened by NJOY91.38 and
SIGMA1/92-1.




NJOY VERIFICATION FOR YIMS
Elastic cross sect. (SigO=inf b)

100 GROUPIE ﬁ_‘rf‘("] T ) S "TY] T Y_r]""'l L4 ‘i
————— GROUPR 3
) Maximum Difference 3
£ 80 0.5670% 3
] at X= 4.000 3
L 3
. 60E 3
- F 3
Q - 3
8 E 3
ot - 3
:A bl ) N - t l I J_llll d L#’llll' y] d JJIAILI — lg
'01 : %Tl'l T 7 '}_{'j]':{ll T T L RAI LENER S III‘[ T LA 'TTI"I L] :
" £ — E
S oo I N E
e . - Jd N 1 ——— g 3
< - 3

099: L_‘Illl A Al lll‘ll 1 4 lJ_LLA_IJ; e, l‘Lll‘llI 'y o ,lllllll L d

4eei0-12 4051002 4001012 4051022 403032

ENERGY (eV)
NJOY VERIFICATION FOR VWINS
Capture cross sect.(SigO=inf b)
102 9 GROUPIE :11" k] LA Illlll T LEEAS 'Ul’l‘ T ;
N 7 | ——— GROUPR E
n $ | Maximum Difference 3
d 3 0.3915% ;
g > | at X= 0.780 ]
. 10 - -
o 7 F E
1 s & =
7 « [ .
a L J
5 1%, L

7 E E
_81 ’—l lll d d Iy 31 lJ LLl 4 J !llll‘ ,;IJIALALL] d F
1']" LRI 11’!’!1:' T L4 T lm' L L] f]‘lTTI T R ]ﬁ["l'l 1 :
: E
‘g a } f‘\ 3
o TR L o] e = P S P e
o - b
[+ o 3
0199— llllli A L Lllllll 4 1 1 lllllL e Il A llAlll A IJJ llAL! 1 :

4 °q10_12 4 ea].OOz

4 °°1012 4 ealozz 4 eqloaz
ENERGY (eV)

Figure 3: Comparison of the Uranium-238 elastic and capture cross sec-
tions from ENDF/B-IV group averaged by NJOY91.38 and
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spectrurm.
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With increasing self-shielding the differences between the averaged cross sections
calculated by the two codes gradually increase. At the value of oo of 100barns the
difference in the self-shielded elastic cross section increases to 1.4 %, while at 1 barn
it amounts to nearly 4 %. The difference in the capture cross section remains below
0.4 % at og of 100 barns, but at 1 barn it reaches about 3 %. Some of the differences
in the self-shielded elastic and capture cross sections are shown in Figures 4 and 5
for oo values of 100 and 1 barn.

The above mentioned differences could originate either from the cross sections or
from the group averageing modules. To eliminate the possibility of processing errors,
the BROADR output was processed by GROUPIE/92-1 and compared to the GROUPR
output. The results were practically the same, therefore it can be concluded, that the
differences arise due to the differences in the resonance reconstruction and Doppler
broadening procedures adopted by the two code systems.

2.4 WIMS library formatting

Before the WIMSR module of NJOY could be applied and tested, a number of obvi-
ous mistakes had to be eliminated. The necessary corrections are discussed and
summarized in Appendix A.

When generating the data for WIMS, the WIMSR module allows the cross sec-
tions to be picked at different values of 0g. The data are available in the so-called
GENDF files prepared by the GROUPR module of NJOY. Since the data retrieval from
GENDEF files is coded in WIMSR for every reaction separately, data checking must
be performed likewise. This was achieved by running WIMSR, retrieving data from
the output and comparing systematically against the values retrieved independently
from the GENDF file. Scattering matrices were checked only in the integral sense
by comparing the total scattering cross section reconstructed from the scattering
matrix.

All observed differences were insignificant and occured in cases where the cross
sections were reconstructed from different reaction types. One such example is
the neutron fission yield where the value calculated from the average number of
neutrons per fission (MT452) and the fission cross section (MT18) differs from that
reconstructed from the fission matrix by nearly 40 % in group 18, but the cross
section there is less than 1078 barns. The differences can be attributed to the NJOY
treatment of very small cross sections and can be ignored. (It has been verified on
the 230U data where no significant differences were observed).

An independent confirmation of the correct data formatting peformed by the
WIMSR module is the comparison with the data contributed within the scope of
WLUP by the Korean Atomic Energy Research Institute (KAERI), Choong-Nam,
Republic of Korea, which were also calculated using NJOY®1.38. These data were
converted into WIMS format by an independent local code, starting from a GENDF
file prepared by NJOY. Some unresolved discrepancies are discussed in the next sec-
tion. It has been verified by a visual inspection of the GENDF file that they do not
arise due to some error in the WIMSR module.
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Figure 4: Comparison of the Uranium-238 self-shielded elastic and capture
cross sections from ENDF /B-IV group averaged by NJOY91 . 38 and
GROUPIE/92-1 in a 1/E spectrum at Bondarenko og of 100 barns.
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Figure 5: Comparison of the Uranium-238 self-shielded elastic and capture
cross sections from ENDF /B-1V group averaged by NJOY91. 38 and
GROUPIE/92-1 in a 1/E spectrum at Bondarenko og of 1barn.




2.5 Numerical roundoff errors

The KAERI data introduced in the previous section were calculated using NJ0OY91.38
on a workstation with a 64-bit word. A local code was used to extract the data from
the GENDF file to format the WIMS library. At JAEA the input data for WIMSR
were selected to simulate the general assumptions used in the KAERI data as closely
as possible. Negligible differences were noted except for the following, which could
not be resolved:

e 7 % difference in the slowing down power in group 27,

e up to 65 % differences in the outscattering cross section (i.e. the scattering
cross section without the self-scattering term).

The possibility of a WIMSR processing error in constructing the slowing-down
power in group-27 has been eliminated by a visual inspection and hand-calculation
of the data from the GROUPR output.

The differences in the outscattering cross section between KAERI data and those
processed at JAEA on VAX are given in Figure 6. Again, the possibility of a pro-
cessing error in the WIMSR module has been eliminated. It is interesting to note
that the outscattering cross section in the data contributed by IJS (Institute Jozef
Stefan, Ljubljana, Slovenia) for WLUP Stage-2 and processed by FLANGE-AE (which
has been incorporated into the FEDGROUP-C package [7]) does not exhibit any erratic
behaviour, although the averageing spectrum is different and hence some differences
are inevitable. In the energy ranges where the group mesh is refined, the peaks are
observed just like in the data processed by NJOY, but in the ranges where the mesh
is quite uniform, no unexpected oscillations in the outscattering cross section are
encountered. Comparison between the 1JS data and the NJOY calculation at IAEA
is also shown in Figure 6.

2.6 Comparison with other codes

Within the scope of the WIMS Library Update Project (WLUP) a number of test
WIMS libraries based on ENDF/B-IV data were received. The cross sections from
following contributors were compared (in alphabetical order):

AEC Atomic Energy Corporation of South Africa Ltd., Pretoria, South Africa,
using AMPX-1I,

IAEA International Atomic Energy Agency, using NJOYS1.38 with an updated
WIMSR module,

IJS Institute Jozef Stefan, Ljubljana, Slovenia, using FEDGROUP-C86(Rev.3),

KAERI Korean Atomic Energy Research Institute, Choong-Nam, Republic of Ko-
rea, using NJOYP1.38 and an independent interface module instead of WIMSR
(revised contribution),

NRI Nuclear Research Institute, Rez, Czech and Slovak Federal Republic, using
FEDGROUP-R (revised contribution).
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The contribution from the Institute of Atomic Physics, Bucharest, Roumania,
was excluded from the analysis because it was not presented in computer-readable
form.

A reference data set was constructed using LINEAR/89-1,RECENT/89-1,SIGMA1/89-1,
FIXUP/89-2 and GROUPIE/89-1 [6] for comparison purposes only. A Maxwellian-
1/ E-fission spectrum was used for averageing. It must be emphasized that the
reference data set is not the best but merely served as a common basis against which
other data could be compared. The differences batween the contributions were dis-
cussed in detail in reference [4]. The cross sections are presented in Figures 7-9. A
summary with a special emphasis on the IJAEA data set is given below. The choice
of the input options for NJOY is discussed in the next section.

Potential cross section: all contributions apply a constant or weakly energy
dependent potential cross section. IAEA data use the fully shielded elastic cross

section.

Slowing down power: most contributions calculate the slowing down power from
the elastic cross section at infinite dilution except 1JS which uses the potential cross
section. JAEA data set again applies the fully shielded scattering cross section to
calculate the slowing down power.

Transport cross section: In the epithermal range, AEC, KAERI and NRI use
the scattering cross section at infinite dilution to define the transport cross section.
The differences between them are small except for the AEC data which contain a
trivial error in the unresolved resonance range. The reference solution is known to be
incorrect because GROUPIE/92-1 can not process scattering matrices, which would
enable a consistent definition of the transport cross section as reniired by WIMS.
However, the observed differences are small due to the large mass of 238U nuclei.
The 1JS data which use the potential cross section instead of the elastic resemble
quite closely the IAEA data which use the fully shielded elastic cross section.

In the thermal range some oscillations are observed in the AEC data which are

not physically realistic.

Absorption cross section: the AEC data show some differences in the upper end
of the resolved resonance range and in the highest energy group (due to the omission
of the (n,2n) correction). Other differences are small and can be attributed to the

differences in the averageing spectra.

Fission cross section: below the threshold the 238U fission cross section is unim-
portant. Differences in the treatment of small cross sections are observed between

the code systems.

Scattering cross section: The same comments apply as for the transport cross
section. The KAERI data were specially prepared for test purposes and do not
contain the transport correction, hence the observed discrepancy.
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tion and slowing down power contributed to WLUP by different

laboratories.
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Figure 8: Comparison of the Uranium-238 ENDF/B-IV transport and ab-

sorption cross section contributed to WLUP by different labora-
tories.
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Figure 9: Comparison of the Uranium-238 ENDF/B-IV fission and scatter-
ing cross section contributed to WLUP by different laboratories.




Resonance integrals: Comparison of the resonance integrals is limited to a few
resonance groups which exhibit a typical behaviour in a certain energy range. From
the results received for the WLUP Stage-2, the following data sets have been selected
for comparison:

REF Reference calculaltion with a modified GROUPIE code to simulate the Interme-
diate Resonance approximation but with a constant value of the potential cross
section and the Goldstein-Cohen A.

LRSG Standard GROUPIE/89-1 calculation with the Narrow Resonance approxi-
mation.

AEC Resonance integrals calculated by explicitly modelling the mixture of uranium
with hydrogen usimg AMPX-II to calculate the averageing spectrum.

IJS Resonance integrals calculated directly by the Intermediate Resonance approx-
imation, with the Goldstein- Cohen A values based on the Forti approxima-

tion [8].
NJOY Calculation at JAEA using NJOY91.38 with the flux calculator option ap-
plied up to 347.9¢V.

To define a common basis for the comparison of the resonance integrals (i.e.
to eliminate the effect of the potential cross section of the absorber which may
be treated differently by different code systems), the WIMS background cross sec-
tions against which the resonance integrals are tabulated, were converted to the
Bondarenko o cross sections. The dependence of the #38U absorption resonance
integrals on o for groups 15, 17, 20, 22, 24 and 27 is presented in Figures 10-12.

Note that in group 15 the REF and LRSG data sets are not self-shielded. A
dependence on oy is apparent due to the definition of the resonance integrals and
corresponds to a constant self-shielded cross section. Also, the AEC data in this
group should be ignored because they contain a trivial error. The self-shielding
effects in the IJS data are stronger in this group compared to the IAEA calculation.
This is due to different methods applied in FEDGROUP-C and NJOY. Sinc a suitable
benchmark for verifying the self-shielding effects does not exist, it is not possible to
say which data set is correct.

In group 20 the IJS and IAEA data sets agree very well and lie somewhat below
the AEC data. On the contrary, in all groups at lower energies the AEC and IAEA
data agree very well except for very small systematic errors. The flux calculator was
applied in NJOY up to 347.9 eV which fallsinto group 21. The difference between AEC
and IAEA data in group 20 can be explained by the use of the Narrow Resonance
approximation in NJOY. Good agreement at lower energies is very encouraging since
the AEC methodology of calculating the resonance integrals with AMPX-II is the
most rigorous and is expected to be the most accurate of all the contributions to the
WLUP project received so far. The discrepancy in group 20 is an indication that
the flux calculator in NJOY should be applied to higher energies.
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Figure 10: Comparison of the Uranium-238 ENDF/B-IV absorption reso-

nance integrals for groups 15 and 17 contributed to WLUP by
different laboratories.
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Figure 12: Comparison of the Uranium-238 ENDF/B-IV absorption reso-
nance integrals for groups 24 and 27 contributed to WLUP by
different laboratories.




2.7 Integral effects

In order to test the integral effects of the new data, a small WIMS library was
generated, which included the following materials:

e hydrogen bound in water,
e oxygen,

e aluminium,

e uranium-23$5,

e uranium-238.

Such a library is adequate to perform calculations on the benchmark lattices such
as TRX-1,2 and BAPL-1,2,3, which were defined in WLUP Stage-1.

At present the library merely serves the purpose to demonstrate that it is for-
matted correctly to enable calculations with the WIMS code. The input options
for cross section generation require some fine tuning, based on a detailed sensitivity
study. Preliminary results and comparison with the parameters calculated using
libraries produced by other code systems is presented in Table 1.

Table 1: Results for the TRX-1 benchmark lattice using ENDF /B-IV based
WIMS Libraries.

k-inf k-eff Dk/k rho28 dif. del25 dif. del28 a4if. C* dif.

[+EB) 44 (%] [X] [X)

Experim. -- 1.00000 1.320 ref. 0.0087 ref. 0.0046 ref. 0.707 ref.
Unc. (+/-) 1.69 1.01 4.33 1.00
1J8(1) 1.16760 0.98499 -1624 1.370 3.70 0.0000 1.22 0.0066 1.06 0.800 0.38
KAERI(2) 1.16691 0.99142 - 865 1.872 3.94 0.0986 -.20 0.09068 1.27 0.802 0.63
AEC 1.16302 0.98662 -1469 1.396 5.68 0.0083 -.41 0.0066 1.06 0.800 1 .61
IAEA 1.16526 0.98334 -1604 1.387 5.08 0.1014 2.73 0.0932-1.48 0.806 1.13
E4(3) -- 0.9876 -1248 1.382 4.70 0.0994 0.71 0.0966 0.96 0.806 1.13
Unc. (+/~) 324 0.43 0.50 0.63 0.26

(1) In the resonance region the scattering cross section is approximated
by the potential cross section.

(2) Original KAERI contribution.

(3) Published data, {\em Benchmark Testing of ENDF/B data for Thermal
Reactors}, BNL-NCS-20801, (ENDF-313), July~1981.

3 NJOY input optimisation

So far no effort has been made to optimize the NJOY input. Generally, the parameters
were selected to approximate those used in the Standard WIMS library which is
supplied with the code. NJOY input data used in the WIMS library preparation are
listed in Appendix B.
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Table 2: Results for the BAPL-1 benchmark lattice using ENDF/B-IV
based WIMS Libraries.

- - e - W = A R M P T e N P = e TR e e e - 4 e R YW A e P e R G e e - A

k-inf k-eff Dk/k rbo28 dif del2b dif. del28 dif. C= dif.

(«EB] (\%] (\X] (\%] [\ %]

Experim. -- 1 00000 1.300 ret. 0.0840 ref. 0.0780 re?. -- -~
Unc. (+/-) .72 2.38 6.1 --
1Js(1) 1.13198 0.99203 -803 1.427 2.66 0.0841 0.12 0.0746 -4.5 0.812 --
KAERI(2) 1.13804 1.00311 310 1.381 -.65 0.0838 -.48 0.0739 -5.3 0.798 --
AEC 1.12666 0.99147 -860 1.4b68 4.89 0.0833 -.83 0.0744 -4.6 0 823 ~--
IAEA 1.12706 0.98794 -1221 1.439 3.53 0.08584 1.67 0.0719 -7.8 0.817 --
E4(3) -- 0.9914 -867 1.433 3.09 0.0836 -.60 0.0736 -5.8 0.817 --

Unc. (+/-) 151 1.06 0.84 0.5 0.73

o - . - - . e S S A S P e e e D D N e e N e D S e e S R S e A AR

(1) In the resonance region the scattering cross section is approximated

by the potential cross section.

(2) Original EKAERI contribution.

(3) Published data, {\em Benchmark Testing of ENDF/B data for Thermal
Reactors}, BNL-NCS-20801, (ENDF-313), July~1981. The quoted uncerta-
inties are simply half the difference between two calculated results.

4 Conclusions

The data calculated at IAEA are preliminary and merely demonstrate the feasibility
of WIMS calculations with the libraries generated by NJOY91.38 with the corrected
WIMSR module and the WILIT2 library maintenance code (to be documented). A
sensitivity analysis to NJOY input parmeters should now be performed to define the
optimal input data set. After this step is completed, the generation of an updated
WIMS library based on any of the more recent evaluated data libraries in ENDF

format is a straightforward technicality.
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APPENDIX A
A.1 Corrections applied to the WIMSR moduel of NJOY

Corrections applied to the WIMSR module are limited to the purpose of making
WIMSR a useful calculational tool. In addition, the following inconsistencies have
been noted but remain in the code:

e burnup data are not correctly copied to output. Since no processing is involved
with these data, they can be generated externally and brought directly to the
input of the WIMS library maintenance code, so this item was not given any
further attention.

e The option of printing the spectrum was not given any attention. No checking
for consistency was done.

e The conversion of the self-shielded cross sections to resonance integrals requires
the background cross section. Since the resonance integrals are processed before
the cross sections, it is not possible to print the WIMS background cross section
o values and the resonance integrals. In the prinied output from WIMSR the
self-shielded cross sections are printed as a function of the Bondarenko oy.
Conversion to g, and to resonance integrals is done just before printout, so the
numbers appearing on printed output are not the same as those in the WIMS
library.

An extension to the input options which is backwards compatible has been in-
troduced:
e if zero is specified for the potential cross section, this cross section is replaced
by the elastic cross section.

o If the reference Bondarenko o¢ is not found on the list of values processed by
the GROUPR module, a message is printed and the first value on the list is taken

by default.

e If the reference oo for infinite dilution is selected, the cross sections at infinite
dilution are processed except for the scattering cross section (and the scattering
matrices) which are fully shielded (i.e.: corresponding to the last gy value on
the list when self-shielded cross sections are available).

e Originally in the WIMSR module, the Bondarenko o of precisely 10! barns was
interpreted as infinite dilution. The input has been modified such that entering
any large number (dp > 101°) always defaults to the first o, value which is
assumed as infinite dilution (even if a different number is specified in GROUPR
input).

To force the scattering data to be taken at infinite dilution, a reference og can
be selected which is not on the list (usually a large number but smaller than
10'% barns).

The corrections to the WIMSR module are listed below.
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*IDENT UPIAEAL

./ seacmss

./ NODIFICATIONS COLLECTED UNDER THIS IDENT WERE MADE IN ORDER
./ TO FIX BUGS IN THE WINSR NODULE A FEW MINOR EXTENSIONS ARE
./ INCLUDED TO OFFER GREATER FLEXIBILITY IN CHOOSING THE

./ REFERENCE SIGO AND THE POTENTIAL CROSS SECTION
./ ( A.TRKOV, IAEA, DEC.1992 )

./

*/ DOCUMENT EXTENSIONS IN THE INPUT INSTRUCTIONS

] WINSR.31

c . (OPTIONS 1 AND 2 HAVE NOT BEEN VERIFIED) .
*] WINSR 47

c . ( GE 1 E10 TD SELECT ALL CROSS SECT AT INF DIL =
c * BUT FULLY SHIELDED ELASTIC X-BECT, -
c * .LT 1 E10 TO SELECT ALL X-SECT AT INF.DIL *
c . 81GO FROM THE LIST ON GROUPR INPUT TO .
c * SELECT X-S8ECT AT THAT §IGO) -
] WINSR.49

c . (IF ZERO, REPLACE BY THE ELASTIC CROSS SECTION) =
«/

«/ DELETE UNUSED SCRATCH ARRAY INDICES (WHICH JVERFLOW THE RESERVED STORAGE AREA)
«D WINSR.1286,1288
«D WINSR.1201,1292
s/
«/ TO AVOID CONFUSING NOMENCLATURE, STORE ATOMIC WEIGHT RATIO AT IAWR
*D WINSR.526
A(IAWR+NNAT-1)=C2H
+D WINSR.2630
AVT=A(IAWR)+1 0086652
WRITE(NOUT,40) IDENT,AWT,IANUM,IFIS,NTENP,NRESTB, ISOF
/
*/ ASSUME ISOTROPIC SCATTERING WHEN AVERAGE LETHARGY DECREMENT PER
s/ COLLISION IS NOT GIVEN (MT262).
=/ THIS OPTION SHOULD BE USED (IE.: NOT REQUESTING NF3 NT262 ON GROUPR INPUT)
*/ AT LEAST FOR HYDROGEN BECAUSE THE VALUE CALCULATED BY GROUPR IS
*/ CURRENTLY INCORRECT BY MORE THAN A FACTOR OF 3
I WINSR.1314
AWR=A (IAWR+NMAT-1)
ALF=(AWR-1 )/(AWR+1 )
ALF=ALF*ALF
XXI=1 + ALOG(ALF)sALF/(1 -ALF)
] WIMSR.1316
A(I-1+IXI)=XXI
./
*/ FOR SOME COMBINATIONS OF DATA, NEUTRON FISSION YIELD COULD BE INCORRECT
s/ DEFINE. JFISD FOR DELAYED NU-BAR (MT466),

*/ JFIST FOR TOTAL NU-BAR (NT462),
/ JFIBS =1 WHEN USING TOTAL NU-BAR,
+/ JFIBS =2 WHEX RECONSTRUCTING FRON FISSION MATRIX

«/ RECONSTRUCTIDN FROM FISSION NATRIX IS USED PREFERENTIALLY, PROVIDED
»/ THE DELAYED NU-BAR DATA ARE PRESENT. A MESSAGE IS PRINTED IF NU-BAR
+/ RECONSTRUCTION RENAINS INCOMPLETE.

+/
«/ ACCUMULATE NU-BAR FRON FISSION NATRIX LOCNUS LOCNUS, OTHERWISE PUT AT INU THIS SOLVES
*/ PROBLEN OF INITIALIZATIN AND WHEN MULTIPLE TEMPARATURES ARE REQUESTED

] WINSR.1330
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JF18D=0
JFIET=0
«D WINSR 1621
245 CONTINUE
«D WINSR 1523
IF (JFIBS.EQ 0) JFI5S=1
D WIMSR.1526
JFIST=1
LOC=INU+JG-1
*D WINSR.1646
JF16D=1
LOCN=LOCNUS+JG-1
*D WIMSR.1673
JF186=2
«D WIMSR 1678
LOCN=LOCNUE+JG-1
«D WINSR.1700
IF (JFISS.NE.2) GO TO 380
*»I WINSR.1734
IF (JFI88.EQ.1) GO TO 386
IF (JFIBD.EQ.O .AND JFIST.EQ.1) GO TO 386
IF (JFISD.EQ.1) GO TO 386
WRITE(STRNG, ° (* *NU-BAR CALCULATED FRON FISSION NATRIX'')°)
CALL MESB(‘XSECS’,STRNG, ‘ONLY PRONPT CONTRIBUTION AVAILABLE')
386 CONTINUVE
D WINSR.1726
300 A(I-1+LOCNUS)=A(I-1+INU)#A(I-1+LOCSFO)
s/
*/ SAVE FISSION CROSS SECTION AT INF.DIL NEEDED WHEN CALCULATIONG
*/ NUE-BAR FROM FISSION NATRIX
D WINSR.1233
NWLOC=NGND*7+NGNDSQ
D WIMSR.1279
LOCSFI=LOCABO+NGND
LOCSFO=LOCSFI+NGND
sD WINSR.1447
216 LOC=LOCSFI+JG-1
*] WINSR.1450
A(LOC)=A(LOC)+A(LOCA)*A (LOCF) *CFLUX(JGC)
LOC=LOCSFO+JG-1
«D WINSR.1712
IF (A(LOCSFI+I-1).NE.O.) A(INU+I-1)=A(LOCNUB+I-1)/A(LOCSFI+I-1)
+/
*/ FIX PRINTOUT WHEN ONLY ABSORPTION RESONANCE IKTEGRALS ARE REQUESTED
«]I WINSR.378
A(I-1+INDF)=0
D WINSR 734
»I WINSR.13267
CALL FINDEX('INDF',INDF,A)
D WIMSR.1749,1764
JFIB=A(INDF+NMAT-1)
IF (JFIS.EQ.1 .AND. JFISS.GT.O) JFIS=2
IF (JFIS.EQ.0 .AND. JFISS.GT.0) JFIS=4
D WINSR.2606
IF (IFIS.XE.3) GO TO 179

./



40

»/ RESET SCRATCH ARRAYS WHEN MULTIPLE TEMPERATURES ARE REQUESTED
*D WINSR 1777
CNORM=0
DNORM=0
JFISS=0
JF15D=0
JFIST=0
6520 DO 630 I=1,NWLOC
*»I WINSR.1779
A(I-1+IN2N)=0
A(I-1+L1E)=NGND
A(I-1+L2E)=1
A(I-1+L1)=NGND
A(I-1+12)m=}
A(I-1+IABS1)=0
A(1-1+1ABS2)=0
A(I-1+ICBPC)=0
./
»/ LET ENTERING A LARGE REF SIGO (>=! E10) ALWAYS IMPLY INF.DILUTION
*D WINSR.1308
IF (BGREF.LT.DILINF) ISG=l
./
»/ IN CASE A REFERENCE SIGO VALUE IS ENTERED WHICH IS5 NOT ON THE LIST,
*/ THE USER IS WARNED BY A NESSAGE. IN CONBINATION WITH WITH CORRECTION
»/ ABOVE, ENTERING A VALUE NOT DN THME LIST BUT LESS THAN 1E10 VWILL
*/ DEFAULT TO THE FIRST SIGO ON THE LIST (I1.E INF.DILUTION) BUT THE
»/ SCATTERING CROSS SECTION (AND MATRIX) AT INF.DILUTION WILL BE USED
s/ (RATHER THAN THE FULLY SHIELDED DNE)
*D WINSR.1362,1364
IF (ABS(SGREF-A(L+6+NTW+I)) GT.SGREF+ 01) GO TO 147
1Z=]
GO TO 148
147 CONTINUE
WRITE(STRNG,
1 °*(°°REF 8§IGO'’,1P,E10.3,°’ NOT ON THE LIST'')') SGREF
CALL NESS('XSECS °,STRNG, 'FIRST ENTRY USED AS DEFAULT')
12=1
SGREF=A(L+5+NTW+1Z)
s/
«/ DELETE DEAD CODE WHICH DOES NOTHING - LEAST OF ALL WHAT THE COMMENT SAYS
s/
»/ RESONANCE INTEGRAL DEFINITIONS WERE INCORRECT DEFER CONVERSION TO
*/ RESONANCE INTEGRALS TO WIMOUT ROUTINE WHEN SIGP VALUES ARE DEFINED
»D WINSR.948,967
*D UP34 11
*D WINSR.960,970
*D WIMSR.103%
1 (A(ISIGZ-i+J},J=1 NSIGZ),
*D WINSR.1038
1 (A(ISIGZ-1+J),J=t NSIGZ),
+«D WINSR.1046
1 (A{ISIGZ-1+J),J=1 NSIGZ),
»D WIMSR.1060
WRITE(NSYS0,60) (A(1-1+ISIGZ),I=1,NS1GZ)
./
«/ RESERVE STORAGE TO ALLOW POTENTIAL CROSS SECTION TO BE ENERGY DEPENDENT



+/ IF ZERO 1S ENTERED ON INPUT, POTENTIAL CROSS BECTION I§ REPLACED BY
s/ ELASTIC (SEE UPDATES WHICH DESCRIBE THE OPTIONS TO SELECT THE FULLY
s/ SHIELDED SCATTERING CROSS SECTIONS).
«] WIMSR.1230
CALL RESERV('SPOT',NGND,ISPOT,A)
I WINSR.1370
CALL FINDEX('SPOT',ISPOT.A)
*»] WINSR.1743
c REDEFINE POTENTIAL CRDSS SECTION IF REQUESTED
DO 447 I=1,NGND
LOC=IBPOT+I-1
A(LOC)=5IGP
IF(BIGP.EQ.0) A(LDC)=A(ISCAT+I-1)
447 CONTINUE
«D WINSR.1836
CALL FINDEX('SPOT',ISPOT,A)
«D WINSR.1846
IF (IVERW.EQ.5) WRITE(NOUT) (A(ISPOT-1+I),I=NGRO,NGR1),
*D WIMSR.1850
IF (IVERV.EQ.4) WRITE(NDUT) (A(ISPQT-1+I),I=NGRO,NGR1),
*D WINSR.1868
WRITE(NSYS0,30) (A(ISPOT-1+1),I=NGRO,NGR1)
s/
»/ USE GOLDSTEIN-COHEN LANBDA AND SIGPOT TO CONVERT BONDARINKO SIGO TO WINS S1GB
*/ CONVERT SELF-SHIELDED CROSS SECTIONS TO RESONANCE INTEGRALS
«I WINSR.2483
CALL RESERV(’°SGOL’,NRG,ISGOL,A)
»1 WIMSR.2408
CALL FINDEX(°SGOL’,ISGOL,A)
*I WIMSR.2544
c
c SAVE SIGO+LANBDA TO ADJUST BACKGROUNX X-SECT FOR WINS
IGL=ISCR+3sNRG+2+NNT
DO 122 1=1,NRG
A(I8GOL+I-1)=A(ISCR+I-1)*A(IGL*I-1)
122 CONTINUVE
*D WIMSR.2583,2694
c #s» GOLDSTEIN-COHEN-LANBDA*SIGP AND CONVERSION FACTORS TO RES.INT.
SGOL=A (ISGOL+IRG-1)
DO 465 IT=1 NTEMP
DO 466 IZ=1 NSIGZ
LOC=(IT-1)¢NSIGZ+12
SIGA=A(ISCR-1+L0C)
SIGB=SIGOL+A(ISIGZ-1+12)
A(ISCR-1+NTNP+LOC)~SIGB/(SIGA+SIGB)

466 CONTINUE
c CONVERT TO WIMS SIGB AND RESONANCE INTEGRALS WHILE WRITING
WRITE(NOUT, 20} (A(ITENP+J-1) ,J=i NTENP),
1 (A(ISIGZ-1+J)+8GOL .J=1 ,NS1CZ),
1 (A(ISCR-1+J)%A(ISCR-1+NTNP+J) ,J=i NTNP)
«D WIMNSR.2601,2602
WRITE(NGUT,20) (A(ITEMP+J-1) ,J=1 NTENP),
1 (A(ISIGZ-1+J)+SGOL ,J=1 NSIGZ),
1 (A(ISCR-1+J)*A(ISCR-1+NTNP+J) ,J=1,NTNP)
«D WINSR.2612,2613
WRITE(NOUT,20) (A(ITENP+J-1) ,J=i NTENP),
1 (A(ISIGZ-1+J) +5GOL ,J=1 ,NSIGZ),
1 (A(ISCR-1+J)«A(ISCR-1+NTNP+J) ,J=1,NTNP)
«D WINSR.2642
200 CALL RELEAS(°SGOL',0,A)
RETURN
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*/
»/ APPLY THE SAME AVERAGEING METHOD FOR SCATTERING MATRIX AS FOR OTHER
*/ CRDSS SECTIONS EVEN WHEN FULLY SHIELDED SCATTERING IS REQUESTED.
»/ FIX INCONSISTENT USAGE OF INDICES WHICH RESULT IN PICKING THE WRONG
»/ SELF-SHIELDED CROSS SECTION OR WRONG NORMALIZING FLUX.
»/ SOME OF THE CORRECTIONS FIX BUGS IN PROCESSING THERMAL SCATT MATRIX
#/ AND THE ASSOCIATED SELF-SCATTERING TERM TRANSPORT CORRECTION
*D WIMSR.1477,1478
c FOR REFERENCE (DR FULLY SHIELDED) SIGNA ZERD

JZ=NZ

IF (ISG GT.O AND.IZ LE NZ) JZI=1Z
«D WINSR 1480

LOCA=L+LZ+NLs (JZ-1)
«D WINMSR.1489,1401
o FOR REFERENCE (DR FULLY SHIELDED) SIGMA ZERO

JZ=NZ

IF (I8G GT O.AND.IZ.LE.NZ) JZI=IZ

CFLUX (JG+NGND)=CFLUX(JG+NGND) +A(L+LZ+NL#(J2-1))
«D WINSR.1607,1611

LOCA=L+LZ+NL* (NZ-1+NZ)

LOCF=L+LZ+NL*(NZ-1)

JGC=JG+NGND

IF (ISG.GT.O.AND.NZ GE.IZ) THEN

LOCA=L+LZ+NLs(I2-1+NZ)
LOCF=L+LZ+NL*(IZ-1)

ENDIF

A(LOC)=A(LOCA)=A (LOCF) «CFLUX (JGC)
«D WIMSR 1583

A(LDC)=A(LOC) +A(LOCA) «A (LDCF) «CFLUX(JGC)
«D WINSR.1686

A(LDC)=A(LOC) +A(LOCA) A (LDCF) *CFLUX(JGC)
*/ WHY IS THE FIRST THERNAL GROUP NOT TO BE TRANSPORT CORRECTED?!!!
»/ ALSO, REPLACE CONST.(VALID FOR 69 GR LIB ) BY AN APPROPRIATE VARIABLE
*D WINSR.1691
c IF (.NOT.(JG.EQ.NFTIG.AND.I.GE.NGND+1-NNT)) THEN
«D WINSR.15693

c ENDIF
«D WINSR.1697
c IF (JG2C LT.NTH) GO TO 200

«D WINMSR.1600,1601

LOC=LOCX5+JG -1+NGND=»(JG -1)

A(LOC)=A(LOC)-A(LOCA+1)
*1 WINSR.1630

IF (ISG.GT.O.AND.NZ.GE IZ) LOCA=L+LZ+(IL-1)+NLsNZs(I-1)+(IZ-1)+NL
«I WINSR.1641

LOCF=L+L2+NLs (NZ-1)
JGO=JG+NGND
»I WIMSR 1643
LOCF=L+LZ+NLs (IZ-1)

*D WIMSR.1647

A(LDC)=A(LOC)+(A(LDCA)*MULT) «A(LOCF) *«CFLUX (JGC)
«I WINSR.1660

IF (JG2C.GE.NTH) GO TO 310
*D WINSR.1662

A(LOC)=A(LOC)-A(LOCA+1)*A(LOCF+1}/WTF(JG3C)
»I WINSR 1804

IF (CFLUX{I+NGND) NE.O.) CFLUX(I+NGKD)=1./CFLUX(I+KGND)
./
s/ FIX BUG TO PRINT P1 MATRICES IN CONDENSED FORMAT



«I WINSR.2500
IP1OPT=NINT(A(IP1D))
+«D WINSR 2631
c sssYRITE P1 BCATTERING MATRICES
196 IF (IP10OPT.NE 0) GO TO 200
s/
sIDENT IAEA2

- / L ]

s/ NODIFICATIONS UNDER THIS IDENT WERE USEFUL OR NECESSARY TO
./ PROCESS DATA FOR UPDATING THE WINS LIBRARY THEY ARE NOT
*/ DIRECTLY RELATED TO THE WINSR MODULE

s/
*/ FIX FORMAT BUG IN MESSAGE PRINTOUT IN MODER
»D NODER.224
WRITE(STRNG, ‘' (*° NAT,MF,MT,NB,NV¥'' 6I6) ') MAT MF MT NB, NV¥
*/

»/ PREVENT TERPA IN THERMR TO SET TEFF TO ZERQO WHEN EXTRAPOLATING
s/ TENPERATURE SLIGHTLY BELOW TABULATED RANGE FOR B(ALPHA,BETA)
»I THERMR.1329
IF(A(ISCR+8) .GT.TEMP) A(ISCR+8)=TEMNP
*I THERMR.1338
IF(A(ISCR+8) .GT.TENP) A(ISCR+8)~TENP
s/
%/ INCREASE ARRAY B SIZE IN GENFLX TO ALLOW MORE POINTS FOR FLUX CALC
s/ ISSUE A WARNING IF ARRAY CAPACITY 1§ EXCEEDED
*D GROUPR.2073
COMMDN /ECS /B (160000)
*D GROUPR.2090
DATA NAXECS/160000/
*D GROUPR.2138
IF (NEMAX*NX.LE.MAXECS) GO TO 111
RENAX=MAXECS/NX
CALL MESS('GENFLX’, ARRAY B CAPACITY EXCEEDED'
1 ., "NUMBER OF ENERGY MESH POINTS FOR FLUX IS REDUCED')
111 CONTINUE
s/
s/ ACCEPT THE CORRECTION PROPOSED IN UP24
«D GROUPR.2166
*D UP24.16
130 B(IZ+3+LI)=(BIGZ(IZ)-SAM)*WTFs(1.-BETA)
74
*/ FIX BUG TO OPEN THE AVERAGEING FLUX FILE FOR READING AS BINARY
»I GROUPR.1888
CALL OPENZ(NINWT,O)
*D GROUPR. 1891
./
*/ FIX THE CALCULATION OF “TERM" IN HNAB WHICH WAS NUMERICALLY IL1-POSED,
s/ CAUSING OVERFLOW ON SHORT-EXPONENT MACHINES

D GROUPR.7370
FACT=H
*D GROUPR.7372
FACT=FACT+H/M
sD GROUPR.7398
290 TERM=FACTsXK*QMN
./
s/ CHECX FOR CONVERGENCE OF TAYLOR SERIES EXPANSION IN HNAB, PRINT
*/ WARNING AND USE THE DIRECT DIFFERENCE EXPRESSION IF CONVERGENCE
*/ CRITERIA ARE NOT SATISFIED
*I GROUPR.7276
CHARACTER STRNG*60
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*I GROUPR 7416
WRITE(SETRNG, ' (’*NO CONVERGENCE IN TAYLOR EXPANSION OVER °°

i .1P,2E10 8)') AA,BB
CALL NESS('HNAB ', STRNG, 'DIRECT DIFFERENCE EXPRESSION USED')

IF(N EQ O) GO TD 110

GO TD 320
./
*/ FIX COMPILATION ERROR IN MATXSR ON VAX
*D UP27 37
*IF BW
DATA BLANK/4H /
*ELSE
DATA BLANK/8H /
*ENDIF
*/
*IDENT VERS
*/ UPDATE VERSION NUMBER AND DATE TO CORRESPOND TD LAST IDENT
*D NJOY 8
c * VERSION ©1.38 -- 15 MAY 92 WITH CORRECTIONS 11 DEC 92 »
*D NJOY 326

DATA VERS/'91.38A"/



APPENDIX B
B.1 NJOY input for Uranium-238 from ENDF /B-IV

]

' WLUP-2 test. Process U-238 from ENDF/B-IV

t

! Source data. ENDF/B-IV for U-238 assigned to Unit-20
ABS/USER [TRXOV .DATAJUBE4 DAT TAPE20
ABS/USER Usw .XS¥W  TAPE27
ASB/USER 0 FOROOS

! Begin calculations

RUN [TRKOV NJOY®R1]KJOY

Batch mode input

/ ENDF-4 formatted library processed

sNODER* / Convert data to birary on Unit-21

20 -21

sRECOKR* / Reconstruct x-sect from resonance parameters on Unit-22

-21 -22

sPENDF TAPE FOR U-238 FRON ENDF/B-IV «/

1262 2 /

0.002/ 0. 7 0.002 / 0.001 / PROBLEMS ?-->BROADR

*02-U-238 FRON ENDF/B-IV =/

* PROCESSED BY NJOYD1.38 =/

B O o W 0 0 5 0 0w »
~

o/
sBROADR* / Doppler broaden to Unit-23
-322 -23

12623 0 1 0/

0.006 / 0.001 1.E6 0.002 0.00! / PROBLENS”?

300. 600. 900.

0/

sUNRESR* / Doppler broaden & self-shield URP data to Unit-24
-21 -23 -24

1262 3 10

300. 600. 900.

1.E10 1.E4 3.6E3 1.E3 2.613E2 1.462E2 66.34 31.49 16.53 1.0
o/

sTHERMR* / Add thermal scattering data to Unit-26

0 -24 -26

0126283101 2011

300. 600. 900.

0.01 4.0

*GROUPR* / Generats group averaged data on Unit-26

-321 -26 0 -25

126290 -6 1 3 10 1

#92-U-2388 FRON ENDF/B-IV »/

300. 600 900.

1.E10 1.E4 3.6E3 1.E3 2.0618E2 1 462E2 66 34 31.49 16.63 1.0
347.87 11.17 9000/

3/ Temperature 300.K

3 201 /

3 262 /

3 462 /

3 4656 /

(2. 2. ]

/
201 /
/



/ Temperature 600 K

NN NN

[}
(@]
[
~

/ Temparature 900 K

OO WWWWwWwoOOaWWWW W
~
NN N N

*WINSR* / Process data for WIMS

-26 27

24

1001

1262

92

001.E101 0 200 01 1 0 0 / STANDARD [Sige(Sigb=inf) --> Sigp]
.188 188 188 .188 188 188 188 188 188 188 188 188 188
*STOP»

B.2 NJOY input for Uranium-235 from ENDF /B-IV

/ Batch mode input

/ ENDF-4 formatted library processed
*NODER* / Convert data to binary on Unit-21
20 -21

*RECONR+* / Reconstruct x-sect from resonance parameters on Unit-22
-21 -22

«PENDF TAPE FOR U-236 FROM ENDF/B-IV 1y

1261 2 /

0002/0 7 0.002/ 000! /

*02-U-236 FROM ENDF/B-IV =/

« PROCESSED BY KJOY®1 38 s/

$

$ | WLUP-2 test Process U-235 from ENDF/B-IV

$

$ ! Source data ENDF/B-IV for U-235 assigned to Unit-20
s ASS/USER [TRXOV DATA)VARE4A DAT TAPE20
] ASS/USER UBE4 .XS¥  TAPE27
] AS5/USER ol FOROOS
§ | Begin calculations

s RUN [TRKOV NJOY®1]NJOY

0

4

o/
sBROADR* / Doppler broeden to Unit-23
-22 -23

12611 0 1 0O/

0 006 / O 001 1 E6 O 002 O 001 /

300

o/

sUNRESR* / Doppler broaden /self-shield URP data to Unit-24
-21 -23 -34

1261 1 9

300



1.E10 1.E4 3.6E3 1.E3 2 613E2 1.462E2 65 34 31.49 16.83
o/

«THERMR* / Add thermal scattering data to Unit-26

0 -24 -2¢

01261 81101 2011

300.

001 4.0

«GROUPR* / Generate group averaged data on Unit-26

-21 -26 0 -25

1261 90 -6 1 1 9 1

*«92-U-236 FROM ENDF/B-IV »/

300

1.E10 1.E4 3.6E3 1.E3 2.613E2 1.462E2 65.34 31.49 15.83
347.87 11.17 9000/ Check spectrum above upper end of RR range
3/ Temperature 300.K

3 201 /

3 262/

3 462 /

3 485 /

e/

6 201 /

o/

o/

*WINSR* / Process data for WINS

-25 27

24

1001

1261

02

07 1.E10 1 0. 301 01 0 0 O / BTANDARD: Sige(5igbeinf) --> Sigp
.19656 .1966 .1005 1965 .1065 1965 .1965 .1966 .1066 .1966 .1965 .1086
*ETOP*

$ EXIT

B.3 NJOY input for Aluminium from ENDF /B-IV

/ Batch mode inmput

/ ENDF-4 formatted library processed
sNODER+* / Convert data to binary on Unit-21
20 -2

*RECONR* / Reconstruct x-sect from resonance parameters on Unit-22
-31 -22

*PENDF TAPE FOR AL-27 FROM ENDF/B-IV »/
1193 2 /

0.002 /0 7 0.002 / 0 001 /

*13-AL-27 FRON ENDF/B-1IV =/

+« PROCESSED BY NJOY91.38 =/

o/

s

$ ! WLUP-2 test Process Al from ENDF/B-1IV

s

$ | Bource data ENDF/B-IV for Al assigned to Unit-20
$ ASS/USER (TREOV DATA)JVARE4 .DAT TAPE20
$ AS»>/USER ALV XSV TAPE27
$ ASS/USER 0 FOROOS
$ ! Begin calculations

s RUN [TRKOV . NJOYO1] NJOY

(o]

4

.1068
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sBROADR* / Doppler broaden to Unit-23
-22 -13

11931 0 1 0/

0 005 / 0001 1 E6 O 002 O 001 /

300

0/

sUNRESR* / Should not do any harm

-21 -23 -24

11831 90 1

300

1 E10 1 E4 3 6E3 | E3 2 613E2 1| 462E2 66 34 3! 49 16 B3
o/

*THERMR* / Add thermal scattering data to Unit-26
0 -24 -26

0119381101 20! ¢

300

0.01 40

*GROUPR* / Generate group averaged data on Unit-26
-21 -26 O -26

1193 900 -6 1 1 9 ¢

*13-AL-27 FRON ENDF/B-IV s/

300

1.E10 1.E4 3 6E3 1.E3 2.613E2 1.463E2 66 34 31.49 16.63
347.87 11.17 9000/ Check the averageing spectrum
3/ Tempesrature 300.K

3 201 /

S 282 /

/

201 /

/

/

sWINSR* / Process data for WIMS

-26 27

24

1001

1193

13

101EO0O00O0 201 01 1 00 / STANDARD Sige(Sigb=inf) --> Sigp
1 1111111111

*STOP=

$ EXIT

(= 2N ol I, ]

B.4 NJOY input for Oxygen from ENDF /B-IV

/ Batch mode imput

/ ENDF-4 formattsd library processed

sMODER* / Convert data to bipary on Unit-21

20 -21

*RECONR* / Reconstruct x-sect from resonance parameters oo Unit-22

-21 -22

$
$ ' VLUP-2 test Process 0-18 from ENDF/B-IV

s

$ | Source data ENDF/B-IV for 0-16 assigned to Unit-20
) ASS/USER [TRKOV.DATA] VARE4 .DAT TAPE20

] AS5/USER 06w XSW TAPE27
$ ABS/USER 0 FOROOS
$ ! Begin calculations

$ RUN [TRKOV XJOY®1)NJIOY

o]

4



*PENDF TAPE FOR 0-16 FROM ENDF/B-1V s/
1276 32 /

0002/0.70002/0 00t/

#8-0-16 FROM ENDF/B-IV »/

= PROCESSED BY NJOY01.38 =/

o/
*BROADR* / Doppler broaden to Unit-23
-22 -23

1276 £ 0 1 O/
0.006 / 0.001 { E6 O 002 O 00! /

300

o/

sUNRESR* / Does not do any barm

-21 -23 -24

1276 1 © 1 / Self shielding specified to see vhat happens
300.

1.E10 1 E4 3 6E3 1.E3 2.613E2 1 402E2 65.34 31.49 16.563
o/

»THERMR* / Add thermal scattering data to Unit-26

0 -24 -26

0127681101 2011

300.

0.01 4.0

*GROUPR*» / Genasrate group averaged data on Unit-25

-21 -26 0 -26

1376 90 -6 1 1 © 1

*8-0-16 FROM ENDF/B-1V »/

300.

1.E10 1.E4 3.6E3 1.E3 2.613E2 1.482E2 65.34 31.49 15.563
347 .87 11.17 9000/ Check averageing spectrua

3/ Temparature 300.K

01
6

(N)
~ N

01 /

OO0 OO0 Wwww
NN NN

«WINSR* / Process data for WIMS

-36 27

24

1001

1276

8

1 01.E1000 201 00 1 O O / STANDARD §&ige(Sigb=inf) --> Sigp
) U NS S S S S S S S S S S §

«5TQOP»

$ EXIT

B.5 NJOY input for Hydrogen bound in water from ENDF /B-IV

s
$ { WLUP-2 test Process H-1(H20) from ENDF/B-1V

$ )

$ | Bource data- ENDF/B-IV for H-1(H20) assigned to Unit-20
) ASS/USER [TRKOV.DATA] VAREA .DAT TAPE20

$ ASS/USER [TRKOV.DATAJH20E3.DAT TAPE30

$ ABS/USER Hiw X8V TAPE27

$ ABS/USER 0 FDROOS
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$ | Begin calculations

) RUN (TRXDOV NJOY®1]NJOY
0 / Batch mode ipput
4 / ENDF-4 formatted library processed

sMODER+* / Convert cross section data to bipary on Unit-11
20 -21

*MODER* / Convert scattering lav data to binary onm Unit-31
30 -31

sRECONR* / Reconstruct x-sect from resonance parameters on Unit-22
-21 -22

*PENDF TAPE FOR H-1(H20) FROM ENDF/B-IV s/

1266 2 /

0002/0 70002/ 0.001/

*1-H-1(K20) FROM ENDF/B-IV =/

*» PROCESSED BY NJOY91.38 s/

o/
*BROADR* / Doppler broaden to Unit-23
-22 -23

12601 0 1 O/
0.006 / 0 001 1.E6 O 002 0 00! /

300.

o/

*UNRESR* / Does not do any harm
-21 -23 -24

1269 1 6 1

300

1.E10 1.E4 1.E3 {.E2 1.E1 / Checking to see what happens
o/

*THERMR* / Add thermal scattering data to Unit-28
=31 -34 -a8

1002 1260 8 1 4 0 2 201 1!

300

0.01 4.0

*GROUPR* / Generate group averaged data on Unit-26
-21 -26 0 -26

126000 -6 1 1 b

*1-H-1(H20) FROM ENDF/B-IV */

300.

1.E10 1 .E4 1.E3 1.E2 1.E1 / SHOULD KOT DC ANY HARM'
347 B7 {1 17 9000/

/ Temperature 300 X

01/

262 /

/

201 /

/

o/

sWIMSR* / Process data for WIMS

-36 27

24

1001

1269

1

101900 201 001 00 / STANDARD Sige(Sigb=inf) --> Sigp
(P R TR S S S S D S S|

*§TOP

$ EXIT

OO0 W W w
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WIMS Library Update Project
Final Report on Stage 2

A.Trkov, M.Ravnik
University of Ljubljana
Institute “JoZef Stefan” Ljubljana, Slovenia

Reactor Physics Division

1 Introduction

The WIMS package is a very versatile code system for reactor analysis. Its version
WIMS/D4 is freely available from the NEA-Data Bank and is used at several labora-
tories throughout the world. One of its disadvantages is the group constants library
which is deficient for some materials of interest. Also, it is based on very old cross
section data. Good agreement with experimentally measured quantities in reactor
lattices has been achieved through several sequences of data adjustment. These ad-
justments were usually empirical and do not reflect consistently the improvements
in the nuclear data. Since a number of new evaluated nuclear data libraries have
become available recently, it is felt that a new WIMS library could be constructed
which would further improve the performance of the WIMS package.

At the end of 1990 the WIMS Library Update Project (WLUP) has been ini-
tiated [1] at the International Atomic Energy Agency (IAEA). Phase 1 of the
project [2], which included WIMS input optimisation for five experimental bench-
mark lattices (3], has been completed. The work presented in this report describes
the results of Phase 2, in which the cross sections based on ENDF/B-IV evaluated
nuclear data library have been processed. The data entered into the WIMS library
after processing with different codes have been compared. Subsequent phases of the
project will involve processing of the more recent evaluated nuclear data libraries
and a new WIMS library construction.

2 Objectives

Through Phase 1 of the project the current capability of the WIMS package to
reproduce measured quantities in experimental lattices has been established. These
results serve as reference to quantify the relative merits of an updated library.

Principal investigator: Dr. Andre; Trkov

International Atomic Energy Agency Project, Research Contract No. 6291/R1/RB
for the period May 1992 — Apr.1993
Supported by the Ministry of Science and Technology of the Republic of Slovenia.
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The calculated parameters of Phase 1 results contain errors due to errors in the
nuclear data as well as errors due to inadequate physical models in representing the
actual experimental configurations. To some extent these two sources of error can
be decoupled by repeating the calculations using a cross section library (such as
ENDF/B-1V), the performance of which is well known from the literature [4]. By
comparing the calculated results to the published data, the error contributions from
the physical models and the multigroup constants library format limitations can be
distinguished from the errors in the data (assuming that the data processing errors

are small).
The main objectives of Stage 2 of the project are the following:

e to process ENDF /B-1V evaluated nuclear data library and insert the calculated
group constants into the WIMS library using several, entirely different and
independent sets of processing codes,

e by comparing the data calculated by different processing codes, check for data
processing errors, and errors in the group constants definitions (if possible),

e since the WIMS library format restrictions prohibit exact data representation
for general cases, optimize the assumptions and processing routes in preparing
the WIMS library by investigating their effect on global lattice parameters,

e by comparing the WIMS results (using ENDF /B-1V based library) to published
results for the same benchmark lattices (particularly the results of more sophis-
ticated calculational models), establish the WIMS modelling capability for the
selected benchmarks.

3 Scope of the project

The project was organised as an international research project, coordinated at the In-
stitute “JoZef Stefan” on behalf of the International Atomic Energy Agency. Partici-
pants were asked to process hydrogen bound in water, oxygen, aluminium, uranium-
235 and uraniun-238 from the ENDF /B-IV evaluated nuclear data library, under the
same conditions as in the original WIMS library (particularly with regards to tem-
peratures and background cross section values in the cross sections and resonance
integrals tabulations). Seven sets of results were received from different laborato-
ries, each using a different set of processing codes. Abbreviations of the participating
laboratories and their adresses and the code system used are given in the following

table:

Lab. Address Author Code

AEC Atomic Energy Corporation of | C.Stoker, AMPEX-II
South Africa Ltd., Pretoria, South | G.Ball
Africa

CAB Centro Atémico Bariloche, S.C.de | F.Leszczynski| NJOY89 /
Bariloche, RN, Argentina REMET21
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processes the evaluated data for the purpose of the WIMS library preparation. Fur-
thermore, the selected data processing options reflect the experience from the pre-
vious work on WLUP, therefore this data set has been chosen as a new reference
against which the other data sets were compared.

Figures containing graphical intercomparison of the data were produced using
PLOTTAB/92.2 code [11). and are presented in the Appendix.

4.1 General remarks on data processing

In the WIMS library, self-shielding of the absorption and the fission reaction in
resonance materials can be taken into account explicitly by tabulating the resonance
integrals. For other materials any self-shielding must be incorporated in the cross
sections. This approach is followed in the reference IAEA data set where the cross
sections correspond to the Bondarenko background cross sections values o in the

table below:

Material oo [barns]
hydrogen oo
oxygen 40
aluminium o0
uranium-235 1000
uranium-238 28

A more detailed discussion on data processing assumptions is given in reports [12,13].

A similar but less rigorous approach was applied to 238U in the 1JS data set where
in the resonance range in the definition of the slowing-down power, the transport
cross section and the scattering matrix, the scattering cross section was replaced by
the potential cross section. It was argued that at very high levels of self shielding
the potential cross section may be a better approximation to the scattering cross
section while in highly diluted cases the scattering contribution of the absorber is
negligible anyway.

4.2 Averageing spectra

To simplify data comparison, practically all laboratoties used the Maxwellian-1/E-
Fission spectrum for cross section averaging except that AEC and NRI used a some-
what higher energy threshold at which the 1/E weighting spectrum changes into
the fission neutron spectrum. This energy is referred to as the fission spectrum
threshold energy in this report. In Figure 1 the averaging spectra with 67KeV and
670K eV fission spectrum threshold energy are compared to a typical PWR lattice
cell coolant spectrum as calculated by WIMS. The curves represent the neutron flux
per unit lethargy. Using a 67KeV threshold produces a spectrum which has an
excessively high fast-to-thermal spectral ratio. In the case of the 670K eV threshold
the spectral ratio is only slightly too low but the gradient of the averaging spec-
trum below the fission spectrum threshold is incorrect. Figure 1 shows quite clearly
that the Maxwellian-1/ E-Fission spectrum is oversimplified, particularly near the
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Lab. Address Author Code

IAEA International Atomic Energy | A.Trkov, NJOY91.38+
Agency, Vienna, Austria T.Zidi,

S.Ganesan

IAP Institute of Atomic Physics, | S.N.Rapeanu | various
Bucharest, Roumania

1JS Institute “JoZef Stefan”, Ljubljana, | A.Trkov FEDGROUP-C86
Slovenia (Rev.3)

KAERI | Korean Atomic Energy Research In- | J.D.Kim NJOY-87 /
stitute, Choong-Nam, Republic of NJOYO1
Korea

NRI Nuclear Research Institute, ReZ, | A.Holubar FEDGROUP-R
Czechoslovakia

Intercomparison of the Roumanian data (IAP) could only be performed to a
limited extent since the results were submitted on paper printout only. A discussion
on these data has been given in the Phase report on Stage-2 [5] and will not be
repeated here.

Some participants re-submitted their data (NRI and KAERI). The new KAERI
data were given for uranium isotopes only and were generated with NJOY®1 on a
long-word machine. This contribution was invaluable in the verification process of
NJOY91 (6], but for the purpose of this exercise it seemed more illustrative to present
the original KAERI results which form a complete and self-consistent set.

Two new contributions (BAC and IAEA) had been added.

In the Phase report a fairly detailed intercomparison of the submitted data has
been performed. Problem areas in data processing had been identified, therefore
only a brief discussion and comparison of the data is given in the next sections.

4 Library Data Intercomparison

Cross sections and resonance integrals (for uranium isotopes) were compared. Bur-
nup chains and other data were not checked at this stage. Scattering matrices were
anaiysed to a limited extent. Since a more detailed data intercomparison can be
found in the Phase report, only general comments and summary plots of the data
are given in this work. It may not always be possible to identify the individua!l
data sets on the plots, but they show the reaction types and energy regions where
significant differences exist. A brief discussion of the data processing details which
cause these differences is given.

In the Phase report a reference data set for intercomparison purposes was used
which has been constructed using codes [7) LINEAR, RECENT, SIGMA1, GROUPIE.
Some fundamental data processing errors in the submitted data were identified,
particularly in the codes (or their versions) which did not participate in the Code
Verification Project {8,9,10]. It has been shown by a separate analysis [6] that the
NJOY91 code with additional updates, particularly in the WIMSR module, correctly
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YLUP Stage—2
Averageing Spectrum Comparison
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Figure 1: Averageing spectra compared to a typical PWR lattice cell
coolant spectrum.

regions where different spectrum representations join one another. Based on this
experience, a more realistic spectrum was used in preparing the IAEA data set. The
spectrum is labelled EPRI-LWR in the diagram and is also available in NJOYO1 as
one of the options. It can be observed that the spectrum matches very well the
coolant spectrum of a typical PWR lattice cell.

4.3 Potential cross section

Usually the participants entered a constant value, taken from the comment section
in the evaluated data file, or a weakly energy-dependent value calculated from the
atomic radius (NRI and 1JS). Some participant adopted the original WIMS values
(KAERI) which may be energy-dependent, as in the case of 23°0/. The integral
results are not very sensitive to the precise value of the potential cross section,
provided it is consistent with the definition of the resonance integrals. It is the
opinion of the author, that the potential cross section should be defined as the self-
shielded scattering cross section. The values in the IAEA data set were entered

accordingly.
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4.4 Slowing down power

The slowing-down power is defined by the product of the average lethargy decrement
per collision £ and the scattering cross section o,, normalized by the group lethargy
width 7. The values calculated by most of the participants agree quite well with
each other but differ from the reference JAEA data set, in which the self-shielded
scattering cross section was used. Data from [AP were not supplied. The reference
values for 238U lie quite close to the IJS data in which the potential scattering cross
section was applied instead of the scattering cross section.

4.5 Transport cross section

The definition of the group g transport cross section oy (,) in the thermal range is
the following:

Tir(g) = Talg) + Ta(g) = D Oo1(g—h) (1)
h

where 0,(,) is the absorption cross section, o,(,) is the scattering cross section and
0s1(g—n) 18 the first moment of the scattering cross section for transfer from group
g to h. In the resonance and fast energy ranges a different definition is used:

Ttr(g) = Ta(g) + Ts(g) — Z"‘l(h—*a) T4 ) (2)

where J(,) is the neutron current spectrum. Due to different assumptions in calcu-
lating the transport cross section, large differences are observed between the data
submitted by different participants.

In the reference IAEA results the B, flux approximation for large systems as
calculated by NJOYS1 was applied to define J(,). Other participants used the simple
1/ E approximation for J, except CAB which specified the spectrum explicitly from
input, but the details are not known. Differences in the current spectrum affect only
the transport cross section for hydrogen in the keV range: oy, values lie above the
reference [AEA results, except for the CAB data which are lower.

Other differences in the fast energy range can be attributed to the differences in
the cross section averaging spectra and are less significant.

In the resonance range the reference IAEA results use the self-shielded cross
sections. This has a particularly strong influence on the data for 238U. The 1JS
data approach the reference at the upper end of the resonance range due to the
use of the potential cross section instead of the scattering cross section. All other
contributions use the cross sections at infinite dilution and differ significantly from
the reference. The anomaly in the AEC data in the unresolved energy range is due
to a trivial error.

In the thermal range a few percent differences were observed between different
data sets, which originate from the scattering cross section. Note also the comments
on the outscattering cross section
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4.6 Absorption cross section

In the WIMS definition of the absorption cross section g4, the values are reduced
by the value of the (n,2n) cross section to preserve the neutron balance, since
the scattering cross section is also defined accordingly. Some participants omitted
the (n,2n) correction. Above the resonance range the differences between different
data sets can be attributed to the averaging spectra. In the reference data set
the absorption cross sections for all isotopes (including uranium) are self-shielded
and hence lower than those calculated by other participants. Also, the reference
values for oxygen may be less accurate than some other contributions, due to the
less rigorous treatment of very small cross sections in NJOY. The errors are not
physically significant. In the thermal range most of the data agree quite well. The
few percent differences in the CAB data may require some attention.

4.7 Fission cross section and fission neutron yield

The fission neutron yield is the product of the fission cross section and the number
of neutrons per fission. At higher energies some differences are observed due to the
averaging spectra. In the resolved resonance range the reference IAEA data set for
338y is self-shielded and hence lower than the others. Other data sets agree well
with each other, except AEC which is a few percent too high in the unresolved
range. The CAB data set is too high in the thermal range and may require some
attention. The differences in the subthreshold fission of 238U data may be attributed
to different approximations in treating very small cross sections.

4.8 Scattering cross section

The scattering cross section o,(,_, ) for transfer from group g to h is the sum of the
elastic component o., the inelastic component o; and the multiple neutron scattering
component 0., (with group index omitted for clarity):

Oy =0.+ 0, + MOmn (3)

where m is the multiplicity of the outcomming neutrons. The self-scattering term is
corrected such that the total group scattering cross section and the absorption cross
section add up to the transport cross section, and not to the total cross section.
This correction is omitted for moderators which have the P; scattering matrices
tabulated explicitly. In our case these exceptions are oxygen and hydrogen.

In the diagrams in the Appendix the outscattering cross sections have been
compared (i.e. the scattering cross sections without the self-scattering term). At
higher energies for light isotopes the differences can be attributed to the averaging
spectra.

The most significant differences between different data sets are observed in the
thermal range. Some data sets are clearly in error. When summing the elements
of the scattering matrix, some data sets do not reproduce the total scattering cross
section. This is reflected also in the differences in the transport cross section in the
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thermal range, discussed earlier. Some problems were also encountered in the course
of the verification of the reference JAEA data set [6]. The integral scattering cross
section is consistent but there remains some doubt in the differential scattering cross
section. The influence of the error on global parameters is difficult to estimate.

4.9 Goldstein-Cohen parameter

Most of the participants adopted the original WIMS values for the Goldstein-Cohen
parameters A. [JS and NRI assume the Intermediate Resonance approximation,
where A is a measure of the resonance widths. It is calculated explicitly in the
resolved resonance range and set to one elsewhere. For aluminium and oxygen,
CAB used the method of Aldous [14] which was developed for the original WIMS
library but not implemented in all versions of the library.

A more detailed and rigorous approach to define A is described in the report on
the validation of the EPRI-CELL lattice code {15, which uses resonance treatment
very similar to WIMS. The quoted A values from this report were condensed to the
WIMS group structure and used in the IAEA data set.

The Goldstein-Cohen parameters for 2*8U and ?3%U form IAEA, 1JS and NRI
are compared in Tables I. The values for oxygen from IAEA and CAB are compared
in Table II. The IAEA values for hydrogen are also given in Table II. All other data
sets adopt the original WIMS values.

4.10 Resonance integrals comparison

In the WIMS library the resonance integrals are tabulated as a function of the
background cross section. The WIMS definition of the background cross section o,
includes the contribution of the absorber nuclei to the potential cross section. The
relation between the more commonly applied Bondarenko background cross section

oo and the WIMS definition is given by:
00 = 0y — Adp (4)

where A is the Goldstein-Cohen parameter and o, is the potential cross section of

the absorber nucleus.
To calculate the self shielded cross sections from the resonance integrals, the

following formula is used in WIMS:

02(0) = — 1o (5)

where o, i1s the self shielded cross section for reaction z (subscript a stands for
absorption) and [ is the corresponding resonance integral.

According to the intermediate resonance approximation the resonance integrals
are defined:
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Table I: Comparison of the Goldstein-Cohen parameters
of Uranium-238 and Uranium-235 from [AEA,
1JS and NRIL

Uranium-238 Uranium-235 *l
Group | IAEA 1JS NRI || IAEA 1JS NRI
15 0.990 { 0.1000 | 1.0000 || 0.990 | 1.0000 | 1.0000
16 0.980 | 0.1000 | 1.0000 || 0.980 | 1.0000 | 1.0000
17 0.971 | 0.9624 | 0.9683 || 0.971 | 1.0000 | 1.0000
18 0.963 | 0.9230 | 0.9260 || 0.963 | 1.0000 | 1.0000
19 0.954 | 0.8973 | 0.9045 || 0.954 | 1.0000 | 1.0000
20 0.939 | 0.8899 | 0.9329 || 0.939 | 1.0000 | 1.0000
21 0.733 | 0.4697 | 0.5024 || 0.733 | 1.0000 | 1.0000
22 0.320 { 0.3067 | 0.3188 || 0.320 | 1.0000 | 1.0000
23 0.320 { 0.2820 | 0.2587 |} 0.320 | 0.5930 | 0.6209
24 0.076 { 0.1032 { 0.0895 || 0.075 | 0.4536 | 0.4814
25 0.165 | 0.1159 | 0.0913 || 0.164 | 0.2951 | 0.2759
26 0.800 { 0.3379 | 0.9466 || 0.800 | 0.2209 | 0.1961
27 0.396 { 0.1420 | 0.0456 || 0.396 | 0.1673 | 0.1059

Table II: Comparison of the Goldstein-Cohen parameters
of Uranium-235 from IAEA, CAB, 1JS and NRI.

1
=1 5,

Aluminium Oxygen Hydrogen
Group CAB || IAEA | CAB IAEA
15 0.995 || 1.000 | 1.000 1.000
16 0.975 || 1.000 | 1.030 1.000
17 0.990 || 1.000 | 0.993 1.000
18 0.991 || 1.000 | 0.996 1.000
19 0.987 || 1.000 | 0.992 1.000
20 0.985 || 0.992 | 0.993 1.000
21 0.920 || 0.976 | 0.956 0.995
22 0.950 {{ 0.911 | 0.978 0.987
23 0.985 || 0.909 | 1.040 0.987
24 0.970 || 0.712 | 1.113 0.963
25 0.920 || 0.734 | 1.092 0.965
26 0.990 || 0.984 | 1.266 1.000
27 0.590 || 0.643 | 0.918 0.969
A BW(E) | ot

dE

(6)

where ¢(FE) is the “smooth” neutron spectrum (i.e.: without local perturbations
due to resonances, normally approximated by 1/E shape) and o., is the resonance
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contribution to elastic scattering. Using this definition, the relation between the self
shielded cross sections and the resonance integrals is:

1z(0s)
0z(0s) = 1 - Ia(0s) _ Al (0s) (7)
[y [y

Definitions given by Equations (5) and (7) are equivalent if the resonance contribu-
tion to elastic scattering is negligible. Although this is not always true, a consistent
data set can be defined if the resonance integrals for the WIMS library are calculated

from the self shielded cross section by equation:

020
I, = 8
z da + db ( )

which is the inverse form of Equation (5). Consistency is achieved because the
resonance integrals in WIMS are not used directly, except to calculate the cross
sections.

In the AEC, CAB and the revised NRI contributions the the self shielded cross
sections were calculating by explicitly mixing the absorber with hydrogen. Conver-
sion to resonance integrals was performed using Equation (8). In the original KAERI
contribution (presented in this work) the simple Narrow Resonance approximation
(NR) was used to calculate the self shielded cross sections. Conversion to resonance
integrals was done in the same way. 1JS applied the Intermediate Resonance ap-
proximation (IR) and ¢ — x doppler broadening to calculate the resonance integrals
directly. This data set is susceptible to the errors in converting resonance integrals
to cross sections in WIMS due to the differences between Equations (5) and (7). To
calculate the resonance integrals of 238U in the IAEA data set the flux calculator of
NJOY91 was applied below 906 eV and the NR approximation was used above this
energy. The input parameters for the flux calculator correspond to a 1cm diameter
fuel pin in a water moderated lattice with a 1:2 fuel to moderator ratio. Oxygen in
the case of oxide fuel was not considered explicitly because slowing down on oxygen
nuclei is already accounted for through the appropriate selection of the Goldstein-
Cohen parameters for oxygen. For 233U the flux calculator was applied below 82 ¢V
since this is the upper limit of the resolved resonance range. The NR approxima-
tion was used above this energy. The simplest flux calculator option was selected
which corresponds to homogeneous mixtures of the absorber with a hydrogeneous
moderator.

In the Appendix the resonance integrals submitted by different participants are
compared with reference to the IAEA data set. The resonance integrals are plotted
as a function of the Bondarenko og, to eliminate the effects of different potential cross
sections and Goldstein-Cohen parameters used by different participants (note that
two resonance integrals at the same background cross section oy do not correspond
to the same absorber environment if A and o, of the absorber are not the same). The
comparison has been limited to 6 typical resonance groups (out of 13) to simplify
the presentation of results.
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Uranium-238 : Only the absorption resonance integrals are given. In the unre-
solved resonance range (group-15) the agreement between different groups of data
sets is very good. A distinct difference is observed between 1JS and NRI results
compared to the others. This can be explained by the use of a different methodol-
ogy for calculating the self shielded cross sections in these two data sets. The CAB
data do not seem to be self shielded at all.

At the upper end of the resolved resonance range (group-17) the NRI data exhibit
slightly stronger self shielding than the rest. At high levels of self shielding the CAD
data differ by almost an order of magnitude. At lower energies the agreement is

better.
In the range where the resonance widths becomes important (see plots for groups

22 and 24), the differences are rather interesting. The agreement between data sets,
which explicitly solve for the slowing-down spectrum, is very good. The old KAERI
data which use the NR approximation underpredict the self shielded resonance inte-
grals. On the other hand, IJS which use an intermediate resonance approximation,
overpredict the resonance integrals at relatively high dilutions, but tend to agree
better with the rest of the results at lower dilutions.

Uranium-235: Absorption and fission neutron yield resonance integrals are given.
Most of the resonance range is described by the unresolved resonance parameters.
The resonance integrals tables start at much higher levels of dilution, so the corre-
sponding differences in the resonance integrals are also smaller. For absorption as
well as for fission neutron yield they remain below 1 % over most of the energy range
for all op values of interest.

5 Global effects

The WIMS libraries submitted by the participating laboratories have been tested
on calculations of the TRX and BAPL lattices using Model input described in the
report for Stage-1 of the project. Calculated parameters defined in Table III were
compared to measured values. The assumed thermal cutoff energy in the definition
of the reaction rate ratio is 0.625€eV .

Table III: Definitions of some of the parameters

kw infinite medium multiplication factor,

ko finite medium effective multiplication factor,

p*®  ratio of epithermal to thermal 238U capture re-
action rate,

62°  ratio of epithermal to thermal 23°U fission reac-
tion rate,

628 ratio of 238U fission to 235U fission reaction rate,

C* ratio of 238U capture to 235U fission reaction
rate.
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Table IV: Summary of WIMS results based on ENDF /B-1V data for selected
benchmark lattices and comparison with reference results.

LATTICE | keys p28 §2° 628 c*
TRX-1 | 0.98760( .32) 1.382( 43) 0.0994( .50) O 0955( .63) 0.806( .25)
AEC | 0.98562(-.20) 1.410(+2.0) 0.0983(-1.1) 0.0956(+.15) 0.814(+.99)
CAB | 0 99201 (+ 45) 1 347(-2.5) 0.0990(-.40) O 0964(+.96) 0.787(-2.3)
IAEA | 0.98706(-.05) 1.380(-.14) 0.1002(+.80) 0.0928(-2.8) 0.804(-.25)
IJS | 0.98499(-.27) 1 387(+.36) 0.0999(+.46) 0.0956(+.13) 0.805(-.11)
KAERI | 0.99142(+.39) 1 388(+.43) 0.0985(-.92) 0 0958(+.29) 0.807(+.16)
NRI | 0.98670(- 09) 1 409(+2.0) 0.0986(-.82) 0 0964(+.96) 0.813(+.89)
TRX-2 { 0.99350( .31) 0.863( .58) 0.0609( .49) 0.0676( .44) 0.647( .31)
AEC | 0.98825(-.54) 0.887(+2.8) 0.0604(-.89) 0.0680(+.58) 0.654(+1.1)
CAB | 0.99088(-.27) 0.845(-2.1) 0.0607(-.28) 0.0685(+1 3) 0.636(-1.7)
IAEA | 0.98916(-.44) 0.868(+.58) 0.0615(+1.0) 0 0660(-2.4) 0.649(+.25)
IJS | 0.98757(-.61) 0 869(+.70) 0.0613(+.71) 0.0681(+.72) 0.648(+.12)
KAERI | 0.99202(- 15) 0 867(+.46) 0.0605(-.62) 0.0681(+.77) 0.648(+.20)
NRI | 0.98799(-.56) 0.884(+2.4) 0.0605(-.66) 0.0685(+1.3) 0.653(+.96)
BAPL-1 | 0.99140( .30) 1.433( 2.0) 0.0835( 1.6) 0.0735( .95) 0.817( 1.3)
AEC | 0.99147(+.01) 1.470(+2.6) 0.0833(-.20) 0.0744(+1.3) 0.827(+1.2)
CAB | 0.99379(+.24) 1.426(-.49) 0 0839(+.51) 0.0749(+1.9) 0.807(-1.2)
IAEA | 0.99321(+.18) 1.429(- 28) 0 0843(+.98) 0 0717(-2.5) 0.814(-.31)
IJS | 0.99203(+.06) 1.439(+.42) 0.0841(+.75) 0.0745(+1.4) 0.816(-.07)
KAERI | 1.00311(+1.2) 1.393(-2.8) 0.0836(+.17) 0.0739(+.59) 0.802(-1.8)
NRI | 0.99118(-.02) 1.478(+3.1) 0.0837(+.20) 0.0750(+2.0) 0.828(+1.4)
BAPL-2 | 0.99320( .09) 1.188( 1.3) 0.0678( 1.8) 0.0631( .79) 0.742( .81)
AEC | 0.99206(-.11) 1.224(+3.0) 0.0680(+.27) 0.0640(+1.4) 0.753(+1.4)
CAB | 0.99360(+.04) 1.187(-.08) 0.0684(+.91) 0.0644(+2.0) 0.735(-.92)
IAEA | 0.99325(+.01) 1.191(+.25) 0.0688(+1.4) 0.0617(-2.3) 0.743(+.08)
IJs | 0.99213(-.11) 1.198(+.84) 0.0687(+1.3) 0.0641(+1.6) 0.743(+.20)
KAERI | 1.00233(+.91) 1.157(-2.6) 0.0683(+.71) O 0636(+.82) 0.730(-1.5)
NRI | 0.99161(-.16) 1.229(+3.5) 0.0683(+.66) 0 0644(+2.1) 0.753(+1.5)
BAPL-3 | 0.99395( .21) 0.936( 1.7) 0.0522( .38) 0.0516( .78) 0.664( 1.1)
AEC | 0.99282(-.11) 0.963(+2.9) 0.0523(+.11) 0.0525(+1.6) 0.671(+1.1)
CAB | 0.99377(-.02) 0.933(-.32) 0.0526(+ 69) 0.0527(+2.2) 0.657(-1.1)
IAEA | 0.99373(-.02) 0.938(+.21) 0.0529(+1.3) 0.0506(-2.0) 0.664(0.00)
IJS | 0.99289(-.11) 0.942(+.64) 0.0528(+1.2) 0.0526(+2.0) 0.664(0.00)
KAERI | 1.00106(+.71) 0.908(-3.0) 0.0525(+.67) 0.0522(+1.2) 0.653(-1.7)
NRT | 0.99253(-.14) 0.965(+3.1) 0.0525(+.48) 0.0527(+2.2) 0.671(+1.1)

NOTE- For each lattice the reference solution and the % uncertainty is given in

the first row. The results using the updated ENDF/B-IV based library

and the % difference irom reference for each participant are given 1n

subsequent rows.

The results of calculations are presented in Tables IV. The reference solution
(first row of the results for every benchmark lattice) were taken from [4] and represent
an average over a number of very detailed Monte Carlo calculations. Statistical
errors for each parameters are given. Then follow the results of each participant
which have been recalculated from the library they submitted with WIMS using
optimized inputs for the relevant benchmarks from Stage-1. The corrections due
to the (n,2n) reaction are included In Table V the averages over the benchmark
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Table V: Differences from reference results based on ENDF/B-IV data av-
eraged over selected benchmark lattices.
l kesy 28 525 528 C*
0 1.35 1.11 0.74 0.86
AEC | -0.19( 0.18) 2.66( 0.35) -0.37( 0.65) 1.00( 0.65) 1.18( 0.156)
CAB 0.09( 0.24) -1.10( 1.00) 0.20( 0.53) 1.60( 0.46) -1:.44( 0.50)
IAEA | -0.07( 0.21) 0.12( 0.31) 1.10( 0.23) -2.40( 0.28) -0.06( 0.21)
o 0.
o 1.
o 0.

Ref. .26

IJs | -0.20( 0.23) 0.59¢( 18) 0.88( 0.31) 1.17( 0.67) 0.03( 0.12)
KAERI | 0.61( 0.46) -1.50( 1.69) 0.00( 0.686) 0.74( 0.31) -0.93( 0.91)
NRI | -0.20( 0.19) 2.82( 0.64) -0.03( 0.60) 1.72( 0.60) 1.17¢ 0.24)

NOTE: For the reference results the root-mean-square % uncertainties are
given. For each participant the simple average of the % differences
and the standard deviation from the mean are tabulated.

lattices for each participant are given. Similarly like in the previous table, the first
row represents the average uncertainty for a particular parameter in the reference
results, then follow the average differences for the data of the participants. The
averages uncertainty of the reference results is the root-mean-square average over
all benchmarks. For each participant the simple average of the differences from
reference and the standard deviation (as a measure of the scattering of results) are
given.

From Table V it can be seen that on average the predicted ks, is within the
uncertainty interval of the reference results and the spread in the results is not very
large for most of the participants. Parameter p?® is overpredicted using AEC and
NRI data, but not the IAEA and IJS data. The cause of the differences can be
traced to the use of the unshielded 238U scattering cross section. Underprediction of
p?® with the original KAERI data is due to the use of the NR approximation, while
the reason for the discrepancy with the CAB data can not be identified so easily.
For parameter C* a similar conclusion as for p?® can be drawn. Parameter §2° is
predicted quite well with all data. On the contrary, all participants overpredict the
528 parameter, except IAEA where a considerable underprediction is observed. It
has been shown in a separate analysis [12] that this parameter is sensitive to the
fission spectrum and the averaging spectrum. The fission spectrum in ENDF /B-IV
does not differ significantly from the original WIMS fission spectrum, so its influence
on the results in not so large. On the other hand the sensitivity of the results on
the averaging spectrum shows that the energy group structure in the fast energy
range is not adequate to describe the processes in sufficient detail. This may be
considered an inherent deficiency of the 69-group WIMS library which can not be
overcome within the present scope of work.

Some more understanding of the differences in the calculated parameters can be
obtained by considering the reaction rates. The source for the reference results was
the same as for the integral parameters considered before [4]. The group boundaries
for the 4-group reaction rates are given in Table VI. The reaction rates without
the leakage corrections were considered. The results of the participants include the
correction in the fast capture reaction rate due to the (n,2n) reaction. For easier
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Table VI: Coarse group energy mesh for reaction

rate edit.
Group Upper Lower
1 10 MeV 67.379 KeV

2 67.379 KeV | 3.355 KeV
3 3.355 KeV 0.625¢eV
4 0.625eV OeV

presentation of the results only the IAEA and IJS result are reported, which showed
least discrepancies in the integral parameters compared to the reference results.
They are presented in Table VII.

The reaction rate comparison in Table VII shows that at thermal energies the
reaction rates are predicted quite well. Small differences in excess of the uncertainties
of the reference results can be attributed to the differences in the averaging spectrum.
In the fast energy range the differences arise from the coarseness of the energy
mesh. In the resonance range the reaction rates for 233U are predicted very well,
but the results are much less satisfactory for 235U. The cross sections over most
of the resonance range for this isotope are described by the unresolved resonance
parameters. Two possible explanations for the observed differences could be found:

e there are differences in the treatment of the cross sections represented by the
unresolved resonance parameters in the Monte Carlo codes and the methodology
for calculating the resonance integrals,

e in the WIMS code a first order approximation is applied to account for the
resonance interference effect.

In the first case the problem would disappear with the use of a more recent evaluated

data file, since new evaluations rely much more on representing the cross sections by
resolved resonance parameters. In the second case the problem is more difficult to
tackle and would require either to introduce a better resonance interference treat-
ment into the WIMS code, or to adjust the calculated cross sections to give a correct
response, consistent with the resonance interference assumptions in WIMS.

6 Conclusions

8.1 Processing codes

The results indicate that differences which could be attributed to data processing
errors are quite small, particularly for the codes which participated in the Code
Verification Project. Most of the differences could be traced to some differences in
the definitions, or to data processing assumptions due to format limitations of the
WIMS library.

Although good results can be obtained with relatively simple codes (such as used
at IJS, for example), one should not ignore the merits of a versatile and very general
evaluated data processing code such as NJOY, which is the state of the art on the
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Table VII: Calculated reaction rates with WIMS using ENDF/B-IV based
library for the TRX lattices and comparison with published refer-
ence results.

TRX-1 Reaction rates (ENDF/B-IV)
U-235 Capture
Group 1 2 3 4 1+2+3
Ref. .000405( .30) .000594( .33) .01620( .62) .06907( .18) .01720( .58)
IAEA .000401(-.99) .000606(+2.0) .01711(+5.6) .06908(+.01) .01812(+5.3)
1J§ .000408(+.74) .000605(+1.8) .01698(+4.8) .06899(-.12) .01799(+4.6)
U-235 Fission
Group 1 2 3 4 1+2+3
Ref. .00335 ( .31) .00161 ( .60) .03357( .47) .3996 ( .11) .03853( .41)
IAEA .00329 (-1.8) .001602(-.50) .03399(+1.3) .4000 (+.10) .03888(+.91)
1JS .00336 (+.33) .001603(-.43) .03374(+.51) .3997 (+.02) .03870(+.44)
U-238 Capture
Group 1 2 3 4 1+2+3
Ref. .01900 ( .27) .02375 ( .48) .1554 ( .29) .1486 ( .17) .1982 ( .24)
IAEA .01879 (-1.1) .02365 (-.42) .1555 (+.06) .1487 (+.05) .1980 (-.10)
1Js .01922 (+1.2) .02345 (-1.2) .1558 (+.24) .1482 (-.24) .1985 (+.13)
U-238 Fission
Group 4 1+2+3
Ref. - - - (o] .03905( .55)
IAEA - - - o .03787(-3.0)
1Js - - - 0 .03889(-.41)
TRX-2 Reaction rates (ENDF/B-IV)
U-235 Capture
Group b 2 3 4 1+2+3
Ref. .000259( .18) .000359( .30) .01066( .27) .07211( .09) .01118( .26)
IAEA .000257(-.77) .000366(+1.9) .01103(+3.5) .07205(-.08) .01165(+4.2)
1Js .000262(+1.2) .000365(+1.7) .01095(+2.7) .07201(-.14) .01158(+3.6)
U-235 Fission
Group 1 2 3 4 1+2+3
Ref. .002250( .25) .000972( .52) .02166( .52) .4204 ( .08) .02488( .45)
IAEA .002212(-1.7) .000968(-.41) .02193(+1.2) .4199 (-.13) .02511(+.92)
1Js .002267(-.75) .000967(-.51) .02179(+.60) .4198 (-.14) .02503(+.60)
U-238 Capture
Group 1 2 3 4 1+2+3
Ref. .01235 ( .19) .01441 ( .44) .1029 ( .60) .1550 ( .14) .1296 ( .48)
IAEA .01224 (-.89) .01434 (-.49) .1035 (+.58) .1547 (-.17) .1301 (+.39)
1Js .01255 (+1.7) .01423 (-1.3) .1032 (+.28) .1544 (-.38) .1300 (+.29)
U-238 Figsion
Group 4 1+2+3
Ref. - o] .02852( .40)
IAEA - - - 0 .02773(-2.8)
1J8 - - - 0 .02857(-.18)
NOTE: In brackets the statistical % uncertainty is quoted for the reference solution and

% deviation from reference for the WIMS solution using ENDF/B-IV based

libraries.
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subject at the moment. It is recommended to continue the effort with NJOY mainte-
nance for thermal reactor applications and to use it (if possible) for all multigroup
library preparation.

Verification of NJOY91 with corrections for WIMS library preparation has been
performed. Some minor open questions remain in the preparation of the thermal
scattering matrices and in the documentation describing the use of the flux calcula-
tor, so that presently selected input options could be confirmed.

6.2 WIMS library data
6.2.1 Fission spectrum

In the WIMS library for the WIMS/D-4 code a single fission spectrum is specified
for all fissile nuclei. This does not seem to have an excessively strong effect on the
multiplication factor of well thermalized systems, but the reaction rates were found
to differ considerably with changes in the fission spectrum, particularly in the fast
energy range. For the WIMS library a fission spectrum should be constructed, which
would represent a spectrum due to fission in a mixture of isotopes, most typically
encountered in reactor cores. When applying WIMS to a class of problems, the
limitations due to the fission spectrum should be considered.

6.2.2 Cross sections

Differences in the averaging spectrum cause a few percent differences in the cross
sections. From a practical point of view, these differences are probably unimportant.
However, the use of a simple, smooth and realistic averaging spectrum is desirable
in the multigroup library preparation to improve data consistency.

The cross sections entered into the WIMS library should be Doppler-broadened
to the most typical temperature at which the cross sections are likely to be used (or
several temperatures in the thermal range, if temperature effects are important).
Also, the self shielding correction should be applied. The level of self shielding
should correspond to the most typical dimensions and composition at which a mate-
rial is likely to be used, and under conditions when the contribution of the material
in question is significant. For example, for resonance absorbers the selected level
of self shielding should be biased towards low dilutions, since a high dilutions the
contribution of the absorber is smaller. This recommendation applies also to ma-~
terials with explicitly tabulated resonance integrals, since the self shielding in the
scattering reaction can not be treated otherwise. With the selection of the reference
temperature and Bondarenko background cross section to define the level of self
shielding, all cross sections in the library are uniquely defined with equations, given
in the previous sections of this report.
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6.2.3 Resonance integrals

The resonance integrals should be calculated from the cross sections by the inverse
formula used in WIMS to calculate the cross sections. Care should be taken to note
the difference between the Bondarenko and the WIMS definition of the background
cross section against which the self shielded cross sections are tabulated.

Although an Intermediate Resonance approximation for calculating the reso-
nance integrals gives acceptable results, one should preferentially apply an explicit
calculation of the slowing down spectrum, corresponding to a configuration most
typically encountered for the material in question.

8.3 Global effects

The overall agreement of the integral lattice parameters with the published data
is quite good. The results presented in this work provide a firm foundation for
generating a WIMS library from other evaluatcd nuclear data files.
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APPENDIX

Diagrams are presented to compare the following data types from different partici-

pants:

e cross sections for each reaction type, for all participants, with reference to the
JAEA data set,

e resonance integrals as a function of the background cross section for all partic-
ipants, with reference to the JAEA data set.

The definition of the background cross section is the usual definition used in a
variety of the processing codes and does not include the potential scattering of the
absorber atom. In this respect the definition differs from the WIMS definition.
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Figure 10: Comparison of outscattering cross section for aluminium.
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Figure 11: Comparison of potential cross section and slowing-down

power for oxygen.
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oxygen
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Figure 14: Comparison of potential cross section and slowing-down

power for
hydrogen
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Figure 17: Absorption resonance integrals of Uranium-238 in Groups
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Figure 18: Absorption resonance integrals of Uranium-238 in Groups
20 and 22



ENDF/B-1V U-238
Absorption Res Int Group—24

70 iggA 1 A —T T TTTf L T Ll i TT T_T_I T ﬁ: ’Y_-T’/;: !‘f_—?
—~ 80| CAB oA 3
() —-—--1JS Al 3
E s0| == KAERI ’ :
4 mooe=es NR] .
~ 40| ¥aximum Difference Ry 3
- -25.66 % A
< 30| at X= 1.579+2 . . _f=_
?  =0f E
10E 3
EJ + e II[ J_LAT. -t - b 1 All#l o i l Allll 4 d. d lllll é
1 15 'J T Al IYTITI T ﬁfﬁ( VT_:‘L-",.~ \L::J . g T Y_rT_TY
1.10L L~ ~. -
(4] 1 05 - /'/ ~\‘\_ -l
o 1.00 T e e e o —-
S 0.95L e =T T e SArt=EET bl
g O 90} ~-— - wem Tt
& 0.85L - ST -
0.80QL - P
0'75 L i ;Tr!ﬁl-—---r—'i’;lLALJ A LIJ ALlll L a1
101 2 4 6 5102 2 4 @ 5103 2 4 6 5104 2 4 6 8105
Bondarenko Sig0 (baras)
ENDF/B-1V U-238
Absorption Res Int. Group—27
140 IAEA ¥ '[ ITII[ T T ¥ rTYT‘l] T T T ITYY E
120| 7777 AEC
% IS
e 100 ... KAERI 3
8 80 —-cam-n NR1 E
~ Maximum Difference E
25.92 7% 3
= 60| at X= 13.530 3
] 40 _. .f
Q 3 3
=4 3 3
20E E
; } l 1 ’g
1.28 N T ! !
1 20 \‘ .
8 1 15E ‘\ R
'.3 1.10E o, N -
© 1.05§f ‘4-‘-*,_\;:‘\“” 3
1.00 —_—— "T-T%T?.?.‘??-??.n—:.-.-.vnz:g,.‘_
P AlAI D B 4‘1 -14".'“‘2".;-* g o e = o
101 2 4 aaloz 2 4 oeloa 2 4 66104 2 4 8 8105

Bondarenko Sig0 (barns)

Figure 19: Absorption resonance integrals of Uranium-238 in Groups

24 and 27.
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Figure 20: Absorption resonance integrals of Uranium-235 in Groups
15 and 17.
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Figure 23: Fission neutron yield resonance integrals of Uranium-235 in
Groups 15 and 17.
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Figure 25: Fission neutron yield resonance integrals of Uranium-235 in
Groups 24 and 27.
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Institute “JozZef Stefan” Ljubljana, Slovenia

Reactor Physics Division

1 Introduction

The results on Stage 1 of the Wims Library Update Project are presented in this
report. They mainly include results and conclusions important for continuing the
project. However, results are also presented in a more general form, being interesting
to participants on the project as well as to other WIMS users.

The steps of Stage 1 defined in [1] were carried out without major modifications.
The main goals of the project at this stage were:

e identification of the differences between different versions of the WIMS-D4 code
and of the library stemming from computer adaptations or modifications by the
users,

e optimal modeling of the selected benchmark problems and
e evaluation of benchmark results obtained with the original WIMS library.

The purpose of Stage 1 was also to offer the possibility to the participants to
check their version of the code, as well as their ability of using it by intercomparing
the results.

*« on leave from the Nuclear Research Institute, ReZ, Czech and Slovak Federal Republic

Principal investigator: Dr. Andrej Trkov

International Atomic Energy Agency Project, Research Contract No. 6291/RB
for the period Dec.1990 — Dec.1991

Supported by the Ministry of Science and Technology of the Republic of Slovenia

Note on revisions

1. The late contribution from Iran was included in the analysis.

2. Minor corrections to the text referring to Table 1 were made.
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Chronologically, Stage 1 may be divided into two parts:

e benchmark calculations without prescriptions on the input models (November
1990 - May 1991)

e benchmark calculations with the prescribed input {(May 1991 - October 1991).

Originally it was expected that the differences between different instalations of
the code could be derived from the original contributions on benchmark problems.
However, first compilation of the results (4] showed significant differences in the
input models used by different participants, resulting in large differences in the final
results and obscuring the installation effects. It was decided to ask the participants
to repeat selected benchmark calculations using prescribed input data.

2 Benchmark Calculations

Benchmark calculations started in August 1990 when an invitation letter was sent to
several potential participants [2]. Five benchmark test cases [3] were specified in the
letter (TRX-1 and 2, BAPL-1, 2 and 3). It was explicitly stated that computations
should be limited to the lattice codes which use the WIMS library (the WINS code
in particular). Participants were invited to provide the main benchmark results
which were given in the benchmark specifications together with basic software and
hardware specifications: the code and the library version, the type of computer.
Appropriate inputs were required as well, since the purpose of this stage was to
detect differences due to the use of different versions, installations and modifications
of the original WIMS code and its library.

First contributions arrived in November 1990, most of them arrived by February
1991, while several late participants sent their contributions as late as October 1991.
Alltogether, 22 contributions have been received. The list of participants is given in
alphabetical order.

Five participants (from Czechoslovakia, Korea, Roumania, Slovenia and South
Africa) provided also results for the second stage of the project. Data for the WIMS
library from Roumania were presented in printed form only, so they could not be
fully processed.

The results of the benchmarks were filed and tabulated. The definition of the
integral parameters which are compared to the measured values are given in Ta-
ble 1. The ratios refer to reaction rates which were deduced from experimental
measurements and correspond to a thermal cutoff of 0.625 eV

Preliminary evaluation was performed by the authors of this report. Some trivial
errors were removed either by repeating calculations or by contacting the partici-
pants. Preliminary results of the evaluation were also discussed with S. Ganesan
and J.J. Schmidt at JAEA. The results are presented in Tables 2-6. They contain
only the results of calculations with the WIMS code and the original WIMS library.
Some participants contributed also results obtained with other codes and libraries
(e.g. IGCAR India). Such contributions are presented in Tables A-1 to A-5 in

Appendix A.
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Table 1. Definitions of some of the integral parameters

ko infinite medium multiplication factor,

kog finite medium effective multiplication factor (ap-
proximating the leakage by experimentally mea-

sured buckling),

p*®  ratio of epithermal to thermal 238U capture,

6?°  ratio of epithermal to thermal *3%U fission,
§%%  ratio of *38U fission to *3%U fission,

C*  ratio of 238U capture to 235U fission.

The tables are arranged according to the date of arrival of the contributions.

Each table contains the main input parameters and results of the calculations. In
case of several contributions by the same participant (e.g. some participants per-
formed sensitivity analysis, some participants sent corrections and modifications to
their first results), the results of the most sophisticated input model is considered.
The relative differences between measured and calculated values are presented. The
error in the measured k.s; value is estimated from the critical buckling error which
is provided in the benchmark descriptions |3].

The following conclusions may be drawn about the results:

e The multiplication factor k.s; is the most important benchmark integral pa-

100

rameter. It comprises all reactor physics parameters of the problem: geometry,
18sotopic composition, cross sections of all isotopes, spectrum etc. For this reason
it 18 very sensitive to the WIMS input modelling.

Significant differences can be observed between the results of different partici-
pants. The distributior of k.s/ is presented in graphical form in Figs. 1. Each
bar in a diagram corresponds to the number of participants with k.7, results

in the 7** interval [kﬁ’l;”, kg’!)!] of width Ak which is arbitrarily chosen as 0.1%
of the average k.ss. The spread of the results is mainly due to different input
models as can be observed from Tables 2-6. It is bigger than the differences due
to the modifications of the code, whick are negligible, as presented in the next
section. The spread of the results shows properties of the normal distribution,
what indicates that the differences arise more due to uncorrelated effects than

to biases or systematic discrepancies.

Average results from Tables 2-6 are summarized in Table 7. The peaks of the
distributions of k.ss in Figs. 1 correspond closely with the most sophisticated
(but still practical) input models which may be used in WIMS, such as presented
in Appendix B.2 (using a large number of groups, S, order greater than default,
B; approximation). These results may be defined as reference when making
conclusions about the agreement of the calculations and the measurements.
They are given in Table 8 and they are marked with an arrow in Figs. 1. They
agree well with the average results in Table 7.



o It may be observed that the reference results lie at the limit (or just outside)
of the error interval (dotted line in Figs. 1) for k.ry. A systematic shift of the
reference k,;, results may be observed if all benchmark cases are compared.
WIMS k.s¢ is overestimated for TRX-1 and BAPL-1 which are both rather
tight lattices compared to TRX-2 and BAPL-3, where k., is underestimated.
The dependence of the error in k.r, on lattice pitch or fuel/water ratio either
stems from the resonance calculation method in WIMS (Dancoff corrections),
methods for the effective diffusion constant and leakage calculations or from
the cross sections which are used in this calculations. The effect is relatively
strong (total shift of 0.6% 6k between TRX-1 and TRX-2 or 0.55% 6k between
BAPL-1 and BAPL-3). According to the sensitivity analysis calculations the
effect is too strong to be attributed to the WIMS calculational models alone.
The sensitivity analysis and references [3,5] suggest that the error in k.;, can
be better explained by the error in the resonance integrals of U-238. This is
also in agreement with the observed erro-s in the calculated spectral indicators
(particularly p28) which are discussed below.

e The influence of different input options is not so strong in the case of other
benchmark parameters (p28, §28, 626, C*), as they depend only on the spectrum
and on the particular isotope microscopic cross-sections. The spread of the
results presented in Tables 2-6 is relatively small. The average values are pre-
sented in Table 7 and the reference results in Table 8. It may be observed that
the calculated results systematically lie within the experimental error interval
for 62° and 628 while for p2® and C* they are mainly out of it.

p?8 is underestimated by approximately 4% in the case of TRX-1 and 2 and by
approximately 2% in the case of BAPL-1 and 3. In the case of BAPL-2 the over-
estimation of p?8 is small. Experimental value for C* is provided only for TRX-1
and 2, in both cases the calculated C* being approximately 2% underestimated.
Both results indicate that the epithermal capture of U-238 is underestimated
by about 4%. Independently, from the good agreement for 625 and 628 it can be
concluded, that the U-235 fission reaction rate in the denominator of C* being
correct, the U-238 capture is responsible fc: the discrepancies. Since p?% = 1,
the thermal and the epithermal capture are approximately equal. Assuming
that the thermal capture 1s correct, the error in C* should be two times smaller
than that of p2®, as it is indeed observed.

o The WIMS p2® is on average underestimated, indicating that the resonance
cross-sections are probably underestimated, yielding overestimated k.s/ in tight
lattices, where the spectrum is harder and p?® is large. Going tc lattices with
a bigger lattice pitch (such as TRX-2 or BAPL-3), p?® becomes smaller and
the error in the resonance integral becomes less important. The k.ss is less
overestimated, 1.e., 1t is shifted in the negative directions with respect to the

experimental value.
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The conclusion that the epithermal and the resonance capture cross sections in
WIMS U-238 data are incorrect can not be definitely confirmed but it is consistent
with the observed indications, although there are also many other unaccounted
effects which may influence the results. Among them it is important to note that
the epithermal capture of U-238 is underestimated also due to the definition of the
U-238 absorption cross section in the WIMS library. Per definition, the (n,2n) cross
section 13 subtracted from the absorption cross section. The neutron balance and
the total cross section are preserved by taking the extra neutron into account in
the transfer matrix. However the definition affects the calculated reaction rates,
where the complete absorption cross section should be used and is not available in
the WIMS library. This effect on the calculated reaction rates was pointed out by
Jung-Do Kim of Korea. In his contribution he analysed this effect, estimating that
it amounts to approximately 1% in the total of 4% error in p28.

Table 2: TRX-1 benchmark, main input parameters and results.

LAB. COUNTRY U236 U238 H1 SEQ SN REG NM NG DI BE
ITE NEXICO 235.4 2238.4 2001 1 41 11 11 2 1
OAEP THAILAND 236.4 2238.4 2001 1 41 7 66 2 1
IEA BRASIL 236.4 2238.4 2001 1 41 16 18 1 1
CNEN BRASIL 236.4 2238.4 2001 1 41 13 24 2 -t
KAERI KOREA 236.4 2238.4 2001 1 416 10 69 2 1
ZFK  GERNANY 236.4 2238.4 2001 2 20 69 2 1
IPEN PERU 236.4 2238.4 2001 1 4 12 18 2 0
AEC  BOUTH AFRICA 235.4 2238.4 2001 1 1016 17 69 1 1
VIETNAN 236.4 2238.4 2001 1 416 8 6 2 0
CNEA ARGENTINA 236.4 2238.4 2001 2 9 18 2 O
HU TURKEY 9) 236 4 2238.4 2001 1 416 10 18 1 1
IJS SLOVENIA 236.4 2238.4 2001 1 1216 10 69 1 1
AERE BANGLADESH 235.4 2238.4 2001 69
PINST PAKISTAN 236.4 2238.4 2001 1 4 12 20 2 O
SKODA CSFR 1) 236.4 2238.4 2001 2 16 11 28 ¢ 1
BARC INDIA 236.4 2238.4 2001 2 12 6 2 O
NRI CSFR 3) 236.4 2238.4 2001 1 1216 10 69 1 1
NRI CSFR 1) 236.4 2238.4 2001 1 1216 10 69 1 1
CEADN CUBA 236.4 2238.4 2001 1 8 11 36 2 1
CNEA ARGENTINA 8) 2365.4 2238.4 2001 1 416 10 18 1 ¢
CNAEM TURKEY 236.4 2238.4 2001 1 4 20 20 2 O
TU IRAN 2356.4 2238.4 2001 1 416 10 6 2 O
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Table 2: Continued.

LAB. COUNTRY K-INF K-EFF R.D.%g? RO28 R.D.§028
( (%)
EXPERIMENT 1.0000 +-0.30 1.3200 +-1.569
IIE MEXICO 1.18603 1.00803 0.80 1.2620 -4.39=
OAEP THAILAND 1.18259 1.00372 0.37 1.2592 -4.60=
IEA  BRASIL 1.18130 1.00023 0.02 1.2690 -3.86=
CNEN BRASIL 1.18416 1.00410 0.41 1.2620 -4.39=
KAERI KOREA 1.18179 1.00301 0.30 1.2621 -4.39=
ZFK  GERMANY 1.18360 1.00290 0.29 1.2685 -3.90=*
IPEN PERU 1.17899 1.00487 0.49
AEC  SOUTH AFRICA 1.18263 1.00221 0.22 1.2626 -4.35=
VIETNAM 1.18590 0.99990 -0.01 1.2510 -5.23»
CNEA ARGENTINA 1.00253 0.25 1.2811 -2.96+
HU TURKEY 9) 1.17958 0.99908 -0.09 1.2819 -2.89=
IJS  SLOVENIA 1.18270 1.00227 0.23 1.2630 -4.32»
AERE BANGLADESH 1.18387 1.00309 0.31
PINST PAKISTAN 1.18181 1.00241 0.24 1.2757 -3.36=
SKODA CSFR 1) 1.18330 1.00110 0.11 1.2719 -3.64»*
BARC INDIA 1.002564 0.2b6 1.2834 -2.77=
NRI CSFR 3) 1.18498 1.00236 0.24 1.2630 -4.32=
NRI CSFR 1) 1.18270 1.00228 0.23 1.2630 -4.32+
CEADN CUBA 1.18248 1.00166 0.16 1.2764 -3.38=
CNEA ARGENTINA 8) 0.99908 -0.09 1.2818 -2.89=
CNAEM TURKEY 1.17940 1.00090 0.09 1.2810 -2.9b6=
TU IRAN 1.18192 1.00079 0.08 1.2749 -3.42=
LAB. COUNTRY DEL25 R.D.D25 DEL28 R.D.D28 Cs R.D.C=
¢9) %) ¢4
EXPERINENT 0.0987 +-1.01 0.0946 +-4.33 0.7970 +-1.00
IIE MEXICO 0.0992 0.561 0.0973 2.856 0.7740 -2.89=
OAEP THAILAND 0.0089 0.26 0.0969 1.38 0.7733 -2.97=
TEA  BRASIL 0.0996 0.91 0.0966 2.11 0.7T7T70 -2.61=
CNEN BRASIL 0.0992 0.51 0.0962 1.69 0.77560 -2.76+=
KAERI KOREA 0.0990 0.27 0.0960 1.48 0.7743 -2.84=
ZFK  GERMANY 0.0987 0.00 0.0973 2.8b 0.7767 -2.b66=
IPEN PERU
AEC  BOUTH AFRICA 0.0990 0.30 0.0964 1.80 0.7744 -2.84s
VIETNAM 0.0989 0.20 0.0960 1.48 0.7734 -2.96+
CNEA ARGENTINA 0.0980 0.30 0.0967 2.26 0.7810 -2.01=
HU TURKEY 9) 0.0997 1.00 0.0966 1.99 0.7803 -2.10=
IJS SLOVENIA 0.0990 0.30 0.09656 2.01 C.7745 -2.82»
AERE BANGLADESH
PINST PAKISTAN 0.0991 0.43 0.0963 0.77 0.7787 -2.30=
SKODA CSFR 1) 0.0996 0.91 0.0962 1.69 0.7769 -2.562=
BARC INDIA 0.0990 0.33 0.0978 3.34 0.7808 -2.03s=
NRI CSFR 3) 0.0990 0.30 0.0966 2.01 0.7745 -2.82=
NRI CSFR 1) 0.0990 0.30 0.0966 2.01 0.7746 -2.82»
CEADN CUBA 0.0991 0.41 0.0967 2.22 0.7789 -2.27=
CNEA ARGENTINA 8) 0.0997 1.01 0.0966 2.01 0.7803 -2.10=
CNAEN TURKEY 0.0996 0.91 0.0964 1.90 0.7802 -2.11=
TU IRAN 0.0992 0.51 0.0967 2.22 0.7780 -2.38s=

* OUT OF RANGE OF EXPERIMENTAL UNCERTAINTY

1) NEA 0329/13 PROGRAM AND LIBRARY

3) WINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
8) MODEL INPUT DATA (NMATERIAL 4), NEA 0329/14

9) MODEL INPUT DATA (NMATERIAL 4)
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Table 3: TRX-2 benchmark, main input parameters and results.

LAB. COUNTRY U236 U238 H1 SEQ BN REG NM NG DI BE
IIE MEXICO 236.4 2238.4 2001 1 41 13 11 2 1
OAEP THAILAND 236.4 2238.4 2001 1 41 7 66 2 1
IEA  BRASIL 236.4 2238.4 2001 1 41 16 18 1 1
CNEN BRASIL 236.4 2238.4 2001 1 41 13 24 2 -1
KAERI KOREA 2365.4 2238.4 2001 1 416 10 69 2 1
ZFK  GERNANY 236.4 2238.4 2001 2 20 69 2 1
IPEN PERU 2365.4 2238.4 2001 1 4 12 18 2 ©
AEC SOUTH AFRICA 235.4 2238.4 2001 1 1016 17 6% 1 1
VIETNAM 236.4 2238.4 2001 1 416 8 6 2 0
CNEA ARGENTINA 236.4 2238.4 2001 2 9 18 2 O©
V) TURKEY 9) 235.4 2238.4 2001 2 16 10 18 1 1
IJS SLOVENIA 236.4 2238.4 2001 1 1216 14 69 1 1
AERE BANGLADESH 235.4 2238.4 2001 69
PINST PAKISTAN 236.4 2238.4 2001 1 4 13 20 2 0
SKODA CSFR 1) 2365.4 2238.4 2001 2 16 16 28 1 1
BARC INDIA 235.4 2238.4 2001 2 12 6 2 0©
NRI CSFR 3) 236.4 2238.4 2001 1 1216 14 69 1 1
CEADN CUBA 236.4 2238.4 2001 1 8 11 36 2 1
CNEA ARGENTINA 8) 235.4 2238.4 2001 2 16 10 18 1 1
CNAEM TURKEY 236.4 2238.4 2001 1 4 20 20 2 O
TU IRAN 2356.4 2238.4 2001 1 416 10 6 2 O
LAB. COUNTRY K-INF K-EFF R.D.EFF RO28 R.D.RO28B
(%) (%)
EXPERIMENT 1.0000 +-0.10 0.8370 +-1.01
ITE MEXICO 1.16643 1.00442 0.44 0.7960 -4.90#
OAEP THAILAND 1.16268 0.99789 -0.21 0.7948 -b5.04s=
IEA BRASIL 1.16267 0.99616 -0.49 0.8000 -4.42+
CNEN BRASIL 1.16396 0.99900 -0.10 0.7950 -b5.02=
KAERI KOREA 1.16173 0.99702 -0.30 0.7957 -4.93=
ZFK  GERMANY 1.16460 0.99860 -0.14 0.7988 -4.b66+=
IPEN PERU 1.16864 0.99923 -0.08
AEC  SOUTH AFRICA 1.16330 0.99650 -0.35b 0.7965 -4.84=
VIETNAN 1.16800 1.00000 0.00 0.7941 -5.13=
CNEA ARGENTINA 1.00137 0.14 0.8061 -3.81=
HU TURKEY 9) 1.16471 0.99767 -0.24 0.8057 -3.74=
IJS SLOVENIA 1.16334 0.99654 -0.3b 0.7967 -4.81=»
AERE BANGLADESH 1.16317 0.99716 -0.29
PINST PAKISTAN 1.16300 0.99879 -0.i2 0.8022 -4.16=
SKODA CSFR 1) 1.16430 0.99660 -0.35b 0.8000 -4.42=
BARC 1INDIA 1.00227 0.23 0.8063 -3.67=
NRI CSFR 3) 1.16492 0.99668 -0.33 0.7967 -4.81is
CEADN CUBA 1.16386 0.99897 -0.10 0.8023 -4.1b6=»
CNEA ARGENTINA 8) 0.99768 -0.24 0.8068 -3.73=
CNAEM TURKEY 1.16120 0.89730 -0.27 0.8066 -3.76%
TU IRAN 1.16556 0.99914 -0.09 0.8012 -4.28»



Table 3: Continued.

LAB. COUNTRY

EXPERINENT
IIE NEXICO
THAILAND

IEA BRASIL
BRASIL
KAERI KOREA

ZFK  GERMANY
PERU

AEC  SOUTH AFRICA
VIETNAN
ARGENTINA
HU TURKEY 9)
IJS SLOVENIA
BANGLADESH
PINST PAKISTAN
SKODA CSFR 1)
INDIA

NRI CSFR 3)
CEADN CUBA
ARGENTINA 8)
CNAEN TURKEY

TU IRAN

CNEA

AERE

BARC

CNEA

* QUT OF RANGE OF EXPERIMENTAL

00000 [eXoNeoNeoNoNoNol

eleNeNoNoNoNolel

DEL26 R.D.D2b

1) NEA 0329/13 PROGRAM AND LIBRARY

3) VWINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
8) NODEL INPUT DATA (NMATERIAL 4), NEA 0329/14

9) MODEL INPUT DATA (NMATERIAL 4)

DEL28 R.D.D28

%) %
.0614 +~1.30 0.0693 +-5.056
.0610 =-0.6b6 0.0699 0.87
.0610 -0.72 0.0688 -0.69
.0613 -0.16 0.0694 0.14
.0610 -0.656 0.0691 -0.29
.0610 -0.72 0.0690 -0.49
.0608 -0.98 0.0701 1.15
.0611 -0.49 0.0694 0.14
.0608 -0.98 0.0689 -0.58
.0608 =~0.90 0.0695 0.33
.0612 -0.39 0.0700 1.07
.0610 -0.64 0.0696 0.30
.0610 -0.70 0.0685 -1.21
.0612 -0.33 0.0688 -0.72
.0608 -~0.94 0.0702 1.27
.0610 -0.64 0.0695 0.30
.0610 -0.656 0.0695 0.29
.0612 -0.33 0.0700 1.01
.0613 -0.16 0.0692 -0.14
.0609 -0.81 0.0696 0.43

UNCERTAINTY

C= R.D.C»
(%)

0.6470 +-0.93
0.6310 -2.47=
0.6315 -2.39«
0.6340 -2.01+
0.6320 -2.32+
0.6319 -2.34»
0.6320 -2.18+
0.6320 -2.32«
0.6362 -1.82=
0.6347 -1.90=
0.6321 -2.30=
0.6339 -2.02=
0.6329 -2.18»
0.6346 -1.92=
0.6321 -2.30=
0.6342 -1.98=
0.6348 -1.89=
0.6349 -1.87=
0.6349 -2.18=

Table 4: BAPL-UO2-1 benchmark, main input parameters and results.

LAB.

IIE
OAEP
IEA
CNEN
KAERI
ZFK
IPEN
AEC

CNEA
HU
IJs
AERE
PINST
SKODA
BARC
NRI
CEADN
CNEA
CNAEM

COUNTRY

MEXICO
THAILAND
BRASIL
BRASIL
KOREA
GERMANY
PERU

SOUTH AFRICA
VIETNAM
ARGENTINA
TURKEY 9)
SLOVENIA
BANGLADESH
PAKISTAN
CSFR 1)
INDIA

CSFR 3)
CUBA
ARGENTINA 8)
TURKEY
IRAN

U235

236.
236.
236.
236.
236.
236.
236.
236.
236.
236.
235.
236.
236.
235.
235.
236.
235.
235.
235.
236.
235.

bbb bbbbbbdddddddn

u23s

2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238,
2238.
2238.
2238,
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.

babbdbbhbbbbbbbbdddbdddddd

H1 SEQ SN REG

2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001

AN e s D) A A pa b A

e ) e N e

1

P - -
- s s e pa

FETY'S
pa

[« I ) oo,

NN

10

7
16
15
10
20
12
17

8

9
10
10

12
16
12
10
10
10
20
10

NG DI BE

11
56
18
24
69
69
18
69
6
18
18
69
69
20
18
6
69
36
18
20
6

[l A SEOW SN SN SR oy S N

[SESEON SN Ol SN )
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Table 4: Continued.

LAB. COUNTRY K-INF K-EFF R.D.EFF RO28 R.D.R0O28
(%) (%)

EXPERIMENT 1.0000 +-0.10 1.3900 +-0.72
IIE MEXICO 1.14639 1.00666 0.67 1.3400 -3.60=
OAEP THAILAND 1.14212 1.00333 0.33 1.3412 -3.51s
IEA BRASIL 1.14162 1.00128 0.13 1.3500 -2.88=
CNEN BRASIL 1.13419 0.99469 -0.54 1.4100 1.44s=
KAERI KOREA 1.14120 1.00253 0.25 1.3462 -3.15=
ZFK  GERMANY 1.14300 0.99980 -0.02 1.3686 ~-2.26%
IPEN PERU 1.13900 1.00329 0.33
AEC  SOUTH AFRICA 1.14167 1.00284 0.28 1.3466 -3.19=

VIETNAM 1.14580 1.00090 0.09 1.4302 2.89s
CNEA ARGENTINA 1.00070 0.07 1.3688 -1.53=
HU TURKEY 9) 1.14044 1.00123 0.12 1.3601 -2.16=
IJS SLOVENIA 1.14176 1.00292 0.29 1.3454 -3.21=
AERE BANGLADESH 1.14423 1.00261 0.26
PINST PAKISTAN 1.14227 1.00168 0.17 1.3608 -2.10s=
SKODA CSFR 1) 1.14610 1.00390 0.39 1.3395 -3.63s=
BARC INDIA 0.99264 -0.74 1.3091 -5.82s
NRI CSFR 3) 1.14492 1.00301 0.30 1.3454 -3.21s=
CEADN CUBA 1.14206 0.99897 -0.10 1.3626 -1.98s=
CNEA ARGENTINA 8) 1.00294 0.29 1.3451 -3.23s
CNAEM TURKEY 1.14000 1.00110 o0.11 1.3614 -2.06%*
TU IRAN 1.14208 1.00111 0.11 1.35650 -2.52=
LAB. COUNTRY DEL25 R.D.D25 DEL28 R.D.D28 C*

(%) ¢9)

EXPERINENT 0.0840 +-2.38 0.0780 +-5.13
IIE NEXICO 0.0840 0.00 0.0770 -1.28
OAEP THAILAND 0.0840 0.02 0.0762 -3.63 0.7947
IEA BRASIL 0.0840 0.00 0.0770 -1.28
CNEN BRASIL 0.0840 0.00 0.0770 -1.28
KAERI KOREA 0.0841 0.08 0.0762 -3.62 0.7963
ZFK  GERMANY 0.0841 0.12 0.0768 -1.54 0.8004
IPEN PERU
AEC SOUTH AFRICA 0.0843 0.36 0.0764 -3.33

VIETNAM 0.0838 -0.24 0.0766 -1.79
CNEA ARGENTINA 0.0840 0.06 0.0768 -1.53 0.8043
HU TURKEY 9) 0.0843 0.3% 0.0762 -2.27 0.8007
IJS SLOVENIA 0.0840 0.05 0.0765 -3.23 0.7960
AERE BANGLADESH
PINST PAKISTAN 0.0842 0.20 0.0759 -2.72 0.8011
SKODA CSPR 1) 0.0840 0.00 0.0758 -2.82 0.7939
BARC INDIA 0.0787 -6.29% 0.0742 -4.87 0.7861
NRI CSPR 3) 0.0840 0.05 0 0766 -3.24 0.7960
CEADN CUBA 0.0843 0.36 0.0764 -2.05 0.8021
CNEA ARGENTINA 8) 0.0840 0.00 0.0761 -2.44 0.7968
CNAEM TURKEY 0.0843 0.36 0.0768 -1.54 0.8013
TU IRAN 0.0840 0.00 0.0779 -0.13 0.7991

« QUT OF RANGE OF EXPERIMENTAL UNCERTAINTY

1) NEA 0329/13 PROGRAM AND LIBRARY

3) WIMS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
8) MODEL INPUT DATA (NMATERIAL 4), NEA 0329/14

9) MODEL INPUT DATA (NNATERIAL 4)
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Table 5: BAPL-UO2-2 benchmark, main input parameters and results.

LAB.

IIE
OAEP
IEA
CNEN
KAERI
ZFK
IPEN
AEC

CNEA
IJs

PINST
SKODA
BARC
NRI
CEADN
CNEA
CNAEM

LAB.

COUNTRY

MEXICO
THAILAND
BRASIL
BRASIL
KOREA
GERMANY
PERU

SOUTH AFRICA
VIETNAM
ARGENTINA
TURKEY 9)
SLOVENIA
BANGLADESH
PAKISTAN
CSFR 1)
INDIA
CSFR 3)
CUBA
ARGENTINA 8)
TURKEY
IRAN

COUNTRY

EXPERIMENT

MEXICO
THAILAND
BRASIL
BRASIL
KOREA
GERMANY
PERU

SOUTH AFRICA
VIETNAM
ARGENTINA
TURKEY 9)
SLOVENIA
BANGLADESH
PAKISTAN
CSFR 1)
INDIA

CSFR 3)
CUBA
ARGENTINA B)
TURKEY
IRAN

vU23

235.
236.
236.
236.
236.
2356.
2356.
236.
236.
235.
23b.
2356,
23b.
236.
2356,
235.
236.
2356.
23b.
23b.
23b.

b U238

#ééébhhhhhhh#éé#bbéé#

K-INF

A s s b e A s

[ [T VRN

[

- -

.14846
. 14444
. 14397
.14064
. 14368
.14550
.14110
.14419
.14820

. 143356
.14428
.14642
.14488
.14840

. 14720
.14477

.14270
.14479

2238.
2238.
2238.
2238.
2238.
2238,
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.
2238.

H1

2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001

AR ALALEBRAL AL LLLD DS

K-EFF

.0000

.00522
.00127
.99881
.99671
.00059
. 99860
.00144
. 00047
.00000
. 99863
.99923
.00049
.00071
.00036
.00170
.98923
.00061
.99793
.96923
. 99960
. 99959

QO OO O EEROOF LR OO -

SEQ

AN e e D) e e e e e

o D) A NN

R.D.EFF

SN

Lo S -

|
Py

12

(x)
10

.62
.13
.12
.33
.06
.14
.14
.06
.00
.04
.08
.06
.07
.04
.17
.08
.06
.21
.08
.04
.04

REG NM NG DI BE
1 10 11 2 1
1 7 56 2 1
1 16 18 1 1
1 16 24 4 -1
16 10 69 2 1
20 69 2 1
12 18 2 O
16 17 69 1 1
16 8 6 2 O
9 18 2 O
16 10 18 1 1
16 10 69 1 1
69
13 20 2 O
1 15 18 1 1
12 6 2 0
16 10 69 1 1
10 36 2 1
16 10 18 1 1
20 20 2 O
16 10 6 2 O
RO28 R.D.RO28
)
1.1200 +-0.89
1.1200 0.00
1.1194 -0.0b6
1.1300 0.89
1.1600 3.57=
1.1227 0.24
1.1336 1.21=
1.1228 0.26
1.1177 -0.21
1.1422 1.08=
1.1361 1.3b=
1.1227 0.24
1.1347 1.31=
1.1187 -0.12
1.0059 -2.1b»
1.1226 0.23
1.1362  1.456=
1.1351 1.3b~
1.1354 1.38=
1.1326 1.12=
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Table 5: Continued.

LAB. COUNTRY DEL26 R.D.D25 DEL28 R.D.D28 Cs
(%) (%)

EXPERIMENT 0.0680 +-1.47 0.0700 +-5.71
ITE  MEXICO 0.0690 1.47 0.0670 -4.29
OAEP THAILAND 0.0686 0.94 0.0649 -7.34= 0.7272
IEA BRASIL 0.0690 1.47 0.0660 -5.71»
CNEN BRASIL 0.0690 1.47 0.0670 -4.29
KAERI KOREA 0.0687 0.97 0.0649 -7.27« 0.7283
ZFK  GERNANY 0.0687 1.03 0.0663 -5.29 0.7319
IPEN PERU
AEC  SOUTH APRICA 0.0688 1.18 0.0662 -6.86+*

VIETNAM 0.0685 0.74 0.0660 -~5.T1=
CNEA ARGENTINA 0.0686 0.96 0.0663 -5.33 0.73563
HU TURKEY 9) 0.0689 1.26 0.0669 -5.87+ 0.7322
IJS SLOVENIA 0.0687 1.00 0.0662 -6.80% 0.7282
AERE BANGLADESH
PINST PAKISTAN 0.0687 1.07 0.0664 -6.57+« 0.7323
SKODA CSFR 1) 0.0686 0.¢8 0.0666 -6.20% 0.7267
BARC INDIA 0.0646 =-5.21% 0.0641 -8.49+« 0.7207
NRI CSFR 3) 0.0687 0.99 0.0662 -6.81* 0.7282
CEADN CUBA 0.0688 1.18 0.0659 -65.86* 0.7332
CNEA ARGENTINA 8) 0.0689 1.:2 0.0669 -5.86* 0.7322
CNAEM TURKEY 0.0688 1.18 0.0662 -5.43 0.7325
U IRAN 0.0687 1.03 0.0672 -4.00 0.7310

*» QUT OF RANGE OF EXPERIMENTAL UNCERTAINTY

1) NEA 0329/13 PROGRAM AND LIBRARY

3) WIMS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
8) MODEL INPUT DATA (NMATERIAL 4), NEA 0329/14

9) MODEL INPUT DATA (NMATERIAL 4)

Table 6: BAPL-UO2-3 benchmark, main input parameters and results.

LAB. COUNTRY U236 U238 H1 SEQ SN REG NM NG DI BE
IIE MEXICO 236.4 2238.4 2001 1 41 11 11 2 1
OAEP THAILAND 236.4 2238.4 2001 1 41 7 B6 2 1
IEA  BRASIL 236.4 2238.4 2001 1 41 16 18 1 1
CNEN BRASIL 2356.4 2238.4 2001 1 41 16 24 4 -1
KAERI KOREA 236.4 2238.4 2001 1 416 10 69 2 1
ZFK  GERMANY 235.4 2238.4 2001 2 20 69 2 1
IPEN PERU 236.4 2238B.4 2001 1 4 12 18 2 O
AEC  SOUTH AFRICA 235.4 2238.4 2001 1 1016 17 69 1 1
VIETNAM 236.4 2238.4 2001 1 416 8 6 2 O
CNEA ARGENTINA 236.4 2238.4 2001 2 g 18 2 O
HU TURKEY ) 235.4 2238.4 2001 2 16 10 18 1 1
IJs SLOVENIA 236.4 2238.4 2001 1 1216 10 69 1 1
AERE BANGLADESH 235.4 2238.4 2001 69
PINST PAKISTAN 236.4 2238.4 2001 1 4 14 20 2 O
SKODA CSFR 1) 236.4 2238.4 2001 2 1 15 18 1 1
BARC INDIA 236.4 2238.4 2001 2 12 6 2 O
NRI CSFR 3) 235.4 2238.4 2001 1 1216 10 69 1 1
CEADN CUBA 236.4 2238.4 2001 1 8 10 36 2 1
CNEA ARGENTINA 8) 235.4 2238.4 2001 2 16 10 18 1 1
CNAEM TURKEY 236.4 2238.4 2001 1 4 20 20 2 O
TV IRAN 235.4 2238.4 2001 T 416 10 6 2 O
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Table 6: Continued.

LAB. COUNTRY K-INF K-EFF R.uiigp RO28 R.D.R028
(%)
EXPERIMENT 1.0000 +-0.10 0.9060 +-1.10
IIE MEXICO 1.13234 1.003656 0.36 0.8800 -2.87=
OAEP THAILAND 1.12886  0.99892 -0.11  0.8824 -2.60%
IEA BRASIL 1.12868 0.99676 -0.32 0.8870 -2.10»
CNEN BRASIL 1.12937 0.99922 -0.08 0.9040 -0.22
KAERI KOREA 1.12817  0.99836 -0.16  0.8847 -2.36x
ZFK  GERMANY 1.13000  0.99770 -0.23  0.8928 -1.46+
IPEN PERU 1.12518  0.99916 -0.09
AEC SOUTH AFRICA 1.12885  0.99809 -0.19  0.8848 -2.34s
VIETNAM 1.13270 0.99990 -0.01 0.8808 -2.78s
CNEA ARGENTINA 0.99911 -0.09 0.8998 -0.68
HU  TURKEY 9)  1.12892  0.997756 -0.22  0.8940 -1.32%
IJS  SLOVENIA 1.12899  0.99807 -0.19  0.8849 -2.33+
AERE BANGLADESH  1.13018  0.99849 -0.15
PINST PAKISTAN 1.12937  0.99912 -0.09  0.8934 -1.39%
SKODA CSFR 1) 1.13280  0.99990 -0.01  0.8821 ~-2.64s
BARC INDIA 0.98618 -1.38  0.8670 -4.30s
NRI CSFR 3) 1.13116  0.99821 -0.18  0.8849 -2.33=
CEADN CUBA 1.12042  0.99716 -0.28  0.8941 -1.31s
CNEA ARGENTINA 8) 0.99900 -0.10  0.8847 -2.35s
CNAEN TURKEY 1.12770 0.99830 -0.17 0.8938 -1.34«
TU  IRAN 1.13006 0.99895 -0.10  0.8910 -1.65%
LAB. COUNTRY DEL26 R.D.D26 DEL28 R.D.D28 Ce
(%) ¢9)
EXPERIMENT 0.0520 +-1.92  0.0670 +-5.26
IIE NEXICO 0.0630 1.92 0.06560 -3.51%
OAEP THAILAND 0.0627 1.44 0.0634 -6.26+» 0.65631
IEA BRASIL 0.0630 1.92  0.0640 -5.26
CNEN BRASIL 0.0630 1.92  0.0660 -3.51
KAERI KOREA 0.0629 1.69  0.0636 -6.16%¢ 0.6539
ZFK GERMANY 0.0628 1.73 0.0646 -4.21 0.65666
IPEN PERU
AEC  SOUTH AFRICA 0.0630 1.92  0.0538 -5.61+%
VIETNAN 0.0627 1.36  0.0542 -4.91
CNEA ARGENTINA 0.0529 1.63 0.0546 -4.26  0.6594
HU  TURKEY 9) 0.0629 1.83  0.0643 -4.66  0.6568
IJS  SLOVENIA 0.0629 1.73  0.0638 -5.56+ 0.6539
AERE BANGLADESH
PINST PAKISTAN 0.0629 1.76 0.0638 -5.6b* 0.6568
SKODA CSFR 1) 0.0520 1.73  0.0641 =-5.09  0.6528
BARC INDIA 0.0498 -4.26* 0.0528 -7.39+¢# 0.6456
NRI CSFR 3) 0.0529 1.73  0.0638 -5.56+ 0.6639
CEADN CUBA 0.0530 1.92 0.0642 -4.91  0.6574
CNEA ARGENTINA 8) 0.0530 1.92  0.0640 -6.26  0.6537
CNAEN TURKEY 0.0630 1.92 0.0644 -4.66  0.6569
TU  IRAN 0.0528 1.54 0.0551 -3.33  0.6657

* QUT OF RANGE OF EXPERIMENTAL UNCERTAINTY

1) NEA 0329/13 PROGRAM AND LIBRARY

3) WIMS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
8) MODEL INPUT DATA (NMATERIAL 4), NEA 0329/14

9) MODEL INPUT DATA (NMATERIAL 4)
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K-EFF
K-INF
RO 28
DEL2b6
DEL28
Cs*

K-EFF
K-INF
RO 28
DEL2b6
DEL28
Cs

Table 7: Averages of calculated values from Tables 2-6

TRX1

EXPERINENT

ERROR

(%]
1.00000 +-.30

1.32000
0.09870
0.09460
0.79700

1.69
1.01
4.33
1.00

TRX2

EXPERIMENT
ERROR

(%]

1.00000 +-.10

0.83700 1.91
0.06140 1.30
0.06930 5.06
0.64700 0.92

BAPL1

K-EFF
K-INF
RO 28
DEL2b6
DEL28

EXPERIMENT
ERROR

(%]

1.00000 +-.10

0.71
2.38
5.12

1.39000
0.08400
0.07800

BAPL2

K-EFF
K-INF
RO 28
DEL2b6
DEL28

EXPERIMENT
ERROR

(%]
1.00000 +-.10
0.89
1.47
5.71

1.12000
0.06800
0.070C0

BAPL3

K-EFF
K-INF
RO 28
DEL2b6
DEL28

EXPERIMENT

ERROR

[%]
1.00000 +-.10
0.90600
0.05200
0.05700

1.10
1.92
5.26

AVERAGE

1.00222
1.18262
1.26963
0.09918
0.09650
0.77684

AVERAGE

0.99843
1.16356
0.79986
0.06102
0.06941
0.63322

AVERAGE

1.00135
1.14216
1.36666
0.08379
0.07607

AVERAGE

0.99959
1.14483
1.12804
0.06852
0.06572

AVERAGE

0.99815
1.12967
0.88752
0.05274
0.05408

CALCULATION
DEV RELDEV DIF
(%]
0.00195 0.19 0.00222
0.00192 0.16 -0.00008
0.00912 0.73 -0.06037
0.00029 0.29 0.00048
0.00063 0.66 0.00180
0.00266 0.34 -0.02016
CALCULATION
DEV RELDEV DIF
(%)
0.00218 0.22 -0.00157
0.00201 0.17 0.00022
0.00427 0.63 -0.03716
0.00015 0.26 -0.00038
0.00049 0.71 0.00011
0.00134 0.21 -0.01378
CALCULATION
DEV RELDEV DIF
(%]
0.00306 0.30 0.0013b6
0.00289 0.26 0.00041
0.02606 1.92 -0.03334
0.00124 1.48 -0.00021
0.00078 1.03 -0.00193
CALCULATION
DEV RELDEV DIF
(%]
0.00290 0.29 -0.00041
0.00226 0.20 0.000565
0.01291 1.14 0.00804
0.00100 1 456 0.00052
0 00072 1.10 -0.00428
CALCULATION
DEV RELDEV DIF
(%]
0.00307 0.31 -0.001856
0.00186 0.16 0.00068
0.0608256 0.93 -0.01848
0.00073 1.38 0.00074
0.000563 0.99 -0.00292

RELDIF
(%]

0.23
-0.00
-3.84
0.48
2.00
-2.54

RELDIF
(%]
-0.16
0.02
-4.44
-0.61
0.15
-2.13

RELDIF
(%]
0.13
0.04
-2.40
-0.25
-2.47

RELDIF
[%]
-0.04
0.06
0.72
0.77
-6.11

RELDIF
%)
-0.18
0.05
-2.04
1.43
-6.13



TRX1
EXPERIMENT
ERROR
(]
K-EFF 1.00000 0.30
RO 28 1.32000 1.59
DEL26 0.00870 1.01
DEL28 0.00460 4.33
Ce 0.79700 1.00

TRX2
EXPERIMENT
ERROR
(x]
K-EFF 1.00000 0.10
RO 28 0.83700 1.91
DEL25 0.06140 1.30
DEL28 0.06930 6.05

o 0.64700 0.93
BAPL1

EXPERINENT

ERROR

(Xl

K-EFF  1.00000 0.10

RO 28 1.39000 0.72
DEL25 0.08400 2.38
DEL28 0.07800 65.13

BAPL2
EXPERIMENT
ERROR
[x]
K-EFF  1.00000 0.10
RO 28 1.12000 0.89
DEL26 0.06800 1.47
DEL28 0.07000 5.71

BAPL3
EXPERIMENT
ERROR
(%]
K-ZFF 1.00000 0.10
RO 28 0.90600 1.10
DEL25 0.05200 1.92
DEL28 0.06700 b5.26

CALCULATION
1.00227 0.
1.26300 -0.
0.00000 O.
0.09650 0.
0.77460 -0.
CALCULATION
0.996564 -0.
0.79670 -0
0.0610. -0,
0.06961 0.
0.63210 -0.
CALCULATION
1.00292 0.
1.34540 -0.
0.08404 0.
0.07648 -0.
CALCULATION
1.00049 O
1.12270 O
0.06868 O.
0.06624 -0
CALCULATION
0.99807 -0.
0.88490 -0.
0.06200 O
0.06383 -0.

DIF

00227
05700
00030
00190
02260

DIF

00346

.04030

00039
00021
01490

DIF

00292
04460
00004
00252

DIF

.00049
.00270

00068

.00476

DIF

00193
02110

.00080

00317

RELDIF
[%)
0.23
-4.32
0.30
2.01
~2.82

RELDIF
[x]
-0.35
-4.81
-0.64
0.30
~2.30

RELDIF
(Xl
0.29
-3.21
0.06
-3.23

RELDIF
(%]
0.06
0.24
1.00
-6.80

RELDIF
(%)
-0.19
-2.33
1.73
-6.56

Table 8: Reference results for the benchmark lattices using input from Appendix B.2
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Figure 1: Distribution of calculated k.ss values for the benchmark lattices
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3 Sensitivity Analysis on the WIMS Code Version

In order to separate the effects of different input models from the effects due to
different versions or modifications of the code, the participants were asked to repeat
the TRX-1 calculation using prescribed (model) input, which was defined by the
coordinator of the project (see Appendix B.1). The input is close to the optimal
except for some parameters which were deliberately relaxed in order to make the
calculation feasible also to the participants with smaller computers.

In Table 9 the calculated parameters of TRX-1 benchmark, using the distributed
model input data (Appendix B.1) are presented. As the input data for this calcu-
lation were prescribed, most of participants sent only the results, without the input
data really used in the calculation. However, it seems that in some cases not com-
pletely identical input data were used.

The sequence of contributions in Table 9 was rearranged according to the values
of ko as it shows correlation with the particular version of the WIMS code used in the
calculation. The versions and origin of the codes used by participants is presented
in Table 10. The list of WIMS-D/4 code versions distributed by the NEA CPL from
1982 till now is presented in Table 11.

In the first group there are identical results produced with versions NEA 0329/13
and NEA 0329/06. Only a slightly different value of ko, is given by the version NEA
0329/10 prepared and used by the AEC of South Africa.

Table 9: Results contributed for the model input data (void as material 0).
BENCHNARK : TRX1

LAB. COUNTRY U236 U238 H1 SEQ SN REG NN NG DI BE
IJ§ SLOVENIA 236.4 2238.4 2001 1 416 10 18 1 1
TEA BRASIL 235.4 2238.4 2001 1 416 10 18 1 1
IIE NEXICO 236.4 2238.4 2001 1 416 10 18 1 1
KAERI KOREA 235.4 2238.4 2001 1 416 10 18 1 1
NRI CSFR 1) 236.4 2238.4 2001 1 416 10 18 1 1
TU IRAN 235.4 2238.4 2001 1 416 10 18 1 1
CNEN BRASIL 235.4 2238.4 2001 1 416 10 18 1 1
AEC  SOUTH AFRICA 235.4 2238.4 2001 1 416 10 18 1 1
ZFK  GERNANY 236.4 2238.4 2001 1 416 10 18 1 1
NRI CSFR 3) 235.4 2238.4 2001 1 416 10 18 1 1
PINST PAKISTAN 2365.4 2238.4 2001 1 416 10 18 1 1
AERE BANGLADESH 235.4 2238.4 2001 1 416 10 18 1 1
CEADN CUBA 235.4 2238.4 2001 1 416 10 18 1 1
CNEA ARGENTINA 235.4 2238.4 2001 1 416 10 18 1 1
OAEP THAILAND 235.4 2238.4 2001 1 416 10 18 1 1
HU TURKEY 235.4 2238.4 2001 1 416 10 18 1 1
sxx) 236.4 2238.4 2001 1 416 10 18 1 1
IPEN PERU 235.4 2238.4 2001 1 416 10 18 1 1

* QUT OF RANGE OF EXPERIMENTAL UNCERTAINTY

1) NEA 0329/13 PROGRAM AND LIBRARY

3) WIMS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY

+) K-INF VALUE FRON CHAIN 6

ss) K-INF VALUE FROM 2-GROUP CALCULATION (?)

ssx) NEA 0329/13 PROGRAM AND LIBRARY, "DNB 3 0. 0. 0. 0." CARD USED
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Table 9: Continued.

LAB.

COUNTRY

EXPERIMENT

IJS
IEA
IIE
KAERI
NRI
TU
CNEN
AEC
ZFK
NRI
PINST
AERE
CEADN
CNEA
OAEP
HU

*a%)

IPEN

SLOVENIA
BRASIL
MEXICO
KOREA

CSFR 1)
IRAN
BRASIL
SOUTH AFRICA
GERMANY
CSFR 3)
PAKISTAN
BANGLADESH
CUBA
ARGENTINA
THAILAND
TURKEY

PERU

BENCHMARK : TRX1

LAB.

COUNTRY

EXPERINENT

1Js
IEA
IIE
KAERI
NRI
TU
CNEN
AEC
ZFK
NRI
PINST
AERE
CEADN
CNEA
OAEP
HU

whw)

IPEN

SLOVENIA
BRASIL
NEXICO
KOREA
CSFR 1)
IRAN
BRASIL
SOUTH AFRICA
GERMANY
CSFR 3)
PAKISTAN
BANGLADESH
CUBA
ARGENTINA
THAILAND
TURKEY

PERU

P A A A A A b A A A b s pa

- s s g

* OUT OF RANGE OF EXPERIMENTAL UNCERTAINTY
1) NEA 0329/13 PROGRAM AND LIBRARY
3) WIMS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY

*) K-INF VALUE FROM CHAIN 6

»s) K-INF VALUE FROM 2-GROUP CALCULATION (7)

#xx) NEA 0329/13 PROGRAM AND LIBRARY, "DNB 3 0. 0. O. O0." CARD

K-INF K-EFF R.D.EFF R0O28 R.D.RD28
(%) (%)
1.3200 +-1.569

.18106 1.00030 0.03 1.2726 -3.59=
.18106 1.00030 0.03 1.2726 -3.69=
.18106 1.00030 0.03 1.2726 -3.59=
.18106 1.00030 0.03 1.2726 -3.59+
.18106 1.00030 0.03 1.2726 -3.59=
.18106 1.00029 0.03 1.2726 -3.569=
.18398##) 1.00030 0.03 1.2720 -3.64+
.18116 1.00038 0.04 1.2720 -3.64=
.18310 *) 1.00032 0.03 1.2726 -3.59+
.18299 1.00032 0.03 1.2726 ~3.b9=
.18297 1.00030 0.03 1.2726 -3.59+
. 18297 1.00792 0.79
.18298 1.00032 0.03 1.2726 -3.59=

1.00032 0.03 1.2726 -3.69=*
.18049 1.013793 0.79
.18049 1.00792 0.79 1.2703 -3.77»
. 18049 1.00793 0.79 1.2702 -3.77s
.17647 0.93300 -6.70
DEL26 R.D.D256 DEL28 R.D.D28 Cs R.D.C=

(%) %) (%)
0.0987 +-1.01 0.0046 +-4.33 0.7970 +-1.00
0.0996 0.90 0.0963 1.85 0.7772 -2.48=
0.0996 0.90 0.0863 1.85 0.7772 -2.48»
0.0996 0.90 0.0963 1.8b 0.7772 -2.48s
0.0996 0.90 0.0963 1.85b 0.7772 -2.48»
0.0996 0.90 0.0663 1.84 0.77TT2 -2.48=
0.0996 0.90 0.0963 1.8B4 0.7772 -2.48»
0.0896 0.81 0.0963 1.80 0.7710 =-3.26+
0.0886 0.91 0.0963 1.80 0.7770 -2.b51»
0.0096 0.90 0.0963 1.84 0.7772 -2.48=
0.0996 0.90 0.0863 1.84 0.7772 -2.48»#
0.0996 0.90 0.0963 1.856 0.7772 -2.48=
0.0996 0.91 0.0963 1.80 0.7772 -2.438=
0.0996 0.91 0.0963 1.80 0.7772 -2.48=
0.0994 0.73 0.0950 0.44 0.7766 -2.b56=
0 0994 0.72 0.0860 0 44 0.7766 -2.56=
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Table 10: Applied versions of program and library.

Program Library
CNEA Argentina
AERE Bangladesh IBM version 101
(NEA 0329/05)
CNEN Brasil VIMS-TRACA
(NEA 0926/02)
IEA Brasil NEA 0329/06
CEADN Cuba version 101 (Nov1981)
(NEA 0329/05)
SKODA CSFR NEA 0329/13 NEA 0329}13
WINSD2A version 1986
NRI CSFR version 101 (Nov.1981) NEA 0320/13
(NEA 0329/05)
NEA 0329/13 NEA 0329/13
ZFK Germany version 101 (Nov.1981)

(NEA 0329/06)

- ah W - = e R P G P P T R D R D D e S e L A Y e R L D D S TP S W S e e -

BARC India version adapted to
NORSK DATA computer

- - - D - - - - - " - - - S TE S D D e e e -

+ changes recommended
in AEEW-R-2133 (1986)

NAEA Indonesia NEA 0329/08

T Irsn PC version (1

KAERI Korea NEA 0320/06 (%)

IE Mexico NEA O320/06

PINST Pakistan versiom 100
(created 1980)

IPEN Peru NEA O320/08

1JS Slovemia NEA 0320/13 NEA 0329/13

AEC South Africa  version 4.1 NEA 0329/10
(NEA 0329/10)

OAEP Thailemd NEA O329/08

CNAEN Turkey NEA O329/08

W Turkey

- - - - > e W G D e D L D A e D En Y e TP TR R WD R En W D SR PP WS S W S WS R D G S . S e .
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Table 11: List of WIMS-D/4 versions reported by NEA DB.

Package ID Original computer Test computer Date

NEA 0329/06 IBK 3081 IBM 3081 Dec 1982
NEA 0329/06 CDC CYBER 740 CDC CYBER 740 Aug 1983
NEA 0329/08 DEC VAX series Nov 1986
NEA 0329/10 IBM 370 series Nov 1990
(WIMSD 4.1)

NEA 0329/13 DEC VAX 11/780 all computers

NEA 0329/14 IBN PC IBN PC Feb 1990
NEA 0329/15 IBN PC Nov 1990

There is the second group of similar values of ko produced with the ” version 101
of WIMS (Nov. 1981)”, which probably corresponds to NEA 0329/05 (received at
NEA Data Bank in December 1982). A slightly different value reported from ZFK
1s said to be taken from Chain 6, while the others are from Chain 14.

CNEN Brasil supplied the 2-group value of ko from Chain 14, which, as it will
be shown later, is consistent with other contributions, giving the 18-groups value.

Results reported by OAEP Thailand and HU Turkey and probably also the
value of k.ss reported by Bangladesh are affected by an error in the input data.
The contribution from HU contained also the input data used, so that this error
could be detected undoubtedly by repeating the calculation with the NEA 0329/13
version of the code at IJS (denoted = + * in Table 9). The error occured because
originally (in the letter of 12 April) input data with 4 materials (and 4 DNB cards)
were distributed. Later-on (in the letter of 7 May) the input was revised, with only
3 materials (and therefore 3 DNB cards, see Appendix B.1). In the contributions
mentioned above probably the corresponding change in the DNB cards was not
performed.

In the contribution from IPEN Peru a mistake in input data is most probably
involved. Unfortunately the actual input data were not supplied with the results for
this calculation.

It can be seen that in fact all versions of the WIMS code give almost the same
value of k-eff (when we exclude the values received with obvious errors in input).
It was further noticed that the 18-groups value of ko, from Chain 14 obtained with
version 101 of WIMS agrees well with the NEA 0329/13 version computed values in
Chains 6 and 13 (see Table 12). Even the 2-groups values of ko, from Chain 14
produced by both versions agree well. It seems that the two versions differ only
in the 18-groups value (or better, in the few-group calculation value) of ko from
Chain 14. The results are summarized 1n Table 12.

This difference, as it can be seen from Tables 9 and 11 starts probably with the
version NEA 0329/06 when the source code was converted from IBM to CDC. At the
same time some additional changes were introduced to incorporate WIMS into the
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Table 12: Values of ko, (TRX-1, input data Appendix B.1).

Chain NEA 0329/13 | Vers.101 (Nov.1981) | Halsall (5]
4 1.188084 1.187989 -
6 1.182986 - 1.18256
13 1.182984 - 1.18255
14 18-groups 1.181065 1.182986 1.18254
14 2-groups 1.183976 1.183972 -

so called MARIA system. Furthermore, it has been pointed out by Halsall [5] that
there should be no significant differences between k., values given by the main and
the edit chains of the code. The results in Table 12 provided by Halsall have been
obtained with the recent Winfrith version of the code on the SUN workstation, using
a library very similar to the one used in this project. By looking into the WIMS-D/4
source code used at 1JS in Slovenia and deactivating the corrections introduced for
the MARIA system, a consistent value of k., = 1.18298 was indeed obtained. It
remains for the authors of the changes to either justify or correct the modifications
they have introduced. From a practical point of view these differences are not very
important since they do not affect any other part of the code.

When the results affected by mistakes in input data are excluded from com-
parison we can conclude that the computed values of spectral characteristics agree
almost exactly. Only very slightly different values are produced by the versions
NEA 0329/10 and NEA 0926/02. A slightly more noticeable difference occurs in C»

produced with NEA 0926/02.
In conclusions of this comparison it can be said that except for a small difference

in the few-group value of ks in Chain 14 (about 0.16%) all versions of the WIMS
program and the library distributed by NEA CPL and implemented on different
computers give practically the same results.

4 Sensitivity Analysis of TRX-1, TRX-2, BAPL-1 and
BAPL-2 Benchmark Calculztions

4.1 General results

Dependence of the calculated parameters on various options in WIMS input data
is described on the TRX-1 benchmark problem. In some cases also comments on
TRX-2, BAPL-1, BAPL-3 are added, but mainly they are presented in Appendix C.

Input options which are not presented in the head of the tables have the following
“standard” values :

SEQUENCE 1
S 12

NMESH 10 (NMESH 14 for TRX-2)
NGROUPS 69

REGULAR 1 6

DIFFUSION 1 3 1

BEEONE 1
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Relative differences of calculated and experimental values (in per cent) are given
in the tables except for ko, where the result of presumably the most sophisticated
calculation (of those performed) is taken as the reference value.

The influence of the NMESH parameter is shown in Table 13. There are no signif-
icant differences in the results obtained with 10 and 20 mesh points.

Table 13: Influence of NMESH on TRX-1

BENCHMARK TRX1
I 2 2332332333333 3333731333883 3313333 3333331333333 753333333
| SEQUENCE| I 1 | 1 l 1 f 1 |
| 8 | I 8 | 8 | 8 | 8 |
i NMESH | [ 10 [ 20 [ 10 [ 20 |
| BEEONE | I o | 0 | 1 | 1 |
12 3 23 233133 3 238 8333333 3323312383833 3833333333333 ¢
| K-INFIN.| | 1.18336] 1.18326| 1.18336/| 1.18326]
| ERR. [%]I | -0.02 | -0.03 | -0.02 | -0.03 |
| K-EFF. | 1.00000| 1.00373| 1.00365i 1.00092| 1.00085|
| ERR. [%]] | 0.37 | 0.36 | 0.09 | 0.08 |
| RHO28 | 1.3200 | 1.2694 | 1.2696 | 1.2716 | 1.2716 |
| ERR. [%]]| +-1.69 | -3.83 | -3.83 | -3.67 | -3.67 |
| DEL25 | 0.09870| 0.09890| 0.09890) 0.09908| 0.09909]
| ERR. [%]] +-1.01 | 0.20 | 0.20 | 0.38 | 0.40 |
| DEL28 | 0.09460| 0.09491| 0.09491| 0.09649] 0.09649|
| BRR. [%]| +-4.33 | 0.33 | 0.33 | 2.00 | 2.00 |
| C= | 0.7970 | 0.7768 | 0.7768 | 0.7774 | 0.7774 |
| ERR. [%]! +-1.00 | -2.63 | -2.63 | -2.46 | -2.46 |

22 2 2 2232 2222 2 2 2 222 22 2R 22 RSS2 2222332223222 22 % 3

Tables 14 and 15 compare the results of DSN and PERSEUS options for transport
calculation (transport calculation being followed by either B; (Table 14) or Diagonal
transport corrected (Table 15) leakage calculation). The results of S, method with
the increasing value of n are changing towards the results by the coilision probability
method (last column in Tables 14 and 15). A change from S, to Sg is more significant
than the change from Sg to S;;. Probably there would be no further significant
change in the results with a further increase in the value of n.

Differences in the results of beth transport methods (S, and collision probability)
are significantly smaller than the range of the experimental uncertainties.

The same results for other three benchmarks are presented in Appendix C. The
influence of the method used for Dancoff factor calculation is shown in Table 16.
The difference between the default option and option REGULAR 1 is noticeable, while
the difference between REGULAR 1 and REGULAR 1 6 (triangular mesh taken into
account) is only slight. The most sersitive parameters are p?® and k.7s. This effect
was studied also for the other benchmarks and is documented in Appendix C. It
can be seen that BAPL-UO2 lattices are even more sensitive to this input option.
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Table 14: Influence of SEQUENCE on TRX-1 (BEEONE 1)

BENCHMARK : TRX1
XXX EEEEEEEEE R EE SN SRS S S S EEEEE R RS RS EEE AR E R &
| SEQUENCE| I 1 1 1 2 |
| 8§ | [ 4 | 8 | 12 | |
| BEEONE | | 1| 1 1| 1 |
SRS E RS E R R R KRS RS SRR K SRR E B KRS SR SRRk
| K-INFIN. | | 1.18260| 1.18336| 1.18360] 1.18431]
| ERR. [%]1 | -0.08 | -0.02 | 0.00 | 0.06 |
| K-EFF. | 1.00000{ 1.00018| 1.00092| 1.00112] 1.00170|
| ERR. [%]1 | 0.02 | 0.098 | ©0.11 | 0.17 |
| RHO28 | 1.3200 | 1.2725 | 1.2716 | 1.2716 | 1.2691 |

| ERR. [%]!| +-1.69 | -3.60 | -3.67 | -3.67 | -3.86 |

| DEL25 | 0.09870| 0.09917] 0.09808| 0.09907| 0.09893]
| ERR. [%)] +-1.01 | o0.48 | 0.38 | 0.37 | 0.23 |

- - ——— > S AP EF = - Y S T AP T s % n e T G D DD G GR G W D D R D OP D e e -

| DEL28 | 0.09460| 0.09616] 0.09649| 0.09663| 0.09716|

| ERR. [%]] +-4.33 | 1.65 | 2.00 | 2.16 | 2.71 |
| C= | 0.7970 | 0.7778 | 0.7774 | 0.7774 | 0.7766 |
| ERR. [%]] +-1.00 | -2.41 | -2.46 | -2.46 | -2.566 |

(222 22232 R 2 R R R R LR R SRR RS R R RS2 L2222 2221t 322 228 )

Table 15: Influence of SEQUENCE on TRX-1 (BEEONE 0)

BENCHNARK : TRX1
L R R R R R R R R R P P P Y R TR ST 31T Iz
| SEQUENCE| | 1 | 1| 1 | 2 |
| 8 { l 4 | 8 | 12 | |
| BEEONE | l o | o | o | o |
LR R 3 T R i I R R 3 R P R P I P  FE  F P P I I e P RS ST R 1331131,
| K-INFIN. | | 1.18260] 1.18336| 1.18360| 1.18431]
| ERR. [%]1] | -0.09 | -0.02 | 0.00 | 0.06 |
| K-EFF. | 1.00000{ 1.00300| 1.00373| 1.00391| 1.00448!
| ERR. [%]] | 0.30 | 0.37 | 0.39 | 0.456 |
| RHO28 | 1.3200 | 1.2703 | 1.2694 | 1.2604 | 1.2670 |
| ERR. [%]| +-1.69 ) -3.77 | -3.83 | -3.83 | -4.02 |
| DEL26 | 0.09870| 0.09899| 0.09890] 0.00889) 0.09875]
| ERR. [%)| +-1.01 | 0.29 | 0.20 | 0.19 | 0.06 |
| DEL28 | 0.09460| 0.09459| 0.09491| 0.09505| 0.09568]
| BRR. [%]f +-4.33 | -0.01 | 0.33 | 0.48 | 1.04 |
| Ce | 0.7970 | 0.7772 | 0.7768 | 0.7768 | 0.7760 |
| ERR. [%]] +-1.00 | -2.48 | -2.63 | -2.63 | -2.63 |

A2 R 2 2 2 2 S R R R P R R PRI R R F Y P F 2T
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Table 16: Influence of REGULAR on TRX-1

BENCHMARK : TRX1
I R R R R R R R R R P R R R N R F E I E R SRR SRS
| REGULAR | | | 1 | 16|
X 23 R R E TR R R RS 2 T R PP R R R R T T S ST TR ISR T
| K-INFIN.| | 1.18150] 1.18407| 1.18360]|
| ERR. [%]| | -0.18 | 0.04 | 0.00 |
| K-EFF. | 1.00000{ 0.9993%| 1.00152] 1.00112}
| ERR. (%] | -0.06 | 0.15 | 0.11 |
| RHO28 | 1.3200 | 1.2844 | 1.2686 | 1.2716 |
| ERR. [%]!| +-1.69 | -2.70 | -3.89 | -3.67 |
| DEL25 | 0.09870! 0.09918| 0.09905| 0.09907 |

| ERR. [%])] +-1.00 | 0.49 | 0.35 | 0.37 |

| DEL28 | 0.09460! 0.09682( 0.09658] 0.09663!|

| ERR. [%]] +-4.33 | 2.36 | 2.09 | 2.16 |
| C= | 0.7970 | 0.7817 | 0.7764 | 0.7774 |
| BRR. [%]! +-1.00 | -1.92 | -2.68 | -2.46 |

EXESEE XA E XSS LS LS EE A ESEE SRR SR A E RS EE S S EEES SN

Table 17 presents the influence of various methods for leakage calculation, in-
cluding various methods for diffusion coefficient calculation. The effects are not
negligible and are listed below:

ks 0.5%
p*®  0.3%
625 0.3%
5% 1.7%
Csx 0.15%

The largest value of k.;; (smallest value of p28, 62°, 628, C«) is obtained with op-
tions DIFFUSION 2, BEEONE O (implying sigma transport diffusion coefficients and
" Diagonal transport corrected flux solution” leakage calculation), while the small-
est value of k.rs (largest value of p28 6% 6?% Cx) is obtained with the options
DIFFUSION 1, BEEONE 1 (implying Benoist diffusion coefficients and B, leakage cal-
culation). The second alternative is considered to be more appropriate according to
the WIMS manual and the benchmark description.

Change from DIFFUSION 1 to DIFFUSION 2 gives approximately:

015% higher keff
0.15% lower p?®

0.10% " 528
0.10% " 58
0.07% 7 Csx
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Table 17: Influence of DIFFUSION and BEEONE on TRX-1

BENCHMARK : TRX1
[ 2 X R F R F T R R R R P R R R R T R R YRR PR R SRR RS AR R R S 2 2132 2 2 2 0 §
| DIFFUS. | | 1| 1 2 | 2 |
| BEEONE | | 1| o | 1 | o |
3 3 3 3 F 3 13T R 3 R R TR R IR T AR 3R R 3T ARSI RS R R 2 8 83 22 2 R 2 ¢ 0 ¢
[ K-INFIN. | | 1.18360] 1.18360] 1.18360] 1.18360|
| ERR. [%)1 | 0.00 | 0.00 | 0.00 | 0.00 |
| K-EFF. | 1.00000| 1.00112( 1.00391] 1.00283| 1.00564 |
| BRR. [%]! | 0.11 | 0.38 | 0.28 | 0.66 |
| RHO28 | 1.3200 | 1.2716 | 1.2694 | 1.2699 | 1.2678 |
| ERR. [X)] +-1.569 | -3.67 | -3.83 | -3.80 | -3.96 |

- D g L . - - - P e G D D D R D D R D D YT D WA ED S e T D D YD D e o -

| DEL26 | 0.09870| 0.09807| 0.09889| 0.09895| 0.09878|
| ERR. [%¥]I| +-1.00 | 0.37 | ¢.18 | 0.26 | o0.08 |

[ DEL28 | 0.09460{ 0.09663| 0.09506| 0.09655| 0.09500]
| ERR. [X]}} +-4.33 { 2.16 | 0.48 | 2.06 | 0.42 |
| ce | 0.7970 | 0.7774 | 0.7768 | 0.7769 | 0.7763 |

| ERR. [¥]} +-1.00 | -2.46 | -2.63 | -2.62 | -2.60 |

(22223223 2222 R 2RI RS R RS2 R R 22 R 222 20222 22l

Table 18: Influence of NGROUPS on TRX-1 (BEEONE 1)

BENCHMARK : TRX1
SEEEEEEEE RS EEEER E SR SRR RSk &
| § | | ¢ | 4 | 4 |
| NGROUPS | | 20 | 48 | 69 |
| REGULAR | | | | |
| BEEONE | | 1 | 1 | 1 |
L2 22 R E TR N E XS SR 323X R YT I3 22 2 2 3
| K-INFIN.| | 1.17970) 1.18056] 1.18043|
| ERR. [%]] | -0.33 | -0.26 | -C.27 |
| K-EPF. | 1.00000) 0.99761| 0.99861]| 0.99846]|
| ERR. [%]| ] ~0.24 | -0.14 | -0.16 |
| RHO28 | 1.3200 | 1.2934 | 1.2852 | 1.2863 |
| BRR. [%]] +-1.69 | -2.02 | -2.64 | -2.63 |
| DEL25 | 0.09870| 0.09971] 0.09926| 0.09927]|
| ERR. [¥%]! +-1.00 | 1.02 | 0.57 | 0.58 |
| DEL28 | 0.09460| 0.09664| 0.09634| 0.09636|
| ERR. [¥%]] +-4.33 | 2.16 | 1.84 | 1.86 |
| C= | 0.7970 | 0.7843 | 0.7820 | 0.7821 |
| ERR. {%]| +-1.00 | -1.59 | -1.88 | -1.87 |

L 222X 222422 22 22 222 22222 f 2L 22 F 2323722222222 %
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Table 19' Influence of NGROUPS on TRX-1 (BEEONE 0)

BENCHMARK : TRX1
[ T 22333 3333333332333 33333333 322 2 2222322332232 7
| 8 | | 4 I 4 | 4 |
| NGROUPS | | 20 | 48 | 69 |
| REGULAR | | | | |
| BEEONE | | 0 I o | 0 |
T 3333233333333 3313333333333 3333333333333 3% %%
| K-INFIN.| | 1.17970] 1.18066| 1.18043]
| ERR. [%]1 | -0.33 | -0.26 | -0.27 |
| K~-EFF. | 1.00000| 1.00036| 1.00139| 1.00126]|
| ERR. [%]] | 0.0 | 0.14 | 0.13 |
| RHO28 | 1.3200 | 1.2912 | 1.2831 | 1.2831 |
| ERR. [%]] +-1.69 | -2.18 | -2.80 | -2.80 |
| DEL26 | 0.09870] 0.099563| 0.099508| 0.09909 |
| BRR. [%)] +-1.01 | 0.84 | 0.38 | 0.40 |
| DEL28 | 0.09460] 0.09502| 0.09477] 0.09477/|
| ERR. [%]] +-4.33 | 0.44 | 0.18 | 0.18 |
| C= | 0.7970 | 0.7837 | 0.7814 | 0.7815 |
| BRR. [%)] +-1.00 | -1.67 | -1.96 | -1.94 |

[ 2333233332222 22 422222222 2222 R 22318332221

Change from BEEONE 1 to BEEONE O gives approximately:

0.30% higher ks
0.15% lower p28

0.18% 528
16% ” 538
0.07% ” Cx

Although these uncertainties are not negligible, they are smaller (except for k.yy)
than experimental uncertainties and usually also smaller than differences between

experimental and calculated results.
Calculational uncertainties can be reduced by qualified selection of one leakage

calculation method (if possible).
Comparison of different leakage calculation methods in case of the other bench-

marks are given in Appendix C. Essentially, the same effects are observed. Quanti-
tative comparisons are given in the summary tables.

Table 18 and Table 19 show the influence of the number of groups in the main
transport (and then leakage) calculation. While a change from 20 to 48 groups is
noticeable, further refinement to 69 groups brings only negligible changes.

4.2 Summary of calculational uncertainties

Brief review of calculational uncertainties is given 1n tables 20 to 26. In these tables
the maximum relative change (in per cent) in the parameter in question due to
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Table 20: Changes of TRX-1 calculated parameters resulting from the change from
20 groups (6 thermal) to 48 groups (21 thermal).

XXX R R X R AR R R XE R R R R R R RN R R AR K KSR R AR R RS
{ | relative change | uncertainty of |

| | in calculated | experimental |
l J value | value |
| l (%] | (%) |
EEXEX XX BEE SR EEEE AR XK KRR KRR KRR KK AR KK EE K KKK
I I | !
[ k-inf | +0.07 | |
| k-eff ! +0.10 | l
| rho28 | -0.62 ] 1.69 [
| delta258 | -0.45 | 1.01 |
| delta28 | -0.32 | 4.33 |
| C= | -0.29 | 1.00 |

I 22 2422122222222 22222322 RS2 222222222 2 2 2 4

a possible change in a WIMS input option is presented. The values of the input

options (except for the input option under investigation) are as follows :

CELL
SEQUENCE
NGROUP
NMESH

REGULAR
5

BEEONE

6

1
69 2
10 (14 FOR TRX2)

16
12

1

DIFFUSION COEFFICIENTS 1 3 1

LEAKAGE

b

PARTITION 46 69

The range of changes in WIMS input options is mentioned in the preceding text

and in the related tables (Tables 14 to 15) and 1s briefly summarized here:

Option Parameter values

REGULAR 1 /16 / no input card

SEQUENCE 1 /2

Sn n=4 / 8 / 12 (for SEQUENCE 1 only)
BEEONE 1/0

DIFFUSION 131 /2

NGROUP

20 / 48 /69

In the summary tables 21 to 26 only the maximum changes in the relative differ-
ences between the claculated and the measured values due to parameter variations
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are given. For changes in the relative differences due to a particular variation of a

Table 21: Range of relative changes (in %) 1n koo.

M 2 a2 2 o ak ok 2k ak ok K 2k Ak ak ok 2k K 2k o a2k ok o a2k oK 2K 0Kk oK K 3K K 2 X
l I input option |
l R AR R LR et I
| benchmark | REGULAR | SEQUENCE, Sn |

3 a2k ok dk K N K 2K ok K ak ok ak K ak koK k2K Kk 2K K 2K K 2Kk K 2Kk Kk K XK K K Kok

|  TRX-1 I 0.22 | 0.16 I
| mi2 | oos | o031 |
| et | 022 1 o101
| mars 1 o4 1 04

32 ko ak N oK kK ok a3k K ok ak ok 3K 3K ok K 2K 3K K ai KK koK K K K kXK

Table 22: Range of relative changes (in %) in k.ss

(AR 22222222222 2232322 RSS2 22222 22 RS R 2 2 22 2
[ l input option l

l |=esemmme e
| benchmark | REGULAR | SEQUENCE, | BEEONE, |

{ ! | Sn | DIFFUSION |
1 232 223 32233333333 2333332333223 233 3323312322233
|  TRX-1 | 0.21 | 0.16 I 0.46 |
|  TRX-2 | 0.11 | 0.32 | 0.54 ]
| BAPL-1 | 0.30 | 0.11 | 0.21 |
|  BAPL-3 | 0.16 | 0.15 | 0.38 I

30 e a2 kN ok dk ka3 2k o ok ok Kk oK K aK ok N oK K ok kK oK ok K ok kK K 3k ok ak XKk K K K

selected parameter refer to Tables 14 to 19 and to Appendix C.

Naturally, this sensitivity analysis is not complete. Moreover, the influence of
a selected parameter was investigated for only one set of fixed values of the other
parameters, but this is not expected to invalidate the recommendations stated below.

To reduce possible sources of imprecision of calculated results the following op-

tions should be used :
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NMESH 10 is sufficient (or maybe less)

NGROUPS approx. 50 or greater

REGULAR 1 (or better REGULAR 1 8)

SEQUENCE 1 together with Sn, where n is greater or equal to

8 or SEQUENCE 2



Table 23: Range of relative changes (in %) in p28

4 3 3 3 2K 3k 3k 3K ok k3K a3k 3k 3k 3Kk 3K 3k 3K 3k ke ok a3k 2k 2 2 kK ok K 3 ok a2 3Kk K ok ok ok ok ok 3k a3k 3k ke ok K ak ak 3K ko kK K K K

| | input option | experimental |
l e R R e uncertainty |
| benchmark | REGULAR | SEQUENCE, | BEEONE, ] I
! I | Sn | DIFFUSION | !
(2233233332332 232 2333333233333 3333323323232 3222322223222 222222232222 22
|  TRX-1 | 1.20 | 0.26 | 0.28 | 1.69 |
[ TRX-2 | 0.86 | 0.23 I 0.27 I 1.91 I
|  BAPL-1 | 1.60 | 0.26 | 0.20 | 0.72 |
| BAPL-3 I 1.31 | 0.14 | 0.23 | 1.10 |

2 3k e 2 a ok a ae ak ak ok ke ol ok i o ok o ol e ke ol ok i a3 i i i ol ol ok 3k e ok ok ok ok ok a3k ok ok ko ok o ko ok ok ok ok ok K

Table 24: Range of relative changes (in %) in §2°

22t 22 22222233 2322223332222 3 2222223223333 222 23

| | input option | experimental |
I e DR L LR R uncertainty |
| benchmark | REGULAR | SEQUENCE, | BEEONE, [ |
| | | Sn | DIFFUSION | |
1322232223332 33 2332323323333 2333233333233 3333333333333 3332313333131311]
| TRX-1 | 0.14 | 0.20 | 0.20 | 1.01 |
|  TRX-2 | 0.058 | 0.22 | 0.30 | 1.30 |
| BAPL-1 | 0.21 | 0.18 | 0.23 | 2.38 |
! BAPL-3 | 0.13 | 0.00 | 0.2b | 1.92 |

3 o e 2 ok ok ke 3k b ok ak ek a ok ok ai akc a al o ol 3 ok ol 2 ol ak ok ok e ok 3k e ok a3k a0 ok ke ik o sk ok ol e ok e ke ok ok o koo 0K ok ok ak K

Although SEQUENCE 1, S12 and SEQUENCE 2 do not give identical results, the
differences are not significant (in comparison with experimental uncertainties). Cal-
culation with SEQUENCE 2 method is faster by a factor of 2.

Using these options, there remains only the method of leakage calculation (in-
cluding diffusion coefficient calculation) as the only significant source of uncertainties
of the calculated results.

It is recommended that options DIFFUSION 1, BEEONE 1 are normally used,
however, in some cases it should be checked whether the application of some other
method would affect the agreement of experimental and calculated results. We

125



Table 25: Range of relative changes (in %) in 628

i 2 3 xk  ai  a dk K 3ok a3k ko 3K ak ke ok ok 3l ke ok ok ok ak ak ke ok ke ok ok ok 3k 3 KK ol ak ok 3k 3 0K o 3K 3k K ke ok o ok ok ok XK

| I input option | experimental |
| [====--c-semmmmec e e m e uncertainty |
| benchmark | REGULAR | SEQUENCE, | BEEONE, | |
| | | Sn | DIFFUSION | |
e 3k 2K 2k 2 Ak o dk ka3 3K 3k i ak 3K 3K 3 ki o Ak 3 ok dkeoak ke 3k ok ke 3 ok 3K i kol 3k 3k e 3k K ke ak ok ak ok ak ok ak dK ok K kK XK ik ok Xk ok
| TRX-1 | 0.26 | 1.06 A 1.73 | 4.33 I
| TRX-2 | 0.10 | 1.18 | 1.78 | 5.06 I
| BAPL-1 | 0.31 | 0.86 | 1.18 | 6.13 |
| BAPL-3 | 0.17 | 1.14 | 1.33 | 5.26 |

ok ok 2 o 2 ok 3 3k 2k a2k 3k ok 3k 3k 3k K 3k ak ok ok 2k ok ok ak ke K 3K 3k ak ak ok ak Ak ak 3k ak ke 3k ak Ok ak ke ak ok ok 3k 2k 2k ok ke ok ok ak koK ok ko kX

Table 26: Range of relative changes (in %) in C*

222223222 222222222 2222222222 2222222222 222222222222 3222222 2 2 2

| | input option | experimental |
I R e e et uncertainty |
| benchmark | REGULAR | SEQUENCE, | BEEONE, | |
| | | Sn | DIFFUSION | |
2 2 2k ak ok ke 2 ok 3 a2 ok a3k ok dk o a3 ok o ke ok ke 2 3k ok ke o o o ok 3k 3K ok ok ak ok ak ko ok ke ok ok ak ok ak ak ok ak ke ok ook ke ok ak akk
| TRX-1 | 0.66 | 0.156 } 0.14 | 1.00 |
| TRX-2 | 0.39 | 0.12 | .11 | 0.93 I
| BAPL-1 | c.es8 | 0.16 | 0.10 | |
|  BAPL-3 | 0.7 | 0.08 ! 0.11 | !

1222222222223 2223222222222 22222222222 222222222 22222 222222 2

should have in mind, that using DIFFUSION 2, BEEONE O gives approximately 0.5%
higher k.;; in case of TRX lattices and about 0.3% higher k.;¢ in case of BAPL

lattices.

4.3 Sensitivity of the TRX-1 and BAPL-2 calculated parameters
to various uranium data in the WIMS-D /4 library

Comparison of the results using various U-238 data sets is presented in Tables 27
and 28. Using the same resonance tabulation (decimal index .4 in the material
number), the comparison of materials 238, 1238, 2238 does not show any significant
differences except for 6§28, where materials 238 and 1238 lead to approximately 5%
lower value than material 2238.
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Table 27: Influence of U-238 cross section data on TRX-1

BENCHMARK - TRX1
SR SN S S S EEEEEEE SRS E R EEE RS
| MATERIAL| | 236.4 | 236.4 | 236.4 |
| NATERIAL| | 2238.4 | 1238.4 | 238.4 |
PE I T I s XS TR TR IR 3R TR 22382222223 % 23
| K-INFIN.| | 1.18360| 1.18139] 1.18080]|
| ERR. [%]| | 0.00 | -0.19 | -0.24 |
| K-EFF. | 1.00000| 1.00112] 1.00280| 1.00264]|
| ERR. [%]] | o0.11 | 0.28 | 0.26 |
| RHD28 | 1.3200 | 1.2716 | 1.26556 | 1.2708 |

| ERR. [%]) +-1.69 | -3.67 [ -4.13 | -3.73 |
| DEL26 | 0.09870| 0.09907| 0.09885] 0.09884 |
| ERR. [%¥]] +-1.01 | 0.37 | 0.16 | 0.14 |

| DEL28 | 0.09460| 0.09€63| 0.09091| 0.09147/|
| ERR. [%]) +-4.33 | 2.1¢ | -3.90 | -3.31 |

| Cc* | 0.7970 | 0.7774 | 0.7764 | 0.7773 |
| ERR. [%)] +-1.00 | -2.46 | -2.71 | -2.47 |

(222 2T 13233 23323333333 2313332333233 3 2222232 3

Table 28: Influence of U-238 cross section data on BAPL-2

BENCHNARK : BAPL2

(222t 2 i E 3 R F 2 T I Y T T P P R YT T T3 133111 Y
| MATERIAL| { 235.4 | 235.4 | 235.4 |
| MATERIAL| | 2238.4 | 1238.4 | 238.4 |
SN RS RS XSRS XX R EE S RS S S E RS SRR EE SRS E RS RS S
| K-INFIN.| | 1.14546] 1.14424| 1.14371]
| ERR. [%]1 | 0.00 | -0.11 | -0.15 |
i K-EFF. | 1.00000| 0.99900| 0.999T71| 0.99927]|
| BERR. [%]] | -0.10 | -0.03 | -0.07 |
| RHO28 | 1.1200 | 1.1334 | 1.1298 | 1.1336 |
| ERR. [%)| +-0.89 | 1.20 | o0.87 | 1.21

| DEL28 | 0.06800| 0.06876| 0.06866| 0.06866 |
| ERR. [%]] +-1.47 § 1.12 | 0.97 | o0.97 |
| DEL28 | 0.07000| 0.06534] 0.06222| 0.06246]|
| BRR. [%]! +-6.71 | -6.66 |-11.11 |-10.79 |
[ C* | 0.0000 | 0.7319 | 0.7307 | 0.7320 |
| ERR. [%]] +-0.00 | 0.00 | 0.00 | ©0.00 |

(22 AR 232 22 2 2 R P RT3 E 223 Y2 2222222202 22
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Table 29: Influence of U-238 resonance integral data on TRX-1

BENCHMARK TRX1
1 3 3 3 X R 3T T 2332332 33 233 3 3333 R 3 3333333 33 312322 3 0 3
| MATERIAL| | 236.4 | 236.4 | 235.4 | 236.4 |
| MATERIAL| | 2238.4 | 238.4 | 238.3 | 238.2 |
2233 23 28 333383 3 3 3333 3 33 3 3 3 383133323 033132 3 2 313 P2 2 2 2 23
| K-INFIN.| | 1.18360! 1.18080| 1.17931| 1.160908]
| ERR. [%]! ] 0.00 | -0.24 | -0.36 | -1.99 |
| K-EFF. | 1.00000| 1.00112] 1.00264! 1.00142] 0.98526|
| ERR. [¥%]! | 0.11 | 0.26 | 0.14 | -1.47 |
] RHO28 | 1.3200 | 1.2716 | 1.2708 | 1.2803 | 1.4008 |
| ERR. [%]}!| +-1.59 | -3.67 | -3.73 | -3.01 | 6.12 |
| DEL26 | 0.09870| 0.09907! 0.09884( 0.09881| 0.00899|
| ERR. [%]! +-t.0¢ | 0.37 | 0.14 | 0.11 | o0.20 |
| DEL28 | 0.00460| 0.09663| 0.09147| 0.09160] 0.09326/|
| BRR. [%}) +-4.33 | 2.16 | -3.31 | -3.17 | -1.42 |
| C= | 0.7970 | 0.7774 | 0.7773 | 0.7806 | 0.8216 |
| ERR. [%]] +-1.00 | -2.46 | -2.47 | -2.07 | 3.09 |

[ X X T T3 2 R F T F T RS SR T3 R RS R RSS2 R RS2 RIRE SRR 222222 2 2

Table 30: Influence of U-238 resonance integral data on TRX-1

BENCHMARK TRX1
SRS E X R XXX EE SR X R RS EE RS EEEE R R
| MATERIAL| | 235.4 | 236.4 | 235.4 |
| MATERIAL| | 2238.4 | 2238.3 | 2238.2 |
XXX EEXEEE XX E XU SRR X R XSRS RS SRS EE R EEE %
| K-INFIN.| | 1.18360] 1.18211] 1.16281!
| ERR. [%]1! | 0.00 | -0.13 | -1.76 |
| K-EFF. | 1.00000{ 1.00112| 0.99990| 0.98385]|
| BRR. [%]1] | 0.11 | ~0.01 | -1.61 |
| RHO28 | 1.3200 | 1.2716 | 1.2810 | 1.4016 |
| ERR. [%)) +-1.69 | -3.67 | -2.95 | 6.18 |
| DEL25 | 0.09870| 0.09907| 0.09905| 0.09923|
! ERR. [%}] +-1.00 | ©.37 | ©0.35 | 0.54 |
| ERR. [%]] +-¢.33 | 2.15 | 2.28 | 4.14 |
| C= | 0.7970 | 0.7774 | 0.7806 | 0.8217 |
| ERR. [¥]] +-1.00 | -2.46 | -2.06 | 3.10 |

[ X2 XS 2233222223222 2222 2 3322 2222 22232282222 2 3 4



Table 31: Influence of U-238 resonance integral data on TRX-1

BENCHNARK : TRX1
S EEEEEEEEEEEE RSB S EEE RS R EEE LS LS KR XN K S SRR E XSS SR EEEE K
| MATERIAL| | 236.4 | 2356.4 | 236.4 | 235.4 |
| MATERIAL| | 2238.4 | 1238.4 | 1238.3 | 1238.2 |
133333313333 3 1131133333333 3333 3333133133333 3 ¢4
| K-INFIN. | | 1.18360| 1.18139| 1.17995| 1.16058]
[ ERR. [%]I | 0.00 | -0.19 | -0.31 | -1.94 |
| K-EFF. | 1.00000] 1.00112| 1.00280] 1.00161| 0.98643]|
| ERR. [%]] | 0.11 | 0.28 | 0.16 | -1.46 |
| RHO28 | 1.3200 | 1.2716 | 1.2666 | 1.2748 | 1.3963 |
| ERR. [%)] +~1.69 | -3.67 | -4.13 | -3.42 | 6.70 |
| DEL26 | 0.09870| 0.09907| 0.09885| 0.09882| 0.09899|
| ERR. [%¥]] +-1.01 | 0.37 | 0.16 | 0.12 | 0.20 |

| DEL28 | 0.09460| 0.09663| 0.09091] 0.09103] 0.09268|
| ERR. [%)| +~4.33 | 2.156 | -3.90 | -3.77 | -2.03 |

| C* | 0.7970 | 0.7774 | 0.7764 | 0.7786 | 0.8197 |
| ERR. [%]] +~1.00 | -2.46 | -2.71 | -2.31 | 2.85 |

SEEE RS RS RS R R LSRN SR EEE RS EE SRS SRR ESE S S S S S S EEE SRR Kk E

Table 32: Influence of U-238 resonance integral data on BAPL-2

BENCHMARK : BAPL2
SEEEEE SR SRR RS E SRR SRS S SRR S S RS SR SR S RS EE R K K&
] NATERIAL| ] 235.4 | 236.4 | 236.4 | 236.4 |
| MATERIAL| | 2238.4 | 238.4 | 238.3 | 238.2 |
SRS E SR X SRR EEE SRS R SRR R E B EREEEEEEE R E & K& & & &
| K~INFIN.| | 1.14646] 1.14371 1.14739! 1.12966]
| ERR. [%11} | 0.00 | -0.16 | 0.17 | -1.38 |
| K-EFF. | 1.00000| 0.99900]| 0.99927| 1.00245| 0.98714]|
| ERR. [%]! | -0.10 | -0.07 | 0.26 | -1.29 |
| RHO28 | 1.12CC | 1.1334 | 1.1336 | 1.1112 | 1.2217 |
| ERR. [%]] +-0.89 | 1.20 | 1.21 | -0.79 | ©.08 |
| DEL25 | 0.06800| 0.06876| 0.06866| 0.06857| 0.06877|
| ERR. [%)! +-1.47 | 1.12 | 0.97 | 0.84 | 1.13 |

- o - - D - > - = Y S T S D e Y TE e e -

| DEL28 | 0.07000| 0.06534| 0.06245| 0.06224] 0.06328/|
| ERR. [%]! +-6.71 | -6.66 |-10.79 |-11.09 | -9.60 |
| C= | 0.0000 | 0.7319 | 0.7320 | 0.7244 | 0.7621 |
| ERR. [¥)] +-0.00 | ©0.00 | ©0.00 | ©0.00 | 0.00 |

CREBEEI B U EE RS EEEEEEE SRR EEEEE R RSB E R SRR R K E X
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Table 33: Influence of U-238 resonance integral data on BAPL-2

BENCHMARK : BAPL2
[ F 3 IR R R 3 33333 R X3RRI RS R R BRI R R R RN R RT3
| MATERIAL| | 236.4 | 236.4 | 235.4 |
| MATERIAL| | 2238.4 | 2238.3 | 2238.2 |
[ E I 3 T 33313333 23 2R R R ISR R R R TR SRR R 2 22 2
| K-INFIN.| [ 1.14546( 1.14914] 1.13143]
| ERR. [%]I | 0.00 | 0.32 | -1.23 |
| K-EFF. | 1.00000! 0.99900! 1.00218] 0.98691 |
| ERR. [%)I | -0.10 | 0.22 | -1.31 |
| RHO28 | 1.1200 | 1.1334 [ 1.1110 | 1.2215 |
| ERR. [%)] +-0.89 | 1.20 | -0.80 | 9.06 |
| DEL26 | 0.06800| 0.06£76| 0.06867| 0.06887|
| ERR. [Y%)) +-1.47 | 1.12 | 0.99 | 1.28 |
| DEL28 | 0.07000| 0.06534a| 0.06512| 0.06620]
| ERR. [%)] +-6.71 | -6.66 | -6.97 | -5.43 |

. - - - S - 6 S S G S S S e

| C= | 0.0000 | 0.7319 | 0.7242 | 0.7620 |
| ERR. [%])] +-0.00 | ©0.00 | 0.00 | 0.00 |

(2R3 R3S SRR RS2 22232 R 222 R 222222 22 0 % 2

Table 34: Influence of U-238 resonance integral data on BAPL-2

BENCHMARK BAPL2
RESEEEE XSS SRR AR SRS R SRR R SRR S EE R AR R R RS R R EE R E R EE R E &
| MATERIAL| | 235.4 | 236.4 | 236.4 | 235.4 |
| MATERIAL| | 2238.4 | 1238.4 | 1238.3 | 1238.2 |
1 2 3 232 E 3333 333 i3 7383331333223 3333332333333 ¢%)
] K-INFIN.| | 1.14546| 1.14424| 1.14792| 1.13018|
| ERR. [¥%11 f 0.00 | -0.11 | 0.22 | -1.33 |
| K-EFF. | 1.00000| 0.99900| 0.99671| 1.00291{ 0.98758]|
| ERR. [%]1i | -0.10 | -0.03 | 0.29 | -1.24 |
| RHO28 | 1.1200 | 1.1334 | 1.1298 | 1.1073 | 1.2179 |
| ERR. [%)| +-0.89 | 1.20 | 0.87 | -1.13 | 8.74 |
| DEL25 | 0.06800| 0.06876/ 0.06866| 0.06857| 0.06B77|
{ ERR. [%]] +-1.47 | 1.12 | o0.97 | 0.84 | 1.13 |
| DEL28 | 0.07000| 0.06534! 0.06222| 0.06200| 0.06304 |
| ERR. [%]! +-6.71 | -6.66 |-11.21 [(-11.43 | -3.94 |
| Cs ! 0.0000 { 0.7319 | 0.7307 | 0.7230 | 0.7608 |
| ERR. [%]| +-0.00 | ©0.00 | ©0.00 | 0.00 | 0.00 |

SES XSS EEEEE ST R ERE A SRS B S BB S S S EESEREXEE R XSRS ER K



In case of BAPL-2 the value of §28 calculated with 238 or 1238 is far out of the
range of experimental uncertainty.

The results using various resonance integral tabulations for U238 are compared
in Tables 29, 30, 31 (TRX-1) and 32, 33, 34 (BAPL-2). They are in good agreement
with the information in the WIMS manual, stating that .4 and .3 tabulations have
reduced resonance integrals compared to .2 tabulation.

Tabulation .2 leads to an excessively low values of k.s; and too high values of
28

There are no significant differences between tabulations .4 and .3. We can only
notice that .4 gives a somewhat lower value of p?® and a higher value of k,;;. The
difference in p?® is 0.7% for TRX-1 and 2% for BAPL-2. In the case of BAPL-2
both values of p?® calculated with .4 and .3 tabulations have approximately the
same departure from experimental value, but opposite signs.

Comparison of results using various resonance integral tabulations for U-235 is
given in Tables 35 and 36. Tabulations .3 and .2 give too low values of §2%, ko, and
kess in the case of TRX-1 and BAPL-2.

P

4.4 Sensitivity of calculated benchmark parameters to various fis-
sion spectra

Calculations with three different fission spectra were performed. One is the fission
spectrum used in WIMS-D/4 library, second set of values was prepared on the basis
of data for U-235 in ENDF /B-IV and the third set was taken from the KAERI WIMS
library and should correspond to U-235 ENDF/B-V fission spectrum. Graphical rep-
resentation of the above spectra is shown in Fig. 2 and their tabular representation

18 given below.

WIMSD4 LIBRARY (1975) FISSION SPECTRUM

2.821990-02 1.002099-01 2.034998-01 2.249999-01 1.791998-01
1.159999-01 6.7699656-02 3.6585099-02 1.807999-02 8.018993-03
4.327997-03 2.077999-03 ©.916096-04 4.710996-04 2.234999-04
©.871000-06 5.016008-056 2.548996-06 1.204990-06 ©.911999-08
2.564989-06 5.662999-07 1.579699-07 ©.1681988-08 4.000999-08
1.602099-08 1.1260999-08
ENDF/B-1IV U236 FISSION SPECTRUM

2.712248-02 1.078777-01 2.026600-01 2.2563874-01 1.801128-01
1.168332-01 6.8174956-02 3.6190114-02 1.826238-02 9.008716-03
4.372667-03 2.0998561-03 1.002071-03 4.760666-04 2.258407-04
9.974102-05 5.069459-06 2.575616~06 1.307973-06 1.001334-06
2.580020-06 5.712204-07 1.5691106~07 ©.2088956-08 4.014412-08
1.5694147-08 1.104673-08
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Table 35: Influence of U-235 resonance 1ntegral data on TRX-1

BENCHMARK TRX1
[ R 2 2233333133332 333 3083323323133 2323223
| NATERIAL| | 236.4 | 235.3 | 235.2 |
| MATERIAL| | 2238.4 | 2238.4 | 2238.4 |
P 2 3223333333333 3333323333333 3233 88 32 ¢4
| K-INFIN.| | 1.18360| 1.17232] 1.17451]
| ERR. [%]] | 0.00 | -0.96 | -0.77 |
| X-EFF. | 1.00000| 1.00112} 0.99133] 0.99331|
| ERR. [%]! | 0.11 | -0.87 | -0.67 |
| RHO28 | 1.3200 | 1.2716 | 1.2702 | 1.2716 |
| ERR. [%]] +-1.68 | -3.67 | -3.77 | -3.67 |
| DEL26 | 0.09870| 0.09907| 0.08380]| 0.08957|
| ERR. [%]| +-1.01 | ©0.37 |-15.10 | -9.26 |
| DEL26 | 0.09460| 0.09663| 0.09769| 0.09747/|
| ERR. [%]! +-4.33 | 2.16 | 3.27 | 3.03 |
| Cc= | 0.7970 | 0.7774 | 0.7878 | 0.7842 |

| ERR. [%]| +-1.00 | -2.46 | -1.156 | -1.61 |

[ X3 3333313332323 3333233332222 22 82333222222 2 2 2

Table 36: Influence of U-235 resonance integral data on BAPL-2

BENCHMARK BAPL2

(222223 123323 3323233233 383331232333 28333131333333313%
| MATERIAL| | 235.4 | 235.3 | 2356.2 |
| MATERIAL| | 2238.4 | 2238.4 | 2238.4 |
 E 2 22 3 21 2R R R R RIS R R R R RS RS TRRIREERRIEIRTS
| K-INFIN.| | 1.14646] 1.13725] 1.13884]
| ERR. [%]| | 0.00 | -0.72 | -0.58 |
| K-EFF. | 1.00000| 0.99900!| 0.99164| 0.99311]
| ERR. [%]] | -0.10 | -0.84 | -0.69 |
| RHO28 | 1.1200 | 1.1334 | 1.1325 | 1.1334 |
| ERR. {%]! +-0.88 | 1.20 | 1.12 | 1.20 |
| DEL25 | 0.06800| 0.06876| O 06803 0.06199]
| BRR. [%)i +-1.47 | 1.12 |-i4.66 | -8.84 |
| DEL28 | 0.07000| 0.06534| 0.06586| 0.06576]|
| ERR. [%]!| +-6.71 | -6.66 | -6.91 | -6.06 |
| C= 0.0000 | 0.7319 | 0.7380 | 0.7365 |

|
| ERR. [X]| +-0.00 | 0.00 | 0.00 | 0.00 |

EXEEEEEEEEEE XL EE RN E RS XSS RN RN E R RN
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Figure 2: Fission spectra comparison
ENDF/B-V U235 FISSION SPECTRUM (KAERI WIMS LIBRARY)

2.596000-02 1.139000-01 2.138000-01 2.300000-01 1.768000-01
1.111000-01 6.330000-02 3.307000-02 1.661000-02 8.094000-03
3.913000-03 1.874000-03 8.931000-04 4.239000-04 2.010000-04
8.872000-05 4.6508000-05 2.200000-05 1.1683000-05 2.670000-08

Approximate range of changes in the values of & and spectral characteristics due
to different fission spectra used is presented in Table 37.

It can be seen that the differences due to diferent fission spectra used are not
significant except for §2% where the difference is comparable to experimental uncer-
tainty.

ENDF/B-IV spectrum gives a slightly lower ko, and ENDF/B-V gpectrum a
slightly higher k, compared to the WIMS library spectrum. Differences in k,;; are
even smaller, becoming almost negligible.

ENDF/B-V spectrum, although leading to the hizhest value of ko, gives the
lowest value of k,;y. ENDF/B-V spectrum gives also the highest values of p3®, 6§35
62 and C".

ENDF /B-1V spectrum gives the lowest value of §28. While in the case of TRX
lattices, ENDF /B-IV spectrum values are in good agreement with experiment, they
are too low for BAPL-UO2 lattices. The ENDF/B-V spectrum results are nearest
to the experiment in this case.
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Table 37: Range of relative changes (in %) in calculated benchmark parameters due
to different fission spectra

M ok e ok o K o 3 ok 3 oK K o K ok KK o 3 K N oK K o o ok ok ok o ok K
| | | | ! | | l
! | k-inf | k-eff | rho28 | del2s | del28 | Cx* I
| | l | I [ I |

I 2122222 2222322222323 3 3223332222333 2323323333233 2222282223332 23

| TRX-1 | o0.17 | o©0.06 | 0.16 | 0.15 | 4.1 | o0.06 |
Imx2 | 01 1 o1 | 01 | o1 | 40 | 0.05 |
I BAPL1 [ 0.14 | 0.04 | 01 | 01 [ 3.9 | 0.0 I
IBaPL2 | 013 | 007 | 01 | o1 | 37 | 006 |
I BAPL3 | 01 | 01 | 01 | o1 | 37 | 006 |

122223222333 2332223222223 3222223222332 2232222332323 8232222382222 22 2 2

As it can be seen from the table, ENDF/B-V spectrum is the hardest of the
ones compared. (Reasons for the change of ENDF/B-IV U235 fission spectrum are
discussed in the report EPRI-NP-1098.)

Results of calculations which are summarized in Table 37 are presented in Ap-
pendix C.

5 Conclusions

From the aspect of the following stages of the project it may be concluded, that
all versions and installations of the WIMS code which are used by the participants
give almost identical results, provided that the same input model is used. However,
large discrepancies may emerge if the participants are free to use the input options.
For this reason it is essential that comparison of integral parameters for different
libraries is performed with a prescribed WIMS input.

The main results of Stage 1 of the project presented 1n this report are:

e confirmation that different versions of the code used st various laboratories
produce practically the same results,

e modelinputs representative of the TRX-1, TRX-2, BAPL-1, BAPL-2 and BAPL-
3 lattices which are useful for comparative studies and require modest computer
resources are given in Appendix B.1,

e optimized inputs for the same benchmark lattices which produce as accurate
results as the mathematical models in WIMS allow are given in Appendix B.2,

o results for the benchmark lattices based on the original WIMS library, which will
serve as reference in the assessment of the relative merits of new libraries which
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will be produced in the subsequent stages of the project have been established
and are given in Table 8.

The primary objectives of this stage of the project have been successfully com-
pleted. The results presented herein are open for constructive discussions and im-

provements.
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APPENDIX A

A Benchmark Calculations - Complete Contributions

Table A-1 TRX-1 results contributed for the firat stage of WLUP Table A-1: Continued
BENCHMARK - TRX1 BENCHNARK : TRX1
LAB. COUNTRY U236 U238 K1 SBEQ BN REG NN NG DI BE LAB. COUNTRY K-INFP K-EFF R D(if? RO28 R.D(:?28
IIE  NEXICO 235 4 22384 2001 1 41 11 11 2 1 EXPERINENT 1 3200 +-1 69
OAEP THAILAND 236 4 2238 4 2001 1 4 1 7 B6 2 1 I1IE NEXICO 1.18603 1 00803 0.80 1.2620 -4.390s
IEA BRASIL 236 4 2238 4 2001 1 4 1 16 18 1 1 OAEP THAILAND 1 182569 1.00372 0 37 1 2692 -4.60+
CNEN BRASIL 236 4 2238 4 2001 1 4 1 13 24 2 -1 IEA BRASIL 1 18130 1.00023 0 02 1 2690 -3 86+
NAEA INDONESIA 236 4 238 4 2001 1 4 1 3 6 2 1 CNEN BRASIL 1.18416 1 00410 0 41 1 2620 -4.30s
KAERI KOREA 236 4 2238 4 2001 1 416 10 69 2 1 NAEA INDONESIA 1.18221 1 01269 1 27 1 2621 -4 39s
ZFK GERNANY 236.4 2238.4 2001 2 20 69 2 1 KAERI KOREA 1 18179 1.00301 0 30 1 2621 -4 39e
IPEN PERU 236 4 2238.4 2001 1 4 12 18 2 © ZFK GERNANY 1.18360 1.00290 0 29 1 2686 -3 90«
AEC SOUTH AFRICA 235.4 2238 4 2001 1 1016 17 69 1 1 IPEN PERU 1 17899 1.00487 0 49

VIETNAN 23564 272384 20001 1 416 8 6 2 O AEC  SOUTH AFRICA 1 18263  1.00221 0.22 1 2626 -4 3Ge
CNEA ARGENTINA 236 4 2238 4 2001 2 9 18 2 O VIETNAN 1.18690 0.99990 -0.01 1 2610 -65.23e
HU TURKEY 9) 236 4 2238 4 2001 1 416 10 18 1 1 CNEA ARGENTINA 1.002563 0 26 1 2811 -2 06
IJS SLOVENIA 2364 22384 2001 1 1216 10 69 1 1 HU  TURKEY 9) 1 17958 0 99908 -0.09 1 2819 -2 89
AERE BANGLADESH 236 4 2238 4 2001 69 1JS  SLOVENIA 1 18270 1 00227 0 23 1 2630 -4 32¢
PINST PAKISTAN 236 4 2238 4 2001 1 4 12 20 2 O AERE BANGLADESH 1.18387 1.00309 0 31
SKODA CSFR 1) 236 4 2238 4 2001 2 16 11 28 1 1 PINST PAKISTAN 1.18181 1 00241 0 24 1 2767 -3 36+
SKODA CSFR 2) 2236 0 8238.0 3001 2 16 11 28 1 1 SKODA CSFR 1) 1 18330 1 00110 0 11 1 2719 -3 64+
BARC INDIA 236.4 2238 4 2001 2 12 6 2 O SKODA CSFR 2) 1.18800 0 99590 -0 41 1 3369 1 28
NRI CSFR 3) 2364 2238 4 2001 1 1216 10 69 1 1 BARC INDIA 1 00264 0 25 1 2834 -2 T7e
NRI CSFR 1) 2354 22384 2001 1 1216 10 69 1 1 NRI CSFR 3) 118498  1.00236 0.24 1 2630 -4 32¢
CEADN CUBA 235 4 2238 4 2001 1 8 11 36 2 1 NRI CSFR 1) 1 18270 1 00228 0 23  1.2630 -4 32e
IGCAR INDIA 4) 236 4 3238 4 2001 CEADN CUBA 1.18248 1 00166 0 16 1 2764 -3.38e
IGCAR INDIA 6) 235 4 3238 4 2001 IGCAR INDIA 4) 1 175647 1.00282 0 28 1 3000 -1 b2
CNEA ARGENTINA 6) 1236 4 3238.65 6001 2 4 9 18 2 O IGCAR INDIA ) 1.17749 0 99266 -0 74 1 3000 -1 E2
CNEA ARGENTINA 8) 236 4 2238.4 2001 1 416 10 18 1 1 CNEA ARGENTINA 6) 0.99888 -0 11 1.3227 0 20
CNAEN TURKEY 236 4 2238 4 2001 1 4 20 20 2 O CNEA ARGENTINA 8) 0.99908 -0 09 1.2818 -2.89«
TU IRAN 236 4 2238.4 2001 1 416 10 6 2 O CNAEN TURKEY 1.17940 1 00090 0.09 1.2810 -2 Qb+

TU IRAN 1 18192 1 00079 0.08 1.2749 -3 42+
LIBRARY

;; :?:Sggigéégcsig?R::8gNelNS LYIBRARY s QUT OF RANGE OF EXPERIMENTAL UNCERTAINTY
3) VWINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY 1) NEA 0329/13 PROGRAM AND LIBRARY
4) NURLI PROGRAM, VWINS 1971 LIBRARY 2) WINSD2A PROGRAN, 1986 WIMS LIBRARY
) NURLI PROGRAN, WINS 1971 LIBRARY VITH CHANGES 3) VINS VERSION 101 (NOV 1981), NEA 0329/13 LIBRARY
6) CRNL LIBRARY 4) NURLI PROGRAN, VWIMS 1971 LIBRARY
8) MODEL INPUT DATA (NMATERIAL 4), NFA 0329/14 6) NURLI PROGRAN, YINS 1971 LIBRARY VYITH CHANGES
9) MODEL INPUT DATA (NMATERIAL 4) 6) CRNL LIBRARY

8) NODEL INPUT DATA (NNATERIAL 4), NEA 0329/14
9) NODEL INPUT DATA {NNATERIAL 4)
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Table A-1: Continued Table A-2: TRX-2 results contributed for the first stage of WLUP

BENCHMARK : TRX1 BENCHMARK : TRX2
LAB. COUNTRY DEL26 R-?i?25 DEL28 R~?i?28 Cs 3i25°‘ LAB. COUNTRY U236 U238 H1 SEQ SN REG NN NG DI BE
EXPERINENT 0.0087 +-1.01 0.0046 +-4.33 0.7970 +-1.00
IIR NEXICO 0.0992 0.51 0 0973 2.86 0.7740 -2.89» g:gp #ﬁ:iggND ;gg:: :gg::: :ggi i : : 13 éé g :
OAEP THAILAND 0.0080 0.26 0.0060 1.38 0.7733 -2.97« IEA BRASIL 235.4 2238.4 2001 1 41 16 18 1 1
IEA BRASIL 0.0996 0.91 0.0066 2.11 0.7770 -2.51e CNEN BRASIL 236.4 2238.4 2001 1 41 13 24 2 -1
CNEN BRASIL 0.0002 0.561 0.0962 1.69 0.7760 -2.76+ NAEA INDONESIA 236.4 238.4 2001 1 41 3 6 2 1
NAEA INDONESIA 0.0090 0.27 0.0934 -1.31 0.7747 -2.79s KAERI KOREA 236.4 2238.4 2001 1 416 10 69 2 1
KAERI KOREA 0.0990 0.27 0.0960 1.48 0.7743 -2.84+ ZFK  GERNANY 2365.4 2238.4 2001 2 20 69 2 1
§;§N gg::ANY 0.0087 0.00 0.0973 2.86 0.7767 -2.6be IPEN PERU 235.4 2238.4 2001 1 4 12 18 2 0
b6 GOUTH AFRICA 0.0090 ©0.30 0.0064 1.00  0.7744 -2.86s oo SoUt uTICA 235.4 2238.4 2000 1 1016 a7 69 1 1
VIETNAN 0.0089 0.20 0.0060 1.48 0.7734 -2.96+ CNEA ARCENTINA 236.4 2238.4 2001 2 9 18 2 O
CNEA ARGENTINA 0.0000 0.30 0.0967 2.26 0.7810 -2.01+ HU TURKEY 9) 235.4 2238.4 2001 2 16 10 18 1 1
HU TURKEY 9) 0.0097 1.00 0.0966 1.99 0.7803 -2.10+ IEA BRASIL 7) 236.4 2238.4 2001 2 16 10 18 1 1
iégz gk::f:;ésu 0.0990 0.30 0.0966 2.01 0.7746 -2.82*  1)§ SLOVENIA 236.4 2238.4 2001 1 1216 14 69 1 1
AERE BANGLAD. 9 235.4 2238 .4
PINST PAKISTAN 0.0991 0.42 0.0853 0.77 0.7787 -2.30« AERE BANGLADESH) 236.4 2238.4 gggi ! 416 10 ég 11
SKODA CSFR 1) 0.0996 0.91 00062 1.60  0.7769 -2.62¢  pINST PAKISTAN 236.4 2238.4 2001 1 4 13 20 2 O
§§22‘ g:;gA 2) g.gg;; —é g;- g.ég;; ;-g:' g-;:zg :;-ég: PI:ST PAKISTAN ©) 235.4 2238 4 2001 2 16 10 18 1 1
W IR amm oR pmm oaa dum e m oo med el dm o dpw b
mL,n D BSR en omm o Sk i HMGRY Bl de i iR
. . . . . . 236.4 2238.4 2 6
IGCAR INDIA 4) 0.0989 0.20 0.0897 -5.18+ 0.7890 -1.00¢  NpT CSPR  3) 236.4 2238.4 2831 2 1216 :3 69 3 2
IGCAR INDIA B6) 0.0989 0.20 0.0945 -0.11 0.7890 -1.00 CEADN CUBA 2364 2238.4 2001 1 8 11 36 2 1
CNEA ARGENTINA 6) 0.0971 -1.62¢ 0.1008 6.6 0.7897 -0.92 CEADN CUBA 7) 235.4 2238.4 2001 1 416 10 18 1 1
CNEA ARGENTINA 8) 0.0997 1.01 0.09656 2.01 0.7803 -2.10= IGCAR INDIA 4) 236.4 3238.4 2001
CNAEN TURKEY 0.0996 0.91 0.0964 1.90 0.7802 -2.11+ IGCAR INDIA B5) 2365.4 3238.4 2001
TU  IRAN 0.0992 0.51 0.0967 2.22  0.7780 -2.38%¢  CNEA ARGENTINA 7) 236.4 2238.4 2001 2 16 10 18 1 1
CNEA ARGENTINA 8) 235.4 2238.4 2001 2 16 10 18 1 1
¢ DUT OF RANCE OF EXPERINENTAL UNCERTAINTY CNAEN TURKEY 236.4 2238.4 2001 1 4 20 20 2 O
;; :E:sggiggégcgigc8:332”31:§B:;SIARY TU IRAN 235.4 2238.4 2001 1 416 10 6 2 O
3; yxuslvgggégznioélsgo¥é7:gzi%ﬁAzsA 0329/13 LIBRARY 1; NEA 0329/13 PROGRAN AND LIBRARY
4) MURL , 2) WINSD2A PROGRAN, 1986 WINS LIBRARY
:; :::tIL§:22:¢N. YINS 1971 LIBRARY WITH CHANGES 3; WINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
4) NURLI PROGRAN, WINS 1971 LIBRARY
8) NODEL INPUT DATA (NNATERIAL 4), NEA 0329/14 ) NURLI PROGRAN, WINS 1971 LIBRARY WITH CHANGES
9) NODEL INPUT DATA (NNATERIAL 4) 7) MODEL INPUT DATA (NMATERIAL 3)

8) NODEL INPUT DATA (NMATERIAL 4), NEA 0329/14
9) NODEL INPUT DATA (NMATERIAL 4)
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Table A-2 Continued

BENCHNARK :  TRX2
LAB. COUNTRY K-INP K-EFF R.D.EFF
1)
EXPERIMENT
IIE NEXICO 1 16643 1.00442 0.44
DAEP THAILAND 1.16268 0.00789 -0.21
IEA BRASIL 1.162567 0.99616 -0.49
CNEN BRASIL 1.16396 0.99900 -0.10
NAEA INDONESIA 1.16676 1.00068 0 97
KAFRI KOREA 1 16173 0 90702 -0.30
ZFK  GERNANY 1.16460 0.99860 -0.14
TPEN PERU 1 16864 0.99923 -0.08
AEC SOUTH AFRICA 1 16330 0.99660 -0.36
VIETNAN 1.16800 1.00000 0.00
CNEA ARGCENTINA 1.00137 0.14
HU TURKEY 9) 1 16471 0.99757 -0.24
IEA BRASIL 7) 1.16572 0.99841 -0.16
IJS SLOVENIA 1.16334 0.99664 -0.36
AERE BANGLAD 9) 1.16603 0.99762 -0.24
AERE BANGLADESH 1.16317 0 99716 -0.29
PINST PAKISTAN 1.16300 0 99879 -0.12
PINST PAKISTAN Q) 1 16602 1 00069 0 07
CNEN BRASIL 7) 1 16744 0 99844 -0.16
SKODA CSFR 1) 1 16430 0 99650 -0 36
SKODA CSFR  2) 1.17270 0.99800 -0.20
BARC INDIA 1.00227 0.23
NRI CSFR 3) 1.16492 0.99668 -0.33
CEADN CUBA 1.16396 0.99897 -0.10
CEADN CUBA 7) 1 16376 0.99565 -0 46
IGCAR INDIA 4) 1 15890 0.99921 -0.08
IGCAR INDIA 6) 1 16041 0.98897 -1.10
CNEA ARGENTINA 7) 0.99845 -0.16
CNEA ARGENTINA 8) 0.99768 -0.24
CNAEN TURKEY 1.16120 0.99730 -0.27
TU IRAN 1 165566 0.99914 -0.09

s« OUT OF RANGE OF EXPERIMENTAL UNCERTAINTY
1) NEA 0329/13 PROGRAM AND LIBRARY

2) WINSD2A PROGRAM, 1986 WINS LIBRARY

3) WINS VERSION 101 (NOY
4) NURLI PROGRAM, VINS 1971 LIBRARY

5) NURLI PROGRAN, WIMS 1971 LIBRARY WITH CHANGES
7) NODEL INPUT DATA (NNATERIAL 3)

8) NODEL INPUT DATA (NMATERIAL 4), NEA 0329/14
9) NODEL INPUT DATA (NMATERIAL 4)

COO0O0CO0OO0O0O

[eNeNoNoNeoNoReNoNoNoNoNeNoNoNal

CO0O0O00CO

1981), NEA 0329/13 LIBRARY

RO28 R D.RO28

\)
.8370 +-1.901
L7960 -4.90+*
.7948 -5.04+
.8000 -4.42=
.7960 -5.02s
7947 -5.06#
L7967 -4.93»
.7988 -4.566#
7966 -4.84+
.7941 -5.13»
8061 -3.81+#
.BOBT -3.74+
L7997 -4.46¢
7967 -4.81s
8022 -4.16+
.8046 -3.88¢
7990 -4.54+
8000 -4.42+«
.8377 0.08
8063 -3.67+
.T967 -4.81+
.8023 -4.16+¢
8017 -4.22+
.B160 -2.63+¢
.8160 -2.63+
7997 -4.46+
.8068 -3.73+
.8066 -3.76+
.8012  4.28+«

Table A-2: Continued
BENCHNARK :

LAB.

TRX2
COUNTRY

EXPERINENT

I1E
OAEP
IEA
CNEN
NAEA
KAERI
ZFK
IPEN
AEC

NEXICO
THAILAND
BRASIL
BRASIL
INDONESIA
KOREA
GERNANY
PERU

SOUTH AFRICA
VIETNAN
ARGENTINA
TURKEY 9)
BRASIL 7)
SLOVENIA
BANGLAD. 9)
BANGLADESH
PAKISTAN
PAKISTAN 9)
BRASIL 7)
CSFR 1)
CSFR 2)
INDIA

CSFR 3)
CUBA

CUBA 7)
INDIA 4)
INDIA B5)
ARGENTINA 7)
ARGENTINA 8)
TURKEY

IRAN

DEL26 R.D.
0.0614 +-1
0.0610 -0.
0 0610 -O.
0.0613 -0
0.0610 -0.
0 0608 -0.
0.0610 -0.
0.0608 -0O.
0.0611 -0.
0.0608 -0.
0 0608 -0
0.0612 -0.
0.0611 -0O.
0 0610 -O
0 0610 -O.
0.0611 -0.
0 0611 -0.
0 0612 -0
0 0601 -2.
0 0608 -O.
0.0610 -0
0.0610 -0.
0 0613 -o0.
0.0608 -0.
0.0609 -0.
0.0611 -0.
0.0612 -0.
0.0613 -0.
0.0609 -0

* QUT OF RANGE OF EXPERIMENTAL
1) NEA 0329/13 PROGRAM AND LIBRARY
2) WINSD2A PROGRAN,

3) VINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY

D26 DEL28 R D
X)

30 0.0693 +-b6.
66 0.0699 O.
T2 0.0688 -0
16 0.0694 O
66 0.0601 -0.
99 0.0670 -3.
72 0.0690 -0.
o8 0.0701 1.
49 0.0694 O
o8 0 0689 -0.
90 0.0695 O.
39 0.0700 1.
44 0.0700 O
64 0.06956 0.
70 0 0686 -1.
57 0.0688 -0
49 0 0699 O
33 0.0688 -0
12» 0.0728 &
94 0 0702

64 0 0695 0.
65 0.0695 0.
16 0 0691 -0
98 0.0642 -7
81 0.0677 -2
49 0 0700 1
33 0.0700 1
16 0.0692 -0.
81 0.0696 0O
UNCERTAINTY

1986 WINS LIBRARY

4) MURLI PROGRAN, VINS 1971 LIBRARY
5) NURLI PROGRAN, VWINS 1971 LIBRARY WITH CHANGES
7) NODEL INPUT DATA (NMATERIAL 3)
8) MODEL INPUT DATA (NMATERIAL 4), NEA 0329/14
9) NODEL INPUT DATA (NMATERIAL 4)

00000000

[=]

0000

[ NeReNoeoNoNoNoNoNeNoNoNoNoNol

Cs R.D.Cs

X)
6470 +-0 93
.6310 -2 47+
.63156 -2.39s
.6340 -2 01s
.6320 -2 32
.6316 -2.37»
L6319 -2.34s
.6320 -2 18s
.6320 -2 32+
.6362 -1.82«
6347 -1.90+
.6326 -2 23e
.6321 -2 30+
.6339 -2 02+
.6344 -1.96#
6320 -2 32+
6329 -2 1B+
.6369 -1.66+
6346 -1.02¢
.6321 -2.30¢
.6342 -1 98s
.6334 -2.10+
.6400 -1 08s
.6400 -1 08
.6326 -2 23+
.6348 -~1.89¢
6349 -~1.87+
.6349 -2.18¢
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Table A-3. BAPL-1 Results contributed for the first stage of WLUP Table A-3: Continued

BENCHMARK : BAPL1 BENCHMARK :  BAPL1
LAB. COUNTRY U235 U238 H1 SEQ SN REG NN NG DI BE LAB. COUNTRY K-INF K-EFF R.D.EFF RO28 R.D.RO28
IIE  NEXICO 236.4 2238.4 2001 1 41 10 11 2 1 EXPERINENT (&) 1.3900 +-of§;
OAEP THAILAND 235.4 2238.4 2001 1 4% 7 66 2 1 IIE  MEXICO 1.14639 1.00666 0.67 1.3400 -3.60¢
IEA BRASIL 235.4 2238.4 2001 1 41 16 18 1 1 OAEP THAILAND 1.14212 1.00333 0.33 1.3412 -3.51e
CNEN BRASIL 236.4 2238.4 2001 1 4t 16 24 4 -1 IEA BRASIL 1.14162 1.00128 0.13 1.3500 -2.88s
NAEA INDONESIA 236.4 238.4 2001 1 4% 3 6 2 1 CNEN BRASIL 1.13419 0.99469 -0.54 1.4100 1.44+
KAERI KDREA 236.4 2238.4 2001 1 416 10 69 2 1 NAEA INDONESIA 1.14281 0.989068 -1.03 1.3660 -1.73s
IZFK  GERNANY 235.4 2238.4 2001 2 20 69 2 1 KAERI KOREA 1.14120 1.00263 0.25 1.3462 -3.156¢
IPEN PERU 236.4 2238.4 2001 1 4 12 18 2 © ZFK  GERMANY 1.14300 0.99980 -0 02 1.3586 -2.26¢
AEC BOUTH AFRICA 236.4 2238.4 2001 1 1016 17 69 1 1 IPEN PERU 1.13900 1.00320 0.33

VIETNAN 235.4 2238.4 2000 1 416 8 6 2 O AEC  SOUTH AFRICA 1.14167 1.00284 0.28 1.3456 -3.10«
CNEA ARGENTINA 235.4 2238 4 2001 2 9 18 2 0 VIETNAN 1.14680 1.00000 0.09 1 4302 2.89e
HU TURKEY ©) 235.4 2238.4 2001 2 16 10 18 1 1 CNEA ARCENTINA 1.00070 0 07 1.3688 -1.63e
IEA BRASIL 7) 235.4 2238.4 2001 2 16 10 18 1 1 HU TURKEY 9) 1.14044 1.00123 0.12 1 3601 -2.1be
I1JS SLOVENIA 235.4 2238.4 2001 1 1216 10 69 1 1 IEA BRASIL 7) 1.14245 1.00294 0.29 1.3463 -3.22+
AERE BANCLAD. ©) 235.4 2238.4 2001 I 416 10 18 1 1 I1J5 SLOVENIA 1.14175 1.00202 0.29 1.3464 -3.21¢
AERE BANCLADESH 235.4 2238.4 2001 69 AERE BANGLAD. 9) 1.14330 1.00124 0.12
PINST PAXISTAN 235.4 2238.4 2001 1 4 12 20 2 O AERE BANGLADESH 1.14423 1.00261 0.26
PINST PAKISTAN 9) 235.4 2238.4 2001 2 16 10 18 1 1 PINST PAKISTAN 1.14227 1.00168 0 17 1.3608 -2.10+
CNEN BRASIL 7) 235.4 2238.4 2001 2 16 10 18 1 1 PINST PAKISTAN 9) 1.14329 1.00123 0.12 1 3601 -2.15s
SKODA CSFR 1) 235.4 2238.4 2001 2 1 16 18 1 1 CNEN BRASIL 7) 1.14543 1.00296 0.29 1 3400 -3.60%
SKODA CSFR 2) 2235.0 8238.0 3001 2 1 16 18 1 1 SKODA CSFR 1) 1.14610 1.00390 0 39 1 3396 -3.63s
BARC INDIA 236 4 2238.4 2001 2 12 6 2 0 SKODA CSFR 2) 1.14760 0.99760 -0.26 1.4290 2.81¢
NRI CSFR 3) 236.4 2238.4 2001 1 1216 10 69 1 1 BARC INDIA 0.99264 -0.74 1.3091 -5.82s¢
NRI CSFR 1) 236.4 2238.4 2001 1 1216 10 69 1 1 NRI CSFR 3) 1.14492 1 00301 0 30 1.34564 -3.21s
CEADN CUBA 236.4 2238.4 2001 1 8 10 36 2 1 NRI CSFR 1) 1.14174 1.00292 0 29 1 3464 -3.21s
CEADN CUBA 7) 235.4 2238.4 2001 1 416 10 18 1 1 CEADN CUBA 1.14206 0.99897 -0 10 1 3626 -1.98s
IGCAR INDIA 4) 235.4 3238.4 2001 CEADN CUBA T7) 1.14409 1.00196 0.20 1 3494 -2.92¢
IGCAR INDIA 6) 235.4 3238.4 2001 IGCAR INDIA 4) 1.13352 0.99763 -0.26 1.4090 1.37«
CNEA ARCENTINA 6) 1235.4 3238.5 6001 2 9 18 2 0 IGCAR INDIA B) 1.13516 0.99157 -0.84 1.4090 1.37«
CNEA ARCENTINA 7) 235.4 2238.4 2001 2 16 10 18 1 1 CNEA ARGENTINA 6) 0.99984 -0.02 1.3680 -1.58«
CNEA ARGENTINA 8) 235.4 2238.4 2001 2 16 10 18 1 1 CNEA ARGENTINA 7) 1.00207 0.30 1.3467 -3.19¢
CNAEN TURKEY 235.4 2238.4 2001 1 4 20 20 2 O CNEA ARCENTINA B) 1.00204 0.29 1.3461 -3.23+
TU IRAN 235.4 2238.4 2001 1 416 10 6 2 O CNAEN TURKEY 1.14000 1.00110 0.1t 1 3614 -2.06+

T IRAN 1.14208 1.00111 0 11 1 3650 -2.52¢

1) NEA 0329/13 PROGRAN AND LIBRARY
2) WINSD2A PROGRAN, 1986 WIMS LIBRARY « OUT OF RANGE OF EXPERIMENTAL UNCERTAINTY
3) WINS VERSION 101 (NOV. 1981), NEA 0320/13 LIBRARY 1) NEA 0320/13 PROGRAM AND LIBRARY
4) NURLI PROGRAN, WINS 1971 LIBRARY 2) WINSD2A PROGRAN, 1986 WINS LIBRARY
6) NURLI PROGRAN, WINS 1971 LIBRARY YITH CHANGES 3) YINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
6) CRNL LIBRARY 4) NURLI PROGRAN, VWINS 1971 LIBRARY
7) NODEL INPUT DATA (NMATERIAL 3) 6) NURLI PROGRAN, WINS 1971 LIBRARY WITH CHANGES
8) NODEL INPUT DATA (NMATERIAL 4), NEA 0329/14 6) CRNL LIBRARY
9) NODEL INPUT DATA (NNATERIAL 4) 7) NODEL INPUT DATA (NNATERIAL 3)

8) NODEL INPUT DATA (NNATERIAL 4), NEA 0329/14
9) MODEL INPUT DATA (NNATERIAL 4)
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Teable A-3: Continued

BENCHMARK : BAPL1

LAB. COUNTRY
EXPERINENT

IIE NEXICO

OAEP THAILAND
IEA  BRASIL

CNEN BRASIL

NAEA INDONESIA
KAERI KOREA

ZFK  CERMANY
IPEN PERU

AEC  SOUTH AFRICA
VIETNAN
ARGENTINA
HU TURKEY 8)
BRASIL 7)
SLOVENIA
BANGLAD. 9)
BANGLADESH
PINST PAKISTAN
PINST PAKISTAN 9)
BRASIL 7)
SKODA CSFR 1)
CSFR 2)
INDIA

CSFR 3)
CSFR 1)
CUBA

CUBA T)
INDIA 4)
INDIA B)
ARGENTINA 6)
ARCENTINA 7)
CNEA ARGENTINA 8)
CNAEN TURXEY

TU IRAN

IGCAR
IGCAR
CNEA
CNEA

s« QUT OF RANGE OF EXPERINENTAL

DEL26 R.D.D2b

x
0.0840 +-2.38 0 0780 +-5.
0.0840 0.00 0 0770 -1
0.0840 0.02 0 0762 -3
0 0840 0.00 0 0770 -1
0.0840 0.00 0.0770 -1
0.0868 2.18 0 0769 -1
0.0841 0.08 0.0762 -3
0.0841 0 12 0 0768 -1
0.0843 0 36 0.0764 -3.
0.0838 -0.24 0 0766 -1
0.0840 0.06 0.0768 -1
0.0843 0.39 0.0762 -2
0.0840 O 04 0 0761 -2
0.0840 0.05 0 0766 -3
0.0842 0 20 0 0769 -2.
0.0843 0.39 0.0762 -2.
0.0840 0.00 0 0760 -2.
0.0840 0 00 0 0768 -2
0.0826 -1 79 0.0791 1
0.0787 -6.29+ 0.0742 -4
0.0840 0.06 0.0766 -3
0.0840 0 06 0.07656 -3.
0.0843 0.36 0.0764 -2.
0.0842 0 24 0 0764 -3.
0.0844 0 48 0.0714 -8
0.0846 0.60 0 0760 -3
0.0807 -3 93+ O 0769 -2
0.0841 0.12 0.0761 -2
0.0840 0 00 0 0761 -2
0 0843 0.36 0 0768 -1.
0.0840 O 00 0 0779 -O.
UNCERTAINTY

1) NEA 0329/13 PROGRAN AND LIBRARY

2) WINSD2A PROGRAN,

1986 YINS LIBRARY

DEL28 R D.D28B

1§ 9)
13

3) VINS VERSION 101 (NOY. 1981), NEA 0329/13 LIBRARY

4) WURLI PROGRAN, VWINS 1971 LIBRARY

6) NURLI PROGRAM, WINS 1971 LIBRARY WITH CHANGES

6) CRNL LIBRARY

7) NODEL INPUT DATA (NMATERIAL 3)

8) NODEL INPUT DATA (NNATERIAL 4), NEA 0329/14

9) NODEL INPUT DATA (NNATERIAL 4)

[-N-N-]

[eNeoNoNoNoNoNa oo [~ NN

[eNeNoNaNa

7947

.80290

7963
8004

8043

.8007

7068
7960

8011
8007

.7939
.8078
.7861

7960
7960

.8021
L7972

.7992
.7679
.7968

8013

.7991

Table A-4: BAPL-2 results contributed for the first stage of WLUP

BENCHMARK :

BAPL2
COUNTRY

NEXICO
THAILAND
BRASIL
BRASIL
INDONESIA
KOREA
GERMANY
PERU

SOUTH AFRICA
VIETNAN
ARGENTINA
TURKEY 9)
BRASIL 7)
SLOVENIA
BANGLAD 9)
BANGLADESH
PAKISTAN
PAKISTAN 9)
BRASIL 7)
CSFR 1)
CSFR 2)
INDIA

CSFR 3)
CUBA

CUBA 7)
INDIA 4)
INDIA 5)
ARGENTINA 7)
ARGENTINA 8)
TURKEY

IRAN

1) NEA 0329/13 PROGRAM
2) WINSD2A PROGRAM, 1986 WINS LIBRARY
3) VINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
4) NURLI PROGRAM, WIMS 1971 LIBRARY
5) NURLI PROGRAM, WINS 1971 LIBRARY WITH CHANGES

7) NODEL INPUT DATA (NMATERIAL 3)
8) NODEL INPUT DATA (NMATERIAL 4), NEA 0329/14
9) NODEL INPUT DATA (NMATERIAL 4)

U236 U238 H1

236.4 2238.4 2001
236.4 2238.4 2001
236.4 2238.4 2001
236.4 2238.4 2001
236.4 238.4 2001
236.4 2238.4 2001
236 4 2238.4 2001
236 4 2238.4 2001
236.4 2238.4 2001
236.4 2238.4 2001
236.4 2238 4 2001
236.4 2238.4 2001
236.4 2238.4 2001
236.4 2238.4 2001
236.4 2238.4 2001
236.4 2238.4 2001
23b.4 2238.4 2001
236.4 2238.4 2001
236.4 2238.4 2001
236.4 2238.4 2001
2236.0 8238.0 3001
235.4 2238.4 2001
236.4 2238.4 2001
235.4 2238.4 2001
236.4 2238.4 2001
236.4 3238.4 2001
236.4 3238.4 2001
235.4 2238.4 2001
236.4 2238.4 2001
236.4 2238.4 2001
235.4 2238.4 2001

AND LIBRARY

BEQ SN
1 4
1 4
1 4
1 4
1 4
1 4
2
1 4
1 10
1 4
2
2
2
1 12
1 4
1 4
2
2
2
2
2
1 12
1 8
1 4
2
2
1 4
1 4

REG

e b e e

-
oo,

OO

-t b b

— put P b
[« )

NN

NG DI BE

18
18
20

e e = NN = NN =N

[l S SR o N

NN =

- pt et e OO e O e e e e s

e O e = O

O O = -
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Table A-4: Coutinued
BENCHNARK : BAPL2

LAB. COUNTRY K-INP K-EFF R.D.EFF RO28 R.D.RO28
X x)
EXPERINENT 1.1200 +-0.89
IIE MEXICO 1.14846 1.00622 0.52 1.1200 0.00
OAEP THAILAND 1.14444 1 00127 0.13 1.1194 -0.06
IEA BRASIL 1.14397 0.99881 -0.12 1.1300 0.89
CNEN BRASIL 1.14064 0.90671 -0.33 1.1600 3.57«
NAEA INDONESIA 1.14666 0.99236 -0.77 1.1381 1.62¢
KAERI KOREA 1.14368 1.00069 0.06 1.12271 0.24
ZFK  CERNANY 1.14650 0.99860 -0.14 1.1335 1.21e
IPEN PERU 1.14110 1.00144 0.14
AEC SOUTH AFRICA 1.14419 1.00047 0.06 1.1228 0.26
VIETNAN 1.14820 1.00000 0.00 1.1177 -0.21
CNEA ARGENTINA 0 90963 -0.04 1.1422 1.98e
HU TURKEY 9) 1.14336 0 99923 -0.08 1.1361 1.36e
IEA BRASIL 7) 1.14519 1.00078 0.08 1.1226 0.23
IJS SLOVENIA 1.14428 1 00049 0.06 1.1227 0.24
AERE BANGCLAD. 9)  1.14599 0.99926 -0.07
AERE BANGLADESH 1.14642 1.00071 0.07
PINST PAKISTAN 1.14488 1.00036 0.04 1.1347 1.31s
PINST PAKISTAN 9) 1.14596 0.99916 -0.08 1.1361 1.3B+
CNEN BRASIL 7) 1 14785 1 00080 0.08 1.1200 0.00
SKODA CSFR 1) 1.14840 1 00170 0.17 1.1187 -0.12
SKODA CSFR 2) 1.15160 0 93740 -0.26 1.1767 b5.06%
BARC INDIA 0.98923 -1.08 1.0069 -2.16s
NRI CSFR 3) 1.14720 1.00061 0.06 1.1226 0.23
CEADN CUBA 1.14477 0.99793 -0.21 1.1362 1.46+
CEADN CUBA 7) 1.14652 0.99974 -0.03 1.1266 0.50
IGCAR INDIA 4) 1.13806 0.99745 -0.26 1.1700 4.46+
IGCAR INDIA 6) 1.139%47 0.99091 -0.91 1.1720 4.64+
CNEA ARCENTINA T7) 1 00081 0.08 1.1226 0.23
CNEA ARGENTINA 8) 0.99923 -0.08 1.1361 1.3Bs
CNAEN TURKEY 1.14270 0.99960 -0.04 1.1354 1.38s
TU IRAN 1.14479 0.99969 -0.04 1.1326 1.12+

s« QUT OF RANGE OF EXPERIMENTAL UNCERTAINTY

1) NEA 0329/13 PROGRAN AND LIBRARY

2) WINSD2A PROGRAN, 1986 WINS LIBRARY

3) WINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
4) NURLI PROCRAN, WINS 1971 LIBRARY

6) NURLI PROCRAN, WINS 1971 LIBRARY VITH CHANGES

7) NODEL INPUT DATA (NMATERIAL 3)

8) NDODEL INPUT DATA (NNATERIAL 4), NEA 0329/14

9) NODEL INPUT DATA (NMATERIAL 4)

Table A-4: Continued

BENCHNARK : BAPL2
LAB. COUNTRY DEL26 R.Di2§5 DEL28 R.D.D28
X)
EXPERIMNENT 0.0680 +-1.47 0 0700 +-56.71
IIE NEXICO 0.0600 1.47 0.0670 -4.29
OAEP THAILAND 0.0686 0.94 0.0649 -7.34se
IEA  BRASIL 0.0690 1.47 0.0660 -5.71s
CNEN BRASIL 0.0690 1.47 0.0670 -4.29
NAEA INDONESIA 0.07T00 2.90+ 0.0662 -5.46
KAERI KOREA 0.0687 0.97 0.0649 -7.27s
IFK  GERNANY 0.0687 1.03 0.0663 -5.29
IPEN PERU
AEC SOUTH AFRICA 0.0688 1.18 0.0662 -6.8B6+
VIETNAN 0.0686 0.74 0.0660 -~5.71s
CNEA ARGENTINA 0.0686 0.96 0.0663 -5.33
HU TURKEY 9) 0.0689 1.26 0.0669 -5.B7s
IEA BRASIL 7) 0.0687 0.99 0.0668 -6.03+
1Js SLOVENIA 0.0687 1.00 0.0662 -6.8B0s=
AERE BANGLAD. 9)
AERE BANGLADESH
PINST PAKISTAN 0.0687 1.07 0.0664 -6.57»
PINST PAKISTAN 9) 0.0689 1.26 0.0659 -5.86+
CNEN BRASIL 7) 0.0680 0.00 0.0650 -7.14»
SKODA CSFR 1) 0.0686 0.88 0 0656 -6.29+
SKODA CSFR 2) 0.0674 -0.88 0.0682 -2.B7
BARC INDIA 0.0645 -5.21+ 0.0641 -8.49s
NRI CSFR 3) 0.0687 0.99 0.0652 -6.81+
CEADN CUBA 0.0688 1.18 0.0659 -b5.86+
CEADN CUBA 7) 0.0688 1.18 0.0651 -7 00»
IGCAR INDIA 4) 0.0689 1.32 0.0616 -12.00+
IGCAR INDIA 5) 0.0689 1.32 0.0646 -7.71e
CNEA ARGENTINA 7) 0.0687 1.03 0.0658 -6.00+
CNEA ARGENTINA 8) 0.0689 1.32 0.0659 -5.86+
CNAEN TURKEY 0.0688 1.18 0.0662 -5.43
TV IRAN 0.0687 1.03 0.0672 -4.00

OUT OF RANGE OF EXPERIMENTAL UNCERTAINTY

NEA 0329/13 PROGRAN AND LIBRARY

YINSD2A PROGRAN, 1986 WINS LIBRARY

VINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
NURLI PROGRAN, WINS 1971 LIBRARY

NURLI PROGRAN, WINS 1971 LIBRARY WITH CHANCES
NODEL INPUT DATA (NNATERIAL 3)

NODEL INPUT DATA (NMATERIAL 4), NEA 0329/14

NODEL INPUT DATA (NMATERIAL 4)

oo 00O (o = =]

0O0O0OO0O0OO

0000

7272

7337

.7283
.7319

.7363
.7322
.7280
.7282

.7323
.7322

7267

.7367
.7207
.7282
.7332
.7291

.7281
.7322
.7325
.7310
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Table A-5: BAPL-2 Results contributed for the first stage of WLUP Table A-5' Continued

BENCHMARK : BAPL3 BENCHNARK : BAPL3
LAB. CCUNTRY U236 U238 H1 6EQ SN REG NN NG DI BE LAB. COUNTRY K-INF K-EFF R D(ifp RO28 R D(:?za
IIE NEXICO 2354 22384 2001 1 41 11 11 2 1 EXPERIMENT 0 9060 +-1 10
OAEP THAILAND 236.4 2238.4 2001 1 41 7 66 2 1 IIE  NEXICO 1.13234 1.00366 0 36 0 8800 -2 87«
IEA  BRASIL 235.4 2238.4 2001 1 41 16 18 1 1 OAEP THAILAND 1.12886 0.99892 -0.11 0 8824 -2 60+
CNEN BRASIL 23564 22384 2001 1 41 16 24 4 -1 IEA  BRASIL 1 12868 0.99676 -0.32 0 BB70 -2.10+
NAEA INDONESIA 236.4 238.4 2001 1 41 3 6 2 1 CNEN BRASIL 1.12937 0.909922 -0.08 0.9040 -0 22
KAER1 KOREA 236.4 22384 2000 1 416 10 69 2 1 NAEA INDONESIA 1.13353 0.99672 -0 33 0.8948 -1 24+
IZFK  GERNANY 236 4 2238 4 2001 2 20 69 2 1 KAERI KOREA 1.12817 0.99836 -0 16 0.8847 -2 36+
IPEN PERU 236 4 2238.4 2001 1 4 12 18 2 O ZFK  GERNANY 1 13000 0.99770 -0.23 0.8928 -1 46+
AEC SOUTH AFRICA 235.4 2238.4 2001 1 1016 17 69 1 1 IPEN PERU 1.12518 0.99916 -0 09

VIETNAN 2364 22384 2000 1 416 8 6 2 O AEC  SOUTH AFRICA 1.12886 0.99809 -0 19 0.8848 -2 34+
CNEA ARGENTINA 236.4 2238.4 2001 2 9 18 2 0 VIETNAM 1 13270 0.99990 -0 01 0.8808 -2 78+
HU TURKEY 9) 236.4 2238 4 2001 2 16 10 18 1 1 CNEA ARGENTINA 0.99911 -0 09 0 8098 -0 68
IEA BRASIL 7) 236 4 2238 4 2001 2 16 10 18 1 1 HU TURKEY 9) 1.12892 0.99776 -0 22 0 BD40 -1 32+
I1JS SLOVENIA 2364 22384 2001 1 1216 10 69 1 1 IEA  BRASIL 7) 1.13038 0.99901 -0 10 0 BB47 -2 35+
AERE BANCLAD 9) 235.4 22384 2001 1 416 10 18 1 1 1JS SLOVENIA 1.12899 0.99807 -0 19 0 8849 -2.33s
AERE BANGLADESH 235.4 2238 4 2001 69 AERE BANGLAD 9) 1.13090 0.99781 -0 22
PINST PAKISTAN 236 4 22384 2001 1 4 14 20 2 © AERE BANGLADESH 1.13018 0.99849 -0 15
PINST PAKISTAN 9) 235.4 2238 4 2001 2 16 10 18 1 1 PINST PAKISTAN 1 12937 0.99912 -0 09 0 8934 -1 39+
CNEN BRASIL 7) 235.4 2238 4 2001 2 16 10 18 1 1 PINST PAKISTAN 9) 1 13090 1 00005 0 00 0 8931 -1 42+
SKODA CSFR 1) 235.4 2238 4 2001 2 1 16 18 1 1 CNEN BRASIL 7) 1 13230 0.99905 -0 10 0 B840 -2 43s
SKODA CSFR 2) 2236.0 8238 0 3001 2 1 16 18 1 1 SKODA CSFR 1) 1 13280 0.99990 -0 Ot 0 8821 -2 64+
BARC INDIA 235.4 2238 4 2001 2 12 6 2 0 SKODA CSFR  2) 1 13780 0.99880 -0.12 0 9249 2 09+
NRI CSFR 3) 236.4 2238 4 2001 1 1216 10 69 1 1 BARC INDIA 0.98618 -1 38 0 8670 -4.30+
CEADN CUBA 235 4 2238 4 2001 1 8 10 36 2 1 NRI CSFR 3) 1 13115 0.99821 -0 18 0.8849 -2 33+
CEADN CUBA 7) 235.4 2238.4 2001 1 416 10 18 1 1 CEADN CUBA 1 12942 0.99716 -0.28 0 8041 -1 31+
IGCAR INDIA 4) 235.4 3238 4 2001 CEADN CUBA 7) 1.13070 0 99768 -0.23 0 8869 -2 11+
IGCAR INDIA 6) 235 4 3238 4 2001 IGCAR INDIA 4) 1.12461 0 99745 -0 26 0 9200 1 bb#
CNEA ARCENTINA 7) 235 4 2238 4 2001 2 16 10 18 1 1 IGCAR INDIA ©b) 1.12678 0.99091 -0 91 0 9200 1.5b+
CNEA ARGENTINA 8) 235.4 2238 4 2001 2 16 10 18 1 1 CNEA ARGENTINA 7) 0.99910 -0 09 0 8847 -2.36s
CNAEN TURKEY 235.4 2238 4 2001 1 4 20 20 2 © CNEA ARGENTINA 8) 0.99900 -0.10 0 8847 -2.35+
TV IRAN 236.4 2238.4 2000 1 416 10 6 2 O CNAEM TURKEY 1.12770 0.99830 -0.17 0.8939 -1 34+

TU IRAN 1.13006 0.99895 -0.10 0 8910 -1 65s
13 PROGRAM AND LIBRARY

;; zgcsg;igénoanx, 1986 WINS LIBRARY *« OUT OF RANGE OF EXPERIMENTAL UNCERTAINTY
3) ¥INS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY 1) NEA 0329/13 PROGRAN AND LIBRARY
4) NURLI PROGRAM, WIMS 1971 LIBRARY 2) VWIMSD2A PROGRAN, 1986 WINS LIBRARY
6) MURLI PROGRAN, VWIMS 1971 LIBRARY WITH CHANGES 3) VINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
7) NMODEL INPUT DATA (NMATERIAL 3) 4) MURLI PROGRAM, WIMS 1971 LIBRARY
8) MODEL INPUT DATA (NMATERIAL 4), NEA 0329/14 6) MURLI PROGRAM, WIMS 1971 LIBRARY WITH CHANGES
©) NODEL INPUT DATA (NNATERIAL 4) 7) NODEL INPUT DATA (NMATERIAL 3)

8) MODEL INPUT DATA (NMATERIAL 4), NEA 0329/14
9) MODEL INPUT DATA (NMATERIAL 4)
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Table A-5: Continued
BENCHMARK : BAPL3

LAB. COUNTRY DEL26 R.D.D26 DEL28 R.D.D28 Cs
) )

EXPERIMENT 0.0620 +-1.92  0.0570 +-s.§s
IIE  NEXICO 0.0530 1.92  0.0660 -3.51
OAEP THAILAND 0.0627 1.44  0.053¢ -6.26% 0.6631
IEA  BRASIL 0.0630 1.92  0.0640 -5.26
CNEN BRASIL 0.0630 1.92  0.0560 -3.51
NAEA INDONESIA 0.0637 3.33¢ 0.0641 -5.11  0.6577
KAERI KOREA 0.0620 1.69  0.0635 -6.16*¢ 0.6539
ZFK  GERNANY 0.0629 1.73  0.0646 -4.21  0.6566
IPEN PERU
AEC SOUTH-AFRICA 0.0630 1.92  0.0638 -5.61¢

VIETNAN 0.0627 1.36  0.0542 -4.91
CNEA ARGENTINA 0.06290 1.63 0.0646 -4.26  0.6594
HU  TURKEY 9) 0.05629 1.83 0.0643 -4 66  0.6568
IEA BRASIL 7) 0.0629 1.71  0.0543 -4.77  0.6637
1JS SLOVENIA 0.0629 1.73  0.0638 -5.56*+ 0.6539
AERE BANGLAD. 9)
AERE BANGLADESH
PINST PAKISTAN 0.0629 1.76  0.0538 -5 66¢ 0.6568
PINST PAKISTAN ©) 0.0529 1.71  0.0636 -6.91¢+ 0.6566
CNEN BRASIL 7) 0.0520 0 00 O 0540 -6 26
SKODA CSFR 1) 00529 173 0.0541 -609 O 6528
SKODA CSFR 2) 0 0519 -0.19 0.0561 -1.68  0.6688
BARC INDIA 0.0498 -4.20+ 0.0628 -7.39¢ 0.6456
NRI CSFR 3) 00529 1.73  0.0638 -6 56+ 0.6539
CEADN CUBA 0.0530 1.92 0.0642 -4.81  0.6574
CEADN CUBA 7) 0.0630 1.92 O 0536 -6 96¢ 0.6544
IGCAR INDIA 4) 0.0529 1.73  0.0507 -11.06¢
IGCAR INDIA B) 0 0530 1.92  0.0532 -6.67+
CNEA ARGENTINA 7) 0.0530 1.92 0.0640 -5.26  0.6636
CNEA ARGENTINA 8) 0.0530 1.92 0.0640 -5.26  0.6537
CNAEN TURKEY 0.0630 1.92 0.0644 -4.656  0.6569
TU  IRAN 0.0528 1.654 0.0561 -3.33  0.6667

+« QUT OF RANGE OF EXPERINENTAL UNCERTAINTY

1) NEA 0329/13 PROGRAM AND LIBRARY

2) WINSD2A PROGRAN, 1986 WINS LIBRARY

3) YINS VERSION 101 (NOV. 1981), NEA 0329/13 LIBRARY
4) NURLI PROGRAN, WINS 1971 LIBRARY

6) MURLI PROGRAN, WINS 1971 LIBRARY WITH CHANGES

7) NODEL INPUT DATA (NMATERIAL 3)

8) MODEL INPUT DATA (NMATERIAL 4), NEA 0329/14

9) MODEL INPUT DATA (NMATERTAL 4)
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APPENDIX B
B Prescribed WIMS Input

B.1 Model input specifications for the benchmark lattices

08088 CERSBERL 4SSN ERSABAEESELENSSESHEN0KR068080000 SESEBEEEEEAER BB SEEESEEEEENBEREASEIICEER00200 0000800808
« WINS ¢« WINS

* TRX-1 ¢« TRX-2

S80S 0080006000503 8 8308808000300 080088¢0080 0308008080800 08008808 .““‘.“‘.....“.‘.‘....‘.“‘.....t.t‘.“.“‘......‘“.t‘
CELL 6 CELL 6

SEQUENCE 1 SEQUENCE 1

NGROUP 18 2 NGROUP 18 2

NMESH 10 NNESH 14

NREGION 4 0 ¢4 NREGION 4 0 4

NMATERIAL 3 NMATERIAL 3

NREACT 2 NREACT 2

PREOUT PREOUT

INITIATE INITIATE

ANNULUS 1 0 4916 1 ANNULUS 1 0 49156 1

ANNULUS 2 0 b042 0 ANNULUS 2 0.5042 0

ANNULUS 3 0 b763 2 ANNULUS 3 O b763 2

ANNULUS 4 0.94822 3 ANNULUS 4 1 1414 3

FEWGROUP 2 3 4 6 6 7 9 12 16 20 23 27 45 b4 657 60 63 69 NGROUP 18 2

MESH 4 1 1 4 FEWGROUP 2 3 4 6 6 7 9 12 16 20 23 27 45 54 57 60 63 69
MATERIAL 1 -1 293.0 1 235 4 0006253 2238.4 047206 NESH 4 1 1 8

MATERIAL 2 -1 293 0 2 27 06026 NATERIAL 1 -1 293.0 1 235 4 0006253 2238 4 047205
NATERIAL 3 -1 293 0 3 2001 06676 16 03338 MATERIAL 2 -1 293.0 2 27 060256

REGULAR 1 6 NATERIAL 3 -1 293 0 3 2001 06676 16 03338
S 4 REGULAR 1 6

BEGINC 5 4

THERNAL 6 BEGINC

BEEONE 1 THERMAL 6

DNB 10 0 0 0 BEEONE 1

DNB 20 0. O. Q DNB 10 0 O 0

DNB 3 006676 0 0.03338 0 DNB 2 0. 0 O 0

BUCKLINGS 0.005174 0.000526 DNB 3 0.06676 O 0 03338 O

DIFFUSION 1 3 1 BUCKLINGS 0.004943 0 000526

IEAKAGE & DIFFUSION 1 3 1

REACTION (235,293 0) (2238,293 0) LEAKAGE 6

PARTITION 45 69 REACTION (235,293 0) (2238,293 0)

BEGINC PARTITION 45 69

BEGINC



2909090898883 838383338883888040380884040088080%80880808000008
s WINS

s« BAPL-UU2-1

2990900800080 2820008028888 088200800020020000800200000800808
CELL 6

SEQUENCE 1

NGROUP 18 2

NNESH 10

NREGION 4 O 4

NMATERIAL 3

NREACT 2

PREOUT
INITIATE
ANNULUS
ANNULUS
ANNULUS
ANNULUS
NGROUP 1
FEVGROUP
MESH
NATERIAL
MATERIAL
MATERIAL
REGULAR

(]

BEGINC

an

pt

o

w
WN O -

6 T 9 12 16 20 23 27 45 64 BT 60 63 69
93.0 1 235.4 .0003112 2238.4 .023127 16 .046946
93.0 2 27 .06026

93.0 3 2001 06676 16 .03338

B DN = BN WN -

0. ¢ 0. 0
0. 0. 0. 0
0.06676 0. 0.03338 O
.002734 0.00052b

3 1

DNB
BUCKLINGS
DIFFUSION
LEAKAGE
REACTION (236,293.0) (2238,293 0)
PARTITION 45 69

BEGINC

6
1
1
DNB 2
3
0
1

o

14"

A d A A A A A T T TR T I T LI

¢+ YINS
+ BAPL-UD2-2

A Ll B ALl L T T T

CELL 6
SEQUENCE 1
NGROUP 18 2
NMESH 10
NREGION 4 o0 4
NNATERIAL 3
NREACT 2
PREOUT
INITIATE
ANNULUS
ANNULUS
ANNULUS
ANNULUS
NGROUP 1
FEWGROUP
NESH
MATERIAL
MATERIAL
NATERIAL
REGULAR

]

=W OOOO
[-- Mg
o~
sl
o w
~
WK O -

93.0 1 235.4 .0003112 2238 4 .023127 16
93.0 2 27 .06025
93.0 3 2001 .06676 16 03338

-1

P A S G PP R T

§

BEGINC
THERNAL
BEEONE
DNB

DNB

DNB
BUCKLINGS
DIFFUSION
LEAKAGE
REACTION (235,293 0) (2238,293 0)
PARTITION 46 69

BEGINC

0 0. 0. 0
0. 0. 0. 0.
0.06676 0 0.03338 0.
.003018 0.000529

3 1

N OWN == O

5 6 7 0 12 16 20 23 27 45 654 57 60 63 69
4

.046946



avi

B.2 Optimized input specifications
for the benchmark lattices

LR R R R A2 R A R R R R R A R R N R R R N R R R R R R RS R R RSS2 )

BEESEA ISR N RN SRR N A AR ES RS S UBBII NI IINIIIIRRIIRRIEESRIBIEBTEISESES s WINS

* WINS s TRX-1 SEQUENCE 1 S12 REGULAR 1 6

s BAPL-U02-3 s 7.11.01 STAND INPUT NMATERIAL 3
SESEEDIS0 0040088004000 RN000 00000000 0%0SRRNIRSEESES SO PEEL LSS58 000000 0000508888808 %00%0008000808080080800802
CELL 6 CELL 6

SEQUENCE 1 SEQUENCE 1

NGROUP 18 2 NGROUP 69 2

NNESH 10 NNESH 10

NREGION 4 O 4 NREGION 4 O 4

NNATERIAL 3 NNATERIAL 3

NREACT 2 NREACT 2

PREOUT PREOUT

INITIATE INITIATE

ANNULUS 1 0 4864 1 ANNULUS 1 0 4916 1

ANNULUS 2 0 b042 0 ANNULUS 2 0 6042 0

ANNULUS 3 0 b763 2 ANNULUS 3 0 6763 2

ANNULUS 4 0 94806 3 ANNULUS 4 0.94822 3

NGROUP 18 2 FEWGROUP 1 2 3 4 b 6 7 8 9 10 11 12 13 14 16 §
PEWGROUP 2 3 4 6 6 7 9 1Z 16 20 23 27 46 64 67 60 63 69 16 17 18 19 20 21 22 23 24 256 26 27 28 29 30 §
MESH 4 1 1 4 31 32 33 34 36 36 37 38 39 40 41 42 43 44 45 §
MATERIAL 1 -1 293 01 235 4 0003112 2738 4 023127 16 .046946 46 47 48 49 60 b1 62 63 64 b5 656 657 58 59 60 §
MATERIAL 2 -1 293 0 2 27 06026 61 62 63 64 66 66 67 68 69

NATERIAL 3 -1 293 0 3 2001 06676 16 03338 MESH 4 1 1 4

REGULAR 1 6 MATERIAL 1 -1 293.0 1 235.4 00062563 2238 4 047205

] 4 NATERIAL 2 -1 293 0 2 27 .06026

BEGINC MATERIAL 3 -1 293 0 3 2001 .06676 16 03338
THERNAL 6 REGULAR 1 6

BEEONE 1 S 12

DNB 10 0 0 0 BEGINC

DNB 20 0 o0 0 THERMAL 24

DNB 3006676 0 O 03338 0 BEEONE 1

BUCKLINGS O 002892 0 000530 DNB 10 0 0 0

DIFFUSION 1 3 1 DNB 20 0o 0 0

LEAKAGE b DNB 3 0.06676 0 0.03338 O

REACTION (235,293 0) (2238,293 0) BUCKLINGS 0.005174 0.000526

PARTITION 45 69 DIFFUSION 1 3 1

BEGINC LEAKAGE &

REACTION (235,293 0) (2238,293 0)
PARTITION 45 69
BEGINC
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Y Ittty Y F R T R T Y A I T Y YY) (L AL T2l A T Lt L T Y Y Py Y PR Y Y Y Y Yy

* WINS * WINS

* TRX-2 SEQUENCE 1 S 12 REGULAR 1 6 ¢ BAPL-U02-1 SEQUENCE 1 § 12 REGULAR 1 6

* 17.6.91 STAND. INPUT  NMATERIAL 3 + 17.6.91 STAND. INPUT  NNATERIAL 3

0000000060ttt ttdtst bttt bttt bttt ttins 2 I I InInInInmnmMmmMmM MMM MM N,

CELL 6 CELL 6

SEQUENCE 1 SEQUENCE 1

NGROUP 69 2 NGROUP 69 2

NMESH 14 NMESH 10

NREGION 4 O 4 NREGION 4 O 4

NNATERIAL 3 NNATERIAL 3

NREACT 2 NREACT 2

PREOUT PREOUT

INITIATE INITIATE

ANNULUS 1 0.4915 1 ANNULUS 1 0.4864 1

ANNULUS 2 0.5042 O ANNULUS 2 0.5042 ©

ANNULUS 3 0.5763 2 ANNULUS 3 0.5763 2

ANNULUS 4 1.1414 3 ANNULUS 4 0.81790 3

FEWGROUP 1 2 3 4 5 6 7 8 910 11 12 13 14 16 $ FEWCROUP 1 2 3 4 6 6 7 8 © 10 11 12 13 14 15 §
16 17 18 19 20 21 22 23 24 26 26 27 28 29 30 ¢ 16 17 18 19 20 21 22 23 24 26 26 27 28 29 30 $
31 32 33 34 36 36 37 38 39 40 41 42 43 44 45 § 31 32 33 34 36 36 37 38 39 40 41 42 43 44 46 $
46 47 48 49 50 51 62 53 54 656 66 67 58 59 60 ¢ 46 47 48 49 50 51 62 63 64 65 66 57 58 59 60 §
61 62 63 64 656 66 67 68 69 61 62 63 64 656 66 67 68 69

NESH 4 1 1 8 MESH 4 1 1 4

NATERIAL 1 -1 293.0 1 235.4 0006263 2238.4 047206 MATERIAL 1 -1 293.0 1 235.4 .0003112 2238.4 .023127 16 .046946

NATERIAL 2 -1 293.0 2 27 .06026 NATERIAL 2 -1 293.0 2 27 .06026

NATERIAL 3 -1 293.0 3 200! 06676 16 .03338 MATERIAL 3 -1 293.0 3 2001 .06676 16 03338

REGULAR 1 6 REGULAR 1 6

8 12 S 12

BEGINC BEGINC

THERNAL 24 THERMAL 24

BPEONE 1 BEEONE 1

DNB 10. 0.0 0 DNB 10. 0. 0. )

DNB 20. 00 0. DNB 2 0. 0. 0. 0.

DNB 3 0.06676 0 O 03338 0 DNB 3 0 06676 0. 0.03338 0

BUCKLINGS O 004943 0 000526 BUCKLINGS 0.002734 0.000525

DIFFUSION 1 3 1 DIFFUSION 1 3 1

LEAKAGE [ LEAKAGE B

REACTION (235,293.0) (2238,293.0) REACTION (235,293.0) (2238,293.0)

PARTITION 45 69 PARTITION 45 69

BEGINC BEGINC



8yl

8000044800088 00 NGNS Ottt ttattt ittt tottsate

*+ VYINS
* BAPL-U02-2 SEQUENCE 1 8 12 REGULAR 1 6

+ 17.6.901 STAND INPUT NMATERIAL 3

TN T IIIInInIIInmMmMmmImMmmm

CELL 6

BEQUENCE 1

NGROUP 69 2

NNESH 10

NREGION 4 0 4

NNATERIAL 3

NREACT 2

PREOUT

INITIATE

ANNULUS 1 0 4864 1

ANNULUS 2 0 5042 0

ANNULUS 3 0 B763 2

ANNULUS 4 O 86752 3

FPEWGROUP 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 §
16 17 18 19 20 21 22 23 24 26 26 27 28 29 30 §

31 32 33 34 35 36 37 38 39 40 41 42 43 44 46 §
46 47 4B 490 60 51 b2 b3 64 BE 56 67 bB 650 60 §
61 62 63 64 65 66 67 68 69

MESH 4 1 1 4

NATERIAL 1 -1 293.0 1 235 4 0003112 2238 4 023127 16 046946

MATERIAL 2 -1 293 0 2 27 06026

MATERIAL. 3 -1 293.0 3 2001 O06€76 16 03338
REGULAR 1 6

5 12

BEGINC

THERMAL 24

BEEONE 1

DNB 10 0 O 0

DNB 20 0 o0 0

DNB 3 0.06676 0 0 03338 O

BUCKLINGS 0 003018 O 000529

DIFFUSION 1 3 1
LEAKAGE &

REACTION (235,293 0) (2238,293 0)
PARTITION 45 69

BEGINC

(L X R R RN A N R R R N R N A R R R R R R R R RN YT Y]

« WINS

« BAPL-U02-3 SEQUENCE 1 S 12 REGULAR 1 6

¢ 17.6.91 STAND INPUT  NMATERIAL 3
(AR LR R R R N Ty N N I I I T L NI I YN Y Y]
CELL 6

SEQUENCE 1

NCROUP 69 2

NMESH 10

NREGION 4 O 4

NNATERIAL 3

NREACT 2

PREOUT

INITIATE

ANNULUS 1 O 4864 1

ANNULUS 2 0.5042 O

ANNULUS 3 0.5763 2

ANNULUS 4 O 94B06 3

FEWGROUP 1 2 3 4 b 6 7 8 9 10 11 12 13 14 16 §
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 §
31 32 33 34 36 36 37 38 39 40 41 42 43 44 46 $
46 47 48 49 bO 61 b2 b3 54 b5 56 57 658 59 60 $
61 62 63 64 66 66 67 68 69

MESH 4 1 1 ¢4

NATERIAL 1 -1 293.0 1 236 4 .0003112 2238 4 023127 16 046946

NATERIAL 2 -1 293.0 2 27 .06026

NATERIAL 3 -1 293 0 3 2001 .06676 16 03338

5 12

BEGINC

THERNAL 24

BEEONE 1

DNB 10 0 0 o]
DNB 20 0 0 0
DNB 3 0.06676 0 O 03338 O
BUCKLINGS 0.002892 0 000530

DIPFUSION 1 3 1

LEAKAGE 6

REACTION (235,293.0) (2238,293 0)
PARTITION 45 69

BEGINC
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APPENDIX C

C Complete Sensitivity Analysis Results

Table C-6 Influence of SEQUENCE on TRX-2 (BEEONE 1)

BENCHMARK TRX2

L R L I X I R A T A Y S PR R R RPN RN I NI I a1 12
| SEQUENCE| ] 1 | 1 | 1 ( 2 |
| 8 [ I 4 | 8 | 12 | |
| NMESH | | 14 | 14 | 14 | 10 |
s R TR Y R Y R R RN Y Y R TSR IR RIS S0 0 2 ) )
| K-INFIN.| | 1.16218] 1.16361] 1.16396| 1.16680]
| ERR. [X]} ! -0.16 | =003 | 0.00 | 0.16 |
| K-EFF. | 1 00000{ 0.9%415| 0.99542| 0.99672] 0.90744]
| ERR. [X)1 | -0 68 | -0.46 | -0.43 | -0.26 |
| RHO28 | 0 8370 | 0 8026 | 0.8023 | 0 8024 | 0.8006 |
| ERR [Y)] +-1.91 | -4.12 | 4.16 | -4.13 | -4.36 |
| DEL25 | 0.06140| 0.06106]1 0.06103] 0.06103| 0.06093|
| ERR. [%))| +-1.30 | -0.66 | -0.60 | -0.60 | -0.77 |
| DEL28 | 0.06930| 0.06907] 0 06942| 0 06957| 0.06989|
| ERR (%)] +-6.05 ] -0.33 | 017 | 0.39 | 0.85 |
] Cs ] 0.6470 | 0.6342 | 0.6340 | 0.6341 | 0.6334 |
| ERR [%]| +-0.93 | -1.98 | -2.01 | -1.99 | -2.10 |

Iy e s T s PR R I TR R R R R R R R R A

Table C-7: lnfluence of SEQUENCE on BAPL-1 (BEEONE 1)

BENCHMARK : BAPL1
.....“““““.t.tt““.““....‘...“.‘..t‘.““‘..“‘
| SEQUENCE| | 1 | 1| 1 | 2 |
| s | | 4 | 8 | 12 | |
““““““‘....‘.t‘ttt“‘t“““““‘.“‘t‘““.t“t“
| K-INFIN.| | 1.14234] 1.14287] 1.14304] 1.14348|
| ERR. [%X]| | ~0.06 | -0.01 | 0.00 | o0.04 |
| K-EFF. | 1.00000( 1.00072| 1.00116| 1.00130} 1 00183]
| ERR. [%]] | 0.07 | 0.12 | 0.13 | o0 18 |
| RHO28 | 1.3900 | 1.3596 | 1.3578 | 1 3574 | 1.35660 |
| ERR. [X)t +-0 72 | -2.19 | -2 32 | -2.36 | -2 45 |
| DEL26 | >.08400] 0.08425| 0.08416] 0 08414 0.08410]
| ERR. (X1] +-2.38 | 0.30 | 0.19 | 0.17 | 0 12 |
| DEL28 | 0.07800| 0.07635| 0.07653| 0.07661| 0.07602|
| ERR. [X]} +-6.13 | -3.40 | -3.17 | -3.06 | -2 64 |
| Ceo | 0.0000 | 0.8008 | 0.8001 | 0.8000 | 0.7996 |
| BERR. [%}| +-0 00| 0.00 | 0.00 | 0.00 | 0.00 |

““““““““““.‘.““.““‘.“““““‘““‘.““l
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Table C-8 Influence of SEQUENCE on BAPL-3 (BEEONE 1)

BENCHNARK : BAPL3
.....‘..........‘.t......l.-...‘..“‘..‘........“‘..t..
| SBEQUENCE| | 1| 1| 1 | y I
| 8§ I { 4 | 8 | 12 | |
| NMESH | | 10 | 10 | 10 | 10 |
.‘.“‘...““.....‘...“‘“‘....‘.‘O‘..............‘..“
| K-INFIN | | 1.12882] 1.12961] 1 12971 1.13048|
| BRR [%]} | oo8 | -002 | 000 | ©0.07 |
I_;-Erp | 1 00000| O 99606| O PP666| O 09682 0.99767|
| ERR [X]| | 039 | -033 | -0 32 | -0.24 |
| RHO28 | O 9060 | 0 8948 | O 8939 | O 8938 | 0.8935 |
| BRR [Y]| +-1 10 | -1 24 | -1 34 | -1.36 | -1 38 |
| DEL26 | O 06200| O 06301| O 06297| O 05206| 0 065297|
| PRR [Y]! +-1 92| 1904 | 187 | 18 | 1.87 |
| DEL28 | O 05700] O 06360| O 05381} 0.05390| 0.06425]|
| ERR (%] +-6 26 | -6 96 | -6 60 | -6 44 | -4.82 |
I—c- | 0 0000 | O 6573 | O 6570 | O 65670 | 0.6668 |
| ERR. [Y]] +-000 ] 000 | 000 | 000 | 0.00 |

““‘“““““‘.““."‘t'.“..“.““..‘“‘..‘.‘.....‘

Table C-9° Influence of REGULAR on TRX-2

BENCHMARK TRX2
.......‘......‘..“..‘.‘..‘.““..‘.“.........
| REGULAR | ] | 1 | 16|
‘...........t‘.‘.".“‘.‘..“‘..t.“‘..........
| K-INFIN | | 1 162901 1 16412] 1 16396/
i ERR. [%]1 ] o009 | 0.01 | 0.00 |
| K-EFF | 1 00000| O 9948B4| 0 99586] O 99572]
| ERR (%] | 062 | -041 | -043 |
| RHD28 | O 8370 | O 8086 | O 8014 | 0.8024 |
| BRR (%)} +-1 91 | -3.39 | -4.26 | -4 13 |
| DEL26 | O 06140! O 06106| 0 06103] O 06103
| ERR. [%]] +-1 30| -065 | -0 60 | -0.60 |
| DEL28 | O 06930| O 06963] 0 06956/ O 06957
| ERR. {%]} +-6 05| 048 | 038 | 039 |
| C» | 0 6470 | O 6362 | 0 6337 | O 6341 |
| ERR [%)| +-0 93| -1 67 | -206 | -199 |

‘...“..“‘.i..‘..“..““.....t.““"‘.“‘...

Table C-10 Influence of REGULAR on BAPL-1

BENCHMARK - BAPL1

[ L N N E Y I Y P N R R R R Y RN R R RN RN R Y]
| REGULAR | I [ 1| 16|
[ LR I R R Y N R N Y Y R T N R N Y R RS
| K-INPIN | | 1.140821 1 14397 1 14304]
{ BRR [%]! | -022 | o008 | 000 |
| K-EFF | 1.00000| 0 99913| 1 00211| 1 00130}
| ERR [%}I | -0.09 | 021 | 013 |
| RHO28 | 1 3900 | 1.3736 | 1.3514 | 1 3574 |
| ERR [%}] +-0.72 | -1.18 | -2 78 | -2 36 |
| DEL26 | O 08400{ O 08427| O 08409] 0.08414]|
| ERR [%X]] +-2 38| 032 | 011 | o017 |
| DEL28 | 0.07800| 0.07579| O O7666] 0.07661|
| BRR [%X]!| +-5.13 | -2.83 | -3 14 | -3 06 |
| c» 0 0000 | O 8054 | O 7980 | O 8000 |

[
{ ERR (X]| +-000 | 000 | 000 | o0 0O |

00000 NSRRIt Et NNttt Lttt tttdssstnstdtitts

Teble C-11' Influence of REGULAR on BAPL-3

BENCHMARK : BAPL3

".."...“‘..“.....“....“...‘..........‘...
| REGULAR | | | 1| 16 |
.........................‘.........“..........
| K-INFIN.| | 1.12816( 1 13006| 1 12971]|
| BRR (%} 1| ] -0.14 | 003 | 000 |
| K~EFF. | 1 00000| 0.99646]| 0.99713| 0 99682|
| ERR %] | -0.46 | -0 29 | -0 32 |
| RHO28 | 0 9060 | 0.9036 | 0 B916 | 0 8938 |
| BRR (X)) +-1 10| -0 28 | -1 69 | -1 36 |
[ DEL25 | 0 05200| 0 05302| O 05295| O 05206 |
| ERR [%X}I] +-1 92| 196 | 183 | 186 |
| DEL28 | 0 05700| 0 05398| 0 05388| 0 06390]
| ERR (X){ +-6 26 | -6 30 | -6 47 | -5 44 |
| c« | 0 0000 | 0 6603 | 0 6562 | 0 6670 |
| ERR [X)] +-0.00 | 000 | 000 | o0 0O |

.t.‘."“..‘.......“‘...‘...“‘..“‘.“““.“
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Table C-12 Influence of DIFFUSION and BEEONE on TRX-2

BENCHMARK : TRX2

(I A T R T L R R N R R N R R R A T P N P I N Y Y S P YIRS Y]
| DIFFUS | { 1 1 | 2 | 2 |
| BEEONE | ! 1| o | 1 | o |
[ IR F R I TR R A s R R A A R P P Y P I P R YY1 T Ty
| X-INFIN.| | 1.16395] 1.16305| 1.16396] 1.16396]
| ERR. (%11 | 0.00 | 0.00 | 000 | 000 |
| XK-EFF. | 1.00000] 0.99572| 0.99905| 0.99777] 1.00113]
| ERR [%]I { 043 | -0.10 | -0.22 | O 11 |
| RHO28 | 0 8370 | 0.8024 | 0.8012 | 0.8014 | 0.8002 |
| BRR. {%)! +-1 91 | -4.13 | -4.28 | -4 26 | -4.40 |
| DEL26 | 0.06140| O 06103| 0.06092| 0.06096| O.06086 |
| ERR. [%)) +-1.30 | -060 | -078 | -0 72 | -0.90 |
| DEL28 | 0.06930| 0.06957| 0.06833| 0.06962| 0.06829|
| ERR. [%)] +-6.06 ) 0.39 | -1.40 | 0.32 | -1.46 |
| ce 0.6470 | 0.6341 | 0.6337 | 0 6337 | 0.6334 |

|
| ERR. (X1 +-0.93 | -1.09 | -2.06 | -2.06 | -2.10 |

I LR T R R TN PR TR TR R Rl d ]

Table C 13 Influence of DIFFUSION and BEEONE on BAPL-1

BENCHMARK : BAPL1
‘O‘O‘OO““‘O0.0“C‘.O..OOOO"O““n““““O“‘OO..O“‘
| DIFPUS. | ( 1 | 1 | 2 | 2 |
| BEEONE | | 1| o | 1 o |
n‘onnt..."0‘0"OO-""OOOO“..OO‘O‘“00‘00“““‘0““0
| X-INFIN. | | 1.14304] 1.14304] 1.14304| 1 14304|
| BRR [%1! | 0.00 | 0.00 } 0.00 | 0.00 |
| X-EFF. | 1.00000] 1.00130| 1.00324] 1.00150| 1.00344|
| ERR. [¥]] ] 0.13 ) 0.32 | 0.16 | 0.34 |
] RHO28 |} 1.3900 | 1.3574 | 1.3660 | 1.3660 | 1.3646 |
| ERR. [%)! +-0.72 | -2.36 | -2 46 | -2.46 | -266 |
| DEL26 | 0.08400} 0.08414) 0.08403| 0.08406| O 08395|
| ERR. (%)} +-2.38 | 0.17 | ©0.04 | ©0.06 | -0.06 |
| DEL28 | 0.0780C| 0.07561| 0.07476| 0.07555] 0.07468]
| ERR. [%)! +-6 13 | -3.06 | -4.17 | ~-3.14 | -4. 24 |
| Ce | 0.0000 | 0 8000 | 0.7996 | 0.7996 | 0.7992 |

| Enn. %]} +-0.001 0.00 | 0.00 | 0.00 | 0.00 |

.‘l‘“'“.“.‘O‘.““““‘O“‘.“““““O“““‘..“..‘

Table C-14: Influence of DIFFUSION and BEEONE on BAPL-3

BENCHMARK : BAPL3

(I I I T R P s e R T s N Y R R R S RN RN N RTINS
{ DIFFUS. | | S 1 | 2 | 2 |
| BEEONE | | 1 | 0 | 1 | o |
S0 800C00e eSS0 00200000t eetttttbstbttatetneo
| K-INPIN.| | 1.12071] 1.12971| 1.12071| 1.12071]
| ERR [%])1 | o.oo | o000 | 000 | 000 |
| K-EFF. | 1.00000| 0.99682| 0.99927| 0.99793| 1.00039|
| BRR. [%) { -0.32 | -0.07 | -0.21 | 0.04 |
| RHO28 | 0.9060 | 0.8938 | 0 8920 | 0.8926 | 0.8917 |
| ERR [%))| +-1.10 | -1.36 | -1.45 | -1 48 | -1 68

| DEL26 | 0.06200] 0.06296| 0.06289| 0.056289| 0 05283
| ERR. [%)| +-1.02 | 1.886 | 1.74 | 1.71% | 160 |
| DEL28 | 0 O6T00| 0.06390| 0.06320] 0.05383| 0.06314|
{ ERR. [X]] +-6.26 | -6.44 | -6 67 | -6.66 | -6.77 |
| Ce | 0.0000 | 0.6570 | 0.6667 | 0 6566 | 0 6563 |
| ERR. [%)}] +-0.00 ] ©0.00 | 000 | 0.00 | 000 |

LA A A R A R R R I R R I I R Ry

Table C-15- Influence of fission spectrum on TRX-1

BENCHMARK : TRX1

....“O“.‘.OO“.“‘OOOO‘OOC...OO.‘OO‘OOO“‘.OO
| F1S.SPEC]| | WIMSD4 |E4 FISSP|ES FISSP|
.“““‘.““““‘O““.“.‘0.0““O“““OOO“
{ K-INFIN.| | 1.18360| 1.18286] 1.18496]|
| ERR. (%1} | 0.00 | -0.06 | 0.11 |
| K-EFF. | 1.00000| 1.00112}| 1.00098| 1.00066]|
| ERR. (%] ] 0.11 | o0.10 | o0.06 |
| RHO28 | 1.3200 | 1.2716 | 1.2721 | 1.2736 |

] ERR [X)] +-1.69 | -3 67 | -3.63 | -3.52 |

| DEL25 | 0.09870| O 09907| 0.09905| 0.09920]

{ ERR (X)f +-1.01 | 0.3 | 03s | o0.51 |
| DEL28 | 0.09460| 0.09663] 0.09673] 0.09960]
VERR. (%X)| +-4.33 | 2,16 | 119 | 6.29 |
| Ce | 0.7970 | 0.7774 | 0.7776 | 0.7770 |

| ERR. [X]1] +-1.00 | -2.46 | -2.43 | -2.40 |

SEEE00000000000000000900¢8¢30¢00820¢08820000008¢8
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Table C-16: Iafluence of fission spectrum on TRX-2

BENCHMARK TRX?2
“‘“"‘.“““‘..‘..““““““““““t““.
| PIS.SPEC] { WINSD4 |B4 PISSP|Eb FISSP|
G220 R0 2208 RSO RRRRRRRRRNRRORRRRORRRRORS
| K-INFIN | | 1 16395) 1 16341] 1 16499]
| ERR (%] | ooo ! -006 | 000 |
| K-EFF. | 1 00000| O 99672| O 99581 0O ©99487]
| ERR (%11 | 043 | -0 42 | -061 |
| RHO28 | 0 8370 | 0 8024 | O 8020 | O BO35 |
| ERR [(%]] +-1 01 | -4 13 | -4 07 | -4 00 |
| DEL26 | 0 06140 0 06103] O 06102| 0 06110|
| ERR [%]! +-1 30| -0 60 | -062 | -0 49 |
| DEL28 | O 06930! O 06957| O 06892] 0 07166]
| ERR (%]l +-6 06| 039 | -08656 | 341 |
| C» | 0 6470 | 0 6341 | 0 6342 | 0 6344 |
| ERR (%) +-0 83| -1 99 | -1 08 | -t 9856 |

““““.‘.‘O.“““.“‘.“."““‘.‘....“....

Table C-17 Influence of fission spectrum on BAPL-1

BENCHMARK BAPL1
sesstngatssns et iRttt ROttt OO
| FIS SPEC| { WIMSD4 |E4 FISSP|EG FISSP|
OOO....“O........‘...‘.....‘...............‘.‘
] K-INFIN | I 1 143041 1 14253] 1 14423]
| ERR [¥X]! | 000 | -004 [ 010 |
| K-eFF | 1 00000] 1 00130] 1 00127} 1 00090}
| ERR [%]] | 013 | 013 | 009 |
[ RHO28 | 1 3900 | 1 3574 | 1 3578 | 1 3589 |
| ERR [%]) +-0 72 ] -2 36 | -232 | -224 |
| DEL25 | O 0B400| O 0B414| O 08412| O 08423|
{ BRR ([%]| +-2 38| 017 | o014 | 027 |
| DEL28 | 0 07800] O 07661| 0 074590| O 07791|
| BRR. [%]| +-6 13 | -3 06 | -3 97 | -0 12 |
| Ce | 0 0000 | O 8000 | O 8001 | O 8004 |
) ERR [%}} +-0 00| 00O | 000 | 000 |

O‘“..““‘O““‘O.“"“-“‘O“““““‘OCO“.

Table C-18 Influence of fission spectrum on BAPL-2

BENCHMARK BAPL2
000020020 R0 0000020000000 00000 RSt RRORRS
| PIS.SPEC! | WINSD4A |E4 PISSP{R5 PISSP|
I 3 IS I R YR s N R R N 323 2 R R Y YRS
| K-INPIN | | 1 145461 1 145011 1 14646/
| ERR (%]} | o000 | -004 | 009 |
| X~-EFF. | 1 00000| 0.99900! 0.99907] O 99B36|
| ERR. [%)! | 010 | -0.00 | -0 16 )
| RHO28 | 1.1200 | 1.1334 | 1.1337 | 1.1347 |
| ERR [%]| +-0.890 | 1.20 | 1.22 | 1 31 |
| DEL26 | O 06800| 0.06876| 0.06874| O 06883]
| BRR (X1 +-1 47 | 112 | 1,00 | 1 22 |
| DEL28 | 0.07000) 0 06534| O 06472| 0 06732]
| BRR [%]) +-6 71 | -6 66 | -7 54 | -3 B3 |
| C» | 00000 | O 7319 | 0 7320 | O 7322 |
| ERR [%¥}! +~0 00| 000 | 000 | O 00 |

8488020888880 02424008888840888888888080 0000000

Table C-19 Influence of fission spectrum on BAPL-3

BENCHMARK BAPL3

O.“.“.‘..O.‘OO"OO‘OO..‘..OOOOO‘OOO0.00‘.O..‘
| FIS SPEC| | WINSD4 |E4 FISSP|ES FISSP|
.O....‘..O.‘0.00000..OO.“..OO‘..OOOOOOOOO0.0“
| X-INFIN.| 1 1 12971 1 12936| 1 13069
| ERR (%} | 000 {-003 | 0 o08 |
| X-EFF. | 1 00000| 0.99682| O 99697| 0 99613|
| ERR [%1) | -032 | -0.30 | -0 39 |
| RHO28 | 0 9060 | 0 B93B | O 8941 | 0 8948 |
| ERR [%X]! +-1 10| -1 35 | -1 31 | -1 24 |
| DEL25 | 0.052001 0 05296] 0 05296! 0 05302
| ERR (%11 +-1 921 18 | 183 | 196 !
| DEL2B | 0 05700| 0 05390| O 05338| 0 05650
{ ERR [X]]| +~6 26 | -6 44 | -6 35 | -2 63 |

! 0 0000 | 0 6570 | 0 6571 | 0.6673 |
i ERR [%X]l +-0.00 ] 000 | 000 | 000 |

O“...‘...“i.‘.“““‘...““‘...““‘OO“‘..‘



LETTER INVITING SCIENTISTS TO PARTICIPATE IN

THE "WIMS LIBRARY UPDATE PROJECT,"

27 AUGUST 1990,

INTERNATIONAL ATOMIC ENERGY AGENCY,

VIENNA, AUSTRIA
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INTERNATIONAL ATOMIC ENERCY AGENCY
AGENCE INTERNATIONALE DE L'ENERGIE ATOMIQUE
MEXIYHAPOIHOE ATEHTCTBO IO ATOMHOR 3HEPIUHM

ORGANISMO INTERNACIONAL DE ENERGIA ATOMICA

WAGRAMERSTRASSE S P O BOX 100, A-1400 VIENNA, AUSTRIA
TELEX 1.12645, CABLE INATOM VIENNA FACSIMILE 43 | 234564 TELEPHONE 43 1 2360

DIAL DIRECTLY TO EXTENSION

IN REPLY PLEASE REFER TO
PRIERE DE RAPPELER LA REFERENCE COMPOSER DIRECTEMENT LE NUMERO DE POSTE

334-F4.01 27 August 1990

Dear Colleague,

The International Atomic Energy Agency is initiating a project to
update the multigroup nuclear data input library of the WIMS reactor
Physics code (in short: WIMS Library Update Project). The WIMS code is
one of the most widely used thermal reactor physics codes and is of
interest especially to reactor physics groups in developing countries.

The idea for a project to update the multigroup nuclear data input
library of the WIMS <code grew out of discussions between the
participants, lecturers and directors of the Joint IAEA/ICTP Workshop on
Reactor Physics Calculations for Applications in Nuclear Technology held
at the 1CTP from 12 February to 16 March 1990 and organized in
co-operation with the Nuclear Data and Physics Sections of the Department
of Research and Isotopes of IAEA. The planned project is in line with
the relevant conclusions and recommendations of the Technical Committee
Meeting on In-core Fuel Management held by the IAEA in Vienna, 4 - 7
December 19839. The project is thus being organized by the Nuclear Data
and Physics Sections of the IAEA, with the co-operation of the IAEA
Nuclear Power Technology Development Section.

After a development period of 10 - 15 years, improved evaluated
nuclear data libraries such as ENDF/B-VI from the U.S.A. and JENDL-3 from
Japan have recently been released -to the-Agency. There are many reactor
pPhysicists -around the world awho .are interested in updating and improving
the multigroup nuclear data input to the WIMS code.

The "WIMS Library Update"” ©project (WLU Project) is principally
conceived to proceed through a series of thermal reactor benchmark
calculations using the evaluated nuclear data libraries, nuclear data
processing codes and the WIMS code, with & gradual replacement of o0ld by
new nuclear data, and, including at each step, 8 checking of the
reliability of the calculational results. Deviations between calculated
and experimental benchmark data will be used to remedy inaccuracies in
the calculations and/or nuclear dats input and will also be fed back to
the originators of the codes and/or evaluated nuclear data for review and
improvement.
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The final outcome of this project will thus be a reliable up-to-date
nuclear data base for the WIMS code. Project ©participants will
simultaneously acquire a detailed knowledge of nuclear data relevant to
thermal reactor physics as well as a capability for reliable use of an
important reactor physics computer code and associasted nuclear data

processing codes.

With this letter I would like to invite you and your colleagues to
participate in the project. The enclosure gives the proposed plan of the
different stages of the project. The project will be carried out
primarily through correspondence and at no cost to the Agency.

Dr. M. Ravnik and Dr. A. Trkov from the Jozef Stefan Institute in
Ljubljana, Yugoslavia, will be responsible for the co-ordination of the
Project The undersigned will be the contact person in charge of this

project .at the IAEA.

Please let me know at your early convenience, preferably before

30 September whether you wish to pirticipate in this project. If you
need any additional information and/.r clarifications, or if you have any
suggestions for improving this project, please do not hesitate to contact

me.

Yours sincerely,

a;h'\,
S’ N-/“"'
Enclosure Srinivasafh GANESAN

Nuclear Data Section
Division of Physical and
Chemical Sciences

ec: Dr. M. Ravnik, Ljubljana
Dr. A. Trkov, Ljubljana
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PROPOSED PLAN OF DIFFEREN1 STAGES OF
"WIMS LIBRARY UPDATE™ PROJECT

The "WIMS lLibrary Update™ (WLU) Project 1s planned to be executed in
several stages:

FIRST STAGE

The following benchmarks are recommended for inclusion in the analysis for
this stage:

TRX-1
TRX-2
BAPL-UO,-1
BAPL-UO,- 2
BAPL-UO,-3

(G SR

The specifications are to be taken from the ENDF-202 document. For your
later use under this project, we enclose extracts of the relevant portions of

the ENDF-202 document.

In this stage, all participants are requested to calculate the integral
parameters mentioned in the benchmark specifications using the WIMS code and
the associated WIMS library available with them. The main aim of this stage
of the exercise is to compare the results calculated by different teams for
the same physical parameters. These results also expected to throw light on
differences caused by different modelling assumptions in the use of the W1MS
code. The majority of the participants will probably use the original WIMS
code available freely from the NEA Data Bank and its associated multigroup
nuclear data library for this stage (called "original WIMS-D/4" herein

after).

The participants should provide the following infeormation, when submitting
their results:

1) Detailed specifications of the version of the WIMS code and the
-multigroup cross secticn library that the participant is using, the
source from which the code and the library were obtained and the date

of receipt of these.

2) For each of the benchmarks, the card image of the input. Please
include your comvents on your choice of major input
options/parameters. (For example: ©buckling, mesh, energy groups.)

3) The calculated values of k-infinity and k-eff, and of as many measured
parameters as is practical.

A) The participants may be requested later to send us the full output of
the WIMS run on a floppy disk or on magnetic tape, in crder to help us

in the process of evaluation.

Note that the first stage of this project does not invdlve any processing
of the evaluated basic data libraries.
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Please mail the results to

M. Ravnik

*J. Stefan" Institute
Jamova 39

P.0O. Box 100

YU-61111 Ljubljana
YUGOSLAVIA

Telephone: (061) 371-321
Facsimile: (061) 374919
Telex: 31-296 yu jostin

with a copy to

S. Ganesan

Nuclear Data Section
International Atomic Energy Agency
Wagramer Strasse 5

P.0. Box 100

A-1400 Vienna

AUSTRIA/EUROPE.

Telephone: 43 1 2360 ext. 1713
Facsimile: 43 1 234564

Telex: 1-12645
Cable: INATOM V1ENNA
E-Mail: RNQR1AEAl

Note that the integral results may be sent either as printed matter or on IBM
compatible PC-diskette, for the first stage of the project.

SECOND STAGE

The second stage of the project involves updating the original WIMS-D/4
nuclear data library (herein after referred to as WIMS library)

For this stage of the project, the evaluated data librarv ENDF/B-IV has
been selected. (Subsequent stagec will use ENDF/B-V1, JENDL-3 and BROND
libraries, from which the final updated WIMS library will eventually be
created.) This stage of the project is designed to validate and intercompare
results of various processing codes such as AMPX, NJOY, FEDGROUP-C, etc , for
updating the WIMS library.

The participants are requested to process the ENDF/B-1IV file for the
following isotopes which occur in the five benchmarks mentioned under the
first stage to create a complete multigroup library in WIMS format, for all
reactions and for each isotope:

1. UuU-235

2. U-238

3. Hydrogen bound in water
4 Oxygen

5. Aluminium
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Participants are encouraged to submit results isotope by isotope. The
participants should use the same temperatures and dilution cross sections
(oo values) as in the original WIMS library to facilitate
intercomparison. Please mail the generated WIMS library for these isotopes to

Andrej Trkov

“J. Stefan” Institute
Jamova 39

P.0. Box 100

YU-61111 Ljubljana
YUGOSLAVIA

Telephone: (061) 371-321
Facsimile: (061) 374918
Telex: 31-296 yu jostin,

with a copy to

S. Ganesan

Nuclear Data Section

International Atomic Energy Agency
Wagramer Strasse 5

P.O. Box 100

A-1400 Vienna

AUSTRIA/EUROPE.

Telephone: 43 1 2360 ext. 1713
Facsimile: 43 1 234564

Telex: 1-12645
Cable: INATOM VIENNA
E-Mail: RNQ@IAEAl

The recommended tape specifications for transmittal of the WIMS library so
generated are as follows:

1600 BP1l
NO LABEL
9 track

In view of the nature of the tasks to be performed under stages 1 and 2,
in order to save time, it has been decided to conduct stages 1 and 2 in
parallel. The participants in each of these stages are expected to submit
first results as soon as possible. We do expect that additional participants
may join the project later, but to make progress within a reasonable period of
time, this deadline has been specified. Depending on vour interest, you are
encouraged to participate in stage 1 or stage 2 or in both.

It is recommended that the processing codes that are usually used in your
laboratory be used for this project (examples: NJOY, FEDGROUP-C, AMPX, etc.).
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STAGE 3 and beyond

Only after completion of stages 1 and 2, the tasks for stage 3 and beyond
will be taken up. Please sec the enclosed report by Dr Rawvnik and Dr Trkov

for further details

Stage 3 involves
- processing of ENDF/B-V1, BROND and JENDL-3 Jibraries for the same five

1sotopes mentioned in stage 2.

The participants will be supplied with the selected updated libraries 1in
WIMS format obtained in stage 3 for analysis of same benchmarks mentioned 1in

stage 1.

In stage 5 the project will 1include uvpdating of data for structural and
light elements and fission products using ENDF/B-V1, JENDL-3 and BROND data
The validation of these WIMS cross section updates will be made using a seriec
of appropriate benchmarks including benchmarks for burnup. The results are
expected to lead to recommendations on the most appropriate choice and use of
updated libraries for application calculations. Thus, Bt the end of the
project, the participants will have acquired updated WIMS libraries based on
the performance of different multigroup data derived from the different basic
data libraries using validated processing codes.
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THERMAL REACTOR BENCHMARKS NOS. 6-9

Benchmark Name and Tvpe: TRX-1 through TRX-4, H20~moderaced uranium lattices.

System Description

These benchmarks are H20 moderated lattices of slightly enriched (1.3%)
uranium rods with diameters of .4915 c¢m in a triangular pattern Measured

28 25 28
6 .+ 8

2
lattice parameters include p , , and C*; B" was measured for TRX-1l

and TRX-2, but not for TRX-3 and TRX-4 which are two-region lattices

These lattices directly test the U235 resonance fission integral and
thermal fission cross section They alsoc test U238 shielded resonance
capture and the thermal capture crosg section. They are sensitive to
the U238 fast fission cross section, U238 inelastic scattering and the
U235 fission spectrum. The scattering and (thermal) absorbtion cross
sections of HZO are very important slso.

Model Description

There are two principal methods of analysis:

a heterogeneous infinite lattice cell calculation followed by a homogenized-
core leakage calculation.

an explicit description of the full core in three dimensions.

1. Infinite lattice Cell

a. Physicgl Properties

Outer Concentration
Region Radius, cm Isotope 1024 Atqg!/cm3
Fuel 0.4915 233y 6.253 x 107°
238 4.7205 x 1072
Void 0.5042 -
Clad 0.5753 Al 6.025 x 1072
Moderator * 1H 6.676 x 10.2
16, 3.338 x 107

*lattice spacings of 1.8060, 2.1740, 1.4412, and 2.8824 em,

respectively, for TRX-1 through TRX-4. (Triangular arrays)
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b. Suggested Method of Calculation

Monte Carlo, multigroup Sn(n 2 &) or equivalent Pz, or integral
transport theory. An accurate treatment of resonance absorption
is essential.
2. Lleakage Calculation

a. To account for leakage use a homogenized multigroup BL calculation
with a total buckling 32 = .0057 em? for TRX-1 and 3 - 005469 cm 2
for TRX-2. This is not suitable for TRX-3 and TRX-4 which are two-
Tegion lattices.

b. An alternative treatment of leakage, applicable to all four lattices,
is to cylinderire them and calcilate radial shapes explicitly using
maltigroup Sn or PL theory. Ip all four lattices the axial buckling

is .000526 cm-z; all are fully reflected.

Dimensions of Cylinderized TRX lattices
Outer Radius (cm)

Composition TRX~- 1 TRX-2 TRX-3 TRX-4
Homogenized test 26.2093  27.4419 11.1467 11.8198
lattice cells
Water gap - - 12.3268 12.3268
Romogenized driver - - 37.9406 42.1717

lattice cells

Reflector large

Properties of U007 Driver lattice (TRX-3 and TRX-4)

Cater Concentration

Region Radius, ecrm Isotooe 1024 Atoms/cm3
Fuel 4B64 2335 3112 x 107°
238, 2.3127 x 107

%o  4.6%6 x 1072

Void . 5042 -

Clad 5753 Al 6.025 x 1072
Moderator »* 1H 6.676 x 10-2
15 3.338 x 1072

*Triangular pitch lattice with spacing of 1.8060 cm.

162



3. Full Core Mode ]

The actual full-core configurations and loadings were:

TRX-1: 764 fuel rods

TRX-2: 578 fuel rods

TRX-3: A hexagonal array of 169 UO2 rods was removed from the center
of the driver lattice (pitch 1.806 cm), leaving 1432 rods.
A hexagonal array of 217 metal rods (pitch 1.4412 cm) wes
centered in the opening.

TRX-4: Every other rod of the TRX-3 inner lattice was remowved,

leaving 6] meral -rods (piteh 2.8824 cm).

rods were now required.

Figures 1 and 2 show 1/3-core representations of these lattices.

Slight differences from the actual core loadings are due to
symmetrizing the outer boundary (for simplicity).

the axial model for these lattices.

1809 UOZ driver

Figure 3 shows

The tank inner diameter is 162.56 cm.

This model neglects the following items, which are considered to

be inconsequential.

sheets located at 1/3 and 2/3 of fuel full-height.
the top lattice plate was of aluminum.

the rod handles and tips were actually made of brass.

D. [Experimental Data

It has omitted the 0.635 ecm-thick lucite spacer

In some cases,

In some metal-fueled lattices,

TRX- 1 TRX-2 TRX-3 TRX-4
Pitch, om 1.8060 2.1740 1.4412 2.8824
Water/fuel vol. ratio 2.35 4.02 1.00 8.11
Number of rods 764 578 217 61
3%, 107 en? 57 + 1 54.69 + .36 . -
;28 1.320 + .021 .837 + .016  3.03 + .05 .48l » .01l
323 .0987 + .0010 .0614¢ + .0008 .231 + .003  .0358 + .0005
§28 .0946 + .0041 .0693 + .0035 .167 + .008  .0482 + .0020
c* 797 + .008  .647 + .006 1.255 + .011  .531 & .0C4
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Note:

1.

6.

Parameters correspond to thermal cutoff of 0.625 eV and were measured

at core center. They embody corrections obtained in Ref 6.

928 = ratio of epithermal-to-thermal 238U captures.
525 = ratio of epithermal-to-thermal 2350 fissions.
628 = ratio of 238U fissions to 23SU fissions.
C* = ratio of 2380 captures to 2:’SU fissions.

Comments and Documentation

Parameter measurements are

thermal disadvantage factors (Ref. 3) and fast advantage factors (Ref. &)

are also availgble.

lattices, -fuel rods, etc.

described in Ref. 1 and 2. Measurements of

Reference 5 shows some addi{tional details about the

Cadmium cutoff -energies .and foil perturbation

wvere given careful attention.
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THERMAL REACTOR BENCHMARKS NOS, 18-20

A. Benchmark Name and Tvpe BAPL-UC,-. through 3,H,0 mogerazed uraniur

oxide critical lacraices

B, System Description

L4

These experiments consist of H O moderated critical lattices of 1 311 w%
enriched uranium oxide rods (0.D. 0.9728 cm) arranged in & triangular

28 25. 628,

2
pattern. The measured parameters include p , § and B . Three

lattices with moaderator to fuel volume ratios of l1.«3, 1.78 anc . «C are

specifiea

C. Model Description

1. Infinite lattice calculation

a) Physical properties (cylindrical geometry)

Concentration

Region Outer Radius (em) Isotope (1024 acoms/cm3)
Fuel L LB64 235, 3,112 x 10°°
238, 2.3127 x 1072
4.6946 X 1072
void . 5042 -- -
Clad .5753 Al 6.025 x 1072
Moderator * 0 3.338 X 107°
H 6.676 X 167°

*Triangular lattices with a pitch of 1.5578, 1 6523 and 1.8057 cm
Tespectively.

b) Suggested Method of Calculacion
Integral transport theory, Monte Carlo or Muliigroup Sn with

spec13l treatment of the resonance region.

ro

Leakage Calculation

To account for leakage a hcwogenized B, caiculation with the

L
following total bucklings should be used.
Lattice Buckling [miz]
BAPL-UOZ-I 32,59 + .15
BAPL-UOZ-Z 35,47 + .18
BAPL-002-3 34.22 = .13
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D. Experimental Data

BAPL-U02-1 BAPL-U02-2 BAPL-U02~3

Pitch, Cm 1.5578 1.6523 1,8057
Water/fuel vol. 1.43 1.78 2.40

racio
Number of rods 2173 + 3 1755 + 3 1575 = 3
32 (n"2) 32.59 = .15 35.47 = .15 36.22 = .13
:28 1.39 + .01 1.12 =+ .01 0.506 + .01
625 .084 + 002 .068 + .00L .052 = .00l
5°® .078 + .004 070 + .00s .057 = .003

NOTE. Measured parameters correspond to & thermal cutoff of 0.625 eV

and were measured at the core center.

E. Comments and Documentat:ion

The specifications for the lattices and the measured values were taken

from reference 1 where the following i1dentifications have been used

BAPL-UOZ-I 0A-131-383-143
BAPL-U02~2 OA-131-383-178
BAPL-U02-3 0A-131-383-240

Reference 2 describes the original experiment. Results of an analysis

using ENDF/B-1V data are given in Reference 3

References
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LETTER INVITING SCIENTISTS TO PARTICIPATE IN
THE EXTENSION OF PHASE | AND IN STAGE 3 OF

THE "WIMS LIBRARY UPDATE PROJECT,"
8 SEPTEMBER 1992,

INTERNATIONAL ATOMIC ENERGY AGENCY,

VIENNA, AUSTRIA
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AR

INTERNATIONAL ATOMIC ENERGY AGENCY
AGENCE INTERNATIONALE DE L'ENERGIE ATOMIQUE
MEXIOIYHAPOOLHOE ATEHTCTBO NO ATOMHOR 3HEPTHH
ORGANISMO INTERNACIONAL DE ENERGIA ATOMICA

WAGRAMERSTRASSE 5 P O BOX 100. A-1400 VIENNA, AUSTRIA
TELEX 1-12645 CABLE INATOM VIENNA FACSIMILE 43 1 234564 TELEPHONE 43 1 2360

IN REPLY PLEASE REFER TO DiAL DIRECTLY TO EXTENSION
PRIERE DE RAPPELER LA REFERENCE COMPOSER DIRECTEMENT LE NUMERO DE POSTE

334-F4.01
8 September 1992

Dear Colleague,
Subject: WIMS Library Update Project.

The WIMS library update project (WLU Project) has gone through
Phase 1 and Phase 2 with the selected reactor benchmarks. It is planned
to extend the WLU project by inclusion of additional benchmark
experiments. Enclosed herewith, please find the specifications for these
additional benchmarks. You are invited to participate in the extension
of WLUP Stage 1.

The participation in Stage 3, involving the processing of ENDF/B-VI,
BROND-2, JENDL-3.1, and CENDL-2 basic libraries for the selected
isotopes, can also be started in parallel by teams having the data
processing capability. JEF-2 will be included subject to its free
availabilicy.

You are most weicome to participate in these projects and send your
results for inclusion in the comparison studies to Dr. A. Trkov and
Dr. M. Ravnik at the following address:

"J. Stefan" Institute
Jamova 39

P.0. Box 1090

61111 Ljubljana
SLOVENIA (EUROPE)

Telephone: (061) 371321

Facsimile: (061) 374919
Telex: 31-296 yu jostin,

171



with a copy to

Dr. S. Ganesan

Nuclear Data Section

International Atomic Energy Agency
P.0. Box 100

A-1400 Vienna

AUSTRIA (EUROQPE)

Telephone: +43-1-2360 ext. 1713

E-Mail: (EARN-BITNET) RNQEIAEAl
Facsimile: +43-1-234564

Telex: 112645 ATOM A

Cable: INATOM VIENNA.

As you are aware, the WIMS Library Update Project 1s being carried
out primarily through correspondence and at no cost to the Agency.

Best wishes and regards,

Yours sincerely,
V’J
~ ‘\ b
_——

Srinivasan GANESAN

Nuclear Data Section

Division of Physical and
Chemiceal Sciences

Enclosures:

1. M. Ravnix, A. Trkov, "WLUP Stage 1 - Extended; Benchmark
Specifications", 2 September 1992.

2. A. Trkov, M, Ravnik, "NJOY-9) and Thermal Reactor Applications”,
presented at the Seminar on NJOY-91 and TEEMIS, OECD/NEA Data Bank,
Saclay., 7-9 April 1962,
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WLUP Stage 1 - Extended

Benchmark specifications

M.Ravnik, A.Trkov

September 2, 1992

1 Introduction

Stage 1 of the WIMS Library Update Project (WLUP) has been compieted success-
fully The results include optimized WIMS 1inputs for § thermal lattices (TRX-1,2
and BAPL-1,2,3) and a set of reference results using WIMS/D-4 with the original
library as distributed through the NEA-Data Bank at Saclay) The results are

documented 1n (1]
Due to the success of Project Stage 1 i1t has been decided to propose an ex-

tension which would include additional bencnmark experiments Some participants
expressed interest 1n the heavy water and thorium cycle data. so appropriate bencn-
marks were considered

2 Benchmark selection

The document (2} includes a limited number of suitable benchmarks to be modelled
with WIMS. Furthermore, in the literature some authors express doubts about the
measured quantities, particularly for the heavy water latuces. By considering several
alternatives, the following selection has been made:

1 R/100H benchmarks (2 lattices) as an additional independent test of light water
moderated 350 fuelled latices,

2 ZEEP benchmarks (3 lattices), D20 moderated and fuelied with natural ura-
nium,

3 BNL-TAO, benchmarks (3 iattices), ight water moderated, thorium oxide ex-
ponential lattices

Lattice descriptions are taken from documents [3,2] and are given in r.hae apoendix
Parts of the specifications (particularly sections related to the caiculatinal method-
ology) which are not obligatory for the purpose of the project have been crossed out,
but they are readable and for the sake of ccmpieteness tnev have peen inzluded in
the distribution Note tnat the full documents {3,2! are not required for carrying out
the exercise and the Agency has no spare copies to distribute to the partic:pants
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3 Calculational methods

The WIVMS/D~4 code alone 1s to be usec No glopal criticality calculations are re-
quirec Measurec buckiugs are 1o be applied to account for ieakage

4 Presentation of resul:s

Apart from tne ko and k.yr, tne spectral indices are to be calculated [if possiblel
so that comparison with tiie measured values can be maae |t 1s aovisabie Lo suppiy
the W INS inputs with the resulls 11 case any ambiguities need to be resolvec

The participants should comment their choice of the WIMS options usec in as
much detall as possible [l applicapie, a summary of a sensitivity analysis snouic be
prescnted, which proves that tne sciected opiions are adequate

Thne participants experienced in neavv wale: CalCulalions are Urgec Lo commen:
anag justiiv Lneir caicuialiona: Mmetnods SiNce [eavy waie~ jatlices are jess {recuenth
moaelied with WIMS

At present it 1s not certain tha: meaningful reference resuits for tne Thornium
lattices can be obtained using WIMS/D-4 with the existing hbrary Participants
interested 1n the thorium data are asxed to meke an effort to point out any difficulty
which they mught encounter

References

[1] M.Ravnik, A.Holubar, A Trkov, WIMS Librery Update Project - Final Report
on Stage I, Institute “Joief Stefan”, Ljubljana, 1J3-DP-€245, May 1962,

12] BNL, Cross Sections Working Group Bencamark Specifications, BNL 19302
(ENDF-207) with Supplements (1986),

‘3] D.S.Craig, Testing ZNDF/B.V Data jor The-mal Reactors, Atomic Energv of
Capada Ltc., AECL-7690 (Rev 1), June 1984



APPENDIX
A.1 R/100H Benchmark Specifications

LATTICES R./1004, R2/100E., anc R3'IOOF

Descrivozion of Lattices

R1/100E, R2/!004 anéd R3/100F are Hs0-moaeratec lattices of UOs fuel
rods enriched to 3.003 wt.x in U-235. The fuel pellets are 10.I2 om :n
diametar. They are clad with stainless steel, 0.267 wo thick. The rods are
arranged 1. sauare latcices with pitches of 13.20 an, 18.66 on, and 12.506

me for R./100KH, R2/I100K and R3/100K, respeczively. The volume ralios of

mogerator to fuel ir these lattices are ..00!, 2.163 and 0.779. Coomplete

details of the larcize and the measurements have been given by Brown

et al{l)., We will refer to the series as the R/I0OOH series.

Interes:

The thermal-reactor benchmarks for Ho0-moderated lattices containing
U-235 and U-238 are the TRX and BAPL-UO; series. Both were measured at
the Be®:is Atomic Power Laboratory. 1t was thought desirable to use a
series of lat:zices measured at anotner laboratory. The R/JOOH series was
measuTed at the United Kingdom Atomic Energy Estatlishment, Winfrith. These
laztices are of parz:icular interest as a number of laliice paramerers weTe
measured - namely, BZ, RCK, 625, the razio of fissions xn Pu=239 rto
fissions xr U-235 1n the latziice to tha:t in a Maxwellian, 5;:', and the

thcTm2l neutron specITuT 1Ngex cabfures i 3 Tegior 0 the cell.

te

(Lu=176/Mn=E557 capcures in a region . the cell
(Lu=.76/Mn=325) captures 1ot a Maxwvel..an spectTus

These lar:iices are also of interes: because :n R! anc R3 the ratio of
epizhermal to thermal caoture :n U-238, I°7, 1s tnree to four times larger
znan that in TRY~!. Thus these lar:t:ces should provice a betzer test of the

accuracyv of the U~238 resonance cata.
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ngr “Pf”‘“ble

\Yal:Lla::ors
:

The ca.culations were made using the RAHAB/CIMA coce comt.nation as

described in the body of the repor:.

The resonance reaction rate was calculated using CIZMA with the SgP)
option anc cthe cocbinatoria. scheme for calculating the fluxes. Because of
temperature to use in Doppler broadening :the

. -
K. This

tne uncertarntviabout the

o

resonances, calculations were made using both 293 X and 25

L

discussed in the main report.

uncerzaincy has bee

\
ALl cacza 15 ENDF/p~+ excep: for the therzal scattering cata for UQn

which 1s CRNL data. The xwellian average Cross secZilons were taxen frec

ExDF-328(2),
Results

The results are given in Table N-I. There are two sets, A and B. The

~fferences 1n chese secs are aescribed\1in Addendum !. Set B 1s consicered

to be the better of the two.

As with che BAPL~UO; lattices we give a\preference to the results

with the Doppler broadening calculated ar 293 KN Use of the higher

temperature of 353 X decreased kefs by .l mk o X0 mk. Consistent
with tnis decrease 15 an Lncrease 1n fhe relative ccoyversiorn ratic, RCR, by

on tne results ootainec using 293 K we see that

(@)

. .- r R
o CO ims Loncenttacin

W

.5 g
values of Kke:s: ate 3 mh nign for tne two Iigntest Laliices R. and Al
c RZ. The unce:rtainIlv 1In Kes:d ;ncrocuced\by the

°
2 1 £ - -- - - - \\ & h-Bal
B¢ 1s 1 mk for the twe tigntest lattizes and 2 mke for RI.
N

\

anc 6 =k nigr 2
uncestainIy 1in
rIretec as cause:z bv

o
I3
m

Values ¢f RCR are 3% anc 4% high. 7Thos zoule be or
the en:cthermal capture in U-238 being 47 to SX higt. This 1s a N:czle

-

higner than the average we obtaineag Ior ine TRX and BAPL-UQO-~ latzices.

N

N

Lattice descripuions are taken from documnents {3,2] and are given in r.hae apoendix
Parts of the specifications (particuisrly sections related to the calculatinal method-
ology) which are not obligatory for the purpose of the project have been crossed out,
but they are readable and for the sake of compieteness they have been included in
the distribution Note that the full documents {3,2] are not required for carrying out
the exercise and the Agency has no spare copies to distribute to the participants.
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values\of >29 and RCR for these laztices. The percentage errcr in the
value of -28 probably arises from a simllar percentage error

in the epithermal capture in U-238. The relationship 1s not so direc: in

agree wicth experiment. However, the experimental

uncertalnties are lakge and consequently the ENDF/B-V data involved in fast

f1ssion :n U-238 1s nod\ adequarely checked by these lattices.

The ratios of flsslons\fn Pu~239 to fissions in U~225 ir tne la:t:iice

compared to the values in 4 wellian are in fair agreemen: wiin

experiment, being high bv 2.2 an¥ !.8 standard deviations. We concluce that

the ratio of the fission cross sechbions of Pu-239 and U-235 are represented

fairly well by ENDF/B-~V.

The thermal-neutron spectTum indice calculated using the preferred

thermal scattering daca, Set B, are low by and 8%. Those obtained using

Ser A agree with experiment. The discrepancies between the experimental and

calculated values could arise from errors in theNLu=176 cross section or in

the thermal scattering matrix for Hg0. As pointed Qut 1n Adaendum ] thece

1s some questlion about the accuracy of the Lu-176 dat Untzl this 1s

resolved 1t 1s not possible to aecide on the source of e drscrepancies.

o the

v

It should be noted tha: :tne values of L cannot be comparec

tnermal speciruc incices, L*, used in Appenaix | witn tne LTRIZa latiice.
\

™ uced only subcacmium reaction rates. Calculates values ol L i
zhe inner and outer fuel

OCH.

r “TRIie,

using Set B scattering data are !..)5! anc 1.167 fo
tuves, resoeciively. Thus thev are between those for Rl/100kh anac R/

However K expecimental values of L are no: available for thas lattice. \\\
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we are concerned with the c.fferences betJeen the SI7T & anc SIT B

v

fer L - about 7L for botn R! anc R latt.ces. In ccllapsing che

poinIiv.se cata into ouliigroup form SIT A used constani we.gniing uc to

.

Z up to

o

« eV, wnereas SIT B used a Maxwellian up o 0.0 eV followed bv a !,

AN

820 keV. In\edd;:;or SET B was produced using a revised version of NJOVY,

As far as _ l;\conce:ned {2 1s thought tnat the difference 1rn the res..:s

mainlv arises frog the use of different weighiing faczors. In tne energv

Al

.25 eV the calculated flux in the fuel varies f-ono 3. :o

6% higher wnen SIT A used. A similar effect was seen with Tthe D.0
moderatea _TRIIA lat:tice, discussed :ir Addendum .. Calculazions mage wi:ih
N

homogeneous mixtures of Ds§ and U-225 have shown tha: the cif:rerences ir

spectira arise mainly Zrom the use of cifferent wexgnhting func:zions.

Lu=176 has a resonance at O\l&4 eV and thus capture in this nuclide 1s

particularly sensitive to the flux the range of 0.1 eV tec 0.25 eV. Since

Pu-239 has a resonance at 0.296 eV and\Pu-24] at 0.257 eV, captures 1in these

nuclides might be fairly aependent on tha wveight:ing factors., To eliminate

this dependence the widths of the energy gioups should be reduced. However,

because of the large amount of work required o create new data libraries fo

use on a finer mesh, this has not been aone. This problem should be

reexaminea 1f the cata for Lu-176 15 revised.

The number of neutrons absorpec in the stainless\steel cladding in
these lat:tices .s greater thar Ine nudDber absorbed 1n the aluminuz claading

TRY anc BAPL lattixce bv faczeors of aboutr & and 3, féxpec:;vely. “hus

o tne
the ca.cu.atec reaczivities fcr zne 2/.00% latzices are more sensilive tc
erTors it the cladcing cimens:ions ancd density than for the aluﬁ}qum clad
lattices. The numbers of neutrons captured in the cladding, for Ehe neutcon
being absorbed or los: bv leakage, are (.0324, C.Cl134, anz 0.03.9 fo
R1/100K, R2/.00H and R3/100H, respeciively. For aosoryiions in H»0 tne

N\

corresponding nudbers are 0.0257, 0.0943 and 0.01¢3.
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The values of cc for the latzices agree with those for tne
2
BAPL-UOy lattices - high~hv about &4 mk. Since 28 yas no: measurec :i-

the R/100 series it 1s not possible to draw any definite conclusions abou:

“ -

the epithermal capture rate irn U-Z3Bw _However, frox the RCR values ::

apoears that the epichermal capture in U-C sizghtly high. Th:s vas tne

conclusion from the results from the other lattl It should be notec

that high values of RCR are inconsistent with high val of kKes:. 1f

RCR 2s high we expect kef: to be lov. Some of the discrepanty may

g

arise fror uncertaintles 1n the capture o tne stainless stee:l i0g.
~

References

1. “Measurements of Material Buckling and Detaxled Reaction Rates in a
Series of Low Enrichment U0y Fuelled Cores Mpaoerated by lLight Water™,
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~pTr oA
——— - &

CPAPIST F CAllllATD AND DEFERIMINTAL LATTIC PARAME TSRS
FCR R 10n, R2/IQUR anc P2/ 100K

RI/IOCK R2/10CH R/ 100K

VOLLME RATIC Hy0/UD7 = .00 MO/ = 3 163 FO/Dn ~ 0.77

: |
> | C.1.120.0018 (+105)°
! { { |
[ 1
vee S 1162 bR Ot 3t 22—t 3O Tt YTt
€5 2@ | 1 .589+0.009 | | | | 1 16610009 |
| ] { | | | |
L ———trrbi b &5+ T R 21— B A e T e
DR x| 1.160%0.006 | | I | 11122009 |
! | ! | | ‘ '
s B +e—— 5T Gt 3l Tt S AT — 520 S
.y | ! I | !
¢* [ ( | [ c.J2 0.321
e | ’ |
.,:ul

Trese arrors have an acditional common svstemetic estor o +100.
= prererTes vaiues
P = capoires 1~238/fission (235, rato of lartice to Mzoeilian
$7° = fissicns (-238/fission L-235
cvim = fissions Po-239/fissaon -205, ramo of lattice o Mmoellian
o (c2otures Li—-'76/captures M~—55) at scme positaon in latlice

' m

“  (captures Li~[7o/captures Mr>33) in a Moaellisn specThum

TABLE 2-11

150N OF CALCULATED AND DXPERIMENTAL VALLULS OF
AND RS FOR A NUMBER OF LATTICES

LATTICE
TRX =1 TR\-C BAP.-U09~-1 BAPL-UQ5-C BAPL-UC=) "
g ~N 2 : :
< | 0lue0 Clb" . 012+0.015 05+ .007 L C15+C 009 ..001+0.01.
B - S - -
¢ ,
; |
. LEEP-, R/ 100 13’100Hﬁ<\\\\\\¥
RCR ca.

RCX axp : ..01720.00¢ 1.032+0.007 « OeieC.01! \\\\\\
I

* uncertaincy based on uncertainty guoted for C'C' from experimen
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A.2 ZEEP Benchmark Specifications

APPENDIY

SUGGISTED IEEP BENCHMARKS

Benchmark Name and Descr:iption

b

C

ZEEP~l, -2 and -2, DoO-moderared crizicals, natural uramuz.

B. Svster Description
Zrro-.

This bencnmark consists of 2 Da0-moceratec latitice of natural uranium

metal rods, 32.57 mm in diameter.
lattice having a pitch of 200 wmm.
2 .28
o

T

-

useful for testing DsC, U-235 and L-238 cross sectioms.

ZTEP-2 and ZETEP-3

ZEEP-2 and ZEEP-3 are the same as

139.7 mm and 120.6 mm, respecIavely.

C. Svstem Descrivtion
1. 1Infinite Lattice Calculartion
a) Phvsical Proverties

Temperature 20°C, density of fuel

(atoms D/(azoms

, and RCR. The latter 1s definec

The measured lattice

:n Sec:zion L.

ZEZP~1 except the

’
Onlvw B; was measurec.

This latzice ¢

is 18.95 g/cm3; purity of Ds0

U « atoms D)) 1s 0.9977.

The rods vere arranged {n a triangular

s

parameters include

lattice pitches are

| | Compositior
Region | Outer ] Isotope | Concentration
' Radius,mn ‘ ’ 1024 atoms/cm-
Fue: | 16.28s i =3y | 3,456 x 107"
| =28 c.760 x 107
aszcap L 160470 j ¢ | 5.0 x 1077
_Cladding | 17.490 ! s 6.025 x 107
| (alternaive——uonngeni: T gav anc c.adding ) -5

Claading — Az 17.490

- cap A2 $.128 x 1C

[ t

\ . | -

Mpgeraior piteh in o= ! y 1.529 x 1D

I a -"

ZEEP~1  200.0 i ﬂ 6.623 x 107~

2ETP~2  139.7 Coam B 7,645 x 107"
ZIIP-3  120.6 |

| -

i C in 0.0 k 3.314 x 10 ©

I (Total O} | 3.324 x 107-
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Yocderator {(-f cvliincrical geomeiry 1s used)
racius in =
Jzze-. 105.00¢E |
{
ZZze-2 73368
i I
2EZP-3 £3.2320 ;

2. Lleakage Calculazion

calculazion wich
B

U
-

To account for leakage use a homogenizec muliigroup B
£p

by
- -
for IZEP-_, B«mf. 34 m " for IEIP-I, and

a total buckl:ing B-=0.99 m

-~ -
- T T P
-

v - for ZEIF

'

>

-
ox

to

.-

5. Calculazec Values

Resulcrs snould be given for both the infinite and finite lattices for

28
k; © the relative conversion ratio (RCR), and each

*

the following items:
region four group fluxes, and four group nuclear reactions rates and cross

seczions. The upper boundaries of the groups will be 10’ eV, 821 «xeV,
5.53 keV, and 0.625 eV. Also girve the modified conversion ra:zio, C*, for a

Maxwellian with the moderator at 20°C.

D. Exvperimental Data

ZEEP-1

2 -2
B = 6.9 = 0.06 m
m —
2t
- = razic ¢f L-238 Zrssions o U-22F ZI:issions = J.087: - C.001-
203 = U-238 caotures L-238 casiures
S L-°-5 Z. .« - Sa N .- Mo xwell:
213 Ziissions y L=233 Zissions ir a Mcxwell:ian
in the lat:i.ce specIrux at
moaerarsrT
temperazure (20°C)
= C» oy Ve

ATTICT TMAXWELLIAN

-t v e

2.260 = C.005

-
B = 8.34 + 0.03 w ~

-
-

(4]

Te-3

-

B = 7.30 ~ 0.28 m -
m =
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E. Commer:s and Docume~zatic

The onvsical prooerties of the lattice anc buckllng measuTements a:

various pitches are desccibed irn Refs. 1 and 2. Z. was not measurec for

the 20C mm lat:tice, butl can be obiainec b intervelatior from the values
fcr tne .Lattices wiir piiches o0f 19p0.f m= anc 20f5.7 mm. 1: is pointec ou:
tnat the fuel in the IZITP rods represencs earlv uranluT proguciion anc

although no exhaus:zive stucies have been mage there 1S no reason To suspec:

the presence of sign:ificant amounts of i‘mpurities.

28 in 1963 by C.3. Bagnam at AECL bu: have

and RCR were measured
23
not been published. 1In an internal report he gave 28 . 0.0676 (*+2X) and

ICR (U-238 captures/U-235 absorptions) = 0.7048 (=0.3%), measured a:t a
The values quoted in Sectiorn D have been

-
-

moderator temperazure of 24°C.
adjuscted to refer to 20°C. RCR, the measured guan:iity, is not nov

available. The value given in Sec:zion D was obtained from ICR by using the
same data as was used in 1963 in going from RCR to ICR.

used :n gaking these measurements are described in Rei. 3.

The techniques

The value of C* - derived at AECL from Maxwellian averages of
: MAXWILLIAN °° g
Version V cata 1s 0.65~. Uszng this value and the value for RCR, C* for

tne ce.l 1s C.824.

el
The uncertainties quoted for :the RCR and ;‘S ate one stangard deviation.
The definition of the uncerzainties oguoted for tne bucklings is not knowm.
That for the lat:iice vith a 200 2z pitcn was taken To be the same as for

the neighoouring pitches.
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A.3 BLN-ThO, Benchmark Specifications

A,

184

TUERMAL REACTOR ZENCIMARKS NGS, 21-13

Benchmark Name and Tvpe: BNL-ThC,-l through 2, h.0 mogeratec Thoriucm

oxide exponential lacztices

Svstem Description

These experiments consist of H:O moderated exponent:ia) lattices fueled
by vibratory compacted particles of 3wh aaaUO2 - 97thhO: The fuel roos
(0.D, 1.0922 cm) wvere clad in Zircaloy-2 and arranged in a triangular
pattern in a B0 cv diamecter > 18C cm ceep aluminur tane erected on top
0f a therma. coiumn. Measurec parameCers inciuage 3;, 9% anc¢ the

dysprosium disadvantage factor Y. Three latz:ces wvith moogerator to
g Dy

fuel volume racros of 1.0, 1.38 and 3.0 are specified.

Tnese TllCes are sensitive 10 Cross sect.ons for thermal
and epitnermal U223 fission, tnermsl and epithermel Th232 capiure,

and HZO scattering.

Mcdel Descripiion

There are twc principal metnocs cf analysis:
- 4 pneterogeneous infinite lattice cell celcullation fcllowed b

£ Nomogenllec-Ccore leAxAge CEB.CUIBEILSH (elTner Lin

-~

-

.- . .
meas.rel paterial £ , or an extlic:it rad:iel czlcioletion W

<ae measurs? axisal I

- An explicit description of the actual lati:ice in two dimencsions
vith an axial leakage correction obtained from the homogenized-
-
core description witt the measured axial 3 .
It has been ocserved that the second nethod produces significantly

different radial leakage than either of the honmogenized-core

approximasions (Ref. &).



.

'rfinf{re Latzice Cell

a) Phvsical Proverzies

Concencration

Regior Quter racius (cm’ isotove 1®* Aroms:e=
Fue. C Sub. ter . 0BE3Z 3 1C7°
2334y, 1.98115 x 107"
233y 6.1021 x 10°°
334y 9,09 x 10°°
2as 2.7 x 1077
238y 6.55 x 10°°
B 2.2 x 1078
Ciad 0.63373 21 4255 x 1072
sn 5.03 x 107
e 7.92 x 107°
Fe 9.58 x 107°
N{ 3.51 x 1070
co 3.5 x 107’
B 5.3 x 1077
cd 2.0 x 1078
HE 7.0 x 1078
Moderator - H 6.676 x 1072
0 3,338 x 1072

*Tr.anguidr jaczices with 8 pictch of L.59

respeczively

22, .71B8 anc 2.1697 cm

b) Sugzested Method of Calculation
Inctegral cransport theory, Monte Carlo or Multigroup Sn with
special treatment of the resonance region.

Leakage Calculation

2) To account for leakage & homogenized B, 6 calculation with the

L

following total material bucklings should be used.

Buckling [m'ZJ Axial Relaxation No. of Reds
Lenegth ()
BNL-ThOz-l 75.88 = 2.0 39.57 SiL
BNL-ThOz-Z B6.06 = 1.3 43.58 397
BNL-ThC.-3 B:.5¢ ~ 0.8 45.18 2N
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(3]

region then use Sn or P, theorv with ar axia. buckling odptainec

from the relaxation leng:th.

3. Explicit Full Core Model (TWo Dimensions)

<

Figure 1 snows & .1/3-core Z-dimens.cnal represenzazicn
cf tne ZL-T= 2-1 latzice. The model includes tne water
refleczcr {not soown) out tc & radius ¢f 9C cz, wnicn
coincides watn the posit.on of the zank wall. BNL-Th¢2-2, -z
15 represented similarly except for the nuxber cf fuel rocs.
The cuter fuel boundary is symme:ricized in all cases.

The axial directicn is not reoresented in the S ll-ccre
Mcnte Carlo description. The cor-ection for axial irnleakage
1c optained as in Section 2(b), witn & negative axial
. .2 -
pucrling given oy - l/a_, wnszre 4+ 1S the meesurec axial

-

relaxetion length.

D. Exverimental Data

BNL-ThOz—l BNL-Th02-2 BNL-Th02-3
Pitch, cm 1.5523 1.7188 2.1697
Wacer/fuel vol, .997 1.384 2.0043
Tacio
Number of rods 511 397 271
8oy 1,215 = C.02¢  1.257 = 0.62e  ..3I5 = C.C2&
p02 1.338 = C.0a2 903 + 0,038 L21 + C.012

Note- parameters coTrTresponc o a thermal cutoff of [.€2° eV

p0l = razio of esicnermal to therma. caprures - 23%Th

-

Dy = Dvsprosium-164 disadvantage fac:zor - Racio of thne aciivations o

14Dy in the moderator tfc those in the fuel.
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9070 07070 0.0 078 057
q.i' Y RI Y IR

Cowsents and Documentation

The measurements are described {n references ! and 2. Reference 3

describes the analysis.
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