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P O V Z E T E K - Konec 1990 ee je na Mednarodni agenciji za atomsko energijo 
začel projekt obnove knjižnice presekov programa WIMS (WIMS Library Updat
ing Project, WLUP). V projektu sodeluje 22 laboratorijev iz 19 držav, koordiniramo 
pa g* na Institutu "Jofef Stefan" . Doslej je končana faza 1 tega projekta, ki obsega 
optimizacijo vhodnega modela programa WIMS za pet eksperimentalnih testnih 
problemov. Podani so tudi rezultati faze 2, v kateri so se procesirali preseki na 
oa»ovi ENDF/B-IV datoteke. 

A B S T R A C T - At the end of 1990 the WIMS Library Update Project (WLUP) has 
been initiated at the International Atomic Energy Agency. The project was orga
nised as an international research project, coordinated at the "J . Stefan" Institute. 
Up to now, 22 laboratories from 19 countries joined the project. Phase 1 of the 
project, which included WIMS input optimization for five experimental benchmark 
lattices, has been completed. The work presented in this paper describes ajso the 
results of Phase 2 of the project, in which the cross sections based on END?/B-IV 
evaluated nuclear data library have been processed. 

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 (l) and is used at several 
laboratories 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 adjustments were usually empirical and do not rellec.t improvements in the 
nuclear data. Since a number of new evaluated nuclear da ta libraries have become 
available recently, it is considered that a new WIMS library could be constructed. 

The WIMS Library Update Project (WLUP) was initiated through the Interna
tional Atomic Energy Agency (IAEA) in August 1990 when an invitation letter |2) 
was sent to several potential participants in different laboratories throughout the 
world. The main stages of the project serve the following purposes: 
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1. standardisation of WIMS inputs to model benchmark experiments, 

2 checking the data processing codes and procedures by data intercomparison, 

S A updating the WIMS library with more recent data for some important reactor 
materials, 

4. supplementing the updated library with the remaining materiala of interest 
(including fission products) 

Stage 1. has been completed recently [3| and is hoped to be extended to include 
more benchmark experimented,Preliminary results of Stage 2 had been analysed [4]. 
A .summary' of.results is. presented ia the sections-below. 

2 Application of WIMS to benchmark experiments 

Five hduehmnrk ttwt Cases from Brookhaven National laboratories' compilation [5] 
w«e specified ' ( T R X ^ i m d 2/ BAPL-lj 2 and'3) ' All selected experimental test 
<MM.'are nefl liter *ater' moderated1 lattice* of cylindrical aluminium cla,d fuel rods, 
with dimunoions. pitch and composition typical for power reactors. Fuel is slightly 
euridhtd (13 w %) uranium. All lattices are hexagonal. Some characteristics of the 
teat cases are provided in Table I. Participant were invited to provide the main 
benchmark results which were given in the bpaehmark specifications, together with 
basic software and hardware specifications: thai-cod^ and the library version, the 
type of computer. 

Table1 I: Benchmark test cases'specifications 

iti ,vi<U 

Narr»e ,,n 

TRX-1 
TRX-2 
BAPL-1 
BAPL-2 
BAPL-3 

'ill 1111 1 C = 

, Fuel 

U-metal 
U-metal 

U0 2 

VOj 

' uo2 
irmn r n u r a 

.Ptitth omj 

1.81 
2.17 
1.56 
1.65 
1.81 

Critical buckling, B*, 

57.0 * 1(T4 

54.7 * 10"» 
32.6 * 10-4 

35.5 * lCT4 

34.2 * 10"* 

[cm-* 

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 Table II. 
A preliminary evaluation was performed, Some trivial errors were removed either 
by repeating the calculations or by contacting the participants. The average values 
of the calculated parameters and their standard deviation (labelled RELDEV) of the 
result« provided by the participants are presented in Table 111. The reference results 
calculated using the standardised inputs and their difference from measured values 
(labelled RELDIF) are also given. The following conclusions may be drawn about the 
results: 
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Table II: Definitions of some of the integral parameters 

fcoo infinite medium multiplication factor, 

fcgff finite medium effective multiplication factor, 

pn ratio of epithermal to thermal 238f/ capture, 
62B ratio of epithermal to thermal 23SU fission, 

6*8 ratio of 338U fission to ™U fission, 

C* ratio of ™U capture to ™U fission. 

• Significant differences in ktjf can be observed between the results of different 
participants. The distribution of ktjf is presented in graphical form in Figure 1. 
Bach bar in a diagram corresponds to the number of participants with fce// 
results in the j i h interval [k\^l\k[^f] of width Afc which is arbitrarily chosen 
as 0.1% of the average ktf/. The spread of the results is mainly due to different 
input models. It is bigger than the differences due to the modifications of the 
code, which are practically negligible. 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. 

• The peaks of the distributions of ke/f in Figure 1 correspond closely with the 
most sophisticated (but still practical) input models which may be used in 
WIMS (using a large number of groups, S„ order greater than default, B\ 
approximation). These inputs are declard as standard and will be used in the 
subsequent stages of the project. The results obtained with such inputs may 
be defined as reference when making conclusions about the agreement of the 
calculations and the measurements. They are given in Table III (labelled REF.) 
and they are marked with an arrow in Figure 1. They correspond also to the 
most probable result from the input models used by the participants. 

• It may be observed that the reference results lie at the limit (or just outside) 
of the error interval (dotted line in Figure 1) for keff. A systematic shift of the 
reference keff results may be observed if all benchmark cases are compared. 
WIMS keff is overestimated for TRX-1 and BAPL-1 which are both rather 
tight lattices compared to TRX-2 and BAPL-3, where kej/ is underestimated. 
The dependence of the error in kejj 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 calculations! models alone. 
The sensitivity analysis and references [5] suggest that the error in ktjf can 
be better explained by the error in the resonance integrals of U-238. This is 
also in agreement with the observed errors in the calculated spectral indicators 
(particularly pw) which are discussed below. 
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• The influence of different input options is not so strong in the case of other 
benchmark parameters (p28, SiS,S2h,C*), as they depend only on the spectrum 
and on the particular isotope microscopic cross-sections. The spread of the 
results reflected in the standard deviations in Table III is relatively small. It 
may be observed that the calculated results systematically lie within the ex
perimental error interval for £2B and 628 while for p28 and C* they are out of 
it. 

Parameter p28 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 overestimation of p28 is small. Experimental value for C* is 
provided only for TRX-1 and 2, in both cases the calculated C* being approx
imately 2% underestimated. Both results indicate that the epithermal capture 
of U-238 is underestimated by about 4%. Independently, from the good agree
ment for 526 and S28 it can be concluded, that the U-235 fission reaction rate 
in the denominator of C* being correct, the U-238 capture is responsible for 
the discrepancies. Since p28 w 1, the thermal and the epithermal capture are 
approximately equal. Assuming that the thermal capture is correct, the error 
in C* should be two times smaller than that of p28, as it is indeed observed. 

• The WIMS p28 is on average underestimated, indicating that the resonance 
cross-sections are probably underestimated, yielding overestimated ke// in tight 
lattices, where the spectrum is harder and p28 is large. Going to lattices with 
a bigger lattice pitch (such as TRX-2 or BAPL-3), p28 becomes smaller and 
the error in the resonance integral becomes less important. The fce// is less 
overestimated, i.e., it is shifted in the negative direction with respect to the 
experimental value. 

The conclusion that the epithermal and the resonance capture cross sections 
in WIMS U-238 data are incorrect was confirmed also by the WIMS authors[6J. 
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, which is modified to 
preserve neutron balance on account of multiple neutron emission reactions such as 
(n,2n). 

3 WIMS library data intercomparison 

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-IV), the performance of which is well known from the literature. 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 
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are small). Furthermore, the choice of the ENDF/B-IV library for code verification 
purposes broadens the selection of the codes which can be used for preparing the 
WIMS library since practically all codes can process ENDF-4 formatted data but 
not BNDF-6. 

The participants on the project were asked to process hydrogen bound in water, 
oxygen, aluminium, uranium-235 and uranium-238 from the ENDF/B-IV evaluated 
nuclear data library, under the same conditions as in the original WIMS library 
(particularly with regards to temperatures and background cross section values for 
the cross sections and resonance integrals tabulations). Five sets of results were 
received, each using a different set of processing codes. 

Cross sections and resonance integrals (for uranium isotopes) were compared. 
Burnup chains (if specified) and other data were not checked at this stage. Scattering 
matrices were also not checked in detail. 

A reference data set for comparison was established using processing codes [7] 
LINEAR, RECENT, SIGMA1, GROUPIE (abbreviated LRSG) which are reliable end ex
tensively tested (8,9,10j. All cross sections were Doppler broadened to 300K. The 
averageing function was the Maxwellian-l/jE-Fission spectrum, similar to the one 
used in most of the other processing codes. The selected set of codes is not ideal be
cause it can not produce all the data types required. The definition of the resonance 
integrals also differs from the one assumed in WIMS. Nevertheless, it provides an 
independent data set to which all other data can be compared. A small modifica
tion to the GROUPIE code was made such that the resonance integrals as required 
in WIMS could be calculated assuming that the product of the Goldstein-Cohen 
parameter A with the potential cross section av in the resolved resonance range was 
constant. 

In Figure 2 an example of the resonance integrals intercomparison is presented 
for several participants. Fairly good agreement in the absorption resonance integrals 
as a function of the background cross section is observed at lower energies (except at 
very high levels of self-shielding). At higher energies a discrepancy is noted between 
the reference GROUPIE data (obtained with a fixed value of Xap) and other results 
which mainly use the Intermediate Resonance approximation (e.g. our calculations, 
denoted US). GROUPIE results calculated with purely Narrow Resonance approxi
mation (e .g. KAERI, Korea) agree with each other but differ strongly from other 
results. 

4 Conclusions 

The analysis of the WIMS results contributed by different laboratories for mod
elling the benchmark experiments inspires confidence, that the standardised inputs 
are appropriate for modelling the selected benchmarks. Detailed intercomparison 
of group averaged cross sections inserted into the WIMS library through various 
independent processing routes indicates, that differences which could be attributed 
to data processing errors are quite small. Most of the discrepancies could be traced 
to some differences in the definitions, or to data processing assumptions due to for
mat limitations of the WIMS library. Some open questions regarding the definition 
of the resonance integrals remain to be answered, particularly the relation between 
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the resonance integrals and the self-shielded cross sections. The integral effects of 
the approximations in the calculation of the resonance integrals also requires some 
further investigation. 
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Table III: Averages of values calculated by participants and reference results 

TRX1 

K-EFF 
RO 28 
DEL28 
DEL28 
C* 

K-EFF 
RO 28 
DEL25 
DEL28 
C* 

EXPERIMENT 
ERROR 
m 

1.00000 +-.30 
1.32000 1.59 
0.09870 1.01 
0.09460 4.33 
0.79700 1.00 

TRX2 
EXPERIMENT 

ERROR 
m 

1.00000 +-.10 
0.83700 1.91 
0.06140 1.30 
0.06930 6.OS 
0.64700 0.92 

BAPL1 

K-EFF 
RO 28 
DEL25 
DEL28 

EXPERIMENT 
ERROR 
m 

1.00000 +-.10 
1.39000 0.71 
0.08400 2.38 
0.07800 6.12 

BAPL2 

K-EFF 
RO 28 
DEL25 
DEL28 

EXPERIMENT 
ERROR 
[%] 

1.00000 +-.10 
1.12000 0.89 
0.06800 1.47 
0.07000 6.71 

BAPL3 

K-EFF 
RO 28 
DEL25 
DEL28 

EXPERIMENT 
ERROR 

111 
1.00000 +-.10 
0.90600 1.10 
0.06200 1.92 
0.06700 6.26 

AVERAGE 

1.00229 
1.26936 
0.09918 
0.09649 
0.77678 

AVERAGE 

0.99843 
0.79986 
0.06102 
0.06941 
0.63322 

AVERAGE 

1.00136 
1.36666 
0.08379 
0.07607 

AVERAGE 

0.99969 
1.12804 
0.06852 
0.06672 

AVERAGE 

0.99816 
0.88752 
0.06274 
0.06408 

CALCULATION 
RELDEV 

m 
0.19601 
0.73077 
0.29809 
0.65204 
0.34968 

REF. 

1.00227 
1.26300 
0.09900 
0.09650 
0.77460 

CALCULATION 
RELDEV 
[X] 

0.21793 
0.53401 
0.26152 
0.70601 
0.21228 

REF. 

0.99684 
0.79670 
0.06101 
0.06951 
0.63210 

CALCULATION 
RELDEV 
tX] 

0.30429 
1.92119 
1.47679 
1.02710 

REF. 

1.00292 
1.34540 
0.08404 
0.07548 

CALCULATION 
RELDEV 
m 

0.29007 
1.14448 
1.45330 
1.09992 

REF. 

1.00049 
1.12270 
0.06868 
0.06524 

CALCULATION 
RELDEV 
m 

0.30745 
0.93005 
1.37763 
0.98775 

REF. 

0.99807 
0.88490 
0.05290 
0.05383 

RELDIF 
[%] 

0.23 
-4.32 
0.30 
2.01 
-2.82 

9 

RELDIF 
[%] 

-0.36 
-4.81 
-0.64 
0.30 
-2.30 

RELDIF 
tX] 

0.29 
-3.21 
0.06 
-3.23 

RELDIF 
[XJ 

0.05 
0.24 
1.00 
-6.80 

RELDIF 

[XJ 
-0.19 
-2.33 
1.73 
-5.56 
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Figure 2: Background dependence of the absorption resonance inte
grate of Uranium-238 in Groups 23 and 27. 
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Answers to questions from the audience 

1. Are the differences in k-eff due to the differences in the W I M S library 
or due to the difference« in the W I M S code? 

The differences in k-eff presented in Fig.l are mainly a consequence of using 
different input models by different participants. Practicaly the same library and the 
same version of the code are used by all participants. 

2. Is the numerical solution method the same in all cases of k-eff results? 

No, different options of solution as well as different constraints on numerical 
accuracy were used by different participants. 
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