
JULY 1997 ECN-R-97-011 

JEF/Dcc-?35 

STATUSOFPSEUDO FISSION-PRODUCT 
CROSSSECTIONSFORFASTREACTORS 

Results of the SWG17 

H. GRUPPELAAR 
J.L. KLOOSTERMAN 

B.J. PlJLGROMS 
G. RIMPAULT* 

P. SMITH** 
A. IGNATYUK*** 

V. KOSHCHEEV*** 

M. NIKOLAEV*** 
A. THSIBOULlA*** 

M. KAWAI**** 
T. NAKAGAWA**** 
T. WATANABE**** 
A. ZUKERAN**** 

* COMMlSSARlAT A L’ENERGIE ATOMIQUE (CEA), CADARACHE, FRANCE 
** AEA TECHNOLOGY, SPONSORED BY BNFL 

*** INSTITUTE OF PHYSICS POWER ENGINEERING (IPPE), OBNINSK, RUSSIA 
**** JNDC (HITACHI, JAERI, KAWASAKI, TOSHIBA), JAPAN 



Abstract 
Within the framework of the SWG17 benchmark organized by a Working Party of 
the Nuclear Science Committee of the Nuclear Energy Agency, a comparison of 
lumped or pseudo fission product cross sections for fast reactors has been made. 
Four institutions participated with data libraries based on the JEF2.2, EAF-4.2, 
BROND-2, FONDL-2.1, ADL-3 and JENDL-3.2 evaluated nuclear data files. 

Several parameters have been compared with each other: the one-group cross 
sections and reactivity worths of the lumped nuclide for several partial absorption 
and scattering cross sections, and the one-group cross sections of the individual 
fission products. Also graphs of the multi-group cross sections of the lumped 
nuclide have been compared. 

From two contributions based on JEF2.2, it can be concluded that the data process- 
ing influences the capture cross section by about 1% and the inelastic scattering 
cross section by 2%. The differences between the lumped cross sections of the 
different data libraries are surprisingly small: maximum 6% for capture and 9% 
for the inelastic scattering. Similar results are obtained for the reactivity effects. 
Since the reactivity worth of the lumped nuclide is dominated by the capture 
reaction, the maximum spread in the total reactivity worth is still only 5.5%. 

The one-group capture and inelastic scattering cross sections of most of the 
important individual fission products differ by less then 10% (root mean square 
values). For the (n,2n) group cross sections, which are rather sensitive to the 
weighting spectrum in the fast energy range, these differences are several tens of 
percents. 

The final conclusion is that the present status of lumped nuclide cross sections for 
fast reactors is satisfactory, although some improvements are. possible as indicated 
in this report. 
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1 n INTRODUCTION 

This report summarixes the results of the Subworking Group 17 (SWG17) of the 
Working Party on Evaluation Coordination (WPEC) of the Nuclear Energy Agency 
(NEA) of the Organisation for Economic Development (OECD) at Paris. The 
objective of SWG17 was to investigate the status of fission-product cross section 
evaluations for fast reactor applications by means of comparison of the lumped 
fission product effects in fast power reactors. The definition of the activities of the 
subgroup was established at the May 1995 meeting of the WPEC at Paris. The 
background was that for future development of fast power reactors with extended 
burnup the reactivity effect of fission products need to be known preferably with 
an uncertainty of about 5% (1 a). 

An uncertainty of 5% in the reactivity effect is a rather small uncertainty compared 
to the actual uncertainty in the cross sections (averaged over a fast-reactor flux 
spectrum) of the individual fission products. However, since the reactivity effect 
is composed of a very large number of contributions of individual fission products, 
cancellation of errors may occur, leading to a reduced uncertainty in the lumped 
effect. This could be true for statistical errors, but not for errors of systematic 
nature. Since for the bulk of the fission products there are only few experimen- 
tal data available in the fast energy range, most evaluated data rely heavily on 
calculations, with adjustments to available differential or in some cases integral 
data. For the radiative capture cross sections the Hauser-Feshbach theory with 
width-fluctuation correction is used in all evaluations; a small systematic error 
could result from different formalisms used for the width fluctuation correction 
and global (optical-model) parametrizations. However, in general local system- 
atics were used for the parametrisation, reducing the effects of systematic errors. 
Also from experimental data adjustment a small systematic error could result. A 
rather small contribution results for (n,p) and (n,(Y) reactions. It is believed that 
altogether the systematic uncertainty in the lumped capture effect is below 5%. 

Another component of the reactivity effect of fast power reactors is due to elastic 
and particularly inelastic scattering. In this case the important contributions (10 to 
15%) to the total reactivity effect result from the lowest levels excited by inelastic 
scattering. Here only few measurements exist and the evaluations are in general 
based upon Hauser-Feshbach theory with width fluctuation correction. There 
has been some concern that in most evaluations a spherical optical model was 
used and that direct excitation was neglected. Since it is known that for many 
nuclides in the fission-product mass range direct excitation cannot be neglected 
at high energies, it was expected that also at lower energies some effect could 
be seen. Early y-ray measurements of (n,n’) reactions and integral reactivity 
measurements also indicated that the current evaluations were in general too low 
at low energies. Another subgroup (SWG 10) deals with these questions and 
new measurements were made, eg. for Pd and MO isotopes. MeanwhiIe, it is 
clear that in the early evaluations of some fission products the cross sections for 
the excitation of low-lying states were too low. However the neglect of diiect- 
collective effects was not the reason for the too low values at low energies; this 
was merely due to the optical-model parametrisation. A coupled channels optical 
model generally showed the best results. At higher energies these effects however 
are important. The expectation was that altogether the uncertainty in the lumped 
inelastic scattering reactivity effect could be larger than the corresponding capture 
effect. A figure of 30% would not be surprising. 
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A comparison of lumped fission-product capture cross sections based upon dif- 
ferent nuclear data libraries should reveal a spread in the data from which perhaps 
some conclusions could be drawn about the uncertainty and about the possible 
need to enhance evaluation efforts. An important condition is that the differ- 
ent libraries are independent. This is not completely true, since the same basic 
methodology and often the same experimental data were used. Also in some 
cases data for one library were adopted in another library. However there are 
some notable differences between the evaluations. First of all, different evaluators 
have used different parameeizations and in some evaluations more recent data 
have been used than in others. As an example, the JBF-2.2 fission product file has 
been adjusted to integral data, the JBNDL-3 data file has undergone extensive re- 
evaluation with recent data. The BROND-2 file is another source of independent 
data. Furthermore, new activation files like EAF-4.2 and ADL-3 have been issued 
recently with emphasis on radiative capture and other charged-particle emission 
reaction cross sections. These new activation files are very complete, since they 
contain virtually all fission-product cross sections. Altogether it is believed that 
the outcome of an comparison could yield valuable indications with regard to the 
status of and uncertainty of the lumped fission-product effect in fast reactors. 

Therefore, a computational benchmark was defined where participants were asked 
to calculate pseudo fission-product cross sections, using their own multigroup 
structure and given concentrations for the fissile nuclide ‘s9Pu. A micro flux 
weighting spectrum, typical for a fast power reactor has been supplied pointwise, 
but it was not strictly necessary to use it for the generation of multigroup constants, 
to avoid large amounts of work. The participant could also use its own library 
with a probably different weighting spectrum. However, the weighting spectrum 
was obligatory for the condensation to one-group cross sections. In a later phase 
also a pointwise adjoint flux spectrum was specified to allow for reactivity worth 
calculations. The results requested were: multi-group pseudo cross sections, 
one-group pseudo cross sections and reactivity worths, mainly for capture and 
inelastic scattering. F6r further interpretation also the one-group cross sections of 
the individual fission products were requested. All data necessary to perform the 
benchmark are included in this report. Almost all results are reproduced. 

d 



2. BENCHMARK DESCRIPTION 

The lumped or pseudo fission-product nuclide accounts for the neutron absorption 
and scattering of all the individual fission products present in the spent fuel due 
to the fissioning of one actinide atom. The effective yields of the individual 
fission products are given in Appendix A for five different actinide atoms. In the 
benchmark, the yields of assPu were used to calculate the cross sections of the 
lumped nuclide according to: 

where y. is the effective yield or concentration of fission product n and 0,” is the 
one-group microscopic cross section of that fission product for reaction type x. 
The yields of all the fission products specified in Appendix A sum to 2. If the 
contributions of some fission products are omitted from the sum in equation 2.1, 
e.g. due to lack of cross sections, the participant should specify the resulting sum 
of yields in his calculations. The cross section of the individual fission product n 
in equation 2.1 is weighted over the total energy range by: 

with as the fine-group neutron spectrum. This function had to be derived by 
linear interpolation (lin-lin) from the pointwise neutron spectrum provided in the 
benchmark description (see figure 2.1 and Appendix B). For scattering cross 
sections, equation 2.2 reads: 

To be able to solve discrepancies, the participant also had to specify the energy 
group structure and weighting spectra used to calculate the fine-group microscopic 
cross sections of the individual fission products (a,“., in equation 2.2 and o&s, in 
equation 2.3). The preferred micro-flux weighting spectrum is the one specified 
in Appendix B. 

The participants had to calculate the contribution of the lumped nuclide to the 
reactivity effect according to: 

where Q; is the adjoint function. For a scattering cross section, the reactivity 
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Figure 2.1 The pointwise lteutrm spectrum anddadjointfunction used in the benchmark. 

effect is given by: 
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u;+p; - op, 
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Also the denominator in equations 2.4 and 2.5 had to be specified by the par- 
ticipants. The adjoint function was given pointwise with a linear interpolation 
scheme (lin-lin), cf. 2.1 and Appendix B. 
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3. PARTICIPANTS 

Contributions to the benchmark were received from CEA (France), ECN (Nether- 
lands), IPPE (Russia) and JNDC (Japan). 

3.1 CEA 

The contribution of the Commisstiat B 1’EnergiC Atomique (CEA) is based on a 
fine-group version of the JEF2.2 evaluated nuclear data file. The one-group cross 
sections and the corresponding reactivity worths of 80 individual fission products 
have been calculated as well as the one-group cross sections and reactivity worths 
of the lumped nuclide. The sum of yields of all the 80 fission products equals 
1.90933. 

3.2 ECN 
The Netherlands Energy Research Foundation (ECN) contributed results based 
on the JEF-2.2 evaluated nuclear data file and the EAF-4.2 activation file. The 
first-mentioned file contains data for elastic and inelastic scattering and partial 
activation cross sections, the second one contains only partial activation and 
transmutation cross sections. The radiative capture cross sections in EAF-4.2 for 
the important fission product nuclides have been adopted from the JEF-2.2 file. 

A fine-group library in XMAS structure (172 groups) is used, weighted with a 
thermal reactor spectrum and based on the JEF-2.2 evaluated nuclear data file. It 
contains the cross sections of 155 individual fission products with a sum of yields 
of 1.99936. From this library, one-group cross sections of all individual fission 
products were calculated as well as the fine-group cross sections and scattering 
matrices of the lumped nuclide. These were subsequently used to calculate the 
one-group cross sections and the reactivity worths of the lumped nuclide. 

The extensive EAP4.2 file was used for comparison and to calculate the influence 
of the weighting spectrum used in the preparation of the fine-group data library. 
Therefore, two fine-group libraries were made with different weighting spectra: 
one based on a thermal reactor spectrum (Maxwellian, l/E and fission spectrum) 
and one based on the fast reactor spectrum specified in the benchmark. The 
fine-group cross sections of all individual fission products were used to calculate 
the fine-group cross sections of the lumped nuclide, which were subsequently 
condensed to one group. 

3.3 IPPE 
Three different contributions of the Institute of Physics Power Engineering (JPPE) 
were received based on libraries from the BROND-2, the FOND-2.1, and the ADL- 
3 evaluated nuclear data files. The BROND-2 file contains original evaluations 
made in Russia. The general purpose FOND-2.1 file contains BROND-2, but 
has been extended with other evaluations. The ADL3 file is an extended acti- 
vation/transmutation library. The BROND-2 library contains only 49 of the 162 
requested fission products with a total cumulative yield of 1.3689, the extensive 
FOND-2.1 and ADL-3 libraries contain all 162 nuclides. For this reason, not all 
the BROND-2 results are reported here. 
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Two versions of the BROND-2 and FOND-2.1 libraries were used. Fist, existing 
fine-group versions with 299 energy groups were used to calculate the one-group 
(n,y) cross sections of the individual fission products and the fine-group and one- 
group (n,y) cross section and the corresponding reactivity worth of the lumped 
nuclide. Secondly, broad-group libraries with 28 energy groups condensed with 
a standard weighting spectrum (not the one specified in this benchmark) were 
used to calculate the (n,y) cross section and the corresponding reactivity worth 
of the lumped nuclide, and the reactivity worth due to inelastic scattering (the 
inelastic scattering matrix in this FOND-2.1 library contains the contributions of 
125 individual fission products with a sum of yields of 1.9340). The broad-group 
FOND-2.1 library was also used to calculate the one-group radiative capture cross 
section of the lumped nuclide. This cross section differs about 1% from the one- 
group cross section calculated by the fine-group version of the FOND-2.1 library 
and is omitted from the comparison in this report. 

A fine-group version of the ADL3 activation library with 299 energy groups 
was used to calculate for various reactions the one-group cross sections of the 
individual fission products and the one-group cross sections and the reactivity 
worths of the lumped nuclide. 

3.4 JNDC 
JNDC is a joint contribution of Kawasaki Heavy Industries, Hitachi, Toshiba 
Corporation and the Japan Atomic Energy Research Institute. Two contributions 
were received: one based on a 70-group library processed from the JENDL-3.2 
evaluated nuclear dam file and one based on a 73-group library. In both cases, a 
typical FBR spectrum was used for the micro flux weighting by the TJMS code. 
The JENDL-3.2 file contains 140 fission products of the 162 requested ones (see 
Appendix A) with a sum of yields of 1.997 14. 

Fist, a 70-group data library was made containing elastic and inelastic scattering 
matrices, and absorption cross sections in the energy range up to 10 MeV.This 
library contains the total absorption cross sections, but no partial capture cross 
sections. From this library, one-group cross sections for absorption, elastic and 
inelastic scattering and the (n,2n) reaction of the individual fission products were 
calculated as well as the one-group cross sections and the corresponding reactivity 
worths of the lumped nuchde. The results of this library have preference from the 
view point of reactor calculations. 

Secondly, a 73-group data library was made based on the 70 group data library 
with three energy groups added in the range between 10 and 19.64 MeV. ,,From. 
this library, one-group cross sections were made for all read.& ‘except the’ 
partial inelastic scattering ones. Also the fine-group cross sections, the one-group 
cross sections and the corresponding reactivity worths of the lumped nuclide 
were calculated. From the view point of nuclear data evaluation, this library has 
preference. 

0 
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4. RESULTS LUMPED NUCLIDE 

4.1 One-group cross sections 
The one-group cross sections of the pseudo fission products are given in Table 
4.1 for the elastic scattering (MT=2), inelastic scattering (MT=4), (n,2n) reaction 
(MT=16),radiativecapture(MT=102),(n,p)reaction (MT=103) and(n,cx)reaction 
(MT=107). The last column of the table contains the maximum spread. Fist 
we discuss the important capture and inelastic scattering cross sections. The 
maximum spread is about 6% for capture and about 9% for inelastic scattering. 
The highest values are for JEF-2.2 and rather low values for JENDL-3.2. Also 
the total and elastic scattering cross sections are relatively low in JENDL-3.2. 
Possibly the optical model parametrizations were quite different. For (n,2n), (n,or) 
and (n,p) there are large discrepancies. This has probably to do with the fact 
that these threshold cross sections show a steep rise where the fission spectrum 
declines steeply. Since the shape of the cross section is rather uncertain, this 
is reflected in the one-group cross section. It is noted that weighting spectrum 
differences as well as group structure differences may play a role, cf section 4.4. 
The contributions of the (n,p) and (n,(Y) reactions to the total absorption cross 
section can be negelected. The conclusion is that the 6% maximum spread in 
the capture cross seems reasonable whereas the 9% spread in the inelastic cross 
section is smaller than expected. 

4.2 Reactivity worth 
The corresponding table for the reactivity effects is given in table 4.2. It is noted 
that the reactivity effects are given here with a normalisation that is different 
from common practice. Thus absolute values have no meaning. On average the 
total reactivity effect consists mainly of the radiative capture effect with a 10% 
contribution of inelastic scattering and very small contributions from the other 
components (less than 1%). Due to the fact that inelastic scattering cannot be 
calculated from the activation files a full comparison is only available for JEF-2.2 
and JENDL-3.2. The maximum differences in the total reactivity is 5.5% and in 
the capture and inelastic scattering components 5.8% and 4.8%, respectively. 

, 
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Table 4.1 One group cross sections of the pseudo nuclide. 

Lab 

CEA 
ECN 
ECN 
ECN 
JNDC 
IPPE 
IPPE 
IPPE 
Average’ 

File Flux= 2 4 16 102 103 107 Total 
(‘4 (b) (mb) @) Q-4 W-4 (b) 

JEP-2.2” 15.2 0.590 0.571 16.4 
JEF-2.2 T 15.2 0.577 1.23 0.577 12.0 4.4 16.4 
EAF-4.2c T 1.44 0.570 11.8 11.3 16.4 
EAF-4.2d F 1.57 0.565 12.1 11.5 
JENDL-3.2 F 14.4 0.531 1.12 0.546 5.4 21.4 15.5 
BROND-2’ 0.425 0.64 0.499 
FOND-2.1 0.527 0.78 0.578 12.8 5.32 
ADL-3 0.92 0.544 7.5 6.73 

14.8 0.545 1.12 0.561 10.0 9.9 15.9 
Maxdiff (%) 5.4 9.0 70 5.9 74 172 5.7 

* Micro flux weighting spectrum (Tis thermal, F is fast reactor weighting). 
b Not used for average to avoid double counting of JEF-2.2 values. 
’ Not used for average; used to inspect the effect of the micro flux weighting. 
d (n,y) cross section not used for average because of relation with JEF-2.2. 
e Not used for average because of missing nuclides. 
f Numbers in italics not included in the average. 

Table 4.2 Reactivity effects of the pseudo nuclide (arbirrary units). 

Lab File Flux” 2 4 16 102 Total Total 

CEA JEF-2.2* 
(a@ (au) (a& G-0 64 cot.9 
-4.25 -0.0708 -0.580 -0.655 -0.656 

ECN JEF-2.2 T -3.92 -0.0684 -0.694 -0.583 -0.656 -0.656 
ECN EAF-4.2’ T -0.576 
ECN EAF-4.2d F -0.571 -0.642 
JNDC JENDL-3.2 F -4.67 -0.0652 -0.644 -0.546 -0.622 -0.622 
IPPE BROND-T -0.0477 -0.504 
IPPE FOND-2.lf -0.0632 -0.584 
IFPE FOND-2.18 -0.0654 -0.584 -0.649 -0.654 
IPPE ADL3 -0.0654 -0.550 -0.621 
Average’ -4.30 -0.0663 -0.669 -0.567 -0.644 -0.639 
Maxdiff(%) 17 4.8 7.5 5.8 5.3 

@ Micro flux weighting spectrum (Tis thermal, F is fast reactor weighting). 
b Not used for average to avoid double counting of JBF-2.2 values. 
c Not used for average; used to inspect the effect of the micro flux weighting (see 
also table 4.3). 
d (n.v) cross section not used for average because of relation with JEF-2.2. 
e Not used for average because of missing nuclides. 
f Not used for average because of missing nuclides 
g Cbrrected for missing nuclides (factor 2/1.934 for m4). 
* Missing data supplemented with average value of missing components. 
i Numbers in italics not included in the average. 
j Numbers have been multiplied by I.1 03. 

5.5 



Results lumped nuclide 

4.3 Cross section plots 
In Appendix C all data have been plotted for capture, inelastic scattering and 
(n,2n) cross sections. In this chapter, a detailed analysis is made mainly based on 
JEF-2.2, FOND-2.1 and JENDL-3.2. 

Fist the plots of group cross sections for the radiative capture cross section are 
compared (see figures 4.1 and 4.2). Because the cross sections of the lumped 
nuclide show a l/v behaviour above 100 keV, the same curves multiplied with the 
square root of the energy are shown in figures 4.3 and 4.4, respectively. In the 
energy range above 100 keV, the various evaluations only differ by a small factor. 
At lower energies, the resonance structure is visible and some differences between 
the evaluations is seen from the graphs. At the thermal groups the differences 
merely reflect the differences in the group structures. This also holds to a certain 
extent at the highest energies; above 10 MeV there are some differences in the 
direct-collective capture contributions. Altogether, since in the important energy 
range above 100 eV, most of the resonance structure has averaged out, there is 
good reason to believe that the hypothesis of cancellation of errors is correct for 
fast reactors and that in fact only systematic errors determine the uncertainty in 
fast capture effect. From the curves 4.3 and 4.4, it is seen that JENDL-3.2 is 
generally lower than JEF-2.2 and FOND-2.1 above 100 eV. In particular there are 
differences in the “unresolved range” from 1 to 100 keV. 

Secondly, the plots of inelastic scattering cross sections are inspected (see figure 
4.5). Here there is remarkable agreement between 200 keV and 10 MeV, but there 
are some differences below 200 keV. Apparently, cancellation of errors works 
well above 100 keV, but since there are many less nuclides with levels below 200 
keV and since these have different threshold energies, the cross section below 200 
keV shows a large spread. As the region up to 200 keV is quite important in fast 
reactors it could be worthwhile to concentrate on these nuclides. Further analysis 
shows that the cross section at 10 keV is mainly due to ‘r’ Sm and to a lesser extent 
due to ‘OrRu. Other important nuclides with thresholds below 200 keV are “‘Ru, 
‘srCs, ‘a%, “‘sNd, ‘O’Pd and ‘?Sm. 

The plots for the (n,2n) cross section show a large spread (see figure 4.6), which is 
partly due to the different group structures and flux weighting spectra used. Still it 
is curious that at 14 MeV, for which many (n,2n) measurement data are available, 
the FOND-2.1 library is too low. This needs further investigation. The EAF-4.2 
evaluation was adjusted to 14 MeV data or systematics. 

ECN-R-97-011 
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Radiative capture (mt=lO2) 

Energy (eV) 

Figure 4.1 The radiative capture cross section of the lumped nuclide 0s ajimction of the 
energy. Above I keV; the pseudo fission product behaves as a Ilv nuclide. The 
BAF-4.2 results are not shown because they are very close to JEF-2.2. The 
BLOND-2 results are shown in Appendir C where a full comparison is given. 
The ADL-3 results are not available. 
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0-l 

Radiative capture (mt=lO2) 

loo IO’ 102 
Energy (eV) 

lo3 
4 
10” 

Figure 4.2 The radiative capture cross section ojthe lumped nuclide as afunction ojthe 
energy in the range between 0.1 eV and 10 kel! The main differences are due 
to the different energy group stwctures used by the participants. The EAF-4.2 
results are very close to JEF-2.2, the BROND-2 results are shown in Appendix 
C and the ADL-3 results are not available. 
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Radiative capture (mt=102) 

“I .,.,d .,,.a .d 

lOA IO3 IO” lo-’ 10” 10’ IO2 IO3 10” IO5 10” I( 
Energy (eV) 

Figure 4.3 The radiative capture cross section of the lumped nuclide multiplied with the 
square mot of the energy as afunction of the energy. The differences in rhe 
unresolved resonance range are evidentfrom this jigure. Again, the EAF-4.2 
results are very close to JEF-2.2, the BROND-2 results are shown in Appendti 
C and the ADL-3 results ore not available. 
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Radiative capture (mt=102) 

IO" 10' IO2 
Energy (eV) 

lo3 

Figure 4.4 The radiative capture cross section of the lumped nuclide multiplied with the 
square root of the energy as a function of the energy in the range between 
0.1 eV and 10 keK Again, the EAF-4.2 results are very close to JEF-2.2. the 
BROND-2 results are shown in Appendix C and the ADL-3 results are not 
available. 
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Inelastic scattering (mt=4) 

IO5 
Energy (eV) 

lo6 IO’ 

Figure 4.5 The inelastic scar&ring cross section of Ihe lumped nuclide as nfinction of the 
energy. In rhe MeV range, rhe deviations are smallest. At rhe lower energies 
(IO !a%‘), the nuclides ‘5’Sm and ‘03Ru dominate the cross section. Other 
importarr m&ides with thresholds below 200 keV are ‘O’Ru, ‘%s, lo3Rh, 
145Nd, “‘Pd and ‘49Sm. 
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10’ 
(n,2n) (mk16) 

Eneryy (eV) 

Figure 4.6 The (I&) cross section of the lumped nuclide as afimction of the energy. 
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4.4 Influence of the weighting spectrum 
As mentioned in section 3.2, the basic EAF-4.2 file has been collapsed to a fine- 
group cross section data library in the XMAS group structure by use of two 
different weighting spectra: a light-water reactor spectrum (Maxwellian, l/E and 
fission spectrum) and the fast reactor spectrum shown in figure 2.1. Subsequently 
the two fine-group libraries were collapsed to one group by the neutron spectrum 
provided in the benchmark. 

Table 4.3 shows the two results. When the thermal weighting spectrum is used, 
the threshold reactions have up to 8% smaller cross sections and less negative 
reactivity wotths then in case the fast weighting spectrum is used. This effect is 
quite large. Apparently, the threshold reactions are very sensitive to the weighting 
spectrum used. The difference for the radiative capture cross section is, however, 
less than 1%. For the inelastic cross sections as far as available on EAF-4.2 
(for production of metastable states only) the differences are below 2% (not 
shown in table 4.3). Therefore, the use of a pseudo fission product based on 
individual nuclide cross sections weighted with a thermal reactor spectrum is 
justified, provided the number of fine energy groups is sufficiently large. 

The results of table 4.3 should also be compared with those of tables 4.1 and 4.2. 
For the (n,2n) reaction, the EAF-4.2 file gives higher cross sections than JEF-2.2, 
which is probably due to the missing data in JEF-2.2 (see chapter 5). There is a 
good agreement for the (n,y) and (n,p) cross sections. For the (n,(Y) reaction the 
EAF-4.2 data seem quite high. 

Table 4.3 One-group cross sections and reactivity worths calculated with the EAF-4.2 
activationfileprocessed by hvo a thermal andfast weighting spectrums. 

MT Thermal Fast Ratio 
One-group cross sections 

16 1.443e-03 1.572e-03 0.918 
17 3.220e-05 3.478e-05 0.926 
102 5.703e-01 5.653e-01 1.009 
103 1.179e-05 1.212e-05 0.973 
104 8.235e-07 8.613e-07 0.956 
105 7.417e-08 7.950e-08 0.933 
106 2.298e-09 2.430e-09 0.946 
107 l.l29e-05 l.l47e-05 0.984 
111 1.348e-08 1.430e-08 0.942 

Reactivity worths 
102 -5.760e-01 -5.709e-01 1.009 
103 -1.746e-05 -1.792e-05 0.974 
104 -1.764e-06 -1.851e-06 0.953 
105 -1.694e-07 -1.817e-07 0.932 
106 -5.168e-09 -5.476e-09 0.944 
107 -1.482e-05 -1.506e-05 0.984 
111 -3.073e-08 -3.268e-08 0.940 
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5. FISSION-PRODUCT CROSS SECTIONS 

Table 5.1 gives the one-group radiative capture cross sections for 130 nuclides in 
order of descending importance (according to the product of concentration and 
cross section). In the French data set some nuclides are lacking in the lumped 
fission product (values set to zero). The differences between the CEA and ECN 
results reflect the processing differences. 

Intercomparison of the data for the various nuchdes reveals that there are still rather 
large differences beween the values of the cross sections of different nuclides. The 
strong resonance absorbers ‘@Sm ‘5’Sm, ‘ssEu, “‘Eu have high cross sections , 
also in fast power reactors. The last columns of table 5.1 contain the averages 
and root mean square values. Note that in this table, JEF-2.2 is counted twice, 
which may give too optimistic results. From the top-20 nuclides the RMS values 
are less than 10%. except for the nuclides 15’Sm, t”sRu, ‘35Cs. These are unstable 
nuclides, for which there are almost no measurements. Integral dam are available 
for these nuclides and have been used in the JEF-2.2 evaluation. From the next 
20 nuchdes the one with RMS larger than 20% are ‘s5Eu, 96Zr, and 95Zr. It is 
recommended to have a closer look at these nuclides. More generally, the largest 
uncertainties come from unstable nuchdes. Still, the average RMS value for the 
top 40 nuclides is below 10%. 

Table 5.2 gives the one-group inelastic scattering cross sections for JEF-2.2 and 
JENDL-3.2 for the most important nuclides in order of descending importance. 
The activation libraries EAR-4.2 and ADL3 do not contain total inelastic scatter- 
ing cross sections. The differences between the values of the cross sections for 
different nuclides are smaller than in the case of radiative capture. The largest 
values are obtained for 15’Sm and “‘aRu, which are nuclides with rather low ex- 
citation levels (below 100 keV). The RMS values for the top 40 nuclides are less 
than 15%, except for the nuclides ““‘Ru, ts’Xe, ‘s9La, 15’Sm, ‘“Ce (but only two 
different evaluations were considered). These nuclides should be inspected in 
more detail. The average RMS value for the top 40 nuclides is less than g%, 
which is surprisingly small. 

From table 5.3 where the (n,2n) one-group cross sections are compared, it becomes 
evident that the JEF-2.2 data file does not contain dam for all nuclides. The RMS 
values are in general below 35%. however the cross section difference is rather 
systematic, with relatively low values for ADL3. This needs further investigation. 
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Table 5.1 One group cross sections for radiative capture (MT=lO2) of the m&ides in 
order of descending importance determined by the product of the cross section 
(FOND-2.1) and yield of the nuclide. 

Institute CEA ECN IPPE IPPE JNDC Average RMS 
Library JEF-2.2 JEF-2.2 FOND-2.1 ADL-3 JENDL-3.2 w  
“‘Ru 0.7143 0.7243 0.7616 0.7141 0.7523 0.7333 2.71 
‘OsPd 

“zr 

‘@Sm 
99Tc 
‘33CS 
lmPd 
lO3~ 
‘“pm 

‘5’Sm 
‘OsRu 
97Mo 
14’Nd 
‘3’Xe 
‘=Eu 
‘“Nd 
‘MRU 
IwAg 
lo4Ru 
13TS 
14’Pr 
=Mo 
98Mo 
‘@‘MO 
‘=Eu 
losPd 
13*Xe 
93zr 
‘%.m 
“‘Ce 
‘ZsI 
‘OsRU 
9% 
‘“Pd 
‘“I 

“Nd 
“Nd 
““Xe 
‘39La 
“Nb 

0.9369 

0.065 1 

2.5398 
0.6301 
0.5072 
1.0569 
0.675 1 
1.5064 
3.3618 
1.1828 
0.3351 
0.5657 
0.2917 
2.7363 
0.3592 
0.1558 
0.7846 
0.1517 
0.2379 
0.1553 
0.3180 
0.1233 
0.0933 
2.8163 
0.1778 
0.0689 
0.1349 
0.495 1 
0.2970 
0.3644 
0.0922 
0.0343 
0.1994 
0.6168 
0.0947 
0.1703 
0.0361 
0.0339 
0.3469 

0.9490 
2.5437 

0.0643 

0.6479 
0.5167 
1.0700 
0.6832 
1.5167 
3.3998 
1.1992 
0.3406 
0.5700 
0.2937 
2.7655 
0.3550 
0.1581 
0.7927 
0.1546 
0.2445 
0.1582 
0.3204 
0.1280 
0.0938 
2.8428 
0.1770 
0.0708 
0.1335 
0.4956 
0.2963 
0.3700 
0.0871 
0.0358 
0.2027 
0.6199 
0.0956 
0.1681 
0.0360 
0.0333 
0.3496 

0.9161 
2.8700 
0.6561 

0.1229 

0.5184 
1.0399 
0.6526 
1.4309 
2.9413 
1.2140 
0.3568 
0.5124 
0.3323 
2.9288 
0.3370 
0.1796 
0.7203 
0.1658 
0.1361 
0.1540 
0.3351 
0.1179 
0.1011 
2.9559 
0.2507 
0.0755 
0.1042 
0.5077 
0.2960 
0.3804 
0.0946 
0.0590 
0.2553 
0.6307 
0.1100 
0.1636 
0.0374 
0.0390 
0.2705 

0.8568 
2.6540 
0.6152 
0.4715 

0.0586 

0.9840 
0.6124 
1.3335 
2.6922 
1.1416 
0.3159 
0.4755 
0.3018 
2.4251 
0.3080 
0.1732 
0.6705 
0.1572 
0.2269 
0.1360 
0.3096 
0.1067 
0.0862 
2.6783 
0.2352 
0.0804 
0.0924 
0.4768 
0.2754 
0.3566 
0.0887 
0.0550 
0.1959 
0.5806 
0.0911 
0.1609 
0.0292 
0.0320 
0.3311 

0.9594 
2.2990 
0.5923 
0.4874 
1.0520 

0.1489 

0.6774 
1.2753 
2.1080 
0.5047 
0.3484 
0.5648 
0.3461 
2.5958 
0.3589 
0.1642 
0.6916 
0.1685 
0.2284 
0.1564 
0.3360 
0.1194 
0.1000 
1.3368 
0.2358 
0.0980 
0.1057 
0.4799 
0.2977 
0.3840 
0.0916 
0.0391 
0.2772 
0.6028 
0.1076 
0.1469 
0.0272 
0.0343 
0.3669 

3.94 
7.17 
3.65 
3.62 
2.87 
3.94 

0.9236 
2.5813 
0.6283 
0.5003 
1.0406 
0.6601 
1.4126 
2.9006 
1.0485 
0.3394 
0.5377 
0.3131 
2.6903 
0.3437 
0.1662 
0.7319 
0.1596 
0.2148 
0.1520 
0.3238 
0.1191 
0.0949 
2.5260 
0.2153 
0.0787 
0.1141 
0.4910 
0.2925 
0.3711 

6.72 
16.43 
26.03 
4.08 
6.99 
7.03 
6.31 
5.70 
5.41 
6.69 
4.06 
18.56 
5.34 
3.16 
5.97 
5.64 

23.80 
14.60 
13.27 
14.94 
2.31 
2.93 
2.72 
2.91 

22.98 
14.85 
2.83 
7.57 
5.08 
12.53 
6.86 
9.99 
40.13 

0.0447 
0.2261 
0.6102 
0.0998 
0.1620 
0.0332 
0.0345 
0.3330 
0.0919 
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Table 5.1 Continued. 

Institute CEA ECN IPPE IPPE JNDC Average RMS 
Library JEF-2.2 JEF-2.2 FOND-2.1 ADL-3 JENDL-3.2 1%) 
“OPd 0.0970 0.0985 0.2189 0.0920 0.1291 0.1271 37.53 
“‘Cd 

‘33Xe 

‘“Sm 
IsaNd 
‘54E~ 
‘“pr 

15’Gd 
92zr 
=zr 
ls6Gd 
g4zr 
14’Nd 
‘WS 
,“a 

We 
159y-b 

%m 
WI 
‘“Nd 
lzsTe 
‘*Pm 
Id9Prn 
‘*Ce 
‘16Cd 
8’Br 
‘?Sb 
16’Dy 
*MO 
llSh 

lo4Pd 
9’Y 
131I 

“%d 
s4Kr 
112(-J 

lz9Te 
‘%m 
‘*‘Sb 
‘“RU 
lssGd 
130Te 
‘%b 
‘“Ba 
*‘Rb 

0.4605 
1.4571 
0.1728 
3.0951 
0.4094 
1.8214 
0.0365 
0.0796 
0.6203 
0.0229 
1.0075 
0.0274 
0.0436 
0.0493 
0.0000 
0.2479 

0.0418 
4.1510 
3.5314 
0.0138 
0.0000 
0.0000 
0.3184 
0.0000 
0.5052 
0.4711 
0.0000 
0.0461 
0.1686 
0.4092 

0.2421 
0.0000 
0.4543 
0.4657 
0.0000 
0.0000 
0.0143 
0.5905 
0.0000 
0.0247 
0.1351 

0.4665 
1.4660 
0.1748 
3.1233 
0.4095 
1.8389 
0.0368 
0.0789 
0.6156 
0.0237 
1.0173 
0.0280 
0.0442 
0.0490 
1.7482 
0.2507 
0.2465 
0.0807 
0.0416 
4.1781 
3.5548 
0.0135 
0.1182 
0.4293 
0.3217 
2.5911 
0.5132 
0.4772 
0.2016 
0.0467 
0.1706 
0.4134 
0.0699 
0.2443 
0.1387 
0.4583 
0.4707 
0.1996 
0.3337 
0.0147 
0.5988 
0.0188 
0.0248 
0.1287 

0.4683 
1.4183 
0.1729 
3.1720 
0.4206 
1.6372 
0.0433 
0.0790 
0.7077 
0.0271 
0.7995 
0.0160 
0.0186 
0.0337 
2.0672 
0.2729 
0.2422 
0.0936 
0.1029 
4.2530 
3.6200 
0.0123 
0.8856 
0.3892 
0.3216 
2.5856 
0.5176 
0.4755 
0.3311 
0.0472 
0.1743 
0.4128 
0.0664 
0.2535 
0.1387 
0.3408 
0.4663 
0.1991 
0.3356 
0.0149 
0.6036 
0.0691 
0.0248 
0.1275 

0.4350 
1.3243 
0.1668 
2.9430 
0.3847 
1.4989 
0.0425 
0.0720 
0.663 1 
0.0262 
0.9482 
0.0264 
0.0196 
0.0470 
1.6488 
0.2514 
0.2232 
0.0758 
0.0387 
5.8795 
3.3688 
0.0142 
0.1139 
0.4048 

2.4223 
0.4907 
0.4540 
0.1921 
0.0445 
0.1613 
0.3865 
0.0629 
0.2399 
2.7649 
0.3237 
0.4467 
0.1886 
0.3 126 
0.0137 

0.0185 
0.0213 
0.1184 

0.7475 
1.2719 
0.1626 
3.4503 
0.1263 
1.3578 
0.0418 
0.0913 
0.7059 
0.0258 
1.2315 
0.0160 
0.0252 
0.0241 
1.8546 
0.247 1 
0.2806 
0.0829 
0.0408 
3.2167 
1.2367 
0.0061 
0.0823 
0.2777 
0.4493 
0.0000 
0.3780 
0.6084 
0.2993 
0.0891 
0.2808 
0.5273 
0.0519 
0.2084 
0.7658 
0.4341 
0.4414 
0.2067 
0.3417 
0.0129 
0.6544 
0.0024 
0.0292 
0.1380 

0.5155 

0.1295 

22.62 
1.3875 

5.26 

5.52 
0.1700 2.68 
3.1567 5.24 
0.3501 32.13 
1.6308 11.36 
0.0402 7.26 
0.0801 7.77 
0.6625 6.00 
0.0251 6.22 
1.0008 13.90 
0.0228 24.34 
0.0302 37.57 
0.0406 24.85 
1.8297 8.48 
0.2540 3.77 
0.248 1 8.34 
0.0826 7.23 
0.0531 46.81 
4.3357 19.84 
3.0623 29.93 
0.0120 24.95 
0.3000 112.80 
0.3752 15.48 
0.3527 15.82 
2.5330 3.09 
0.4810 10.87 
0.4972 11.30 
0.2560 23.57 
0.0547 31.47 
0.1911 23.56 
0.4299 11.57 
0.0628 10.77 
0.2377 6.45 
0.9520 113.18 
0.4022 14.41 
0.4582 2.57 
0.1985 3.26 
0.3309 3.32 
0.0141 5.11 
0.6119 4.09 
0.0272 92.16 
0.0249 10.11 



Status of pseudo fission-product cross sections for fast reactors Results of the SWG17 

Table 5.1 Continued. 

Institute CEA ECN IPPE IPPE JNDC Average RMS 
Library JEF-2.2 JEF-2.2 FOND-2.1 ADL-3 JENDG3.2 (%) 
‘14Cd 0.0000 0.2785 0.28 18 0.2611 0.1882 0.2524 15.00 
ls5Gd 
‘%ll 
3r 
IaLa 
‘36Xe 
9 
‘“Te 
13*Ba 
“‘Ag 
‘“Pm 
‘17Sn 
‘We 
YSr 
““Cd 
“?%I 
‘*‘Sb 
‘@‘Gd 
“Se 
‘F?in 
‘VTe 
%e 
*%r 
‘%n 
‘19Sn 
‘s6Ba 
‘“Ba 
‘*%n 
‘“Sn 
%r 
‘36cs 
s5Rb 
‘%e 
l”Xe 
lzsXe 
=Mo 
lmDy 
%e 
‘“SIl 

:::2 

88Sr 
l56EU 
ls4Gd 

0.0000 
0.0000 
0.0131 
0.3773 
0.003 1 
0.0000 
0.0000 
0.0033 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

2.9068 
0.3686 
0.0134 
0.3788 
0.0031 
0.0174 
0.4100 
0.0034 
0.7936 
3.9372 
0.2228 
0.3364 
0.0225 
0.2714 
0.1255 
0.2560 
0.2236 
0.4126 
0.1232 
0.4001 
0.0582 
0.0436 
0.3681 
0.0643 
0.0531 
0.0649 
0.0265 
0.0454 
0.0039 
0.3023 
0.2245 
0.0806 
0.1265 
0.1905 
0.0859 
2.2301 
0.0093 
0.0070 
0.9439 
0.0234 
0.0010 
0.0696 
1.1355 

2.9057 
0.3110 
0.0134 
0.3919 
0.0031 
0.0145 
0.4100 
0.0036 
0.8141 
4.2530 
0.2243 
0.3512 
0.0226 
0.2658 
0.1264 
0.2558 
0.1696 
0.3864 
0.1239 
0.4019 
0.0493 
0.0066 
0.3791 
0.0630 
0.0505 
0.0680 
0.0281 
0.0454 
0.0034 
0.3187 
0.1979 
0.0682 
0.1267 
0.1886 
0.0901 
2.2255 
0.0094 
0.0070 
0.9456 
0.0238 
0.0010 
0.0713 
1.3159 

2.6694 
0.2907 
0.0126 
0.3507 
0.0029 
0.0225 
3.1977 
0.0034 
0.7389 
3.9542 
0.2129 
0.3144 
0.0214 
0.2640 
0.1204 
0.2471 
0.1726 
0.3936 
0.1179 
0.3696 
0.0545 
0.0413 
0.3539 
0.0587 
0.0453 
0.0642 
0.0288 
0.0585 
0.0040 
0.2888 
0.2063 
0.0706 
0.1461 
0.2026 
0.0873 
2.1165 
0.0092 
0.0071 
0.8971 
0.023 1 
0.0011 
0.0650 
1.2452 

2.6347 2.7792 4.59 
0.2885 0.3147 10.27 
0.0100 0.0125 10.25 
0.0000 0.3747 3.99 
0.0011 0.0026 28.79 
0.0178 0.0180 16.00 
0.8786 1.2241 94.39 
0.0052 0.0038 18.71 
0.0000 0.7822 4.06 
1.9922 3.5342 25.44 
0.2377 0.2244 3.93 
0.0000 0.3340 4.53 
0.0126 0.0198 21.01 
0.2200 0.2553 8.06 
0.0890 0.1153 13.34 
0.2849 0.2610 5.46 
0.2248 0.1977 13.44 
0.3970 0.3974 2.41 
0.3672 0.1831 58.09 
0.3783 0.3875 3.59 
0.0422 0.0510 11.75 
0.0597 0.0378 51.29 
0.0000 0.3670 2.8 1 
0.1847 0.0927 57.35 
0.0700 0.0547 16.90 
0.0822 0.0698 10.42 
0.0150 0.0246 22.89 
0.0456 0.0487 11.63 
0.0028 0.0036 13.46 
0.2535 0.2908 8.26 
0.2767 0.2250 12.24 
0.0917 0.0778 11.95 
0.2729 0.1680 36.33 
0.2600 0.2104 13.82 
0.0893 0.0882 1.88 
0.0000 2.1907 2.40 
0.0288 0.0142 59.66 
0.0085 0.0074 8.26 
0.0000 0.9289 2.42 
0.0276 0.0245 7.56 
0.0041 0.0018 73.81 
0.7202 0.2315 121.87 
0.9733 1.1675 11.07 

‘34Ba 0.0000 0.1164 0.1120 0.1038 0.2081 0.1351 31.40 



Fission-product cross sections 

Table 5.2 One group crms sections for inelastic scattering (MT=4). of the nuclides in 
order of descending importance determined by the product of the CKXS section 
(JENDL-3.2) and yield of the nuclide. 

Institute CEA ECN JNDC Average RMS 
Libraty JEF-2.2 JEF-2.2 JENDL-3.2 (%I 
IO’RU 0.6176 0.6012 0.4748 0.5646 11.30 
‘33CS 0.4675 0.4576 0.4411 0.4554 2.39 
99TC 0.4633 0.4487 0.3599 0.4239 10.78 
lOSfi 0.4129 0.4028 0.4041 0.4066 1.11 
WS 0.3057 0.2998 0.2615 0.2890 6.78 
1°4RU 0.2127 0.2072 0.2919 0.2373 16.30 
losPd 0.5106 0.4970 0.3870 0.4649 11.90 
l”Mo 0.2716 0.2641 0.2852 0.2736 3.19 
lozRu 0.1940 0.1884 0.2426 0.2083 11.68 
1‘upI 0.3522 0.3448 0.3577 0.35 16 1.50 
14’Nd 0.5086 0.4985 0.5236 0.5103 2.02 
‘O3RU 1.0791 1.0630 0.9858 1.0426 3.91 
97Mo 0.2611 0.2549 0.2947 0.2703 6.47 
13’Xe 0.5059 0.4955 0.3559 0.4524 15.12 
‘O’Pd 0.5094 0.4961 0.4284 0.4780 7.42 
‘“Sm 0.9357 0.9174 0.9073 0.9202 1.28 
‘39La 0.2745 0.2693 0.1850 0.2429 16.90 
98Mo 0.1898 0.1880 0.1956 0.1911 1.68 
‘06Ru 0.2860 0.2792 0.3048 0.2900 3.74 
13’CS 0.1718 0.1685 0.1565 0.1656 3.96 
Is4Xe 0.1670 0.1656 0.1268 0.1532 12.17 
‘%m 1.9461 1.9303 1.1939 1.6901 20.76 
‘“Ce 0.2104 0.2064 0.1706 0.1958 9.13 
lz2Xe 0.2088 0.2054 0.1559 0.1900 12.71 
‘“Pm 0.5153 0.5027 0.4834 0.5005 2.62 
93z,r 0.2349 0.2301 0.2062 0.2237 5.61 
‘&Nd 0.3134 0.3060 0.3054 0.3082 1.18 
95MO 0.3383 0.33 19 0.3328 0.3343 0.85 
leNd 0.3780 0.3695 0.3943 0.3806 2.71 
logAg 0.4323 0.4218 0.4105 0.4215 2.11 
%r 0.1380 0.1368 0.1543 0.1431 5.57 
‘36Xe 0.1156 0.1144 0.0924 0.1075 9.91 
loePd 0.2604 0.2547 0.253 1 0.2561 1.23 
lsONd 0.6038 0.5902 0.5478 0.5806 4.11 
‘We 0.4548 0.4433 0.2091 0.3691 30.67 
‘43Nd 0.1570 0.1554 0.1380 0.1501 5.74 
15%rn 0.7550 0.7364 0.6112 0.7009 9.11 
9r 0.1322 0.1310 0.1510 0.1381 6.63 
ls*Ba 0.1087 0.1076 0.0849 0.1004 10.91 
Fzr 0.0883 0.0874 0.0838 0.0865 2.26 
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Table 5.2 Continued. 

Institute CEA ECN JNDC Average RMS 
Library JEF-2.2 JEF-2.2 JENDL-3.2 w  
Tcr 0.0883 0.0874 0.0838 0.0865 2.26 
1q 

‘“ce 
‘=Eu 
’ ‘OPd 
‘s”Te 
%r 
l%Pd 
ls4Srn 
,*,I 

s’Rb 
IaNd 
8% 
‘43pr 

“zr 
9’Y 
Q’zr 
‘55EU 
“‘Cd 
‘Ts 
‘We 
“+‘Nd 
‘=Te 
=Nb 
8=Y 
‘=Gd 
‘“Gd 
ssSr 
‘“Sm 
99Mo 
8% 
‘“Ba 
1311 

=Kr 
ls3Xe 
‘s8Gd 
8’Br 
%r 
lzsTe 
“%n 
=Kr 
‘%m 
Fie 
‘2’Sb 

0.4695 
0.0684 
1.0290 
0.2897 
0.1155 
0.1056 
0.2263 
0.5118 
0.5 195 
0.1884 
0.2105 
0.0000 
0.3973 
0.1093 
0.1741 
0.0851 
0.7267 
0.4115 
0.7659 
0.1437 
0.6425 
0.1524 
0.1814 
0.0000 
0.5917 
0.8340 
0.0000 
0.5573 
0.5006 
0.0000 
0.0000 
0.2701 
0.0000 
0.1951 

0.0000 
0.0000 
0.0000 

0.4425 

0.4605 
0.0676 
1.005 1 
0.2838 
0.1145 
0.1047 
0.2208 
0.4997 
0.5089 
0.1840 
0.2071 
0.6619 
0.3895 
0.1083 
0.1713 
0.0845 
0.7078 
0.4014 
0.7546 
0.1421 
0.6295 
0.1506 
0.1794 
0.1013 
0.5773 
0.8158 
0.0404 
0.5452 
0.4874 
0.1638 
0.1311 
0.2646 
0.1114 
0.1925 
0.5067 
0.2173 
0.0366 
0.1390 
0.5773 
0.0537 
0.3243 
0.1211 
0.4348 

0.4174 
0.0780 
0.7759 
0.2884 
0.1292 
0.1303 
0.2036 
0.6552 
0.4693 
0.1813 
0.2132 
0.5107 
0.4662 

0.1875 
0.0913 
0.6595 
0.3348 
0.8764 
0.1078 
0.8092 
0.1433 
0.1316 
0.0827 
0.5054 
0.8253 
0.0505 
0.5243 
0.6881 
0.1147 
0.1522 
0.2820 
0.0655 
0.2571 
0.5507 
0.3164 
0.0790 
0.1850 
0.6247 
0.0620 
0.3734 
0.1439 
0.4908 

0.4491 5.06 
0.0713 6.61 
0.9367 12.18 
0.2873 0.88 
0.1198 5.60 
0.1135 10.47 
0.2169 4.46 
0.5556 12.71 
0.4992 4.33 
0.1846 1.58 
0.2103 1.18 
0.5863 12.90 
0.4177 8.26 
0.1044 5.97 
0.1776 3.99 
0.0870 3.51 
0.6980 4.05 
0.3826 8.90 
0.7990 6.87 
0.1312 12.62 
0.6938 11.79 
0.1488 2.65 
0.1641 14.03 
0.0920 10.13 
0.5581 6.76 
0.8251 0.90 
0.0455 11.16 
0.5423 2.51 
0.5587 16.41 
0.1392 17.62 
0.1416 7.44 
0.2722 2.66 
0.0885 25.98 
0.2149 13.88 
0.5287 4.16 
0.2669 18.56 
0.0578 36.74 
0.1620 14.20 
0.6010 3.94 
0.0579 7.16 
0.3431 6.30 
0.1325 8.59 
0.4560 5.44 

‘“Ru 0.0000 0.1609 0.2071 0.1840 12.55 

e 

0 
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Table 5.2 Continued. 

Institute CEA ECN JNDC Average RMS 
Library JEF-2.2 JEF-2.2 JENDL-3.2 (%) 
‘%n 0.0000 0.0667 0.1018 0.0842 20.81 
“‘Cd 0.3898 0.3776 0.3305 0.3659 6.99 
‘?Sb 0.1746 0.1714 0.1819 0.1759 2.50 
‘59q-b 0.0000 0.9638 0,6133 0.7885 22.23 
“*Cd 0.1488 0.1457 0.1849 0.1598 11.15 
‘OaPd 0.0000 0.2035 0.1922 0.1979 2.86 
‘s4Eu 0.9158 0.8918 0.4550 0.7542 28.08 
‘seEa 0.0000 1.3320 1.1121 1.2221 9.00 
“‘Sn 0.0000 0.3214 0.3463 0.3339 3.73 
‘“Sm 0.0000 0.1982 0.2462 0.2222 10.81 
105~ 0.2872 0.2806 0.4240 0.3306 20.00 
‘%d 0.0000 0.1390 0.2030 0.1710 18.72 
‘@‘Gd 0.0000 0.5105 0.5664 0.5385 5.19 
“Se 0.0000 0.1235 0.1525 0.1380 10.51 
‘Wd 0.0000 0.1597 0.2119 0.1858 14.04 
‘49Pm 0.5045 0.4923 0.6892 0.5620 16.03 
‘T% 0.0000 0.0645 0.1035 0.0840 23.23 
l15h 0.1190 0.1177 0.1393 0.1253 7.89 
‘36Ba 0.0000 0.1298 0.1353 0.1326 2.07 
‘“Te 0.0000 0.1215 0.2295 0.1755 30.78 
lS3Srn 0.0000 1.4055 1.3639 1.3847 1.50 
‘“Pm 0.6098 0.5942 0.4980 0.5673 8.71 
‘3’Ba 0.0000 0.1851 0.1415 0.1633 13.37 
‘?Sb 0.0000 0.2208 0.2576 0.2392 7.70 
“OCd 0.0000 0.1255 0.1674 0.1464 14.30 
lssGd 0.0000 0.7726 0.7637 0.7681 0.57 
‘“Sn 0.0000 0.0727 0.0983 0.0855 14.99 
‘%n 0.0000 0.0670 0.1002 0.0836 19.87 
‘VTe 0.0000 0.5385 0.5546 0.5466 1.46 
“sS.n 0.0000 0.0608 0.0959 0.0784 22.36 
‘*“Sn 0.0000 0.0907 0.1487 0.1197 24.24 
YSe 0.0000 0.1294 0.1652 0.1473 12.15 
“Se 0.0000 0.3267 0.4345 0.3806 14.16 
“MO 0.0000 0.1160 0.1833 0.1496 22.48 
s5Rb 0.2460 0.2403 0.3057 0.2640 11.20 
l”Xe 0.0000 0.2370 0.1742 0.2056 15.27 
‘“Pm 0.0000 0.5942 0.7662 0.6802 12.64 
WS 0.0000 0.1827 0.3319 0.2573 29.00 
141Nd 0.0000 0.0744 0.0974 0.0859 13.37 
‘%Xe 0.0000 0.2641 0.2022 0.2331 13.27 
‘34Ba 0.0000 0.1694 0.1688 0.1691 0.18 
‘%Te 0.0000 0.1412 0.1532 0.1472 4.09 
wz4r 0.0000 0.0501 0.0590 0.0545 8.14 
%r 0.0000 0.1753 0.1342 0.1548 13.29 
“%n 0.0000 0.1916 0.2001 0.1958 2.16 

, 
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Table 5.3 One group cross sections for (n,Zn) reactions (MT=16). of the m&ides in 

order of descending importance determined by the product of the cross section 
(ADL-3) and yield of the nuclide. 

Institute CEA ECN IPPE JNDC Average RMS 
Library JEF-2.2 m-2.2 ADL3 JENDL-3.2 @) 
We 1.1818 1.0179 1.0874 0.9124 1.0499 9.37 
14*Nd 
‘“Nd 
‘O’Ru 
13’Xe 
‘%Ze 
97Mo 
‘“Cs 
‘36Xe 
93zr 
‘@‘Pd 
We 
96zr 
‘05Pd 
‘34Xe 
‘“Cs 
‘OOMo 
‘“Sm 
‘%n 
‘“Nd 
1°3RU 
‘39La 
‘04Ru 
‘“Nd 
ws 
98Mo 
94zr 
lssBa 
95zr 
13*Xe 
‘“Pm 
l”Ru 
*TC 

lwRu 
‘“Ce 
lsONd 
*Sr 
‘Oq& 
I’llpI 

3.9818 3.8276 1.5629 3.2449 3.1543 30.40 
2.6339 2.5023 1.0868 1.8441 2.0168 30.48 
1.0978 0.9987 0.6108 1.0233 0.9326 20.31 
2.0694 1.9330 0.9326 1.1105 1.5114 32.83 
1.6126 1.4160 1.2582 1.2309 1.3794 11.02 
0.0000 0.0000 0.5574 0.5398 0.5486 1.61 
0.4922 0.3927 0.4355 0.3799 0.4251 10.32 
0.7068 0.5802 0.3998 0.5135 0.5501 20.20 
0.8254 0.7369 0.6553 1.0138 0.8078 16.50 
2.2136 2.0801 0.8043 1.2667 1.5912 36.52 
2.0727 1.9468 2.0871 3.2376 2.3361 22.40 
0.6988 0.6158 0.4580 0.5241 0.5742 15.88 
1.1214 1.0192 0.4507 0.7754 0.8417 30.70 
0.6174 0.4972 0.2839 0.2728 0.4178 34.91 
0.3927 0.2861 0.2716 0.2671 0.3045 16.89 
0.5894 0.5017 0.3109 0.3065 0.4271 28.67 
4.1049 3.9494 1.5415 2.6303 3.0565 34.21 
2.9146 2.7685 2.4655 2.4093 2.6395 1.94 
1.1233 1.0230 0.6855 0.6612 0.8133 23.27 
2.2548 2.1410 1.0694 1.6210 1.7716 26.56 
0.5170 0.4278 0.2676 0.2497 0.3655 30.54 
0.0000 0.0000 0.2434 0.2903 0.2669 8.78 
1.4448 1.3391 0.8781 0.8036 1.1164 25.02 
0.4921 0.4005 0.2254 0.2128 0.3327 35.53 
0.4841 0.3964 0.2514 0.2423 0.3435 29.58 
0.0000 0.0000 0.3308 0.3609 0.3458 4.35 
0.4936 0.3937 0.2701 0.2665 0.3560 26.55 
1.0420 0.9499 0.1379 1.2580 0.9969 18.73 
0.4985 0.3889 0.2375 0.2064 0.3328 35.45 
1.0495 0.9402 0.7492 0.5796 0.8296 21.69 
0.0000 0.0000 0.1723 0.2058 0.1890 8.86 
0.4543 0.3697 0.1973 0.2010 0.3056 36.18 
0.0000 0.0000 0.297 1 0.3716 0.3344 11.15 
0.0000 0.0000 0.2043 0.1914 0.1978 3.27 
1.3084 1.1096 0.8256 0.6928 0.9841 24.41 
0.0000 0.0000 0.4331 0.4335 0.4333 0.04 
0.3539 0.2761 0.1669 0.1389 0.2340 36.82 
0.3735 0.2902 0.1736 0.1826 0.2550 32.30 

9’Mo 0.0000 0.0000 0.3382 0.3408 0.3395 0.38 
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Fission-product cross sections 

Table 5.3 One group cmss sections for (n,2n) reactions (MT=16). 

Institute CEA ECN IPPE JNDC Average RMS 

Library JEF-2.2 JEF-2.2 ADL-3 JENDL-3.2 (%) 
‘“Ba 0.0000 2.4793 1.7190 1 S348 1.9110 21.39 

?zr 
l”Te 
p’zr 
‘“Nd 
l’+‘Nd 
losPd 
89Sr 
%3rn 
P’Y 
L43pr 

’ 09Ag 
9sNb 
“‘Cd 
‘=Te 
IaLa 
“OPd 
‘“Xe 
,291 

lz9Te 
%r 
YVrn 
‘=Eu 
99MO 
‘“Pd 
’ Wd 
1”p& 

’ WS 
‘“Sm 
‘%I 
87Rb 
“‘Eu 
%r 
,271 

ls4Eu 
“%d 
88Sr 
0% 
S9Y 
‘=Gd 
%m 
“%I 
“‘Gd 
lSl1 

‘%b 

0.0000 
0.0000 
0.4528 
0.9323 
0.0000 
0.4641 
0.0000 
0.8242 
0.0000 
0.0000 
0.3879 
0.4757 
0.8347 
0.0000 
0.0000 
0.5779 

0.3965 
0.0000 
0.0000 
0.0000 
0.7206 
0.0000 
0.3844 
0.0000 
0.0000 
0.0000 
2.6939 
0.0000 
0.0000 
0.6982 
0.0000 
0.3880 
1.0676 
0.6090 
0.0000 
0.0000 
0.0000 
0.6199 

0.0000 
0.0000 
0.4000 
0.8359 
0.0000 
0.3716 
0.0000 
0.7408 
0.0000 
0.0000 
0.3 136 
0.3922 
0.7483 
0.0000 
0.0000 
0.4859 
0.0000 
0.3 107 
0.0000 
0.0000 
0.0000 
0.6040 
0.0000 
0.2929 
0.0000 
0.0000 
0.0000 
2.5681 
0.0000 
0.0000 
0.5957 
0.1518 
0.3255 
0.9558 
0.5296 
0.0000 
0.6797 
0.0720 
0.5188 

0.2253 0.2366 0.2309 2.44 
0.3499 0.3008 0.3254 7.54 
0.3370 0.3101 0.3750 14.81 
0.5527 0.4850 0.7015 26.70 
3.1135 4.9516 4.0325 22.79 
0.1749 0.2133 0.3060 38.36 
0.7110 1.269 1 0.9901 28.18 
0.4670 0.3803 0.6031 30.57 
0.4003 0.3647 0.3825 4.66 
0.8734 0.7758 0.8246 5.92 
0.1785 0.1790 0.2648 33.96 
0.2893 0.2776 0.3587 22.56 
0.5800 0.7638 0.7317 12.77 
0.2773 0.2267 0.2520 10.02 
3.9566 0.0000 3.9566 0.00 
0.2284 0.3032 0.3988 34.98 
0.9399 1.2794 1.1096 15.30 
0.2297 0.2434 0.2950 22.41 
0.8330 1.5979 1.2155 31.46 
0.2869 0.6447 0.4658 38.40 
0.5825 0.4901 0.5363 8.61 
0.3774 0.2563 0.4896 37.3 1 
1.5544 2.1806 1 X675 16.77 
0.1378 0.1692 0.2461 40.11 
1.5178 1.2578 1.3878 9.37 
3.4956 0.0000 3.4956 0.00 
0.8867 0.9711 0.9289 4.54 
0.9539 0.8208 1.7592 49.70 
0.3984 0.4161 0.4073 2.17 
0.0959 0.1044 0.1002 4.25 
0.5030 0.3643 0.5403 22.74 
0.1141 0.0885 0.1181 22.03 
0.2162 0.2331 0.2907 24.05 
1.6655 1.2818 1.2427 21.79 
0.9032 1.1662 0.8020 31.44 
0.0553 0.0483 0.0518 6.80 
0.2187 0.3625 0.4203 45.82 
0.0490 0.0433 0.0548 22.62 
0.3587 0.3074 0.4512 27.65 
0.5997 0.3996 0.4997 20.02 
0.8365 1.3121 1.0743 22.14 
0.5982 0.5008 0.5495 8.87 
0.2435 0.3070 0.2752 11.54 
0.2931 0.2520 0.2726 7.52 
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Table 5.3 One group cross sections for (n,2n) reactions (MT=16). 
Institute CEA ECN E'PE JNDC Average RMS 
Library JEF-2.2 JEF-2.2 ADL-3 JENDL-3.2 (%) 
'32Te 0.0000 0.0000 0.3962 0.0000 0.3962 0.00 
‘?C3l 0.0000 0.0000 0.3355 0.3282 0.3318 1.11 
8% 0.0000 0.1263 0.0705 0.0628 0.0865 32.69 
'%EU 0.0000 0.0000 1.9911 1.3876 1.6894 17.86 
'@Pm 0.0000 0.0000 2.0836 2.1593 2.1214 1.78 
'"Sm 0.0000 0.0000 0.4725 0.4138 0.4431 6.62 
'"Ba 0.0000 0.0000 0.6610 0.8709 0.7660 13.70 
"'&I 0.0000 0.0000 0.5407 0.8909 0.7158 24.46 
"'Te 0.0000 0.0000 0.7215 1.1535 0.9375 23.04 
"'Dy 0.0000 0.0000 1.4646 0.0000 1.4646 0.00 
**Se 0.0000 0.0000 0.1208 0.1422 0.1315 8.16 
'%n 0.0000 0.0000 0.7066 2.2047 1.4556 51.46 
'@'Gd 0.0000 0.0000 0.7977 0.7502 0.7740 3.07 
ISSn, 0.0000 0.6496 0.4991 0.4648 0.5378 14.92 
"%d 0.0000 0.0000 0.1476 0.1672 0.1574 6.22 
'14Cd 0.0000 0.0000 0.1915 0.2356 0.2135 10.32 
'%n 0.0000 0.0000 0.2762 0.2667 0.2714 1.75 
'"6Ba 0.0000 0.0000 0.2321 0.1867 0.2094 10.85 
' *RU 0.0000 0.0000 0.1242 0.1511 0.1376 9.75 
rssSm 0.0000 0.0000 2.5744 1.7546 2.1645 18.94 
' '%Zd 0.0000 0.0000 0.2617 0.2859 0.2738 4.42 
,lSh 0.0000 0.0000 0.1825 0.1617 0.1721 6.05 
'49Pm 0.0000 0.0000 0.7706 0.7371 0.7539 2.22 
‘?Yn 0.0000 0.0000 0.2113 0.2052 0.2082 1.46 
'*'Sb 0.0000 0.0000 0.2142 0.1598 0.1870 14.55 
'04Pd 0.0000 0.2287 0.1014 0.1155 0.1485 38.36 
lssGd 0.0000 0.0000 1.3381 0.9688 1.1534 16.01 
'"Pm 0.0000 0.0000 2.8793 2.1593 2.5193 14.29 
‘TS 0.0000 0.0000 1.2428 1.1047 1.1737 5.88 
lvTe 0.0000 0.0000 0.9264 1.0398 0.9831 5.77 
'%n 0.0000 0.0000 0.1708 0.1529 0.1618 5.54 
*'Br 0.0000 0.0000 0.0754 0.0808 0.0781 3.44 
'?Sn 0.0000 0.0000 0.9031 0.0000 0.9031 0.00 
=Se 0.0000 0.0000 0.0954 0.1055 0.1004 5.00 
iO5~ 0.0000 0.0000 0.1620 0.2340 0.1979 18.19 
%b 0.0000 0.0000 0.2339 0.2306 0.2322 0.70 
'lsCd 0.0000 0.0000 0.8746 0.0000 0.8746 0.00 
"'Ag 0.0000 0.0000 0.2272 0.0000 0.2272 0.00 
"'Cd 0.0000 0.0000 0.1120 0.0957 0.1038 7.88 
96Mo 0.0000 0.0000 0.1709 0.1648 0.1678 1.81 
"Se 0.0000 0.0000 0.2817 0.5030 0.3923 28.20 
'9-b 0.0000 0.0000 1.7044 0.0000 1.7044 0.00 
' 3oXe 0.0000 0.2918 0.1753 0.1914 0.2195 23.49 
'"Nd 0.0000 0.0000 0.1202 0.1387 0.1295 7.14 
?% 0.0000 0.0000 0.0655 0.0669 0.0662 1.05 

0 

I) 



6. CONCLUSIONS 

From the previous sections we may conclude that the considered data evaluations 
give a maximum spread in lumped one-group cross sections averaged over the 
spectrum of a large fast power reactor of about 6% for capture and 9% for 
inelastic scattering. The total reactivity effect has a maximum spread of 5.5%. 
These values indicate that the uncertainty on the reactivity effect is of the same 
order. Inspection of the differences did not reveal large problems in the libraries 
for capture and inelastic scattering cross sections. Slight improvements could be 
obtained by having closer inspection of the capture cross sections of the unstable 
nuclides “‘Sm. ro3Ru and ‘Ws. From the inelastic scattering cross sections 
some improvements could be obtained by investigating the data for nuclides with 
low-lying levels, below 200 keV (e.g. ‘“‘R~, Ws, ‘a3Rh, ‘“Nd, “sRu, ‘O’Pd and 
‘49Sm). 

However, improvements for individual fission products will not easily solve the 
remaining discrepancies, since there are also systematic differences. These are 
probably caused by the evaluation method. For capture the unresolved resonance 
treatment with the difficulties in parametrization of strength functions, level spac- 
ing and radiation widths due to missed resonances, and the treatment of width 
fluctuations could be important. Also the background correction in the resolved 
energy range can play a role. 

For the inelastic cross sections, the optical model choice and parametrization as 
well as width-fluctuation factor treatment could be different in various evaluations. 
It is not easy to assess such differences in the evaluation methods. 

A possible point to be further investigated is the systematic difference of 5 to 6% 
in the total, elastic and capture cross sections between JENDL-3.2 and JEF-2.2. 
A common reason could be the optical-model parametrisation or the systematics 
used for the (p-wave) strength functions. More generally, it is suggested to 
compare the yield-averaged values of So, St, PY and DO of the various evaluations, 
to assess possible reasons for systematic differences. These parameters determine 
the unresolvedresonance range and are difficult to extract from resolved resonance 
parameters if there is a significant fraction of missed (p-wave) resonances. The 
optical model should match the s- and p-wave strength functions. In the high- 
energy part of the resolved-resonance range, a correction for missed resonances 
should be made. AU these points are well known to the evaluators, but in order to 
make progress it is necessary tore-investigate such possible sources of differences. 

Finally, in spite of the above mentioned problems, the status of lumped fission- 
product cross sections is satisfactory, although some improvements are possible 
as indicated in this report. 
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APPENDIX A. NUCLIDE CONCENTRATIONS 

Table A.1 Nuclides andconcentratiom in the lumpedjissionpmduct. For the benchmark. 
the yields of 239Pu were used. 

Nuclide Identification 23.5~ 238~ 239PU zmPU 24’PU 

76Ge 320760 .00015 .00001 .OOOll .00001 .ooooo 
‘SAS 
“Se 
‘8Se 
‘?Se 
80Se 
82Se 
8’Br 
82Br 
8% 
8% 
8% 
*%r 
8% 
s5Rb 
86Rb 
“Rb 
=sr 
=Sr 
89Sr 
Ysr 
09Y 
WY 
9’Y 
9.r 
9’zr 
92z.r 
%r 
94zr 
95zcr 
96zr 
=Nb 
95Mo 
96Mo 
9’MO 
=‘Mo 
99Mo 
lmMo 
99TC 
‘OoRU 

330750 .00007 .ooooo .ooooo .ooooo .ooooo 
340770 .00029 .00004 .00013 .00014 .00010 
340780 .00056 .00014 .00035 .00029 .00019 
340790 .00091 .00040 .00053 .00053 .00037 
340800 .00151 .00087 .00090 .00091 .00068 
340820 .00390 .00250 .00235 .00209 .00171 
350810 .00246 .00157 .00137 .00148 .00109 
350820 .ooooo .ooooo .ooooo .ooooo .ooooo 
360820 .00006 .00003 .00006 .00003 .00002 
360830 .00601 .00390 .00348 .00312 .00245 
360840 .01084 .00559 .00565 .00458 .00377 
360850 .01380 .00715 .00655 .00589 .OOSOl 
360860 .01928 .01382 .00878 .00793 .00674 
370850 .00029 .00015 .00014 .00012 .00010 
370860 .00001 .ooooo .ooooo .ooooo .ooooo 
370870 .02548 .01700 .01150 .01019 .00884 
380860 .00004 .ooooo .00001 .ooooo .ooooo 
380880 .03641 .02102 .01421 .01281 .01135 
380890 .01278 .00956 .00543 .00499 .00424 
380900 .05075 .03115 .01875 .01964 .01752 
390890 .03156 .02202 .01285 .OlllO .00960 
390900 .00001 .00001 .00001 .00001 .ooooo 
390910 .01763 .01332 .00864 .00847 .00746 
400900 .00043 .00026 .00016 .00016 .00014 
400910 .03532 .02499 .01660 .01537 .01376 
400920 .05639 .04312 .03061 .02930 .02579 
400930 .05964 .04700 .03791 .03531 .03153 
400940 .06449 .05107 .04274 .04232 .03773 
400950 .02315 .02063 .01757 .01773 .01701 
400960 .06553 .05744 .04939 .05027 .04737 
410950 .01146 .00991 .00854 .00839 .00811 
420950 .02925 .02417 .02118 .01998 .01955 
420960 .00060 .00025 .00025 .00023 .00020 
420970 .05848 .05804 .05200 .05280 .05080 
420980 .06136 .06127 .05650 .05568 .05495 
420990 .00091 .00112 .00099 .00108 .OOlOl 
421000 .06355 .06151 .06439 .06041 .05951 
430990 .05349 .06007 .05500 .05552 .05294 
441000 .00152 .00165 .00153 .00149 .00144 

‘01 RU 441010 .05327 .05944 .06387 .05848 .05876 
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Table A.1 Table continued. 

Nuclide Identification rt5u 9.l 239Pu ZwPu 24’Pu 
la2Ru 441020 .04816 .06361 .06834 .06165 .06099 
‘03Ru 441030 
‘04Ru 441040 
‘“Ru 441060 
lOSF& 451030 
105~ 451050 
‘a4Pd 461040 
losPd 461050 
l”Pd 461060 
l”‘Pd 461070 
lo8Pd 461080 
llOPd 461100 
losAg 471090 
“‘Ag 471110 
“OCd 481100 
“‘Cd 481110 
“Td 481120 
“‘Cd 481130 
“Td 481140 
“%d 481150 
ll5”f-J 481151 
“*Cd 481160 
“%I 491150 
“*Sn 501150 
‘%n 501160 
“‘Sn 501170 
‘%n 501180 
“?Q 501190 
‘%n 501200 
Th 501220 
‘?$n 501230 
%n 501240 
‘?Sn 501250 
Yh 501260 
12’Sb 511210 
‘“Sb 511220 
‘%b 511230 
%b 511240 
‘%3b 511250 
‘%b 511260 .__ 

.00796 

.02366 
.00365 
.02509 
.00013 
.00067 
.01426 
.00149 
.00172 
.00078 
.00045 
.00054 
.00001 

.00027 

.00039 

.00034 

.00034 

.00001 

.00036 

.00042 

.00044 

.00048 

.00030 

.00060 

.00004 

.00104 

.00045 

.00024 

.00063 

.00001 

.01479 .01592 .01549 .01526. 

.05702 .06499 .05791 .05900 
SO2337 .03378 .04131 .04267 
.04346 .04810 .04391 .04404 
.00034 .00048 .OOOSS .00056 
.00112 .00126 .00112 .00113 
.03348 .04837 .05230 .05430 
.00679 .01105 .01148 .01200 
.01234 .03083 .04078 .04110 
.00684 .02415 .03321 .03912 
.00139 .00923 .01200 .01691 
.00201 .01632 .02139 .02758 
.00004 .00021 .00030 .00045 
.00005 .00042 .00052 .00067 
.00073 .00410 .00558 .00854 
.00071 .00135 .00288 .00433 
.00055 .00091 .00150 .00222 
.00046 .00100 .00102 .00103 
.00001 .00001 .00001 .00001 
.OOOOl .00008 .00008 .00007 
.00035 .00064 .00085 .OOlOO 
.00037 .00089 .00086 .00097 
.00002 .00004 .00004 .00005 
.00001 .00002 .00002 .00002 
.00034 .00064 .00085 .00090 
.00034 .00065 .OOOSO .00087 
.00034 .00066 .00080 .00086 
.00034 .00067 .00085 .00085 
.00037 .00069 .00095 .00093 
.00022 .00039 .00063 .00057 
.00042 .00120 .00120 .OOlll 
.00005 .00011 .00010 .00007 
.OOlOO .00303 .00316 .00240 
.00035 .00066 .00083 .00088 
.ooooo .ooooo .ooooo .ooooo 
.00017 .00030 .00046 .00043 
.ooooo .ooooo .ooooo .ooooo 
.00066 .00163 .00138 .00095 
.ooooo .00001 .00001 .ooooo 

‘X& 511270 .00005 .00004 .00012 .OOOlO .00008 

l 

c 
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Table A.1 Table continued. 
) Nuclide Identification 239Pu 2 Pu “‘PU 

‘VTe 521220 .00001 .00001 .00002 .00002 moo2 
‘UTe 521230 
lz4Te 521240 
‘=Te 521250 
lzmTe 521251 
‘=Te 521260 
1*7mTe 521271 
‘ZsTe 521280 
lDrnTe 521291 
‘%Te 521300 
‘=Te 521320 
12q 531270 
,291 531290 
13q 531310 
‘=Xe 541280 
‘29Xe 541290 
l”Xe 541300 
13’Xe 541310 
‘“Xe 541320 
la3Xe 541330 
‘34Xe 541340 
‘36Xe 541360 
93 551330 
+2S 551340 
‘WS 551350 
136CS 551360 
‘WS 551370 
‘34Ba 561340 
13sBa 561350 
13sBa 561360 
13’Ba 561370 
‘38Ba 561380 
‘“Ba 561400 
‘“La 571390 
‘QLa 571400 
lQCe 581400 
“+‘Ce 581410 
I”& 581420 
1.Q 581430 
‘“Ce 581440 

.ooooo .ooooo .ooooo .ooooo .ooooo 

.ooooo .ooooo .ooooo .ooooo .ooooo 

.00005 .00005 .00012 .00009 .00007 
.00001 .00001 .00001 .00001 .00001 
.00006 .OOOOl .00008 .00005 .00002 
.00017 .00013 .00045 .00033 .00028 
.00321 .00506 .00790 .00618 ~30520 
.00108 .00189 .00230 .00215 .00179 
.01439 .01959 .01956 .01889 .01534 
.00089 .00095 .00104 .00104 .00094 
.00174 .00132 .00446 .00318 .00277 
.00442 .00713 .00897 .00783 .00664 
.00153 .00185 .00218 .00184 .00150 
.OOOOS .00003 .00012 .00008 .00007 
.ooooo .ooooo .ooooo .ooooO .ooooo 
.00008 .00012 .00018 .00013 .OOOll 
.03063 .03391 .04139 .03224 .02683 
.04761 .04546 .05273 .04823 .04405 
.00206 .00184 .00223 .00199 .00191 
.07155 .06172 .07229 .06270 .06102 
.05993 .06292 .06776 .07121 .07112 
.06293 .05152 .06441 .05353 .05231 
.00169 .00120 .00153 .00123 .00121 
.06393 .05627 .07424 .06712 .06705 
.00004 .00003 .00009 .00007 .00005 
.06228 .06949 .06342 .06948 .07181 
.00014 .00008 .OOOll .00008 .00008 
.ooooo .ooooo .ooooo .ooooo .ooooo 
.00024 .00016 .00082 .00056 .00031 
.00047 .00051 .00057 .00050 00052 
.06692 .06477 .04936 .06465 .06738 
.00433 .00493 .00414 .00456 .00461 
.07087 .06083 .06053 .05802 .06093 
.00057 .00065 .00054 .00060 .00061 
.05322 .05506 .04787 .04868 .05031 
.01178 .01124 .01176 .01027 .01074 
.05878 .05054 .04924 .05302 .04990 
.00048 .00042 .00039 .00047 .00050 
.03849 .03424 .02642 .03057 .03336 

‘Upr 591410 .04854 .04277 .04611 .03757 .04006 
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Table A.1 Table continued. 

Nuclide Identification 235” 23qJ 239Pll 2@PU 24’PU 
1”pr 591430 .00467 .00403 .00372 .00452 .00481 
‘“Nd 
‘43Nd 
l”Nd 
‘4sNd 
‘&Nd 
14’Nd 
‘“Nd 
lsoNd 
14’Pm 
‘-Pm 
lMrnPm 
‘@Pm 
14’Sm 
‘“Sm 
‘49Sm 
‘%4m 
‘s’Sm 
‘%m 
ls3Sm 
15%m 
‘53EU 
‘S4EU 
‘55EU 
‘56EU 
ls4Gd 
“‘Gd 
‘=‘Gd 
15’Gd 
“‘Gd 
lwGd 
‘59-& 

9-h 
161y.b 

‘*Dy 
161Dy 
16’Dy 
‘s3Dy 

601420 .00028 .00024 
601430 .05270 .04163 
601440 .01301 .01104 
601450 .03778 .04086 
601460 .03016 .03897 
601470 .00133 .00186 
601480 .01691 .02359 
601500 .00715 .01464 
611470 .01651 .02131 
611480 .00004 .00005 
611481 .00020 .00025 
611490 .00015 .00025 
621470 .00135 .00168 
621480 .00086 .00104 
621490 .01017 .01620 
621500 .00076 .00117 
621510 .00400 .00928 
621520 .00350 .00751 
621530 .00002 .00006 
621540 .00097 .00213 
631530 .00182 .00390 
631540 .00020 .00042 
631550 .00034 .00105 
631560 .00002 .00009 
641540 .ooooo .00001 
641550 .00001 .00004 
641560 .00017 .00071 
641570 .00007 .00027 
641580 .00006 .00021 
641600 .00001 .00003 
651590 .00003 .00008 
651600 .ooooo .ooooo 
651610 .ooooo .ooooo 
661600 .ooooo .ooooo 
661610 .ooooo .00001 
661620 .ooooo .ooooo 
661630 .ooooo .ooooo 

.00026 

.03970 

.00876 

.03010 

.02557 

.00141 

.0171.5 
.01039 
.01664 
.00004 
.00019 
.00019 
.00133 
.00083 
.01265 
.00093 
.00761 
.00759 
.00007 
.00321 
.00463 
.0005 1 
.00214 
.00020 
.00001 
.00009 
.00166 
.00093 
.00089 
.00033 
.00043 
.00002 
.00001 
.00001 
.00020 
.00002 

.00021 

.04464 

.00975 

.03268 

.02847 

.00161 

.01814 
.01157 
.01768 
.00004 
.00020 
.00023 
.00137 
.00084 
.01404 
.00099 
.0085 1 
.00850 
.00008 
.00405 
.00508 
.00054 
.00267 
.00027 
.OOOOl 
.OOOl 1 
.00215 
.00122 
.OOlll 
.00033 
.00053 
.00002 
.00002 
.00002 
.00029 
.00003 
.ooooo 

.04854 
.01075 
.03477 
.0305 1 
.00176 
.01929 
.01290 
.01979 

.00023 

.00024 

.00155 

161520 
.00109 
.00911 
.00930 
.00009 
.00447 
.00574 
.00061 

.00012 
.00246 
.00139 
.00135 
.00039 
.00062 
.00002 

‘,,Dy 661640 .ooooo .ooooo .ooooo .ooooo .ooooo 
Total 2.00002 2.00002 2.00004 2.00002 2.00003 
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APPENDIX B. FLUX WEIGHTING SPECTRA 

The next pages give the energy, adjoint function and neutron spectrum (two times 
three columns) used in the benchmark. A plot of these functions is shown in figure 
2.1. 

1.0000e-05 
1.5050e-03 
4.0000e-03 
5.9500e-03 
s.4500e-03 
1.2500e-02 
1.7500e-02 
2.2500e-02 
2.7500e-02 
3.2500e-02 
3.s500e-02 
4.6000e-02 
5.4000e-02 
6.2500e-02 
7.2000e-02 
7.s500e-02 
s.7500e-02 
9.7500e-02 
1.0750e-01 
1.2*50e-01 
1,3700e-01 
1.4319e-01 
1.4970e-01 
1.5.552e-01 
1.6486e-01 
1.74s5e-01 
1.s450e-01 
1.9390e-01 
2.0397e-01 
2.1457e-01 
2.2679e-01 
2.407%.01 
2.5576e.01 
2.7176Ez-01 
2.90ooe-01 
3.0725e-01 
3.1725e.01 
3.2733e-01 
3.4233e-01 
3.599&-01 
3.*04se-01 
3.9550e-01 
4.0sl9e-01 
4.2350e-01 
4.4134e-01 
4.583%-01 
4.7601e-01 
4.9250e-01 
5.09me-01 
5.2560e-01 

l.6514e+ol 
1.6551e+ol 
1.659%+01 
1.6594e+ol 
1.656%+01 
1.6514e+ol 
1.6452ecol 
1.6389e+ol 
1.6324e+Ol 
1.6259e+ol 
1.6180e+01 
1.6084e+01 
1.59s2e+01 
1.5876e+ol 
1.576l.e+01 
1.5684e+01 
1.55*se+01 
1.54*4e+01 
1.5396e+01 
1.5263e+ol 
1.5175e+01 
1.5142e+01 
1.5113e+01 
1.5089e+01 
1.5063e+01 
1.504l.e+01 
1.5033e+01 
1.5035e+01 
1.5045e+01 
1.5061e+01 
1.50s2e+01 
1.5108e+ol 
1.5140e*01 
1.5177e+01 
1.5221e+01 
1.5262e+ol 
1.5283e+01 
1.5294e+Ol 
1.52*4e+01 
1.5245e+01 
1.5162e+ol 
1.5065e+ol 
1.4963e+ol 
1.4777e+o1 
1.4552e+01 
1.432le+Ol 
l..405le+01 
1.376&+01 
1.342&+01 
1.30*6e+ol 

1.0000e-07 
=6.9514e-07 
9.4092e.07 
1.1309e-06 
1.35s9e-06 
1.6199e.06 
1.8611e-06 
2.0656e-06 
2.2432e-06 
2.4110e-06 
2.5*39e-06 
2.7486e-06 
2.***2e-06 
3.0004e-06 
3.0750e-06 
3.1074e-06 
3.1115e-06 
3.0934e-06 
3.0129e-06 
2.8713e.06 
2.7523e-06 
2.6593e-06 
2.5525-s.06 
2.4231e-06 
2.254*e-06 
2.066k-06 
1.*7*4e-06 
1.683*e-06 
1.47*1e-06 
1.261%5-06 
1.034l.e.06 
*.1646e-07 
5.4440e.07 
5.3s51e-07 
5.2560e-07 
5.*324e-07 
6.7412e-07 
8.592%.07 
1.2297e-06 
1.*211e-06 
2.4*75e-06 
3.0.$19e-06 
3.7117e-06 
4.53*2e-06 
5.3s77e-06 
6.2143.~.06 
6.9**3e-06 
7.6897e-06 
*.3004e-06 
s.72*9e-06 

5.3579e-01 
5.534**-01 
5.*112e-01 
6.1014e-01 
6.3908c3-01 
6.6785e-01 
6.9378=-01 
7.232*e-01 
7.6077e-01 
7.85008.01 
*.0472e-01 
*.3472e-01 
s.5500e-01 
*.6821e-01 
8.9321e.01 
9.2000e-01 
9.4000e-01 
9.6100e.01 
9.7900e-01 
9.9100e-01 
1.00*0e+00 
1.0275e+oo 
1.0400e+00 
1.0580e+00 
1.0755e+oo 
1.0885e+00 
1.1035e+oo 
1.1165e+00 
l.l365e+oo 
1.1600e+00 
1.1*61e+00 
1.2186e+00 
1.2510e+oo 
1.2*35e+oo 
1.31sse+00 
1.353*e+oo 
1.3.s73e+oo 
1.4223ecOO 
1.4575ecoo 
1.4*75e+00 
1.5221e+oo 
1.5672e+OO 
1.609se+00 
1.6498e+oo 
1.6910etOO 
1.7335e+oo 
1.7760e+00 
1.81*5e+oo 
1.e477ecoo 
1.8700e+00 

1.2*54e+Ol *.0*20e-06 
1.2452e+Ol 9.5000e-06 
l.l803e+Ol *.*217e-06 
1.1079e+01 9.swoe-06 
1.0333et01 9.7074e-06 
9.5567e+oo 9.34-z.%-06 
*.*102e+00 *.s032e.o* 
7.9345e+oo 7.97s*e-06 
6.7906e+oo 7.126b.06 
6.0270e+OO 6.4566e-06 
5.3c599e+oo 5.6599e.06 
*.3s2*e+oo 4.*409e-06 
3.7321e+oo 4.2*74e-06 
3.31*0e+oo 3.6697e-06 
2.57*6e+OO 2.8576e.06 
1.*303e+00 2.1522e.06 
1.3347e+oo 1.578&-06 
8.9101e-01 1.0782e.06 
5.667*e-01 7.3174e-07 
3.92ae-01 3.3494e-07 
2.29*7e-01 3.4927e.08 
9.7176e-02 2.35*4e-09 
5.7082e-02 1.2664e-09 
5.2392e-02 1.2091e-09 
6.0544e-02 1.907%.09 
9.2*45e-02 3.6846-z.09 
1.5213e-01 6.6656e-09 
2.2*6le-01 1.2104e.08 
3.9172e-03 2.1390e.08 
6.0618e-01 3.4296e-08 
*.5567e-01 5.1846e-08 
1.163*e+OO 7.2413e-08 
1.4690e+oo 9.2571e.os 
1.7713e+oo 1.3.165e-07 
2.09*7e+OO 1.2*6le-07 
2.420&+00 1.421le.07 
2.7136e+OO 1.5268~07 
3.0044e+oo l.h055e-07 
3.2994e+oo 1.6547e-07 
3.5555e+oo 1.684b-07 
3.*2*7e+OO 1.696&a-07 
4.1464e+oo 1.6960a.07 
4.4254e+OO 1.6835e.07 
4.673&+00 1.661le.07 
4.9160e+oo 1.=5402e-07 
5.1514e+oo 1.615&s-07 
5.3729e+OO 1.5896e.07 
5.5*21e+oo 1.5800e-07 
5.7177e+oo 1.5557e.07 
5.8209e+OO 1.5227~~07 
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1.9072e+oo 5.9810e*oo 1.5031e-07 
1.9523e+00 6.1641e+oo 1.4932e-07 
1.9972e+oo 6,3366e+oo 1.4943e-07 
*.039*e+00 6.490oe+oo 1.501se-07 
2.079se+oo 6.6408e+oo 1.5112e-07 
2.1150e+oo 6.7756e+oo 1.5136.2-07 
2.1577e+oo 6.9253e+oo 1.5141e-07 
*.2137e+oo 7,1166e+oo 1.5096e-07 
2,2712e+oo 7.2*34e+oo 1.5024e-07 
2,3301e+oo 7.4235e+oo 1.4971e-07 
2,3712e+oo 7.519*e+oo 1.491se-07 
2.4021e+oo 7.5922e+oo 1.4019e-07 
2,4533e+oo 7.7063e+oo 1.465b.07 
2,5175e+oo 7.8368e+oo 1.4503e-07 
2.5750e+oo -/.9481e+Oo 1.433*e-07 
2.6296e+oo s.o553e+oo 1.4142e-07 
2.6896e+oo *.1795e+oo 1.39s3e-07 
2.7439e+oo s.2953e+oo 1.3761e-07 
2.*030e+00 s.4155e+oo 1.3514e-07 
2.8739e+OO 8.5576e+OO 1.3230e-07 
2.9466e+OO 8.7034e+OO 1.2926e-07 
3.0212e+OO 8.8380e+OO 1.2618e.07 
3.0981e+oo *.9309e+00 1.234%.07 
3.1775e+OO 8.9959e+OO ,..2135e-07 
3.2588e+oo 9.0625e+oo 1.1e73e-07 
3.3404e+oo 9.1401e+oo 1.1571e.07 
3,4236e+oo 9.2415e+oo 1.1244e-07 
3,5102e+oo 9.3592e+oo 1.0830e.07 
3.5991e+00 9.4779e+oo 1.0350e-07 
3.6902e+oo 9.5*49e+oo 1.0179e-07 
3,7836e+OO 9.6623=+00 1.0214e.07 
3.8794e+OO 9.7253e+OO l.OOUe-07 
3.9640e+oo 9.7s10e+oo 9.3919e-08 
4.0647e+oo 9.8805e+oo 0.4453e-08 
4.1s15e+oo 1.0045e+01 7.3368e-08 
4.2*74e+oo 1.0223e+o1 7.3422e-08 
4.3959e+oo 1.0406ecol 7.9826e-08 
4,5072e+oo .l.o594e+01 7.s7*7e-08 
4.6213ecoo 1.0702e+01 7.7633e-08 
4.73*3e+oo 1.0707e+o1 7.4761e-08 
4,8582e+oo 1.0690e+01 6.951@-08 
4.9*12e+oo l.o674e+ol 6.5579=-08 
5.0646ecOO 1.0662e+Ol 6.3262~.08 
5,1070e+OO l.O656e+Ol 6.1636e.08 
5.1497e+OO 1.0650e+Ol 6.0102e-08 
5,1928e+oo 1,0639e+01 5.8606e-08 
5.2363e+OO l.O615e+Ol 5.7080=-08 
5.2*01e+oo l.o584e+ol 5.5791e-08 
5.3242e+oo 1.0553ee01 5.44me-08 
5.368&+00 1.0523.e+01 5.3260e-08 
5.413*e+oo 1.01190ec01 5.2199e.os 
5.4590ecoo 1.045*e+01 5.11a3e-08 
5.5047e+OO 1.0425ecOl 5.0119e-08 
5.5508ecoo 1.0393e+01 4.907h-08 
5.5972e+OO 1.036Oe+Ol 4.8003e-08 
5.6441e+OO l.O327e+Ol 4.6841e-08 
5,6913e+OO 1,0294e+Ol 4.5672e-08 
5.73sve+oo 1.0235e+01 4.4394e-08 
5,7870e+OO 1.0049e+01 4.3167e-08 
5,*354e+oo 9.7600e+oo 4.1942e-08 

5.*s42e+oo 9.4689e+OO 4.0528e-08 
5.9334e+OO 9.1751e+OO 3.9016e-08 
5.983lecOO 8.8789e+OO 3.7290e-08 
6.0332e+OO 8.5803e+OO 3.5212e-08 
6.0837eroo 8.279le+OO 3.2934e-08 
6.1345e+OO 7.9754e+oo 3.0540e-08 
6.1859erOO 7.669le+OO 2.8253e-08 
6.2377e+OO 7.3604e+OO 2.5967e-08 
6.2898e+oo 7.0490e+oo 2.3519e-08 
6.3429e+Oo 6.7349e+oo 2.1035e-08 
6.3956e+OO 6.4185e+OO 1.8395e-08 
6.449lecOO 6.0VVOe+OO 1.4832e-08 
6.5030e+OO 5.7772&00 9.3627e-09 
6.5575e+OO 5.4527e+OO 3.6889e-09 
6.6124e+OO 5.1252e+oo 9.2182a-10 
6.6677e+OO 4.7950e+OO 8.7657e-10 
6.7235e+OO 4.4621e+OO 4.30458-09 
6.7797e+OO 4.1266e+OO 1.5391e-08 
6.8365e+OO 3.9154e+OO 3.1664e-08 
6.8937e+oo 4.0199e+00 4.7359e-08 
6.9513e+OO 4.3156erOO 6.1788e-08 
7.0095e+OO 4.6139e+OO 7.4658e-08 
7.0682e+OO 4.9148e+OO 8.4983e-08 
7.1273ecOO 5.2182e+OO 9.2292e-08 
7.186%+00 5.5242e+OO 9.6819e-08 
7.247lecOO 5.8328~00 9.8035e-08 
7.3078e+oo 6.1439e*OO 9.8VOle-08 
7.3689e+OO 6.4576e+OO 1.0068e-07 
7.430&+00 6.7738e+OO l.O309e-07 
7.492&+00 ,.0929e+OO 1.0421e-07 
7.5955e+OO 7.4146e+OO 1.0079e-07 

7.6187e+OO 7.7388e+oo *.0309e-08 
7.6825e+OO 8.0660e+OO 6.4581e-08 
7.746@+00 8.3959e+OO 4.3556e.08 
7.8116e+oo 8.7283e+OO 4.816le-08 
7.8769e+oo 9.0635e+OO 8.7718e-08 
7.942*e+oo 9.2657e+oo 1.391-/e-07 
8.0093e+oo 9.3096e+oo 1.7303e-07 
8.0763e+OO 9.3296e+OO 1.8948e-07 
a.1439e+oo 9.3499e+00 1.9703e-07 
8.2,.20e+OO 9.3702e+OO 2.026%.07 
8.2808e+OO 9.3908e+OO 2.0548e-07 
8.3501e+OO 9.4116e+OO 2.0617e-07 
8.4200e+OO 9.4325e+OO 2.0356~~.07 
8.4904ecoo 9.4535e+OO 1.9584~~.07 
8.5615e+00 9.4748e+OO 1.8816e-07 
8.6331e+OO 9.4962e+OO l.V054e-07 
8.7053e+OO 9.5179e+OO 1.9842e-07 
8.7782e+OO 9.5506e+OO 2.0670e-07 
8.8516e+OO 9.5964e+OO 2.1598e-07 
8.9257e+OO 9.644.%!+00 2.2189e-07 
9.0004e+OO 9.6931e+OO 2.2418e-07 
V.O757e+OO 9.7421e+OO 2.2478e-07 
9.1917e+OO 9.7915e+OO 2.236%.07 
9.228%+00 9.8413e+OO 2.2161e-07 
9.3055e+OO 9.8915e+OO 2.2141e-07 
9.383&+00 9.9422e+OO 2.2227e-07 
9.46,.9e+OO 9.993%+00 2.2220=-07 
9.5411e+OO 9.8944ecOO 2.2205e-07 
9.6209e+oo 9.4322e+oo 2.2320e-07 



Fhx Weighting Spectra 

1.*502e-06 

1.290&-06 
1.2992=-06 
1.2661e-06 
1.2369e.06 

1.2797e-06 
1.369%.06 

1.433%.06 
1.4480e-06 
1.3918EY-06 

l.O86k-06 
6.634Oe-07 
8.1886e-07 
1.4523e-06 

l.9006e-06 
2.0757e-06 

2.1279e-06 

2.1517e-06 
2.1!x1e-06 

2.146&-06 

2.1007e-06 
1.9*23e-06 
1.8516e-06 

1.7955e-06 
1.7570e-06 
1.7482e-06 
1.7753e.06 

1.768k-06 
1.455-/e-06 
1.0691=-06 
6.430%.07 

1.6794e-07 

2.2232e-07 
1.0120e-06' 
2.267%-06 
3.162%-06 
3.686&-06 

3.7866e-06 
3.0957e-06 
2.226%-06 

3.2*51e-06 
5.21-l&-06 

6.002&-06 
6.2557e-06 
6.4671e-06 

6.5531e-06 

6.5790e-06 
6.5044e-06 

6.4641e-06 
6.728&S-06 

6.9128C!-06 

6.9930e-06 
6.8769e-06 

6.935x%-0.5 
7.018&-06 
7.0147e.06 

6.9200e-06 
6.6769e-06 
5.4097e-06 
4.331,x-06 

ECN-R-97-011 I3Ubrn3/39 



. 
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4.3479e+01 4.4896e+OO 2.3316e.05 
4.3s43e+01 4,7126e+oo 2.1494e.05 
4.4210e+01 4.9379e+00 1.4486e-05 
4.458Oe+Ol 5.1647e+OO 1.6632e-05 
4.4953e+01 5.3935e+00 2.5166e-05 
4.532E3e+01 5.6242etoo 2.6443e-05 
4.5707e+01 5.8567e+oo 2.6582e-05 
4.6090e+ol 6.0913etoo 2.616&a05 
4.6476e+Ol 6.32SletOO 2.5350e-05 
4.6865e+Ol 6.5379e+OO 2.4392e-05 
4.7257e+Ol 6.6849e+OO 2.19S7e-05 
4.7652e+Ol 6.7977e+OO 2.2431e-05 
4.8051e+Ol 6.911%+00 2.6099e-05 
4.8453e+Ol 7.0261e+OO 2.7424e-05 
4.8859e+01 7.1417e+OO 2.6699e-05 
4.926@+01 7.2583e+OO 2.5320e-05 
4.96SOe+Ol 7.375SetOO 2.0136e-05 
5.0096e+Ol 7.4003e+OO 2.1959e-05 
5.0516e+ol 7.3243e+oo 3.010se-05 
5.093se+01 7.2410e+oo 3.1799e-05 
5.1364e+Ol 7.1570etOO 3.1722e-05 
5.1794e+01 7.0722e+oo 3.0314e-05 
5.2227e+Ol 6.9867e+OO 1.9986e-05 
5.2665e+Ol 6.9005e+OO 2.1346e-05 
5.3105e+Ol 6.8137etOO 3.3446e-05 
5.3550e+Ol 6.7905etOO 3.5474e-05 
5.399&+01 6.9222e+OO ,.5566e-05 
5.4449e+Ol 7.1457e+OO ,.5046e-05 
5.4905e+01 7.3715e+oo 3.3539e-05 
5.5364e+Ol 7.5991ecOO 3.0233e-05 
5.582Se+ol 7.8283ecoo 3.1727e-05 
5.6294e+Ol 8.0596etOO 3.4597e-05 
5.6766e+Ol 8.2931etOO 3.1070e-05 
5.7242e+Ol 8.6285ecOO 2.7144e-05 
5.7721e+Ol 8.7657etOO 2.81Sle-05 
5.8204e+01 9.0049e+00 3.2334e-05 
5.8691e+01 9.2460e+OO 2.9566e-05 
5.91Sle+Ol 9.4892etOO 3.1165e-05 
5.9677e+Ol 9.7343e+OO 4.1069e-05 
6.0176e+ol 9.9816e+oo 4.5514e-05 
6.06SOe+Ol 1.0231e+01 4.7047e-05 
6.1187e+Ol l.O482e+Ol 4.6965e-05 
6.1699e+Ol l.O691e+Ol 4.5239e-05 
6.2216e+Ol l.O79le+Ol 4.441le-05 
6.2736e+Ol l.O825e+Ol 4.3541e-05 
6.3261e+Ol l.O859e+Ol 4.6029e-05 
6.3790e+Ol l.O894e+Ol 5.0711e-05 
6.4324e+Ol 1.092&+01 5.8540e-05 
6.4862e+Ol 1.0963etOl 5.9556e-05 
6.5405ecOl l.O999e+Ol 2.9327e-05 
6.5953e+Ol l.l034e+01 l.O351e-05 
6.6505e+Ol 1.1070e+Ol 2.9691e-05 
6.7061e+Ol l.l106e+Ol 5.5724e.05 
6.762X=+01 1.1143e+Ol 7.0324e-05 
6.SlSSe+Ol 1.11SOe+Ol 7.4105e-05 
6.875Se+Ol l.,,217e+Ol ,.5936e-05 
6.9334e+Ol 1.1254etOl 7.6447e.05 
6.9915e+Ol 1.1292e+Ol 7.6591~.05 
7.0499e+01 1.1330ec01 7.774&-05 
7.1089e+ol 1.136Se+Ol 8.1615e-05 

a 

a 
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Flux Wekhtine Soecua 

8.3465e-05 
6.2603e-05 
.5.1912e-05 
7.265&-05 
5.9412e-05 
5.285&-05 
7.362&-05 
9.8363e-05 
1.024&-04 
1.0404e-04 
1.059,e-04 
1.04,3e-04 
1.018&-04 
7.7095e-05 
6.7619e-05 
9.164s.05 
1.0203e-04 
1.0349e-04 
1.037&-04 
1.010*e-04 
*.410*e-05 
9.3347e.05 
1.1125e-04 
1.3234e-04 
1.4329e-04 
1.42.54e-04 
1.4979e-04 
1.2684e-041 
1.036&-04 
1.3,01e-04 
1.533%.04 
1.5856e-04 
1.7295e.04 
1.6837s.04 
1.5c43e-04 
1.5349e-04 
1.505-/e-04 
1.61728-04 
l..6485e-04 
1.7574e-04 
2.3579.3-04 
2.6395e-04 
1.2501e-04 
5.2683e-05 
1.333&-04 
1.3737e-04 
l.SlOb-0* 
1.7797e-04 
1.995&-04 
2.4273e-04 
2.408k-04 
2.344&-04 
2.34,9e-04 
2.3943e-04 
2.3866e-04 
2.3720e-04 
2.,029e-04 
2.6271e-04 
1.4590e-04 
1.4960e3-04 

1.1819ec02 
1.1917e+o2 
1.2017e+02 
1.211oe+o2 
1.2219ec02 
1.2322ec02 
1.2425e+02 
1.252*e+02 
1.2633e+02 
1.2739e+0.2 
1.2*46e+02 
1.2953e+02 
1.3062e+02 
1.3171ec02 
1.32*1e+02 
1.3393ec02 
l..3505e+02 
1.361&!+02 
1.3731ec02 
1.3846ecO2 
1.3952e+02 
1.4079e+02 
1.4197e+02 
1.4316e+02 
1.4436e+02 
1.4556e+02 
1.4678e+02 
1.4801e+02 
1.4925e+02 
1.5050e+02 
1.5175e102 
1.5302e+02 
1.5431ec02 
1.556oeo2 
1.5690ec02 
1.5021e+02 
1.5953e+02 
1.6007e+02 
1.6222e+02 
1.6357e+02 
1.6494e+02 
1.6632e+02 
1.6772e102 
1..5912e+02 
1.7053e+02 
1.7197e+02 
1.,340e+02 
1.,495e+02 
1.7631ec02 
1.77,9e+02 
1.792oe+02 
1.8078e+02 
1.0229e+02 
1.8381ec02 
1.9535e+02 
1.8690e+02 
1.9947e+02 
1.9005e+02 
1.9164e+02 
1.9325e+02 

l.o064e+ol 1.9943e-04 
1.0060e+01 *.2923e-04 
1.0057e+01 2.5479e-04 
1.0053et01 2.5300e-04 
1.0050e+01 2.813,e-04 
1.0046ecol 3.0102e-04 
1.0043e+01 3.008&-04 
1.0039e+01 2.899%-04 
1.0035e+01 2.910*e-04 
1.0032e+01 3.0097e-04 
1.002*e+01 3.0217e-04 
1.0024e+01 2.9917e-04 
1.0020e+01 2.93.99e-04 
1.0016e+01 2.9711e-04 
1.0012e+01 2.035fJe-04 
1.0009e+01 2.673h-04 
1.0005e+01 2.9563ct-04 
1.0001e+01 3.1429e-04 
9.9966e+oo 3.2633e-04 
9.9926e+oo 3.4799e-04 
9.9**5e+oo 3.4629-z-04 
9.9944e+oo 3.4217e-04 
9.9802e+oo 3.1384.s.04 
9.9780e+00 3.1194e-04 
9.97ooe+oo 3.0992e-04 
9.9792e+oo 2.9213e-04 
9.97*5e+oo 3.3227e-04 
9.97*,e+oo 3.5137e.04 
9.9,*9e+oo 3.c993e-04 
9.9,92e+oo 3.5070e-04 
9.9794ecoo 3.4,66e-04 
9.9796ecoo 3.7135e-04 
9.9799ecoo 3.6499e-04 
9.9Bole+oo 3.3805s.04 
9.9*03e+oo 3.3663e-04 
9.9806e+oo 3.7222e.04 
9.9909e+oo 3.9044e.04 
9.9811e+00 3.846,e-04 
9.9*13e+oo 3.889,e-04 
9.9816e+oo *.9570e-04 
9.9*1*e+oo 2.8749e-04 
9.9*21e+oo 3.8500e.04 
9.9924e+oo 4.0c,oe-04 
9.9826e+oo 3.9912e-04 
9.9829e+OO 4.0161.~.04 
9.983le+oo 4.3691e.04 
9.9934e+oo 4.4283e-04 
9.9*37e+oo 4.3905e.04 
9.9917e+oo 4.1469FP04 
9.9754e+oo 4.0619e-04 
9.966,e+oo 4.1849e-04 
9.9581e+oo 4.1914e.04 
9.9493e+oo 4.0904e.04 
9.9405e+oo 4.OZBOe-04 
9.9315e+oo 6.1204e-04 
9.9226e+oo 6.6463e-04 
9.9135e+oo 2.7071e-04 
9.9043e+oo 1.6090e-04 
9.0951ecoo 3.2330e.04 
9.885&+00 3.7s5e-04 
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1.9486e+02 9.8765e+OO 3.6521e-04 3.2127e+o* 9.2104e+oo 7.7533e.04 
1.964%+02 9.8670e+oo 4.05soe-04 3.2x9%+02 9.1975e+oo 7.7213x-04 
1.9*13e+02 9.*575e+00 4.2376e-04 3.2666e+02 9.1*45e+oo 8.1586e-04 

1.9979e+02 9.Cl479e+00 4.3565e-04 3.2940e+02 9.1713e+oo 8.4110e-04 
2.0146e+02 9.s3s2e+oo 4.4630e-04 3.3215e+02 9.15s1e+oo 8.1470e-04 
?."JISe+OZ 9.82848+00 4.40308-04 3.3494ero2 9.1447er00 7.71798-04 
2.048%+02 9.8186e+OO 5.s070e-04 3.3774=+02 9.1327e+oo 8.0157e-04 
2,0656e+02 9.8087e+00 4.71*ee-04 3.4056ec02 9.1241e+oo 9.39soe-04 
2,0s29e+02 9.79*7e+oo 3.3216e-04 3.4341e+o* 9.1176e+oo 9.7223e-04 

2.1003e+02 9.7**5e+oo 4.6655e-04 3.4G?9e+02 9.1110e+00 6.9630e-04 
2.1179e+02 9.77s4e+oo 5.17*3e-04 3.491*e+02 9.1044e+oo 6.2lOh-04 

2.1356e+02 9.7681e+OO 5.2.537e-04 3.5211et02 9.097&+00 8.2066e-04 

2.1535e+02 9.7577e+oo 5.096&-04 3.5505e+02 9.0911e+oo 8.8634e-04 
2.1716e+02 9.7473e+00 5.1121e-04 3.5s02e+02 9.0843e+oo *.92*5e-04 

*.1s97e+02 9.7368ecoo 5.1312e-04 3.6102e+02 9.0774e+oo 8.6155e-04 
2.20soe+02 9.7262ecoo 5.154&-04 3.6405ec02 9.0705e+oo 8.614%.04 

2.2265e+02 9.7155e+oo 5.342ce-04 3.6709e+02 9.0636e+oo *.79s5e-04 
2.2451e+02 9.7046e+oo 5.414%.04 3.7016e+02 9.056&+00 8.5846cs-04 

2.x40e+02 9.693&+00 5.4495e-04 3.7325e+02 9.0495e+oo e.-3*70e-04 
2.2829e+02 9.682&+00 5.5?.64e-04 3.7ase+02 9.0424e+oo 8.583k-04 

2.3020f2+02 9.6717e+oo 5.2665e-04 3.7953ec02 9.0352e+oo 8.8682e-04 
2.3213e+02 9.6606e+oo 5.34me-04 3.s271e+02 9.0280e+oo *.74c1e-04 0 
2.3405e+02 9.6493e+OO 6.1883e-04 3.8591e+02 9.0207e+oo 8.77953-04 

2.3603e+02 9.6380ecoo 4.7591e-04 3.8914e+02 9.0133e+oo *.99me-04 
2.3800@+02 9.6265e+oo 4.0750e-04 3.9239ec02 9.0059e+oo 8.*62le-04 

2.3999ec02 9.6150e+oo 5.534-/e-04 3.9568ec02 8.9984e+oo 8.335%.04 
2,4200e+0* 9.6033e+oo 5.8415e-04 3.9s99e+02 8.9908e+oo s.4499e-04 

2.*403e+02 9.5916e+oo 6.0794e-04 4.0233ec02 8.9832e+oo 8.2694e-04 

2.460&+02 9.579*e+00 6.1576e-04 4.0570e+02 s.9755e+oo 7.7319e-04 

2.4*13e+02 9.5678ecoo 5.9222e-04 4.0910e+02 8.967&+00 s.1*19e-04 
2,5020e+02 9.555*e+oo 5.5794e-04 4.1251e+02 8.9620e+oo 8.978&-04 
2.5230e+02 9.5437e+oo 5.742%.04 4.1597e+02 8.9611e+oo 9.2605e-04 

2.5441e+02 9.5321e+oo 6.0504e-04 4.1944ec02 8.9633e+Oo 9.3441e.04 
*.5654e+oZ 9.5214ec00 6.071-/e-04 4.2296e+o2 *.9c54e+oo 9.4991e-04 

2.5869e+02 9.5111e+oo 5.898lE-04 4.2650e+02 8.9676e+oo 9.4670e-04 

2,6085e+02 9.500*e+00 5.7066e-04 4.3007e+02 8.9698e+oo 8.6651e-04 
2,6303e+02 9.4903e+oo c.1254e-04 4.3366e+02 8.9720e+oo *.6668e-04 

2.6524e+02 9.4797ecoo 6.5321e-04 4.3729e+02 8,9743e+oo 9.4w3e-04 

2.674%+02 9.4630ecoo 6.8586e-04 4.40952+02 8.9765e+oo 9.5365.3-04 

2.696%+02 9.4583e+oo 6.9852e-04 4.44s4e+02 8.9788e+oo 9.5e44e-04 

2.7194e+02 9.4474e+oo 5.066%-04 4.4m7e+02 8.981le+oo 9.350Fh-04 

*.7422e+02 9.4365e+oo 4.440&-04 4.5212e+02 *.9834e+Oo 8.8872e-04 

2.7651e+02 9.4255e+oo 6.336h-04 4.5590ec02 8.9857e+OO 9.095h-04 0 
2.7883e+02 9.4143ecoo 7.1933e-04 4.5972ec02 8.9881e+oo 9.0608e-04 
2.8116e+02 9.4031e+oo 7.0961e-04 4.6156e+02 8.9904e+oo 9.1682e-04 

2.s352e+o* 9.391se+oo 7.0726e-04 4.6744ec02 8.992&+00 9.804%-04 

2.s5s9e+02 9.3*04e+oo 7.1109e-04 4.7136ec02 8.995&+00 9.7891e-04 

2.882*e+02 9.3689e+OO 6.0675e-04 4.7530e+02 8.9976e+OO 9.329se-04 

2.90me+02 9.3573ecoo 6.296%-04 4.7927et02 9.0001e+00 9.4060e-04 

2.9313e+02 9.3456ecoo 7.5s99e-04 4.832&+02 9.0026e+oo 9.6931e-04 

2.955*e+o* 9.333*e+oo 7.s219e-04 4.e733e+02 9.0051e+00 9.5541e-04 
2.9805e+K 9.3210ecoo 7.6764e-"d d.ma"e+02 9."0,6e+00 9.65-/h?-04 
3.0055e+02 9.3100e+00 7.5909e-04 4.9551e+o* 9.0101e+00 9.619le-04 

3.030e+02 9.2979e+oo 7.59sE.e-04 4.9966e+02 9.0126e+oo 9.6546e-04 
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2.6386e+O4 6.6305e+oO 
2.66O,e+O4 6.630,e+OO 

2.6830e+04 6.6309e+OO 
2.6971e+04 6.631Oe+OO 

2.70*4e+04 6.6311e+oO 
2.,2s1e+04 6.6312e+OO 
2.7509et04 6.631&+00 

2.7740ec04 6.63153+00 

2.7972e+04 6.631,e+OO 
2.8206e+O4 6.6319e+OO 
2.s412e+04 6.6321e+oo 

2.8465e-04 

2.*427e-04 
2.7934e-04 

2.s*44e-04 
2.8663e-04 

2.8690e-04 
2.9686e-04 

2.9326e-04 
2.999&-04 

2.9433e-04 
2.866,e-04 

2.9862e-04 
3.0496e-04 
2.9100e-04 

2.8866e-04 

2.9749e-04 
2.940%-04 

3.0066e-04 
3.1w5e-04 

3.0706-Z-04 
2.9900e-04 
3.0204e-04 

3.0665e-04 
,.0010e-04 

2.9X9&-04 
2.9011e-04 

2.9274e-04 
2.9902e-04 
2.9139e-04 

2.s253e-04 

2.7565s-04 
2.6223e-04 
2.6219e-04 
2.7sl.oe-04 

2.*04*e-04 
2.8663e-04 
2.*77*e-04 

2.9564e-04 
3.1,99e-04 
3.26OOe-04 
3.4322e-04 

3.,360e-04 
,.9796e-04 
4.0175.2-04 
4.1379e-04 
4.2059e-04 
4.0226e-04 

3.8,96e-04 

3.6681e-04 
3.1557e-04 
2.5s*se-04 
2.1010e-04 

1.,563e-04 

1.392se-04 
1.00we-04 
,.53s5e-05 

6.3506e-OS 

6.3OO,e-06 
6.SS,Se-06 
,.37s,e-05 
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2.*530e+04 6.6322ecoo ,.7671e-05 

2.8680e+od 6.6324e+oo 8.572&-05 

2.Es920e+04 6.6327e+oo 9.7973e-05 

2.9162e+o* 6.6330e+oo 1.092&-04 

2.9406e+od 6.6334ecoo 1.1955e-04 

2.9652e+od 6.6337ecoo 1.2905e-04 

2.9900=+04 6.6340e+oo 1.3.570e-04 

3.0150e+04 6.6343e+oo 1.467&s-04 

3.0403e+04 6.6346e+oo 1.523&-04 

3.0.557e+04 6.6350e+oo 1.5734e-04 

3.0913e+o4 6.6353ecoo 1.629&-04 

3.1172e+04 6.6356ecoo 1.6680e-04 

3.1433e+04 6.6360e+oo 1..5751e-04 

3.169&+04 6.6363ecoo 1.7024e-04 

3.1961e+04 6.6366ecoo 1.7520e-04 

3.2229ec04 6.6370e+oo 1.75*4e.04 

3.2499e+04 6.6373e+oo 1.7701e-04 

3.2771e+o* 6.6377e+oo 1.9190e-04 

3.3045e+04 6.6381e+oo 1.0513e-04 

3.3321e+04 6.6386e+00 1.8626e-04 

3.3sooe+04 6.6392etoo 1.0977e-04 

3.3**1e+04 6.6399e+oo 1,9105e-04 

3.4165e+04 6.6406ecoo 1.899b-04 

3.4451e+04 6.6412e+oo 1.90*9e-04 

3.4,39e+04 6.6419e+oo 1.9357e-04 

3.5029e+04 6.6426ecoO 1.9e49e-04 

3.5323e+04 6.6433e+oo 1.957e-04 

3.561&+04 6.6439e+oo 1.9190e.04 

3.591c5e+04 6.6446e+oo 1.0044e.04 

3.621,e+04 6.6453e+oo 1.852k-04 

3.652Oe+04 6.6460e+oo 1.057*e-04 

3.5*25e+04 6.6468eioo l..a442e-04 

3.7134e+04 6.6475e+oo 1.846%3-04 

3.7444e+04 6.6482ecoO 1.a503e-04 

3.,,5*e+04 6.6489e+oo 1.*599e-04 

3.90,4e+04 6.6r19,e+oo 1.867h-04 

3.*392=+04 6.6504e+oo 1.0492e-04 

3.0714e+04 6.6512e+OO 1.0454e-04 

3.903oe+04 6.6528e+oO 1.8674e-04 

3.9364e+04 6.6554e+oo 1.8620e-04 

3.9694e+04 5.5593e+oo 1.832&z-04 

*.0026e+o4 6.6611e+oo 1.8369e-04 

4,0351e+04 6.6640ecoo 1.*522e-04 

4.0699e+04 6.6669ecoo 1.*505e-04 

*.1039e+ol1 6.6698e+oo 1.8306e-cl4 

4.1383e+04 6.6727ecOO 1.8312e-04 

4.1729e+04 6.6757e+oo 1.53394e-04 

4.207&+04 6.678,e+oo 1.*2*4e-04 

4.2430ec04 6.6817e+oo 1.9252e-04 

4.27*5e+04 6.6847e+oo 1.,,39e-04 

4.3143e+04 6.6878e+oo 1.7914e-04 

4.3504e+04 6.6909e+oo 1.8506e-04 

4.39me+04 6.6940e+oo 1,9627e-04 

4.4235e+04 6.6971e+oo 1.926%.04 

4.4605e+04 6.7003e+oo 1.979&s-04 

4.4979e+04 6.7035e+oo 1.9932e-04 

4.5355eco4 6.,06,e+oo 2,0551e-04 

4.5735ecO4 6.,lOOe+OO 2.003,e-04 

4.611,e+04 6.,133e+oo 1.9724e-04 

*.5503e+o4 6.7166e+oo 2.05*2e-04 

*.6892e+04 6.7199ecoo 2.0486e-04 

4.,2*5e+o4 6.,233e+oo 2.013,e-04 

4.,681e+04 6.,266e+oO 1.9672e-04 

4.8080e+04 6.,29,e+oo 1.8768e-04 

4.9492e+o* 6.,323e+OO 1.7905e-04 

4.8888e+04 5.,349e+oo 1.6326e-04 

4.9297ec04 6.7372e+oo 1.3929e-04 

4.9709e+04 6.7397e+oo l.l562c?-04 

5.0125e+04 6,,422e+oo 9.9404e-05 

5.0545e+04 6.,448e+oo 9.53428-05 

5.096&+04 e.,4,3e+oo 1.0073e-04 

5.1394=+04 6.7499e+oo l.OOlck3-04 

5.1924e+04 6.,525e+oo 8.70556-05 

5.225*e+04 6,7551e+oo 7.26398-05 

5.269%+04 6.75,7e+oo 6.60878.05 

5.3136e+04 6.760&+00 ,.3e33a-05 

5.3581e+04 6.7630e+oo 9.6167.3-05 

5.4029e+04 6.7657e+oo 1.157&-04 

5.44*1e+04 6.76*5e+oo 1.2687e-04 

5.493,=+04 6.7712e+oo 1.34028-04 

5.539,e+04 6..7740e+oo 1.410&-04 

5.5soe+04 6.776&+00 1.47218-04 

5.6328e+04 6.7796e+oo 1.49788-04 

5..5,99e+04 6.,824e+oo 1.5133e-04 

5.,274e+04 6.,853e+Oo 1.4659e-04 

5.,754e+04 6.7882e+oo 1.4952e-04 

5.823,e+04 6.,9lle+OO 1.6057e-04 

5.0,24e+04 6.,940e+oo 1.6105e-04 

5.9215e+04 6.,9,0e+clo 1.575&s-04 

5.9,11e+04 6.8000e+OO 1.6029e-04 

.5.0211e+04 6.8030e+oo 1.6642e-04 

6.0,1%+04 6.8060e+oo 1.6545e-04 

6.1223=+04 6.8092e+OO 1.5816e-04 

5.1,35e+04 6.8126e+oo 1.492&-04 

6.2252e+04 6.8162e+oo 1.3922e-04 

6.2773ec04 6.8198e+oo 1.2*43e-011 

6.329%+04 6.8235ecoo 1.2121e-04 

6.3827e+04 6.*271e+oo 1.1826.z-04 

5.4352e+04 6.8308ecoo 1.165b-04 

=5.4901e+04 6.8346e+oo 1.1342e.04 

6.5444e+04 5.9394e+oo 1.142,e-04 

6.5991e+04 6.8422e+oO 1.1915e-04 

5..5543e+04 6.8460e+oo 1.2334e-04 

6.,100e+04 6.8499e+oo 1.275Y.e-04 

6.7661e+04 5.*53*e+00 1,3132e-04 

6.8228e+04 6.8577ecoo 1.3629e-04 

6.8,99e+04 6.8617e+oo 1.4395e-04 

6.93,4e+o‘l 6.8657e+oo 1.5083e-OP 

5.9955e+04 6.8697e+oo l.Wlb-04 

,.0540e+04 6.8738e+oo 1.5361e-04 

,.1131e+04 .5.9779e+oo 1.4*59e-04 

,.1726e+04 6.8820e+oo 1.43*5e-04 

,.232e+04 6.8862e+oo 1.395&-04 

,.293le+04 6.8904e+OO 1.2300e-04 

,.3542e+04 6.8946e+oo t3.1059e-05 

,.4157e+04 6.8989e+oo 6.4,9,e-05 

7.47,oe+04 6.903le+oo 8.697h-05 

,.5403e+04 6.90,0e+oo l.O150e-04 

,.6034e+04 6.9108e+oo 1.0*19e-04 

,.6671e+04 6.914,e+oo 1.12ooe-04 
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Flux Weighting Spectra 
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APPENDIX C. DETAILED RESULTS FOR THE 
LUMPED NUCLIDE 
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Figure C.1 7’he radiative cnptwe cross section of the lumped nuclide as afunction of the 
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Figure C.2 The radiative caphwe cmss section of the lumped nuclide as afunction of the 
energy. 



Detailed results for the lumued nuclide 
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Figure C.3 The radiative capture cross section of fhe lumped nuclide ns afunction of the 
emrgy. 
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Figure C.4 The inelastic scattering cross section of the lumped nucli& as afunction of 
the energy. 
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Figure C.6 The (n,2nJ cnxs section of the lumped nuclide as afunction of the energy 
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