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FOREWORD

A Working Party on International Evaluation Co-operation was established
under the sponsorship of the OECD/NEA Nuclear Science Committee (NSC)
to promote the exchange of information on nuclear data evaluations, validation,
and related topics. Its am is also to provide a framework for co-operative
activities between members of the maor nuclear data evaluation projects.
Thisincludes the possible exchange of scientists in order to encourage
co-operation. Requirements for experimental data resulting from this activity
are compiled. The working party determines common criteria for evaluated
nuclear data files with a view to assessing and improving the quality and
completeness of evaluated data.

The parties to the project are: ENDF (United States), JEF/EFF (NEA Data
Bank Member countries) and JENDL (Japan). Co-operation with evaluation
projects of non-OECD countries, specifically the Russian BROND and Chinese
CENDL projects, are organised through the Nuclear Data Section of the
International Atomic Energy Agency (IAEA).

Subgroup 17 of the working party was initiated with the objective to assess
the status and uncertainties of fission-product cross-section data files for fast
reactor calculations. In addition it would pursue the analysis of the relevant
integral experiments and take into account indications from these experiments.
The possibility to recommend a unique evaluated fission-product data file
would be examined.

The opinions expressed in this report are those of the authors only and do
not necessarily represent the position of any Member country or international
organisation. This report is published on the responsibility of the Secretary-General
of the OECD.
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SUMMARY

Within the framework of the SG17 benchmark organised by a Working
Party of the Nuclear Science Committee of the Nuclear Energy Agency,
acomparison of lumped or pseudo-fission-product cross-sections for fast
reactors has been made. Four institutions participated with data libraries based
on the JEF-2.2, EAF-4.2, BROND-2, FONDL-2.1, ADL-3 and JENDL-3.2
evaluated nuclear datafiles.

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. Graphs of the multi-group cross-sections of the
lumped nuclide have also been compared, as well as graphs of capture
cross-sections for 27 nuclides.

From two contributions based on JEF-2.2, it can be concluded that the data
processing 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
worthisstill only 5.3%.

There is a systematic difference between total, elastic and capture
cross-sections of JENDL-3.2 and JEF-2.2 of the same order of magnitude.
Possible reasons for this discrepancy have been indicated.

The one group capture and inelastic scattering cross-sections of most of the
important individual fission-products differ by less than 10% (root mean square
values). Larger differences are observed for unstable nuclides where there is a
lack of experimental data. 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 per cents.

The final conclusion is that the present status of lumped nuclide
cross-sections for fast reactors is satisfactory, athough improvements are
possible asindicated in this report.






STATUS OF PSEUDO-FISSION-PRODUCT
CROSS-SECTIONSFOR FAST REACTORS

1. Introduction

This report summarises the results of the Subgroup 17 (SG17) of the
Working Party on Evaluation Co-ordination (WPEC) of the Nuclear Energy
Agency (NEA) of the Organisation for Economic Co-operation and
Development (OECD) in Paris. The objective of SG17 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 in Paris. The background was that for future
development of fast power reactors with extended burn-up the reactivity effect
of fission-products need to be known preferably with an uncertainty of about
5% (1 o).

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 experimental 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 al evauations, a small systematic error could result from different
formalisms used for the width fluctuation correction and global (optical model)
parametrisations. However, in general loca systematics 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,a) reactions. It is believed that
atogether 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 non-negligible
contributions (about 10%) to the total reactivity effect result from inelastic
scattering mainly from excitation of the lowest levels. 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 the evaluations for most nuclides a spherical optical model was
used and that direct excitation was neglected (exceptions for JENDL-3.2).
Since it is known that for many nuclides in the fission-product mass range
direct excitation cannot be neglected at high energies, it was also expected that
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 (SG10)
deals with these questions and new measurements were made, e.g. for Pd and
Mo isotopes. Meanwhile, 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 direct-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.

A comparison of lumped fission-product capture cross-sections based upon
different 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
different 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 parametrisations and in some evaluations more
recent data have been used than in others. As an example, the JEF-2.2
fission-product file has been adjusted to integral data, the JENDL -3 datafile 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 virtualy all fission-product
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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
multi-group structure and given concentrations for the fissile nuclide **Pu.
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 multi-group constants, to avoid large amounts of work. The participant could
also useits 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. For 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.

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 *’Pu were used to calculate the
cross-sections of the lumped nuclide according to:

N
X — X
o = E YnOn
n=

wherey, is the effective yield or concentration of fission-product n and o isthe

one group microscopic cross-section of that fission-product for reaction type x.
The yields of al the fission-products specified in Appendix A sum to 2. If the
contributions of some fission-products are omitted from the sum in Eq. 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 individua
fission-product nin Eq 2.1 is weighted over the total energy range by:

(2.1)
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with @, 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 Figure2.1 and Appendix A). For scattering
cross-sections, Eq. 2.2 reads:

[(=}

PR S (2.3)
q)g Zo-anHQ
oy =—2"
o

g=

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 (oﬁygin Eqg. 2.2

X
ng-g'

specified in Appendix B.

and o in Eq. 2.3). The preferred micro-flux weighting spectrum is the one

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

< (2.4)

where CD*g is the adjoint function. For a scattering cross-section, the reactivity
effect is given by:

icgag' ((D; _CD;’)(DQ 29
X 9=

p-= S
Zq)gq)g
g:
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Also the denominator in Eq. 2.4 and 2.5 had to be specified by the
participants. The adjoint function was given pointwise with a linear
interpolation scheme (lin-lin), cf. 2.1 and Appendix B.

Figure 2.1. The pointwise neutron spectrum
and adjoint function used in the benchmark

107 ¢ 3 10

Neutron spectrum (a.u.)
=
(‘'n"e) uonouny wiolpy

7 —— Neutron flux
107 ¢ - - -~ Adjoint function

|
l
|

|
|
[ ]
L 1
10_10 I \_ \_ |_ h 1 1 1 | 1 1 | 10‘1
10° 10" 10° 10 10" 10° 10" 10° 10° 10* 10° 10° 10’
Energy (eV)

3. Participants

Contributions to the benchmark were received from CEA (France),
ECN (the Netherlands), IPPE (Russia) and INDC (Japan).
3.1 CEA

The contribution of the Commissariat & I'Energie Atomique (CEA) is
based on a fine-group version of the JEF-2.2 evaluated nuclear data file.
The one group cross-sections and the corresponding reactivity worths of
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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. It is noted that the JEF-2.2 fission-product file has been adjusted
to available integral data (activation data and reactivity worths).

A fine-group library in XMAS structure (172 groups) is used, weighted
with athermal 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 al
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 EAF-4.2 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, 1/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 into one group.

3.3 IPPE

Three different contributions of the Institute of Physics Power Engineering
(IPPE) were received based on libraries from the BROND-2, FOND-2.1, and
ADL-3 evauated nuclear data files. The BROND-2 file contains original
evaluations made in Russia. In some cases, results of integral data have been
taken into account. The genera purpose FOND-2.1 file contains BROND-2,
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but has been extended with other evaluations. The ADL-3 file is an extended
activation/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 al 162 nuclides. For this
reason, not all the BROND-2 results are reported here.

Two versions of the BROND-2 and FOND-2.1 libraries were used.
First, 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 ADL-3 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 INDC

JNDC is a joint contribution of Toshiba Corporation, the Japan Atomic
Energy Research Institute, Kawasaki Heavy Industry, Hitachi, RIST and Data
Engineering. Two contributions were received: one based on a 70-group library
processed from the JENDL-3.2 evaluated nuclear data file and one based on a
73-group library. In both cases, atypical FBR spectrum was used for the micro
flux weighting by the TIMS code. The JENDL-3.2 file contains 140
fission-products of the 162 requested ones (see Appendix A) with a sum of yields
of 1.99714.

First, 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. Thislibrary contains the total absorption cross-sections, but no partial
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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 nuclide.
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 reactions 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.

4. Resultsfor the lumped nuclide
4.1 Onegroup cross-sections

The one group cross-sections of the pseudo-fission-products are given
in Table4.1 for the elastic scattering (MT=2), inelastic scattering (MT=4),
(n,2n) reaction (MT=16), radiative capture (MT=102), (n,p) reaction (MT=103)
and (n,a) reaction (MT=107). The last column of the table contains the
maximum spread. First 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. This suggests that the optical model parametrisations were
quite different. A more detailed analysis is given in Section 5. For (n,2n), (n,a)
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, thisis
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,a) reactions to the total
absorption cross-section can be neglected in fast power reactors. This could
change in systems with harder neutron spectra such as accelerator driven
systems. 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.
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4.2 Reactivity worths

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, JENDL-3.2 and FOND-2.1 (after
correction for missing nuclides). The maximum differences in the total
reactivity is 5.5% and in the capture and inelastic scattering components 5.8%
and 4.8%, respectively.

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

Lab File Flux® 2 4 16 102 103 107  Totd
(b) (b)  (mb) (b (Hb)  (ub) (b)

CEA JEF-22° 152 0590 0.571 16.4

ECN JEF-2.2 T 152 0577 123 0577 120 44 164

ECN EAF-4.2° T 144 0570 118 113 164

ECN EAF-4.2° F 157 0565 121 115

INDC JENDL-32 F 144 0531 112 0546 54 214 155

|PPE BROND-2 °© 0425 064  0.499

IPPE FOND-2.1 0527 078 0578 128 532

IPPE ADL-3 092 054 75 6.73

Average' 148 0545 112 0561 100 99 159

Maxdiff (%) 54 90 70 5.9 74 172 57

* Micro flux weighting spectrum (T isthermal, F is fast reactor weighting).

® 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.
¢ (n,y) cross-section not used for average because of relation with JEF-2.2.

® Not used for average because of missing nuclides.

" Numbersinitalics are not included in the average.
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Table 4.2. One group cross-sections of the pseudo-nuclide

Lab File Flux® 2 4 16 102 Total Total
(au)’ (au) (au)’ (au) (au) corr”
CEA JEF-2.2° -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-42° F -0.571 -0.642
JNDC  JENDL-3.2 F -4.67 -0.0652 -0.644 -0.546 -0.622 -0.622
IPPE BROND-2° -0.0477 -0.504
IPPE  FOND-2.1' -0.0632 -0.584
IPPE FOND-2.1° -0.0654 -0.584 -0.649 -0.654
IPPE ADL-3 -0.0654 -0.550 -0.621
Averagei -430 -0.0663 -0.669 -0.566 -0.642 -0.639
Maxdiff (%) 17 48 75 5.8 53 55

Micro flux weighting spectrum (T isthermal, F is fast reactor weighting).

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 (see dso Table 4.3).
(n,y) cross-section not used for average because of relation with JEF-2.2.

Not used for average because of missing nuclides.

Not used for average because of missing nuclides.

¢ Corrected for missing nuclides (factor 2/1.934 for MT=4).

Missing data supplemented with average value of missing components.

Numbersinitalics are not included in the average.

Numbers have been multiplied with 10'.

4.3 Cross-section plots

In Appendix C al 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.

First 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 1/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 asmall factor. At lower energies, the resonance structure is visible and
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Figure4.1. The radiative capture cr oss-section
of the lumped nuclide as a function of the energy

Above 1 keV, the pseudo-fission-product behaves as a 1/v nuclide. The EAF-4.2 results are
not shown because they are very close to JEF-2.2. The BROND-2 results are shown in
Appendix C where a full comparison is given. The ADL-3 results are not available.
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Figure 4.2. The radiative capture cr oss-section of the lumped nuclide
as afunction of the energy in therange between 0.1 eV and 10 keV

The main differences are due to the different energy group structures 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. Note that the 0.6 eV

155

resonance seen in JENDL-3.2 originates from ™~ Eu.
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Figure 4.3. Theradiative captur e cross-section of the lumped nuclide
multiplied with the squareroot of the energy as a function of the energy
The differences in the unresolved energy range are evident from this figure. 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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Figure 4.4. Theradiative capture cross-section of the lumped
nuclide multiplied with the squar eroot of theenergy asa
function of the energy in therange between 0.1 eV and 10 keV
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. Note that the 0.6 €V resonance seen
in JENDL-3.2 originates from*Eu.
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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
10MeV 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 in Figures 4.3 and 4.4, it is seen that JENDL-3.2 is generally
lower than JEF-2.2 and FOND-2.1 above 100eV. In particular there are
differences in the “unresolved range” from 1 to 100 keV. The resonance
at 0.6 eV visible in Figure 4.2 for JENDL-3.2 originates frofEu. This
resonance has been measured but was not adopted in JEF-2.2 and FOND-2.1,
where artificial resonances have been adopted (see further Appendix D).

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 td”Sm and to a lesser extent due ‘ftRu.

Other important nuclides with thresholds below 200 keV'&Ral, "*Cs, ‘*Rh,
“*Nd, *"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, see further the discussion in Section 4.4. 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. Similar actions were made for JENDL-3.2.

4.4 |nfluence of the weighting spectrum

As mentioned in Section 3.2, the basic EAF-4.2 file has been collapsed to a
172-group cross-section data library in the XMAS group structure by use of two
different weighting spectra: a light-water reactor spectrum (Maxwellian, 1/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.
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Figure4.5. Theinelastic scattering cross-section
of the lumped nuclide as a function of the energy

In the MeV range, the deviations are smallest. At the lower energies (10 keV), the nuclides
151 103,

Smand “"Ru dominate the cross-section. Other important nuclides with threshol ds below
200 keV are ®Ru, **Cs, **Rh, **Nd, *"Pd and **Smn.
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Figure 4.6. The (n,2n) cross-section of the
lumped nuclide as a function of the energy

Note that some of the discrepancies result from the use of different group structures and
different weighting spectra.
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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 worths 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.

Table 4.3. One group cross-sections and reactivity worths calculated with the
EAF-4.2 activation file processed by thermal and fast weighting spectrums

MT  Thermal Fast Ratio MT  Thermal Fast Ratio
One group cross-sections Reactivity worths

16 1.443e-03 1572e-03 0.918 102 -5.760e-01 -5.709e-01 1.009
17 3220e05 3.478¢e05 0.926 103 -1.746e-05 -1.792e-05 0.974
102 5.703e01 5.653e-01 1.009 104 -1.764e-06 -1.851e-06 0.953
103 117905 1.212e-05 0.973 105 -1.694e-07 -1.817e-07 0.932
104 8.235e-07 8.613e-07 0.956 106 -5.168e-09 -5.476e-09 0.944
105 7.417e08 7.950e-08 0.933 107 -1.482e-05 -1.506e-05 0.984
106 2.298e-09 2.430e-09 0.946 111 -3.073e-08 -3.268e-08 0.940
107 112905 1.147e-05 0.984

111 1.348e08 1.430e-08 0.942

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 Section 5). There is a good agreement for the (n,y) and (n,p) cross-sections.
For the (n,a) reaction the EAF-4.2 data seem quite high.

5. Individual fission-product cross-sections

5.1 Onegroup cross-sections

Table5.1 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.
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Intercomparison of the data for the various nuclides reveals that there are
still rather large differences between the values of the cross-sections of different
nuclides. The strong resonance absorbers “*Sm, *'Sm, **Eu, **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. Furthermore, there are
other dependencies between the libraries, as some evaluations have been
adopted in one or more different libraries. Therefore, the RMS values are only
indicative. From the top-20 nuclides the RMS values are less than 10%, except
for the nuclides *'Sm, **Ru, **Cs. These are unstable nuclides, for which there
are almost no measurements. Integral data are available for these nuclides and
have been used in the JEF-2.2 evaluation. From the next 20 nuclides the one
with RMS larger than 20% are ““Eu, *Zr, and ®Zr. It is recommended to have a
closer look at these nuclides. More generally, the largest uncertainties come
from unstable nuclides. Still, the average RMS value for the top 40 nuclides
is below 10%. The systematic difference in the pseudo-cross-sections of
JENDL-3.2 and JEF-2.2 could partly be attributed to the following nuclides
belonging to the “top 20”: “*Sm,*Tc, *'Pm,”'Sm, ”Ru, “Mo, **Eu and”Ag.

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 EAF-4.2 and ADL-3 do not contain total
inelastic scattering 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’m and”Ru, which are nuclides
with rather low excitation levels (below 100 keV). In the top 20 nuclides,
JENDL-3.2 shows a trend of larger values for even-mass nuclides and smaller
ones for odd-mass nuclides, compared to JEF-2.2. This trend could come from
the contributions of direct inelastic scattering for even-mass nuclides. The RMS
values for the top 40 nuclides are less than 15%, except for the ndtRies
“Xe, *La, ®'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 8%, 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 data for all
nuclides. The RMS values are in general below 35%, however the cross-section
difference is rather systematic, with relatively low values for ADL-3. This
needs further investigation.
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Table5.1. One group cross-sections for radiative capture (M T=102)
of thenuclidesin 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 INDC Average  RMS®
Library JEF-22  JEF-22 FOND-21 ADL-3 JENDL-3.2 (%)
“'Ru 0.7143 0.7243 0.7616 0.7141 0.7523 0.7333 2.71
pg 0.9369 0.9490 0.9161 0.8568 0.9594 0.9236 3.94
*Sm 2.5398 2.5437 2.8700 2.6540 2.2990 2.5813 7.17
*Tc 0.6301 0.6479 0.6561 0.6152 0.5923 0.6283 3.65
¥Cs 0.5072 0.5167 0.5184 0.4715 0.4874 0.5003 3.62
“pg 1.0569 1.0700 1.0399 0.9840 1.0520 1.0406 2.87
“Rh 0.6751 0.6832 0.6526 0.6124 0.6774 0.6601 3.94
“Pm 1.5064 1.5167 1.4309 1.3335 1.2753 1.4126 6.72
*'Sm 3.3618 3.3998 2.9413 2.6922 2.1080 2.9006 16.43
“Ru 1.1828 1.1992 1.2140 1.1416 0.5047 1.0485 26.03
Mo 0.3351 0.3406 0.3568 0.3159 0.3484 0.339%4 4.08
“*Nd 0.5657 0.5700 0.5124 0.4755 0.5648 0.5377 6.99
Bixe 0.2917 0.2937 0.3323 0.3018 0.3461 0.3131 7.03
SEyY 2.7363 2.7655 2.9288 24251 2.5958 2.6903 6.31
“*Nd 0.3592 0.3550 0.3370 0.3080 0.3589 0.3437 5.70
Ru 0.1558 0.1581 0.1796 0.1732 0.1642 0.1662 541
Ag 0.7846 0.7927 0.7203 0.6705 0.6916 0.7319 6.69
Ru 0.1517 0.1546 0.1658 0.1572 0.1685 0.1596 4.06
*Cs 0.2379 0.2445 0.1361 0.2269 0.2284 0.2148 18.56
“pr 0.1553 0.1582 0.1540 0.1360 0.1564 0.1520 5.34
*Mo 0.3180 0.3204 0.3351 0.3096 0.3360 0.3238 3.16
*Mo 0.1233 0.1280 0.1179 0.1067 0.1194 0.1191 5.97
Mo 0.0933 0.0938 0.1011 0.0862 0.1000 0.0949 5.64
EyY 2.8163 2.8428 2.9559 2.6783 1.3368 2.5260 23.80
%pg 0.1778 0.1770 0.2507 0.2352 0.2358 0.2153 14.60
¥xe 0.0689 0.0708 0.0755 0.0804 0.0980 0.0787 13.27
“Zr 0.1349 0.1335 0.1042 0.0924 0.1057 0.1141 14.94
2Sm 0.4951 0.4956 0.5077 0.4768 0.4799 0.4910 2.31
“Ce 0.2970 0.2963 0.2960 0.2754 0.2977 0.2925 2.93
=) 0.3644 0.3700 0.3804 0.3566 0.3840 0.3711 2.72
Ru 0.0922 0.0871 0.0946 0.0887 0.0916 0.0909 2.91
*Zr 0.0343 0.0358 0.0590 0.0550 0.0391 0.0447 22.98
*pd 0.1994 0.2027 0.2553 0.1959 0.2772 0.2261 14.85
) 0.6168 0.6199 0.6307 0.5806 0.6028 0.6102 2.83
“*Nd 0.0947 0.0956 0.1100 0.0911 0.1076 0.0998 7.57
“*Nd 0.1703 0.1681 0.1636 0.1609 0.1469 0.1620 5.08
¥xXe 0.0361 0.0360 0.0374 0.0292 0.0272 0.0332 1253
La 0.0339 0.0333 0.0390 0.0320 0.0343 0.0345 6.86
*Nb 0.3469 0.3496 0.2705 0.3311 0.3669 0.3330 9.99
*Zr 0.0651 0.0643 0.1229 0.0586 0.1489 0.0919 40.13

* As the columns are not all independent, the RMS valueis only indicative and might be too small.
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Table5.1. Continued

Institute CEA ECN IPPE IPPE INDC Average RMS
Library JEF-22  JEF-22 FOND-2.1 ADL-3 JENDL-3.2 (%)
“opg 0.0970 0.0985 0.2189 0.0920 0.1291 0.1271 37.53
cd 0.4605 0.4665 0.4683 0.4350 0.7475 0.5155 22.62
“'Sm 1.4571 1.4660 1.4183 1.3243 1.2719 1.3875 5.52
*Nd 0.1728 0.1748 0.1729 0.1668 0.1626 0.1700 2.68
Eu 3.0951 3.1233 3.1720 2.9430 3.4503 3.1567 5.24
“pr 0.4094 0.4095 0.4206 0.3847 0.1263 0.3501 3213
¥'Gd 1.8214 1.8389 1.6372 1.4989 1.3578 1.6308 11.36
“7r 0.0365 0.0368 0.0433 0.0425 0.0418 0.0402 7.26
“zr 0.0796 0.0789 0.0790 0.0720 0.0913 0.0801 7.77
*Gd 0.6203 0.6156 0.7077 0.6631 0.7059 0.6625 6.00
*7r 0.0229 0.0237 0.0271 0.0262 0.0258 0.0251 6.22
“Nd 1.0075 1.0173 0.7995 0.9482 1.2315 1.0008 13.90
¥Cs 0.0274 0.0280 0.0160 0.0264 0.0160 0.0228 24.34
“Ce 0.0436 0.0442 0.0186 0.0196 0.0252 0.0302 37.57
“Ce 0.0493 0.0490 0.0337 0.0470 0.0241 0.0406 24.85
*Th 0.0000 1.7482 2.0672 1.6488 1.8546 1.8297 8.48
*'Sm 0.2479 0.2507 0.2729 0.2514 0.2471 0.2540 3.77
®Kr 0.0000 0.2465 0.2422 0.2232 0.2806 0.2481 8.34
“Nd 0.0800 0.0807 0.0936 0.0758 0.0829 0.0826 7.23
*Te 0.0418 0.0416 0.1029 0.0387 0.0408 0.0531 46.81
“5pm 4.1510 41781 4.2530 5.8795 3.2167 4.3357 19.84
“Pm 3.5314 3.5548 3.6200 3.3688 1.2367 3.0623 29.93
“Ce 0.0138 0.0135 0.0123 0.0142 0.0061 0.0120 24.95
“5cd 0.0000 0.1182 0.8856 0.1139 0.0823 0.3000 112.80
“Br 0.0000 0.4293 0.3892 0.4048 0.2777 0.3752 15.48
*gh 0.3184 0.3217 0.3216 0.0000 0.4493 0.3527 15.82
Dy 0.0000 25911 2.5856 2.4223 0.0000 2.5330 3.09
*Mo 0.5052 0.5132 0.5176 0.4907 0.3780 0.4810 10.87
In 04711 0.4772 0.4755 0.4540 0.6084 0.4972 11.30
¥pg 0.0000 0.2016 0.3311 0.1921 0.2993 0.2560 2357
% 0.0461 0.0467 0.0472 0.0445 0.0891 0.0547 31.47
= 0.1686 0.1706 0.1743 0.1613 0.2808 0.1911 23.56
cd 0.4092 0.4134 0.4128 0.3865 0.5273 0.4299 11.57
¥Kr 0.0000 0.0699 0.0664 0.0629 0.0519 0.0628 10.77
2cd 0.2421 0.2443 0.2535 0.2399 0.2084 0.2377 6.45
*Te 0.0000 0.1387 0.1387 2.7649 0.7658 0.9520 113.18
Sm 0.4543 0.4583 0.3408 0.3237 0.4341 0.4022 14.41
gh 0.4657 0.4707 0.4663 0.4467 0.4414 0.4582 2.57
Ru 0.0000 0.1996 0.1991 0.1886 0.2067 0.1985 3.26
Gd 0.0000 0.3337 0.3356 0.3126 0.3417 0.3309 3.32
*Te 0.0143 0.0147 0.0149 0.0137 0.0129 0.0141 5.11
Rh 0.5905 0.5988 0.6036 0.0000 0.6544 0.6119 4.09
“Ba 0.0000 0.0188 0.0691 0.0185 0.0024 0.0272 92.16
*Rb 0.0247 0.0248 0.0248 0.0213 0.0292 0.0249 10.11
G 0.1351 0.1287 0.1275 0.1184 0.1380 0.1295 5.26
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Table5.1. Continued

Institute CEA ECN IPPE IPPE INDC Average  RMS®
Library JEF-22  JEF-22 FOND-2.1 ADL-3 JENDL-3.2 (%)
“cd 0.0000 0.2785 0.2818 0.2611 0.1882 0.2524 15.00
*Gd 0.0000 2.9068 2.9057 2.6694 2.6347 2.7792 459
“5Sm 0.0000 0.3686 0.3110 0.2907 0.2885 0.3147 10.27
*Sr 0.0131 0.0134 0.0134 0.0126 0.0100 0.0125 10.25
“La 0.3773 0.3788 0.3919 0.3507 0.0000 0.3747 3.99
xe 0.0031 0.0031 0.0031 0.0029 0.0011 0.0026 28.79
Y 0.0000 0.0174 0.0145 0.0225 0.0178 0.0180 16.00
Y Te 0.0000 0.4100 0.4100 3.1977 0.8786 1.2241 94.39
*Ba 0.0033 0.0034 0.0036 0.0034 0.0052 0.0038 18.71
YAg 0.0000 0.7936 0.8141 0.7389 0.0000 0.7822 4.06
“5pm 0.0000 3.9372 4.2530 3.9542 1.9922 3.5342 25.44
gn 0.0000 0.2228 0.2243 0.2129 0.2377 0.2244 3.93
Ce 0.0000 0.3364 0.3512 0.3144 0.0000 0.3340 453
gy 0.0000 0.0225 0.0226 0.0214 0.0126 0.0198 21.01
“cd 0.0000 0.2714 0.2658 0.2640 0.2200 0.2553 8.06
55 0.0000 0.1255 0.1264 0.1204 0.0890 0.1153 13.34
Bgh 0.0000 0.2560 0.2558 0.2471 0.2849 0.2610 5.46
*Gd 0.0000 0.2236 0.1696 0.1726 0.2248 0.1977 13.44
Se 0.0000 0.4126 0.3864 0.3936 0.3970 0.3974 2.41
550 0.0000 0.1232 0.1239 0.1179 0.3672 0.1831 58.09
*Te 0.0000 0.4001 0.4019 0.3696 0.3783 0.3875 3.59
*Se 0.0000 0.0582 0.0493 0.0545 0.0422 0.0510 11.75
®Kr 0.0000 0.0436 0.0066 0.0413 0.0597 0.0378 51.29
%50 0.0000 0.3681 0.3791 0.3539 0.0000 0.3670 2.81
198 0.0000 0.0643 0.0630 0.0587 0.1847 0.0927 57.35
*Ba 0.0000 0.0531 0.0505 0.0453 0.0700 0.0547 16.90
“Ba 0.0000 0.0649 0.0680 0.0642 0.0822 0.0698 10.42
g 0.0000 0.0265 0.0281 0.0288 0.0150 0.0246 22.89
g0 0.0000 0.0454 0.0454 0.0585 0.0456 0.0487 11.63
®Kr 0.0000 0.0039 0.0034 0.0040 0.0028 0.0036 13.46
Cs 0.0000 0.3023 0.3187 0.2888 0.2535 0.2908 8.26
*Rb 0.2193 0.2245 0.1979 0.2063 0.2767 0.2250 12.24
"Se 0.0000 0.0806 0.0682 0.0706 0.0917 0.0778 11.95
xe 0.0000 0.1265 0.1267 0.1461 0.2729 0.1680 36.33
#xe 0.0000 0.1905 0.1886 0.2026 0.2600 0.2104 13.82
*Mo 0.0000 0.0859 0.0901 0.0873 0.0893 0.0882 1.88
*Dy 0.0000 2.2301 2.2255 2.1165 0.0000 2.1907 2.40
®Se 0.0000 0.0093 0.0094 0.0092 0.0288 0.0142 59.66
g0 0.0000 0.0070 0.0070 0.0071 0.0085 0.0074 8.26
2Dy 0.0000 0.9439 0.9456 0.8971 0.0000 0.9289 2.42
250 0.0000 0.0234 0.0238 0.0231 0.0276 0.0245 7.56
gy 0.0000 0.0010 0.0010 0.0011 0.0041 0.0018 73.81
ey 0.0000 0.0696 0.0713 0.0650 0.7202 0.2315 121.87
*Gd 0.0000 1.1355 1.3159 1.2452 0.9733 1.1675 11.07
*Ba 0.0000 0.1164 0.1120 0.1038 0.2081 0.1351 31.40
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Table5.2. One group cross-sections for inelastic scattering (M T=4)
of the nuclidesin order of descending importance determined by the
product of the cross-section (JENDL-3.2) and yield of the nuclide

Institute CEA ECN IJNDC Average RMS®
Library JEF-2.2 JEF-2.2  JENDL-3.2 (%)
“Ru 0.6176 0.6012 0.4748 0.5646 11.30
®Cs 0.4675 0.4576 0.4411 0.4554 2.39
*Tc 0.4633 0.4487 0.3599 0.4239 10.78
“Rh 0.4129 0.4028 0.4041 0.4066 111
*Cs 0.3057 0.2998 0.2615 0.2890 6.78
“Ru 0.2127 0.2072 0.2919 0.2373 16.30
pd 0.5106 0.4970 0.3870 0.4649 11.90
Mo 0.2716 0.2641 0.2852 0.2736 3.19
Ru 0.1940 0.1884 0.2426 0.2083 11.68
“pr 0.3522 0.3448 0.3577 0.3516 1.50
**Nd 0.5086 0.4985 0.5236 0.5103 2.02
Ru 1.0791 1.0630 0.9858 1.0426 391
Mo 0.2611 0.2549 0.2947 0.2703 6.47
Bixe 0.5059 0.4955 0.3559 0.4524 15.12
pd 0.5094 0.4961 0.4284 0.4780 742
*Sm 0.9357 0.9174 0.9073 0.9202 1.28
®La 0.2745 0.2693 0.1850 0.2429 16.90
*Mo 0.1898 0.1880 0.1956 0.1911 1.68
Ru 0.2860 0.2792 0.3048 0.2900 3.74
¥Cs 0.1718 0.1685 0.1565 0.1656 3.96
Xe 0.1670 0.1656 0.1268 0.1532 12.17
*'Sm 1.9461 1.9303 1.1939 1.6901 20.76
*Ce 0.2104 0.2064 0.1706 0.1958 9.13
X e 0.2088 0.2054 0.1559 0.1900 12.71
“'Pm 0.5153 0.5027 0.4834 0.5005 2.62
“zr 0.2349 0.2301 0.2062 0.2237 5.61
“Nd 0.3134 0.3060 0.3054 0.3082 1.18
*Mo 0.3383 0.3319 0.3328 0.3343 0.85
“Nd 0.3780 0.3695 0.3943 0.3806 2.71
Ag 0.4323 0.4218 0.4105 0.4215 211
“Zr 0.1380 0.1368 0.1543 0.1431 5.57
*Xe 0.1156 0.1144 0.0924 0.1075 9.91
*pd 0.2604 0.2547 0.2531 0.2561 1.23
*Nd 0.6038 0.5902 0.5478 0.5806 411
*Ce 0.4548 0.4433 0.2091 0.3691 30.67
*Nd 0.1570 0.1554 0.1380 0.1501 5.74
Sm 0.7550 0.7364 0.6112 0.7009 911
%7y 0.1322 0.1310 0.1510 0.1381 6.63
*Ba 0.1087 0.1076 0.0849 0.1004 10.91
*Zr 0.0883 0.0874 0.0838 0.0865 2.26

* As the columns are not all independent, the RMS valueis only indicative and might be too small.
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Table5.2. Continued

Institute CEA ECN JNDC Average RMS
Library JEF-2.2 JEF-2.2  JENDL-3.2 (%)

*7r 0.0883 0.0874 0.0838 0.0865 2.26
= 0.4695 0.4605 0.4174 0.4491 5.06
*Ce 0.0684 0.0676 0.0780 0.0713 6.61
SEu 1.0290 1.0051 0.7759 0.9367 12.18
“opd 0.2897 0.2838 0.2884 0.2873 0.88
*Te 0.1155 0.1145 0.1292 0.1198 5.60
*Sr 0.1056 0.1047 0.1303 0.1135 10.47
*pd 0.2263 0.2208 0.2036 0.2169 4.46
*Sm 0.5118 0.4997 0.6552 0.5556 12.71
il 0.5195 0.5089 0.4693 0.4992 433
“Rb 0.1884 0.1840 0.1813 0.1846 1.58
*Nd 0.2105 0.2071 0.2132 0.2103 1.18
®Kr 0.0000 0.6619 0.5107 0.5863 12.90
“pr 0.3973 0.3895 0.4662 0.4177 8.26
*7r 0.1093 0.1083 0.0956 0.1044 5.97
oy 0.1741 0.1713 0.1875 0.1776 3.99
“7r 0.0851 0.0845 0.0913 0.0870 351
Eu 0.7267 0.7078 0.6595 0.6980 4.05
*cd 0.4115 0.4014 0.3348 0.3826 8.90
¥Cs 0.7659 0.7546 0.8764 0.7990 6.87
“Ce 0.1437 0.1421 0.1078 0.1312 12.62
*'Nd 0.6425 0.6295 0.8092 0.6938 11.79
*Te 0.1524 0.1506 0.1433 0.1488 2.65
*Nb 0.1814 0.1794 0.1316 0.1641 14.03
' 0.0000 0.1013 0.0827 0.0920 10.13
*Gd 0.5917 0.5773 0.5054 0.5581 6.76
*Gd 0.8340 0.8158 0.8253 0.8251 0.90
®sr 0.0000 0.0404 0.0505 0.0455 11.16
*'Sm 0.5573 0.5452 0.5243 0.5423 251
*Mo 0.5006 0.4874 0.6881 0.5587 16.41
¥Kr 0.0000 0.1638 0.1147 0.1392 17.62
“Ba 0.0000 0.1311 0.1522 0.1416 7.44
= 0.2701 0.2646 0.2820 0.2722 2.66
®Kr 0.0000 0.1114 0.0655 0.0885 25.98
FXe 0.1951 0.1925 0.2571 0.2149 13.88
Gd 0.0000 0.5067 0.5507 0.5287 4.16
“Br 0.0000 0.2173 0.3164 0.2669 18.56
®sr 0.0000 0.0366 0.0790 0.0578 36.74
*Te 0.0000 0.1390 0.1850 0.1620 14.20
gn 0.0000 0.5773 0.6247 0.6010 3.94
®Kr 0.0000 0.0537 0.0620 0.0579 7.16
Sm 0.3317 0.3243 0.3734 0.3431 6.30
“Se 0.0000 0.1211 0.1439 0.1325 8.59
#gh 0.4425 0.4348 0.4908 0.4560 5.44
Ru 0.0000 0.1609 0.2071 0.1840 12.55
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Table5.3. One group cross-sectionsfor (n,2n) reactions (M T=16)
of thenuclidesin order of descending importance determined by
the product of the cross-section (ADL-3) and yield of the nuclide

Institute CEA ECN IPPE INDC Average RMS®
Library JEF-2.2 JEF-2.2 ADL-3  JENDL-3.2 (%)

“Ce 1.1818 1.0179 1.0874 0.9124 1.0499 9.37

“*Nd 3.9818 3.8276 1.5629 3.2449 3.1543 30.40
“*Nd 2.6339 2.5023 1.0868 1.8441 2.0168 30.48
“Ru 1.0978 0.9987 0.6108 1.0233 0.9326 20.31
Bixe 2.0694 1.9330 0.9326 1.1105 15114 32.83
"Ce 1.6126 1.4160 1.2582 1.2309 1.3794 11.02
Mo 0.0000 0.0000 0.5574 0.5398 0.5486 161

“¥Cs 0.4922 0.3927 0.4355 0.3799 0.4251 10.32
¥xe 0.7068 0.5802 0.3998 0.5135 0.5501 20.20
*7r 0.8254 0.7369 0.6553 1.0138 0.8078 16.50
“pg 2.2136 2.0801 0.8043 1.2667 1.5912 36.52
“Ce 2.0727 1.9468 2.0871 3.2376 2.3361 22.40
*Zr 0.6988 0.6158 0.4580 0.5241 0.5742 15.88
*pg 1.1214 1.0192 0.4507 0.7754 0.8417 30.70
¥Xe 0.6174 0.4972 0.2839 0.2728 0.4178 34.91
*Cs 0.3927 0.2867 0.2716 0.2671 0.3045 16.89
Mo 0.5894 0.5017 0.3109 0.3065 0.4271 28.67
“°Sm 4.1049 3.9494 1.5415 2.6303 3.0565 34.21
*'Sm 2.9146 2.7685 2.4655 2.4093 2.6395 7.94

“*Nd 1.1233 1.0230 0.6855 0.6612 0.8733 23.27
“Ru 2.2548 2.1410 1.0694 1.6210 1.7716 26.56
®La 0.5170 0.4278 0.2676 0.2497 0.3655 30.54
Ru 0.0000 0.0000 0.2434 0.2903 0.2669 8.78

“*Nd 1.4448 1.3391 0.8781 0.8036 1.1164 25.02
¥Cs 0.4921 0.4005 0.2254 0.2128 0.3327 3553
*Mo 0.4841 0.3964 0.2514 0.2423 0.3435 29.58
*Zr 0.0000 0.0000 0.3308 0.3609 0.3458 435

®Ba 0.4936 0.3937 0.2701 0.2665 0.3560 26.55
*Zr 1.0420 0.9499 0.7379 1.2580 0.9969 18.73
¥xe 0.4985 0.3889 0.2375 0.2064 0.3328 35.45
“'Pm 1.0495 0.9402 0.7492 0.5796 0.8296 21.69
Ru 0.0000 0.0000 0.1723 0.2058 0.1890 8.86

*Tc 0.4543 0.3697 0.1973 0.2010 0.3056 36.18
Ru 0.0000 0.0000 0.2971 0.3716 0.3344 11.15
“Ce 0.0000 0.0000 0.2043 0.1914 0.1978 3.27

*Nd 1.3084 1.1096 0.8256 0.6928 0.9841 24.41
*Sr 0.0000 0.0000 0.4331 0.4335 0.4333 0.04

“Rh 0.3539 0.2761 0.1669 0.1389 0.2340 36.82
“pr 0.3735 0.2902 0.1736 0.1826 0.2550 32.30
*Mo 0.0000 0.0000 0.3382 0.3408 0.3395 0.38

* Asthe columns are not all independent, the RMS value is only indicative and might be too small.



Table5.3. One group cross-sectionsfor (n,2n) reactions (M T=16)

Institute CEA ECN IPPE INDC Average RMS
Library JEF-2.2 JEF-2.2 ADL-3  JENDL-3.2 (%)

“Ba 0.0000 2.4793 1.7190 1.5348 1.9110 21.39
“7r 0.0000 0.0000 0.2253 0.2366 0.2309 244
*Te 0.0000 0.0000 0.3499 0.3008 0.3254 7.54
“zr 0.4528 0.4000 0.3370 0.3101 0.3750 14.81
“Nd 0.9323 0.8359 0.5527 0.4850 0.7015 26.70
“Nd 0.0000 0.0000 3.1135 49516 4.0325 22.79
%pg 0.4641 0.3716 0.1749 0.2133 0.3060 38.36
g 0.0000 0.0000 0.7110 1.2691 0.9901 28.18
*2Sm 0.8242 0.7408 0.4670 0.3803 0.6031 30.57
% 0.0000 0.0000 0.4003 0.3647 0.3825 4,66
“pr 0.0000 0.0000 0.8734 0.7758 0.8246 5.92
“Ag 0.3879 0.3136 0.1785 0.1790 0.2648 33.96
*Nb 0.4757 0.3922 0.2893 0.2776 0.3587 22.56
cd 0.8347 0.7483 0.5800 0.7638 0.7317 12.77
*Te 0.0000 0.0000 0.2773 0.2267 0.2520 10.02
“La 0.0000 0.0000 3.9566 0.0000 3.9566 0.00
“opg 0.5779 0.4859 0.2284 0.3032 0.3988 34.98
®xe 0.0000 0.0000 0.9399 1.2794 1.1096 15.30
=) 0.3965 0.3107 0.2297 0.2434 0.2950 2241
*Te 0.0000 0.0000 0.8330 1.5979 1.2155 31.46
®Kr 0.0000 0.0000 0.2869 0.6447 0.4658 38.40
*'Sm 0.0000 0.0000 0.5825 0.4901 0.5363 8.61
ey 0.7206 0.6040 0.3774 0.2563 0.4896 37.31
*Mo 0.0000 0.0000 1.5544 2.1806 1.8675 16.77
%pg 0.3844 0.2929 0.1378 0.1692 0.2461 40.11
¥'Gd 0.0000 0.0000 15178 1.2578 1.3878 9.37
Ce 0.0000 0.0000 3.4956 0.0000 3.4956 0.00
¥Cs 0.0000 0.0000 0.8867 0.9711 0.9289 454
“'Sm 2.6939 2.5681 0.9539 0.8208 1.7592 49.70
g0 0.0000 0.0000 0.3984 0.4161 0.4073 2.17
*Rb 0.0000 0.0000 0.0959 0.1044 0.1002 425
Ey 0.6982 0.5957 0.5030 0.3643 0.5403 2274
®Kr 0.0000 0.1518 0.1141 0.0885 0.1181 22.03
) 0.3880 0.3255 0.2162 0.2331 0.2907 24.05
Eu 1.0676 0.9558 1.6655 1.2818 1.2427 21.79
cd 0.6090 0.5296 0.9032 1.1662 0.8020 31.44
gy 0.0000 0.0000 0.0553 0.0483 0.0518 6.80
®Kr 0.0000 0.6797 0.2187 0.3625 0.4203 45.82
oy 0.0000 0.0720 0.0490 0.0433 0.0548 22.62
*Gd 0.6199 0.5188 0.3587 0.3074 0.4512 27.65
Sm 0.0000 0.0000 0.5997 0.3996 0.4997 20.02
198 0.0000 0.0000 0.8365 1.3121 1.0743 22.14
Gd 0.0000 0.0000 0.5982 0.5008 0.5495 8.87
= 0.0000 0.0000 0.2435 0.3070 0.2752 11.54
*gh 0.0000 0.0000 0.2931 0.2520 0.2726 7.52
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Table5.3. One group cross-sectionsfor (n,2n) reactions (M T=16)

Institute CEA ECN IPPE INDC Average RMS
Library JEF-2.2 JEF-2.2 ADL-3  JENDL-3.2 (%)

*Te 0.0000 0.0000 0.3962 0.0000 0.3962 0.00
g 0.0000 0.0000 0.3355 0.3282 0.3318 111
¥Kr 0.0000 0.1263 0.0705 0.0628 0.0865 32.69
ey 0.0000 0.0000 1.9911 1.3876 1.6894 17.86
“5pm 0.0000 0.0000 2.0836 2.1593 2.1214 178
“5Sm 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
%gn 0.0000 0.0000 0.5407 0.8909 0.7158 24.46
Y 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
Bgn 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
*Th 0.0000 0.6496 0.4991 0.4648 0.5378 14.92
2cd 0.0000 0.0000 0.1476 0.1672 0.1574 6.22
“cd 0.0000 0.0000 0.1915 0.2356 0.2135 10.32
2gn 0.0000 0.0000 0.2762 0.2667 0.2714 175
*Ba 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
Sm 0.0000 0.0000 2.5744 1.7546 2.1645 18.94
“5cd 0.0000 0.0000 0.2617 0.2859 0.2738 442
In 0.0000 0.0000 0.1825 0.1617 0.1721 6.05
“Pm 0.0000 0.0000 0.7706 0.7371 0.7539 2.22
g0 0.0000 0.0000 0.2113 0.2052 0.2082 1.46
gh 0.0000 0.0000 0.2142 0.1598 0.1870 14.55
¥pg 0.0000 0.2287 0.1014 0.1155 0.1485 38.36
*Gd 0.0000 0.0000 1.3381 0.9688 1.1534 16.01
“5pm 0.0000 0.0000 2.8793 2.1593 2.5193 14.29
Cs 0.0000 0.0000 1.2428 1.1047 1.1737 5.88
*Te 0.0000 0.0000 0.9264 1.0398 0.9831 5.77
55 0.0000 0.0000 0.1708 0.1529 0.1618 5.54
“Br 0.0000 0.0000 0.0754 0.0808 0.0781 344
g0 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
Rh 0.0000 0.0000 0.1620 0.2340 0.1979 18.19
Bgh 0.0000 0.0000 0.2339 0.2306 0.2322 0.70
cd 0.0000 0.0000 0.8746 0.0000 0.8746 0.00
YAg 0.0000 0.0000 0.2272 0.0000 0.2272 0.00
“ocd 0.0000 0.0000 0.1120 0.0957 0.1038 7.88
*Mo 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
*Th 0.0000 0.0000 1.7044 0.0000 1.7044 0.00
xe 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
"Se 0.0000 0.0000 0.0655 0.0669 0.0662 1.05
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5.2 Energy dependence of capture cross-sections

A detailed analysis of the energy dependence of the most important
fission-product capture cross-sections has been provided by JINDC. The 20 most
important nuclides and seven discrepant nuclides have been inspected by means
of a comparison of JEF-2.2, JENDL-3.2, ENDF/B-VI, and BROND-2
evaluations together with experimental data. The graphs and detailed comments
aregivenin Appendix A and in Appendix D.

The main observations with respect to the differences between JEF-2.2 and
JENDL-3.2 are:

* JENDL-3.2 cross-sections are smaller than those of JEF-2.2 for
important unstable nuclides like *'Sm, “*Ru and *Eu for which
experimental data are lacking in the unresolved energy range. In these
cases the evaluation methodology plays an important role. In a number
of cases JEF-2.2 data had been adjusted to integral data.

* For a number of nuclides, there are more recent experimental data
which have the tendency to be smaller than previous data. This holdsin
particular for **Ag and *“*Sm. Since JENDL-3.2 is based upon these
more recent data, the JENDL-3.2 cross-sections have the tendency
to be smaller than the JEF-2.2 ones. In the low energy region below
10 eV, the lumped fission-product capture cross-section is mainly
determined by *Eu. JENDL-3.2 was evaluated on the basis of
experimental data of thermal values and resonance parameters. Note
that in BROND, the new data have been considered, but in the case of
““Sm these data were not adopted. In general new data do not always
imply improvements.

* Finaly, it is noted that the INDC analysis of STEK integral reactivity
data shows an underestimation of JENDL-3.2 for nuclides with masses
larger than A=130, whereas most JEF-2.2 evaluations have been
adjusted to these measurements (former RCN evaluations). The INDC
and ECN analyses of STEK are not exactly the same and may reflect
differences due to self-shielding treatment or other computational
differences. The experimental error of STEK dataisless than 5% (1 0),
while the estimated systematic error was of the order of 5%, due to
systematic uncertainties in the flux and adjoint function. However, it is
not excluded that this valueis higher.
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» Following the above observations, it seems difficult to indicate one
possible cause of the differences between JENDL-3.2 and JEF-2.2
capture cross-section evaluations. There are three aspects:

1. Evaluation methodology, mostly relevant to unstable nuclides
without experimental data, but also important in the difficult
unresolved resonance range;

Use of recent differential data;
Use of integral data.

Detailed analysis with the help of the graphs and discussion as given in
Appendix D isrequired to further resolve this discrepancy.

Finally, we add some suggestions here to inspect the evaluation
methodology. A common reason could be the optical-model parametrisation or
the systematics used for the (p-wave) strength functions. More generaly, it is
suggested to compare the yield-averaged values of S, S, I'y and D, of the
various evaluations, to assess possible reasons for systematic differences. These
parameters determine the unresolved resonance 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. All these points are well
known to the evaluators, but in order to make progress it is necessary to
re-investigate such possible sources of differences.

5.3 Inelastic scattering cross-sections

There is no detailed analysis of the energy dependence of inelastic
scattering cross-sections. However, a lot of work on fission-product inelastic
scattering cross-sections has been performed in the framework of another
working group (SG10). In this working group, emphasis is given to the
evaluation methods used for inelastic scattering that are traditionally based upon
the spherical optical model in most of the older evaluations. Direct effects
should be accounted for by means of DWBA or coupled channels optical models.
However, this is of marginal interest to the reactivity effect of fission-products
in fast reactors. More important could be the observed underprediction in
inelastic scattering cross-sections near A=100 in most of the older evaluations,
related to the adopted optical-model parametrisation. In general in JENDL-3.2
the most recent data have been used and direct effects were accounted for by the
DWBA model.
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6. Conclusions

The major results are summarised in Tables6.1 and 6.2, which have been
extracted from Sections 4.1 and 4.2.

Table 6.1. One group cross-sections of the pseudo-nuclide

File 2 4 16 102 103 107 Total
(n,n) (n,n) (n2n)  (ny) (n.p) (n.a)
(b) (b) (mb) (b) (1b) (1b) (b)
JEF-2.2 15.2 0577 123 0577 120 44 16.4
EAF-4.2° 157 12.1 115
JENDL-3.2 14.4 0531 112 0546 54 214 155
FOND-2.1 0527 078 0578 1238 5.32
ADL-3 0.92 0544 75 6.73
Average 14.8 0545 112 0561 100 9.9 15.9
Maxdiff (%) 5.4 9.0 70 5.9 74 172 5.7

Table 6.2. Reactivity effects of the pseudo-nuclide (arbitrary units)

File 2 4 16 102 Total
(mn) ) (20 ()
(au) (au) (au) (au) (au)
JEF-2.2 -3.92 -0.0684 -0.694 -0.583 -0.656
JENDL-3.2 -4.67 -0.0652 -0.644 -0.546 -0.622
FOND-2.1° -0.0654 -0.584 -0.649
ADL-3 -0.0654 -0.550
Average -4.30 -0.0663 -0.669 -0.566 -0.642
Maxdiff (%) 17 4.8 75 5.8 5.3

® Corrected for missing nuclides (factor 2/1.934 for MT=4).
® Numbers have been multiplied with*10

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. On average the reactivity effect consists
mainly of the radiative capture effect with a 10% contribution of inelastic
scattering. The total reactivity effect has a maximum spread of 5.3%.
Data processing errors are small for these cross-sections, in contrast to those for
(n,2n), (n,p) and (n,a) cross-sections.

Inspection of the differences did not reveal large problems in the libraries
for capture and inelastic scattering cross-sections. However, there is a 5 to 6%
systematic difference in the lumped one group cross-sections between
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JENDL-3.2 and JEF-2.2. This is partly ascribed to different evaluations of
important absorbers like **Sm, *Tc, *'Pm, **Sm, *“*Ru, *Mo, **Eu and '*Ag.
Re-investigation of these evauations is recommended, in particular for the
unstable nuclides. For the inelastic scattering cross-sections some improvements
could be obtained by re-investigating the data for nuclides with low-lying
levels, below 200 keV (e.g. “*Ru, **Cs, **Rh, **Nd, **Ru, *’Pd and **Sm).

However, improvements for a few individual fission-products will not
easily solve the remaining discrepancies, since there are also systematic
differences. These are probably caused by the evaluation method and/or the
adjustment to integral data (JEF-2.2). For capture the unresolved resonance
treatment with the difficulties in parametrisation of strength functions, level
spacing 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. Adjusted data could have a systematic
uncertainty, which is typically of the order of 5%. It is noted that there are also
for some nuclides discrepancies between integral data (e.g. between STEK
reactivity worth measurements and CFRMF activation measurements). New
integral experiments could be considered for a number of fission-products.

For inelastic cross-sections, the optical model choice and parametrisation
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.

The main point to be further investigated is the systematic difference of
5-6% in the total, elastic and capture cross-sections between JENDL-3.2 and
JEF-2.2. Thereis probably no single cause of this discrepancy. Three aspects of
relevance are:

1. The evauation methodology for unstable nuclides and possibly the
unresolved resonance treatment;

2. Use of more recent experimental datain JENDL-3.2;

3. Use of integral data in JEF-2.2. Detailed analysis with the help of
graphs as given in Appendix D is required to further resolve this
discrepancy, in particular for the top 20 nuclides.

Finaly, in spite of the above mentioned problems, the status of lumped

fission-product cross-sections is satisfactory for fast reactor applications,
although some improvements are possible as indicated in this report.
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APPENDIX A

Nuclide Concentrations
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Table A.1. Nuclides and concentrationsin the lumped fission-product.

For the benchmark, the yields of “*Pu wer e used.

Nuclide  Identification U U py *py 2Py

*Ge 320760 .00015 .00001 .00011 .00001 .00000
*As 330750 .00007 .00000 .00000 .00000 .00000
"Se 340770 .00029 .00004 .00013 .00014 .00010
"Se 340780 .00056 .00014 .00035 .00029 .00019
"Se 340790 .00091 .00040 .00053 .00053 .00037
*Se 340800 .00151 .00087 .00090 .00091 .00068
“Se 340820 .00390 .00250 .00235 .00209 .00171
“Br 350810 .00246 .00157 .00137 .00148 .00109
“Br 350820 .00000 .00000 .00000 .00000 .00000
“Kr 360820 .00006 .00003 .00006 .00003 .00002
®Kr 360830 .00601 .00390 .00348 .00312 .00245
#Kr 360840 .01084 .00559 .00565 .00458 .00377
®Kr 360850 .01380 .00715 .00655 .00589 .00501
®Kr 360860 .01928 .01382 .00878 .00793 .00674
*Rb 370850 .00029 .00015 .00014 .00012 .00010
*Rb 370860 .00001 .00000 .00000 .00000 .00000
“Rb 370870 .02548 .01700 .01150 .01019 .00884
®Sr 380860 .00004 .00000 .00001 .00000 .00000
®sr 380880 .03641 .02102 01421 .01281 .01135
“Sr 380890 01278 .00956 .00543 .00499 .00424
*sr 380900 .05075 .03115 .01875 .01964 01752
' 390890 .03156 .02202 .01285 .01110 .00960
Y 390900 .00001 .00001 .00001 .00001 .00000
oy 390910 01763 .01332 .00864 .00847 .00746
©Zr 400900 .00043 .00026 .00016 .00016 .00014
“Zr 400910 .03532 .02499 .01660 .01537 .01376
“7r 400920 .05639 .04312 .03061 .02930 02579
“zr 400930 .05964 .04700 .03791 .03531 .03153
*Zr 400940 .06449 .05107 .04274 04232 .03773
*Zr 400950 .02315 .02063 01757 01773 .01701
*Zr 400960 .06553 05744 .04939 .05027 .04737
*Nb 410950 01146 .00991 .00854 .00839 .00811
*Mo 420950 .02925 .02417 .02118 .01998 .01955
*Mo 420960 .00060 .00025 .00025 .00023 .00020
“Mo 420970 .05848 .05804 .05200 .05280 .05080
*Mo 420980 .06136 .06127 .05650 .05568 .05495
*Mo 420990 .00091 .00112 .00099 .00108 .00101
Mo 421000 .06355 .06151 .06439 .06041 .05951
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Table A.1. Continued

Nuclide I dentification U U py *py #py

*Tc 430990 .05349 .06007 .05500 .05552 .05294
*Ru 441000 .00152 .00165 .00153 .00149 .00144
“'Ru 441010 .05327 .05944 .06387 .05848 .05876
*Ru 441020 .04816 .06361 .06834 .06165 .06099
*Ru 441030 .00796 .01479 .01592 .01549 01526
*Ru 441040 .02366 .05702 .06499 05791 .05900
®Ru 441060 .00365 .02337 .03378 .04131 .04267
**Rh 451030 .02509 .04346 .04810 .04391 .04404
“Rh 451050 .00013 .00034 .00048 .00055 .00056
P 461040 .00067 .00112 .00126 .00112 .00113
®pd 461050 .01426 .03348 .04837 .05230 .05430
P 461060 .00149 .00679 .01105 .01148 .01200
pd 461070 .00172 01234 .03083 .04078 .04110
pd 461080 .00078 .00684 .02415 .03321 .03912
“opd 461100 .00045 .00139 .00923 .01200 .01691
A 471090 .00054 .00201 .01632 .02139 .02758
A 471110 .00001 .00004 .00021 .00030 .00045
“cd 481100 .00001 .00005 .00042 .00052 .00067
cd 481110 .00027 .00073 .00410 .00558 .00854
*cd 481120 .00039 .00071 .00135 .00288 .00433
*cd 481130 .00034 .00055 .00091 .00150 .00222
Hcd 481140 .00034 .00046 .00100 .00102 .00103
cd 481150 .00000 .00001 .00001 .00001 .00001
s 481151 .00001 .00001 .00008 .00008 .00007
“cd 481160 .00036 .00035 .00064 .00085 .00100
*In 491150 .00020 .00037 .00089 .00086 .00097
gn 501150 .00001 .00002 .00004 .00004 .00005
Y50 501160 .00000 .00001 .00002 .00002 .00002
sy 501170 .00037 .00034 .00064 .00085 .00090
Y850 501180 .00039 .00034 .00065 .00080 .00087
gn 501190 .00042 .00034 .00066 .00080 .00086
#5n 501200 .00044 .00034 .00067 .00085 .00085
g5 501220 .00048 .00037 .00069 .00095 .00093
#gn 501230 .00030 .00022 .00039 .00063 .00057
#gn 501240 .00060 .00042 .00120 .00120 .00111
#gn 501250 .00004 .00005 .00011 .00010 .00007
#gn 501260 .00104 .00100 .00303 .00316 .00240
#gh 511210 .00045 .00035 .00066 .00083 .00088
gh 511220 .00000 .00000 .00000 .00000 .00000
B 511230 .00024 .00017 .00030 .00046 .00043
gh 511240 .00000 .00000 .00000 .00000 .00000
¥gh 511250 .00063 .00066 .00163 .00138 .00095
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Table A.1. Continued

Nuclide I dentification U U py *py #py

S0 511260 .00001 .00000 .00001 .00001 .00000
g 511270 .00005 .00004 .00012 .00010 .00008
ZTe 521220 .00001 .00001 .00002 .00002 .00002
ZTe 521230 .00000 .00000 .00000 .00000 .00000
PTe 521240 .00000 .00000 .00000 .00000 .00000
*Te 521250 .00005 .00005 .00012 .00009 .00007
B Te 521251 .00001 .00001 .00001 .00001 .00001
*Te 521260 .00006 .00001 .00008 .00005 .00002
¥ Te 521271 .00017 .00013 .00045 .00033 .00028
*Te 521280 .00321 .00506 .00790 .00618 .00520
e 521291 .00108 .00189 .00230 .00215 .00179
Te 521300 .01439 .01959 .01956 .01889 .01534
Y Te 521320 .00089 .00095 .00104 .00104 .00094
il 531270 .00174 .00132 .00446 .00318 .00277
=) 531290 .00442 .00713 .00897 .00783 .00664
B 531310 .00153 .00185 .00218 .00184 .00150
#xe 541280 .00005 .00003 .00012 .00008 .00007
#xe 541290 .00000 .00000 .00000 .00000 .00000
xe 541300 .00008 .00012 .00018 .00013 .00011
Bixe 541310 .03063 .03391 .04139 .03224 .02683
¥xe 541320 04761 .04546 .05273 .04823 .04405
®xe 541330 .00206 .00184 .00223 .00199 .00191
¥ixe 541340 .07155 06172 07229 .06270 .06102
¥xe 541360 .05993 .06292 06776 07121 07112
*Cs 551330 .06293 .05152 .06441 .05353 .05231
¥Cs 551340 .00169 .00120 .00153 .00123 .00121
¥Cs 551350 .06393 05627 07424 06772 .06705
*Cs 551360 .00004 .00003 .00009 .00007 .00005
¥Cs 551370 .06228 .06949 .06342 .06948 07181
*Ba 561340 .00014 .00008 .00011 .00008 .00008
*Ba 561350 .00000 .00000 .00000 .00000 .00000
*Ba 561360 .00024 .00016 .00082 .00056 .00031
“Ba 561370 .00047 .00051 .00057 .00050 .00052
*Ba 561380 .06692 06477 .04936 .06465 .06738
“Ba 561400 .00433 .00493 .00414 .00456 .00461
BLa 571390 .07087 .06083 .06053 .05802 .06093
*La 571400 .00057 .00065 .00054 .00060 .00061
*ce 581400 .05322 .05506 .04787 .04868 .05031
“ce 581410 .01178 01124 01176 .01027 .01074
*Ce 581420 .05878 .05054 .04924 .05302 .04990
“*Ce 581430 .00048 .00042 .00039 .00047 .00050
*Ce 581440 .03849 .03424 .02642 .03057 .03336
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Table A.1. Continued

Nuclide I dentification U U py *py #py

“pr 591410 .04854 04277 04611 .03757 .04006
“pr 591430 .00467 .00403 .00372 .00452 .00481
“**Nd 601420 .00028 .00024 .00026 .00021 .00022
“**Nd 601430 .05270 .04163 .03970 .04464 .04854
“Nd 601440 .01301 .01104 .00876 .00975 .01075
“Nd 601450 .03778 .04086 .03010 .03268 .03477
“Nd 601460 .03016 .03897 .02557 .02847 .03051
“Nd 601470 .00133 .00186 .00141 .00161 .00176
“*Nd 601480 .01691 .02359 .01715 .01814 .01929
*Nd 601500 .00715 .01464 .01039 01157 .01290
“Pm 611470 .01651 .02131 .01664 .01768 .01979
“Pm 611480 .00004 .00005 .00004 .00004 .00005
“8"Pm 611481 .00020 .00025 .00019 .00020 .00023
“Pm 611490 .00015 .00025 .00019 .00023 .00024
“'Sm 621470 .00135 .00168 .00133 .00137 .00155
“*Sm 621480 .00086 .00104 .00083 .00084 .00096
*Sm 621490 .01017 .01620 .01265 .01404 .01520
*Sm 621500 .00076 .00117 .00093 .00099 .00109
*'Sm 621510 .00400 .00928 .00761 .00851 .00911
*2Sm 621520 .00350 .00751 .00759 .00850 .00930
**Sm 621530 .00002 .00006 .00007 .00008 .00009
*'Sm 621540 .00097 .00213 .00321 .00405 .00447
*Eu 631530 .00182 .00390 .00463 .00508 .00574
*Eu 631540 .00020 .00042 .00051 .00054 .00061
*Eu 631550 .00034 .00105 .00214 .00267 .00295
*Eu 631560 .00002 .00009 .00020 .00027 .00030
*'Gd 641540 .00000 .00001 .00001 .00001 .00001
Gd 641550 .00001 .00004 .00009 .00011 .00012
*Gd 641560 .00017 .00071 .00166 .00215 .00246
¥'Gd 641570 .00007 .00027 .00093 .00122 .00139
*Gd 641580 .00006 .00021 .00089 .00111 .00135
*Gd 641600 .00001 .00003 .00033 .00033 .00039
*Tp 651590 .00003 .00008 .00043 .00053 .00062
*Tp 651600 .00000 .00000 .00002 .00002 .00002
*'Tp 651610 .00000 .00000 .00001 .00002 .00001
*Dy 661600 .00000 .00000 .00001 .00002 .00002
*'Dy 661610 .00000 .00001 .00020 .00029 .00020
2Dy 661620 .00000 .00000 .00002 .00003 .00002
Dy 661630 .00000 .00000 .00000 .00000 .00000
Dy 661640 .00000 .00000 .00000 .00000 .00000
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TableB.1. Energy, adjoint function and neutron spectrum used
in the benchmark. A plot of these functionsis shown in Figure 2.1.

Energy Adj. funct. Spectrum Energy Adj. funct. Spectrum
1.0000e-05  1.6514e+01  1.0000e-07 1.5050e-03  1.6551e+01  6.9514e-07
4.0000e-03  1.6596et+01  9.4092e-07 5.9500e-03  1.6594e+01  1.1309e-06
8.4500e-03  1.6565et+01  1.3589e-06 1.2500e-02  1.6514e+01  1.6199e-06
1.7500e-02  1.6452e+01  1.8611e-06 2.2500e-02  1.638%e+01  2.0656e-06
2.7500e-02  1.6324e+01  2.2432e-06 3.2500e-02  1.6259e+01  2.4110e-06
3.8500e-02  1.6180et01  2.5839e-06 4.6000e-02  1.6084e+01  2.7486e-06
5.4000e-02  1.5982e+01  2.8882e-06 6.2500e-02  1.5876e+01  3.0004e-06
7.2000e-02  1.5761e+t01  3.0750e-06 7.8500e-02  1.5684e+01  3.1074e-06
8.7500e-02  1.5588et01  3.1115e-06 9.7500e-02  1.5484e+01  3.0934e-06
1.0750e-01  1.5396e+01  3.0129e-06 1.2450e-01  1.5263e+01  2.8713e-06
1.3700e-01  1.5175e+01  2.7523e-06 14319e-01  1.5142e+01  2.6593e-06
1.4970e-01  1.5113e+01  2.5525e-06 15652e-01  1.5089e+01  2.4231e-06
1.6486e-01  1.5063e+01  2.2548e-06 1.7485e-01  1.5041e+01  2.0661e-06
1.8450e-01  1.5033e+01  1.8784e-06 1.9390e-01  1.5035e+01  1.6835e-06
2.0397e-01  1.5045e+01  1.4781e-06 21457e-01 1.5061et01  1.2613e-06
2267901  1.5082e+01  1.0341e-06 2407901 1.5108et01  8.1646e-07
25576e-01  1.5140e+01  6.4440e-07 27176e-01  1.5177e+t01  5.3851e-07
2.9000e-01  1.5221e+01  5.2560e-07 3.0725e-01 1.5262e+01  5.8324e-07
3.1725e-01 1.5283e+01  6.7412e-07 3.2733e-01  1.5294e+01  8.5925e-07
3.4233e-01  1.5284et01  1.2297e-06 3.5996e-01  1.5245e+01  1.8211e-06
3.8046e-01  1.5162et01  2.4875e-06 3.9550e-01  1.5065e+01  3.0619e-06
4.0699e-01  1.4963et01  3.7117e-06 4.2350e-01  14777e+01  4.5382e-06
44134e-01  1.4552e+01  5.3877e-06 45835e-01  14321e+t01  6.2143e-06
4.7601e-01  1.4051et01  6.9883e-06 4.9250e-01  1.3768e+01  7.6897e-06
5.0981e-01  1.3426e+01  8.3004e-06 5.2560e-01  1.3086et01  8.7289e-06
5.3579e-01 1.2854e+01  9.0820e-06 55348e-01 1.2452e+t01  9.5000e-06
5.8112e-01  1.1803e+01  9.8217e-06 6.1014e-01  1.1079et01  9.8890e-06
6.3908e-01  1.0333et01  9.7074e-06 6.6785e-01  9.5567e+00  9.3455e-06
6.9378e-01  8.8102e+00  8.8032e-06 7.2328e-:01  7.9345e+00  7.9788e-06
7.6077e-01  6.7906e+00  7.1261e-06 7.8500e-01  6.0270et00  6.4566e-06
8.0472e-01  5.3699e+00  5.6599e-06 8.3472e-01  4.3828e+t00  4.8409e-06
8.5500e-01 3.7321et00  4.2874e-06 8.6821e-01  3.3180et00  3.6697e-06
8.9321e-01 2.5786et00  2.8576e-06 9.2000e-01  1.8303et00  2.1522e-06
9.4000e-01  1.3347e+00 1.5781e-06 9.6100e-01  8.9101e-01  1.0782e-06
9.7900e-01  5.6678e-01  7.3174e-07 9.9100e-01  3.9286e-01  3.3494e-07
1.0080e+00  2.2987e-01  3.4927e-08 1.0275e+00  9.7176e-02  2.3584e-09
1.0400e+00  5.7082e-02  1.2664e-09 1.0580et00  5.2392e-02  1.2091e-09
1.0755e+00  6.0544e-02  1.9075e-09 1.0885e+00  9.2845e-02  3.6846e-09
1.1035e+00  1.5213e-01  6.6656e-09 1.1165e+00 2.2861e-01  1.2104e-08
1.1365e+00  3.9172e-01  2.1390e-08 1.1600et00  6.0618e-01  3.4296e-08
1.1861e+t00  8.5567e-01  5.1846e-08 1.2186e+00  1.1638e+00  7.2413e-08
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TableB.1. Continued

Energy Adj. funct. Spectrum Energy Adj. funct. Spectrum
1.2510e+00  1.4690e+00  9.2571e-08 1.2835e+00 1.7713e+00  1.1165e-07
1.3188e+00  2.0987e+00  1.2861e-07 1.3538e+00  2.4208e+00  1.4211e-07
1.3873e+00 2.7136e+00  1.5268e-07 1.4223e+00  3.0044e+00  1.6055e-07
14575e+00 3.2994e+00  1.6547e-07 14875e+00 3.5555e+00  1.6841e-07
15221e+00  3.8287e+00  1.6968e-07 1.5672e+00  4.1464e+00  1.6960e-07
1.6098e+00  4.4254e+00  1.6835e-07 1.6498e+00 4.6736e+00  1.6611e-07
1.6910e+00  4.9160e+00  1.6402e-07 1.7335e+00  5.1514e+00  1.6158e-07
1.7760e+00  5.3729e+00  1.5896e-07 1.8185e+00 5.5821e+00  1.5800e-07
1.8477e+00 5.7177e+00  1.5557e-07 1.8700e+00  5.8209e+00  1.5227e-07
1.9072e+00  5.9810e+00  1.5031e-07 1.9523e+00  6.1641e+00  1.4932e-07
1.9972e+00  6.3366e+00  1.4943e-07 2.0398e+00  6.4900e+00  1.5018e-07
2.0798e+00  6.6408e+00  1.5112e-07 2.1150e+00  6.7756e+00  1.5136e-07
2.1577e+t00  6.9253e+00  1.5141e-07 2.2137e+00  7.1166e+00  1.5096e-07
2.2712e+t00  7.2834e+00  1.5024e-07 2.3301e+00  7.4235e+00  1.4971e-07
2.3712et00  7.5198e+00  1.4918e-07 24021e+00  7.5922e+00  1.4819e-07
24533e+00 7.7063e+00  1.4659e-07 25175e+00  7.8368e+00  1.4503e-07
25750et00  7.9481e+00  1.4338e-07 2.6296e+00  8.0553e+00  1.4142e-07
2.6896e+00 8.1795e+00  1.3963e-07 2.743%e+00 8.2953e+00  1.3761e-07
2.8030et00  8.4155e+00  1.3514e-07 2.873%e+00 8.5576e+00  1.3230e-07
2.9466e+00 8.7034e+00  1.2926e-07 3.0212e+00 8.8380et00  1.2618e-07
3.0981e+00  8.9309e+00  1.2349e-07 3.1775e+t00  8.9959e+00  1.2135e-07
3.2588e+00 9.0625e+00  1.1873e-07 3.3404e+00  9.1401e+00  1.1571e-07
3.4236e+00  9.2415e+00  1.1244e-07 3.5102e+00 9.3582e+00  1.0830e-07
3.5991e+00 9.4779e+00  1.0350e-07 3.6902e+00  9.5849e+00  1.0179e-07
3.7836e+00  9.6623e+00  1.0214e-07 3.8794e+00 9.7253e+00  1.0014e-07
3.9640e+00 9.7810e+00  9.3918e-08 4.0647e+00  9.8805e+00  8.4453e-08
4.1815e+00 1.0045e+01  7.3368e-08 4.2874e+00 1.0223e+01  7.3422e-08
4.3959e+00 1.0406e+01  7.9826e-08 45072e+00 1.0594e+01  7.8787e-08
4.6213e+00 1.0702e+01  7.7633e-08 4.7383e+00 1.0707e+01  7.4761e-08
4.8582e+00 1.0690e+01  6.9518e-08 4.9812e+00 1.0674e+01  6.5579e-08
5.0646e+00 1.0662e+01  6.3262e-08 5.1070e+00 1.0656e+01  6.1636e-08
5.1497e+00 1.0650e+01  6.0102e-08 5.1928e+00 1.063%+01  5.8606e-08
5.2363e+00 1.0615e+01  5.7080e-08 5.2801e+00  1.0584e+01  5.5791e-08
5.3242e+00  1.0553e+01  5.4481e-08 5.3688e+00 1.0521e+01  5.3260e-08
5.4138e+00  1.0490e+01  5.2199e-08 5.4590e+00  1.0458e+01  5.1183e-08
5.5047e+00  1.0425e+01  5.0119e-08 5.5508e+00 1.0393e+01  4.9076e-08
5.5972e+00 1.0360e+01  4.8003e-08 5.6441e+00 1.0327e+01  4.6841e-08
5.6913e+00 1.0294e+01  4.5672e-08 5.7389e+00  1.0235e+01  4.4394e-08
5.7870e+00  1.0049%e+01  4.3167e-08 5.8354e+00 9.7600e+00  4.1942e-08
5.8842e+00 9.4689e+00  4.0528e-08 5.9334e+00 9.1751e+00  3.9016e-08
5.9831e+00 8.8789e+00  3.7290e-08 6.0332e+00 8.5803e+00  3.5212e-08
6.0837e+00 8.2791e+00  3.2934e-08 6.1345e+00 7.9754e+00  3.0540e-08
6.1859e+00  7.6691e+00  2.8253e-08 6.2377e+00  7.3604e+00  2.5967e-08
6.2898e+00  7.0490e+00  2.3519e-08 6.3425e+00  6.7349e+00  2.1035e-08
6.3956e+00  6.4185e+00  1.8395e-08 6.4491e+00  6.0990e+00  1.4832e-08
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TableB.1. Continued

Energy Adj. funct. Spectrum Energy Adj. funct. Spectrum
6.5030e+00 5.7772e+00  9.3627e-09 6.5575e+00  5.4527e+00  3.6889e-09
6.6124e+00 5.1252e+00  9.2182e-10 6.6677e+00  4.7950e+00  8.7657e-10
6.7235e+00  4.4621e+00  4.3045e-09 6.7797e+00  4.1266e+00  1.5391e-08
6.8365e+00  3.9154e+00  3.1664e-08 6.8937e+00  4.0199e+00  4.7359e-08
6.9513e+00  4.3156e+00  6.1788e-08 7.0095e+00  4.613%e+00  7.4658e-08
7.0682e+00  4.9148e+00  8.4983e-08 7.1273e+00  5.2182e+00  9.2292e-08
7.1869e+00  5.5242e+00  9.6419e-08 7.2471e+00  5.8328e+00  9.8035e-08
7.3078e+00  6.143%+00  9.8901e-08 7.3689%e+00  6.4576e+00  1.0068e-07
7.4306e+00  6.7738e+00  1.0309e-07 7.4928e+00  7.0929e+00  1.0421e-07
7.5555e+00  7.4146e+00  1.0079e-07 7.6187e+00  7.7388e+00  8.8309e-08
7.6825e+00  8.0660e+00  6.4581e-08 7.7468e+00  8.3959e+00  4.3556e-08
7.8116e+00 8.7283e+00  4.8161e-08 7.8769e+00  9.0635e+00  8.7718e-08
7.9428e+00  9.2657e+00  1.3917e-07 8.0093e+00  9.3096e+00  1.7303e-07
8.0763e+00  9.3296e+00  1.8948e-07 8.143%+00  9.3499e+00  1.9783e-07
8.2120e+t00  9.3702e+00  2.0265e-07 8.2808e+00  9.3908e+00  2.0548e-07
8.3501e+t00 9.4116e+00  2.0617e-07 8.4200e+00  9.4325e+00  2.0356e-07
8.4904e+00  9.4535e+00  1.9584e-07 8.5615e+00 9.4748e+00  1.8816e-07
8.6331et00  9.4962e+00  1.9054e-07 8.7053e+00 9.5179e+00  1.9842e-07
8.7782e+00  9.5506e+00  2.0670e-07 8.8516e+00  9.5964e+00  2.1598e-07
8.9257e+00  9.6446e+00  2.2189e-07 9.0004e+00  9.6931e+00  2.2418e-07
9.0757e+00  9.7421e+00  2.2478e-07 9.1517e+00  9.7915e+00  2.2363e-07
9.2282e+00  9.8413e+00  2.2161e-07 9.3055e+00  9.8915e+00  2.2141e-07
0.3834e+00  9.9422e+00  2.2227e-07 9.4619e+00  9.9932e+00  2.2220e-07
9.5411e+00  9.8944e+00  2.2205e-07 9.6209e+00  9.4322e+00  2.2320e-07
9.7014e+00  8.7540e+00  2.2357e-07 0.7826e+00  8.0699e+00  2.2212e-07
9.8645e+00  7.3800e+00  2.1949e-07 9.9470e+00  6.6849e+00  2.1456e-07
1.0030e+01  5.9840e+00  2.0764e-07 1.0114e+01  5.2780e+00  1.9458e-07
1.0199e+01  4.5662e+00  1.8601e-07 1.0284e+01  3.8459e+00  1.8880e-07
1.0370e+01  3.1214e+00  1.8844e-07 1.0457e+01  2.3884e+00  1.8402e-07
1.0544e+01 1.8197e+00  1.7400e-07 1.0633e+01  1.8985e+00  1.5203e-07
1.0721e+01  2.4523e+00  1.1655e-07 1.0811e+01  3.0092e+00  8.0801e-08
1.0902e+01  3.5723e+t00  7.2241e-08 1.0993e+01  4.1417e+00  1.0387e-07
1.1085e+01 4.7141e+00  1.6102e-07 1.1178e+01  5.2897e+00  2.1781e-07
1.1271e+01 5.8715e+00  2.6401e-07 1.1366e+01  6.4595e+00  2.9961e-07
1.1461e+01  7.0538e+00  3.2157e-07 1.1557e+01  7.6511e+00  3.2101e-07
1.1654e+01  8.2516e+00  2.8792e-07 1.1751e+01  8.8583e+00  2.0385e-07
1.1850e+01 9.4712e+00  1.6548e-07 1.1948e+01  1.0087e+01  3.1094e-07
1.2049e+01  1.0709e+01  4.9879e-07 1.2149e+01  1.1338e+t01  5.7007e-07
1.2251e+01  1.1969e+01  5.7046e-07 1.2354e+01 1.2607e+01  5.6690e-07
1.2457e+01  1.3137e+t01  5.8629e-07 1.2561e+01  1.3388e+01  5.9828e-07
1.2666e+01  1.3472e+01  5.9680e-07 1.2772e+01  1.3556e+01  5.9747e-07
1.2879+01 1.3641et01  6.0412e-07 1.2987e+01 1.3727e+01  6.1079e-07
1.3095e+01  1.3814e+t01  6.0338e-07 1.3205e+01  1.3901e+01  5.7158e-07
1.3316e+01  1.398%+01  5.0821e-07 1.3427e+01  1.4077e+01  5.0631e-07
1.3540e+01  1.4167e+01  5.5624e-07 1.3653e+01  1.4257e+01  5.6205e-07
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1.3767e+01  1.4348e+01  5.4761e-07 1.3882e+01  1.4439e+01  5.3804e-07
1.3998e+01  1.4532e+01  5.2148e-07 14115e+01  1.4625e+01  4.4287e-07
14233e+01  1.4719e+01  3.6021e-07 1.4353e+01  1.4813e+01  4.2313e-07
14473e+01  1.4909e+01  3.9102e-07 1.4594e+01  1.5005e+01  2.3880e-07
14716e+01  1.5103e+01  3.4321e-07 14839%+01  1.5147e+01  6.4532e-07
14963e+01  1.5110e+01  8.6620e-07 1.5088e+01  1.5046e+01  9.4219e-07
15214e+01  1.4981e+01  9.5924e-07 15342e+01  1.4915e+01  9.7369e-07
15471e+01  1.4849e+01  1.0128e-06 15600e+01  1.4783e+01  1.0781e-06
15730e+01  1.4716e+01  1.1497e-06 15862e+01  1.4648e+01  1.2040e-06
1.5995e+01  1.4580e+01  1.2502e-06 16129e+01  1.4511e+01  1.2908e-06
1.6264e+01  1.4441e+01  1.2992e-06 1.6400e+01  1.4372e+01  1.2661e-06
1.6537e+01  1.4301e+01  1.2369e-06 16675e+01  1.4230e+01  1.2797e-06
1.6815e+01  1.4158e+01  1.3693e-06 1.6956e+01  1.4086e+01  1.4335e-06
1.7098e+01  1.4013e+01  1.4480e-06 1.7241e+01  1.3939e+01  1.3918e-06
1.7385e+01  1.3865e+01  1.0864e-06 1.7530e+01  1.3791e+01  6.6340e-07
17677e+01  1.3663e+01  8.1886e-07 1.7825e+01  1.3408e+01  1.4523e-06
1.7974e+01  1.3073e+01  1.9006e-06 1.8124e+01 1.2735e+01  2.0757e-06
1.8276e+01  1.2394e+01  2.1279e-06 1.8429e+01  1.2050e+01  2.1517e-06
1.8584e+01 1.1703e+01  2.1581e-06 1.873%e+01  1.1354e+01  2.1468e-06
1.8895e+01  1.1002e+01  2.1007e-06 19053e+01  1.0647e+01  1.9823e-06
1.9213e+01  1.0288e+01  1.8516e-06 19374e+01  9.9264e+00  1.7955e-06
1.9537e+01  9.5612e+00  1.7570e-06 1.9700e+01  9.1938e+00  1.7482e-06
1.9864e+01 8.8241e+t00  1.7753e-06 2.0030e+01  8.4510e+00  1.7684e-06
2.0198e+01  8.0735e+00  1.4557e-06 2.0367e+01  7.6937e+00  1.0691e-06
2.0538e+01  7.3116e+00  6.4305e-07 2.0709e+01 6.9251e+00  1.6794e-07
2.0883e+01  6.5352e+00  2.2232e-07 2.1058e+01  6.3042e+00  1.0720e-06
2.1234e+01  6.3151e+00  2.2675e-06 2.1412e+01  6.4089%+00  3.1625e-06
2.1591e+01  6.5037e+00  3.6864e-06 21771et01  6.5990e+00  3.7866e-06
2.1953e+01  6.6952e+00  3.0957e-06 2.2137e+01  6.7924e+00  2.2269e-06
2.2323e+01  6.8903e+00  3.2851e-06 2.2510e+01  6.9889%+00  5.2178e-06
2.2698e+01  7.0882e+00  6.0024e-06 2.2888e+01  7.1885e+00  6.2557e-06
2.3079e+01  7.2899e+00  6.4671e-06 2.3273e+01  7.3919e+00  6.5531e-06
2.3467e+01  7.4946e+00  6.5790e-06 2.3663e+01  7.5984e+00  6.5044e-06
2.3861e+01  7.6930e+00  6.4641e-06 2.4061e+01  7.7769e+00  6.7286e-06
2.4263e+01  7.8596e+00  6.9128e-06 2.4466e+01  7.9430e+00  6.8930e-06
2.4671e+01  8.0270e+00  6.8769e-06 24877e+01  8.1117e+00  6.9358e-06
2.5086e+01  8.1973e+00  7.0188e-06 25295e+01  8.2834e+00  7.0147e-06
2.5507e+01  8.3702e+00  6.9200e-06 25720e+01  8.4579%+00  6.6769e-06
2.5035e+01  8.5461e+00  5.4097e-06 2.6152e+01  8.6352e+00  4.3311e-06
2.6371e+01  8.6953e+00  5.8508e-06 2.6592e+01  8.7206e+00  7.7371e-06
2.6815e+01  8.7408e+00  8.1427e-06 2.7038e+01 8.7611e+00  7.8086e-06
2.7265e+01  8.7817e+00  7.8442e-06 2.7494e+01  8.8024e+00  8.3201e-06
2.7724e+01  8.8233e+00  8.4111e-06 2.7956e+01  8.8444e+00  8.4259e-06
2.8190e+01  8.8656e+00  8.3776e-06 2.8425e+01  8.8870e+00  8.2324e-06
2.8663e+01  8.9085e+00  8.0792e-06 2.8902e+01  8.9303e+00  8.0746e-06
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2.9145e+01  8.9545e+00  8.1703e-06 2.938%+01 8.9815e+00  8.2649e-06
2.9634e+01  9.0092e+00  8.3745e-06 2.9883e+01  9.0371e+00  8.4368e-06
3.0133e+01  9.0652e+00  8.4312e-06 3.0384e+01  9.0935e+00  8.3916e-06
3.063%e+01  9.1221e+00  8.2921e-06 3.0895e+01  9.1510e+00  8.2680e-06
3.1154e+01  9.1800e+00  8.4515e-06 3.1414e+01  9.2093e+00  8.6013e-06
3.1677e+01  9.238%e+00  8.4787e-06 3.1943e+01  9.2687e+00  8.0557e-06
3.2210e+01  9.1326e+00  7.8038e-06 3.2480e+01  8.7994e+00  8.1690e-06
3.2752e+01  8.4340e+00  8.5363e-06 3.3026e+01  8.0658e+00  8.5790e-06
3.3302e+01  7.6950e+00  8.5402e-06 3.3580e+01  7.3208e+00  8.5576e-06
3.3861le+01  6.9433e+00  8.3616e-06 3.4144e+01  6.5624e+00  7.7993e-06
3.4430et01 6.1781et00  7.3979e-06 3.4718et01  5.7912e+00  7.2101e-06
3.5009e+01  5.4009e+00  7.1351e-06 3.5302e+01  5.0072e+t00  7.5665e-06
3.5597e+01  4.7542e+00  8.7243e-06 3.5895e+01  4.6684et00  8.6589e-06
3.6195e+01  4.6074e+00  4.4255e-06 3.6498e+01  4.5458e+00  6.7859e-07
3.6804e+01  4.4838et00  2.0487e-06 3.7112e+01  4.4212e+00  5.8555e-06
3.7422e+01  4.3580e+00  9.4199e-06 3.7736et01  4.2944e+00  1.0927e-05
3.8052e+01  4.2302e+00  7.9129e-06 3.8370et01  4.1655e+00  9.3512e-06
3.8691e+01  4.1140e+00  1.4858e-05 3.9014e+01  4.0951et00  1.6050e-05
3.9341et01  4.0955e+00  1.6782e-05 3.9671et01  4.0959e+00  1.7643e-05
4.0003e+t01  4.0963e+00  1.8308e-05 4.0337et01  4.0967e+00  1.8508e-05
4.0674e+01  4.0971e+00  1.8323e-05 4.1015e+01  4.0975e+00  1.3816e-05
4.1358e+01  4.0979e+00  7.5972e-06 4.1704e+01  4.0983e+00  1.2594e-05
4.2053e+01  4.0987e+00  2.1010e-05 4.2406e+01  4.0991e+00  2.3015e-05
4.2760e+01  4.1285e+00  2.3490e-05 4.3118e+01  4.2682e+00  2.3533e-05
4.3479e+01  4.4896e+00  2.3316e-05 4.3843e+01  4.7126e+00  2.1494e-05
4.4210e+01  4.9378e+00  1.4486e-05 4.4580e+01  5.1647e+00  1.6632e-05
4.4953e+01  5.3935e+00  2.5166e-05 45328e+01  5.6242e+00  2.6443e-05
45707e+01  5.8567e+00  2.6582e-05 4.6090e+01  6.0913e+00  2.6168e-05
4.6476e+01  6.3281e+00  2.5350e-05 4.6865e+01  6.5379e+00  2.4392e-05
47257e+01  6.6849e+00  2.1987e-05 4.7652e+01  6.7977e+00  2.2431e-05
4.8051e+t01  6.9115e+00  2.6099e-05 4.8453e+01  7.0261e+00  2.7424e-05
4.8859e+01  7.1417e+00  2.6699e-05 4.9268e+01  7.2583e+00  2.5320e-05
4.9680e+01  7.3758e+00  2.0136e-05 5.0096e+01  7.4003e+00  2.1959e-05
5.0516e+01  7.3243e+00  3.0108e-05 5.0938e+01  7.2410e+00  3.1799e-05
5.1364e+01  7.1570e+00  3.1722e-05 5.1794e+01  7.0722e+00  3.0314e-05
5.2227e+01  6.9867e+00  1.9986e-05 5.2665e+01  6.9005e+00  2.1346e-05
5.3105e+01  6.8137e+00  3.3446e-05 5.3550e+01  6.7905e+00  3.5474e-05
5.3998e+01  6.9222e+00  3.5566e-05 5.4449e+01  7.1457e+00  3.5046e-05
5.4905e+01  7.3715e+00  3.3539%e-05 5.5364e+01  7.5991e+00  3.0233e-05
5.5828e+01  7.8283e+00  3.1727e-05 5.6294e+01  8.0596e+00  3.4597e-05
5.6766e+01  8.2931e+00  3.1070e-05 5.7242e+01  8.5285e+00  2.7144e-05
5.7721e+01  8.7657e+00  2.8181e-05 5.8204e+01  9.0049e+00  3.2334e-05
5.8691e+01  9.2460e+00  2.9566e-05 5.9181e+01  9.4892e+00  3.1165e-05
5.9677e+01  9.7343e+00  4.1069e-05 6.0176e+01  9.9816e+00  4.5514e-05
6.0680e+01  1.0231e+01  4.7047e-05 6.1187e+01  1.0482e+01  4.6965e-05
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6.1699e+01  1.0691e+01  4.5239e-05 6.2216e+01  1.0791e+01  4.4411e-05
6.2736e+01  1.0825e+01  4.3541e-05 6.3261e+01  1.0859e+01  4.6029e-05
6.3790e+01  1.0894e+01  5.0711e-05 6.4324e+01  1.0928e+01  5.8540e-05
6.4862e+01  1.0963e+01  5.9556e-05 6.5405e+01  1.0999e+01  2.9327e-05
6.5953e+01  1.1034e+01  1.0351e-05 6.6505e+01  1.1070e+01  2.9691e-05
6.7061e+t01  1.1106et01  5.5724e-05 6.7623e+01  1.1143e+01  7.0324e-05
6.8188e+01  1.1180et01  7.4105e-05 6.8758e+01 1.1217e+01  7.5936e-05
6.9334e+01  1.1254e+01  7.6447e-05 6.9915e+01  1.1292e+01  7.6591e-05
7.0499e+01  1.1330et01  7.7748e-05 7.108%+01 1.1368e+01  8.1615e-05
7.1684e+01  1.1407e+01  8.3465e-05 7.2284e+01  1.1446e+01  6.2603e-05
7.288%e+01  1.1486et01  6.1912e-05 7.3499e+01  1.1526e+01  7.2652e-05
7.4114e+01  1.1566e+01  5.8412e-05 7.4734e+01 1.1607e+01  5.2856e-05
7.5360e+01  1.1648e+01  7.3626e-05 7.5990e+01  1.168%+01  9.8363e-05
7.6626e+01  1.1731etO1  1.0248e-04 7.7267e+01  1.1773e+01  1.0404e-04
7.7914e+01  1.1815e+01  1.0597e-04 7.8566e+01  1.1858e+01  1.0473e-04
7.9223e+01  1.1901etO1  1.0188e-04 7.9886e+01  1.1945e+01  7.7095e-05
8.0554e+01  1.1988et01  6.7619e-05 8.1228e+01  1.2033e+01  9.1642e-05
8.1909e+01  1.2077et01  1.0203e-04 8.2594e+01  1.2122e+01  1.0349e-04
8.3285e+01  1.2168et01  1.0378e-04 8.3982e+01 1.2168e+01  1.0108e-04
8.4685e+01  1.2122e+01  8.4108e-05 8.5393e+01 1.2073e+01  8.3347e-05
8.6108e+01  1.2024e+01  1.1125e-04 8.6829e+01  1.1974e+01  1.3234e-04
8.7555e+01  1.1923e+01  1.4329e-04 8.8288e+01  1.1873e+01  1.4264e-04
8.9027e+01  1.1821e+01  1.4979e-04 8.9772e+01  1.1770e+01  1.2684e-04
9.0523e+01  1.1718e+01  1.0362e-04 9.1281e+01  1.1665e+01  1.3701e-04
9.2044e+01  1.1612e+01  1.5332e-04 0.2815e+01  1.1559e+01  1.5856e-04
9.3591e+01  1.1505e+01  1.7295e-04 9.4374e+01  1.1451e+01  1.6837e-04
9.5165e+01  1.1396e+01  1.5643e-04 9.5960e+01  1.1341e+01  1.5349e-04
9.6763e+01  1.1286e+01  1.5857e-04 9.7573e+01  1.1230e+01  1.6172e-04
9.8390e+01  1.1173e+01  1.6485e-04 9.9213e+01  1.1116e+01  1.7574e-04
1.0004e+02  1.1058e+01  2.3579e-04 1.0088e+02 1.1001e+01  2.6395e-04
1.0172e+02  1.0942e+01  1.2501e-04 1.0258e+02 1.0883e+01  5.2683e-05
1.0344e+02  1.0824e+01  1.3336e-04 1.0430e+02 1.0764e+01  1.3737e-04
1.0517e+02 1.0703e+01  1.5101e-04 1.0605e+02  1.0643e+01  1.7797e-04
1.0694e+02  1.0581let01  1.9958e-04 1.0784e+02  1.0519e+01  2.4273e-04
1.0873e+02 1.0457e+01  2.4081e-04 1.0965e+02  1.0394e+01  2.3448e-04
1.1056e+02  1.0330et01  2.3479e-04 1.1149e+02  1.0266e+01  2.3943e-04
1.1242e+02 1.0201et01  2.3866e-04 1.1336e+02 1.0136e+01  2.3720e-04
1.1431e+02  1.008%+01  2.7029e-04 1.1527e+02 1.0074e+01  2.6271e-04
1.1623e+02 1.0071e+t01  1.4590e-04 1.1721e+02 1.0067e+01  1.4960e-04
1.1819e+02  1.0064e+01  1.9943e-04 1.1917e+02  1.0060e+01  2.2923e-04
1.2017e+02  1.0057e+01  2.6479e-04 1.2118e+02  1.0053e+01  2.5300e-04
1.2219e+02  1.0050e+01  2.8137e-04 1.2322e+02  1.0046e+01  3.0102e-04
1.2425e+02  1.0043e+01  3.0086e-04 1.2528e+02 1.003%e+01  2.8992e-04
1.2633e+02  1.0035e+01  2.9108e-04 1.273%e+02 1.0032e+01  3.0087e-04
1.2846e+02  1.0028e+01  3.0217e-04 1.2053e+02  1.0024e+01  2.9817e-04
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1.3062e+02  1.0020e+01  2.9388e-04 1.3171e+02 1.0016e+01  2.9711e-04
1.3281e+02  1.0012e+01  2.8358e-04 1.3393e+02  1.0009e+01  2.6731e-04
1.3505e+02  1.0005e+01  2.9563e-04 1.3618e+02  1.0001e+01  3.1429e-04
1.3731e+02  9.9966e+00  3.2633e-04 1.3846e+02  9.9926e+00  3.4799e-04
1.3962e+02  9.9885e+00  3.4629e-04 1.4079e+02  9.9844e+00  3.4217e-04
14197e+02  9.9802e+00  3.1384e-04 1.4316e+02  9.9780e+00  3.1184e-04
1.4436e+02  9.9780e+00  3.0992e-04 1.4556e+02  9.9782e+00  2.9213e-04
14678e+02  9.9785e+00  3.3227e-04 1.4801e+02 9.9787e+00  3.6137e-04
1.4925e+02  9.9789e+00  3.6993e-04 1.5050e+02  9.9792e+00  3.5070e-04
15175e+02 9.9794e+00  3.4766e-04 15302e+02  9.9796e+00  3.7135e-04
15431e+02  9.9799e+00  3.6499e-04 1.5560e+02  9.9801e+00  3.3805e-04
1.5690e+02  9.9803e+00  3.3663e-04 1.5821e+02  9.9806e+00  3.7222e-04
1.5953e+02  9.9808e+00  3.9044e-04 1.6087e+02  9.9811e+00  3.8467e-04
1.6222e+02  9.9813e+00  3.8897e-04 1.6357e+02  9.9816e+00  2.9570e-04
1.6494e+02  9.9818e+00  2.8749e-04 1.6632e+02 9.9821e+00  3.8500e-04
1.6772e+02  9.9824e+00  4.0670e-04 1.6912e+02  9.9826e+00  3.9912e-04
1.7053e+02  9.9829e+00  4.0161e-04 1.7197e+02  9.9831e+00  4.3691e-04
1.7340e+02  9.9834e+00  4.4283e-04 1.7485e+02  9.9837e+00  4.3906e-04
1.7631e+02 9.9817e+00  4.1469e-04 1.7779e+02  9.9754e+00  4.0619e-04
1.7928e+02  9.9667e+00  4.1848e-04 1.8078e+02 9.9581e+00  4.1914e-04
1.8229e+02  9.9493e+00  4.0984e-04 1.8381e+02  9.9405e+00  4.0280e-04
1.8535e+02 9.9315e+00  6.1204e-04 1.8690e+02  9.9226e+00  6.6463e-04
1.8847e+02 9.9135e+00  2.7871e-04 1.9005e+02  9.9043e+00  1.6080e-04
1.9164e+02 9.8951e+00  3.2330e-04 1.9325e+02 9.8858e+00  3.7165e-04
1.9486e+02 9.8765e+00  3.6521e-04 1.9649e+02 9.8670e+00  4.0580e-04
1.9813e+02 9.8575e+00  4.2376e-04 1.9979e+02  9.8479e+00  4.3565e-04
2.0146e+02  9.8382e+00  4.4630e-04 2.0315e+02  9.8284e+00  4.4030e-04
2.0485e+02  9.8186e+00  5.8070e-04 2.0656e+02  9.8087e+00  4.7188e-04
2.0829e+02  9.7987e+00  3.3216e-04 2.1003e+02  9.7885e+00  4.6655e-04
21179e+02  9.7784e+00  5.1783e-04 2.1356e+02  9.7681e+00  5.2637e-04
2.1535e+02  9.7577e+00  5.0962e-04 21716e+02  9.7473e+00 5.1121e-04
2.1897e+02  9.7368e+00  5.1312e-04 2.2080e+02  9.7262e+00  5.1548e-04
2.2265e+02  9.7155e+00  5.3426e-04 2.2451e+02  9.7046e+00  5.4149e-04
2.2640e+02  9.6938e+00  5.4495e-04 2.2829e+02  9.6828e+00  5.5164e-04
2.3020e+02  9.6717e+00  5.2665e-04 2.3213e+02  9.6606e+00  5.3489%e-04
2.3406e+02  9.6493e+00  6.1883e-04 2.3603e+02  9.6380e+00  4.7591e-04
2.3800e+02  9.6265e+00  4.0750e-04 2.3999e+02  9.6150e+00  5.5347e-04
2.4200e+02  9.6033e+00  5.8415e-04 2.4403e+02  9.5916e+00  6.0794e-04
2.4606e+02  9.5798e+00  6.1576e-04 24813e+02 9.5678e+00  5.9222e-04
2.5020e+02  9.5558e+00  5.5794e-04 25230e+02  9.5437e+00  5.7422e-04
25441e+02  9.5321e+00  6.0504e-04 2.5654e+02  9.5214e+00  6.0717e-04
2.5869e+02 9.5111e+00  5.8981e-04 2.6085e+02  9.5008e+00  5.7066e-04
2.6303e+02  9.4903e+00  6.1254e-04 2.6524e+02  9.4797e+00  6.5321e-04
2.6745e+02  9.4690e+00  6.8586e-04 2.6969e+02  9.4583e+00  6.9852e-04
2.7194e+02  9.4474e+00  5.0662e-04 2.7422e+02  9.4365e+00  4.4408e-04
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2.7651e+02  9.4255e+00  6.3363e-04 2.7883e+02  9.4143e+00  7.1933e-04
2.8116e+02  9.4031e+00  7.0961e-04 2.8352e+02  9.3918e+00  7.0726e-04
2.8589e+02  9.3804e+00  7.1109e-04 2.8828e+02  9.368%e+00  6.0675e-04
2.9069e+02  9.3573e+00  6.2968e-04 2.9313e+02  9.3456e+00  7.5899e-04
2.9558e+02  9.3338e+t00  7.6219e-04 2.9805e+02  9.3220e+00  7.6764e-04
3.0055e+02  9.3100e+00  7.5909e-04 3.0306e+02  9.2979e+00  7.5966e-04
3.0560e+02  9.2857e+00  7.7891e-04 3.0815e+02  9.2734e+00  7.5105e-04
3.1074e+02  9.2610e+00  7.4879e-04 3.1333e+02  9.2485e+00  7.8726e-04
3.1595e+02  9.235%9e+00  8.1872e-04 3.1860e+02  9.2232e+00  8.0997e-04
3.2127e+02  9.2104e+00  7.7533e-04 3.2395e+02  9.1975e+00  7.7211e-04
3.2666e+02  9.1845e+00  8.1586e-04 3.2940e+02  9.1713e+00  8.4110e-04
3.3215e+02  9.1581et+t00  8.1470e-04 3.34%4e+02  9.1447e+00  7.7179e-04
3.3774e+02  9.1327e+t00  8.0157e-04 3.4056e+02  9.1241e+00  9.3980e-04
34341et02  9.1176et00  9.7223e-04 3.4629%+02 9.1110et00  6.9630e-04
3.4918e+02  9.1044e+00  6.2106e-04 3.5211e+02  9.0978e+00  8.2066e-04
3.5505e+02  9.0911e+00  8.8634e-04 3.5802e+02  9.0843e+00  8.9285e-04
3.6102e+02  9.0774e+00  8.6155e-04 3.6405e+02  9.0705e+00  8.6149e-04
3.6709e+02  9.0636e+00  8.7985e-04 3.7016e+02  9.0566e+00  8.5846e-04
3.7325e+02  9.0495e+00  8.3870e-04 3.7638e+02  9.0424e+00  8.5831e-04
3.7953e+02  9.0352e+00  8.8682e-04 3.8271et02  9.0280et00  8.7461e-04
3.8591et02  9.0207e+00  8.7795e-04 3.8914e+02  9.0133e+00  8.9983e-04
3.923%9e+02  9.0059e+00  8.8621e-04 3.9568e+02  8.9984e+00  8.3359e-04
3.9899e+02  8.9908e+00  8.4499e-04 4.0233e+02  8.9832e+00  8.2694e-04
4.0570e+02  8.9755e+00  7.7319e-04 4.0910e+02  8.9678e+00  8.1819e-04
4.1251e+02  8.9620e+00  8.9788e-04 4.1597e+02  8.9611e+00  9.2605e-04
4.1944e+02  8.9633e+00  9.3441e-04 4.2296e+02  8.9654e+00  9.4991e-04
4.2650e+02  8.9676e+00  9.4670e-04 4.3007e+02  8.9698e+00  8.6651e-04
4.3366e+02 8.9720e+00  8.6668e-04 4.3729e+02  8.9743e+00  9.4693e-04
4.4095e+02  8.9765e+00  9.5365e-04 4.4464e+02  8.9788e+00  9.5844e-04
4.4837e+02  8.9811e+00  9.3506e-04 45212e+02  8.9834e+00  8.8872e-04
45590e+02  8.9857e+00  9.0956e-04 45072e+02  8.9881e+00  9.0608e-04
4.6356e+02  8.9904e+00  9.1682e-04 4.6744e+02  8.9928e+00  9.8045e-04
4.7136e+02  8.9952e+00  9.7891e-04 4.7530e+02  8.9976e+00  9.3298e-04
4.7927e+02  9.0001e+00  9.4060e-04 4.8328e+02  9.0026e+00  9.6931e-04
4.8733e+02  9.0051e+00  9.5541e-04 4.9140e+02  9.0076e+00  9.6578e-04
49551e+02  9.0101e+00  9.6191e-04 4.9966e+02  9.0126e+00  9.6546e-04
5.0385e+02  9.0152e+00  9.7016e-04 5.0807e+02 9.0178e+00  9.8042e-04
5.1232e+02  9.0204e+00  9.6473e-04 5.1660e+02  9.0231e+00  8.7685e-04
5.2092e+02  9.0257e+00  8.6263e-04 5.2528e+02 9.0284e+00  9.6276e-04
5.2968e+02  9.0311e+00  9.5105e-04 5.3412e+02  9.0338e+00  9.3753e-04
5.3858e+02  9.0366e+00  1.0052e-03 5.4309e+02  9.0394e+00  1.0222e-03
5.4763e+02  9.0421e+00  1.0144e-03 5.5222e+02  9.0450e+00  1.0060e-03
5.5684e+02  9.0478e+00  1.0038e-03 5.6150e+02  9.0507e+00  1.0179e-03
5.6620e+02  9.0493e+00 1.1167e-03 5.7093e+02  9.0411e+00  1.1187e-03
5.7571e+02  9.0301e+00  9.4292e-04 5.8053e+02  9.0190e+00  1.0253e-03
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5.8538e+02  9.0078e+00  1.2757e-03 5.9028e+02  8.9966e+00  1.0628e-03
5.9522e+02  8.9852e+00  9.3368e-04 6.0021e+02  8.9738e+t00  1.0914e-03
6.0523e+02  8.9622e+00  1.1146e-03 6.1029e+02  8.9506e+00  1.1888e-03
6.1539e+02  8.9388e+00  1.0771e-03 6.2054e+02  8.9270e+00  9.9656e-04
6.2574e+02  8.9151e+00  1.0692e-03 6.3098e+02  8.9030e+00  1.0944e-03
6.3626e+02  8.8909e+00  1.1483e-03 6.4159e+02  8.8786e+00  1.1595e-03
6.4695e+02  8.8663e+00  1.2865e-03 6.5237e+02  8.8538e+00  1.3991e-03
6.5783e+02  8.8413e+00  1.0208e-03 6.6333e+02  8.8286e+00  8.8728e-04
6.6888e+02  8.8159e+00  1.1216e-03 6.7448e+02  8.8030e+t00  1.1280e-03
6.8013e+02  8.7900e+00  1.1785e-03 6.8582e+02  8.7769e+00  1.1280e-03
6.9155e+02  8.7637e+00  1.0984e-03 6.9734e+02  8.7504e+00  1.2004e-03
7.0317e+02  8.7370e+00  1.1026e-03 7.0906e+02  8.7235e+00  1.0616e-03
7.1499e+02  8.7119e+00  1.1533e-03 7.2097e+02  8.7027e+00  1.1754e-03
7.2701et02  8.6937e+00  1.1631e-03 7.3310e+02  8.6847e+00  1.1601e-03
7.3923e+02  8.6756e+00  1.1817e-03 7.4541e+02  8.6665e+00  1.1412e-03
7.5165e+02  8.6572e+00  1.1417e-03 7.5794e+02  8.6479e+00  1.1445e-03
7.6429e+02  8.6385e+00  1.1563e-03 7.7068e+02  8.6290e+00  1.1732e-03
7.7713e+02  8.6195e+00  1.1612e-03 7.8363e+02  8.6098e+00  1.1321e-03
7.9019e+02  8.6001e+00  1.1464e-03 7.9680e+02  8.5903e+00  1.2217e-03
8.0347e+02  8.5804e+00  1.2175e-03 8.1019e+02 8.5704e+00  1.2627e-03
8.1698e+02  8.5604e+00  1.0995e-03 8.2381e+02  8.5503e+00  1.0172e-03
8.3070e+02  8.5423e+00  1.2123e-03 8.3765e+02  8.5399e+00  1.3298e-03
8.4466e+02  8.5409e+00  1.2483e-03 8.5173e+02  8.5418e+00  9.6983e-04
8.5886e+02  8.5428e+00  9.9375e-04 8.6605e+02  8.5438e+00  1.1630e-03
8.7329e+02  8.5448e+00  1.2194e-03 8.8060e+02  8.5458e+00  1.2281e-03
8.8797e+02  8.5468e+00  1.2023e-03 8.9540e+02  8.5478e+00  1.1401e-03
9.0289e+02  8.5488e+00  1.0984e-03 0.1045e+02  8.5499e+00  1.1543e-03
9.1807e+02  8.5509e+00  1.2200e-03 9.2575e+02  8.5520e+00  1.2929e-03
9.3350e+02  8.5530e+00  1.1207e-03 9.4131e+02  8.5541e+00  1.1718e-03
9.4918e+02  8.5552e+00  1.2293e-03 9.5713e+02  8.5563e+00  1.0627e-03
9.6514e+02  8.543%+00 1.1277e-03 0.7321e+02  8.5155e+00  1.3384e-03
90.8136e+02  8.4846e+00  1.3352e-03 9.8957e+02  8.4533e+00  1.0347e-03
9.9785e+02  8.4219e+00  1.0325e-03 1.0062e+03  8.3901e+00  1.1730e-03
1.0146e+03  8.3581et00  1.1752e-03 1.0231e+03  8.3258e+00  1.1447e-03
1.0317e+03  8.2931e+t00  1.2335e-03 1.0403e+03  8.2604e+00  1.3260e-03
1.0490e+03  8.2273e+00  1.1243e-03 1.0578e+03  8.1939e+00  1.0432e-03
1.0666e+03  8.1602e+00  1.1570e-03 1.0755e+03  8.1264e+00  1.1959e-03
1.0845e+03  8.0921e+00  1.2582e-03 1.0936e+03  8.0575e+00  1.1900e-03
1.1028e+03  8.0227e+00  1.0897e-03 1.1120e+03  7.9876e+00  1.1970e-03
1.1213e+03  7.9614e+00  1.3340e-03 1.1307e+03  7.9581e+00  1.1553e-03
1.1401e+03  7.9685e+00  9.1725e-04 1.1497e+03  7.9791e+00  1.1280e-03
1.1593e+03  7.9897e+00  1.2831e-03 1.1691e+03  8.0004e+00  1.1899e-03
1.1788e+03  8.0112e+00  1.2603e-03 1.1887e+03  8.0221e+00  1.1692e-03
1.1986e+03  8.0331et00  1.0891e-03 1.2087e+03  8.0441e+00  1.2135e-03
1.2188e+03  8.0554e+00  1.3727e-03 1.2200e+03  8.0666e+00  1.4937e-03
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1.2393e+03  8.0779e+00  1.1996e-03 1.2496e+03  8.0893e+00  1.0860e-03
1.2600e+03  8.1009e+00  1.1774e-03 1.2706e+03  8.1125e+00  1.1679e-03
1.2813e+03  8.1243e+00  1.2798e-03 1.2920e+03  8.1361e+00  1.2577e-03
1.3028e+03  8.1481e+00  1.2459e-03 1.3137e+03  8.1601e+00  1.2504e-03
1.3247e+03  8.1722e+00  1.2347e-03 1.3358e+03  8.1797e+00  1.2513e-03
1.3470e+03  8.1799e+00  1.2585e-03 1.3583e+03  8.1777e+00  1.2671e-03
1.3696e+03  8.1754e+00  1.3431e-03 1.3811e+03  8.1732e+00  1.2836e-03
1.3926e+03  8.1709e+00  1.1354e-03 1.4043e+03  8.1686e+00  1.1568e-03
14160e+03  8.1663e+00  1.1743e-03 1.4278e+03  8.1640e+00  1.1720e-03
1.4398e+03  8.1616e+00  1.2098e-03 1.4518e+03  8.1592e+00  1.2730e-03
1.4640e+03  8.1568e+00  1.1807e-03 1.4763e+03  8.1465e+00  1.1203e-03
1.4886e+03  8.1279e+00  1.2512e-03 1.5010e+03  8.1088e+00  1.3348e-03
15136e+03  8.0896e+00  1.1398e-03 1.5263e+03  8.0701e+00  1.0358e-03
15391e+03  8.0505e+00  1.1395e-03 15519e+03  8.0308e+00  1.1146e-03
1.5649e+03  8.0109e+00  1.2108e-03 15781e+03  7.9908e+00  1.3068e-03
15913e+03  7.9706e+00  1.0867e-03 1.6045e+03  7.9502e+00  9.6775e-04
1.6179e+03  7.9297e+00  1.0164e-03 1.6315e+03  7.9089e+00  1.0788e-03
1.6452e+03  7.8880e+00  1.1313e-03 1.6590e+03  7.8669e+00  1.1000e-03
1.6728e+03  7.8456e+00  1.0920e-03 1.6868e+03  7.8241e+00  1.1099e-03
1.7009e+03  7.8025e+00  1.0583e-03 1.7152e+03  7.7808e+00  1.0075e-03
1.7295e+03  7.7588e+00  1.1071e-03 1.7440e+03  7.7365e+00  1.1284e-03
1.7586e+03  7.7142e+00  1.1943e-03 1.7733e+03  7.6982e+00  9.7512e-04
1.7882e+03  7.6920e+00  8.1158e-04 1.8031e+03  7.6893e+00  9.8680e-04
1.8182e+03  7.6865e+00  1.0159e-03 1.8335e+03  7.6838e+00  9.7996e-04
1.8488e+03  7.6809e+00  9.5865e-04 1.8643e+03  7.6781e+t00  9.7595e-04
1.8798e+03  7.6753e+t00  9.6063e-04 1.8956e+03  7.6724e+00  8.9992e-04
1.9114e+03  7.6695e+00  8.8162e-04 1.9274e+03  7.6666e+00  1.0102e-03
1.9435e+03  7.6636e+00  1.1391e-03 1.9598e+03  7.6607e+00  8.2348e-04
1.9762e+03  7.6577e+t00  6.4775e-04 1.9928e+03  7.6546e+00  8.5982e-04
2.0095e+03  7.6516e+00  7.9876e-04 2.0263e+03  7.6485e+00  7.3842e-04
2.0432e+03  7.6454e+00  7.7590e-04 2.0603e+03  7.6423e+00  7.6245e-04
2.0775e+03  7.6391e+00  7.2856e-04 2.0949e+03  7.6360e+00  7.1228e-04
2.1125e+03  7.6328e+00  7.5350e-04 2.1302e+03  7.6295e+00  7.0408e-04
2.1479e+03  7.6257e+00  6.7714e-04 2.1659e+03  7.6211e+00  6.6612e-04
2.1841e+03  7.6163e+00  5.7917e-04 2.2024e+03  7.6115e+00  5.6661e-04
2.2208e+03  7.6067e+00  5.9401e-04 2.2394e+03  7.6018e+00  5.7997e-04
2.2581e+03  7.5969e+00  5.0828e-04 2.2770e+03  7.5920e+00  4.7368e-04
2.2961e+03  7.5870e+00  4.7469e-04 2.3153e+03  7.5820e+00  4.6384e-04
2.3346e+03  7.5769e+00  4.2831e-04 2.3542e+03  7.5718e+00  3.9660e-04
2.3738e+03  7.5666e+00  3.8602e-04 2.3937e+03  7.5614e+00  3.7432e-04
2.4138e+03  7.5561e+00  3.4698e-04 2.4339e+03  7.5509e+00  2.9974e-04
2.4543e+03  7.5455e+00  2.8169e-04 2.4748e+03  7.5401e+00  2.6511e-04
2.4956e+03  7.5347e+00  2.5112e-04 25164e+03  7.5292e+00  2.4695e-04
2.5375e+03  7.5237e+00  2.0943e-04 2.5588e+03  7.5182e+00  1.8033e-04
2.5802e+03  7.5125e+00  1.6141e-04 2.6018e+03  7.5069e+00  1.4221e-04
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2.6235e+03  7.5012e+00  1.3565e-04 2.6454e+03  7.4954e+00  1.2109e-04
2.6676e+03  7.489%6e+00  1.0753e-04 2.6899e+03  7.4838et00  9.6432e-05
2.7124e+03  7.477%+00  8.6299e-05 2.7351e+03  7.4719e+00  7.8119e-05
2.7580e+03  7.4659e+00  7.1258e-05 2.7811e+03  7.4599e+00  6.6330e-05
2.8044e+03  7.4553e+00  6.3130e-05 2.8279e+03  7.4530e+t00  6.2344e-05
2.8515e+03  7.4517e+00  6.0075e-05 2.8754e+03  7.4504e+00  5.9528e-05
2.8994e+03  7.4490e+00  6.2924e-05 2.9237e+03  7.4477e+00  6.6842e-05
2.9482e+03  7.4463e+00  7.2241e-05 2.9728e+03  7.4450e+00  7.8137e-05
2.9977e+03  7.4436e+00  8.4490e-05 3.0228e+03  7.4422e+00  9.2374e-05
3.0481e+03  7.4407e+00  1.0227e-04 3.0736e+03  7.4393e+00  1.1201e-04
3.0993e+03  7.437%+00  1.2190e-04 3.1253e+03  7.4364e+00  1.3363e-04
3.1514e+03  7.4350e+t00  1.4353e-04 3.1778e+03  7.4335e+00 1.5271e-04
3.2043e+03  7.4320et00  1.6665e-04 3.2311e+t03  7.4305e+00  1.8303e-04
3.2582e+03  7.4290et00  1.9274e-04 3.2855e+03  7.4275e+00  2.0050e-04
3.3130et03  7.4260et00  2.1224e-04 3.3407e+03  7.4244e+00  2.2251e-04
3.3687e+03  7.4228e+00  2.3985e-04 3.3969e+03  7.4213e+t00  2.5934e-04
3.4253e+03  7.4197e+00  2.5899e-04 3.4539%e+03  7.4174et00  2.5765e-04
3.4829e+03  7.4144et00 2.7757e-04 3.5120e+03  7.4113e+t00  3.0527e-04
3.5413e+03  7.4082e+00  2.9945e-04 3.5710e+03  7.4051et00  3.0098e-04
3.6009e+03  7.4019e+00  3.1072e-04 3.6311e+t03  7.3987e+t00  3.1673e-04
3.6615e+03  7.3955e+00  3.3083e-04 3.6921e+03  7.3923e+00  3.2880e-04
3.7229e+03  7.3890e+00  3.3981e-04 3.7541e+03  7.3857e+00  3.3478e-04
3.7855e+03  7.3824e+00  3.4350e-04 3.8172e+03  7.3790e+00  3.6507e-04
3.8492e+03  7.3757e+00  3.5919e-04 3.8814e+03  7.3723e+00  3.4538e-04
3.9138e+03  7.3688e+00  3.3724e-04 3.9466e+03  7.3654e+00  3.4938e-04
3.9796e+03  7.3619e+00  3.6394e-04 4.0129e+03  7.3584e+00  3.6566e-04
4.0464e+03  7.3548e+00  3.6119e-04 4.0803e+03  7.3512e+00  3.6555e-04
4.1145e+03  7.3476e+00  3.7655e-04 4.1489e+03  7.3440e+00  3.6650e-04
4.1836e+03  7.3403e+00  3.6201e-04 4.2186e+03  7.3366e+00  3.8155e-04
4.253%e+03  7.3329e+00  3.8859e-04 4.2896e+03  7.3295e+00  3.7477e-04
4.3255e+03  7.3263e+00  3.7133e-04 4.3616e+03  7.3230e+00  3.8533e-04
4.3981e+03  7.3197e+00  3.9199e-04 4.4349e+03  7.3164e+00  4.0519e-04
4.4720e+03  7.3130e+00  4.0265e-04 4.5095e+03  7.3096e+00  3.9037e-04
45473e+03  7.3062e+00  3.9631e-04 45853e+03  7.3028e+00  4.0514e-04
4.6236e+03  7.2993e+00  4.1462e-04 4.6624e+03  7.2958e+00  4.1143e-04
4.7014e+03  7.2923e+00  4.1135e-04 4.7406e+03  7.2888e+00  4.2313e-04
4.7804e+03  7.2852e+00  4.2112e-04 4.8204e+03  7.2816e+00  4.2167e-04
4.8607e+03  7.2779e+00  4.2990e-04 4.9014e+03  7.2742e+00  4.2525e-04
4.9424e+03  7.2705e+00  4.2930e-04 4.9838e+03  7.2668e+00  4.3637e-04
5.0255e+03  7.2630e+00  4.3691e-04 5.0675e+03  7.2592e+00  4.3599e-04
5.1099e+03  7.2554e+00  4.3637e-04 5.1526e+03  7.2515e+00  4.4593e-04
5.1958e+03  7.2476e+00  4.4862e-04 5.2393e+03  7.2437e+00  4.4333e-04
5.2831e+03  7.2385e+00  4.4088e-04 5.3273e+03  7.2319e+00  4.3301e-04
5.3719e+03  7.2250e+00  4.3170e-04 5.4169e+03  7.2180e+00  4.3737e-04
5.4621e+03  7.2110e+00  4.0730e-04 5.5079e+03  7.203%e+00  3.8072e-04
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5.5539e+03  7.1968e+00  3.8287e-04 5.6004e+03  7.1896e+00  3.5870e-04
5.6474e+03  7.1823e+00  3.3938e-04 5.6946e+03  7.1750e+00  3.6263e-04
5.7423e+03  7.1676e+00  3.9932e-04 5.7903e+03  7.1601e+00  4.1416e-04
5.8388e+03  7.1526e+00  4.2423e-04 5.8876e+03  7.1451e+00  4.2662e-04
5.9369e+03  7.1374e+00  4.3028e-04 5.9866e+03  7.1297e+00  4.2629e-04
6.0366e+03  7.1220e+00  4.0870e-04 6.0871e+03  7.1141e+00  4.2440e-04
6.1381e+03  7.1062e+00  3.8184e-04 6.1895e+03  7.0983e+00  3.4636e-04
6.2413e+03  7.0902e+00  3.7630e-04 6.2935e+03  7.0821e+00  3.8205e-04
6.3461e+03  7.0740e+00  4.0117e-04 6.3993e+03  7.0658e+00  4.1510e-04
6.4528e+03  7.0575e+00  4.1539e-04 6.5068e+03  7.0515e+00  4.0090e-04
6.5613e+03  7.0491e+00  3.9777e-04 6.6161e+03  7.0480e+00  4.2921e-04
6.6715e+03  7.0468e+00  4.2127e-04 6.7274e+03  7.0457e+00  4.0396e-04
6.7836e+03  7.0445e+00  4.1728e-04 6.8404e+03  7.0434e+00  4.0984e-04
6.8976e+03  7.0422e+00  3.9440e-04 6.9554e+03  7.0410e+00  4.0339e-04
7.0136e+03  7.0398e+00  4.0382e-04 7.0723e+03  7.0386e+00  4.0355e-04
7.1315e+03  7.0374e+00  3.9720e-04 7.1912e+03  7.0362e+00  3.8477e-04
7.2513e+03  7.0349e+00  3.6591e-04 7.3120e+03  7.0337e+00  3.5190e-04
7.3732e+03  7.0324e+00  3.4259e-04 7.4349e+03  7.0312e+00  3.2794e-04
7.4971e+t03  7.0299e+00  3.1401e-04 7.5598e+03  7.0286e+00  2.9124e-04
7.6231e+t03  7.0273e+t00  2.8096e-04 7.6869e+03  7.0260e+00  2.7867e-04
7.7512e+03  7.0247e+00  2.6865e-04 7.8161e+03  7.0233e+00  2.6366e-04
7.8815e+03  7.0220e+00  2.7092e-04 7.9474e+03  7.0206e+00  2.7840e-04
8.0139e+03  7.0193e+00  2.7532e-04 8.0810e+03  7.0179e+00  2.8093e-04
8.1487e+03  7.0165e+00  2.8737e-04 8.2168e+03  7.0151e+00  2.8277e-04
8.2855e+03  7.0133e+00  2.8765e-04 8.3549e+03  7.0105e+00  3.0072e-04
8.4248e+03  7.0072e+00  3.1389%e-04 8.4953e+03  7.0038e+00  3.1871e-04
8.5664e+03  7.0004e+00  3.2743e-04 8.6381e+03  6.9969%e+00  3.3575e-04
8.7104e+03  6.9934e+00  3.4351e-04 8.7833e+03  6.9899e+00  3.5127e-04
8.8568e+03  6.9864e+00  3.5564e-04 8.9309e+03  6.9828e+00  3.6358e-04
9.0056e+03  6.9792e+00  3.6831e-04 9.0810e+03  6.9756e+00  3.6762e-04
9.1570e+03  6.9720e+00  3.7238e-04 9.2336e+03  6.9683e+00  3.8708e-04
9.3109e+03  6.9646e+00  3.9467e-04 0.3888e+03  6.9608e+00  3.8601e-04
9.4673e+03  6.9570e+00  3.8824e-04 9.5466e+03  6.9532e+00  3.9308e-04
9.6265e+03  6.9494e+00  3.9160e-04 9.7070e+03  6.9455e+00  4.0263e-04
0.7883e+03  6.9416e+00  4.0474e-04 9.8701e+03  6.9377e+00  4.1015e-04
9.9528e+03  6.9337e+00  4.1345e-04 1.0036e+04  6.9297e+00  3.9881e-04
1.0120e+04  6.9256e+00  3.8933e-04 1.0205e+04  6.9212e+00  4.0534e-04
1.0290e+04  6.9167e+00  4.1048e-04 1.0376e+04  6.9122e+00  3.8687e-04
1.0463e+04 6.9076e+00  3.8861e-04 1.0551e+04  6.9030e+00  4.0644e-04
1.0639e+04  6.8984e+00  4.0624e-04 1.0728e+04  6.8937e+00  4.0199e-04
1.0818e+04  6.8890e+00  4.1630e-04 1.0909e+04  6.8842e+00  4.0749e-04
1.1000e+04  6.8794e+00  3.9413e-04 1.1092e+04  6.8746e+00  3.9175e-04
1.1185e+04  6.8697e+00  3.9438e-04 1.1278e+04  6.8648e+00  4.0918e-04
1.1373e+04  6.8598e+00  4.0082e-04 1.1468e+04  6.8548e+00  3.8386e-04
1.1564e+04  6.8498e+00  3.8308e-04 1.1661e+t04  6.8447e+00  3.7431e-04
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1.1758e+04  6.8396e+00 3.5197e-04 1.1857e+04  6.8344e+00  3.4794e-04
1.1956e+04  6.8292e+00  3.4204e-04 1.2056e+04  6.8239e+00  3.3053e-04
1.2157e+04  6.8186e+00  3.2622e-04 1.2258e+04  6.8133e+00  3.1257e-04
1.2361e+04  6.8079e+00  3.0774e-04 1.2464e+04  6.8024e+00  3.0689e-04
1.256%9e+04  6.7969e+00  2.9256e-04 1.2674e+04  6.7914e+00  2.9396e-04
1.2780e+04  6.7858e+00  3.0323e-04 1.2887e+04  6.7802e+00  2.9964e-04
1.2995e+04  6.7745e+00  3.0419e-04 1.3104e+04  6.7705e+00  3.1197e-04
1.3213e+04  6.7691e+00  3.0366e-04 1.3324e+04  6.7685e+00  3.1438e-04
1.3435e+04  6.7679e+00  3.3872e-04 1.3548e+04  6.7674e+00  3.3584e-04
1.3661e+04  6.7668e+00  3.4058e-04 1.3775e+04  6.7662e+00  3.5947e-04
1.3890e+04  6.7656e+00  3.6464e-04 1.4007e+04  6.7650e+00  3.7864e-04
14124e+04  6.7644e+00  3.8645e-04 1.4242e+04  6.7638e+00  3.7044e-04
1.4361e+t04 6.7632e+00  3.6023e-04 1.4482e+04  6.7626e+00  3.4905e-04
1.4603e+04  6.7620e+00  3.2088e-04 14725e+04  6.7614e+00  2.8700e-04
1.4848e+04  6.7608e+00  2.5739%e-04 1.4972e+04  6.7601e+00  2.3155e-04
1.5097e+04  6.7595e+00  2.0871e-04 15224e+04  6.7589e+00  1.9354e-04
15351e+04 6.7582e+00  1.8677e-04 15480e+04 6.7576e+00  1.8651e-04
1.5609e+04  6.7569e+00  1.9308e-04 15740e+04  6.7562e+00  2.0183e-04
15871e+04  6.7547e+00  2.1336e-04 1.6004e+04  6.7523e+00  2.2127e-04
1.6138e+04  6.7496e+00  2.2417e-04 16273e+04  6.7469e+00  2.3348e-04
1.6410e+04  6.7442e+00  2.4644e-04 1.6547e+04  6.7415e+00  2.4987e-04
1.6686e+04 6.7387e+t00  2.5368e-04 1.6825e+04  6.7360e+00  2.6003e-04
1.6966e+04 6.7332e+t00  2.6616e-04 1.7108e+04  6.7304e+00  2.7158e-04
1.7251e+04  6.7275e+00  2.7076e-04 1.7395e+04  6.7247e+00  2.7566e-04
1.7541e+04  6.7218e+t00  2.8465e-04 1.7688e+04  6.7189e+00  2.8427e-04
1.7836e+04  6.7160e+t00  2.7934e-04 1.7985e+04  6.7130e+00  2.8844e-04
1.8136e+04  6.7100et00  2.8663e-04 1.8287e+04  6.7070e+00  2.8690e-04
1.8440e+04  6.7040e+t00  2.9686e-04 1.8595e+04  6.7009e+00  2.9326e-04
1.8750e+04  6.6978e+00  2.9996e-04 1.8907e+04  6.6947e+00  2.9433e-04
1.9065e+04  6.6916e+00  2.8667e-04 1.9225e+04  6.6884e+00  2.9862e-04
1.9386e+04 6.6852e+00  3.0496e-04 1.9548e+04  6.6820e+00  2.9100e-04
19711e+04 6.6788et+t00  2.8866e-04 1.9876e+04  6.6755e+00  2.9749e-04
2.0043e+04  6.6722e+00  2.9405e-04 2.0210et+04  6.6689e+00  3.0066e-04
2.0379e+04  6.6655e+00  3.1065e-04 2.0550e+04  6.6622e+00  3.0706e-04
2.0722e+04  6.6595e+00  2.9900e-04 2.0895e+04  6.6581e+00  3.0204e-04
2.1070e+04  6.6572e+00  3.0665e-04 2.1247e+04  6.6562e+00  3.0010e-04
2.1424e+04  6.6553e+00  2.9394e-04 2.1603e+04  6.6543e+00 2.9011e-04
2.1784e+04  6.6534e+00  2.9274e-04 2.1967e+04  6.6524e+00  2.9902e-04
2.2151e+04  6.6514e+00  2.9139%e-04 2.2336et+04  6.6504e+00  2.8253e-04
2.2523e+04  6.6494e+00  2.7565e-04 2.2711et04  6.6484e+00  2.6223e-04
2.2901e+04  6.6474e+00  2.6219e-04 2.3093e+04  6.6464e+00  2.7810e-04
2.3286e+04  6.6453e+00  2.8048e-04 2.3481e+t04  6.6443e+00  2.8663e-04
2.3678e+04  6.6432e+00  2.8778e-04 2.3876e+04  6.6422e+00  2.9564e-04
2.4076e+04  6.6411e+00  3.1399e-04 24277e+04  6.6400e+00  3.2600e-04
2.4480e+04  6.638%9e+00  3.4322e-04 2.4685e+04  6.6378e+00  3.7360e-04
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2.4892e+04  6.6367e+00  3.9796e-04 2.5100e+04  6.6356e+00  4.0175e-04
2.5310e+04  6.6345e+00  4.1379e-04 2.5522e+04  6.6334e+00  4.2059e-04
25735e+04  6.6322e+00  4.0226e-04 2.5950e+04  6.6311e+t00  3.8796e-04
2.6167e+04  6.6305e+00  3.6681e-04 2.6386e+04  6.6305e+00  3.1557e-04
2.6607e+04  6.6307e+00  2.5845e-04 2.6830e+04  6.6309e+00  2.1010e-04
2.6971e+04  6.6310e+t00  1.7563e-04 2.7084e+04  6.6311e+00  1.3928e-04
2.7281e+04  6.6312e+00  1.0087e-04 2.7509e+04  6.6314e+00  7.5385e-05
2.7740e+04  6.6315e+00  6.3506e-05 2.7972e+04  6.6317e+00  6.3007e-05
2.8206e+04  6.6319e+00  6.8578e-05 2.8412e+04  6.6321e+t00  7.3787e-05
2.8530e+04  6.6322e+00  7.7671e-05 2.8680e+04  6.6324e+00  8.5728e-05
2.8920e+04  6.6327e+00  9.7973e-05 2.9162e+04  6.6330e+t00  1.0926e-04
2.9406e+04  6.6334e+00  1.1955e-04 2.9652e+04  6.6337e+00  1.2805e-04
2.9900e+04  6.6340e+00  1.3670e-04 3.0150e+04  6.6343e+00  1.4676e-04
3.0403e+04  6.6346e+00  1.5238e-04 3.0657e+t04  6.6350et00  1.5734e-04
3.0913e+t04  6.6353e+t00  1.6296e-04 3.1172e+t04  6.6356e+00  1.6680e-04
3.1433e+04  6.6360et00  1.6751e-04 3.1696e+04  6.6363e+t00  1.7024e-04
3.1961et04  6.6366e+t00  1.7520e-04 3.2229e+04  6.6370et00  1.7584e-04
3.2499e+04  6.6373et00 1.7781le-04 3.2771et04  6.6377et00  1.8190e-04
3.3045e+04  6.6381let00  1.8513e-04 3.3321et04  6.6386et00  1.8626e-04
3.3600et04  6.6392e+00  1.8977e-04 3.3881let04  6.6399e+00  1.9105e-04
3.4165e+04  6.6406e+00  1.8998e-04 3.4451et04  6.6412e+00  1.9089e-04
3.473%+04  6.6419e+00  1.9357e-04 3.5029e+04  6.6426e+00  1.9868e-04
3.5323e+04  6.6433e+00  1.9576e-04 3.5618e+04  6.6439e+00  1.9190e-04
3.5016e+04  6.6446e+00  1.8844e-04 3.6217e+04  6.6453e+00  1.8524e-04
3.6520e+04  6.6460e+00  1.8578e-04 3.6826e+04  6.6468e+00  1.8442e-04
3.7134e+04  6.6475e+00  1.8468e-04 3.7444e+04  6.6482e+00  1.8503e-04
3.7758e+04  6.6489e+00  1.8599e-04 3.8074e+04  6.6497e+00  1.8671e-04
3.8392e+04  6.6504e+00  1.8492e-04 3.8714e+04  6.6512e+00  1.8454e-04
3.9038e+04  6.6528e+00  1.8674e-04 3.9364e+04  6.6554e+00  1.8620e-04
3.9694e+04  6.6583e+00  1.8328e-04 4.0026e+04  6.6611e+00  1.8369e-04
4.0361et04  6.6640e+00  1.8622e-04 4.0699e+04  6.6669e+00  1.8585e-04
4.103%e+04  6.6698e+00  1.8306e-04 4.1383e+04  6.6727e+00  1.8312e-04
4.1729e+04  6.6757e+00  1.8394e-04 4.2078e+04  6.6787e+00  1.8284e-04
4.2430e+t04  6.6817e+00  1.8252e-04 4.2785e+04  6.6847e+00  1.7739%e-04
4.3143e+04  6.6878e+00  1.7914e-04 4.3504e+04  6.6909e+00  1.8506e-04
4.3868e+04  6.6940e+00  1.8627e-04 4.4235e+04  6.6971e+00  1.9265e-04
4.4605e+04  6.7003e+00  1.9796e-04 4.4979e+04  6.7035e+00  1.9932e-04
45355e+04  6.7067e+00  2.0551e-04 45735e+04  6.7100e+00  2.0037e-04
4.6117e+04  6.7133e+00  1.9724e-04 4.6503e+04  6.7166e+00  2.0682e-04
4.6892e+04  6.7199e+00  2.0486e-04 4.7285e+04  6.7233e+00  2.0137e-04
4.7681et04  6.7266e+00  1.9672e-04 4.8080e+04  6.7297e+00  1.8768e-04
4.8482e+04  6.7323e+00  1.7905e-04 4.8888e+04  6.7348e+00  1.6326e-04
49297e+04  6.7372e+00  1.3929e-04 4.9709e+04  6.7397e+00  1.1562e-04
5.0125e+04  6.7422e+00  9.8404e-05 5.0545e+04  6.7448e+00  9.5342e-05
5.0968e+04  6.7473e+00  1.0073e-04 5.1394e+04  6.7499e+00  1.0018e-04
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5.1824e+04  6.7525e+00  8.7055e-05 5.2258e+04  6.7551e+00  7.2639e-05
5.2695e+04  6.7577e+00  6.6087e-05 5.3136e+04  6.7604e+00  7.3833e-05
5.3581e+04  6.7630e+00  9.6167e-05 5.4029e+04  6.7657e+00  1.1578e-04
5.4481e+04  6.7685e+00  1.2687e-04 54937e+04  6.7712e+00  1.3402e-04
5.5397e+04  6.7740e+00  1.4106e-04 5.5860e+04  6.7768e+00  1.4721e-04
5.6328e+04  6.7796e+00  1.4978e-04 5.6799e+04  6.7824e+00  1.5133e-04
5.7274e+04  6.7853e+00  1.4659e-04 5.7754e+04  6.7882e+00  1.4952e-04
5.8237e+04  6.7911e+00  1.6057e-04 5.8724e+04  6.7940e+00  1.6105e-04
5.9216e+04  6.7970e+00  1.5756e-04 5.9711e+04  6.8000e+00  1.6029e-04
6.0211e+04  6.8030e+00  1.6642e-04 6.0715e+04  6.8060e+00  1.6545e-04
6.1223e+04  6.8092e+00  1.5816e-04 6.1735e+04  6.8126e+00  1.4928e-04
6.2252e+04  6.8162e+00  1.3922e-04 6.2773e+04  6.8198e+00  1.2843e-04
6.3298e+04  6.8235e+00 1.2121e-04 6.3827e+04  6.8271et00  1.1826e-04
6.4362e+04  6.8308e+t00  1.1651e-04 6.4901e+04  6.8346e+00  1.1342e-04
6.5444e+04  6.8384e+00  1.1427e-04 6.5991e+04  6.8422e+00  1.1916e-04
6.6543e+04  6.8460e+t00  1.2334e-04 6.7100e+04  6.8499e+00 1.2751e-04
6.7661et04  6.8538e+t00  1.3132e-04 6.8228e+04  6.8577e+t00  1.3629e-04
6.8799e+04  6.8617e+t00  1.4396e-04 6.9374e+04  6.8657e+00  1.5083e-04
6.9955e+04  6.8697e+00  1.5416e-04 7.0540e+04  6.8738e+00  1.5361e-04
7.1131et04  6.8779et00  1.4859e-04 7.1726e+04  6.8820e+00  1.4385e-04
7.2326et04  6.8862e+00  1.3958e-04 7.2931e+t04  6.8904e+00  1.2300e-04
7.3542e+04  6.8946e+00  8.1069e-05 7.4157e+04  6.8989%e+00  6.4797e-05
7.4778e+04  6.9031e+00  8.6976e-05 7.5403e+04  6.9070e+00  1.0150e-04
7.6034e+04  6.9108e+00  1.0819e-04 7.6671et+t04  6.9147e+00  1.1288e-04
7.7312e+04  6.9185e+00  1.2109e-04 7.7959e+04  6.9224e+00  1.3318e-04
7.8612e+04  6.9264e+00  1.4415e-04 7.9220e+04  6.9300e+00  1.5004e-04
7.9550e+04  6.9320e+00  1.5486e-04 7.9933e+04  6.9343e+00  1.5821e-04
8.0602e+04  6.9383e+00  1.6523e-04 8.1276e+04  6.9424e+00  1.7022e-04
8.1956e+04  6.9465e+00  1.5967e-04 8.2399e+04  6.9492e+00  1.4009e-04
8.2743e+04  6.9512e+00  1.0361e-04 8.3334e+04  6.9548e+00  6.6024e-05
8.4031e+04  6.9590e+00  6.2304e-05 8.4734e+04  6.9632e+00  7.8197e-05
8.5443e+04  6.9675e+00  8.9972e-05 8.6158e+04  6.9718e+00  9.5611e-05
8.6879e+04  6.9762e+00  9.9978e-05 8.7606e+04  6.9805e+00  1.0563e-04
8.833%9e+04  6.9850e+00  1.0933e-04 8.9078e+04  6.9894e+00  1.1129e-04
8.9824e+04  6.9939e+00  1.0941e-04 9.0576e+04  6.9984e+00  1.1075e-04
9.1334e+04  7.0030e+00  1.1417e-04 9.2098e+04  7.0076e+00  1.1164e-04
9.2868e+04  7.0122e+00  1.0680e-04 9.3646e+04  7.0169e+00  1.0057e-04
9.4430e+04  7.0216e+00  9.2268e-05 9.5220e+04  7.0264e+00  8.6436e-05
9.6016e+04  7.0312e+00  8.3856e-05 9.6820e+04  7.0353e+00  8.0362e-05
9.7630e+04  7.0383e+00  7.6113e-05 0.8447e+04  7.0409e+00  7.4707e-05
9.9271e+04  7.0435e+00  7.7349e-05 1.0010e+05  7.0461e+00  8.0779e-05
1.0094e+05  7.0488e+00  8.3830e-05 1.0179e+05  7.0515e+00  8.4673e-05
1.0264e+05  7.0542e+00  8.7664e-05 1.0350e+05  7.0569e+00  9.2869e-05
1.0437e+05  7.0597e+00  9.5719e-05 1.0524e+05  7.0624e+00  9.5926e-05
1.0612e+05  7.0652e+00  9.5766e-05 1.0701e+05  7.0681e+00  9.1154e-05
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1.0790e+05  7.0709e+00  8.2214e-05 1.0880e+05  7.0738e+00  8.0431e-05
1.0971e+05  7.0767e+00  8.3614e-05 1.1063e+05  7.0796e+00  8.4004e-05
1.1156e+05  7.0825e+00  8.4025e-05 1.1249e+05  7.0855e+00  8.7817e-05
1.1343e+05  7.0885e+00  9.0914e-05 1.1438e+t05 7.0915e+00  9.2167e-05
1.1534e+05  7.0946e+00  9.3711e-05 1.1631e+05 7.0976e+00  9.5396e-05
1.1728e+05  7.1016e+00  9.5738e-05 1.1826e+05 7.1067e+00  9.5369e-05
1.1925e+05  7.1119e+00  9.4560e-05 1.2024e+05  7.1172e+00  9.2579e-05
1.2125e+05  7.1225e+00  8.3033e-05 1.2226e+05  7.1279e+00  7.6512e-05
1.2329e+05  7.1334e+00  7.9533e-05 1.2432e+05  7.1389e+00  8.3997e-05
1.2536e+05  7.1444e+00  9.0901e-05 1.2640e+05  7.1499e+00  9.4032e-05
1.2747e+05  7.1556e+00  9.4159e-05 1.2854e+05 7.1613e+00  8.1826e-05
1.2961e+05 7.1670et+t00  6.7388e-05 1.3070e+05  7.1727e+00  8.0955e-05
1.3179e+05 7.1786e+00  1.0461e-04 1.3289e+05  7.1844e+00  1.1643e-04
1.3400e+05  7.1903e+00  1.2178e-04 1.3513e+05  7.1963e+00  1.2253e-04
1.3626e+05  7.2023e+00  1.1310e-04 1.3740e+05 7.2083e+00  9.8113e-05
1.3855e+05  7.2144e+00  7.6040e-05 1.3970e+05  7.2206e+00  4.9975e-05
1.4087e+05  7.2268e+00  3.9706e-05 1.4205e+05  7.2331e+00  4.0753e-05
14324e+05  7.2394e+00  4.6185e-05 1.4444e+05  7.2458e+00  5.2403e-05
1.4565e+05  7.2522e+00  5.5283e-05 1.4687e+05  7.2586e+00  5.7656e-05
1.4810e+05 7.2652e+00  5.9747e-05 1.4934e+05  7.2718e+00  6.3535e-05
1.5059e+05  7.2784e+00  6.7155e-05 15185e+05 7.2851e+00  6.9177e-05
15312e+05 7.2907e+00  7.0316e-05 1.5440e+05  7.2946e+00  7.0281e-05
1.5569e+05 7.2978e+00  6.7578e-05 1.5699e+05  7.3010e+00  6.4240e-05
1.5830e+05  7.3042e+00  6.2836e-05 1.5963e+05 7.3075e+00  6.2735e-05
1.6096e+05  7.3108et00  6.3302e-05 1.6231e+05  7.3142e+00  6.5638e-05
1.6367e+05 7.3175e+00  6.8902e-05 1.6504e+05  7.3209e+00  7.1108e-05
1.6642e+05  7.3243e+t00  7.3226e-05 1.6781e+05 7.3278e+00  6.1531e-05
1.6922e+05 7.3312e+00  4.9438e-05 1.7063e+05  7.3347e+00  5.3608e-05
1.7206e+05  7.3383et+t00  5.7426e-05 1.7350e+05  7.3418e+00  6.0354e-05
1.7495e+05  7.3454e+00  6.6781e-05 1.7642e+05  7.3491e+00  7.2549e-05
1.7789e+05  7.3527e+00  7.5598e-05 1.7938e+05  7.3564e+00  7.7273e-05
1.8089%e+05 7.3601et00  8.1326e-05 1.8240e+05  7.3639e+00  8.2548e-05
1.8393e+05 7.3676e+00  7.5800e-05 1.8546e+05  7.3714e+00  6.1536e-05
1.8701e+05  7.3753e+t00  4.4980e-05 1.8858e+05  7.3791e+00  3.8264e-05
1.9016e+05  7.3830et00  4.0128e-05 1.9175e+05  7.3870e+00  4.1775e-05
1.9336e+05  7.3910e+00  4.3348e-05 1.9497e+05  7.3950e+00  4.4974e-05
1.9660e+05  7.3990e+00  4.4271e-05 1.9825e+05  7.4031e+00  4.3208e-05
1.9991e+05 7.4072e+00  4.3486e-05 2.0158e+05 7.4113e+00  4.5968e-05
2.0327e+05  7.4155e+00  4.7615e-05 2.0497e+05 7.4197e+00  4.5866e-05
2.0668e+05  7.4239%e+00  4.5727e-05 2.0841e+05 7.4282e+00  4.7454e-05
2.1016e+05  7.4325e+00  4.8457e-05 2.1192e+05  7.4369e+00  4.9694e-05
2.1369e+05  7.4413e+00  5.1426e-05 2.1548e+05  7.4451e+00  5.2854e-05
2.1728e+05  7.4481e+00  5.4660e-05 2.1910e+05  7.4508e+00  4.7183e-05
2.2093e+05  7.4536e+00  3.9809e-05 2.2278e+05  7.4564e+00  4.2836e-05
2.2465e+05  7.4592e+00  4.5256e-05 2.2653e+05  7.4620e+00  4.7170e-05
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2.2842e+05  7.4648e+00  4.7818e-05 2.3033e+05  7.4677e+00  4.5206e-05
2.3226e+05  7.4706e+00  4.0646e-05 2.3421e+05  7.4735e+00  3.6369e-05
2.3617e+05  7.4764e+00  3.4404e-05 2.3814e+05  7.4794e+00  3.6827e-05
24013e+05  7.4824e+t00  4.0251e-05 24214e+05  7.4854e+00  4.1694e-05
24417e+05  7.4884e+00  3.8702e-05 24621e+05  7.4915e+00  3.6505e-05
24827e+05  7.4946e+00  3.8242e-05 2.5035e+05  7.4977e+00  3.9111e-05
2.5244e+05  7.5008e+00  4.0064e-05 2.5456e+05  7.5040e+00  4.2042e-05
2.5669e+05  7.5072e+00  4.2192e-05 2.5883e+05  7.5104e+00  4.3195e-05
2.6100e+05  7.5138e+00  4.5637e-05 2.6319e+05  7.5172e+00  4.6868e-05
2.653%e+05 7.5207e+t00  4.7524e-05 2.6761et05  7.5243e+00  4.8050e-05
2.6985e+05  7.5278e+00  4.9242e-05 2.7211e+05 7.5314e+00  4.6874e-05
2.7438et05  7.5350et00  3.7567e-05 2.7668e+05  7.5387e+00  2.9389e-05
2.7899e+05  7.5424e+00  2.9732e-05 2.8133e+05  7.5461e+00  3.1299e-05
2.8368e+05  7.5498e+00  3.2484e-05 2.8606e+05  7.5536e+00  3.4539e-05
2.8845e+05  7.5579e+00  3.5358e-05 2.9086e+05  7.5628e+00  3.5314e-05
2.9330et05  7.5679e+00  3.6833e-05 2.9575e+05  7.5730e+00  3.9075e-05
2.9709e+05 7.5758e+00  3.9051e-05 2.9785e+05 7.5774e+00  3.5362e-05
2.9899e+05 7.5797e+00  3.3444e-05 3.0072et05  7.5833et00  3.7044e-05
3.0324e+05  7.5886e+00  3.8705e-05 3.0578et05  7.5938et00  3.8774e-05
3.0834e+05  7.5992e+00  3.9484e-05 3.1092e+05  7.6045e+00  3.9860e-05
3.1352e+05  7.6099e+00  3.7748e-05 3.1614e+05  7.6154e+00  3.1080e-05
3.1879e+05  7.6209e+00  2.5931e-05 3.2145e+05  7.6264e+00  2.5843e-05
3.2414e+05  7.6320e+00  2.6115e-05 3.2686e+05  7.6377e+00  2.6008e-05
3.2059e+05  7.6434e+00  2.5992e-05 3.3235e+05  7.6491e+00  2.6245e-05
3.3513e+05  7.6549e+00  2.8010e-05 3.3794e+05  7.6607e+00  2.8561e-05
3.4076e+05  7.6666e+00  2.8711e-05 3.4361e+t05  7.6725e+00  2.9399e-05
3.4649e+05  7.6785e+00  2.8034e-05 3.493%e+05  7.6845e+00  2.7319e-05
3.5231e+05  7.6906e+00  2.7339%e-05 3.5526e+05  7.6956e+00  2.4944e-05
3.5824e+05  7.6989e+00  2.1722e-05 3.6124e+05  7.7016e+00  1.8706e-05
3.6426e+05  7.7044e+00  1.7535e-05 3.6730e+t05  7.7071e+00  1.8951e-05
3.7038e+05  7.7099e+00  2.1401e-05 3.7348e+05  7.7127e+00  2.3004e-05
3.7660e+05  7.7156e+00  2.1458e-05 3.7975e+05  7.7184e+00  1.8587e-05
3.8293e+05 7.7213e+00  1.6574e-05 3.8613e+05  7.7242e+00  1.5856e-05
3.8937e+05  7.7271e+00  1.6115e-05 3.9263e+05  7.7301e+00  1.6082e-05
3.9591e+05 7.7331e+00  1.6079e-05 3.9922e+05  7.7361e+00  1.5643e-05
4.0256e+05  7.7391e+00  1.5478e-05 4.0593e+05  7.7422e+00  1.5253e-05
4.0933e+05  7.7452e+00  1.4714e-05 4.1275e+05  7.7483e+00  1.4355e-05
4.1621e+05  7.7515e+00  1.3281e-05 4.1969e+05  7.7546e+00  1.3067e-05
42321e+t05  7.7578e+00  1.3108e-05 4.2675e+05  7.7610e+00  1.2590e-05
4.3032e+05  7.7649e+00  1.2484e-05 4.3392e+05  7.7696e+00  1.2675e-05
4.3755e+05  7.7745e+00  1.2643e-05 4.4121e+05  7.7794e+00  1.2902e-05
4.4490e+05  7.7843e+00  1.3357e-05 4.4862e+05  7.7893e+00  1.4330e-05
45238e+05  7.7943e+00  1.6065e-05 45616e+05  7.7994e+00  1.7245e-05
45998e+05  7.8045e+00  1.8266e-05 4.6383e+05  7.8097e+00  1.9792e-05
4.6771e+05  7.8148e+00  1.9393e-05 4.7163e+05  7.8201e+00  1.8687e-05
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4.7557e+05  7.8254e+00  1.9781e-05 4.7955e+05  7.8309e+00  2.0880e-05
4.8357e+05 7.8364e+00  2.1489%-05 4.8761e+05  7.8419e+00  2.0480e-05
4.9169e+05 7.8475e+00  2.1212e-05 4.9581e+05  7.8532e+00  2.2253e-05
4.9996e+05 7.8589e+00  2.0631e-05 5.0414e+05  7.8646e+00  2.0506e-05
5.0836e+05  7.8704e+00  1.9999e-05 51261e+05 7.8762e+00  2.0055e-05
5.1690e+05 7.8821e+00  2.1865e-05 5.2123e+05 7.8881e+t00  2.1917e-05
5.2559e+05  7.8937e+00  2.1456e-05 5.2999e+05  7.8988e+00  2.0738e-05
5.3442e+05  7.9040e+00  1.9161e-05 5.3890e+05  7.9092e+00  1.8359e-05
5.4341et05  7.9145e+00  1.8276e-05 5.4795e+05 7.9198e+00  1.8348e-05
5.5254e+05  7.9251e+00  1.8431e-05 55716e+05 7.9305e+00  1.7142e-05
5.6182e+05  7.9359e+00  1.6462e-05 5.6652e+05  7.9414e+00  1.6831e-05
5.7126e+05  7.9469e+00  1.5928e-05 5.7604e+05  7.9525e+00  1.4855e-05
5.8086e+05  7.9587e+00  1.5733e-05 5.8572e+05  7.9658e+00  1.6626e-05
5.9063e+05  7.9730et00  1.6583e-05 5.9557e+05  7.9803e+00  1.6839e-05
6.0055e+05  7.9877e+00  1.6778e-05 6.0558e+05  7.9951e+00  1.6441e-05
6.1065e+05  8.0026e+00  1.5085e-05 6.1576e+05 8.0102e+00  1.4448e-05
6.2091e+05 8.0178e+00  1.5133e-05 6.2610e+05 8.0255e+00  1.5193e-05
6.3134e+05 8.0332e+00  1.5300e-05 6.3663e+05  8.0410e+00  1.5499e-05
6.4196e+05  8.048%e+00  1.4669e-05 6.4733e+05 8.0568e+00  1.4227e-05
6.5274e+05  8.0648e+00  1.3878e-05 6.5821e+05 8.0729e+00  1.3063e-05
6.6372e+05  8.0811e+00  1.2436e-05 6.6927e+05 8.0893e+00  1.1231e-05
6.7487e+05  8.0975e+00  1.0685e-05 6.8052e+05  8.1059e+00  1.0796e-05
6.8621e+05  8.1143e+00  1.0858e-05 6.9195e+05 8.1228e+00  1.0421e-05
6.9774e+05  8.1313e+00  1.0643e-05 7.0358e+05  8.1400e+00  1.1112e-05
7.0947e+05  8.1487e+00  1.0257e-05 7.1541e+05 8.1554e+00  9.3480e-06
7.2140e+05  8.1589e+00  9.0141e-06 7.2743e+05 8.1614e+00  9.7268e-06
7.3352e+05  8.1639%e+00  1.0697e-05 7.3966e+05 8.1664e+00  1.0563e-05
7.4585e+05  8.1690e+00  1.0197e-05 7.5209e+05 8.1715e+00  9.5377e-06
7.5838e+05 8.1741e+00  9.5309e-06 7.6473e+05 8.1767e+00  9.6056e-06
7.7113e+05 8.1794e+00  8.6829e-06 7.7758e+05 8.1820e+00  8.3115e-06
7.8409e+05  8.1847e+00  7.8909e-06 7.9065e+05 8.1874e+00  7.9509e-06
7.9726e+05 8.1901e+00  8.3079e-06 8.0393e+05 8.1929e+00  8.4144e-06
8.1066e+05  8.1956e+00  8.4135e-06 8.1745e+05 8.1984e+00  8.2411e-06
8.2429e+05 8.2012e+00  7.9711e-06 8.3119e+05 8.2041e+00  7.5033e-06
8.3814e+05  8.2069e+00  7.1046e-06 8.4515e+05 8.2098e+00  7.0808e-06
8.5222e+05 8.2127e+00  7.0348e-06 8.5936e+05 8.2157e+00  6.5611e-06
8.6655e+05  8.2186e+00  6.1141e-06 8.7380e+05  8.2215e+00  5.9991e-06
8.8111e+05 8.2245e+00  6.0526e-06 8.8849e+05 8.2275e+00  5.8783e-06
8.9592e+05  8.2305e+00  5.5864e-06 90.0342e+05  8.2335e+00  5.1316e-06
9.1098e+05  8.2366e+00  4.7025e-06 0.1860e+05 8.2397e+00  4.5624e-06
9.2629e+05  8.2428e+00  4.5945e-06 9.3404e+05  8.2460e+00  4.5443e-06
9.4186e+05  8.2491e+00  4.5419e-06 9.4974e+05 8.2523e+00  4.4231e-06
9.5768e+05  8.2555e+00  4.3218e-06 9.6570e+05  8.2585e+00  4.1163e-06
9.7378e+05  8.2615e+00  3.7274e-06 0.8193e+05 8.2646e+00  3.5824e-06
9.9015e+05  8.2677e+00  3.5309e-06 0.9844e+05  8.2708e+00  3.5134e-06
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1.0068e+06  8.2740e+00  3.6434e-06 1.0152e+06  8.2771e+00  3.6671e-06
1.0237e+06  8.2803e+00  3.6478e-06 1.0323e+06  8.2836e+00  3.6757e-06
1.0409e+06  8.2868e+00  3.6972e-06 1.0496e+06  8.2901e+00  3.7731e-06
1.0584e+06  8.2935e+00  3.6904e-06 1.0673e+06  8.2972e+00  3.7010e-06
1.0762e+06  8.3010e+00  3.8651e-06 1.0852e+06  8.3048e+00  3.9323e-06
1.0943e+06  8.3086e+00  3.9832e-06 1.1034e+06  8.3124e+00  4.0310e-06
1.1127e+06  8.3163e+00  4.1513e-06 1.1220e+06  8.3202e+00  4.3126e-06
1.1314e+06  8.3242e+00  4.2886e-06 1.1409e+06  8.3282e+00  4.2240e-06
1.1504e+06  8.3322e+00  4.2382e-06 1.1600e+06  8.3362e+00  4.1861e-06
1.1697e+06  8.3417e+00  4.2181e-06 1.1795e+06  8.3490e+00  4.3118e-06
1.1894e+06  8.3566e+00  4.4229e-06 1.1993e+06  8.3643e+00  4.2645e-06
1.2094e+06  8.3720e+00  4.0427e-06 1.2195e+06  8.3798e+00  3.9827e-06
1.2297e+06  8.3877e+00  3.9950e-06 1.2400e+06  8.3956e+00  4.1310e-06
1.2504e+06  8.4036e+00  4.1413e-06 1.2609e+06  8.4116e+00  4.0692e-06
1.2714e+06  8.4198e+00  3.9141e-06 1.2820e+06  8.4279e+00  3.5296e-06
1.2927e+06  8.4427e+00  3.0804e-06 1.3035e+06  8.4654e+00  2.7824e-06
1.3145e+06  8.4894e+00  2.7264e-06 1.3255e+06  8.5137e+00  2.9047e-06
1.3366e+06  8.5381e+00  3.1715e-06 1.3478e+06  8.5628e+00  3.3620e-06
1.3590e+06  8.5877e+00  3.4222e-06 1.3704e+06  8.6127e+00  3.4065e-06
1.3819e+06  8.6379e+00  3.3371e-06 1.3934e+06  8.6633e+00  3.2655e-06
14051e+06  8.6890e+00  3.1802e-06 1.4168e+06  8.7149e+00  3.1712e-06
14287e+06  8.7410e+t00  3.2765e-06 1.4407e+06  8.7674e+00  3.2838e-06
14528e+06  8.7941e+00  3.1087e-06 1.4649e+06  8.8208e+00  3.0300e-06
14772e+06  8.8478e+00  3.0388e-06 1.4895e+06  8.8750e+00  3.0085e-06
1.5020e+06  8.9007e+00  2.9062e-06 1.5145e+06  8.9222e+00  2.8402e-06
15272e+06  8.9413e+00  2.8111e-06 1.5400e+06  8.9606e+00  2.7924e-06
1.5529e+06  8.9800e+00  2.7113e-06 1.5659e+06  8.9996e+00  2.5725e-06
15790e+06  9.0193e+00  2.5420e-06 1.5922e+06  9.0392e+00  2.4255e-06
1.6055e+06  9.0594e+00  2.3730e-06 1.6190e+06  9.0796e+00  2.4315e-06
1.6325e+06  9.1001e+00  2.2817e-06 1.6462e+06  9.1207e+00  2.2403e-06
1.6599e+06  9.1414e+00  2.4719e-06 1.6738e+06  9.1623e+00  2.5444e-06
1.6878e+06  9.1834e+00  2.4427e-06 1.7019e+06  9.2047e+00  2.3663e-06
1.7162e+06  9.2262e+00  2.3661e-06 1.7305e+06  9.2478e+00  2.2887e-06
1.7450e+06  9.2697e+00  2.2064e-06 1.7596e+06  9.2917e+00  2.2401e-06
1.7743e+06  9.3138et00  2.2557e-06 1.7892e+06  9.3362e+00  2.2023e-06
1.8042e+06  9.3588e+00  2.1623e-06 1.8193e+06  9.3816e+00  1.9877e-06
1.8345e+06  9.4022e+00  1.9089e-06 1.8498e+06  9.4170e+00  2.0192e-06
1.8653e+06  9.4284e+00  2.0173e-06 1.8810e+06  9.4400e+00  1.9035e-06
1.8967e+06  9.4516e+00  1.7629e-06 1.9126e+06  9.4632e+00  1.7354e-06
1.9286e+06  9.4750e+00  1.7379e-06 1.9447e+06  9.4869e+00  1.7151e-06
1.9610e+06  9.498%e+00  1.6924e-06 19774e+06  9.5110e+00  1.7130e-06
1.9939%e+06  9.5232e+00  1.6801e-06 2.0106e+06  9.5355e+00  1.6519e-06
2.0275e+06  9.5479e+00  1.6725e-06 2.0444e+06  9.5604e+00  1.6597e-06
2.0615e+06  9.5730e+00  1.6277e-06 2.0788e+06  9.5857e+00  1.6076e-06
2.0962e+06  9.5985e+00  1.6334e-06 2.1137e+06  9.6114e+00  1.6505e-06
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2.1314e+06  9.623%+00  1.6310e-06 2.1492e+06  9.6358e+00  1.6302e-06
2.1672e+06  9.6477e+00  1.6419e-06 2.1853e+06  9.6596e+00  1.5883e-06
2.2036e+06  9.6717e+00  1.5643e-06 2.2221e+06  9.683%e+00  1.5729e-06
2.2407e+06  9.6962e+00  1.5685e-06 2.2594e+06  9.7086e+00  1.5960e-06
2.2783e+06  9.7211e+00  1.6264e-06 2.2974e+06  9.7337e+00  1.6642e-06
2.3166e+06  9.7464e+00  1.7394e-06 2.3360e+06  9.7593e+00  1.7312e-06
2.3555e+06  9.7702e+00  1.6782e-06 2.3752e+06  9.778%e+00  1.6174e-06
2.3951e+06  9.7874e+00  1.5009e-06 2.4152e+06  9.7959e+00  1.4154e-06
2.4354e+06  9.8045e+00  1.3529e-06 2.4558e+06  9.8131e+00  1.3565e-06
2.4763e+06  9.8219e+00  1.3773e-06 24970e+06  9.8307e+00  1.3361e-06
25179%e+06  9.8395e+00  1.3063e-06 2.5390e+06  9.8485e+00  1.2735e-06
2.5603e+06  9.8575e+00  1.2886e-06 2.5817e+06  9.8666e+00  1.2994e-06
2.6033e+06  9.8758e+00  1.2656e-06 2.6251e+06  9.8850e+00  1.2596e-06
2.6470e+06  9.8944e+00  1.2364e-06 2.6692e+06  9.9038e+00  1.2187e-06
2.6915e+06  9.9133e+00  1.1966e-06 2.7140e+06  9.9228e+00  1.1179e-06
2.7367et06  9.9312e+00  1.0821e-06 2.7596e+06  9.9367e+00  1.0808e-06
2.7827e+t06  9.9403e+00  1.0430e-06 2.8060e+06  9.9440e+00  1.0069e-06
2.8295e+06  9.9477e+00  9.8204e-07 2.8532e+06  9.9515e+00  9.7825e-07
2.8770et06  9.9552e+00  9.6450e-07 2.9011e+06  9.9590e+00  9.5311e-07
2.9254e+06  9.9629e+00  9.4800e-07 2.9499e+06  9.9667e+00  9.4320e-07
2.9746et06  9.9706e+00  9.2443e-07 2.9994e+06  9.9746e+00  9.1403e-07
3.0245e+06  9.9785e+00  9.2424e-07 3.0499e+06  9.9825e+00  9.1494e-07
3.0754e+06  9.9866e+00  9.0418e-07 3.1011e+06  9.9906e+00  8.8000e-07
3.1271e+06  9.9947e+00  8.2840e-07 3.1533e+06  9.9989e+00  7.7721e-07
3.1797e+06  1.0003e+01  7.4048e-07 3.2063e+06  1.0007e+01  7.1656e-07
3.2331e+06  1.0011le+01  6.8526e-07 3.2601e+06  1.0016e+01  6.4748e-07
3.2874e+06  1.0020e+01  6.2849e-07 3.3149e+06  1.0024e+01  6.1433e-07
3.3427e+06  1.0027e+01  5.9114e-07 3.3707e+06  1.0025e+01  5.6531e-07
3.398%e+06  1.0020e+01  5.5451e-07 3.4273e+06  1.0016e+01  5.4405e-07
3.4559e+06  1.0011le+01  5.2065e-07 3.4849e+06  1.0006e+01  5.0805e-07
3.5141e+06  1.0001e+01  4.9996e-07 3.5435e+06  9.9966e+00  4.9029e-07
3.5731e+t06  9.9917e+00  4.7868e-07 3.6030e+06  9.9868e+00  4.6613e-07
3.6332e+06  9.9818e+00  4.5480e-07 3.6636e+06  9.9768e+00  4.4631e-07
3.6942e+06  9.9718e+00  4.3457e-07 3.7251e+06  9.9667e+00  4.0634e-07
3.7563e+06  9.9615e+00  3.9396e-07 3.7877e+t06  9.9564e+00  4.1267e-07
3.8194e+06  9.9511e+00  4.2421e-07 3.8514e+06  9.9459e+00  4.1962e-07
3.8836e+06  9.9406e+00  4.1431e-07 3.9161e+06  9.9352e+00  4.0233e-07
3.948%9e+06  9.9298e+00  3.9270e-07 3.9819e+06  9.9244e+00  3.9190e-07
4.0153e+06  9.9189e+00  3.9801e-07 4.0489e+06  9.9134e+00  4.0493e-07
4.0827e+06  9.9084e+00  3.9822e-07 4.1169e+06  9.9050e+00  3.7688e-07
4.1513e+t06  9.9025e+00  3.5232e-07 4.1861e+06  9.8999e+00  3.4110e-07
42211e+t06  9.8973e+00  3.4451e-07 4.2564e+06  9.8948e+00  3.3321e-07
4.2920e+t06  9.8921e+00  2.9674e-07 4.3280e+06  9.8895e+00  2.7596e-07
4.3642e+06  9.8869e+00  2.8053e-07 4.4007e+06  9.8842e+00  2.8480e-07
4.4375e+06  9.8815e+00  2.8560e-07 4.4747e+06  9.8788e+00  2.7956e-07
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45121e+06  9.8760e+00  2.6941e-07 45499e+06  9.8732e+00  2.6416e-07
45879e+06  9.8705e+00  2.5951e-07 4.6263e+06  9.8676e+00  2.5803e-07
4.6651e+06  9.8648e+00  2.5933e-07 4.7041e+06  9.8619e+00  2.5715e-07
4.7435e+06  9.8591e+00  2.5014e-07 4.7832e+06  9.8562e+00  2.3232e-07
4.8232e+06  9.8532e+00  2.1602e-07 4.8635e+06  9.8503e+00  2.1481e-07
4.9042e+06  9.8473e+00  2.1697e-07 4.9453e+06  9.8443e+00  2.1390e-07
4.9867e+06  9.8438e+00  2.0722e-07 5.0284e+06  9.8498e+00  1.9444e-07
5.0705e+06  9.8597e+00  1.7479e-07 51129e+06  9.8697e+00  1.6673e-07
5.1557e+06  9.8798e+00  1.7103e-07 5.1988e+06  9.8900e+00  1.7013e-07
5.2423e+06  9.9002e+00  1.6768e-07 5.2862e+06  9.9105e+00  1.6126e-07
5.3304e+06  9.9210e+00  1.5383e-07 5.3750e+06  9.9315e+00  1.5143e-07
5.4200et06  9.9421e+00  1.4737e-07 5.4653e+06  9.9528e+00  1.4202e-07
55111et06  9.9635e+00  1.3598e-07 5.5572e+06  9.9744e+00  1.2623e-07
5.6037e+t06  9.9853e+00  1.1856e-07 5.6506e+06  9.9964e+00  1.1609e-07
5.6979e+06  1.0008e+01  1.1498e-07 5.7456e+06  1.0019e+01  1.1357e-07
5.7937e+t06  1.0035e+01  1.1108e-07 5.8422e+06  1.0057e+01  1.0607e-07
5.8911et06  1.0080e+01  1.0023e-07 5.9404e+06  1.0104e+01  9.9216e-08
5.9901e+06  1.0128e+01  9.8474e-08 6.0402e+06  1.0151e+01  9.3812e-08
6.0907e+t06  1.0175e+01  9.0513e-08 6.1417e+06  1.0200e+01  8.8335e-08
6.1931e+t06  1.0224e+01  8.5725e-08 6.2449e+06  1.0249e+01  8.2781e-08
6.2972e+06  1.0273et+01  7.8882e-08 6.3499e+06  1.0299e+01  7.3778e-08
6.4030e+06  1.0332e+01  7.2361e-08 6.4565e+06  1.0375e+01  7.2585e-08
6.5106e+06  1.0421e+01  6.9391e-08 6.5651e+06  1.0466e+01  6.5220e-08
6.6200e+06  1.0512e+01  6.2140e-08 6.6754e+06  1.0559e+01  5.9631e-08
6.7313e+06  1.0606e+01  5.6272e-08 6.7876e+06  1.0653e+01  5.3808e-08
6.8444e+06  1.0700e+01  5.3275e-08 6.9017e+06  1.0748e+01  5.2340e-08
6.9594e+06  1.0797e+01  4.9722e-08 7.0177e+t06  1.0845e+01  4.7159e-08
7.0764e+06  1.0895e+01  4.4856e-08 7.1356e+06  1.0944e+01  4.1455e-08
7.1953e+06  1.0994e+01  3.9001e-08 7.2555e+06  1.1045e+01  3.7840e-08
7.3162e+06  1.1096e+01  3.6551e-08 7.3775e+06  1.1147e+01  3.5353e-08
7.4392e+06  1.1194e+01  3.4133e-08 7.5015e+06  1.1232e+01  3.2959e-08
7.5642e+06  1.1264e+01  3.1372e-08 7.6275e+06  1.1295e+01  2.9765e-08
7.6914e+06  1.1328e+01  2.8271e-08 7.7557e+06  1.1360e+01  2.6604e-08
7.8206e+06  1.1393e+01  2.5345e-08 7.8861e+06  1.1426e+01  2.4918e-08
7.9521e+06  1.1459e+01  2.4568e-08 8.0186e+06  1.1493e+01  2.3520e-08
8.0857e+06  1.1526e+01  2.1920e-08 8.1534e+06  1.1560e+01  2.0313e-08
8.2216e+06  1.1595e+01  1.9114e-08 8.2004e+06  1.1630e+01  1.8276e-08
8.3598e+06  1.1665e+01  1.7525e-08 8.4297e+06  1.1700e+01  1.6861e-08
8.5003e+06  1.1735e+01  1.6224e-08 8.5714e+06  1.1771e+01  1.5325e-08
8.6431e+06  1.1807e+01  1.4291e-08 8.7154e+06  1.1844e+01  1.3509e-08
8.7884e+06  1.1881e+01  1.3076e-08 8.8619e+06  1.1918e+01  1.2647e-08
8.9361e+06  1.1955e+01  1.1970e-08 9.0109e+06  1.1993e+01  1.1269e-08
9.0863e+06  1.2026e+01  1.0780e-08 9.1623e+06  1.2049e+01  1.0337e-08
9.238%e+06  1.2066e+01  9.7662e-09 9.3163e+06  1.2083e+01  9.1566e-09
9.3943e+06  1.2100e+01  8.6165e-09 0.4729e+06  1.2117e+01  8.1480e-09
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TableB.1. Continued

Energy Adj. funct. Spectrum Energy Adj. funct. Spectrum
9.5521e+06  1.2135e+01  7.6656e-09 9.6321e+06  1.2152e+01  7.1967e-09
9.7127e+06  1.2170e+01  6.7605e-09 9.793%+06  1.2188e+t01  6.3710e-09
9.8759e+06  1.2206e+01  6.0222e-09 0.9585e+06  1.2224e+01  5.6123e-09
1.0042e+07  1.2242e+01  5.3057e-09 1.0126e+07  1.2260e+01  5.0495e-09
1.0211e+07 1.2279e+01  4.7319e-09 1.0296e+07  1.2298e+01  4.5192e-09
1.0382e+07 1.2316e+01  4.2477e-09 1.0469e+07  1.2335e+01  4.0114e-09
1.0557e+07  1.2355e+01  3.8164e-09 1.0645e+07  1.2374e+01  3.5993e-09
1.0734e+07  1.2393e+01  3.3922e-09 1.0824e+07  1.2419e+01  3.1776e-09
1.0915e+07  1.2452e+01  2.9677e-09 1.1006e+07  1.2489e+01  2.7390e-09
1.1098e+07  1.2527e+01  2.5515e-09 1.1191e+07  1.2564e+01  2.3740e-09
1.1284e+07  1.2602e+01  2.2317e-09 1.1379e+07  1.2640e+01  2.0933e-09
1.1474e+07 1.2678e+01  1.9763e-09 1.1570e+07 1.2717e+01  1.8550e-09
1.1667e+07  1.2756e+01  1.7345e-09 1.1765e+07 1.2796e+01  1.6380e-09
1.1863e+07 1.2836e+01  1.5382e-09 1.1962e+07  1.2876e+01  1.4470e-09
1.2063e+07  1.2916e+01  1.3790e-09 1.2164e+07  1.2957e+01  1.3104e-09
1.2265e+07  1.2998e+01  1.2260e-09 1.2368e+07  1.3040e+01  1.1500e-09
1.2471e+07  1.3081e+01  1.0786e-09 1.2576e+07  1.3124e+01  1.0170e-09
1.2681e+07 1.3168e+01  9.5827e-10 1.2787e+07  1.3241e+01  8.9744e-10
1.2894e+07  1.3342e+01  8.4153e-10 1.3002e+07  1.3445e+01  8.0219e-10
1.3111e+07  1.3548e+01  7.5697e-10 1.3220e+07  1.3652e+01  7.1302e-10
1.3331e+07 1.3757et01  6.7025e-10 1.3443e+07  1.3863e+01  6.3372e-10
1.3556e+07 1.3970et01  6.0168e-10 1.3669e+07  1.4077e+01  5.6797e-10
1.3783e+07 1.4186e+01  5.3828e-10 1.3898e+07  1.4295e+01  5.1200e-10
1.4015e+07  1.4406e+01  4.9002e-10 1.4132e+07  1.4517e+01  4.6896e-10
1.4250e+07  1.4629e+01  4.4804e-10 1.4369e+07  1.4742e+01  4.2791e-10
1.4490e+07  1.4853et+01  4.0907e-10 1.4611e+07  1.4965e+01  3.9478e-10
14733e+07 1.5077e+01  3.7807e-10 1.4856e+07  1.5190e+01  3.6093e-10
1.4981e+07  1.5304e+01  3.4856e-10 1.5106e+07  1.5419e+01  3.3885e-10
15233e+07  1.5535e+01  3.3188e-10 1.5360e+07  1.5652e+01  3.2362e-10
1.5489%e+07 1.5770et01  3.1460e-10 1.5618e+07  1.5889e+01  1.0000e-10
15749e+07  1.6009e+01  0.0000e+00 1.5881e+07  1.6130e+01  0.0000e+00
1.6014e+07 1.6252e+01  0.0000e+00 1.6148e+07  1.6365e+01  0.0000e+00
1.6283e+07 1.6463e+01  0.0000e+00 1.6419e+07  1.6557e+01  0.0000e+00
1.6556e+07  1.6652e+01  0.0000e+00 1.6695e+07  1.6748e+01  0.0000e+00
1.6835e+07  1.6845e+01  0.0000e+00 1.6976e+07  1.6942e+01  0.0000e+00
1.7118e+07  1.7040e+01  0.0000e+00 1.7261e+07  1.7140e+01  0.0000e+00
1.7406e+07  1.723%e+01  0.0000e+00 1.7551e+07  1.7340e+01  0.0000e+00
1.7698e+07 1.7441e+01  0.0000e+00 1.7846e+07  1.7544e+01  0.0000e+00
1.7995e+07 1.7647e+01  0.0000e+00 1.8146e+07  1.7751e+01  0.0000e+00
1.8298e+07  1.7856e+01  0.0000e+00 1.8451e+07  1.7962e+01  0.0000e+00
1.8605e+07  1.8068e+01  0.0000e+00 1.8761e+07 1.8176e+01  0.0000e+00
1.8918e+07  1.8285e+01  0.0000e+00 1.9076e+07  1.8394e+01  0.0000e+00
1.9236e+07  1.8505e+01  0.0000e+00 1.9397e+07  1.8616e+01  0.0000e+00
1.9559e+07  1.8728e+01  0.0000e+00 1.9640e+07  1.8784e+01  0.0000e+00
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APPENDIX C

Detailed Results
for the Lumped Nuclide
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Cross section (barn)

Figure C.1. Theradiative capture cross-section
of the lumped nuclide as a function of the energy
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Figure C.2. Theradiative capture cross-section
of the lumped nuclide as a function of the energy
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Figure C.3. Theradiative capture cross-section
of the lumped nuclide as a function of the energy
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Cross section (barn)

Figure C.4. Theinelastic scattering cross-section
of the lumped nuclide as a function of the energy
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Figure C.5. Theinelastic scattering cross-section
of the lumped nuclide as a function of the energy
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Figure C.6. The (n,2n) cross-section
of the lumped nuclide as a function of the energy
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APPENDIX D

Detailed Analysis
of the Energy Dependence
of Individual Fission-Product
Capture Cross-Sections

This appendix has been prepared by JINDC.
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Table 1. Status of JENDL -3.2 captur e data compar ed
with the “average” of one group cross-sections for
40 high contribution FP nuclides, given in Table 5.1

Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken 319-11

Japan

Tel: +81-29-282-6820
Fax: +81-29-282-5460
E-mail: kawa @ifmif.tokai.jaeri.go.jp

In the following table, the difference between JENDL-3.2 and the others (ECN, JEF-2.2
and FOND-2.1) are shown with the symbol of the sign of plus, minus and asterisk.

RulO1+ Pd105- Sm149-** Tc99-* Cs133-
Pd107- Rh103+ (Pm147)-* (Sm151)-** (Ru103)-**
Mo97-* Nd145+ (Xel31)-* Eul53-* Nd143+
Ru102- Ag109-* Ru104+ (Cs135)+** Pri41+
Mo95+ Mo98- Mo100+ (Eul55)-** Pd108+*
Xel32+** Zr93-* Sm152- (Cel4l)+ 1129+
(Ru106)+ Zr96-** Pd106+** 1127- Nd146+
Nd148-* Xel34-** Lal39- (Nb95)+** (Zr9s)+**
N.B. * Difference > 5% (-: 6 nuclides, +: 2 nuclides)

**
_l+

0

Difference > 10% (-:6 nuclides, +: 5 nuclides)

JENDL-3.2 issmaller and larger than average, respectively.

No experimental data.
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Note on energy dependence of capture cross-section for individual nuclides
(including 20 highest contribution nuclides and 7 nuclides with RMS (> 10%))

<Data sour ce>

JEF-2.2:

JENDL-3.2:

ENDF/B-VI

BROND-2:

FOND-2.1:

Rul01+

Mainly RCN and ENDF/B-V, partially JENDL-1.
Cross-section adjustment based on the integral test results with
the STEK experiments.

Artificial resonance parameters. *“Eu.

JINDC original evaluation (JENDL-3.1: J. Nucl. Sci. Technol., 29,
195 (1992) and re-evaluation: 1994 Gatlinburg Conf., p. 809).
Almost all evaluation for capture cross-section was made with the
statistical model calculation taking into consideration of level
overlapping and fluctuation effects on inelastic scattering
cross-section. The optical parameters in the local mass ranges
were determined to reproduce systematics of total cross-sections,
s and p-wave strength functions and scattering radius.
Gamma-ray strength functions were determined on the basis of
the differential experimental data of capture cross-sections.
Cross-section adjustment due to integral test was made only for
12y e, "*™Eu because there were no experimental data in the
keV energy region.

Artificial resonance parameters for **“Ru, *"*Ag were added
to compensate missed levels.

: ENDF/B-V and re-evaluation (mainly for resonance parameters).

| PPE original evaluation.
BROND-2 + others.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.7243, 0.7616, 0.7523.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.94=0.01.

All evaluated data of JEF-2.2, BROND-2 and JENDL-3 agree well
with the experimental data of Macklin et al. [1-3] in the energy
range below 1 MeV. The data of JENDL-3.2 were modified by
adopting the level scheme taken from the ENSDF-.
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Pd105+

Sm149-%*

Tc99-*

Cs133-

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.9490, 0.9161, 0.9594.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.92+0.06.

JENDL-3.2 and JEF-2.2 agree well with the experimental data of
Macklin et al. [1,3,4] JENDL-3.2 connects smoothly with the
resonance cross-sections but larger than the experimental data of
Macklin et al. and Musgroveet al. [5] between 3 keV and 7 keV,
where the other evaluated data agree with them.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
2.5437, 2.8700, 2.2990.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.88+0.06.

JENDL-3.2 adopted the new experimental data of Macklin [6].
Thus, it is systematically lower than the others which were
evaluated on the basis of the older measurements in the energy
range between 3 keV and 400 keV.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.6479, 0.6561, 0.5923.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.80+0.01.

Above 3 keV, JENDL-3.2, JEF-2.2 and BROND-2 are in
agreement with the experimental data of Macktial. [7], while
ENDF/B-VI runs along the averaged values of Macktial. and
Little et al. [8] and is systematically larger than the other files below
100 keV. Below 3 keV, histogram of JENDL-3 calculated from the
resolved resonance parameters is slightly lower than the others.

One group cross-sections for JEF-2.2, FOND-2.1 and JENDL-3.2:
0.5167, 0.5184, 0.4874.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.80+0.05.

All evaluated data of JEF-2.2, ENDF/B-VI and JENDL-3.2 agree
with the experimental data of Yamamu@tal. [9] and Macklin [10],
although one group cross-section of JEF-2.2.2 is 6% larger than
JENDL-3.2. The difference seems to come from the difference in
the evaluated resonance parameters.
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Pd107-

Rh103+

(Pm147)-*

(Sm151)-**

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
1.0700, 1.0399, 1.0520.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.94+0.01.

All evaluated data of JEF-2.2, BROND-2, ENDF/B-VI and
JENDL-3.2 agree well with experimental data of Macklin [11]
above 1.3 keV, while the cross-sections of JEF-2.2 are different
from those of JENDL-3.2 and ENDF/B-VI in the resolved
resonance region between 50 eV and 1.3 keV.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.6832, 0.6526, 0.6774.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.96+0.00.

JENDL-3.2, JEF-2.2 and BROND-2 are in good agreement with
each other and close to the experimental data of Wisshak [12].
ENDF/B-VI and JENDL-3.1 are in agreement with Macklin's
experimental data [1-3] and larger than the former three libraries.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
1.5167, 1.4309, 1.2753.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.88+0.05.

There is no experimental data of cross-sections in the keV energy
range. The cross-sections of JENDL-3.2 were evaluated so as to
smoothly continue to the cross-sections calculated from the
resolved resonance parameters and is 10-15% smaller than
the other evaluated data (JEF-2.2, ENDF/B-VI and BROND-2) in
the energy region below 100 keV. ENDF/B-VI shows steep
reduction above 100 keV.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
3.3998, 2.9413, 2.1080.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.90+0.03.

There is no experimental data of cross-sections in the keV energy
range. JENDL-3.2 is several ten per cent smaller than JEF-2.2.
Below 100 keV, ENDF/B-VI and BROND-2 are in agreement with
each other but different from JEF-2.2 and JENDL-3.2.



(Ru103)-**

Mo97-*

Nd145+

(Xel31)+*

Eul53-*

One group cross-sections for JEF-2.2, FOND-2.1 and JENDL-3.2:
1.1992, 1.2140, 0.5047.

There is no experimental data of cross-sections in the keV energy
range. JENDL-3.2 is a factor of 2 to 4 smaler than JEF-2.2.
ENDF/B-VI is aso smaller than JEF-2.2 and crosses JENDL-3.2.

One group cross-sections for JEF-2.2, FOND-2.1 and JENDL-3.2:
0.3406, 0.3568, 0.3484.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.96+0.02.

All of JENDL-3.2, JEF-2.2 and ENDF/B-VI agree with the
experimental data of Musgrowtal. [13,14].

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.5700, 0.5124, 0.5648.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.85+0.03.

JENDL-3.2 and JEF-2.2 are close to the experimental data of
Jakajimaet al. [15], while JENDL-3.2 is slightly larger than JEF-2.2
between 60 keV and 700 keV. ENDF/B-VI and BROND-2
generally agree with the data of Musgrosteal. [5,14,16] and
Bokhovkoet al. [17] and are 15% or more small compared to
JENDL-3.2. Above 70 keV, BROND-2 steeply decreases along
the data of Bokhovket al.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.2937, 0.3323, 0.3461.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=1.00+0.10.

Although there is no experimental data of cross-sections in the keV
energy range, difference between the different evaluated files is
considerably small. In the resolved resonance energy region below
4 keV, level missing effect is observed in ENDF/B-VI.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
2.7655, 2.9288, 2.5958.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.92+0.01.
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Nd143+

Rul102-

Ag109-*

JENDL-3.2 agrees well with the experimental data of Macklin &
Young [18] which are the lowest in the experimental data.
JENDL-3.2, JEF-2.2 and ENDF/B-VI are in agreement with each
other in the wide energy range, while BROND-2 is discrepant from
them in the energy range between 1 keV and 20 keV.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.3550, 0.3370, 0.3589.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.90+0.01.

JENDL-3.2 and ENDF/B-VI agree with the experimental data of
Nakajimaet al. [15], while JEF-2.2 is lower than these experimental
data in the energy region between 5 keV and 40 keV. BROND-2 is
in coincident with the JENDL-3.2 and ENDF/B-VI below 40 keV,
but discrepant from them above 40 keV along the experimental
data of Bokhovkat al. [17], of which energy dependence showing
a steep decrease seems to be anomalous.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.1581, 0.1796, 0.1642.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=1.07+0.14.

In the energy region above 5keV, JENDL-3.2, JEF-2.2 and
ENDF/B-VI are in good agreement with the experimental data of
Macklin [1-3]. BROND-2 is about 20% larger than the others. In
the resolved resonance region, large difference is observed among
libraries.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.7927, 0.7203, 0.6916.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.66+0.01.

Above 3 keV, JENDL-3.2, ENDF/B-VI and BROND-2 agree with
the experimental data of Macklin [19], Mizumogb al. [20] and
Bokhovkoet al. [17], while JEF-2.2 is considerably larger than the
others above 30 keV. In the energy region between 1 keV and
2.6 keV, JENDL-3.2 was revised taking account of resonance level
missing effect so that discrepancy between JENDL-3.2 and JEF-2.2
become quite small in this energy range.
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Rul104+

(Cs135)++*

Pr 141+

(Eu155)-**

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.1546, 0.1658, 0.1685.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=1.06%0.14.

All libraries of JENDL-3.2, JEF-2.2, ENDF/B-VI and BROND-2
remarkably agree with each other and reproduce the average value
of the experimental data of Macklaal. [1-3]. Evaluation well
reproduce the fine structure due to competition with inelastic
scattering at 360 keV and 900 keV.

One group cross-sections for JEF-2.2, FOND-2.1 and JENDL-3.2:
0.2445, 0.1361, 0.2284.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.88+0.05.

There is no experimental data of cross-sections in the keV energy
range. Evaluation of JENDL-3.2 was made so as to reproduce the
experimental data of thermal value and resonance integral
connecting the statistical model calculation with resonance
cross-section due to the resonance parameter of Priesmyer [21] at
4 keV. JEF-2.2 contains the resonances belong to other isotopes,
but agree with JENDL-3.2 above 600 eV. ENDF/B-VI shows an
artificial shape between 10 and 100 eV.

One group cross-sections for JEF-2.2, FOND-2.1 and JENDL-3.2:
0.1582, 0.1540, 0.1564.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.96+0.02.

JENDL-3.2, JEF-2.2 and ENDF/B-VI agree well with each other
and reproduce the experimental data of Stupeiga [22], Zaikin
et al. [23], Tayloret al. [14,24] and Voignieet al. [25].

One group cross-sections for JEF-2.2, FOND-2.1 and JENDL-3.2:
2.8428, 2.9559, 1.3368.

155

Eu determine capture cross-sections of pseudo-fission-products
in the energy range below 1 keV. JENDL-3.1 and ENDF/B-VI
were evaluated with the measured resonance parameters given by
Moller et al. [26], Friesenhahmt al. [27] and Ribon [28], while
JEF-2.2 seems to adopt the artificially generated ones. FOND-2 may
also take them. In evaluation of JENDL-3.2, a part of parameters in
JENDL-3.1 were modified so as to reproduce the new experimental
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Pd108+*

Xel32+**

Zro6-**

Pd106+**

data of thermal value and resonance integral reported by Sekine
etal. [29]. Above 100 eV where there is no experimental data,
JENDL-3.2 is about afactor of 2 smaller than JEF-2.2.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.1770, 0.2507, 0.2358.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=1.09+0.11.

JENDL-3.2 and BROND-2 agree with the experimental data of
Macklin et al. [1-3]. ENDF/B-VI is about 20% larger than them
and close to the experimental data of Musgreval. [5]. On the
other hand, JEF-2.2 which runs along the experimental data of
Corneliset al. [30] is about 20% smaller than JENDL-3.2.

One group cross-sections for JEF-2.2, FOND-2.1 and JENDL-3.2:
0.0708, 0.0755, 0.0980.

JENDL-3.2 reproduce the experimental data of Bateal. [31],
while JEF-2.2 and ENDF/B-VI are about a factor of 2 larger than
JENDL-3.2 above 4keV. Resolved resonance cross-sections
of JENDL-3.2 based on the measurements of Ribon [28] are larger
than ENDF/B-VI and JEF-2.2 for which the effect of level missing
seems to appear.

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.0358, 0.0590, 0.0391.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=0.66%0.05 (0.97 for capture component).

JENDL-3.2 is in general agreement with the experimental data of
Wyrick & Poenitz [32] and shows the lowest in the evaluated data,
but the other libraries, JEF-2.2, BROND-2 and ENDF/B-VI are
not. Moreover, there are large discrepancies between the different
libraries. Below 3 keV, ENDF/B-VI and JEF-2.2 took the same
resonance parameters which could not reproduce the experimental
data of Macklinet al. [33,34] and Lyoret al. [35].

One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.2027, 0.2553, 0.2772.

Integral test result of JENDL-3.2 with the STEK experiment:
C/E=1.17+0.09.
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JENDL-3.2 runs in the intermediate between the experimental data
of Macklin et al. [1-3] and Musgrove et al. [5] ENDF/B-VI is close
to JENDL-3.2 except for the energy range below 10 keV. JEF-2.2
agree with the lower experimental data of Coneliset al. [30] and is
systematically about 30% smaller than JENDL-3.2. BROND-2
is twisted between JENDL-3.2 and JEF-2.2.

Xel34-**  One group cross-sections for JEF-2.2, FOND-2.1 and JENDL-3.2:
0.0360, 0.0374, 0.0272.

JENDL-3.2 reproduces the experimental data of Beer et al. [31],
but JEF-2.2 which is the same as ENDF/B-VI is about a factor of
2larger than JENDL-3.2 above 10 keV. Resolved resonance
parameters of JENDL-3.2 were evaluated on the basis of the new
measurements of Macklin [36].

(Zr95)+** One group cross-sections for JEF-2.2, BROND-2 and JENDL-3.2:
0.0643, 0.1229, 0.1489.

Since there is no experimental data of cross-sections in the keV
energy range, a large difference is observed between the different
evaluated data files among JENDL-3.2, JEF-2.2, ENDF/B-VI and
BROND-2. They are arranged in decreasing order of magnitude
from ENDF/B-VI, JENDL-3.2, BROND-2 and JEF-2.2. JEF-2.2 is
about afactor of 2 smaller than JENDL-3.2.

Summary

Data comparison should be made for originally evaluated data. In statistics
of the result of benchmark study, each data should be equally treated not
to make a double count. In the present case, ideal benchmark study will be
accomplished with that all participants will calculate the quantities of pseudo-FP
from the common evaluated FP libraries, JEF-2.2, JENDL-3.2, ENDF/B-VI| and
BROND-2 with their own method. Unfortunately, we did not use such a method
and no person has not participate the study from ENDF/B side. | think it is not
easy to make a fair conclusion to satisfy all participants. The following is a
summary of the present comparison study for capture cross-sections
emphasising the reason of discrepancy between JEF-2.2 and JENDL-3.2.

In the present benchmark study, the JENDL-3.2 capture cross-sections of
pseudo-fission-product is found to be smaller than JEF-2.2 and FOND-2.1.
In order to clarify the reason for the discrepancy, | compare the evaluated
capture cross-sections for 40 FP nuclides. It was surprising that the JENDL-3.2
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data were larger than JEF-2.2 for about half the number of nuclides. Further
check of cross-section was made for important 27 nuclides by comparing the
evaluated data with the experimental data.

Large discrepancies are observed among the libraries for nuclides such as
®'Sm, **Ru and *Eu, whose experimental datais not available in the keV region
and contribution to FBR capture rates is high. For these nuclides, JENDL-3.2
shows smaller values than JEF-2.2 and BROND-2. It might be pointed out that
this discrepancy is due to the difference of parametrisation of nuclear model for
such nuclides.

The selection of experimental is one of the cause to originate discrepancy
between JENDL-3.2 and JEF-2.2. As shown in the figures, the JENDL-3.2
evaluation stands on later experimental data of ORNL and JAERI, which were
not used for the JEF-2.2 evaluation. The later experiments show a tendency
becoming smaller than older ones, for example '"Ag and **Sm. New
experiments have been made for important nuclides so the difference might
affect to the pseudo-FP cross-sections. Another typical example is the resonance
parameters of “*Eu which determine cross-section of the pseudo-FP in the lower
energy below 10 eV: JEF-2.2 adopted artificial ones to give large cross-sections,
but JENDL-3.2 did the experimental data.

Besides, the cross-sections of JEF-2.2 are those adjusted to the integral data
of the STEK experiments. For many nuclides, the C/E values of JENDL-3.2 to
the STEK experiments correlate with the cross-section ratios of JENDL-3.2
to JEF-2.2. The results of integral test for JENDL-3.2 shows a trend of
underestimation of reactivity worth by 5-10% for nuclides having masses more
than 130. Accordingly, it is not strange that there is a systematic difference
between JENDL-3.2 and JEF-2.2.
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