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FOREWORD

In 1991, the NEA Nuclear Science Committee (NSC) launched a computation benchmark on
power distribution within fuel assemblies to compare different techniques for fine flux prediction in
systems partially loaded with mixed-oxide (MOX) fuel. The first phase of the benchmark, which
investigated only numerical schemes with given homogenised neutronic parameters, was completed
and reported upon in 1994. The second phase was undertaken in 1996 to investigate not only different
numerical schemes currently used in production code systems but also the global performance
including cross-section data reduction methods.

Ten institutions world-wide participated in the second phase of the benchmark and more than
fifteen calculation schemes were examined. This report provides an analysis of the results. The
intercomparison of a comprehensive set of solutions has enabled the quantification of the differences
caused by different schemes used, and resulted in some features of the calculation methodologies
being better understood. However, because all the calculations presented in this report were performed
in 1996, they do not take account of recent improvements in libraries and computation methods for
MOX fuel calculations. A new NEA benchmark using VENUS-2 MOX core measurement data is
being undertaken to quantify the relative merits of the different calculation methods.
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EXECUTIVE SUMMARY

Systems loaded with plutonium in the form of mixed-oxide (MOX) uranium plutonium fuel show
somewhat different neutronic characteristics compared with those using conventional uranium fuels.
Even though many countries have sufficient experience in using MOX fuel within certain technical
boundaries, it is essential to accurately predict the characteristics of MOX-fuelled systems and to
further validate both the nuclear data and the computation methods used if the extension of the current
constraints is envisaged.

In 1991, the NEA Nuclear Science Committee (NSC) launched a computation benchmark on
power distribution within fuel assemblies to compare different techniques used in production codes for
fine flux prediction in systems partially loaded with MOX fuel.

The benchmark was conducted in two separate phases. In the first phase, the numerical
techniques for pin power reconstruction were addressed and differences that could have been caused
by different neutron data reduction methods were avoided by giving smeared (homogenised) neutronic
parameters. Nineteen institutions from eleven countries participated in the first phase of the
benchmark, which was completed and reported upon in 1994.

Based on the results of the first phase, it was deemed necessary to investigate not only numerical
schemes in production code systems, but also the global performance including cross-section data
reduction methods. Therefore, the second phase of the benchmark was undertaken in 1996. Each
participant independently determined neutronic parameters using detailed geometrical and physical
data.

Ten institutions from eight countries participated in the second phase of the benchmark and more
than fifteen calculation schemes were examined. These calculation schemes comprise the majority of
the methods used for reactor design: collision probability, SN transport (finite differences and nodal),
diffusion (finite differences and nodal), Monte Carlo, power reconstruction methods, etc.

Due to the different nuclear data libraries and self-shielding methods used, the standard deviation
in k∞ is ±500 pcm for MOX cells and ±600 pcm for UO2 cells. A relatively large discrepancy of about
±860 pcm in keff was observed among the different solutions submitted. With regard to pin power
distribution, transport calculation results show good agreement while the diffusion calculations suffer
from the reflector effect, giving a larger discrepancy in general. Compared with the CEA results,
chosen as the reference for convenience, on average, a higher value up to 1.3% for MOX pin power
and a slightly lower value for UO2 pin power were reported.

In the benchmark, even though the outliers have been omitted, the spreads in important
parameters such as kinf and keff are larger than expected. This means that there still remains a need to
improve the calculation methods and the ways in which basic data are handled and used in calculation
schemes. In nuclear design calculations for MOX systems, rigorous treatment of resonance self-
shielding and mutual shielding over the whole energy region (especially for 240Pu and 242Pu) and the
use of modern nuclear libraries are essential. It was also noted that the data for higher plutonium
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isotopes and minor actinides likely need further improvement. Since plutonium fuels are sensitive to
spectral changes caused by the cylindrical approximation, the use of square cell geometry rather than
the cylindrical approximation is recommended in MOX system calculations. The implications of a
systematic overestimation of the calculated powers in the MOX fuel region should be carefully
considered when designing commercial cores to be used with MOX fuel.

All the calculation results presented in this report were performed in 1996 using the
recommended libraries and procedures at that time. Since 1996, new improvements in libraries,
calculation methods and procedures have been introduced. Consequently the results presented do not
represent the participating institutions’ latest computation capabilities for MOX fuel. A new NEA
benchmark using VENUS-2 MOX core measurement data was launched in 1999 and is being
undertaken to quantify the relative merits of the different calculation methods.



15

Chapter 1

INTRODUCTION

In 1991, the OECD/NEA Nuclear Science Committee (NSC) launched a computational
benchmark on power distribution within assemblies to compare different techniques for fine flux
prediction in systems partially loaded with MOX fuel using different diffusion or transport calculation
schemes.

The benchmark was conducted in two separate phases. In the first phase, the numerical
techniques for pin power reconstruction were addressed. In order to avoid difficulties in inter-
comparison caused by different neutron data reduction methods, the neutronic parameters were given
in a smeared (homogenized) form for each pin cell type and collapsed into fast and thermal broad
groups. Nineteen institutions from 11 countries participated in the first phase of the benchmark; it was
completed and published in 1994 [1]. Based on the results of the first phase, it was possible to quantify
the discrepancies related to numerical schemes used. However, a need was felt to investigate not only
numerical schemes in production code systems, but also the global performance including cross-
section data reduction methods.

To this end, the second phase of the benchmark commenced in 1996 [2]. Participants
independently determined neutronic parameters using detailed geometrical and physical data. The
methods used for obtaining homogenized neutronic parameters for each pin cell and collapsed broad
groups are not always obvious. Generally, the assemblies involved in the core are calculated using
transport codes (solving integral or integro-differential transport equation) with a heterogeneous
description of the cells and a fine treatment of the energy variable.

The manner of obtaining the broad group cell parameters from the calculation for an assembly (or
even a group of assemblies) is not trivial because: (1) the assumption of isotropic angular fluxes at the
cell boundary (in interface current methods or cylindrical cell patterns) is not appropriate in MOX
lattices [3], (2) the spectrum is very space-dependent, especially near the boundary between MOX and
UO2 assemblies, (3) the definition of cell-by-cell diffusion coefficients (radial and axial) is not always
well founded and (4) the procedure used to derive homogeneous “equivalent” cell parameters can be a
source of error.

Furthermore, a calculation scheme must be considered as a whole. For example, the ways to
derive cell parameters are in general strongly dependent not only on the adopted type of heterogeneous
cell transport solution but also on the scheme adopted for the whole core calculations. There might be
some “equivalence procedures” (or discontinuity factors) whose role is to modify the cell or assembly
parameters in order to compensate for possible errors due to homogenization, mesh effects,
collapsing, etc.

For these reasons, it is interesting to compare the results obtained by using the different nuclear
data reduction methods starting from the beginning, that is to say from the detailed geometrical and
physical data.
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Fourteen solutions were received from 10 institutions (eight countries) and more than
15 calculation schemes examined. These calculation schemes comprise the majority of the methods
used for reactor design: collision probability, SN transport (finite differences and nodal), diffusion
(finite differences and nodal), Monte Carlo, power reconstruction methods, etc. The present report
gives an analysis of results provided by the second phase of the benchmark.
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Chapter 2

BENCHMARK MODEL

The benchmark model has been designed for comparison of different techniques used for fine
flux prediction comprising diffusion and transport methods as well as nuclear data sets. The detailed
benchmark specification can be found in Appendix 1. Only the main characteristics of the benchmark
model are presented here. The benchmark geometry consists of one central MOX assembly
surrounded by eight UO2 assemblies. The MOX assembly contains fuel pins with three different
plutonium enrichments (4.3%, 7.0% and 8.7%). The UO2 rods are made of 3.7% enriched in 235U. The
description of unit pin cells is given in Table 2.1 and the isotopic composition for each medium is
defined in Table 2.2. The geometries of UO2 and MOX assemblies are shown Figure 2.1, and the core
geometry is given in Figure 2.2.

The temperature is assumed to be constant and equal to 20°C. A vacuum boundary condition is
assumed at the external limit of the reflector. For 2-D calculations, it is also assumed that the
extrapolated height of the core is 95 cm (80 + (2 × 7.5) cm), which leads to an axial buckling equal to
1.094 10-3 cm-2.

In the central cell of each assembly, the response of a miniature fission chamber is simulated by
the fission rate of one atom of 235U in the water inside the central guide tube.

In order to check the origins of discrepancies due to differences in nuclear data and computation
methods used, the following results were requested:

For each of the fuel cells (MOX 4.3%, MOX 7.0%, MOX 8.7% and UO2), k∞, critical buckling,
migration area, and absorption/fission reaction rates per isotope in one group and three groups
involving the 5 keV and 4 eV boundaries were investigated. Each energy group represents fast, self-
shielded and thermal group, respectively. Investigation into reaction rates in the three groups will
allow to clarify differences in the verious data reduction methods.

For core calculations, keff and pin-by-pin group integrated fission rates (not power) on 1/8 of the
geometry, including 235U fission rate in the central cell of each assembly were requested.
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Chapter 3

PARTICIPANTS, METHODS AND DATA

Fourteen solutions were received from eight countries and more than 15 calculation schemes were
tested. These calculations involved the majority of the methods used in reactor design:

•  Collision probabilities,

•  SN transport finite differences methods,

•  SN transport nodal scheme,

•  Diffusion finite differences,

•  Diffusion nodal,

•  Monte Carlo,

•  Power reconstruction methods, etc.

Table 3.1 summarizes the global overview of the calculation schemes used by the participants,
including basic nuclear data libraries and computer codes used in the calculations. A full list of the
contributors to the benchmark is provided below.

1. CEA, France
Participant: S. Cathalau, A. Santamarina, G. Wuillermoz, G. Mathonniere, C. Poinot and
                   A. Bouamrirene
Basic library: JEF-2.2 (172 groups)
Cell code: APOLLO-2
Core calculation: APOLLO-2 (18 groups)
Remarks: Cylindrical and square cell calculations.

2. EDF, France
Participant: N. Kerkar, C. Garzenne and X. Warin
Basic library: JEF-2.2/CEA93 (172 groups)
Cell code: APOLLO-2
Core calculation: APOLLO-2 and proprietary 3-D SN code
Remarks: 6 solutions.

3. IKE, Germany
Participant: D. Lutz and W. Bernnat
Basic library: JEF-2.2 and ENDF/B-VI (292 groups)
Cell code: RESMOD (SCALE)
Core calculation: ICM2D code (J±) in the RSYST3 system (45 groups)
Remarks: No reconstruction method.
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4. NRG, The Netherlands
Participant: R. van der Stad
Basic library: JEF-2.2 (172 groups)
Cell code: WIMS7A
Core calculation: TWOTRAN (6 groups)
Remarks: No reconstruction method.

5. TU-Delft , The Netherlands
Participant: P. F. A. de Leege, T. M. John, A. Hersman and V. A. Khotylev
Basic library: JEF-2.2 (172 groups)
Cell code: SCALE-4.2
Core calculation: DORT, PROMETEUS (56 groups) and KENOVa (172 groups)
Remarks: 2-D DORT and PROMETEUS (diffusion), and 3-D KENOVa solutions.

6. PSI, Switzerland
Participant: P. Grimm
Basic library: JEF-1 (70 groups)
Cell code: BOXER
Core calculation: SILWER (3-D diffusion nodal)
Remarks: Reconstruction.

7. KAERI, Korea
Participant: H. K. Joo, T. K. Kim, Y. I. Kim and Y. J. Kim
Basic library: ENDF/B-VI (89 groups)
Cell code: HELIOS
Core calculation: MASTER (analytic basis function expansion nodal) (2 groups)
Remarks: Reconstruction (modulation method).

8. IPPE, Russian Federation
Participant: A. Tsiboulia and E. V. Rozhikhin
Basic library: FOND-2.2 (69 groups)
Cell code: WIMS-D4
Core calculation: TWODANT (69 and 3 groups)
Remarks: 6 solutions in diffusion and transport methods. Buckling height used is 95 cm
                instead of 80 cm.

9. SCK•CEN, Belgium
Participant: G. Minsart and E. M. Malambu
Basic library: MOL-BR2-40GR (40 groups)
Cell code: MULCOS
Core calculation: DORT and NRMPO (diffusion nodal) (40 groups)
Remarks:

10. JAERI, Japan
Participant: K. Okumura, T. Kugo and Y. Nagaya
Basic library: JENDL-3.2 and JENDL-3.1 for 242Pu (107 groups)
Cell code: SRAC95
Core calculation: MOSRA-light (11 groups)
Remarks: Reconstruction.
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11. JAERI, Japan
Participant: K. Okumura, T. Kugo and Y. Nagaya
Basic library: JENDL-3.2 (continuous energy)
Cell code: MVP
Core calculation: MVP
Remarks: Monte Carlo Method.

Calculation details supplied by the participants can be found in Appendix 2.
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Chapter 4

RESULTS OF THE BENCHMARK

For reasons of convenience a relative comparison of the participants’ results was carried out,
arbitrarily using the CEA results as the reference case. However, one must keep in mind that the
results presented in the report were obtained in 1996 using the recommended libraries and procedures
at that time. Since 1996, new improvements in libraries, calculation methods and procedures have
been introduced. Consequently the results used as the reference do not represent the latest
computational capabilities of the participant institutions.

4.1 Cell calculations

As for the basic libraries, JEF-2.2 (172 groups) was used by CEA, EDF, NRG and TU-Delft. IKE
used a library (292 groups) based on JEF-2.2 in conjunction with ENDF/B-VI. PSI used JEF-1
(70 groups) and KAERI applied ENDF/B-VI (89 groups). IPPE and SCK•CEN used FOND-2.2
(69 groups) and MOL-BR2-40GR (40 groups), respectively. JAERI applied JENDL-3.2.

The deterministic cell calculation codes used are APOLLO-2 (CEA and EDF), RESMOD (IKE),
SCALE-4.2 (TU-Delft), WIMSD4 (IPPE), MULCOS (SCK•CEN). The collision probability codes
used are WIMS7A (NRG), BOXER (PSI), HELIOS (KAERI) and SRAC95 (JAERI). The only one
continuous energy Monte Carlo code applied is MVP (JAERI).

Group structure

APOLLO-2 and SCALE-4.2 use the 172 group “XMAS” scheme. WIMSD uses the original
WIMS 69 group structure. RESMOD uses a 292 group library stored in the AMPX format. BOXER
uses 70 group library processed by ETOBOX (a code developed at PSI). This library comprises WIMS
69 group structure and 1 group for 10-15 MeV in which the thermal cut-off energy is 1.3 eV.

The basic data of the MOL-BR2-40GR library were taken from the old KEDAK evaluated data
file and processed with the code BRIGITTE; the selected group structure in the fast and epithermal
ranges is the same as in the old ABBN and NUSYS libraries.

In the HELIOS code, the 89 neutron group library data condensed by using the HEBE code from
the master library is used. The master library in a group structure of 190 neutron groups is generated
from ENDF/B-VI by using the NJOY91.13 code.

The JENDL-3.2 based 107 group library, made up of 61 fast and 46 thermal energy groups with the
cut-off energy of 2.3824 eV, is used in the SRAC95 calculations.
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Resonance shielding methods

RESMOD (IKE) uses the Bondarenko method (BONAMI in SCALE) in the unresolved range
and 1-D first collision probability method for slowing down equation in the energy range from 1 keV
to 3 eV with 13000 energy groups. No additional unresolved resonances treatments were made.

In WIMS7A, the subgroup method in groups 46-92 of XMAS structure for 235U, 238U, 239Pu and
240Pu and the equivalence theory for the other actinides are used. Overlap of resonances was
approximated using the subgroup method.

In the case of SRAC95, in the energy ranges from 961.12 eV to 130.07 eV (lethargy width =
0.00025) and from 130.07 eV to 2.382 eV (lethargy width = 0.0005), the collision probability method
with ultra-fine energy group was applied; mutual shielding effect was also considered. For energy
ranges other than those mentioned above, the table-look-up method based on NR approximation was
used.

APOLLO-2, WIMSD, SCALE-4.2 are based on homogeneous medium resonance integral
calculations with an equivalence procedure. In the case of APOLLO-2, exact effective cross-sections
depending on temperature and background cross-section were used for resonant isotopes. Generalized
Bell factor per group and resonant zone is applied (space-dependent self shielding). In SCALE-4.2, the
Nordheim method is used in the resolved region and the Bondarenko method in the unresolved region.
Overlapping is not taken into account. The treatment of resonances in WIMSD is based on the use of
equivalence theorems with a library of accurately evaluated resonance integrals for equivalent
homogeneous systems at a variety of temperatures. The “SPECTROX” collision theory procedure
gives accurate spectrum computations in the 69 groups of the library for the principal regions of the
lattice using a simplified geometric representation of complicated lattice cells.

In BOXER, resonance data (resolved and unresolved resonances) for all resonance nuclides
except for minor fission products are used: point data between 1.3 eV and 907 eV, typically 7 000-
8 000 points and cross sections tabulated for 3 temperatures and 4 dilutions for E > 907 eV. For
1.3 eV < E < 907 eV, pointwise two-region collision probability calculation was performed and for
E > 907 eV tabular interpolation versus temperature and equivalent dilution cross section was made.
The Dancoff factor was corrected for square cell geometry. Resonance overlap was automatically
taken into account by pointwise calculation.

In the MULCOS system, the Bondarenko formalism is used to perform the resonance self-
shielding (f-factors tabulated by group and by isotope vs. temperature and potential scattering); to the
potential scattering internally computed in the preprocessing routines of the MULCOS code system on
the basis of the fuel composition, a heterogeneity term is added, accounting for the shape and size of
the fuel zone in the cell and for the proportions and compositions of the other components of the cell.

HELIOS uses the tables of group resonance integrals (RIs) for homogeneous mixtures of the
resonance isotopes with hydrogen. Isotopes other than hydrogen are represented by including their
“intermediate resonance factors” in “background cross section”. In the heterogeneous system an
“equivalence cross section” to background cross section is added. The energy range considered is from
1.85 eV to 9.119 keV.
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Flux calculation methods

SCALE-4.2 applied S32P3 approximation and the meshes per pin cell used are 20, 5 and 8 for
the fuel, clad and moderator, respectively. WIMSD calculations used S16 and P0 approximation
with diagonal transport correction. WIMS7A collision probability calculations were performed for
4 meshes in fuel, 1 in clad, 1 in void, 1 in Zr, 1 in void, 1 in Al, 3 in the moderator region. BOXER
used P2 transport corrected P1 scattering.

In MULCOS, the P0 diagonal transport correction was used and the S8 level of angular
descretization has been adopted. A fine mesh description of the cell has been used: 12 meshes in the
fuel zone, 3 in the Zr zone, 2 in the Al zone, and 10 in the moderator.

HELIOS applied the current coupling and collision probability (first-flight probabaility) method
with 9 meshes per fuel cell, including 4 meshes in the moderator region.

APOLLO-2 (EDF) solves the integral transport equation with the collision probability method on
the assumption of corrected isotropic scattering. Each pin was discretized in six rings.

Fission spectrum

In RESMOD, fission spectra are incident neutron energy dependent and mixed corresponding to
the isotopic production rates of 235U, 238U, 239Pu and 241Pu. SRAC95 uses nuclide-wise fission spectra
mixed by weighting with production rates calculated from an asymptotic spectrum (107 groups) and
number densities of fissile nuclides. In the case of SCALE-4.2, a weighted fission spectrum mixed
from all fissionable nuclides is used. In BOXER, the vector fission spectrum is calculated as a linear
combination of spectra of all fissionable nucides in the cell (weighting function: macroscopic
production cross sections, collapsed with library spectrum). WIMS7A (NRG) and MULCOS use a
single 235U fission spectrum. In HELIOS, a weighted mix of fissionable isotopes (235U, 236U, 238U,
237Np, 238Pu, 239Pu, 240Pu, 241Pu, 242Pu, 242Pu, 241Am, 242Am, 242mAm and 243Am is used for fission
spectrum calculation.

4.1.1 Results of cell calculations: discussion

The results (multiplication factor, critical buckling and migration area) of cell calculations are
summarized in Tables 4.1 to 4.4 for MOX 4.3%, MOX 7.0%, MOX 8.7% and UO2 respectively. These
results are also plotted in Figures 4.1 to 4.4.

The calculated multiplication factors and their deviations from the average values for each fuel
cell are given in Table 4.5. Except for the solution from SCK•CEN, the same kind of spread is
observed between solutions on multiplication factors as for the previous benchmarks organized by
OECD/NEA related to void coefficient or burn-up calculations: the standard deviation is about
±500 pcm for MOX cells. For the UO2 cell, the spread is ±600 pcm, which is higher than the common
admitted value.

The discrepancies between solutions in MOX cells are linked to the nuclear data libraries and the
self-shielding methods. This is shown in the tables related to 240Pu and 242Pu reaction rates for which
the main contribution of absorption is due to their first resonance at 1.07 eV and 2.68 eV respectively
(group 3 in the tables). For instance 240Pu contributes to the total absorption rate in MOX cells at about
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15% and 242Pu at about 2%. This means that a discrepancy of 1% in self-shielded cross section leads to
a discrepancy in the multiplication factor of about 150 pcm and 20 pcm in ∆k respectively.

From CEA results, it is observed that the effect of square and cylindrical cell modelling increases
with the plutonium content in the fuel. The differences in k∞ between the square and the cylindrical
cell calculations are 130 pcm for UO2, 500 pcm for MOX 4.3 and 7.0%, and 580 pcm for MOX 8.7%
cells. The same trend has been reported in other studies [4,5,6]. Due to resonances in 239Pu and 240Pu,
plutonium fuels are sensitive to spectral changes caused by cylindrical approximation. This means that
a careful geometry treatment in MOX cell calculations is required.

The spread in critical buckling results is about ±3% to ±4%, which seems to indicate that the used
leakage models can influence the solutions. The spread in migration area is about ±1.5% for MOX
cells and 2.3% for UO2.

4.1.2 Analysis per nuclide

Tables 4.6 to 4.9 present the averaged results in terms of absorption, fission and production of
each nuclide in 3 groups (and total) for MOX 4.3, MOX 7.0, MOX 8.7 and UO2 respectively. Tables
4.10 to 4.13 indicate the contribution of each nuclide to the total absorption, fission and production
reaction rates respectively.

As for the SCK•CEN results, due to the group structure of the original cross-section set, the
energy limits of the reported 3-group reaction rates are slightly different from those specified in the
benchmark proposal. The energy limits are 4.65 keV and 4.65 eV. IPPE reported reaction rates with
the energy group limits of 5.53 keV and 4 eV.

Tables 4.14 to 4.51 give the results for the absorption, fission and production of each nuclide
absolute values and normalized values to the CEA results. For comparison, normalized values to the
CEA results are plotted in Figures 4.5 to 4.42.

235U: The results are globally consistent except for the SCK•CEN solution which presents a higher
absorption (~ 10%) in the whole energy range, and for the KAERI solution in group 2 where 15% of
higher values for MOX cells can be observed and about 10% in the UO2 cell.

238U: A global consistency can be noted for the JEF-2.2 calculations. The differences in absorption rate
in group 2 (self-shielded group) come from the cylindrization of the cell which gives higher values
(about 3%) in the absorption for MOX cells and about 2% in UO2. Again SCK•CEN gives solutions
outside the global standard deviation. The JAERI solutions gives lower values of the absorption in the
fast range of about 4.5% to 7.0% in MOX fuel. This leads to an underestimation of the production rate
of 4% to 6%. In the UO2 cell, these differences reach 12% and 14% respectively.

238Pu: Only IPPE results give reaction rates higher than the others but this nuclide does not contribute
a lot to the neutronic balance.

239Pu: SCK•CEN reports higher thermal reaction rates but gives very lower epithermal reaction rates.
JAERI results show lower values of the fast absorption, fission and production.

240Pu: Big spreads can be observed for each reaction rate in each group. This comes from differences
in the JEF-2.2, JENDL-3.2 and FOND-2.2 evaluations, and also from differences in the self-shielding
methods used.
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241Pu: JEF-2.2 solutions are very consistent. The other data libraries generate strong differences in the
fast energy range, but globally the total reaction rates are very close except for the JAERI solutions
(-2%).

242Pu: The library and self-shielding effects are very important and consequently large spreads are
observed in absorption rates.

241Am: The library effects are again very important (for example JAERI gives results about 11% lower
for the total reaction rates, SCK•CEN gives results with discrepancies of up to 20%), but this nuclide
does not contribute much to the neutronic balance.

Oxygen in fuel: The results are consistent except for the SCK•CEN and JEARI solutions, which report
a very low absorption (by a factor of 2) in the fast energy range (and total), and for the PSI (JEF-1
library) solution for which is noted a lower value by 25% in the fast energy range. This could be a
result of the (n, α) reaction.

H2O in moderator: The same phenomenon is observed as for oxygen in the fast energy range
(hydrogen does not absorb neutrons at such energy). All the solutions in the total absorption are lower
by about 5% for MOX cells and 2% for UO2 fuel compared to the square cell taken as the reference;
the cylindricization of the cell generates a harder neutron spectrum.

Boron in moderator: The cylindricization effect can also be observed in that case (~ 5% for MOX and
~ 2% for UO2). For example, the Monte Carlo solution of JAERI gives exactly the same reaction rate
as the CEA square solution in MOX cells (this was not the case for H2O because of the oxygen
absorption in fast spectrum). KAERI and IPPE give lower values of the total absorption by about 8%.

4.1.3 Conclusions on cell calculations

Globally, the same discrepancies are observed in the multiplication factors as for the previous
benchmarks organised by OECD/NEA. This is due to different libraries and methods used in the codes
(self-shielding and flux approximations) [7,8].

4.2 Core calculations

CEA applied APOLLO-2 (SN Nodal) for 18 energy groups using S8P1 approximation. EDF
performed 2-D SN calculations (APOLLO-2) for 172, 101, 16, 6 energy groups consequently and one
3-D SN transport calculation for 16 energy groups. All the results from EDF can be found in Appendix
3.1, but the 2-D APOLLO-2 calculation result for 16 groups is taken as the EDF reference solution.
No reconstruction was performed in CEA and EDF calculations.

In the case of KAERI, using two group constants (boundary 4.0 eV), the discontinuity factor and
heterogeneous power form function were generated from HELIOS assembly calculation. The Analytic
Basis Function Expansion (AFEN) option in the MASTER was applied for nodal calculation for core
power distribution with 1 node per assembly mesh grids. Homogeneous flux distributions in the fuel
nodes were calculated for the pin-power reconstruction. Intranodal homogeneous flux and
heterogeneous power form function were modulated to estimate the pin-power distribution.
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IPPE provided 6 solutions using different energy groups and methods as follows:

•  Case 1: in 69 energy groups in SN transport theory (S4 approximation);
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector

•  Case 2: in 69 energy groups in diffusion theory;
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector

•  Case 3: in 3 energy groups in SN transport theory (S4 approximation);
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector

•  Case 4: in 3 energy groups in diffusion theory;
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector

•  Case 5: in 3 energy groups in SN transport theory (S4 approximation)
140 x 140 meshes, 2 meshes per pin in first row, 4 meshes per pin
in other rows, 38 meshes in water reflector

•  Case 6: in 3 energy groups in diffusion theory;
140 x 140 meshes, 2 meshes per pin in first row, 4 meshes per pin
in other rows, 38 meshes in water reflector.

However, all the IPPE core calculations were performed with a wrong buckling height (95 cm
instead of 80 cm). Due to 1/4 of the core modelling, in Cases 1 to 4, the mesh sizes in the first row
were twice less than those in the other rows. All the IPPE results and revised keff values with the right
buckling height can be found in Appendix 3.2. Only cases 1 and 2 are presented here as the two IPPE
reference solutions. For all calculations, no reconstruction was performed.

TU-Delft provided three solutions: 3-D multi-group Monte Carlo solution from KENOVa
calculation with 172 groups, 2-D SN transport solution from DORT with 56 groups and 2-D diffusion
solution from PROMETHEUS with 56 groups.

SCK•CEN performed two different calculations: a 2-D DORT calculations with S8P0 (diagonal
transport correction) and a 2-D NRMPO diffusion nodal calculation using the same 40 group cross-
sections generated by the system MULCOS. For both calculations, no reconstruction was performed.

In the case of PSI, the assembly homogenization was made using the 2-D transport transmission
probability method (QP1 for 12 groups). Assembly averaged cross sections were then divided by
surface-to-average flux ratios from assembly calculations (heterogeneity factors by Koebke). 3-D
analytical diffusion nodal calculation (SILWER) in 2 energy groups was performed using exponential
and trigonometric functions for intranodal flux expansion. Reflector 2-group diffusion coefficients
were adjusted to reproduce results of heterogeneous multigroup transport calculation. Pin power
reconstruction was done by modulating intranodal homogeneous fluxes with pin form factors obtained
from heterogeneous assembly calculations.

In the JAERI calculations, the diffusion nodal code MOSRA-light was applied for 11 groups.
This code is based on 4th order polynomial nodal expansion method with quadratic transverse leakage
approximation. Heterogeneous flux distribution was obtained by factorizing the reconstructed
homogeneous flux with the form factor given by assembly calculations. JAERI also provided a
continuous Monte Carlo solution using MVP.

IKE used J± code ICM2-D in RSYST3 with 45 energy groups and P1 scattering for 1 mesh per pin
cell. No reconstruction was performed.
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4.2.1 keff calculation

Table 4.52 summarizes the multiplication factors related to the core calculations performed by
each participant and the discrepancy (in ∆k/kk’) to the CEA result. Figure 4.43 presents the
discrepancy to the CEA results. The average keff is 1.0708 with a spread of ± 860 pcm. The core is not
critical because of the boron concentration. The spread is directly linked to the nuclear data set
libraries and to the calculation methods.

Thus, the transport calculations give an average of 1.0733 ± 0.0095 and the diffusion method
leads to an average of 1.0671 ± 0.0057. Results from the diffusion theory provide slightly smaller
effective multiplication factors, but these are less dispersed than those obtained with the transport
theory.

EDF gave the effects of reducing the number of groups in the core calculation when starting from
the same initial library. Decreasing the number of group leads to a decreasing of keff down to -620 pcm
for the 6 group calculation compared to a 172 group calculation. In addition, a 3-D model has been
performed with 16 groups and the 2-D/3-D effect is +320 pcm. TU-Delft has also performed a 3-D
solution which is 590 pcm higher than its 2-D solution.

IPPE has evaluated the diffusion/transport effect, the reduction of group number and the number
of meshes. The diffusion/transport effect is very high for the 69 group calculation (-1430 pcm) but
acceptable (-220 pcm) in the case of the 3 group calculation with a fine mesh model. The group
number reduction leads to an increase of about 540 pcm and the mesh number effect is small in
transport theory (-40 pcm).

4.2.2 Fission chambers activities

The fission chambers activities in the center of each assembly are very interesting because, in
current PWRs, they are the only neutronic information which can be obtained directly in the core. The
activity is used for “reconstructing” the pin-by-pin power in each assembly using a calculated power
map as follows:

( ) ( )P r
A

A
P rconstructed

Measured

Calculated

CalculatedRe = ⋅ ,

where P(r)Reconstructed is the reconstructed power in the assembly at the point r, P(r)Calculated the calculated
power in the assembly at the point r, ACalculated the calculated activity of the fission chamber in the
central instrumentation tube and AMeasured the measured activity of the fission chamber in the central
instrumentation tube.

Only seven calculated fission chamber activities were reported (CEA, IKE, PSI, TU-Delft SN and
diffusion, JAERI MORSA and MVP). These results are given in Tables 4.53 to 4.55 and in Figures
4.44 to 4.46. For the fission chamber in the MOX assembly, except about a 14% discrepancy from
TU-Delft  diffusion and JAERI MVP calculations, the results show good agreement (less than 1%
discrepancy from the CEA result). For the two fission chambers in the UO2 assemblies, the results are
also consistent, but TU-Delft  diffusion and JAERI MORSA calculations report 10% and 5%
discrepancies, respectively.
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4.2.3 Power map

The calculated pin-by-pin power distributions are normalized to 315 (total number of pins
modelled). Figures 4.47 to 4.61 present the total fission rate distributions and the total fission rate
distributions relative to the CEA results. Most transport calculation results show a good agreement
while the diffusion calculations, even with the reconstruction methods, give a larger discrepancy.
Figures 4.62 and 4.63 give the average values (pin-by-pin) of the discrepancies relative to the CEA
results and the standard deviation of these discrepancies respectively. Figures 4.64 to 4.75 show the
contributions of the 3 broad groups to the total fission rates. SCK•CEN and KAERI did not provide
the group-wise fission rate distributions.

In Figure 4.62, the average of pin-by-pin discrepancy of each participant is calculated compared
to CEA results. This figure shows that, in comparison with the CEA results, the average of participants
gives higher values of the power in the central MOX assembly (average of +1.3%, +0.6% and +1.1%
for MOX 8.7%, MOX 7.0% and MOX 4.3% respectively) with a spread of about 3% for each zone.
The power in the UO2 assemblies is slightly lower by -0.1 ± 3.6% compared to the CEA results. This
good result comes from a cancellation between lower values (of about 1.5% in the UO2 row
neighboring the reflector) and higher values (between 0.5% and 1%) in the 4 interior rows. That
indicates different treatments of the reflector in core calculations as pointed out in Figure 4.63 where
the standard deviation in the 3 external UO2 rows is comprised between 4.5% and 16%.

To investigate pin power distribution at the assembly interface, fission rates in diagonal, in the
first column and the second column pins were compared. The CEA results are shown in Figures 4.76
to 4.78. The fission rates at the interface relative to the CEA results are compared in Figures 4.79 to
4.81. The agreement is within a few percent of the transport calculation results, but discrepancies
become larger in all diffusion calculation results, especially near the reflector (inside the core about
10% and near the reflector 15 to 30%).

The fission rate ratios of MOX to UO2 pins at the MOX/UO2 assembly interface are shown in
Figure 4.82. A difference of about 1.5% (+1.3% in the MOX 4.3 row, and -0.2% in the UO2 row) is
observed. This again indicates the global overestimation of the power in the MOX pins. This trend
becomes larger when moving toward the neighbouring UO2 assembly. Although they are within the
experimental uncertainty margin, a slight overestimation of the calculated powers in the MOX pins
has also been reported by a CEA study in which a comparison between the calculation and the
EPICURE experiment results was made [9].
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Chapter 5

CONCLUSIONS

The second phase of the OECD/NEA international benchmark exercise for prediction of power
distribution within MOX-fuelled assemblies has been undertaken. Ten institutions world-wide
contributed, and more than 15 calculation schemes were examined, including the majority of the
methods used for reactor design: collision probability, SN transport (finite differences and nodal),
diffusion (finite differences and nodal), Monte Carlo, power reconstruction methods, etc. In this
benchmark exercise, not only numerical schemes in production code systems but also the global
performance including cross-section data reduction methods were investigated.

For each fuel cell, k∞, critical buckling, migration area and reaction rates per isotope were
reported. The standard deviation in k∞ is ± 500 pcm for MOX cells and ±600 pcm for UO2 cells. This
deviation is due to the different nuclear data libraries and self-shielding methods used. For instance,
240Pu contributes to the total absorption rate in MOX cells at about 15% and 242Pu at about 2%. This
means that a discrepancy of 1% in self-shielded cross-section results in a discrepancy in the
multiplication factor of about 150 pcm and 20 pcm in ∆k, respectively. The spread in critical buckling
is about ± 3% to ± 4%, indicating that different leakage models used can influence the solutions. The
spread in migration area is about ± 1.5% for MOX cells and ± 2.3% for UO2.

With regards to core calculations, keff pin-by-pin fission rates were calculated. A big spread of
±860 pcm from the average value of keff was observed. This is due to cross-section libraries, the
reduction methods applied and the level of sophistication in the methods used (that is, diffusion or
transport, number of energy groups, etc.). As for the pin-by-pin power distributions, most transport
calculation results show a good agreement while the diffusion calculations, even with the
reconstruction methods, give in general a larger discrepancy. Compared with the CEA results chosen
as a reference for convenience, most participants report higher values of power in the central MOX
assembly (average of +1.3%, +0.6% and +1.1% for MOX 8.7%, MOX 7.0% and MOX 4.3%,
respectively) with a spread of about 3% for each zone. The power in the UO2 assemblies is lower by
−0.1 ± 3.6% compared with the CEA values. In core calculations, the discrepancies observed are
partly due to the different methods used and partly due to the differences in basic nuclear data. It is
difficult to estimate the effect of the each contribution on the overall discrepancy. However, according
to the keff and pin power distribution results, the discrepancies caused by the differences in basic
nuclear data and the reduction methods used seem to be more important than those caused by the
different methods used for radiation transport.

In the benchmark, after the obvious outliers have been removed, the spreads in important
parameters such as k∞, and keff are larger than expected. This means that there still remains a need to
improve the methods and basic data. In nuclear design calculations for MOX systems, rigorous
treatment of resonance self-shielding and mutual shielding over the whole energy region (especially
for 240Pu and 242Pu, etc.) and the use of state-of-the-art nuclear libraries are essential, although the data
for higher plutonium isotopes and minor actinides seem to need further improvement. Since plutonium
fuels are sensitive to spectral changes caused by cylindrical approximation, the use of square cell
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geometry rather than cylindrical approximation is recommended in MOX system calculations. The
implications of a possible systematic overestimation of the calculated powers in the MOX fuel region
should be carefully considered in commercial core design with MOX fuel.

The intercomparison of a comprehensive set of solutions has enabled the quantification of the
differences caused by the various schemes used, and the better understanding of some features of the
calculation methodologies. However, because all the calculations presented in this report were
performed in 1996, they do not take into account recent improvements in libraries and computation
methods for MOX fuel calculations. An OECD/NEA benchmark using the VENUS-2 MOX core
measurement data is being undertaken to quantify the relative merits of the different calculation
methods [6].
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Table 2.1. Cell geometries

Cell Medium External radius

Fuel 0.4095 cm
Void 0.4180 cm

Zirconium clad 0.4750 cm
Void 0.4850 cm

Aluminum clad 0.5400 cm

Fuel
(MOX 4.3%, 7.0%,
8.7% and UO2)

Moderator Square lattice pitch = 1.26 cm
Moderator 0.3400 cm

Aluminum clad 0.5400 cmGuide tube
Moderator Square lattice pitch = 1.26 cm

Table 2.2. Isotopic composition for each medium

Concentrations (10
24

 at/cm
3
)

Nuclide MOX
4.3%

MOX
7.0%

MOX
8.7% UO2 Moderator Zr Clad Al Clad

235U 5.00E-5 5.00E-5 5.00E-5 8.65E-4
238U 2.21E-2 2.21E-2 2.21E-2 2.225E-2

238Pu 1.50E-5 2.40E-5 3.00E-5
239Pu 5.80E-4 9.30E-4 1.16E-3
240Pu 2.40E-4 3.90E-4 4.90E-4
241Pu 9.80E-5 1.52E-4 1.90E-4
242Pu 5.40E-5 8.40E-5 1.05E-4

241Am 1.30E-5 2.00E-5 2.50E-5
O 4.63E-2 4.63E-2 4.63E-2 4.622E-2

H2O 3.35E-2
B nat. 2.78E-5
Zr nat. 4.30E-2

27Al 6.00E-2
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Table 3.1. Participating organisations, data libraries and computer codes

Institution Basic library
(number of groups) Cell code Core calculation Comments

CEA
(France)

JEF-2.2 (172 g) APOLLO-2 APOLLO-2 (SN nodal )
S8, 18 g – P1

1 node per cell

No reconstruction
Equivalence
(hetero./
homogeneous)

JEF-2.2 (172 g) APOLLO-2 Test for square cell
No core calculations

EDF
(France)

JEF-2.2 (172 g) APOLLO-2 APOLLO-2 (SN) and
proprietary 3-D SN code

5 solutions
(172, 101, 16,
6 groups in 2-D and
16 groups in 3-D)

IKE
(Germany)

JEF-2.2
ENDF/B-VI
(292 g)

RESMOD
(SCALE)

ICM2D code (J±) in
RSYST3 system: 45 g
P1 scattering
1 mesh per cell

No reconstruction

NRG
(Netherlands)

JEF-2.2 (172 g) WIMS7A TWOTRAN
(SN transport): 6 g

No reconstruction

TU Delft
(Netherlands)

JEF-2.2 (172 g) SCALE4.2 DORT: 56 g
PROMETEUS 2-D: 56 g
KENOVa: 172g

No reconstruction

PSI
(Switzerland)

JEF-1 (70 g) BOXER SILWER (3-D diffusion
nodal): 2 g
1 mesh per cell – P1

Reconstruction

KAERI
(Korea)

ENDF/B-VI (89 g) HELIOS MASTER (Diffusion
nodal):
2 g
1 node per assembly

Reconstruction

IPPE
(Russia)

FOND-2.2 (69 g) WIMSD4 TWODANT
(SN transport): S4, 69 and
3 g

6 solutions in
diffusion or
transport with
different mesh sizes
and energy groups.

Buckling height
used was 95 cm
instead of 80 cm

SCK•CEN
(Belgium)

MOL-BR2-40GR
(40 g)

MULCOS DORT (SN transport): 40 g
S8, P0 transport corrected
4 meshes per cell
NRMPO (Diffusion nodal):
40 g

JENDL-3.2 and for
242Pu JENDL-3.1
(107 g)

SRAC95 MOSRA-light (Diffusion
nodal): 11 g
2 × 2 node per assembly

ReconstructionJAERI
(Japan)

JENDL-3.2
(continuous energy)

MVP MVP
(Monte Carlo method)
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Table 4.1. MOX 4.3% cell calculations

Participant k∞ B2 (cm-2) M2 (cm2) Comment

CEA-square 1.14356 3.007E-03 47.73
CEA-cylinder 1.13710 2.880E-03 47.59
EDF 1.13723 2.883E-03 47.60
IKE 1.13000 2.724E-03 48.48 1.132 if (n,2n) included
NRG 1.13196 2.738E-03 48.20
TU-Delft 1.13290 2.799E-03 47.46 critical bucking search
PSI 1.13900 2.984E-03 46.59
KAERI 1.12853 2.693E-03 47.73
IPPE 1.13299 2.887E-03 46.07
SCK•CEN 1.18046 4.220E-03 42.76
JAERI-MOSRA 1.14152 2.981E-03 47.47
JAERI-MVP 1.13990 0.05% MC error

Table 4.2. MOX 7.0% cell calculations

Participant k∞ B2 (cm-2) M2 (cm2) Comment

CEA-square 1.16846 3.619E-03 46.53
CEA-cylinder 1.16188 3.488E-03 46.41
EDF 1.16170 3.484E-03 46.41
IKE 1.15500 3.317E-03 47.39 1.157 if (n,2n) included
NRG 1.15749 3.340E-03 47.15
TU-Delft 1.15940 3.457E-03 46.20 critical bucking search
PSI 1.16510 3.639E-03 45.38
KAERI 1.15421 3.335E-03 46.24
IPPE 1.15931 3.545E-03 44.94
SCK•CEN 1.20245 4.850E-03 41.74
JAERI-MOSRA 1.16879 3.642E-03 46.35
JAERI-MVP 1.16470 0.06% MC error

Table 4.3. MOX 8.7% cell calculations

Participant k∞ B2 (cm-2) M2 (cm2) Comment

CEA-square 1.18364 4.002E-03 45.87
CEA-cylinder 1.17558 3.839E-03 45.73
EDF 1.17524 3.832E-03 45.73
IKE 1.16900 3.659E-03 46.77 1.171 if (n,2n) included
NRG 1.17185 3.692E-03 46.54
TU-Delft 1.17430 3.838E-03 45.38 critical bucking search
PSI 1.17920 4.009E-03 44.69
KAERI 1.16908 3.724E-03 45.40
IPPE 1.17411 3.931E-03 44.29
SCK•CEN 1.21441 5.180E-03 41.39
JAERI-MOSRA 1.18373 4.021E-03 45.70
JAERI-MVP 1.17860 0.04% MC error



40

Table 4.4. UO2 cell calculations

Participant k∞ B2 (cm-2) M2 (cm2) Comment

CEA-square 1.32939 6.516E-03 50.53
CEA-cylinder 1.32707 6.484E-03 50.43
EDF 1.32735 6.488E-03 50.45
IKE 1.32100 6.289E-03 51.36 1.323 if (n,2n) included
NRG 1.32213 6.164E-03 52.26
TU-Delft 1.31720 6.038E-03 52.53 critical bucking search
PSI 1.31420 6.359E-03 49.41
KAERI 1.32651 6.356E-03 51.37
IPPE 1.31643 6.472E-03 48.89
SCK•CEN 1.33146 7.020E-03 47.22
JAERI-MOSRA 1.32303 6.498E-03 49.71
JAERI-MVP 1.33200 0.03% MC error

Table 4.5. k∞ values of fuel pin cells

MOX 4.3% MOX 7.0% MOX 8.7% UO2

k∞
∆k/kk′
(pcm)

k∞
∆k/kk′
(pcm)

k∞
∆k/kk′
(pcm)

k∞
∆k/kk′
(pcm)

CEA-square 1.14356 – 1.16846 – 1.18364 – 1.32939 –
CEA-cylinder 1.13710 -496 1.16188 -485 1.17558 -579 1.32707 -131
EDF 1.13723 -486 1.16170 -498 1.17524 -604 1.32735 -116
IKE 1.13000 -1049 1.15500 -998 1.16900 -1058 1.32100 -478
NRG 1.13196 -896 1.15749 -811 1.17185 -850 1.32213 -413
TU Delft 1.13290 -823 1.15940 -669 1.17430 -672 1.31720 -696
PSI 1.13900 -350 1.16510 -247 1.17920 -318 1.31420 -869
KAERI 1.12853 -1164 1.15421 -1057 1.16908 -1052 1.32651 -163
IPPE 1.13299 -816 1.15931 -676 1.17411 -685 1.31643 -740
SCK•CEN 1.18046 2 733 1.20245 2 419 1.21441 2 141 1.33146 117
JAERI MOSRA 1.14152 -156 1.16879 24 1.18373 7 1.32303 -362

JAERI MVP 1.13990
(±0.05%)

-280
1.16470

(±0.06%)
-277

1.17860
(±0.04%)

-361
1.33200

(±0.03%)
147



Table 4.6. Absorption, fission and production reaction rates (mean values of all results) in MOX 4.3%

Absorption Fission Production
Nuclide g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

235U 7.595E-04 5.567E-03 1.179E-02 1.812E-02 6.412E-04 3.503E-03 9.984E-03 1.413E-02 1.616E-03 8.499E-03 2.420E-02 3.431E-02
238U 6.314E-02 1.626E-01 2.692E-02 2.525E-01 3.186E-02 8.669E-06 8.433E-08 3.187E-02 8.929E-02 2.526E-05 2.213E-07 8.931E-02
238Pu 2.386E-04 6.733E-04 2.527E-03 3.438E-03 2.024E-04 1.236E-04 8.029E-05 4.063E-04 5.446E-04 3.610E-04 3.213E-04 1.227E-03
239Pu 9.932E-03 6.793E-02 3.614E-01 4.406E-01 8.832E-03 3.907E-02 2.405E-01 2.890E-01 2.691E-02 1.124E-01 6.871E-01 8.263E-01
240Pu 2.351E-03 1.032E-02 1.233E-01 1.359E-01 1.791E-03 1.410E-04 2.449E-05 1.956E-03 5.605E-03 3.996E-04 6.813E-05 6.073E-03
241Pu 1.922E-03 2.116E-02 5.779E-02 8.087E-02 1.668E-03 1.609E-02 4.290E-02 6.065E-02 5.098E-03 4.707E-02 1.254E-01 1.776E-01
242Pu 4.357E-04 1.106E-03 1.159E-02 1.313E-02 3.215E-04 3.382E-06 4.407E-06 3.293E-04 1.017E-03 1.066E-05 1.515E-05 1.043E-03
241Am 1.926E-04 1.535E-03 7.938E-03 9.667E-03 8.962E-05 1.350E-05 4.765E-05 1.507E-04 3.279E-04 3.524E-05 1.557E-04 5.187E-04
O (in fuel) 2.260E-03 5.205E-07 3.534E-06 2.263E-03
H2O (mod.) 2.030E-03 1.702E-03 1.589E-02 1.963E-02
Boron (mod.) 8.296E-05 1.579E-03 1.505E-02 1.672E-02

Table 4.7. Absorption, fission and production reaction rates (mean values of all results) in MOX 7.0%

Absorption Fission Production
Nuclide g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

235U 7.564E-04 5.245E-03 6.833E-03 1.283E-02 6.388E-04 3.307E-03 5.758E-03 9.704E-03 1.610E-03 8.028E-03 1.397E-02 2.360E-02
238U 6.291E-02 1.545E-01 1.703E-02 2.344E-01 3.177E-02 8.582E-06 5.208E-08 3.178E-02 8.876E-02 2.449E-05 1.334E-07 8.878E-02
238Pu 3.806E-04 1.024E-03 2.318E-03 3.723E-03 3.230E-04 1.905E-04 7.436E-05 5.879E-04 1.009E-03 5.565E-04 2.166E-04 1.783E-03
239Pu 1.594E-02 9.569E-02 3.382E-01 4.498E-01 1.419E-02 5.526E-02 2.245E-01 2.939E-01 4.300E-02 1.631E-01 6.455E-01 8.516E-01
240Pu 3.811E-03 1.445E-02 1.311E-01 1.493E-01 2.903E-03 2.124E-04 2.598E-05 3.142E-03 9.087E-03 6.054E-04 7.216E-05 9.760E-03
241Pu 2.970E-03 3.007E-02 5.141E-02 8.445E-02 2.577E-03 2.293E-02 3.826E-02 6.376E-02 7.879E-03 6.722E-02 1.118E-01 1.869E-01
242Pu 6.846E-04 1.607E-03 1.393E-02 1.622E-02 5.052E-04 5.618E-06 5.911E-06 5.167E-04 1.579E-03 1.629E-05 1.902E-05 1.615E-03
241Am 2.952E-04 2.202E-03 8.457E-03 1.096E-02 1.376E-04 1.950E-05 5.035E-05 2.074E-04 5.032E-04 5.033E-05 1.649E-04 7.185E-04
O (in fuel) 2.255E-03 4.890E-07 2.150E-06 2.257E-03
H2O (mod.) 8.564E-03 1.608E-03 4.370E-03 1.454E-02
Boron (mod.) 8.279E-05 1.453E-03 1.021E-02 1.175E-02
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Table 4.8. Absorption, fission and production reaction rates (mean values of all results) in MOX 8.7%

Absorption Fission Production
Nuclide g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

235U 7.538E-04 5.056E-03 5.228E-03 1.103E-02 6.366E-04 3.192E-03 4.393E-03 8.221E-03 1.605E-03 7.750E-03 1.066E-02 2.002E-02
238U 6.271E-02 1.496E-01 1.368E-02 2.259E-01 3.170E-02 8.474E-06 4.128E-08 3.171E-02 8.882E-02 2.471E-05 1.092E-07 8.885E-02
238Pu 4.801E-04 1.240E-03 2.215E-03 3.929E-03 4.026E-04 2.325E-04 7.141E-05 7.065E-04 1.257E-03 6.791E-04 2.081E-04 2.145E-03
239Pu 1.974E-02 1.115E-01 3.238E-01 4.550E-01 1.755E-02 6.483E-02 2.149E-01 2.973E-01 5.349E-02 1.858E-01 6.148E-01 8.541E-01
240Pu 2.09E-02 6.68E-02 8.62E-02 1.74E-01 1.26E-02 1.71E-02 5.48E-02 8.45E-02 3.63E-02 4.86E-02 1.56E-01 2.41E-01
241Pu 3.700E-03 3.568E-02 4.869E-02 8.806E-02 3.210E-03 2.725E-02 3.628E-02 6.674E-02 9.814E-03 7.992E-02 1.060E-01 1.958E-01
242Pu 8.532E-04 1.922E-03 1.499E-02 1.776E-02 6.301E-04 6.835E-06 6.351E-06 6.433E-04 1.969E-03 1.981E-05 2.045E-05 2.010E-03
241Am 3.678E-04 2.640E-03 8.778E-03 1.178E-02 1.715E-04 2.347E-05 5.196E-05 2.470E-04 6.275E-04 6.024E-05 1.704E-04 8.580E-04
O (in fuel) 2.249E-03 4.708E-07 1.689E-06 2.251E-03
H2O (mod.) 2.020E-03 1.554E-03 9.179E-03 1.266E-02
Boron (mod.) 8.218E-05 1.440E-03 8.690E-03 1.021E-02

Table 4.9. Absorption, fission and production reaction rates (mean values of all results) in UO2

Absorption Fission Production
Nuclide g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

235U 1.371E-02 9.204E-02 5.141E-01 6.198E-01 1.157E-02 5.837E-02 4.367E-01 5.066E-01 2.900E-02 1.420E-01 1.062E+00 1.233E+00
238U 6.584E-02 1.681E-01 6.183E-02 2.958E-01 3.281E-02 8.869E-06 2.006E-07 3.281E-02 9.065E-02 2.581E-05 5.225E-07 9.067E-02
O (in fuel) 2.186E-03 5.386E-07 8.414E-06 2.195E-03
H2O (mod.) 1.995E-03 1.759E-03 3.343E-02 3.706E-02
Boron (mod.) 8.639E-05 1.633E-03 3.168E-02 3.339E-02
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Table 4.10. Isotope contributions to total absorption, fission and production reaction rates in MOX 4.3%

Absorption Fission Production
Nuclide Total Contribution (%) Total Contribution (%) Total Contribution (%)

235U 1.812E-02 1.8 1.413E-02 3.5 3.431E-02 3.0
238U 2.525E-01 25.4 3.187E-02 8.0 8.931E-02 7.9
238Pu 3.438E-03 0.3 4.063E-04 0.1 1.227E-03 0.1
239Pu 4.406E-01 44.4 2.890E-01 72.5 8.263E-01 72.7
240Pu 1.359E-01 13.7 1.956E-03 0.5 6.073E-03 0.5
241Pu 8.087E-02 8.1 6.065E-02 15.2 1.776E-01 15.6
242Pu 1.313E-02 1.3 3.293E-04 0.1 1.043E-03 0.1
241Am 9.667E-03 1.0 1.507E-04 0.04 5.187E-04 0.05
O (in fuel) 2.263E-03 0.2 0.0 0.0 0.0 0.0
H2O (moderator) 1.963E-02 2.0 0.0 0.0 0.0 0.0
Boron (moderator) 1.672E-02 1.7 0.0 0.0 0.0 0.0

Table 4.11. Isotope contributions to total absorption, fission and production reaction rates in MOX 7.0%

Absorption Fission Production
Nuclide

Total Contribution (%) Total Contribution (%) Total Contribution (%)
235U 1.283E-02 1.3 9.704E-03 2.4 2.360E-02 2.0
238U 2.344E-01 23.7 3.178E-02 7.9 8.878E-02 7.6
238Pu 3.723E-03 0.4 5.879E-04 0.1 1.783E-03 0.2
239Pu 4.498E-01 45.4 2.939E-01 72.8 8.516E-01 73.1
240Pu 1.493E-01 15.1 3.142E-03 0.8 9.760E-03 0.8
241Pu 8.445E-02 8.5 6.376E-02 15.8 1.869E-01 16.0
242Pu 1.622E-02 1.6 5.167E-04 0.1 1.615E-03 0.1
241Am 1.096E-02 1.1 2.074E-04 0.1 7.185E-04 0.1
O (in fuel) 2.257E-03 0.2 0.0 0.0 0.0 0.0
H2O (moderator) 1.454E-02 1.5 0.0 0.0 0.0 0.0
Boron (moderator) 1.175E-02 1.2 0.0 0.0 0.0 0.0
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Table 4.12. Isotope contributions to total absorption, fission and production reaction rates in MOX 8.7%

Absorption Fission Production
Nuclide Total Contribution (%) Total Contribution (%) Total Contribution (%)

235U 1.103E-02 1.1 8.221E-03 2.0 2.002E-02 1.7
238U 2.259E-01 22.8 3.171E-02 7.7 8.885E-02 7.6
238Pu 3.929E-03 0.4 7.065E-04 0.2 2.145E-03 0.2
239Pu 4.550E-01 45.8 2.973E-01 72.6 8.541E-01 72.6
240Pu 1.543E-01 15.5 3.921E-03 1.0 1.220E-02 1.0
241Pu 8.806E-02 8.9 6.674E-02 16.3 1.958E-01 16.7
242Pu 1.776E-02 1.8 6.433E-04 0.2 2.010E-03 0.2
241Am 1.178E-02 1.2 2.470E-04 0.1 8.580E-04 0.1
O (in fuel) 2.251E-03 0.2 0.0 0.0 0.0 0.0
H2O (moderator) 1.266E-02 1.3 0.0 0.0 0.0 0.0
Boron (moderator) 1.021E-02 1.0 0.0 0.0 0.0 0.0

Table 4.13. Isotope contributions to total absorption, fission and production reaction rates in UO2

Absorption Fission Production
Nuclide Total Contribution (%) Total Contribution (%) Total Contribution (%)

235U 6.198E-01 62.7 5.066E-01 93.9 1.233E+00 93.1
238U 2.958E-01 29.9 3.281E-02 6.1 9.067E-02 6.9
O (in fuel) 2.195E-03 0.2 0.0 0.0 0.0 0.0
H2O (moderator) 3.706E-02 3.8 0.0 0.0 0.0 0.0
Boron (moderator) 3.339E-02 3.4 0.0 0.0 0.0 0.0
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Table 4.14. 235U reaction rates in MOX 4.3%

Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 7.612E-04 5.437E-03 1.181E-02 1.801E-02 6.437E-04 3.482E-03 1.000E-02 1.413E-02 1.638E-03 8.473E-03 2.439E-02 3.450E-02
CEA-cylinder 7.596E-04 5.452E-03 1.161E-02 1.783E-02 6.425E-04 3.491E-03 9.833E-03 1.397E-02 1.636E-03 8.494E-03 2.397E-02 3.410E-02
EDF 7.600E-04 5.450E-03 1.160E-02 1.780E-02 6.430E-04 3.490E-03 9.840E-03 1.400E-02 1.640E-03 8.490E-03 2.400E-02 3.410E-02
IKE 7.534E-04 5.480E-03 1.160E-02 1.783E-02 6.365E-04 3.531E-03 9.820E-03 1.399E-02 1.619E-03 8.593E-03 2.394E-02 3.416E-02
NRG 7.572E-04 5.408E-03 1.169E-02 1.785E-02 6.410E-04 3.464E-03 9.897E-03 1.400E-02
TU-Delft 7.495E-04 5.434E-03 1.168E-02 1.787E-02 6.333E-04 3.481E-03 9.891E-03 1.401E-02 1.611E-03 8.471E-03 2.412E-02 3.420E-02
PSI 7.629E-04 5.660E-03 1.169E-02 1.811E-02 6.383E-04 3.582E-03 9.887E-03 1.411E-02 1.626E-03 8.729E-03 2.409E-02 3.445E-02
KAERI 7.719E-04 5.915E-03 1.160E-02 1.829E-02 6.551E-04 3.631E-03 9.827E-03 1.411E-02
IPPE 7.517E-04 5.512E-03 1.164E-02 1.790E-02 6.366E-04 3.481E-03 9.874E-03 1.399E-02 1.616E-03 8.466E-03 2.401E-02 3.410E-02
SCK•CEN 8.157E-04 6.244E-03 1.277E-02 1.983E-02 6.832E-04 3.454E-03 1.072E-02 1.486E-02
JAERI-MORSA 7.381E-04 5.400E-03 1.200E-02 1.814E-02 6.219E-04 3.466E-03 1.018E-02 1.427E-02 1.584E-03 8.376E-03 2.481E-02 3.477E-02
JAERI-MVP 7.328E-04 5.418E-03 1.182E-02 1.797E-02 6.198E-04 3.477E-03 1.003E-02 1.412E-02 1.579E-03 8.400E-03 2.444E-02 3.443E-02

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.998 1.003 0.983 0.990 0.998 1.002 0.983 0.988 0.998 1.002 0.983 0.988
EDF 0.998 1.002 0.982 0.988 0.999 1.002 0.984 0.991 1.001 1.002 0.984 0.988
IKE 0.990 1.008 0.982 0.990 0.989 1.014 0.982 0.990 0.988 1.014 0.982 0.990
NRG 0.995 0.995 0.989 0.991 0.996 0.995 0.989 0.991
TU-Delft 0.985 0.999 0.989 0.992 0.984 1.000 0.989 0.991 0.983 1.000 0.989 0.991
PSI 1.002 1.041 0.989 1.005 0.992 1.029 0.988 0.999 0.992 1.030 0.988 0.998
KAERI 1.014 1.088 0.982 1.015 1.018 1.043 0.982 0.999
IPPE 0.988 1.014 0.985 0.994 0.989 1.000 0.987 0.990 0.987 0.999 0.984 0.988
SCK•CEN 1.072 1.148 1.081 1.101 1.061 0.992 1.072 1.052
JAERI-MORSA 0.970 0.993 1.015 1.007 0.966 0.995 1.018 1.010 0.967 0.989 1.017 1.008
JAERI-MVP 0.963 0.997 1.000 0.998 0.963 0.998 1.002 1.000 0.964 0.991 1.002 0.998
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Table 4.15. 238U reaction rates in MOX 4.3%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 6.406E-02 1.618E-01 2.691E-02 2.528E-01 3.266E-02 1.192E-05 1.110E-07 3.267E-02 9.119E-02 2.968E-05 2.762E-07 9.122E-02
CEA-cylinder 6.411E-02 1.647E-01 2.653E-02 2.553E-01 3.276E-02 1.199E-05 1.093E-07 3.278E-02 9.150E-02 2.985E-05 2.722E-07 9.153E-02
EDF 6.410E-02 1.650E-01 2.650E-02 2.550E-01 3.280E-02 1.200E-05 1.090E-07 3.280E-02 9.150E-02 2.990E-05 2.720E-07 9.150E-02
IKE 6.311E-02 1.666E-01 2.642E-02 2.561E-01 3.188E-02 1.223E-05 1.091E-07 3.189E-02 8.900E-02 3.044E-05 2.716E-07 8.903E-02
NRG 6.226E-02 1.667E-01 2.671E-02 2.556E-01 3.166E-02 1.213E-05 1.101E-07 3.167E-02
TU-Delft 6.275E-02 1.653E-01 2.668E-02 2.548E-01 3.173E-02 1.167E-05 1.100E-07 3.174E-02 8.849E-02 2.906E-05 2.739E-07 8.851E-02
PSI 6.155E-02 1.679E-01 2.645E-02 2.559E-01 3.239E-02 8.425E-06 2.991E-08 3.240E-02 9.118E-02 1.954E-05 6.937E-08 9.120E-02
KAERI 6.346E-02 1.679E-01 2.615E-02 2.575E-01 3.274E-02 9.994E-08 3.274E-02
IPPE 6.178E-02 1.649E-01 2.667E-02 2.533E-01 3.126E-02 3.126E-02 8.818E-02 8.818E-02
SCK•CEN 6.976E-02 1.372E-01 2.991E-02 2.350E-01 3.049E-02 3.049E-02
JAERI-MORSA 6.115E-02 1.621E-01 2.719E-02 2.504E-01 3.112E-02 1.203E-05 1.124E-07 3.113E-02 8.663E-02 2.993E-05 2.798E-07 8.666E-02
JAERI-MVP 5.959E-02 1.613E-01 2.691E-02 2.478E-01 3.081E-02 1.163E-05 1.111E-07 3.082E-02 8.592E-02 2.897E-05 2.766E-07 8.595E-02

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 1.001 1.018 0.986 1.010 1.003 1.006 0.985 1.003 1.003 1.006 0.985 1.003
EDF 1.001 1.020 0.985 1.009 1.004 1.007 0.982 1.004 1.003 1.008 0.985 1.003
IKE 0.985 1.030 0.982 1.013 0.976 1.026 0.983 0.976 0.976 1.026 0.983 0.976
NRG 0.972 1.030 0.993 1.011 0.969 1.018 0.992 0.969
TU-Delft 0.980 1.022 0.992 1.008 0.971 0.979 0.992 0.971 0.970 0.979 0.991 0.970
PSI 0.961 1.038 0.983 1.012 0.992 0.707 0.270 0.992 1.000 0.658 0.251 1.000
KAERI 0.991 1.038 0.972 1.019 1.002 0.901 1.002
IPPE 0.964 1.019 0.991 1.002 0.957 0.957 0.967 0.967
SCK•CEN 1.089 0.848 1.111 0.930 0.934 0.933
JAERI-MORSA 0.955 1.002 1.010 0.991 0.953 1.009 1.013 0.953 0.950 1.009 1.013 0.950
JAERI-MVP 0.930 0.997 1.000 0.980 0.943 0.976 1.002 0.943 0.942 0.976 1.002 0.942

46



Table 4.16. 238Pu reaction rates in MOX 4.3%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 2.390E-04 6.490E-04 2.555E-03 3.443E-03 2.053E-04 1.204E-04 8.190E-05 4.076E-04 6.447E-04 3.486E-04 2.371E-04 1.230E-03
CEA-cylinder 2.386E-04 6.504E-04 2.506E-03 3.395E-03 2.051E-04 1.206E-04 8.037E-05 4.060E-04 6.442E-04 3.491E-04 2.327E-04 1.226E-03
EDF 2.390E-04 6.560E-04 2.510E-03 3.400E-03 2.050E-04 1.210E-04 8.040E-05 4.070E-04 6.440E-04 3.510E-04 2.330E-04 1.230E-03
IKE 2.355E-04 6.664E-04 2.513E-03 3.415E-03 2.020E-04 1.217E-04 8.056E-05 4.043E-04 6.341E-04 3.524E-04 2.332E-04 1.220E-03
NRG 2.364E-04 6.556E-04 2.535E-03 3.427E-03 2.028E-04 1.211E-04 8.125E-05 4.052E-04
TU-Delft 2.344E-04 6.504E-04 2.533E-03 3.418E-03 2.011E-04 1.205E-04 8.120E-05 4.028E-04 2.351E-04 3.489E-04 6.310E-04 1.215E-03
PSI 2.335E-04 6.675E-04 2.536E-03 3.437E-03 2.000E-04 1.224E-04 8.120E-05 4.035E-04 2.351E-04 3.543E-04 6.279E-04 1.217E-03
KAERI 2.590E-04 7.218E-04 2.540E-03 3.521E-03 2.088E-04 1.159E-04 7.531E-05 4.001E-04
IPPE 2.350E-04 7.164E-04 2.489E-03 3.441E-03 2.006E-04 1.526E-04 7.800E-05 4.312E-04 6.240E-04 4.403E-04 2.250E-04 1.289E-03
SCK•CEN
JAERI-MORSA 2.380E-04 6.567E-04 2.555E-03 3.449E-03 1.982E-04 1.199E-04 8.203E-05 4.002E-04 6.214E-04 3.470E-04 2.374E-04 1.206E-03
JAERI-MVP 2.368E-04 7.159E-04 2.520E-03 3.472E-03 1.974E-04 1.234E-04 8.092E-05 4.017E-04 6.191E-04 3.574E-04 2.341E-04 1.211E-03

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.999 1.002 0.981 0.986 0.999 1.002 0.981 0.996 0.999 1.002 0.981 0.996
EDF 1.000 1.011 0.982 0.987 0.999 1.005 0.982 0.999 0.999 1.007 0.983 1.000
IKE 0.985 1.027 0.983 0.992 0.984 1.011 0.984 0.992 0.984 1.011 0.984 0.991
NRG 0.989 1.010 0.992 0.995 0.988 1.006 0.992 0.994
TU-Delft 0.981 1.002 0.991 0.992 0.979 1.001 0.991 0.988 0.365 1.001 2.661 0.987
PSI 0.977 1.028 0.992 0.998 0.974 1.017 0.991 0.990 0.365 1.016 2.648 0.989
KAERI 1.084 1.112 0.994 1.022 1.017 0.963 0.920 0.982
IPPE 0.983 1.104 0.974 0.999 0.977 1.267 0.952 1.058 0.968 1.263 0.949 1.048
SCK•CEN
JAERI-MORSA 0.996 1.012 1.000 1.002 0.965 0.996 1.001 0.982 0.964 0.995 1.001 0.980
JAERI-MVP 0.991 1.103 0.986 1.008 0.962 1.025 0.988 0.986 0.960 1.025 0.987 0.984
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Table 4.17. 239Pu reaction rates in MOX 4.3%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 1.004E-02 6.812E-02 3.608E-01 4.390E-01 8.910E-03 3.891E-02 2.400E-01 2.878E-01 2.724E-02 1.116E-01 6.888E-01 8.276E-01
CEA-cylinder 1.003E-02 6.852E-02 3.585E-01 4.370E-01 8.895E-03 3.912E-02 2.382E-01 2.862E-01 2.720E-02 1.122E-01 6.835E-01 8.229E-01
EDF 1.000E-02 6.850E-02 3.590E-01 4.370E-01 8.900E-03 3.910E-02 2.380E-01 2.860E-01 2.720E-02 1.120E-01 6.840E-01 8.230E-01
IKE 1.002E-02 6.847E-02 3.576E-01 4.361E-01 8.884E-03 3.919E-02 2.376E-01 2.857E-01 2.714E-02 1.124E-01 6.819E-01 8.214E-01
NRG 1.011E-02 6.717E-02 3.591E-01 4.363E-01 8.938E-03 3.839E-02 2.387E-01 2.860E-01
TU-Delft 9.975E-03 6.727E-02 3.590E-01 4.363E-01 8.843E-03 3.857E-02 2.386E-01 2.860E-01 2.700E-02 1.106E-01 6.848E-01 8.224E-01
PSI 1.003E-02 7.057E-02 3.569E-01 4.375E-01 8.918E-03 4.011E-02 2.389E-01 2.879E-01 2.714E-02 1.135E-01 6.859E-01 8.266E-01
KAERI 1.004E-02 7.052E-02 3.615E-01 4.421E-01 9.018E-03 4.114E-02 2.399E-01 2.900E-01
IPPE 9.875E-03 6.706E-02 3.589E-01 4.358E-01 8.791E-03 3.906E-02 2.375E-01 2.853E-01 2.688E-02 1.124E-01 6.825E-01 8.218E-01
SCK•CEN 9.811E-03 6.351E-02 3.770E-01 4.670E-01 8.768E-03 3.647E-02 2.537E-01 3.070E-01
JAERI-MORSA 9.643E-03 6.759E-02 3.636E-01 4.409E-01 8.577E-03 3.936E-02 2.420E-01 2.899E-01 2.625E-02 1.132E-01 6.957E-01 8.351E-01
JAERI-MVP 9.597E-03 6.789E-02 3.648E-01 4.424E-01 8.546E-03 3.948E-02 2.423E-01 2.904E-01 2.616E-02 1.136E-01 6.964E-01 8.363E-01

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.998 1.006 0.994 0.996 0.998 1.005 0.992 0.994 0.999 1.005 0.992 0.994
EDF 0.996 1.006 0.995 0.996 0.999 1.005 0.992 0.994 0.998 1.004 0.993 0.994
IKE 0.998 1.005 0.991 0.994 0.997 1.007 0.990 0.993 0.996 1.008 0.990 0.992
NRG 1.007 0.986 0.995 0.994 1.003 0.987 0.995 0.994
TU-Delft 0.993 0.988 0.995 0.994 0.992 0.991 0.994 0.994 0.991 0.991 0.994 0.994
PSI 0.999 1.036 0.989 0.997 1.001 1.031 0.995 1.000 0.996 1.017 0.996 0.999
KAERI 0.999 1.035 1.002 1.007 1.012 1.057 0.999 1.008
IPPE 0.983 0.984 0.995 0.993 0.987 1.004 0.989 0.991 0.987 1.007 0.991 0.993
SCK•CEN 0.977 0.932 1.045 1.064 0.984 0.937 1.057 1.067
JAERI-MORSA 0.960 0.992 1.008 1.004 0.963 1.011 1.008 1.007 0.963 1.015 1.010 1.009
JAERI-MVP 0.955 0.997 1.011 1.008 0.959 1.015 1.010 1.009 0.960 1.018 1.011 1.010
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Table 4.18. 240Pu reaction rates in MOX 4.3%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 2.424E-03 1.084E-02 1.200E-01 1.333E-01 1.850E-03 1.779E-04 2.428E-05 2.052E-03 5.741E-03 4.953E-04 6.760E-05 6.304E-03
CEA-cylinder 2.422E-03 1.094E-02 1.217E-01 1.351E-01 1.850E-03 1.787E-04 2.460E-05 2.054E-03 5.743E-03 4.975E-04 6.848E-05 6.309E-03
EDF 2.420E-03 1.090E-02 1.220E-01 1.350E-01 1.850E-03 1.790E-04 2.460E-05 2.050E-03 5.740E-03 4.980E-04 6.850E-05 6.310E-03
IKE 2.386E-03 1.093E-02 1.230E-01 1.363E-01 1.816E-03 1.784E-04 2.484E-05 2.019E-03 5.633E-03 4.966E-04 6.916E-05 6.199E-03
NRG 2.399E-03 1.054E-02 1.213E-01 1.342E-01 1.821E-03 1.819E-04 2.451E-05 2.027E-03
TU-Delft 2.375E-03 1.047E-02 1.223E-01 1.351E-01 1.808E-03 1.751E-04 2.470E-05 2.008E-03 5.605E-03 4.875E-04 6.877E-05 6.161E-03
PSI 2.357E-03 1.062E-02 1.192E-01 1.322E-01 1.788E-03 1.767E-04 2.411E-05 1.988E-03 5.551E-03 4.921E-04 6.712E-05 6.110E-03
KAERI 2.430E-03 1.110E-02 1.289E-01 1.424E-01 1.884E-03 8.177E-05 2.601E-05 1.992E-03
IPPE 2.331E-03 9.465E-03 1.244E-01 1.362E-01 1.749E-03 7.351E-05 2.508E-05 1.848E-03 5.610E-03 2.137E-04 7.290E-05 5.896E-03
SCK•CEN 2.025E-03 7.394E-03 1.289E-01 1.382E-01 1.582E-03 1.396E-04 2.417E-05 1.745E-03
JAERI-MORSA 2.331E-03 1.035E-02 1.227E-01 1.354E-01 1.751E-03 7.576E-05 2.324E-05 1.850E-03 5.427E-03 2.109E-04 6.468E-05 5.702E-03
JAERI-MVP 2.314E-03 1.033E-02 1.252E-01 1.378E-01 1.738E-03 7.364E-05 2.369E-05 1.836E-03 5.394E-03 2.050E-04 6.596E-05 5.664E-03

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 1.000 1.009 1.014 1.014 1.000 1.004 1.013 1.001 1.000 1.004 1.013 1.001
EDF 0.999 1.006 1.017 1.013 1.000 1.006 1.013 0.999 1.000 1.005 1.013 1.001
IKE 0.985 1.008 1.025 1.023 0.982 1.003 1.023 0.984 0.981 1.003 1.023 0.983
NRG 0.990 0.972 1.010 1.007 0.984 1.022 1.009 0.988
TU-Delft 0.980 0.966 1.019 1.014 0.977 0.984 1.017 0.978 0.976 0.984 1.017 0.977
PSI 0.973 0.980 0.993 0.992 0.966 0.993 0.993 0.969 0.967 0.994 0.993 0.969
KAERI 1.003 1.024 1.074 1.068 1.018 0.460 1.071 0.970
IPPE 0.962 0.873 1.036 1.022 0.945 0.413 1.033 0.900 0.977 0.431 1.078 0.935
SCK•CEN 0.836 0.682 1.074 1.037 0.855 0.785 0.995 0.850
JAERI-MORSA 0.962 0.955 1.022 1.016 0.947 0.426 0.957 0.901 0.945 0.426 0.957 0.905
JAERI-MVP 0.955 0.953 1.043 1.034 0.940 0.414 0.976 0.895 0.940 0.414 0.976 0.899
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Table 4.19. 241Pu reaction rates in MOX 4.3%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 1.987E-03 2.114E-02 5.786E-02 8.099E-02 1.681E-03 1.612E-02 4.327E-02 6.108E-02 5.170E-03 4.728E-02 1.269E-01 1.793E-01
CEA-cylinder 1.982E-03 2.121E-02 5.707E-02 8.026E-02 1.678E-03 1.618E-02 4.267E-02 6.052E-02 5.160E-03 4.743E-02 1.251E-01 1.777E-01
EDF 1.980E-03 2.120E-02 5.710E-02 8.030E-02 1.680E-03 1.620E-02 4.270E-02 6.050E-02 5.160E-03 4.740E-02 1.250E-01 1.780E-01
IKE 1.965E-03 2.098E-02 5.687E-02 7.981E-02 1.662E-03 1.597E-02 4.253E-02 6.016E-02 5.109E-03 4.682E-02 1.247E-01 1.767E-01
NRG 1.965E-03 2.150E-02 5.707E-02 8.054E-02 1.669E-03 1.632E-02 4.269E-02 6.068E-02
TU-Delft 1.955E-03 2.107E-02 5.721E-02 8.023E-02 1.654E-03 1.608E-02 4.278E-02 6.051E-02 5.083E-03 4.716E-02 1.254E-01 1.777E-01
PSI 1.899E-03 2.152E-02 5.736E-02 8.078E-02 1.669E-03 1.603E-02 4.288E-02 6.058E-02 5.128E-03 4.701E-02 1.257E-01 1.779E-01
KAERI 1.864E-03 2.244E-02 5.665E-02 8.095E-02 1.694E-03 1.724E-02 4.231E-02 6.124E-02
IPPE 1.808E-03 2.197E-02 5.712E-02 8.090E-02 1.642E-03 1.681E-02 4.269E-02 6.114E-02 5.015E-03 4.951E-02 1.257E-01 1.803E-01
SCK•CEN 1.968E-03 1.926E-02 6.468E-02 8.592E-02 1.721E-03 1.505E-02 4.504E-02 6.181E-02
JAERI-MORSA 1.853E-03 2.074E-02 5.746E-02 8.007E-02 1.636E-03 1.548E-02 4.279E-02 5.989E-02 5.036E-03 4.538E-02 1.255E-01 1.758E-01
JAERI-MVP 1.840E-03 2.086E-02 5.700E-02 7.971E-02 1.632E-03 1.557E-02 4.245E-02 5.963E-02 5.024E-03 4.564E-02 1.244E-01 1.751E-01

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.998 1.003 0.986 0.991 0.998 1.003 0.986 0.991 0.998 1.003 0.986 0.991
EDF 0.997 1.003 0.987 0.991 0.999 1.005 0.987 0.991 0.998 1.003 0.985 0.993
IKE 0.989 0.992 0.983 0.985 0.989 0.990 0.983 0.985 0.988 0.990 0.983 0.985
NRG 0.989 1.017 0.986 0.994 0.993 1.012 0.987 0.994
TU-Delft 0.984 0.997 0.989 0.991 0.984 0.998 0.989 0.991 0.983 0.998 0.988 0.991
PSI 0.956 1.018 0.991 0.997 0.993 0.994 0.991 0.992 0.992 0.994 0.991 0.992
KAERI 0.938 1.061 0.979 1.000 1.008 1.069 0.978 1.003
IPPE 0.910 1.039 0.987 0.999 0.977 1.043 0.987 1.001 0.970 1.047 0.991 1.005
SCK•CEN 0.991 0.911 1.118 1.061 1.024 0.933 1.041 1.012
JAERI-MORSA 0.933 0.981 0.993 0.989 0.973 0.960 0.989 0.981 0.974 0.960 0.989 0.981
JAERI-MVP 0.926 0.987 0.985 0.984 0.971 0.966 0.981 0.976 0.972 0.965 0.981 0.976
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Table 4.20. 242Pu reaction rates in MOX 4.3%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 4.490E-04 1.108E-03 1.187E-02 1.343E-02 3.338E-04 4.692E-06 7.985E-06 3.465E-04 1.042E-03 1.318E-05 2.242E-05 1.079E-03
CEA-cylinder 4.489E-04 1.112E-03 1.200E-02 1.356E-02 3.339E-04 4.703E-06 8.073E-06 3.467E-04 1.043E-03 1.321E-05 2.267E-05 1.079E-03
EDF 4.490E-04 1.110E-03 1.200E-02 1.360E-02 3.340E-04 4.700E-06 8.070E-06 3.470E-04 1.040E-03 1.320E-05 2.270E-05 1.076E-03
IKE 4.422E-04 1.132E-03 1.181E-02 1.339E-02 3.275E-04 4.699E-06 7.946E-06 3.402E-04 1.022E-03 1.320E-05 2.231E-05 1.058E-03
NRG 4.417E-04 1.210E-03 1.246E-02 1.411E-02 3.282E-04 4.905E-06 8.377E-06 3.415E-04
TU-Delft 3.720E-04 1.014E-03 1.057E-02 1.196E-02 2.784E-04 1.323E-06 2.797E-04
PSI 4.347E-04 1.132E-03 1.143E-02 1.300E-02 3.219E-04 4.732E-06 7.692E-06 3.343E-04 1.006E-03 1.329E-05 2.160E-05 1.041E-03
KAERI 4.464E-04 1.091E-03 1.226E-02 1.380E-02 3.392E-04 4.564E-06 2.279E-08 3.438E-04
IPPE 4.214E-04 1.149E-03 1.198E-02 1.355E-02 3.154E-04 1.499E-06 3.169E-04 9.899E-04 4.132E-06 9.941E-04
SCK•CEN 4.679E-04 1.004E-03 9.488E-03 1.094E-02 3.178E-04 8.020E-07 3.186E-04
JAERI-MORSA 4.298E-04 1.102E-03 1.157E-02 1.310E-02 3.152E-04 3.408E-06 9.487E-07 3.195E-04 9.826E-04 9.573E-06 2.668E-06 9.948E-04
JAERI-MVP 4.256E-04 1.110E-03 1.161E-02 1.315E-02 3.126E-04 3.382E-06 9.519E-07 3.169E-04 1.012E-03 9.672E-06 2.722E-06 1.025E-03

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 1.000 1.004 1.011 1.010 1.000 1.002 1.011 1.001 1.001 1.002 1.011 1.000
EDF 1.000 1.002 1.011 1.013 1.001 1.002 1.011 1.002 0.998 1.002 1.012 0.997
IKE 0.985 1.022 0.995 0.997 0.981 1.002 0.995 0.982 0.981 1.001 0.995 0.981
NRG 0.984 1.093 1.049 1.051 0.983 1.045 1.049 0.986
TU-Delft 0.828 0.915 0.891 0.891 0.834 0.166 0.807
PSI 0.968 1.022 0.963 0.968 0.964 1.008 0.963 0.965 0.965 1.009 0.963 0.965
KAERI 0.994 0.985 1.033 1.027 1.016 0.973 0.003 0.992
IPPE 0.939 1.037 1.009 1.009 0.945 0.188 0.915 0.950 0.184 0.921
SCK•CEN 1.042 0.906 0.799 0.815 0.952 0.171 0.919
JAERI-MORSA 0.957 0.994 0.974 0.976 0.944 0.726 0.119 0.922 0.943 0.726 0.119 0.922
JAERI-MVP 0.948 1.002 0.978 0.979 0.937 0.721 0.119 0.915 0.971 0.734 0.121 0.950
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Table 4.21. 241Am reaction rates in MOX 4.3%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 2.042E-04 1.476E-03 8.129E-03 9.810E-03 9.069E-05 1.096E-05 5.171E-05 1.534E-04 3.371E-04 3.649E-05 1.722E-04 5.458E-04
CEA-cylinder 2.040E-04 1.480E-03 8.104E-03 9.787E-03 9.080E-05 1.098E-05 5.165E-05 1.534E-04 3.376E-04 3.656E-05 1.720E-04 5.462E-04
EDF 2.040E-04 1.480E-03 8.090E-03 9.780E-03 9.080E-05 1.100E-05 5.160E-05 1.530E-04 3.380E-04 3.670E-05 1.720E-04 5.460E-04
IKE 2.018E-04 1.510E-03 7.970E-03 9.682E-03 8.885E-05 1.102E-05 5.093E-05 1.508E-04 3.302E-04 3.669E-05 1.696E-04 5.365E-04
NRG 2.023E-04 1.478E-03 8.074E-03 9.754E-03 8.890E-05 1.095E-05 5.136E-05 1.512E-04
TU-Delft 2.008E-04 1.483E-03 8.122E-03 9.806E-03 8.852E-05 1.101E-05 5.177E-05 1.513E-04 3.288E-04 3.665E-05 1.724E-04 5.379E-04
PSI 2.004E-04 1.448E-03 7.744E-03 9.392E-03 8.690E-05 1.078E-05 4.901E-05 1.467E-04 3.235E-04 3.591E-05 1.632E-04 5.226E-04
KAERI 2.096E-04 1.553E-03 7.838E-03 9.601E-03 9.684E-05 1.209E-05 4.234E-05 1.513E-04
IPPE 1.847E-04 1.561E-03 7.704E-03 9.449E-03 9.024E-05 1.028E-05 3.878E-05 1.393E-04 3.235E-04 3.315E-05 1.250E-04 4.816E-04
SCK•CEN 1.394E-04 1.910E-03 8.732E-03 1.078E-02 8.658E-05 4.279E-05 5.356E-05 1.829E-04
JAERI-MORSA 1.806E-04 1.518E-03 7.273E-03 8.972E-03 8.862E-05 1.007E-05 3.888E-05 1.376E-04 3.175E-04 3.244E-05 1.253E-04 4.753E-04
JAERI-MVP 1.796E-04 1.526E-03 7.479E-03 9.184E-03 8.773E-05 1.012E-05 4.017E-05 1.380E-04 3.146E-04 3.260E-05 1.294E-04 4.767E-04

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.999 1.002 0.997 0.998 1.001 1.002 0.999 1.000 1.001 1.002 0.999 1.001
EDF 0.999 1.002 0.995 0.997 1.001 1.004 0.998 0.998 1.003 1.006 0.999 1.000
IKE 0.988 1.023 0.980 0.987 0.980 1.005 0.985 0.983 0.979 1.005 0.985 0.983
NRG 0.990 1.001 0.993 0.994 0.980 1.000 0.993 0.986
TU-Delft 0.983 1.004 0.999 1.000 0.976 1.004 1.001 0.986 0.975 1.004 1.001 0.985
PSI 0.981 0.981 0.953 0.957 0.958 0.984 0.948 0.957 0.960 0.984 0.948 0.957
KAERI 1.026 1.052 0.964 0.979 1.068 1.103 0.819 0.986
IPPE 0.905 1.057 0.948 0.963 0.995 0.938 0.750 0.908 0.960 0.908 0.726 0.882
SCK•CEN 0.683 1.294 1.074 1.099 0.955 3.905 1.036 1.193
JAERI-MORSA 0.884 1.028 0.895 0.915 0.977 0.919 0.752 0.897 0.942 0.889 0.728 0.871
JAERI-MVP 0.879 1.033 0.920 0.936 0.967 0.923 0.777 0.900 0.933 0.893 0.752 0.873
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Table 4.22. O (in fuel) reaction rates in MOX 4.3%

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 2.661E-03 4.889E-07 3.591E-06 2.666E-03
CEA-cylinder 2.678E-03 4.901E-07 3.536E-06 2.682E-03
EDF 2.680E-03 4.900E-07 3.540E-06 2.680E-03
IKE 2.622E-03 4.936E-07 3.534E-06 2.626E-03
NRG 2.465E-03 4.878E-07 3.564E-06 2.469E-03
TU-Delft 2.541E-03 4.898E-07 3.561E-06 2.545E-03
PSI 2.052E-03 4.571E-07 3.318E-06 2.056E-03
KAERI 2.609E-03 5.161E-07 3.538E-06 2.613E-03
IPPE 2.468E-03 5.170E-07 3.579E-06 2.472E-03
SCK•CEN 1.221E-03 3.408E-06 1.222E-03
JAERI-MORSA 1.531E-03 9.076E-07 3.637E-06 1.535E-03
JAERI-MVP 1.592E-03 9.074E-07 3.608E-06 1.596E-03

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 1.006 1.003 0.985 1.006
EDF 1.007 1.002 0.986 1.005
IKE 0.985 1.010 0.984 0.985
NRG 0.926 0.998 0.992 0.926
TU-Delft 0.955 1.002 0.992 0.955
PSI 0.771 0.935 0.924 0.771
KAERI 0.980 1.056 0.985 0.980
IPPE 0.927 1.058 0.997 0.927
SCK•CEN 0.459 0.949 0.458
JAERI-MORSA 0.575 1.857 1.013 0.576
JAERI-MVP 0.598 1.856 1.005 0.599
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Table 4.23. H2O (moderator) reaction rates in MOX 4.3%

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 2.393E-03 1.694E-03 1.632E-02 2.041E-02
CEA-cylinder 2.379E-03 1.686E-03 1.553E-02 1.960E-02
EDF 2.380E-03 1.690E-03 1.550E-02 1.960E-02
IKE 2.343E-03 1.697E-03 1.550E-02 1.954E-02
NRG 2.199E-03 1.688E-03 1.577E-02 1.966E-02
TU-Delft 2.260E-03 1.686E-03 1.558E-02 1.952E-02
PSI 1.851E-03 1.681E-03 1.553E-02 1.906E-02
KAERI 2.371E-03 1.737E-03 1.528E-02 1.939E-02
IPPE 2.286E-03 1.712E-03 1.568E-02 1.967E-02
SCK•CEN 1.085E-03 1.742E-03 1.696E-02 1.978E-02
JAERI-MORSA 1.372E-03 1.706E-03 1.670E-02 1.978E-02
JAERI-MVP 1.436E-03 1.710E-03 1.638E-02 1.953E-02

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 0.994 0.995 0.952 0.960
EDF 0.995 0.998 0.950 0.960
IKE 0.979 1.002 0.949 0.957
NRG 0.919 0.996 0.966 0.963
TU-Delft 0.944 0.995 0.954 0.957
PSI 0.774 0.992 0.952 0.934
KAERI 0.991 1.025 0.936 0.950
IPPE 0.956 1.011 0.960 0.964
SCK•CEN 0.454 1.028 1.039 0.969
JAERI-MORSA 0.573 1.007 1.023 0.969
JAERI-MVP 0.600 1.009 1.004 0.957
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Table 4.24. Boron (moderator) reaction rates in MOX 4.3%

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 8.199E-05 1.605E-03 1.550E-02 1.719E-02
CEA-cylinder 8.185E-05 1.597E-03 1.475E-02 1.643E-02
EDF 8.190E-05 1.600E-03 1.470E-02 1.640E-02
IKE 8.157E-05 1.607E-03 1.472E-02 1.641E-02
NRG 8.169E-05 1.598E-03 1.497E-02 1.665E-02
TU-Delft 8.113E-05 1.597E-03 1.479E-02 1.647E-02
PSI 7.864E-05 1.587E-03 1.473E-02 1.639E-02
KAERI 8.423E-05 1.643E-03 1.448E-02 1.621E-02
IPPE 9.762E-05 1.284E-03 1.466E-02 1.604E-02
SCK•CEN 8.621E-05 1.611E-03 1.596E-02 1.766E-02
JAERI-MORSA 7.925E-05 1.610E-03 1.581E-02 1.750E-02
JAERI-MVP 7.941E-05 1.614E-03 1.555E-02 1.724E-02

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 0.998 0.995 0.952 0.956
EDF 0.999 0.997 0.948 0.954
IKE 0.995 1.002 0.949 0.954
NRG 0.996 0.996 0.966 0.969
TU-Delft 0.989 0.995 0.954 0.958
PSI 0.959 0.989 0.950 0.953
KAERI 1.027 1.024 0.934 0.943
IPPE 1.191 0.800 0.945 0.933
SCK•CEN 1.051 1.004 1.030 1.027
JAERI-MORSA 0.966 1.003 1.020 1.018
JAERI-MVP 0.969 1.006 1.003 1.003



Table 4.25. 235U reaction rates in MOX 7.0%

Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 7.588E-04 5.105E-03 6.860E-03 1.272E-02 6.419E-04 3.278E-03 5.782E-03 9.702E-03 1.634E-03 7.976E-03 1.410E-02 2.371E-02
CEA-cylinder 7.572E-04 5.127E-03 6.722E-03 1.261E-02 6.406E-04 3.291E-03 5.664E-03 9.595E-03 1.631E-03 8.007E-03 1.381E-02 2.345E-02
EDF 7.570E-04 5.130E-03 6.720E-03 1.260E-02 6.410E-04 3.290E-03 5.660E-03 9.590E-03 1.630E-03 8.000E-03 1.380E-02 2.340E-02
IKE 7.503E-04 5.176E-03 6.717E-03 1.264E-02 6.341E-04 3.342E-03 5.662E-03 9.638E-03 1.613E-03 8.132E-03 1.380E-02 2.355E-02
NRG 7.548E-04 5.095E-03 6.781E-03 1.263E-02 6.391E-04 3.271E-03 5.715E-03 9.625E-03
TU-Delft 7.462E-04 5.128E-03 6.780E-03 1.265E-02 6.307E-04 3.292E-03 5.714E-03 9.636E-03 1.604E-03 8.011E-03 1.393E-02 2.355E-02
PSI 7.609E-04 5.335E-03 6.768E-03 1.286E-02 6.368E-04 3.383E-03 5.699E-03 9.719E-03 1.622E-03 8.244E-03 1.389E-02 2.375E-02
KAERI 7.671E-04 5.552E-03 6.655E-03 1.297E-02 6.512E-04 3.419E-03 5.609E-03 9.679E-03
IPPE 7.498E-04 5.184E-03 6.735E-03 1.267E-02 6.352E-04 3.284E-03 5.689E-03 9.608E-03 1.613E-03 7.987E-03 1.384E-02 2.344E-02
SCK•CEN 8.127E-04 5.875E-03 7.402E-03 1.409E-02 6.809E-04 3.260E-03 6.187E-03 1.013E-02
JAERI-MORSA 7.325E-04 5.105E-03 6.999E-03 1.284E-02 6.174E-04 3.282E-03 5.916E-03 9.815E-03 1.572E-03 7.931E-03 1.442E-02 2.392E-02
JAERI-MVP 7.291E-04 5.126E-03 6.862E-03 1.272E-02 6.164E-04 3.295E-03 5.798E-03 9.709E-03 1.570E-03 7.965E-03 1.413E-02 2.366E-02

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.998 1.004 0.980 0.991 0.998 1.004 0.980 0.989 0.998 1.004 0.980 0.989
EDF 0.998 1.005 0.980 0.990 0.999 1.004 0.979 0.988 0.998 1.003 0.979 0.987
IKE 0.989 1.014 0.979 0.994 0.988 1.019 0.979 0.993 0.987 1.019 0.979 0.993
NRG 0.995 0.998 0.988 0.993 0.996 0.998 0.988 0.992
TU-Delft 0.983 1.004 0.988 0.994 0.983 1.004 0.988 0.993 0.982 1.004 0.988 0.993
PSI 1.003 1.045 0.987 1.011 0.992 1.032 0.986 1.002 0.993 1.034 0.985 1.002
KAERI 1.011 1.087 0.970 1.020 1.015 1.043 0.970 0.998
IPPE 0.988 1.015 0.982 0.996 0.990 1.002 0.984 0.990 0.987 1.001 0.981 0.988
SCK•CEN 1.071 1.151 1.079 1.107 1.061 0.995 1.070 1.044
JAERI-MORSA 0.965 1.000 1.020 1.009 0.962 1.001 1.023 1.012 0.962 0.994 1.023 1.009
JAERI-MVP 0.961 1.004 1.000 0.999 0.960 1.005 1.003 1.001 0.961 0.999 1.002 0.998
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Table 4.26. 238U reaction rates in MOX 7.0%

Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 6.390E-02 1.545E-01 1.702E-02 2.354E-01 3.264E-02 1.173E-05 6.884E-08 3.265E-02 9.114E-02 2.919E-05 1.714E-07 9.117E-02
CEA-cylinder 6.394E-02 1.565E-01 1.676E-02 2.372E-01 3.273E-02 1.180E-05 6.774E-08 3.274E-02 9.141E-02 2.937E-05 1.686E-07 9.144E-02
EDF 6.390E-02 1.570E-01 1.680E-02 2.370E-01 3.270E-02 1.180E-05 6.770E-08 3.270E-02
IKE 6.289E-02 1.581E-01 1.667E-02 2.377E-01 3.182E-02 1.204E-05 6.758E-08 3.183E-02 8.884E-02 2.998E-05 1.682E-07 8.887E-02
NRG 6.208E-02 1.583E-01 1.690E-02 2.373E-01 3.161E-02 1.193E-05 6.834E-08 3.162E-02
TU-Delft 6.250E-02 1.567E-01 1.690E-02 2.361E-01 3.163E-02 1.148E-05 6.835E-08 3.165E-02 8.822E-02 2.858E-05 1.701E-07 8.825E-02
PSI 6.142E-02 1.592E-01 1.667E-02 2.372E-01 3.238E-02 8.285E-06 1.848E-08 3.238E-02 9.112E-02 1.922E-05 4.285E-08 9.114E-02
KAERI 6.311E-02 1.590E-01 1.632E-02 2.384E-01 3.263E-02 5.884E-08 3.263E-02
IPPE 6.165E-02 1.567E-01 1.688E-02 2.353E-01 3.124E-02 3.124E-02 8.814E-02 8.814E-02
SCK•CEN 6.953E-02 1.306E-01 1.914E-02 2.193E-01 3.044E-02 3.044E-02
JAERI-MORSA 6.070E-02 1.540E-01 1.723E-02 2.319E-01 3.092E-02 1.184E-05 6.996E-08 3.093E-02 8.609E-02 2.948E-05 1.742E-07 8.611E-02
JAERI-MVP 5.924E-02 1.534E-01 1.703E-02 2.297E-01 3.053E-02 1.209E-05 6.908E-08 3.054E-02 8.513E-02 3.010E-05 1.720E-07 8.517E-02

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 1.001 1.013 0.985 1.008 1.003 1.006 0.984 1.003 1.003 1.006 0.984 1.003
EDF 1.000 1.016 0.987 1.007 1.002 1.006 0.983 1.002
IKE 0.984 1.024 0.980 1.010 0.975 1.027 0.982 0.975 0.975 1.027 0.982 0.975
NRG 0.971 1.025 0.993 1.008 0.969 1.017 0.993 0.969
TU-Delft 0.978 1.014 0.993 1.003 0.969 0.979 0.993 0.969 0.968 0.979 0.993 0.968
PSI 0.961 1.031 0.979 1.008 0.992 0.706 0.268 0.992 1.000 0.658 0.250 1.000
KAERI 0.988 1.029 0.959 1.013 1.000 0.855 0.999
IPPE 0.965 1.015 0.992 0.999 0.957 0.957 0.967 0.967
SCK•CEN 1.088 0.846 1.125 0.932 0.932 0.932
JAERI-MORSA 0.950 0.997 1.012 0.985 0.947 1.010 1.016 0.947 0.945 1.010 1.016 0.945
JAERI-MVP 0.927 0.993 1.001 0.976 0.935 1.030 1.003 0.935 0.934 1.031 1.003 0.934
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Table 4.27. 238Pu reaction rates in MOX 7.0%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 3.816E-04 9.822E-04 2.355E-03 3.719E-03 3.280E-04 1.849E-04 7.644E-05 5.894E-04 1.030E-03 5.353E-04 2.213E-04 1.787E-03
CEA-cylinder 3.811E-04 9.855E-04 2.299E-03 3.666E-03 3.277E-04 1.853E-04 7.472E-05 5.876E-04 1.029E-03 5.364E-04 2.163E-04 1.782E-03
EDF 3.810E-04 9.970E-04 2.300E-03 3.680E-03 3.280E-04 1.860E-04 7.480E-05 5.890E-04 1.030E-03 5.400E-04 2.160E-04 1.790E-03
IKE 3.756E-04 1.016E-03 2.308E-03 3.699E-03 3.223E-04 1.879E-04 7.496E-05 5.852E-04 1.012E-03 5.440E-04 2.170E-04 1.773E-03
NRG 3.775E-04 9.976E-04 2.334E-03 3.709E-03 3.240E-04 1.866E-04 7.579E-05 5.865E-04
TU-Delft 3.738E-04 9.849E-04 2.331E-03 3.689E-03 3.208E-04 1.852E-04 7.571E-05 5.817E-04 1.007E-03 5.362E-04 2.192E-04 1.762E-03
PSI 3.731E-04 1.013E-03 2.329E-03 3.715E-03 3.197E-04 1.887E-04 7.550E-05 5.839E-04 1.004E-03 5.464E-04 2.186E-04 1.769E-03
KAERI 4.123E-04 1.097E-03 2.299E-03 3.808E-03 3.326E-04 1.786E-04 6.843E-05 5.796E-04
IPPE 3.755E-04 1.095E-03 2.274E-03 3.745E-03 3.206E-04 2.366E-04 7.177E-05 6.290E-04 9.975E-04 6.826E-04 2.071E-04 1.887E-03
SCK•CEN
JAERI-MORSA 3.780E-04 9.985E-04 2.350E-03 3.727E-03 3.150E-04 1.847E-04 7.542E-05 5.752E-04 9.873E-04 5.346E-04 2.182E-04 1.740E-03
JAERI-MVP 3.769E-04 1.095E-03 2.320E-03 3.792E-03 3.141E-04 1.910E-04 7.437E-05 5.795E-04 9.849E-04 5.529E-04 2.153E-04 1.754E-03

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.999 1.003 0.976 0.986 0.999 1.002 0.978 0.997 0.999 1.002 0.978 0.997
EDF 0.998 1.015 0.977 0.990 1.000 1.006 0.979 0.999 1.000 1.009 0.976 1.002
IKE 0.984 1.034 0.980 0.995 0.983 1.016 0.981 0.993 0.982 1.016 0.981 0.992
NRG 0.989 1.016 0.991 0.997 0.988 1.009 0.991 0.995
TU-Delft 0.979 1.003 0.990 0.992 0.978 1.002 0.990 0.987 0.977 1.002 0.991 0.986
PSI 0.978 1.031 0.989 0.999 0.975 1.021 0.988 0.991 0.974 1.021 0.988 0.990
KAERI 1.080 1.117 0.976 1.024 1.014 0.966 0.895 0.983
IPPE 0.984 1.115 0.966 1.007 0.977 1.280 0.939 1.067 0.968 1.275 0.936 1.056
SCK•CEN
JAERI-MORSA 0.991 1.017 0.998 1.002 0.960 0.999 0.987 0.976 0.958 0.999 0.986 0.974
JAERI-MVP 0.988 1.114 0.985 1.020 0.957 1.033 0.973 0.983 0.956 1.033 0.973 0.981

58



Table 4.28. 239Pu reaction rates in MOX 7.0%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 1.607E-02 9.629E-02 3.394E-01 4.517E-01 1.426E-02 5.536E-02 2.253E-01 2.949E-01 4.360E-02 1.821E-01 6.465E-01 8.722E-01
CEA-cylinder 1.604E-02 9.709E-02 3.367E-01 4.498E-01 1.423E-02 5.580E-02 2.232E-01 2.932E-01 4.353E-02 1.600E-01 6.404E-01 8.439E-01
EDF 1.600E-02 9.710E-02 3.370E-01 4.500E-01 1.420E-02 5.580E-02 2.230E-01 2.930E-01 4.350E-02 1.600E-01 6.400E-01 8.440E-01
IKE 1.602E-02 9.653E-02 3.365E-01 4.490E-01 1.420E-02 5.568E-02 2.231E-01 2.929E-01 4.337E-02 1.596E-01 6.400E-01 8.430E-01
NRG 1.616E-02 9.453E-02 3.382E-01 4.489E-01 1.429E-02 5.446E-02 2.243E-01 2.930E-01
TU-Delft 1.683E-02 8.893E-02 3.164E-01 4.222E-01 1.511E-02 4.943E-02 2.092E-01 2.738E-01
PSI 1.605E-02 9.965E-02 3.358E-01 4.515E-01 1.428E-02 5.709E-02 2.244E-01 2.958E-01 4.345E-02 1.616E-01 6.443E-01 8.494E-01
KAERI 1.601E-02 9.960E-02 3.369E-01 4.526E-01 1.439E-02 5.845E-02 2.230E-01 2.958E-01
IPPE 1.580E-02 9.440E-02 3.378E-01 4.480E-01 1.407E-02 5.540E-02 2.229E-01 2.924E-01 4.303E-02 1.594E-01 6.405E-01 8.430E-01
SCK•CEN 1.569E-02 9.335E-02 3.556E-01 4.646E-01 1.402E-02 5.376E-02 2.386E-01 3.064E-01
JAERI-MORSA 1.534E-02 9.524E-02 3.438E-01 4.544E-01 1.365E-02 5.585E-02 2.284E-01 2.979E-01 4.179E-02 1.607E-01 6.560E-01 8.589E-01
JAERI-MVP 1.531E-02 9.554E-02 3.446E-01 4.555E-01 1.363E-02 5.600E-02 2.283E-01 2.980E-01 4.171E-02 1.612E-01 6.560E-01 8.589E-01

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.998 1.008 0.992 0.996 0.998 1.008 0.991 0.994 0.998 0.879 0.991 0.968
EDF 0.996 1.008 0.993 0.996 0.996 1.008 0.990 0.993 0.998 0.879 0.990 0.968
IKE 0.997 1.003 0.991 0.994 0.996 1.006 0.990 0.993 0.995 0.877 0.990 0.967
NRG 1.006 0.982 0.996 0.994 1.002 0.984 0.995 0.994
TU-Delft 1.047 0.924 0.932 0.935 1.060 0.893 0.929 0.928
PSI 0.999 1.035 0.989 0.999 1.002 1.031 0.996 1.003 0.997 0.888 0.997 0.974
KAERI 0.996 1.034 0.993 1.002 1.009 1.056 0.990 1.003
IPPE 0.984 0.980 0.995 0.992 0.987 1.001 0.989 0.991 0.987 0.876 0.991 0.967
SCK•CEN 0.976 0.969 1.048 1.029 0.984 0.971 1.059 1.039
JAERI-MORSA 0.955 0.989 1.013 1.006 0.958 1.009 1.014 1.010 0.959 0.883 1.015 0.985
JAERI-MVP 0.953 0.992 1.015 1.008 0.956 1.012 1.013 1.010 0.957 0.885 1.015 0.985
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Table 4.29. 240Pu reaction rates in MOX 7.0%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 3.932E-03 1.522E-02 1.272E-01 1.464E-01 3.005E-03 2.683E-04 2.566E-05 3.299E-03 9.323E-03 7.469E-04 7.143E-05 1.014E-02
CEA-cylinder 3.929E-03 1.542E-02 1.292E-01 1.485E-01 3.004E-03 2.699E-04 2.602E-05 3.300E-03 9.325E-03 7.513E-04 7.242E-05 1.015E-02
EDF 3.930E-03 1.540E-02 1.290E-01 1.480E-01 3.000E-03 2.700E-04 2.600E-05 3.300E-03 9.320E-03 7.520E-04 7.240E-05 1.010E-02
IKE 3.866E-03 1.559E-02 1.302E-01 1.496E-01 2.944E-03 2.707E-04 2.621E-05 3.241E-03 9.133E-03 7.537E-04 7.297E-05 9.960E-03
NRG 3.904E-03 1.461E-02 1.289E-01 1.474E-01 2.955E-03 2.777E-04 2.596E-05 3.259E-03
TU-Delft 3.847E-03 1.459E-02 1.302E-01 1.486E-01 2.931E-03 2.633E-04 2.622E-05 3.220E-03 9.086E-03 7.330E-04 7.300E-05 9.892E-03
PSI 3.826E-03 1.500E-02 1.264E-01 1.453E-01 2.904E-03 2.673E-04 2.549E-05 3.197E-03 9.019E-03 7.440E-04 7.095E-05 9.834E-03
KAERI 3.931E-03 1.536E-02 1.368E-01 1.561E-01 3.050E-03 1.248E-04 2.755E-05 3.203E-03
IPPE 3.783E-03 1.308E-02 1.324E-01 1.493E-01 2.841E-03 1.124E-04 2.667E-05 2.980E-03 9.114E-03 3.268E-04 7.754E-05 9.518E-03
SCK•CEN 3.283E-03 9.882E-03 1.388E-01 1.520E-01 2.568E-03 1.935E-04 2.610E-05 2.788E-03
JAERI-MORSA 3.762E-03 1.454E-02 1.307E-01 1.490E-01 2.825E-03 1.166E-04 2.472E-05 2.967E-03 8.761E-03 3.248E-04 6.883E-05 9.155E-03
JAERI-MVP 3.739E-03 1.468E-02 1.329E-01 1.513E-01 2.809E-03 1.137E-04 2.513E-05 2.946E-03 8.707E-03 3.164E-04 6.994E-05 9.094E-03

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.999 1.013 1.015 1.015 1.000 1.006 1.014 1.001 1.000 1.006 1.014 1.001
EDF 1.000 1.012 1.014 1.011 0.998 1.006 1.013 1.000 1.000 1.007 1.014 0.996
IKE 0.983 1.024 1.023 1.022 0.980 1.009 1.021 0.983 0.980 1.009 1.022 0.982
NRG 0.993 0.960 1.013 1.007 0.984 1.035 1.012 0.988
TU-Delft 0.978 0.959 1.023 1.015 0.975 0.981 1.022 0.976 0.974 0.981 1.022 0.975
PSI 0.973 0.985 0.994 0.993 0.966 0.996 0.993 0.969 0.967 0.996 0.993 0.970
KAERI 1.000 1.009 1.075 1.066 1.015 0.465 1.074 0.971
IPPE 0.962 0.859 1.041 1.020 0.946 0.419 1.039 0.904 0.978 0.438 1.085 0.939
SCK•CEN 0.835 0.649 1.091 1.038 0.855 0.721 1.017 0.845
JAERI-MORSA 0.957 0.955 1.028 1.018 0.940 0.435 0.963 0.899 0.940 0.435 0.964 0.903
JAERI-MVP 0.951 0.965 1.044 1.034 0.935 0.424 0.979 0.893 0.934 0.424 0.979 0.897
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Table 4.30. 241Pu reaction rates in MOX 7.0%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 3.072E-03 3.000E-02 5.152E-02 8.459E-02 2.600E-03 2.295E-02 3.865E-02 6.420E-02 7.996E-03 6.730E-02 1.133E-01 1.886E-01
CEA-cylinder 3.066E-03 3.014E-02 5.065E-02 8.386E-02 2.594E-03 2.306E-02 3.798E-02 6.364E-02 7.981E-03 6.763E-02 1.114E-01 1.870E-01
EDF 3.070E-03 3.010E-02 5.070E-02 8.390E-02 2.590E-03 2.310E-02 3.800E-02 6.360E-02 7.980E-03 6.760E-02 1.110E-01 1.870E-01
IKE 3.036E-03 2.986E-02 5.048E-02 8.338E-02 2.568E-03 2.281E-02 3.786E-02 6.324E-02 7.895E-03 6.687E-02 1.110E-01 1.858E-01
NRG 3.038E-03 3.091E-02 5.076E-02 8.470E-02 2.582E-03 2.348E-02 3.808E-02 6.414E-02
TU-Delft 3.020E-03 3.002E-02 5.092E-02 8.396E-02 2.555E-03 2.300E-02 3.819E-02 6.374E-02 7.852E-03 6.743E-02 1.120E-01 1.873E-01
PSI 2.939E-03 3.058E-02 5.098E-02 8.450E-02 2.583E-03 2.285E-02 3.819E-02 6.362E-02 7.937E-03 6.700E-02 1.120E-01 1.869E-01
KAERI 2.873E-03 3.186E-02 4.974E-02 8.447E-02 2.611E-03 2.455E-02 3.726E-02 6.442E-02
IPPE 2.798E-03 3.163E-02 5.074E-02 8.517E-02 2.542E-03 2.422E-02 3.803E-02 6.479E-02 7.762E-03 7.133E-02 1.120E-01 1.911E-01
SCK•CEN 3.041E-03 2.661E-02 5.837E-02 8.802E-02 2.661E-03 2.085E-02 4.065E-02 6.417E-02
JAERI-MORSA 2.853E-03 2.951E-02 5.135E-02 8.368E-02 2.518E-03 2.211E-02 3.833E-02 6.296E-02 7.754E-03 6.480E-02 1.123E-01 1.849E-01
JAERI-MVP 2.839E-03 2.961E-02 5.074E-02 8.320E-02 2.518E-03 2.218E-02 3.788E-02 6.257E-02 7.751E-03 6.501E-02 1.110E-01 1.838E-01

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.998 1.005 0.983 0.991 0.998 1.005 0.983 0.991 0.998 1.005 0.983 0.991
EDF 0.999 1.003 0.984 0.992 0.996 1.006 0.983 0.991 0.998 1.004 0.980 0.991
IKE 0.988 0.996 0.980 0.986 0.988 0.994 0.980 0.985 0.987 0.994 0.980 0.985
NRG 0.989 1.030 0.985 1.001 0.993 1.023 0.985 0.999
TU-Delft 0.983 1.001 0.988 0.993 0.983 1.002 0.988 0.993 0.982 1.002 0.988 0.993
PSI 0.957 1.019 0.989 0.999 0.994 0.996 0.988 0.991 0.993 0.996 0.988 0.991
KAERI 0.935 1.062 0.965 0.999 1.004 1.070 0.964 1.004
IPPE 0.911 1.055 0.985 1.007 0.978 1.055 0.984 1.009 0.971 1.060 0.989 1.013
SCK•CEN 0.990 0.887 1.133 1.041 1.023 0.909 1.052 0.999
JAERI-MORSA 0.929 0.984 0.997 0.989 0.969 0.963 0.992 0.981 0.970 0.963 0.991 0.980
JAERI-MVP 0.924 0.987 0.985 0.984 0.969 0.966 0.980 0.975 0.969 0.966 0.979 0.974
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Table 4.31. 242Pu reaction rates in MOX 7.0%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 6.974E-04 1.584E-03 1.398E-02 1.626E-02 5.190E-04 6.946E-06 9.394E-06 5.353E-04 1.621E-03 1.950E-05 2.638E-05 1.667E-03
CEA-cylinder 6.970E-04 1.594E-03 1.421E-02 1.650E-02 5.190E-04 6.970E-06 9.544E-06 5.355E-04 1.621E-03 1.957E-05 2.680E-05 1.667E-03
EDF 6.970E-04 1.590E-03 1.420E-02 1.650E-02 5.190E-04 6.970E-06 9.540E-06 5.350E-04 1.620E-03 1.960E-05 2.680E-05 1.670E-03
IKE 6.857E-04 1.626E-03 1.419E-02 1.650E-02 5.083E-04 6.971E-06 9.533E-06 5.248E-04 1.587E-03 1.957E-05 2.677E-05 1.633E-03
NRG 6.857E-04 1.790E-03 1.479E-02 1.727E-02 5.100E-04 7.380E-06 9.934E-06 5.273E-04
TU-Delft 6.823E-04 1.580E-03 1.426E-02 1.652E-02 5.060E-04 6.931E-06 9.580E-06 5.225E-04 1.579E-03 1.946E-05 2.690E-05 1.625E-03
PSI 6.754E-04 1.628E-03 1.353E-02 1.583E-02 5.007E-04 7.021E-06 9.089E-06 5.168E-04 1.565E-03 1.972E-05 2.552E-05 1.610E-03
KAERI 6.915E-04 1.556E-03 1.394E-02 1.619E-02 5.261E-04 6.703E-06 2.156E-08 5.328E-04
IPPE 6.549E-04 1.701E-03 1.437E-02 1.673E-02 4.906E-04 2.056E-06 4.927E-04 1.540E-03 5.667E-06 1.545E-03
SCK•CEN 7.262E-04 1.478E-03 1.225E-02 1.445E-02 4.937E-04 1.226E-06 4.950E-04
JAERI-MORSA 6.642E-04 1.581E-03 1.369E-02 1.594E-02 4.868E-04 5.160E-06 1.117E-06 4.934E-04 1.519E-03 1.449E-05 3.143E-06 1.536E-03
JAERI-MVP 6.580E-04 1.580E-03 1.378E-02 1.601E-02 4.832E-04 5.138E-06 1.124E-06 4.894E-04 1.564E-03 1.469E-05 3.214E-06 1.582E-03

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.999 1.006 1.016 1.014 1.000 1.004 1.016 1.000 1.000 1.004 1.016 1.001
EDF 0.999 1.004 1.016 1.015 1.000 1.004 1.016 0.999 1.000 1.005 1.016 1.002
IKE 0.983 1.027 1.015 1.015 0.979 1.004 1.015 0.980 0.979 1.004 1.015 0.980
NRG 0.983 1.130 1.058 1.062 0.983 1.063 1.058 0.985
TU-Delft 0.978 0.997 1.020 1.016 0.975 0.998 1.020 0.976 0.974 0.998 1.020 0.975
PSI 0.969 1.028 0.968 0.973 0.965 1.011 0.968 0.965 0.966 1.011 0.967 0.966
KAERI 0.992 0.983 0.997 0.996 1.014 0.965 0.002 0.995
IPPE 0.939 1.074 1.028 1.028 0.945 0.219 0.920 0.950 0.215 0.927
SCK•CEN 1.041 0.933 0.876 0.889 0.951 0.177 0.925
JAERI-MORSA 0.952 0.998 0.979 0.980 0.938 0.743 0.119 0.922 0.937 0.743 0.119 0.922
JAERI-MVP 0.944 0.998 0.985 0.985 0.931 0.740 0.120 0.914 0.965 0.753 0.122 0.949
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Table 4.32. 241Am reaction rates in MOX 7.0%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 3.133E-04 2.117E-03 8.678E-03 1.111E-02 1.395E-04 1.568E-05 5.515E-05 2.103E-04 5.184E-04 5.222E-05 1.836E-04 7.543E-04
CEA-cylinder 3.129E-04 2.124E-03 8.663E-03 1.110E-02 1.396E-04 1.573E-05 5.518E-05 2.105E-04 5.190E-04 5.239E-05 1.838E-04 7.551E-04
EDF 3.130E-04 2.130E-03 8.640E-03 1.110E-02 1.400E-04 1.580E-05 5.500E-05 2.100E-04 5.190E-04 5.260E-05 1.830E-04 7.550E-04
IKE 3.092E-04 2.160E-03 8.501E-03 1.097E-02 1.364E-04 1.575E-05 5.433E-05 2.065E-04 5.069E-04 5.245E-05 1.809E-04 7.403E-04
NRG 3.103E-04 2.127E-03 8.628E-03 1.107E-02 1.366E-04 1.574E-05 5.483E-05 2.072E-04
TU-Delft 3.076E-04 2.138E-03 8.709E-03 1.115E-02 1.359E-04 1.584E-05 5.547E-05 2.072E-04 5.046E-04 5.274E-05 1.847E-04 7.421E-04
PSI 3.076E-04 2.070E-03 8.160E-03 1.054E-02 1.337E-04 1.540E-05 5.147E-05 2.005E-04 4.976E-04 5.127E-05 1.714E-04 7.203E-04
KAERI 3.207E-04 2.233E-03 8.288E-03 1.084E-02 1.485E-04 1.731E-05 4.427E-05 2.101E-04
IPPE 2.836E-04 2.226E-03 8.184E-03 1.069E-02 1.388E-04 1.453E-05 4.023E-05 1.936E-04 4.976E-04 4.685E-05 1.297E-04 6.742E-04
SCK•CEN 2.137E-04 2.749E-03 9.398E-03 1.236E-02 1.329E-04 6.353E-05 5.537E-05 2.518E-04
JAERI-MORSA 2.758E-04 2.177E-03 7.679E-03 1.013E-02 1.354E-04 1.437E-05 4.055E-05 1.904E-04 4.853E-04 4.633E-05 1.308E-04 6.623E-04
JAERI-MVP 2.746E-04 2.175E-03 7.958E-03 1.041E-02 1.340E-04 1.430E-05 4.231E-05 1.906E-04 4.805E-04 4.609E-05 1.364E-04 6.629E-04

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.999 1.003 0.998 0.999 1.001 1.003 1.001 1.001 1.001 1.003 1.001 1.001
EDF 0.999 1.006 0.996 0.999 1.004 1.008 0.997 0.999 1.001 1.007 0.996 1.001
IKE 0.987 1.020 0.980 0.988 0.978 1.004 0.985 0.982 0.978 1.004 0.985 0.981
NRG 0.990 1.005 0.994 0.996 0.980 1.004 0.994 0.985
TU-Delft 0.982 1.010 1.004 1.004 0.974 1.010 1.006 0.985 0.973 1.010 1.006 0.984
PSI 0.982 0.978 0.940 0.949 0.959 0.982 0.933 0.953 0.960 0.982 0.933 0.955
KAERI 1.024 1.055 0.955 0.976 1.065 1.104 0.803 0.999
IPPE 0.905 1.052 0.943 0.963 0.995 0.927 0.730 0.921 0.960 0.897 0.706 0.894
SCK•CEN 0.682 1.298 1.083 1.113 0.953 4.052 1.004 1.198
JAERI-MORSA 0.880 1.028 0.885 0.912 0.971 0.916 0.735 0.905 0.936 0.887 0.712 0.878
JAERI-MVP 0.876 1.027 0.917 0.937 0.961 0.912 0.767 0.906 0.927 0.883 0.743 0.879
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Table 4.33. O (in fuel) reaction rates in MOX 7.0%

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 2.660E-03 4.551E-07 2.191E-06 2.663E-03
CEA-cylinder 2.675E-03 4.570E-07 2.154E-06 2.678E-03
EDF 2.680E-03 4.570E-07 2.150E-06 2.680E-03
IKE 2.619E-03 4.609E-07 2.153E-06 2.622E-03
NRG 2.458E-03 4.557E-07 2.175E-06 2.461E-03
TU-Delft 2.530E-03 4.585E-07 2.175E-06 2.533E-03
PSI 2.051E-03 4.261E-07 2.016E-06 2.053E-03
KAERI 2.601E-03 4.807E-07 2.141E-06 2.604E-03
IPPE 2.466E-03 4.839E-07 2.185E-06 2.469E-03
SCK•CEN 1.219E-03 2.022E-06 1.221E-03
JAERI-MORSA 1.523E-03 8.666E-07 2.227E-06 1.526E-03
JAERI-MVP 1.577E-03 8.669E-07 2.208E-06 1.580E-03

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 1.006 1.004 0.983 1.006
EDF 1.007 1.004 0.981 1.006
IKE 0.985 1.013 0.983 0.985
NRG 0.924 1.001 0.993 0.924
TU-Delft 0.951 1.007 0.993 0.951
PSI 0.771 0.936 0.920 0.771
KAERI 0.978 1.056 0.977 0.978
IPPE 0.927 1.063 0.997 0.927
SCK•CEN 0.458 0.923 0.459
JAERI-MORSA 0.573 1.904 1.017 0.573
JAERI-MVP 0.593 1.905 1.008 0.593
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Table 4.34. H2O (moderator) reaction rates in MOX 7.0%

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 1.128E-02 1.599E-03 2.389E-03 1.527E-02
CEA-cylinder 1.062E-02 1.592E-03 2.376E-03 1.459E-02
EDF 1.060E-02 1.590E-03 2.380E-03 1.460E-02
IKE 1.060E-02 1.603E-03 2.341E-03 1.454E-02
NRG 1.086E-02 1.596E-03 2.194E-03 1.465E-02
TU-Delft 1.066E-02 1.596E-03 2.248E-03 1.450E-02
PSI 1.061E-02 1.586E-03 1.849E-03 1.405E-02
KAERI 2.365E-03 1.633E-03 1.032E-02 1.431E-02
IPPE 1.075E-02 1.620E-03 2.285E-03 1.466E-02
SCK•CEN 1.163E-02 1.650E-03 1.082E-03 1.436E-02
JAERI-MORSA 1.365E-03 1.615E-03 1.162E-02 1.460E-02
JAERI-MVP 1.427E-03 1.620E-03 1.136E-02 1.440E-02

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 0.941 0.996 0.995 0.955
EDF 0.939 0.995 0.996 0.956
IKE 0.939 1.003 0.980 0.952
NRG 0.962 0.998 0.918 0.959
TU-Delft 0.945 0.998 0.941 0.950
PSI 0.940 0.992 0.774 0.920
KAERI 0.210 1.021 4.319 0.937
IPPE 0.953 1.014 0.957 0.960
SCK•CEN 1.030 1.032 0.453 0.940
JAERI-MORSA 0.121 1.010 4.864 0.956
JAERI-MVP 0.126 1.013 4.755 0.943
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Table 4.35. Boron (moderator) reaction rates in MOX 7.0%

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 8.161E-05 1.514E-03 1.072E-02 1.231E-02
CEA-cylinder 8.148E-05 1.507E-03 1.009E-02 1.167E-02
EDF 8.150E-05 1.510E-03 1.010E-02 1.170E-02
IKE 8.117E-05 1.518E-03 1.007E-02 1.166E-02
NRG 8.134E-05 1.511E-03 1.031E-02 1.190E-02
TU-Delft 8.388E-05 1.045E-03 8.660E-03 9.789E-03
PSI 7.831E-05 1.497E-03 1.007E-02 1.164E-02
KAERI 8.359E-05 1.545E-03 9.775E-03 1.140E-02
IPPE 9.724E-05 1.212E-03 1.004E-02 1.135E-02
SCK•CEN 8.577E-05 1.526E-03 1.093E-02 1.254E-02
JAERI-MORSA 7.861E-05 1.524E-03 1.099E-02 1.259E-02
JAERI-MVP 7.895E-05 1.529E-03 1.078E-02 1.238E-02

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 0.998 0.996 0.941 0.948
EDF 0.999 0.997 0.942 0.950
IKE 0.995 1.002 0.939 0.947
NRG 0.997 0.998 0.962 0.966
TU-Delft 1.028 0.690 0.808 0.795
PSI 0.960 0.989 0.940 0.945
KAERI 1.024 1.020 0.912 0.926
IPPE 1.191 0.800 0.937 0.922
SCK•CEN 1.051 1.008 1.020 1.018
JAERI-MORSA 0.963 1.006 1.025 1.022
JAERI-MVP 0.967 1.010 1.006 1.006



Table 4.36. 235U reaction rates in MOX 8.7%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 7.570E-04 4.921E-03 5.261E-03 1.094E-02 6.405E-04 3.163E-03 4.421E-03 8.225E-03 1.630E-03 7.698E-03 1.078E-02 2.011E-02
CEA-cylinder 7.551E-04 4.939E-03 5.139E-03 1.083E-02 6.389E-04 3.174E-03 4.317E-03 8.130E-03 1.627E-03 7.723E-03 1.053E-02 1.988E-02
EDF 7.550E-04 4.940E-03 5.140E-03 1.080E-02 6.390E-04 3.170E-03 4.320E-03 8.130E-03 1.630E-03 7.720E-03 1.050E-02 1.990E-02
IKE 7.479E-04 4.996E-03 5.137E-03 1.088E-02 6.321E-04 3.230E-03 4.317E-03 8.179E-03 1.608E-03 7.859E-03 1.053E-02 1.999E-02
NRG 7.528E-04 4.912E-03 5.190E-03 1.085E-02 6.375E-04 3.157E-03 4.361E-03 8.156E-03
TU-Delft 7.437E-04 4.949E-03 5.193E-03 1.089E-02 6.287E-04 3.181E-03 4.363E-03 8.172E-03 1.599E-03 7.740E-03 1.064E-02 1.998E-02
PSI 7.590E-04 5.146E-03 5.171E-03 1.108E-02 6.354E-04 3.267E-03 4.342E-03 8.244E-03 1.619E-03 7.961E-03 1.058E-02 2.016E-02
KAERI 7.643E-04 5.345E-03 5.070E-03 1.118E-02 6.490E-04 3.298E-03 4.259E-03 8.205E-03
IPPE 7.481E-04 4.991E-03 5.147E-03 1.089E-02 6.338E-04 3.167E-03 4.336E-03 8.137E-03 1.609E-03 7.703E-03 1.055E-02 1.986E-02
SCK•CEN 8.103E-04 5.658E-03 5.647E-03 1.212E-02 6.791E-04 3.146E-03 4.706E-03 8.531E-03
JAERI-MORSA 7.288E-04 4.928E-03 5.371E-03 1.103E-02 6.143E-04 3.174E-03 4.528E-03 8.316E-03 1.564E-03 7.668E-03 1.104E-02 2.027E-02
JAERI-MVP 7.231E-04 4.942E-03 5.271E-03 1.094E-02 6.114E-04 3.179E-03 4.441E-03 8.231E-03 1.557E-03 7.681E-03 1.083E-02 2.006E-02

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.998 1.004 0.977 0.990 0.998 1.003 0.976 0.988 0.998 1.003 0.976 0.988
EDF 0.997 1.004 0.977 0.987 0.998 1.002 0.977 0.988 1.000 1.003 0.974 0.990
IKE 0.988 1.015 0.976 0.995 0.987 1.021 0.976 0.994 0.986 1.021 0.976 0.994
NRG 0.995 0.998 0.986 0.992 0.995 0.998 0.986 0.992
TU-Delft 0.983 1.006 0.987 0.995 0.982 1.006 0.987 0.994 0.981 1.005 0.987 0.993
PSI 1.003 1.046 0.983 1.013 0.992 1.033 0.982 1.002 0.993 1.034 0.981 1.003
KAERI 1.010 1.086 0.964 1.022 1.013 1.042 0.963 0.998
IPPE 0.988 1.014 0.978 0.995 0.990 1.001 0.981 0.989 0.987 1.001 0.978 0.988
SCK•CEN 1.070 1.150 1.073 1.107 1.060 0.994 1.064 1.037
JAERI-MORSA 0.963 1.002 1.021 1.008 0.959 1.003 1.024 1.011 0.960 0.996 1.024 1.008
JAERI-MVP 0.955 1.004 1.002 1.000 0.955 1.005 1.004 1.001 0.955 0.998 1.004 0.998

67



Table 4.37. 238U reaction rates in MOX 8.7%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 6.377E-02 1.490E-01 1.369E-02 2.265E-01 3.261E-02 1.160E-05 5.478E-08 3.262E-02 9.105E-02 2.887E-05 1.363E-07 9.108E-02
CEA-cylinder 6.378E-02 1.517E-01 1.346E-02 2.289E-01 3.268E-02 1.167E-05 5.379E-08 3.269E-02 9.125E-02 2.905E-05 1.339E-07 9.128E-02
EDF 6.380E-02 1.520E-01 1.350E-02 2.290E-01 3.270E-02 1.170E-05 5.380E-08 3.270E-02 9.120E-02 2.910E-05 1.340E-07 9.130E-02
IKE 6.270E-02 1.531E-01 1.338E-02 2.292E-01 3.175E-02 1.192E-05 5.365E-08 3.176E-02 8.864E-02 2.967E-05 1.335E-07 8.867E-02
NRG 6.193E-02 1.533E-01 1.358E-02 2.288E-01 3.156E-02 1.179E-05 5.429E-08 3.157E-02
TU-Delft 6.230E-02 1.515E-01 1.359E-02 2.274E-01 3.155E-02 1.135E-05 5.437E-08 3.156E-02 8.798E-02 2.826E-05 1.353E-07 8.800E-02
PSI 6.128E-02 1.540E-01 1.336E-02 2.286E-01 3.233E-02 8.193E-06 1.463E-08 3.234E-02 9.100E-02 1.900E-05 3.394E-08 9.101E-02
KAERI 6.291E-02 1.538E-01 1.302E-02 2.298E-01 3.256E-02 4.536E-08 3.256E-02
IPPE 6.153E-02 1.519E-01 1.356E-02 2.269E-01 3.121E-02 3.121E-02 8.804E-02 8.804E-02
SCK•CEN 6.934E-02 1.267E-01 1.544E-02 2.115E-01 3.038E-02 3.038E-02
JAERI-MORSA 6.041E-02 1.493E-01 1.385E-02 2.235E-01 3.078E-02 1.172E-05 5.565E-08 3.079E-02 8.568E-02 2.918E-05 1.385E-07 8.571E-02
JAERI-MVP 5.874E-02 1.484E-01 1.371E-02 2.209E-01 3.031E-02 1.175E-05 5.503E-08 3.032E-02 8.453E-02 2.925E-05 1.370E-07 8.456E-02

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 1.000 1.018 0.983 1.011 1.002 1.006 0.982 1.002 1.002 1.006 0.982 1.002
EDF 1.000 1.020 0.986 1.011 1.003 1.009 0.982 1.002 1.002 1.008 0.983 1.002
IKE 0.983 1.028 0.977 1.012 0.974 1.028 0.979 0.974 0.974 1.028 0.979 0.974
NRG 0.971 1.029 0.992 1.010 0.968 1.017 0.991 0.968
TU-Delft 0.977 1.017 0.993 1.004 0.967 0.979 0.993 0.967 0.966 0.979 0.993 0.966
PSI 0.961 1.034 0.976 1.009 0.991 0.706 0.267 0.991 0.999 0.658 0.249 0.999
KAERI 0.986 1.033 0.951 1.015 0.998 0.828 0.998
IPPE 0.965 1.019 0.991 1.002 0.957 0.957 0.967 0.967
SCK•CEN 1.087 0.851 1.128 0.934 0.932 0.931
JAERI-MORSA 0.947 1.002 1.012 0.987 0.944 1.011 1.016 0.944 0.941 1.011 1.016 0.941
JAERI-MVP 0.921 0.996 1.002 0.975 0.929 1.013 1.005 0.929 0.928 1.013 1.005 0.928
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Table 4.38. 238Pu reaction rates in MOX 8.7%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 4.763E-04 1.188E-03 2.258E-03 3.922E-03 4.095E-04 2.255E-04 7.380E-05 7.088E-04 1.286E-03 6.528E-04 2.137E-04 2.153E-03
CEA-cylinder 4.754E-04 1.192E-03 2.198E-03 3.865E-03 4.088E-04 2.260E-04 7.193E-05 7.068E-04 1.284E-03 6.543E-04 2.082E-04 2.147E-03
EDF 4.750E-04 1.210E-03 2.200E-03 3.880E-03 4.090E-04 2.270E-04 7.200E-05 7.080E-04 1.280E-03 6.580E-04 2.080E-04 2.150E-03
IKE 4.682E-04 1.232E-03 2.206E-03 3.906E-03 4.019E-04 2.295E-04 7.216E-05 7.035E-04 1.262E-03 6.644E-04 2.089E-04 2.135E-03
NRG 4.709E-04 1.209E-03 2.234E-03 3.914E-03 4.043E-04 2.278E-04 7.305E-05 7.052E-04
TU-Delft 5.300E-04 1.190E-03 2.231E-03 3.887E-03 4.000E-04 2.258E-04 7.300E-05 6.988E-04 1.255E-03 6.537E-04 2.113E-04 2.120E-03
PSI 4.656E-04 1.227E-03 2.222E-03 3.915E-03 3.990E-04 2.306E-04 7.253E-05 7.021E-04 1.253E-03 6.675E-04 2.100E-04 2.131E-03
KAERI 5.139E-04 1.330E-03 2.181E-03 4.025E-03 4.147E-04 2.181E-04 6.507E-05 6.979E-04
IPPE 4.686E-04 1.331E-03 2.166E-03 3.965E-03 4.002E-04 2.899E-04 6.862E-05 7.587E-04 1.245E-03 8.363E-04 1.980E-04 2.280E-03
SCK•CEN
JAERI-MORSA 4.703E-04 1.209E-03 2.244E-03 3.924E-03 3.918E-04 2.255E-04 7.197E-05 6.892E-04 1.228E-03 6.524E-04 2.083E-04 2.089E-03
JAERI-MVP 4.672E-04 1.325E-03 2.230E-03 4.022E-03 3.894E-04 2.323E-04 7.140E-05 6.930E-04 1.221E-03 6.723E-04 2.067E-04 2.100E-03

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.998 1.003 0.973 0.985 0.998 1.002 0.975 0.997 0.998 1.002 0.975 0.997
EDF 0.997 1.019 0.974 0.989 0.999 1.007 0.976 0.999 0.995 1.008 0.974 0.999
IKE 0.983 1.037 0.977 0.996 0.981 1.018 0.978 0.993 0.981 1.018 0.978 0.992
NRG 0.989 1.018 0.989 0.998 0.987 1.010 0.990 0.995
TU-Delft 1.113 1.002 0.988 0.991 0.977 1.001 0.989 0.986 0.976 1.001 0.989 0.985
PSI 0.978 1.033 0.984 0.998 0.974 1.023 0.983 0.990 0.974 1.022 0.983 0.990
KAERI 1.079 1.119 0.966 1.026 1.013 0.967 0.882 0.984
IPPE 0.984 1.121 0.959 1.011 0.977 1.285 0.930 1.070 0.968 1.281 0.927 1.059
SCK•CEN
JAERI-MORSA 0.988 1.018 0.994 1.001 0.957 1.000 0.975 0.972 0.955 0.999 0.975 0.971
JAERI-MVP 0.981 1.115 0.988 1.026 0.951 1.030 0.968 0.978 0.949 1.030 0.968 0.976
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Table 4.39. 239Pu reaction rates in MOX 8.7%

Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 2.000E-02 1.115E-01 3.237E-01 4.552E-01 1.775E-02 6.432E-02 2.149E-01 2.969E-01 5.429E-02 1.844E-01 6.165E-01 8.552E-01
CEA-cylinder 1.996E-02 1.124E-01 3.203E-01 4.527E-01 1.771E-02 6.485E-02 2.123E-01 2.948E-01 5.418E-02 1.859E-01 6.090E-01 8.491E-01
EDF 2.000E-02 1.130E-01 3.200E-01 4.530E-01 1.770E-02 6.490E-02 2.120E-01 2.950E-01 5.420E-02 1.860E-01 6.090E-01 8.490E-01
IKE 1.992E-02 1.118E-01 3.203E-01 4.520E-01 1.766E-02 6.476E-02 2.123E-01 2.947E-01 5.395E-02 1.857E-01 6.090E-01 8.487E-01
NRG 2.009E-02 1.094E-01 3.221E-01 4.515E-01 1.778E-02 6.330E-02 2.136E-01 2.946E-01
TU-Delft 1.981E-02 1.097E-01 3.228E-01 4.524E-01 1.757E-02 6.376E-02 2.140E-01 2.953E-01 5.367E-02 1.828E-01 6.139E-01 8.504E-01
PSI 1.997E-02 1.154E-01 3.194E-01 4.548E-01 1.777E-02 6.644E-02 2.136E-01 2.978E-01 5.409E-02 1.881E-01 6.131E-01 8.553E-01
KAERI 1.991E-02 1.155E-01 3.193E-01 4.546E-01 1.789E-02 6.799E-02 2.112E-01 2.971E-01
IPPE 1.967E-02 1.091E-01 3.216E-01 4.504E-01 1.752E-02 6.431E-02 2.122E-01 2.940E-01 5.358E-02 1.851E-01 6.095E-01 8.482E-01
SCK•CEN 1.952E-02 1.099E-01 3.382E-01 4.676E-01 1.745E-02 6.337E-02 2.268E-01 3.076E-01
JAERI-MORSA 1.905E-02 1.103E-01 3.283E-01 4.577E-01 1.695E-02 6.496E-02 2.180E-01 2.999E-01 5.187E-02 1.869E-01 6.264E-01 8.653E-01
JAERI-MVP 1.893E-02 1.105E-01 3.292E-01 4.586E-01 1.686E-02 6.496E-02 2.180E-01 2.999E-01 5.160E-02 1.870E-01 6.264E-01 8.653E-01

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.998 1.009 0.989 0.994 0.998 1.008 0.988 0.993 0.998 1.008 0.988 0.993
EDF 1.000 1.014 0.989 0.995 0.997 1.009 0.987 0.993 0.998 1.009 0.988 0.993
IKE 0.996 1.003 0.989 0.993 0.995 1.007 0.988 0.992 0.994 1.007 0.988 0.992
NRG 1.004 0.981 0.995 0.992 1.001 0.984 0.994 0.992
TU-Delft 0.990 0.984 0.997 0.994 0.990 0.991 0.996 0.995 0.988 0.991 0.996 0.994
PSI 0.998 1.035 0.987 0.999 1.001 1.033 0.994 1.003 0.996 1.020 0.994 1.000
KAERI 0.995 1.036 0.986 0.999 1.008 1.057 0.983 1.001
IPPE 0.984 0.979 0.994 0.989 0.987 1.000 0.987 0.990 0.987 1.003 0.989 0.992
SCK•CEN 0.976 0.986 1.045 1.027 0.983 0.985 1.056 1.036
JAERI-MORSA 0.952 0.990 1.014 1.005 0.955 1.010 1.014 1.010 0.955 1.014 1.016 1.012
JAERI-MVP 0.946 0.991 1.017 1.008 0.950 1.010 1.015 1.010 0.950 1.014 1.016 1.012
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Table 4.40. 240Pu reaction rates in MOX 8.7%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 4.932E-03 1.765E-02 1.289E-01 1.514E-01 3.772E-03 3.233E-04 2.597E-05 4.121E-03 1.170E-02 9.000E-04 7.229E-05 1.268E-02
CEA-cylinder 4.926E-03 1.786E-02 1.307E-01 1.535E-01 3.769E-03 3.251E-04 2.630E-05 4.120E-03 1.170E-02 9.051E-04 7.323E-05 1.268E-02
EDF 4.930E-03 1.790E-02 1.310E-01 1.530E-01 3.770E-03 3.250E-04 2.630E-05 4.120E-03 1.170E-02 9.050E-04 7.320E-05 1.270E-02
IKE 4.844E-03 1.815E-02 1.316E-01 1.546E-01 3.691E-03 3.270E-04 2.648E-05 4.044E-03 1.145E-02 9.102E-04 7.370E-05 1.243E-02
NRG 4.902E-03 1.681E-02 1.305E-01 1.522E-01 3.708E-03 3.367E-04 2.627E-05 4.071E-03
TU-Delft 4.819E-03 1.681E-02 1.321E-01 1.537E-01 3.673E-03 3.167E-04 2.657E-05 4.017E-03 1.139E-02 8.817E-04 7.398E-05 1.234E-02
PSI 4.799E-03 1.741E-02 1.279E-01 1.501E-01 3.645E-03 3.223E-04 2.575E-05 3.993E-03 1.132E-02 8.972E-04 7.169E-05 1.229E-02
KAERI 4.925E-03 1.761E-02 1.384E-01 1.610E-01 3.824E-03 1.513E-04 2.786E-05 4.003E-03
IPPE 4.745E-03 1.520E-02 1.342E-01 1.542E-01 3.567E-03 1.371E-04 2.703E-05 3.731E-03 1.144E-02 3.987E-04 7.857E-05 1.192E-02
SCK•CEN 4.117E-03 1.142E-02 1.414E-01 1.569E-01 3.222E-03 2.271E-04 2.662E-05 3.475E-03
JAERI-MORSA 4.703E-03 1.681E-02 1.326E-01 1.542E-01 3.534E-03 1.418E-04 2.508E-05 3.699E-03 1.096E-02 3.950E-04 6.980E-05 1.142E-02
JAERI-MVP 4.657E-03 1.693E-02 1.352E-01 1.568E-01 3.500E-03 1.384E-04 2.555E-05 3.663E-03 1.085E-02 3.851E-04 7.112E-05 1.131E-02

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.999 1.012 1.014 1.014 0.999 1.006 1.013 1.000 0.999 1.006 1.013 1.000
EDF 1.000 1.014 1.017 1.010 1.000 1.005 1.013 1.000 1.000 1.006 1.013 1.002
IKE 0.982 1.029 1.021 1.021 0.978 1.011 1.020 0.981 0.978 1.011 1.020 0.981
NRG 0.994 0.953 1.013 1.005 0.983 1.041 1.012 0.988
TU-Delft 0.977 0.952 1.025 1.015 0.974 0.980 1.023 0.975 0.973 0.980 1.023 0.974
PSI 0.973 0.987 0.992 0.991 0.966 0.997 0.992 0.969 0.967 0.997 0.992 0.970
KAERI 0.999 0.998 1.074 1.063 1.014 0.468 1.073 0.971
IPPE 0.962 0.862 1.042 1.018 0.946 0.424 1.041 0.905 0.977 0.443 1.087 0.940
SCK•CEN 0.835 0.647 1.097 1.036 0.854 0.702 1.025 0.843
JAERI-MORSA 0.954 0.953 1.029 1.018 0.937 0.439 0.966 0.898 0.936 0.439 0.966 0.901
JAERI-MVP 0.944 0.959 1.049 1.035 0.928 0.428 0.984 0.889 0.927 0.428 0.984 0.892
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Table 4.41. 241Pu reaction rates in MOX 8.7%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 3.832E-03 3.557E-02 4.887E-02 8.827E-02 3.243E-03 2.727E-02 3.672E-02 6.724E-02 9.974E-03 7.997E-02 1.077E-01 1.976E-01
CEA-cylinder 3.822E-03 3.573E-02 4.787E-02 8.742E-02 3.235E-03 2.739E-02 3.596E-02 6.659E-02 9.951E-03 8.032E-02 1.055E-01 1.957E-01
EDF 3.820E-03 3.570E-02 4.790E-02 8.740E-02 3.230E-03 2.740E-02 3.590E-02 6.660E-02 9.950E-03 8.030E-02 1.050E-01 1.960E-01
IKE 3.783E-03 3.543E-02 4.772E-02 8.693E-02 3.200E-03 2.711E-02 3.586E-02 6.617E-02 9.839E-03 7.950E-02 1.051E-01 1.945E-01
NRG 3.788E-03 3.686E-02 4.804E-02 8.868E-02 3.219E-03 2.802E-02 3.611E-02 6.735E-02
TU-Delft 3.763E-03 3.561E-02 4.823E-02 8.760E-02 3.183E-03 2.734E-02 3.623E-02 6.676E-02 9.784E-03 8.018E-02 1.063E-01 1.962E-01
PSI 3.664E-03 3.623E-02 4.821E-02 8.810E-02 3.221E-03 2.712E-02 3.616E-02 6.650E-02 9.898E-03 7.954E-02 1.060E-01 1.955E-01
KAERI 3.579E-03 3.776E-02 4.680E-02 8.814E-02 3.253E-03 2.916E-02 3.512E-02 6.754E-02
IPPE 3.490E-03 3.778E-02 4.799E-02 8.926E-02 3.170E-03 2.893E-02 3.605E-02 6.815E-02 9.682E-03 8.521E-02 1.062E-01 2.011E-01
SCK•CEN 3.790E-03 3.138E-02 5.573E-02 9.089E-02 3.317E-03 2.460E-02 3.882E-02 6.673E-02
JAERI-MORSA 3.548E-03 3.499E-02 4.874E-02 8.728E-02 3.133E-03 2.627E-02 3.643E-02 6.584E-02 9.643E-03 7.703E-02 1.068E-01 1.935E-01
JAERI-MVP 3.518E-03 3.507E-02 4.816E-02 8.674E-02 3.121E-03 2.633E-02 3.600E-02 6.545E-02 9.607E-03 7.718E-02 1.055E-01 1.923E-01

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.997 1.004 0.980 0.990 0.997 1.004 0.979 0.990 0.998 1.004 0.979 0.990
EDF 0.997 1.004 0.980 0.990 0.996 1.005 0.978 0.991 0.998 1.004 0.975 0.992
IKE 0.987 0.996 0.977 0.985 0.987 0.994 0.976 0.984 0.986 0.994 0.976 0.984
NRG 0.989 1.036 0.983 1.005 0.993 1.027 0.983 1.002
TU-Delft 0.982 1.001 0.987 0.992 0.982 1.003 0.987 0.993 0.981 1.003 0.987 0.993
PSI 0.956 1.018 0.987 0.998 0.993 0.994 0.985 0.989 0.992 0.995 0.984 0.989
KAERI 0.934 1.062 0.958 0.998 1.003 1.069 0.956 1.004
IPPE 0.911 1.062 0.982 1.011 0.978 1.061 0.982 1.014 0.971 1.066 0.986 1.017
SCK•CEN 0.989 0.882 1.140 1.030 1.023 0.902 1.057 0.993
JAERI-MORSA 0.926 0.984 0.997 0.989 0.966 0.963 0.992 0.979 0.967 0.963 0.992 0.979
JAERI-MVP 0.918 0.986 0.985 0.983 0.962 0.966 0.980 0.973 0.963 0.965 0.980 0.973
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Table 4.42. 242Pu reaction rates in MOX 8.7%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 8.704E-04 1.882E-03 1.494E-02 1.769E-02 6.482E-04 8.425E-06 1.003E-05 6.667E-04 2.024E-03 2.366E-05 2.817E-05 2.076E-03
CEA-cylinder 8.695E-04 1.894E-03 1.519E-02 1.795E-02 6.478E-04 8.455E-06 1.020E-05 6.665E-04 2.023E-03 2.374E-05 2.864E-05 2.076E-03
EDF 8.690E-04 1.890E-03 1.520E-02 1.790E-02 6.480E-04 8.450E-06 1.020E-05 6.660E-04 2.020E-03 2.370E-05 2.860E-05 2.080E-03
IKE 8.547E-04 1.935E-03 1.527E-02 1.806E-02 6.339E-04 8.459E-06 1.025E-05 6.527E-04 1.979E-03 2.375E-05 2.879E-05 2.032E-03
NRG 8.555E-04 2.169E-03 1.580E-02 1.883E-02 6.367E-04 9.034E-06 1.061E-05 6.563E-04
TU-Delft 8.505E-04 1.877E-03 1.528E-02 1.801E-02 6.310E-04 8.407E-06 1.026E-05 6.497E-04 1.969E-03 2.361E-05 2.882E-05 2.021E-03
PSI 8.429E-04 1.938E-03 1.465E-02 1.743E-02 6.253E-04 8.521E-06 9.842E-06 6.436E-04 1.954E-03 2.393E-05 2.764E-05 2.006E-03
KAERI 8.621E-04 1.846E-03 1.471E-02 1.741E-02 6.563E-04 8.090E-06 2.120E-08 6.644E-04
IPPE 8.174E-04 2.062E-03 1.547E-02 1.835E-02 6.128E-04 2.390E-06 6.151E-04 1.923E-03 6.587E-06 1.929E-03
SCK•CEN 9.057E-04 1.791E-03 1.391E-02 1.660E-02 6.163E-04 1.516E-06 6.178E-04
JAERI-MORSA 8.259E-04 1.880E-03 1.464E-02 1.735E-02 6.057E-04 6.339E-06 1.193E-06 6.134E-04 1.890E-03 1.780E-05 3.355E-06 1.911E-03
JAERI-MVP 8.154E-04 1.901E-03 1.480E-02 1.751E-02 5.991E-04 6.328E-06 1.205E-06 6.068E-04 1.940E-03 1.809E-05 3.446E-06 1.961E-03

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.999 1.006 1.017 1.015 0.999 1.004 1.017 1.000 1.000 1.004 1.017 1.000
EDF 0.998 1.004 1.018 1.012 1.000 1.003 1.017 0.999 0.998 1.002 1.015 1.002
IKE 0.982 1.028 1.022 1.021 0.978 1.004 1.022 0.979 0.978 1.004 1.022 0.979
NRG 0.983 1.152 1.058 1.064 0.982 1.072 1.058 0.984
TU-Delft 0.977 0.997 1.023 1.018 0.973 0.998 1.023 0.975 0.973 0.998 1.023 0.974
PSI 0.968 1.030 0.981 0.985 0.965 1.011 0.981 0.965 0.965 1.011 0.981 0.966
KAERI 0.991 0.981 0.984 0.984 1.012 0.960 0.002 0.997
IPPE 0.939 1.096 1.036 1.037 0.945 0.238 0.923 0.950 0.234 0.929
SCK•CEN 1.041 0.952 0.931 0.939 0.951 0.180 0.927
JAERI-MORSA 0.949 0.999 0.980 0.981 0.934 0.752 0.119 0.920 0.934 0.752 0.119 0.920
JAERI-MVP 0.937 1.010 0.991 0.990 0.924 0.751 0.120 0.910 0.958 0.765 0.122 0.945
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Table 4.43. 241Am reaction rates in MOX 8.7%
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 3.908E-04 2.538E-03 9.027E-03 1.196E-02 1.742E-04 1.877E-05 5.720E-05 2.502E-04 6.475E-04 6.252E-05 1.905E-04 9.005E-04
CEA-cylinder 3.901E-04 2.546E-03 9.004E-03 1.194E-02 1.742E-04 1.883E-05 5.719E-05 2.502E-04 6.477E-04 6.270E-05 1.904E-04 9.009E-04
EDF 3.900E-04 2.550E-03 8.980E-03 1.190E-02 1.740E-04 1.890E-05 5.700E-05 2.500E-04 6.480E-04 6.300E-05 1.900E-04 9.000E-04
IKE 3.853E-04 2.585E-03 8.826E-03 1.180E-02 1.701E-04 1.883E-05 5.629E-05 2.452E-04 6.322E-04 6.271E-05 1.875E-04 8.824E-04
NRG 3.869E-04 2.552E-03 8.968E-03 1.191E-02 1.706E-04 1.887E-05 5.682E-05 2.463E-04
TU-Delft 3.833E-04 2.568E-03 9.072E-03 1.202E-02 1.694E-04 1.900E-05 5.762E-05 2.460E-04 6.293E-04 6.328E-05 1.919E-04 8.844E-04
PSI 3.836E-04 2.476E-03 8.417E-03 1.128E-02 1.669E-04 1.839E-05 5.287E-05 2.382E-04 6.213E-04 6.125E-05 1.760E-04 8.586E-04
KAERI 3.995E-04 2.680E-03 8.579E-03 1.166E-02 1.852E-04 2.072E-05 4.551E-05 2.514E-04
IPPE 3.538E-04 2.663E-03 8.485E-03 1.150E-02 1.734E-04 1.730E-05 4.121E-05 2.319E-04 6.215E-04 5.576E-05 1.328E-04 8.101E-04
SCK•CEN 2.664E-04 3.297E-03 9.797E-03 1.336E-02 1.659E-04 7.767E-05 5.660E-05 3.001E-04
JAERI-MORSA 3.430E-04 2.609E-03 7.948E-03 1.090E-02 1.684E-04 1.717E-05 4.170E-05 2.273E-04 6.037E-04 5.536E-05 1.345E-04 7.935E-04
JAERI-MVP 3.403E-04 2.620E-03 8.233E-03 1.119E-02 1.662E-04 1.723E-05 4.354E-05 2.269E-04 5.960E-04 5.554E-05 1.404E-04 7.919E-04

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.998 1.003 0.997 0.999 1.000 1.003 1.000 1.000 1.000 1.003 1.000 1.000
EDF 0.998 1.005 0.995 0.995 0.999 1.007 0.996 0.999 1.001 1.008 0.997 0.999
IKE 0.986 1.018 0.978 0.987 0.977 1.003 0.984 0.980 0.976 1.003 0.984 0.980
NRG 0.990 1.006 0.993 0.996 0.979 1.005 0.993 0.984
TU-Delft 0.981 1.012 1.005 1.006 0.973 1.012 1.007 0.984 0.972 1.012 1.007 0.982
PSI 0.982 0.976 0.932 0.943 0.958 0.980 0.924 0.952 0.960 0.980 0.924 0.953
KAERI 1.022 1.056 0.950 0.975 1.063 1.104 0.796 1.005
IPPE 0.905 1.049 0.940 0.962 0.995 0.921 0.720 0.927 0.960 0.892 0.697 0.900
SCK•CEN 0.682 1.299 1.085 1.117 0.952 4.137 0.989 1.200
JAERI-MORSA 0.878 1.028 0.880 0.912 0.967 0.915 0.729 0.909 0.932 0.885 0.706 0.881
JAERI-MVP 0.871 1.032 0.912 0.936 0.954 0.918 0.761 0.907 0.920 0.888 0.737 0.879
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Table 4.44. O (in fuel) reaction rates in MOX 8.7%

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 2.658E-03 4.365E-07 1.726E-06 2.660E-03
CEA-cylinder 2.671E-03 4.380E-07 1.693E-06 2.673E-03
EDF 2.670E-03 4.380E-07 1.690E-06 2.670E-03
IKE 2.615E-03 4.419E-07 1.693E-06 2.617E-03
NRG 2.453E-03 4.370E-07 1.711E-06 2.455E-03
TU-Delft 2.521E-03 4.404E-07 1.713E-06 2.524E-03
PSI 2.048E-03 4.082E-07 1.582E-06 2.050E-03
KAERI 2.596E-03 4.606E-07 1.679E-06 2.598E-03
IPPE 2.463E-03 4.646E-07 1.720E-06 2.465E-03
SCK•CEN 1.218E-03 1.560E-06 1.219E-03
JAERI-MORSA 1.517E-03 8.425E-07 1.756E-06 1.520E-03
JAERI-MVP 1.564E-03 8.415E-07 1.744E-06 1.567E-03

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 1.005 1.003 0.981 1.005
EDF 1.005 1.003 0.979 1.004
IKE 0.984 1.012 0.981 0.984
NRG 0.923 1.001 0.991 0.923
TU-Delft 0.949 1.009 0.992 0.949
PSI 0.771 0.935 0.916 0.771
KAERI 0.977 1.055 0.973 0.977
IPPE 0.927 1.064 0.997 0.927
SCK•CEN 0.458 0.904 0.458
JAERI-MORSA 0.571 1.930 1.017 0.571
JAERI-MVP 0.589 1.928 1.010 0.589
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Table 4.45. H2O (moderator) reaction rates in MOX 8.7%

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 2.385E-03 1.546E-03 9.546E-03 1.348E-02
CEA-cylinder 2.371E-03 1.537E-03 8.918E-03 1.283E-02
EDF 2.370E-03 1.540E-03 8.890E-03 1.280E-02
IKE 2.338E-03 1.548E-03 8.901E-03 1.279E-02
NRG 2.189E-03 1.542E-03 9.155E-03 1.289E-02
TU-Delft 2.240E-03 1.543E-03 8.958E-03 1.273E-02
PSI 1.846E-03 1.530E-03 8.910E-03 1.229E-02
KAERI 2.360E-03 1.574E-03 8.615E-03 1.255E-02
IPPE 2.283E-03 1.567E-03 9.049E-03 1.176E-02
SCK•CEN 1.079E-03 1.596E-03 9.755E-03 1.243E-02
JAERI-MORSA 1.359E-03 1.562E-03 9.844E-03 1.276E-02
JAERI-MVP 1.420E-03 1.563E-03 9.603E-03 1.259E-02

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 0.994 0.994 0.934 0.952
EDF 0.994 0.996 0.931 0.950
IKE 0.980 1.001 0.932 0.949
NRG 0.918 0.998 0.959 0.956
TU-Delft 0.939 0.998 0.938 0.945
PSI 0.774 0.990 0.933 0.912
KAERI 0.990 1.018 0.902 0.931
IPPE 0.957 1.014 0.948 0.872
SCK•CEN 0.452 1.033 1.022 0.922
JAERI-MORSA 0.570 1.011 1.031 0.947
JAERI-MVP 0.595 1.012 1.006 0.934
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Table 4.46. Boron (moderator) reaction rates in MOX 8.7%

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 8.134E-05 1.464E-03 9.067E-03 1.061E-02
CEA-cylinder 8.119E-05 1.455E-03 8.471E-03 1.001E-02
EDF 8.120E-05 1.450E-03 8.450E-03 9.980E-03
IKE 8.087E-05 1.466E-03 8.454E-03 1.000E-02
NRG 8.106E-05 1.460E-03 8.688E-03 1.023E-02
TU-Delft 8.037E-05 1.461E-03 8.508E-03 1.005E-02
PSI 7.805E-05 1.445E-03 8.449E-03 9.972E-03
KAERI 8.322E-05 1.489E-03 8.164E-03 9.737E-03
IPPE 9.693E-05 1.170E-03 8.442E-03 9.708E-03
SCK•CEN 8.544E-05 1.476E-03 9.164E-03 1.073E-02
JAERI-MORSA 7.820E-05 1.474E-03 9.306E-03 1.086E-02
JAERI-MVP 7.829E-05 1.475E-03 9.112E-03 1.067E-02

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 0.998 0.994 0.934 0.943
EDF 0.998 0.991 0.932 0.940
IKE 0.994 1.001 0.932 0.942
NRG 0.997 0.997 0.958 0.964
TU-Delft 0.988 0.998 0.938 0.947
PSI 0.960 0.987 0.932 0.940
KAERI 1.023 1.017 0.900 0.918
IPPE 1.192 0.799 0.931 0.915
SCK•CEN 1.050 1.008 1.011 1.011
JAERI-MORSA 0.961 1.007 1.026 1.023
JAERI-MVP 0.963 1.008 1.005 1.005



Table 4.47. 235U reaction rates in UO2
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 1.389E-02 9.137E-02 5.113E-01 6.165E-01 1.175E-02 5.890E-02 4.345E-01 5.052E-01 2.987E-02 1.433E-01 1.059E+00 1.233E+00
CEA-cylinder 1.388E-02 9.177E-02 5.096E-01 6.153E-01 1.174E-02 5.913E-02 4.331E-01 5.040E-01 2.986E-02 1.439E-01 1.056E+00 1.230E+00
EDF 1.390E-02 9.180E-02 5.100E-01 6.150E-01 1.170E-02 5.910E-02 4.330E-01 5.040E-01 2.990E-02 1.440E-01 1.060E+00 1.230E+00
IKE 1.362E-02 9.092E-02 5.104E-01 6.150E-01 1.150E-02 5.901E-02 4.339E-01 5.044E-01 2.921E-02 1.436E-01 1.058E+00 1.231E+00
NRG 1.370E-02 8.978E-02 5.100E-01 6.135E-01 1.164E-02 5.803E-02 4.335E-01 5.032E-01
TU-Delft 1.350E-02 8.994E-02 5.120E-01 6.154E-01 1.140E-02 5.814E-02 4.351E-01 5.047E-01 2.895E-02 1.415E-01 1.061E+00 1.231E+00
PSI 1.392E-02 9.337E-02 5.053E-01 6.126E-01 1.165E-02 5.945E-02 4.286E-01 4.997E-01 2.964E-02 1.449E-01 1.044E+00 1.219E+00
KAERI 1.421E-02 1.001E-01 5.218E-01 6.361E-01 1.205E-02 6.179E-02 4.437E-01 5.176E-01
IPPE 1.371E-02 9.110E-02 5.093E-01 6.141E-01 1.161E-02 5.814E-02 4.332E-01 5.030E-01 2.946E-02 1.414E-01 1.054E+00 1.224E+00
SCK•CEN 1.487E-02 9.824E-02 5.240E-01 6.371E-01 1.247E-02 5.496E-02 4.414E-01 5.088E-01
JAERI-MORSA 1.268E-02 8.786E-02 5.222E-01 6.225E-01 1.066E-02 5.683E-02 4.443E-01 5.117E-01 2.709E-02 1.373E-01 1.083E+00 1.247E+00
JAERI-MVP 1.262E-02 8.827E-02 5.236E-01 6.243E-01 1.064E-02 5.701E-02 4.455E-01 5.131E-01 2.702E-02 1.378E-01 1.085E+00 1.250E+00

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 0.999 1.004 0.997 0.998 0.999 1.004 0.997 0.998 1.000 1.004 0.997 0.998
EDF 1.001 1.005 0.997 0.998 0.996 1.003 0.997 0.998 1.001 1.005 1.001 0.998
IKE 0.981 0.995 0.998 0.998 0.979 1.002 0.999 0.998 0.978 1.002 0.999 0.999
NRG 0.986 0.983 0.998 0.995 0.991 0.985 0.998 0.996
TU-Delft 0.972 0.984 1.001 0.998 0.971 0.987 1.001 0.999 0.969 0.987 1.001 0.999
PSI 1.002 1.022 0.988 0.994 0.992 1.009 0.986 0.989 0.992 1.011 0.985 0.989
KAERI 1.023 1.095 1.021 1.032 1.026 1.049 1.021 1.025
IPPE 0.987 0.997 0.996 0.996 0.989 0.987 0.997 0.996 0.986 0.987 0.994 0.993
SCK•CEN 1.071 1.075 1.025 1.033 1.062 0.933 1.016 1.007
JAERI-MORSA 0.913 0.962 1.021 1.010 0.908 0.965 1.023 1.013 0.907 0.958 1.022 1.012
JAERI-MVP 0.909 0.966 1.024 1.013 0.905 0.968 1.025 1.016 0.905 0.961 1.025 1.014
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Table 4.48. 238U reaction rates in UO2
Calculated reaction rates

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-square 6.742E-02 1.672E-01 6.135E-02 2.960E-01 3.408E-02 1.228E-05 2.587E-07 3.409E-02 9.484E-02 3.057E-05 6.440E-07 9.487E-02
CEA-cylinder 6.759E-02 1.703E-01 6.116E-02 2.990E-01 3.426E-02 1.236E-05 2.579E-07 3.428E-02 9.537E-02 3.077E-05 6.419E-07 9.540E-02
EDF 6.760E-02 1.700E-01 6.120E-02 2.990E-01 3.430E-02 1.240E-05 2.580E-07 3.430E-02 9.540E-02 3.080E-05 6.420E-07 9.540E-02
IKE 6.554E-02 1.727E-01 6.137E-02 2.996E-01 3.255E-02 1.256E-05 2.591E-07 3.257E-02 9.059E-02 3.126E-05 6.449E-07 9.062E-02
NRG 6.631E-02 1.723E-01 6.142E-02 3.000E-01 3.391E-02 1.248E-05 2.590E-07 3.392E-02
TU-Delft 6.482E-02 1.708E-01 6.167E-02 2.973E-01 3.214E-02 1.200E-05 2.601E-07 3.216E-02 8.926E-02 2.986E-05 6.475E-07 8.929E-02
PSI 6.546E-02 1.740E-01 6.050E-02 2.999E-01 3.411E-02 8.663E-06 7.002E-08 3.412E-02 9.541E-02 2.009E-05 1.624E-07 9.544E-02
KAERI 6.736E-02 1.760E-01 6.223E-02 3.056E-01 3.415E-02 2.539E-07 3.415E-02
IPPE 6.522E-02 1.717E-01 6.135E-02 2.983E-01 3.268E-02 3.268E-02 9.197E-02 9.197E-02
SCK•CEN 7.420E-02 1.403E-01 6.412E-02 2.786E-01 3.273E-02 3.273E-02
JAERI-MORSA 5.993E-02 1.657E-01 6.273E-02 2.884E-01 2.960E-02 1.207E-05 2.649E-07 2.961E-02 8.202E-02 3.005E-05 6.595E-07 8.204E-02
JAERI-MVP 5.862E-02 1.657E-01 6.284E-02 2.873E-01 2.916E-02 1.162E-05 2.654E-07 2.918E-02 8.095E-02 2.892E-05 6.605E-07 8.098E-02

Reaction rates relative to the CEA square cell calculation

Absorption Fission Production
Participant g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total

CEA-cylinder 1.002 1.018 0.997 1.010 1.005 1.007 0.997 1.005 1.006 1.007 0.997 1.006
EDF 1.003 1.016 0.998 1.010 1.007 1.010 0.997 1.006 1.006 1.007 0.997 1.006
IKE 0.972 1.033 1.000 1.012 0.955 1.022 1.001 0.955 0.955 1.022 1.001 0.955
NRG 0.983 1.030 1.001 1.014 0.995 1.016 1.001 0.995
TU-Delft 0.961 1.021 1.005 1.004 0.943 0.977 1.005 0.943 0.941 0.977 1.005 0.941
PSI 0.971 1.040 0.986 1.013 1.001 0.705 0.271 1.001 1.006 0.657 0.252 1.006
KAERI 0.999 1.053 1.014 1.032 1.002 0.981 1.002
IPPE 0.967 1.027 1.000 1.008 0.959 0.959 0.970 0.970
SCK•CEN 1.100 0.839 1.045 0.941 0.960 0.960
JAERI-MORSA 0.889 0.991 1.023 0.974 0.869 0.983 1.024 0.869 0.865 0.983 1.024 0.865
JAERI-MVP 0.869 0.991 1.024 0.971 0.856 0.946 1.026 0.856 0.854 0.946 1.026 0.854

79



80

Table 4.49. O (in fuel) reaction rates in UO2

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 2.599E-03 5.091E-07 8.457E-06 2.608E-03
CEA-cylinder 2.622E-03 5.102E-07 8.430E-06 2.631E-03
EDF 2.620E-03 5.100E-07 8.430E-06 2.630E-03
IKE 2.510E-03 5.147E-07 8.475E-06 2.519E-03
NRG 2.590E-03 5.069E-07 8.470E-06 2.599E-03
TU-Delft 2.364E-03 5.097E-07 8.506E-06 2.373E-03
PSI 1.959E-03 4.759E-07 7.843E-06 1.967E-03
KAERI 2.531E-03 5.413E-07 8.642E-06 2.540E-03
IPPE 2.452E-03 5.377E-07 8.504E-06 2.461E-03
SCK•CEN 1.292E-03 7.870E-06 1.300E-03
JAERI-MORSA 1.329E-03 9.238E-07 8.646E-06 1.338E-03
JAERI-MVP 1.368E-03 9.243E-07 8.690E-06 1.378E-03

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 1.009 1.002 0.997 1.009
EDF 1.008 1.002 0.997 1.008
IKE 0.966 1.011 1.002 0.966
NRG 0.996 0.996 1.002 0.996
TU-Delft 0.909 1.001 1.006 0.910
PSI 0.754 0.935 0.927 0.754
KAERI 0.974 1.063 1.022 0.974
IPPE 0.943 1.056 1.006 0.944
SCK•CEN 0.497 0.931 0.498
JAERI-MORSA 0.511 1.815 1.022 0.513
JAERI-MVP 0.526 1.816 1.028 0.528
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Table 4.50. H2O (moderator) reaction rates in UO2

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 2.334E-03 1.757E-03 3.376E-02 3.785E-02
CEA-cylinder 2.321E-03 1.749E-03 3.288E-02 3.696E-02
EDF 2.320E-03 1.750E-03 3.280E-02 3.690E-02
IKE 2.252E-03 1.760E-03 3.298E-02 3.699E-02
NRG 2.313E-03 1.745E-03 3.311E-02 3.717E-02
TU-Delft 2.438E-03 1.748E-03 3.316E-02 3.700E-02
PSI 1.775E-03 1.741E-03 3.257E-02 3.608E-02
KAERI 2.310E-03 1.816E-03 3.343E-02 3.755E-02
IPPE 2.281E-03 1.774E-03 3.304E-02 3.596E-02
SCK•CEN 1.143E-03 1.780E-03 3.392E-02 3.684E-02
JAERI-MORSA 1.201E-03 1.745E-03 3.482E-02 3.777E-02
JAERI-MVP 1.249E-03 1.747E-03 3.469E-02 3.768E-02

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 0.994 0.996 0.974 0.976
EDF 0.994 0.996 0.972 0.975
IKE 0.965 1.002 0.977 0.977
NRG 0.991 0.993 0.981 0.982
TU-Delft 1.045 0.995 0.982 0.977
PSI 0.761 0.991 0.965 0.953
KAERI 0.990 1.034 0.990 0.992
IPPE 0.978 1.009 0.979 0.950
SCK•CEN 0.490 1.013 1.005 0.973
JAERI-MORSA 0.515 0.993 1.031 0.998
JAERI-MVP 0.535 0.994 1.027 0.995
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Table 4.51. Boron (moderator) reaction rates in UO2

Calculated reaction rates
Absorption

Participant g=1 g=2 g=3 Total

CEA-square 8.608E-05 1.664E-03 3.207E-02 3.382E-02
CEA-cylinder 8.601E-05 1.657E-03 3.124E-02 3.298E-02
EDF 8.600E-05 1.660E-03 3.120E-02 3.290E-02
IKE 8.530E-05 1.667E-03 3.132E-02 3.308E-02
NRG 8.568E-05 1.652E-03 3.143E-02 3.317E-02
TU-Delft 8.437E-05 1.656E-03 3.149E-02 3.323E-02
PSI 8.247E-05 1.644E-03 3.088E-02 3.261E-02
KAERI 8.943E-05 1.718E-03 3.167E-02 3.348E-02
IPPE 1.025E-04 1.331E-03 3.095E-02 3.239E-02
SCK•CEN 9.014E-05 1.646E-03 3.199E-02 3.373E-02
JAERI-MORSA 7.930E-05 1.647E-03 3.299E-02 3.470E-02
JAERI-MVP 7.947E-05 1.649E-03 3.291E-02 3.465E-02

Reaction rates relative to the CEA square cell calculation
Absorption

Participant g=1 g=2 g=3 Total

CEA-cylinder 0.999 0.996 0.974 0.975
EDF 0.999 0.997 0.973 0.973
IKE 0.991 1.002 0.977 0.978
NRG 0.995 0.992 0.980 0.981
TU-Delft 0.980 0.995 0.982 0.983
PSI 0.958 0.988 0.963 0.964
KAERI 1.039 1.032 0.988 0.990
IPPE 1.190 0.800 0.965 0.958
SCK•CEN 1.047 0.989 0.998 0.997
JAERI-MORSA 0.921 0.989 1.029 1.026
JAERI-MVP 0.923 0.990 1.026 1.024
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Table 4.52. keff values of the core

keff ∆k/kk′ (pcm)
CEA S8 nodal 1.07441 –

EDF SN 1.07132 -268

IKE J± 1.07390 -44

NRG SN 1.06279 -1 018

TU-Delft SN 1.06980 -401

SCK•CEN S8 1.09231 1 525

IPPE* S4 1.08220 670
PSI diff. nodal 1.06996 -387

KAERI diff. nodal 1.06103 -1 174

SCK⋅CEN diff. nodal 1.07724 245

JAERI diff. nodal 1.06459 -859

TU-Delft diff. 1.06430 -884

IPPE* diff. 1.06570 -761

TU-Delft MC (172g) 1.07240 -174

JAERI MC (cont.) 1.06050 -1 221

*IPPE used the buckling height of 95 cm (correct value is 80 cm).

Table 4.53. Fission rates in the fission chamber in MOX assembly (position [1,1])

Participant Fission rate
Absolute Values

Fission Rate
Relative values

Comment

CEA 7.55E-06

IKE 7.64E-06 1.01

PSI 8.13E-06 1.08

TU-Delft SN 7.30E-06 0.97 2-D DORT

TU-Delft Diffusion 6.58E-06 0.87 2-D PROMETEUS

JAERI-MORSA 7.01E-06 0.93

JAERI-MVP 8.62E-06 1.14 Monte Carlo
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Table 4.54. Fission rates in the fission chamber in UO2 assembly (position [18,1])

Participant Fission rate
Absolute Values

Fission Rate
Relative values

Comment

CEA 1.34E-05

IKE 1.35E-05 1.01

PSI 1.43E-05 1.07

TU-Delft SN 1.31E-05 0.98 2-D DORT

TU-Delft Diffusion 1.20E-05 0.90 2-D PROMETEUS

JAERI-MORSA 1.27E-05 0.95

JAERI-MVP 1.35E-05 1.01 Monte Carlo

Table 4.55. Fission rates in the fission chamber in UO2 assembly (position [18,18])

Participant Fission rate
Absolute Values

Fission Rate
Relative values

Comment

CEA 9.14E-06

IKE 9.16E-06 1.00

PSI 9.70E-06 1.06

TU-Delft SN 8.95E-06 0.98 2-D DORT

TU-Delft Diffusion 8.26E-06 0.90 2-D PROMETEUS

JAERI-MORSA 8.39E-06 0.92

JAERI-MVP 9.71E-06 1.06 Monte Carlo
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          Figure 2.1.a. UO2 assembly
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Figure 4.1. MOX 4.3% cell calculations
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Figure 4.2. MOX 7.0% cell calculations
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Figure 4.3. MOX 8.7% cell calculations
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Figure 4.4. UO2 cell calculations
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Figure 4.5. 235U reaction rates relative to the CEA result in MOX 4.3%
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Figure 4.6. 238U reaction rates relative to the CEA result in MOX 4.3%
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Figure 4.7. 238Pu reaction rates relative to the CEA result in MOX 4.3%

(a) Relative absorption rate
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Figure 4.8. 239Pu reaction rates relative to the CEA result in MOX 4.3%

(a) Relative absorption rate
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Figure 4.9. 240Pu reaction rates relative to the CEA result in MOX 4.3%

(a) Relative absorption rate
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Figure 4.10. 241Pu reaction rates relative to the CEA result in MOX 4.3%

(a) Relative absorption rate
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Figure 4.11. 242Pu reaction rates relative to the CEA result in MOX 4.3%

(a) Relative absorption rate
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Figure 4.12. 241Am reaction rates relative to the CEA result in MOX 4.3%

(a) Relative absorption rate
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Figure 4.13. O (in fuel) absorption reaction rates relative to the CEA result in MOX 4.3%
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Figure 4.14. H2O (moderator) absorption reaction rates relative to the CEA result in MOX 4.3%
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Figure 4.15. Boron (moderator) absorption reaction rates relative to the CEA result in MOX 4.3%
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Figure 4.16. 235U reaction rates relative to the CEA result in MOX 7.0%
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Figure 4.17. 238U reaction rates relative to the CEA result in MOX 7.0%

(a) Relative absorption rate
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Figure 4.18. 238Pu reaction rates relative to the CEA result in MOX 7.0%

(a) Relative absorption rate
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Figure 4.19. 239Pu reaction rates relative to the CEA result in MOX 7.0%

(a) Relative absorption rate
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Figure 4.20. 240Pu reaction rates relative to the CEA result in MOX 7.0%

(a) Relative absorption rate
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Figure 4.21. 241Pu reaction rates relative to the CEA result in MOX 7.0%

(a) Relative absorption rate

0.991 0.992

1.001

0.993

0.999 0.999

1.007

1.041

0.989
0.9840.986

0.98

0.99

1.00

1.01

1.02

1.03

1.04

1.05

CEA-cylin. EDF IKE NRG TU-Delft PSI KAERI IPPE SCK-CEN JAERI-
MORSA

JAERI-
MVP

Participant

(b) Relative fission rate

0.991 0.991

0.999

0.993
0.991

1.004

1.009

0.999

0.981

0.975

0.985

0.97

0.98

0.98

0.99

0.99

1.00

1.00

1.01

1.01

1.02

CEA-cylin. EDF IKE NRG TU-Delft PSI KAERI IPPE SCK-CEN JAERI-
MORSA

JAERI-
MVPParticipant

(c) Relative production rate

0.991 0.991 0.993
0.991

1.013

0.980

0.974

0.985

0.97

0.98

0.98

0.99

0.99

1.00

1.00

1.01

1.01

1.02

1.02

CEA-cylin. EDF IKE NRG TU-Delft PSI KAERI IPPE SCK-CEN JAERI-
MORSA

JAERI-
MVPParticipant



107

Figure 4.22. 242Pu reaction rates relative to the CEA result in MOX 7.0%

(a) Relative absorption rate
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Figure 4.23. 241Am reaction rates relative to the CEA result in MOX 7.0%

(a) Relative absorption rate
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Figure 4.24. O (in fuel) absorption reaction rates relative to the CEA result in MOX 7.0%
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Figure 4.25. H2O (moderator) absorption reaction rates relative to the CEA result in MOX 7.0%
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Figure 4.26. Boron (moderator) absorption reaction rates relative to the CEA result in MOX 7.0%
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Figure 4.27. 235U reaction rates relative to the CEA result in MOX 8.7%

(a) Relative absorption rate
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Figure 4.28. 238U reaction rates relative to the CEA result in MOX 8.7%
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Figure 4.29. 238Pu reaction rates relative to the CEA result in MOX 8.7%

(a) Relative absorption rate
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Figure 4.30. 239Pu reaction rates relative to the CEA result in MOX 8.7%
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Figure 4.31. 240Pu reaction rates relative to the CEA result in MOX 8.7%
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Figure 4.32. 241Pu reaction rates relative to the CEA result in MOX 8.7%
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Figure 4.33. 242Pu reaction rates relative to the CEA result in MOX 8.7%
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Figure 4.34. 241Am reaction rates relative to the CEA result in MOX 8.7%

(a) Relative absorption rate
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Figure 4.35. O (in fuel) absorption reaction rates relative to the CEA result in MOX 8.7%
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Figure 4.36. H2O (moderator) absorption reaction rates relative to the CEA result in MOX 8.7%
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Figure 4.37. Boron (moderator) absorption reaction rates relative to the CEA result in MOX 8.7%
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Figure 4.38. 235U reaction rates relative to the CEA result in UO2
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Figure 4.39. 238U reaction rates relative to the CEA result in UO2
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Figure 4.40. O (in fuel) absorption reaction rates relative to the CEA result in UO2
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Figure 4.41. H2O (moderator) absorption reaction rates relative to the CEA result in UO2
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Figure 4.42. Boron (moderator) absorption reaction rates relative to the CEA result in UO2
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Figure 4.43. ∆k/kk′ relative to the CEA calculation value in core calculations
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Figure 4.44. Relative fission rate in the fission chamber in MOX assembly (position [1,1])
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Figure 4.45. Relative fission rate in the fission chamber in UO2 assembly (position [18,1])
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Figure 4.46. Relative fission rate in the fission chamber in UO2 assembly (position [18,18])
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Figure 4.47. CEA SN nodal transport pin-by-pin fission rate distribution

1 o
2 1.386 1.302 MOX 8.7%
3 1.384 1.302 1.304
4 o 1.386 1.390 o MOX 7.0%
5 1.393 1.311 1.316 1.421 1.413
6 1.424 1.344 1.350 1.459 1.364 o MOX 4.3%
7 o 1.326 1.330 o 1.391 1.347 1.260
8 1.445 1.365 1.365 1.450 1.357 1.305 1.300 1.367 UO2 3.7%
9 1.222 1.223 1.221 1.212 1.201 1.187 1.180 1.206 1.320

10 1.131 1.130 1.128 1.121 1.107 1.092 1.078 1.080 1.106 1.152 o Guide-tube
11 1.350 1.302 1.301 1.346 1.284 1.235 1.206 1.188 1.180 1.183 1.190
12 o 1.419 1.419 o 1.437 1.384 1.296 1.233 1.204 1.192 1.193 1.220
13 1.437 1.389 1.389 1.445 1.468 o 1.373 1.250 1.209 1.190 1.192 1.266 o
14 1.419 1.373 1.373 1.425 1.401 1.434 1.391 1.267 1.196 1.174 1.199 1.270 1.264 1.188
15 o 1.385 1.384 o 1.380 1.365 o 1.285 1.171 1.148 1.211 o 1.195 1.159 o
16 1.342 1.296 1.293 1.333 1.278 1.263 1.278 1.195 1.131 1.108 1.124 1.159 1.100 1.068 1.067 0.989
17 1.282 1.241 1.237 1.271 1.220 1.204 1.219 1.141 1.084 1.061 1.073 1.102 1.046 1.015 1.013 0.941 0.897
18 o 1.222 1.219 o 1.202 1.185 o 1.126 1.031 1.009 1.056 o 1.028 0.996 o 0.924 0.878 o
19 1.159 1.120 1.116 1.148 1.100 1.085 1.100 1.029 0.974 0.953 0.965 0.991 0.939 0.911 0.909 0.843 0.803 0.788 0.719
20 1.085 1.050 1.047 1.076 1.034 1.020 1.030 0.965 0.914 0.894 0.904 0.928 0.881 0.854 0.850 0.789 0.751 0.735 0.672 0.628
21 o 1.015 1.013 o 1.007 0.994 o 0.935 0.851 0.832 0.875 o 0.858 0.830 o 0.763 0.723 o 0.647 0.604 o
22 0.946 0.913 0.912 0.947 0.927 0.946 0.919 0.837 0.786 0.768 0.782 0.825 0.814 0.764 0.746 0.685 0.650 0.638 0.581 0.544 0.528 0.484
23 0.876 0.849 0.849 0.879 0.895 o 0.834 0.756 0.727 0.710 0.708 0.747 o 0.736 0.691 0.636 0.603 0.589 0.538 0.504 0.489 0.465 o
24 o 0.835 0.835 o 0.844 0.811 0.755 0.712 0.688 0.673 0.666 0.676 0.696 0.693 o 0.625 0.592 o 0.530 0.495 o 0.439 0.396 0.356
25 0.856 0.826 0.824 0.850 0.811 0.779 0.756 0.734 0.715 0.699 0.688 0.677 0.668 0.665 0.666 0.616 0.585 0.573 0.523 0.488 0.471 0.420 0.378 0.350 0.348
26 1.045 1.042 1.038 1.032 1.018 1.001 0.980 0.960 0.939 0.919 0.899 0.879 0.859 0.835 0.808 0.774 0.737 0.699 0.657 0.615 0.571 0.524 0.480 0.442 0.426 0.478
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Figure 4.48. EDF SN transport pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.393 1.299 MOX 8.7%
3 1.392 1.300 1.302
4 o 1.386 1.391 o MOX 7.0%
5 1.399 1.308 1.315 1.423 1.419
6 1.431 1.340 1.348 1.468 1.358 o MOX 4.3%
7 o 1.326 1.332 o 1.389 1.348 1.263
8 1.442 1.363 1.364 1.437 1.357 1.308 1.296 1.357 UO2 3.7%
9 1.217 1.210 1.208 1.209 1.193 1.176 1.171 1.197 1.308
10 1.143 1.135 1.132 1.134 1.116 1.097 1.083 1.083 1.108 1.156 o Guide-tube
11 1.359 1.310 1.309 1.348 1.292 1.248 1.213 1.189 1.183 1.187 1.192
12 o 1.426 1.428 o 1.441 1.392 1.302 1.237 1.207 1.195 1.198 1.227
13 1.447 1.391 1.393 1.457 1.467 o 1.378 1.259 1.210 1.192 1.201 1.272 o
14 1.429 1.374 1.375 1.431 1.407 1.432 1.391 1.271 1.200 1.178 1.203 1.271 1.263 1.194
15 o 1.389 1.389 o 1.387 1.375 o 1.282 1.178 1.155 1.209 o 1.205 1.165 o
16 1.351 1.297 1.294 1.337 1.281 1.265 1.284 1.198 1.130 1.108 1.128 1.164 1.103 1.071 1.071 0.990
17 1.294 1.244 1.240 1.277 1.223 1.207 1.225 1.145 1.083 1.061 1.077 1.107 1.049 1.018 1.018 0.943 0.899
18 o 1.229 1.226 o 1.208 1.191 o 1.127 1.037 1.015 1.058 o 1.033 1.002 o 0.929 0.885 o
19 1.171 1.124 1.120 1.155 1.104 1.089 1.106 1.032 0.975 0.954 0.968 0.997 0.942 0.913 0.914 0.846 0.806 0.794 0.722
20 1.096 1.053 1.050 1.083 1.037 1.024 1.038 0.969 0.915 0.895 0.908 0.934 0.884 0.857 0.855 0.791 0.753 0.741 0.674 0.630
21 o 1.020 1.019 o 1.014 1.004 o 0.936 0.858 0.839 0.876 o 0.866 0.836 o 0.766 0.727 o 0.652 0.609 o
22 0.954 0.917 0.916 0.953 0.933 0.947 0.922 0.841 0.789 0.772 0.786 0.827 0.815 0.768 0.751 0.687 0.652 0.642 0.583 0.546 0.532 0.487
23 0.883 0.850 0.851 0.888 0.894 o 0.838 0.762 0.727 0.711 0.713 0.751 o 0.735 0.698 0.637 0.604 0.592 0.540 0.506 0.494 0.465 o
24 o 0.835 0.835 o 0.841 0.812 0.755 0.712 0.687 0.671 0.666 0.676 0.697 0.690 o 0.625 0.592 o 0.530 0.495 o 0.438 0.397 0.354
25 0.847 0.819 0.817 0.839 0.804 0.775 0.749 0.725 0.706 0.691 0.679 0.671 0.665 0.659 0.657 0.610 0.580 0.567 0.518 0.484 0.465 0.417 0.376 0.346 0.341
26 1.017 1.010 1.006 1.005 0.989 0.971 0.951 0.930 0.910 0.890 0.872 0.853 0.833 0.811 0.786 0.750 0.715 0.681 0.638 0.596 0.556 0.510 0.465 0.428 0.411 0.455
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(b) Relative values to the CEA result

1 o Aver. S.D.
2 0.5 -0.3 MOX 8.7% 0.1 0.3
3 0.5 -0.2 -0.2
4 o 0.0 0.0 o MOX 7.0% -0.2 0.3
5 0.5 -0.2 -0.1 0.1 0.4
6 0.5 -0.3 -0.1 0.6 -0.4 o MOX 4.3% -0.7 0.3
7 o 0.0 0.1 o -0.2 0.1 0.2
8 -0.2 -0.1 -0.1 -0.9 0.0 0.2 -0.3 -0.7 UO2 3.7% -0.1 1.1
9 -0.3 -1.0 -1.1 -0.3 -0.6 -0.9 -0.8 -0.7 -0.9
10 1.1 0.5 0.4 1.2 0.8 0.5 0.5 0.3 0.2 0.3 o Guide-tube
11 0.6 0.6 0.6 0.2 0.7 1.0 0.6 0.1 0.2 0.4 0.2
12 o 0.5 0.6 o 0.2 0.6 0.5 0.3 0.2 0.3 0.4 0.5
13 0.7 0.2 0.3 0.8 -0.1 o 0.4 0.7 0.1 0.2 0.8 0.5 o
14 0.7 0.1 0.2 0.5 0.4 -0.2 0.0 0.3 0.3 0.3 0.3 0.1 -0.1 0.4
15 o 0.3 0.4 o 0.4 0.8 o -0.2 0.6 0.6 -0.1 o 0.8 0.5 o
16 0.7 0.1 0.1 0.4 0.2 0.2 0.5 0.2 -0.1 0.0 0.3 0.5 0.3 0.2 0.4 0.1
17 0.9 0.2 0.2 0.5 0.2 0.2 0.5 0.3 0.0 0.0 0.4 0.5 0.3 0.2 0.5 0.2 0.3
18 o 0.6 0.5 o 0.5 0.6 o 0.1 0.6 0.6 0.1 o 0.5 0.5 o 0.5 0.8 o
19 1.0 0.3 0.3 0.5 0.3 0.3 0.5 0.4 0.1 0.1 0.4 0.5 0.3 0.2 0.5 0.3 0.3 0.8 0.5
20 1.0 0.3 0.3 0.7 0.4 0.4 0.7 0.4 0.1 0.1 0.4 0.7 0.4 0.4 0.6 0.3 0.3 0.7 0.4 0.4
21 o 0.5 0.6 o 0.7 1.0 o 0.0 0.8 0.8 0.1 o 1.0 0.7 o 0.5 0.7 o 0.7 0.8 o
22 0.9 0.3 0.4 0.7 0.6 0.1 0.3 0.4 0.5 0.5 0.5 0.3 0.1 0.5 0.6 0.4 0.4 0.6 0.4 0.5 0.8 0.7
23 0.8 0.2 0.3 1.0 -0.1 o 0.5 0.8 0.0 0.1 0.8 0.5 o -0.1 0.9 0.2 0.2 0.6 0.3 0.3 1.0 0.0 o
24 o 0.0 0.0 o -0.3 0.1 0.0 -0.1 -0.2 -0.2 -0.1 0.0 0.0 -0.3 o 0.0 0.1 o 0.1 0.2 o -0.2 0.1 -0.4
25 -1.0 -0.9 -0.9 -1.3 -0.9 -0.5 -0.9 -1.2 -1.2 -1.1 -1.3 -0.9 -0.5 -0.9 -1.4 -1.0 -0.9 -1.1 -0.9 -0.9 -1.2 -0.8 -0.5 -1.2 -2.0
26 -2.7 -3.0 -3.1 -2.7 -2.9 -3.0 -3.0 -3.0 -3.1 -3.1 -3.1 -3.0 -3.1 -2.9 -2.7 -3.1 -3.1 -2.6 -3.0 -3.0 -2.6 -2.8 -3.0 -3.1 -3.4 -4.8
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Figure 4.49. IKE J± transport pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.387 1.313 MOX 8.7%
3 1.386 1.313 1.315
4 o 1.398 1.400 o MOX 7.0%
5 1.394 1.322 1.328 1.430 1.414
6 1.423 1.352 1.360 1.472 1.339 o MOX 4.3%
7 o 1.336 1.338 o 1.380 1.351 1.276
8 1.433 1.371 1.371 1.439 1.365 1.320 1.310 1.372 UO2 3.7%
9 1.220 1.215 1.212 1.214 1.198 1.182 1.177 1.205 1.309
10 1.133 1.129 1.126 1.125 1.110 1.091 1.079 1.080 1.105 1.153 o Guide-tube
11 1.339 1.299 1.297 1.333 1.280 1.234 1.203 1.182 1.176 1.183 1.191
12 o 1.417 1.417 o 1.426 1.379 1.293 1.232 1.204 1.194 1.196 1.223
13 1.434 1.389 1.391 1.446 1.457 o 1.369 1.254 1.209 1.191 1.198 1.265 o
14 1.418 1.375 1.376 1.426 1.401 1.425 1.383 1.270 1.200 1.178 1.202 1.264 1.257 1.189
15 o 1.387 1.386 o 1.381 1.367 o 1.280 1.175 1.152 1.206 o 1.197 1.160 o
16 1.340 1.298 1.296 1.334 1.282 1.265 1.279 1.197 1.132 1.109 1.127 1.159 1.102 1.070 1.067 0.990
17 1.283 1.243 1.240 1.273 1.223 1.206 1.220 1.145 1.084 1.061 1.076 1.103 1.048 1.017 1.013 0.942 0.897
18 o 1.224 1.221 o 1.203 1.186 o 1.124 1.034 1.012 1.054 o 1.028 0.997 o 0.924 0.879 o
19 1.159 1.122 1.119 1.150 1.103 1.087 1.101 1.031 0.975 0.954 0.967 0.992 0.940 0.912 0.910 0.844 0.804 0.788 0.719
20 1.086 1.053 1.050 1.078 1.037 1.022 1.033 0.968 0.915 0.895 0.906 0.929 0.882 0.856 0.851 0.790 0.752 0.736 0.672 0.628
21 o 1.017 1.015 o 1.009 0.997 o 0.933 0.855 0.836 0.873 o 0.859 0.831 o 0.763 0.724 o 0.648 0.605 o
22 0.947 0.917 0.917 0.950 0.930 0.943 0.918 0.840 0.790 0.773 0.786 0.823 0.811 0.766 0.747 0.687 0.652 0.638 0.582 0.545 0.529 0.485
23 0.879 0.854 0.854 0.885 0.893 o 0.837 0.763 0.730 0.714 0.714 0.749 o 0.735 0.695 0.639 0.606 0.591 0.541 0.507 0.491 0.464 o
24 o 0.842 0.841 o 0.846 0.817 0.762 0.719 0.694 0.679 0.673 0.682 0.700 0.693 o 0.629 0.596 o 0.533 0.498 o 0.439 0.399 0.360
25 0.860 0.835 0.833 0.854 0.819 0.788 0.763 0.740 0.721 0.705 0.693 0.684 0.676 0.671 0.668 0.621 0.590 0.576 0.527 0.492 0.472 0.424 0.382 0.354 0.350
26 1.019 1.018 1.015 1.010 0.996 0.978 0.958 0.937 0.917 0.897 0.878 0.859 0.839 0.817 0.790 0.756 0.720 0.683 0.642 0.600 0.558 0.512 0.468 0.432 0.416 0.458

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

(b) Relative values to the CEA result

1 o Aver. S.D.
2 0.1 0.8 MOX 8.7% 0.6 0.4
3 0.1 0.8 0.8
4 o 0.8 0.7 o MOX 7.0% 0.2 0.9
5 0.1 0.9 1.0 0.7 0.0
6 -0.1 0.6 0.7 0.9 -1.8 o MOX 4.3% -0.4 0.3
7 o 0.7 0.6 o -0.8 0.3 1.2
8 -0.9 0.5 0.4 -0.8 0.6 1.2 0.8 0.4 UO2 3.7% 0.0 0.8
9 -0.2 -0.7 -0.7 0.1 -0.2 -0.4 -0.2 0.0 -0.9
10 0.2 -0.1 -0.1 0.3 0.3 0.0 0.1 0.0 0.0 0.0 o Guide-tube
11 -0.8 -0.2 -0.3 -0.9 -0.3 -0.1 -0.3 -0.6 -0.3 0.0 0.1
12 o -0.2 -0.2 o -0.8 -0.4 -0.2 -0.1 0.0 0.1 0.3 0.3
13 -0.2 0.0 0.1 0.0 -0.7 o -0.3 0.3 0.0 0.1 0.5 0.0 o
14 -0.1 0.1 0.2 0.1 0.0 -0.7 -0.6 0.2 0.3 0.4 0.2 -0.5 -0.6 0.0
15 o 0.1 0.1 o 0.1 0.2 o -0.4 0.4 0.4 -0.4 o 0.2 0.0 o
16 -0.1 0.2 0.2 0.1 0.3 0.2 0.1 0.2 0.1 0.1 0.2 0.0 0.2 0.2 0.0 0.1
17 0.1 0.2 0.2 0.2 0.2 0.2 0.1 0.3 0.0 0.1 0.3 0.1 0.1 0.2 0.1 0.1 0.1
18 o 0.2 0.1 o 0.1 0.1 o -0.2 0.3 0.3 -0.2 o 0.0 0.0 o 0.0 0.1 o
19 0.0 0.2 0.2 0.2 0.2 0.2 0.1 0.3 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1
20 0.0 0.3 0.3 0.2 0.3 0.2 0.2 0.3 0.1 0.1 0.3 0.1 0.1 0.2 0.0 0.2 0.1 0.0 0.1 0.1
21 o 0.2 0.2 o 0.2 0.3 o -0.3 0.5 0.5 -0.2 o 0.2 0.2 o 0.0 0.1 o 0.1 0.1 o
22 0.1 0.4 0.5 0.3 0.3 -0.3 -0.2 0.4 0.6 0.5 0.5 -0.2 -0.4 0.2 0.1 0.3 0.3 0.1 0.3 0.3 0.1 0.3
23 0.4 0.6 0.6 0.7 -0.1 o 0.4 0.9 0.5 0.5 0.8 0.4 o -0.2 0.6 0.5 0.5 0.4 0.4 0.5 0.5 -0.2 o
24 o 0.8 0.7 o 0.2 0.7 0.8 1.0 0.9 0.9 0.9 0.8 0.5 0.1 o 0.6 0.7 o 0.5 0.6 o 0.1 0.7 1.0
25 0.5 1.0 1.0 0.5 1.0 1.2 1.0 0.8 0.8 0.9 0.8 1.0 1.1 0.9 0.3 0.9 0.9 0.5 0.9 0.8 0.3 0.8 1.1 1.0 0.8
26 -2.4 -2.3 -2.3 -2.2 -2.1 -2.3 -2.3 -2.4 -2.4 -2.4 -2.4 -2.3 -2.4 -2.1 -2.2 -2.3 -2.4 -2.3 -2.3 -2.4 -2.3 -2.3 -2.5 -2.4 -2.3 -4.2
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Figure 4.50. NRG SN transport pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.344 1.312 MOX 8.7%
3 1.342 1.311 1.314
4 o 1.343 1.340 o MOX 7.0%
5 1.338 1.314 1.314 1.352 1.399
6 1.368 1.329 1.343 1.364 1.360 o MOX 4.3%
7 o 1.296 1.301 o 1.374 1.309 1.283
8 1.390 1.359 1.353 1.392 1.342 1.271 1.273 1.313 UO2 3.7%
9 1.191 1.199 1.196 1.182 1.184 1.174 1.164 1.180 1.264
10 1.090 1.095 1.091 1.084 1.078 1.064 1.051 1.053 1.067 1.213 o Guide-tube
11 1.366 1.348 1.344 1.361 1.327 1.278 1.257 1.238 1.235 1.241 1.235
12 o 1.406 1.405 o 1.427 1.371 1.328 1.265 1.243 1.238 1.232 1.255
13 1.412 1.391 1.397 1.404 1.440 o 1.352 1.267 1.240 1.230 1.215 1.257 o
14 1.388 1.374 1.371 1.386 1.395 1.403 1.369 1.281 1.219 1.209 1.223 1.262 1.250 1.196
15 o 1.354 1.351 o 1.342 1.322 o 1.271 1.184 1.172 1.209 o 1.169 1.139 o
16 1.313 1.294 1.293 1.302 1.277 1.266 1.258 1.209 1.147 1.135 1.147 1.149 1.116 1.079 1.056 1.003
17 1.257 1.242 1.237 1.246 1.223 1.206 1.200 1.158 1.101 1.089 1.098 1.094 1.059 1.028 1.005 0.955 0.910
18 o 1.202 1.197 o 1.179 1.168 o 1.120 1.047 1.033 1.060 o 1.024 0.989 o 0.921 0.876 o
19 1.143 1.126 1.123 1.132 1.109 1.092 1.088 1.049 0.995 0.983 0.992 0.990 0.954 0.928 0.908 0.858 0.820 0.789 0.736
20 1.071 1.059 1.055 1.060 1.043 1.031 1.021 0.982 0.936 0.925 0.930 0.928 0.901 0.869 0.849 0.806 0.767 0.739 0.689 0.647
21 o 1.003 1.000 o 0.991 0.976 o 0.935 0.869 0.858 0.884 o 0.851 0.826 o 0.762 0.725 o 0.652 0.609 o
22 0.935 0.922 0.922 0.931 0.933 0.936 0.914 0.853 0.808 0.799 0.807 0.828 0.815 0.777 0.742 0.700 0.666 0.641 0.598 0.560 0.532 0.497
23 0.862 0.850 0.852 0.856 0.877 o 0.821 0.765 0.744 0.735 0.723 0.742 o 0.730 0.681 0.647 0.613 0.590 0.549 0.516 0.486 0.466 o
24 o 0.808 0.807 o 0.819 0.786 0.755 0.715 0.695 0.683 0.675 0.685 0.682 0.681 o 0.612 0.581 o 0.522 0.488 o 0.434 0.390 0.356
25 0.788 0.775 0.773 0.782 0.760 0.728 0.713 0.695 0.678 0.669 0.655 0.645 0.630 0.631 0.622 0.584 0.558 0.536 0.500 0.467 0.444 0.403 0.358 0.332 0.314
26 1.101 1.103 1.098 1.089 1.082 1.065 1.043 1.024 1.000 0.985 0.965 0.942 0.922 0.895 0.863 0.828 0.791 0.750 0.708 0.663 0.615 0.568 0.518 0.476 0.446 0.477
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(b) Relative values to the CEA result

1 o Aver. S.D.
2 -3.0 0.7 MOX 8.7% -2.0 2.3
3 -3.0 0.7 0.8
4 o -3.2 -3.6 o MOX 7.0% -1.8 1.6
5 -4.0 0.3 -0.1 -4.8 -1.0
6 -3.9 -1.1 -0.5 -6.5 -0.3 o MOX 4.3% -2.1 0.9
7 o -2.3 -2.1 o -1.2 -2.9 1.8
8 -3.8 -0.4 -0.9 -4.0 -1.1 -2.5 -2.1 -3.9 UO2 3.7% 0.4 3.2
9 -2.5 -1.9 -2.0 -2.5 -1.4 -1.1 -1.4 -2.1 -4.3
10 -3.6 -3.1 -3.2 -3.3 -2.6 -2.5 -2.5 -2.4 -3.5 5.3 o Guide-tube
11 1.1 3.5 3.3 1.1 3.4 3.4 4.2 4.2 4.6 4.9 3.8
12 o -1.0 -1.0 o -0.7 -1.0 2.5 2.6 3.2 3.8 3.2 2.8
13 -1.7 0.2 0.5 -2.9 -1.9 o -1.5 1.3 2.5 3.4 1.9 -0.7 o
14 -2.2 0.0 -0.1 -2.7 -0.5 -2.2 -1.6 1.1 1.9 3.0 2.0 -0.6 -1.1 0.6
15 o -2.2 -2.3 o -2.8 -3.1 o -1.0 1.2 2.1 -0.2 o -2.2 -1.8 o
16 -2.1 -0.1 0.0 -2.3 -0.1 0.3 -1.6 1.2 1.4 2.4 2.0 -0.8 1.4 1.0 -1.0 1.5
17 -1.9 0.1 0.0 -1.9 0.3 0.2 -1.6 1.4 1.6 2.7 2.3 -0.7 1.2 1.3 -0.7 1.5 1.5
18 o -1.6 -1.8 o -1.9 -1.4 o -0.5 1.6 2.3 0.4 o -0.3 -0.7 o -0.4 -0.2 o
19 -1.4 0.5 0.6 -1.4 0.8 0.6 -1.1 2.0 2.1 3.1 2.8 -0.1 1.6 1.9 -0.2 1.8 2.1 0.2 2.5
20 -1.3 0.8 0.8 -1.5 0.9 1.1 -0.9 1.9 2.5 3.4 2.9 0.1 2.2 1.8 -0.2 2.2 2.1 0.5 2.5 3.1
21 o -1.2 -1.3 o -1.6 -1.9 o 0.0 2.2 3.0 1.0 o -0.8 -0.4 o -0.1 0.3 o 0.7 0.8 o
22 -1.2 0.9 1.0 -1.7 0.6 -1.0 -0.5 1.9 2.9 4.0 3.1 0.4 0.1 1.6 -0.6 2.3 2.4 0.5 2.9 3.1 0.7 2.8
23 -1.6 0.2 0.4 -2.6 -1.9 o -1.6 1.2 2.4 3.5 2.2 -0.6 o -0.8 -1.5 1.8 1.7 0.2 2.0 2.3 -0.7 0.2 o
24 o -3.3 -3.3 o -3.0 -3.1 0.0 0.4 1.0 1.5 1.2 1.3 -2.1 -1.7 o -2.0 -1.8 o -1.5 -1.4 o -1.1 -1.6 0.2
25 -7.9 -6.2 -6.2 -8.0 -6.3 -6.5 -5.6 -5.3 -5.1 -4.2 -4.7 -4.9 -5.7 -5.1 -6.7 -5.1 -4.7 -6.5 -4.3 -4.5 -5.7 -4.2 -5.4 -5.2 -9.5
26 5.4 5.9 5.8 5.5 6.2 6.4 6.5 6.7 6.5 7.2 7.3 7.2 7.3 7.2 6.7 7.0 7.3 7.2 7.7 7.9 7.7 8.3 8.0 7.6 4.7 -0.1
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Figure 4.51. TU-Delft SN pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.379 1.306 MOX 8.7%
3 1.378 1.306 1.306
4 o 1.379 1.382 o MOX 7.0%
5 1.384 1.312 1.317 1.412 1.426
6 1.417 1.345 1.351 1.455 1.353 o MOX 4.3%
7 o 1.314 1.318 o 1.383 1.334 1.260
8 1.437 1.373 1.373 1.438 1.365 1.306 1.297 1.367 UO2 3.7%
9 1.223 1.221 1.218 1.214 1.201 1.184 1.178 1.207 1.327
10 1.122 1.120 1.117 1.113 1.099 1.080 1.067 1.069 1.098 1.147 o Guide-tube
11 1.345 1.304 1.302 1.338 1.284 1.232 1.202 1.181 1.176 1.181 1.188
12 o 1.420 1.419 o 1.439 1.383 1.297 1.231 1.203 1.191 1.194 1.225
13 1.438 1.394 1.395 1.447 1.470 o 1.373 1.253 1.207 1.188 1.195 1.266 o
14 1.421 1.379 1.379 1.426 1.413 1.436 1.393 1.273 1.197 1.176 1.204 1.272 1.267 1.199
15 o 1.387 1.386 o 1.382 1.367 o 1.283 1.172 1.149 1.208 o 1.198 1.161 o
16 1.343 1.301 1.298 1.334 1.285 1.268 1.280 1.201 1.131 1.108 1.130 1.161 1.106 1.073 1.068 0.994
17 1.284 1.246 1.242 1.272 1.225 1.209 1.220 1.147 1.083 1.060 1.078 1.103 1.051 1.020 1.014 0.946 0.900
18 o 1.224 1.220 o 1.203 1.186 o 1.125 1.031 1.010 1.056 o 1.029 0.997 o 0.926 0.880 o
19 1.161 1.125 1.121 1.150 1.105 1.090 1.102 1.034 0.973 0.953 0.969 0.993 0.943 0.915 0.911 0.848 0.807 0.790 0.722
20 1.086 1.054 1.051 1.077 1.038 1.024 1.031 0.969 0.913 0.893 0.908 0.928 0.885 0.858 0.851 0.793 0.754 0.736 0.675 0.630
21 o 1.015 1.013 o 1.007 0.995 o 0.933 0.852 0.833 0.873 o 0.859 0.831 o 0.763 0.724 o 0.649 0.605 o
22 0.946 0.916 0.916 0.947 0.934 0.946 0.921 0.840 0.786 0.769 0.785 0.826 0.815 0.770 0.747 0.688 0.653 0.638 0.583 0.546 0.529 0.487
23 0.875 0.850 0.850 0.879 0.894 o 0.833 0.757 0.724 0.708 0.708 0.746 o 0.737 0.692 0.638 0.604 0.589 0.540 0.505 0.489 0.465 o
24 o 0.834 0.833 o 0.844 0.810 0.756 0.711 0.686 0.671 0.665 0.677 0.695 0.693 o 0.624 0.591 o 0.529 0.494 o 0.439 0.396 0.356
25 0.852 0.828 0.826 0.846 0.812 0.779 0.754 0.731 0.712 0.697 0.685 0.676 0.668 0.666 0.663 0.617 0.586 0.572 0.524 0.489 0.469 0.421 0.377 0.349 0.346
26 1.038 1.036 1.032 1.026 1.013 0.994 0.974 0.953 0.933 0.913 0.893 0.874 0.853 0.831 0.804 0.770 0.733 0.695 0.654 0.611 0.568 0.522 0.476 0.439 0.422 0.473
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(b) Relative values to the CEA result

1 o Aver. S.D.
2 -0.5 0.3 MOX 8.7% -0.1 0.4
3 -0.5 0.3 0.2
4 o -0.5 -0.6 o MOX 7.0% -0.3 0.6
5 -0.6 0.1 0.1 -0.6 0.9
6 -0.5 0.1 0.1 -0.3 -0.8 o MOX 4.3% 0.0 0.3
7 o -0.9 -0.9 o -0.6 -1.0 0.0
8 -0.6 0.6 0.6 -0.8 0.5 0.1 -0.2 0.0 UO2 3.7% 0.0 0.4
9 0.1 -0.2 -0.2 0.1 0.0 -0.3 -0.2 0.1 0.5
10 -0.8 -0.9 -1.0 -0.7 -0.7 -1.1 -1.0 -1.0 -0.7 -0.5 o Guide-tube
11 -0.4 0.1 0.1 -0.6 0.0 -0.2 -0.4 -0.6 -0.4 -0.2 -0.1
12 o 0.0 0.0 o 0.1 -0.1 0.1 -0.1 -0.1 -0.1 0.1 0.4
13 0.0 0.4 0.4 0.1 0.1 o 0.0 0.2 -0.2 -0.1 0.2 0.0 o
14 0.1 0.4 0.5 0.1 0.8 0.1 0.2 0.4 0.1 0.1 0.4 0.2 0.2 0.9
15 o 0.2 0.1 o 0.1 0.2 o -0.2 0.1 0.1 -0.2 o 0.2 0.1 o
16 0.1 0.4 0.4 0.1 0.5 0.4 0.2 0.5 -0.1 0.0 0.5 0.2 0.5 0.5 0.2 0.5
17 0.2 0.4 0.4 0.1 0.4 0.4 0.1 0.5 -0.1 0.0 0.5 0.1 0.4 0.4 0.2 0.5 0.4
18 o 0.2 0.1 o 0.1 0.1 o -0.1 0.1 0.0 -0.1 o 0.1 0.1 o 0.2 0.2 o
19 0.2 0.4 0.4 0.1 0.4 0.4 0.1 0.5 0.0 -0.1 0.5 0.2 0.5 0.4 0.2 0.5 0.4 0.3 0.5
20 0.1 0.4 0.4 0.0 0.4 0.3 0.1 0.4 0.0 -0.1 0.4 0.1 0.4 0.5 0.1 0.5 0.4 0.1 0.5 0.4
21 o 0.1 0.0 o 0.0 0.1 o -0.2 0.1 0.1 -0.2 o 0.2 0.1 o 0.1 0.1 o 0.2 0.1 o
22 0.0 0.3 0.4 0.1 0.7 0.0 0.2 0.3 0.1 0.0 0.4 0.2 0.1 0.8 0.1 0.5 0.4 0.1 0.4 0.4 0.1 0.7
23 -0.1 0.2 0.2 0.0 -0.1 o -0.1 0.1 -0.3 -0.3 0.1 -0.1 o 0.0 0.1 0.3 0.3 0.0 0.3 0.2 0.0 0.0 o
24 o -0.2 -0.2 o -0.1 -0.2 0.1 -0.2 -0.3 -0.3 -0.2 0.1 -0.2 0.0 o -0.1 -0.1 o -0.1 -0.2 o 0.0 -0.2 0.0
25 -0.4 0.1 0.2 -0.5 0.2 -0.1 -0.2 -0.4 -0.3 -0.3 -0.4 -0.2 -0.1 0.2 -0.5 0.2 0.2 -0.3 0.3 0.2 -0.4 0.2 -0.2 -0.3 -0.5
26 -0.7 -0.6 -0.6 -0.6 -0.5 -0.7 -0.6 -0.6 -0.6 -0.7 -0.6 -0.6 -0.7 -0.4 -0.6 -0.5 -0.5 -0.6 -0.5 -0.5 -0.5 -0.5 -0.8 -0.8 -0.8 -1.1
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Figure 4.52. TU-Delft diffusion pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.379 1.310 MOX 8.7%
3 1.379 1.309 1.311
4 o 1.381 1.385 o MOX 7.0%
5 1.390 1.321 1.328 1.421 1.425
6 1.430 1.360 1.368 1.473 1.340 o MOX 4.3%
7 o 1.328 1.333 o 1.379 1.350 1.291
8 1.455 1.401 1.401 1.455 1.394 1.355 1.350 1.426 UO2 3.7%
9 1.242 1.237 1.234 1.234 1.219 1.203 1.200 1.233 1.345
10 1.098 1.094 1.091 1.089 1.075 1.058 1.047 1.050 1.077 1.121 o Guide-tube
11 1.280 1.251 1.248 1.272 1.231 1.195 1.166 1.148 1.145 1.153 1.164
12 o 1.358 1.357 o 1.360 1.321 1.252 1.201 1.177 1.168 1.172 1.193
13 1.382 1.351 1.351 1.389 1.394 o 1.319 1.228 1.186 1.169 1.176 1.223 o
14 1.374 1.343 1.343 1.377 1.359 1.368 1.330 1.239 1.180 1.160 1.175 1.219 1.212 1.159
15 o 1.346 1.344 o 1.338 1.323 o 1.241 1.159 1.137 1.171 o 1.162 1.127 o
16 1.306 1.274 1.271 1.297 1.257 1.240 1.243 1.174 1.118 1.096 1.106 1.127 1.083 1.053 1.042 0.976
17 1.251 1.222 1.218 1.239 1.201 1.184 1.186 1.125 1.072 1.050 1.057 1.073 1.030 1.002 0.990 0.930 0.887
18 o 1.194 1.190 o 1.173 1.155 o 1.096 1.025 1.003 1.028 o 1.004 0.974 o 0.906 0.863 o
19 1.136 1.107 1.104 1.125 1.087 1.072 1.075 1.017 0.968 0.947 0.954 0.970 0.928 0.902 0.893 0.837 0.798 0.777 0.717
20 1.066 1.042 1.039 1.057 1.025 1.010 1.011 0.957 0.911 0.891 0.897 0.910 0.874 0.849 0.837 0.786 0.749 0.727 0.673 0.631
21 o 1.002 1.000 o 0.993 0.980 o 0.919 0.856 0.837 0.860 o 0.847 0.820 o 0.756 0.718 o 0.646 0.605 o
22 0.944 0.920 0.920 0.944 0.927 0.931 0.907 0.842 0.798 0.780 0.788 0.814 0.802 0.766 0.746 0.693 0.659 0.641 0.591 0.555 0.537 0.499
23 0.890 0.870 0.869 0.893 0.895 o 0.843 0.781 0.748 0.732 0.731 0.755 o 0.739 0.704 0.655 0.621 0.603 0.557 0.524 0.506 0.480 o
24 o 0.869 0.868 o 0.867 0.841 0.793 0.754 0.729 0.713 0.706 0.711 0.723 0.714 o 0.653 0.619 o 0.556 0.521 o 0.465 0.429 0.399
25 0.911 0.892 0.889 0.903 0.874 0.847 0.821 0.797 0.776 0.760 0.747 0.737 0.728 0.719 0.710 0.667 0.635 0.615 0.570 0.534 0.510 0.466 0.428 0.404 0.408
26 1.093 1.090 1.086 1.081 1.067 1.047 1.026 1.004 0.983 0.962 0.942 0.922 0.901 0.877 0.850 0.814 0.776 0.738 0.695 0.652 0.609 0.564 0.521 0.489 0.479 0.524
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(b) Relative values to the CEA result

1 o Aver. S.D.
2 -0.5 0.6 MOX 8.7% 0.4 0.6
3 -0.4 0.6 0.5
4 o -0.4 -0.4 o MOX 7.0% 1.5 1.9
5 -0.2 0.8 0.9 0.1 0.8
6 0.4 1.2 1.4 0.9 -1.8 o MOX 4.3% 1.6 0.4
7 o 0.1 0.2 o -0.9 0.2 2.4
8 0.7 2.6 2.6 0.4 2.7 3.9 3.9 4.3 UO2 3.7% 0.7 4.2
9 1.7 1.2 1.1 1.7 1.5 1.3 1.7 2.2 1.9
10 -2.9 -3.2 -3.2 -2.8 -2.9 -3.1 -2.9 -2.7 -2.6 -2.7 o Guide-tube
11 -5.2 -4.0 -4.0 -5.5 -4.1 -3.2 -3.3 -3.4 -3.0 -2.5 -2.2
12 o -4.3 -4.4 o -5.4 -4.6 -3.4 -2.5 -2.3 -2.0 -1.8 -2.2
13 -3.8 -2.7 -2.8 -3.9 -5.0 o -4.0 -1.8 -1.9 -1.7 -1.4 -3.4 o
14 -3.2 -2.2 -2.2 -3.4 -3.0 -4.6 -4.4 -2.2 -1.3 -1.2 -2.0 -4.0 -4.1 -2.4
15 o -2.8 -2.9 o -3.1 -3.1 o -3.4 -1.0 -1.0 -3.3 o -2.8 -2.7 o
16 -2.6 -1.7 -1.7 -2.7 -1.7 -1.8 -2.8 -1.7 -1.2 -1.1 -1.6 -2.7 -1.6 -1.5 -2.3 -1.2
17 -2.4 -1.5 -1.5 -2.5 -1.5 -1.6 -2.6 -1.5 -1.0 -1.0 -1.4 -2.6 -1.5 -1.3 -2.2 -1.1 -1.1
18 o -2.2 -2.4 o -2.4 -2.5 o -2.6 -0.6 -0.6 -2.6 o -2.3 -2.2 o -2.0 -1.8 o
19 -2.0 -1.1 -1.1 -2.1 -1.2 -1.3 -2.3 -1.1 -0.6 -0.6 -1.1 -2.2 -1.1 -1.0 -1.8 -0.7 -0.7 -1.4 -0.2
20 -1.8 -0.8 -0.8 -1.8 -0.8 -1.0 -1.9 -0.8 -0.3 -0.3 -0.8 -1.9 -0.8 -0.6 -1.5 -0.4 -0.3 -1.1 0.1 0.5
21 o -1.2 -1.2 o -1.4 -1.4 o -1.8 0.6 0.6 -1.7 o -1.3 -1.2 o -0.8 -0.6 o -0.2 0.1 o
22 -0.2 0.8 0.8 -0.4 0.0 -1.6 -1.3 0.6 1.5 1.5 0.7 -1.3 -1.4 0.2 0.0 1.3 1.4 0.5 1.8 2.2 1.6 3.1
23 1.6 2.5 2.4 1.5 0.1 o 1.1 3.3 3.0 3.0 3.3 1.2 o 0.4 1.9 2.9 3.1 2.4 3.5 3.9 3.5 3.2 o
24 o 4.0 3.9 o 2.8 3.7 5.0 5.8 5.9 5.9 5.9 5.1 3.8 3.0 o 4.4 4.6 o 5.1 5.4 o 5.9 8.3 12.1
25 6.5 7.9 7.9 6.2 7.8 8.7 8.7 8.6 8.6 8.7 8.6 8.8 8.9 8.1 6.6 8.4 8.6 7.3 9.0 9.4 8.3 10.7 13.2 15.3 17.3
26 4.7 4.6 4.6 4.7 4.8 4.6 4.7 4.7 4.7 4.7 4.7 4.8 4.8 5.1 5.1 5.1 5.3 5.5 5.7 6.0 6.7 7.5 8.6 10.5 12.5 9.6
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Figure 4.53. TU-Delft 3-D Monte Carlo (KENOVa) pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.410 1.315 MOX 8.7%
3 1.405 1.313 1.309
4 o 1.407 1.410 o MOX 7.0%
5 1.415 1.313 1.318 1.437 1.418
6 1.436 1.345 1.352 1.488 1.362 o MOX 4.3%
7 o 1.344 1.343 o 1.394 1.354 1.259
8 1.445 1.368 1.369 1.448 1.364 1.310 1.302 1.368 UO2 3.7%
9 1.231 1.227 1.218 1.224 1.211 1.192 1.181 1.208 1.325
10 1.141 1.137 1.130 1.139 1.113 1.097 1.090 1.088 1.111 1.159 o Guide-tube
11 1.355 1.295 1.289 1.342 1.276 1.240 1.211 1.187 1.181 1.182 1.194
12 o 1.428 1.423 o 1.426 1.391 1.288 1.234 1.200 1.196 1.197 1.220
13 1.438 1.378 1.382 1.458 1.457 o 1.378 1.255 1.209 1.194 1.197 1.269 o
14 1.427 1.364 1.358 1.436 1.388 1.421 1.386 1.264 1.197 1.174 1.197 1.261 1.255 1.183
15 o 1.393 1.392 o 1.390 1.384 o 1.283 1.176 1.157 1.211 o 1.211 1.172 o
16 1.352 1.291 1.280 1.345 1.271 1.260 1.286 1.189 1.129 1.102 1.118 1.169 1.097 1.067 1.073 0.983
17 1.294 1.235 1.233 1.283 1.216 1.198 1.223 1.139 1.080 1.058 1.068 1.104 1.038 1.008 1.020 0.933 0.889
18 o 1.234 1.227 o 1.216 1.195 o 1.131 1.037 1.013 1.057 o 1.038 1.005 o 0.929 0.890 o
19 1.173 1.117 1.113 1.163 1.102 1.080 1.108 1.027 0.971 0.952 0.965 1.002 0.934 0.909 0.920 0.841 0.802 0.800 0.716
20 1.095 1.045 1.045 1.083 1.031 1.021 1.039 0.964 0.910 0.892 0.901 0.934 0.881 0.848 0.855 0.784 0.754 0.743 0.670 0.623
21 o 1.025 1.024 o 1.011 1.003 o 0.940 0.854 0.837 0.876 o 0.868 0.841 o 0.767 0.733 o 0.653 0.608 o
22 0.950 0.909 0.907 0.950 0.922 0.941 0.923 0.838 0.789 0.770 0.780 0.821 0.808 0.759 0.755 0.683 0.648 0.646 0.579 0.542 0.533 0.485
23 0.882 0.844 0.844 0.888 0.889 o 0.841 0.766 0.730 0.710 0.718 0.753 o 0.737 0.704 0.638 0.603 0.595 0.540 0.503 0.496 0.463 o
24 o 0.845 0.841 o 0.838 0.822 0.760 0.717 0.689 0.677 0.671 0.676 0.699 0.696 o 0.633 0.602 o 0.534 0.497 o 0.438 0.399 0.359
25 0.861 0.821 0.820 0.846 0.807 0.784 0.755 0.733 0.712 0.700 0.683 0.676 0.669 0.664 0.666 0.613 0.581 0.576 0.519 0.486 0.470 0.419 0.379 0.350 0.349
26 1.019 1.002 0.998 0.995 0.981 0.962 0.941 0.928 0.906 0.887 0.865 0.848 0.826 0.805 0.782 0.752 0.711 0.679 0.635 0.592 0.550 0.507 0.464 0.430 0.416 0.457
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(b) Relative values to the CEA result

1 o Aver. S.D.
2 1.8 1.0 MOX 8.7% 0.9 0.6
3 1.5 0.9 0.3
4 o 1.5 1.4 o MOX 7.0% 0.3 0.4
5 1.6 0.2 0.2 1.1 0.3
6 0.9 0.0 0.2 1.9 -0.2 o MOX 4.3% 0.4 0.4
7 o 1.3 1.0 o 0.2 0.5 -0.1
8 0.0 0.3 0.3 -0.1 0.5 0.4 0.1 0.1 UO2 3.7% -0.2 1.2
9 0.8 0.3 -0.2 1.0 0.8 0.4 0.0 0.2 0.3
10 0.9 0.7 0.3 1.7 0.6 0.5 1.1 0.8 0.5 0.5 o Guide-tube
11 0.4 -0.5 -0.9 -0.3 -0.6 0.4 0.4 -0.1 0.0 0.0 0.4
12 o 0.6 0.3 o -0.8 0.5 -0.6 0.1 -0.3 0.3 0.3 0.0
13 0.1 -0.8 -0.5 0.9 -0.7 o 0.4 0.4 0.0 0.3 0.4 0.3 o
14 0.5 -0.7 -1.0 0.8 -1.0 -0.9 -0.4 -0.3 0.1 0.0 -0.2 -0.7 -0.7 -0.5
15 o 0.6 0.6 o 0.7 1.4 o -0.1 0.5 0.8 0.0 o 1.3 1.1 o
16 0.8 -0.4 -1.0 0.9 -0.6 -0.2 0.6 -0.5 -0.2 -0.5 -0.5 0.9 -0.3 -0.1 0.6 -0.6
17 0.9 -0.5 -0.3 0.9 -0.4 -0.5 0.4 -0.2 -0.4 -0.2 -0.4 0.2 -0.8 -0.8 0.7 -0.8 -0.8
18 o 1.0 0.7 o 1.2 0.8 o 0.4 0.6 0.4 0.1 o 1.0 0.9 o 0.5 1.4 o
19 1.2 -0.2 -0.3 1.2 0.1 -0.5 0.7 -0.2 -0.3 -0.1 0.0 1.1 -0.5 -0.3 1.2 -0.3 -0.1 1.5 -0.3
20 0.9 -0.5 -0.2 0.6 -0.2 0.1 0.8 -0.1 -0.4 -0.3 -0.3 0.7 0.0 -0.6 0.5 -0.7 0.4 1.0 -0.2 -0.7
21 o 1.0 1.1 o 0.4 0.9 o 0.5 0.4 0.6 0.1 o 1.1 1.4 o 0.6 1.5 o 0.9 0.7 o
22 0.4 -0.5 -0.6 0.3 -0.6 -0.5 0.4 0.1 0.4 0.3 -0.2 -0.4 -0.7 -0.7 1.2 -0.3 -0.3 1.4 -0.3 -0.3 0.9 0.3
23 0.7 -0.5 -0.6 1.1 -0.6 o 0.8 1.2 0.5 0.0 1.5 0.8 o 0.1 1.8 0.3 0.1 1.0 0.3 -0.2 1.4 -0.4 o
24 o 1.2 0.8 o -0.7 1.4 0.6 0.7 0.1 0.5 0.7 0.0 0.4 0.4 o 1.3 1.8 o 0.8 0.5 o -0.1 0.5 0.8
25 0.6 -0.6 -0.6 -0.4 -0.5 0.6 -0.1 -0.1 -0.3 0.1 -0.7 -0.3 0.1 -0.1 0.0 -0.5 -0.7 0.4 -0.6 -0.5 -0.3 -0.3 0.4 0.1 0.4
26 -2.5 -3.9 -3.8 -3.7 -3.6 -3.9 -4.0 -3.3 -3.5 -3.4 -3.8 -3.5 -3.9 -3.6 -3.2 -2.9 -3.6 -2.9 -3.4 -3.7 -3.7 -3.3 -3.4 -2.7 -2.3 -4.5
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Figure 4.54. PSI diffusion nodal pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.411 1.327 MOX 8.7%
3 1.412 1.327 1.328
4 o 1.409 1.413 o MOX 7.0%
5 1.416 1.332 1.338 1.441 1.439
6 1.444 1.361 1.368 1.481 1.378 o MOX 4.3%
7 o 1.343 1.348 o 1.404 1.358 1.274
8 1.450 1.380 1.380 1.447 1.371 1.317 1.303 1.361 UO2 3.7%
9 1.232 1.227 1.224 1.223 1.208 1.189 1.182 1.205 1.310
10 1.148 1.142 1.140 1.138 1.122 1.102 1.088 1.087 1.111 1.155 o Guide-tube
11 1.355 1.312 1.309 1.345 1.292 1.243 1.210 1.187 1.180 1.183 1.188
12 o 1.420 1.420 o 1.434 1.382 1.296 1.232 1.203 1.191 1.192 1.218
13 1.436 1.388 1.390 1.443 1.458 o 1.368 1.251 1.204 1.185 1.192 1.258 o
14 1.417 1.371 1.371 1.420 1.401 1.423 1.381 1.265 1.194 1.172 1.196 1.259 1.252 1.185
15 o 1.379 1.379 o 1.375 1.360 o 1.274 1.169 1.145 1.199 o 1.189 1.151 o
16 1.338 1.292 1.290 1.327 1.276 1.259 1.274 1.192 1.125 1.102 1.121 1.152 1.096 1.064 1.060 0.984
17 1.279 1.237 1.234 1.266 1.217 1.200 1.213 1.140 1.077 1.055 1.070 1.095 1.041 1.010 1.006 0.937 0.892
18 o 1.217 1.214 o 1.197 1.179 o 1.119 1.028 1.006 1.048 o 1.022 0.990 o 0.919 0.874 o
19 1.158 1.118 1.114 1.145 1.098 1.083 1.096 1.028 0.969 0.949 0.963 0.987 0.936 0.907 0.905 0.841 0.800 0.785 0.717
20 1.083 1.048 1.045 1.073 1.032 1.018 1.027 0.964 0.910 0.890 0.902 0.923 0.878 0.851 0.846 0.787 0.748 0.732 0.670 0.627
21 o 1.012 1.011 o 1.004 0.992 o 0.929 0.851 0.833 0.869 o 0.855 0.826 o 0.760 0.720 o 0.647 0.603 o
22 0.947 0.914 0.914 0.947 0.930 0.941 0.917 0.838 0.787 0.769 0.783 0.822 0.809 0.765 0.745 0.685 0.650 0.637 0.582 0.545 0.529 0.487
23 0.878 0.850 0.851 0.881 0.891 o 0.834 0.760 0.727 0.710 0.710 0.746 o 0.733 0.692 0.637 0.603 0.589 0.540 0.506 0.491 0.465 o
24 o 0.836 0.836 o 0.843 0.813 0.759 0.715 0.690 0.675 0.669 0.679 0.697 0.691 o 0.626 0.592 o 0.531 0.496 o 0.440 0.399 0.359
25 0.854 0.829 0.827 0.847 0.813 0.782 0.757 0.734 0.715 0.699 0.687 0.678 0.670 0.666 0.663 0.617 0.587 0.572 0.524 0.490 0.470 0.423 0.381 0.352 0.348
26 1.035 1.031 1.028 1.023 1.009 0.990 0.970 0.949 0.929 0.909 0.889 0.870 0.849 0.827 0.800 0.766 0.729 0.693 0.651 0.609 0.567 0.521 0.476 0.439 0.421 0.467

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

(b) Relative values to the CEA result

1 o Aver. S.D.
2 1.8 1.9 MOX 8.7% 1.6 0.2
3 2.0 1.9 1.8
4 o 1.7 1.6 o MOX 7.0% 0.8 0.5
5 1.6 1.6 1.7 1.4 1.8
6 1.4 1.3 1.3 1.5 1.0 o MOX 4.3% 0.3 0.5
7 o 1.2 1.4 o 0.9 0.8 1.1
8 0.3 1.1 1.1 -0.2 1.0 0.9 0.2 -0.4 UO2 3.7% -0.2 0.5
9 0.9 0.3 0.3 0.9 0.6 0.1 0.1 0.0 -0.8
10 1.5 1.1 1.1 1.5 1.4 0.9 0.9 0.6 0.5 0.3 o Guide-tube
11 0.4 0.7 0.7 0.0 0.6 0.7 0.4 -0.1 0.0 0.0 -0.2
12 o 0.0 0.1 o -0.3 -0.2 0.1 0.0 -0.1 -0.1 -0.1 -0.2
13 -0.1 0.0 0.0 -0.1 -0.7 o -0.4 0.1 -0.4 -0.4 -0.1 -0.6 o
14 -0.2 -0.2 -0.1 -0.4 0.0 -0.8 -0.7 -0.2 -0.2 -0.2 -0.3 -0.8 -1.0 -0.3
15 o -0.4 -0.4 o -0.4 -0.4 o -0.8 -0.2 -0.2 -1.0 o -0.5 -0.7 o
16 -0.3 -0.3 -0.2 -0.4 -0.2 -0.3 -0.4 -0.2 -0.5 -0.6 -0.3 -0.5 -0.4 -0.4 -0.6 -0.4
17 -0.2 -0.3 -0.3 -0.4 -0.3 -0.3 -0.5 -0.2 -0.6 -0.6 -0.2 -0.6 -0.5 -0.5 -0.6 -0.4 -0.5
18 o -0.4 -0.4 o -0.4 -0.5 o -0.6 -0.2 -0.3 -0.7 o -0.6 -0.7 o -0.6 -0.5 o
19 -0.1 -0.2 -0.2 -0.3 -0.2 -0.2 -0.4 -0.1 -0.4 -0.5 -0.2 -0.4 -0.3 -0.4 -0.4 -0.3 -0.4 -0.4 -0.2
20 -0.2 -0.2 -0.2 -0.4 -0.1 -0.2 -0.3 -0.1 -0.4 -0.5 -0.2 -0.5 -0.3 -0.3 -0.5 -0.3 -0.4 -0.5 -0.2 -0.2
21 o -0.3 -0.2 o -0.3 -0.2 o -0.6 0.1 0.0 -0.7 o -0.3 -0.4 o -0.4 -0.3 o -0.1 -0.2 o
22 0.1 0.1 0.2 0.0 0.3 -0.6 -0.2 0.2 0.1 0.1 0.2 -0.3 -0.6 0.1 -0.2 0.1 0.0 -0.1 0.2 0.2 0.1 0.6
23 0.2 0.2 0.2 0.2 -0.4 o 0.0 0.5 0.0 0.0 0.4 -0.1 o -0.4 0.1 0.1 0.1 0.1 0.3 0.3 0.4 -0.1 o
24 o 0.1 0.1 o -0.1 0.2 0.5 0.4 0.3 0.3 0.3 0.4 0.1 -0.2 o 0.1 0.1 o 0.2 0.2 o 0.3 0.6 1.0
25 -0.1 0.3 0.3 -0.4 0.3 0.4 0.2 0.0 0.0 0.0 -0.1 0.1 0.3 0.2 -0.5 0.2 0.3 -0.2 0.3 0.3 -0.2 0.5 0.7 0.6 0.2
26 -1.0 -1.0 -1.0 -0.9 -0.9 -1.1 -1.0 -1.0 -1.0 -1.1 -1.1 -1.0 -1.2 -0.9 -1.0 -1.1 -1.1 -1.0 -1.0 -0.9 -0.7 -0.7 -0.9 -0.8 -1.0 -2.2
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Figure 4.55. KAERI diffusion nodal pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.434 1.355 MOX 8.7%
3 1.422 1.368 1.359
4 o 1.425 1.432 o MOX 7.0%
5 1.428 1.375 1.388 1.467 1.481
6 1.464 1.413 1.423 1.512 1.416 o MOX 4.3%
7 o 1.361 1.367 o 1.433 1.377 1.294
8 1.475 1.431 1.433 1.480 1.420 1.353 1.337 1.391 UO2 3.7%
9 1.264 1.262 1.260 1.252 1.238 1.214 1.198 1.218 1.308
10 1.153 1.151 1.151 1.149 1.140 1.126 1.118 1.120 1.135 1.141 o Guide-tube
11 1.314 1.284 1.283 1.314 1.272 1.230 1.203 1.185 1.183 1.155 1.163
12 o 1.380 1.382 o 1.398 1.352 1.277 1.221 1.200 1.161 1.170 1.202
13 1.396 1.364 1.365 1.409 1.427 o 1.342 1.240 1.200 1.159 1.175 1.241 o
14 1.386 1.353 1.354 1.393 1.384 1.398 1.361 1.255 1.189 1.151 1.184 1.246 1.239 1.182
15 o 1.358 1.357 o 1.353 1.340 o 1.258 1.162 1.129 1.185 o 1.178 1.144 o
16 1.317 1.284 1.282 1.309 1.268 1.251 1.257 1.184 1.120 1.094 1.115 1.141 1.095 1.066 1.056 0.988
17 1.268 1.237 1.233 1.257 1.217 1.200 1.204 1.135 1.073 1.052 1.070 1.092 1.046 1.018 1.008 0.945 0.904
18 o 1.213 1.208 o 1.190 1.173 o 1.108 1.023 1.007 1.047 o 1.021 0.993 o 0.922 0.882 o
19 1.154 1.125 1.121 1.143 1.104 1.089 1.092 1.027 0.968 0.956 0.971 0.989 0.947 0.920 0.910 0.852 0.814 0.794 0.734
20 1.092 1.064 1.062 1.084 1.048 1.032 1.034 0.970 0.913 0.906 0.920 0.938 0.896 0.870 0.860 0.805 0.768 0.749 0.692 0.653
21 o 1.028 1.026 o 1.020 1.007 o 0.936 0.857 0.854 0.889 o 0.873 0.845 o 0.776 0.740 o 0.666 0.630 o
22 0.966 0.943 0.943 0.968 0.959 0.965 0.934 0.854 0.800 0.800 0.812 0.846 0.835 0.794 0.765 0.710 0.677 0.660 0.611 0.578 0.561 0.527
23 0.911 0.890 0.889 0.916 0.925 o 0.859 0.785 0.747 0.750 0.745 0.776 o 0.762 0.721 0.668 0.638 0.621 0.576 0.545 0.531 0.510 o
24 o 0.872 0.872 o 0.877 0.842 0.789 0.743 0.715 0.716 0.702 0.708 0.721 0.718 o 0.653 0.624 o 0.565 0.536 o 0.485 0.444 0.404
25 0.860 0.840 0.838 0.856 0.824 0.791 0.765 0.740 0.718 0.714 0.691 0.677 0.669 0.667 0.664 0.625 0.600 0.588 0.547 0.520 0.504 0.460 0.418 0.388 0.372
26 0.879 0.878 0.876 0.872 0.859 0.841 0.822 0.804 0.785 0.766 0.734 0.713 0.697 0.684 0.668 0.648 0.626 0.603 0.578 0.551 0.522 0.488 0.450 0.414 0.385 0.374
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(b) Relative values to the CEA result

1 o Aver. S.D.
2 3.5 4.0 MOX 8.7% 4.0 1.0
3 2.7 5.0 4.2
4 o 2.8 3.0 o MOX 7.0% 3.1 1.1
5 2.5 4.9 5.5 3.3 4.8
6 2.8 5.2 5.5 3.6 3.8 o MOX 4.3% 2.2 1.5
7 o 2.6 2.8 o 3.0 2.2 2.7
8 2.1 4.9 5.0 2.1 4.6 3.7 2.9 1.7 UO2 3.7% -0.2 5.6
9 3.5 3.2 3.2 3.3 3.1 2.2 1.5 1.0 -0.9
10 2.0 1.9 2.1 2.5 3.0 3.2 3.8 3.8 2.7 -1.0 o Guide-tube
11 -2.7 -1.4 -1.3 -2.3 -0.9 -0.4 -0.3 -0.3 0.2 -2.3 -2.2
12 o -2.8 -2.6 o -2.7 -2.4 -1.4 -1.0 -0.4 -2.6 -2.0 -1.5
13 -2.9 -1.8 -1.8 -2.5 -2.8 o -2.3 -0.9 -0.8 -2.6 -1.5 -2.0 o
14 -2.4 -1.5 -1.4 -2.3 -1.3 -2.5 -2.2 -0.9 -0.6 -2.0 -1.3 -1.9 -2.0 -0.5
15 o -1.9 -2.0 o -2.0 -1.8 o -2.1 -0.7 -1.6 -2.1 o -1.5 -1.3 o
16 -1.8 -0.9 -0.8 -1.8 -0.8 -0.9 -1.6 -0.9 -0.9 -1.3 -0.8 -1.5 -0.5 -0.2 -1.0 0.0
17 -1.0 -0.3 -0.4 -1.0 -0.3 -0.3 -1.2 -0.5 -1.0 -0.8 -0.3 -0.9 0.0 0.3 -0.4 0.4 0.8
18 o -0.7 -0.9 o -1.0 -1.0 o -1.5 -0.8 -0.2 -0.9 o -0.6 -0.3 o -0.3 0.4 o
19 -0.4 0.5 0.4 -0.5 0.4 0.3 -0.8 -0.2 -0.6 0.4 0.7 -0.2 0.8 1.0 0.1 1.1 1.4 0.7 2.2
20 0.6 1.3 1.4 0.7 1.4 1.1 0.3 0.6 -0.1 1.3 1.8 1.1 1.7 1.9 1.1 2.0 2.2 1.9 3.1 4.0
21 o 1.3 1.3 o 1.3 1.3 o 0.0 0.7 2.6 1.6 o 1.8 1.9 o 1.7 2.4 o 2.9 4.2 o
22 2.2 3.2 3.3 2.3 3.5 2.0 1.6 2.1 1.8 4.1 3.9 2.6 2.6 3.8 2.5 3.7 4.2 3.4 5.2 6.4 6.2 9.0
23 4.0 4.9 4.7 4.2 3.4 o 3.0 3.8 2.8 5.6 5.3 3.9 o 3.5 4.3 5.1 5.8 5.4 7.0 8.1 8.7 9.6 o
24 o 4.4 4.5 o 3.9 3.8 4.4 4.3 3.9 6.4 5.4 4.7 3.6 3.7 o 4.4 5.4 o 6.7 8.5 o 10.5 12.0 13.6
25 0.5 1.7 1.7 0.8 1.7 1.5 1.2 0.8 0.5 2.2 0.6 0.0 0.2 0.3 -0.3 1.4 2.5 2.5 4.7 6.6 6.9 9.4 10.6 10.9 7.2
26 -15.9 -15.7 -15.6 -15.5 -15.6 -16.0 -16.1 -16.3 -16.4 -16.7 -18.4 -18.9 -18.9 -18.0 -17.3 -16.3 -15.1 -13.8 -12.1 -10.3 -8.5 -7.0 -6.3 -6.3 -9.5 -21.7
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Figure 4.56. IPPE SN transport pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.356 1.277 MOX 8.7%
3 1.370 1.284 1.292
4 o 1.331 1.347 o MOX 7.0%
5 1.369 1.288 1.299 1.365 1.432
6 1.417 1.317 1.346 1.385 1.365 o MOX 4.3%
7 o 1.256 1.284 o 1.394 1.294 1.263
8 1.438 1.353 1.355 1.418 1.342 1.240 1.250 1.317 UO2 3.7%
9 1.191 1.204 1.197 1.183 1.187 1.176 1.169 1.192 1.325
10 1.092 1.101 1.096 1.084 1.080 1.066 1.050 1.056 1.082 1.131 o Guide-tube
11 1.357 1.300 1.301 1.338 1.282 1.206 1.186 1.169 1.170 1.173 1.175
12 o 1.389 1.405 o 1.452 1.367 1.305 1.214 1.190 1.179 1.182 1.236
13 1.440 1.381 1.393 1.413 1.482 o 1.358 1.224 1.199 1.180 1.172 1.258 o
14 1.417 1.370 1.372 1.405 1.421 1.450 1.408 1.270 1.185 1.165 1.204 1.291 1.287 1.214
15 o 1.362 1.370 o 1.366 1.336 o 1.285 1.152 1.131 1.213 o 1.180 1.153 o
16 1.347 1.297 1.297 1.321 1.284 1.273 1.274 1.204 1.121 1.100 1.136 1.159 1.117 1.080 1.067 1.003
17 1.289 1.242 1.241 1.263 1.226 1.205 1.209 1.153 1.076 1.055 1.085 1.098 1.054 1.027 1.014 0.954 0.908
18 o 1.209 1.215 o 1.197 1.184 o 1.131 1.018 0.998 1.062 o 1.035 0.996 o 0.931 0.884 o
19 1.174 1.127 1.126 1.149 1.112 1.093 1.100 1.044 0.971 0.952 0.981 0.995 0.951 0.926 0.917 0.859 0.818 0.799 0.735
20 1.096 1.058 1.058 1.074 1.045 1.035 1.032 0.978 0.914 0.895 0.918 0.932 0.899 0.868 0.855 0.805 0.765 0.743 0.688 0.644
21 o 1.009 1.014 o 1.008 0.986 o 0.946 0.846 0.829 0.886 o 0.857 0.834 o 0.770 0.731 o 0.659 0.613 o
22 1.042 0.883 0.927 0.927 0.948 0.954 0.971 0.847 0.851 0.791 0.774 0.798 0.851 0.791 0.754 0.703 0.667 0.648 0.599 0.560 0.539 0.507
23 0.888 0.853 0.860 0.870 0.913 o 0.835 0.749 0.728 0.712 0.703 0.749 o 0.757 0.688 0.651 0.612 0.598 0.550 0.518 0.492 0.483 o
24 o 0.831 0.840 o 0.866 0.815 0.774 0.713 0.713 0.691 0.676 0.669 0.695 0.715 o 0.635 0.598 o 0.539 0.503 o 0.457 0.403 0.370
25 0.853 0.817 0.817 0.840 0.803 0.753 0.737 0.717 0.701 0.686 0.673 0.663 0.649 0.663 0.663 0.615 0.586 0.572 0.525 0.490 0.473 0.423 0.369 0.346 0.337
26 1.061 1.066 1.061 1.049 1.042 1.029 1.006 0.985 0.963 0.944 0.925 0.905 0.887 0.861 0.827 0.798 0.762 0.719 0.682 0.638 0.589 0.546 0.498 0.459 0.434 0.496
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(b) Relative values to the CEA result

1 o Aver. S.D.
2 -2.1 -2.0 MOX 8.7% -1.9 1.6
3 -1.0 -1.4 -0.9
4 o -4.0 -3.1 o MOX 7.0% -2.1 2.0
5 -1.7 -1.7 -1.3 -3.9 1.3
6 -0.5 -2.0 -0.3 -5.1 0.0 o MOX 4.3% -1.4 0.9
7 o -5.3 -3.4 o 0.2 -3.9 0.2
8 -0.5 -0.9 -0.7 -2.2 -1.2 -5.0 -3.8 -3.7 UO2 3.7% 0.6 1.9
9 -2.5 -1.5 -1.9 -2.4 -1.2 -1.0 -1.0 -1.1 0.3
10 -3.5 -2.5 -2.8 -3.3 -2.4 -2.3 -2.6 -2.3 -2.2 -1.8 o Guide-tube
11 0.5 -0.1 0.1 -0.6 -0.2 -2.4 -1.7 -1.7 -0.9 -0.8 -1.3
12 o -2.1 -1.0 o 1.0 -1.3 0.7 -1.5 -1.2 -1.1 -1.0 1.3
13 0.2 -0.6 0.2 -2.2 1.0 o -1.1 -2.1 -0.8 -0.8 -1.7 -0.6 o
14 -0.2 -0.2 0.0 -1.4 1.4 1.1 1.2 0.2 -0.9 -0.7 0.4 1.7 1.9 2.2
15 o -1.6 -1.0 o -1.1 -2.1 o 0.0 -1.6 -1.4 0.2 o -1.3 -0.5 o
16 0.4 0.1 0.3 -0.8 0.4 0.9 -0.3 0.7 -0.9 -0.8 1.0 0.1 1.5 1.1 0.0 1.5
17 0.5 0.1 0.3 -0.6 0.5 0.1 -0.8 1.0 -0.7 -0.6 1.1 -0.4 0.7 1.1 0.2 1.4 1.3
18 o -1.0 -0.3 o -0.4 0.0 o 0.4 -1.2 -1.1 0.6 o 0.7 0.0 o 0.7 0.7 o
19 1.3 0.7 0.9 0.0 1.1 0.7 0.0 1.5 -0.3 -0.2 1.6 0.4 1.3 1.7 0.9 1.9 1.9 1.4 2.3
20 1.0 0.8 1.1 -0.2 1.1 1.5 0.2 1.4 0.0 0.1 1.6 0.5 2.0 1.7 0.5 2.1 1.8 1.1 2.5 2.5
21 o -0.5 0.1 o 0.1 -0.8 o 1.2 -0.6 -0.4 1.3 o -0.1 0.6 o 1.0 1.2 o 1.8 1.4 o
22 10.2 -3.3 1.6 -2.1 2.3 0.9 5.6 1.2 8.4 2.9 -1.1 -3.3 4.5 3.5 1.1 2.6 2.6 1.6 3.1 3.1 2.0 4.7
23 1.4 0.5 1.3 -1.0 2.1 o 0.1 -0.9 0.2 0.3 -0.6 0.3 o 2.9 -0.4 2.4 1.6 1.5 2.2 2.8 0.6 3.9 o
24 o -0.5 0.6 o 2.6 0.5 2.5 0.1 3.6 2.7 1.4 -1.0 -0.2 3.2 o 1.6 1.0 o 1.7 1.8 o 4.3 1.7 3.8
25 -0.3 -1.1 -1.0 -1.2 -0.9 -3.4 -2.5 -2.3 -2.0 -1.8 -2.2 -2.1 -3.0 -0.4 -0.4 -0.1 0.1 -0.2 0.5 0.4 0.3 0.7 -2.3 -1.1 -3.0
26 1.6 2.3 2.2 1.6 2.4 2.8 2.6 2.7 2.6 2.7 2.9 3.0 3.3 3.1 2.4 3.1 3.4 2.8 3.7 3.8 3.1 4.1 3.8 3.9 1.9 3.8
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Figure 4.57. IPPE diffusion pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.369 1.334 MOX 8.7%
3 1.376 1.337 1.342
4 o 1.364 1.375 o MOX 7.0%
5 1.405 1.367 1.377 1.424 1.466
6 1.457 1.418 1.428 1.479 1.331 o MOX 4.3%
7 o 1.329 1.337 o 1.384 1.372 1.374
8 1.487 1.454 1.456 1.476 1.457 1.434 1.448 1.529 UO2 3.7%
9 1.238 1.233 1.231 1.228 1.220 1.211 1.217 1.257 1.359
10 1.038 1.034 1.031 1.028 1.019 1.008 1.003 1.012 1.040 1.080 o Guide-tube
11 1.192 1.173 1.171 1.176 1.157 1.130 1.112 1.101 1.103 1.115 1.129
12 o 1.260 1.260 o 1.260 1.230 1.192 1.155 1.138 1.134 1.140 1.156
13 1.307 1.286 1.286 1.297 1.300 o 1.240 1.184 1.153 1.141 1.144 1.168 o
14 1.311 1.290 1.289 1.299 1.295 1.287 1.256 1.198 1.152 1.135 1.143 1.163 1.156 1.123
15 o 1.281 1.280 o 1.271 1.255 o 1.189 1.135 1.115 1.128 o 1.113 1.085 o
16 1.262 1.240 1.237 1.241 1.221 1.204 1.190 1.147 1.102 1.081 1.084 1.086 1.060 1.033 1.009 0.964
17 1.215 1.195 1.191 1.194 1.174 1.157 1.143 1.103 1.061 1.040 1.041 1.039 1.014 0.988 0.964 0.922 0.882
18 o 1.154 1.151 o 1.134 1.117 o 1.064 1.016 0.996 1.002 o 0.975 0.949 o 0.887 0.847 o
19 1.113 1.093 1.089 1.092 1.072 1.056 1.044 1.006 0.966 0.946 0.947 0.945 0.920 0.896 0.875 0.836 0.799 0.768 0.723
20 1.053 1.035 1.032 1.034 1.018 1.003 0.989 0.953 0.915 0.896 0.896 0.894 0.872 0.848 0.827 0.790 0.755 0.725 0.683 0.645
21 o 0.988 0.987 o 0.977 0.963 o 0.910 0.866 0.848 0.854 o 0.836 0.813 o 0.754 0.719 o 0.651 0.614 o
22 0.952 0.935 0.934 0.941 0.935 0.927 0.903 0.858 0.820 0.803 0.805 0.814 0.803 0.778 0.750 0.712 0.679 0.652 0.614 0.580 0.555 0.528
23 0.918 0.903 0.902 0.909 0.908 o 0.860 0.815 0.787 0.770 0.765 0.774 o 0.755 0.723 0.686 0.654 0.627 0.590 0.558 0.533 0.510 o
24 o 0.907 0.906 o 0.902 0.877 0.844 0.810 0.786 0.770 0.760 0.760 0.758 0.747 o 0.689 0.656 o 0.593 0.559 o 0.503 0.473 0.454
25 0.973 0.959 0.957 0.958 0.941 0.916 0.893 0.870 0.849 0.831 0.817 0.804 0.791 0.779 0.759 0.725 0.692 0.663 0.625 0.588 0.557 0.520 0.485 0.463 0.466
26 1.140 1.136 1.132 1.125 1.112 1.095 1.075 1.054 1.032 1.011 0.990 0.969 0.946 0.920 0.891 0.856 0.818 0.779 0.737 0.694 0.651 0.608 0.568 0.535 0.519 0.535
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(b) Relative values to the CEA result

1 o Aver. S.D.
2 -1.2 2.4 MOX 8.7% 2.0 2.4
3 -0.6 2.7 2.9
4 o -1.6 -1.1 o MOX 7.0% 4.8 4.7
5 0.9 4.3 4.6 0.3 3.7
6 2.4 5.5 5.8 1.4 -2.4 o MOX 4.3% 2.0 1.2
7 o 0.2 0.6 o -0.5 1.9 9.0
8 2.9 6.6 6.7 1.8 7.3 9.9 11.4 11.9 UO2 3.7% 1.6 9.1
9 1.3 0.9 0.8 1.3 1.6 2.0 3.1 4.3 2.9
10 -8.2 -8.5 -8.5 -8.3 -7.9 -7.7 -6.9 -6.3 -5.9 -6.3 o Guide-tube
11 -11.7 -9.9 -10.0 -12.6 -9.9 -8.5 -7.8 -7.3 -6.5 -5.8 -5.1
12 o -11.2 -11.2 o -12.3 -11.1 -8.0 -6.3 -5.5 -4.9 -4.5 -5.2
13 -9.1 -7.4 -7.5 -10.2 -11.4 o -9.7 -5.3 -4.6 -4.1 -4.0 -7.8 o
14 -7.6 -6.0 -6.1 -8.8 -7.6 -10.3 -9.7 -5.5 -3.6 -3.3 -4.7 -8.4 -8.6 -5.5
15 o -7.5 -7.5 o -7.9 -8.1 o -7.5 -3.1 -2.9 -6.9 o -6.9 -6.4 o
16 -6.0 -4.3 -4.3 -6.9 -4.5 -4.6 -7.0 -4.1 -2.6 -2.4 -3.6 -6.3 -3.7 -3.3 -5.4 -2.5
17 -5.2 -3.7 -3.7 -6.1 -3.8 -3.9 -6.2 -3.4 -2.1 -1.9 -3.0 -5.7 -3.1 -2.7 -4.8 -2.0 -1.6
18 o -5.6 -5.6 o -5.7 -5.7 o -5.5 -1.4 -1.3 -5.2 o -5.1 -4.7 o -4.1 -3.5 o
19 -4.0 -2.4 -2.5 -5.0 -2.5 -2.7 -5.1 -2.2 -0.8 -0.7 -1.9 -4.7 -2.0 -1.7 -3.8 -0.9 -0.5 -2.5 0.7
20 -3.0 -1.4 -1.4 -3.9 -1.6 -1.7 -4.0 -1.2 0.1 0.2 -0.9 -3.6 -1.1 -0.6 -2.8 0.1 0.5 -1.5 1.7 2.7
21 o -2.6 -2.5 o -3.0 -3.1 o -2.7 1.8 1.9 -2.4 o -2.5 -2.0 o -1.1 -0.5 o 0.5 1.6 o
22 0.7 2.4 2.4 -0.6 0.8 -2.1 -1.8 2.5 4.4 4.5 2.9 -1.3 -1.3 1.7 0.5 4.0 4.5 2.2 5.6 6.6 5.0 9.1
23 4.8 6.3 6.2 3.4 1.6 o 3.1 7.8 8.3 8.5 8.1 3.6 o 2.5 4.6 7.9 8.5 6.5 9.6 10.6 9.1 9.7 o
24 o 8.6 8.5 o 6.9 8.1 11.8 13.8 14.3 14.4 14.1 12.4 8.9 7.9 o 10.2 10.9 o 11.9 13.0 o 14.7 19.2 27.5
25 13.7 16.1 16.1 12.7 16.0 17.6 18.2 18.5 18.8 19.0 18.8 18.7 18.4 17.1 14.0 17.8 18.3 15.7 19.5 20.5 18.3 23.7 28.2 32.3 34.0
26 9.1 9.0 9.0 9.0 9.2 9.3 9.7 9.8 10.0 10.0 10.1 10.2 10.0 10.3 10.2 10.6 11.0 11.4 12.1 12.9 14.1 15.9 18.2 21.1 21.9 11.9
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Figure 4.58. SCK•CEN SN transport pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.454 1.375 MOX 8.7%
3 1.452 1.374 1.373
4 o 1.451 1.453 o MOX 7.0%
5 1.456 1.378 1.381 1.483 1.494
6 1.488 1.411 1.416 1.525 1.417 o MOX 4.3%
7 o 1.377 1.380 o 1.447 1.394 1.312
8 1.501 1.431 1.431 1.500 1.420 1.358 1.347 1.412 UO2 3.7%
9 1.260 1.258 1.255 1.250 1.236 1.217 1.210 1.237 1.351
10 1.151 1.148 1.145 1.140 1.125 1.106 1.091 1.091 1.116 1.160 o Guide-tube
11 1.367 1.324 1.322 1.359 1.303 1.249 1.218 1.195 1.187 1.189 1.193
12 o 1.434 1.433 o 1.451 1.394 1.307 1.240 1.209 1.195 1.195 1.224
13 1.446 1.402 1.402 1.454 1.477 o 1.378 1.255 1.209 1.189 1.193 1.262 o
14 1.425 1.381 1.382 1.429 1.415 1.438 0.140 1.272 1.197 1.173 1.200 1.266 1.258 1.189
15 o 1.388 1.386 o 1.381 1.366 o 1.280 1.169 1.144 1.203 o 1.189 1.150 o
16 1.342 1.299 1.296 1.332 1.281 1.264 1.277 1.196 1.125 1.102 1.122 1.152 1.096 1.062 1.056 0.982
17 1.280 1.242 1.238 1.268 1.221 1.204 1.215 1.141 1.077 1.053 1.070 1.094 1.040 1.008 1.002 0.933 0.888
18 o 1.219 1.215 o 1.197 1.180 o 1.119 1.024 1.002 1.047 o 1.018 0.985 o 0.914 0.868 o
19 1.156 1.118 1.115 1.144 1.099 1.083 1.095 1.026 0.967 0.945 0.961 0.984 0.933 0.904 0.900 0.836 0.795 0.779 0.712
20 1.080 1.048 1.044 1.071 1.031 1.016 1.024 0.962 0.906 0.886 0.899 0.919 0.874 0.847 0.841 0.782 0.743 0.725 0.665 0.621
21 o 1.009 1.007 o 1.001 0.988 o 0.927 0.846 0.826 0.865 o 0.850 0.821 o 0.753 0.714 o 0.640 0.596 o
22 0.941 0.911 0.910 0.942 0.928 0.941 0.915 0.834 0.780 0.763 0.778 0.819 0.807 0.761 0.738 0.680 0.644 0.630 0.576 0.539 0.522 0.481
23 0.871 0.846 0.846 0.875 0.889 o 0.829 0.752 0.720 0.704 0.703 0.739 o 0.729 0.685 0.630 0.597 0.583 0.534 0.499 0.484 0.459 o
24 o 0.831 0.830 o 0.840 0.806 0.752 0.708 0.683 0.668 0.661 0.672 0.690 0.687 o 0.618 0.585 o 0.524 0.489 o 0.435 0.392 0.353
25 0.849 0.824 0.822 0.843 0.809 0.775 0.751 0.727 0.709 0.693 0.681 0.672 0.663 0.660 0.657 0.611 0.581 0.566 0.518 0.484 0.464 0.417 0.374 0.346 0.343
26 1.028 1.026 1.022 1.016 1.003 0.984 0.965 0.944 0.923 0.903 0.883 0.863 0.843 0.820 0.792 0.758 0.722 0.685 0.644 0.602 0.560 0.514 0.469 0.433 0.417 0.464

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

(b) Relative values to the CEA result

1 o Aver. S.D.
2 4.9 5.5 MOX 8.7% 4.9 0.4
3 4.9 5.5 5.2
4 o 4.7 4.5 o MOX 7.0% 4.0 0.5
5 4.5 5.1 5.0 4.4 5.7
6 4.5 5.0 4.9 4.5 3.9 o MOX 4.3% 2.8 0.3
7 o 3.8 3.8 o 4.0 3.5 4.1
8 3.8 4.9 4.8 3.4 4.6 4.1 3.6 3.3 UO2 3.7% -0.8 5.4
9 3.2 2.9 2.8 3.1 2.9 2.5 2.5 2.6 2.3
10 1.8 1.6 1.6 1.8 1.7 1.3 1.2 1.0 0.9 0.7 o Guide-tube
11 1.2 1.7 1.6 1.0 1.5 1.2 1.0 0.6 0.6 0.5 0.3
12 o 1.0 1.0 o 0.9 0.7 0.9 0.6 0.4 0.2 0.1 0.3
13 0.6 1.0 0.9 0.6 0.6 o 0.3 0.4 0.0 -0.1 0.0 -0.3 o
14 0.4 0.6 0.7 0.3 1.0 0.3 -89.9 0.4 0.1 -0.1 0.0 -0.3 -0.4 0.0
15 o 0.3 0.2 o 0.1 0.1 o -0.4 -0.1 -0.3 -0.7 o -0.5 -0.8 o
16 0.0 0.3 0.3 0.0 0.2 0.1 -0.1 0.1 -0.5 -0.6 -0.2 -0.6 -0.4 -0.6 -1.0 -0.7
17 -0.1 0.1 0.0 -0.2 0.0 0.0 -0.3 0.0 -0.6 -0.7 -0.3 -0.7 -0.6 -0.7 -1.0 -0.8 -0.9
18 o -0.2 -0.4 o -0.4 -0.4 o -0.6 -0.6 -0.7 -0.9 o -0.9 -1.1 o -1.1 -1.1 o
19 -0.3 -0.1 -0.2 -0.4 -0.2 -0.2 -0.5 -0.2 -0.7 -0.9 -0.4 -0.8 -0.7 -0.8 -1.0 -0.9 -1.0 -1.1 -1.0
20 -0.5 -0.2 -0.3 -0.5 -0.2 -0.4 -0.6 -0.3 -0.8 -0.9 -0.5 -0.9 -0.8 -0.8 -1.2 -0.9 -1.0 -1.3 -1.0 -1.0
21 o -0.5 -0.5 o -0.6 -0.6 o -0.9 -0.6 -0.8 -1.1 o -0.9 -1.1 o -1.2 -1.3 o -1.1 -1.3 o
22 -0.5 -0.3 -0.3 -0.5 0.1 -0.6 -0.5 -0.4 -0.7 -0.7 -0.5 -0.7 -0.9 -0.4 -1.0 -0.7 -0.9 -1.2 -0.9 -0.8 -1.2 -0.5
23 -0.5 -0.4 -0.4 -0.4 -0.6 o -0.7 -0.5 -1.0 -0.9 -0.7 -1.0 o -0.9 -1.0 -0.9 -0.9 -1.1 -0.8 -1.0 -0.9 -1.1 o
24 o -0.6 -0.6 o -0.5 -0.7 -0.4 -0.6 -0.8 -0.8 -0.8 -0.6 -0.9 -0.9 o -1.1 -1.2 o -1.1 -1.1 o -0.9 -1.1 -0.7
25 -0.8 -0.3 -0.3 -0.8 -0.3 -0.5 -0.6 -0.9 -0.8 -0.9 -1.0 -0.8 -0.8 -0.8 -1.4 -0.7 -0.8 -1.3 -0.9 -0.8 -1.4 -0.9 -1.0 -1.1 -1.2
26 -1.6 -1.5 -1.5 -1.6 -1.5 -1.6 -1.6 -1.6 -1.7 -1.7 -1.8 -1.8 -2.0 -1.8 -2.0 -2.0 -2.0 -2.1 -2.0 -2.0 -2.0 -2.0 -2.2 -2.1 -2.1 -2.9
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Figure 4.59. SCK•CEN diffusion nodal pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.516 1.422 MOX 8.7%
3 1.513 1.420 1.420
4 o 1.511 1.511 o MOX 7.0%
5 1.513 1.421 1.425 1.537 1.535
6 1.543 1.452 1.457 1.582 1.460 o MOX 4.3%
7 o 1.424 1.426 o 1.488 1.436 1.340
8 1.541 1.461 1.460 1.536 1.448 1.386 1.370 1.434 UO2 3.7%
9 1.286 1.280 1.276 1.274 1.257 1.237 1.228 1.253 1.367
10 1.202 1.195 1.191 1.190 1.171 1.148 1.133 1.132 1.156 1.199 o Guide-tube
11 1.447 1.382 1.379 1.436 1.359 1.295 1.257 1.232 1.223 1.223 1.224
12 o 1.515 1.512 o 1.538 1.470 1.355 1.274 1.241 1.225 1.222 1.255
13 1.519 1.448 1.448 1.528 1.556 o 1.446 1.289 1.236 1.213 1.218 1.311 o
14 1.489 1.420 1.419 1.491 1.464 1.508 1.463 1.308 1.218 1.192 1.226 1.315 1.303 1.209
15 o 1.444 1.440 o 1.435 1.421 o 1.328 1.187 1.160 1.240 o 1.222 1.174 o
16 1.390 1.323 1.319 1.378 1.303 1.286 1.322 1.218 1.135 1.109 1.137 1.183 1.102 1.063 1.072 0.977
17 1.318 1.258 1.253 1.304 1.235 1.218 1.250 1.157 1.080 1.055 1.078 1.116 1.041 1.005 1.012 0.924 0.876
18 o 1.250 1.245 o 1.226 1.208 o 1.145 1.026 1.002 1.066 o 1.032 0.994 o 0.917 0.866 o
19 1.180 1.122 1.118 1.167 1.101 1.085 1.117 1.031 0.960 0.937 0.960 0.996 0.926 0.893 0.901 0.821 0.778 0.771 0.690
20 1.093 1.043 1.040 1.082 1.025 1.011 1.036 0.958 0.894 0.873 0.892 0.923 0.861 0.830 0.834 0.762 0.721 0.713 0.640 0.593
21 o 1.014 1.011 o 1.005 0.993 o 0.930 0.830 0.810 0.864 o 0.846 0.812 o 0.741 0.699 o 0.622 0.575 o
22 0.937 0.890 0.889 0.936 0.913 0.937 0.915 0.817 0.757 0.739 0.759 0.813 0.796 0.739 0.721 0.650 0.614 0.609 0.544 0.505 0.495 0.447
23 0.847 0.809 0.809 0.852 0.869 o 0.809 0.718 0.684 0.668 0.668 0.717 o 0.704 0.656 0.591 0.558 0.550 0.494 0.459 0.449 0.424 o
24 o 0.781 0.779 o 0.795 0.761 0.697 0.649 0.625 0.611 0.604 0.618 0.644 0.641 o 0.569 0.536 o 0.477 0.441 o 0.389 0.344 0.293
25 0.760 0.726 0.724 0.753 0.713 0.678 0.655 0.634 0.617 0.603 0.591 0.582 0.575 0.575 0.578 0.528 0.499 0.492 0.442 0.410 0.397 0.348 0.304 0.272 0.260
26 0.938 0.935 0.931 0.927 0.914 0.896 0.878 0.859 0.840 0.820 0.801 0.780 0.759 0.737 0.711 0.677 0.642 0.608 0.568 0.527 0.487 0.443 0.399 0.358 0.334 0.382

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

(b) Relative values to the CEA result

1 o Aver. S.D.
2 9.4 9.2 MOX 8.7% 8.6 0.4
3 9.3 9.0 8.9
4 o 9.0 8.7 o MOX 7.0% 6.5 0.7
5 8.7 8.4 8.3 8.2 8.6
6 8.4 8.0 8.0 8.4 7.0 o MOX 4.3% 4.4 0.5
7 o 7.4 7.2 o 7.0 6.6 6.3
8 6.6 7.1 7.0 6.0 6.7 6.2 5.4 4.9 UO2 3.7% -3.0 6.7
9 5.2 4.7 4.5 5.1 4.7 4.2 4.0 4.0 3.5
10 6.3 5.8 5.7 6.2 5.8 5.2 5.1 4.8 4.5 4.0 o Guide-tube
11 7.2 6.1 6.0 6.7 5.8 4.9 4.3 3.7 3.6 3.5 2.9
12 o 6.7 6.5 o 7.0 6.2 4.6 3.4 3.1 2.8 2.4 2.8
13 5.7 4.3 4.2 5.8 6.0 o 5.3 3.1 2.2 2.0 2.1 3.6 o
14 4.9 3.4 3.4 4.6 4.5 5.1 5.2 3.2 1.9 1.6 2.2 3.6 3.1 1.7
15 o 4.3 4.0 o 3.9 4.1 o 3.4 1.4 1.1 2.4 o 2.3 1.3 o
16 3.6 2.1 2.1 3.4 1.9 1.9 3.4 1.9 0.3 0.1 1.1 2.1 0.1 -0.5 0.5 -1.2
17 2.9 1.4 1.3 2.6 1.2 1.1 2.5 1.3 -0.3 -0.5 0.5 1.3 -0.5 -1.0 -0.1 -1.7 -2.4
18 o 2.3 2.1 o 2.0 1.9 o 1.7 -0.5 -0.7 0.9 o 0.4 -0.2 o -0.8 -1.4 o
19 1.8 0.2 0.2 1.6 0.1 0.0 1.5 0.2 -1.4 -1.7 -0.5 0.5 -1.4 -2.0 -0.9 -2.6 -3.2 -2.1 -3.9
20 0.7 -0.7 -0.7 0.5 -0.8 -0.9 0.6 -0.7 -2.1 -2.4 -1.3 -0.5 -2.3 -2.7 -1.9 -3.4 -4.0 -3.1 -4.7 -5.5
21 o 0.0 -0.2 o -0.3 -0.1 o -0.6 -2.4 -2.6 -1.3 o -1.4 -2.1 o -2.8 -3.3 o -4.0 -4.9 o
22 -1.0 -2.5 -2.5 -1.1 -1.5 -0.9 -0.4 -2.4 -3.7 -3.9 -2.9 -1.4 -2.2 -3.3 -3.3 -5.0 -5.5 -4.5 -6.3 -7.0 -6.3 -7.6
23 -3.3 -4.6 -4.7 -3.1 -2.8 o -3.0 -5.0 -5.8 -6.0 -5.6 -4.0 o -4.4 -5.1 -7.0 -7.5 -6.6 -8.2 -9.0 -8.1 -8.8 o
24 o -6.5 -6.6 o -5.9 -6.2 -7.7 -8.9 -9.1 -9.3 -9.4 -8.6 -7.5 -7.5 o -8.9 -9.4 o -10.0 -10.8 o -11.4 -13.3 -17.5
25 -11.1 -12.1 -12.2 -11.3 -12.1 -12.9 -13.3 -13.6 -13.7 -13.8 -14.1 -14.1 -14.0 -13.6 -13.2 -14.3 -14.7 -14.1 -15.4 -16.0 -15.8 -17.3 -19.5 -22.2 -25.3
26 -10.2 -10.3 -10.3 -10.2 -10.2 -10.5 -10.4 -10.5 -10.6 -10.8 -11.0 -11.2 -11.6 -11.7 -12.0 -12.5 -12.9 -13.1 -13.7 -14.2 -14.6 -15.5 -17.0 -19.0 -21.6 -20.0
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Figure 4.60. JAERI diffusion nodal pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.367 1.325 MOX 8.7%
3 1.414 1.370 1.417
4 o 1.461 1.516 o MOX 7.0%
5 1.411 1.372 1.429 1.552 1.523
6 1.376 1.348 1.409 1.538 1.379 o MOX 4.3%
7 o 1.269 1.331 o 1.368 1.270 1.156
8 1.369 1.355 1.416 1.503 1.398 1.287 1.214 1.280 UO2 3.7%
9 1.281 1.313 1.362 1.382 1.336 1.256 1.194 1.225 1.452
10 1.102 1.087 1.079 1.081 1.084 1.094 1.114 1.146 1.195 1.184 o Guide-tube
11 1.333 1.298 1.293 1.320 1.289 1.269 1.257 1.257 1.275 1.202 1.207
12 o 1.431 1.430 o 1.440 1.406 1.338 1.295 1.281 1.212 1.214 1.234
13 1.453 1.419 1.422 1.467 1.472 o 1.388 1.291 1.246 1.214 1.219 1.266 o
14 1.429 1.398 1.402 1.442 1.418 1.423 1.374 1.267 1.196 1.205 1.219 1.261 1.245 1.184
15 o 1.391 1.394 o 1.384 1.361 o 1.245 1.145 1.181 1.215 o 1.190 1.150 o
16 1.335 1.307 1.309 1.336 1.290 1.264 1.255 1.168 1.095 1.135 1.141 1.156 1.101 1.066 1.051 0.981
17 1.275 1.247 1.248 1.272 1.228 1.205 1.200 1.122 1.056 1.074 1.080 1.093 1.040 1.008 0.996 0.931 0.884
18 o 1.199 1.197 o 1.180 1.162 o 1.092 1.017 0.998 1.026 o 0.997 0.968 o 0.895 0.850 o
19 1.143 1.115 1.113 1.136 1.099 1.084 1.088 1.026 0.976 0.937 0.947 0.964 0.923 0.900 0.892 0.837 0.798 0.752 0.670
20 1.112 1.084 1.082 1.106 1.071 1.058 1.061 1.000 0.951 0.900 0.912 0.932 0.896 0.875 0.870 0.818 0.783 0.727 0.641 0.620
21 o 1.055 1.054 o 1.050 1.039 o 0.970 0.904 0.853 0.883 o 0.879 0.857 o 0.796 0.762 o 0.622 0.606 o
22 0.959 0.935 0.934 0.960 0.945 0.951 0.923 0.855 0.812 0.776 0.786 0.815 0.807 0.770 0.751 0.699 0.665 0.622 0.561 0.549 0.541 0.491
23 0.845 0.823 0.822 0.846 0.846 o 0.791 0.732 0.702 0.692 0.688 0.710 o 0.689 0.654 0.602 0.566 0.544 0.512 0.500 0.491 0.445 o
24 o 0.767 0.765 o 0.759 0.732 0.686 0.651 0.629 0.644 0.630 0.627 0.632 0.617 o 0.544 0.504 o 0.500 0.486 o 0.405 0.329 0.266
25 0.816 0.796 0.792 0.804 0.773 0.744 0.716 0.691 0.672 0.698 0.676 0.659 0.644 0.627 0.610 0.557 0.513 0.522 0.527 0.508 0.484 0.411 0.330 0.265 0.257
26 1.066 1.061 1.056 1.051 1.034 1.011 0.987 0.964 0.944 0.947 0.919 0.894 0.868 0.840 0.806 0.761 0.711 0.685 0.677 0.652 0.611 0.540 0.454 0.380 0.357 0.443

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

(b) Relative values to the CEA result

1 o Aver. S.D.
2 -1.3 1.8 MOX 8.7% 4.3 3.9
3 2.1 5.2 8.6
4 o 5.4 9.1 o MOX 7.0% -2.1 4.1
5 1.3 4.7 8.6 9.2 7.8
6 -3.4 0.3 4.4 5.4 1.1 o MOX 4.3% 7.5 4.5
7 o -4.3 0.1 o -1.7 -5.7 -8.3
8 -5.3 -0.7 3.7 3.7 3.0 -1.4 -6.6 -6.4 UO2 3.7% -1.2 4.8
9 4.9 7.4 11.6 14.0 11.2 5.8 1.2 1.6 10.0
10 -2.5 -3.8 -4.3 -3.5 -2.0 0.2 3.3 6.1 8.0 2.8 o Guide-tube
11 -1.3 -0.3 -0.6 -1.9 0.4 2.8 4.2 5.7 8.0 1.6 1.4
12 o 0.8 0.8 o 0.2 1.5 3.3 5.0 6.4 1.7 1.7 1.1
13 1.1 2.2 2.4 1.5 0.3 o 1.1 3.2 3.1 2.0 2.3 0.1 o
14 0.7 1.8 2.2 1.2 1.2 -0.8 -1.2 0.0 0.0 2.6 1.6 -0.7 -1.5 -0.4
15 o 0.5 0.7 o 0.3 -0.3 o -3.1 -2.2 2.9 0.4 o -0.4 -0.8 o
16 -0.5 0.9 1.2 0.2 0.9 0.1 -1.9 -2.2 -3.2 2.4 1.5 -0.3 0.1 -0.2 -1.4 -0.7
17 -0.5 0.5 0.9 0.1 0.6 0.1 -1.6 -1.7 -2.5 1.3 0.7 -0.8 -0.5 -0.7 -1.6 -1.0 -1.4
18 o -1.9 -1.8 o -1.8 -1.9 o -3.0 -1.4 -1.1 -2.9 o -3.0 -2.9 o -3.2 -3.2 o
19 -1.4 -0.4 -0.3 -1.1 -0.1 -0.1 -1.1 -0.2 0.2 -1.7 -1.9 -2.8 -1.7 -1.3 -1.8 -0.7 -0.6 -4.6 -6.7
20 2.5 3.3 3.4 2.7 3.6 3.7 2.9 3.7 4.1 0.6 0.9 0.5 1.7 2.5 2.3 3.7 4.3 -1.1 -4.5 -1.3
21 o 4.0 4.0 o 4.2 4.5 o 3.7 6.2 2.5 1.0 o 2.5 3.2 o 4.4 5.4 o -3.9 0.3 o
22 1.4 2.3 2.4 1.4 1.9 0.6 0.3 2.1 3.3 1.0 0.5 -1.2 -0.8 0.7 0.7 2.1 2.3 -2.5 -3.4 0.9 2.4 1.5
23 -3.6 -3.0 -3.2 -3.8 -5.4 o -5.1 -3.2 -3.3 -2.6 -2.7 -4.9 o -6.5 -5.3 -5.3 -6.1 -7.6 -4.9 -0.8 0.3 -4.2 o
24 o -8.1 -8.4 o -10.0 -9.7 -9.2 -8.6 -8.6 -4.4 -5.5 -7.2 -9.3 -10.9 o -12.9 -14.8 o -5.6 -1.8 o -7.8 -17.0 -25.4
25 -4.6 -3.7 -4.0 -5.3 -4.7 -4.5 -5.2 -5.9 -6.0 -0.2 -1.7 -2.7 -3.7 -5.7 -8.5 -9.6 -12.3 -9.0 0.9 4.1 2.8 -2.3 -12.7 -24.2 -26.1
26 2.0 1.8 1.8 1.9 1.5 1.0 0.7 0.4 0.6 3.1 2.2 1.7 1.0 0.6 -0.2 -1.7 -3.5 -2.1 3.0 6.1 7.0 2.9 -5.5 -14.1 -16.1 -7.4
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Figure 4.61. JAERI Monte Carlo (MVP) pin-by-pin fission rate distribution

(a) Absolute values

1 o
2 1.345 1.271 MOX 8.7%
3 1.356 1.297 1.264
4 o 1.336 1.418 o MOX 7.0%
5 1.398 1.303 1.278 1.408 1.413
6 1.446 1.346 1.306 1.463 1.339 o MOX 4.3%
7 o 1.338 1.351 o 1.339 1.301 1.201
8 1.412 1.310 1.327 1.417 1.340 1.262 1.266 1.331 UO2 3.7%
9 1.274 1.188 1.235 1.213 1.186 1.159 1.208 1.204 1.300
10 1.155 1.135 1.129 1.146 1.112 1.083 1.096 1.097 1.113 1.146 o Guide-tube
11 1.359 1.272 1.264 1.308 1.284 1.213 1.206 1.163 1.163 1.148 1.202
12 o 1.429 1.399 o 1.430 1.384 1.280 1.233 1.172 1.201 1.187 1.226
13 1.413 1.367 1.347 1.463 1.448 o 1.351 1.246 1.199 1.165 1.198 1.275 o
14 1.460 1.344 1.368 1.428 1.376 1.415 1.375 1.252 1.201 1.160 1.170 1.268 1.271 1.161
15 o 1.428 1.402 o 1.375 1.372 o 1.273 1.176 1.145 1.189 o 1.191 1.154 o
16 1.364 1.289 1.301 1.312 1.237 1.240 1.319 1.193 1.129 1.110 1.120 1.142 1.096 1.077 1.062 1.008
17 1.255 1.228 1.229 1.308 1.208 1.189 1.259 1.154 1.109 1.052 1.057 1.092 1.060 1.026 1.002 0.954 0.883
18 o 1.220 1.271 o 1.229 1.206 o 1.139 1.056 1.045 1.070 o 1.026 1.023 o 0.930 0.907 o
19 1.172 1.114 1.120 1.158 1.078 1.078 1.108 1.003 0.961 0.943 0.973 1.038 0.933 0.939 0.944 0.823 0.803 0.806 0.736
20 1.047 1.058 1.028 1.077 0.995 0.988 1.043 0.961 0.907 0.932 0.888 0.958 0.888 0.868 0.894 0.791 0.752 0.761 0.687 0.631
21 o 1.021 1.007 o 1.035 1.020 o 0.923 0.886 0.872 0.876 o 0.874 0.851 o 0.782 0.750 o 0.672 0.625 o
22 0.946 0.938 0.927 0.954 0.926 0.937 0.912 0.830 0.815 0.785 0.785 0.844 0.805 0.799 0.768 0.712 0.656 0.649 0.592 0.554 0.551 0.507
23 0.877 0.834 0.860 0.872 0.907 o 0.852 0.772 0.729 0.714 0.744 0.792 o 0.755 0.715 0.643 0.590 0.584 0.540 0.503 0.508 0.483 o
24 o 0.859 0.848 o 0.867 0.819 0.751 0.738 0.719 0.701 0.675 0.709 0.703 0.698 o 0.658 0.568 o 0.536 0.507 o 0.442 0.415 0.367
25 0.924 0.866 0.833 0.872 0.803 0.792 0.764 0.735 0.729 0.713 0.708 0.688 0.699 0.694 0.712 0.646 0.600 0.589 0.537 0.498 0.474 0.422 0.406 0.383 0.365
26 1.061 1.045 1.029 1.039 0.991 0.991 0.978 0.953 0.935 0.895 0.899 0.870 0.868 0.863 0.811 0.771 0.721 0.690 0.659 0.597 0.555 0.511 0.481 0.440 0.440 0.470
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(b) Relative values to the CEA result

1 o Aver. S.D.
2 -3.0 -2.4 MOX 8.7% -1.1 1.8
3 -2.1 -0.4 -3.1
4 o -3.7 2.0 o MOX 7.0% -2.3 1.7
5 0.4 -0.6 -2.8 -0.9 0.0
6 1.5 0.2 -3.2 0.2 -1.8 o MOX 4.3% 0.0 2.3
7 o 0.9 1.6 o -3.7 -3.4 -4.7
8 -2.3 -4.0 -2.8 -2.3 -1.3 -3.3 -2.6 -2.6 UO2 3.7% 0.8 2.3
9 4.3 -2.8 1.1 0.1 -1.2 -2.3 2.3 -0.1 -1.6
10 2.1 0.5 0.1 2.3 0.4 -0.8 1.7 1.6 0.7 -0.6 o Guide-tube
11 0.6 -2.3 -2.8 -2.8 0.0 -1.8 0.0 -2.1 -1.5 -3.0 1.0
12 o 0.7 -1.4 o -0.5 -0.1 -1.2 0.0 -2.7 0.7 -0.5 0.5
13 -1.7 -1.6 -3.1 1.2 -1.4 o -1.6 -0.3 -0.8 -2.1 0.5 0.7 o
14 2.9 -2.1 -0.3 0.3 -1.8 -1.4 -1.1 -1.2 0.4 -1.2 -2.5 -0.1 0.6 -2.3
15 o 3.1 1.3 o -0.4 0.6 o -1.0 0.5 -0.3 -1.8 o -0.4 -0.4 o
16 1.7 -0.5 0.6 -1.6 -3.3 -1.8 3.2 -0.2 -0.2 0.2 -0.4 -1.5 -0.4 0.8 -0.4 2.0
17 -2.1 -1.0 -0.7 2.9 -1.0 -1.2 3.3 1.1 2.3 -0.8 -1.4 -0.9 1.4 1.1 -1.1 1.4 -1.6
18 o -0.1 4.3 o 2.2 1.8 o 1.1 2.5 3.5 1.3 o -0.2 2.6 o 0.6 3.3 o
19 1.1 -0.5 0.3 0.8 -2.0 -0.7 0.7 -2.5 -1.3 -1.0 0.8 4.7 -0.7 3.1 3.9 -2.4 -0.1 2.3 2.4
20 -3.5 0.8 -1.8 0.0 -3.7 -3.1 1.2 -0.4 -0.8 4.2 -1.8 3.3 0.8 1.7 5.2 0.3 0.2 3.5 2.3 0.5
21 o 0.6 -0.5 o 2.8 2.6 o -1.3 4.1 4.7 0.2 o 1.9 2.5 o 2.5 3.7 o 3.8 3.5 o
22 0.0 2.7 1.6 0.7 -0.1 -1.0 -0.8 -0.9 3.8 2.2 0.3 2.4 -1.1 4.5 3.0 3.9 1.0 1.8 1.9 1.9 4.3 4.8
23 0.1 -1.7 1.3 -0.8 1.4 o 2.1 2.2 0.4 0.5 5.2 6.1 o 2.6 3.4 1.1 -2.1 -0.8 0.3 -0.2 4.0 3.9 o
24 o 2.8 1.6 o 2.7 1.0 -0.6 3.6 4.6 4.2 1.2 4.8 1.0 0.8 o 5.3 -4.0 o 1.2 2.5 o 0.7 4.7 3.2
25 8.0 4.8 1.1 2.6 -1.0 1.7 1.1 0.1 2.0 2.0 2.9 1.6 4.6 4.4 6.9 4.8 2.6 2.6 2.7 1.9 0.6 0.4 7.5 9.4 5.0
26 1.6 0.3 -0.9 0.6 -2.7 -1.0 -0.2 -0.7 -0.4 -2.6 -0.1 -1.0 1.0 3.3 0.3 -0.4 -2.2 -1.3 0.3 -2.9 -2.8 -2.6 0.1 -0.4 3.2 -1.8
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Figure 4.62. Average relative discrepancies of all results versus CEA result

Figure 4.63. Standard deviation of discrepancies

1 o Averaged deviation
2 3.3 2.9 MOX 8.7% 3.3 %
3 3.0 2.9 3.5
4 o 3.7 3.8 o MOX 7.0% 3.3 %
5 2.9 2.9 3.6 4.0 3.0
6 3.0 2.9 3.2 3.8 2.6 o MOX 4.3% 2.9 %
7 o 3.1 2.5 o 2.6 3.2 4.3
8 3.0 3.2 3.0 2.7 2.9 4.0 4.5 4.7 UO2 3.7% 3.5 %
9 2.6 2.8 3.6 4.2 3.4 2.3 1.7 1.9 3.4

10 3.6 3.4 3.5 3.7 3.3 3.1 3.2 3.4 3.6 2.9 o Guide-tube
11 4.3 3.7 3.7 4.3 3.6 3.4 3.3 3.4 3.6 2.8 2.3
12 o 4.0 3.9 o 4.3 3.9 3.1 2.8 2.9 2.3 2.0 2.1
13 3.4 2.7 2.8 3.7 3.9 o 3.4 2.2 2.0 2.0 1.8 2.6 o
14 3.0 2.2 2.2 3.1 2.8 3.5 3.4 2.0 1.4 1.8 1.9 2.8 2.9 2.0
15 o 2.9 2.7 o 2.8 3.0 o 2.5 1.3 1.6 2.2 o 2.3 2.0 o
16 2.3 1.5 1.6 2.4 1.7 1.6 2.6 1.6 1.2 1.3 1.5 2.0 1.3 1.2 1.6 1.2
17 2.0 1.2 1.2 2.3 1.3 1.3 2.4 1.4 1.3 1.1 1.3 1.7 1.2 1.1 1.5 1.2 1.2
18 o 1.9 2.3 o 2.1 2.0 o 1.9 1.2 1.4 1.8 o 1.7 1.8 o 1.5 1.9 o
19 1.6 0.9 0.9 1.7 1.1 0.9 1.7 1.2 0.9 1.2 1.3 2.2 1.1 1.5 1.8 1.4 1.3 1.9 2.6
20 1.7 1.2 1.3 1.6 1.7 1.6 1.6 1.3 1.5 1.7 1.3 1.6 1.3 1.5 2.0 1.7 1.9 1.7 2.5 2.4
21 o 1.5 1.6 o 1.8 1.9 o 1.5 2.1 1.9 1.2 o 1.4 1.6 o 1.8 2.2 o 2.2 2.1 o
22 2.9 1.9 1.5 1.2 1.3 1.1 1.8 1.3 2.9 2.2 1.8 1.6 1.8 2.1 1.5 2.4 2.5 2.0 3.2 3.4 3.0 4.3
23 2.4 2.9 2.8 2.3 2.3 o 2.3 3.2 3.3 3.6 3.6 3.0 o 2.8 3.1 3.8 4.2 3.9 4.5 4.7 4.3 5.0 o
24 o 4.4 4.4 o 4.4 4.5 5.2 5.8 6.0 5.6 5.5 5.3 4.6 4.8 o 5.9 6.4 o 5.3 5.6 o 6.8 9.4 13.0
25 6.5 6.7 6.6 6.0 6.7 7.3 7.4 7.5 7.6 7.3 7.4 7.4 7.6 7.2 6.9 7.8 8.2 7.3 7.8 8.2 7.8 9.4 11.8 14.6 15.7
26 6.5 6.6 6.5 6.4 6.6 6.7 6.8 6.8 6.9 7.1 7.5 7.6 7.6 7.6 7.3 7.2 7.3 7.1 7.2 7.4 7.5 7.8 8.5 10.2 11.2 9.6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

1 o Averaged discrepancy versus CEA
2 0.4 1.4 MOX 8.7% 1.3 %
3 0.8 1.9 1.9
4 o 0.6 1.4 o MOX 7.0% 0.6 %
5 0.9 1.8 2.0 1.1 2.3
6 0.8 1.4 1.8 1.0 0.3 o MOX 4.3% 1.1 %
7 o 0.1 0.7 o 0.1 -0.3 0.9
8 -0.1 1.4 1.8 0.2 1.8 1.1 0.7 0.4 UO2 3.7% -0.1 %
9 1.3 0.8 1.3 1.7 1.4 0.8 0.8 0.7 0.8
10 -0.6 -0.9 -1.0 -0.5 -0.5 -0.5 0.0 0.3 0.2 0.0 o Guide-tube
11 -0.9 -0.6 -0.7 -1.5 -0.4 -0.3 0.0 -0.2 0.3 -0.3 -0.1
12 o -0.9 -1.0 o -1.1 -0.9 -0.2 0.0 0.0 -0.1 -0.1 0.0
13 -0.9 -0.6 -0.6 -0.9 -1.3 o -1.1 -0.1 -0.1 -0.3 0.0 -0.8 o
14 -0.5 -0.5 -0.4 -0.9 -0.5 -1.4 -1.2 -0.4 -0.1 -0.1 -0.3 -0.9 -1.1 -0.5
15 o -0.6 -0.7 o -0.9 -0.9 o -1.3 -0.3 0.1 -1.0 o -0.9 -0.9 o
16 -0.5 -0.3 -0.2 -0.9 -0.5 -0.4 -0.6 -0.4 -0.6 -0.1 0.0 -0.8 -0.2 -0.2 -0.8 -0.1
17 -0.6 -0.3 -0.3 -0.4 -0.3 -0.4 -0.6 -0.1 -0.4 -0.2 -0.1 -0.8 -0.2 -0.2 -0.8 -0.1 -0.4
18 o -0.7 -0.4 o -0.6 -0.6 o -0.8 0.0 0.1 -0.7 o -0.7 -0.6 o -0.7 -0.3 o
19 -0.2 -0.2 -0.1 -0.4 -0.2 -0.2 -0.6 -0.1 -0.2 -0.2 0.1 -0.2 -0.2 0.1 -0.1 -0.2 0.0 -0.3 0.0
20 -0.2 0.3 0.2 -0.2 0.1 0.1 0.0 0.4 0.2 0.5 0.2 0.0 0.4 0.4 0.3 0.5 0.6 0.1 0.3 0.5
21 o 0.2 0.1 o 0.2 0.2 o -0.2 1.1 1.1 -0.1 o 0.2 0.4 o 0.4 0.8 o 0.3 0.7 o
22 1.0 0.5 0.9 0.0 0.7 -0.3 0.2 0.7 1.8 1.4 0.7 -0.3 -0.1 1.0 0.4 1.2 1.0 0.4 0.9 1.4 1.4 2.3
23 0.4 0.4 0.7 0.1 -0.2 o 0.1 1.0 0.7 1.0 1.4 0.5 o 0.0 0.4 0.8 0.5 0.2 1.0 1.4 1.6 1.3 o
24 o 0.2 0.2 o -0.1 0.0 0.6 1.0 1.3 1.7 1.2 1.0 -0.1 -0.1 o 0.3 -0.4 o 0.8 1.4 o 1.2 1.2 1.5
25 0.3 0.5 0.3 -0.4 0.1 0.3 0.2 0.0 0.2 0.9 0.5 0.4 0.5 0.4 -0.3 0.2 0.0 -0.2 1.4 1.7 1.1 1.7 1.6 1.2 -0.1
26 -0.8 -1.0 -1.1 -1.0 -1.1 -1.1 -1.0 -1.0 -1.0 -1.0 -1.0 -1.1 -1.1 -0.8 -1.1 -1.2 -1.3 -1.0 -0.3 -0.1 0.2 0.3 0.0 -0.5 -1.0 -3.3
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Figure 4.64. CEA group contributions to total fission rate (%)

g=1
1 3.0
2 12.0 12.8
3 12.0 12.7 12.7
4 o 11.9 11.9 o
5 11.8 12.6 12.5 11.5 11.6
6 11.5 12.2 12.1 11.2 10.8 o
7 o 11.1 11.1 o 10.5 10.7 11.4
8 10.1 10.7 10.7 10.0 10.7 11.1 11.0 10.4
9 9.9 9.9 9.9 9.9 10.0 10.0 10.0 9.7 8.7
10 9.9 9.9 9.9 9.9 10.0 10.0 10.1 10.0 9.6 9.0
11 8.1 8.4 8.4 8.1 8.4 8.7 8.8 8.8 8.8 8.7 8.5
12 o 7.6 7.6 o 7.4 7.6 8.1 8.4 8.5 8.4 8.3 7.9
13 7.4 7.7 7.6 7.3 7.1 o 7.4 8.1 8.2 8.2 8.1 7.4 o
14 7.3 7.6 7.6 7.2 7.3 7.0 7.2 7.8 8.1 8.1 7.8 7.1 7.0 7.3
15 o 7.3 7.3 o 7.2 7.2 o 7.4 8.1 8.1 7.4 o 7.2 7.2 o
16 7.3 7.5 7.5 7.2 7.5 7.5 7.3 7.7 8.1 8.1 7.8 7.3 7.5 7.5 7.2 7.5
17 7.3 7.5 7.5 7.3 7.6 7.6 7.4 7.8 8.0 8.1 7.8 7.4 7.6 7.6 7.3 7.6 7.6
18 1.2 7.3 7.3 o 7.3 7.3 o 7.5 8.1 8.1 7.5 o 7.3 7.3 o 7.3 7.3 1.2
19 7.3 7.6 7.6 7.3 7.6 7.6 7.3 7.8 8.1 8.1 7.8 7.4 7.6 7.6 7.3 7.6 7.6 7.3 7.6
20 7.3 7.6 7.6 7.3 7.6 7.6 7.4 7.8 8.1 8.1 7.8 7.4 7.6 7.6 7.3 7.6 7.6 7.4 7.6 7.7
21 o 7.3 7.3 o 7.2 7.3 o 7.5 8.1 8.1 7.5 o 7.3 7.3 o 7.3 7.4 o 7.4 7.4 o
22 7.3 7.6 7.6 7.2 7.3 7.0 7.2 7.8 8.1 8.2 7.8 7.2 7.1 7.3 7.2 7.6 7.6 7.3 7.6 7.6 7.3 7.4
23 7.2 7.5 7.5 7.1 6.9 o 7.3 7.9 8.1 8.1 8.0 7.3 o 6.9 7.1 7.5 7.5 7.3 7.5 7.5 7.2 7.0 o
24 o 6.9 6.9 o 6.7 6.9 7.3 7.7 7.8 7.8 7.7 7.4 6.9 6.7 o 6.9 6.9 o 6.9 7.0 o 6.7 6.8 6.9
25 6.0 6.3 6.3 6.0 6.3 6.5 6.6 6.7 6.7 6.7 6.7 6.6 6.5 6.3 6.0 6.3 6.3 6.1 6.3 6.3 6.1 6.3 6.5 6.3 5.7
26 4.2 4.2 4.2 4.2 4.2 4.2 4.3 4.3 4.3 4.3 4.3 4.3 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.3 4.2 4.2 3.9 2.9

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 18.3
2 19.8 20.6
3 19.8 20.6 20.6
4 o 19.7 19.6 o
5 19.5 20.4 20.3 19.1 19.0
6 19.0 19.9 19.8 18.6 16.5 o
7 o 17.0 16.9 o 16.1 16.6 17.2
8 15.6 16.2 16.2 15.5 16.2 16.7 16.6 15.6
9 12.2 12.1 12.1 12.2 12.2 12.2 12.2 11.8 10.7
10 12.7 12.7 12.7 12.7 12.8 12.8 12.9 12.7 12.2 11.6
11 10.6 10.9 10.9 10.6 10.9 11.2 11.3 11.4 11.3 11.0 10.8
12 o 9.9 9.9 o 9.7 10.0 10.4 10.7 10.8 10.7 10.5 10.1
13 9.6 9.8 9.8 9.5 9.3 o 9.7 10.4 10.5 10.5 10.3 9.6 o
14 9.4 9.7 9.6 9.4 9.4 9.2 9.3 10.0 10.3 10.3 9.9 9.3 9.1 9.3
15 o 9.4 9.4 o 9.3 9.3 o 9.6 10.2 10.2 9.6 o 9.3 9.3 o
16 9.3 9.5 9.5 9.3 9.5 9.6 9.4 9.8 10.2 10.2 9.9 9.5 9.6 9.5 9.3 9.5
17 9.3 9.5 9.5 9.3 9.6 9.6 9.5 9.8 10.1 10.1 9.9 9.5 9.6 9.6 9.3 9.5 9.5
18 7.7 9.3 9.3 o 9.3 9.4 o 9.6 10.1 10.1 9.6 o 9.4 9.3 o 9.3 9.3 7.7
19 9.3 9.5 9.5 9.3 9.5 9.6 9.4 9.8 10.1 10.1 9.8 9.5 9.6 9.6 9.3 9.5 9.5 9.3 9.5
20 9.3 9.5 9.5 9.3 9.5 9.5 9.4 9.8 10.1 10.1 9.8 9.4 9.6 9.5 9.3 9.5 9.5 9.3 9.5 9.5
21 o 9.2 9.2 o 9.2 9.2 o 9.5 10.1 10.1 9.5 o 9.2 9.2 o 9.2 9.2 o 9.2 9.2 o
22 9.1 9.3 9.3 9.0 9.1 8.9 9.0 9.6 10.0 10.0 9.7 9.1 8.9 9.1 9.1 9.3 9.3 9.1 9.3 9.3 9.0 8.9
23 8.9 9.1 9.1 8.8 8.6 o 9.0 9.6 9.8 9.8 9.6 9.0 o 8.6 8.8 9.1 9.1 8.9 9.1 9.1 8.7 8.4 o
24 o 8.3 8.3 o 8.2 8.4 8.8 9.1 9.2 9.2 9.1 8.8 8.4 8.2 o 8.3 8.3 o 8.3 8.3 o 8.0 8.0 7.8
25 7.2 7.3 7.3 7.2 7.4 7.5 7.7 7.7 7.8 7.8 7.8 7.7 7.6 7.4 7.2 7.3 7.4 7.2 7.3 7.3 7.1 7.2 7.2 6.9 6.1
26 5.1 5.1 5.1 5.1 5.1 5.1 5.2 5.2 5.2 5.2 5.2 5.2 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.0 5.0 4.8 4.4 3.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 78.8
2 68.2 66.6
3 68.3 66.7 66.7
4 o 68.4 68.5 o
5 68.6 67.0 67.2 69.3 69.4
6 69.4 67.9 68.1 70.2 72.7 o
7 o 71.9 72.0 o 73.4 72.7 71.3
8 74.3 73.0 73.1 74.5 73.2 72.3 72.4 74.0
9 77.9 78.0 78.0 77.9 77.8 77.8 77.8 78.5 80.6
10 77.4 77.4 77.4 77.4 77.2 77.1 77.1 77.4 78.2 79.4
11 81.3 80.7 80.7 81.4 80.6 80.1 79.8 79.8 79.9 80.3 80.8
12 o 82.5 82.5 o 82.9 82.4 81.5 80.8 80.7 80.8 81.2 82.0
13 83.0 82.5 82.6 83.2 83.6 o 82.8 81.5 81.2 81.3 81.6 83.0 o
14 83.2 82.8 82.8 83.4 83.3 83.8 83.5 82.2 81.5 81.5 82.3 83.5 83.9 83.4
15 o 83.4 83.4 o 83.5 83.5 o 83.0 81.7 81.7 82.9 o 83.5 83.6 o
16 83.4 82.9 82.9 83.4 82.9 82.9 83.3 82.4 81.8 81.8 82.4 83.2 82.9 82.9 83.4 82.9
17 83.4 82.9 82.9 83.4 82.9 82.8 83.2 82.4 81.8 81.8 82.4 83.2 82.8 82.9 83.4 82.9 82.9
18 91.1 83.4 83.4 o 83.4 83.3 o 83.0 81.8 81.8 82.9 o 83.3 83.3 o 83.4 83.3 91.1
19 83.4 82.9 82.9 83.4 82.9 82.8 83.2 82.4 81.8 81.8 82.4 83.2 82.8 82.9 83.4 82.9 82.9 83.4 82.9
20 83.4 82.9 82.9 83.4 82.9 82.9 83.2 82.4 81.8 81.8 82.4 83.2 82.8 82.9 83.4 82.9 82.9 83.3 82.9 82.9
21 o 83.4 83.5 o 83.6 83.5 o 83.1 81.8 81.8 83.0 o 83.5 83.5 o 83.5 83.4 o 83.4 83.4 o
22 83.6 83.1 83.1 83.7 83.6 84.1 83.8 82.6 81.9 81.8 82.5 83.8 84.0 83.6 83.7 83.1 83.1 83.6 83.1 83.1 83.7 83.7
23 83.9 83.4 83.5 84.1 84.5 o 83.7 82.5 82.1 82.1 82.4 83.7 o 84.4 84.1 83.5 83.4 83.8 83.4 83.4 84.1 84.6 o
24 o 84.8 84.8 o 85.2 84.7 83.9 83.2 83.0 83.0 83.2 83.8 84.7 85.1 o 84.8 84.7 o 84.7 84.7 o 85.3 85.2 85.2
25 86.8 86.4 86.4 86.8 86.4 86.0 85.7 85.6 85.5 85.5 85.6 85.7 85.9 86.3 86.8 86.4 86.3 86.7 86.3 86.3 86.8 86.4 86.3 86.7 88.2
26 90.7 90.7 90.7 90.7 90.7 90.6 90.6 90.5 90.5 90.5 90.5 90.6 90.6 90.7 90.7 90.7 90.7 90.7 90.7 90.7 90.7 90.7 90.8 91.0 91.8 93.8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
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Figure 4.65. EDF SN transport group contributions to total fission rate (%)

g=1
1 o
2 11.9 12.6
3 11.9 12.6 12.5
4 o 11.9 11.8 o
5 11.7 12.4 12.3 11.5 11.4
6 11.4 12.1 12.0 11.1 10.7 o
7 o 11.1 11.0 o 10.5 10.7 11.4
8 10.1 10.6 10.6 10.1 10.5 10.9 10.9 10.3
9 9.9 9.9 9.9 9.9 9.9 10.0 9.9 9.7 8.6
10 9.8 9.8 9.8 9.8 9.8 10.0 10.0 9.9 9.4 8.9
11 8.0 8.3 8.3 8.0 8.3 8.6 8.7 8.7 8.7 8.6 8.4
12 o 7.5 7.5 o 7.3 7.6 8.0 8.3 8.4 8.4 8.2 7.8
13 7.3 7.6 7.6 7.2 7.1 o 7.4 8.0 8.2 8.2 8.0 7.3 o
14 7.3 7.5 7.5 7.2 7.2 7.0 7.1 7.6 8.0 8.0 7.7 7.1 7.0 7.2
15 o 7.3 7.2 o 7.1 7.1 o 7.4 8.0 8.0 7.5 o 7.1 7.1 o
16 7.2 7.4 7.4 7.2 7.4 7.5 7.2 7.7 8.0 8.0 7.7 7.3 7.4 7.4 7.2 7.4
17 7.2 7.4 7.4 7.2 7.4 7.5 7.3 7.6 8.0 8.0 7.6 7.3 7.5 7.4 7.2 7.4 7.4
18 o 7.2 7.2 o 7.3 7.3 o 7.4 8.0 8.0 7.5 o 7.3 7.2 o 7.2 7.3 o
19 7.2 7.4 7.4 7.2 7.5 7.5 7.3 7.6 8.0 8.0 7.7 7.3 7.5 7.5 7.2 7.4 7.4 7.3 7.5
20 7.3 7.5 7.5 7.3 7.4 7.5 7.3 7.7 8.0 8.0 7.7 7.3 7.5 7.4 7.3 7.4 7.5 7.3 7.5 7.5
21 o 7.3 7.3 o 7.2 7.2 o 7.5 8.1 8.0 7.5 o 7.2 7.2 o 7.2 7.3 o 7.3 7.3 o
22 7.2 7.4 7.4 7.1 7.2 7.0 7.1 7.6 8.0 8.0 7.6 7.1 7.0 7.2 7.1 7.4 7.4 7.2 7.4 7.5 7.2 7.2
23 7.1 7.4 7.3 7.0 6.8 o 7.2 7.8 8.0 8.0 7.8 7.2 o 6.8 7.0 7.3 7.4 7.2 7.4 7.4 7.1 6.9 o
24 o 6.8 6.8 o 6.6 6.8 7.2 7.6 7.6 7.6 7.6 7.3 6.8 6.6 o 6.8 6.8 o 6.9 6.8 o 6.6 6.7 6.7
25 5.9 6.1 6.1 5.9 6.1 6.3 6.4 6.5 6.6 6.6 6.5 6.4 6.3 6.1 5.9 6.1 6.1 5.9 6.1 6.1 5.9 6.1 6.2 6.1 5.4
26 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.2 4.1 4.1 4.2 4.2 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.0 3.7 2.7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 o
2 19.6 20.7
3 19.5 20.7 20.6
4 o 19.6 19.5 o
5 19.3 20.4 20.3 19.0 19.0
6 18.9 19.9 19.8 18.4 16.6 o
7 o 17.0 16.8 o 16.1 16.5 17.2
8 15.6 16.3 16.2 15.5 16.2 16.6 16.6 15.7
9 12.3 12.3 12.3 12.3 12.3 12.4 12.3 11.9 10.8
10 12.6 12.6 12.6 12.6 12.7 12.8 12.8 12.7 12.2 11.5
11 10.5 10.8 10.8 10.5 10.9 11.1 11.3 11.4 11.2 11.0 10.8
12 o 9.9 9.8 o 9.7 9.9 10.4 10.7 10.8 10.7 10.5 10.0
13 9.5 9.8 9.8 9.4 9.3 o 9.7 10.3 10.5 10.5 10.2 9.6 o
14 9.4 9.7 9.6 9.3 9.4 9.2 9.3 9.9 10.3 10.3 9.9 9.3 9.1 9.3
15 o 9.3 9.3 o 9.2 9.2 o 9.6 10.2 10.2 9.6 o 9.2 9.2 o
16 9.3 9.6 9.5 9.3 9.5 9.6 9.4 9.8 10.2 10.2 9.8 9.4 9.6 9.5 9.3 9.5
17 9.3 9.5 9.5 9.3 9.6 9.6 9.4 9.8 10.2 10.2 9.8 9.4 9.6 9.6 9.3 9.5 9.5
18 o 9.3 9.3 o 9.3 9.3 o 9.6 10.1 10.1 9.6 o 9.3 9.3 o 9.3 9.3 o
19 9.2 9.5 9.5 9.3 9.5 9.6 9.4 9.8 10.1 10.1 9.8 9.4 9.6 9.5 9.3 9.5 9.5 9.2 9.5
20 9.2 9.5 9.5 9.2 9.5 9.5 9.4 9.8 10.1 10.1 9.8 9.4 9.5 9.5 9.2 9.5 9.5 9.2 9.5 9.5
21 o 9.2 9.2 o 9.1 9.1 o 9.5 10.0 10.0 9.5 o 9.1 9.1 o 9.2 9.2 o 9.2 9.2 o
22 9.1 9.3 9.3 9.0 9.1 8.9 9.0 9.6 10.0 10.0 9.7 9.0 8.9 9.1 9.0 9.3 9.3 9.1 9.3 9.3 8.9 8.9
23 8.8 9.1 9.1 8.7 8.6 o 9.0 9.6 9.8 9.8 9.6 9.0 o 8.7 8.7 9.1 9.1 8.9 9.1 9.1 8.7 8.5 o
24 o 8.4 8.3 o 8.2 8.4 8.8 9.1 9.3 9.3 9.2 8.8 8.4 8.2 o 8.4 8.4 o 8.4 8.3 o 8.0 8.0 7.9
25 7.3 7.4 7.4 7.3 7.5 7.6 7.7 7.9 7.9 7.9 7.9 7.8 7.6 7.5 7.3 7.4 7.4 7.3 7.4 7.4 7.2 7.3 7.3 7.0 6.2
26 5.2 5.2 5.2 5.2 5.3 5.3 5.3 5.4 5.4 5.4 5.4 5.3 5.3 5.3 5.2 5.3 5.2 5.2 5.2 5.2 5.2 5.2 5.1 5.0 4.5 3.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 o
2 68.5 66.7
3 68.6 66.7 66.8
4 o 68.5 68.7 o
5 68.9 67.1 67.3 69.5 69.6
6 69.7 68.0 68.2 70.5 72.7 o
7 o 72.0 72.2 o 73.4 72.8 71.4
8 74.4 73.1 73.2 74.4 73.3 72.5 72.5 74.0
9 77.8 77.8 77.8 77.8 77.8 77.6 77.7 78.4 80.5
10 77.6 77.6 77.6 77.6 77.5 77.3 77.2 77.4 78.3 79.5
11 81.4 80.9 80.9 81.4 80.9 80.3 80.0 79.9 80.0 80.4 80.9
12 o 82.6 82.6 o 83.0 82.6 81.6 81.0 80.8 80.9 81.3 82.1
13 83.1 82.6 82.7 83.4 83.6 o 82.9 81.7 81.3 81.3 81.8 83.1 o
14 83.4 82.8 82.9 83.5 83.4 83.8 83.5 82.4 81.7 81.7 82.4 83.6 83.9 83.5
15 o 83.4 83.5 o 83.6 83.6 o 83.0 81.8 81.8 82.9 o 83.7 83.7 o
16 83.5 83.0 83.0 83.5 83.0 83.0 83.4 82.5 81.9 81.8 82.5 83.3 83.0 83.1 83.5 83.1
17 83.5 83.0 83.0 83.5 83.0 82.9 83.3 82.5 81.9 81.8 82.5 83.3 82.9 83.0 83.5 83.0 83.0
18 o 83.5 83.5 o 83.5 83.4 o 83.0 81.9 81.9 82.9 o 83.4 83.4 o 83.5 83.5 o
19 83.6 83.0 83.1 83.5 83.0 83.0 83.3 82.6 81.9 81.9 82.5 83.3 82.9 83.0 83.5 83.1 83.0 83.5 83.1
20 83.5 83.0 83.0 83.5 83.1 83.0 83.3 82.5 81.9 81.8 82.5 83.3 83.0 83.0 83.5 83.0 83.0 83.5 83.0 83.0
21 o 83.5 83.6 o 83.7 83.7 o 83.1 81.9 81.9 83.0 o 83.7 83.7 o 83.6 83.5 o 83.6 83.5 o
22 83.7 83.2 83.3 83.9 83.8 84.1 83.9 82.8 82.0 82.0 82.7 83.8 84.1 83.8 83.9 83.3 83.2 83.7 83.2 83.3 83.9 83.9
23 84.0 83.5 83.6 84.2 84.5 o 83.8 82.6 82.2 82.2 82.6 83.8 o 84.5 84.2 83.6 83.5 84.0 83.5 83.6 84.2 84.7 o
24 o 84.8 84.9 o 85.2 84.8 84.0 83.3 83.1 83.1 83.2 83.9 84.8 85.1 o 84.9 84.8 o 84.8 84.9 o 85.3 85.3 85.3
25 86.8 86.5 86.5 86.8 86.5 86.1 85.8 85.6 85.5 85.5 85.6 85.8 86.1 86.4 86.8 86.4 86.4 86.8 86.4 86.5 86.8 86.6 86.5 86.8 88.4
26 90.7 90.7 90.7 90.7 90.7 90.6 90.5 90.5 90.5 90.5 90.5 90.5 90.6 90.7 90.7 90.7 90.7 90.7 90.7 90.7 90.7 90.7 90.8 91.0 91.8 93.8
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Figure 4.66. IKE J± transport group contributions to total fission rate (%)

g=1
1 2.9
2 11.7 12.5
3 11.7 12.5 12.4
4 o 11.5 11.5 o
5 11.6 12.3 12.2 11.2 11.4
6 11.2 11.9 11.8 10.7 10.7 o
7 o 10.7 10.7 o 10.3 10.4 11.0
8 10.0 10.5 10.5 9.9 10.4 10.6 10.6 10.0
9 9.8 9.8 9.8 9.7 9.8 9.9 9.8 9.5 8.6
10 9.6 9.6 9.6 9.5 9.7 9.7 9.8 9.7 9.3 8.7
11 8.0 8.3 8.3 7.9 8.3 8.4 8.6 8.7 8.6 8.4 8.2
12 o 7.4 7.4 o 7.2 7.4 7.9 8.1 8.2 8.1 8.0 7.6
13 7.2 7.4 7.4 7.0 7.0 o 7.2 7.8 8.0 7.9 7.7 7.1 o
14 7.1 7.3 7.3 6.9 7.1 6.9 7.0 7.6 7.8 7.8 7.6 7.0 6.8 7.1
15 o 7.0 7.0 o 6.9 6.9 o 7.2 7.7 7.7 7.2 o 6.9 6.9 o
16 7.0 7.3 7.3 6.9 7.3 7.3 7.0 7.5 7.8 7.8 7.5 7.0 7.3 7.3 6.9 7.3
17 7.0 7.3 7.3 7.0 7.3 7.3 7.1 7.5 7.8 7.8 7.5 7.1 7.3 7.3 7.0 7.3 7.3
18 1.2 7.0 7.0 o 7.0 7.0 o 7.2 7.7 7.7 7.2 o 7.0 7.0 o 7.0 7.0 1.2
19 7.0 7.3 7.3 7.0 7.3 7.3 7.1 7.5 7.8 7.8 7.5 7.1 7.3 7.3 7.0 7.3 7.3 7.0 7.4
20 7.0 7.3 7.3 7.0 7.3 7.3 7.1 7.5 7.8 7.8 7.6 7.1 7.3 7.3 7.0 7.3 7.4 7.0 7.4 7.4
21 o 7.0 7.0 o 6.9 6.9 o 7.2 7.7 7.7 7.3 o 6.9 6.9 o 7.0 7.0 o 7.0 7.0 o
22 7.0 7.3 7.2 6.9 7.0 6.8 6.9 7.5 7.8 7.8 7.5 6.9 6.8 7.1 6.9 7.3 7.3 7.0 7.3 7.3 6.9 7.0
23 6.9 7.1 7.1 6.7 6.7 o 6.9 7.5 7.7 7.7 7.5 6.9 o 6.7 6.7 7.1 7.2 6.9 7.2 7.2 6.8 6.7 o
24 o 6.4 6.4 o 6.3 6.5 6.9 7.2 7.3 7.3 7.2 6.9 6.5 6.4 o 6.4 6.5 o 6.5 6.5 o 6.3 6.3 6.3
25 5.7 5.9 5.9 5.6 5.9 6.0 6.1 6.2 6.2 6.2 6.2 6.1 6.0 5.9 5.6 5.9 5.9 5.7 5.9 5.9 5.7 5.9 5.9 5.7 5.1
26 4.1 4.1 4.1 4.1 4.1 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.1 4.1 4.1 4.1 4.2 4.2 4.1 4.2 4.1 4.0 3.7 2.9

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 18.6
2 19.9 20.7
3 19.8 20.7 20.6
4 o 19.6 19.6 o
5 19.6 20.4 20.3 19.1 19.1
6 19.1 19.9 19.8 18.5 16.9 o
7 o 17.0 16.9 o 16.3 16.5 17.1
8 15.7 16.3 16.2 15.6 16.2 16.5 16.4 15.6
9 12.4 12.4 12.4 12.4 12.4 12.5 12.4 12.0 10.9
10 12.8 12.8 12.8 12.8 12.9 13.0 13.0 12.8 12.4 11.7
11 10.8 11.0 11.0 10.8 11.1 11.4 11.5 11.5 11.4 11.2 10.9
12 o 10.0 10.0 o 9.8 10.1 10.5 10.9 10.9 10.8 10.6 10.2
13 9.7 9.9 9.9 9.6 9.4 o 9.8 10.4 10.6 10.6 10.3 9.7 o
14 9.5 9.7 9.7 9.4 9.5 9.3 9.4 10.0 10.4 10.4 10.0 9.4 9.2 9.4
15 o 9.4 9.4 o 9.4 9.4 o 9.7 10.3 10.3 9.7 o 9.4 9.3 o
16 9.4 9.6 9.6 9.4 9.6 9.7 9.5 9.9 10.2 10.3 9.9 9.5 9.7 9.6 9.4 9.6
17 9.4 9.6 9.6 9.4 9.6 9.7 9.5 9.9 10.2 10.2 9.9 9.5 9.7 9.6 9.4 9.6 9.6
18 7.3 9.4 9.4 o 9.4 9.4 o 9.7 10.2 10.2 9.7 o 9.4 9.4 o 9.4 9.4 7.4
19 9.4 9.6 9.6 9.4 9.6 9.6 9.5 9.9 10.2 10.2 9.9 9.5 9.7 9.6 9.4 9.6 9.6 9.4 9.6
20 9.3 9.6 9.6 9.3 9.6 9.6 9.5 9.9 10.2 10.2 9.9 9.5 9.6 9.6 9.3 9.6 9.6 9.3 9.6 9.5
21 o 9.3 9.3 o 9.2 9.2 o 9.6 10.1 10.1 9.6 o 9.3 9.2 o 9.3 9.3 o 9.3 9.3 o
22 9.2 9.4 9.4 9.1 9.1 9.0 9.1 9.7 10.0 10.1 9.7 9.1 9.0 9.1 9.1 9.4 9.4 9.2 9.4 9.3 9.0 8.9
23 8.9 9.1 9.1 8.8 8.7 o 9.0 9.6 9.8 9.8 9.7 9.1 o 8.7 8.8 9.1 9.1 8.9 9.1 9.1 8.7 8.5 o
24 o 8.3 8.3 o 8.2 8.4 8.8 9.1 9.2 9.2 9.1 8.8 8.4 8.2 o 8.3 8.3 o 8.3 8.3 o 8.0 8.0 7.8
25 7.2 7.3 7.3 7.2 7.4 7.6 7.7 7.8 7.8 7.8 7.8 7.7 7.6 7.4 7.2 7.3 7.3 7.2 7.3 7.3 7.1 7.2 7.2 6.9 6.1
26 5.2 5.2 5.2 5.2 5.2 5.3 5.3 5.3 5.4 5.4 5.3 5.3 5.3 5.3 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.1 4.9 4.5 3.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 78.4
2 68.4 66.8
3 68.5 66.8 66.9
4 o 68.8 68.9 o
5 68.9 67.3 67.5 69.8 69.5
6 69.7 68.2 68.4 70.8 72.4 o
7 o 72.3 72.4 o 73.4 73.0 71.8
8 74.3 73.2 73.3 74.6 73.4 72.9 73.0 74.4
9 77.8 77.7 77.8 77.9 77.7 77.6 77.8 78.5 80.4
10 77.6 77.5 77.5 77.6 77.4 77.3 77.2 77.5 78.3 79.6
11 81.2 80.7 80.7 81.3 80.6 80.2 79.9 79.8 80.0 80.5 80.9
12 o 82.6 82.6 o 82.9 82.5 81.6 81.0 80.9 81.0 81.4 82.2
13 83.1 82.6 82.7 83.4 83.6 o 83.0 81.8 81.4 81.5 81.9 83.2 o
14 83.4 82.9 83.0 83.6 83.4 83.8 83.6 82.4 81.8 81.8 82.4 83.6 83.9 83.6
15 o 83.6 83.6 o 83.8 83.7 o 83.1 82.0 82.0 83.1 o 83.8 83.8 o
16 83.6 83.1 83.1 83.7 83.1 83.1 83.5 82.6 82.0 82.0 82.6 83.4 83.1 83.1 83.7 83.1
17 83.6 83.1 83.1 83.6 83.1 83.0 83.4 82.6 82.0 82.0 82.5 83.4 83.0 83.0 83.6 83.1 83.0
18 91.5 83.6 83.6 o 83.6 83.6 o 83.1 82.1 82.1 83.1 o 83.5 83.6 o 83.6 83.6 91.4
19 83.6 83.1 83.1 83.7 83.1 83.0 83.4 82.6 82.0 82.0 82.5 83.4 83.0 83.0 83.6 83.1 83.1 83.6 83.1
20 83.6 83.1 83.1 83.7 83.1 83.1 83.5 82.6 82.0 82.0 82.6 83.4 83.0 83.1 83.6 83.1 83.0 83.6 83.1 83.1
21 o 83.7 83.7 o 83.9 83.8 o 83.2 82.2 82.1 83.2 o 83.8 83.8 o 83.7 83.7 o 83.7 83.7 o
22 83.9 83.3 83.4 84.1 83.8 84.2 84.0 82.8 82.2 82.2 82.8 83.9 84.2 83.8 84.0 83.4 83.3 83.9 83.3 83.4 84.1 84.0
23 84.2 83.7 83.8 84.5 84.7 o 84.1 82.9 82.5 82.5 82.9 84.0 o 84.6 84.5 83.8 83.7 84.2 83.7 83.8 84.5 84.9 o
24 o 85.2 85.2 o 85.5 85.1 84.3 83.7 83.5 83.5 83.7 84.3 85.1 85.4 o 85.2 85.2 o 85.2 85.2 o 85.7 85.7 85.9
25 87.1 86.8 86.8 87.2 86.8 86.5 86.3 86.1 86.0 85.9 86.0 86.2 86.5 86.7 87.2 86.8 86.8 87.1 86.8 86.8 87.2 86.9 86.9 87.4 88.8
26 90.6 90.6 90.6 90.7 90.6 90.5 90.5 90.4 90.4 90.4 90.4 90.5 90.5 90.6 90.7 90.6 90.6 90.7 90.6 90.6 90.7 90.7 90.8 91.1 91.9 93.7
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Figure 4.67. NRG SN transport group contributions to total fission rate (%)

g=1
1 o
2 12.3 12.5
3 12.3 12.5 12.3
4 o 12.3 12.3 o
5 12.3 12.3 12.4 12.1 11.3
6 11.9 12.2 11.9 11.9 10.6 o
7 o 11.4 11.3 o 10.5 11.0 11.1
8 10.5 10.6 10.7 10.3 10.5 11.4 11.3 10.6
9 10.1 10.1 10.0 10.1 10.1 10.0 10.1 9.9 9.0
10 10.1 10.1 10.0 10.1 10.1 10.1 10.2 10.1 9.8 8.7
11 8.1 8.0 8.1 8.0 8.0 8.6 8.6 8.4 8.5 8.5 8.2
12 o 7.7 7.7 o 7.4 7.7 7.8 8.3 8.3 8.2 8.2 7.7
13 7.5 7.6 7.5 7.5 7.2 o 7.6 8.1 8.1 8.1 8.1 7.5 o
14 7.5 7.5 7.5 7.4 7.1 7.1 7.2 7.6 8.1 8.1 7.6 7.2 7.1 7.1
15 o 7.4 7.4 o 7.4 7.4 o 7.5 8.0 8.0 7.6 o 7.4 7.4 o
16 7.4 7.5 7.4 7.4 7.5 7.4 7.5 7.6 8.0 8.0 7.7 7.5 7.4 7.5 7.4 7.4
17 7.5 7.4 7.5 7.4 7.4 7.5 7.5 7.6 8.0 8.0 7.6 7.5 7.5 7.5 7.4 7.5 7.5
18 o 7.4 7.5 o 7.5 7.5 o 7.6 8.0 8.0 7.6 o 7.5 7.5 o 7.4 7.5 o
19 7.4 7.4 7.5 7.4 7.4 7.5 7.5 7.6 8.0 8.0 7.6 7.5 7.5 7.5 7.4 7.5 7.5 7.5 7.4
20 7.5 7.5 7.4 7.5 7.5 7.4 7.5 7.7 8.0 8.0 7.7 7.5 7.4 7.5 7.5 7.4 7.5 7.5 7.5 7.4
21 o 7.5 7.5 o 7.4 7.5 o 7.6 8.1 8.1 7.6 o 7.5 7.4 o 7.5 7.5 o 7.5 7.5 o
22 7.5 7.4 7.4 7.4 7.1 7.1 7.2 7.6 8.1 8.0 7.6 7.2 7.1 7.1 7.4 7.4 7.5 7.5 7.4 7.5 7.4 7.1
23 7.4 7.4 7.3 7.4 7.0 o 7.4 8.0 8.0 8.0 8.0 7.5 o 7.0 7.4 7.4 7.4 7.4 7.5 7.4 7.4 7.0 o
24 o 7.1 7.1 o 6.8 7.1 7.3 7.7 7.8 7.7 7.7 7.3 7.1 6.8 o 7.1 7.2 o 7.1 7.2 o 6.8 7.1 6.8
25 6.4 6.4 6.5 6.4 6.4 6.9 6.9 6.8 7.0 7.0 6.9 6.9 6.9 6.4 6.4 6.5 6.5 6.5 6.4 6.5 6.4 6.5 6.8 6.6 6.0
26 4.0 3.9 3.9 4.0 4.0 4.0 4.0 4.1 4.0 4.1 4.1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.9 4.1 4.0 3.7 3.9 3.7 2.7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 o
2 19.9 20.4
3 19.9 20.4 20.3
4 o 19.8 19.8 o
5 19.8 20.2 20.2 19.6 19.0
6 19.3 19.9 19.7 19.3 16.4 o
7 o 17.0 16.9 o 16.1 16.7 16.8
8 15.9 16.2 16.2 15.8 16.2 16.8 16.6 16.0
9 12.3 12.3 12.3 12.3 12.3 12.3 12.3 12.0 11.0
10 13.0 12.9 12.9 13.0 12.9 13.0 13.0 12.8 12.5 10.9
11 10.3 10.5 10.5 10.3 10.5 10.7 10.8 10.8 10.6 10.4 10.3
12 o 9.9 9.8 o 9.6 9.9 10.1 10.3 10.3 10.2 10.0 9.7
13 9.6 9.7 9.7 9.6 9.4 o 9.7 10.1 10.1 10.0 9.9 9.5 o
14 9.5 9.6 9.6 9.4 9.4 9.3 9.4 9.8 10.0 9.9 9.7 9.3 9.1 9.2
15 o 9.4 9.4 o 9.4 9.4 o 9.6 10.0 9.9 9.5 o 9.3 9.3 o
16 9.4 9.5 9.5 9.4 9.5 9.5 9.5 9.7 9.9 9.9 9.6 9.4 9.4 9.4 9.3 9.4
17 9.4 9.5 9.5 9.4 9.5 9.6 9.5 9.7 9.9 9.8 9.6 9.4 9.5 9.5 9.3 9.4 9.5
18 o 9.4 9.4 o 9.4 9.4 o 9.5 9.9 9.9 9.5 o 9.3 9.3 o 9.3 9.3 o
19 9.4 9.5 9.5 9.4 9.5 9.5 9.5 9.7 9.9 9.8 9.6 9.4 9.5 9.4 9.3 9.4 9.4 9.3 9.4
20 9.4 9.5 9.5 9.4 9.5 9.5 9.4 9.7 9.9 9.8 9.6 9.4 9.4 9.4 9.3 9.4 9.4 9.3 9.4 9.4
21 o 9.3 9.3 o 9.3 9.3 o 9.5 9.9 9.8 9.4 o 9.3 9.2 o 9.3 9.3 o 9.3 9.3 o
22 9.3 9.4 9.4 9.2 9.2 9.1 9.2 9.6 9.8 9.7 9.5 9.1 9.0 9.1 9.2 9.3 9.3 9.2 9.3 9.3 9.1 9.0
23 9.1 9.2 9.2 9.1 8.9 o 9.2 9.6 9.7 9.6 9.6 9.2 o 8.9 9.0 9.1 9.2 9.0 9.2 9.2 9.0 8.7 o
24 o 8.7 8.7 o 8.6 8.8 9.0 9.2 9.3 9.2 9.2 8.9 8.7 8.5 o 8.6 8.7 o 8.7 8.6 o 8.4 8.4 8.2
25 7.9 8.0 8.0 7.9 8.0 8.2 8.2 8.3 8.3 8.3 8.3 8.2 8.1 7.9 7.8 7.9 7.9 7.8 7.9 7.9 7.8 7.9 7.9 7.6 7.0
26 4.8 4.8 4.8 4.8 4.8 4.8 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.7 4.6 4.2 3.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 o
2 67.8 67.2
3 67.8 67.2 67.4
4 o 67.9 67.9 o
5 67.9 67.5 67.5 68.3 69.6
6 68.7 67.9 68.4 68.8 72.9 o
7 o 71.6 71.8 o 73.4 72.3 72.1
8 73.7 73.2 73.1 73.9 73.2 71.8 72.1 73.4
9 77.5 77.7 77.7 77.5 77.6 77.7 77.7 78.1 79.9
10 76.9 77.0 77.1 77.0 76.9 76.9 76.8 77.1 77.7 80.4
11 81.6 81.5 81.4 81.7 81.5 80.7 80.6 80.8 80.8 81.1 81.5
12 o 82.5 82.5 o 83.0 82.4 82.1 81.4 81.4 81.5 81.7 82.5
13 82.9 82.7 82.9 82.9 83.5 o 82.7 81.8 81.8 81.9 81.9 83.0 o
14 83.0 82.9 82.9 83.1 83.5 83.6 83.4 82.6 81.9 82.0 82.7 83.5 83.8 83.6
15 o 83.1 83.1 o 83.2 83.1 o 82.9 82.0 82.1 82.9 o 83.2 83.3 o
16 83.2 83.0 83.1 83.2 83.0 83.1 83.1 82.7 82.1 82.2 82.7 83.1 83.2 83.1 83.3 83.2
17 83.1 83.0 83.0 83.1 83.0 82.9 83.0 82.7 82.1 82.2 82.7 83.0 83.0 83.1 83.2 83.1 83.1
18 o 83.2 83.1 o 83.1 83.1 o 82.9 82.0 82.1 82.9 o 83.2 83.2 o 83.3 83.2 o
19 83.2 83.0 83.0 83.2 83.1 82.9 83.0 82.7 82.1 82.2 82.8 83.1 83.0 83.1 83.3 83.1 83.1 83.2 83.1
20 83.1 83.0 83.1 83.1 83.0 83.1 83.0 82.6 82.1 82.2 82.7 83.1 83.1 83.0 83.2 83.1 83.1 83.2 83.0 83.2
21 o 83.2 83.2 o 83.3 83.2 o 83.0 82.0 82.1 83.0 o 83.3 83.3 o 83.3 83.2 o 83.2 83.2 o
22 83.3 83.2 83.2 83.4 83.7 83.8 83.6 82.8 82.1 82.2 82.9 83.6 83.9 83.7 83.4 83.3 83.2 83.3 83.3 83.2 83.5 83.9
23 83.5 83.3 83.4 83.5 84.1 o 83.3 82.4 82.3 82.4 82.4 83.4 o 84.1 83.6 83.5 83.4 83.6 83.3 83.5 83.6 84.2 o
24 o 84.1 84.2 o 84.6 84.1 83.8 83.1 83.0 83.0 83.1 83.8 84.2 84.7 o 84.2 84.1 o 84.2 84.1 o 84.8 84.5 84.9
25 85.7 85.6 85.6 85.8 85.6 85.0 84.9 84.9 84.7 84.8 84.9 84.9 85.0 85.6 85.8 85.6 85.6 85.7 85.6 85.5 85.8 85.7 85.3 85.8 87.0
26 91.2 91.2 91.3 91.2 91.2 91.2 91.1 91.1 91.1 91.1 91.1 91.1 91.2 91.2 91.2 91.2 91.3 91.2 91.2 91.3 91.2 91.2 91.5 91.5 92.1 93.9

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26



144

Figure 4.68. TU-Delft SN transport group contributions to total fission rate (%)

g=1
1 77.9
2 68.8 67.2
3 68.8 67.3 67.3
4 o 68.9 69.0 o
5 69.1 67.6 67.8 69.8 70.2
6 70.0 68.5 68.7 70.8 73.1 o
7 o 72.3 72.4 o 73.8 73.1 71.9
8 74.8 73.7 73.8 74.9 73.9 72.9 73.0 74.7
9 78.2 78.2 78.2 78.2 78.1 78.0 78.1 78.8 81.0
10 77.7 77.7 77.7 77.7 77.5 77.4 77.3 77.6 78.5 79.7
11 81.6 81.1 81.1 81.7 81.1 80.4 80.1 80.1 80.2 80.6 81.1
12 o 82.9 82.9 o 83.3 82.8 81.9 81.2 81.1 81.2 81.6 82.4
13 83.4 82.9 83.0 83.6 84.0 o 83.2 81.9 81.6 81.6 82.0 83.4 o
14 83.6 83.2 83.2 83.8 83.8 84.2 83.9 82.7 81.9 81.9 82.7 83.9 84.2 83.9
15 o 83.7 83.8 o 83.9 83.9 o 83.3 82.1 82.0 83.3 o 83.9 83.9 o
16 83.8 83.3 83.3 83.8 83.4 83.3 83.6 82.8 82.1 82.1 82.8 83.6 83.3 83.3 83.8 83.3
17 83.7 83.3 83.3 83.7 83.3 83.2 83.6 82.8 82.1 82.1 82.8 83.5 83.2 83.3 83.7 83.3 83.3
18 90.8 83.8 83.7 o 83.7 83.7 o 83.3 82.1 82.1 83.2 o 83.6 83.7 o 83.7 83.7 90.8
19 83.8 83.3 83.3 83.8 83.3 83.2 83.6 82.8 82.1 82.1 82.8 83.5 83.2 83.2 83.7 83.3 83.3 83.7 83.3
20 83.7 83.3 83.3 83.7 83.3 83.2 83.6 82.8 82.1 82.1 82.7 83.5 83.2 83.3 83.7 83.3 83.2 83.7 83.2 83.2
21 o 83.8 83.8 o 83.9 83.9 o 83.3 82.1 82.1 83.3 o 83.9 83.9 o 83.8 83.7 o 83.8 83.7 o
22 83.9 83.5 83.5 84.1 84.0 84.4 84.2 83.0 82.2 82.1 82.9 84.1 84.4 84.0 84.1 83.5 83.4 83.9 83.4 83.4 84.1 84.2
23 84.2 83.8 83.8 84.4 84.8 o 84.1 82.8 82.4 82.4 82.7 84.0 o 84.8 84.4 83.8 83.7 84.2 83.7 83.8 84.4 84.9 o
24 o 85.1 85.1 o 85.5 85.0 84.2 83.5 83.3 83.3 83.5 84.2 85.0 85.4 o 85.1 85.0 o 85.0 85.0 o 85.6 85.5 85.5
25 87.0 86.7 86.7 87.1 86.7 86.2 86.0 85.9 85.7 85.7 85.8 86.0 86.2 86.6 87.0 86.7 86.7 87.0 86.7 86.6 87.0 86.8 86.6 87.0 88.5
26 90.9 90.9 90.9 90.9 90.8 90.8 90.7 90.7 90.7 90.7 90.7 90.7 90.8 90.8 90.9 90.9 90.9 90.9 90.9 90.9 90.8 90.9 90.9 91.2 91.9 93.9

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 19.0
2 19.8 20.7
3 19.7 20.7 20.6
4 o 19.7 19.6 o
5 19.5 20.4 20.3 19.1 18.9
6 19.0 19.9 19.8 18.5 16.7 o
7 o 17.0 17.0 o 16.2 16.6 17.2
8 15.5 16.1 16.1 15.4 16.1 16.5 16.5 15.5
9 12.2 12.2 12.2 12.2 12.3 12.3 12.3 11.8 10.7
10 12.7 12.7 12.7 12.7 12.8 12.9 12.9 12.7 12.3 11.5
11 10.6 10.9 10.8 10.6 10.9 11.2 11.3 11.4 11.2 11.0 10.7
12 o 9.8 9.8 o 9.6 9.9 10.3 10.7 10.8 10.7 10.4 10.0
13 9.5 9.7 9.7 9.4 9.2 o 9.6 10.3 10.5 10.4 10.2 9.5 o
14 9.3 9.6 9.6 9.3 9.3 9.1 9.3 9.9 10.3 10.2 9.9 9.2 9.0 9.2
15 o 9.3 9.2 o 9.2 9.2 o 9.5 10.1 10.1 9.5 o 9.2 9.2 o
16 9.2 9.5 9.5 9.2 9.5 9.5 9.3 9.7 10.1 10.1 9.8 9.3 9.5 9.5 9.2 9.5
17 9.2 9.5 9.5 9.2 9.5 9.5 9.4 9.7 10.1 10.1 9.8 9.4 9.5 9.5 9.2 9.5 9.5
18 7.9 9.2 9.2 o 9.2 9.3 o 9.5 10.1 10.1 9.5 o 9.3 9.3 o 9.2 9.2 7.9
19 9.2 9.4 9.4 9.2 9.5 9.5 9.3 9.7 10.1 10.1 9.8 9.4 9.5 9.5 9.2 9.5 9.5 9.2 9.4
20 9.2 9.4 9.4 9.2 9.4 9.5 9.3 9.7 10.1 10.1 9.7 9.3 9.5 9.5 9.2 9.4 9.5 9.2 9.4 9.4
21 o 9.1 9.1 o 9.1 9.1 o 9.4 10.0 10.0 9.4 o 9.1 9.1 o 9.1 9.2 o 9.1 9.1 o
22 9.0 9.3 9.2 8.9 9.0 8.8 8.9 9.5 9.9 9.9 9.6 9.0 8.8 9.0 9.0 9.2 9.3 9.0 9.3 9.2 8.9 8.8
23 8.8 9.0 9.0 8.7 8.5 o 8.9 9.5 9.7 9.7 9.5 8.9 o 8.6 8.7 9.0 9.0 8.8 9.0 9.0 8.6 8.4 o
24 o 8.2 8.2 o 8.1 8.3 8.7 9.0 9.1 9.1 9.0 8.7 8.3 8.1 o 8.2 8.3 o 8.2 8.2 o 7.9 7.9 7.7
25 7.1 7.3 7.2 7.1 7.3 7.5 7.6 7.7 7.7 7.7 7.7 7.6 7.5 7.3 7.1 7.3 7.3 7.1 7.3 7.2 7.0 7.1 7.1 6.9 6.0
26 5.0 5.0 5.0 5.0 5.1 5.1 5.1 5.1 5.2 5.2 5.1 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.9 4.7 4.3 3.3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 3.0
2 11.5 12.1
3 11.5 12.1 12.0
4 o 11.4 11.4 o
5 11.3 11.9 11.9 11.1 10.9
6 11.0 11.6 11.5 10.7 10.3 o
7 o 10.7 10.6 o 10.0 10.3 10.9
8 9.7 10.1 10.1 9.6 10.1 10.5 10.5 9.9
9 9.6 9.5 9.5 9.6 9.6 9.7 9.6 9.3 8.3
10 9.6 9.6 9.6 9.6 9.6 9.7 9.8 9.7 9.3 8.7
11 7.8 8.0 8.1 7.8 8.1 8.4 8.5 8.5 8.5 8.4 8.1
12 o 7.3 7.3 o 7.1 7.3 7.7 8.1 8.2 8.1 8.0 7.6
13 7.1 7.3 7.3 7.0 6.8 o 7.2 7.8 8.0 8.0 7.8 7.1 o
14 7.0 7.2 7.2 6.9 6.9 6.7 6.9 7.5 7.9 7.9 7.5 6.9 6.7 6.9
15 o 7.0 7.0 o 6.9 6.9 o 7.2 7.8 7.8 7.2 o 6.9 6.9 o
16 7.0 7.2 7.2 7.0 7.2 7.2 7.0 7.4 7.8 7.8 7.4 7.0 7.2 7.2 7.0 7.2
17 7.0 7.2 7.2 7.0 7.2 7.3 7.1 7.4 7.8 7.8 7.5 7.1 7.3 7.2 7.0 7.2 7.3
18 1.2 7.0 7.0 o 7.0 7.1 o 7.2 7.8 7.8 7.3 o 7.1 7.1 o 7.0 7.1 1.2
19 7.0 7.2 7.2 7.0 7.2 7.3 7.1 7.5 7.8 7.8 7.5 7.1 7.3 7.3 7.0 7.3 7.3 7.1 7.3
20 7.1 7.3 7.3 7.1 7.3 7.3 7.1 7.5 7.8 7.9 7.5 7.1 7.3 7.3 7.1 7.3 7.3 7.1 7.3 7.4
21 o 7.1 7.1 o 7.0 7.0 o 7.2 7.9 7.9 7.3 o 7.0 7.0 o 7.1 7.1 o 7.1 7.2 o
22 7.0 7.3 7.2 7.0 7.0 6.8 6.9 7.5 7.9 7.9 7.5 6.9 6.8 7.0 7.0 7.2 7.3 7.1 7.3 7.3 7.1 7.0
23 7.0 7.2 7.2 6.9 6.7 o 7.0 7.7 7.9 7.9 7.7 7.1 o 6.7 6.9 7.2 7.2 7.0 7.3 7.3 7.0 6.7 o
24 o 6.7 6.7 o 6.5 6.7 7.1 7.5 7.6 7.6 7.5 7.1 6.7 6.5 o 6.7 6.7 o 6.7 6.8 o 6.5 6.6 6.7
25 5.9 6.1 6.1 5.8 6.1 6.3 6.4 6.5 6.6 6.6 6.5 6.4 6.3 6.1 5.9 6.1 6.1 5.9 6.1 6.1 5.9 6.1 6.3 6.2 5.5
26 4.1 4.1 4.1 4.1 4.1 4.1 4.2 4.2 4.2 4.2 4.2 4.2 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.2 4.1 4.1 3.8 2.8
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Figure 4.69. TU-Delft diffusion group contributions to total fission rate (%)

g=1
1 75.5
2 68.6 67.2
3 68.7 67.2 67.3
4 o 68.8 69.0 o
5 69.2 67.8 68.0 70.0 70.2
6 70.2 68.9 69.1 71.2 72.8 o
7 o 72.6 72.7 o 73.7 73.4 72.7
8 75.1 74.3 74.4 75.3 74.5 74.1 74.3 75.9
9 78.7 78.6 78.6 78.7 78.6 78.5 78.7 79.5 81.5
10 77.3 77.3 77.3 77.3 77.2 77.0 77.0 77.4 78.2 79.5
11 80.8 80.4 80.5 80.8 80.4 80.0 79.7 79.7 79.9 80.4 81.0
12 o 82.3 82.3 o 82.5 82.2 81.5 81.0 80.9 81.1 81.6 82.3
13 83.0 82.7 82.7 83.2 83.4 o 82.8 81.9 81.5 81.6 82.1 83.1 o
14 83.4 83.1 83.1 83.5 83.4 83.6 83.4 82.5 82.0 82.0 82.6 83.5 83.8 83.7
15 o 83.6 83.6 o 83.7 83.7 o 83.0 82.2 82.2 83.1 o 83.7 83.8 o
16 83.7 83.3 83.3 83.7 83.3 83.3 83.4 82.8 82.3 82.3 82.8 83.4 83.3 83.4 83.7 83.4
17 83.7 83.4 83.4 83.7 83.3 83.2 83.4 82.8 82.3 82.3 82.8 83.4 83.2 83.3 83.7 83.3 83.3
18 90.2 83.7 83.7 o 83.7 83.6 o 83.1 82.4 82.4 83.1 o 83.5 83.6 o 83.7 83.7 90.1
19 83.7 83.4 83.4 83.7 83.3 83.3 83.5 82.8 82.3 82.3 82.8 83.4 83.2 83.3 83.7 83.4 83.4 83.7 83.4
20 83.8 83.4 83.4 83.8 83.4 83.3 83.5 82.9 82.4 82.4 82.8 83.5 83.3 83.4 83.8 83.4 83.4 83.7 83.4 83.5
21 o 83.9 83.9 o 84.0 83.9 o 83.3 82.5 82.5 83.3 o 83.9 84.0 o 83.9 83.9 o 83.9 83.9 o
22 84.2 83.8 83.9 84.3 84.2 84.4 84.1 83.3 82.7 82.7 83.2 84.1 84.4 84.2 84.3 83.9 83.8 84.1 83.8 83.9 84.4 84.6
23 84.8 84.5 84.5 85.0 85.1 o 84.5 83.6 83.2 83.2 83.6 84.4 o 85.0 84.9 84.5 84.4 84.8 84.4 84.5 85.1 85.5 o
24 o 86.0 86.0 o 86.1 85.8 85.3 84.8 84.6 84.6 84.8 85.2 85.8 86.1 o 86.0 86.0 o 86.0 86.0 o 86.5 86.7 87.2
25 88.2 88.0 88.0 88.2 87.9 87.7 87.5 87.4 87.3 87.3 87.3 87.5 87.7 87.9 88.1 88.0 88.0 88.1 88.0 88.0 88.2 88.2 88.4 89.0 90.4
26 91.6 91.6 91.6 91.6 91.6 91.5 91.5 91.4 91.4 91.4 91.4 91.4 91.5 91.6 91.6 91.6 91.6 91.6 91.6 91.6 91.6 91.7 91.8 92.2 93.0 94.6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 21.0
2 19.9 20.7
3 19.9 20.7 20.6
4 o 19.7 19.7 o
5 19.6 20.3 20.2 19.1 18.9
6 18.9 19.7 19.5 18.4 16.8 o
7 o 16.9 16.8 o 16.2 16.4 16.7
8 15.4 15.8 15.8 15.3 15.7 15.9 15.7 14.8
9 12.0 12.0 12.0 12.0 12.0 12.1 12.0 11.5 10.4
10 12.9 13.0 13.0 12.9 13.0 13.1 13.1 12.9 12.4 11.7
11 11.0 11.2 11.2 11.0 11.2 11.4 11.6 11.6 11.4 11.1 10.8
12 o 10.2 10.2 o 10.1 10.3 10.6 10.8 10.9 10.7 10.5 10.1
13 9.8 10.0 9.9 9.7 9.6 o 9.9 10.4 10.5 10.5 10.2 9.7 o
14 9.6 9.7 9.7 9.5 9.5 9.5 9.6 10.0 10.3 10.2 10.0 9.5 9.3 9.4
15 o 9.4 9.4 o 9.4 9.4 o 9.7 10.1 10.1 9.7 o 9.4 9.3 o
16 9.4 9.5 9.5 9.4 9.5 9.6 9.5 9.8 10.1 10.1 9.8 9.5 9.6 9.5 9.4 9.5
17 9.3 9.5 9.5 9.3 9.5 9.6 9.5 9.8 10.0 10.1 9.8 9.5 9.6 9.5 9.3 9.5 9.5
18 8.5 9.3 9.3 o 9.4 9.4 o 9.6 10.0 10.0 9.7 o 9.4 9.4 o 9.3 9.3 8.5
19 9.3 9.5 9.5 9.3 9.5 9.5 9.5 9.8 10.0 10.0 9.8 9.5 9.6 9.5 9.3 9.5 9.5 9.3 9.4
20 9.3 9.4 9.4 9.3 9.4 9.5 9.4 9.7 10.0 10.0 9.7 9.4 9.5 9.5 9.3 9.4 9.4 9.3 9.4 9.4
21 o 9.2 9.2 o 9.1 9.2 o 9.5 9.9 9.9 9.5 o 9.2 9.2 o 9.2 9.2 o 9.2 9.1 o
22 9.0 9.1 9.1 8.9 9.0 8.9 9.1 9.5 9.7 9.7 9.5 9.1 8.9 9.0 9.0 9.1 9.1 9.0 9.1 9.1 8.8 8.6
23 8.6 8.8 8.7 8.5 8.5 o 8.8 9.2 9.4 9.4 9.2 8.8 o 8.5 8.5 8.7 8.8 8.6 8.7 8.7 8.4 8.2 o
24 o 7.9 7.9 o 7.9 8.0 8.3 8.5 8.6 8.6 8.5 8.3 8.1 7.9 o 7.9 7.9 o 7.9 7.8 o 7.6 7.4 7.1
25 6.7 6.7 6.7 6.7 6.8 6.9 7.0 7.1 7.1 7.1 7.1 7.0 6.9 6.8 6.7 6.8 6.8 6.7 6.7 6.7 6.6 6.6 6.4 6.1 5.3
26 4.8 4.8 4.8 4.8 4.8 4.8 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.7 4.6 4.4 3.9 3.1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 3.5
2 11.5 12.1
3 11.5 12.1 12.1
4 o 11.4 11.3 o
5 11.3 11.9 11.8 10.9 10.9
6 10.9 11.4 11.4 10.5 10.4 o
7 o 10.5 10.5 o 10.0 10.2 10.6
8 9.5 9.9 9.9 9.4 9.8 10.0 10.0 9.3
9 9.3 9.4 9.3 9.3 9.4 9.4 9.4 9.0 8.1
10 9.7 9.8 9.8 9.8 9.8 9.9 9.9 9.8 9.4 8.9
11 8.1 8.3 8.3 8.1 8.4 8.6 8.7 8.7 8.6 8.4 8.2
12 o 7.5 7.5 o 7.4 7.5 7.9 8.2 8.2 8.1 7.9 7.6
13 7.2 7.4 7.4 7.1 7.0 o 7.3 7.8 7.9 7.9 7.7 7.2 o
14 7.1 7.2 7.2 7.0 7.0 6.9 7.0 7.5 7.8 7.8 7.5 7.0 6.8 6.9
15 o 7.0 7.0 o 6.9 6.9 o 7.2 7.6 7.7 7.2 o 6.9 6.9 o
16 7.0 7.1 7.1 6.9 7.1 7.2 7.0 7.4 7.6 7.6 7.4 7.1 7.2 7.1 6.9 7.1
17 7.0 7.1 7.1 7.0 7.2 7.2 7.1 7.4 7.6 7.6 7.4 7.1 7.2 7.2 7.0 7.2 7.2
18 1.4 7.0 7.0 o 7.0 7.0 o 7.2 7.6 7.6 7.2 o 7.0 7.0 o 7.0 7.0 1.4
19 7.0 7.1 7.1 7.0 7.2 7.2 7.1 7.4 7.6 7.7 7.4 7.1 7.2 7.2 7.0 7.2 7.2 7.0 7.2
20 7.0 7.2 7.1 7.0 7.1 7.2 7.1 7.4 7.7 7.7 7.4 7.1 7.2 7.2 7.0 7.2 7.2 7.0 7.2 7.2
21 o 6.9 6.9 o 6.9 6.9 o 7.2 7.6 7.6 7.2 o 6.9 6.9 o 6.9 7.0 o 7.0 7.0 o
22 6.8 7.0 7.0 6.8 6.8 6.7 6.8 7.3 7.6 7.6 7.3 6.9 6.7 6.8 6.8 7.0 7.0 6.9 7.0 7.0 6.8 6.7
23 6.6 6.8 6.8 6.5 6.5 o 6.7 7.2 7.4 7.4 7.2 6.8 o 6.5 6.5 6.8 6.8 6.6 6.8 6.8 6.5 6.4 o
24 o 6.1 6.1 o 6.0 6.2 6.5 6.7 6.8 6.8 6.7 6.5 6.2 6.0 o 6.1 6.1 o 6.1 6.1 o 5.9 5.9 5.7
25 5.1 5.3 5.2 5.1 5.3 5.4 5.5 5.6 5.6 5.6 5.6 5.5 5.4 5.3 5.1 5.3 5.3 5.2 5.3 5.3 5.1 5.2 5.2 5.0 4.3
26 3.6 3.6 3.6 3.6 3.6 3.6 3.7 3.7 3.7 3.7 3.7 3.7 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.4 3.1 2.4
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Figure 4.70. TU-Delft 3-D Monte Carlo (KENOVa) group contributions to total fission rate (%)

g=1
1 o
2 69.4 67.5
3 69.2 67.5 67.5
4 o 69.6 69.6 o
5 69.7 67.7 67.9 70.4 70.1
6 70.4 68.7 68.8 71.3 73.3 o
7 o 72.8 73.0 o 74.1 73.6 72.0
8 74.9 73.7 73.8 75.0 73.8 73.0 73.1 74.6
9 78.4 78.3 78.2 78.4 78.3 78.2 78.2 78.8 80.9
10 78.3 78.2 78.2 78.4 78.1 77.9 78.0 78.2 78.9 80.1
11 81.9 81.0 81.1 81.9 81.1 80.7 80.4 80.3 80.5 80.8 81.3
12 o 83.0 83.0 o 83.3 83.0 81.9 81.4 81.2 81.4 81.8 82.5
13 83.5 82.9 83.0 83.8 83.9 o 83.3 82.1 81.7 81.8 82.1 83.5 o
14 83.8 83.1 83.1 84.0 83.6 84.1 83.9 82.7 82.0 82.0 82.7 83.8 84.2 83.7
15 o 83.9 83.9 o 84.1 84.2 o 83.4 82.4 82.2 83.4 o 84.1 84.1 o
16 84.0 83.3 83.2 84.0 83.3 83.3 83.8 82.8 82.2 82.1 82.8 83.8 83.3 83.3 84.0 83.3
17 84.0 83.3 83.3 83.9 83.2 83.2 83.7 82.8 82.2 82.2 82.7 83.6 83.1 83.2 83.9 83.2 83.2
18 o 84.0 84.0 o 84.0 83.8 o 83.5 82.3 82.3 83.4 o 83.9 83.9 o 83.9 84.0 o
19 83.9 83.3 83.3 84.0 83.3 83.2 83.8 82.8 82.2 82.3 82.8 83.8 83.1 83.2 84.0 83.3 83.3 84.0 83.2
20 83.8 83.3 83.3 83.9 83.3 83.4 83.8 82.9 82.1 82.2 82.7 83.7 83.2 83.2 83.8 83.2 83.3 83.9 83.2 83.1
21 o 84.1 84.1 o 84.1 84.1 o 83.6 82.4 82.3 83.4 o 84.1 84.2 o 84.0 84.0 o 84.0 83.9 o
22 84.1 83.5 83.5 84.3 84.0 84.4 84.2 83.1 82.3 82.3 82.9 84.1 84.3 83.8 84.3 83.5 83.4 84.2 83.4 83.5 84.3 84.2
23 84.5 83.7 83.9 84.7 84.8 o 84.3 83.1 82.7 82.6 83.0 84.3 o 84.9 84.7 83.9 83.8 84.4 83.9 83.8 84.6 84.9 o
24 o 85.3 85.4 o 85.4 85.3 84.4 83.8 83.5 83.5 83.7 84.2 85.2 85.6 o 85.4 85.3 o 85.3 85.3 o 85.6 85.6 85.7
25 87.1 86.7 86.7 87.1 86.6 86.4 86.1 85.8 85.8 85.8 85.9 86.0 86.4 86.7 87.1 86.6 86.6 87.1 86.6 86.6 87.1 86.8 86.6 87.0 88.5
26 90.6 90.5 90.4 90.4 90.4 90.3 90.2 90.3 90.2 90.2 90.2 90.3 90.3 90.4 90.5 90.5 90.4 90.5 90.4 90.4 90.4 90.5 90.5 90.8 91.6 93.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 o
2 19.0 20.1
3 19.1 20.1 20.0
4 o 18.8 18.9 o
5 18.8 20.0 19.9 18.4 18.6
6 18.4 19.3 19.3 17.9 16.1 o
7 o 16.4 16.3 o 15.6 15.9 16.8
8 15.1 15.8 15.7 15.1 15.7 16.2 16.1 15.3
9 11.8 11.9 12.0 11.9 12.0 11.9 11.9 11.6 10.5
10 12.2 12.3 12.3 12.2 12.4 12.5 12.4 12.3 11.9 11.2
11 10.3 10.7 10.7 10.2 10.7 10.9 11.1 11.1 11.0 10.8 10.5
12 o 9.6 9.6 o 9.5 9.6 10.2 10.5 10.6 10.4 10.2 9.8
13 9.4 9.6 9.6 9.1 9.1 o 9.4 10.0 10.2 10.2 10.0 9.3 o
14 9.1 9.5 9.5 9.0 9.2 9.0 9.1 9.7 10.1 10.1 9.7 9.1 8.9 9.2
15 o 9.0 9.0 o 9.0 8.9 o 9.3 9.8 9.9 9.4 o 9.0 9.0 o
16 9.0 9.4 9.4 9.0 9.4 9.3 9.1 9.7 10.0 10.0 9.7 9.1 9.4 9.4 9.0 9.3
17 9.0 9.4 9.3 9.0 9.4 9.4 9.2 9.6 9.9 9.9 9.7 9.3 9.4 9.4 9.1 9.3 9.4
18 o 9.0 9.0 o 9.0 9.1 o 9.3 9.9 9.9 9.4 o 9.1 9.1 o 9.0 9.0 o
19 9.1 9.3 9.3 9.0 9.3 9.4 9.1 9.6 9.9 9.8 9.6 9.1 9.4 9.4 9.0 9.3 9.3 9.0 9.4
20 9.1 9.3 9.3 9.0 9.2 9.3 9.0 9.5 10.0 9.9 9.6 9.2 9.3 9.4 9.0 9.3 9.3 9.0 9.3 9.4
21 o 8.9 8.9 o 8.9 8.9 o 9.1 9.8 9.8 9.2 o 8.9 8.8 o 9.0 8.9 o 8.9 8.9 o
22 8.8 9.1 9.1 8.7 8.9 8.7 8.9 9.3 9.7 9.8 9.4 8.9 8.7 9.0 8.7 9.2 9.2 8.8 9.1 9.1 8.7 8.7
23 8.6 8.9 8.8 8.4 8.4 o 8.7 9.3 9.4 9.5 9.3 8.7 o 8.3 8.4 8.8 8.9 8.6 8.8 8.9 8.4 8.2 o
24 o 8.0 8.0 o 8.0 8.1 8.5 8.8 8.9 8.9 8.8 8.6 8.1 7.9 o 8.0 8.0 o 8.0 8.0 o 7.8 7.7 7.5
25 7.0 7.1 7.1 6.9 7.2 7.3 7.4 7.6 7.6 7.5 7.6 7.5 7.3 7.1 6.9 7.2 7.2 6.9 7.2 7.1 6.9 7.0 7.1 6.8 5.9
26 5.0 5.1 5.1 5.1 5.1 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.1 5.1 5.0 5.0 5.1 5.1 5.1 5.1 5.1 5.0 5.0 4.8 4.3 3.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 o
2 11.6 12.4
3 11.7 12.4 12.4
4 o 11.6 11.6 o
5 11.5 12.4 12.3 11.3 11.3
6 11.2 12.0 11.9 10.8 10.6 o
7 o 10.8 10.8 o 10.3 10.5 11.2
8 10.0 10.5 10.5 9.9 10.4 10.8 10.8 10.2
9 9.8 9.8 9.8 9.7 9.8 9.9 9.9 9.6 8.6
10 9.5 9.5 9.5 9.4 9.5 9.7 9.6 9.5 9.2 8.7
11 7.9 8.2 8.3 7.8 8.2 8.4 8.5 8.6 8.5 8.4 8.2
12 o 7.4 7.4 o 7.3 7.4 7.9 8.2 8.2 8.2 8.0 7.7
13 7.2 7.5 7.5 7.0 7.0 o 7.2 7.9 8.0 8.0 7.8 7.2 o
14 7.1 7.4 7.4 7.0 7.2 6.9 7.0 7.6 7.9 7.9 7.6 7.0 6.9 7.1
15 o 7.1 7.0 o 6.9 6.9 o 7.2 7.8 7.8 7.3 o 6.9 6.9 o
16 7.0 7.4 7.4 7.0 7.4 7.4 7.1 7.6 7.8 7.9 7.6 7.1 7.4 7.3 7.0 7.4
17 7.0 7.4 7.4 7.0 7.4 7.4 7.1 7.6 7.9 7.9 7.6 7.1 7.4 7.4 7.0 7.4 7.4
18 o 7.0 7.0 o 7.0 7.1 o 7.2 7.8 7.8 7.3 o 7.1 7.1 o 7.1 7.0 o
19 7.1 7.4 7.4 7.0 7.4 7.4 7.1 7.6 7.9 7.9 7.6 7.1 7.5 7.4 7.1 7.4 7.4 7.1 7.4
20 7.1 7.4 7.4 7.1 7.4 7.4 7.2 7.6 7.9 7.9 7.6 7.2 7.4 7.4 7.1 7.5 7.4 7.1 7.5 7.5
21 o 7.1 7.0 o 7.0 7.0 o 7.3 7.9 7.9 7.3 o 7.0 7.0 o 7.1 7.1 o 7.1 7.2 o
22 7.1 7.4 7.4 7.0 7.1 6.9 6.9 7.6 7.9 7.9 7.6 7.0 7.0 7.2 7.0 7.4 7.4 7.1 7.5 7.5 7.1 7.1
23 7.0 7.4 7.3 6.9 6.8 o 7.0 7.6 7.8 7.9 7.7 7.1 o 6.8 6.8 7.3 7.3 7.0 7.3 7.4 7.0 6.8 o
24 o 6.7 6.7 o 6.6 6.7 7.1 7.4 7.6 7.5 7.4 7.2 6.7 6.5 o 6.6 6.7 o 6.7 6.8 o 6.6 6.6 6.8
25 5.9 6.2 6.2 6.0 6.2 6.3 6.5 6.6 6.7 6.6 6.6 6.5 6.4 6.2 6.0 6.2 6.2 6.0 6.2 6.3 6.0 6.3 6.4 6.2 5.6
26 4.4 4.5 4.5 4.5 4.5 4.5 4.6 4.5 4.6 4.6 4.6 4.6 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.4 4.1 3.3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
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Figure 4.71. PSI diffusion nodal group contributions to total fission rate (%)

g=1
1 79.3
2 68.2 66.4
3 68.3 66.4 66.5
4 o 68.3 68.5 o
5 68.6 66.8 67.0 69.2 69.4
6 69.4 67.6 67.8 70.2 72.5 o
7 o 71.8 71.9 o 73.2 72.5 71.1
8 74.0 72.8 72.9 74.1 73.0 72.1 72.1 73.6
9 77.5 77.4 77.4 77.5 77.4 77.2 77.3 78.0 80.0
10 77.5 77.5 77.5 77.5 77.4 77.2 77.1 77.4 78.2 79.4
11 81.3 80.7 80.7 81.3 80.7 80.1 79.8 79.7 79.8 80.2 80.6
12 o 82.4 82.5 o 82.8 82.4 81.4 80.8 80.6 80.7 81.1 81.9
13 83.0 82.4 82.5 83.2 83.5 o 82.8 81.5 81.1 81.1 81.6 82.9 o
14 83.2 82.7 82.7 83.4 83.3 83.7 83.4 82.2 81.4 81.4 82.2 83.4 83.7 83.4
15 o 83.3 83.3 o 83.5 83.4 o 82.8 81.6 81.6 82.8 o 83.5 83.5 o
16 83.4 82.8 82.8 83.4 82.9 82.8 83.2 82.4 81.6 81.6 82.3 83.2 82.8 82.8 83.4 82.8
17 83.3 82.8 82.8 83.3 82.8 82.7 83.1 82.3 81.6 81.6 82.3 83.1 82.7 82.8 83.3 82.8 82.8
18 91.3 83.3 83.3 o 83.3 83.2 o 82.8 81.7 81.6 82.8 o 83.2 83.3 o 83.3 83.3 91.3
19 83.4 82.8 82.8 83.4 82.8 82.7 83.2 82.4 81.6 81.6 82.3 83.1 82.7 82.8 83.3 82.8 82.8 83.3 82.8
20 83.3 82.8 82.8 83.3 82.8 82.8 83.2 82.3 81.7 81.6 82.3 83.1 82.8 82.8 83.3 82.8 82.8 83.3 82.8 82.8
21 o 83.4 83.4 o 83.5 83.5 o 82.9 81.7 81.7 82.9 o 83.5 83.5 o 83.4 83.4 o 83.4 83.4 o
22 83.6 83.0 83.1 83.7 83.6 84.0 83.7 82.5 81.8 81.8 82.5 83.7 83.9 83.6 83.7 83.1 83.0 83.5 83.0 83.1 83.8 83.8
23 83.9 83.4 83.4 84.1 84.4 o 83.7 82.4 82.0 82.0 82.4 83.6 o 84.4 84.1 83.4 83.3 83.8 83.4 83.4 84.1 84.5 o
24 o 84.7 84.8 o 85.1 84.7 83.9 83.2 82.9 82.9 83.2 83.8 84.7 85.1 o 84.8 84.7 o 84.8 84.7 o 85.3 85.2 85.3
25 86.7 86.4 86.4 86.7 86.3 86.0 85.7 85.5 85.4 85.4 85.5 85.7 85.9 86.3 86.7 86.4 86.3 86.7 86.4 86.3 86.7 86.5 86.3 86.8 88.2
26 90.6 90.6 90.6 90.6 90.6 90.5 90.4 90.4 90.4 90.4 90.4 90.4 90.5 90.6 90.6 90.6 90.6 90.6 90.6 90.6 90.6 90.6 90.7 90.9 91.7 93.6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 17.9
2 20.1 21.2
3 20.0 21.1 21.1
4 o 20.0 19.9 o
5 19.9 20.9 20.8 19.5 19.4
6 19.4 20.4 20.2 18.9 17.0 o
7 o 17.3 17.2 o 16.5 16.9 17.6
8 16.0 16.6 16.6 15.9 16.6 17.0 17.0 16.1
9 12.6 12.6 12.6 12.6 12.7 12.7 12.7 12.3 11.2
10 12.8 12.9 12.9 12.8 12.9 13.0 13.0 12.9 12.4 11.8
11 10.8 11.1 11.1 10.8 11.1 11.4 11.5 11.6 11.5 11.3 11.0
12 o 10.1 10.1 o 9.9 10.1 10.6 11.0 11.0 10.9 10.7 10.3
13 9.8 10.0 10.0 9.7 9.5 o 9.9 10.6 10.7 10.7 10.5 9.8 o
14 9.6 9.9 9.9 9.5 9.6 9.4 9.6 10.2 10.5 10.5 10.2 9.5 9.4 9.5
15 o 9.6 9.6 o 9.5 9.5 o 9.8 10.4 10.4 9.8 o 9.5 9.5 o
16 9.5 9.8 9.8 9.5 9.8 9.8 9.6 10.0 10.4 10.4 10.1 9.6 9.8 9.8 9.5 9.8
17 9.5 9.8 9.8 9.5 9.8 9.8 9.7 10.1 10.4 10.4 10.1 9.7 9.8 9.8 9.5 9.8 9.8
18 7.6 9.5 9.5 o 9.5 9.6 o 9.8 10.4 10.4 9.8 o 9.6 9.6 o 9.5 9.5 7.6
19 9.5 9.8 9.7 9.5 9.8 9.8 9.6 10.0 10.4 10.4 10.0 9.6 9.8 9.8 9.5 9.7 9.8 9.5 9.7
20 9.5 9.7 9.7 9.5 9.7 9.8 9.6 10.0 10.4 10.4 10.0 9.6 9.8 9.8 9.5 9.7 9.7 9.5 9.7 9.7
21 o 9.4 9.4 o 9.4 9.4 o 9.7 10.3 10.3 9.7 o 9.4 9.4 o 9.4 9.4 o 9.4 9.4 o
22 9.3 9.6 9.5 9.2 9.3 9.1 9.2 9.8 10.2 10.2 9.9 9.3 9.1 9.3 9.2 9.5 9.6 9.3 9.5 9.5 9.2 9.1
23 9.1 9.3 9.3 9.0 8.8 o 9.2 9.8 10.0 10.0 9.8 9.2 o 8.8 9.0 9.3 9.3 9.1 9.3 9.3 8.9 8.7 o
24 o 8.5 8.5 o 8.3 8.6 8.9 9.3 9.4 9.4 9.3 9.0 8.6 8.4 o 8.5 8.5 o 8.5 8.5 o 8.2 8.1 8.0
25 7.3 7.5 7.5 7.3 7.5 7.7 7.8 7.9 8.0 8.0 7.9 7.8 7.7 7.5 7.4 7.5 7.5 7.4 7.5 7.5 7.3 7.4 7.4 7.1 6.3
26 5.2 5.2 5.2 5.2 5.2 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.1 4.9 4.5 3.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 2.8
2 11.7 12.5
3 11.7 12.4 12.4
4 o 11.6 11.6 o
5 11.6 12.3 12.2 11.3 11.3
6 11.3 12.0 11.9 10.9 10.6 o
7 o 10.9 10.8 o 10.3 10.6 11.3
8 10.0 10.5 10.5 10.0 10.5 10.9 10.9 10.3
9 9.9 10.0 9.9 9.9 10.0 10.1 10.0 9.7 8.8
10 9.7 9.7 9.7 9.6 9.7 9.8 9.8 9.7 9.4 8.9
11 7.9 8.2 8.2 7.9 8.2 8.5 8.7 8.7 8.7 8.5 8.4
12 o 7.4 7.4 o 7.3 7.5 8.0 8.3 8.4 8.3 8.2 7.8
13 7.3 7.5 7.5 7.1 7.0 o 7.3 8.0 8.2 8.2 8.0 7.3 o
14 7.2 7.4 7.4 7.1 7.1 6.9 7.1 7.7 8.0 8.0 7.7 7.1 6.9 7.1
15 o 7.1 7.1 o 7.1 7.1 o 7.3 8.0 8.0 7.4 o 7.0 7.1 o
16 7.1 7.4 7.4 7.1 7.4 7.4 7.2 7.6 8.0 8.0 7.6 7.2 7.4 7.4 7.1 7.4
17 7.2 7.4 7.4 7.2 7.4 7.4 7.2 7.6 8.0 8.0 7.7 7.2 7.5 7.4 7.2 7.4 7.4
18 1.1 7.2 7.2 o 7.2 7.2 o 7.4 8.0 8.0 7.4 o 7.2 7.2 o 7.2 7.2 1.1
19 7.1 7.4 7.4 7.1 7.4 7.4 7.2 7.6 8.0 8.0 7.7 7.2 7.5 7.4 7.2 7.4 7.4 7.2 7.4
20 7.2 7.4 7.4 7.2 7.4 7.5 7.2 7.6 8.0 8.0 7.7 7.3 7.5 7.4 7.2 7.4 7.5 7.2 7.5 7.5
21 o 7.2 7.2 o 7.1 7.1 o 7.4 8.0 8.0 7.4 o 7.1 7.1 o 7.2 7.2 o 7.2 7.2 o
22 7.1 7.4 7.4 7.0 7.1 6.9 7.0 7.6 8.0 8.0 7.7 7.0 6.9 7.1 7.0 7.4 7.4 7.2 7.4 7.4 7.1 7.1
23 7.1 7.3 7.3 7.0 6.8 o 7.1 7.8 8.0 8.0 7.8 7.2 o 6.8 7.0 7.3 7.4 7.1 7.4 7.4 7.0 6.8 o
24 o 6.7 6.7 o 6.5 6.7 7.2 7.5 7.6 7.7 7.5 7.2 6.8 6.6 o 6.7 6.8 o 6.8 6.8 o 6.5 6.6 6.7
25 5.9 6.1 6.1 5.9 6.1 6.3 6.5 6.6 6.6 6.6 6.6 6.5 6.3 6.1 5.9 6.1 6.1 5.9 6.1 6.2 6.0 6.1 6.3 6.1 5.5
26 4.2 4.2 4.2 4.2 4.2 4.2 4.3 4.3 4.3 4.3 4.3 4.3 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 3.8 2.9

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
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Figure 4.72. IPPE SN transport group contributions to total fission rate (%)

g=1
1 o
2 11.6 11.9
3 11.4 11.9 11.8
4 o 11.7 11.5 o
5 11.4 11.8 11.8 11.3 10.4
6 10.8 11.6 11.2 11.1 10.0 o
7 o 11.1 10.8 o 9.7 10.5 10.6
8 9.5 10.0 10.1 9.5 9.9 11.1 10.8 9.8
9 9.6 9.5 9.4 9.6 9.6 9.4 9.5 9.3 8.1
10 9.7 9.5 9.5 9.7 9.7 9.6 9.7 9.6 9.2 8.6
11 7.5 7.8 7.9 7.5 7.7 8.5 8.5 8.2 8.4 8.3 7.9
12 o 7.3 7.2 o 6.8 7.2 7.4 8.1 8.0 8.0 8.0 7.3
13 7.0 7.1 7.0 7.0 6.5 o 7.1 7.9 7.8 7.8 7.9 7.0 o
14 6.9 7.0 7.1 6.9 6.6 6.5 6.6 7.1 7.8 7.8 7.2 6.7 6.4 6.5
15 o 7.0 6.9 o 6.9 6.9 o 7.0 7.7 7.8 7.0 o 6.9 6.9 o
16 6.9 7.0 7.0 6.9 7.0 6.9 6.9 7.2 7.7 7.7 7.3 7.0 6.9 7.0 6.9 6.9
17 6.9 7.0 7.0 7.0 7.0 7.1 7.0 7.2 7.7 7.7 7.2 7.1 7.1 7.0 7.0 7.0 7.0
18 o 7.1 6.9 o 7.0 6.9 o 7.1 7.8 7.8 7.1 o 7.0 7.0 o 7.0 7.0 o
19 6.9 7.0 7.1 6.9 7.0 7.1 7.0 7.2 7.7 7.8 7.2 7.0 7.1 7.0 6.9 7.0 7.1 7.0 7.0
20 7.0 7.0 7.0 7.1 7.0 7.0 7.1 7.3 7.7 7.7 7.4 7.1 7.0 7.1 7.1 7.0 7.1 7.1 7.1 7.0
21 o 7.1 7.0 o 7.0 7.0 o 7.1 7.8 7.8 7.1 o 7.0 7.0 o 7.0 7.1 o 7.0 7.2 o
22 6.4 7.4 7.1 7.1 6.7 6.6 6.5 7.3 7.3 7.7 7.5 7.1 6.5 6.8 6.9 7.0 7.0 7.0 7.0 7.1 7.0 6.7
23 7.0 7.0 7.0 7.0 6.4 o 7.0 7.8 7.7 7.8 7.8 7.0 o 6.4 7.0 7.0 7.1 7.0 7.1 7.0 7.1 6.5 o
24 o 6.8 6.6 o 6.3 6.6 6.8 7.5 7.5 7.5 7.5 6.9 6.6 6.3 o 6.6 6.7 o 6.7 6.8 o 6.3 6.7 6.4
25 5.8 5.9 6.0 5.8 5.9 6.5 6.5 6.4 6.6 6.6 6.4 6.6 6.5 5.9 5.8 6.0 6.0 5.9 6.0 6.1 5.9 6.0 6.5 6.3 5.5
26 3.9 3.8 3.8 3.9 3.8 3.8 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.8 3.8 3.9 3.8 3.8 3.9 3.9 3.8 3.9 3.6 2.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 o
2 20.0 21.3
3 19.9 21.1 21.0
4 o 20.3 20.0 o
5 19.7 21.0 20.7 19.7 19.1
6 19.1 20.4 20.0 19.4 16.7 o
7 o 17.7 17.4 o 16.2 17.1 17.3
8 15.6 16.5 16.4 15.8 16.5 17.4 17.1 16.2
9 12.5 12.4 12.5 12.5 12.5 12.5 12.4 12.1 10.8
10 12.8 12.7 12.8 12.8 12.8 12.9 12.9 12.7 12.3 11.6
11 10.3 10.7 10.7 10.4 10.8 11.2 11.3 11.4 11.2 11.0 10.8
12 o 9.9 9.8 o 9.4 9.9 10.2 10.7 10.8 10.7 10.4 9.9
13 9.4 9.7 9.7 9.5 9.1 o 9.6 10.3 10.4 10.4 10.3 9.5 o
14 9.2 9.6 9.5 9.3 9.2 9.0 9.1 9.8 10.3 10.2 9.8 9.1 8.9 9.1
15 o 9.3 9.2 o 9.2 9.3 o 9.4 10.2 10.2 9.5 o 9.3 9.2 o
16 9.1 9.5 9.4 9.2 9.4 9.4 9.3 9.7 10.1 10.1 9.7 9.3 9.4 9.4 9.2 9.4
17 9.1 9.5 9.4 9.2 9.5 9.5 9.4 9.7 10.1 10.1 9.7 9.4 9.5 9.5 9.2 9.4 9.5
18 o 9.3 9.2 o 9.2 9.3 o 9.4 10.1 10.2 9.5 o 9.2 9.3 o 9.2 9.2 o
19 9.1 9.4 9.4 9.2 9.4 9.5 9.3 9.7 10.1 10.1 9.7 9.3 9.5 9.5 9.2 9.4 9.4 9.2 9.4
20 9.1 9.4 9.4 9.2 9.4 9.4 9.3 9.7 10.1 10.1 9.7 9.3 9.4 9.4 9.2 9.4 9.4 9.2 9.4 9.4
21 o 9.2 9.1 o 9.1 9.2 o 9.3 10.1 10.1 9.4 o 9.2 9.1 o 9.1 9.2 o 9.1 9.1 o
22 16.0 4.9 9.3 9.2 9.0 8.9 8.7 8.7 9.5 10.0 10.0 9.6 8.9 7.1 9.3 9.6 9.7 9.5 9.7 9.2 8.9 8.8
23 8.7 9.1 9.0 8.8 8.5 o 9.0 9.7 9.8 9.9 9.7 9.0 o 8.5 8.8 9.0 9.1 8.8 9.1 9.0 8.8 8.3 o
24 o 8.3 8.3 o 8.0 8.4 8.7 9.1 9.2 9.2 9.1 8.7 8.4 8.0 o 8.3 8.3 o 8.3 8.3 o 7.9 8.0 7.8
25 7.2 7.5 7.5 7.3 7.5 7.8 7.9 8.0 8.0 8.0 8.0 7.9 7.8 7.5 7.3 7.5 7.5 7.3 7.5 7.5 7.2 7.4 7.5 7.2 6.4
26 5.0 5.0 5.0 5.0 5.0 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.9 4.7 4.4 3.3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 o
2 68.4 66.8
3 68.8 67.0 67.2
4 o 68.0 68.4 o
5 68.9 67.3 67.5 69.0 70.6
6 70.1 68.0 68.8 69.6 73.3 o
7 o 71.2 71.8 o 74.1 72.4 72.1
8 74.9 73.5 73.5 74.7 73.6 71.5 72.1 73.9
9 77.8 78.1 78.1 77.9 78.0 78.1 78.1 78.6 81.1
10 77.5 77.7 77.7 77.5 77.5 77.5 77.3 77.6 78.6 79.8
11 82.2 81.4 81.4 82.1 81.5 80.2 80.2 80.4 80.4 80.7 81.3
12 o 82.8 83.1 o 83.7 83.0 82.4 81.2 81.2 81.3 81.6 82.8
13 83.6 83.1 83.3 83.5 84.4 o 83.3 81.7 81.8 81.8 81.8 83.5 o
14 83.8 83.4 83.4 83.8 84.2 84.5 84.3 83.0 81.9 81.9 83.0 84.3 84.7 84.3
15 o 83.7 83.8 o 83.9 83.8 o 83.6 82.0 82.0 83.5 o 83.8 83.9 o
16 84.0 83.5 83.6 83.8 83.6 83.6 83.7 83.1 82.2 82.2 83.0 83.7 83.7 83.6 83.9 83.7
17 83.9 83.5 83.5 83.8 83.6 83.4 83.6 83.1 82.2 82.2 83.0 83.5 83.4 83.5 83.8 83.5 83.5
18 o 83.7 83.8 o 83.7 83.8 o 83.5 82.1 82.0 83.4 o 83.8 83.7 o 83.8 83.8 o
19 84.0 83.5 83.5 83.9 83.6 83.4 83.7 83.1 82.2 82.1 83.1 83.6 83.4 83.5 83.9 83.6 83.5 83.8 83.6
20 83.8 83.5 83.6 83.7 83.5 83.6 83.6 83.0 82.2 82.2 83.0 83.6 83.6 83.5 83.7 83.6 83.5 83.7 83.5 83.6
21 o 83.7 83.9 o 83.9 83.8 o 83.6 82.1 82.1 83.5 o 83.8 83.9 o 83.8 83.8 o 83.8 83.7 o
22 77.6 87.8 83.6 83.7 84.3 84.4 84.8 84.1 83.2 82.3 82.5 83.3 84.7 86.1 83.8 83.4 83.3 83.5 83.3 83.7 84.1 84.6
23 84.3 83.8 84.0 84.1 85.1 o 84.0 82.5 82.4 82.4 82.4 83.9 o 85.1 84.2 84.0 83.8 84.1 83.8 84.0 84.1 85.1 o
24 o 84.8 85.1 o 85.7 85.1 84.5 83.4 83.3 83.3 83.4 84.4 85.0 85.7 o 85.1 84.9 o 85.0 85.0 o 85.8 85.3 85.8
25 87.0 86.5 86.5 87.0 86.6 85.7 85.6 85.6 85.4 85.4 85.6 85.5 85.7 86.5 86.9 86.5 86.5 86.8 86.6 86.5 86.9 86.6 85.9 86.5 88.1
26 91.1 91.2 91.2 91.1 91.1 91.1 91.0 91.0 91.0 91.0 91.0 91.1 91.1 91.1 91.1 91.2 91.2 91.1 91.2 91.2 91.1 91.1 91.3 91.4 92.0 94.3
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Figure 4.73. IPPE diffusion group contributions to total fission rate (%)

g=1
1 o
2 11.7 12.0
3 11.6 11.9 11.9
4 o 11.6 11.5 o
5 11.2 11.6 11.4 11.0 10.6
6 10.7 11.0 10.9 10.5 10.5 o
7 o 10.6 10.5 o 10.0 10.0 9.9
8 9.3 9.5 9.4 9.3 9.3 9.4 9.3 8.6
9 9.3 9.3 9.3 9.3 9.3 9.3 9.2 8.7 7.9
10 10.2 10.2 10.2 10.2 10.2 10.3 10.2 10.0 9.5 9.0
11 8.5 8.7 8.7 8.6 8.7 8.8 8.9 8.9 8.8 8.5 8.2
12 o 7.8 7.8 o 7.7 7.9 8.1 8.3 8.3 8.2 7.9 7.6
13 7.4 7.5 7.5 7.4 7.3 o 7.5 7.8 8.0 7.9 7.7 7.3 o
14 7.2 7.3 7.3 7.2 7.1 7.1 7.2 7.5 7.7 7.7 7.5 7.1 7.0 7.0
15 o 7.1 7.1 o 7.1 7.1 o 7.3 7.6 7.6 7.3 o 7.0 7.0 o
16 7.0 7.1 7.1 7.1 7.1 7.2 7.2 7.4 7.6 7.6 7.4 7.2 7.2 7.1 7.0 7.1
17 7.0 7.1 7.1 7.1 7.1 7.2 7.2 7.4 7.6 7.6 7.4 7.2 7.2 7.2 7.1 7.1 7.2
18 o 7.1 7.1 o 7.1 7.1 o 7.3 7.6 7.6 7.3 o 7.1 7.1 o 7.1 7.1 o
19 7.0 7.1 7.1 7.1 7.1 7.2 7.2 7.4 7.6 7.6 7.4 7.2 7.2 7.2 7.1 7.2 7.2 7.1 7.2
20 7.0 7.1 7.1 7.1 7.1 7.2 7.2 7.4 7.6 7.6 7.4 7.2 7.2 7.2 7.1 7.2 7.2 7.1 7.2 7.2
21 o 7.0 7.0 o 7.0 7.0 o 7.3 7.6 7.6 7.3 o 7.0 7.0 o 7.0 7.1 o 7.1 7.1 o
22 6.8 6.9 6.9 6.8 6.8 6.8 6.9 7.2 7.5 7.5 7.3 6.9 6.8 6.8 6.8 7.0 7.0 6.9 7.0 7.0 6.8 6.7
23 6.5 6.7 6.6 6.5 6.5 o 6.7 7.0 7.2 7.2 7.1 6.8 o 6.5 6.5 6.7 6.7 6.6 6.7 6.7 6.5 6.3 o
24 o 6.0 6.0 o 5.9 6.1 6.3 6.5 6.6 6.6 6.5 6.3 6.1 6.0 o 6.0 6.1 o 6.1 6.1 o 5.8 5.7 5.4
25 5.0 5.1 5.1 5.0 5.1 5.2 5.3 5.3 5.4 5.4 5.4 5.3 5.2 5.1 5.0 5.1 5.1 5.1 5.1 5.1 5.0 5.0 5.0 4.7 4.1
26 3.6 3.6 3.6 3.6 3.6 3.6 3.7 3.7 3.7 3.7 3.7 3.7 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.5 3.4 3.1 2.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 o
2 20.4 20.8
3 20.2 20.7 20.6
4 o 20.3 20.1 o
5 19.7 20.1 19.9 19.3 18.7
6 18.8 19.3 19.1 18.5 17.1 o
7 o 17.0 16.9 o 16.3 16.2 15.9
8 15.1 15.4 15.4 15.1 15.2 15.2 14.9 13.9
9 12.1 12.1 12.1 12.1 12.1 12.0 11.8 11.3 10.3
10 13.4 13.5 13.5 13.5 13.5 13.5 13.3 13.0 12.5 11.8
11 11.6 11.7 11.7 11.6 11.7 11.8 11.9 11.8 11.6 11.3 10.9
12 o 10.7 10.7 o 10.6 10.7 10.9 11.0 11.0 10.8 10.6 10.2
13 10.1 10.3 10.2 10.1 10.1 o 10.3 10.5 10.6 10.5 10.3 9.9 o
14 9.8 9.9 9.9 9.8 9.8 9.8 9.9 10.1 10.3 10.3 10.0 9.7 9.6 9.5
15 o 9.7 9.7 o 9.7 9.7 o 9.9 10.1 10.1 9.9 o 9.6 9.5 o
16 9.5 9.6 9.6 9.6 9.6 9.7 9.7 9.9 10.0 10.0 9.9 9.7 9.6 9.6 9.5 9.5
17 9.4 9.5 9.6 9.5 9.6 9.6 9.7 9.8 10.0 10.0 9.8 9.7 9.6 9.6 9.5 9.5 9.5
18 o 9.5 9.5 o 9.5 9.5 o 9.7 9.9 9.9 9.7 o 9.5 9.5 o 9.4 9.4 o
19 9.3 9.4 9.4 9.4 9.5 9.5 9.5 9.7 9.9 9.9 9.7 9.6 9.5 9.5 9.4 9.5 9.4 9.4 9.4
20 9.2 9.3 9.3 9.3 9.4 9.4 9.4 9.6 9.8 9.8 9.6 9.5 9.4 9.4 9.3 9.4 9.3 9.3 9.3 9.2
21 o 9.1 9.1 o 9.1 9.2 o 9.4 9.6 9.6 9.4 o 9.2 9.1 o 9.1 9.1 o 9.1 9.0 o
22 8.7 8.9 8.8 8.8 8.8 8.8 8.9 9.1 9.3 9.3 9.2 8.9 8.8 8.8 8.8 8.9 8.9 8.8 8.8 8.7 8.5 8.2
23 8.2 8.3 8.3 8.2 8.2 o 8.4 8.7 8.8 8.8 8.7 8.5 o 8.2 8.2 8.3 8.3 8.2 8.3 8.2 8.0 7.7 o
24 o 7.4 7.4 o 7.4 7.5 7.6 7.8 7.8 7.8 7.8 7.6 7.5 7.4 o 7.4 7.4 o 7.4 7.3 o 6.9 6.7 6.1
25 6.1 6.1 6.1 6.1 6.2 6.2 6.3 6.3 6.4 6.4 6.3 6.3 6.3 6.2 6.1 6.2 6.1 6.1 6.1 6.1 6.0 5.8 5.6 5.2 4.5
26 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.6 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.4 4.4 4.3 4.2 3.9 3.5 2.9

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 o
2 67.9 67.2
3 68.2 67.4 67.6
4 o 68.1 68.4 o
5 69.1 68.4 68.6 69.7 70.7
6 70.4 69.7 70.0 71.0 72.4 o
7 o 72.4 72.6 o 73.8 73.8 74.2
8 75.6 75.1 75.2 75.6 75.5 75.3 75.9 77.5
9 78.6 78.6 78.6 78.6 78.6 78.7 79.0 80.0 81.8
10 76.4 76.3 76.3 76.4 76.3 76.3 76.4 77.0 77.9 79.2
11 79.9 79.6 79.6 79.8 79.6 79.3 79.2 79.3 79.7 80.2 80.9
12 o 81.4 81.5 o 81.6 81.4 81.0 80.7 80.7 81.0 81.5 82.1
13 82.5 82.2 82.3 82.5 82.6 o 82.2 81.6 81.5 81.6 82.0 82.7 o
14 83.0 82.8 82.8 83.0 83.1 83.1 82.9 82.3 82.0 82.0 82.5 83.1 83.4 83.5
15 o 83.2 83.2 o 83.3 83.2 o 82.8 82.3 82.3 82.8 o 83.4 83.5 o
16 83.5 83.3 83.3 83.4 83.2 83.2 83.1 82.8 82.4 82.4 82.8 83.2 83.2 83.3 83.5 83.3
17 83.6 83.3 83.3 83.4 83.3 83.2 83.2 82.8 82.4 82.4 82.8 83.1 83.2 83.3 83.4 83.3 83.3
18 o 83.5 83.5 o 83.4 83.3 o 83.0 82.5 82.5 82.9 o 83.3 83.4 o 83.5 83.5 o
19 83.7 83.4 83.4 83.5 83.4 83.3 83.3 82.9 82.5 82.5 82.9 83.2 83.2 83.3 83.5 83.4 83.4 83.5 83.4
20 83.8 83.5 83.5 83.6 83.5 83.4 83.4 83.0 82.6 82.6 82.9 83.3 83.4 83.4 83.6 83.5 83.5 83.6 83.5 83.6
21 o 83.8 83.9 o 83.9 83.8 o 83.3 82.8 82.8 83.3 o 83.8 83.8 o 83.8 83.8 o 83.9 84.0 o
22 84.4 84.2 84.2 84.4 84.4 84.4 84.2 83.6 83.2 83.2 83.6 84.1 84.4 84.4 84.4 84.2 84.1 84.3 84.2 84.3 84.7 85.2
23 85.3 85.0 85.1 85.3 85.3 o 84.8 84.3 84.0 84.0 84.2 84.8 o 85.3 85.2 85.0 85.0 85.1 85.0 85.1 85.5 86.0 o
24 o 86.6 86.6 o 86.7 86.4 86.1 85.8 85.6 85.6 85.7 86.1 86.4 86.6 o 86.6 86.5 o 86.6 86.7 o 87.2 87.6 88.4
25 88.9 88.8 88.8 88.9 88.8 88.6 88.5 88.3 88.3 88.3 88.3 88.4 88.5 88.7 88.8 88.8 88.8 88.8 88.8 88.8 89.0 89.1 89.4 90.1 91.4
26 92.0 91.9 91.9 91.9 91.9 91.9 91.8 91.8 91.8 91.7 91.8 91.8 91.8 91.9 91.9 91.9 91.9 91.9 91.9 91.9 92.0 92.1 92.3 92.7 93.4 94.6
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Figure 4.74. JAERI diffusion nodal group contributions to total fission rate (%)

g=1
1 3.3
2 12.2 12.6
3 11.8 12.2 11.7
4 o 11.3 10.9 o
5 11.7 12.1 11.5 10.5 10.7
6 11.9 12.2 11.6 10.5 10.6 o
7 o 11.6 11.0 o 10.5 11.3 12.4
8 10.5 10.7 10.2 9.5 10.2 11.1 11.6 10.9
9 9.4 9.1 8.8 8.6 8.9 9.4 9.8 9.4 7.8
10 10.1 10.3 10.3 10.2 10.2 10.0 9.7 9.3 8.8 8.7
11 8.1 8.3 8.4 8.1 8.3 8.4 8.4 8.3 8.0 8.4 8.1
12 o 7.3 7.3 o 7.1 7.3 7.6 7.8 7.8 8.1 7.9 7.5
13 7.1 7.3 7.2 6.9 6.8 o 7.1 7.6 7.8 7.8 7.6 7.1 o
14 7.0 7.2 7.1 6.8 6.9 6.8 7.0 7.5 7.9 7.6 7.3 6.8 6.7 6.9
15 o 6.9 6.9 o 6.9 6.9 o 7.4 7.9 7.5 7.0 o 6.8 6.8 o
16 7.0 7.2 7.1 6.9 7.1 7.2 7.1 7.6 8.0 7.5 7.2 6.9 7.1 7.1 6.9 7.1
17 7.0 7.2 7.1 6.9 7.2 7.2 7.1 7.5 7.9 7.5 7.3 7.0 7.2 7.2 6.9 7.1 7.2
18 1.3 7.1 7.1 o 7.1 7.1 o 7.3 7.8 7.8 7.3 o 7.1 7.0 o 7.0 7.0 1.3
19 7.0 7.3 7.2 7.0 7.2 7.2 7.1 7.4 7.7 7.8 7.5 7.1 7.3 7.2 6.9 7.1 7.1 7.1 7.6
20 6.8 7.0 7.0 6.7 6.9 6.9 6.8 7.1 7.4 7.6 7.3 6.9 7.0 6.9 6.6 6.8 6.7 6.9 7.4 7.2
21 o 6.6 6.6 o 6.5 6.5 o 6.7 7.2 7.4 6.9 o 6.5 6.5 o 6.4 6.4 o 7.0 6.7 o
22 6.7 6.9 6.9 6.6 6.6 6.5 6.6 7.1 7.3 7.5 7.2 6.7 6.5 6.6 6.5 6.7 6.7 6.8 7.2 6.8 6.4 6.4
23 6.9 7.1 7.1 6.8 6.7 o 7.0 7.5 7.7 7.6 7.5 7.0 o 6.7 6.8 7.1 7.2 7.0 7.1 6.8 6.3 6.4 o
24 o 6.7 6.7 o 6.6 6.8 7.3 7.6 7.7 7.3 7.3 7.1 6.7 6.6 o 6.9 7.1 o 6.4 6.1 o 6.2 7.0 7.8
25 5.5 5.6 5.6 5.5 5.7 5.9 6.0 6.2 6.2 5.8 5.9 5.8 5.8 5.7 5.6 5.9 6.1 5.6 5.2 5.0 4.9 5.3 6.1 6.8 6.2
26 3.4 3.4 3.4 3.4 3.5 3.5 3.5 3.6 3.6 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.6 3.5 3.3 3.2 3.1 3.3 3.6 3.9 3.7 2.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 21.3
2 21.1 21.5
3 20.3 20.8 20.1
4 o 19.6 18.9 o
5 20.2 20.6 19.8 18.4 18.6
6 20.6 20.9 20.0 18.5 17.2 o
7 o 18.7 17.8 o 17.3 18.4 19.8
8 17.2 17.3 16.5 15.6 16.6 17.8 18.6 17.5
9 12.4 12.1 11.7 11.5 11.8 12.4 12.9 12.4 10.4
10 13.9 14.1 14.1 14.0 13.9 13.7 13.3 12.8 12.1 12.0
11 11.5 11.7 11.7 11.5 11.6 11.7 11.7 11.5 11.2 11.6 11.3
12 o 10.5 10.5 o 10.4 10.5 10.8 11.0 10.9 11.2 11.0 10.6
13 10.2 10.3 10.3 10.0 9.9 o 10.2 10.7 10.9 10.9 10.7 10.1 o
14 10.0 10.2 10.1 9.9 9.9 9.9 10.1 10.6 11.0 10.7 10.4 9.9 9.7 9.9
15 o 9.9 9.9 o 9.8 9.9 o 10.5 11.1 10.5 10.1 o 9.8 9.8 o
16 10.0 10.1 10.1 9.9 10.1 10.2 10.2 10.7 11.1 10.5 10.2 9.9 10.1 10.0 9.8 10.0
17 9.9 10.1 10.1 9.9 10.1 10.2 10.1 10.6 11.0 10.6 10.3 10.0 10.1 10.1 9.9 10.0 10.1
18 8.8 10.1 10.0 o 10.1 10.1 o 10.4 10.9 10.8 10.4 o 10.1 10.0 o 10.0 10.0 8.8
19 10.0 10.2 10.2 10.0 10.2 10.2 10.1 10.4 10.7 10.9 10.5 10.2 10.2 10.1 9.9 10.0 10.0 10.1 10.6
20 9.6 9.8 9.8 9.6 9.7 9.8 9.6 10.0 10.2 10.5 10.2 9.8 9.8 9.7 9.4 9.5 9.5 9.7 10.3 9.9
21 o 9.3 9.3 o 9.2 9.2 o 9.6 10.0 10.3 9.8 o 9.3 9.2 o 9.1 9.0 o 9.8 9.4 o
22 9.4 9.6 9.6 9.3 9.4 9.2 9.4 9.8 10.1 10.3 10.0 9.5 9.3 9.3 9.2 9.4 9.4 9.6 9.9 9.4 8.9 8.9
23 9.6 9.8 9.8 9.5 9.5 o 9.8 10.3 10.5 10.4 10.3 9.8 o 9.5 9.5 9.8 9.9 9.8 9.8 9.3 8.8 8.9 o
24 o 9.5 9.5 o 9.4 9.6 10.0 10.3 10.5 10.0 10.0 9.8 9.5 9.4 o 9.7 9.9 o 9.0 8.7 o 8.7 9.6 10.4
25 7.9 8.0 8.0 7.9 8.1 8.3 8.5 8.6 8.7 8.2 8.2 8.2 8.2 8.1 8.0 8.3 8.6 8.1 7.5 7.3 7.1 7.5 8.4 9.1 8.3
26 5.3 5.3 5.3 5.3 5.3 5.4 5.4 5.5 5.5 5.3 5.4 5.4 5.4 5.3 5.3 5.4 5.5 5.4 5.2 5.0 4.9 5.1 5.4 5.6 5.2 3.7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 75.4
2 66.7 65.8
3 67.9 67.0 68.2
4 o 69.1 70.3 o
5 68.1 67.3 68.7 71.1 70.7
6 67.5 66.9 68.4 71.0 72.2 o
7 o 69.8 71.3 o 72.2 70.3 67.8
8 72.2 72.0 73.3 74.9 73.2 71.2 69.8 71.6
9 78.2 78.8 79.6 79.9 79.4 78.3 77.4 78.2 81.8
10 76.0 75.7 75.6 75.7 75.9 76.4 77.0 77.9 79.1 79.4
11 80.4 79.9 79.9 80.4 80.1 79.9 80.0 80.2 80.8 80.1 80.6
12 o 82.1 82.2 o 82.5 82.2 81.6 81.2 81.3 80.7 81.1 81.9
13 82.8 82.4 82.5 83.1 83.3 o 82.7 81.6 81.3 81.2 81.7 82.8 o
14 83.0 82.6 82.7 83.3 83.1 83.4 83.0 81.9 81.1 81.7 82.3 83.3 83.5 83.3
15 o 83.1 83.2 o 83.3 83.2 o 82.2 81.0 82.0 82.9 o 83.4 83.4 o
16 83.1 82.8 82.8 83.3 82.8 82.6 82.7 81.8 80.9 82.0 82.5 83.2 82.8 82.9 83.3 82.9
17 83.1 82.7 82.8 83.2 82.7 82.6 82.7 81.9 81.1 81.9 82.4 83.0 82.7 82.8 83.2 82.8 82.8
18 89.9 82.9 82.9 o 82.9 82.8 o 82.3 81.3 81.4 82.3 o 82.8 82.9 o 83.0 83.0 89.9
19 83.0 82.6 82.6 83.0 82.6 82.6 82.9 82.2 81.6 81.3 81.9 82.7 82.5 82.7 83.2 82.9 82.9 82.8 81.8
20 83.7 83.3 83.3 83.7 83.3 83.3 83.6 82.9 82.4 81.9 82.5 83.3 83.2 83.4 83.9 83.7 83.8 83.4 82.3 82.9
21 o 84.1 84.1 o 84.3 84.3 o 83.7 82.9 82.3 83.3 o 84.2 84.3 o 84.5 84.6 o 83.1 83.9 o
22 83.9 83.5 83.6 84.1 84.0 84.3 84.0 83.1 82.5 82.2 82.8 83.9 84.2 84.0 84.3 83.9 83.9 83.6 82.9 83.7 84.8 84.7
23 83.5 83.1 83.1 83.7 83.8 o 83.2 82.1 81.8 81.9 82.3 83.3 o 83.9 83.7 83.1 82.9 83.1 83.1 83.9 84.8 84.7 o
24 o 83.8 83.8 o 83.9 83.5 82.7 82.1 81.8 82.7 82.7 83.1 83.8 84.0 o 83.3 82.9 o 84.6 85.2 o 85.0 83.4 81.7
25 86.7 86.3 86.3 86.6 86.2 85.8 85.5 85.2 85.1 86.0 85.9 86.0 86.1 86.2 86.4 85.8 85.3 86.3 87.2 87.7 88.1 87.1 85.5 84.0 85.5
26 91.3 91.2 91.2 91.3 91.2 91.1 91.0 90.9 90.9 91.2 91.1 91.1 91.2 91.2 91.2 91.1 91.0 91.1 91.5 91.8 91.9 91.7 91.0 90.5 91.1 93.9
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Figure 4.75. JAERI Monte Carlo (MVP) group contributions to total fission rate (%)

g=1
1 2.5
2 12.0 12.7
3 12.1 12.6 13.0
4 o 12.2 11.5 o
5 11.7 12.5 12.7 11.5 11.4
6 11.5 12.2 12.4 11.2 10.9 o
7 o 11.0 10.8 o 10.7 11.0 11.9
8 10.3 11.1 10.9 10.1 10.8 11.2 11.2 10.6
9 9.4 10.1 9.6 9.9 10.0 10.3 9.8 9.8 8.7
10 9.4 9.4 9.4 9.4 9.6 9.8 9.7 9.7 9.4 8.9
11 7.7 8.3 8.4 8.1 8.3 8.6 8.6 8.9 8.8 8.8 8.3
12 o 7.4 7.5 o 7.4 7.5 8.0 8.2 8.5 8.2 8.3 7.7
13 7.5 7.6 7.6 7.0 7.0 o 7.3 8.1 8.2 8.2 7.9 7.3 o
14 7.1 7.7 7.5 7.1 7.3 6.9 7.0 7.8 8.0 8.1 7.8 7.1 7.0 7.4
15 o 6.9 7.1 o 7.0 7.0 o 7.3 8.0 8.0 7.5 o 7.1 7.2 o
16 7.1 7.5 7.3 7.2 7.6 7.5 7.1 7.6 7.9 8.1 7.7 7.3 7.4 7.4 7.0 7.1
17 7.4 7.5 7.5 7.0 7.4 7.5 7.0 7.6 7.8 7.9 7.8 7.3 7.3 7.4 7.2 7.5 7.7
18 1.2 7.0 7.0 o 6.9 7.0 o 7.3 7.6 7.6 7.2 o 7.2 6.9 o 7.2 7.1 1.2
19 7.0 7.6 7.5 7.1 7.7 7.4 7.3 7.9 8.2 8.1 7.7 6.8 7.6 7.2 6.9 7.8 7.5 7.0 7.4
20 7.6 7.4 7.7 7.2 7.8 7.7 7.2 7.8 8.0 7.7 7.9 7.0 7.5 7.4 6.9 7.5 7.4 7.2 7.5 7.6
21 o 7.2 7.2 o 7.1 6.9 o 7.5 7.8 7.8 7.4 o 7.2 7.0 o 7.1 6.9 o 6.9 6.9 o
22 7.3 7.3 7.4 7.2 7.3 7.0 7.2 7.8 7.7 7.8 7.7 7.0 7.1 7.0 6.9 7.3 7.4 7.3 7.4 7.6 6.9 7.3
23 7.4 7.5 7.4 7.2 6.8 o 7.1 7.6 7.8 7.9 7.4 6.8 o 6.7 6.8 7.1 7.5 7.3 7.5 7.4 7.1 6.8 o
24 o 6.5 6.9 o 6.6 6.7 7.3 7.4 7.4 7.5 7.5 7.1 6.8 6.6 o 6.4 7.4 o 6.9 6.7 o 7.1 6.5 6.8
25 5.5 6.0 6.3 6.1 6.4 6.4 6.6 6.8 6.6 6.9 6.6 6.6 6.4 6.2 5.8 6.2 6.2 5.9 6.4 6.2 6.1 6.5 6.2 6.1 5.8
26 4.3 4.3 4.4 4.4 4.6 4.6 4.6 4.6 4.6 4.7 4.5 4.7 4.4 4.3 4.5 4.5 4.4 4.6 4.4 4.7 4.5 4.6 4.3 4.5 4.1 3.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=2
1 15.6
2 19.5 20.6
3 19.4 20.5 20.6
4 o 20.0 19.3 o
5 19.3 19.7 20.7 19.3 18.9
6 18.9 20.3 20.8 18.5 16.7 o
7 o 17.0 16.3 o 16.8 16.8 17.5
8 15.7 17.0 16.6 15.5 16.8 17.0 15.9 15.4
9 11.2 12.7 12.3 12.3 12.0 12.6 12.2 11.9 11.1
10 12.5 12.2 12.3 12.5 12.4 13.1 12.4 12.7 11.8 11.6
11 10.8 10.8 11.0 10.9 10.7 11.2 11.3 11.5 11.4 11.2 10.4
12 o 9.9 10.0 o 9.7 9.9 10.6 10.4 10.9 10.3 10.3 9.9
13 9.2 10.0 10.1 9.1 9.4 o 9.7 10.6 10.7 10.5 10.1 9.8 o
14 9.0 9.7 9.4 8.9 9.2 9.1 9.6 10.3 10.5 10.0 9.9 9.9 8.9 9.7
15 o 9.2 9.1 o 9.4 9.3 o 9.6 10.1 10.1 9.7 o 9.2 9.0 o
16 8.9 9.6 9.0 9.6 9.9 9.4 9.4 9.6 10.1 10.1 9.9 9.5 9.4 9.6 9.0 9.3
17 9.5 9.6 9.2 9.3 9.8 10.0 9.0 10.2 9.8 10.1 10.0 9.3 9.8 9.6 9.3 9.7 9.4
18 7.5 9.4 9.1 o 9.2 9.1 o 9.2 10.3 9.7 9.3 o 9.7 9.2 o 9.4 8.8 7.8
19 9.0 9.6 9.4 9.0 9.5 9.7 8.8 9.7 9.9 10.7 9.7 9.3 10.1 9.5 9.1 10.0 9.9 9.2 9.1
20 9.7 9.6 9.5 9.2 10.3 10.3 9.3 9.4 10.1 9.5 10.1 9.3 9.5 9.6 8.4 9.5 9.7 9.0 9.8 9.8
21 o 8.8 8.9 o 9.2 8.9 o 9.2 9.6 9.7 9.3 o 9.2 8.8 o 9.1 8.9 o 8.9 8.8 o
22 9.2 9.1 8.9 8.8 9.4 8.7 8.9 9.4 9.6 9.5 9.7 8.7 9.1 9.2 8.7 9.0 9.1 8.7 9.0 9.5 9.1 8.2
23 8.6 8.9 8.9 9.0 8.5 o 9.0 9.2 9.5 10.0 9.3 8.2 o 8.5 8.8 9.1 9.5 8.6 8.7 8.7 8.1 8.1 o
24 o 8.1 8.2 o 7.8 8.3 8.5 8.6 8.4 8.8 9.4 8.4 8.6 8.2 o 8.4 8.6 o 8.2 8.3 o 8.1 7.0 7.7
25 6.6 7.1 7.2 7.0 7.5 7.5 7.2 7.5 7.5 7.9 7.7 7.5 7.3 7.2 6.8 7.0 7.4 7.2 7.0 7.1 7.1 7.0 6.7 6.3 5.6
26 5.1 5.3 5.2 5.1 5.0 4.7 5.3 5.1 5.3 5.7 5.1 5.2 5.3 5.1 5.0 5.0 5.2 5.2 5.0 5.2 5.1 5.1 4.8 4.8 4.3 3.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

g=3
1 81.9
2 68.4 66.6
3 68.6 66.9 66.3
4 o 67.8 69.2 o
5 69.0 67.8 66.6 69.2 69.7
6 69.6 67.5 66.8 70.3 72.4 o
7 o 72.0 72.8 o 72.5 72.3 70.6
8 74.0 71.9 72.4 74.4 72.5 71.8 72.9 74.0
9 79.4 77.2 78.1 77.8 78.0 77.2 78.0 78.2 80.1
10 78.1 78.4 78.3 78.1 78.0 77.1 77.8 77.6 78.8 79.6
11 81.5 80.9 80.7 80.9 81.0 80.1 80.1 79.5 79.8 80.0 81.3
12 o 82.7 82.5 o 82.9 82.6 81.4 81.4 80.6 81.4 81.4 82.4
13 83.3 82.5 82.2 83.9 83.6 o 83.0 81.3 81.2 81.2 82.1 83.0 o
14 83.9 82.6 83.1 84.0 83.5 84.0 83.4 82.0 81.5 81.9 82.3 83.1 84.1 83.0
15 o 83.9 83.8 o 83.6 83.7 o 83.1 81.9 81.9 82.7 o 83.7 83.7 o
16 84.0 82.9 83.6 83.2 82.5 83.1 83.5 82.8 82.0 81.8 82.4 83.2 83.2 83.0 83.9 83.6
17 83.1 83.0 83.2 83.6 82.8 82.5 84.0 82.2 82.4 82.0 82.2 83.5 82.9 83.0 83.5 82.9 83.0
18 91.3 83.6 83.9 o 83.9 83.8 o 83.5 82.1 82.7 83.4 o 83.1 83.8 o 83.3 84.1 91.1
19 84.0 82.8 83.1 83.9 82.8 82.8 83.8 82.5 81.9 81.3 82.6 83.9 82.3 83.3 84.0 82.2 82.7 83.8 83.5
20 82.7 83.0 82.8 83.6 81.9 82.0 83.5 82.8 81.8 82.9 82.0 83.8 83.0 83.1 84.6 83.0 82.9 83.8 82.7 82.6
21 o 84.0 83.9 o 83.8 84.2 o 83.3 82.6 82.6 83.3 o 83.7 84.1 o 83.8 84.2 o 84.3 84.3 o
22 83.5 83.6 83.7 84.0 83.4 84.3 83.9 82.9 82.6 82.6 82.5 84.3 83.8 83.8 84.3 83.7 83.4 84.0 83.5 82.9 84.0 84.4
23 84.0 83.6 83.8 83.8 84.8 o 83.9 83.1 82.7 82.1 83.3 85.0 o 84.8 84.4 83.8 83.0 84.1 83.8 83.9 84.8 85.2 o
24 o 85.5 84.8 o 85.7 84.9 84.3 84.0 84.2 83.7 83.1 84.5 84.6 85.2 o 85.2 84.0 o 84.9 85.0 o 84.8 86.4 85.5
25 87.9 86.9 86.5 86.9 86.1 86.1 86.2 85.6 85.9 85.2 85.7 85.9 86.3 86.6 87.3 86.8 86.4 86.9 86.6 86.8 86.8 86.5 87.2 87.7 88.7
26 90.6 90.4 90.4 90.5 90.4 90.7 90.2 90.3 90.0 89.6 90.4 90.2 90.3 90.6 90.5 90.5 90.4 90.2 90.6 90.1 90.3 90.2 90.9 90.7 91.5 93.7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26



152

Figure 4.76. Fission rate in diagonal pins: CEA calculation
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Figure 4.77. Fission rate at the first median pins: CEA calculation
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Figure 4.78. Fission rate at the second median pins: CEA calculation
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Figure 4.79. Relative fission rates in diagonal pins (%)
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Figure 4.80. Relative fission rates in the first median pins (%)
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Figure 4.81. Relative fission rates in the second median pins (%)
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Figure 4.82. Fission rate ratio at the MOX/UO2 interface
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Appendix 1

Benchmark Specification
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PROPOSAL FOR A SECOND STAGE OF THE BENCHMARK ON
POWER DISTRIBUTIONS WITHIN ASSEMBLIES

S. CATHALAU (CEA-Cadarache), J.C. LEFEBVRE (Septen-Villeurbanne),
J.P. WEST (EDF-Clamart)

1. Physical motivations

A first stage of this benchmark was proposed in 1991 and was essentially devoted to “whole core
calculations” in the sense that one started with neutronic parameters already smeared (“homogenized”)
for each pin cell type and collapsed into a fast and a thermal broad group.

In fact the real problem is much more complex because the method for deriving such parameters
is not obvious.

Generally, one starts by calculating the assemblies using transport codes (for example by solving
the Integral transport equation) with an heterogeneous description of the pin cells and a fine treatment
of the energy variable.

The way to obtain 2 group cell parameters from the calculation for an assembly (or even a group
of assemblies) is not trivial, because :

•  The spectrum is very space-dependent, especially near the boundary between MOX and UO2

assemblies.

•  The definition of cell by cell diffusion coefficients (radial and axial) is not always well
founded.

•  The procedure used to derive homogeneous “equivalent” cell parameters can be a source of
error.

Furthermore, a calculational scheme has to be considered as a whole.

For example, the ways to derive cell of assemblies parameters are generally not independent:

•  neither of the adopted type of heterogeneous cell transport solution;

•  nor of the scheme adopted for the whole core calculations.

There might be some “equivalent procedures” (or discontinuity factors) whose role is to modify
the cell or assembly parameters in order to compensate for possible errors due to homogenization,
mesh effects, etc.

For these reasons, we think that it would be very interesting to compare the results obtained by
the different participants starting from the beginning, that is to say from the detailed geometrical and
physical data.
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Of course, one of the main drawbacks in doing this could be the difficulty to separate the
discrepancies due to the differences in the cross-sections (which is not the purpose of this benchmark)
from those in the models.

However, we think that, except for unexpected errors in the libraries, the impact of differences in
the cross-sections on the calculated pin-wise power distributions should be quite small compared to
other sources of error in the modelization of the problem. Hence, our proposal is as follows.

2. Geometrical and physical data

The detailed geometries of the unit pin cells involved in the problem are given in Table A.1.1.

•  The geometries of the two assemblies are given in Figures A.1.1 and A.1.2.

•  The core geometry is given in Figure A.1.3.

•  The isotopic composition for each medium is defined in Table A.1.2.

•  The temperature is constant and equal to 20°C.

•  Vacuum boundary condition is assumed at the external limit of the reflector.

•  For 2-D calculations, it is assumed that the extrapolated height of the core is 95 cm
(80 + 2x7.5 cm), which leads to an axial buckling equal to 1.094 10-3 cm-2.

•  In the central cell of each assembly, the response of a miniature fission chamber is simulated
by the fission rate of one atom of 235U in the water inside the central guide-tube.

3. Calculations and results

In order to check the effect of significant discrepancies due to differences in nuclear data, we ask
the participants to perform four unit cell calculations and to provide the following answers:

3.1 Cell Calculations

For each of the fuel cells (MOX 4.3 – MOX 7.0 – MOX 8.7 and UO2), a critical buckling will be
determined and the participants will give the following results:

•  B2

•  k∞ (ratio of production rate to absorption rate in the spectrum taking into account the leakage).

•  M2 defined as (1= k∞/(1+M2B2)

•  Reaction rates per isotope (1 group and 3 groups involving the 5.53 keV and 4 eV boundaries).

If it is possible and in order to be able to compare with Monte Carlo solutions, cylindrical and
square cell geometries can be tested.
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3.2 Core Calculations.

The participants will give the following results :

•  keff

•  Pin by pin group integrated fission rates (and not power) on 1/8 of the geometry, including
235U fission rate in the central cells of each assembly.

4. General Information

The participants must provide a short description of their calculational scheme.
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Figure A.1.1. UO2 Assembly
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 UO2 Cell

Figure A.1.2. MOX Assembly
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  MOX 8.7 %
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Figure A.1.3. Reflected Core Geometry
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Table A.1.1. Cell geometries

Fuel Cells: MOX 4.3% – MOX 7.0% – MOX 8.7% and UO2

Medium External Radius
Fuel 0.4095 cm
Void 0.4180 cm

Zirconium Clad 0.4750 cm
Void 0.4850 cm

Aluminium Clad* 0.5400 cm
Moderator Square lattice pitch = 1.26 cm

* This clad is used to simulate hot conditions at room temperature (decrease of the
moderation ratio)

Guide-tube Cells

Medium External Radius
Moderator 0.3400 cm

Aluminium Clad 0.5400 cm
Moderator Square lattice pitch = 1.26 cm

Central guide tube contains moderator (as defined in Table A.1.2) and 1.0E-8 at/cm3 of 235U.

Table A.1.2. Isotopic Distributions for each medium

Concentrations (1024 at/cm3)
Nuclide

MOX
4.3%

MOX
7.0%

MOX
8.7% UO2 Moderator Zr Clad Al Clad

235U 5.00E-5 5.00E-5 5.00E-5 8.65E-4
238U 2.21E-2 2.21E-2 2.21E-2 2.225E-2
238Pu 1.50E-5 2.40E-5 3.00E-5
239Pu 5.80E-4 9.30E-4 1.16E-3
240Pu 2.40E-4 3.90E-4 4.90E-4
241Pu 9.80E-5 1.52E-4 1.90E-4
242Pu 5.40E-5 8.40E-5 1.05E-4

241Am 1.30E-5 2.00E-5 2.50E-5
O 4.63E-2 4.63E-2 4.63E-2 4.622E-2

H2O 3.35E-2
B nat. 2.78E-5
Zr nat. 4.30E-2

27Al 6.00E-2
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Results to be reported in Phase II of the Benchmark on Power Distributions within Assemblies

1. Cell calculations

The following results should be reported in the format as given in tables below:

Table 1. Cell calculations – key parameters

Cell type B2 k∞ M2

MOX 4.3%
MOX 7.0%
MOX 8.7%
UO2

Reaction rates per isotope (absorptions + fission rates + production rates νΣfφ) to be given
in one group and in three groups (E1 < 4 eV, 4 eV < E2 < 5 keV, E3 > 5 keV) in the following
tables.

Table 2.1. Cell calculations – absorption and fission rates in three and one energy groups
for MOX 4.3% fuel

MOX 4.3%
Nuclide Group fission rate Group absorption rate Group production rate

g=1 g=2 g=3 Total g=1 g=2 g=3 Total g=1 g=2 g=3 Total
235U
238U
238Pu
239Pu
240Pu
241Pu
242Pu
241Am
O (in fuel)
H2O (Mod.)
Boron (Mod.)

Table 2.2. as Table 2.1. but for MOX 7.0%

Table 2.3. as Table 2.1. but for MOX 8.7%

Table 2.4. as Table 2.1. but for UO2 fuel
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2. Core calculations

The following results are to be reported:

2.1. keff

 
2.2. Pin-by-pin group integrated fission rates on 1/8 core geometry.

Pins in one quarter of the core form a 27 x 27 matrix. Pins in one-eighth of the core are
represented by the lower diagonal of this matrix if the following coordinate system is imposed:

Thus, the fission rates Fg(k,l) summed over all isotopes in energy group “g” for pins at
positions (k,l) are to be reported row-by-row where:

l=1, ...., 27
k=l, ...., l
g=1, 2, 3 (Eg=1 < 4 eV, 4 eV < Eg=2  < 5 keV, Eg=3  > 5 kev).

Example:

In group g=2, in row l=3, k takes values k=1, k=2, k=3 and hence 3 numbers are to be
reported:

Fg=2(1,3),   Fg=2(2,3),   Fg=2(3,3),

and so on row-by-row until l=27.

←45°→

→ k
l ↓

l=1, ...., 27
k=1, ...., 1
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Appendix 2

Calculation Details
Supplied by the Participants
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CEA (France)

1. Name of participant

Stéphane CATHALAU
Alain SANTAMARINA
Guy WUILLERMOZ
Gilles MATHONNIÈRE
Christine POINOT
Amar BOUAMRIRENE

2. Establishment

Commissariat à l'énergie atomique
Direction des réacteurs nucléaires
Département d'études des réacteurs
Service de physique des réacteurs et du cycle
Laboratoire d'études de physique
Centre d'étude de Cadarache – Bâtiment 230
F-13108 St.-Paul-lez-Durance

3. Name of code system used

APOLLO-2

4. Bibliographic reference

R. SANCHEZ et al. “APOLLO-II: A User-Oriented, Portable, Modular Code for Multigroup
Transport Assembly Calculations”, Proc. 12th Int. Topl. Mtg. Advances in Reactor Physics,
Mathematics and Computations, Paris, France, April 27-30 1987, Vol. 3, p. 1563, American Nuclear
Society/European Nuclear Society (1987)

5. Origin of cross-section data

JEF-2.2

6. Spectral calculations and data reduction methods used

Use of NJOY-Themis

Fast energy range E > 1.3 MeV: Fission spectra; Average Fission energy = 1.29 MeV

Epithermal 0.1 eV < E < 1.3 MeV: Slowing down spectrum 1/E shape

Thermal E < 0.1 eV: Maxwellian Spectrum E = 0.025 eV

For resonance isotopes, use of effective cross-sections depending on temperature and background
cross-sections. Heterogeneous/Homogeneous Equivalence – “Generalized” Bell factor per group and
resonance zone.
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EDF (France)

1. Name of participant

N. Kerkar, C. Garzenne and X. Warin

2. Establishment

EDF

3. Cell calculations

Cell calculations are performed with the APPOLLO 2 code [1]. The APOLLO 2 code solves the
integral transport equation with the CP method under the assumption of corrected isotropic scattering.
The CEA93 cross sections library is used and calculations are performed using 172 energy groups [2].
Exact geometry and isotopic compositions are respected. Each pin is discretized in six rings. Self-
shielding cross-sections for heavy nuclei (except 238Pu) and Zirconium are calculated in the same
geometry.

4. Core calculations

We have done three steps to perform the core calculation:

•  Infinite medium assembly calculation for the Uranium and the MOX assemblies.

•  Reflector cross-sections calculation.

•  Whole core pin by pin calculation.

Infinite assembly calculations are performed with 172 energy groups using the SPH equivalence
procedure which gives homogeneized cross-sections in pin cells for a given number of group.
Equivalent cross-sections are established for pin cells for a given number of groups. Equivalent cross-
sections are established for pin cells for a given number of groups. Equivalent cross-sections are
established for 172, 101, 16 and 6 energy groups (given below). Self-shielding cross-sections are
calculated in 172 energy groups for heavy nuclei in the typical cylindrical pin cell. Self-shielding of
the miniature fission chamber is made on a 3x3 cells geometry.

Reflector cross-sections are evaluated in a 3x3 cell geometry. A central water cell (with boron) is
surrounded by 8 water cells that contain a very small amount of 235U. The central water cell
homogeneized cross-sections are later used in the core calculation.

The whole core calculation is performed with 172, 101 and 16 groups equivalent cross-sections
on a 2 dimensional geometry with the axial buckling indicated in the benchmark data. The numerical
method used to solve the transport equation is the standard SN scheme with 16 angular directions.

Spatial discretisation is derived via a linear-linear nodal procedure for the 101, 16 and 6 groups
calculations and via the standard finite difference scheme for 172 groups. The mesh discretization is
equal to the cell mesh (1.26 cm) except for 172 groups calculation where a local mesh rafinement has
been used near heterogeneous interfaces (MOX/UO2 and UO2/REFLECTOR). A 3-D core calculation
is performed with 16 energy groups using the new 3-D EDF transport code [3]. This code uses a
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standard SN quadradure for angular discretization and a finite element approach to spatial
discretization. Axial direction is discretized with 12 plans and we used one mesh per cell.

5. References

[1] M. Coste, G. Mathonnière, R. Sanchez, Z. Stankovski, I. Zmijarevic. Rapport DEMT/93-
581, SERMA/LENR/1535.

[2] A. Constans, Bibliothèque CEA 93. Rapport DMT/93-193. SERMA/LENR/93-1487,
SPRC/93-216.

[3] X. Warin, Recent Results about SN Nodal Methods in Neutron Transport, PHYSOR 96.
September 16-20, 1996, Japan.
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IKE (Germany)

1. Name of Participant

D. Lutz and W. Bernnat

2. Establishment

Institut fuer Kernenergetik und Energiesysteme
University of Sutttgart.

3. Name of code system used

RESMOD working in the SCALE system [1]
Reactor code system RSYST3 [2]

4. Bibliographic references

[1] W. Bernnat, D. Lutz, J. Keinert M. Mattes: Erstellung und Validierung von Wirkungsquer-
schnittsbibliotheken im SCALE-Format auf Basis der evaluierten Dateien JEF-2 und
ENDF/B-VI fuer Kritikalitaets- und Reaktorauslegungsrechnungen sowie Stoerfallanalysen.
IKE 6-189 (1994).

[2] R. Ruehle: RSYST, an Integrated Modular System for Reactor and Shielding Calculations.
Conf-730 414-12, 1973.

[3] A. Kavenoky: The SPH Homogenization Methods. IAEA Technical Committee Meeting on
Homogenization Methods in Reactor Physics. Lugano (1978).

[4] Th. Rueckle, D. Emendoerfer: ICM2D, ein Programm zur Loesung von Vielgruppen-
Neutronentransport-Problemen in xy – Geoametrie nach dem J± – Konzept mit konsistenter
Partialstromkopplung. IKE 6-172 (1987).

5. Origin of cross-section data

JEF-2.2, processed to 292 group library N292 and 13 000 energy group library for about
40 resonance and structural nuclides [1].

6. Spectral calculations and data reducton methods used

Collapsing from 292 to 45 energy groups with a RESMOD spectrum generated applying
selfshielded cross sections (BONAMI code in the SCALE system) and an ultrafine solution to the
1-dimensional slowing down equation in the energy range from 1 000 eV to 3 eV with 13 000 energy
groups [1]. No additional unresolved resonance treatment.

Fission spectra are mixed corresponding to the isotopic production rates of 235U, 238U, 239Pu and
241Pu in the 4 different pin cells.

(n,2n) reaction is included in the scattering matrices.
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Critical bucklings are calculated with the Pik code ISOSTO in RSYST3 [2] in cylindrical
geometry with 45 energy groups (10 fast and 35 thermal groups). Homogenization is done applying
the SPH method [3].

7. Number of energy groups in the different phases

Spectral calculations with 292 and 45 groups
2-D calculations with 45 groups

8. Two-dimensional calculations

J± code ICM2D [4] in RSYST3 with 45 energy groups and P1 scattering for 1 mesh per pin cell.

9. Other assumptions and characteristics

No reconstruction is performed.

10. Comments useful for interpreting correctly the results
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NRG (The Netherlands)

1. Name of participant

Rob van der Stad

2. Establishment

NRG (formerly ECN)
Nuclear Analysis Department
P.O.Box 1
NL-1755 ZG PETTEN

3. Name of code system used

WIMS7A

4. Bibliographic references

5. Origin of cross-section data

JEF-2.2

6. Spectral calculations and data reduction methods used:

a) Subgroup method in groups 46-92 of XMAS structure for 235U, 238U, 239Pu and 240Pu.
The other actinides shielded with equivalent theory.

b) Overlap of resonances approximate in subgroup method.
c) Single 235U fission spectrum used.
d) (n,2n) included in absorption.
e) Weighting spectrum for scattering matrices.

7. Number of energy groups in the different phases:

•  172 groups in cell and multicell calculation.

•  6 groups in core calculation using differential transport
(recommended LWR 6 group structure for WIMS and one boundary changed for benchmark
result presentation).

8. Cell calculation:

a) Heterogeneous.
b) Transport.
c) Collision probability.
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d) Number of rings: 4 in fuel, 1 in clad, 1 in void, 1 in Zr, 1 in void, 1 in Al, 3 in moderator
(in the multicell calculation used in the core calculation, the fuel and moderator in the pins
are not subdivided into rings).

f) No reconstruction method.

9. Other assumptions and characteristics

10. Comments useful for interpreting correctly the results

Flow and description of core calculations:

Xhead: setting up of initial interface with microscopic cross section in 172 groups
wpres |
wperseus: | – subgroup resonance treatment in resolved resonance
wres |    range for 235U, 238U, 239Pu, 240Pu only

wperseus: calculation of collision probability in multicell geometry

wpip: spectrum calculation with collision probability method in multicell (172 groups)

wcond: condensation to 6 groups

wsmear: homogenization of pin cells
wtwotran: differential transport (SN) in 2-D and 6 groups

wedit: postprocessing, calculation of reaction rates

Geometry

In the calculation the full 3x3 assemblies with reflector is modelled as one big 51x51 grid filled
with pins surrounded by a reflector slab (20 meshes).

The geometry is not reduced using thre 1/8 cluster symmetry (easy geometry input generation).

The pins in the core are grouped into spectral regions. This means that condensation and smearing
of cross sections of all pins in a spectral region is performed using the same spectrum.

This weighting spectrum is calculated in “wpip”, using the mutlicell collision probability method.

The multicell geometry is a transformation of the full geometry to a cylindrical representation.
Each zone in the cylindrical geometry represents all the pins in a certain spectral region.
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TU-DELFT (The Netherlands)

1. Name of participants

P.F.A. de Leege tel.: +311 527 86618, fax: +311 5278 6422, e-mail: leege@iri.tudelft.nl
T.M. John tel.: +311 527 82161, fax: +311 5278 6422, e-mail: john@iri.tudelft.nl
A. Hersman tel.: +311 527 83931, fax: +311 5278 6411, e-mail: hersman@iri.tudelft.nl
V.A. Khotylev tel.: +311 527 86618, fax: +311 5278 6422, e-mail: khotylev@iri.tudelft.nl

 

2. Establishment

Delft University of Technology
Interfaculty Reactor Institute
Mekelweg 15
NL-2629 JB Delft

3. Name of code systems used

•  NJOY91

•  NSLINK-4.2 conversion NJOY output to AMPXZ master library format

•  SCALE-4.2

− BONAMI-S
− NITAWL-II
− XSDRNPM-S
− KENOVa

•  DORT

•  PROMETHEUS 1, 2, 3-D diffusion developed at IRI

4. Bibliographic references

[1] R.E. MacFarlane and D.W. Muir: The NJOY nuclear data processing system, version 91,
Los Alamos National Laboratory, LA-12740-M, October 1991.

[2] P.F.A. de Leege: NSLINK, IRI, Delft University of Technology, IRI-131-091-003, April
1991.

[3] SCALE-4: A Modular Code System for Performing Standardised Computer Analyses for
Licensing Evaluation, RSIC code package CCC-0545, August 1992.

[4] TORT-DORT: Two- and Three-Dimensional Discrete Ordinates Transport, RSIC code
package CCC-543, January 1995.

[5] PROMETHEUS – A Code System for Dynamic 3-D Analysis of Nuclear Reactors,
V.A. Khotylev, J.E. Hoogenboom and P.F.A. de Leege, PHYSOR96, September 1996.

5. Origin of cross-section data

JEF-2.2
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6. Spectral calculations and data reduction methods used

See Figure A.2.1.

•  Resonance shielding:

− resolved energy range: Nordheim Integral treatment (NITAWL-II);
− unresolved energy range: Bondarenko method (BONAMI);
− nuclides: all actinides.

•  Mutual shielding: overlapping is not taken into account.

•  Fission spectra: a fission spectrum is available for all fissionable nuclides, in the calculations a
weighted mix from all fissionable nuclides is used.

•  How was the (n,2n) reaction treated? (n,2n) is included in the transfer matrix.

•  Weighting spectrum for scattering matrices: no correction is made.

7. Number of energy groups used in the different phases

•  172 groups (XMAS) for cell and KENO calculations.

•  56 groups from cell calculations for DORT and PROMETHEUS.

8. Cell calculation

•  Type of calculation: heterogeneous.

•  Theory used: transport.

•  Method used: finite difference, S32 P3.

•  Calculation characteristics:

− multi-group;
− meshes/pin (cell) fuel/clad.moderator: 20/5/8;
− meshes/pin (assembly homogenised pin): 4;
− elements/assembly:17 x 17;
− number of histories: 40 million.

•  Reconstruction method: heterogeneity within assembly maintained, no reconstruction.

9. Other assumptions and characteristics

Determining diffusion coefficient for axial leakage correction from the cell calculations: flux
weight the transport cross sections for all zones and determine a diffusion coefficient to be used in all
zones by taking one over three times this value. This value of the diffusion coefficient is used by
DORT and PROMETHEUS as well.

10. Comments useful for intepreting correctly the results

All tables are produced as specified in the benchmark specifications: Revision 2, dated 5 July
1996.
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Figure A.2.1. Simplified overview of INAS code system

ENDF/B - JEF
Basic data library

NJOY
Cross-section processing

NSLINK
Conversion

AMPX MASTER
Fine-group cross-section
              library

NITAWL-II
Resonance treatment

WORK
Case-specific cross-section
                library

XSDRNPM-S
1-D transport

WEIGHT
Few-group cross-section
              library

BONAMI-S
Resonance treatment

KENO-Va
Multi-group Monte Carlo

DORT
2-D transport

PROMETHEUS
2-D diffusion
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PSI (Switzerland)

1. Name of participant

Peter Grimm

2. Establishment

Paul Scherrer Institute
CH-5253 VILLIGEN PSI

3. Name of code system used

ELCOS Code System (developed at PSI, Ref. 1)

Cell calculations and pin-by-pin core calculations: BOXER (Ref. 2)

Nodal and pin power reconstruction calculations: SILWER (Ref. 3, 4)

4. Bibliographic references

[1] J.M. Paratte, K. Foskolos, P. Grimm, and C. Maeder, Das PSI Codesystem ELCOS zur
stationaeren Berechnung von Leichtwasserreaktoren, Proc. Jahrestagung Kerntechnik,
Travemuende, Germany, May 17-19, 1988, p.59.

[2] J.M. Paratte, P. Grimm, and J.M. Hollard, ELCOS, The PSI Code System for LWR Core
Analysis, Part II: User’s Manual for the Fuel Assembly Code BOXER, PSI Report 96-08,
February 1996.

[3] M. Makai and C. Maeder, A Fast Nodal Neutron Diffusion Method for Cartesian Geometry,
Nucl. Sci. Eng., 84, 390 (1983).

[4] P. Grimm, M. Aboudy, A. Galperin, and M. Segev, A Test of Main Stream Pin Power
Reconstructions Methods, Nucl. Sci. Eng., 122, 395 (1996).

[5] J.M. Paratte, K. Foskolos, P. Grimm, and J.M. Hollard, ELCOS, The PSI Code System for
LWR Core Analysis, Part I: User’s Manual for the Library Preparation Code ETOBOX, PSI
Report 96-02, January 1996.

[6] K. Koebke, H. Haase, L. Hetzelt, and H.J. Winter, Application and Verification of the
Simplified Equivalence Theory for Burnup States, Nucl. Sci. Eng., 92, 56 (1986).
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5. Origin of cross-section data

Cross sections from JEF-1, processed by ETOBOX (code developed at PSI, Ref. 5).

70 groups (69 group WIMS structure + 1 group 10-15 MeV, thermal cutoff 1.3 eV), P1 scattering
(P2 transport corrected).

6. Spectral calculations and data reduction methods used

Resonance data (resolved and unresolved resonances) for all resonance nuclides except minor
fission products:

•  Point data between 1.3 eV and 907 eV, typically 7 000- 8 000 points.
•  Cross-sections tabulated for 3 temperatures and 4 dilutions for E > 907 eV.

Weighting spectrum:

•  Fast range: typical LWR cell spectrum calculated in many microgroups (including structures
due to oxygen resonances).

•  Intermediate range: 1/E.
•  Thermal range: modified Maxwellian spectrum.

Thermal scattering matrix for hydrogen in water from JEF-1 S(alpha,beta) matrix (n,2n) and
(n,3n) reactions included in scattring matrices (no P2 transport correction) and subtracted from
absorption cross section

7. Number of energy groups in the different phases

8. Cell calculations

Resonance self-shielding:

Pointwise two-region collision probability calculation (1.3 eV < E < 907 eV), tabular
interpolation versus temperature and equivalent dilution cross section for E > 907 eV, Dancoff factor
corrected for square cell geometry.

Resonance overlap automatically taken into account by pointwise calculation.

Cells calculated by one-dimensional integral transport calculation in cylindrical geometry
employing white boundary conditions.

Vector fission spectrum calculated as linear combination of spectra of all fissionable nucides in
the cell (weighting function: macroscopic production cross sections, collapsed with library spectrum).

No correction of scattering matrices for difference between library weighting spectrum and cell
spectrum.

Fundamental mode spectrum (keff = 1) in 70 groups by B1 method for homogenized cell.
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Weighting spectrum for group collapsing in homogeneous (non-cell) materials: one-dimensional
transport calculation in slab geometry, preserving mean chord lengths of materials in two-dimensional
grid.

9. Other assumptions and characteristics

Core Calculation – Pin-by-Pin Transport Calculation

Two-dimensional transport calculation by transmission probability integral transport method,
using first-order spherical harmonics expansions for mesh surface currents and linear space depend-
ence of surface currents and source within meshes, P1 anisotropic scattering, cells homogenized.

Core Calculation – Nodal and Pin Power Reconstruction

Assemblies homogenized by transport calculations using above method but for single assemblies
with reflective boundary conditions.

Assembly averaged cross sections divided by surface-to-average flux ratios from assembly
calculations (Heterogeneity factors by Koebke, Ref. 6).

Reflector 2-group diffusion coefficients adjusted to reproduce results of heterogeneous multi-
group transport calculation.

Analytical nodal diffusion calculation in 2 energy groups using exponential and trigonometric
functions for intranodal flux expansion (Ref. 3).

Pin Power Reconstruction (Ref. 4):

•  21-term expansion for 2-group homogeneous intranodal flux distribution, 4th order polynomial
for fast flux, cosh and sinh functions for thermal flux.

•  Corner fluxes and currents by 8-term second-order polynomial expansion in each of the four
adjacent nodes.

•  Intranodal homogeneous fluxes modulated with pin form factors from heterogeneous assembly
calculations.

Models and Calculational Options Used – Pin-by-Pin Transport Calculations

One cell calculation for each fuel type, all with white boundary conditions.

Cladding composition replaced by Zircalloy-2.

Energy group structure for core calculation: 12 groups, upper boundaries 15 MeV, 821, 5.53 keV,
907, 16, 4, 1.3, 0.625, 0.3, 0.14, 0.05 and 0.02 eV.

One mesh per pin call in core calculation.
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Models and Calculational Options Used – Nodal and Pin Power Reconstruction

Assembly averaged cross sections from 2-D pin-by-pin transport calculations for individual
assemblies, collapsed to 2 groups and divided by heterogeneity factors.

Reflect cross sections from 1-D transport calculations of fuel + reflector, reflector 2-group
diffusion coefficients adjusted to yield same kinf and keff as transport calculation.

One node per 1/4 assembly.

2 energy groups (boundary 1.3 eV).

10. Comments useful for interpreting correctly the results
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KAERI (Korea)

1. Name of participants

Hyung-Kook Joo
Taek-Kyum Kim
Yeong-Il Kim
Young-Jin Kim

2. Establishment

Korea Atomic Energy Research Institute

3. Name of code system used

HELIOS/MASTER

4. Bibliographic references:

[1] Eduardo A. Villarino, Rudi J.J. Stammler and Aldo A. Ferri, “HELIOS: Angular Dependent
Collision Probabilities”, Nuclear Science and Engineering, Vol. 112, 16(1962).

[2] Rudi J.J. Stammler, “Methods of Steady State Reactor Physics in Nuclear Design”,
Academic Press, London (1983).

[3] J.M. Noh and N.Z. Cho, “A New Diffusion Nodal Method Based on Analytic Basis Function
Expansion”, Trans. Am. Nucl. Soc., 69, 462 (1963).

[4] J.M. Noh and N.Z. Cho, “A New Approach of Analytic Basis Function Expansion to
Neutron Diffusion Nodal Calculation”, Nucl. Sci. Eng., 116, 165 (1994).

5. Origin of cross section data

ENDF/B-VI

The 89 neutron groups library data condensed by using HEBE code from the master library is
used in HELIOS code. The master library in a group structure of 190 neutron groups is generated from
ENDF/B-VI by using NJOY91.13 code.

6. Spectral calculations and data reduction methods used

a) resonance shielding, and

b) overlaping of resonances:

− method: to evaluate effective cross-section for the resonance isotopes, HELIOS uses the
tables of group resonance integrals (RIs) for homogeneous mixtures of the resonance
isotopes with hydrogen. Isotopes other than hydrogen are represented by including their
“intermediate resonance factors” in “background cross-section”. In the heterogeneous
system is enforced by adding an “equivalence cross-section” to background cross-
section.
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− energy range: 1.85 eV ~ 9.119 keV.

− nuclides: 31 nuclides (232Th, 233U, 235, 236, 238U, 239Pu, 240, 241, 242Pu, 95Mo, 99Tc, 108Pd,
107, 109Ag, 113, 115In, 131Xe, 133Cs, 155Gd, 156, 157, 158Gd, 166, 167Er, 169, 170Tm, 176Hf,
177, 178, 179, 180Hf).

c) Fission spectra: Weighted mix of fissionable isotopes (235U, 236, 238U, 237Np, 238Pu,
239, 240, 241, 242Pu, 241,242Am, 242m, 243m is used for fission spectrum calculation).

d) The (n,2n) reactions of 232Th, 233U, 238U, 237Np and 244Cm isotopes are considered in heavy
metal burnup chain.

7. Number of energy groups used in the different phases

•  89 energy group calculation for cell calculation;

•  two energy group calculation for core calculation (cut-off energy: 40 eV).

8. Cell calculation

a) type of calculation: heterogeneous calculation;

b) theory used: transport theory;

c) method used: current coupling and collision probability (first-flight probability) method;

d) calculation characteristics:

− 9 meshes per fuel cell (including 4 meshes in moderator region),
− 89 energy group calculation,

e) reconstruction method:

− modulation method (combination of heterogeneous form function and homogeneous
solution in an assembly).

9. Other assumptions and characteristics

Since two group macroscopic cross section from HELIOS is used for core calculation, fission rate
distribution of each isotope is not available in this calculation.

10. Comments useful for interpreting correctly the results

Our calculation for this benchmark consists of three stages as follows:

•  Homogenization: Two group constants, discontinuity factor and heterogeneous power form
function were generated from HELIOS assembly calculation.

•  Core calculation: Analytic basis function expansion (AFEN) option in the MASTER was used
for nodal calculation for core power distribution with 1 node per assembly mesh grids.
Homogeneous flux distributions in the fuel nodes were calculated for the pin-power
reconstruction.

•  Pin-power reconstruction: Intranodal homogeneous flux and heterogeneous power form
function were modulated to estimate the pin-power distribution.
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IPPE (Russian Federation)

1. Names of participant

Anatoli M. Tsiboulia
Eugeny V. Rozhikhin

2. Establishment

ABBN Laboratory
Institute of Physics and Power Engineering (IPPE)
249020 Bondarenko Square 1
Obninsk, Kaluga Region
Russian Federation
e-mail: abbn@ippe.rssi.ru

3. Names of code systems used

WIMS-D4
TWODANT

4. Bibliographic references

[1] Askew J.R., Fayers, F.J., Kemshell, P.B., “A general description of the lattice code WIMS”,
J. Brit. Nucl. Energy Soc., Oct. 1966, v.5, N4.

[2] R.E. Alcouffe, F.W. Brinkley, Jr., D.R. Marr and R.D. O’Dell, “User’s Guide for
TWODANT: A Code Package for Two-Dimensional, Diffusion-Accelerated, Neutral-
Particle Transport”, LA-10049-M (February 1990).

5. Origin of cross-section data

FOND-2.2

6. Spectral calculations and data reduction methods used

a) resonance shielding; standard WIMS-D4 method was used for 235U, 238U, 239Pu, 240Pu and
special method was used in order to take into account resonance self-shielding effect for
“thermal” resonance (2.68 eV) of 242Pu;

b) mutual shielding (overlapping of resonances): standard WIMS-D4;

c) fission spectra: 235U fission spectra for UO2; 
239Pu fission spectra for MOX;

d) how was the (n,2n) reaction treated: standard WIMS-D4;

e) weighting spectrum for scattering matices: standard WIMS-D4.
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7. Number of energy groups used in the different phases

•  the unit cell calculations have been done with the WIMS-D4 code in 69 energy groups
(14 fast, 13 resonance and 42 thermal) in discrete ordinate transport theory, S16 approximation;

•  the assembly calculations have been done with the TWODANT code using the macroscopic
cross-sections prepared by WIMS-D4 in P0 approximation with diagonal transport correction.
Different number of groups is used for different cases:

− CASE 1: in 69 energy groups in discrete ordinate transport theory, S4 approximation.
− CASE 2: in 69 energy groups in diffusion theory.
− CASE 3: in 3 energy groups in discrete ordinate transport theory, S4 approximation.
− CASE 4: in 3 energy groups in diffusion theory.
− CASE 5: in 3 energy groups in discrete ordinate transport theory, S4 approximation.
− CASE 6: in 3 energy groups in diffusion theory.

8. Cell calculation:

a) type of calculation: heterogeneous

b) theory used: transport

c) method used: S16

d) calculation characteristics: 1/4 core

− CASE 1: 39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector.
− CASE 2: 39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector.
− CASE 3: 39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector.
− CASE 4: 39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector.
− CASE 5: 140 x 140 meshes, 2 meshes per pin in first row, 4 meshes per pin in other rows,

38 meshes in water reflector.
− CASE 6: 140 x 140 meshes, 2 meshes per pin in first row, 4 meshes per pin in other rows,

38 meshes in water reflector.

e) reconstruction method: see Ref. 2.

9. Other assumptions and characteristic

•  unshielded microscopic fission cross section of 235U was used to simulate the fission rate of
one atomic of 235U in the water inside the guide-tube;

•  in 3-groups calculations neutron spectrum inside the guide-tube in surrounding of 8 UO2 cells
is used for collapsing cross-sections.

10. Comments useful for interpreting correctly the results

•  fission rate of one atomic of 235U is normalised to total 1 in the centre of the MOX assembly;

•  the energy grid for reaction rates calculations:

10 MeV - 5.53 keV, 5.53 keV - 4  eV, and 4 eV – 1E-4 eV.
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SCK•CEN (Belgium)

1. Name of participant

Georges MINSART
Edouard M. MALAMBU

2. Establishment

Reactor Safety and Radioprotection Division
SCK•CEN
Boeretang 200
B-2400 MOL

Introduction

For this contribution to the second phase of the WPPR Benchmark, the methodology applied for
the first phase has been adopted: cross-section preparation and cell transport theory calculations with
the SCK•CEN MULCOS code system [1], and core study with the two-dimensional transport SN code
DORT [2], the workstation version of DOT4.3. In all runs, the MOL-BR2-40GR cross-section set [3]
has been used. For a comparison [4], the same set of effective (self-shielded) cross-sections has been
used for the core study with another formalism.

Cross-sections

The MOL-BR2-40GR multigroup cross-section library has been originally prepared for the
studies related to the various experiments conducted in the BR2 MTR reactor. It has been also
extensively used for the analysis of many LWR core loadings in the VENUS critical facility, and this
has demonstrated its good applicability for such lattices, at least with UO2 fuel. With MOX fuel, this
set tends to slightly overpredict the keff.

The basic data were taken from:

•  the old KEDAK evaluated data file and processed with the Gfk code BRIGITTE;

•  the selected group structure in the fast and epithermal ranges is the same as in the old ABBN
and NUSYS libraries.

Below 2.15 eV, a much detailed group structure has been adopted, in order to better describe the
low-energy resonances, mainly of the Pu isotopes. The scattering matrice has been prepared with the
Dutch code MICROFLUX and includes upscattering between the 11 groups below 0.95 eV. The n-2n
cross-sections are included twice in the scattering matrices while they are counted once when
computing total and absorption cross-sections.

A unique (235U) fission spectrum is available. The Bondarenko formalism is used to perform the
resonance self-shielding (f-factors tabulated by group and by isotope vs. temperature and potential
scattering); to the potential scattering internally computed in the preprocessing routines of the
MULCOS code system on the basis of the fuel composition, a heterogeneity term is added, accounting
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for the shape and size of the fuel zone in the cell and for the proportions and compositions of the other
components of the cell.

Cell calculations

The modified version of the DS4 (SN) one-dimensional code included in MULCOS has been
adopted to perform the cell calculations in cylindrical geometry. Four zones were defined: the fuel, the
Zr clad, the Al clad, and the moderator; the gap between fuel and Zr has been included in the Zr zone,
and the Zr atomic density has been accordingly reduced to keep the same amount of material; a similar
smearing has been done with Al for the gap between the two clads. The 40-group library described
above is used with the P0 diagonal transport correction and the S8 level of angular descretization has
been adopted. A fine mesh description of the cell has been used: 12 meshes in the fuel zone, 3 in the
Zr zone, 2 in the Al zone, and 10 in the moderator. Macroscopic and microscopic effective cross-
sections prepared in the pre-processing step were used to compute the requested reaction rates; it
should be noted here that the library group structure does not contain the specified group limits, the
closest available limits (4.65 eV and 4.65 keV) have been selected for preparing the tables of results.

An additional step has been performed: the macroscopic cross-sections of the four zones of each
cell were combined into “homogeneous” sets using a flux and volume weighting procedure in each
group; cell disadvantage factors were not applied to the microscopic (effective) data used for further
reaction rate calculations

Core calculation

As already indicated, the core study has been performed with the DORT two-dimensional SN

transport code in XY geometry; discretization level S8 has been adopted with the 40-group cross-
sections (P0 with diagonal transport correction) produced in the homogeneization step of the cells. For
the spatial description in both directions, meshes of 0.63 cm (i.e. half the lattice pitch) were adopted
up to about one third of the reflector thickness, and meshes of 1.26 cm for the outer part of the
reflector. Severe convergence criteria were imposed for the core calculation: 10-5 for the eigenvalue
and the fission source, 5. 10-5 for the pointwise flux stabilization.

Using this finite difference model avoids cell special reconstruction procedures: one has simply to
sum the results of the four parts of each cell. Here also the 3-group structure is based on the energy
limits indicated above.

References

[1] MULCOS, a multipurpose code system. User’s guide and codes description. G. Minsart,
SCK•CEN internal reports.

[2] TORT-DORT, Two- and Three-Dimensional Discrete Ordinates Transport Version 2.7.3;
RSIC report CCC-543.

[3] MOL-BR2-4OGR, A 40-group cross-section library for the calculation of fast-thermal
systems. P. Vandelplas, J.C. Schepers, SCK•CEN internal report.

[4] Contribution to the 2nd phase of the benchmark PWDA using the NRMPO nodal diffusion
code. E. Malambu (SCK•CEN).
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[5] Malambu E. (1994), “Contribution aux méthodes nodales pour les équations de diffusion
multigroupe de neutrons”, PhD Thesis, UCL.

[6] Malambu E. and Mund E. (1966), “A Self-Consistent Nodal Method in Response Matrix
Formalism for Multigroup Diffusion Equations”, Ann Nucl. Energy, 23, 99-118, 1996.

[7] Hennart J.P., Malambu E., Mund E., and Del Valle E., “Efficient higher-order nodal finite
element formulations for neutron multigroup diffision equations”, Nucl. Sci. Eng., Submitted
for publication.

[8] Minsart G. (1996), “Contribution to the second phase of the Benchmark Power Distribution
Within Assemblies”.

Results of cell calculations

The results of the cell calculations are reported in the tables 1 and 2.1 to 2.4; “partial
macroscopic” reaction rates (i.e. microscopic reaction rates x density of the considered isotope;
smeared over the cell area) are given. One should remember that, due to the group structure of the
cross-section set, the energy  limits of the reported 3-group reaction rates are:

•  g=1 (fast group) E > 4.65 keV

•  g=2 (epithermal) 4.65 eV < E < 4.65 keV

•  g=3 (thermal) E < 4.65 eV

i.e. slightly different from those specified in the benchmark proposal. The results are normalised to a
total absorption = 1.0 in the cell.

The DORT run for the core study yielded a keff = 1.09231. The requested macroscopic and
microscopic reaction rates (capture and fission) were computed for all geometrical meshes, total for all
groups and for the 3-group structure indicated above. The results are gathered in the following tables
where also “partial macroscopic” values are given; for the cells along the borders of the displayed
octant, full cell areas have been used (not half the cells). In addition, integral fission rates per assembly
in 1/4 of the core have been computed for the four isotopes specified in the benchmark proposal; they
are given in Table 3. All results have been normalised to a total absorption = the number of fuel cells
in the model (here 594 for 1.4 core).

In addition, a core calculation was performed using (43 x 43) meshes grid NRMPO (Nodal
Response Matric Polynomial) Nodal diffusion code with the same 40 group cross-sections generated
by MULCOS [5, 6, 7, 8].
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JAERI (Japan)

1. Name of Participant

Keisuke OKUMURA
Teruhiko KUGO
Yasunobu NAGAYA

2. Establishment

Japan Atomic Energy Research Institute (JAERI)

3. Name of code systems used

SRAC95 : cell and assembly calculations
MOSRA-light : core calculation

4. Bibliographic references

[1] K. Tsuchihashi, et al., “Revised SRAC Code System”, JAERI-1302 (1986).

[2] K. Okumura, et al., “SRAC95; General Purpose Neutronics Code System”, JAERI-Data/
Code 96-015 (1996) (in Japanese).

[3] K. Okumura, “Development of Nuclear Design Code System for Advanced Reactors”,
JAERI-Review 94-0093, pp. 73-75, (1994).

5. Origin of cross section data

JENDL-3.2 for all nuclides except for 242Pu (JENDL-3.1)

6. Spectral calculations and data reduction methods used

(a) Resonance shielding

PEACO: ultra-fine energy group calculation with collision probability method in the
following energy range 961.12 eV-130.07 eV (Lethargy width = 0.00025) 130.07 eV-
thermal cut off (Lethargy width = 0.0005) (thermal cut off energy in this benchmark =
2.3824 eV).

Table-look-up method based on NR Approximation except for the above energy range.

(b) Mutual shielding

Mutual shielding effect is considered by the PEACO routine

(c) Fission spectra

Nuclide-wide fission spectra are mixed by weighting with production rates calculated from
an asymptotic spectrum and number densities of fissile nuclides.

(d) How was the (n,2n) reaction treated?

(n,2n) reaction was considered by including it in the scattering matrix.

(e) Weighting spectrum for scattering matrices

asymptotic spectrum (for 107-groups library)



194

calculated P0-spectrum (for energy condensation to 11 groups).

7. Number of energy groups used in the different phases

•  Cell calculation
107 energy groups

•  Single assembly calculation
11 energy groups

•  Core calculation and flux reconstruction
11 energy groups

8. Core calculation:

(a) Type of calculation

Semi-Heterogeneous model in single assembly calculations.
Homogeneous model in core calculation with homogenized XSs in each assembly.

(b) Theory used

Transport theory for assembly calculations
Diffusion theory for core calculation.

(c) Method used

Collision probability method in assembly calculations.
Polynomial nodal expansion method (4th order polynomials) with qradratic transverse
leakage fitting.

(d) Characteristics

66 elements/half assembly in assembly calculations.
2x2 meshes/assembly in homogeneous core calculation.

(e) Reconstruction method

Homogeneous intranodal flux distribution was calculated from the following nonseparable
polynomial expansion form for all energy groups:

Flux-Homo (i,j,g) = Sum (Cij * X**i * Y**j), (i, j = 0, 4).

Some cross-terms with i or j > 2 were neglected and 13 expansion coefficients were
determined from the following constraints; a node averaged flux, 4 surface averaged fluxes,
4 surface averaged net currents and 4 corner point fluxes. Heterogeneous flux distribution
was obtained by factorizing the reconstructed homogeneous flux with the form factor given
by assembly calculations.

9. Other assumptions

•  Single assembly calculation with semi-heterogeneous geometry including homogenized fuel
pin cell region and heterogeneous guide tube channels.

•  No consideration for discontinuity factor.

10. Comments

Multi-group (g > 2) flux reconstruction technique is under developed in JAERI. The polynomial
expansion form with 13 terms is a temporary method.
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JAERI (Japan)

1. Name of Participant

Keisuke OKUMURA
Teruhiko KUGO
Yasunobu NAGAYA

2. Establishment

Japan Atomic Energy Research Institute (JAERI)

3. Name of code systems used

MVP

4. Bibliographic references

[1] M. Nakagawa, T. Mori and M. Sasaki: Nucl. Sci. Eng., 107, 58 (1991).

[2] M. Nakagawa, T. Mori and M. Sasaki: Ann. Nucl. Energ., 18, 467 (1991).

[3] T. Mori, M. Nakagawa and M. Sasaki: J. Nucl. Sci. Technol. 29[4], 183 (1992).

[4] T. Mori, M. Nakagawa and M. Sasaki: J. Nucl. Sci. Technol. 29[12], 1224 (1992).

[5] T. Takamasa and M. Nakagawa: “MVP/GMVP: General Purpose Monte Carlo Codes for
Neutron and Photon Transport Calculations based on Continuous Energy and Multigroup
Methods”, JAERI-Data/Code 94-007(1994) (in Japanese).

5. Origin of cross section data

JENDL-3.2 for all nuclides

6. Spectral calculations and data reductions methods used

Heterogeneous calculation by continuous energy Monte Carlo code (MVP).

7. Number of energy groups used in the different phases

Continuous energy for all phases.

8. Core calculation

Heterogeneous calculation by continuous energy Monte Carlo code (MVP).

9. Other assumptions

No assumption.
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Appendix 3

EDF and IPPE Comparative Calculations
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EDF performed 2-D SN calculations (APOLLO-2) for 172, 101, 16, 6 energy groups consequently
and one 3-D SN transport calculation for 16 energy groups. For comparison in this report, the 2-D
APOLLO-2 calculation result for 16 groups was taken as the EDF reference solution. The 2-D results
for 172, 101 and 6 energy groups and a 3-D SN transport calculation for 16 energy groups result are
presented in Figures A.3.1 to A.3.11 in Appendix 3.1.

IPPE provided 6 solutions using different energy groups and methods as follows:

• Case 1: in 69 energy groups in SN transport theory (S4 approximation),
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector.

• Case 2: in 69 energy groups in diffusion theory,
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector.

• Case 3: in 3 energy groups in SN transport theory (S4 approximation),
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector.

• Case 4: in 3 energy groups in diffusion theory,
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector

• Case 5: in 3 energy groups in SN transport theory (S4 approximation),
140 x 140 meshes, 2 meshes per pin in first row, 4 meshes per pin,
in other rows, 38 meshes in water reflector.

• Case 6: in 3 energy groups in diffusion theory,
140 x 140 meshes, 2 meshes per pin in first row, 4 meshes per pin,
in other rows, 38 meshes in water reflector.

However, all the IPPE core calculations were performed with a wrong buckling height (95 cm
instead of 80 cm). Due to 1/4 of the core modelling, in Cases 1 to 4, the mesh sizes in the first row
were twice less than those in the other rows. In the report, only cases 1 and 2 were presented as the
two IPPE reference solutions. All the IPPE solutions are shown for comparison in Figures A.3.12 to
A.3.23 in Appendix 3.2.

By the way, keff were recently revised with the correct buckling height value (i.e., 80 cm) and
with the S8 approximation. The revised keff values are as follows:

Case 1’ 69 groups/1.26 cm mesh size/S8: keff = 1.07194 (old value = 1.08220)

Case 2’ 69 groups/1.26 cm mesh size/diffusion: keff = 1.06105 (old value = 1.06570)

Case 3’ 3 groups/1.26 cm mesh size/S8: keff = 1.07756

Case 4’ 3 groups/1.26 cm mesh size/diffusion: keff = 1.07242

Case 5’ 3 groups/0.315 cm mesh size/S8: keff = 1.07709

Case 6’ 3 groups/0.315 cm mesh size/diffusion: keff = 1.07450

Case 1’’ 69 groups/0.63 cm mesh size/S8: keff = 1.07141

Case 2’’ 69 groups/0.63 cm mesh size/diffusion: keff = 1.06803

Case 3’’ 3 groups/0.63 cm mesh size/S8: keff = 1.07715

Case 4’’ 3 groups/ 0.63 cm mesh size/diffusion: keff = 1.07411

The corresponding pin-by-pin fission rates (with right buckling height and S8) were submitted at
the moment of finalising the report. These revised fission rate values are presented in Figures A.3.24
to A.3.33. A comparison between revised and previous results is also made.
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3.1 EDF comparative calculation results

Figure A.3.1. Fission rates in 1/8 core by 2-D (172 groups) calculation

1 o
2 1.377 1.302
3 1.390 1.307 1.315
4 o 1.348 1.366 o
5 1.388 1.312 1.320 1.384 1.447
6 1.433 1.340 1.363 1.404 1.388 o
7 o 1.275 1.301 o 1.410 1.312 1.275
8 1.455 1.368 1.370 1.439 1.356 1.258 1.264 1.333
9 1.209 1.224 1.218 1.201 1.202 1.193 1.184 1.207 1.339

10 1.109 1.118 1.112 1.099 1.094 1.081 1.063 1.069 1.095 1.141
11 1.369 1.311 1.312 1.352 1.292 1.220 1.197 1.181 1.180 1.181 1.182
12 o 1.401 1.417 o 1.461 1.379 1.315 1.225 1.199 1.187 1.188 1.239
13 1.451 1.393 1.401 1.427 1.492 o 1.368 1.235 1.208 1.188 1.179 1.262 o
14 1.426 1.380 1.381 1.414 1.424 1.458 1.412 1.275 1.191 1.170 1.206 1.290 1.288 1.210
15 o 1.369 1.377 o 1.373 1.345 o 1.292 1.158 1.136 1.217 o 1.182 1.152 o
16 1.353 1.302 1.302 1.327 1.287 1.276 1.277 1.206 1.126 1.103 1.135 1.158 1.114 1.077 1.064 0.999
17 1.293 1.247 1.244 1.265 1.229 1.208 1.212 1.152 1.079 1.057 1.083 1.096 1.051 1.023 1.009 0.949 0.903
18 o 1.212 1.216 o 1.197 1.184 o 1.130 1.021 1.000 1.059 o 1.030 0.991 o 0.924 0.877 o
19 1.175 1.128 1.125 1.147 1.111 1.093 1.098 1.040 0.971 0.950 0.975 0.990 0.947 0.920 0.909 0.852 0.811 0.791 0.727
20 1.094 1.056 1.055 1.071 1.041 1.030 1.028 0.974 0.912 0.892 0.912 0.925 0.891 0.861 0.847 0.797 0.756 0.734 0.678 0.633
21 o 1.005 1.010 o 1.003 0.983 o 0.941 0.843 0.825 0.880 o 0.850 0.826 o 0.761 0.721 o 0.648 0.602 o
22 0.955 0.920 0.921 0.944 0.944 0.963 0.935 0.844 0.784 0.767 0.789 0.839 0.830 0.779 0.745 0.692 0.656 0.637 0.587 0.549 0.527 0.493
23 0.881 0.847 0.852 0.865 0.905 o 0.828 0.744 0.723 0.706 0.697 0.740 o 0.747 0.680 0.641 0.602 0.587 0.540 0.507 0.482 0.471 o
24 o 0.822 0.831 o 0.855 0.806 0.764 0.705 0.683 0.668 0.660 0.684 0.693 0.702 o 0.623 0.587 o 0.527 0.492 o 0.444 0.393 0.359
25 0.846 0.809 0.809 0.833 0.795 0.748 0.730 0.712 0.694 0.679 0.666 0.656 0.642 0.652 0.654 0.605 0.575 0.562 0.514 0.479 0.463 0.413 0.361 0.338 0.330
26 1.058 1.061 1.055 1.045 1.036 1.023 0.999 0.979 0.957 0.937 0.918 0.896 0.879 0.850 0.818 0.788 0.751 0.709 0.670 0.626 0.578 0.534 0.488 0.449 0.426 0.490
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Figure A.3.2. Fission rates in 1/8 core by 2-D (101 groups) calculation

1 o
2 1.389 1.294
3 1.388 1.295 1.297
4 o 1.381 1.386 o
5 1.395 1.303 1.310 1.417 1.414
6 1.427 1.335 1.343 1.462 1.353 o
7 o 1.320 1.327 o 1.384 1.343 1.258
8 1.438 1.359 1.360 1.433 1.353 1.303 1.292 1.355
9 1.221 1.214 1.212 1.213 1.197 1.180 1.175 1.202 1.319

10 1.130 1.122 1.119 1.120 1.103 1.084 1.071 1.072 1.099 1.148
11 1.350 1.299 1.298 1.339 1.282 1.236 1.202 1.180 1.175 1.181 1.187
12 o 1.419 1.420 o 1.435 1.386 1.295 1.230 1.201 1.190 1.193 1.223
13 1.442 1.384 1.386 1.451 1.462 o 1.374 1.253 1.205 1.187 1.197 1.269 o
14 1.425 1.368 1.369 1.427 1.402 1.429 1.389 1.267 1.195 1.174 1.200 1.270 1.262 1.191
15 o 1.385 1.386 o 1.383 1.372 o 1.281 1.173 1.150 1.208 o 1.203 1.163 o
16 1.349 1.293 1.289 1.335 1.277 1.261 1.282 1.195 1.126 1.104 1.125 1.163 1.100 1.068 1.070 0.988
17 1.292 1.239 1.235 1.274 1.219 1.203 1.222 1.142 1.080 1.058 1.074 1.106 1.046 1.015 1.016 0.941 0.897
18 o 1.227 1.223 o 1.206 1.189 o 1.126 1.034 1.012 1.057 o 1.032 1.001 o 0.929 0.884 o
19 1.170 1.120 1.117 1.153 1.101 1.085 1.105 1.030 0.972 0.951 0.967 0.996 0.940 0.911 0.914 0.844 0.805 0.794 0.721
20 1.094 1.050 1.047 1.081 1.034 1.021 1.036 0.967 0.912 0.893 0.906 0.933 0.882 0.855 0.855 0.790 0.752 0.740 0.673 0.629
21 o 1.018 1.018 o 1.012 1.002 o 0.936 0.856 0.837 0.875 o 0.865 0.835 o 0.767 0.727 o 0.652 0.609 o
22 0.955 0.915 0.915 0.953 0.932 0.947 0.923 0.840 0.788 0.771 0.786 0.828 0.816 0.768 0.751 0.687 0.652 0.642 0.583 0.546 0.533 0.488
23 0.884 0.849 0.850 0.888 0.895 o 0.839 0.761 0.726 0.710 0.712 0.751 o 0.737 0.698 0.638 0.604 0.594 0.540 0.506 0.495 0.467 o
24 o 0.838 0.838 o 0.845 0.815 0.758 0.713 0.688 0.673 0.668 0.679 0.700 0.694 o 0.628 0.595 o 0.533 0.498 o 0.441 0.400 0.358
25 0.855 0.825 0.823 0.846 0.810 0.780 0.754 0.730 0.712 0.697 0.684 0.676 0.669 0.664 0.663 0.615 0.585 0.573 0.523 0.489 0.470 0.421 0.380 0.350 0.346
26 1.041 1.035 1.031 1.029 1.013 0.995 0.975 0.954 0.934 0.914 0.895 0.875 0.854 0.831 0.806 0.769 0.733 0.698 0.654 0.612 0.571 0.524 0.478 0.441 0.424 0.475

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
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Figure A.3.3. Fission rates in 1/8 core by 2-D (16 groups) calculation

1 o
2 1.393 1.299
3 1.392 1.300 1.302
4 o 1.386 1.391 o
5 1.399 1.308 1.315 1.423 1.419
6 1.431 1.340 1.348 1.468 1.358 o
7 o 1.326 1.332 o 1.389 1.348 1.263
8 1.442 1.363 1.364 1.437 1.357 1.308 1.296 1.357
9 1.217 1.210 1.208 1.209 1.193 1.176 1.171 1.197 1.308

10 1.143 1.135 1.132 1.134 1.116 1.097 1.083 1.083 1.108 1.156
11 1.359 1.310 1.309 1.348 1.292 1.248 1.213 1.189 1.183 1.187 1.192
12 o 1.426 1.428 o 1.441 1.392 1.302 1.237 1.207 1.195 1.198 1.227
13 1.447 1.391 1.393 1.457 1.467 o 1.378 1.259 1.210 1.192 1.201 1.272 o
14 1.429 1.374 1.375 1.431 1.407 1.432 1.391 1.271 1.200 1.178 1.203 1.271 1.263 1.194
15 o 1.389 1.389 o 1.387 1.375 o 1.282 1.178 1.155 1.209 o 1.205 1.165 o
16 1.351 1.297 1.294 1.337 1.281 1.265 1.284 1.198 1.130 1.108 1.128 1.164 1.103 1.071 1.071 0.990
17 1.294 1.244 1.240 1.277 1.223 1.207 1.225 1.145 1.083 1.061 1.077 1.107 1.049 1.018 1.018 0.943 0.899
18 o 1.229 1.226 o 1.208 1.191 o 1.127 1.037 1.015 1.058 o 1.033 1.002 o 0.929 0.885 o
19 1.171 1.124 1.120 1.155 1.104 1.089 1.106 1.032 0.975 0.954 0.968 0.997 0.942 0.913 0.914 0.846 0.806 0.794 0.722
20 1.096 1.053 1.050 1.083 1.037 1.024 1.038 0.969 0.915 0.895 0.908 0.934 0.884 0.857 0.855 0.791 0.753 0.741 0.674 0.630
21 o 1.020 1.019 o 1.014 1.004 o 0.936 0.858 0.839 0.876 o 0.866 0.836 o 0.766 0.727 o 0.652 0.609 o
22 0.954 0.917 0.916 0.953 0.933 0.947 0.922 0.841 0.789 0.772 0.786 0.827 0.815 0.768 0.751 0.687 0.652 0.642 0.583 0.546 0.532 0.487
23 0.883 0.850 0.851 0.888 0.894 o 0.838 0.762 0.727 0.711 0.713 0.751 o 0.735 0.698 0.637 0.604 0.592 0.540 0.506 0.494 0.465 o
24 o 0.835 0.835 o 0.841 0.812 0.755 0.712 0.687 0.671 0.666 0.676 0.697 0.690 o 0.625 0.592 o 0.530 0.495 o 0.438 0.397 0.354
25 0.847 0.819 0.817 0.839 0.804 0.775 0.749 0.725 0.706 0.691 0.679 0.671 0.665 0.659 0.657 0.610 0.580 0.567 0.518 0.484 0.465 0.417 0.376 0.346 0.341
26 1.017 1.010 1.006 1.005 0.989 0.971 0.951 0.930 0.910 0.890 0.872 0.853 0.833 0.811 0.786 0.750 0.715 0.681 0.638 0.596 0.556 0.510 0.465 0.428 0.411 0.455
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Figure A.3.4. Fission rates in 1/8 core by 2-D (6 groups) calculation

1 o
2 1.397 1.302
3 1.395 1.303 1.306
4 o 1.390 1.395 o
5 1.404 1.313 1.320 1.428 1.424
6 1.436 1.346 1.354 1.475 1.363 o
7 o 1.332 1.338 o 1.394 1.356 1.270
8 1.447 1.368 1.369 1.443 1.363 1.315 1.303 1.363
9 1.213 1.206 1.203 1.205 1.189 1.172 1.166 1.192 1.297

10 1.150 1.142 1.138 1.140 1.123 1.104 1.089 1.089 1.113 1.160
11 1.362 1.314 1.312 1.352 1.296 1.252 1.217 1.193 1.186 1.189 1.195
12 o 1.429 1.431 o 1.442 1.394 1.304 1.239 1.210 1.197 1.200 1.229
13 1.449 1.394 1.396 1.459 1.468 o 1.380 1.261 1.212 1.193 1.203 1.273 o
14 1.431 1.377 1.378 1.433 1.409 1.433 1.392 1.272 1.201 1.180 1.204 1.271 1.263 1.195
15 o 1.391 1.391 o 1.388 1.377 o 1.283 1.180 1.157 1.210 o 1.206 1.166 o
16 1.352 1.300 1.296 1.339 1.283 1.268 1.286 1.199 1.132 1.109 1.129 1.165 1.105 1.072 1.072 0.991
17 1.296 1.246 1.242 1.279 1.225 1.209 1.226 1.147 1.085 1.062 1.078 1.108 1.050 1.019 1.018 0.944 0.900
18 o 1.232 1.228 o 1.210 1.193 o 1.128 1.039 1.017 1.058 o 1.034 1.002 o 0.930 0.885 o
19 1.173 1.126 1.122 1.156 1.106 1.091 1.107 1.034 0.976 0.955 0.969 0.997 0.943 0.914 0.914 0.846 0.807 0.794 0.722
20 1.098 1.056 1.053 1.085 1.040 1.026 1.039 0.970 0.916 0.896 0.909 0.935 0.885 0.858 0.856 0.792 0.754 0.741 0.675 0.630
21 o 1.022 1.021 o 1.015 1.005 o 0.936 0.859 0.840 0.876 o 0.866 0.836 o 0.767 0.727 o 0.651 0.609 o
22 0.955 0.918 0.918 0.954 0.933 0.947 0.922 0.841 0.790 0.772 0.786 0.826 0.814 0.768 0.750 0.687 0.652 0.641 0.583 0.546 0.531 0.486
23 0.883 0.851 0.852 0.888 0.893 o 0.838 0.762 0.727 0.711 0.713 0.750 o 0.734 0.697 0.637 0.604 0.592 0.539 0.506 0.493 0.464 o
24 o 0.835 0.836 o 0.841 0.812 0.755 0.712 0.687 0.671 0.666 0.676 0.696 0.689 o 0.624 0.591 o 0.529 0.495 o 0.436 0.395 0.354
25 0.847 0.819 0.817 0.838 0.804 0.775 0.749 0.725 0.706 0.691 0.678 0.671 0.664 0.658 0.656 0.609 0.579 0.566 0.517 0.483 0.464 0.416 0.375 0.345 0.340
26 0.999 0.992 0.988 0.987 0.971 0.953 0.933 0.912 0.892 0.873 0.854 0.836 0.817 0.795 0.771 0.735 0.701 0.667 0.625 0.584 0.545 0.499 0.455 0.419 0.402 0.440
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203

Figure A.3.5. Fission rates in 1/8 core by 3-D (16 groups) calculation

1 o
2 1.713 1.451
3 1.589 1.390 1.346
4 o 1.476 1.424 o
5 1.556 1.369 1.336 1.436 1.419
6 1.579 1.394 1.367 1.478 1.355 o
7 o 1.390 1.352 o 1.386 1.346 1.260
8 1.554 1.399 1.375 1.438 1.352 1.306 1.292 1.352
9 1.252 1.231 1.214 1.212 1.191 1.172 1.162 1.189 1.294

10 1.181 1.156 1.141 1.137 1.116 1.095 1.078 1.076 1.099 1.145
11 1.436 1.340 1.319 1.348 1.285 1.242 1.204 1.179 1.172 1.175 1.177
12 o 1.472 1.442 o 1.430 1.382 1.290 1.225 1.195 1.181 1.185 1.210
13 1.547 1.432 1.405 1.457 1.457 o 1.367 1.248 1.197 1.175 1.185 1.256 o
14 1.530 1.415 1.386 1.430 1.394 1.417 1.375 1.254 1.187 1.166 1.185 1.252 1.241 1.172
15 o 1.438 1.401 o 1.376 1.365 o 1.267 1.166 1.141 1.191 o 1.187 1.147 o
16 1.447 1.334 1.476 1.334 1.271 1.250 1.269 1.181 1.116 1.093 1.108 1.145 1.084 1.051 1.053 0.971
17 1.384 1.279 1.248 1.275 1.212 1.195 1.210 1.129 1.068 1.049 1.059 1.089 1.030 0.999 0.999 0.925 0.881
18 o 1.271 1.237 o 1.198 1.179 o 1.112 1.024 1.001 1.040 o 1.013 0.984 o 0.911 0.867 o
19 1.254 1.154 1.126 1.151 1.091 1.076 1.089 1.015 0.961 0.940 0.951 0.978 0.923 0.896 0.896 0.827 0.789 0.775 0.705
20 1.172 1.084 1.059 1.080 1.028 1.011 1.024 0.953 0.904 0.883 0.892 0.917 0.867 0.840 0.839 0.773 0.739 0.726 0.664 0.615
21 o 1.051 1.024 o 1.005 0.992 o 0.923 0.844 0.827 0.860 o 0.852 0.819 o 0.750 0.712 o 0.637 0.595 o
22 1.018 0.940 0.919 0.948 0.921 0.932 0.907 0.827 0.777 0.760 0.772 0.808 0.796 0.752 0.735 0.674 0.637 0.628 0.570 0.534 0.519 0.475
23 0.938 0.869 0.854 0.883 0.883 o 0.827 0.750 0.716 0.699 0.699 0.737 o 0.720 0.683 0.624 0.592 0.580 0.526 0.494 0.482 0.452 o
24 o 0.856 0.837 o 0.829 0.800 0.743 0.701 0.676 0.659 0.655 0.662 0.682 0.674 o 0.613 0.580 o 0.517 0.482 o 0.427 0.387 0.345
25 0.886 0.829 0.816 0.831 0.794 0.766 0.739 0.714 0.695 0.680 0.666 0.659 0.653 0.643 0.643 0.595 0.567 0.553 0.505 0.471 0.454 0.408 0.368 0.337 0.331
26 1.013 0.999 0.990 0.984 0.967 0.946 0.925 0.906 0.883 0.865 0.846 0.827 0.808 0.787 0.762 0.724 0.691 0.659 0.616 0.574 0.538 0.492 0.448 0.414 0.396 0.435
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Figure A.3.6. Fission rates in MOX assembly
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Figure A.3.7. Fission rates at the first three UO2 rows
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Figure A.3.8. Fission rates in diagonal pins
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Figure A.3.9. Fission rates at the first median pins
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Figure A.3.10. Fission rates at the second median pins
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Figure A.3.11. Fission rate ratios at the MOX/UO2 interface
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3.2 IPPE comparative calculation results

Figure A.3.12. Case 1: Fission rates in 1/8 core (69 energy groups in S4 approximation,
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector)

1 o
2 1.356 1.277
3 1.370 1.284 1.292
4 o 1.331 1.347 o
5 1.369 1.288 1.299 1.365 1.432
6 1.417 1.317 1.346 1.385 1.365 o
7 o 1.256 1.284 o 1.394 1.294 1.263
8 1.438 1.353 1.355 1.418 1.342 1.240 1.250 1.317
9 1.191 1.204 1.197 1.183 1.187 1.176 1.169 1.192 1.325

10 1.092 1.101 1.096 1.084 1.080 1.066 1.050 1.056 1.082 1.131
11 1.357 1.300 1.301 1.338 1.282 1.206 1.186 1.169 1.170 1.173 1.175
12 o 1.389 1.405 o 1.452 1.367 1.305 1.214 1.190 1.179 1.182 1.236
13 1.440 1.381 1.393 1.413 1.482 o 1.358 1.224 1.199 1.180 1.172 1.258 o
14 1.417 1.370 1.372 1.405 1.421 1.450 1.408 1.270 1.185 1.165 1.204 1.291 1.287 1.214
15 o 1.362 1.370 o 1.366 1.336 o 1.285 1.152 1.131 1.213 o 1.180 1.153 o
16 1.347 1.297 1.297 1.321 1.284 1.273 1.274 1.204 1.121 1.100 1.136 1.159 1.117 1.080 1.067 1.003
17 1.289 1.242 1.241 1.263 1.226 1.205 1.209 1.153 1.076 1.055 1.085 1.098 1.054 1.027 1.014 0.954 0.908
18 o 1.209 1.215 o 1.197 1.184 o 1.131 1.018 0.998 1.062 o 1.035 0.996 o 0.931 0.884 o
19 1.174 1.127 1.126 1.149 1.112 1.093 1.100 1.044 0.971 0.952 0.981 0.995 0.951 0.926 0.917 0.859 0.818 0.799 0.735
20 1.096 1.058 1.058 1.074 1.045 1.035 1.032 0.978 0.914 0.895 0.918 0.932 0.899 0.868 0.855 0.805 0.765 0.743 0.688 0.644
21 o 1.009 1.014 o 1.008 0.986 o 0.946 0.846 0.829 0.886 o 0.857 0.834 o 0.770 0.731 o 0.659 0.613 o
22 1.042 0.883 0.927 0.927 0.948 0.954 0.971 0.847 0.851 0.791 0.774 0.798 0.851 0.791 0.754 0.703 0.667 0.648 0.599 0.560 0.539 0.507
23 0.888 0.853 0.860 0.870 0.913 o 0.835 0.749 0.728 0.712 0.703 0.749 o 0.757 0.688 0.651 0.612 0.598 0.550 0.518 0.492 0.483 o
24 o 0.831 0.840 o 0.866 0.815 0.774 0.713 0.713 0.691 0.676 0.669 0.695 0.715 o 0.635 0.598 o 0.539 0.503 o 0.457 0.403 0.370
25 0.853 0.817 0.817 0.840 0.803 0.753 0.737 0.717 0.701 0.686 0.673 0.663 0.649 0.663 0.663 0.615 0.586 0.572 0.525 0.490 0.473 0.423 0.369 0.346 0.337
26 1.061 1.066 1.061 1.049 1.042 1.029 1.006 0.985 0.963 0.944 0.925 0.905 0.887 0.861 0.827 0.798 0.762 0.719 0.682 0.638 0.589 0.546 0.498 0.459 0.434 0.496
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Figure A.3.13. Case 2: Fission rates in 1/8 core (69 energy groups in diffusion theory,
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector)

1 o
2 1.369 1.334
3 1.376 1.337 1.342
4 o 1.364 1.375 o
5 1.405 1.367 1.377 1.424 1.466
6 1.457 1.418 1.428 1.479 1.331 o
7 o 1.329 1.337 o 1.384 1.372 1.374
8 1.487 1.454 1.456 1.476 1.457 1.434 1.448 1.529
9 1.238 1.233 1.231 1.228 1.220 1.211 1.217 1.257 1.359

10 1.038 1.034 1.031 1.028 1.019 1.008 1.003 1.012 1.040 1.080
11 1.192 1.173 1.171 1.176 1.157 1.130 1.112 1.101 1.103 1.115 1.129
12 o 1.260 1.260 o 1.260 1.230 1.192 1.155 1.138 1.134 1.140 1.156
13 1.307 1.286 1.286 1.297 1.300 o 1.240 1.184 1.153 1.141 1.144 1.168 o
14 1.311 1.290 1.289 1.299 1.295 1.287 1.256 1.198 1.152 1.135 1.143 1.163 1.156 1.123
15 o 1.281 1.280 o 1.271 1.255 o 1.189 1.135 1.115 1.128 o 1.113 1.085 o
16 1.262 1.240 1.237 1.241 1.221 1.204 1.190 1.147 1.102 1.081 1.084 1.086 1.060 1.033 1.009 0.964
17 1.215 1.195 1.191 1.194 1.174 1.157 1.143 1.103 1.061 1.040 1.041 1.039 1.014 0.988 0.964 0.922 0.882
18 o 1.154 1.151 o 1.134 1.117 o 1.064 1.016 0.996 1.002 o 0.975 0.949 o 0.887 0.847 o
19 1.113 1.093 1.089 1.092 1.072 1.056 1.044 1.006 0.966 0.946 0.947 0.945 0.920 0.896 0.875 0.836 0.799 0.768 0.723
20 1.053 1.035 1.032 1.034 1.018 1.003 0.989 0.953 0.915 0.896 0.896 0.894 0.872 0.848 0.827 0.790 0.755 0.725 0.683 0.645
21 o 0.988 0.987 o 0.977 0.963 o 0.910 0.866 0.848 0.854 o 0.836 0.813 o 0.754 0.719 o 0.651 0.614 o
22 0.952 0.935 0.934 0.941 0.935 0.927 0.903 0.858 0.820 0.803 0.805 0.814 0.803 0.778 0.750 0.712 0.679 0.652 0.614 0.580 0.555 0.528
23 0.918 0.903 0.902 0.909 0.908 o 0.860 0.815 0.787 0.770 0.765 0.774 o 0.755 0.723 0.686 0.654 0.627 0.590 0.558 0.533 0.510 o
24 o 0.907 0.906 o 0.902 0.877 0.844 0.810 0.786 0.770 0.760 0.760 0.758 0.747 o 0.689 0.656 o 0.593 0.559 o 0.503 0.473 0.454
25 0.973 0.959 0.957 0.958 0.941 0.916 0.893 0.870 0.849 0.831 0.817 0.804 0.791 0.779 0.759 0.725 0.692 0.663 0.625 0.588 0.557 0.520 0.485 0.463 0.466
26 1.140 1.136 1.132 1.125 1.112 1.095 1.075 1.054 1.032 1.011 0.990 0.969 0.946 0.920 0.891 0.856 0.818 0.779 0.737 0.694 0.651 0.608 0.568 0.535 0.519 0.535
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Figure A.3.14. Case 3: Fission rates in 1/8 core (3 energy groups in S4 approximation,
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector)

1 o
2 1.176 1.145
3 1.185 1.151 1.157
4 o 1.170 1.178 o
5 1.193 1.166 1.171 1.202 1.249
6 1.225 1.185 1.202 1.219 1.192 o
7 o 1.134 1.150 o 1.211 1.165 1.156
8 1.236 1.204 1.203 1.230 1.199 1.149 1.154 1.192
9 1.068 1.076 1.072 1.065 1.068 1.060 1.057 1.076 1.140

10 1.078 1.083 1.079 1.074 1.071 1.060 1.049 1.056 1.073 1.107
11 1.237 1.219 1.217 1.228 1.204 1.163 1.147 1.135 1.137 1.139 1.143
12 o 1.276 1.282 o 1.300 1.254 1.221 1.170 1.153 1.147 1.151 1.180
13 1.312 1.289 1.295 1.300 1.329 o 1.254 1.185 1.164 1.152 1.148 1.188 o
14 1.306 1.291 1.289 1.300 1.310 1.312 1.282 1.211 1.159 1.144 1.164 1.200 1.197 1.160
15 o 1.279 1.280 o 1.274 1.256 o 1.208 1.138 1.121 1.156 o 1.135 1.113 o
16 1.264 1.244 1.243 1.247 1.230 1.219 1.205 1.166 1.113 1.096 1.112 1.115 1.094 1.068 1.045 1.006
17 1.226 1.207 1.205 1.209 1.192 1.175 1.164 1.131 1.079 1.061 1.076 1.074 1.049 1.028 1.007 0.966 0.929
18 o 1.173 1.174 o 1.157 1.146 o 1.099 1.036 1.019 1.044 o 1.020 0.992 o 0.937 0.900 o
19 1.141 1.122 1.120 1.124 1.108 1.091 1.081 1.048 0.999 0.981 0.994 0.992 0.967 0.947 0.927 0.888 0.854 0.827 0.783
20 1.089 1.074 1.073 1.074 1.059 1.048 1.034 1.000 0.955 0.938 0.947 0.946 0.927 0.902 0.882 0.847 0.813 0.785 0.745 0.709
21 o 1.033 1.033 o 1.025 1.009 o 0.967 0.907 0.891 0.915 o 0.891 0.871 o 0.813 0.781 o 0.715 0.678 o
22 0.998 0.986 0.984 0.991 0.994 0.994 0.969 0.912 0.870 0.853 0.862 0.884 0.875 0.844 0.809 0.772 0.741 0.713 0.678 0.644 0.619 0.596
23 0.962 0.947 0.950 0.950 0.971 o 0.911 0.857 0.834 0.818 0.810 0.829 o 0.822 0.774 0.743 0.710 0.685 0.648 0.618 0.590 0.577 o
24 o 0.939 0.942 o 0.950 0.915 0.884 0.841 0.819 0.803 0.795 0.805 0.803 0.802 o 0.735 0.703 o 0.642 0.609 o 0.560 0.521 0.497
25 0.974 0.959 0.956 0.963 0.942 0.906 0.887 0.866 0.849 0.833 0.819 0.807 0.794 0.794 0.780 0.744 0.715 0.689 0.651 0.616 0.591 0.551 0.508 0.487 0.481
26 1.088 1.091 1.085 1.076 1.068 1.054 1.033 1.014 0.993 0.975 0.959 0.941 0.923 0.900 0.871 0.842 0.810 0.771 0.736 0.697 0.655 0.617 0.579 0.547 0.529 0.552
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Figure A.3.15. Case 4: Fission rates in 1/8 core (3 energy groups in diffusion theory,
39 x 39 meshes, 1 mesh per pin and 13 meshes in water reflector)

1 o
2 1.202 1.175
3 1.206 1.177 1.179
4 o 1.199 1.205 o
5 1.220 1.191 1.198 1.236 1.261
6 1.245 1.217 1.225 1.265 1.182 o
7 o 1.168 1.173 o 1.208 1.191 1.175
8 1.255 1.230 1.231 1.248 1.230 1.205 1.203 1.243
9 1.101 1.096 1.095 1.094 1.086 1.075 1.074 1.096 1.159

10 1.081 1.078 1.075 1.074 1.064 1.051 1.042 1.045 1.067 1.103
11 1.217 1.203 1.201 1.207 1.189 1.162 1.140 1.126 1.124 1.131 1.141
12 o 1.276 1.277 o 1.277 1.247 1.208 1.170 1.151 1.145 1.150 1.167
13 1.308 1.291 1.291 1.306 1.309 o 1.248 1.193 1.161 1.149 1.154 1.179 o
14 1.305 1.289 1.289 1.301 1.299 1.291 1.261 1.203 1.159 1.143 1.154 1.177 1.172 1.143
15 o 1.280 1.279 o 1.273 1.260 o 1.194 1.143 1.125 1.140 o 1.133 1.108 o
16 1.257 1.240 1.238 1.244 1.225 1.211 1.198 1.155 1.112 1.094 1.100 1.105 1.082 1.058 1.036 0.993
17 1.219 1.202 1.199 1.204 1.184 1.170 1.157 1.118 1.076 1.058 1.062 1.064 1.040 1.016 0.996 0.955 0.918
18 o 1.169 1.166 o 1.150 1.136 o 1.084 1.037 1.019 1.028 o 1.006 0.983 o 0.923 0.887 o
19 1.129 1.113 1.110 1.113 1.095 1.081 1.069 1.032 0.992 0.974 0.977 0.978 0.955 0.932 0.913 0.874 0.840 0.811 0.768
20 1.078 1.064 1.061 1.065 1.048 1.035 1.022 0.985 0.947 0.929 0.932 0.933 0.912 0.890 0.870 0.832 0.799 0.771 0.730 0.694
21 o 1.024 1.023 o 1.015 1.002 o 0.947 0.904 0.887 0.895 o 0.881 0.859 o 0.800 0.767 o 0.700 0.665 o
22 0.987 0.974 0.973 0.981 0.976 0.969 0.944 0.898 0.861 0.844 0.848 0.859 0.850 0.825 0.797 0.758 0.726 0.700 0.662 0.629 0.605 0.578
23 0.954 0.943 0.942 0.951 0.951 o 0.902 0.857 0.828 0.812 0.809 0.820 o 0.802 0.770 0.732 0.701 0.675 0.638 0.606 0.583 0.559 o
24 o 0.946 0.945 o 0.941 0.916 0.882 0.847 0.824 0.808 0.800 0.801 0.800 0.791 o 0.732 0.701 o 0.637 0.605 o 0.548 0.517 0.496
25 0.995 0.984 0.981 0.982 0.965 0.941 0.916 0.893 0.872 0.856 0.842 0.832 0.821 0.810 0.792 0.758 0.727 0.699 0.660 0.625 0.595 0.557 0.522 0.500 0.502
26 1.124 1.121 1.117 1.111 1.098 1.080 1.060 1.039 1.018 0.999 0.980 0.962 0.943 0.921 0.894 0.861 0.825 0.789 0.748 0.708 0.667 0.625 0.586 0.557 0.547 0.571
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Figure A.3.16. Case 5: Fission rates in 1/8 core (3 energy groups in S4 approximation,
140 x 140 meshes, 2 meshes per pin in first row, 4 meshes per pin in other rows,

38 meshes in water reflector)

1 o
2 1.182 1.144
3 1.183 1.178 1.148
4 o 1.200 1.206 o
5 1.197 1.193 1.199 1.237 1.226
6 1.220 1.219 1.226 1.267 1.183 o
7 o 1.169 1.175 o 1.209 1.192 1.142
8 1.227 1.232 1.233 1.249 1.231 1.207 1.205 1.198
9 1.075 1.097 1.096 1.096 1.087 1.076 1.075 1.097 1.134

10 1.089 1.079 1.077 1.075 1.065 1.052 1.044 1.046 1.068 1.114
11 1.231 1.204 1.203 1.208 1.190 1.163 1.142 1.127 1.125 1.132 1.148
12 o 1.278 1.278 o 1.279 1.249 1.209 1.171 1.152 1.147 1.151 1.171
13 1.310 1.292 1.293 1.307 1.310 o 1.249 1.194 1.162 1.150 1.155 1.181 o
14 1.307 1.290 1.290 1.303 1.300 1.293 1.262 1.204 1.160 1.144 1.156 1.178 1.173 1.148
15 o 1.281 1.281 o 1.275 1.261 o 1.195 1.144 1.126 1.141 o 1.134 1.109 o
16 1.262 1.242 1.239 1.245 1.227 1.212 1.199 1.156 1.113 1.095 1.101 1.106 1.083 1.059 1.037 1.000
17 1.225 1.204 1.201 1.205 1.186 1.171 1.159 1.119 1.077 1.059 1.063 1.065 1.041 1.017 0.997 0.956 0.927
18 o 1.170 1.167 o 1.152 1.137 o 1.085 1.038 1.020 1.029 o 1.007 0.984 o 0.924 0.888 o
19 1.140 1.114 1.111 1.115 1.096 1.082 1.070 1.033 0.993 0.975 0.978 0.979 0.956 0.933 0.914 0.875 0.841 0.812 0.781
20 1.090 1.065 1.062 1.066 1.049 1.036 1.023 0.986 0.948 0.930 0.933 0.934 0.913 0.891 0.871 0.833 0.800 0.772 0.730 0.707
21 o 1.025 1.024 o 1.016 1.003 o 0.948 0.905 0.888 0.896 o 0.882 0.860 o 0.801 0.768 o 0.700 0.666 o
22 1.000 0.975 0.974 0.982 0.977 0.970 0.945 0.899 0.862 0.845 0.849 0.860 0.851 0.826 0.798 0.759 0.727 0.701 0.662 0.630 0.606 0.592
23 0.963 0.944 0.943 0.952 0.952 o 0.903 0.858 0.829 0.813 0.810 0.820 o 0.802 0.771 0.733 0.701 0.675 0.638 0.607 0.584 0.560 o
24 o 0.947 0.946 o 0.942 0.917 0.883 0.848 0.824 0.809 0.800 0.802 0.801 0.792 o 0.733 0.702 o 0.638 0.606 o 0.549 0.518 0.495
25 0.975 0.985 0.982 0.983 0.966 0.942 0.917 0.893 0.873 0.856 0.843 0.833 0.822 0.811 0.793 0.759 0.728 0.699 0.661 0.626 0.595 0.558 0.523 0.501 0.486
26 1.079 1.122 1.118 1.112 1.099 1.081 1.061 1.040 1.020 1.000 0.981 0.963 0.944 0.922 0.895 0.862 0.826 0.790 0.749 0.708 0.668 0.626 0.587 0.558 0.547 0.544
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Figure A.3.17. Case 6: Fission rates in 1/8 core (3 energy groups in diffusion theory,
140 x 140 meshes, 2 meshes per pin in first row, 4 meshes per pin in other rows,

38 meshes in water reflector)

1 o
2 1.191 1.162
3 1.192 1.177 1.165
4 o 1.200 1.205 o
5 1.205 1.192 1.199 1.237 1.242
6 1.228 1.218 1.225 1.266 1.183 o
7 o 1.169 1.174 o 1.208 1.191 1.158
8 1.239 1.231 1.232 1.249 1.231 1.206 1.204 1.224
9 1.093 1.097 1.095 1.095 1.086 1.075 1.074 1.096 1.150

10 1.087 1.078 1.076 1.074 1.064 1.051 1.043 1.046 1.068 1.107
11 1.222 1.204 1.202 1.207 1.189 1.163 1.141 1.127 1.124 1.132 1.143
12 o 1.277 1.277 o 1.278 1.248 1.208 1.171 1.152 1.146 1.151 1.167
13 1.308 1.291 1.292 1.307 1.310 o 1.249 1.193 1.162 1.149 1.155 1.180 o
14 1.305 1.289 1.289 1.302 1.299 1.292 1.261 1.204 1.159 1.144 1.155 1.178 1.172 1.143
15 o 1.281 1.280 o 1.274 1.261 o 1.194 1.143 1.126 1.141 o 1.133 1.108 o
16 1.258 1.241 1.239 1.244 1.226 1.212 1.198 1.156 1.112 1.094 1.101 1.106 1.082 1.058 1.036 0.994
17 1.219 1.203 1.200 1.204 1.185 1.170 1.158 1.118 1.077 1.058 1.063 1.065 1.040 1.017 0.996 0.955 0.919
18 o 1.169 1.166 o 1.151 1.136 o 1.084 1.038 1.020 1.029 o 1.007 0.983 o 0.923 0.887 o
19 1.129 1.114 1.110 1.114 1.096 1.081 1.070 1.032 0.993 0.975 0.978 0.979 0.955 0.933 0.913 0.875 0.840 0.812 0.769
20 1.079 1.064 1.062 1.065 1.049 1.035 1.023 0.986 0.947 0.930 0.933 0.934 0.912 0.890 0.870 0.833 0.800 0.772 0.730 0.695
21 o 1.025 1.023 o 1.015 1.003 o 0.947 0.904 0.887 0.895 o 0.882 0.859 o 0.800 0.767 o 0.700 0.665 o
22 0.987 0.974 0.974 0.982 0.977 0.969 0.945 0.899 0.861 0.845 0.848 0.860 0.850 0.825 0.797 0.759 0.727 0.700 0.662 0.630 0.606 0.578
23 0.954 0.943 0.943 0.951 0.951 o 0.902 0.858 0.829 0.813 0.810 0.820 o 0.802 0.771 0.733 0.701 0.675 0.638 0.607 0.583 0.559 o
24 o 0.946 0.945 o 0.941 0.916 0.883 0.848 0.824 0.808 0.800 0.801 0.801 0.791 o 0.732 0.701 o 0.638 0.605 o 0.549 0.518 0.494
25 0.993 0.985 0.982 0.983 0.966 0.941 0.917 0.893 0.873 0.856 0.843 0.832 0.822 0.811 0.792 0.759 0.727 0.699 0.661 0.626 0.595 0.557 0.522 0.501 0.499
26 1.120 1.121 1.117 1.111 1.098 1.080 1.060 1.039 1.019 1.000 0.981 0.963 0.943 0.921 0.894 0.861 0.826 0.789 0.749 0.708 0.667 0.626 0.587 0.557 0.547 0.566
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Figure A.3.18. Fission rates in MOX assembly
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Figure A.3.19. Fission rates at the first three UO2 rows
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Figure A.3.20. Fission rates in diagonal pins
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Figure A.3.21. Fission rates at the first median pins
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Figure A.3.22. Fission rates at the second median pins
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Figure A.3.23. Fission rate ratios at the MOX/UO2 interface
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Figure A.3.24. Case 1’: Revised fission rates in 1/8 core with the correct buckling height

Fission rates
1 o
2 1.353 1.299
3 1.349 1.298 1.300
4 o 1.353 1.353 o
5 1.353 1.301 1.308 1.373 1.437
6 1.402 1.327 1.352 1.396 1.368 o
7 o 1.278 1.292 o 1.397 1.303 1.264
8 1.427 1.362 1.360 1.429 1.352 1.247 1.259 1.337
9 1.200 1.211 1.209 1.190 1.190 1.181 1.176 1.194 1.333

10 1.097 1.106 1.103 1.088 1.081 1.070 1.054 1.056 1.087 1.136
11 1.343 1.303 1.301 1.340 1.284 1.207 1.188 1.176 1.168 1.171 1.181
12 o 1.401 1.407 o 1.451 1.371 1.306 1.216 1.193 1.183 1.181 1.234
13 1.428 1.388 1.398 1.418 1.485 o 1.362 1.227 1.202 1.182 1.173 1.259 o
14 1.404 1.377 1.377 1.409 1.423 1.453 1.408 1.273 1.185 1.165 1.206 1.288 1.286 1.213
15 o 1.375 1.372 o 1.367 1.341 o 1.287 1.155 1.134 1.213 o 1.180 1.152 o
16 1.333 1.303 1.300 1.324 1.287 1.275 1.276 1.204 1.125 1.103 1.135 1.159 1.116 1.080 1.066 1.002
17 1.274 1.248 1.244 1.263 1.228 1.207 1.209 1.151 1.079 1.057 1.082 1.096 1.053 1.026 1.011 0.953 0.908
18 o 1.218 1.213 o 1.197 1.185 o 1.131 1.020 1.000 1.061 o 1.032 0.995 o 0.927 0.881 o
19 1.159 1.131 1.127 1.148 1.112 1.093 1.098 1.041 0.972 0.952 0.978 0.992 0.949 0.924 0.914 0.857 0.816 0.795 0.733
20 1.082 1.061 1.059 1.073 1.046 1.035 1.032 0.976 0.915 0.895 0.916 0.930 0.897 0.867 0.851 0.803 0.763 0.739 0.685 0.641
21 o 1.014 1.011 o 1.005 0.985 o 0.944 0.845 0.828 0.883 o 0.853 0.831 o 0.767 0.726 o 0.654 0.609 o
22 0.948 0.927 0.927 0.949 0.952 0.969 0.942 0.850 0.787 0.770 0.796 0.846 0.837 0.787 0.750 0.700 0.663 0.644 0.595 0.557 0.534 0.503
23 0.876 0.853 0.859 0.869 0.911 o 0.832 0.747 0.726 0.710 0.700 0.745 o 0.753 0.686 0.648 0.609 0.594 0.546 0.515 0.488 0.479 o
24 o 0.835 0.837 o 0.862 0.814 0.771 0.711 0.690 0.675 0.667 0.692 0.701 0.710 o 0.631 0.594 o 0.534 0.500 o 0.453 0.399 0.366
25 0.846 0.821 0.819 0.842 0.806 0.755 0.738 0.721 0.701 0.686 0.676 0.663 0.649 0.663 0.663 0.615 0.584 0.571 0.524 0.489 0.471 0.422 0.368 0.345 0.338
26 1.060 1.067 1.063 1.049 1.042 1.028 1.005 0.984 0.964 0.944 0.923 0.903 0.885 0.857 0.824 0.797 0.759 0.715 0.678 0.635 0.585 0.542 0.496 0.456 0.431 0.494

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Differences (%) between Case 1’ and Case 1
1 o
2 -0.26 1.73
3 -1.57 1.08 0.58
4 o 1.61 0.47 o
5 -1.23 0.97 0.69 0.64 0.32
6 -1.11 0.81 0.47 0.77 0.27 o
7 o 1.71 0.60 o 0.18 0.68 0.06
8 -0.78 0.70 0.39 0.79 0.75 0.62 0.68 1.50
9 0.76 0.61 0.94 0.57 0.27 0.43 0.58 0.14 0.64

10 0.44 0.40 0.67 0.36 0.12 0.31 0.45 0.06 0.50 0.40
11 -1.04 0.21 -0.04 0.16 0.19 0.07 0.16 0.67 -0.12 -0.14 0.54
12 o 0.91 0.12 o -0.07 0.29 0.06 0.16 0.31 0.27 -0.03 -0.18
13 -0.87 0.50 0.39 0.30 0.22 o 0.32 0.18 0.24 0.17 0.06 0.03 o
14 -0.89 0.45 0.36 0.29 0.21 0.16 0.00 0.24 0.00 -0.03 0.14 -0.21 -0.11 -0.13
15 o 0.89 0.14 o 0.13 0.33 o 0.11 0.25 0.22 -0.01 o 0.05 -0.06 o
16 -1.11 0.47 0.26 0.18 0.27 0.12 0.13 0.00 0.34 0.27 -0.10 0.00 -0.12 0.00 -0.11 -0.13
17 -1.14 0.52 0.27 0.03 0.13 0.17 0.00 -0.17 0.24 0.21 -0.25 -0.14 -0.01 -0.12 -0.28 -0.06 -0.01
18 o 0.72 -0.12 o 0.00 0.04 o -0.03 0.16 0.19 -0.11 o -0.23 -0.16 o -0.39 -0.39 o
19 -1.31 0.34 0.12 -0.07 -0.03 -0.04 -0.16 -0.24 0.08 0.01 -0.32 -0.26 -0.22 -0.30 -0.38 -0.18 -0.24 -0.53 -0.30
20 -1.27 0.30 0.09 -0.08 0.09 0.00 -0.04 -0.23 0.07 0.04 -0.31 -0.18 -0.18 -0.15 -0.37 -0.28 -0.17 -0.56 -0.39 -0.40
21 o 0.50 -0.24 o -0.25 -0.12 o -0.29 -0.05 -0.09 -0.39 o -0.37 -0.43 o -0.46 -0.65 o -0.72 -0.66 o
22 -9.92 4.70 -0.01 2.27 0.40 1.46 -3.08 0.33 -8.15 -2.66 2.78 5.73 -1.67 -0.47 -0.54 -0.41 -0.49 -0.58 -0.60 -0.57 -0.81 -0.83
23 -1.33 0.02 -0.10 -0.16 -0.23 o -0.30 -0.35 -0.23 -0.32 -0.42 -0.43 o -0.54 -0.39 -0.56 -0.46 -0.70 -0.68 -0.58 -0.80 -0.87 o
24 o 0.48 -0.27 o -0.46 -0.14 -0.35 -0.27 -3.29 -2.41 -1.38 3.24 0.89 -0.68 o -0.59 -0.64 o -0.79 -0.70 o -0.92 -0.94 -0.85
25 -0.85 0.45 0.26 0.31 0.27 0.26 0.24 0.62 0.04 0.03 0.53 0.05 0.10 0.01 -0.09 -0.06 -0.27 -0.19 -0.35 -0.27 -0.38 -0.35 -0.31 -0.45 0.18
26 -0.06 0.06 0.24 -0.02 -0.05 -0.04 -0.07 -0.19 0.04 -0.04 -0.27 -0.22 -0.27 -0.36 -0.35 -0.16 -0.35 -0.51 -0.46 -0.43 -0.63 -0.77 -0.57 -0.75 -0.56 -0.50
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Figure A.3.25. Case 2’: Revised fission rates in 1/8 core with the correct buckling height

Fission rates
1 o
2 1.324 1.304
3 1.327 1.307 1.312
4 o 1.336 1.344 o
5 1.355 1.336 1.346 1.392 1.432
6 1.406 1.387 1.396 1.446 1.301 o
7 o 1.303 1.308 o 1.353 1.342 1.344
8 1.441 1.424 1.425 1.444 1.426 1.403 1.418 1.498
9 1.208 1.206 1.204 1.202 1.194 1.186 1.193 1.233 1.333

10 1.014 1.012 1.010 1.007 0.999 0.988 0.984 0.993 1.021 1.061
11 1.160 1.151 1.149 1.153 1.135 1.109 1.091 1.081 1.084 1.096 1.111
12 o 1.239 1.237 o 1.237 1.208 1.171 1.136 1.120 1.117 1.123 1.141
13 1.274 1.264 1.263 1.275 1.278 o 1.219 1.165 1.136 1.124 1.129 1.153 o
14 1.280 1.270 1.269 1.279 1.274 1.266 1.236 1.180 1.136 1.120 1.129 1.150 1.144 1.113
15 o 1.264 1.262 o 1.252 1.237 o 1.173 1.120 1.102 1.115 o 1.103 1.077 o
16 1.235 1.224 1.221 1.225 1.206 1.189 1.175 1.133 1.090 1.070 1.074 1.077 1.053 1.028 1.005 0.962
17 1.193 1.182 1.179 1.181 1.162 1.145 1.132 1.093 1.052 1.032 1.033 1.033 1.009 0.984 0.963 0.922 0.884
18 o 1.146 1.142 o 1.124 1.108 o 1.057 1.010 0.990 0.997 o 0.973 0.949 o 0.889 0.852 o
19 1.097 1.087 1.083 1.086 1.067 1.051 1.039 1.002 0.963 0.944 0.945 0.945 0.921 0.898 0.878 0.840 0.805 0.776 0.733
20 1.042 1.034 1.030 1.033 1.016 1.001 0.988 0.953 0.915 0.897 0.898 0.897 0.876 0.853 0.833 0.797 0.764 0.735 0.695 0.658
21 o 0.992 0.990 o 0.980 0.966 o 0.914 0.870 0.853 0.860 o 0.844 0.822 o 0.765 0.731 o 0.665 0.630 o
22 0.952 0.943 0.942 0.948 0.943 0.935 0.911 0.866 0.828 0.812 0.814 0.824 0.815 0.790 0.763 0.726 0.694 0.668 0.631 0.598 0.575 0.551
23 0.924 0.916 0.915 0.922 0.922 o 0.873 0.828 0.800 0.784 0.779 0.789 o 0.772 0.741 0.704 0.672 0.647 0.611 0.580 0.557 0.536 o
24 o 0.928 0.926 o 0.921 0.896 0.863 0.829 0.805 0.789 0.780 0.780 0.779 0.769 o 0.712 0.680 o 0.618 0.585 o 0.533 0.504 0.489
25 0.994 0.986 0.983 0.984 0.967 0.942 0.918 0.895 0.874 0.857 0.843 0.831 0.818 0.807 0.788 0.754 0.722 0.694 0.655 0.620 0.590 0.555 0.522 0.504 0.514
26 1.172 1.170 1.166 1.159 1.146 1.128 1.108 1.087 1.066 1.045 1.024 1.003 0.981 0.956 0.927 0.893 0.856 0.817 0.776 0.734 0.693 0.652 0.614 0.587 0.580 0.610

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Differences (%) between Case 2’ and Case 2
1 o
2 -3.40 -2.27
3 -3.70 -2.27 -2.32
4 o -2.09 -2.31 o
5 -3.72 -2.27 -2.32 -2.35 -2.34
6 -3.66 -2.22 -2.29 -2.32 -2.31 o
7 o -1.99 -2.23 o -2.27 -2.24 -2.19
8 -3.24 -2.14 -2.21 -2.23 -2.21 -2.17 -2.12 -2.06
9 -2.46 -2.25 -2.18 -2.16 -2.13 -2.10 -2.05 -1.99 -1.93

10 -2.37 -2.16 -2.09 -2.06 -2.04 -2.00 -1.96 -1.91 -1.84 -1.77
11 -2.73 -1.93 -1.97 -1.97 -1.95 -1.92 -1.88 -1.83 -1.76 -1.69 -1.60
12 o -1.73 -1.86 o -1.86 -1.83 -1.79 -1.73 -1.67 -1.59 -1.49 -1.39
13 -2.58 -1.76 -1.76 -1.77 -1.75 o -1.68 -1.62 -1.55 -1.47 -1.38 -1.27 o
14 -2.46 -1.62 -1.63 -1.64 -1.62 -1.60 -1.55 -1.49 -1.42 -1.34 -1.24 -1.14 -1.03 -0.89
15 o -1.35 -1.47 o -1.47 -1.44 o -1.35 -1.27 -1.19 -1.09 o -0.87 -0.73 o
16 -2.17 -1.29 -1.30 -1.31 -1.29 -1.27 -1.22 -1.17 -1.09 -1.01 -0.91 -0.81 -0.69 -0.55 -0.40 -0.21
17 -1.92 -1.08 -1.08 -1.09 -1.07 -1.04 -1.00 -0.95 -0.88 -0.79 -0.69 -0.59 -0.47 -0.33 -0.17 0.01 0.24
18 o -0.71 -0.82 o -0.83 -0.80 o -0.70 -0.63 -0.54 -0.44 o -0.22 -0.08 o 0.26 0.49 o
19 -1.42 -0.52 -0.54 -0.54 -0.53 -0.50 -0.46 -0.40 -0.33 -0.24 -0.15 -0.04 0.08 0.22 0.38 0.56 0.79 1.04 1.34
20 -0.99 -0.16 -0.16 -0.16 -0.15 -0.12 -0.08 -0.03 0.03 0.12 0.22 0.34 0.46 0.60 0.76 0.94 1.17 1.42 1.72 2.11
21 o 0.40 0.29 o 0.29 0.32 o 0.40 0.47 0.56 0.66 o 0.90 1.04 o 1.38 1.61 o 2.16 2.56 o
22 -0.07 0.83 0.81 0.80 0.83 0.85 0.87 0.92 1.00 1.09 1.18 1.29 1.43 1.57 1.72 1.91 2.14 2.39 2.71 3.10 3.56 4.14
23 0.63 1.48 1.46 1.45 1.45 o 1.49 1.55 1.63 1.71 1.81 1.92 o 2.20 2.38 2.57 2.80 3.07 3.38 3.78 4.25 4.82 o
24 o 2.27 2.14 o 2.10 2.11 2.16 2.23 2.30 2.39 2.48 2.58 2.70 2.86 o 3.24 3.49 o 4.07 4.48 o 5.54 6.28 7.19
25 2.07 2.74 2.69 2.68 2.69 2.71 2.75 2.81 2.88 2.97 3.07 3.18 3.31 3.47 3.64 3.85 4.09 4.36 4.69 5.11 5.61 6.25 7.10 8.18 9.42
26 2.80 2.93 2.96 2.97 2.98 2.99 3.01 3.06 3.12 3.20 3.31 3.44 3.60 3.77 3.96 4.17 4.42 4.70 5.04 5.46 6.00 6.69 7.62 8.87 10.49 12.34
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Figure A.3.26. Case 3’: Revised fission rates in 1/8 core with the correct buckling height

Fission rates
1 o
2 1.180 1.157
3 1.180 1.159 1.161
4 o 1.187 1.187 o
5 1.190 1.170 1.176 1.211 1.248
6 1.223 1.191 1.206 1.229 1.193 o
7 o 1.151 1.160 o 1.215 1.174 1.160
8 1.235 1.208 1.206 1.238 1.204 1.154 1.163 1.205
9 1.075 1.084 1.081 1.072 1.071 1.065 1.064 1.078 1.148

10 1.085 1.089 1.086 1.080 1.073 1.063 1.056 1.057 1.078 1.113
11 1.234 1.219 1.216 1.229 1.204 1.165 1.150 1.142 1.136 1.139 1.148
12 o 1.283 1.287 o 1.301 1.259 1.221 1.173 1.158 1.151 1.152 1.178
13 1.311 1.293 1.298 1.305 1.331 o 1.259 1.188 1.167 1.153 1.150 1.190 o
14 1.304 1.293 1.292 1.305 1.310 1.313 1.283 1.211 1.161 1.145 1.163 1.199 1.195 1.156
15 o 1.288 1.285 o 1.278 1.260 o 1.210 1.142 1.125 1.156 o 1.136 1.115 o
16 1.260 1.247 1.244 1.251 1.232 1.220 1.209 1.165 1.117 1.099 1.111 1.118 1.093 1.067 1.046 1.003
17 1.222 1.209 1.207 1.212 1.191 1.175 1.165 1.128 1.083 1.065 1.073 1.073 1.047 1.025 1.006 0.965 0.927
18 o 1.179 1.175 o 1.159 1.148 o 1.101 1.039 1.021 1.045 o 1.020 0.993 o 0.935 0.898 o
19 1.135 1.123 1.120 1.125 1.105 1.088 1.080 1.044 1.000 0.982 0.990 0.990 0.964 0.943 0.925 0.885 0.851 0.824 0.779
20 1.083 1.074 1.071 1.074 1.057 1.046 1.034 0.996 0.955 0.938 0.943 0.946 0.924 0.899 0.880 0.843 0.810 0.782 0.741 0.704
21 o 1.036 1.032 o 1.024 1.008 o 0.965 0.907 0.890 0.912 o 0.888 0.868 o 0.810 0.777 o 0.712 0.674 o
22 0.991 0.983 0.982 0.989 0.989 0.989 0.965 0.908 0.866 0.850 0.858 0.879 0.869 0.837 0.806 0.768 0.735 0.710 0.672 0.638 0.614 0.589
23 0.956 0.944 0.946 0.949 0.966 o 0.908 0.853 0.831 0.815 0.806 0.825 o 0.816 0.771 0.738 0.704 0.682 0.642 0.613 0.586 0.570 o
24 o 0.943 0.944 o 0.948 0.916 0.883 0.841 0.820 0.805 0.794 0.803 0.802 0.799 o 0.734 0.701 o 0.639 0.607 o 0.556 0.518 0.495
25 0.972 0.960 0.957 0.965 0.942 0.907 0.889 0.869 0.849 0.833 0.821 0.808 0.793 0.792 0.780 0.742 0.711 0.688 0.648 0.613 0.588 0.547 0.505 0.485 0.480
26 1.085 1.089 1.085 1.074 1.066 1.051 1.031 1.011 0.992 0.973 0.955 0.937 0.919 0.896 0.867 0.839 0.806 0.766 0.732 0.692 0.650 0.612 0.574 0.544 0.526 0.549

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Differences (%) between Case 3’ and Case 3
1 o
2 0.38 1.06
3 -0.46 0.71 0.35
4 o 1.44 0.79 o
5 -0.22 0.39 0.49 0.72 -0.08
6 -0.19 0.53 0.35 0.82 0.11 o
7 o 1.41 0.91 o 0.35 0.77 0.34
8 -0.07 0.32 0.26 0.62 0.40 0.49 0.72 1.09
9 0.63 0.68 0.91 0.66 0.35 0.41 0.70 0.18 0.71

10 0.62 0.54 0.64 0.56 0.24 0.28 0.62 0.10 0.55 0.56
11 -0.22 -0.03 -0.10 0.15 0.07 0.12 0.28 0.57 -0.05 -0.05 0.45
12 o 0.60 0.37 o 0.05 0.36 0.06 0.27 0.42 0.36 0.13 -0.16
13 -0.10 0.29 0.22 0.43 0.11 o 0.41 0.22 0.21 0.17 0.12 0.15 o
14 -0.18 0.17 0.26 0.37 -0.05 0.06 0.09 0.06 0.16 0.11 -0.04 -0.04 -0.15 -0.35
15 o 0.65 0.36 o 0.32 0.34 o 0.15 0.35 0.34 0.05 o 0.15 0.16 o
16 -0.33 0.24 0.07 0.32 0.13 0.06 0.31 -0.06 0.34 0.29 -0.16 0.22 -0.15 -0.10 0.09 -0.30
17 -0.39 0.23 0.15 0.22 -0.09 -0.01 0.06 -0.26 0.35 0.33 -0.32 -0.08 -0.17 -0.31 -0.03 -0.15 -0.21
18 o 0.50 0.08 o 0.23 0.21 o 0.13 0.20 0.23 0.06 o 0.04 0.05 o -0.21 -0.19 o
19 -0.51 0.05 0.00 0.10 -0.23 -0.20 -0.09 -0.32 0.17 0.14 -0.40 -0.19 -0.37 -0.47 -0.12 -0.32 -0.40 -0.34 -0.54
20 -0.59 0.00 -0.16 0.03 -0.14 -0.16 0.07 -0.36 0.02 -0.01 -0.42 -0.06 -0.34 -0.33 -0.25 -0.50 -0.38 -0.46 -0.59 -0.71
21 o 0.26 -0.07 o -0.07 -0.08 o -0.27 0.01 -0.04 -0.35 o -0.27 -0.26 o -0.35 -0.46 o -0.54 -0.61 o
22 -0.67 -0.31 -0.22 -0.17 -0.55 -0.49 -0.41 -0.38 -0.39 -0.38 -0.46 -0.53 -0.66 -0.79 -0.43 -0.57 -0.77 -0.49 -0.91 -0.84 -0.73 -1.29
23 -0.65 -0.35 -0.37 -0.15 -0.51 o -0.30 -0.44 -0.37 -0.46 -0.48 -0.43 o -0.73 -0.40 -0.75 -0.81 -0.53 -0.99 -0.93 -0.79 -1.17 o
24 o 0.44 0.13 o -0.13 0.09 -0.09 0.02 0.15 0.15 -0.06 -0.23 -0.09 -0.34 o -0.13 -0.33 o -0.47 -0.34 o -0.73 -0.71 -0.53
25 -0.23 0.08 0.13 0.20 0.01 0.12 0.16 0.32 -0.01 -0.03 0.25 0.04 -0.06 -0.25 -0.08 -0.22 -0.44 -0.18 -0.55 -0.48 -0.42 -0.66 -0.53 -0.35 -0.17
26 -0.27 -0.16 0.01 -0.18 -0.22 -0.23 -0.19 -0.37 -0.13 -0.19 -0.43 -0.34 -0.40 -0.45 -0.47 -0.32 -0.52 -0.69 -0.61 -0.65 -0.73 -0.89 -0.80 -0.65 -0.57 -0.56
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Figure A.3.27. Case 4’: Revised fission rates in 1/8 core with the correct buckling height

Fission rates
1 o
2 1.195 1.176
3 1.196 1.177 1.180
4 o 1.201 1.205 o
5 1.210 1.192 1.198 1.235 1.260
6 1.235 1.217 1.224 1.264 1.181 o
7 o 1.169 1.173 o 1.207 1.189 1.174
8 1.246 1.230 1.230 1.247 1.229 1.204 1.202 1.241
9 1.098 1.094 1.093 1.093 1.084 1.073 1.072 1.094 1.157

10 1.078 1.076 1.074 1.072 1.062 1.049 1.041 1.044 1.066 1.101
11 1.211 1.202 1.200 1.205 1.187 1.160 1.139 1.124 1.122 1.130 1.140
12 o 1.276 1.275 o 1.276 1.246 1.206 1.168 1.149 1.144 1.149 1.166
13 1.300 1.289 1.290 1.304 1.307 o 1.246 1.191 1.160 1.147 1.153 1.178 o
14 1.298 1.287 1.287 1.300 1.297 1.290 1.259 1.201 1.157 1.142 1.153 1.176 1.171 1.142
15 o 1.280 1.278 o 1.272 1.258 o 1.192 1.141 1.124 1.139 o 1.132 1.107 o
16 1.251 1.240 1.237 1.243 1.224 1.210 1.196 1.154 1.111 1.093 1.099 1.104 1.081 1.057 1.036 0.993
17 1.213 1.202 1.199 1.203 1.183 1.169 1.157 1.117 1.075 1.057 1.062 1.064 1.040 1.016 0.996 0.955 0.919
18 o 1.169 1.166 o 1.150 1.135 o 1.083 1.037 1.019 1.028 o 1.006 0.983 o 0.923 0.888 o
19 1.124 1.113 1.110 1.113 1.095 1.081 1.069 1.031 0.992 0.974 0.977 0.979 0.955 0.933 0.913 0.875 0.841 0.812 0.769
20 1.074 1.064 1.061 1.065 1.048 1.035 1.022 0.985 0.947 0.930 0.933 0.934 0.912 0.890 0.871 0.833 0.801 0.773 0.731 0.695
21 o 1.026 1.024 o 1.015 1.003 o 0.947 0.904 0.887 0.896 o 0.882 0.860 o 0.801 0.768 o 0.701 0.667 o
22 0.984 0.975 0.974 0.982 0.977 0.970 0.945 0.899 0.862 0.846 0.849 0.860 0.851 0.826 0.798 0.760 0.728 0.702 0.664 0.632 0.608 0.581
23 0.952 0.944 0.944 0.952 0.952 o 0.903 0.859 0.830 0.814 0.810 0.821 o 0.803 0.772 0.734 0.703 0.677 0.640 0.609 0.585 0.562 o
24 o 0.948 0.946 o 0.942 0.917 0.884 0.849 0.825 0.809 0.801 0.803 0.802 0.793 o 0.734 0.703 o 0.640 0.607 o 0.551 0.520 0.499
25 0.993 0.986 0.983 0.984 0.967 0.942 0.918 0.894 0.874 0.857 0.844 0.834 0.823 0.812 0.794 0.760 0.729 0.701 0.663 0.628 0.597 0.560 0.525 0.503 0.504
26 1.124 1.122 1.118 1.112 1.099 1.081 1.061 1.040 1.020 1.000 0.982 0.964 0.944 0.923 0.896 0.863 0.828 0.791 0.751 0.710 0.670 0.628 0.589 0.560 0.549 0.574

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Differences (%) between Case 4’ and Case 4
1 o
2 -0.58 0.09
3 -0.79 0.07 0.02
4 o 0.17 0.01 o
5 -0.85 0.02 -0.03 -0.06 -0.08
6 -0.82 0.01 -0.04 -0.07 -0.09 o
7 o 0.12 -0.03 o -0.10 -0.11 -0.11
8 -0.74 -0.02 -0.08 -0.10 -0.12 -0.12 -0.12 -0.13
9 -0.29 -0.17 -0.14 -0.13 -0.13 -0.14 -0.14 -0.14 -0.14

10 -0.28 -0.18 -0.15 -0.14 -0.14 -0.14 -0.14 -0.14 -0.14 -0.14
11 -0.52 -0.11 -0.13 -0.14 -0.15 -0.15 -0.15 -0.15 -0.14 -0.14 -0.13
12 o -0.05 -0.12 o -0.15 -0.15 -0.15 -0.14 -0.14 -0.13 -0.13 -0.12
13 -0.56 -0.11 -0.12 -0.14 -0.14 o -0.14 -0.14 -0.13 -0.12 -0.11 -0.10 o
14 -0.55 -0.11 -0.11 -0.13 -0.13 -0.13 -0.13 -0.13 -0.12 -0.11 -0.10 -0.09 -0.08 -0.06
15 o -0.03 -0.09 o -0.12 -0.12 o -0.11 -0.10 -0.09 -0.08 o -0.06 -0.05 o
16 -0.53 -0.07 -0.08 -0.09 -0.10 -0.10 -0.09 -0.09 -0.08 -0.07 -0.06 -0.05 -0.04 -0.02 0.00 0.02
17 -0.50 -0.05 -0.06 -0.07 -0.07 -0.07 -0.07 -0.07 -0.06 -0.05 -0.04 -0.03 -0.01 0.00 0.02 0.04 0.07
18 o 0.04 -0.02 o -0.04 -0.04 o -0.04 -0.03 -0.02 -0.01 o 0.01 0.03 o 0.07 0.10 o
19 -0.44 0.01 0.00 -0.01 -0.01 -0.01 -0.01 -0.01 0.00 0.01 0.02 0.03 0.05 0.06 0.08 0.10 0.13 0.16 0.19
20 -0.40 0.04 0.04 0.03 0.02 0.02 0.03 0.03 0.04 0.05 0.06 0.07 0.08 0.10 0.12 0.14 0.16 0.19 0.23 0.26
21 o 0.15 0.09 o 0.06 0.06 o 0.07 0.08 0.09 0.10 o 0.12 0.14 o 0.18 0.20 o 0.26 0.30 o
22 -0.32 0.13 0.12 0.11 0.10 0.10 0.11 0.11 0.12 0.13 0.14 0.15 0.16 0.18 0.20 0.22 0.24 0.27 0.30 0.34 0.38 0.42
23 -0.26 0.16 0.15 0.14 0.14 o 0.14 0.15 0.15 0.16 0.17 0.19 o 0.22 0.24 0.26 0.28 0.31 0.34 0.38 0.41 0.45 o
24 o 0.25 0.19 o 0.16 0.16 0.16 0.17 0.17 0.18 0.20 0.21 0.22 0.24 o 0.28 0.31 o 0.36 0.40 o 0.47 0.50 0.52
25 -0.18 0.19 0.17 0.16 0.15 0.15 0.15 0.16 0.17 0.18 0.19 0.20 0.22 0.24 0.26 0.28 0.30 0.33 0.36 0.39 0.43 0.47 0.50 0.52 0.53
26 0.02 0.09 0.10 0.11 0.11 0.11 0.11 0.11 0.12 0.13 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.29 0.32 0.35 0.39 0.43 0.46 0.48 0.50 0.56
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Figure A.3.28. Case 5’: Revised fission rates in 1/8 core with the correct buckling height

Fission rates
1 o
2 1.189 1.150
3 1.190 1.152 1.154
4 o 1.195 1.198 o
5 1.203 1.165 1.171 1.225 1.229
6 1.225 1.188 1.194 1.253 1.178 o
7 o 1.166 1.169 o 1.201 1.184 1.149
8 1.232 1.198 1.199 1.234 1.197 1.174 1.172 1.207
9 1.083 1.080 1.079 1.079 1.071 1.061 1.060 1.078 1.139

10 1.096 1.093 1.091 1.090 1.080 1.068 1.061 1.063 1.082 1.117
11 1.232 1.211 1.210 1.226 1.198 1.172 1.152 1.139 1.136 1.141 1.149
12 o 1.290 1.289 o 1.291 1.262 1.213 1.177 1.159 1.153 1.156 1.172
13 1.312 1.289 1.289 1.316 1.319 o 1.262 1.197 1.166 1.154 1.159 1.194 o
14 1.309 1.287 1.287 1.310 1.297 1.302 1.273 1.206 1.163 1.148 1.159 1.191 1.185 1.146
15 o 1.291 1.289 o 1.283 1.271 o 1.208 1.148 1.131 1.156 o 1.147 1.121 o
16 1.264 1.241 1.239 1.255 1.226 1.212 1.211 1.160 1.118 1.100 1.106 1.120 1.086 1.063 1.050 0.999
17 1.226 1.205 1.201 1.216 1.187 1.173 1.172 1.123 1.083 1.065 1.069 1.080 1.046 1.022 1.010 0.961 0.925
18 o 1.184 1.180 o 1.165 1.150 o 1.101 1.046 1.028 1.045 o 1.022 0.998 o 0.938 0.902 o
19 1.139 1.118 1.115 1.129 1.101 1.087 1.086 1.040 1.001 0.983 0.986 0.995 0.962 0.939 0.928 0.882 0.848 0.827 0.777
20 1.089 1.070 1.067 1.080 1.054 1.041 1.038 0.994 0.956 0.939 0.941 0.950 0.919 0.897 0.885 0.840 0.808 0.787 0.739 0.703
21 o 1.040 1.038 o 1.030 1.018 o 0.964 0.914 0.897 0.912 o 0.897 0.874 o 0.815 0.782 o 0.715 0.680 o
22 0.997 0.980 0.979 0.995 0.982 0.982 0.960 0.906 0.870 0.853 0.857 0.875 0.864 0.832 0.810 0.766 0.734 0.714 0.670 0.637 0.618 0.586
23 0.960 0.945 0.944 0.960 0.961 o 0.913 0.862 0.834 0.818 0.814 0.831 o 0.812 0.780 0.736 0.705 0.685 0.643 0.612 0.593 0.568 o
24 o 0.947 0.946 o 0.942 0.918 0.878 0.844 0.821 0.806 0.797 0.798 0.804 0.794 o 0.735 0.705 o 0.642 0.610 o 0.553 0.521 0.492
25 0.975 0.960 0.957 0.966 0.942 0.918 0.895 0.873 0.854 0.838 0.825 0.814 0.803 0.793 0.781 0.742 0.712 0.691 0.648 0.614 0.590 0.548 0.513 0.489 0.484
26 1.078 1.075 1.072 1.067 1.054 1.037 1.019 0.999 0.980 0.962 0.944 0.926 0.907 0.886 0.861 0.829 0.796 0.761 0.723 0.684 0.646 0.606 0.568 0.538 0.523 0.540

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Differences (%) between Case 5’ and Case 5
1 o
2 0.59 0.56
3 0.55 -2.27 0.55
4 o -0.47 -0.64 o
5 0.50 -2.37 -2.47 -1.01 0.23
6 0.43 -2.54 -2.67 -1.12 -0.46 o
7 o -0.28 -0.46 o -0.68 -0.64 0.64
8 0.43 -2.79 -2.85 -1.27 -2.82 -2.74 -2.80 0.74
9 0.78 -1.63 -1.57 -1.54 -1.49 -1.38 -1.37 -1.71 0.43

10 0.58 1.28 1.34 1.37 1.43 1.54 1.65 1.56 1.26 0.26
11 0.07 0.59 0.58 1.51 0.69 0.76 0.90 1.02 0.93 0.77 0.14
12 o 0.94 0.88 o 0.96 1.07 0.37 0.47 0.57 0.53 0.42 0.10
13 0.16 -0.24 -0.26 0.65 0.67 o 0.96 0.23 0.35 0.38 0.33 1.12 o
14 0.18 -0.25 -0.26 0.57 -0.23 0.73 0.87 0.19 0.29 0.34 0.34 1.11 1.06 -0.15
15 o 0.75 0.69 o 0.68 0.78 o 1.10 0.35 0.40 1.24 o 1.13 1.07 o
16 0.11 -0.04 -0.05 0.81 -0.03 0.01 1.04 0.32 0.43 0.48 0.46 1.27 0.33 0.36 1.28 -0.13
17 0.09 0.08 0.08 0.92 0.11 0.15 1.13 0.43 0.54 0.59 0.55 1.33 0.44 0.45 1.33 0.58 -0.20
18 o 1.16 1.10 o 1.13 1.17 o 1.43 0.68 0.72 1.53 o 1.45 1.42 o 1.56 1.59 o
19 -0.06 0.38 0.38 1.25 0.40 0.44 1.43 0.70 0.79 0.83 0.81 1.61 0.69 0.68 1.60 0.80 0.86 1.84 -0.50
20 -0.13 0.48 0.47 1.29 0.48 0.51 1.47 0.79 0.90 0.94 0.89 1.63 0.74 0.74 1.60 0.86 0.93 1.85 1.13 -0.62
21 o 1.46 1.39 o 1.36 1.43 o 1.73 0.97 1.00 1.80 o 1.66 1.59 o 1.76 1.79 o 2.04 2.04 o
22 -0.33 0.49 0.47 1.29 0.47 1.32 1.53 0.83 0.89 0.93 0.92 1.68 1.52 0.70 1.57 0.82 0.89 1.86 1.10 1.15 2.02 -1.06
23 -0.34 0.10 0.07 0.87 0.93 o 1.16 0.44 0.55 0.58 0.53 1.29 o 1.18 1.15 0.42 0.50 1.40 0.71 0.76 1.60 1.55 o
24 o 0.08 0.01 o 0.05 0.14 -0.58 -0.49 -0.38 -0.34 -0.40 -0.44 0.33 0.27 o 0.36 0.39 o 0.64 0.66 o 0.79 0.55 -0.68
25 -0.02 -2.60 -2.63 -1.79 -2.58 -2.54 -2.46 -2.32 -2.28 -2.25 -2.24 -2.32 -2.35 -2.35 -1.49 -2.26 -2.21 -1.28 -1.97 -1.89 -0.95 -1.71 -1.89 -2.45 -0.26
26 -0.12 -4.30 -4.28 -4.25 -4.26 -4.19 -4.11 -4.05 -4.00 -3.97 -3.96 -3.98 -4.00 -4.01 -3.94 -3.90 -3.82 -3.71 -3.61 -3.48 -3.34 -3.29 -3.33 -3.72 -4.71 -0.67

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26



225

Figure A.3.29. Case 6’: Revised fission rates in 1/8 core with the correct buckling height

Fission rates
1 o
2 1.194 1.164
3 1.195 1.166 1.168
4 o 1.199 1.203 o
5 1.207 1.179 1.184 1.232 1.244
6 1.231 1.203 1.209 1.260 1.179 o
7 o 1.168 1.172 o 1.203 1.186 1.159
8 1.241 1.216 1.216 1.243 1.214 1.190 1.187 1.225
9 1.094 1.091 1.090 1.089 1.080 1.069 1.067 1.088 1.151

10 1.088 1.086 1.084 1.082 1.072 1.059 1.050 1.052 1.073 1.108
11 1.223 1.208 1.206 1.217 1.193 1.167 1.145 1.131 1.128 1.134 1.144
12 o 1.285 1.285 o 1.285 1.255 1.210 1.173 1.154 1.148 1.152 1.168
13 1.309 1.292 1.293 1.313 1.315 o 1.255 1.195 1.163 1.150 1.156 1.185 o
14 1.306 1.290 1.290 1.307 1.299 1.297 1.266 1.204 1.160 1.144 1.155 1.182 1.177 1.143
15 o 1.287 1.285 o 1.279 1.266 o 1.200 1.144 1.127 1.146 o 1.138 1.113 o
16 1.258 1.241 1.239 1.250 1.226 1.211 1.203 1.156 1.114 1.096 1.101 1.110 1.082 1.059 1.041 0.994
17 1.219 1.203 1.200 1.209 1.185 1.170 1.163 1.118 1.078 1.060 1.063 1.069 1.041 1.017 1.000 0.956 0.919
18 o 1.175 1.171 o 1.156 1.141 o 1.089 1.039 1.021 1.033 o 1.011 0.987 o 0.927 0.891 o
19 1.129 1.114 1.111 1.119 1.096 1.082 1.074 1.033 0.994 0.976 0.978 0.983 0.956 0.933 0.917 0.875 0.841 0.815 0.768
20 1.078 1.065 1.062 1.070 1.049 1.035 1.027 0.986 0.948 0.931 0.933 0.938 0.912 0.890 0.874 0.833 0.800 0.775 0.730 0.694
21 o 1.029 1.027 o 1.019 1.007 o 0.951 0.905 0.888 0.899 o 0.885 0.863 o 0.803 0.770 o 0.703 0.668 o
22 0.986 0.974 0.973 0.985 0.976 0.972 0.947 0.898 0.861 0.845 0.848 0.862 0.853 0.824 0.800 0.758 0.726 0.703 0.662 0.629 0.607 0.577
23 0.953 0.942 0.941 0.953 0.953 o 0.905 0.857 0.828 0.812 0.809 0.822 o 0.804 0.772 0.732 0.700 0.676 0.637 0.606 0.584 0.560 o
24 o 0.947 0.946 o 0.941 0.917 0.880 0.845 0.822 0.806 0.798 0.799 0.802 0.791 o 0.733 0.702 o 0.638 0.605 o 0.548 0.517 0.493
25 0.991 0.980 0.977 0.982 0.961 0.937 0.913 0.889 0.869 0.852 0.839 0.829 0.818 0.807 0.792 0.755 0.724 0.698 0.657 0.622 0.594 0.554 0.519 0.496 0.497
26 1.117 1.115 1.111 1.105 1.092 1.074 1.054 1.034 1.014 0.994 0.976 0.957 0.938 0.916 0.890 0.857 0.822 0.785 0.745 0.704 0.664 0.622 0.582 0.552 0.541 0.563

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Differences (%) between Case 6’ and Case 6
1 o
2 0.21 0.21
3 0.21 -0.99 0.21
4 o -0.04 -0.20 o
5 0.20 -1.15 -1.23 -0.44 0.18
6 0.18 -1.24 -1.32 -0.48 -0.30 o
7 o -0.05 -0.21 o -0.45 -0.44 0.14
8 0.14 -1.24 -1.29 -0.51 -1.40 -1.35 -1.45 0.11
9 0.11 -0.54 -0.50 -0.55 -0.60 -0.61 -0.67 -0.79 0.07

10 0.09 0.71 0.74 0.70 0.67 0.68 0.67 0.63 0.46 0.05
11 0.06 0.37 0.36 0.76 0.32 0.37 0.37 0.39 0.32 0.22 0.03
12 o 0.65 0.59 o 0.52 0.58 0.14 0.20 0.18 0.13 0.08 0.01
13 0.03 0.06 0.05 0.47 0.43 o 0.50 0.12 0.11 0.08 0.06 0.42 o
14 0.02 0.02 0.02 0.40 -0.05 0.40 0.38 0.03 0.07 0.06 0.01 0.36 0.39 -0.01
15 o 0.47 0.42 o 0.39 0.41 o 0.45 0.08 0.07 0.44 o 0.43 0.41 o
16 0.01 0.02 0.02 0.41 0.00 -0.01 0.42 0.04 0.11 0.11 0.04 0.44 0.02 0.02 0.44 -0.02
17 0.00 0.02 0.02 0.39 0.00 -0.01 0.40 0.03 0.12 0.12 0.03 0.42 0.02 0.02 0.42 0.05 -0.03
18 o 0.49 0.43 o 0.40 0.40 o 0.43 0.10 0.10 0.43 o 0.43 0.42 o 0.45 0.43 o
19 -0.01 0.05 0.04 0.42 0.02 0.01 0.43 0.04 0.12 0.13 0.04 0.44 0.04 0.04 0.44 0.06 0.05 0.45 -0.05
20 -0.02 0.03 0.03 0.40 0.00 -0.01 0.40 0.03 0.12 0.12 0.03 0.41 0.02 0.02 0.41 0.04 0.03 0.41 0.04 -0.07
21 o 0.45 0.40 o 0.37 0.38 o 0.41 0.05 0.05 0.41 o 0.41 0.38 o 0.40 0.38 o 0.39 0.36 o
22 -0.06 -0.05 -0.05 0.33 -0.12 0.29 0.30 -0.06 -0.03 -0.03 -0.07 0.30 0.30 -0.11 0.34 -0.05 -0.06 0.34 -0.05 -0.08 0.28 -0.14
23 -0.10 -0.15 -0.16 0.22 0.19 o 0.23 -0.13 -0.12 -0.12 -0.13 0.23 o 0.21 0.23 -0.15 -0.16 0.21 -0.16 -0.19 0.16 0.07 o
24 o 0.11 0.06 o -0.01 0.07 -0.36 -0.29 -0.28 -0.28 -0.29 -0.36 0.08 0.00 o 0.05 0.02 o 0.03 0.00 o -0.11 -0.17 -0.29
25 -0.21 -0.50 -0.51 -0.12 -0.53 -0.47 -0.48 -0.44 -0.44 -0.43 -0.44 -0.47 -0.46 -0.51 -0.10 -0.50 -0.52 -0.14 -0.52 -0.54 -0.17 -0.62 -0.69 -0.88 -0.40
26 -0.27 -0.56 -0.54 -0.55 -0.56 -0.56 -0.55 -0.53 -0.52 -0.51 -0.52 -0.53 -0.54 -0.54 -0.53 -0.51 -0.52 -0.53 -0.52 -0.54 -0.57 -0.64 -0.75 -0.93 -1.18 -0.52

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26



226

Figure A.3.30. Case 1’’: Revised fission rates in 1/8 core with the correct buckling height

Fission rates
1 o
2 1.368 1.288
3 1.367 1.288 1.288
4 o 1.368 1.370 o
5 1.373 1.295 1.300 1.402 1.406
6 1.405 1.327 1.333 1.445 1.342 o
7 o 1.305 1.310 o 1.371 1.326 1.246
8 1.423 1.353 1.353 1.424 1.346 1.292 1.283 1.349
9 1.208 1.205 1.203 1.200 1.187 1.170 1.165 1.193 1.312

10 1.115 1.111 1.109 1.106 1.092 1.073 1.061 1.063 1.091 1.141
11 1.337 1.293 1.291 1.330 1.275 1.225 1.194 1.173 1.168 1.174 1.182
12 o 1.411 1.410 o 1.430 1.376 1.288 1.223 1.195 1.184 1.188 1.220
13 1.428 1.382 1.383 1.439 1.461 o 1.366 1.245 1.199 1.182 1.190 1.265 o
14 1.413 1.367 1.368 1.419 1.403 1.429 1.387 1.265 1.191 1.170 1.199 1.271 1.266 1.196
15 o 1.381 1.379 o 1.377 1.363 o 1.279 1.168 1.145 1.207 o 1.199 1.162 o
16 1.339 1.294 1.291 1.330 1.278 1.262 1.278 1.195 1.126 1.104 1.127 1.162 1.104 1.073 1.071 0.994
17 1.282 1.240 1.237 1.271 1.221 1.205 1.220 1.144 1.080 1.058 1.077 1.106 1.051 1.020 1.018 0.947 0.903
18 o 1.224 1.220 o 1.204 1.187 o 1.127 1.031 1.010 1.059 o 1.033 1.002 o 0.931 0.886 o
19 1.164 1.124 1.120 1.153 1.105 1.090 1.105 1.034 0.974 0.954 0.971 0.998 0.946 0.918 0.917 0.851 0.811 0.798 0.728
20 1.090 1.055 1.052 1.081 1.040 1.026 1.037 0.971 0.915 0.896 0.911 0.935 0.889 0.862 0.858 0.798 0.759 0.745 0.681 0.637
21 o 1.021 1.019 o 1.014 1.002 o 0.940 0.857 0.838 0.880 o 0.868 0.839 o 0.771 0.732 o 0.658 0.615 o
22 0.954 0.921 0.921 0.956 0.940 0.954 0.929 0.845 0.792 0.774 0.791 0.835 0.824 0.777 0.756 0.695 0.660 0.648 0.591 0.554 0.539 0.496
23 0.884 0.857 0.857 0.889 0.902 o 0.842 0.764 0.730 0.715 0.715 0.755 o 0.746 0.702 0.645 0.612 0.599 0.548 0.514 0.500 0.475 o
24 o 0.843 0.842 o 0.852 0.819 0.763 0.718 0.693 0.678 0.672 0.684 0.704 0.702 o 0.633 0.600 o 0.539 0.503 o 0.448 0.405 0.363
25 0.860 0.833 0.831 0.853 0.818 0.785 0.760 0.737 0.718 0.703 0.691 0.683 0.675 0.673 0.671 0.624 0.593 0.580 0.531 0.497 0.478 0.428 0.384 0.355 0.351
26 1.043 1.040 1.037 1.031 1.018 0.999 0.979 0.959 0.939 0.919 0.900 0.880 0.860 0.838 0.811 0.776 0.740 0.703 0.661 0.619 0.576 0.529 0.483 0.445 0.427 0.476

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Differences (%) between Case 1’’ and Case 1’
1 o
2 1.11 -0.86
3 1.32 -0.84 -0.88
4 o 1.08 1.26 o
5 1.52 -0.46 -0.62 2.02 -2.17
6 0.26 0.01 -1.40 3.37 -1.97 o
7 o 2.09 1.35 o -1.85 1.74 -1.42
8 -0.28 -0.66 -0.53 -0.36 -0.42 3.42 1.84 0.90
9 0.72 -0.54 -0.51 0.86 -0.24 -0.90 -0.90 -0.04 -1.61

10 1.61 0.47 0.49 1.66 0.96 0.34 0.60 0.63 0.35 0.44
11 -0.48 -0.82 -0.78 -0.76 -0.75 1.46 0.48 -0.34 -0.02 0.25 0.08
12 o 0.66 0.27 o -1.48 0.38 -1.37 0.52 0.10 0.15 0.60 -1.12
13 0.05 -0.41 -1.08 1.48 -1.70 o 0.31 1.47 -0.19 -0.02 1.49 0.49 o
14 0.60 -0.67 -0.69 0.74 -1.47 -1.68 -1.48 -0.64 0.46 0.45 -0.55 -1.38 -1.63 -1.38
15 o 0.46 0.56 o 0.72 1.64 o -0.62 1.09 1.02 -0.50 o 1.59 0.87 o
16 0.45 -0.71 -0.76 0.46 -0.72 -1.05 0.18 -0.71 0.12 0.13 -0.67 0.21 -1.05 -0.67 0.47 -0.80
17 0.64 -0.63 -0.59 0.61 -0.58 -0.21 0.85 -0.58 0.10 0.11 -0.51 0.85 -0.26 -0.52 0.64 -0.64 -0.56
18 o 0.51 0.56 o 0.59 0.18 o -0.34 1.08 0.96 -0.26 o 0.08 0.70 o 0.43 0.63 o
19 0.42 -0.68 -0.64 0.39 -0.65 -0.29 0.61 -0.69 0.20 0.21 -0.65 0.59 -0.34 -0.61 0.38 -0.70 -0.62 0.37 -0.70
20 0.75 -0.59 -0.63 0.79 -0.59 -0.90 0.51 -0.52 0.10 0.10 -0.48 0.54 -0.95 -0.55 0.80 -0.70 -0.54 0.74 -0.61 -0.58
21 o 0.68 0.77 o 0.88 1.76 o -0.42 1.29 1.20 -0.32 o 1.64 0.98 o 0.63 0.81 o 0.53 0.96 o
22 0.57 -0.63 -0.66 0.72 -1.29 -1.50 -1.34 -0.58 0.55 0.54 -0.55 -1.31 -1.53 -1.30 0.73 -0.72 -0.57 0.53 -0.66 -0.60 0.83 -1.22
23 0.87 0.35 -0.30 2.26 -0.98 o 1.22 2.21 0.54 0.63 2.08 1.33 o -1.01 2.32 -0.39 0.43 0.84 0.31 -0.25 2.36 -0.91 o
24 o 0.93 0.53 o -1.18 0.56 -1.14 0.93 0.36 0.42 0.85 -1.07 0.48 -1.18 o 0.38 1.06 o 0.79 0.69 o -1.16 1.25 -1.02
25 1.54 1.47 1.49 1.28 1.51 3.81 2.86 2.11 2.40 2.38 2.13 2.84 3.82 1.53 1.27 1.39 1.53 1.50 1.41 1.56 1.40 1.49 4.23 2.94 3.78
26 -1.68 -2.58 -2.60 -1.70 -2.35 -2.92 -2.63 -2.56 -2.68 -2.68 -2.57 -2.63 -2.93 -2.37 -1.71 -2.62 -2.60 -1.72 -2.56 -2.63 -1.62 -2.34 -2.56 -2.50 -1.00 -3.80

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
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Figure A.3.31. Case 2’’: Revised fission rates in 1/8 core with the correct buckling height

Fission rates
1 o
2 1.331 1.278
3 1.331 1.279 1.280
4 o 1.334 1.339 o
5 1.344 1.292 1.299 1.377 1.395
6 1.384 1.332 1.340 1.427 1.296 o
7 o 1.282 1.287 o 1.336 1.308 1.264
8 1.415 1.371 1.371 1.416 1.365 1.327 1.325 1.403
9 1.205 1.201 1.198 1.197 1.184 1.169 1.168 1.204 1.322

10 1.062 1.058 1.056 1.054 1.040 1.024 1.014 1.019 1.049 1.097
11 1.253 1.226 1.224 1.245 1.208 1.170 1.142 1.124 1.123 1.133 1.146
12 o 1.336 1.336 o 1.343 1.301 1.234 1.182 1.158 1.151 1.158 1.183
13 1.364 1.335 1.335 1.372 1.381 o 1.302 1.212 1.170 1.155 1.163 1.214 o
14 1.358 1.329 1.329 1.362 1.350 1.358 1.319 1.227 1.166 1.147 1.167 1.214 1.210 1.159
15 o 1.332 1.330 o 1.325 1.311 o 1.229 1.147 1.125 1.163 o 1.158 1.125 o
16 1.294 1.264 1.261 1.285 1.248 1.231 1.232 1.166 1.108 1.087 1.101 1.123 1.081 1.052 1.041 0.979
17 1.242 1.215 1.211 1.231 1.195 1.178 1.179 1.119 1.064 1.043 1.055 1.071 1.031 1.003 0.992 0.934 0.892
18 o 1.188 1.184 o 1.167 1.150 o 1.091 1.019 0.998 1.026 o 1.004 0.976 o 0.910 0.868 o
19 1.131 1.105 1.101 1.120 1.085 1.070 1.072 1.015 0.964 0.945 0.955 0.970 0.932 0.906 0.897 0.843 0.805 0.784 0.726
20 1.064 1.041 1.039 1.056 1.025 1.011 1.010 0.957 0.909 0.891 0.900 0.914 0.879 0.855 0.843 0.793 0.757 0.735 0.682 0.641
21 o 1.002 1.000 o 0.994 0.981 o 0.920 0.856 0.838 0.863 o 0.852 0.827 o 0.763 0.726 o 0.655 0.615 o
22 0.945 0.923 0.923 0.946 0.934 0.937 0.911 0.845 0.799 0.782 0.793 0.821 0.812 0.776 0.753 0.702 0.668 0.650 0.601 0.566 0.546 0.511
23 0.895 0.875 0.875 0.898 0.903 o 0.848 0.784 0.751 0.735 0.736 0.762 o 0.750 0.714 0.665 0.632 0.613 0.568 0.535 0.517 0.491 o
24 o 0.878 0.877 o 0.879 0.850 0.802 0.761 0.736 0.721 0.715 0.722 0.734 0.728 o 0.665 0.632 o 0.569 0.534 o 0.477 0.440 0.411
25 0.935 0.917 0.914 0.927 0.899 0.870 0.844 0.819 0.799 0.782 0.769 0.760 0.751 0.744 0.734 0.692 0.659 0.638 0.592 0.556 0.531 0.485 0.445 0.420 0.428
26 1.166 1.163 1.159 1.154 1.139 1.119 1.098 1.075 1.053 1.032 1.010 0.989 0.967 0.942 0.912 0.875 0.836 0.795 0.750 0.704 0.658 0.609 0.563 0.528 0.517 0.568

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Differences (%) between Case 2’’ and Case 2’
1 o
2 0.56 -2.02
3 0.34 -2.24 -2.47
4 o -0.15 -0.35 o
5 -0.80 -3.40 -3.56 -1.08 -2.64
6 -1.57 -4.11 -4.19 -1.33 -0.40 o
7 o -1.60 -1.65 o -1.27 -2.59 -6.32
8 -1.83 -3.87 -3.95 -2.03 -4.41 -5.79 -6.98 -6.76
9 -0.26 -0.44 -0.49 -0.44 -0.87 -1.47 -2.10 -2.39 -0.84

10 4.51 4.33 4.30 4.39 4.00 3.46 2.92 2.53 2.63 3.23
11 7.39 6.16 6.16 7.39 6.03 5.19 4.43 3.81 3.46 3.28 3.10
12 o 7.30 7.36 o 7.86 7.16 5.16 3.92 3.31 3.00 2.98 3.59
13 6.59 5.30 5.39 7.07 7.47 o 6.36 3.82 2.91 2.64 2.99 5.04 o
14 5.76 4.47 4.55 6.13 5.59 6.72 6.28 3.86 2.59 2.37 3.22 5.29 5.44 3.99
15 o 5.10 5.16 o 5.52 5.64 o 4.60 2.28 2.10 4.09 o 4.68 4.25 o
16 4.55 3.19 3.23 4.66 3.38 3.41 4.64 2.82 1.66 1.53 2.44 4.06 2.62 2.35 3.41 1.70
17 3.98 2.66 2.69 4.05 2.78 2.79 4.03 2.32 1.21 1.10 2.01 3.55 2.13 1.89 2.96 1.33 0.96
18 o 3.54 3.55 o 3.64 3.64 o 3.12 0.90 0.79 2.81 o 3.07 2.81 o 2.32 1.91 o
19 2.99 1.60 1.62 3.06 1.71 1.73 3.05 1.29 0.17 0.08 1.02 2.65 1.16 0.92 2.07 0.36 0.00 1.01 -0.99
20 2.08 0.75 0.78 2.18 0.92 0.97 2.21 0.47 -0.64 -0.73 0.21 1.80 0.40 0.14 1.19 -0.49 -0.87 0.07 -1.87 -2.76
21 o 0.99 1.04 o 1.39 1.53 o 0.66 -1.66 -1.77 0.36 o 0.99 0.58 o -0.21 -0.68 o -1.62 -2.57 o
22 -0.70 -2.15 -2.05 -0.30 -0.97 0.25 0.07 -2.41 -3.67 -3.77 -2.70 -0.36 -0.35 -1.77 -1.32 -3.37 -3.85 -2.81 -4.91 -5.76 -5.24 -7.82
23 -3.28 -4.66 -4.53 -2.68 -2.10 o -2.95 -5.62 -6.48 -6.58 -5.93 -3.46 o -2.89 -3.73 -5.91 -6.43 -5.49 -7.53 -8.36 -7.74 -8.99 o
24 o -5.68 -5.58 o -4.80 -5.42 -7.56 -8.81 -9.32 -9.42 -9.12 -8.07 -6.12 -5.71 o -6.97 -7.54 o -8.57 -9.51 o -11.6 -14.5 -19.1
25 -6.29 -7.58 -7.54 -6.17 -7.50 -8.23 -8.80 -9.22 -9.44 -9.54 -9.52 -9.31 -8.95 -8.44 -7.35 -9.04 -9.48 -8.64 -10.6 -11.5 -11.3 -14.3 -17.3 -20.0 -20.2
26 -0.51 -0.60 -0.60 -0.49 -0.63 -0.81 -0.96 -1.08 -1.18 -1.27 -1.36 -1.42 -1.48 -1.53 -1.64 -2.04 -2.42 -2.79 -3.50 -4.32 -5.33 -6.97 -9.08 -11.2 -12.1 -7.37
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Figure A.3.32. Case 3’’: Revised fission rates in 1/8 core with the correct buckling height

Fission rates
1 o
2 1.186 1.152
3 1.187 1.154 1.157
4 o 1.192 1.195 o
5 1.200 1.167 1.173 1.223 1.232
6 1.222 1.191 1.196 1.249 1.179 o
7 o 1.163 1.167 o 1.201 1.182 1.149
8 1.232 1.200 1.200 1.234 1.199 1.174 1.172 1.207
9 1.082 1.081 1.080 1.078 1.072 1.061 1.061 1.079 1.140

10 1.094 1.092 1.091 1.088 1.080 1.067 1.060 1.062 1.082 1.116
11 1.232 1.212 1.211 1.226 1.199 1.172 1.152 1.139 1.135 1.141 1.149
12 o 1.289 1.288 o 1.291 1.261 1.214 1.177 1.159 1.152 1.156 1.172
13 1.310 1.291 1.291 1.314 1.320 o 1.260 1.196 1.166 1.154 1.159 1.193 o
14 1.308 1.288 1.288 1.310 1.299 1.303 1.273 1.207 1.164 1.148 1.160 1.191 1.186 1.148
15 o 1.290 1.288 o 1.283 1.269 o 1.208 1.147 1.130 1.155 o 1.145 1.120 o
16 1.262 1.243 1.240 1.254 1.228 1.214 1.210 1.161 1.118 1.101 1.107 1.119 1.087 1.064 1.049 1.000
17 1.225 1.206 1.203 1.215 1.188 1.174 1.171 1.124 1.083 1.065 1.070 1.079 1.047 1.023 1.009 0.962 0.926
18 o 1.182 1.179 o 1.163 1.149 o 1.100 1.045 1.027 1.045 o 1.021 0.997 o 0.937 0.901 o
19 1.138 1.120 1.116 1.128 1.102 1.088 1.085 1.041 1.001 0.984 0.987 0.994 0.963 0.940 0.927 0.883 0.849 0.826 0.777
20 1.087 1.071 1.068 1.078 1.055 1.042 1.037 0.994 0.957 0.939 0.942 0.949 0.920 0.898 0.883 0.841 0.808 0.785 0.739 0.703
21 o 1.039 1.037 o 1.029 1.016 o 0.964 0.913 0.896 0.912 o 0.896 0.873 o 0.814 0.781 o 0.714 0.678 o
22 0.996 0.981 0.980 0.994 0.983 0.983 0.959 0.907 0.869 0.853 0.857 0.874 0.864 0.833 0.810 0.766 0.734 0.713 0.670 0.638 0.618 0.586
23 0.959 0.946 0.945 0.958 0.961 o 0.912 0.861 0.833 0.817 0.814 0.830 o 0.812 0.778 0.736 0.705 0.684 0.643 0.612 0.592 0.568 o
24 o 0.946 0.945 o 0.942 0.917 0.878 0.844 0.821 0.805 0.797 0.798 0.803 0.794 o 0.735 0.703 o 0.641 0.609 o 0.553 0.520 0.492
25 0.975 0.961 0.958 0.966 0.943 0.918 0.896 0.873 0.854 0.837 0.825 0.814 0.803 0.793 0.781 0.743 0.712 0.690 0.648 0.614 0.589 0.548 0.513 0.489 0.484
26 1.079 1.078 1.074 1.068 1.056 1.039 1.021 1.001 0.982 0.964 0.946 0.928 0.909 0.888 0.862 0.831 0.797 0.762 0.724 0.686 0.647 0.607 0.569 0.538 0.523 0.542

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Differences (%) between Case 3’’ and Case 3’
1 o
2 0.50 -0.41
3 0.63 -0.47 -0.41
4 o 0.44 0.65 o
5 0.83 -0.28 -0.30 1.01 -1.28
6 -0.06 -0.02 -0.83 1.56 -1.24 o
7 o 1.07 0.54 o -1.19 0.62 -0.90
8 -0.22 -0.63 -0.52 -0.32 -0.41 1.66 0.85 0.22
9 0.66 -0.24 -0.10 0.55 0.03 -0.33 -0.34 0.01 -0.66

10 0.85 0.32 0.44 0.75 0.60 0.42 0.41 0.45 0.31 0.31
11 -0.20 -0.54 -0.47 -0.27 -0.45 0.60 0.19 -0.27 -0.05 0.16 0.07
12 o 0.42 0.14 o -0.73 0.21 -0.60 0.33 0.09 0.12 0.38 -0.51
13 -0.05 -0.16 -0.55 0.68 -0.82 o 0.10 0.73 -0.05 0.04 0.79 0.24 o
14 0.30 -0.33 -0.31 0.35 -0.80 -0.78 -0.75 -0.33 0.26 0.25 -0.26 -0.68 -0.73 -0.71
15 o 0.15 0.25 o 0.36 0.74 o -0.17 0.44 0.43 -0.10 o 0.76 0.45 o
16 0.21 -0.35 -0.31 0.23 -0.33 -0.49 0.10 -0.37 0.15 0.14 -0.33 0.13 -0.48 -0.26 0.26 -0.27
17 0.27 -0.27 -0.30 0.23 -0.27 -0.07 0.47 -0.33 0.02 0.03 -0.28 0.49 -0.06 -0.20 0.26 -0.28 -0.18
18 o 0.26 0.29 o 0.35 0.06 o -0.05 0.59 0.53 -0.02 o 0.03 0.40 o 0.27 0.32 o
19 0.23 -0.28 -0.28 0.18 -0.31 -0.05 0.40 -0.37 0.10 0.11 -0.34 0.41 -0.05 -0.26 0.19 -0.27 -0.21 0.26 -0.24
20 0.40 -0.23 -0.23 0.42 -0.17 -0.37 0.28 -0.17 0.16 0.15 -0.14 0.31 -0.39 -0.12 0.44 -0.22 -0.18 0.45 -0.17 -0.15
21 o 0.32 0.42 o 0.46 0.85 o -0.08 0.62 0.59 -0.04 o 0.82 0.51 o 0.40 0.39 o 0.32 0.58 o
22 0.44 -0.21 -0.21 0.47 -0.59 -0.62 -0.55 -0.15 0.36 0.35 -0.13 -0.52 -0.62 -0.57 0.51 -0.24 -0.14 0.48 -0.20 -0.09 0.56 -0.44
23 0.28 0.16 -0.20 0.96 -0.51 o 0.48 0.99 0.29 0.33 0.94 0.53 o -0.50 1.01 -0.21 0.21 0.31 0.20 -0.10 1.05 -0.38 o
24 o 0.34 0.10 o -0.70 0.12 -0.61 0.36 0.06 0.09 0.35 -0.57 0.10 -0.69 o 0.07 0.42 o 0.33 0.24 o -0.58 0.39 -0.65
25 0.27 0.08 0.13 0.14 0.15 1.24 0.78 0.45 0.54 0.54 0.47 0.78 1.26 0.16 0.17 0.09 0.14 0.31 0.09 0.25 0.21 0.24 1.38 0.76 0.88
26 -0.52 -1.04 -0.96 -0.58 -0.90 -1.15 -1.06 -0.95 -1.00 -0.99 -0.95 -1.05 -1.14 -0.87 -0.57 -0.94 -1.01 -0.50 -0.98 -0.93 -0.48 -0.82 -0.95 -0.99 -0.52 -1.37
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Figure A.3.33. Case 4’’: Revised fission rates in 1/8 core with the correct buckling height

Fission rates
1 o
2 1.195 1.166
3 1.196 1.167 1.169
4 o 1.200 1.204 o
5 1.209 1.180 1.186 1.233 1.246
6 1.232 1.205 1.212 1.262 1.180 o
7 o 1.169 1.173 o 1.204 1.188 1.162
8 1.243 1.218 1.219 1.244 1.216 1.193 1.190 1.228
9 1.095 1.092 1.090 1.090 1.080 1.070 1.068 1.089 1.152

10 1.086 1.084 1.082 1.080 1.070 1.057 1.048 1.050 1.071 1.107
11 1.221 1.206 1.205 1.214 1.191 1.166 1.144 1.129 1.127 1.133 1.143
12 o 1.284 1.283 o 1.283 1.254 1.209 1.172 1.153 1.147 1.151 1.167
13 1.307 1.291 1.292 1.312 1.314 o 1.254 1.194 1.162 1.150 1.155 1.184 o
14 1.305 1.289 1.289 1.306 1.298 1.296 1.265 1.203 1.159 1.144 1.154 1.181 1.176 1.142
15 o 1.286 1.284 o 1.278 1.265 o 1.199 1.144 1.126 1.145 o 1.138 1.112 o
16 1.257 1.241 1.238 1.249 1.225 1.211 1.202 1.155 1.113 1.095 1.100 1.110 1.082 1.058 1.040 0.993
17 1.218 1.203 1.199 1.208 1.184 1.169 1.162 1.118 1.077 1.059 1.062 1.069 1.040 1.017 1.000 0.955 0.918
18 o 1.174 1.171 o 1.155 1.140 o 1.088 1.039 1.020 1.032 o 1.010 0.987 o 0.927 0.891 o
19 1.128 1.114 1.110 1.118 1.095 1.081 1.074 1.032 0.993 0.976 0.978 0.983 0.955 0.933 0.917 0.875 0.841 0.815 0.768
20 1.078 1.064 1.061 1.069 1.048 1.035 1.026 0.985 0.948 0.931 0.933 0.937 0.912 0.890 0.874 0.833 0.800 0.775 0.730 0.694
21 o 1.029 1.027 o 1.019 1.007 o 0.951 0.905 0.888 0.899 o 0.885 0.863 o 0.803 0.770 o 0.703 0.668 o
22 0.986 0.974 0.973 0.985 0.976 0.971 0.947 0.898 0.861 0.845 0.848 0.862 0.852 0.824 0.800 0.759 0.726 0.703 0.662 0.629 0.608 0.578
23 0.953 0.942 0.941 0.953 0.953 o 0.905 0.857 0.828 0.812 0.809 0.822 o 0.804 0.773 0.732 0.700 0.677 0.638 0.606 0.585 0.560 o
24 o 0.948 0.946 o 0.941 0.917 0.880 0.846 0.822 0.807 0.798 0.799 0.802 0.792 o 0.733 0.702 o 0.639 0.606 o 0.549 0.518 0.494
25 0.992 0.981 0.978 0.982 0.962 0.938 0.913 0.890 0.870 0.853 0.840 0.829 0.819 0.808 0.792 0.756 0.725 0.699 0.658 0.623 0.595 0.555 0.520 0.497 0.498
26 1.119 1.116 1.112 1.107 1.094 1.076 1.056 1.035 1.015 0.996 0.977 0.959 0.939 0.917 0.891 0.858 0.823 0.786 0.746 0.705 0.665 0.623 0.584 0.554 0.542 0.565

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Differences (%) between Case 4’’ and Case 4’
1 o
2 -0.01 -0.87
3 -0.01 -0.88 -0.88
4 o -0.05 -0.05 o
5 -0.10 -0.96 -0.98 -0.18 -1.11
6 -0.19 -1.01 -1.03 -0.18 -0.12 o
7 o -0.02 -0.02 o -0.21 -0.14 -1.07
8 -0.23 -0.98 -0.97 -0.22 -1.02 -0.92 -1.02 -1.03
9 -0.26 -0.27 -0.27 -0.28 -0.34 -0.34 -0.39 -0.48 -0.45

10 0.73 0.73 0.73 0.72 0.68 0.69 0.68 0.65 0.51 0.50
11 0.77 0.39 0.40 0.80 0.39 0.46 0.45 0.46 0.41 0.33 0.26
12 o 0.64 0.65 o 0.58 0.66 0.25 0.31 0.30 0.25 0.20 0.11
13 0.55 0.15 0.15 0.58 0.51 o 0.59 0.25 0.23 0.20 0.19 0.50 o
14 0.50 0.11 0.11 0.50 0.06 0.47 0.46 0.14 0.18 0.17 0.10 0.41 0.42 0.01
15 o 0.48 0.49 o 0.49 0.52 o 0.52 0.19 0.18 0.49 o 0.49 0.44 o
16 0.47 0.09 0.09 0.48 0.08 0.08 0.50 0.11 0.19 0.18 0.10 0.48 0.06 0.05 0.44 0.04
17 0.45 0.07 0.07 0.45 0.06 0.06 0.46 0.09 0.17 0.17 0.07 0.44 0.04 0.03 0.40 0.01 -0.01
18 o 0.44 0.44 o 0.44 0.44 o 0.45 0.15 0.15 0.43 o 0.42 0.39 o 0.38 0.35 o
19 0.43 0.04 0.04 0.43 0.03 0.03 0.44 0.05 0.13 0.12 0.03 0.41 0.00 -0.01 0.37 -0.03 -0.05 0.32 -0.09
20 0.37 0.00 0.00 0.38 -0.01 -0.01 0.38 0.02 0.09 0.09 -0.01 0.36 -0.04 -0.06 0.32 -0.07 -0.10 0.26 -0.14 -0.19
21 o 0.33 0.33 o 0.32 0.35 o 0.35 0.03 0.02 0.32 o 0.32 0.27 o 0.26 0.22 o 0.19 0.13 o
22 0.26 -0.13 -0.13 0.26 -0.18 0.19 0.21 -0.12 -0.08 -0.09 -0.15 0.18 0.16 -0.23 0.20 -0.20 -0.23 0.14 -0.27 -0.33 0.00 -0.51
23 0.13 -0.23 -0.23 0.15 0.09 o 0.16 -0.17 -0.18 -0.19 -0.19 0.12 o 0.05 0.09 -0.31 -0.34 0.00 -0.39 -0.44 -0.12 -0.26 o
24 o -0.03 -0.02 o -0.08 0.01 -0.39 -0.33 -0.32 -0.33 -0.35 -0.43 -0.03 -0.14 o -0.10 -0.14 o -0.18 -0.24 o -0.41 -0.45 -1.00
25 -0.17 -0.53 -0.52 -0.15 -0.52 -0.45 -0.46 -0.44 -0.44 -0.45 -0.46 -0.50 -0.50 -0.58 -0.22 -0.60 -0.64 -0.30 -0.69 -0.73 -0.41 -0.85 -0.91 -1.08 -1.24
26 -0.48 -0.48 -0.48 -0.48 -0.50 -0.49 -0.48 -0.47 -0.47 -0.47 -0.49 -0.51 -0.53 -0.56 -0.55 -0.57 -0.59 -0.61 -0.64 -0.68 -0.72 -0.82 -0.92 -1.09 -1.30 -1.48

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
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