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FOREWORD

The OECD/NEA Nuclear Science Committee organised the two-dimensional VENUS-1 and the
three-dimensional  VENUS-3 international intercomparison exercises to examine state-of-the-art
computation methods for calculating the neutron flux on reactor components. Both benchmarks dealt
with UO,-fuelled systems and were completed in 2000. The analysis of the results revealed that 3-D
neutron fluence calculations provide results that are significantly more accurate than those obtained
from 2-D calculations. They further demonstrated that performing 3-D calculations is technicaly
feasible given the power of today’ s computers.

As a follow-up to these benchmarks, and given that the use of MOX fud in LWRs presents
different neutron characterigtics, a three-dimensional VENUS-2 MOX-fuelled reactor dosimetry
benchmark was launched in 2004 based on experimental data released by SCKeCEN, Mol, Belgium.
Twelve participants contributed to this benchmark, providing 15 solutions. This report provides details
of the comparative analysis of calculated results against experimental data.
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EXECUTIVE SUMMARY

It is essential to calculate the structural integrity of reactor components with a high degree of
accuracy to make correct decisions on design plant lifetime, safety margins and potential plant lifetime
extension.

The Nuclear Science Committee of the OECD Nuclear Energy Agency (NEA) is thus organising
a series of benchmarks on this subject to verify the current internationa level of accuracy in pressure
vessel fluence calculations and to clarify the relative merits of various methodologies and hence the
areas of possible improvementsin various calculation schemes.

The main finding from the previous UO,-fuelled VENUS-1 two-dimensional (2-D) and VENUS-3
three-dimensional (3-D) benchmarks was that the calculated results of the 3-D benchmark are in
general much closer to the experimental values than those for the 2-D benchmark.

Knowing that many of commercia power plants in Europe and in Japan use MOX fuel and that
the use of MOX fuel in LWRs presents different neutron characteristics, the present benchmark was
launched in 2004 to test the current state-of-the-art computation methods of calculating neutron flux to
reactor components against the measured data of the VENUS-2 MOX-fuelled critical experiments.

The latest versions of nuclear data sets and of three-dimensional calculation methods (both
deterministic and stochastic methods) were applied by the participants. The 3-D results of most of the
calculations are within the desired accuracy of +10% for dosimetry calculations. It is demonstrated that
some precise calculations can achieve, for most of the detector positions, an accuracy of +5% when
compared with the experimental values.
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Chapter 1
INTRODUCTION

It is of importance to be able to calculate the structural integrity of reactor components with a
high degree of accuracy to make correct decisions on design plant lifetime, safety margins and potential
plant lifetime extension. Ensuring the reactor pressure vessdl integrity is essentia for both safe
operation of the power plant and economic reasons due to the possibility of plant lifetime extension.

Therefore, the Nuclear Science Committee of the OECD Nuclear Energy Agency (NEA) is
organising a series of benchmarks on this subject to verify the current international level of accuracy
in pressure vessel fluence calculations and to clarify the relative merits of various methodologies and
hence the areas of possible improvements in various cal culation schemes.

As a first step, the UO,-fuelled VENUS-1 two-dimensional and VENUS-3 three-dimensional
exercises were launched and completed in 2000 [1]. All calculated results were compared with
measured data. The comparative analysis of these two exercises reveded that three-dimensional
neutron fluence calculations provide results that are significantly more accurate than those obtained
from two-dimensional calculations. Moreover, performing three-dimensiona calculations is technically
feasible given the power of today’ s computers.

In addition to the standard UO, fuel, many commercia power plants in Europe and in Japan use
MOX fuel, even though the quantity allowed in the core is limited. The use of MOX fuel in LWRs
presents different neutron characteristics. Therefore, the present benchmark was launched in 2004 to
test the current state-of-the-art computation methods of cal culating neutron flux to reactor components
against the measured data of the VENUS-2 MOX-fuelled critical experiments, released by SCKeCEN
(Mal, Belgium) to the OECD/NEA.

The measured data used for this benchmark are the equivalent fission fluxes measured using
Ni(n,p), ™In(n,n), Rh(n,n’), *zn(n,p), *Np(n,f) and *Al(n,o) detectors at several important
positions on the core mid-plane of the reactor [2]. It was requested to calculate reaction rates and
corresponding equivalent fission fluxes measured on the core mid-plane at specific positions outside
the core of the VENUS-2 MOX-fuelled reactor. Contrary to the previous VENUS-1 and VENUS-3
benchmarks, the source term was not provided to the participants in the present VENUS-2 MOX
benchmark, since the results of the other benchmarks confirmed that 3-D pin power distributions can
be accurately calculated by the modern 3-D calculation codes and nuclear data[3.4].

Twelve participating groups provided 15 solutions. The latest nuclear data libraries and computer
codes were applied and tested. In deterministic calculations, the 3-D Sy codes TORT, ATTILA,
LUCKY and DANTSY S are used and a 3-D code being developed, MultiTrans, was also applied. Two
participants used 2-D codes such as DORT and HELIOS. In Monte Carlo calculations, MCNP-4C,
MCU and MCNPX codes were applied.

This report provides an analysis of al the participant results compared to the measured data.
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Chapter 2
BENCHMARK MODEL

The VENUS facility is a zero power critical reactor located at SCKeCEN in Belgium. As shown
in Figure 2.1, the core comprises twelve (12) “15 x 15" subassemblies, instead of those of “17 x 17"
(the pin-to-pin pitch remains typical of the “17 x 17" subassembly). The central part of the core (four
15 x 15 assemblies) consists of fuel pins 3.3 wt.% enriched in 2°U (called 3/0 UO, pins). There are
five Pyrex pins in 1/8 of the core. Of the eight assemblies on the periphery of the core, al of which
contain fuel pins 4.0 wt.% enriched in U (called 4/0 UO, pins), eight rows of the most external fuel
pins have been replaced by mixed oxide fuel pins (UO,-PuO,) enriched 2.0 wt.% in **U and 2.7 wt.%
in high-grade plutonium (called 2/2.7 MOX pins).

The measured data used for this benchmark are the equivalent fission fluxes measured using
®Ni(n,p), *In(n,n’), **Rh(n,n"), ®#*Zn(n,p), ZNp(n,f) and #’Al(n,c) detectors at several important
positions in the reactor. The measurement positions are shown in Figure 2.2, and corresponding
co-ordinates are given in Table 2.1. The six detectors were placed on the core mid-plane of the reactor
at 34 locations in the central hole, the core inner baffle, the core outer baffle, the water reflector, the
core barrel, the water gap and the neutron pad. The horizontal and vertical reactor descriptions are
shown in Figures 2.3 and 2.4.

For the source term preparation, in addition to the average fission rate in the core corresponding
to absolute reference irradiation, the fission rate distribution of 121 fuel pins measured on the core
mid-plane and the axial fission rate distribution of six fuel pinswere provided to the participants [3,4].

The objective of the benchmark is to verify the current level of accuracy in pressure vessel
fluence calculations for MOX-fuelled systems. It will also validate the latest nuclear data sets and
production codes used in the OECD member countries. The comparison with experimenta data would
alow to identify the origins of discrepancies between calculations and measurements and to quantify
the relative merits of the different calculation methods.

The present benchmark is therefore defined to cal culate reaction rates and corresponding equivalent
fission fluxes measured on the core mid-plane at specific positions outside the core of the VENUS-2
MOX-fuelled reactor.

Asfor the calculation results, the reaction rates and corresponding equivalent fission fluxes, neutron
fluxes a threshold energies Ey, > 1.0 MeV and E, > 0.1 MeV, and DPA rates (optional) were requested
for the measurement points described above. All caculated reaction rates and corresponding equivalent
fission fluxes and neutron fluxes were to be normalised to 100% VENUS-2 power by using the given
fission rates in the core corresponding to absolute reference irradiation (1.87E+08 fissions/cm/sec at
the core mid-plane and 4.596E+12 fissions/sec/core quadrant).
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In the calculations, the participants were also requested to use IRDF-90 Version 2 dosimeter
cross-section data in order to ensure the comparability of results. Finally, the calculated *U fission
spectrum averaged dosimeter cross-sections used for converting cal culated reaction rates into equivalent
fission fluxes were to be reported.

It is worthwhile to reiterate the definition of the equivalent fission fluxes. The equivalent fission
fluxes are the reaction rates divided by the *°U fission spectrum averaged cross-sections of the
corresponding dosimeter. That is, the equivalent fission flux can be calculated as follows:

o0

Jo (EM(EME

0

¢eQﬁ$ ) <Gi >fiss.

where o;(E) is the energy-dependent cross-section of reaction i, ¢(E) is the energy-dependent calculated
flux at the measured position and <c;>js is the *°U fission spectrum averaged cross-section of
reaction i.

The *U fission spectrum averaged cross-section of reaction i is defined as follows:
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where ys(E) is the U fission spectrum.

A complete description of the benchmark specification, including details of the VENUS-2 reactor,
is given in Appendix A. Included in this specification are all geometry and material data required to
develop the detailed three-dimensional computational model of the 1/4 fraction of the VENUS-2
reactor. Apart from the geometry and materia data, the isotopic concentrations of each medium were
also provided to minimise the discrepancies from the atomic density calculations, as in the previous
benchmark exercises.
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Chapter 3
PARTICIPANTS, CODESAND DATA

Twelve participants contributed to the benchmark, providing 15 solutions. The complete list of
participants, basic libraries and codes used are presented below and summarised in Table 3.1
Calculation details provided by the participants can be found in Appendix B. Eight solutions were
obtained using 3-D deterministic codes such as TORT, ATTILA, LUCKY, DANTSYS, MultiTrans,
and two solutions applied 2-D calculation codes DORT and HELIOS. As for Monte Carlo methods,
four solutions were obtained using MCNP-4C and MCU. Two solutions applied the MCNPX code.

1

Hanyang University (HYU), Korea

Participants: Chang-Ho Shin and Jong Kyung Kim

Code: TORT

Cross-section library: ENDF/B-V1.8

Response functions: IRDF 90 V.2

Remarks: 35 groups, SgPs, 119 x 126 x 111 meshes in Cartesian co-ordinate, separate source
term calculation

Hanyang University (HYU), Korea

Participants: Hong-Chul Kim, Chang-Hi Shin, Chi Y oung Han and Jong Kyung Kim
Code: MCNP-4C and MCNPX (version 2.5.d)

Cross-section library: ENDF/B-V1.8

Response functions. IRDF 90 V.2

Remarks: 2 sets of contributions, separate source term calculation (KCODE)

Transpire, Inc., USA

Participants: Todd Wareing, Allen Barnett, John McGhee and Greg Failla

Code: ATTILA

Cross-section library: ENDF/B-VI

Response functions: IRDF 90 V.2

Remarks: 30 groups, SgPs, 117 752 tetrahedral elements, use the given axial fission source

Kurchatov I ngtitute (K1), Russia

Participant: Mikhail A. Kalugin

Code: MCU

Cross-section library: MCUDAT-2.2 (based on ENDF/B-V I, JENDL-3.2, BROND)
Response functions: IRDF 90 V.2 (ENDF/B-VI.5 for Np)

Remarks. Continuous energy group, Monte Carlo method, separate source term calculation

Kurchatov I ngtitute (K1), Russia

Participants. Alexey V. Moriakov and Sergei M. Zaritsky

Code: LUCKY

Cross-section library: BUGLE 96

Response functions: IRDF 90 V.2

Remarks. 26 groups, SgPs, Cartesian co-ordinate, use the given axial fission source
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11.

12.

Korea Power Engineering Co. (KOPEC), Korea

Participants. Bok Ja Moon and Joon Ghi Ahn

Code: DORT (version 2.8.14)

Cross-section library: BUGLE 96

Response functions: IRDF 90 V.2 (BUGLE 96 for Np)

Remarks: 47 groups, SgPs, 2-D/1-D synthesis method, use the given axial fission source

Vuje Trnava Inc. (VTI)/ Slovak University of Technology (SUT), Slovak

Participants. Petr Darilek, VIadimir Sebian and Vladimir Necas

Code: HELIOS-1.7

Cross-section library: ENDF/B-VI

Response functions; ENDF/B-VI

Remarks: 190 groups, 2-D current-coupling collision-probability (CCCP) method, Only Np
reaction results provided

WTI GmbH, Germany

Participants: Maik Hennebach and Helmut K{hl

Code: MCNP-4C2

Cross-section library: ENDF/B-VI

Response functions. IRDF 90 V.2

Remarks: Continuous energy group, use the given axial fission source

VTT, Finland

Participant: Petri Kotiluoto

Code: TORT, MultiTrans (in-house code)

Cross-section library: BUGLE96

Response functions: IRDF 90 V.2

Remarks. 2 sets of contributions, 47 groups, SgPs; and 147 x 98 x 45 meshes (TORT), SP; and
2 530 817 octree cells (MultiTrans), adirect kg search

Korea Atomic Energy Research I nstitute (KAERI), Korea

Participants: Do Heon Kim, Choong-Sub Gil, Jonghwa Chang and Jung-Do Kim
Code: DANTSYS 3.0

Cross-section library: ENDF/B-V1.8

Response functions: IRDF 90 V.2

Remarks. 47 groups, SgPs, mesh size = about 0.63cm (a half pitch)

VTT, Finland

Participant: Frej Wasastjerna

Code: MCNP-4C

Cross-section library: ENDF/B-VI

Response functions. IRDF 90 V.2

Remarks. 2 sets of contributions, continuous energy group, KCODE calculation and use the
given axial fission source

SCKeCEN, Belgium

Participants. Nadia Messaoudi and Wim Haeck

Code: MCNPX

Cross-section library: ENDF/B-V1.8

Response functions: IRDF 90 V.2

Remarks. Continuous energy group, KCODE calculation
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Chapter 4
RESULTS OF THE BENCHMARK

In the experiments, the equivalent fission fluxes at severa important positions on the core
mid-plane of the reactor were measured using **Ni(n,p), *°In(n,n’), **Rh(n,n"), *Zn(n,p), *'Np(n,),
and %’Al(n,) detectors. The measured values of equivalent fission fluxes for each detector are givenin
Tables 4.1 and 4.2 for the detector positions in stainless steel zones and in water zones, respectively.
The reported uncertainty of experimental equivalent fission flux valuesis not known.

The *Ni(n,p) detector covers the flux above 2.8 MeV. The #Zn(n,p) detector has the same
activation threshold as the ®Ni(n,p) detector. The *®In(n,n’) detector covers the flux above 1 MeV and
corresponds to the local variation of the DPA rate, and the 2’Al(n,c) detector indicates the extreme
hard end of the neutron spectrum above 7.6 MeV.

The “experimental” dosimeter cross-sections, i.e. the U fission spectrum averaged cross-sections
of each dosimeter, used to convert measured reaction rates to experimental equivalent fission fluxes,
were not given in the origina VENUS-2 documents [2]. However, the values used in VENUS-3
experiments were reported in Ref. [5]: 108.50 mbarn for *®Ni(n,p), 190.30 mbarn for ***In(n,n’) and
0.706 mbarn for ?’Al(n,o) detectors. It is therefore assumed that these values might also have been
used for obtaining equivalent fission fluxes from the VENUS-2 experiments, and thus are designated
“Mol values’ of the dosimeter cross-sections and are used for our analysis below.

As mentioned earlier, afull set of the 3-D source term was not provided to the participants in the
present benchmark, since the results of the previous benchmarks on the VENUS-2 MOX core
calculations confirmed that 3-D pin power distributions can be adequately calculated by the modern
3-D calculation codes and nuclear data [3,4].

In the previous 3-D VENUS-2 MOX core calculation results, averaged pin powers from both
deterministic and Monte Carlo calculations showed a scatter band less than +2% for most of the axia
positions in the MOX pins. For a few axial positions, both calculations reported more than +3% of
scatter band. For 4/0 UO, pins, both deterministic and Monte Carlo calculations gave an excdlent
agreement within £1% of discrepancy for aimost al positions. As for 3/0 UO, pins, the agreement
within £1% was observed for amost all positions in both deterministic and Monte Carlo calculation
results. The discrepancies in the calculated pin power results were within the reported uncertainties of
the measured data (1) that are +2.2% for UO, pins and +3.4% for MOX pins.

Nevertheless, one should keep in mind that the source terms calculated and used by the different
participants could contain about a difference of £1% to +3% among them and hence the use of these
different source terms can result in corresponding differences in the calculated reaction rates and
equivalent fission fluxes.
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4.1. Comparison of dosimeter cross-sections
The calculated dosimeter cross-sections reported by the participants are summarised in Table 4.3.

The dosimeter cross-sections averaged over the ?°U fission spectrum are an important parameter
since they could directly affect equivalent fission flux values converted from reaction rates. If thereis
1% of discrepancy in the dosimeter cross-section values, this automatically implies 1% of discrepancy
in the calculated equivalent fission fluxes.

Table 4.4 shows a relative comparison of the calculated dosimeter cross-sections based on an
average value of all calculated results. The results show that the participants calculated the dosimeter
cross-sections close to the values of the others. For most of the cases, the difference is less than 1%.
The maximum differences are about 2.5% for the Ni and the In detectors, about 2% for the Rh and the
Np detectors, and about 5% for the Zn and the Al detectors. The VTI/SUT HELIOS calculation
reported a value with high difference of 8.8% in the Np detector cross-section. The VTI/SUT value
was obtained based on ENDF/B-VI. The KI MCU calculation used the same library for the Np
detector, but gives a value with a 1.7% difference. This shows that the large difference observed for
the VTI/SUT value does not seem to come from the library used. KOPEC applied BUGLE96 for
obtaining the Np dosimeter cross-section, which shows a difference of 0.2% from the average value.

Table 4.5 presents a relative comparison of the calculated dosimeter cross-sections compared to
the Mol values used to convert reaction rates to experimental equivalent fission fluxes. The Mol values
differ from the calculated detector cross-sections in average about 1.5%, 2% and 6% for **Ni(n,p),
in(n,n), and *’Al(n,a) detectors, respectively. Even with the same basic and dosimetry data
libraries, the calculated dosimeter cross-sections show differences depending on the computer codes
used. It isinteresting to note that two MCNP-4C results (HYU and VTT) give quite similar values for
al three detectors, whilein HY U calculations the values from TORT and MCNP-4C are very different
even though the same set of libraries was used for both cal culations.

In the following analysis, one should keep in mind that the calculated equivalent fission fluxes
would contain an intrinsic difference compared to the experimental values due to the differences
between the calculated and the experimental dosimeter cross-sections: 0.6-3.5% for Ni, 0-5% for In,
and 2-10% for Al detectors.

4.2. Comparison of equivalent fission fluxes

The participants reported the calculated equivalent fission fluxes for *Ni(n,p), *In(n,n),
1%3Rh(n,n), *Zn(n,p), *'Np(n,f) and ?’Al(n,c) detectors. The calculated results are compared with the
experimental values as C/E values. The provided results and C/E comparisons are given in Tables 4.6
to 4.11, and C/E vaues are plotted in Figures 4.1 to 4.12. In addition, underneath the tables, the
statistics of calculation results (i.e. numbers of C/E values within +5%, +10% and £20%) is also given.

*Ni(n,p) detector

The caculated results for stainless steel zones show in general a good agreement with the
experimental values. For most of the detection positions, the scatter band is less than +10%. Some
solutions obtained from both deterministic and Monte Carlo methods report a scatter band within £5%.
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The 2-D result also gives a reasonably good agreement for the positions near the core centre (+5%)
and the scatter band becomes larger for the positions outside the core (about +10%). A systematic
trend of dight overestimation in the 2-D calculation results might be due to the buckling correction
used in 2-D calculations. As noted aready in the previous VENUS-1 benchmark, the buckling
correction applied in 2-D calculations seems to be able to reproduce reasonable results near the core,
but failsto do so when the distance from the core centre increases.

The results obtained by using SP; approximation give larger discrepancies. It was reported
that SP; approximation produces less accurate results when the solution starts to behave more
transport-like and that the approximation shows some limitations in deep penetration problems.

As observed in the previous VENUS-1 and VENUS-3 benchmarks, the accuracy of calculations
is lower and deteriorates as the distance from the core increases, and is mainly attributable to the lack
of material symmetry which is assumed with reflective boundary condition.

Compared to the resultsin stainless steel zones, the discrepanciesin C/E valuesin water zones are
larger. For most of the solutions, the scatter band is about £10% in the reflector zone (i.e. near the
core) whereas it becomes larger in the water gap zone up to +20% (i.e. when the distance from the
core increases).

Some solutions report a scatter band less than +10% in al positions. Nevertheless, a trend of
slight overestimation is observed in all reported results.

I'n(n,n’) detector

In detector solutions are in general slightly better than those of the Ni detector. The solutions
show a scatter band less than +£5% in stainless steel zones and less than +10% in water zones for most
of the positions. Slightly larger discrepancies (still within £5-10%), are observed when the distance
from the core increases.

The 2-D solution gives about £10% of discrepancies. The results from the SP; approximation
show about +20% of scatter band in stainless steel zones and about £30% in water zones.

%Rh(n,n’) detector

For this detector, a problem with the BUGLE 96 cross-section was observed in the previous
VENUS-1 benchmark. For the current benchmark, all participants employed IRDF 90 Version 2
Cross-sections, reporting consistent results.

An excellent agreement between calculated and experimental equivalent fission fluxes is observed
in most of the solutions in both stainless sted and water gap zones. the scatter band is less than +5%
for most of the detector positions.

Some Monte Carlo solutions give C/E values aimost 1 for most of the detector positions in both
stainless steel and water gap zones, whereas deterministic solutions show a slightly larger scatter band.
This might be due to the coarse space approximation used. The trend of a dlight underestimation of the
equivalent fission fluxesis observed in calculation results.
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%Zn(n,p) detector

For most of the solutions, a general scatter band of about +10% is observed in both stainless stedl
and water gap zones. In many calculation results, a scatter band of about £5% is observed in stainless
zones, and about +10% in water zones.

In the stainless steel zones, for the detector position at 42°, the two MCNPX results show a large
discrepancy (more than £20%). In water zones, for the detector position (-51.53, -19.78), i.e. at 21.14°,
al results from both deterministic and Monte Carlo calculations report a discrepancy more than +10%
up to +40%. This could raise a question about the accuracy of the experimental value at that position.

Z'Np(n,f) detector

Before analysing the results, it is worth noting that the experimental results for the *’Np(n,f)
reaction include the photo-fission effect approximately 3%, which is not included in the calculation
results (except that from DORT calculations). The C/E results must therefore be adjusted by +3%.

As in the *Zn(n,p) case, for most of the solutions, some calculation results report a scatter band
of less than +5%. However, a genera scatter band of about +10% is observed in both stainless steel
and water gap zones.

Two-dimensional HELIOS calculation results show a large scatter band, systematically more than
+20%. Besides the possible buckling correction-induced errors, this might be due to a large discrepancy
(-8.8%) in the calculated Np dosimeter cross-section used to convert reaction rates to equivalent
fission fluxes.

?TAl(n, ) detector

Z"Al(n,0.) detector calculations show the most discrepant results compared to the results for the
other detectors. A genera scatter band of about +20% is observed while some calculations give a
scatter band of £10% in both deterministic and Monte Carlo methods.

A trend of dight underestimation of equivalent fission fluxes in stainless steel zones is observed
in al results. All Monte Carlo solutions reported higher statistical perturbation in their calculation
results for the Al detector. SCK MCNPX cal culations could not obtain the statistically valid results for
the positions 21°, 42° in stainless steel zones and for all positions in water zones for which the code
reported too-high statistical uncertainty. In fact, in water gap zones, HY U MCNP and MCNPX results
show a high statistical perturbation.

A complementary comparison

VTT made a comparative analysis by using two different sources. a KOCDE source calculated by
MCNP-4C itself and the fixed source given in the benchmark specification. The results are summarised
in Table 4.12. For most of the detector positions, the differences are about +5% to +10% and for the
Al detector, the discrepancies are higher up to +30%. In addition, for most of the positions except in
the inner baffle and in the central hole and water reflector, the KCODE results show systematically
larger values than those from the fixed source calculation. However, when compared to the experimental
values, the results from the KOCDE show a dlightly better agreement than those from the fixed source
calculation.
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4.3. Comparison of reaction rates

As an attempt to remove the impact of dosimeter cross-sections used to convert reaction rates to
equivalent fisson fluxes, the experimental equivalent fission fluxes for Ni, In and Al detectors are
converted back to “quasi-experimental” reaction rates by using the corresponding Mol values of
dosimeter cross-sections.

The “quasi-experimental” reaction rates for Ni, In and Al detectors are then compared to calculated
reaction values provided by the participants as C/E values. The calculated reaction rate results and C/E
comparisons are given in Tables 4.13 to 4.15, and C/E values are plotted in Figures 4.13t0 4.18.

However, it should be noted that the following analysis is based on the “assumption” that the Mol
values of the dosimeter cross-sections were used for converting the measured reactor rates into
experimental equivalent fission fluxes.

*Ni(n,p) detector

With regard to C/E values, very similar comments can be made as in the comparison of the
equivalent fission fluxes. For most of the calculation results, a scatter band of +10% is observed in
both the stainless stedl and water zones. Some solutions report a scatter band of less than +5% in
stainless steel zones, which becomes larger, between +5% and +10%, in water zones.

A difference between the experimental and calculated dosimeter cross-sections (for the Ni case,
about 1.3%) does not seem to affect the reaction rate comparison and the calculated reaction rates
show a good agreement with the experimenta reaction rates.

"3 n(n,n”) detector

As observed in the comparison of equivalent fission fluxes, In detector solutions are dightly
better than those of the Ni detector. However, the general observation is a scatter band of about +£10%
in both stainless steel and water zones. As with the Ni detector, some solutions report a scatter band
lessthan £5% in stainless steel zones, which becomes larger (between +5% and +10%) in water zones.

?TAl(n, ) detector

Since the difference between the experimental dosimeter cross-section and calculated dosimeter
cross-section is high (about 6%), it was expected to some extent that the comparison of reaction rates
would show much more discrepant results. However, ageneral scatter band of about +20% is observed
while some calculations give a scatter band of +£10% for most of the detector positions, as in the
equivalent fission flux comparison.

In summary, the observed differences between the experimental dosimeter cross-sections and
calculated dosimeter cross-sections do not really affect the final results in both equivalent fission flux
and reaction rate comparisons. There could be some type of mutual compensation effect among the
parameters considered.
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4.4, Comparison of theor etical parameters

Important theoretical parameters such as fast neutron fluxes above 0.1 MeV and 1.0 MeV and
DPA rates were also caculated and compared. As they cannot be directly compared against the
measured values, relative intercomparisons of calculated results are made with an arbitrary reference
solution. KI MCU results were taken as arbitrary reference solutions for the intercomparisons. The
results provided by the participants and relative intercomparisons are given in Tables 4.16 to 4.18, and
are also plotted in Figures 4.19 to 4.24.

Fast neutron fluxes above 0.1 MeV and 1.0 MeV

For most of the calculations, an excellent agreement is observed in both stainless steel and water
zones. the scatter band is less than +5%. This confirms the important fast neutron fluxes can be
calculated by the modern computer codes and nuclear data with a sufficient level of accuracy.

Two-dimensional DORT calculations show a scatter band of about +£10% in stainless steel
zones and about +20% in water zones. This might be due to the applied axial buckling correction.
Two-dimensional HEL10OS cal cul ations show a scatter band of more than £20%.

DPA rates

Only five solutions from HY U, KI and KOPEC were provided for DPA rates, as it was an optional
request in the benchmark calculations. The scatter band observed among the calculations is about +30%.
HY U used the DPA cross-section of **Fe from ENDF/B-V1.8 while K| used the EUR standard damage
cross-section in steel. Asthe very high accuracy of calculated fast fluxes above 1.0 MeV is observed,
the main differences observed in the DPA rates would be due to the differencesin DPA cross-sections.
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Chapter 5
CONCLUSIONS

Subsequent to the previous UO,-fuelled VENUS-1 two-dimensional (2-D) and the VENUS-3
three-dimensional (3-D) fluence calculation benchmarks, the present benchmark was launched in 2004
to test the current state-of -the-art computation methods of calculating neutron flux to reactor components
against the measured data of the VENUS-2 MOX-fuelled critical experiments.

The measured data used for this benchmark were the equivalent fission fluxes measured using
Ni(n,p), ™In(n,n), Rh(n,n’), *zn(n,p), *Np(n,f) and *’Al(n,o) detectors at several important
positions on the core mid-plane of the reactor. The calculated reaction rates and corresponding
equivalent fission fluxes were compared directly to the experimental values. In addition, some
important theoretical parameters such as fast neutron fluxes (E > 0.1 MeV and E > 1.0 MeV) and DPA
rates were also analysed. Contrary to the previous VENUS-1 and VENUS-3 benchmarks, the source
term was calcul ated by the participants in the present VENUS-2 MOX benchmark.

Twelve participating groups provided 15 solutions. The latest nuclear data libraries and computer
codes were applied and tested. As for the transport cross-section libraries, different versions of
ENDF/B-VI, BUGLE 96, and MUCDAT 2.2 (based on ENDF/B-VI, JENDL-3.2 and BROND) were
used. IRDF90 Version 2 was mainly used for dosimeter cross-sections. In deterministic calculations,
the 3-D Sy codes TORT, ATTILA, LUCKY and DANTSYS were used and a 3-D code being
developed (MultiTrans) was applied. Two participants used 2-D codes such as DORT and HELIOS.
In Monte Carlo calculations, MCNP-4C, MCU and MCNPX codes were applied.

In al combinations of the latest versions of nuclear data sets and of three-dimensional calculation
methods (both deterministic and stochastic methods), the analysis of calculated results confirmed that
the 3-D results of most of the calculations are within the accuracy of +10% desired for dosimetry
calculations. It was also demonstrated that some precise calculations can achieve, for most of the
detector positions, an accuracy of +5% when compared against the experimental values.

As an attempt to remove the uncertainties possibly emerging from the dosimeter cross-sections,
calculated reaction rates were directly compared to “ quasi-experimental” reaction rates converted back
from experimental equivalent fission fluxes. The comparison confirmed that C/E values from 3-D
precise calculations are within an accuracy of +10% for most of the detector positions. The rather large
differences observed between the experimenta and calculated dosimeter cross-sections do not greatly
affect the final comparison and conclusion.

As for the theoretical parameters such as fast neutron fluxes, the agreement among calculation
results was surprisingly good. It was demonstrated that these quantities can be calculated by the
modern 3-D computer codes and latest nuclear data sets with a sufficient level of accuracy. However,
with regard to DPA rates, there remains a need to improve DPA cross-section data.
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In summary, the results with a very high accuracy can be obtained from precise 3-D calculations
(about £5% for amost all detector positions). Though the uncertainty of experimental datais unknown
and, in consegquence, afinal conclusion can not be drawn, the computer codes and nuclear data currently
used in the OECD member countries seem to able to produce results with a sufficiently high level of

accuracy in dosimetry calculations for MOX-fuelled systems.
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Table2.1. Co-ordinates of VENUS-2 measurement positions

(r,0) in[cm,°]

(x,y) in [cm,cm]

Measurement | (x,y) co-ordinateswith : . : -
No. . ; co-ordinates with co-ordinates with
point zone respect toreactor grid respect to core centre | respect to corecentre
Central hole
1 (+2.5,+2.5) (0.00,0.00)
Inner baffle
2 (-1+2) (-8.1°) (-4.41,-0.63)
3 (-1-1) (-45.0°) (-4.41,-4.41)
Outer baffle
4 (-29,+2) (-,0.9°) (-39.69,-0.69)
S (-29,-2) (-8.1°) (-39.69,-5.67)
6 (-29,-7) (-,16.8°) (-39.69,-11.97)
7 (-29,-12) (=,24.7°) (-39.69,-18.27)
8 (-27,-14) (—29.2°) (-37.17,-20.79)
9 (-22,-14) (-,34.0°) (-30.87,-20.79)
10 (-17,-14) (—40.2°) (-24.57,-20.79)
Barrel
11 (-37,+2) (-,0.7°) (-49.77,-0.63)
12 (-37,-5) (-10.8°) (-49.77,-9.45)
13 (-35,-12) (-,21.1°) (-47.25,-18.27)
14 (-34,-15) (—,25.6°) (-45.99,-22.05)
15 (-33,-17) (-,28.8°) (-44.73,-24.57)
16 (-31,-20) (-33.9°) (-42.21,-28.35)
17 (-28,-24) (—-41.0°) (-38.43,-33.39)
18 (-26,-26) (-,45.0°) (-35.91,-35.91)
Water gap
19 (=) (55.2,10.8°) (-54.36,-9.59)
20 (=) (55.2,16.6°) (-52.89,-15.80)
21 (=) (55.2,21.1°) (-51.53,-19.78)
22 (=) (55.2,25.6°) (-50.03,-23.33)
23 (=) (55.2,28.8°) (-48.74,-25.91)
24 (=) (55.2,33.9°) (-46.29,-30.06)
25 (=) (55.2,37.4°) (-44.08,-33.22)
26 (=) (55.2,41.0°) (-42.29,-35.48)
27 (=) (55.2,45.0°) (-39.03,-39.03)
Neutron pad
28 (=) (62.7,21.1°) (-58.54,-22.47)
29 (=) (62.7,42.0°) (-46.60,-41.95)
Reflector
30 (-16,-16) (-,45°) (-23.31,-23.31)
31 (-18,-18) (-45°) (-25.83,-25.83)
32 (-20,-20) (-45°) (-28.35,-28.35)
33 (-22,-22) (-45°) (-30.87,-30.87)
34 (-24,-24) (—45°) (-33.39,-33.39)
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Table 3.1. Participants, data libraries and computer codes used

[MEIRNE Participants Codes Data Comments
(country)
Deterministic methods
Hanyang C.H. Shin TORT ENDF/B-VI.8 | SgPs, 35 groups
University JK. Kim IRDFO0 V.2 119 x 126 x 111 meshes
(Korea)
TranspireInc. | T. Wareing ATTILA ENDF/B-VI SPs, 30 groups
(USA) A. Barnett IRDF90 V.2 117 752 tetrahedra
J. McGhee elements
G. Failla
Kurchatov A.V. Moriakov | LUCKY BUGLE 96 SPs, 26 groups
Institute S.M. Zaritsky IRDFO0 V.2
(Russia)
KOPEC B.J. Moon DORT BUGLE 96 2-D/1-D Synthesis method
(Koreq) H.R. Hwang IRDFO0 V.2 47 groups
J. G. Ahn
VTI/SUT V. Sebian HELIOS-1.7 | ENDF/B-VI 2-D CCCP calculation
(Slovak) P. Darilek ENDF/B-VI 190 groups
V. Necas Only Np reaction results
submitted
VTT P. Kotiluoto TORT BUGLE 96 SsP; (TORT), 47 groups
(Finland) MultiTrans IRDFO0 V.2 147 x 98 x 45 meshes
SP; (MultiTrans)
2 sets of contributions
KAERI D.H. Kim DANTSYS ENDF/B-VI.8 | SPs, 47 groups
(Korea) J.D. Kim IRDFO0 V.2
C.S. Gil
J.H. Chang
Monte Carlo methods
Hanyang H.C. Kim MCNP-4C ENDF/B-VI.8 | 2 setsof contributions
University C.H. Shin MCNPX IRDFO0 V.2
(Koreq) C.Y.Han
JK. Kim
Kl M. Kalugin MCU MCUDAT 2.2
(Russia) IRDFO0 V.2
WTI GmbH M. Hennebach | MCNP-4C ENDF/B-VI
(Germany) H. Kiihl IRDF90 V.2
VTT F. Wasastjerna | MCNP-4C ENDF/B-VI 2 sets of contributions
(Finland) IRDFO0 V.2 (KCODE and fixed source
calculations)
SCKeCEN N. Messaoudi | MCNPX ENDF/B-VI.8
(Belgium) W. Haeck IRDF90 V.2
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Table4.1. Equivalent fission fluxesin stainless steel zones VENUS-2

Measurement | - sajin oy | 550(n ) | Rhn) | ®Zntp) | ZNp(d) | ZAIN)
position
Inner baffle
(-1,+2) 1.51E+09 1.94E+09 2.40E+09 1.52E+09 2.49E+09 1.43E+09
(-1,-1) 1.83E+09 2.36E+09 2.82E+09 1.83E+09 2.95E+09 1.70E+09
Outer baffle
(-29,+2) 5.80E+08 7.14E+08 - 5.76E+08 - 5.92E+08
(-29,-2) 5.52E+08 - 8.06E+08 - - -
(-29,-7) 447E+08 | 548E+08 | 6.54E+08 | 4.36E+08 6.88E+08 | 4.52E+08
(-29,-12) 2.62E+08 | 3.33E+08 | 3.97E+08 | 2.54E+08 | 4.34E+08 | 2.69E+08
(-27,-14) 2.75E+08 | 3.53E+08 | 4.20E+08 - - 2.76E+08
(-22,-14) 5.44E+08 - - - - -
(-17,-14) 8.69E+08 1.12E+09 1.37E+09 | 8.55E+08 1.46E+09 8.30E+08
Barrel
(-37,+2) 7.36E+07 | 8.97E+07 1.04E+08 | 7.42E+07 - 9.62E+07
(-37,-5) 6.13E+07 7.90E+07 9.49E+Q7 | 6.24E+07 1.03E+08 | 8.50E+07
(-35,-12) 6.02E+07 7.91E+07 9.60E+07 | 6.10E+07 1.04E+08 | 7.33E+07
(-34,-15) 5.06E+07 6.90E+07 8.50E+07 | 5.00E+07 | 9.04E+07 6.01E+07
(-33,-17) 4.50E+07 6.05E+07 7.63E+07 | 4.55E+07 - 5.48E+07
(-31,-20) 4.16E+07 | 5.37E+07 6.55E+07 | 4.15E+07 7.02E+07 5.71E+07
(-28,-24) 3.67E+07 | 4.36E+07 5.29E+07 | 3.66E+07 | 5.49E+07 5.19E+07
(-26,-26) 3.59E+07 | 4.38E+07 5.11E+07 | 3.59E+07 | 5.35E+07 5.12E+07
Neutron pad
21° 5.89E+06 | 8.19E+06 - 5.78E+06 1.12E+07 1.05E+07
42° - 5.90E+06 - 3.99E+06 7.70E+06 8.39E+06
Table 4.2. Equivalent fission fluxesin water zones VENUS-2
M mmmc.q.Q:msﬂ 5B\(j (n,p) 115 n(n,n’) How_wre._.:o @N:?.E quZU?.c 27p| (n,0)
position
Center hole
(+2.5,+2.5) — — - — — -
Water |
(-16,-16) 6.32E+08 7.91E+08 | 8.46E+08 - 9.77E+08 | 6.66E+08
(-18,-18) 341E+08 | 4.00E+08 | 4.35E+08 | 3.46E+08 | 4.62E+08 | 4.06E+08
(-20,-20) 1.88E+08 2.07E+08 | 2.21E+08 1.99E+08 2.31E+08 | 2.53E+08
(-22,-22) 1.05E+08 1.11E+08 1.13E+08 1.12E+08 1.24E+08 1.52E+08
(-24,-24) 5.91E+07 6.66E+07 7.27E+07 - - 9.71E+07
Water |1
(R =55.26)
10.75° 2.09E+07 - 2.98E+07 - -
16.63° 2.06E+07 2.59E+07 3.13E+07 2.17E+07 - 3.15E+07
21.14° 1.96E+07 2.53E+07 2.99E+07 1.68E+07 - 2.52E+07
25.62° 1.77E+07 2.30E+07 2.80E+07 1.89E+07 - 2.67E+07
28.78° 1.62E+07 2.13E+07 2.60E+07 1.71E+07 - 2.54E+07
33.89° 1.48E+07 1.87E+07 2.19E+07 1.60E+07 - 2.50E+07
37.44° 1.39E+07 - - - - -
40.99° 1.32E+07 - 1.87E+07 1.45E+07 - 2.30E+07
45.00° 1.31E+07 1.57E+07 1.83E+07 1.51E+07 1.95E+07 2.30E+07

33




Table 4.3. Calculated dosimeter cross-sections by the participants

Dosimetry

103Rh(n,n’

Institute |Country| Basicdata e Code *Ni(n,p) | *In(n,n) ) #zZn(n,p) | *'Np(n,f) | ZAl(n,a)
Mol values | Belgium 108.50 190.30 0.706
HYU Korea | ENDF/B-VI1.8| IRDF90V.2 TORT 104.754 | 181.203 | 695.670 38.121 | 1318.832 0.780
HYU Korea | ENDF/B-VI.8| IRDF90V.2 | MCNP-4C | 107.200 | 185.779 | 703.982 39.020 | 1326.027 0.721
MCNPX
Transpire USA ENDF/B-VI | IRDF90V.2 | ATTILA 107.252 | 186.690 | 705.660 | 39.015 | 1349.940| 0.753
Inc.
Kl Russia |MCUDAT 2.2| IRDF90V.2 MCU 106.2 184.2 690.6 41.13 1313.0 0.7512
(based on (ENDF/B-VI
ENDF/B-VI, for Np)
JENDL-3.2,
BROND)
Kl Russia | BUGLE96 | IRDF90V.2 | LUCKY 109.19 190.37 713.73 39.7 1363.000 | 0.766
KOPEC Korea | BUGLE96 | IRDF90V.2 DORT 106.580 | 186.030 | 705.700 | 38.693 | 1330.500 | 0.775
(BUGLE 96
for Np)
VTI/SUT Slovak | ENDF/B-VI ENDF/B-VI |HELIOS-1.7 1215.725
WTI Germany| ENDF/B-VI | IRDF90V.2 | MCNP-4C2 | 109.506 | 188.815 | 711.281 39.883 | 1356.606 0.747
VTT Finland | BUGLE96 | IRDF90V.2 TORT 107.339 | 187.544 | 708.720 | 39.024 | 1357.720 | 0.747
MultiTrans
KAERI Korea | ENDF/B-VI.8| IRDF90V.2 | DANTSYS | 105.686 | 186.263 | 705.472 38.397 | 1363.510 0.728
3.0
VTT Finland | ENDF/B-VI | IRDF90V.2 | MCNP4C | 106.651 | 185.356 | 703.077 38.814 | 1347.054 0.721
SCKeCEN | Belgium | ENDF/B-VI.8| IRDF90V.2 MCNPX 105.73 186.35 706.03 38.40 1355.11 0.73
Average 106.69 185.82 703.62 39.05 1335.09 0.75
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Table4.4. Relativeerrors (%) of calculated dosimeter cross-sections compar ed to the aver age values

103Rh(n,n’

Institute |Country| Basicdata D03;[1§try Code *Ni(n,p) | *In(n,n) ) #zZn(n,p) | *'Np(n,f) | ZAl(n,a)
HYU Korea ENDF/B-VI.8 | IRDF90V.2 TORT -1.8 -2.5 -1.1 -2.4 -1.1 4.7
HYU Korea ENDF/B-VI.8 | IRDF90V.2 | MCNP-4C

MCNPX 0.5 0.0 0.1 -0.1 -0.5 -3.2
Transpire USA ENDF/B-VI | IRDF90V.2 | ATTILA
Inc. 0.5 0.5 0.3 -0.1 13 11
Kl Russa [MCUDAT 2.2| IRDF90V.2 MCU
(based on (ENDF/B-VI
ENDF/B-VI, for Np)
JENDL-3.2,
BROND) -0.5 -0.9 -1.9 5.3 -1.5 0.8
Kl Russia BUGLE 9 IRDFO90V.2 | LUCKY 2.3 24 14 17 2.2 2.8
KOPEC Korea BUGLE96 | IRDF90V.2 DORT
(BUGLE 96
for Np) -0.1 0.1 0.3 -0.9 -0.2 4.1
VTI/SUT Slovak ENDF/B-VI | ENDF/B-VI |HELIOS-1.7 - - - - -8.8 -
WTI Germany| ENDF/B-VI | IRDF90V.2 | MCNP-4C2 2.6 16 11 21 1.8 0.2
VTT Finland BUGLE 96 | IRDF90V.2 TORT
MultiTrans 0.6 0.9 0.7 -0.1 18 0.3
KAERI Korea ENDF/B-VI.8 | IRDF90V.2 | DANTSYS
3.0 -0.9 0.2 0.3 -1.7 2.3 -2.3
VTT Finland | ENDF/B-VI | IRDF90V.2 | MCNP4C 0.0 -0.3 -0.1 -0.6 1.0 -3.3
SCKeCEN |Belgium | ENDF/B-VI.8 | IRDF90V.2 | MCNPX -0.9 0.3 0.3 -1.7 1.7 2.4
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Table4.5.

Relative errors (%) of calculated dosimeter cross-sections compar ed to the Mol values

Institute Country Basic data Dosimetry data Code *Ni(n,p) BIn(n,n’) ZTAl(n, o)
Mol values 108.5 190.3 0.706
HYU Korea ENDF/B-VI.8 IRDFO0V.2 TORT -35 -4.8 104
HYU Korea ENDF/B-VI.8 IRDF90V.2 MCNP-4C -1.2 -2.4 2.1

MCNPX
Transpirelnc. |USA ENDF/B-VI IRDF90 V.2 ATTILA -1.2 -1.9 6.7
Kl Russia MCUDAT 2.2 IRDFO0V.2 MCU 2.1 -3.2 6.4
(based on ENDF/B-VI, (ENDF/B-VI
JENDL-3.2, BROND) for Np)
Kl Russia BUGLE 9 IRDF90V.2 LUCKY 0.6 0.0 85
KOPEC Korea BUGLE 96 IRDF90V.2 DORT -1.8 -2.2 9.8
(BUGLE 96
for Np)
VTI/SUT Slovak ENDF/B-VI ENDF/B-VI HELIOS-1.7 - - -
WTI Germany ENDF/B-VI IRDF90V.2 MCNP-4C2 0.9 -0.8 5.8
VTT Finland BUGLE 96 IRDF90V.2 TORT -1.1 -14 58
MultiTrans
KAERI Korea ENDF/B-V1.8 IRDFA0V.2 DANTSYS 3.0 -2.6 2.1 3.1
VTT Finland ENDF/B-VI IRDF90V.2 MCNP 4C -1.7 -2.6 2.1
SCKeCEN Belgium ENDF/B-VI.8 IRDF90V.2 MCNPX -2.6 2.1 3.0
Average -1.3 -2.1 5.8
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Table 4.6(a). Equivalent fission fluxes: *®Ni(n,p) detector results and C/E comparison in stainless steel zones

Calculated results

S8Ni (n.,p) Position in cm | Grid Position Value | HYU-TORT | HYU-MCNP | HYU-MCNPX Transpire Inc.-ATTILA KI-MCU | KOPEC-DORT | WTI-MCNP__| VIT-TORT| VTT-MT KI-LUCKY | KAERI-DANTSYS | VTT-MCNP-K | VIT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.51E+09 1.53E+09 1.42E+09 1.42E+09 1.57E+09 1.48E+09| 1.55E+09 1.47E+09 1.56E+09 | 1.50E+09 | 0.151E+10 1.40E+09 1.28E+09 1.40E+09 1.48E+09
(-4.41, -4.41) (-1-1) 1.83E+09 1.84E+09 1.73E+09| 1.72E+09 1.87E+09 1.80E+09| 1.89E+09 1.78E+09 1.79E+09 | 2.02E+09 | 0.179E+10 1.68E+09 1.70E+09 1.87E+09 1.72E+09
Outer Baffle | (-39.69, -0.63) (-29,+2) 5.80E+08 5.02E+08 5.89E+08| 5.67E+08 5.75E+08 5.76E+08 6.01E+08 5.77E+08 5.15E+08 | 5.25E+08 | 0.523E+09 5.68E+08 5.23E+08 4.94E+08 5.69E+08
(-39.69, -5.67) (-29,-2) 5.52E+08 4.78E+08 5.84E+08| 5.70E+08 5.58E+08 5.46E+08 5.71E+08 5.46E+08 4.79E+08 | 5.12E+08 | 0.497E+09 5.40E+08 5.20E+08 4.92E+08 5.51E+08
(-39.69, -11.97) (-29,-7) 4.47E+08 3.92E+08 4.42E+08| 4.43E+08 4.52E+08 4.37E+08 4.65E+08 4.51E+08 3.82E+08 | 4.19E+08 | 0.404E+09 4.40E+08 4.35E+08 4.06E+08 4.39E+08
(-39.69, -18.27) 2.62E+08 2.34E+08| 2.50E+08| 2.65E+08 2.63E+08 2.54E+08 2.76E+08 2.65E+08 2.15E+08 | 2.43E+08 | 0.239E+09 2.56E+08 2.50E+08 2.43E+08 2.50E+08
(-37.17, -20.79) 2.75E+08 2.57E+08| 2.83E+08| 2.72E+08 2.75E+08 2.69E+08 2.88E+08 2.72E+08 2.38E+08 | 2.62E+08 | 0.243E+09 2.65E+08 2.64E+08 2.50E+08 2.64E+08
(-30.87, -20.79) 5.44E+08 5.23E+08 5.41E+08| 5.35E+08 5.60E+08 5.35E+08 5.67E+08 5.36E+08 5.35E+08 | 5.44E+08 | 0.493E+09 5.25E+08 5.23E+08 5.11E+08 5.47E+08
(-24.57, -20.79) 8.69E+08 8.80E+08 8.75E+08] 8.79E+08 9.07E+08 8.60E+08 9.28E+08 8.55E+08 8.08E+08 | 9.47E+08 | 0.845E+09 8.34E+08 8.29E+08 8.73E+08 8.46E+08
Barrel (-49.77, -0.63) 7.36E+07 6.80E+07 7.87E+07| 7.47E+07 7.53E+07 7.45E+07 8.02E+07 7.41E+07 6.34E+07 | 5.95E+07 | 0.701E+08 7.55E+07 6.55E+07 6.31E+07 7.33E+07
(-49.77, -9.45) 6.13E+07 5.79E+07| 6.35E+07 6.42E+07 6.35E+07 6.41E+07 6.81E+07 6.26E+07 5.18E+07 | 5.11E+07 | 0.598E+08 6.54E+07 6.01E+07 5.69E+07 5.98E+07
(-47.25, -18.27) 6.02E+07 5.49E+07| 5.97E+07| 6.10E+07 6.15E+07 6.00E+07 6.49E+07 5.96E+07 5.09E+07 | 5.07E+07 | 0.559E+08 5.97E+07 5.86E+07 5.53E+07 6.44E+07
(-45.99, -22.05) 5.06E+07 4.75E+07 5.31E+07| 4.86E+07 5.19E+07 5.17E+07 5.38E+07 4.98E+07 4.59E+07 | 4.40E+07 | 0.483E+08 4.92E+07 4.99E+07 4.62E+07 5.51E+07
(-44.73, -24.57) 4.50E+07 4.16E+07 4.52E+07| 4.52E+07 4.53E+07 4.57E+07 4.92E+07 4.51E+07 4.17E+07 | 4.09E+07 | 0.437E+08 4.31E+07 4.36E+07 4.23E+07 4.97E+07
(-42.21, -28.35) 4.16E+07 4.10E+07 4.16E+07| 4.50E+07 4.38E+07 4.27E+07 4.61E+07 4.17E+07 3.79E+07 | 3.69E+07 | 0.415E+08 4.02E+07 3.96E+07 3.90E+07 4.14E+07
(-38.43, -33.39) 3.67E+07 3.73E+07 3.73E+07] 3.70E+07 3.69E+07 3.72E+07 4.12E+07 3.57E+07 3.40E+07 | 3.10E+07 | 0.364E+08 3.56E+07 3.41E+07 3.48E+07 3.67E+07
(-35.91, -35.91) 3.59E+07 3.70E+07 3.72E+07] 3.83E+07 3.70E+07 3.71E+07 4.14E+07 3.63E+07 3.34E+07 | 3.08E+07 | 0.352E+08 3.57E+07 3.50E+07 3.49E+07 3.67E+07
Neutron Pad ) 5.89E+06 5.93E+06 6.00E+06| 5.78E+06 6.24E+06 5.99E+06|  6.50E+06 5.82E+06 5.05E+06 | 4.72E+06 | 0.595E+07 6.09E+06 5.89E+06 5.58E+06 4.36E+06
(-46.60, -41.95) | 42 degree N/A 4.36E+06 4.45E+06) 4.98E+06 4.56E+06 4.48E+06 5.07E+06 4.29E+06 3.95E+06 | 3.46E+06 | 0.438E+07 4.29E+06 4.16E+06 4.15E+06 3.14E+06
C/E comparison
5N (n,p) Position in cm [ Grid Position Value | HYU-TORT | HYU-MCNP | HYU-MCNPX Transpire Inc.-ATTILA KI-MCU | KOPEC-DORT | WTI-MCNP_ | VIT-TORT| VTT-MT KI-LUCKY | KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.51E+09 1.01 0.94 0.94 1.04 0.98 1.03 0.97 1.04 0.99 1.00 0.93 0.85 0.93 0.98
(-4.41, -4.41, -1,-1) 1.83E+09 1.01 0.94 0.94 1.02 0.98 1.03 0.97 0.98 1.10 0.98 0.92 0.93 1.02 0.94
Outer Baffle | (-39.69, -0.63) (-29,+2) 5.80E+08 0.87 1.02 0.98 0.99 0.99 1.04 0.99 0.89 0.90 0.90 0.98 0.90 0.85 0.98
(-39.69, -5.67) (-29,-2) 5.52E+08 0.87 1.06 1.03 1.01 0.99 1.03 0.99 0.87 0.93 0.90 0.98 0.94 0.89 1.00
(-39.69, -11.97) (-29,-7) 4.47E+08 0.88 0.99 0.99 1.01 0.98 1.04 1.01 0.85 0.94 0.90 0.99 0.97 0.91 0.98
(-39.69, -18.27) (-29,-12) 2.62E+08 0.89 0.96 1.01 1.00 0.97 1.05 1.01 0.82 0.93 0.91 0.98 0.95 0.93 0.95
(-37.17, -20.79) (-27,-14) 2.75E+08 0.94 1.03 0.99 1.00 0.98 1.05 0.99 0.87 0.95 0.88 0.96 0.96 0.91 0.96
(-30.87, -20.79) (-22,-14) 5.44E+08 0.96 0.99 0.98 1.03 0.98 1.04 0.99 0.98 1.00 0.91 0.96 0.96 0.94 1.01
(-24.57, -20.79) (-17,-14) 8.69E+08 1.01 1.01 1.01 1.04 0.99 1.07 0.98 0.93 1.09 0.97 0.96 0.95 1.00 0.97
Barrel (-49.77, -0.63) (-37,+2) 7.36E+07 0.92 1.07 1.02 1.02 1.01 1.09 1.01 0.86 0.81 0.95 1.03 0.89 0.86 1.00
(-49.77, -9.45) (-87,-5) 6.13E+07 0.94 1.04 1.05 1.04 1.05 111 1.02 0.84 0.83 0.98 1.07 0.98 0.93 0.97
(-47.25, -18.27) (-35,-12) 6.02E+07 0.91 0.99 1.01 1.02 1.00 1.08 0.99 0.85 0.84 0.93 0.99 0.97 0.92 1.07
(-45.99, -22.05) (-34,-15) 5.06E+07 0.94 1.05 0.96 1.03 1.02 1.06 0.98 0.91 0.87 0.95 0.97 0.99 0.91 1.09
(-44.73, -24.57) (-33,-17) 4.50E+07 0.92 1.00 1.00 1.01 1.02 1.09 1.00 0.93 0.91 0.97 0.96 0.97 0.94 110
(-42.21, -28.35) (-31,-20) 4.16E+07 0.99 1.00 1.08 1.05 1.03 111 1.00 0.91 0.89 1.00 0.97 0.95 0.94 1.00
(-38.43, -33.39) (-28,-24) 3.67E+07 1.02 1.02 1.01 1.01 1.01 112 0.97 0.93 0.84 0.99 0.97 0.93 0.95 1.00
(-35.91, -35.91) (-26,-26) 3.59E+07 1.03 1.04 1.07 1.03 1.03 1.15 1.01 0.93 0.86 0.98 1.00 0.97 0.97 1.02
Neutron Pad | (-58.54,-22.47) [ 21 degree 5.89E+06 1.01 1.02 0.98 1.06 1.02 110 0.99 0.86 0.80 1.01 1.03 1.00 0.95 0.74
(-46.60, -41.95) | 42 degree N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Number of positions within +-5% = 8 13 14 16 18 7 18 3 3 11 15 12 3 13
Number of positions within +-10% = 14 18 18 18 18 13 18 9 9 17 18 16 15 16
Number of positions within +-20% = 18 18 18 18 18 18 18 18 18 18 18 18 18 17
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Calculated results

Table 4.6(b). Equivalent fission fluxes: ®Ni(n,p) detector resultsand C/E comparison in water zones

N (n,p) Position in cm | Grid Position Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc-ATTILA | KI-MCU | KOPEC-DORT| WTI-MCNP | VTT-TORT | VTT-MT KI-LUCKY KAERI-DANTSYS | VTT-MCNP-K | VIT-MCNP-F | SCK-MCNPX
Korea Korea | Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0) (+2.5,+2.5) N/A 1.14E+09 2.74E+08 2.84E+08 1.13E+09 6.74E+07| 1.16E+09 1.08E+09 1.11E+09 1.02E+09 | 0.115E+10 1.05E+09 1.05E+09 1.14E+09 2.62E+08
Water Gap (-54.36, -959) |10.75 degree 2.09E+07 2.18E+07| 2.27E+07|  2.43E+07 2.34E+07 2.32E+07|  2.46E+07 2.23E+07 | 2.02E+07 | 1.99E+07 | 0.222E+08 2.14E+07 2.14E+07 2.05E+07 2.20E+07
(-52.89, -15.80) | 16.63 degree 2.06E+07 2.14E+07 2.19E+07 2.31E+07 2.26E+07 2.20E+07] 2.41E+07 2.23E+07 2.01E+07 1.94E+07 | 0.214E+08 2.56E+07 2.09E+07 2.02E+07 2.19E+07
21.14 degree 1.96E+07 2.08E+07 2.20E+07 2.18E+07 2.22E+07 2.12E+07| 2.32E+07 2.12E+07 1.95E+07 1.89E+07 | 0.208E+08 2.40E+07 2.09E+07 1.95E+07 2.16E+07
25.62 degree 1.77E+07 1.91E+07 2.07E+07 2.09E+07 2.02E+07 1.99E+07| 2.07E+07 1.93E+07 1.75E+07 1.76E+07 | 0.190E+08 1.97E+07 2.03E+07 1.81E+07 1.99E+07
28.78 degree 1.62E+07 1.74E+07 1.78E+07 1.86E+07 1.87E+07 1.84E+07| 1.95E+07 1.78E+07 1.67E+07 1.72E+07 | 0.178E+08 1.82E+07 1.77E+07 1.70E+07 2.04E+07
33.89 degree 1.48E+07 1.63E+07| 1.78E+07|  1.66E+07 1.72E+07 1.67E+07|  1.79E+07 1.60E+07 | 1.52E+07 | 1.60E+07 | 0.160E+08 1.76E+07 1.57E+07 1.55E+07 1.89E+07
37.44 degree 1.39E+07 1.53E+07| 1.50E+07|  1.84E+07 1.55E+07 157E+07|  1.72E+07 1.52E+07 | 1.45E+07 | 1.41E+07 | 0.155E+08 1.54E+07 1.50E+07 1.48E+07 1.79E+07
40.99 degree 1.32E+07 1.45E+07| 1.59E+07|  1.61E+07 1.54E+07 152E+07|  1.67E+07 1.43E+07 | 1.41E+07 | 1.35E+07 | 0.150E+08 1.38E+07 1.44E+07 1.40E+07 1.25E+07
45 degree 1.31E+07 1.46E+07 1.42E+07 1.44E+07 1.51E+07 1.49E+07| 1.65E+07 1.42E+07 1.39E+07 1.29E+07 | 0.146E+08 1.66E+07 1.40E+07 1.36E+07 1.41E+07
Reflector (-16,-16) 6.32E+08 6.44E+08 6.29E+08 6.19E+08 6.62E+08 6.39E+08| 6.83E+08 6.29E+08 6.35E+08 6.94E+08 | 0.628E+09 6.18E+08 6.12E+08 6.36E+08 6.44E+08
(-18,-18) 3.41E+08 3.48E+08 3.45E+08 3.47E+08 3.56E+08 3.49E+08| 3.77E+08 3.41E+08 3.35E+08 | 3.78E+08 | 0.343E+09 3.42E+08 3.33E+08 3.40E+08 3.50E+08
(-20,-20) 1.88E+08 1.92E+08| 1.90E+08|  1.85E+08 1.97E+08 1.94E+08|  2.13E+08 1.90E+08 | 1.85E+08 | 2.01E+08 | 0.191E+09 1.90E+08 1.83E+08 1.85E+08 1.93E+08
(-30.87,-30.87) | (-22,-22) 1.05E+08 1.07E+08| 1.09E+08|  1.10E+08 1.11E+08 1.09E+08|  1.23E+08 1.05E+08 | 9.64E+07 | 1.02E+08 | 0.109E+09 1.08E+08 1.06E+08 1.05E+08 1.17E+08
(-33.39, -33.39) (-24,-24) 5.91E+07 6.27E+07 6.58E+07 6.39E+07 6.47E+07 6.37E+07| 7.28E+07 6.23E+07 5.59E+07 | 5.38E+07 | 0.632E+08 6.34E+07 6.15E+07 5.98E+07 6.05E+07
C/E comparison
*®Ni (n,p) Position in cm | Grid Position Value | HYU-TORT | HYU-MCNP | HYU-MCNPX Transpire Inc.-ATTILA KI-MCU | KOPEC-DORT | WTI-MCNP | VTT-TORT [ VTT-MT KI-LUCKY KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea, USA Russia Korea Germany. Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0.0.0) | (+2.5+2.5) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Water Gap (-54.36, -9.59) | 10.75 degree 2.09E+07 1.04 1.09 1.16 112 111 118 1.07 0.97 0.95 1.06 1.02 1.02 0.98 1.05
16.63 degree 2.06E+07 1.04 1.06 112 110 1.07 117 1.08 0.98 0.94 1.04 1.24 1.01 0.98 1.06
(-51.53,-19.78) | 21.14 degree 1.96E+07 1.06 112 111 113 1.08 118 1.08 0.99 0.96 1.06 122 1.07 1.00 110
25.62 degree 1.77E+07 1.08 117 118 114 112 117 1.09 0.99 0.99 1.07 111 115 1.02 112
28.78 degree 1.62E+07 107 1.10 115 115 114 1.20 1.10 1.03 1.06 1.10 112 1.10 1.05 1.26
33.89 degree 1.48E+07 1.10 1.20 112 1.16 113 121 1.08 1.03 1.08 1.08 119 1.06 1.05 1.28
37.44 degree 1.39E+07 110 1.08 1.32 112 113 1.24 1.10 1.05 1.01 112 111 1.08 1.06 1.29
40.99 degree 1.32E+07 110 121 1.22 117 115 1.26 1.08 1.07 1.02 114 1.04 1.09 1.06 0.95
45 degree 1.31E+07 111 1.08 1.10 1.15 1.14 1.26 1.09 1.06 0.99 1.11 1.27 1.07 1.04 1.08
Reflector (-16,-16) 6.32E+08 1.02 1.00 0.98 1.05 101 1.08 0.99 1.01 110 0.99 0.98 0.97 1.01 1.02
(-18,-18) 3.41E+08 1.02 1.01 1.02 1.04 1.02 111 1.00 0.98 111 1.01 1.00 0.98 1.00 1.03
(-20,-20) 1.88E+08 1.02 1.01 0.98 1.05 1.03 113 1.01 0.98 1.07 1.02 1.01 0.97 0.99 1.03
(-30.87, -30.87) (-22,-22) 1.05E+08 1.02 1.04 1.05 1.06 1.04 117 1.00 0.92 0.98 1.04 1.03 1.01 1.00 112
(-33.39, -33.39) (-24,-24) 5.91E+07 1.06 111 1.08 1.09 1.08 1.23 1.05 0.95 0.91 1.07 1.07 1.04 1.01 1.02
Number of positions within +-5% = 6 4 4 3 4 0 4 10 7 5 6 7 12 4
Number of positions within +-10% = 11 8 5 6 7 1 14 14 13 11 7 13 14 8
Number of positions within +-20% = 14 12 12 14 14 8 14 14 14 14 11 14 14 11
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Table4.7(a). Equivalent fission fluxes: *In(n,n’) detector resultsand C/E comparison in stainless steel zones

Calculated results

9y, (n,n") Position in cm | Grid Position [Experimental Value | HYU-TORT | HYU-MCNP [ HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT [ WTI-MCNP| vTT-TORT| VTT-MT | KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-1,+2) 1.94E+09 1.93E+09 1.84E+09 1.82E+09 1.97E+09 1.87E+09 1.95E+09 1.90E+09 | 1.98E+09 | 1.83E+09 | 0.190E+1Q 1.77E+09 1.63E+09 1.75E+09 1.84E+09
(1-1 2.36E+09 2.30E+09 2.21E+09[ 2.22E+09 2.33E+09 2.24E+09 2.35E+09 2.27E+09 | 2.26E+09 | 2.38E+09 | 0.224E+1 2.11E+09 2.14E+09 2.34E+09 2.19E+09
Outer Baffle | (-39.69, -0.63) (-29,+2) 7.14E+08 6.22E+08 7.18E+08| 6.96E+08 6.98E+08 7.08E+08 7.29E+08 7.18E+08 | 6.36E+08 | 6.32E+08 | 0.640E+09 6.93E+08 6.44E+08 6.00E+08 6.96E+08
(-39.69, -5.67) (-29,-2) N/A 5.92E+08 6.89E+08| 6.94E+08 6.70E+08 6.70E+08 6.94E+08 6.80E+08 | 5.92E+08 | 6.12E+08 | 0.609E+09 6.59E+08 6.51E+08 6.02E+08 6.68E+08
(-39.69, -11.97) (-29,-7) 5.48E+08 4.86E+08| 5.46E+08| 5.52E+08 5.45E+08 5.42E+08 5.65E+08 5.59E+08 | 4.74E+08 | 5.01E+08 | 0.497E+09 5.38E+08 5.34E+08 4.95E+08 5.39E+08
(-39.69, -18.27) (-29,-12) 3.33E+08 2.96E+08] 3.23E+08| 3.29E+08 3.25E+08 3.24E+08] 3.43E+08 3.35E+08 | 2.71E+08 | 2.98E+08 | 0.299E+09 3.21E+08 3.15E+08 3.00E+08 3.21E+08
(-37.17,-20.79) (-27,-14) 3.53E+08 3.24E+08 3.48E+08| 3.40E+08 3.41E+08 3.35E+08 3.58E+08 3.46E+08 | 3.01E+08 | 3.15E+08 | 0.305E+09 3.32E+08 3.32E+08 3.14E+08 3.34E+08
(-30.87, -20.79) (-22,-14) N/A 6.53E+08 6.71E+08| 6.61E+08 6.82E+08 6.63E+08 6.98E+08 6.78E+08 | 6.69E+08 | 6.49E+08 | 0.612E+09 6.50E+08 6.48E+08 6.35E+08 6.60E+08
(-24.57, -20.79) (-17,-14) 1.12E+09 1.11E+09 1.09E+09] 1.09E+09 1.13E+09 1.08E+09 1.16E+09 1.10E+09 | 1.02E+09 | 1.14E+09 | 0.106E+1( 1.05E+09 1.05E+09 1.10E+09 1.06E+09
Barrel (-49.77, -0.63) (-37,+2) 8.97E+07 7.97E+07 9.03E+07 8.87E+07 8.80E+07 8.84E+07| 9.32E+07 8.93E+07 | 7.50E+07 | 6.60E+07 | 0.833E+09 9.05E+07 7.81E+07 7.30E+07 8.55E+07
(-49.77, -9.45) (-37,-5) 7.90E+07 7.01E+07 7.83E+07| 7.89E+07 7.76E+07 7.82E+07 8.22E+07 7.84E+07 | 6.41E+07 | 5.89E+07 | 0.730E+0§ 7.92E+07 7.43E+07 6.93E+07 7.56E+07
(-47.25, -18.27) (-35,-12) 7.91E+07 6.98E+07 7.67E+07( 7.73E+07 7.76E+07 7.76E+07 8.11E+07 7.75E+07 | 6.50E+07 | 6.12E+07 | 0.709E+04 7.57E+07 7.51E+07 6.95E+07 7.74E+07
(-45.99, -22.05) (-34,-15) 6.90E+07 6.24E+07 6.72E+07 6.56E+07 6.75E+07 6.66E+07 6.97E+07 6.70E+07 | 6.04E+07 | 5.38E+07 | 0.628E+04 6.39E+07 6.48E+07 5.98E+07 6.76E+07
(-44.73, -24.57) (-33,-17) 6.05E+07 5.52E+07] 5.94E+07| 6.11E+07 5.98E+07 5.98E+07 6.35E+07 6.07E+07 | 5.48E+07 | 4.98E+07 | 0.570E+0§ 5.62E+07 5.75E+07 5.44E+07 6.09E+07
(-42.21, -28.35) (-31,-20) 5.37E+07 5.04E+07 5.29E+07( 5.38E+07 5.39E+07 5.27E+07 5.65E+07 5.29E+07 | 4.73E+07 | 4.25E+07 | 0.509E+04 5.01E+07 5.02E+07 4.84E+07 5.09E+07
(-38.43, -33.39) (-28,-24) 4.36E+07 4.24E+07 4.35E+07| 4.19E+07 4.32E+07 4.31E+07| 4.73E+07 4.29E+07 | 3.94E+07 | 3.33E+07 | 0.420E+09 4.18E+07 4.04E+07 4.02E+07 4.13E+07
(-85.91, -35.91) (-26,-26; 4.38E+07 4.16E+07] 4.26E+07| 4.35E+07 4.27E+07 4.24E+07] 4.69E+07 4.25E+07 | 3.84E+07 | 3.26E+07 | 0.404E+0§ 4.12E+07 3.99E+07 4.01E+07 4.08E+07
Neutron Pad | (-58.54,-22.47) | 21 degree 8.19E+06 7.35E+06) 7.63E+06| 7.87E+06 7.80E+06 7.40E+06 8.25E+06 7.66E+06 | 6.42E+06 | 5.35E+06 | 0.736E+07| 7.47E+06 7.42E+06 6.84E+06 6.98E+06
(-46.60, -41.95) | 42 degree 5.90E+06 5.21E+06) 5.03E+06| 5.58E+06 5.53E+06 5.29E+06 6.14E+06 5.47E+06 | 4.80E+06 | 3.72E+06 | 0.517E+07 5.12E+06 5.07E+06 4.92E+06 3.92E+06
C/E comparison
9y, (n,n") Position in cm | Grid Position [Experimental Value | HYU-TORT | HYU-MCNP [ HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT [ WTI-MCNP| VTT-TORT| VTT-MT | KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.94E+09 0.99 0.95 0.94 1.02 0.96 1.01 0.98 1.02 0.94 0.98 0.91 0.84 0.90 0.95
(-4.41, -4.41) (i) 2.36E+09 0.98 0.94 0.94 0.99 0.95 1.00 0.96 0.96 1.01 0.95 0.90 0.91 0.99 0.93
Outer Baffle | (-39.69, -0.63) (-29,+2) 7.14E+08 0.87 1.01 0.98 0.98 0.99 1.02 1.01 0.89 0.89 0.90 0.97 0.90 0.84 0.98
(-39.69, -5.67) | (-29,-2) N/A
(-39.69, -11.97) (-29,-7) 5.48E+08 0.89 1.00 101 0.99 0.99 1.03 1.02 0.86 0.91 0.91 0.98 0.98 0.90 0.98
(-39.69, -18.27) (-29,-12) 3.33E+08 0.89 0.97 0.99 0.98 0.97 1.03 1.01 0.81 0.89 0.90 0.96 0.95 0.90 0.96
(-37.17,-20.79) (-27,-14) 3.53E+08 0.92 0.99 0.96 0.97 0.95 1.01 0.98 0.85 0.89 0.86 0.94 0.94 0.89 0.95
(-30.87,-20.79) |  (-22,-14) N/A
(-24.57, -20.79) (-17,-14) 1.12E+09 0.99 0.98 0.97 1.01 0.97 1.04 0.98 0.91 1.02 0.95 0.94 0.93 0.98 0.94
Barrel (-49.77, -0.63) (-37,+2) 8.97E+07 0.89 1.01 0.99 0.98 0.99 1.04 1.00 0.84 0.74 0.93 1.01 0.87 0.81 0.95
(-49.77, -9.45) (-37,-5) 7.90E+07 0.89 0.99 1.00 0.98 0.99 1.04 0.99 0.81 0.75 0.92 1.00 0.94 0.88 0.96
(-47.25, -18.27) (-35,-12) 7.91E+07 0.88 0.97 0.98 0.98 0.98 1.03 0.98 0.82 0.77 0.90 0.96 0.95 0.88 0.98
(-45.99, -22.05) (-34,-15) 6.90E+07 0.90 0.97 0.95 0.98 0.96 1.01 0.97 0.88 0.78 0.91 0.93 0.94 0.87 0.98
(-44.73, -24.57) (-33,-17) 6.05E+07 0.91 0.98 101 0.99 0.99 1.05 1.00 0.91 0.82 0.94 0.93 0.95 0.90 1.01
(-42.21, -28.35) (-31,-20) 5.37E+07 0.94 0.98 1.00 1.00 0.98 1.05 0.99 0.88 0.79 0.95 0.93 0.93 0.90 0.95
(-38.43, -33.39) (-28,-24) 4.36E+07 0.97 1.00 0.96 0.99 0.99 1.08 0.98 0.90 0.76 0.96 0.96 0.93 0.92 0.95
(-35.91, -35.91) (-26,-26) 4.38E+07 0.95 0.97 0.99 0.98 0.97 107 0.97 0.88 0.74 0.92 0.94 0.91 0.92 0.93
Neutron Pad | (-58.54, -22.47) | 21 degree 8.19E+06 0.90 0.93 0.96 0.95 0.90 1.01 0.93 0.78 0.65 0.90 0.91 0.91 0.84 0.85
(-46.60, -41.95) | 42 degree 5.90E+06 0.88 0.85 0.95 0.94 0.90 1.04 0.93 0.81 0.63 0.88 0.87 0.86 0.83 0.66
Number of positions within +-5% = 4 13 14 16 15 14 15 2 2 2 7 1 2 8
Number of positions within +-10% = 9 16 17 17 16 17 17 5 4 11 15 14 8 15
Number of positions within +-20% = 17 17 17 17 17 17 17 16 8 17 17 17 17 16



or

Table 4.7(b). Equivalent fission fluxes: *In(n,n’) detector resultsand C/E comparison in water zones

Calculated results

4n (n,n’) Position in cm_| Grid Position | & Value | HYU-TORT|[ HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | WTI-MCNP | VIT-TORT| VTT-MT |KI-LUCKY| KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0) (+2.5,+2.5) N/A 1.28E+09 3.05E+08| 3.11E+08 1.25E+09 7.57E+07 1.31E+09 1.24E+09 | 1.25E+09 | 1.12E+09 [0.127E+10 1.17E+09 1.19E+09 1.30E+09 2.93E+08
Water Gap (-54.36, 10.75 degree N/A 2.37E+07| 2.51E+07 2.52E+07 2.56E+07 2.54E+07 2.68E+07 2.51E+07 | 2.24E+07 | 2.18E+07 | 0.241E+0g 2.31E+07 2.34E+07 2.24E+07 2.51E+07
(-52.89, 16.63 degree 2.59E+07 2.42E+07| 2.50E+07| 2.57E+07 2.55E+07 2.51E+07 2.68E+07 2.56E+07 | 2.27E+07 | 2.14E+07 | 0.238E+0g 2.92E+07 2.43E+07 2.28E+07 2.55E+07
(-51.53, 21.14 degree 2.53E+07 2.35E+07| 2.45E+07( 2.55E+07 2.50E+07 2.45E+07 2.60E+07 2.46E+07 | 2.23E+07 | 2.14E+07 | 0.230E+09 2.76E+07 2.38E+07 2.22E+07 2.33E+07
(-50.03, 25.62 degree 2.30E+07 2.22E+07| 2.32E+07| 2.28E+07 2.35E+07 2.30E+07 2.37E+07 2.28E+07 | 2.05E+07 | 1.95E+07 | 0.215E+09 2.30E+07 2.26E+07 2.09E+07 2.23E+07
(-48.74, 28.78 degree 2.13E+07 2.00E+07| 2.04E+07( 2.09E+07 2.16E+07 2.12E+07 2.21E+07 2.12E+07 | 1.94E+07 | 1.93E+07 | 0.202E+09 2.13E+07 2.05E+07 1.96E+07 2.27E+07
(-46.29, 33.89 degree 1.87E+07 1.82E+07 1.93E+07 1.88E+07 1.94E+07 1.87E+07 1.97E+07 1.85E+07 | 1.70E+07 | 1.77E+07 | 0.175E+0§ 2.01E+07 1.77E+07 1.75E+07 1.83E+07
(-44.08, 37.44 degree N/A 1.66E+07 1.64E+07 1.78E+07 1.69E+07 1.69E+07 1.83E+07 1.69E+07 | 1.58E+07 | 1.48E+07 | 0.165E+0§ 1.73E+07 1.62E+07 1.59E+07 1.68E+07
(-42.29, 40.99 degree N/A 1.51E+07 1.62E+07 1.67E+07 1.64E+07 1.61E+07 1.74E+07 1.58E+07 | 1.49E+07 | 1.39E+07 | 0.156E+0§ 1.46E+07 1.54E+07 1.50E+07 1.43E+07
(-39.03, -39.03) 45 degree 1.57E+07 1.48E+07 1.49E+07 1.51E+07 1.57E+07 1.55E+07 1.70E+07 1.51E+07 | 1.45E+07 | 1.29E+07 | 0.149E+0§ 1.78E+07 1.47E+07 1.44E+07 1.36E+07
Reflector (-23.31, -23.31) (-16,-16) 7.91E+08 7.56E+08| 7.45E+08( 7.24E+08 7.78E+08 7.40E4+08|  7.89E+08 7.46E+08 | 7.48E+08 | 8.20E+08 | 0.722E+09 7.17E+08 7.21E+08 7.45E+08 7.33E+08
(-25.83, -25.83) (-18,-18) 4.00E+08 3.77E+08| 3.75E+08( 3.72E+08 3.84E+08 3.74E+08 4.04E+08 3.74E+08 | 3.65E+08 | 4.22E+08 | 0.368E+09 3.69E+08 3.64E+08 3.71E+08 3.68E+08
(-28.35, -28.35) (-20,-20) 2.07E+08 1.96E+08 1.97E+08| 1.90E+08 2.02E+08 1.98E+08] 2.15E+08 1.97E+08 | 1.91E+08 | 2.10E+08 | 0.194E+09 1.95E+08 1.90E+08 1.92E+08 1.94E+08
(-30.87, -30.87) (-22,-22) 1.11E+08 1.04E+08| 1.07E+08| 1.07E+08 1.09E+08 1.06E+08| 1.19E+08 1.06E+08 | 9.49E+07 | 9.86E+07 | 0.106E+09 1.07E+08 1.04E+08 1.04E+08 1.14E+08
(E33:39)=33139] (-24,-24) 6.66E+07 6.10E+07| 6.43E+07| 6.29E+07 6.42E+07 6.29E+07 7.09E+07 6.25E+07 | 5.59E+07 | 5.01E+07 [ 0.622E+0g 6.28E+07 6.07E+07 6.02E+07 6.07E+07
C/E comparison
) (n,n’) Position in cm | Grid Position Value |HYU-TORT| HYU-MCNP | HYU-MCNPX [ Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | WTI-MCNP| VTT-TORT| VTT-MT | KI-LUCKY| KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.00 | (+25+2.5) N/A
Water Gap (-54.36, -9.59) |10.75 degree N/A
(-52.89, -15.80) | 16.63 degree 2.59E+07 0.93 0.97 0.99 0.99 0.97 1.03 0.99 0.88 0.83 0.92 113 0.94 0.88 0.99
(-51.53,-19.78) | 21.14 degree 2.53E+07 0.93 0.97 1.01 0.99 0.97 1.03 0.97 0.88 0.84 091 1.09 0.94 0.88 0.92
(-50.03, -23.33) | 25.62 degree 2.30E+07 0.97 1.01 0.99 1.02 1.00 1.03 0.99 0.89 0.85 0.93 1.00 0.98 091 0.97
(-48.74,-25.91) | 28.78 degree 2.13E+07 0.94 0.96 0.98 1.01 0.99 1.04 0.99 0.91 091 0.95 1.00 0.96 0.92 1.06
(-46.29, -30.06) | 33.89 degree 1.87E+07 0.97 1.03 1.01 1.04 1.00 1.05 0.99 0.91 0.95 0.94 1.07 0.95 0.93 0.98
(-44.08, -33.22) |37.44 degree N/A
(-42.29, -35.48) |40.99 degree N/A
(-39.03, -39.03) 45 degree 1.57E+07 0.94 0.95 0.96 1.00 0.99 1.08 0.96 0.93 0.82 0.95 1.13 0.93 0.92 0.87
Reflector (-23.31, -23.31) (-16,-16) 7.91E+08 0.96 0.94 0.92 0.98 0.94 1.00 0.94 0.95 1.04 091 0.91 0.91 0.94 0.93
(-25.83, -25.83) (-18,-18) 4.00E+08 0.94 0.94 0.93 0.96 0.94 1.01 0.94 0.91 1.06 0.92 0.92 0.91 0.93 0.92
(-28.35, -28.35) (-20,-20) 2.07E+08 0.95 0.95 0.92 0.97 0.96 1.04 0.95 0.92 1.02 0.94 0.94 0.92 0.93 0.94
(-30.87, -30.87) (-22,-22) 1.11E+08 0.93 0.96 0.96 0.98 0.96 1.07 0.95 0.85 0.89 0.95 0.96 0.94 0.94 1.02
(-33.39, -33.39) (-24,-24) 6.66E+07 0.92 0.97 0.94 0.96 0.94 1.06 0.94 0.84 0.75 0.93 0.94 0.91 0.90 0.91
Number of positions within +-5% = 3 8 7 11 8 7 8 0 2 1 3 2 0 4
Number of positions within +-10% = 11 11 11 11 11 11 11 6 5 11 9 11 9 10
Number of positions within +-20% = 11 11 11 11 11 11 11 11 10 11 11 11 11 11
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Table 4.8(a). Equivalent fission fluxes: *®Rh(n,n’) detector resultsand C/E comparison in stainless steel zones

Calculated results

1%Rh (n,n’) Position in cm | Grid Position rExperimenlal Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA KI-MCU | KOPEC-DORT [ WTI-MCNP | VIT-TORT | VTT-MT | KI-LUCKY | KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea German Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 2.40E+09 2.30E+09| 2.23E+09| 2.22E+09 2.36E+09 2.28E+09 2.37E+09 2.28E+09 | 2.40E+09 | 2.18E+09 | 0.230E+10| 2.16E+09 1.97E+09 2.12E+09 2.22E+09
(-4.41, -4.41) (-1-1) 2.82E+09 2.73E+09 2.67E+09| 2.67E+09 2.78E+09 2.72E+09 2.83E+09 2.72E+09 | 2.73E+09 | 2.77E+09 | 0.272E+10| 2.55E+09 2.53E+09 2.80E+09 2.65E+09
Outer Baffle | (-39.69, -0.63) (-29,+2) N/A 7.32E+08| 8.48E+08| 8.36E+08 8.22E+08 8.49E+08| 8.65E+08 8.47E+08 | 7.54E+08 | 7.43E+08 | 0.763E+09 8.24E+08 7.72E+08 7.04E+08 8.24E+08
(-39.69, -5.67) (-29,-2) 8.06E+08 6.97E+08| 8.13E+08| 8.23E+08 7.84E+08 8.07E+08 8.24E+08 8.02E+08 | 7.05E+08 | 7.16E+08 | 0.726E+09| 7.83E+08 7.73E+08 7.20E+08 7.98E+08
(-39.69, -11.97) (-29,-7) 6.54E+08 5.72E+08| 6.54E+08| 6.55E+08 6.39E+08 6.54E+08| 6.72E+08 6.60E+08 | 5.65E+08 | 5.87E+08 | 0.593E+09 6.40E+08 6.38E+08 5.86E+08 6.42E+08
(-39.69, -18.27) (-29,-12) 3.97E+08 3.54E+08| 3.93E+08| 3.97E+08 3.88E+08 3.99E+08(  4.15E+08 4.02E+08 | 3.29E+08 | 3.56E+08 | 0.363E+09 3.89E+08 3.94E+08 3.59E+08 3.89E+08
(-37.17,-20.79) (-27,-14) 4.20E+08 3.88E+08 4.21E+08| 4.12E+08 4.07E+08 4.13E+08| 4.34E+08 4.16E+08 | 3.66E+08 | 3.74E+08 | 0.372E+09| 4.03E+08 4.04E+08 3.76E+08 4.06E+08
(-30.87,-20.79) (-22,-14) N/A 7.74E+08| 8.09E+08| 8.01E+08 8.06E+08 8.06E+08| 8.39E+08 8.07E+08 | 8.03E+08 | 7.62E+08 | 0.738E+09 7.82E+08 7.81E+08 7.50E+08 7.92E+08
(-24.57, -20.79) (-17,-14) 1.37E+09 1.33E+09 1.32E+09| 1.32E+09 1.34E+09 1.32E+09 1.40E+09 1.32E+09 | 1.24E+09 | 1.35E+09 | 0.128E+10| 1.27E+09 1.25E+09 1.32E+09 1.28E+09
Barrel (-49.77, -0.63) (-37,+2) 1.04E+08 9.25E+07| 1.05E+08| 1.04E+08 1.01E+08 1.05E+08| 1.09E+08 1.04E+08 | 8.79E+07 | 7.52E+07 | 0.988E+08| 1.07E+08 9.10E+07 8.74E+07 1.01E+08
(-49.77, -9.45) (GSTES); 9.49E+07 8.33E+07 9.37E+07|  9.45E+07 9.20E+07 9.43E+07| 9.88E+07 9.35E+07 | 7.74E+07 | 6.88E+07 | 0.886E+08| 9.44E+07 9.02E+07 8.45E+07 9.00E+07
(-47.25,-18.27) 9.60E+07 8.53E+07 9.42E+07| 9.55E+07 9.41E+07 9.57E+07| 9.98E+07 9.47E+07 | 8.03E+07 | 7.37E+07 | 0.883E+08| 9.31E+07 9.31E+07 8.50E+07 9.65E+07
(-45.99, -22.05) 8.50E+07 7.78E+07| 8.43E+07| 8.27E+07 8.38E+07 8.43E+07 8.80E+07 8.35E+07 | 7.62E+07 | 6.57E+07 | 0.796E+08 8.03E+07 8.03E+07 7.62E+07 8.46E+07
(-44.73, -24.57) 7.63E+07 6.93E+07| 7.58E+07|  7.66E+07 7.47E+07 7.59E+07 8.00E+07 7.59E+07 | 6.90E+07 | 6.08E+07 | 0.724E+08 7.07E+07 7.25E+07 6.94E+07 7.60E+07
(-42.21,-28.35) 6.55E+07 6.11E+07| 6.48E+07| 6.51E+07 6.49E+07 6.49E+07 6.92E+07 6.43E+07 | 5.81E+07 | 5.06E+07 | 0.625E+08 6.15E+07 5.94E+07 5.78E+07 6.25E+07
(-38.43, -33.39) 5.29E+07 4.94E+07| 5.15E+07 5.00E+07 5.08E+07 5.14E+07 5.60E+07 5.05E+07 | 4.64E+07 | 3.83E+07 | 0.499E+08 4.97E+07 4.81E+07 4.61E+07 4.91E+07
(-35.91, -35.91) (-26,-26) 5.11E+07 4.81E+07| 4.99E+07| 5.09E+07 4.98E+07 5.00E+07 5.51E+07 4.96E+07 | 4.51E+07 | 3.72E+07 | 0.478E+08| 4.84E+07 4.80E+07 4.67E+07 4.71E+07
Neutron Pad | (-58.54, -22.47) | 21 degree N/A 9.19E+06| 9.74E+06|  9.99E+06 9.68E+06 9.23E+06 1.06E+07 9.66E+06 | 8.13E+06 | 6.43E+06 | 0.932E+07| 9.27E+06 9.39E+06 8.09E+06 8.52E+06
(-46.60, -41.95) | 42 degree N/A 6.48E+06| 6.50E+06| 6.90E+06 6.83E+06 6.50E+06| 7.80E+06 6.86E+06 | 6.01E+06 | 4.43E+06 | 0.643E+07| 6.29E+06 6.84E+06 5.48E+06 5.06E+06
C/E comparison
1%Rh (n,n’) Position in cm | Grid Position |Experimental Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA KI-MCU_| KOPEC-DORT [ WTI-MCNP | VTT-TORT | VTT-MT | KI-LUCKY | KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 2.40E+09 0.96 0.93 0.92 0.98 0.95 0.99 0.95 1.00 091 0.96 0.90 0.82 0.88 0.92
(-4.41, -4.41) (-1,-1) 2.82E+09 0.97 0.95 0.95 0.99 0.96 1.00 0.96 0.97 0.98 0.96 0.90 0.90 0.99 0.94
Outer Baffle | (-39.69, -0.63) (-29,+2) N/A
(-39.69, -5.67) (-29,-2) 8.06E+08 0.86 1.01 1.02 0.97 1.00 1.02 0.99 0.87 0.89 0.90 0.97 0.96 0.89 0.99
(-39.69, -11.97) (-29,-7) 6.54E+08 0.88 1.00 1.00 0.98 1.00 1.03 1.01 0.86 0.90 0.91 0.98 0.98 0.90 0.98
(-39.69, -18.27) (-29,-12) 3.97E+08 0.89 0.99 1.00 0.98 1.00 1.05 1.01 0.83 0.90 0.91 0.98 0.99 091 0.98
(-37.17,-20.79) (-27,-14) 4.20E+08 0.92 1.00 0.98 0.97 0.98 1.03 0.99 0.87 0.89 0.89 0.96 0.96 0.90 0.97
(-30.87,-20.79) (-22,-14) N/A
(-24.57, -20.79) (-17,-14) 1.37E+09 0.97 0.96 0.96 0.98 0.96 1.02 0.96 0.91 0.98 0.93 0.93 0.91 0.96 0.94
Barrel (-49.77, -0.63) 1.04E+08 0.89 1.01 1.00 0.98 1.00 1.05 1.00 0.85 0.72 0.95 1.03 0.87 0.84 0.97
(-49.77, -9.45) 9.49E+07 0.88 0.99 1.00 0.97 0.99 1.04 0.99 0.82 0.73 0.93 0.99 0.95 0.89 0.95
(-47.25,-18.27) 9.60E+07 0.89 0.98 0.99 0.98 1.00 1.04 0.99 0.84 0.77 0.92 0.97 0.97 0.89 1.01
(-45.99, -22.05) 8.50E+07 0.92 0.99 0.97 0.99 0.99 1.04 0.98 0.90 0.77 0.94 0.94 0.95 0.90 1.00
(-44.73, -24.57) 7.63E+07 091 0.99 1.00 0.98 0.99 1.05 0.99 0.90 0.80 0.95 0.93 0.95 091 1.00
(-42.21, -28.35) 6.55E+07 0.93 0.99 0.99 0.99 0.99 1.06 0.98 0.89 0.77 0.95 0.94 091 0.88 0.95
(-38.43, -33.39) 5.29E+07 0.93 0.97 0.94 0.96 0.97 1.06 0.96 0.88 0.72 0.94 0.94 091 0.87 0.93
(-35.91, -35.91) ,-26) 5.11E+07 0.94 0.98 1.00 0.97 0.98 1.08 0.97 0.88 0.73 0.94 0.95 0.94 091 0.92
Neutron Pad | (-58.54,-22.47) | 21 degree N/A
(-46.60, -41.95) | 42 degree N/A
Number of positions within +-5% = 3 13 12 15 15 12 15 2 2 3 7 5 2 9
Number of positions within +-10% = 9 15 15 15 15 15 15 4 3 14 14 12 5 15
Number of positions within +-20% = 15 15 15 15 15 15 15 15 7 15 15 15 15 15
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Table 4.8(b). Equivalent fission fluxes: *®Rh(n,n’) detector resultsand C/E comparison in water zones

Calculated results

193Rh (n.n") Position in cm | Grid Position ital Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT [ WTI-MCNP | VIT-TORT| VTT-MT [KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea | Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole .0 +2.5,+2.5) N/A 1.44E+09 3.47E+08| 3.52E+08 1.40E+09 8.73E+07 1.50E+09 1.41E+09 | 1.42E+09 | 1.24E+09 | 0.144E+10| 1.33E+09 1.37E+09 1.51E+09 3.30E+08
Water Gap (-54.36, -9.59) | 10.75 degree 2.98E+07 2.70E+07| 2.92E+07| 2.93E+07 2.93E+07 2.95E+07 3.10E+07 2.90E+07 | 2.61E+07 | 2.51E+07 | 0.277E+08§| 2.64E+07 2.94E+07 2.57E+07 2.94E+07
(-52.89, -15.80) | 16.63 degree 3.13E+07 2.82E+07| 2.92E+07| 2.98E+07 2.97E+07 2.96E+07| 3.14E+07 2.97E+07 | 2.67E+07 | 2.50E+07 | 0.277E+08| 3.45E+07 2.88E+07 2.73E+07 2.94E+07
(-51.53,-19.78) | 21.14 degree 2.99E+07 2.75E+07| 2.89E+07| 3.01E+07 2.92E+07 2.91E+07 3.07E+07 2.90E+07 | 2.64E+07 | 2.52E+07 | 0.269E+08| 3.30E+07 2.96E+07 2.65E+07 2.80E+07
(-50.03, -23.33) | 25.62 degree 2.80E+07 2.63E+07| 2.74E+07| 2.71E+07 2.80E+07 2.76E+07 2.84E+07 2.72E+07 | 2.47E+07 | 2.27E+07 | 0.255E+08§| 2.76E+07 2.61E+07 2.48E+07 2.60E+07
(-48.74,-25.91) | 28.78 degree 2.60E+07 2.37E+07| 2.46E+07| 2.52E+07 2.55E+07 2.55E+07| 2.64E+07 2.53E+07 | 2.33E+07 | 2.29E+07 | 0.239E+08| 2.58E+07 2.48E+07 2.34E+07 2.64E+07
(-46.29, -30.06) | 33.89 degree 2.19E+07 2.13E+07| 2.24E+07| 2.24E+07 2.27E+07 2.21E+07| 2.31E+07 2.18E+07 | 2.00E+07 | 2.09E+07 | 0.203E+08| 2.40E+07 2.09E+07 2.06E+07 2.17E+07
(-44.08, -33.22) | 37.44 degree N/A 1.91E+07 1.92E+07| 2.04E+07 1.93E+07 1.97E+07| 2.12E+07 1.96E+07 | 1.85E+07 | 1.70E+07 | 0.190E+08§| 2.04E+07 1.78E+07 1.90E+07 1.89E+07
(-42.29, -35.48) | 40.99 degree 1.87E+07 1.70E+07 1.84E+07 1.88E+07 1.87E+07 1.86E+07| 1.99E+07 1.81E+07 | 1.72E+07 | 1.59E+07 | 0.177E+08§| 1.68E+07 1.82E+07 1.61E+07 1.66E+07
(-39.03, -39.03 45 degree 1.83E+07 1.66E+07 1.68E+07 1.73E+07 1.77E+07 1.77E+07| 1.94E+07 1.72E+07 | 1.65E+07 | 1.45E+07 | 0.168E+08| 2.05E+07 1.57E+07 1.56E+07 1.55E+07
Reflector (-23.31,-2331) (-16,-16) 8.46E+08 8.71E+08 8.66E+08| 8.51E+08 9.05E+08 8.71E+08| 9.20E+08 8.67E+08 | 8.77E+08 | 9.59E+08 | 0.836E+09 8.35E+08 8.26E+08 8.56E+08 8.57E+08
(-25.83, -25.83) (-18,-18) 4.35E+08 4.16E+08 4.19E+08( 4.16E+08 4.25E+08 4.22E+08|  4.50E+08 4.16E+08 | 4.08E+08 | 4.80E+08 | 0.408E+09 4.11E+08 4.09E+08 4.10E+08 4.11E+08
(-28.35, -28.35) (-20,-20) 2.21E+08 2.10E+08 2.14E+08| 2.08E+08 2.16E+08 2.16E+08] 2.32E+08 2.13E+08 | 2.07E+08 | 2.30E+08 | 0.210E+09 2.10E+08 2.04E+08 2.09E+08 2.10E+08
(-30.87, -30.87) (-22,-22) 1.13E+08 1.08E+08 1.13E+08 1.13E+08 1.15E+08 1.14E+08| 1.25E+08 1.12E+08 | 1.00E+08 | 1.03E+08 | 0.112E+09| 1.13E+08 1.06E+08 1.11E+08 1.18E+08
(-33.39, -33.39 (-24,-24) 7.27E+07 6.43E+07 6.85E+07| 6.73E+07 6.83E+07 6.80E+07 7.57E+07 6.68E+07 | 6.01E+07 | 5.24E+07 | 0.665E+08| 6.71E+07 6.62E+07 6.39E+07 6.52E+07
C/E comparison
1%Rh (n,n") Position in cm | Grid Position Value [ HYU-TORT | HYU-MCNP [ HYU-MCNPX | Transpire Inc.-ATTILA KI-MCU_| KOPEC-DORT [ WTI-MCNP | VTT-TORT [ VTT-MT | KI-LUCKY[ KAERI-DANTSYS [ VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole .0, (+2.5,+2.5) N/A
Water Gap (-54.36, -9.59) | 10.75 degree 2.98E+07 0.91 0.98 0.98 0.98 0.99 1.04 0.97 0.87 0.84 0.93 0.89 0.99 0.86 0.99
(-52.89, -15.80) | 16.63 degree 3.13E+07 0.90 0.93 0.95 0.95 0.95 1.00 0.95 0.85 0.80 0.88 1.10 0.92 0.87 0.94
(-51.53,-19.78) | 21.14 degree 2.99E+07 0.92 0.97 1.01 0.98 0.97 1.03 0.97 0.88 0.84 0.90 1.10 0.99 0.89 0.94
(-50.03, -23.33) | 25.62 degree 2.80E+07 0.94 0.98 0.97 1.00 0.98 1.01 0.97 0.88 0.81 091 0.98 0.93 0.88 0.93
(-48.74,-25.91) | 28.78 degree 2.60E+07 0.91 0.94 0.97 0.98 0.98 1.02 0.97 0.90 0.88 0.92 0.99 0.96 0.90 1.02
(-46.29, -30.06) | 33.89 degree 2.19E+07 0.97 1.02 1.02 1.03 1.01 1.06 1.00 0.91 0.95 0.93 1.09 0.95 0.94 0.99
(-44.08, -33.22) | 37.44 degree N/A
(-42.29, -35.48) | 40.99 degree 1.87E+07 0.91 0.99 1.01 1.00 0.99 1.06 0.97 0.92 0.85 0.95 0.90 0.97 0.86 0.89
(-39.03,-39.03) | 45 degree 1.83E+07 0.90 0.92 0.94 0.97 0.97 1.06 0.94 0.90 0.79 0.92 112 0.86 0.85 0.85
Reflector (-23.31,-2331) (-16,-16) 8.46E+08 1.03 1.02 1.01 1.07 1.03 1.09 1.02 1.04 113 0.99 0.99 0.98 1.01 101
(-25.83, -25.83) (-18,-18) 4.35E+08 0.96 0.96 0.96 0.98 0.97 1.03 0.96 0.94 1.10 0.94 0.95 0.94 0.94 0.95
(-28.35, -28.35) (-20,-20) 2.21E+08 0.95 0.97 0.94 0.98 0.98 1.05 0.96 0.94 1.04 0.95 0.95 0.92 0.95 0.95
(-30.87, -30.87) (-22,-22) 1.13E+08 0.96 1.00 1.00 1.01 1.01 111 0.99 0.89 091 0.99 1.00 0.94 0.98 1.04
(-33.39, -33.39 (-24,-24) 7.27E+07 0.88 0.94 0.93 0.94 0.94 1.04 0.92 0.83 0.72 091 0.92 0.91 0.88 0.90
Number of positions within +-5% = 4 9 10 10 11 7 11 1 2 3 5 6 2 5
Number of positions within +-10% = 12 13 13 13 13 12 13 6 3 11 8 12 6 10
Number of positions within +-20% = 13 13 13 13 13 13 13 13 10 13 13 13 13 13
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Table 4.9(a). Equivalent fission fluxes: *Zn(n,p) detector results and C/E comparison in stainless steel zones

Calculated results

%Z7n (n.p) Position in cm | Grid Position [Experimental Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA KI-MCU | KOPEC-DORT | WTI-MCNP | VIT-TORT| VTT-MT | KI-LUCKY | KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea German Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.52E+09 1.47E+09 1.36E+09( 1.36E+09 1.52E+09 1.34E+09 1.49E+09 1.41E+09 | 1.51E+09 | 1.46E+09 | 0.146E+10| 1.35E+09 1.24E+09 1.35E+09 1.43E+09
(-4.41, -4.41) (-1-1) 1.83E+09 1.77E+09 1.67E+09| 1.66E+09 1.81E+09 1.64E+09 1.83E+09 1.71E+09 | 1.73E+09 | 1.97E+09 | 0.173E+10| 1.62E+09 1.64E+09 1.80E+09 1.67E+09
Outer Baffle | (-39.69, -0.63) (-29,+2) 5.76E+08 4.85E+08| 5.69E+08| 5.49E+08 5.59E+08 5.23E+08 5.83E+08 5.58E+08 | 4.99E+08 | 5.09E+08 | 0.506E+09| 5.50E+08 5.06E+08 4.78E+08 5.52E+08
(-39.69, -5.67) N/A 4.61E+08 5.65E+08| 5.53E+08 5.43E+08 4.98E+08 5.54E+08 5.29E+08 | 4.63E+08 | 4.98E+08 | 0.481E+09| 5.23E+08 5.03E+08 4.77E+08 5.35E+08
(-39.69, -11.97) 4.36E+08 3.78E+08 4.28E+08| 4.30E+08 4.40E+08 3.96E+08| 4.51E+08 4.36E+08 | 3.69E+08 | 4.07E+08 | 0.391E+09| 4.26E+08 4.20E+08 3.93E+08 4.22E+08
(-39.69, -18.27) 2.54E+08 2.25E+08 2.41E+08| 2.56E+08 2.55E+08 2.29E+08 2.66E+08 2.55E+08 | 2.07E+08 | 2.35E+08 | 0.230E+09| 2.47E+08 2.40E+08 2.35E+08 2.40E+08
(-37.17, -20.79) N/A 2.47E+08 2.73E+08] 2.60E+08 2.66E+08 2.43E+08| 2.78E+08 2.62E+08 | 2.29E+08 | 2.54E+08 | 0.234E+09| 2.55E+08 2.54E+08 2.41E+08 2.57E+08
(-30.87, -20.79) N/A 5.04E+08| 5.24E+08 5.16E+08 5.44E+08 4.85E+08 5.48E+08 5.17E+08 | 5.16E+08 | 5.29E+08 | 0.476E+09| 5.07E+08 5.06E+08 4.94E+08 5.29E+08
(-24.57, -20.79) 8.55E+08 8.48E+08| 8.43E+08| 8.49E+08 8.79E+08 7.80E+08| 8.96E+08 8.23E+08 | 7.79E+08 | 9.19E+08 | 0.815E+09)| 8.05E+08 8.00E+08 8.43E+08 8.19E+08
Barrel (-49.77, -0.63) 7.42E+07 6.55E+07| 7.56E+07 7.25E+07 7.29E+07 6.73E+07 7.76E+07 7.13E+07 | 6.11E+07 | 5.80E+07 | 0.677E+08| 7.27E+07 6.32E+07 6.10E+07 7.13E+07
(-49.77, -9.45) 6.24E+07 5.55E+07| 6.07E+07 6.22E+07 6.11E+07 5.77E+07 6.55E+07 6.00E+07 | 4.96E+07 | 4.95E+07 | 0.574E+08| 6.29E+07 5.76E+07 5.46E+07 5.71E+07
(-47.25, -18.27) 6.10E+07 5.23E+07| 5.69E+07 5.79E+07 5.90E+07 5.37E+07 6.21E+07 5.67E+07 | 4.86E+07 | 4.89E+07 | 0.535E+08| 5.71E+07 5.59E+07 5.28E+07 6.20E+07
(-45.99, -22.05) 5.00E+07 4.51E+07 5.05E+07 4.59E+07 4.96E+07 4.62E+07 5.13E+07 4.72E+07 | 4.36E+07 | 4.23E+07 | 0.460E+08| 4.68E+07 4.73E+07 4.39E+07 5.23E+07
(-44.73, -24.57) 4.55E+07 3.94E+07 4.27E+07 4.27E+07 4.32E+07 4.07E+07 4.68E+07 4.27E+07 | 3.97E+07 | 3.94E+07 | 0.416E+08| 4.11E+07 4.15E+07 4.02E+07 4.78E+07
(-42.21, -28.35) 4.15E+07 3.91E+07 3.96E+07| 4.33E+07 4.21E+07 3.85E+07 4.42E+07 3.98E+07 | 3.63E+07 | 3.57E+07 | 0.398E+08| 3.84E+07 3.77E+07 3.73E+07 3.98E+07
(-38.43, -33.39) 3.66E+07 3.60E+07 3.56E+07| 3.57E+07 3.57E+07 3.36E+07 3.98E+07 3.43E+07 | 3.28E+07 | 3.02E+07 | 0.351E+08| 3.42E+07 3.28E+07 3.36E+07 3.61E+07
(-35.91, -35.91) (-26,-26; 3.59E+07 3.57E+07 3.56E+07| 3.70E+07 3.58E+07 3.35E+07 4.00E+07 3.49E+07 | 3.22E+07 | 3.01E+07 | 0.341E+08| 3.45E+07 3.37E+07 3.37E+07 3.58E+07
Neutron Pad | (-58.54, -22.47) [ 21 degree 5.78E+06 5.63E+06 5.66E+06| 5.35E+06 5.95E+06 5.35E+06 6.16E+06 5.49E+06 | 4.79E+06 | 4.54E+06 [0.567E+07 5.80E+06 5.60E+06 5.33E+06 3.88E+06
(-46.60, -41.95) | 42 degree 3.99E+06 4.15E+06 4.29E+06| 4.81E+06 4.36E+06 4.02E+06 4.83E+06 4.05E+06 | 3.76E+06 | 3.35E+06 | 0.419E+07| 4.10E+06 3.95E+06 3.95E+06 2.98E+06
C/E comparison
%zn (n,p) Position in cm | Grid Position [Experimental Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA KI-MCU | KOPEC-DORT | WTI-MCNP | VTT-TORT| VTT-MT | KI-LUCKY | KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea German Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.52E+09 0.97 0.90 0.90 1.00 0.88 0.98 0.93 0.99 0.96 0.96 0.89 0.81 0.89 0.94
(-4.41, -4.41) (-1-1) 1.83E+09 0.97 0.91 0.91 0.99 0.89 1.00 0.94 0.95 1.07 0.95 0.89 0.89 0.99 0.91
Outer Baffle | (-39.69, -0.63) (-29,+2) 5.76E+08 0.84 0.99 0.95 0.97 0.91 1.01 0.97 0.87 0.88 0.88 0.96 0.88 0.83 0.96
(-39.69, 5.67) | (-29,-2) N/A
(-39.69, -11.97) (-29,-7) 4.36E+08 0.87 0.98 0.99 1.01 0.91 1.03 1.00 0.85 0.93 0.90 0.98 0.96 0.90 0.97
(-39.69, -18.27) (-29,-12) 2.54E+08 0.88 0.95 1.01 1.00 0.90 1.05 1.00 0.81 0.93 091 0.97 0.95 0.92 0.94
(-37.17,-20.79) (-27,-14) N/A
(-30.87, -20.79) (-22,-14) N/A
(-24.57, -20.79) (-17,-14) 8.55E+08 0.99 0.99 0.99 1.03 091 1.05 0.96 091 1.07 0.95 0.94 0.94 0.99 0.96
Barrel (-49.77, -0.63) (-37,+2) 7.42E+07 0.88 1.02 0.98 0.98 091 1.05 0.96 0.82 0.78 091 0.98 0.85 0.82 0.96
(-49.77, -9.45) (-37,-5) 6.24E+07 0.89 0.97 1.00 0.98 0.92 1.05 0.96 0.80 0.79 0.92 1.01 0.92 0.88 0.91
(-47.25, -18.27) (-35,-12) 6.10E+07 0.86 0.93 0.95 0.97 0.88 1.02 0.93 0.80 0.80 0.88 0.94 0.92 0.87 1.02
(-45.99, -22.05) (-34,-15) 5.00E+07 0.90 1.01 0.92 0.99 0.92 1.03 0.94 0.87 0.85 0.92 0.94 0.95 0.88 1.05
(-44.73, -24.57) (-33,-17) 4.55E+07 0.87 0.94 0.94 0.95 0.90 1.03 0.94 0.87 0.87 091 0.90 0.91 0.88 1.05
(-42.21, -28.35) 4.15E+07 0.94 0.95 1.04 1.02 0.93 1.06 0.96 0.87 0.86 0.96 0.93 0.91 0.90 0.96
(-38.43, -33.39) (-28,-24) 3.66E+07 0.98 0.97 0.97 0.97 0.92 1.09 0.94 0.90 0.83 0.96 0.94 0.89 0.92 0.99
(-35.91, -35.91) (-26,-26 3.59E+07 0.99 0.99 1.03 1.00 0.93 111 0.97 0.90 0.84 0.95 0.96 0.94 0.94 1.00
Neutron Pad | (-58.54, -22.47) [ 21 degree 5.78E+06 0.97 0.98 0.93 1.03 0.93 1.07 0.95 0.83 0.79 0.98 1.00 0.97 0.92 0.67
(-46.60, -41.95) | 42 degree 3.99E+06 1.04 1.08 121 1.09 1.01 121 1.02 0.94 0.84 1.05 1.03 0.99 0.99 0.75
Number of positions within +-5% = 7 10 9 14 1 11 9 1 1 5 8 3 3 10
Number of positions within +-10% = 9 15 14 16 12 14 16 4 5 13 14 11 8 14
Number of positions within +-20% = 16 16 15 16 16 15 16 14 13 16 16 16 16 14



Calculated results

Table 4.9(b). Equivalent fission fluxes: #Zn(n,p) detector resultsand C/E comparison in water zones

%Zn (n.p) Position in cm | Grid Position rExperimentaI Value | HYU-TORT | HYU-MCNP | HYU-MCNPX Transpire Inc.-ATTILA KI-MCU | KOPEC-DORT [ WTI-MCNP | VIT-TORT | VTT-MT | KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0 (+2.5,+2.5) N/A 1.11E+09 2.68E+08| 2.76E+08 1.11E+09 6.20E+07 1.13E+09 1.06E+09 | 1.08E+09 | 1.01E+09 | 0.112E+10| 1.03E+09 1.02E+09 1.11E+09 2.56E+08
Water Gap (-54.36, -9.59) | 10.75 degree N/A 2.12E+07 2.21E+07| 2.37E+07 2.28E+07 2.11E+07| 2.40E+07 2.16E+07 | 1.96E+07 | 1.94E+07 | 0.217E+08| 2.08E+07 2.08E+07 2.00E+07 2.12E+07
(-52.89, -15.80) | 16.63 degree 2.17E+07 2.07E+07 2.11E+07| 2.25E+07 2.19E+07 2.01E+07| 2.35E+07 2.16E+07 | 1.95E+07 | 1.88E+07 | 0.208E+08| 2.48E+07 2.02E+07 1.96E+07 2.10E+07
(-51.53,-19.78) | 21.14 degree 1.68E+07 2.02E+07 2.13E+07| 2.09E+07 2.16E+07 1.93E+07 2.25E+07 2.05E+07 1.89E+07 | 1.83E+07 | 0.202E+08| 2.32E+07 2.02E+07 1.89E+07 2.12E+07
(-50.03, -23.33) | 25.62 degree 1.89E+07 1.85E+07 2.00E+07| 2.02E+07 1.95E+07 1.80E+07 2.00E+07 1.86E+07 1.69E+07 | 1.71E+07 | 0.184E+08| 1.90E+07 1.96E+07 1.75E+07 1.91E+07
(-48.74,-25.91) | 28.78 degree 1.71E+07 1.68E+07 1.73E+07| 1.82E+07 1.81E+07 1.67E+07| 1.89E+07 1.71E+07 | 1.61E+07 | 1.67E+07 | 0.173E+08| 1.76E+07 1.72E+07 1.63E+07 2.00E+07
(-46.29, -30.06) | 33.89 degree 1.60E+07 1.58E+07 1.71E+07| 1.59E+07 1.68E+07 1.53E+07 1.74E+07 1.55E+07 1.47E+07 | 1.55E+07 | 0.156E+08| 1.71E+07 1.53E+07 1.50E+07 1.86E+07
(-44.08, -33.22) | 37.44 degree N/A 1.49E+07 1.45E+07| 1.78E+07 1.51E+07 1.44E+07 1.67E+07 1.48E+07 1.41E+07 | 1.37E+07 | 0.151E+08| 1.49E+07 1.46E+07 1.43E+07 1.72E+07
(-42.29, -35.48) | 40.99 degree 1.45E+07 1.41E+07 1.56E+07 1.56E+07 1.50E+07 1.39E+07 1.63E+07 1.39E+07 1.37E+07 | 1.32E+07 | 0.146E+08| 1.34E+07 1.40E+07 1.37E+07 1.22E+07
(-39.03, -39.03) 45 degree 1.51E+07 1.42E+07 1.39E+07| 1.40E+07 1.48E+07 1.37E+07 1.61E+07 1.38E+07 1.35E+07 | 1.27E+07 | 0.143E+08) 1.61E+07 1.37E+07 1.32E+07 1.42E+07
Reflector (-23.31,-23.31) (-16,-16) N/A 6.26E+08 6.12E+08| 6.01E+08 6.46E+08 5.85E+08 6.67E+08 6.12E+08 | 6.19E+08 | 6.75E+08 | 0.613E+09) 6.03E+08 5.95E+08 6.20E+08 6.31E+08
(-25.83, -25.83) (-18,-18) 3.46E+08 3.41E+08 3.38E+08( 3.39E+08 3.51E+08 3.22E+08| 3.71E+08 3.34E+08 | 3.29E+08 | 3.70E+08 | 0.337E+09 3.36E+08 3.27E+08 3.33E+08 3.44E+08
(-28.35, -28.35) (-20,-20) 1.99E+08 1.89E+08 1.86E+08| 1.82E+08 1.94E+08 1.80E+08| 2.10E+08 1.87E+08 | 1.82E+08 | 1.98E+08 | 0.189E+09| 1.87E+08 1.80E+08 1.82E+08 1.90E+08
(-30.87, -30.87) (-22,-22) 1.12E+08 1.05E+08 1.08E+08| 1.08E+08 1.10E+08 1.02E+08 1.22E+08 1.04E+08 | 9.53E+07 | 1.02E+08 | 0.107E+09| 1.07E+08 1.04E+08 1.04E+08 1.16E+08
(-33.39, -33.39) (-24,-24) N/A 6.18E+07 6.45E+07| 6.25E+07 6.38E+07 5.89E+07 7.18E+07 6.13E+07 | 5.50E+07 | 5.35E+07 | 0.624E+08| 6.24E+07 6.03E+07 5.90E+07 5.94E+07
C/E comparison
%47Zn (n,p) Position in cm | Grid Position |Experimental Value | HYU-TORT [ HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA KI-MCU | KOPEC-DORT [ WTI-MCNP | VTT-TORT | VTT-MT | KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K [ VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0) (+2.5,+2.5) N/A
Water Gap (-54.36, -9.59) | 10.75 degree N/A
(-52.89, -15.80) | 16.63 degree 2.17E+07 0.95 0.97 1.04 1.01 0.92 1.08 0.99 0.90 0.87 0.96 114 0.93 0.91 0.97
(-51.53,-19.78) | 21.14 degree 1.68E+07 1.20 127 1.24 129 115 1.34 122 112 1.09 1.20 1.38 1.20 112 1.26
(-50.03, -23.33) | 25.62 degree 1.89E+07 0.98 1.06 1.07 1.03 0.95 1.06 0.98 0.89 0.91 0.97 1.01 1.04 0.93 1.01
(-48.74,-25.91) | 28.78 degree 1.71E+07 0.98 1.01 1.06 1.06 0.98 110 1.00 0.94 0.97 1.01 1.03 1.01 0.96 117
(-46.29, -30.06) | 33.89 degree 1.60E+07 0.99 1.07 0.99 1.05 0.95 1.09 0.97 0.92 0.97 0.98 1.07 0.96 0.94 116
(-44.08,-33.22) | 37.44 degree N/A
(-42.29, -35.48) | 40.99 degree 1.45E+07 0.97 1.07 1.08 1.04 0.96 112 0.96 0.95 0.91 1.01 0.93 0.97 0.94 0.84
(-39.03, -39.03) 45 degree 151E+07 0.94 0.92 0.92 0.98 0.91 1.06 0.92 0.90 0.84 0.95 1.07 0.91 0.87 0.94
Reflector (-2331,2331) | (-16,-16) N/A
(-25.83, -25.83) (-18,-18) 3.46E+08 0.98 0.98 0.98 1.01 0.93 1.07 0.97 0.95 1.07 0.97 0.97 0.94 0.96 0.99
(-28.35, -28.35) (-20,-20) 1.99E+08 0.95 0.94 0.91 0.98 0.90 1.06 0.94 0.92 1.00 0.95 0.94 0.90 0.92 0.96
(-30.87, -30.87) (-22,-22) 1.12E+08 0.94 0.96 0.97 0.98 0.91 1.09 0.93 0.85 0.91 0.96 0.95 0.93 0.93 1.04
(-33.39, -33.39) (-24,-24) N/A
Number of positions within +-5% = 6 4 4 8 4 0 6 1 3 7 4 4 2 5
Number of positions within +-10% = 9 9 9 9 9 7 9 5 8 9 8 9 8 6
Number of positions within +-20% = 10 9 9 9 10 9 9 10 10 9 9 9 10 9
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Calculated results

Table 4.10(a). Equivalent fission fluxes: ®'Np(n,f) detector resultsand C/E comparison in stainless steel zones

ZND (n.f) Position in cm | Grid Position Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | _Transpire InC.ATTILA | KI-MCU | KOPEC-DORT| VTUSUT-HELIOS | WTI-MCNP | VIT-TORT| VIT-MT | KI-LUCKY | KAERI-DANTSYS | VIT-MCNP-K | VIT-MCNP-F | _SCK-MCNPX
Korea | Korea Korea Russia |  Korea Slovak Germany | Finland | Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (1,+2) 2.49E+09 2.64E+09]  2.50E+09| 2.57E+09 2.60E+09 2.46E+09]  2.50E+00 1.73E+09 2.53E+09 | 2.65E+09 | 240E+09 | 0.248E+10 2.39E+09 2.17E+09 2.34E+09 2.56E+09
(-4.41, -4.41) (-1.-1) 2.95E+09 3.10E+09]  3.06E+09]  3.06E+09 3.04E+09 2.91E+09] 3.07E+09 2.00E+09 2.99E+09 | 3.01E+09 | 3.01E+09 | 0.292E+10 2.81E+09 2.78E+09 3.07E+09 3.01E+09
Outer Baffle (-30.69, -063) | (-29+2) N/A 8.326+08]  9.63E+08| 9.57E+08 8.96E+08 9.06E+08|  9.34E+08 6.44E+08 9.30E+08 | 8.26E+08 | 8.11E+08 | 0.815E+09 9.02E+08 8.456+08 7.71E+08 9.36E+08
(-39.69, -567) | (-29.-2) N/A 7.91E+08]  9.23E+08|  9.35E+08 8.54E+08 8.62E+08|  8.80E+08 6.15E+08 8.80E+08 | 7.73E+08 | 7.79E+08 | 0.776E+09 8.57E+08 8.46E+08 7.89E+08 9.04E+08
(-39.69,-11.97) |  (-29,7) 6.88E+08 6.51E+08|  7.49E+08|  7.47E+08 6.97E+08 6.99E+08|  7.26E+08 5.01E+08 7.24E+08 | 6.20E+08 | 6.39E+08 | 0.634E+09 7.01E+08 7.01E+08 6.42E+08 7.33E+08
(-39.69,-18.27) | (-29,-12) 4.34E+08 4.06E+08|  4.55E+08| 4.57E+08 4.26E+08 4.31E+08|  452E+08 3.20E+08 4.44E+08 | 3.64E+08 | 3.91E+08 | 0.390E+09 4.29E+08 4.34E+08 3.97E+08 4.49E+08
(-37.17,-20.79) | (-27:14) N/A 4.45E+08  4.85E+08| 4.75E+08 4.48E+08 4.45E+08|  4.73E+08 3.35E+08 4.61E+08 | 4.05E+08 | 4.11E+08 | 0.400E+09 4.46E+08 4.46E+08 4.16E+08 4.68E+08
(-30.87,20.79) | (-22,-14) N/A 8.81E+08|  9.28E+08| 9.21E+08 8.82E+08 8.64E+08|  9.10E+08 6.03E+08 8.90E+08 | 8.83E+08 | 8.34E+08 | 0.791E+09 8.60E+08 8.50E+08 8.27E+08 9.026+08
(:2457,-20.79) | (-17.-14) 1.46E+09 152E+09|  1.52E+00| 1.51E+09 1.48E+09 1.42E+09| _1.52E+09 9.76E+08 1.46E+00 | 1.37E+09 | 1.48E+09 | 0.138E+10 1.41E+09 1.38E+09 1.45E+09 1.47E+09
Barrel (-49.77, -063) | (:37:+2) N/A 1.06E+08|  1.21E+08| 1.20E+08 1.11E+08 1.10E+08|  1.20E+08 9.55E+07 114E+08 | 9.70E+07 | 8.15E+07 | 0.105E+09 117E+08 1.00E+08 9.66E+07 1.17E+08
(-49.77, -9.45) |  (-37,5) 1.03E+08 9.50E+07|  1.09E+08| 1.10E+08 1.01E+08 9.97E+07|  1.09E+08 9.19E+07 104E+08 | B.60E+07 | 7.54E+07 |0.951E+08 1.04E+08 1.00E+08 9.30E+07 1.06E+08
(-47.25,-1827) | (-35.-12) 1.04E+08 9.97E+07|  1.11E+08| 1.13E+08 1.04E+08 1.04E+08|  1.11E+08 9.01E+07 1.06E+08 | 8.99E+07 | 8.16E+07 |0.955E+08 1.04E+08 1.04E+08 9.49E+07 1.15E+08
(-45.99, 22.05) | (-34,-15) 9.04E+07 9.15E+07|  1.00E+08| 9.87E+07 9.35E+07 9.21E+07|  9.83E+07 8.05E+07 9.43E+07 | 859E+07 | 7.31E+07 | 0.866E+08 9.02E+07 9.06E+07 8.62E+07 1.02E+08
(-44.73,2457) | (-33-17) N/A 8.17E+07|  9.05E407| 9.01E+07 8.35E+07 8.34E+07|  8.95E+07 7.93E+07 857E+07 | 7.77E+07 | 6.76E+07 | 0.787E+08 7.94E407 8.20E+07 7.84E+07 9.18E+07
(-42.21,-28.35) | (-31,-20) 7.02E+07 7.00E+07|  7.61E+07|  7.56E+07 7.16E+07 6.99E+07|  7.69E+07 7.23E+07 7.19E+07 | 6.48E+07 | 5.56E+07 | 0.673E+08 6.85E+07 6.64E+07 6.45E+07 7.276+07
(-38.43,-33.39) | (-28,-24) 5.49E+07 559E+07|  5.90E+07| 5.72E+07 5.52E+07 557E+07|  6.15E+07 6.37E+07 556E+07 | 5.00E+07 | 4.14E+07 |0.531E+08 5.45E+07 5.20E+07 5.11E+07 5.53E+07
(-:35.91, -35.91) 6.-26 5.35E+07 5.41E+07) _5.68E+07| 5.78E+07 5.30E+07 5.41E+07) _6.03E+07 6.47E+07 5.44E+07 | 4.93E+07 | 4.00E+07 | 0.508E+08 5.20E+07 5.30E+07 5.13E+07 5.28E+07
Neutron Pad (-58.54,-22.47) | 21 degree 112E+07 1.08E+07|  1.14E+07| 117E+07 1.08E+07 9.93E+06]  1.19E+07 1.31E+07 109E+07 | 9.12E+06 | 7.04E+06 | 0.101E+08 1.03E+07 1.06E+07 9.11E+06 1.04E+07
(-46.60,-41.95) | 42 degree 7.70E+06 7.53E+06] _ 7.63E+06] _7.94E+06 7.57E+06 7.02E+06] _8.74E+06 1.08E+07 7.70E+06 | 6.70E+06 | 4.83E+06 | 0.694E+07 6.99E+06 7.60E+06 6.05E+06 5.98E+06
CIE comparison
Z7Np (n,f) Position in cm | Grid Position Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | _Transpire Inc-ATTILA | KI-MCU | KOPEC-DORT| VTUSUT-HELIOS | WTI-MCNP | VIT-TORT| VTT-MT | KI-LUCKY | KAERI-DANTSYS | VTT-MCNP-K | VIT-MCNP-F | SCK-MCNPX
Korea Korea Korea USA Russia Korea Slovak Germany | Finland | Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) 2.49E+09 1.06 1.04 103 1.05 0.99 1.04 0.69 1.02 1.06 0.96 1.00 0.96 0.87 0.94 1.03
(-4.41, -4.41) 2.95E+09 1.05 1.04 1.04 1.03 0.99 1.04 0.68 1.01 1.02 1.02 0.99 0.95 0.94 1.04 1.02
Outer Baffle (-39.69, -0.63) (-29,+2) N/A
(-39.69, -567) | (-29.-2) N/A
(-39.69,-11.97) | (-20.7) 6.88E+08 095 1.09 1.09 1.01 1.02 1.05 073 1.05 0.90 0.93 0.92 1.02 1.02 0.93 1.07
(-39.69,-18.27) | (-29,-12) 4.34E+08 094 105 1.05 0.98 099 1.04 0.74 1.02 0.84 0.90 0.90 0.99 1.00 0.1 1.04
(-37.17,-20.79) | (-27.14) N/A
(-30.87,20.79) | (-22,-14) N/A
(:2457,-2079) | (-17.-14) 1.46E+09 104 1.04 104 1.01 097 1.04 0.67 1.00 0.94 1.01 0.95 0.96 095 0.99 101
Barrel (4977, -063) | (37.+2) N/A
(-49.77, -9.45) |  (-37,5) 1.03E+08 0.93 1.06 1.06 0.98 0.97 1.06 0.89 1.01 0.83 0.73 0.92 101 098 0.90 1.03
(-47.25,-18.27) | (-35:12) 1.04E+08 0.96 107 1.08 1.00 1.00 1.06 0.87 1.02 0.86 0.78 0.92 1.00 1.00 0.91 1.10
(-45.99,-22.05) | (-34,-15) 9.04E+07 1.01 111 1.09 1.03 1.02 1.09 0.89 1.04 0.95 0.81 0.96 1.00 1.00 0.95 112
(-44.73,2457) | (-33-17) N/A
(-42.21,-28.35) | (-31,-20) 7.02E+07 101 1.08 1.08 1.02 1.00 1.10 1.03 1.02 0.92 0.79 0.96 0.98 095 0.92 1.04
(-38.43,-33.39) | (-28,-24) 5.49E+07 102 107 104 1.01 101 112 116 1.01 0.93 0.75 0.97 0.99 0.96 0.93 1.01
(3 5.91) | (-26.-26) 5.35E+07 101 1.06 1.08 1.01 101 113 121 1.02 0.92 0.75 0.95 0.99 0.99 0.96 0.99
Neutron Pad (-58.54,-22.47) | 21 degree 1.12E+07 0.96 102 104 0.96 0.89 1.07 117 0.97 0.81 0.63 0.90 0.92 0.94 0.81 0.93
(-46.60,-41.95) | 42 degree 7.70E+06 0.98 0.99 103 0.98 091 114 141 1.00 0.87 0.63 0.90 091 099 079 0.78
Number of positions within +-5% = 8 6 6 13 1 4 1 12 2 3 5 11 8 4 8
Number of positions within +-10% 13 12 13 13 12 10 1 13 8 5 12 13 12 11 10
Number of positions within +-20% = 13 13 13 13 13 13 6 13 13 6 13 13 13 12 12
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Calculated results

Table 4.10(b). Equivalent fission fluxes: ?’"Np(n,f) detector results and C/E comparison in water zones

ZINp (n,f) Position incm [ Grid Position Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | VTI/SUT-HELIOS [ WTI-MCNP [ VIT-TORT | VTT-MT | KI-LUCKY| KAERI-DANTSYS | VIT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea Russia Korea Slovak German Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0) (+2.5,+2.5) N/IA 1.68E+09| 4.25E+08| 4.31E+08 1.64E+09 9.69E+07| 1.61E+09 1.16E+09 161E+09 | 1.58E+09 | 1.42E+09 | 0.151E+1Q 1.47E+09 1.54E+09 1.69E+09 4.05E+08
\Water Gap (-54.36, -9.59) | 10.75 degree N/A 3.13E+07| 3.60E+07|  3.60E+07 3.39E+07 3.27E+07| 3.39E+07 2.99E+07 3.32E+07 | 2.97E+07 | 2.81E+07 | 0.290E+0§ 2.92E+07 3.34E+07 2.89E+07 3.60E+07
(-52.89, -15.80) | 16.63 degree N/A 3.32E+07| 3.65E+07| 3.65E+07 3.45E+07 3.33E+07 3.44E+07 3.14E+07 3.42E+07 | 3.08E+07 | 2.82E+07 | 0.292E+0§ 3.84E+07 3.28E+07 3.09E+07 3.68E+07
(-51.53,-19.78) |21.14 degree N/A 3.24E+07| 3.55E+07| 3.72E+07 3.41E+07 3.27E+07| 3.39E+07 3.00E+07 3.35E+07 | 3.05E+07 | 2.86E+07 | 0.283E+0§ 3.70E+07 3.37E+07 3.01E+07 3.48E+07
(-50.03, -23.33) | 25.62 degree N/A 3.13E+07| 3.44E+07|  3.38E+07 3.29E+07 3.09E+07| 3.15E+07 2.84E+07 3.17E+07 | 2.88E+07 | 2.59E+07 | 0.270E+0§ 3.11E+07 3.00E+07 2.87E+07 3.29E+07
(-48.74,-25.91) | 28.78 degree N/A 2.82E+07| 3.10E+07|  3.19E+07 3.01E+07 2.89E+07| 2.93E+07 2.86E+07 2.94E+07 | 2.71E+07 | 2.60E+07 | 0.254E+09 2.91E+07 2.88E+07 2.69E+07 3.17E+07
(-46.29, -30.06) | 33.89 degree N/A 2.52E+07 2.76E+07| 2.78E+07 2.64E+07 2.48E+07| 2.55E+07 2.62E+07 2.53E+07 | 2.30E+07 | 2.34E+07 | 0.214E+0§ 2.68E+07 2.39E+07 2.31E+07 2.71E+07
(-44.08, -33.22) | 37.44 degree N/A 2.22E+07| 2.37E+07| 2.49E+07 2.24E+07 2.22E+07 2.33E+07 2.45E+07 224E+07 | 2.11E+07 | 1.90E+07 | 0.199E+0§ 2.27E+07 2.04E+07 2.14E+07 2.25E+07
(-42.29, -35.48) | 40.99 degree N/A 1.96E+07| 2.24E+07|  2.26E+07 2.14E+07 2.03E+07| 2.17E+07 2.42E+07 2.06E+07 | 1.94E+07 | 1.75E+07 | 0.185E+09 1.85E+07 2.04E+07 1.80E+07 1.99E+07
(-39.03, -39.03) 1.95E+07 1.89E+07] 2.03E+07| 2.09E+07 2.02E+07 1.97E+07] 2.11E+07 2.38E+07 195E+07 | 1.86E+07 | 1.59E+07 | 0.175E+0§ 2.26E+07 1.77E+07 1.77E+07 1.89E+07
Reflector (-23.31,-2331) 9.77E+08 1.01E+09 1.03E+09] 1.02E+09 1.02E+09 9.46E+08| 9.90E+08 6.73E+08 9.71E+08 | 9.80E+08 | 1.07E+09 | 0.880E+09Y 9.19E+08 9.19E+08 9.56E+08 1.02E+09
(-25.83, -25.83) 4.62E+08 4.81E+08] 5.23E+08| 5.18E+08 5.05E+08 4.73E+08| 4.78E+08 3.48E+08 4.81E+08 | 4.72E+08 | 5.43E+08 | 0.422E+09 4.55E+08 4.63E+08 4.65E+08 5.08E+08
(-28.35, -28.35) 2.31E+08 2.37E+08 2.72E+08|  2.66E+08 2.64E+08 2.46E+08| 2.44E+08 1.99E+08 2.50E+08 | 2.44E+08 | 2.63E+08 | 0.214E+09 2.34E+08 2.36E+08 2.41E+08 2.58E+08
(-30.87, -30.87) 1.24E+08 1.20E+08| 1.42E+08| 1.42E+08 1.39E+08 1.31E+08| 1.31E+08 1.18E+08 1.31E+08 | 1.17E+08 | 1.17E+08 | 0.113E+09 1.25E+08 1.24E+08 1.28E+08 1.41E+08
(-33.39, -33.39) (-24,-24) NIA 7.11E+07] 8.13E+07] 8.00E+07 7.81E+07 7.49E+07] 8.05E+07 7.86E+07 7.50E+07 | 6.70E+07 | 5.66E+07 | 0.677E+0§ 7.29E+07 7.50E+07 7.19E+07 7.64E+07
C/E comparison
2TNp (n,f) Position incm | Grid Position Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA KI-MCU | KOPEC-DORT | VTI/SUT-HELIOS | WTI-MCNP | VTT-TORT | VTT-MT [KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Slovak German! Finland Finland Russia Korea Finland Finland Belgium
Central Hole (00,00) [ (+2.5+2.5) N/A
\Water Gap (-54.36, -9.59) | 10.75 degree N/A
16.63 degree N/A
(-51.53,-19.78) | 21.14 degree N/A
(-50.03, -23.33) | 25.62 degree N/A
(-48.74,-25.91) | 28.78 degree N/A
(-46.29, -30.06) | 33.89 degree N/A
(-44.08, -33.22) | 37.44 degree N/A
(-42.29, -35.48) | 40.99 degree N/A
(-39.08, -39.03) 45 degree 1.95E+07 0.97 1.04 1.07 1.03 1.01 1.08 1.22 1.00 0.95 0.82 0.90 1.16 0.91 0.91 0.97
Reflector (-23.31,-2331) (-16,-16) 9.77E+08 1.03 1.05 1.04 1.04 0.97 1.01 0.69 0.99 1.00 1.09 0.90 0.94 0.94 0.98 1.04
(-25.83, -25.83) (-18,-18) 4.62E+08 1.04 113 112 1.09 1.02 1.04 0.75 1.04 1.02 118 0.91 0.98 1.00 1.01 110
(-28.35, -28.35) (-20,-20) 2.31E+08 1.03 118 115 114 1.07 1.06 0.86 1.08 1.06 114 0.93 1.01 1.02 1.04 112
(-30.87, -30.87) (-22,-22) 1.24E+08 0.97 114 115 112 1.06 1.06 0.95 1.06 0.95 0.94 091 1.01 1.00 1.03 114
(-33.39, -33.39) (-24,-24) N/A
Number of positions within +-5% = 5 1 1 2 3 2 0 3 3 0 0 3 3 4 2
Number of positions within +-10% = 5 2 2 3 5 5 1 5 5 2 4 4 5 5 2
Number of positions within +-20% = 5 5 5 5 5 5 2 5 5 5 5 5 5 5 5
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Table 4.11(a). Equivalent fission fluxes: ?’Al(n,a) detector resultsand C/E comparison in stainless steel zones

Calculated results

27Al (n.a) Position in cm [ Grid Position [Experimental Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | WTI-MCNP [ VIT-TORT| VTT-MT KI-LUCKY | KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.43E+09 1.43E+09 1.08E+09 1.11E+09 1.43E+09 1.38E+09 1.43E+09 1.32E+09 | 1.40E+09 1.43E+09 1.37E+09 1.27E+09 1.19E+09 1.29E+09 1.48E+09
(-4.41, -4.41) (@15 1.70E+09 1.69E+09 1.35E+09 1.59E+09 1.67E+09 1.72E+09 1.73E+09 1.60E+09 [ 1.60E+09 1.92E+09 0.161E+10 1.51E+09 1.48E+09 1.68E+09 1.51E+09
Outer Baffle | (-39.69, -0.63) (-29,+2) 5.92E+08 4.70E+08 4.74E+08 6.38E+08 5.34E+08 5.25E+08 5.70E+08 5.58E+08 | 4.69E+08 4.93E+08 0.478E+09 5.31E+08 4.95E+08 4.78E+08 5.32E+08
(-39.69, -5.67) (-29,-2) N/A 4.47E+08 6.72E+08 4.44E+08 5.22E+08 5.09E+08 5.41E+08 5.34E+08 | 4.35E+08 4.84E+08 0.454E+09 5.04E+08 5.03E+08 4.73E+08 5.39E+08
(-39.69, -11.97) (-29,-7) 4.52E+08 3.70E+08| 4.22E+08 2.98E+08 4.24E+08 3.83E+08 4.42E+08 4.34E+08 | 3.49E+08 3.97E+08 0.372E+09 4.13E+08 4.30E+08 3.83E+08 4.42E+08
(-39.69, -18.27) (-29,-12) 2.69E+08 2.25E+08| 2.22E+08 2.58E+08 2.49E+08 2.53E+08 2.66E+08 2.60E+08 | 2.00E+08 2.33E+08 0.223E+09 2.43E+08 2.61E+08 2.40E+08 2.70E+08
(-37.17, -20.79) (-27,-14) 2.76E+08 2.49E+08| 4.85E+08|  2.60E+08 2.60E+08 2.74E+08| 2.80E+08 2.69E+08 | 2.22E+08 [ 2.55E+08 | 0.228E+09 2.52E+08 2.92E+08 2.52E+08 2.35E+08
(-30.87, -20.79) (-22,-14) N/A 4.90E+08| 5.84E+08| 6.23E+08 5.20E+08 4.85E+08|  5.34E+08 5.06E+08 | 4.83E+08 [ 5.18E+08 | 0.451E+09 4.87E+08 5.57E+08 4.57E+08 4.92E+08
(-24.57, -20.79) (-17,-14) 8.30E+08 8.00E+08| 1.00E+09 8.49E+08 8.16E+08 7.93E+08 8.46E+08 8.18E+08 | 7.16E+08 8.85E+08 0.754E+09 7.47E+08 7.76E+08 7.65E+08 6.75E+08
Barrel (-49.77, -0.63) (-37,+2) 9.62E+07 8.40E+07| 1.09E+08| 8.63E+07 8.64E+07 8.50E+07 9.51E+07 8.73E+07 | 7.15E+07 7.09E+07 0.783E+08 8.66E+07 8.07E+07 7.58E+07 8.53E+07
(-49.77, -9.45) (-37,-5) 8.50E+07 7.08E+07| 6.54E+07| 6.60E+07 7.10E+07 7.08E+07| 7.90E+07 7.54E+07 | 5.69E+07 5.95E+07 0.659E+08 7.57E+07 6.53E+07 5.91E+07 5.76E+07
(-47.25, -18.27) (-35,-12) 7.33E+07 6.33E+07| 6.03E+07| 7.56E+07 6.60E+07 6.56E+07| 7.27E+07 6.25E+07 | 5.41E+07 5.67E+07 0.592E+08 6.54E+07 5.76E+07 6.26E+07 5.76E+07
(-45.99, -22.05) (-34,-15) 6.01E+07 5.45E+07| 6.00E+07| 4.82E+07 5.52E+07 5.54E+07| 5.93E+07 5.55E+07 | 4.78E+07 4.96E+07 0.507E+08 5.41E+07 6.35E+07 4.83E+07 7.17E+07
(-44.73, -24.57) (-33,-17) 5.48E+07 4.72E+07 5.08E+07 4.05E+07 4.75E+07 5.08E+07 5.49E+07 5.24E+07 | 4.40E+07 4.70E+07 0.455E+08 4.67E+07 4.85E+07 5.02E+07 3.98E+07
(-42.21, -28.35) (-31,-20) 5.71E+07 5.29E+07| 5.22E+07| 6.11E+07 5.15E+07 4.78E+07 5.55E+07 5.07E+07 | 4.34E+07 4.54E+07 0.480E+08 4.78E+07 5.20E+07 4.35E+07 4.52E+07
(-38.43, -33.39) (-28,-24) 5.19E+07 5.30E+07]| 5.29E+07| 4.33E+07 4.70E+07 4.73E+07 5.45E+07 4.55E+07 | 4.32E+07 4.16E+07 0.457E+08 4.58E+07 4.38E+07 4.24E+07 6.33E+07
(=35!91,'-35.91)) (-26,-26; 5.12E+07 5.31E+07] 5.21E+07 5.27E+07 4.77E+07 5.09E+07 5.55E+07 4.94E+07 | 4.29E+07 4.20E+07 0.447E+08 4.72E+07 4.25E+07 4.43E+07 5.16E+07
Neutron Pad | (-58.54, -22.47) | 21 degree 1.05E+07 9.40E+06 7.28E+06) 6.72E+06 8.81E+06 7.81E+06) 9.11E+06 8.07E+06 | 6.81E+06 7.17E+06 0.815E+07 8.94E+06 7.38E+06 8.80E+06 N/A
(-46.60, -41.95) | 42 degree 8.39E+06 7.64E+06 6.86E+06 8.65E+06 6.89E+06 6.50E+06| 7.87E+06 6.56E+06 | 5.90E+06 5.95E+06 0.655E+07 6.58E+06 6.44E+06 7.20E+06 N/A
C/E comparison
27p1 (n,a) Positionin cm [ Grid Position [Experimental Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU [ KOPEC-DORT [ WTI-MCNP | VIT-TORT[ VTT-MT KI-LUCKY | KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.43E+09 1.00 0.75 0.78 1.00 0.96 1.00 0.92 0.98 1.00 0.96 0.89 0.83 0.90 1.03
(-4.41, -4.41) (a1Y=i)] 1.70E+09 1.00 0.79 0.93 0.98 1.01 1.02 0.94 0.94 113 0.95 0.89 0.87 0.99 0.89
Outer Baffle | (-39.69, -0.63) (-29,+2) 5.92E+08 0.79 0.80 1.08 0.90 0.89 0.96 0.94 0.79 0.83 0.81 0.90 0.84 0.81 0.90
(-39.69, -5.67) |  (-29,-2) N/A
(-39.69, -11.97) (-28,-7) 4.52E+08 0.82 0.93 0.66 0.94 0.85 0.98 0.96 0.77 0.88 0.82 0.91 0.95 0.85 0.98
(-39.69, -18.27) (-29,-12) 2.69E+08 0.84 0.83 0.96 0.92 0.94 0.99 0.97 0.74 0.86 0.83 0.90 0.97 0.89 1.00
(-37.17, -20.79) (-27,-14) 2.76E+08 0.90 176 0.94 0.94 0.99 1.01 0.98 0.80 0.92 0.83 0.91 1.06 0.91 0.85
(-30.87, -20.79) (-22,-14) N/A
(-24.57, -20.79) (-17.-14) 8.30E+08 0.96 121 1.02 0.98 0.95 1.02 0.99 0.86 1.07 0.91 0.90 0.94 0.92 0.81
Barrel (-49.77, -0.63) (-37,+2) 9.62E+07 0.87 113 0.90 0.90 0.88 0.99 0.91 0.74 0.74 0.81 0.90 0.84 0.79 0.89
(-49.77, -9.45) (-37,-5) 8.50E+07 0.83 0.77 0.78 0.84 0.83 0.93 0.89 0.67 0.70 0.78 0.89 0.77 0.69 0.68
(-47.25, -18.27) (-35,-12) 7.33E+07 0.86 0.82 1.03 0.90 0.90 0.99 0.85 0.74 0.77 0.81 0.89 0.79 0.85 0.79
(-45.99, -22.05) (-34,-15) 6.01E+07 0.91 1.00 0.80 0.92 0.92 0.99 0.92 0.79 0.83 0.84 0.90 1.06 0.80 119
(-44.73, -24.57) (-33,-17) 5.48E+07 0.86 0.93 0.74 0.87 0.93 1.00 0.96 0.80 0.86 0.83 0.85 0.88 0.92 0.73
(-42.21, -28.35) (-31,-20) 5.71E+07 0.93 0.91 1.07 0.90 0.84 0.97 0.89 0.76 0.80 0.84 0.84 0.91 0.76 0.79
(-38.43, -33.39) (-28,-24) 5.19E+07 1.02 1.02 0.83 0.91 0.91 1.05 0.88 0.83 0.80 0.88 0.88 0.84 0.82 1.22
(-35.91, -35.91) (-26,-26; 5.12E+07 1.04 1.02 1.03 0.93 0.99 1.08 0.96 0.84 0.82 0.87 0.92 0.83 0.86 1.01
Neutron Pad | (-58.54, -22.47) | 21 degree 1.05E+07 0.90 0.69 0.64 0.84 0.74 0.87 0.77 0.65 0.68 0.78 0.85 0.70 0.84
(-46.60, -41.95) | 42 degree 8.39E+06 0.91 0.82 1.03 0.82 0.77 0.94 0.78 0.70 0.71 0.78 0.78 0.77 0.86
Number of positions within +-5% = 5 3 5 3 5 12 6 1 1 1 0 2 1 4
Number of positions within +-10% 9 6 9 12 9 16 11 2 3 3 5 6 4 4
Number of positions within +-20% = 16 1 12 17 15 17 15 7 1 14 16 13 14 10
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Table 4.11(b). Equivalent fission fluxes: *Al(n,a) detector resultsand C/E comparison in water zones

Calculated results

2'Al (n,a) Position in cm | Grid Position |Experimental Value | HYU-TORT [ HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA [ KI-MCU | KOPEC-DORT | WTI-MCNP | VTT-TORT| VTT-MT KI-LUCKY KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland
Central Hole (0.0,0.0) (+2.5,+2.5) N/A 1.24E+09 3.21E+08| 3.04E+08 1.19E+09 7.30E+07 1.22E+09 1.18E+09 [ 1.14E+09 | 1.10E+09 | 0.119E+10 1.10E+09 1.10E+09 1.16E+09
Water Gap 10.75 degree N/A 3.22E+07 3.10E+07| 4.15E+07 3.12E+07 2.88E+07| 3.36E+07 3.01E+07 | 2.63E+07 | 2.59E+07 | 0.292E+08 2.96E+07 2.72E+07 2.55E+07
16.63 degree 3.15E+07 2.97E+07 2.57E+07| 2.31E+07 2.87E+07 2.70E+07 3.23E+07 2.98E+07 | 2.57E+07 | 2.49E+07 | 0.272E+08 3.28E+07 2.46E+07 2.49E+07
21.14 degree 2.52E+07 2.99E+07 2.72E+07| 2.74E+07 2.92E+07 2.72E+07| 3.09E+07 2.87E+07 | 2.48E+07 | 2.41E+07 | 0.271E+08 3.14E+07 2.66E+07 2.58E+07
(-50.03, -23.33) | 25.62 degree 2.67E+07 2.68E+07 2.82E+07| 4.28E+07 2.54E+07 2.46E+07| 2.71E+07 2.61E+07 | 2.18E+07 | 2.30E+07 | 0.241E+08 2.54E+07 2.93E+07 2.12E+07
(-48.74,-25.91) | 28.78 degree 2.54E+07 2.44E+07 2.05E+07| 2.59E+07 2.38E+07 2.27E+07 2.60E+07 2.41E+07 | 2.10E+07 | 2.25E+07 | 0.226E+08 2.35E+07 2.34E+07 2.38E+07
(-46.29, -30.06) | 33.89 degree 2.50E+07 2.45E+07 2.49E+07| 2.25E+07 2.33E+07 2.14E+07| 2.52E+07 2.32E+07 | 2.03E+07 | 2.17E+07 | 0.218E+08 2.40E+07 2.19E+07 2.00E+07
(-44.08,-33.22) | 37.44 degree N/A 2.43E+07 2.69E+07| 3.61E+07 2.17E+07 2.18E+07 2.52E+07 2.13E+07 | 2.03E+07 | 2.03E+07 | 0.217E+08 2.14E+07 2.23E+07 2.15E+07
(-42.29, -35.48) | 40.99 degree 2.30E+07 2.41E+07 2.76E+07| 2.40E+07 2.24E+07 2.19E+07| 2.52E+07 2.14E+07 | 2.05E+07 | 1.99E+07 | 0.217E+08 2.07E+07 1.97E+07 2.08E+07
(-39.03, -39.03) 45 degree 2.30E+07 2.49E+07 1.77E+07| 2.26E+07 2.28E+07 2.21E+07 2.52E+07 2.12E+07 | 2.05E+07 | 1.96E+07 [ 0.217E+08 2.47E+07 2.27E+07 2.35E+07
Reflector (-23.31,-23.31) (-16,-16) 6.66E+08 6.48E+08 5.87E+08| 6.87E+08 6.42E+08 6.28E+08| 6.88E+08 6.16E+08 | 6.15E+08 | 6.77E+08 [ 0.619E+09 6.11E+08 6.55E+08 6.14E+08
(-25.83, -25.83) (-18,-18) 4.06E+08 3.98E+08 3.99E+08( 4.77E+08 3.91E+08 3.70E+08(  4.24E+08 3.90E+08 | 3.63E+08 | 3.98E+08 | 0.375E+09 3.81E+08 3.66E+08 3.68E+08
(-28.35, -28.35) (-20,-20) 2.53E+08 2.46E+08 2.18E+08 2.51E+08 2.35E+08 2.12E+08, 2.63E+08 2.32E+08 | 2.18E+08 | 2.33E+08 | 0.228E+09 2.30E+08 2.16E+08 2.16E+08
(-30.87, -30.87) (-22,-22) 1.52E+08 1.52E+08 1.50E+08| 1.51E+08 1.44E+08 1.39E+08} 1.65E+08 1.41E+08 | 1.25E+08 | 1.32E+08 | 0.140E+09 1.43E+08 1.46E+08 1.40E+08
(-33.39, -33.39) (-24,-24) 9.71E+07 9.44E+07 9.38E+07| 8.40E+07 8.80E+07 8.29E+07 1.03E+08 8.44E+07 | 7.55E+07 | 7.60E+07 | 0.851E+08 8.81E+07 8.89E+07 7.67E+07
C/E comparison
27p1 (n,a) Position in cm | Grid Position |Experimental Value | HYU-TORT [ HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA [ KI-MCU | KOPEC-DORT | WTI-MCNP | VTT-TORT| VTT-MT KI-LUCKY KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F
Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland
Central Hole (0.0,0.0) (+2.5,+2.5) N/A
Water Gap (-54.36, -9.59) |10.75 degree N/A
(-52.89, -15.80) | 16.63 degree 3.15E+07 0.94 0.81 0.73 0.91 0.86 1.03 0.95 0.81 0.79 0.86 1.04 0.78 0.79
(-51.53,-19.78) | 21.14 degree 2.52E+07 1.19 1.08 1.09 1.16 1.08 123 114 0.98 0.96 1.08 1.25 1.05 1.02
(-50.03, -23.33) | 25.62 degree 2.67E+07 1.00 1.06 1.60 0.95 0.92 1.01 0.98 0.82 0.86 0.90 0.95 110 0.79
(-48.74,-25.91) | 28.78 degree 2.54E+07 0.96 0.81 1.02 0.94 0.89 1.02 0.95 0.83 0.88 0.89 0.93 0.92 0.94
(-46.29, -30.06) | 33.89 degree 2.50E+07 0.98 1.00 0.90 0.93 0.86 1.01 0.93 0.81 0.87 0.87 0.96 0.88 0.80
(-44.08, -33.22) | 37.44 degree N/A
(-42.29, -35.48) | 40.99 degree 2.30E+07 1.05 1.20 1.05 0.97 0.95 1.10 0.93 0.89 0.87 0.94 0.90 0.86 0.90
(-39.03, -39.03) 45 degree 2.30E+07 1.08 0.77 0.98 0.99 0.96 1.09 0.92 0.89 0.85 0.94 1.08 0.99 1.02
Reflector (-23.31,-23.31) (-16,-16) 6.66E+08 0.97 0.88 1.03 0.96 0.94 1.03 0.93 0.92 1.02 0.93 0.92 0.98 0.92
(-25.83, -25.83) (-18,-18) 4.06E+08 0.98 0.98 117 0.96 0.91 1.04 0.96 0.89 0.98 0.92 0.94 0.90 0.91
(-28.35, -28.35) (-20,-20) 2.53E+08 0.97 0.86 0.99 0.93 0.84 1.04 0.92 0.86 0.92 0.90 0.91 0.85 0.85
(-30.87, -30.87) (-22,-22) 1.52E+08 1.00 0.99 0.99 0.95 0.92 1.09 0.93 0.82 0.87 0.92 0.94 0.96 0.92
(-33.39, -33.39) (-24,-24) 9.71E+07 0.97 0.97 0.86 0.91 0.85 1.06 0.87 0.78 0.78 0.88 0.91 0.92 0.79
Number of positions within +-5% = 9 4 6 5 2 7 2 1 3 0 3 3 2
Number of positions within +-10% = 11 6 7 11 7 11 10 2 4 8 11 8 7
Number of positions within +-20% = 12 10 10 12 12 11 12 11 10 12 11 11 9
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Table 4.12(a). Ratios of equivalent fission fluxes from K CODE calculation
to those from fixed source calculation of VTT in stainless steel zones

[Unit: neutrons/cmzlsec]

M easurement Flux at Flux at Optional
=i (np) “EIn(nm) R “Znnp) FNp(f) TAIM0) cogqy ux

Position ¥ >0.1MeV E>1OMeV  DPA?
Inner Baffle
(-4.41, -0.63) 0.92 0.93 0.93 0.92 0.93 0.93 0.93 0.93
(441, -4.41) 0.91 0.92 0.90 0.91 0.90 0.88 0.91 0.89
Outer Baffle
(-39.69, -0.69) 1.06 1.07 1.10 1.06 1.10 1.04 1.09 1.11
(-39.69, -5.67) 1.06 1.08 1.07 1.05 1.07 1.06 1.07 1.08
(-39.69, -11.97) 1.07 1.08 1.09 1.07 1.09 1.12 1.10 1.08
(-39.69, -18.27) 1.03 1.05 1.10 1.02 1.09 1.09 1.10 1.11
(-37.17, -20.79) 1.05 1.06 1.07 1.05 1.07 1.16 1.06 1.07
(-30.87, -20.79) 1.02 1.02 1.04 1.02 1.04 1.22 1.02 1.06
(-24.57, -20.79) 0.95 0.95 0.95 0.95 0.95 1.01 0.95 0.95
Barrel
(-49.77, -0.63) 1.04 1.07 1.04 1.04 1.04 1.06 1.06 1.03
(-49.77, -9.45) 1.06 1.07 1.07 1.05 1.08 1.11 1.10 1.06
(-47.25, -18.27) 1.06 1.08 1.09 1.06 1.09 0.92 1.08 1.09
(-45.99, -22.05) 1.08 1.08 1.05 1.08 1.05 1.31 1.06 1.04
(-44.73, -24.57) 1.03 1.06 1.04 1.03 1.05 0.97 1.03 1.05
(-42.21, -28.35) 1.01 1.04 1.03 1.01 1.03 1.19 1.04 1.02
(-38.43, -33.39) 0.98 1.00 1.04 0.97 1.03 1.03 1.04 1.07
(-35.91, -35.91) 1.00 0.99 1.03 1.00 1.03 0.96 1.04 1.05
Neutron Pad
(-58.54, -22.47) 1.06 1.08 1.16 1.05 1.16 0.84 1.10 1.16
(-46.60, -41.95) 1.00 1.03 1.25 1.00 1.26 0.89 1.28 1.24

1) (x,y) in [cm,cm] co-ordinates with respect to core center
2) Unit: DPAS/sec
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Table 4.12(b). Ratios of equivalent fission fluxes from KCODE calculation to those from fixed sour ce calculation of VTT in water zones

[Unit: neutrons/cm?/sec]

M easurement Flux at Flux at Optional
SN (np) SIn(n) CRh(nm) “znp) ZNp(f) FA v W

Position ¥ 1o £501Mev E>1.0Mev  DPA 2
Centra Hole
(00.00, 00.00) 0.92 0.92 0.91 0.92 0.91 0.95 0.91 0.92
Water Gap
(-54.36, -9.59) 1.04 1.04 1.14 1.04 1.15 1.07 1.16 1.10
(-52.89, -15.80) 1.03 1.07 1.06 1.03 1.06 0.99 1.06 1.06
(-51.53, -19.78) 1.07 1.07 1.12 1.07 1.12 1.03 1.10 1.13
(-50.03, -23.33) 1.12 1.08 1.06 1.12 1.04 1.38 1.04 1.05
(-48.74, -25.91) 1.05 1.05 1.06 1.05 1.07 0.99 1.06 1.05
(-46.29, -30.06) 1.01 1.01 1.01 1.02 1.03 1.09 1.07 1.03
(-44.08, -33.22) 1.02 1.02 0.94 1.02 0.96 1.04 0.99 0.95
(-42.29, -35.48) 1.03 1.02 1.13 1.03 1.13 0.95 1.06 1.15
(-39.03, -39.03) 1.03 1.01 1.01 1.04 1.00 0.96 1.02 1.02
Reflector
(-23.31, -23.31) 0.96 0.97 0.96 0.96 0.96 1.07 0.95 0.97
(-25.83, -25.83) 0.98 0.98 1.00 0.98 1.00 0.99 1.00 0.98
(-28.35, -28.35) 0.99 0.99 0.98 0.99 0.98 1.00 1.00 0.96
(-30.87, -30.87) 1.01 1.00 0.96 1.00 0.97 1.04 0.99 0.95
(-33.39, -33.39) 1.03 1.01 1.04 1.02 1.04 1.16 1.05 1.03

1) (x,y) in [cm,cm] co-ordinates with respect to core center
2) Unit: DPAS/sec
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Table 4.13(a). Reaction rates: *®Ni(n,p) detector resultsand C/E comparison in stainless steel zones

Calculated results (Reaction Rates)

5N (n.p) Position in cm | Grid Position |& Value Value | HYU-TORT | HYU-MCNP [ HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | WTI-MCNP | VTT-TORT | VTT-MT | KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea Russia Korea Germant Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.51E+09 1.64E-16 1.60E-16 1.52E-16| 1.52E-16 1.69E-16 1.57E-16| 1.65E-16 1.60E-16 1.68E-16 167E-16 | 0.165E-15| 1.48E-16 1.37E-16 149E-16 1.57E-16
(-4.41, -4.41) (1-1) 1.83E+09 1.99E-16 1.93E-16 1.85E-16 1.85E-16 2.00E-16 1.91E-16) 2.01E-16 1.95E-16 1.92E-16 2.20E-16 | 0.196E-15 1.78E-16 1.81E-16 1.99E-16 1.82E-16
Outer Baffle | (-39.69, -0.63) (-29,+2) 5.80E+08 6.29E-17 5.26E-17| 6.31E-17| 6.08E-17 6.17E-17 6.12E-17] 6.41E-17 6.32E-17 5.53E-17 4.98E-17 | 0.571E-16 6.00E-17 5.58E-17 5.27E-17 6.01E-17
(-39.69, -5.67) (-29,-2) 5.52E+08 5.99E-17 5.00E-17| 6.26E-17 6.11E-17 5.98E-17 5.80E-17| 6.09E-17 5.98E-17 5.14E-17 4.72E-17 | 0.542E-16 5.71E-17 5.54E-17 5.25E-17 5.82E-17
(-39.69, -11.97) (-29,-7) 4.47E+08 4.85E-17 4.11E-17| 4.74E-17|  4.75E-17 4.85E-17 4.64E-17] 4.96E-17 4.94E-17 4.10E-17 3.82E-17 | 0.442E-16 4.65E-17 4.64E-17 4.33E-17 4.64E-17
(-39.69, -18.27) | (-29,-12) 2.62E+08 2.84E-17 2.45E-17 2.68E-17| 2.84E-17 2.82E-17 2.70E-17|  2.94E-17 2.90E-17 | 231E-17 | 228E-17 |0.261E-16 2.71E-17 2.66E-17 2.59E-17 2.64E-17
(-37.17, -20.79) (-27,-14) 2.75E+08 2.98E-17 2.70E-17| 3.04E-17 2.91E-17 2.95E-17 2.85E-17| 3.07E-17 2.98E-17 2.56E-17 242E-17 | 0.266E-16 2.80E-17 2.81E-17 2.67E-17 2.79E-17
(-30.87, -20.79) (-22,-14) 5.44E+08 5.90E-17 5.48E-17| 5.80E-17 5.74E-17 6.01E-17 5.68E-17| 6.04E-17 5.87E-17 5.74E-17 5.25E-17 | 0.538E-16 5.55E-17 5.58E-17 5.45E-17 5.79E-17
(-24.57,-20.79) | (-17.-14) 8.69E+08 9.43E-17 9.22E-17 9.37E-17| 9.42E-17 9.73E-17 9.13E-17|  9.89E-17 9.37E-17 | 8.67E-17 | 9.32E-17 | 0.922E-16 8.82E-17 8.84E-17 9.31E-17 8.94E-17
Barrel (-49.77, -0.63) (-37,+2) 7.36E+07 7.99E-18 7.13E-18, 8.43E-18 8.01E-18 8.07E-18 7.91E-18 8.55E-18 8.12E-18 6.80E-18 5.97E-18 | 0.766E-17| 7.98E-18 6.98E-18 6.73E-18 7.75E-18
(-49.77, -9.45) (-37,-5) 6.13E+07 6.65E-18 6.06E-18, 6.81E-18 6.88E-18 6.81E-18 6.81E-18 7.26E-18 6.86E-18 5.56E-18 5.05E-18 | 0.653E-17| 6.92E-18 6.41E-18 6.06E-18 6.32E-18
(-47.25, -18.27) (-35,-12) 6.02E+07 6.53E-18 5.75E-18 6.40E-18| 6.53E-18 6.59E-18 6.38E-18 6.91E-18 6.52E-18 5.46E-18 5.06E-18 [ 0.611E-17| 6.31E-18 6.25E-18 5.90E-18 6.81E-18
(-45.99, -22.05) 5.06E+07 5.49E-18 4.98E-18| 5.70E-18 5.21E-18 5.57E-18 5.49E-18 5.74E-18 5.46E-18 4.92E-18 4.50E-18 | 0.528E-17| 5.20E-18 5.32E-18 4.92E-18 5.82E-18
(-44.73, -24.57) 4.50E+07 4.88E-18 4.36E-18| 4.84E-18 4.84E-18 4.86E-18 4.85E-18 5.24E-18 4.94E-18 4.48E-18 4.14E-18 | 0.477E-17 4.56E-18 4.65E-18 451E-18 5.25E-18
(-42.21, -28.35) 4.16E+07 4.51E-18 4.29E-18| 4.46E-18| 4.82E-18 4.70E-18 4.54E-18 4.91E-18 4.57E-18 4.07E-18 3.73E-18 | 0.453E-17| 4.25E-18 4.22E-18 4.16E-18 4.38E-18
(-38.43, -33.39) 3.67E+07 3.98E-18 3.91E-18| 4,00E-18| 3.97E-18 3.96E-18 3.95E-18 4.39E-18 3.91E-18 3.65E-18 3.18E-18 | 0.397E-17 3.76E-18 3.63E-18 3.71E-18 3.88E-18
(-35.91, -35.91) 3.59E+07 3.90E-18 3.87E-18, 3.99E-18| 4.11E-18 3.97E-18 3.94E-18] 4.41E-18 3.98E-18 3.58E-18 3.15E-18 | 0.385E-17] 3.78E-18 3.73E-18 3.72E-18 3.88E-18
Neutron Pad | (-58.54, -22.47) 5.89E+06 6.39E-19 6.21E-19| 6.43E-19| 6.20E-19 6.70E-19 6.37E-19] 6.92E-19 6.38E-19 5.42E-19 3.79E-19 | 0.650E-18, 6.43E-19 6.29E-19 5.95E-19 4.61E-19
(-46.60, -41.95) | 42 degree N/A N/A 4.56E-19 4.77E-19| 5.34E-19 4.89E-19 476E-19| 5.40E-19 470E-19 | 424E-19 | 271E-19 | 0.478E-18 4.53E-19 4.43E-19 4.42E-19 3.32E-19
C/E comparison
=N (n,p) Position in cm [ Grid Position Value Value | HYU-TORT | HYU-MCNP [ HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU [ KOPEC-DORT [ WTI-MCNP [ VIT-TORT [ VTT-MT | KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea USA Russia Korea Germant Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.51E+09 1.64E-16 0.98 0.93 0.93 1.03 0.96 1.01 0.98 1.02 1.02 101 0.90 0.84 091 0.96
(-4.41, -4.41 1.83E+09 1.99E-16 0.97 0.93 0.93 101 0.96 1.01 0.98 0.97 111 0.99 0.90 0.91 1.00 0.92
Outer Baffle | (-39.69, -0.63) 5.80E+08 6.29E-17 0.84 1.00 0.97 0.98 0.97 1.02 1.00 0.88 0.79 091 0.95 0.89 0.84 0.96
(-39.69, -5.67) 5.52E+08 5.99E-17 0.84 1.05 1.02 1.00 0.97 1.02 1.00 0.86 0.79 0.90 0.95 0.93 0.88 0.97
(-39.69, -11.97) 4.47E+08 4.85E-17 0.85 0.98 0.98 1.00 0.96 1.02 1.02 0.85 0.79 0.91 0.96 0.96 0.89 0.96
(-39.69, -18.27) 2.62E+08 2.84E-17 0.86 0.94 1.00 0.99 0.95 1.03 1.02 0.81 0.80 0.92 0.95 0.94 091 0.93
(-37.17, -20.79) 2.75E+08 2.98E-17 0.90 1.02 0.98 0.99 0.96 1.03 1.00 0.86 0.81 0.89 0.94 0.94 0.89 0.93
(-30.87, -20.79) 5.44E+08 5.90E-17 0.93 0.98 0.97 1.02 0.96 1.02 0.99 0.97 0.89 0.91 0.94 0.95 0.92 0.98
(-24.57, -20.79) 8.69E+08 9.43E-17 0.98 0.99 1.00 1.03 0.97 1.05 0.99 0.92 0.99 0.98 0.93 0.94 0.99 0.95
Barrel (-49.77, (-37,+2) 7.36E+07 7.99E-18 0.89 1.06 1.00 101 0.99 1.07 1.02 0.85 0.75 0.96 1.00 0.87 0.84 0.97
(-49.77, (-37.-5) 6.13E+07 6.65E-18 0.91 1.02 1.04 1.02 1.02 1.09 1.03 0.84 0.76 0.98 1.04 0.96 0.91 0.95
(-47.25, (-35,-12) 6.02E+07 6.53E-18 0.88 0.98 1.00 1.01 0.98 1.06 1.00 0.84 0.77 0.94 0.97 0.96 0.90 1.04
(-45.99, -22.05) (-34,-15) 5.06E+07 5.49E-18 091 1.04 0.95 101 1.00 1.04 0.99 0.90 0.82 0.96 0.95 0.97 0.90 1.06
(-44.73, -24.57) (-33,-17) 4.50E+07 4.88E-18 0.89 0.99 0.99 1.00 0.99 1.07 1.01 0.92 0.85 0.98 0.93 0.95 0.92 1.08
(-42.21, -28.35) (-31,-20) 4.16E+07 451E-18 0.95 0.99 1.07 1.04 1.00 1.09 1.01 0.90 0.83 1.00 0.94 0.93 0.92 0.97
(-38.43, -33.39) (-28,-24) 3.67E+07 3.98E-18 0.98 1.00 1.00 1.00 0.99 110 0.98 0.92 0.80 1.00 0.94 0.91 0.93 0.97
(-35.91, -35.91) (-26,-26; 3.59E+07 3.90E-18 0.99 1.02 1.05 1.02 1.01 1.13 1.02 0.92 0.81 0.99 0.97 0.96 0.96 1.00
Neutron Pad | (-58.54, -22.47) | 21 degree 5.89E+06 6.39E-19 0.97 1.01 0.97 1.05 1.00 1.08 1.00 0.85 0.59 1.02 1.01 0.98 0.93 0.72
(-46.60, -41.95) 42 degree N/A N/A
Number of positions within +-5% = 7 14 13 18 17 10 18 3 2 11 9 7 3 10
Number of positions within +-10% = 1 18 18 18 18 16 18 8 2 17 17 15 12 17
Number of positions within +-20% = 18 18 18 18 18 18 18 18 10 18 18 18 18 17
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Calculated results (Reaction Rates)

Table 4.13(b). Reaction rates. ®®Ni(n,p) detector resultsand C/E comparison in water zones

8Ni (n.p) Position incm | Grid Position Value Value [ HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT [ WTI-MCNP | VIT-TORT | VTT-MT KI—LUCKYl KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea Russia_| Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0) (+2.5,+2.5) 1.19E-16| 2.94E-17] 3.04E-17 1.21E-16 7.16E-18| 1.24E-16 1.19E-16 1.19E-16 1.13E-16 | 0.125E-15 1.11E-16 1.12E-16 1.22E-16 2.77E-17
Water Gap (-54.36, -9.59) [10.75 degree 2.09E+07 2.26765E-18 2.28E-18 2.44E-18 2.61E-18 251E-18 2.46E-18| 2.63E-18 2.44E-18 217E-18 2.18E-18 | 0.242E-17 2.26E-18 2.28E-18 2.19E-18 2.32E-18
16.63 degree 2.06E+07 2.2351E-18 2.24E-18 2.35E-18 2.48E-18 2.42E-18 2.34E-18 2.57E-18 2.44E-18 2.16E-18 2.09E-18 | 0.234E-17 2.70E-18 2.23E-18 2.16E-18 2.31E-18
21.14 degree 1.96E+07 2.1266E-18 2.18E-18, 2.36E-18| 2.34E-18 2.38E-18 2.25E-18, 2.47E-18 2.32E-18 2.09E-18 2.33E-18 | 0.227E-17 254E-18 2.23E-18 2.08E-18 2.29E-18
25.62 degree 1.77E+07 1.92045E-18 2.01E-18, 222E-18 2.24E-18 2.16E-18 2.11E-18, 2.20E-18 211E-18 1.88E-18 2.64E-18 | 0.207E-17 2,08E-18 2.16E-18 1.93E-18 2.10E-18
28.78 degree 1.62E+07 1.7577E-18 1.82E-18| 191E-18| 2.00E-18 2.01E-18 1.95E-18| 2.08E-18 1.95E-18 1.79E-18 195E-18 | 0.194E-17 1.93E-18 1.89E-18 181E-18 2.15E-18
33.89 degree 1.48E+07 1.6058E-18 1.71E-18| 1.91E-18| 1.78E-18 1.85E-18 1.78E-18| 191E-18 1.76E-18 1.63E-18 203E-18 | 0.175E-17 1.86E-18 1.68E-18 1.66E-18 2.00E-18
37.44 degree 1.39E+07 1.50815E-18 1.60E-18| 1.61E-18| 1.97E-18 1.66E-18 1.67E-18| 1.83E-18 167E-18 1.56E-18 1.60E-18 | 0.169E-17 1.63E-18 1.60E-18 157E-18 1.89E-18
40.99 degree 1.32E+07 1.4322E-18 1.52E-18| 1.71E-18| 1.73E-18 1.65E-18 1.61E-18| 1.78E-18 157E-18 151E-18 1.56E-18 | 0.163E-17 1.46E-18 1.54E-18 1.49E-18 1.32E-18
45 degree 1.31E+07 1.42135E-18 1.53E-18| 152E-18| 1.55E-18 1.62E-18 1.59E-18| 1.75E-18 1.56E-18 1.49E-18 155E-18 | 0.159E-17 1.75E-18 1.50E-18 1.45E-18 1.49E-18
Reflector 6.32E+08 6.8572E-17 6.75E-17| 6.75E-17| 6.63E-17 7.10E-17 6.79E-17| 7.28E-17 6.88E-17 6.82E-17 6.74E-17 | 0.685E-16 6.53E-17 6.53E-17 6.78E-17 6.81E-17
3.41E+08 3.69985E-17 3.64E-17| 3.70E-17| 3.71E-17 3.82E-17 3.71E-17| 4.02E-17 3.73E-17 3.60E-17 3.76E-17 | 0.375E-16 3.61E-17 3.56E-17 3.62E-17 3.70E-17
1.88E+08 2.0398E-17 2.01E-17| 2.03E-17| 1.98E-17 2.11E-17 2.06E-17| 2.27E-17 2.08E-17 1.99E-17 1.98E-17 | 0.209E-16 2.00E-17 1.95E-17 1.98E-17 2.04E-17
1.05E+08 1.13925E-17 1.12E-17| 1.17€E-17| 1.18E-17 1.19€-17 1.16E-17| 1.31E-17 1.15E-17 1.04E-17 101E-17 | 0.119E-16 1.14€-17 1.13E-17 1.12E-17 1.24E-17
(-24,-24) 5.91E+07 6.41235E-18 6.57E-18) 7.05E-18] 6.84E-18 6.94E-18 6.76E-18) 7.76E-18 6.82E-18 6.00E-18 5.32E-18 | 0.690E-17 6.70E-18 6.56E-18 6.38E-18 6.39E-18
C/E comparison
®Ni (n,p) Position in cm | Grid Position Value Value [ HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU [ KOPEC-DORT | WTI-MCNP | VTT-TORT [ VTT-MT | KI-LUCKY| KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0) (+2.5,+2.5) N/A
Water Gap (-54.36, -9.59) [10.75 degree 2.09E+07 2.26765E-18 1.01 107 115 111 1.08 116 1.08 0.96 0.96 1.07 1.00 101 0.97 1.02
(-52.89,-15.80) | 16.63 degree 2.06E+07 2.2351E-18 1.00 1.05 111 1.08 1.05 115 1.09 0.97 0.93 1.05 121 1.00 0.96 1.04
(-51.53,-19.78) | 21.14 degree 1.96E+07 2.1266E-18 1.03 111 110 112 1.06 116 1.09 0.98 110 1.07 119 1.05 0.98 1.08
(-50.03,-23.33) | 25.62 degree 1.77E+07 1.92045E-18 1.04 115 117 113 110 115 110 0.98 138 1.08 1.08 113 1.01 1.09
28.78 degree 1.62E+07 1.7577E-18 1.04 1.09 114 114 111 118 111 1.02 111 110 110 1.08 1.03 1.23
. 33.89 degree 1.48E+07 1.6058E-18 1.06 119 111 115 111 119 1.09 1.02 1.26 1.09 116 1.05 1.03 1.24
(-44.08,-33.22) | 37.44 degree 1.39E+07 1.50815E-18 1.06 107 131 1.10 111 121 111 1.03 1.06 112 1.08 1.06 1.04 1.25
(-42.29,-35.48) | 40.99 degree 1.32E+07 1.4322E-18 1.06 119 121 115 113 124 1.09 1.06 1.09 114 1.02 1.08 1.04 0.92
(-39.03, -39.03) 45 degree 1.31E+07 1.42135E-18 1.07 1.07 1.09 114 112 123 110 1.05 1.09 112 123 1.05 1.02 1.05
Reflector (-23.31,-2331) (-16,-16) 6.32E+08 6.8572E-17 0.98 0.98 0.97 1.04 0.99 1.06 1.00 0.99 0.98 1.00 0.95 0.95 0.99 0.99
3.41E+08 3.69985E-17 0.98 1.00 1.00 1.03 1.00 1.09 1.01 0.97 1.02 1.01 0.98 0.96 0.98 1.00
(-28.35, -28.35) 1.88E+08 2.0398E-17 0.99 1.00 0.97 1.03 1.01 111 1.02 0.97 0.97 1.02 0.98 0.96 0.97 1.00
(-30.87,-30.87) 8 1.05E+08 1.13925E-17 0.98 103 1.03 1.04 1.02 115 1.01 0.91 0.88 1.04 1.00 0.99 0.98 1.09
(-33.39, -33.39) (-24,-24) 5.91E+07 6.41235E-18 1.02 110 1.07 1.08 1.05 121 1.06 0.94 0.83 1.08 1.04 1.02 0.99 1.00
Number of positions within +-5% = 10 4 4 4 5 0 4 11 4 5 7 9 14 7
Number of positions within +-10% = 14 10 7 6 9 2 12 14 9 10 10 13 14 11
Number of positions within +-20% = 14 14 12 14 14 10 14 14 12 14 12 14 14 11
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Table 4.14(a). Reaction rat

Calculated results (Reaction Rates)

In(n,n’) detector results and C/E comparison in stainless steel zones

in (n,n’) Position in cm | Grid Position Value Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | WTI-MCNP | VIT-TORT| VTT-MT | KI-LUCKY | KAERI-DANTSYS | VIT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.94E+09 3.69E-16 3.49E-16| 3.41E-16| 3.38E-16 3.68E-16 3.44E-16| 3.64E-16 3.58E-16 3.71E-16 3.60E-16 | 0.361E-15 3.30E-16 3.02E-16 3.25E-16 3.43E-16
(-4.41, -4.41) (Eilzl) 2.36E+09 4.49E-16 4.17E-16| 4.11E-16 4.13E-16 4.35E-16 4.13E-16| 4.38E-16 4.29E-16 4.24E-16 4.57E-16 | 0.427E-15 3.94E-16 3.97E-16 4.33E-16 4.07E-16
Outer Baffle | (-39.69, -0.63) (-29,+2) 7.14E+08 1.36E-16 1.13E-16 1.33E-16| 1.29E-16 1.30E-16 1.30E-16 1.36E-16 1.36E-16 1.19E-16 106E-16 | 0.122E-15 1.29€-16 1.19E-16 111E-16 1.30E-16
(-39.69, -5.67) N/A N/A 1.07E-16| 1.28E-16| 1.29E-16 1.25E-16 1.23E-16| 1.29E-16 1.28E-16 1.11E-16 1.00E-16 | 0.116E-15 1.23E-16 1.21E-16 112E-16 1.24E-16
(-39.69, -11.97) 5.48E+08 1.04E-16 8.80E-17| 1.01E-16| 1.03E-16 1.02E-16 9.99E-17 1.05E-16 1.06E-16 8.88E-17 8.13E-17 | 0.946E-16 1.00E-16 9.91E-17 9.17E-17 1.00E-16
(-39.69, -18.27) 3.33E+08 6.34E-17 5.35E-17| 6.00E-17| 6.11E-17 6.07E-17 5.96E-17| 6.38E-17 6.33E-17 5.08E-17 4.94E-17 | 0.568E-16 5.97E-17 5.84E-17 5.57E-17 5.98E-17
(-37.17, -20.79) 3.53E+08 6.72E-17 5.88E-17| 6.47E-17, 6.32E-17 6.36E-17 6.18E-17| 6.66E-17 6.54E-17 5.64E-17 5.25E-17 | 0.581E-16 6.18E-17 6.16E-17 5.82E-17 6.22E-17
(-30.87, -20.79) N/A N/A 1.18E-16| 1.25E-16| 1.23E-16 1.27E-16 1.22E-16| 1.30E-16 1.28E-16 1.25E-16 112E-16 | 0.116E-15 121E-16 1.20E-16 1.18E-16 1.23E-16
(-24.57, -20.79) 1.12E+09 2.13E-16 2.02E-16 2.03E-16| 2.03E-16 2.10E-16 2.00E-16 2.16E-16 2.08E-16 1.92E-16 201E-16 | 0.201E-15 1.96E-16 1.94E-16 2.03E-16 1.97E-16
Barrel (-49.77, -0.63) (-37,+2) 8.97E+07 1.71E-17 1.44E-17| 1.68E-17| 1.65E-17 1.64E-17 1.63E-17| 1.73E-17 1.69E-17 1.41E-17 117E-17 | 0.159E-16 1.68E-17 1.45E-17 1.35€E-17 1.59E-17
(-49.77, -9.45) (-37,-5) 7.90E+07 1.50E-17 1.27E-17| 1.46E-17| 1.47€-17 1.45E-17 1.44E-17| 1.53E-17 1.48E-17 1.20E-17 103E-17 | 0.139E-16 1.47E-17 1.38E-17 1.28E-17 1.41E-17
(-47.25, -18.27) (-35,-12) 7.91E+07 1.51E-17 1.26E-17| 1.42E-17| 1.44E-17 1.45E-17 1.43E-17, 151E-17 1.46E-17 1.22E-17 108E-17 | 0.135E-16 1.41E-17 1.39E-17 129E-17 1.44E-17
(-45.99, -22.05) (-34,-15) 6.90E+07 1.31E-17 1.13E-17| 1.25€E-17| 1.22E-17 1.26E-17 1.23E-17| 1.30E-17 1.26E-17 1.13E-17 9.76E-18 | 0.120E-16 1.19E-17 1.20E-17 111E-17 1.26E-17
(-44.73, -24.57) (-33,-17) 6.05E+07 1.15E-17 1.00E-17| 1.10E-17| 1.14€-17 1.12E-17 1.10E-17| 1.18E-17 1.15E-17 1.03E-17 8.94E-18 | 0.109E-16 1.05E-17 1.07E-17 101E-17 1.13E-17
(-42.21, -28.35) (-31,-20) 5.37E+07 1.02E-17 9.14E-18, 9.82E-18, 9.99E-18 1.01E-17 9.70E-18, 1.05E-17 9.99E-18 8.87E-18 7.63E-18 | 0.968E-17 9.33E-18 9.30E-18 8.97E-18 9.48E-18
(-38.43, -33.39) 4.36E+07 8.30E-18 7.69E-18, 8.09E-18, 7.78E-18 8.07E-18 7.94E-18 8.79E-18 8.10E-18 7.40E-18 6.05E-18 | 0.800E-17 7.79E-18 7.48E-18 7.45E-18 7.69E-18
(-35.91, -35.91 4.38E+07 8.34E-18 7.53E-18 7.91E-18| 8.07E-18 7.98E-18 7.82E-18 8.72E-18 8.03E-18 7.20E-18 5.90E-18 | 0.770E-17 7.67E-18 7.40E-18 7.44E-18 7.61E-18
Neutron Pad | (-58.54, -22.47) [ 21 degree 8.19E+06 1.56E-18 1.33E-18, 1.42E-18| 1.46E-18 1.46E-18 1.36E-18, 1.54E-18 1.45E-18 1.20E-18 7.66E-19 | 0.140E-17 1.39E-18 1.38E-18 127E-18 1.30E-18
(-46.60, -41.95) 42 degree 5.90E+06 1.12E-18 9.43E-19 9.35E-19 1.04E-18 1.03E-18 9.74E-19 1.14E-18 1.03E-18 9.00E-19 5.19E-19 | 0.984E-18 9.53E-19 9.40E-19 9.11E-19 7.31E-19
C/E comparison
Bin (n,n’) Position in cm | Grid Position Value Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU [ KOPEC-DORT | WTI-MCNP | vTT-TORT| VTT-MT | KI-LUCKY | KAERI-DANTSYS | VIT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.94E+09 3.69E-16 0.95 0.92 0.91 1.00 0.93 0.98 0.97 101 0.97 0.98 0.89 0.82 0.88 0.93
(-4.41, -4.41) (c1=1) 2.36E+09 4.49E-16 0.93 0.92 0.92 0.97 0.92 0.97 0.96 0.94 1.02 0.95 0.88 0.88 0.96 0.91
Outer Baffle | (-39.69, -0.63) 7.14E+08 1.36E-16 0.83 0.98 0.95 0.96 0.96 1.00 1.00 0.88 0.78 0.90 0.95 0.88 0.82 0.95
(-39.69, -5.67) N/A N/A
(-39.69, -11.97) 5.48E+08 1.04E-16 0.84 0.97 0.98 0.98 0.96 1.01 1.01 0.85 0.78 0.91 0.96 0.95 0.88 0.96
(-39.69, -18.27) 3.33E+08 6.34E-17 0.85 0.95 0.96 0.96 0.94 1.01 1.00 0.80 0.78 0.90 0.94 0.92 0.88 0.94
(-37.17, -20.79) 3.53E+08 6.72E-17 0.88 0.96 0.94 0.95 0.92 0.99 0.97 0.84 0.78 0.86 0.92 0.92 0.87 0.93
(-30.87, -20.79) N/A N/A
(-24.57, -20.79) 1.12E+09 2.13E-16 0.95 0.95 0.95 0.99 0.94 1.01 0.98 0.90 0.94 0.94 0.92 0.91 0.95 0.93
Barrel (-49.77, -0.63) 8.97E+07 1.71E-17 0.85 0.98 0.97 0.96 0.95 1.02 0.99 0.82 0.69 0.93 0.99 0.85 0.79 0.93
(-49.77, -9.45) 7.90E+07 1.50E-17 0.84 0.97 0.98 0.96 0.96 1.02 0.99 0.80 0.68 0.92 0.98 0.92 0.85 0.94
(-47.25, -18.27) 7.91E+07 1.51E-17 0.84 0.95 0.95 0.96 0.95 1.00 0.97 0.81 0.72 0.90 0.94 0.92 0.86 0.96
(-45.99, -22.05) 6.90E+07 1.31E-17 0.86 0.95 0.93 0.96 0.93 0.99 0.96 0.86 0.74 0.91 0.91 0.92 0.84 0.96
(-44.73, -24.57) 6.05E+07 1.15E-17 0.87 0.96 0.99 0.97 0.96 1.03 1.00 0.89 0.78 0.95 0.91 0.93 0.88 0.99
(-42.21, -28.35) 5.37E+07 1.02E-17 0.89 0.96 0.98 0.98 0.95 1.03 0.98 0.87 0.75 0.95 0.91 0.91 0.88 0.93
(-38.43, -33.39) (-28,-24) 4.36E+07 8.30E-18 0.93 0.97 0.94 0.97 0.96 1.06 0.98 0.89 0.73 0.96 0.94 0.90 0.90 0.93
(-35.91, -35.91) (-26,-26) 4.38E+07 8.34E-18 0.90 0.95 0.97 0.96 0.94 1.05 0.96 0.86 0.71 0.92 0.92 0.89 0.89 0.91
Neutron Pad | (-58.54, -22.47) [ 21 degree 8.19E+06 1.56E-18 0.85 0.91 0.94 0.93 0.87 0.98 0.93 0.77 0.49 0.90 0.89 0.88 0.81 0.84
(-46.60, -41.95) 42 degree 5.90E+06 1.12E-18 0.84 0.83 0.92 0.92 0.87 1.02 0.92 0.80 0.46 0.88 0.85 0.84 0.81 0.65
Number of positions within +-5% = 0 10 10 14 6 16 15 1 2 3 3 0 2 5
Number of positions within +-10% = 5 16 17 17 15 17 17 3 3 11 13 10 2 15
Number of positions within +-20% = 17 17 17 17 17 17 17 15 3 17 17 17 16 16



Table 4.14(b). Reaction rates: *®In(n,n’) detector results and C/E comparison in water zones

Calculated results (Reaction Rates)

90 (n.n") Position in cm | Grid Position Value Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | WTI-MCNP | VTT-TORT| VTT-MT [KI-LUCKY| KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0) (+2.5,+2.5) N/A N/A 2.32E-16 5.66E-17| 5.77E-17 2.33E-16 1.39E-17] 2.43E-16 2.35E-16 2.34E-16 2.20E-16 | 0.242E-15 2.18E-16 2.21E-16 2.41E-16 5.46E-17
\Water Gap (-54.36, -9.59) | 10.75 degree N/A N/A 4.29E-18 4.67E-18 4.69E-18 4.78E-18 4.68E-18| 4.98E-18 4.74E-18 4.20E-18 4.19E-18 | 0.459E-17 4.30E-18 4.34E-18 4.16E-18 4.68E-18
(-52.89, -15.80) |16.63 degree 2.59E+07 4.93E-18 4.39E-18 4.65E-18| 4.77E-18 4.77E-18 4.63E-18| 4.98E-18 4.83E-18 4.26E-18 4.08E-18 | 0.453E-17 5.44E-18 4.50E-18 4.22E-18 4.76E-18
(-51.53,-19.78) | 21.14 degree 2.53E+07 4.81E-18 4.26E-18 4.55E-18| 4.75E-18 4.66E-18 4.52E-18| 4.83E-18 4.64E-18 4.18E-18 4.72E-18 | 0.438E-17 5.15E-18 4.41E-18 4.12E-18 4.34E-18
(-50.03, -23.33) | 25.62 degree 2.30E+07 4.38E-18 4.02E-18 4.30E-18| 4.24E-18 4.40E-18 4.23E-18| 4.41E-18 4.31E-18 3.85E-18 5.43E-18 | 0.410E-17 4.28E-18 4.19E-18 3.88E-18 4.15E-18
(-48.74,-25.91) |28.78 degree 2.13E+07 4.05E-18 3.63E-18 3.79E-18| 3.88E-18 4.03E-18 3.90E-18| 4.11E-18 3.99E-18 3.64E-18 3.94E-18 | 0.385E-17 3.97E-18 3.80E-18 3.63E-18 4.22E-18
(-46.29, -30.06) |33.89 degree 1.87E+07 3.56E-18 3.30E-18 3.59E-18 3.49E-18 3.61E-18 3.44E-18 3.66E-18 3.50E-18 3.19E-18 3.96E-18 | 0.333E-17 3.74E-18 3.28E-18 3.24E-18 3.41E-18
(-44.08, -33.22) | 37.44 degree N/A N/A 3.00E-18 3.04E-18| 3.30E-18 3.15E-18 3.11E-18, 3.41E-18 3.20E-18 2.97E-18 3.02E-18 | 0.315E-17 3.23E-18 3.00E-18 2.94E-18 3.14E-18
(-42.29,-35.48) | 40.99 degree N/A N/A 2.74E-18 3.01E-18 3.10E-18 3.07E-18 2.96E-18| 3.23E-18 2.98E-18 2.80E-18 2.87E-18 | 0.297E-17 2.73E-18 2.85E-18 2.78E-18 2.66E-18
(-39.03, -39.03 45 degree 1.57E+07 2.99E-18 2.69E-18] 2.77E-18| 2.80E-18 2.93E-18 2.86E-18| 3.16E-18 2.86E-18 2.72E-18 2.78E-18 | 0.284E-17 3.31E-18 2.72E-18 2.68E-18 2.54E-18
Reflector (-23.31,-2331) (-16,-16) 7.91E+08 1.51E-16 1.37E-16] 1.38E-16 1.35E-16 1.45E-16 1.36E-16 1.47E-16 141E-16 1.40E-16 143E-16 | 0.137E-15 1.34E-16 1.34E-16 1.38E-16 1.37E-16
(-25.83, -25.83) (-18,-18) 4.00E+08 7.61E-17 6.84E-17| 6.96E-17 6.92E-17 7.17E-17 6.89E-17| 7.51E-17 7.06E-17 6.84E-17 7.56E-17 | 0.700E-16 6.87E-17 6.75E-17 6.87E-17 6.85E-17
(-28.35, -28.35) (-20,-20) 2.07E+08 3.94E-17 3.55E-17] 3.66E-17| 3.54E-17 3.76E-17 3.65E-17| 4.01E-17 3.73E-17 3.58E-17 3.68E-17 | 0.370E-16 3.63E-17 3.53E-17 3.56E-17 3.61E-17
(-30.87, -30.87) (-22,-22) 1.11E+08 2.11E-17 1.88E-17] 1.99E-17| 1.99E-17 2.03E-17 1.96E-17| 2.21E-17 1.99E-17 1.78E-17 171E-17 | 0.202E-16 1.99E-17 1.93E-17 1.93E-17 2.12E-17
(-33.39, -33.39) (-24,-24) 6.66E+07 1.27E-17 1.11E-17] 120E-17| 1.17E-17 1.20E-17 1.16E-17, 1.32E-17 1.18E-17 1.05E-17 8.73E-18 | 0.118E-16 117E-17 1.13E-17 112E-17 1.13E-17
C/E comparison
90 (n,n’) Position in cm | Grid Position Value Value | HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | WTI-MCNP | VTT-TORT| VTT-MT [KI-LUCKY| KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (00.00) | (+25+25) N/A
Water Gap (-54.36, -9.59) | 10.75 degree N/A N/A
(-52.89, -15.80) | 16.63 degree 2.59E+07 4.93E-18 0.89 0.94 0.97 0.97 0.94 1.01 0.98 0.86 0.83 0.92 1.10 0.91 0.86 0.97
(-51.53,-19.78) |21.14 degree 2.53E+07 4.81E-18 0.88 0.95 0.99 0.97 0.94 1.00 0.96 0.87 0.98 0.91 1.07 0.92 0.86 0.90
(-50.03, -23.33) | 25.62 degree 2.30E+07 4.38E-18 0.92 0.98 0.97 1.00 0.97 1.01 0.99 0.88 124 0.94 0.98 0.96 0.89 0.95
(-48.74,-25.91) |28.78 degree 2.13E+07 4.05E-18 0.90 0.93 0.96 0.99 0.96 1.02 0.99 0.90 0.97 0.95 0.98 0.94 0.90 1.04
(-46.29, -30.06) | 33.89 degree 1.87E+07 3.56E-18 0.93 1.01 0.98 1.02 0.97 1.03 0.98 0.90 111 0.94 1.05 0.92 0.91 0.96
(-44.08, -33.22) | 37.44 degree N/A N/A
(-42.29,-35.48) | 40.99 degree N/A N/A
(-39.03, -39.03 45 degree 157E+07 2.99E-18 0.90 0.93 0.94 0.98 0.96 1.06 0.96 0.91 0.93 0.95 111 0.91 0.90 0.85
Reflector (-23.31,-23.31) (-16,-16) 7.91E+08 1.51E-16 0.91 0.92 0.89 0.96 0.91 0.98 0.94 0.93 0.95 0.91 0.89 0.89 0.92 0.91
(-25.83,-25.83) (-18,-18) 4.00E+08 7.61E-17 0.90 0.91 091 0.94 0.91 0.99 0.93 0.90 0.99 0.92 0.90 0.89 0.90 0.90
(-28.35, -28.35) 2.07E+08 3.94E-17 0.90 0.93 0.90 0.96 0.93 1.02 0.95 0.91 0.94 0.94 0.92 0.90 0.90 0.92
(-30.87, -30.87) 1.11E+08 2.11E-17 0.89 0.94 0.94 0.96 0.93 1.05 0.94 0.84 0.81 0.96 0.94 0.91 0.91 1.00
(-33.39, -33.39) (-24,-24) 6.66E+07 1.27E-17 0.87 0.94 0.92 0.95 0.91 1.04 0.93 0.83 0.69 0.93 0.92 0.89 0.88 0.89
Number of positions within +-5% = 0 2 5 9 4 10 6 0 4 2 2 1 0 4
Number of positions within +-10% = 4 11 9 11 11 11 11 3 6 11 8 7 5 9
Number of positions within +-20% = 11 11 11 11 11 11 11 11 9 11 11 11 11 1
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Table 4.15(a). Reaction rates: ’Al(n,a) detector resultsand C/E comparison in stainless steel zones

Calculated results (Reaction Rates)

Al (n,a) Position in cm | Grid Position Value Value HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | WTI-MCNP[ VTT-TORT| VTT-MT | KI-LUCKY] KAERI-DANTSYS VTT-MCNP-K VTT-MCNP-F SCK-MCNPX
Equiv. Fiss. Flux Reaction Rates Korea | Korea Korea Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) 1.43E+09 1.01E-18 1.12E-18 7.77€E-19] 7.99E-19 1.08E-18 1.04E-18 1.11E-18 9.86E-19 1.05E-18 1.09E-18 | 0.105E-17| 9.28E-19 8.59E-19 9.27E-19 1.08E-18
(-4.41, -4.41) 1.70E+09 1.20E-18 1.32E-18, 9.73E-19 1.14E-18 1.26E-18 1.29E-18] 1.34E-18 1.19E-18 1.19E-18 145E-18 | 0.123E-17] 1.10E-18 1.06E-18 1.21E-18 1.10E-18
Outer Baffle | (-39.69, -0.63) 5.92E+08 4.18E-19 3.67E-19| 3.42E-19| 4.60E-19 4.02E-19 3.94E-19] 4.42E-19 4.17E-19 3.50E-19 3.25E-19 | 0.366E-18| 3.87E-19 3.57E-19 3.44E-19 3.87E-19
(-39.69, -5.67) N/A N/A 3.48E-19| 4.84E-19 3.20E-19 3.93E-19 3.82E-19] 4.19E-19 3.99E-19 3.25E-19 3.09E-19 | 0.348E-18| 3.67E-19 3.63E-19 3.41E-19 3.92E-19
(-39.69, -11.97) 4.52E+08 3.19E-19 2.89E-19 3.05E-19  2.15E-19 3.20E-19 2.88E-19 3.43E-19 3.24E-19 2.60E-19 251E-19 | 0.285E-18| 3.01E-19 3.10E-19 2.76E-19 3.22E-19
(-39.69, -18.27) 2.69E+08 1.90E-19 1.75E-19| 1.60E-19 1.86E-19 1.87E-19 1.90E-19 2.06E-19 1.94E-19 1.50E-19 1.52E-19 | 0.171E-18| 1.77E-19 1.88E-19 1.73E-19 1.96E-19
(-37.17,-20.79) 2.76E+08 1.95E-19 1.94E-19| 3.50E-19 1.87E-19 1.96E-19 2.06E-19 2.17E-19 201E-19 1.66E-19 1.62E-19 | 0.174E-18| 1.84E-19 2.10E-19 1.82E-19 1.71E-19
(-30.87, -20.79) N/A N/A 3.82E-19| 4.21E-19  4.49E-19 3.92E-19 3.64E-19] 4.14E-19 3.78E-19 3.61E-19 3.44E-19 | 0.345E-18| 3.55E-19 4.01E-19 3.29E-19 3.58E-19
(-24.57, -20.79) 8.30E+08 5.86E-19 6.24E-19| 7.22E-19 6.12E-19 6.14E-19 5.95E-19 6.56E-19 6.10E-19 5.35E-19 5.97E-19 | 0.578E-18 5.44E-19 5.59E-19 5.51E-19 4.91E-19
Barrel (-49.77, -0.63) 9.62E+07 6.79E-20 6.55E-20 7.86E-20[  6.22E-20 6.51E-20 6.38E-20] 7.38E-20 6.51E-20 5.34E-20 4.99E-20 | 0.600E-19| 6.30E-20 5.82E-20 5.46E-20 6.20E-20
(-49.77, -9.45) 8.50E+07 6.00E-20 5.52E-20 4.71E-20] 4.76E-20 5.35E-20 5.32E-20 6.12E-20 5.63E-20 4.25E-20 4.13E-20 | 0.505E-19| 5.51E-20 4.71E-20 4.26E-20 4.19E-20
(-47.25, -18.27) 7.33E+07 5.17E-20 4.93E-20| 4.35E-20 5.45E-20 4.97E-20 4.93E-20] 5.63E-20 4.66E-20 4.04E-20 3.98E-20 | 0.454E-19 4.76E-20 4.15E-20 4.51E-20 4.19E-20
(-45.99, -22.05) 6.01E+07 4.24E-20 4.25E-20 4.33E-20] 3.47E-20 4.16E-20 4.16E-20] 4.60E-20 4.14E-20 3.57E-20 3.56E-20 | 0.389E-19 3.94E-20 4.57E-20 3.48E-20 5.21E-20
(-44.73, -24.57) 5.48E+07 3.87E-20 3.68E-20 3.66E-20[  2.92E-20 3.58E-20 3.81E-20| 4.26E-20 3.92E-20 3.28E-20 3.33E-20 | 0.348E-19| 3.40E-20 3.49E-20 3.62E-20 2.89E-20
(-42.21, -28.35) 5.71E+07 4.03E-20 4.13E-20| 3.76E-20 4.41E-20 3.88E-20 3.59E-20] 4.30E-20 3.79E-20 3.24E-20 3.21E-20 | 0.368E-19 3.48E-20 3.75E-20 3.14E-20 3.28E-20
(-38.43, -33.39) 5.19E+07 3.66E-20 4.13E-20| 3.81E-20 3.12E-20 3.54E-20 3.55E-20] 4.23E-20 3.40E-20 3.23E-20 2.98E-20 | 0.350E-19 3.34E-20 3.16E-20 3.06E-20 4.61E-20
(-35.91, -35.91) 5.12E+07 3.61E-20 4.14E-20| 3.76E-20] 3.80E-20 3.59E-20 3.82E-20] 4.30E-20 3.68E-20 3.20E-20 3.00E-20 | 0.342E-19 3.44E-20 3.07E-20 3.19E-20 3.75E-20
Neutron Pad | (-58.54, -22.47) 1.05E+07 7.41E-21 7.33E-21 5.25E-21] 4.85E-21 6.63E-21 5.87E-21 7.06E-21 6.03E-21 5.09E-21 4.11E-21 | 0.625E-20 6.51E-21 5.32E-21 6.34E-21 N/A
(-46.60, -41.95) | 42 degree 8.39E+06 5.92E-21 5.96E-21] 4.95E-21] 6.23E-21 5.19E-21 4.88E-21] 6.10E-21 4.89E-21 4.41E-21 3.30E-21 | 0.501E-20| 4.79E-21 4.64E-21 5.19E-21 N/A
C/E comparison
27Al (n,a) Position in cm | Grid Position Value Value HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA [ KI-MCU | KOPEC-DORT | WTI-MCNP| VTT-TORT| VTT-MT | KI-LUCKY| KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.43E+09 1.01E-18 111 0.77 0.79 1.07 1.03 1.10 0.98 1.04 1.08 1.04 0.92 0.85 0.92 1.06
(-4.41, -4.41) (1-1) 1.70E+09 1.20E-18 110 0.81 0.95 1.05 107 112 0.99 0.99 121 1.02 0.91 0.89 1.01 0.92
Outer Baffle | (-39.69, -0.63) (-29,+2) 5.92E+08 4.18E-19 0.88 0.82 110 0.96 0.94 1.06 1.00 0.84 0.78 0.88 0.93 0.85 0.82 0.93
(-39.69, 5.67) | (-29,-2) N/A N/A
(-39.69, -11.97) (-29,-7) 4.52E+08 3.19E-19 0.90 0.95 0.67 1.00 0.90 1.07 1.02 0.82 0.79 0.89 0.94 0.97 0.86 101
(-39.69, -18.27) (-29,-12) 2.69E+08 1.90E-19 0.92 0.84 0.98 0.99 1.00 1.09 1.02 0.79 0.80 0.90 0.93 0.99 0.91 1.03
(-37.17,-20.79) (-27,-14) 2.76E+08 1.95E-19 0.99 1.80 0.96 101 1.05 111 1.03 0.85 0.83 0.89 0.94 1.08 0.93 0.88
(-30.87,-20.79) | (-22,-14) N/A N/A
(-24.57, -20.79) (-17,-14) 8.30E+08 5.86E-19 1.06 123 1.04 1.05 102 1.12 1.04 0.91 1.02 0.99 0.93 0.95 0.94 0.84
Barrel (-37,+2) 9.62E+07 6.79E-20 0.96 116 0.92 0.96 0.94 1.09 0.96 0.79 0.73 0.88 0.93 0.86 0.80 0.91
. (-37,-5) 8.50E+07 6.00E-20 0.92 0.79 0.79 0.89 0.89 1.02 0.94 0.71 0.69 0.84 0.92 0.78 0.71 0.70
(-47.25, -18.27) (-35,-12) 7.33E+07 5.17E-20 0.95 0.84 1.05 0.96 0.95 1.09 0.90 0.78 0.77 0.88 0.92 0.80 0.87 0.81
(-45.99, -22.05) (-34,-15) 6.01E+07 4.24E-20 1.00 1.02 0.82 0.98 0.98 1.08 0.98 0.84 0.84 0.92 0.93 1.08 0.82 123
(-44.73, -24.57) (-33,-17) 5.48E+07 3.87E-20 0.95 0.95 0.75 0.93 0.99 110 101 0.85 0.86 0.90 0.88 0.90 0.93 0.75
(-42.21, -28.35) (-31,-20) 5.71E+07 4.03E-20 1.02 0.93 1.09 0.96 0.89 107 0.94 0.80 0.80 0.91 0.86 0.93 0.78 0.81
(-38.43, -33.39) (-28,-24) 5.19E+07 3.66E-20 113 1.04 0.85 0.97 0.97 115 0.93 0.88 0.81 0.96 0.91 0.86 0.83 126
(-35.91, -35.91) (-26,-26) 5.12E+07 3.61E-20 115 1.04 1.05 0.99 1.06 1.19 1.02 0.89 0.83 0.95 0.95 0.85 0.88 1.04
Neutron Pad | (-58.54, -22.47) | 21 degree 1.05E+07 7.41E-21 0.99 0.71 0.65 0.89 0.79 0.95 0.81 0.69 0.56 0.84 0.88 0.72 0.86
(-46.60, -41.95) | 42 degree 8.39E+06 5.92E-21 1.01 0.84 1.05 0.88 0.82 1.03 0.83 0.74 0.56 0.85 0.81 0.78 0.88
Number of positions within +-5% = 8 4 4 12 7 3 11 2 1 4 1 3 1 3
Number of positions within +-10% 13 6 9 14 13 1 15 3 2 8 13 7 6 7
Number of positions within +-20% = 17 12 12 17 16 17 17 11 7 17 17 14 15 11
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Table 4.15(b). Reaction rates: ?’Al(n,a) detector resultsand C/E comparison in water zones

Calculated results (Reaction Rates)

2'Al (n,a) Position in cm | Grid Position | Experimental Value | Experimental Value | HYU-TORT | HYU-MCNP [ HYU-MCNPX | Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | WTI-MCNP | VTT-TORT| VTT-MT | KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K [ VTT-MCNP-F
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland
Central Hole 0. .0) (+2.5,+2.5) N/A N/A 9.64E-19 2.32E-19| 2.19E-19 8.94E-19 5.48E-20 9.47E-19 8.77E-19 8.54E-19 8.35E-19 | 0.915E-18 8.03E-19 7.96E-19 8.36E-19
Water Gap (-54.36, -9.59) [ 10.75 degree N/A N/A 2.51E-20 2.23E-20| 2.99E-20 2.35E-20 2.16E-20] 2.60E-20 2.25E-20 1.97E-20 1.99E-20 | 0.223E-19 2.16E-20 1.96E-20 1.84E-20
(-52.89, -15.80) [ 16.63 degree 3.15E+07 2.2239E-20 2.32E-20 1.85E-20 1.67E-20 2.16E-20 2.03E-20] 2.50E-20 2.22E-20 1.92E-20 1.88E-20 | 0.208E-19 2.39E-20 1.77E-20 1.79E-20
(-51.53,-19.78) [ 21.14 degree 2.52E+07 1.77912E-20 2.33E-20 1.96E-20 1.98E-20 2.20E-20 2.04E-20] 2.40E-20 2.14E-20 1.85E-20 2.04E-20 | 0.208E-19 2.29E-20 1.91E-20 1.86E-20
(-50.03, -23.33) [ 25.62 degree 2.67E+07 1.88502E-20 2.09E-20 2.03E-20| 3.08E-20 1.91E-20 1.85E-20] 2.10E-20 1.95E-20 1.63E-20 2.27E-20 | 0.185E-19 1.85E-20 2.11E-20 1.53E-20
(-48.74,-25.91) [ 28.78 degree 2.54E+07 1.79324E-20 1.90E-20 1.48E-20 1.87E-20 1.80E-20 1.70E-20] 2.02E-20 1.80E-20 157E-20 1.76E-20 | 0.173E-19 1.71E-20 1.69E-20 1.71E-20
(-46.29, -30.06) [ 33.89 degree 2.50E+07 1.765E-20 1.91E-20 1.79E-20 1.62E-20 1.75E-20 1.61E-20] 1.96E-20 1.73E-20 1.52E-20 1.94E-20 | 0.167E-19 1.75E-20 1.58E-20 1.44E-20
(-44.08, -33.22) | 37.44 degree N/A N/A 1.90E-20 1.94E-20| 2.61E-20 1.63E-20 1.64E-20] 1.96E-20 1.59E-20 1.52E-20 1.58E-20 | 0.167E-19 1.56E-20 1.60E-20 1.55E-20
(-42.29, -35.48) [40.99 degree 2.30E+07 1.6238E-20 1.88E-20 1.99E-20 1.73E-20 1.69E-20 1.65E-20] 1.95E-20 1.60E-20 1.53E-20 1.57E-20 | 0.166E-19 1.51E-20 1.42E-20 1.50E-20
(-39.03, -39.03) 45 degree 2.30E+07 1.6238E-20 1.94E-20 1.28E-20 1.63E-20 1.72E-20 1.66E-20] 1.95E-20 1.58E-20 1.53E-20 1.61E-20 | 0.166E-19 1.80E-20 1.64E-20 1.69E-20
Reflector (-23.31,-23.31) 6.66E+08 4.70196E-19 5.06E-19| 4.23E-19| 4.95E-19 4.84E-19 4.72E-19| 5.34E-19 4.60E-19 4.59E-19 4.46E-19 | 0.474E-18 4.45E-19 4.72E-19 4.43E-19
(-25.83, -25.83) 4.06E+08 2.86636E-19 3.10E-19| 2.88E-19| 3.44E-19 2.94E-19 2.78E-19] 3.29E-19 291E-19 2.71E-19 2.69E-19 | 0.287E-18 2.78E-19 2.64E-19 2.65E-19
(-28.35, -28.35) 2.53E+08 1.78618E-19 1.92E-19 1.57E-19 1.81E-19 1.77E-19 1.59E-19 2.04E-19 1.73E-19 1.63E-19 1.57E-19 | 0.175E-18 1.68E-19 1.55E-19 1.55E-19
(-30.87, -30.87) 1.52E+08 1.07312E-19 1.18E-19 1.08E-19 1.09E-19 1.08E-19 1.05E-19 1.28E-19 1.06E-19 9.33E-20 8.99E-20 | 0.108E-18 1.04E-19 1.05E-19 1.01E-19
(-33.39, -33.39) (-24,-24) 9.71E+07 6.85526E-20 7.36E-20) 6.76E-20| 6.05E-20 6.63E-20 6.23E-20] 7.95E-20 6.30E-20 5.64E-20 5.22E-20 | 0.652E-19 6.41E-20 6.40E-20 5.52E-20
C/E comparison
2TAl (n,a) Position in cm | Grid Position [ Experimental Value Value [ HYU-TORT [ HYU-MCNP | HYU-MCNPX| Transpire Inc.-ATTILA | KI-MCU | KOPEC-DORT | WTI-MCNP | VTT-TORT| VTT-MT | KI-LUCKY| KAERI-DANTSYS VTT-MCNP-K | VTT-MCNP-F
Equiv. Fiss. Flux Reaction Rates Korea Korea Korea USA Russia Korea Germany Finland Finland Russia Korea Finland Finland
Central Hole (0.0,0.0) | (+2.5+25) N/A
Water Gap (-54.36, -9.59) | 10.75 degree N/A N/A
(-52.89, -15.80) | 16.63 degree 3.15E+07 2.2239E-20 1.04 0.83 0.75 0.97 0.91 113 1.00 0.86 0.85 0.94 1.07 0.80 0.81
(-51.53,-19.78) | 21.14 degree 2.52E+07 1.77912E-20 131 110 111 1.23 115 135 1.20 1.04 1.15 117 1.29 1.08 1.05
(-50.03, -23.33) | 25.62 degree 2.67E+07 1.88502E-20 111 1.08 1.64 1.01 0.98 111 1.04 0.87 1.20 0.98 0.98 112 0.81
(-48.74,-25.91) | 28.78 degree 2.54E+07 1.79324E-20 1.06 0.83 1.04 1.00 0.95 113 1.00 0.87 0.98 0.96 0.96 0.94 0.96
(-46.29, -30.06) | 33.89 degree 2.50E+07 1.765E-20 1.08 1.02 0.92 0.99 0.91 111 0.98 0.86 110 0.95 0.99 0.90 0.82
(-44.08, -33.22) | 37.44 degree NIA NIA
(-42.29, -35.48) | 40.99 degree 2.30E+07 1.6238E-20 116 1.23 1.07 1.04 1.02 1.20 0.98 0.94 0.97 1.02 0.93 0.87 0.92
(-39.03, -39.03) 45 degree 2.30E+07 1.6238E-20 1.20 0.79 1.00 1.06 1.02 1.20 0.97 0.94 0.99 1.02 111 1.01 1.04
Reflector (-23.31, -23.31) (-16,-16) 6.66E+08 4.70196E-19 1.08 0.90 1.05 1.03 1.00 114 0.98 0.98 0.95 1.01 0.95 1.00 0.94
(-25.83, -25.83) 4.06E+08 2.86636E-19 1.08 1.00 1.20 1.03 0.97 115 1.02 0.94 0.94 1.00 0.97 0.92 0.93
(-28.35, -28.35) 2.53E+08 1.78618E-19 1.07 0.88 1.01 0.99 0.89 114 0.97 091 0.88 0.98 0.94 0.87 0.87
(-30.87, -30.87) 1.52E+08 1.07312E-19 1.10 1.01 1.01 1.01 0.98 1.20 0.98 0.87 0.84 1.01 0.97 0.98 0.94
(-33.39, -33.39) (-24,-24) 9.71E+07 6.85526E-20 1.07 0.99 0.88 0.97 0.91 116 0.92 0.82 0.76 0.95 0.94 0.93 0.81
Number of positions within +-5% = 1 4 4 10 7 0 10 2 3 9 5 3 3
Number of positions within +-10% = 7 5 7 11 10 0 11 6 6 11 10 7 7
Number of positions within +-20% = 11 10 10 11 12 9 11 12 10 12 11 11 12
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Table 4.16(a). Fast neutron fluxes E > 0.1 MeV: Comparison relativeto KI MCU calculationsin stainless steel zones

Calculated results

Flux Position in cm | Grid Position KI-MCU__|HYU-TORT| HYU-MCNP | HYU-MCNPX| Transpire Inc.-ATTILA | KOPEC-DORT | VTI/SUT-HELIOS | WTI-MCNP [ VTT-TORT | VTT-MT | KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
E>0.1 MeV. Russia Korea Korea Korea USA Korea Slovak German Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 3.32E+09 3.32E+09| 3.34E+09 3.33E+09 3.51E+09 3.57E+09 2.13E+09 3.36E+09 | 3.60E+09 | 3.22E+09 | 0.355E+1l 3.20E+09 2.92E+09 3.14E+09 3.30E+09

(-4.41, -4.41) (-1,-1) 3.90E+09 3.88E+09| 3.94E+09 3.93E+09 4.10E+09 4.19E+09 2.46E+09 3.96E+09 | 4.06E+09 | 3.94E+09 | 0.416E+1( 3.74E+09 3.72E+09 4.07E+09 3.91E+09
Outer Baffle | (-39.69, -0.63) (-29,+2) 1.20E+09 1.03E+09( 1.22E+09 1.22E+09 1.19E+09 1.26E+09 7.86E+08 1.21E+09 | 1.10E+09 | 1.08E+09 | 0.114E+1( 1.18E+09 1.11E+09 1.03E+09 1.21E+09
(-39.69, -5.67) (-29,-2) 1.14E+09 9.83E+08| 1.16E+09 1.18E+09 1.13E+09 1.20E+09 7.49E+08 1.15E+09 | 1.03E+09 | 1.03E+09 | 0.109E+1( 1.12E+09 1.12E+09 1.04E+09 1.16E+09
(-39.69, -11.97) (-29,-7) 9.27E+08 8.09E+08| 9.52E+08 9.47E+08 9.19E+08 9.80E+08 6.13E+08 9.46E+08 | 8.27E+08 | 8.47E+08 | 0.891E+09 9.20E+08 9.29E+08 8.43E+08 9.29E+08
(-39.69, -18.27) (-29,-12) 5.76E+08 5.12E+08| 5.87E+08 5.86E+08 5.72E+08 6.21E+08 3.93E+08 5.89E+08 | 4.94E+08 | 5.30E+08 | 0.562E+09 5.72E+08 5.87E+08 5.32E+08 5.86E+08
(-37.17,-20.79) (-27,-14) 6.06E+08 5.61E+08( 6.24E+08 6.17E+08 6.03E+08 6.50E+08 4.10E+08 6.12E+08 | 5.51E+08 | 5.50E+08 | 0.578E+09 5.96E+08 6.02E+08 5.67E+08 6.14E+08
(-30.87,-20.79) (-22,-14) 1.16E+09 1.10E+09| 1.19E+09 1.18E+09 1.17E+09 1.24E+09 7.43E+08 1.17E+09 | 1.19E+09 | 1.10E+09 | 0.112E+1! 1.14E+09 1.14E+09 1.12E+09 1.17E+09
(-24.57, -20.79) (-17,-14) 1.92E+09 1.91E+09| 1.95E+09 1.95E+09 1.99E+09 2.09E+09 1.21E+09 1.94E+09 | 1.87E+09 | 1.97E+09 | 0.197E+1! 1.88E+09 1.85E+09 1.95E+09 1.92E+09
Barrel (-49.77, -0.63) (-37,+2) 1.45E+08 1.29E+08( 1.49E+08 1.47E+08 1.42E+08 1.57E+08 1.09E+08 1.46E+08 | 1.26E+08 | 1.03E+08 | 0.150E+09Y 1.51E+08 1.28E+08 1.21E+08 1.38E+08
(-49.77, -9.45) (-37,-5) 1.34E+08 1.20E+08( 1.36E+08 1.37E+08 1.34E+08 1.47E+08 1.08E+08 1.36E+08 | 1.16E+08 | 9.83E+07 | 0.139E+09Y 1.35E+08 1.32E+08 1.20E+08 1.33E+08
(-47.25, -18.27) (-35,-12) 1.42E+08 1.28E+08( 1.43E+08 1.46E+08 1.42E+08 1.54E+08 1.09E+08 1.43E+08 | 1.24E+08 | 1.10E+08 | 0.145E+09Y 1.40E+08 1.39E+08 1.28E+08 1.45E+08
(-45.99, -22.05) 1.29E+08 1.19E+08( 1.31E+08 1.31E+08 1.30E+08 1.40E+08 9.94E+07 1.29E+08 | 1.21E+08 | 1.01E+08 | 0.134E+09Y 1.24E+08 1.26E+08 1.19E+08 1.31E+08
(-44.73, -24.57) 1.16E+08 1.07E+08| 1.20E+08 1.20E+08 1.17E+08 1.27E+08 9.68E+07 1.17E+08 | 1.10E+08 | 9.30E+07 | 0.122E+09Y 1.10E+08 1.11E+08 1.08E+08 1.17E+08
(-42.21, -28.35) 9.53E+07 9.02E+07( 9.83E+07 9.73E+07 9.62E+07 1.06E+08 8.57E+07 9.57E+07 | 8.89E+07 | 7.44E+07 | 0.100E+09 9.21E+07 9.01E+07 8.66E+07 9.50E+07
(-38.43, -33.39) 7.15E+07 6.88E+07| 7.37E+07 7.15E+07 7.21E+07 8.09E+07 7.25E+07 7.13E+07 | 6.66E+07 | 5.35E+07 | 0.756E+0¢ 7.08E+07 6.90E+07 6.65E+07 7.14E+07
(-35.91, -35.91) 6.87E+07 6.62E+07| 6.98E+07 7.14E+07 6.98E+07 7.86E+07 7.28E+07 6.91E+07 | 6.42E+07 | 5.11E+07 | 0.718E+09 6.79E+07 6.79E+07 6.54E+07 6.61E+07
Neutron Pad | (-58.54,-22.47) | 21 degree 1.36E+07 1.40E+07( 1.53E+07 1.53E+07 1.48E+07 1.72E+07 1.70E+07 1.50E+07 | 1.29E+07 | 9.32E+06 | 0.157E+0g 1.39E+07 1.47E+07 1.34E+07 1.34E+07
(-46.60, -41.95) | 42 degree 9.27E+06 9.84E+06| 1.02E+07 1.05E+07 1.04E+07 1.24E+07 1.39E+07 1.05E+07 [ 9.37E+06 | 6.37E+06 | 0.105E+0g 9.36E+06 1.06E+07 8.26E+06 7.47E+06
Comparison relative to KI MCU calculation

Flux Position in cm | Grid Position KI-MCU HYU-TORT| HYU-MCNP | HYU-MCNPX| Transpire Inc.-ATTILA | KOPEC-DORT [ VTI/SUT-HELIOS | WTI-MCNP | VTT-TORT| VTT-MT | KI-LUCKY| KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
E>0.1 MeV. Russia Korea Korea Korea USA Korea Slovak German Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 3.32E+09 1.00 1.01 1.00 1.06 1.08 0.64 1.01 1.09 0.97 1.07 0.96 0.88 0.95 1.00

(-4.41, -4.41) (1-1) 3.90E+09 0.99 1.01 1.01 1.05 107 0.63 1.01 1.04 1.01 1.07 0.96 0.95 1.04 1.00

Outer Baffle | (-39.69, -0.63) (-29,+2) 1.20E+09 0.86 1.01 1.01 0.99 1.05 0.65 1.01 0.91 0.90 0.95 0.98 0.93 0.85 1.00
(-39.69, -5.67) (-29,-2) 1.14E+09 0.86 1.02 1.03 0.98 1.05 0.65 1.00 0.90 0.90 0.95 0.98 0.98 0.91 1.01

(-39.69, -11.97) (-29,-7) 9.27E+08 0.87 1.03 1.02 0.99 1.06 0.66 1.02 0.89 0.91 0.96 0.99 1.00 0.91 1.00

(-39.69, -18.27) (-29,-12) 5.76E+08 0.89 1.02 1.02 0.99 1.08 0.68 1.02 0.86 0.92 0.98 0.99 1.02 0.92 1.02
(-37.17,-20.79) (-27,-14) 6.06E+08 0.93 1.03 1.02 1.00 1.07 0.68 1.01 0.91 0.91 0.95 0.98 0.99 0.94 1.01

(-30.87, -20.79) 1.16E+09 0.95 1.02 1.02 1.01 1.07 0.64 1.01 1.02 0.95 0.96 0.98 0.98 0.96 1.01

(-24.57, -20.79) 1.92E+09 0.99 1.02 1.02 1.03 1.09 0.63 1.01 0.97 1.02 1.02 0.98 0.96 1.01 1.00

Barrel (-49.77, -0.63) 1.45E+08 0.89 1.02 1.01 0.98 1.08 0.75 1.01 0.87 0.71 1.03 1.04 0.88 0.83 0.95
(-49.77, -9.45) 1.34E+08 0.89 1.01 1.02 0.99 1.09 0.80 1.01 0.86 0.73 1.03 1.01 0.98 0.89 0.99

(-47.25, -18.27) 1.42E+08 0.90 1.01 1.03 1.00 1.09 0.77 1.01 0.88 0.78 1.02 0.99 0.98 0.90 1.02

(-45.99, -22.05) (-34,-15) 1.29E+08 0.93 1.02 1.02 1.01 1.09 0.77 1.01 0.94 0.78 1.04 0.96 0.98 0.93 1.02

(-44.73, -24.57) (-33,-17) 1.16E+08 0.92 1.03 1.03 1.00 1.09 0.83 1.01 0.94 0.80 1.05 0.95 0.96 0.93 1.01

(-42.21, -28.35) (-31,-20) 9.53E+07 0.95 1.03 1.02 1.01 111 0.90 1.00 0.93 0.78 1.05 0.97 0.95 0.91 1.00

(-38.43, -33.39) (-28,-24) 7.15E+07 0.96 1.03 1.00 1.01 113 1.01 1.00 0.93 0.75 1.06 0.99 0.97 0.93 1.00

(-35.91, -35.91) (-26,-26) 6.87E+07 0.96 1.02 1.04 1.02 114 1.06 1.01 0.93 0.74 1.04 0.99 0.99 0.95 0.96

Neutron Pad | (-58.54,-22.47) | 21 degree 1.36E+07 1.03 112 113 1.09 1.26 1.25 110 0.95 0.69 116 1.03 1.08 0.99 0.99
(-46.60, -41.95) | 42 degree 9.27E+06 1.06 1.10 113 112 134 1.50 113 1.01 0.69 1.13 1.01 114 0.89 0.81

Number of positions within +-5% = 7 17 17 16 2 1 17 4 4 13 18 13 5 18

Number of positions within +-10% = 13 17 17 18 14 2 17 14 8 17 19 16 15 18

Number of positions within +-20% = 19 19 19 19 17 5 19 19 9 19 19 19 19 19
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Table 4.16(b). Fast neutron fluxesE > 0.1 MeV: Comparison relativeto KI MCU calculationsin water zones

Calculated results

Flux Positionincm | Grid Position KI-MCU HYU-TORT| HYU-MCNP | HYU-MCNPX| Transpire Inc.-ATTILA | KOPEC-DORT [ VTI/SUT-HELIOS | WTI-MCNP| VTT-TORT| VTT-MT | KI-LUCKY | KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
E>0.1MeV. Russia Korea Korea Korea USA Korea Slovak Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0, 0.0; (+2.5+2.5 1.93E+09 1.97E+09 4.89E+08| 4.89E+08 1.94E+09 2.14E+09 1.34E+09 1.97E+09 | 2.02E+09 | 1.68E+09 |0.203E+10 1.85E+09 1.94E+09 2.13E+09 4.73E+08
Water Gap (-54.36, -9.59) | 10.75 degree( 4.09E+07 3.77E+07 4.22E+07| 4.17E+07 4.14E+07 4.48E+07 3.32E+07 4.13E+07 | 3.78E+07 | 3.56E+07 | 0.397E+0§ 3.67E+07 4.23E+07 3.64E+07 4.24E+07
(-52.89, -15.80) | 16.63 degree| 4.21E+07 4.05E+07| 4.32E+07| 4.31E+07 4.30E+07 4.61E+07 3.64E+07 4.31E+07 | 3.97E+07 | 3.60E+07 | 0.407E+0§ 5.02E+07 4.15E+07 3.92E+07 4.30E+07
(-51.53,-19.78) |21.14 degree| 4.21E+07 3.98E+07 4.28E+07| 4.39E+07 4.25E+07 4.59E+07 3.53E+07 4.27E+07 | 3.97E+07 | 3.71E+07 | 0.398E+0§ 4.89E+07 4.37E+07 3.96E+07 4.20E+07
(-50.03, 25.62 degree| 4.03E+07 3.87E+07 4.10E+07| 4.05E+07 4.17E+07 4.32E+07 3.35E+07 4.08E+07 | 3.80E+07 | 3.28E+07 | 0.384E+0§ 4.11E+07 3.88E+07 3.74E+07 3.89E+07
(-48.74, 28.78 degree| 3.75E+07 3.48E+07 3.78E+07| 3.81E+07 3.80E+07 4.00E+07 3.35E+07 3.80E+07 | 3.57E+07 | 3.40E+07 | 0.362E+0§ 3.88E+07 3.75E+07 3.54E+07 3.91E+07
(-46.29, 33.89 degree| 3.18E+07 3.09E+07 3.20E+07| 3.32E+07 3.30E+07 3.42E+07 3.02E+07 3.21E+07 | 2.98E+07 | 3.06E+07 | 0.299E+0§ 3.54E+07 3.21E+07 3.01E+07 3.20E+07
(-44.08, 37.44 degree| 2.75E+07 2.68E+07 2.72E+07| 2.86E+07 2.74E+07 3.06E+07 2.7TE+07 2.79E+07 | 2.69E+07 | 2.40E+07 | 0.273E+0§ 2.95E+07 2.68E+07 2.71E+07 2.58E+07
(-42.29, 40.99 degree| 2.54E+07 2.33E+07 2.58E+07| 2.60E+07 2.61E+07 2.81E+07 2.72E+07 2.55E+07 | 2.44E+07 | 2.21E+07 | 0.250E+0§ 2.33E+07 2.51E+07 2.37E+07 2.45E+07
45 degree 2.38E+07 2.23E+07 2.33E+07| 2.40E+07 2.43E+07 2.72E+07 2.65E+07 2.39E+07 | 2.32E+07 | 1.96E+07 | 0.233E+0§ 2.87E+07 2.24E+07 2.20E+07 2.18E+07
Reflector (-16,-16) 1.24E+09 1.23E+09| 1.26E+09( 1.24E+09 1.32E+09 1.34E+09 8.02E+08 1.25E+09 | 1.29E+09 | 1.39E+09 | 0.121E+1( 1.20E+09 1.20E+09 1.26E+09 1.25E+09
(-18,-18) 5.64E+08 5.54E+08| 5.73E+08| 5.71E+08 5.76E+08 6.15E+08 3.89E+08 5.67E+08 | 5.64E+08 | 6.71E+08 | 0.554E+09 5.54E+08 5.58E+08 5.56E+08 5.64E+08
(-20,-20) 2.73E+08 2.64E+08| 2.77E+08| 2.72E+08 2.76E+08 2.99E+08 2.08E+08 2.74E+08 | 2.71E+08 | 3.03E+08 | 0.269E+09 2.68E+08 2.69E+08 2.69E+08 2.74E+08
(-30.87, -30.87) (-22,-22) 1.38E+08 1.31E+08| 1.40E+08( 1.40E+08 1.40E+08 1.55E+08 1.19E+08 1.39E+08 | 1.25E+08 | 1.25E+08 | 0.138E+09Y 1.38E+08 1.35E+08 1.37E+08 1.40E+08
(-33.39, -33.39] (-24,-24) 8.37E+07 7.87E+07| 8.50E+07| 8.48E+07 8.51E+07 9.52E+07 8.14E+07 8.39E+07 | 7.67E+07 | 6.28E+07 | 0.840E+0§ 8.33E+07 8.39E+07 8.00E+07 8.45E+07
Comparison relative to KI MCU calculation
Flux Position in cm | Grid Position KI-MCU HYU-TORT| HYU-MCNP | HYU-MCNPX| Transpire Inc.-ATTILA | KOPEC-DORT | VTI/SUT-HELIOS | WTI-MCNP| VTT-TORT| VTT-MT | KI-LUCKY | KAERI-DANTSYS | VTT-MCNP-K | VTT-MCNP-F SCK-MCNPX
E>0.1MeV Russia Korea Korea Korea USA Korea Slovak Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0) (+2.5,+2.5) 1.93E+09 1.02 0.25 0.25 1.00 111 0.69 1.02 1.05 0.87 1.05 0.96 1.00 110 0.24
Water Gap (-54.36, -9.59) | 10.75 degree| 4.09E+07 0.92 1.03 1.02 1.01 1.09 0.81 1.01 0.92 0.87 0.97 0.90 1.03 0.89 1.04
16.63 degree| 4.21E+07 0.96 1.03 1.02 1.02 1.10 0.86 1.02 0.94 0.86 0.97 1.19 0.99 0.93 1.02
21.14 degree| 4.21E+07 0.95 1.02 1.04 1.01 1.09 0.84 1.02 0.94 0.88 0.95 1.16 1.04 0.94 1.00
25.62 degree| 4.03E+07 0.96 1.02 1.00 1.04 1.07 0.83 1.01 0.94 0.81 0.95 1.02 0.96 0.93 0.96
28.78 degree| 3.75E+07 0.93 1.01 1.02 1.01 1.07 0.89 1.01 0.95 0.91 0.97 1.04 1.00 0.95 1.04
33.89 degree| 3.18E+07 0.97 1.01 1.04 1.04 1.07 0.95 1.01 0.94 0.96 0.94 111 1.01 0.95 1.01
37.44 degree| 2.75E+07 0.98 0.99 1.04 1.00 111 1.01 1.02 0.98 0.88 0.99 1.07 0.98 0.99 0.94
b X 40.99 degree| 2.54E+07 0.92 1.01 1.02 1.03 111 1.07 1.00 0.96 0.87 0.98 0.92 0.99 0.93 0.96
(-39 45 degree 2.38E+07 0.93 0.98 1.00 1.02 114 111 1.00 0.97 0.82 0.98 1.21 0.94 0.92 0.91
Reflector (-16,-16) 1.24E+09 0.99 1.02 1.01 1.07 1.08 0.65 1.01 1.04 113 0.98 0.97 0.97 1.02 1.01
(-18,-18) 5.64E+08 0.98 1.02 1.01 1.02 1.09 0.69 1.00 1.00 119 0.98 0.98 0.99 0.99 1.00
. (-20,-20) 2.73E+08 0.97 1.01 1.00 1.01 1.10 0.76 1.00 0.99 111 0.99 0.98 0.99 0.98 1.00
. -30.87) (-22,-22) 1.38E+08 0.95 1.02 1.01 1.02 112 0.86 1.01 0.91 0.90 1.00 1.00 0.98 0.99 1.01
(-33.39, -33.39) (-24,-24) 8.37E+07 0.94 1.02 1.01 1.02 114 0.97 1.00 0.92 0.75 1.00 1.00 1.00 0.96 1.01
Number of positions within +-5% = 8 14 14 14 0 2 15 8 1 12 8 14 6 12
Number of positions within +-10% = 15 14 14 15 9 4 15 15 3 15 10 15 14 14
Number of positions within +-20% = 15 14 14 15 15 11 15 15 14 15 14 15 15 14



65

Table4.17(a). Fast neutron fluxesE > 1.0 MeV: Comparison relativeto KI MCU calculationsin stainless steel zones

Calculated results

Flux Position in cm | Grid Position KI-MCU HYU-TORT| HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KOPEC-DORT | VT/SUT-HELIOS| WTI-MCNP| VTT-TORT| VTT-MT KI-LUCKY KAERI-DANTSYS | VIT-MCNP-K | VTT-MCNP-F SCK-MCNPX
E>1.0 MeV. Russia Korea Korea Korea USA Korea Slovak Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.39E+09 1.36E+09 1.38E+09 1.37E+09 1.49E+09 1.47E+09 9.03E+08 1.40E+09 | 1.49E+09 | 1.37E+09 | 0.141E+10 1.33E+09 1.21E+09 1.31E+09 1.38E+09

(-4.41, -4.41) (=) 1.66E+09 1.62E+09 1.66E+09 1.66E+09 1.76E+09 1.76E+09 1.06E+09 1.68E+09 | 1.71E+09 [ 1.76E+09 | 0.166E+10 1.58E+09 1.56E+09 1.74E+09 1.65E+09

Outer Baffle (-39.69, -0.63) (-29,+2) 5.20E+08 4.36E+08| 5.32E+08 5.19E+08 5.23E+08 5.41E+08 3.43E+08 5.27E+08 | 4.75E+08 | 4.69E+08 | 0.471E+09 5.12E+08 4.85E+08 4.37E+08 5.15E+08
(-39.69, -5.67) (-29,-2) 4.95E+08 4.15E+08| 5.05E+08( 5.16E+08 5.00E+08 5.15E+08 3.27E+08 4.98E+08 | 4.43E+08 | 4.52E+08 | 0.448E+09 4.87E+08 4.82E+08 4.47E+08 4.98E+08

(-39.69, -11.97) (-29,-7) 3.98E+08 3.41E+08| 4.04E+08( 4.08E+08 4.07E+08 4.20E+08 2.66E+08 4.10E+08 | 3.54E+08 | 3.70E+08 | 0.366E+09 3.98E+08 3.95E+08 3.67E+08 4.01E+08

(-39.69, -18.27) (-2 2.38E+08 2.09E+08| 2.45E+08( 2.45E+08 2.45E+08 2.57E+08 1.69E+08 2.48E+08 | 2.04E+08 | 2.22E+08 | 0.221E+09 2.39E+08 2.44E+08 2.21E+08 2.41E+08
(-37.17,-20.79) (-2 251E+08 2.29E+08| 2.61E+08 2.54E+08 2.57E+08 2.68E+08 1.77E+08 2.56E+08 | 2.27E+08 | 2.34E+08 | 0.226E+09 2.48E+08 2.49E+08 2.32E+08 2.50E+08

(-30.87, -20.79) (-2 4.95E+08 4.59E+08| 5.03E+08| 4.94E+08 5.11E+08 5.21E+08 3.17E+08 4.99E+08 | 5.02E+08 | 4.81E+08 | 0.452E+09 4.83E+08 4.84E+08 4.56E+08 4.93E+08

(-24.57, -20.79) (-17,-14) 8.05E+08 7.85E+08] 8.16E+08| 8.14E+08 8.48E+08 8.68E+08 5.10E+08 8.14E+08 | 7.72E+08 | 8.48E+08 | 0.783E+09 7.84E+08 7.75E+08 8.12E+08 7.92E+08

Barrel (-49.77, -0.63) (-37,+2) 6.52E+07 5.54E+07 6.65E+07| 6.59E+07 6.55E+07 6.92E+07 5.20E+07 6.55E+07 | 5.60E+07 | 4.85E+07 | 0.615E+08 6.72E+07 5.75E+07 5.57E+07 6.39E+07
(-49.77, -9.45) (-37.-5) 5.84E+07 4.93E+07| 5.86E+07| 5.93E+07 5.86E+07 6.18E+07 4.93E+07 5.84E+07 | 4.86E+07 | 4.38E+07 | 0.544E+08 5.90E+07 5.67E+07 5.36E+07 5.65E+07
(-47.25,-18.27) (-35,-12) 5.85E+07 4.96E+07 5.80E+07| 5.85E+07 5.91E+07 6.15E+07 4.72E+07 5.81E+07 | 4.97E+07 | 4.60E+07 | 0.532E+08 5.71E+07 5.73E+07 5.25E+07 5.90E+07

(-45.99, -22.05) (-34,-15) 5.05E+07 4.48E+07 5.10E+07 5.03E+07 5.20E+07 5.34E+07 4.17E+07 5.06E+07 | 4.66E+07 | 4.07E+07 | 0.474E+08 4.86E+07 4.82E+07 4.65E+07 5.18E+07

(-44.73, -24.57) 4.55E+07 3.98E+07| 4.57E+07 4.68E+07 4.62E+07 4.86E+07 4.13E+07 4.60E+07 | 4.22E+07 | 3.76E+07 | 0.431E+08 4.27E+07 4.42E+07 4.21E+07 4.64E+07

(-42.21, -28.35) (-31,-20) 3.97E+07 3.57E+07 3.97E+07 4.02E+07 4.09E+07 4.28E+07 3.86E+07 3.96E+07 | 3.60E+07 | 3.17E+07 | 0.380E+08 3.77E+07 3.66E+07 3.58E+07 3.81E+07

(-38.43, -33.39) (-28,-24) 3.19E+07 2.95E+07 3.27E+07| 3.13E+07 3.24E+07 3.53E+07 3.50E+07 3.17E+07 | 2.95E+07 | 2.44E+07 | 0.310E+08 3.11E+07 3.07E+07 2.88E+07 3.01E+07

M (-26,-26 3.14E+07 2.88E+07 3.16E+07| 3.22E+07 3.20E+07 3.48E+07 3.58E+07 3.13E+07 | 2.87E+07 | 2.38E+07 | 0.298E+08 3.05E+07 3.09E+07 2.93E+07 2.98E+07

Neutron Pad 21 degree 5.63E+06 5.28E+06 5.89E+06| 6.12E+06 6.02E+06 6.38E+06 6.53E+06 5.84E+06 | 4.98E+06 | 4.04E+06 | 0.556E+07 5.67E+06 5.78E+06 4.98E+06 4.94E+06
(-46.60, -41.95) | 42 degree 3.99E+06 3.73E+06| 3.99E+06| 4.13E+06 4.24E+06 4.72E+06 5.44E+06 4.17E+06 | 3.70E+06 | 2.79E+06 | 0.389E+07 3.86E+06 4.11E+06 3.30E+06 3.05E+06

Comparison relative to KI MCU calculation

Flux Position in cm | Grid Position KI-MCU HYU-TORT| HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KOPEC-DORT | VTI/SUT-HELIOS| WTI-MCNP | VTT-TORT| VTT-MT KI-LUCKY KAERI-DANTSYS | VIT-MCNP-K [ VTT-MCNP-F SCK-MCNPX
E>1.0 MeV. Russia Korea Korea Korea USA Korea Slovak Germany Finland Finland Russia Korea Finland Finland Belgium
Inner Baffle (-4.41, -0.63) (-1,+2) 1.39E+09 0.98 0.99 0.99 1.07 1.06 0.65 1.01 1.08 0.99 1.02 0.96 0.87 0.94 1.00

(-4.41, -4.41) (-1,-1) 1.66E+09 0.98 1.00 1.00 1.06 1.06 0.64 1.01 1.03 1.06 1.00 0.95 0.94 1.05 0.99
Outer Baffle | (-39.69, -0.63) (-29,+2) 5.20E+08 0.84 1.02 1.00 1.00 1.04 0.66 1.01 091 0.90 0.91 0.98 0.93 0.84 0.99
(-39.69, -5.67) (-29,-2) 4.95E+08 0.84 1.02 1.04 1.01 1.04 0.66 1.01 0.89 0.91 0.90 0.98 0.97 0.90 1.00
(-39.69, -11.97) (-29,-7) 3.98E+08 0.86 1.02 1.02 1.02 1.05 0.67 1.03 0.89 0.93 0.92 1.00 0.99 0.92 1.01
(-39.69, -18.27) (-29,-12) 2.38E+08 0.88 1.03 1.03 1.03 1.08 0.71 1.04 0.86 0.93 0.93 1.00 1.03 0.93 1.01
(-37.17,-20.79) (-27,-14) 251E+08 0.91 1.04 1.01 1.02 1.07 0.70 1.02 0.90 0.93 0.90 0.99 0.99 0.92 1.00
(-30.87, -20.79) (-22,-14) 4.95E+08 0.93 1.02 1.00 1.03 1.05 0.64 1.01 1.01 0.97 0.91 0.98 0.98 0.92 1.00
(-24.57, -20.79) (-17,-14) 8.05E+08 0.98 101 1.01 1.05 1.08 0.63 1.01 0.96 1.05 0.97 0.97 0.96 1.01 0.98
Barrel (-49.77, -0.63) (-37,+2) 6.52E+07 0.85 1.02 1.01 1.01 1.06 0.80 1.01 0.86 0.74 0.94 1.03 0.88 0.85 0.98
(-49.77, -9.45) (-37,-5) 5.84E+07 0.84 1.00 1.01 1.00 1.06 0.84 1.00 0.83 0.75 0.93 1.01 0.97 0.92 0.97
(-47.25, -18.27) (-35,-12) 5.85E+07 0.85 0.99 1.00 1.01 1.05 0.81 0.99 0.85 0.79 0.91 0.98 0.98 0.90 1.01
(-45.99, -22.05) (-34,-15) 5.05E+07 0.89 1.01 1.00 1.03 1.06 0.82 1.00 0.92 0.81 0.94 0.96 0.95 0.92 1.02
(-44.73, -24.57) (-33,-17) 4.55E+07 0.87 1.01 1.03 1.02 1.07 0.91 1.01 0.93 0.83 0.95 0.94 0.97 0.93 1.02
(-42.21, -28.35) (-31,-20) 3.97E+07 0.90 1.00 1.01 1.03 1.08 0.97 1.00 091 0.80 0.96 0.95 0.92 0.90 0.96
(-38.43, -33.39) (-28,-24) 3.19E+07 0.92 1.02 0.98 1.02 1.10 1.09 0.99 0.92 0.77 0.97 0.97 0.96 0.90 0.94
(-35.91, -35.91) (-26,-26 3.14E+07 0.92 101 1.03 1.02 111 114 1.00 0.92 0.76 0.95 0.97 0.98 0.94 0.95
Neutron Pad | (-58.54,-22.47) | 21 degree 5.63E+06 0.94 1.05 1.09 1.07 113 116 1.04 0.88 0.72 0.99 1.01 1.03 0.88 0.88
(-46.60, -41.95) | 42 degree 3.99E+06 0.93 1.00 1.03 1.06 1.18 1.36 1.04 0.93 0.70 0.97 0.97 1.03 0.83 0.76
Number of positions within +-5% = 3 19 18 14 2 1 19 3 2 8 18 14 2 15
Number of positions within +-10% = 10 19 19 19 15 3 19 12 9 18 19 17 14 17
Number of positions within +-20% = 19 19 19 19 19 8 19 19 11 19 19 19 19 18
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Table 4.17(b). Fast neutron fluxesE > 1.0 MeV: Comparison relativeto KI MCU calculationsin water zones
Calculated results
Flux Position in cm | Grid Position KI-MCU HYU-TORT HYU-MCNP' HYU-MCNPX | Transpire Inc.-ATTILA [ KOPEC-DORT | VTI/SUT-HELIOS | WTI-MCNP [ VIT-TORT| VTT-MT KI-LUCKY | KAERI-DANTSYS | VIT-MCNP-K | VTT-MCNP-F SCK-MCNPX
E>1.0 MeV Russia Korea Korea Korea USA Korea Slovak Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0) (+2.5,+2.5) 8.68E+08 8.73E+08 2.18E+08[ 2.23E+08 9.08E+08 9.49E+08 6.18E+08 8.87E+08 | 9.06E+08 | 8.03E+08 | 0.912E+09 8.44E+08 8.69E+08 9.48E+08 2.10E+08
Water Gap (-54.36, -9.59) | 10.75 degree 1.83E+07 1.62E+07 1.83E+07| 1.82E+07 1.88E+07 1.95E+07 1.61E+07 1.81E+07 | 1.65E+07 [ 1.59E+07 | 0.174E+08 1.67E+07 1.81E+07 1.65E+07 1.81E+07
(-52.89, -15.80) | 16.63 degree 1.83E+07 1.68E+07 1.82E+07| 1.86E+07 1.89E+07 1.96E+07 1.65E+07 1.85E+07 | 1.68E+07 [ 1.57E+07 | 0.173E+08 2.14E+07 1.84E+07 1.74E+07 1.88E+07
(-51.53,-19.78) | 21.14 degree 1.79E+07 1.63E+07 1.79E+07| 1.89E+07 1.85E+07 1.91E+07 1.56E+07 1.79E+07 | 1.65E+07 | 1.58E+07 | 0.167E+08 2.03E+07 1.86E+07 1.64E+07 1.76E+07
(-50.03, -23.33) | 25.62 degree 1.68E+07 1.55E+07 1.72E+07| 1.68E+07 1.76E+07 1.75E+07 1.47E+07 1.67E+07 | 1.53E+07 | 1.43E+07 | 0.157E+08 1.69E+07 1.60E+07 1.53E+07 1.61E+07
(-48.74,-25.91) |28.78 degree 1.56E+07 1.40E+07 1.50E+07| 1.56E+07 1.61E+07 1.63E+07 1.50E+07 1.55E+07 | 1.45E+07 | 1.43E+07 | 0.147E+08 1.58E+07 1.54E+07 1.46E+07 1.64E+07
(-46.29, -30.06) | 33.89 degree 1.36E+07 1.26E+07 1.41E+07| 1.38E+07 1.44E+07 1.44E+07 1.39E+07 1.35E+07 | 1.25E+07 | 1.31E+07 | 0.127E+08 1.48E+07 1.33E+07 1.29E+07 1.34E+07
(-44.08, -33.22) |37.44 degree 1.22E+07 1.14E+07 1.22E+07| 1.28E+07 1.24E+07 1.33E+07 1.31E+07 1.22E+07 | 1.16E+07 | 1.08E+07 | 0.119E+08 1.27E+07 1.12E+07 1.18E+07 1.21E+07
(-42.29, -35.48) |40.99 degree 1.16E+07 1.03E+07 1.17E+07| 1.20E+07 1.20E+07 1.26E+07 1.31E+07 1.13E+07 | 1.09E+07 | 1.01E+07 | 0.112E+08 1.06E+07 1.16E+07 1.00E+07 1.06E+07
(-39.03, -39.03) 45 degree 1.11E+07 1.01E+07 1.07E+07| 1.10E+07 1.14E+07 1.23E+07 1.30E+07 1.08E+07 | 1.06E+07 | 9.27E+06 | 0.107E+08 1.29E+07 1.00E+07 9.84E+06 9.74E+06
Reflector (-23.31,-23.31) 5.35E+08 5.22E+08 5.41E+08| 5.30E+08 5.76E+08 5.76E+08 3.56E+08 5.39E+08 | 5.51E+08 | 6.04E+08 | 0.521E+09 5.21E+08 5.14E+08 5.30E+08 5.37E+08
(-25.83, -25.83) 2.64E+08 2.55E+08 2.67E+08| 2.65E+08 2.77E+08 2.88E+08 1.87E+08 2.65E+08 | 2.63E+08 | 3.06E+08 | 0.261E+09 2.63E+08 2.60E+08 2.64E+08 2.64E+08
(-28.35, -28.35) 1.38E+08 1.30E+08 1.39E+08| 1.35E+08 1.43E+08 1.52E+08 1.09E+08 1.38E+08 | 1.36E+08 | 1.50E+08 | 0.136E+09 1.37E+08 1.32E+08 1.37E+08 1.36E+08
(-30.87, -30.87) 7.33E+07 6.81E+07 7.41E+07 7.46E+07 7.66E+07 8.26E+07 6.55E+07 7.32E+07 | 6.65E+07 | 6.86E+07 | 0.737E+08 7.42E+07 6.90E+07 7.25E+07 7.92E+07
(-33.39, -33.39) (-24,-24) 4.37E+07 4.03E+07 4.45E+07| 4.40E+07 4.55E+07 4.97E+07 4.44E+07 4.36E+07 | 3.96E+07 | 3.48E+07 | 0.436E+08 4.40E+07 4.37E+07 4.25E+07 4.21E+07
Comparison relative to KI MCU calculation
Flux Position in cm | Grid Position KI-MCU HYU-TORT | HYU-MCNP | HYU-MCNPX | Transpire Inc.-ATTILA | KOPEC-DORT | VTI/SUT-HELIOS | WTI-MCNP| VIT-TORT| VTT-MT KI-LUCKY | KAERI-DANTSYS | VIT-MCNP-K | VTT-MCNP-F SCK-MCNPX
E>1.0 MeV. Russia Korea Korea Korea USA Korea Slovak Germany Finland Finland Russia Korea Finland Finland Belgium
Central Hole (0.0,0.0) (+2.5,+2.5) 8.68E+08 101 0.25 0.26 1.05 1.09 0.71 1.02 1.04 0.92 1.05 0.97 1.00 1.09 0.24
Water Gap (-54.36, -9.59) | 10.75 degree 1.83E+07 0.89 1.00 0.99 1.03 1.07 0.88 0.99 0.90 0.87 0.95 091 0.99 0.90 0.99
(-52.89, -15.80) |16.63 degree 1.83E+07 0.92 1.00 1.02 1.04 1.07 0.90 1.01 0.92 0.86 0.95 117 1.00 0.95 1.03
(-51.53,-19.78) |21.14 degree 1.79E+07 091 1.00 1.06 1.03 1.07 0.87 1.00 0.92 0.88 0.93 113 1.04 0.92 0.98
(-50.03, -23.33) | 25.62 degree 1.68E+07 0.92 1.02 1.00 1.05 1.04 0.88 0.99 0.91 0.85 0.93 1.01 0.95 0.91 0.96
(-48.74,-25.91) |28.78 degree 1.56E+07 0.90 0.96 1.00 1.04 1.05 0.96 1.00 0.93 0.92 0.95 1.01 0.99 0.94 1.05
(-46.29, -30.06) | 33.89 degree 1.36E+07 0.93 1.04 1.02 1.06 1.07 1.02 1.00 0.93 0.96 0.94 1.09 0.98 0.95 0.99
(-44.08, -33.22) | 37.44 degree 1.22E+07 0.93 1.00 1.05 1.02 1.09 1.07 1.00 0.95 0.88 0.97 1.04 0.92 0.97 0.99
(-42.29, -35.48) |40.99 degree 1.16E+07 0.89 1.01 1.04 1.04 1.09 113 0.98 0.94 0.87 0.97 0.91 1.00 0.87 0.92
(-39.03, -39.03) 45 degree 1.11E+07 0.91 0.97 0.99 1.03 111 117 0.98 0.95 0.83 0.96 116 0.90 0.89 0.88
Reflector (-23.31,-23.31) (-16,-16) 5.35E+08 0.98 1.01 0.99 1.08 1.08 0.67 1.01 1.03 1.13 0.97 0.97 0.96 0.99 1.00
(-25.83, -25.83) (-18,-18) 2.64E+08 0.96 1.01 1.00 1.05 1.09 071 1.00 0.99 116 0.99 0.99 0.98 1.00 1.00
(-28.35, -28.35) (-20,-20) 1.38E+08 0.94 1.01 0.97 1.04 110 0.79 1.00 0.98 1.08 0.98 0.99 0.95 0.99 0.98
(-30.87, -30.87) (-22,-22) 7.33E+07 0.93 1.01 1.02 1.05 113 0.89 1.00 0.91 0.94 1.01 1.01 0.94 0.99 1.08
(-33.39, -33.39) (-24,-24) 4.37E+07 0.92 1.02 1.01 1.04 1.14 1.02 1.00 0.91 0.80 1.00 1.01 1.00 0.97 0.96
Number of positions within +-5% = 3 14 13 13 1 3 15 6 1 9 9 12 8 10
Number of positions within +-10% = 12 14 14 15 12 5 15 14 5 15 12 15 12 13
Number of positions within +-20% = 15 14 14 15 15 11 15 15 14 15 15 15 15 14



Table 4.18(a). DPA rates. Comparison relativeto KI MCU calculationsin stainless steel zones

Calculated results

KI-MCU HYU-TORT | HYU-MCNP | HYU-MCNPX | KOPEC-DORT

DPA Russia Korea Korea Korea Korea

Inner Baffle 2.04E-12 2.5938E-12 2.35E-12 2.33E-12 2.18E-12
2.42E-12 3.0637E-12 2.79E-12 2.79E-12 2.58E-12

Outer Baffle 7.58E-13 8.2254E-13 8.90E-13 8.80E-13 7.92E-13
7.20E-13 7.8272E-13 8.61E-13 8.64E-13 7.54E-13

5.83E-13 6.4328E-13| 6.86E-13 6.88E-13 6.15E-13

(-39.69 s 3.55E-13 3.9864E-13 4.10E-13| 4.15E-13 3.80E-13

(-37.17, -20.79) 3.69E-13 4.3727E-13 4.40E-13| 4.31E-13 3.97E-13

(-30.87, -20.79) 7.19E-13 8.7005E-13 8.50E-13 8.42E-13 7.68E-13

(-24.57, -20.79) 1.18E-12 1.4919E-12 1.38E-12 1.39E-12 1.28E-12

Barrel (-49.77, -0.63) 9.23E-14 1.0478E-13| 1.13E-13| 1.11E-13 1.01E-13
(-49.77, -9.45) 8.27E-14 9.4396E-14/ 9.78E-14/ 9.89E-14 9.11E-14

(-47.25, -18.27) 8.57E-14 9.6978E-14/ 9.85E-14/ 1.01E-13 9.22E-14

(-45.99, -22.05) 7.59E-14 8.8474E-14 8.83E-14 8.59E-14 8.11E-14

(-44.73, -24.57) (-33,-17) 6.84E-14 7.8873E-14 7.89E-14 7.97E-14 7.38E-14

(-42.21, -28.35) (-31,-20) 5.78E-14 6.9447E-14 6.77E-14 6.87E-14 6.39E-14

(-38.43, -33.39) (-28,-24) 4.62E-14 5.6043E-14 5.39E-14 5.27E-14 5.16E-14

(-35.91, -35.91) (-26,-26) 4.52E-14 5.4505E-14 5.26E-14 5.37E-14 5.08E-14

Neutron Pad (-58.54, -22.47) 21 degree 8.12E-15 1.0484E-14 9.99E-15 1.01E-14 9.77E-15
(-46.60, -41.95) 42 degree 5.77E-15 7.4099E-15 6.74E-15 7.16E-15 7.20E-15

Comparison relative to KI MCU calculation

Position in cm | Grid Position KI-MCU HYU-TORT | HYU-MCNP | HYU-MCNPX | KOPEC-DORT

DPA Russia Korea Korea Korea Korea
Inner Baffle 2.04E-12 1.27 1.15 1.14 1.07
2.42E-12 1.27 1.15 1.15 1.07
Outer Baffle 7.58E-13 1.08 117 1.16 1.04
7.20E-13 1.09 1.20 1.20 1.05
5.83E-13 1.10 1.18 1.18 1.05
3.55E-13 1.12 1.15 117 1.07
3.69E-13 1.19 1.19 117 1.08
7.19E-13 1.21 1.18 117 1.07
1.18E-12 1.26 1.17 1.18 1.09
Barrel 9.23E-14 1.13 1.22 1.20 1.10
8.27E-14 1.14 1.18 1.20 1.10
8.57E-14 1.13 1.15 117 1.08
7.59E-14 1.17 1.16 113 1.07
6.84E-14 1.15 1.15 117 1.08
5.78E-14 1.20 117 1.19 1.11
4.62E-14 1.21 117 1.14 1.12
(-35.91, -35.91) (-26,-26) 4.52E-14 1.21 1.16 1.19 1.12
Neutron Pad (-58.54, -22.47) 21 degree 8.12E-15 1.29 1.23 1.25 1.20
(-46.60, -41.95) 42 degree 5.77E-15 1.28 1.17 1.24 1.25
Number of positions within +-5% = o] o] o} 2
Number of positions within +-10% = 2 o] [0} 13
Number of positions within +-20% = 10 17 15 17
Number of positions within +-30% = 19 19 19 19

Table 4.18(b). DPA rates. Comparison relativeto KI MCU calculationsin water zones

Calculated results

DPA Position in cm | Grid Position KI-MCU HYU-TORT | HYU-MCNP | HYU-MCNPX [ KOPEC-DORT
Russia Korea Korea Korea Korea
Central Hole (0.0,0.0) (+2.5,+2.5) 3.31E-13 1.67E-12 4.13E-13 4.18E-13 1.45E-12
Water Gap (-54.36, -9.59) |10.75 degree| 2.79E-14 3.15E-14 3.44E-14 3.47E-14 3.04E-14
(-52.89, -15.80) | 16.63 degree| 2.82E-14 3.29E-14 3.42E-14 3.48E-14 3.07E-14
(-51.53,-19.78) | 21.14 degree| 2.77E-14 3.22E-14 3.41E-14 3.51E-14 3.02E-14
(-50.03, -23.33) | 25.62 degree| 2.61E-14 3.08E-14 3.23E-14 3.21E-14 2.79E-14
(-48.74,-25.91) | 28.78 degree| 2.44E-14 2.78E-14 2.91E-14 2.97E-14 2.60E-14
(-46.29, -30.06) | 33.89 degree| 2.10E-14 2.50E-14 2.63E-14 2.63E-14 2.27E-14
(-44.08, -33.22) | 37.44 degree 1.90E-14 2.23E-14 2.24E-14 2.43E-14 2.08E-14
(-42.29, -35.48) | 40.99 degree 1.75E-14 2.00E-14 2.18E-14 2.21E-14 1.95E-14
(-39.03, -39.03) 45 degree 1.69E-14 1.94E-14 1.98E-14 2.02E-14 1.90E-14
Reflector (2331, -2331) | (-16,-16) 8.06E-13 1.00E-12 | 9.85E-13 9.72E-13 8.77E-13
(-25.83, -25.83) (-18,-18) 4.06E-13 4.83E-13 5.08E-13 5.07E-13 4.49E-13
(-28.35, -28.35) (-20,-20) 2.11E-13 2.44E-13 2.66E-13 2.61E-13 2.38E-13
(-30.87, -30.87) (-22,-22) 1.13E-13 1.26E-13 1.43E-13 1.43E-13 1.30E-13
(-33.39, -33.39) (-24,-24) 6.51E-14 7.47E-14 8.27E-14 8.10E-14 7.52E-14

Comparison relative to KI MCU calculation

DPA Position in cm | Grid Position KI-MCU HYU-TORT | HYU-MCNP | HYU-MCNPX [ KOPEC-DORT
Russia Korea Korea Korea Korea
Central Hole (0.0, 0.0) (+2.5,+2.5) 3.31E-13 5.05 1.25 1.26 4.38
Water Gap (-54.36, -9.59) | 10.75 degree| 2.79E-14 1.13 1.23 1.24 1.09
(-52.89, -15.80) | 16.63 degree| 2.82E-14 1.17 1.21 1.24 1.09
(-51.53,-19.78) |21.14 degree| 2.77E-14 1.16 1.23 1.27 1.09
(-50.03, -23.33) | 25.62 degree| 2.61E-14 1.18 1.24 1.23 1.07
(-48.74,-25.91) | 28.78 degree| 2.44E-14 1.14 1.20 1.22 1.07
(-46.29, -30.06) |33.89 degree| 2.10E-14 1.19 1.25 1.25 1.08
(-44.08, -33.22) | 37.44 degree| 1.90E-14 117 1.18 1.28 1.10
(-42.29, -35.48) | 40.99 degree| 1.75E-14 1.14 1.25 1.26 1.12
(-39.03, -39.03) 45 degree 1.69E-14 1.15 1.17 1.20 1.13
Reflector (-2331,-2331) | (-16,-16) 8.06E-13 1.24 1.22 1.21 1.09
(-25.83,-25.83) | (-18,-18) 4.06E-13 1.19 1.25 1.25 1.10
(-28.35, -28.35) (-20,-20) 2.11E-13 1.15 1.26 1.24 1.13
(-30.87, -30.87) (-22,-22) 1.13E-13 111 1.26 1.26 1.14
(-33.39, -33.39) (-24,-24) 6.51E-14 1.15 1.27 1.24 1.16
Number of positions within +-5% = 0 0 0 0
ons within +-10% = 0 0 0 8
ons within +-20% = 13 3 1 14
Number of positions within +-30% = 14 15 15 14
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Figure2.1. VENUS-2 cor e geometry
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Figure 2.2. Measurement positionsin VENUS-2
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Figure 2.3. Horizontal reactor description
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Figure 2.4. Vertical reactor description
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Figure4.1. C/E comparison of equivalent fission fluxes at *®Ni(n,p) detector positionsin stainless steel zones
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Figure 4.1(a). C/E comparison of equivalent fission fluxes at *®Ni(n,p)
detector positionsin stainless steel zones: Deterministic calculation results
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Figure 4.1(b). C/E comparison of equivalent fission fluxes at **Ni(n,p)
detector positionsin stainless steel zones: M onte Carlo calculation results
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Figure 4.2. C/E comparison of equivalent fission fluxes at *®Ni(n,p) detector positionsin water zones
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Figure 4.2(a). C/E comparison of equivalent fission fluxes at *®Ni(n,p) detector positionsin water zones: Deter ministic calculation results
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Figure 4.2(b). C/E comparison of equivalent fission fluxes at *®Ni(n,p) detector positionsin water zones: Monte Carlo calculation results
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Figure 4.3. C/E comparison of equivalent fission fluxes at **In(n,n’) detector positionsin stainless steel zones
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Figure 4.3(a). C/E comparison of equivalent fission fluxesat **In(n,n’)
detector positionsin stainless steel zones. Deterministic calculation results
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Figure 4.3(b). C/E comparison of equivalent fission fluxes at **In(n,n’)
detector positionsin stainless sted zones. M onte Carlo calculation results
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Figure4.4. C/E comparison of equivalent fission fluxesat **In(n,n’) detector positionsin water zones
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Figure 4.4(a). C/E comparison of equivalent fission fluxesat **In(n,n’) detector positionsin water zones: Deterministic calculation results
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Figure 4.4(b). C/E comparison of equivalent fission fluxes at **In(n,n’) detector positionsin water zones: Monte Carlo calculation results
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Figure4.5. C/E comparison of equivalent fission fluxes at '*Rh(n,n’) detector positionsin stainless steel zones
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Figure 4.5(a). C/E comparison of equivalent fission fluxes at **Rh(n,n’)
detector positionsin stainless steel zones. Deterministic calculation results
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Figure 4.5(b). C/E comparison of equivalent fission fluxes at '®*Rh(n,n’)
detector positionsin stainless sted zones. M onte Carlo calculation results
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Figure 4.6. C/E comparison of equivalent fission fluxes at '*Rh(n,n’) detector positionsin water zones
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Figure 4.6(a). C/E comparison of equivalent fission fluxes at **Rh(n,n’)
detector positionsin water zones. Deterministic calculation results
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Figure 4.6(b). C/E comparison of equivalent fission fluxes at ®Rh(n,n’) detector positionsin water zones: Monte Carlo calculation results
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Figure4.7. C/E comparison of equivalent fission fluxes at *Zn(n,p) detector positionsin stainless steel zones
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Figure 4.7(a). C/E comparison of equivalent fission fluxesat *#Zn(n,p)
detector positionsin stainless steel zones: Deterministic calculation results
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Figure 4.7(b). C/E comparison of equivalent fission fluxes at *Zn(n,p)
detector positionsin stainless sted zones: M onte Carlo calculation results
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Figure 4.8. C/E comparison of equivalent fission fluxes at **Zn(n,p) detector positionsin water zones
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Figure 4.8(a). C/E comparison of equivalent fission fluxes at *Zn(n,p) detector positionsin water zones: Deterministic calculation results
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Figure 4.8(b). C/E comparison of equivalent fission fluxes at *Zn(n,p) detector positionsin water zones: Monte Carlo calculation results
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Figure 4.9. C/E comparison of equivalent fission fluxes at ’Np(n,f) detector positionsin stainless steel zones
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Figure 4.9(a). C/E comparison of equivalent fission fluxes at *’"Np(n,f)
detector positionsin stainless steel zones: Deterministic calculation results
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Figure 4.9(b). C/E comparison of equivalent fission fluxes at *’Np(n,f)
detector positionsin stainless sted zones. M onte Carlo calculation results
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Figure 4.10. C/E comparison of equivalent fission fluxes at *’Np(n,f) detector positionsin water zones
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Figure 4.10(a). C/E comparison of equivalent fission fluxes at ?’"Np(n,f)
detector positionsin water zones. Deterministic calculation results
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Figure 4.10(b). C/E comparison of equivalent fission fluxes at *’Np(n,f) detector positionsin water zones: Monte Carlo calculation results
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Figure4.11. C/E comparison of equivalent fission fluxes at ?’Al(n,a) detector positionsin stainless steel zones
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Figure4.11(a). C/E comparison of equivalent fission fluxes at *Al(n,o)
detector positionsin stainless steel zones. Deterministic calculation results
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Figure4.11(b). C/E comparison of equivalent fission fluxes at >’Al(n,o)
detector positionsin stainless steel zones: M onte Carlo calculation results
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Figure 4.12. C/E comparison of equivalent fission fluxes at *’Al(n,a) detector positionsin water zones
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Figure4.12(a). C/E comparison of equivalent fission fluxes at ’Al(n,a) detector positionsin water zones: Deter ministic calculation results
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Figure4.12(b). C/E comparison of equivalent fission fluxes at >’Al(n,o) detector positionsin water zones: Monte Carlo calculation results
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Figure 4.13. C/E comparison of reaction rates at *®Ni(n,p) detector positionsin stainless steel zones
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Figure 4.13(a). C/E comparison of reaction rates at *®Ni(n,p) detector positionsin stainless steel zones: Deter ministic calculation results
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Figure 4.13(b). C/E comparison of reaction rates at ®®Ni(n,p) detector positionsin stainless steel zones: Monte Carlo calculation results
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Figure 4.14. C/E comparison of reaction rates at *®Ni(n,p) detector positionsin water zones
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Figure 4.14(a). C/E comparison of reaction rates at *®Ni(n,p) detector positionsin water zones: Deterministic calculation results
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Figure 4.14(b). C/E comparison of reaction rates at *®Ni(n,p) detector positionsin water zones; Monte Carlo calculation results
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