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Abstract: The SCALE/TRITON code (based on deterministic method) and the Serpent 2
code (based on Monte Carlo method) were utilized in this study to prepare the group
constants of the pressurized water reactor (PWR) mix-oxide (MOX) assemblies for transient
analyses of PWR MOX fueled cores in normal operation and rod ejection accident condition
with 3D reactor kinetics codes. The PWR MOX assemblies were modeled with TRITON and
Serpent and its infinite multiplication factor versus burnup and respective neutron cross
sections were calculated and compared with the available benchmark data. The comparative
results generally show a good agreement between TRITON and Serpent with the benchmark
data, indicating that the TRITON and Serpent models developed herein for the PWR MOX
assemblies can be applied to group constant generation to be further used in transient
analyses of PWR MOX fueled cores.
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I. INTRODUCTION

The utilization of recycled plutonium as mix-oxide (MOX) nuclear fuel in light water
reactor (LWR) cores helps to save the natural uranium resources and reduce either the amount of
weapon-grade plutonium or the plutonium amount which has to be disposed to the final storage.
However, it is noted that rod ejection accident (REA), which is a consequence of mechanical
failure of the control rod drive mechanism casing located on the reactor pressure vessel top and
categorized as design-basis reactivity-initiated accident in pressurized water reactors (PWRS), is
of particular concern for MOX fueled cores since their delayed neutron fractions are significantly
smaller than those of UO2 cores [1]. The rod ejection transient can result in significant, localized
perturbations of the neutronic and thermal-hydraulic core parameters, which can be difficult for
reactor core simulators to predict accurately, especially in a heterogeneous MOX/UQO2 fueled
core. In our current research effort, we aimed to use the 3D reactor kinetics codes like PARCS [2]
and NODALZ3 [3] to examine thoroughly REAs in PWR MOX fueled cores. Hence, the present
study was performed to generate the neutron cross sections for the PWR MOX fuel assemblies
based on the OECD/NEA and U.S. NRC PWR MOX/UO2 Core Transient Benchmark [1]. The
TRITON module (based on deterministic method) of the SCALE code system [4] and the Serpent
2 code (based on Monte Carlo method) [5] were utilized herein to do this generation. The infinite
multiplication factor of the PWR MOX assemblies versus burnup and the respective neutron
cross sections obtained with TRITON and Serpent were analyzed in relation to the available
benchmark data.

Il. CALCULATION METHODOLOGY

The PWR MOX assembly configuration was obtained from Ref. [1] with 17x17 fuel lattice
including 264 fuel rods and 24 Wet Annular Burnable Absorber (WABA) pins. In the present
study, the MOX 4.0% and MOX 4.3% assembly types were modeled and analysed with the
SCALE/TRITON module (deterministic method) and Serpent 2 (Monte Carlo method). The
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MOX assembly configuration and its models with TRITON and Serpent are represented in Fig. 1.
The heavy metal composition in the MOX 4.0% and MOX 4.3% assemblies is shown in Table 1.
The detailed assembly design parameters and material composition can be found in Ref. [1].

The two models have the same geometry in two dimensions with infinite assembly height
and the same material composition. The only differences are the transport and depletion solution
methods as well as the nuclear data libraries used in each code. The SCALE 252-group library
and the ENDF/B-VII.0 data library [6] were used in the TRITON and Serpent calculations,
respectively. The calculations were done under the hot full power condition. The infinite
multiplication factor (k-inf) of the MOX assemblies versus burnup and the respective neutron
cross sections obtained with TRITON and Serpent were analyzed in relation to the benchmark
data obtained by the HELIOS code.
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Fig. 1 MOX assembly configuration (left) and its models with TRITON - ¥ symmetry (center)

and Serpent (right)
Table 1 Heavy metal (HM) composition in MOX fuel
Assembly type | Density [g/cm®] HM material
MOX 4.0% 10.41 Corner zone:

2.5 wt% Pu-fissile
Peripheral zone:
3.0 wt% Pu-fissile
Central zone:

4.5 wt% Pu-fissile

Uranium vector:
234/235/236/238 =
0.002/0.2/0.001/99.797 wt%

0, .

MOX 4.3% 10.41 g%r\r/]vetg/zgsje-ﬁssile Plutonium vector:
S d o 239/240/241/242 =
eripheral zone: 93.6/5.9/0.4/0.1 Wt%

3.0 wt% Pu-fissile
Central zone:
5.0 wt% Pu-fissile

1. RESULTS AND DISCUSSION

The k-inf values of the MOX 4.0% and MOX 4.3% assemblies versus burnup obtained with
TRITON and Serpent were presented in Fig. 2 in comparison with the reference benchmark data
obtained with HELIOS [1]. It was shown that there is generally a good agreement between the
three codes. The maximum deviations of the TRITON and Serpent results from the benchmark
data were 479 pcm and 564 pcm, respectively, for the MOX 4.0% assembly. These maximum
values were 588 pcm and 643 pcm for the MOX 4.3% assembly. In addition, as the fuel burns
out, the TRITON results tend to overpredict the benchmark data while the Serpent results tend to
underpredict the benchmark data.



The two-group neutron cross sections were also generated using TRITON and Serpent at
different fuel burnup steps and compared with the benchmark data obtained with HELIOS. The
comparison was illustrated in Tables 2 and 3 for the transport, absorption and fission production
(nu*fission) cross sections at the burnup of 0.15 GWd/tHM. It was found that the cross sections
generated by TRITON and Serpent generally compared well within few percent with the
reference data obtained with HELIOS. However, the maximum deviations of the TRITON and
Serpent results from the benchmark data were within 10-15% for the transport cross sections.
Since the same geometry and the same material composition were used in the calculations, it
might be mainly due to different calculation methods and nuclear data libraries used in each code.
It is also noted that the neutron cross sections obtained with TRITON and Serpent agreed well

within ~3% to each other.
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Fig. 2 The k-inf of the MOX 4.0% (left) and MOX 4.3% (right) assemblies versus burnup

Table 2 Two-group cross sections of the MOX 4.0% assembly at the burnup of 0.15 GWd/tHM

Group Transport Absorption Nu*Fission
Reference 1 2.35776E-01 1.17228E-02 8.30529E-03
SCALE/TRITON 1 2.14159E-01 1.20597E-02 8.16060E-03
SERPENT 1 2.13426E-01 1.19156E-02 8.34383E-03
Reference 2 8.65492E-01 2.50779E-01 3.68848E-01
SCALE/TRITON 2 9.98765E-01 2.41033E-01 3.61891E-01
SERPENT 2 9.94692E-01 2.49328E-01 3.65436E-01

Table 3 Two-group cross sections of the MOX 4.3% assembly at the burnup of 0.15 GWd/tHM

Group Transport Absorption Nu*Fission
Reference 1 2.35770E-01 1.19080E-02 8.69247E-03
SCALE/TRITON 1 2.14033E-01 1.23033E-02 8.73070E-03
SERPENT 1 2.13148E-01 1.20894E-02 8.71826E-03
Reference 2 8.67568E-01 2.59391E-01 3.84971E-01
SCALE/TRITON 2 1.00603E+00 2.53248E-01 3.71603E-01
SERPENT 2 1.00364E+00 2.57423E-01 3.80709E-01

IV. CONCLUSIONS

In this paper, the SCALE/TRITON (deterministic method) and Serpent (Monte Carlo
method) codes were utilized to generate the neutron cross sections for the PWR MOX 4.0% and
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4.3% fuel assemblies. The purpose was to use both the deterministic and Monte Carlo methods to
prepare the group constants for analyzing REAs in PWR MOX fueled cores using 3D reactor
kinetics codes like PARCS and NODALS3. The k-inf values of the MOX assemblies versus
burnup and the respective neutron cross sections obtained with TRITON and Serpent were
analyzed and compared with the reference benchmark data obtained with the HELIOS code. The
comparative results generally show a good agreement between the three codes, demonstrating the
reliability of the TRITON and Serpent models developed herein for the PWR MOX assemblies.
These calculation models are being improved and applied to transient analyses of PWR MOX
fueled cores using 3D reactor kinetics codes.
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TINH TOAN HANG SO NHOM CUA CAC BO NHIEN LIEU MOX NAP
TAI LO PHAN UNG PWR DUNG CAC CHUONG TRINH TiNH TOAN
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Tom tit: Bao cao trinh bay viéc p dung cic chuong trinh SCALE/TRITON (dua trén
phuong phap tat dinh) va Serpent 2 (dya trén phuwong phap Monte Carlo) dé tinh toan hang sé
nhom cua cac bo nhién lisu MOX (nhién liéu dang hon hop 6 xit) nap tii 10 phan tng PWR
phuc vu céc tinh toan chuyén tiép vung hoat 10 PWR nap tai nhién liéu MOX trong cac diéu
kién van hanh binh thudng va sy ¢b bat thanh diéu khién ra khoi viing hoat. Cac bé nhién liéu
MOX nap tai 106 PWR dugc md hinh héa véi TRITON va Serpent trong d6 hé sé nhan
neutron vo han caa cac b6 MOX phu thudc do sau chay caa nhién liéu cung véi cac tiét dién
neutron duoc tinh toan va so sanh véi cac gia tri twong (ng cua bai toan benchmark. Két qua
so sanh néi chung cho thay su phi hop tét giira cac gia tri tinh toan dung TRITON va Serpent
véi cac dir liéu benchmark. Vi vay cdc mé hinh b6 nhién liéu MOX nap tai 10 PWR dugc
phét trién ¢ day dung TRITON va Serpent c¢6 thé dugc &p dung dé tinh toan cac hang sé
nhém phuc vu cac tinh toan chuyén tiép viing hoat 10 PWR nap tai nhién liéu MOX.

Tir khoa: bo nhién lisu MOX nap tai 16 PWR, hing s6 nhém, SCALE, Serpent
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