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a b s t r a c t

Simulation of the behavior of the plate-type research reactors such as JRR-3M and CARR poses a challenge
for traditional neutronics calculation tools and schemes for power reactors, due to the characteristics of
complex geometry, highly heterogeneity and large leakage of the research reactors. Two different theo-
retical approaches, the deterministic and the stochastic methods, are used for the neutronics analysis of
the JRR-3M plate-type research reactor in this paper. For the deterministic method the neutronics codes
DRAGON and DONJON are used, while the continuous-energy Monte Carlo code RMC (Reactor Monte
Carlo code) is employed for the stochastic approach. The goal of this research is to examine the capability
of the deterministic code system DRAGON and DONJON to reliably simulate the research reactors. The
results indicate that the DRAGON and DONJON code system agrees well with the continuous-energy
Monte Carlo simulation on both keff and flux distributions if the appropriate treatments (such as the ECCO
option) are applied.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

There are over 240 operational research reactors in the world
(IAEA, 2010). These research reactors are constructed to generate
neutrons for different purposes, such as neutron scattering, neu-
tron activation analysis, radiography, irradiation testing of materi-
als and production of isotopes, etc. These research reactors have
the characteristics of high heterogeneity due to the existence of
strong neutron absorbers and the large leakage due to the compact
reactor design. In the traditional neutronics calculation tools and
schemes, the typical three-level calculation, including cell trans-
port calculation, assembly transport calculation and full core diffu-
sion calculation, is usually applied to power reactors. Modifications
have to be made in order to simulate accurately the neutronics
behavior of the research reactors such as JRR-3M (Iwasaki et al.,
1984, 1985; Hosoya et al., 2007) and CARR (Yuan and Kang,
1998) using full core diffusion calculation. For example, the Japan
Atomic Energy Research Institute (JAERI) adopted the ‘‘inner
boundary condition’’ method to deal with the effect of strong neu-
tron absorbers when simulating the JRR-3M (Iwasaki et al., 1984,
1985). Liu (2006) or introduced the correction factors for the

absorption cross-sections of the absorber elements in order to
match the Monte Carlo calculations. Both the methods of ‘‘inner
boundary condition’’ and correction factors are inconvenient and
inefficient since the boundary conditions or cross-sections have
to be modified manually to match the SN or Monte Carlo
calculations.

In this paper, two different theoretical approaches are adopted,
i.e., the deterministic method and the stochastic method, to calcu-
late the neutronics behaviors of JRR-3M plate-type research reac-
tor. The deterministic codes DRAGON (Marleau et al., 2014) and
DONJON (Hebert et al., 2014) are validated based on the reference
calculations by the 3D continuous-energy Monte Carlo code RMC
(Reactor Monte Carlo code) (Wang et al., 2011). The ENDFB-VII
rel. 1 library is used to ensure the consistency of nuclear data.
RMC adopts the continuous-energy library, while DRAGON adopts
the multi-group one.

RMC is a continuous-energy Monte Carlo neutron transport
code being developed by Department of Engineering Physics at
Tsinghua University. Both DRAGON and DONJON are open source
codes programmed by Institute of Nuclear Engineering of Polytech-
nique Montréal, Canada. As widely used open source reactor
physics codes, DRAGON and DONJON have been successfully used
to simulate several types of reactors and solve a lot of practical
problems such as the simulations of CANDU reactor core (Varin
and Marleau, 2006), fuel loading pattern optimization for PWR
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(Liu and Cai, 2012) and neutronic and thermohydraulic coupling of
thorium-based fuel assembly in SCWR (Liu and Cai, 2013) etc.

The goal of this research is to validate the capability of this
deterministic code system DRAGON and DONJON when applied
to simulate the compact plate-type research reactor.

The remainder of this paper is organized as follows. Section 2
gives the descriptions of the calculation model of JRR-3M plate-
type research reactor. Section 3 introduces the DRAGON calcula-
tion models which have been used to generate the macroscopic
cross sections required for a full core diffusion calculation. The full
core diffusion model of DONJON and the detailed full core trans-
port model of RMC are given in Section 4. The comparisons
between the results of DONJON and RMC have been carried out
in Section 5, and the conclusions are presented in Section 6.

2. Core configuration of the JRR-3M plate-type research reactor

A model of the research reactor based on the design of JRR-3M
has been established. JRR-3M is a light water moderated and
cooled, beryllium and heavy water reflected pool type research
reactor with maximum thermal power of 20 MW using low
enriched uranium (LEU) plate-type fuels (Hosoya et al., 2007).
Fig. 1 shows the overview of JRR-3M. The core contains 26 standard
fuel elements, 6 follower fuel elements with neutron absorbers,
and 12 pieces of beryllium reflector. A heavy water tank is installed
around the core. JRR-3M is a typical ‘‘inverse flux trap’’ which has
high thermal neutron fluxes in reflector region where beam tubes
can be placed.

The studied model in this paper is not the exact JRR-3M, but a
JRR-3M type research reactor. That means this model is a universal
research reactor with similar parameters as JRR-3M. Different from
the JRR-3M, the studied model is in square shape as is shown in
Fig. 2, while JRR-3M has an annular heavy water reflector and light
water reflector.

Due to the limitation of the geometry modeling of the RESINI
module in DONJON, these modifications of the studied model can
ensure the consistency of geometry in both DONJON and RMC.
The dimensions of the realistic and modified JRR-3M research reac-
tors are shown as in Table 1. The RESINI module needs a 3D Carte-
sian geometry with equally sized cells, as it cannot deal with
bundle of different sizes. So the side length of core, heavy water
reflector and light water reflector are equal to the multiple of the
pitch, with the size of each pitch equal to a fuel element. From
Table 1, it can be found that the areas of heavy water reflector
and light water reflector of the modified core are a bit larger than
that of realistic core. The keff of the realistic core with annular
reflectors for S and R control rods partly inserted is 1.136867, while

keff of the modified core with rectangular reflectors is 1.148726.
The keff of modified core is 0.011859 larger than that of realistic
core. It can be concluded that the differences between the realistic
core and modified core meanly come from the differences of the
areas of reflectors. Moreover, the objective of this study is to exam-
ine the applicability of DRAGON/DONJON for the analysis of
research reactor with the characteristics of complex geometry,
highly heterogeneity and large leakage of the research reactors.
Although there are some differences between the rectangular
reflectors and annular reflectors, the modified core with rectangu-
lar reflectors can preserve the characteristics of complex geometry,
highly heterogeneity and large leakage of the research reactors.
Therefore, the modified core with rectangular reflectors is valid
and reasonable for validation of calculation codes, models and
schemes.

For each standard fuel element, it contains 20 fuel plates in
which the fuel meat is 0.038 cm thick. The fuel meat contains
U3Si2 in Al matrix with uranium density 3.0 g/cm3. The atomic den-
sities of each component of the standard fuel element are listed in
Table 2. It should be noticed that there is zero xenon in the initial
fuel.

3. DRAGON modelling of the research reactor

DRAGON calculations are used to generate the macroscopic
cross sections for a full core diffusion calculation of DONJON or
other core analysis. Different from traditional codes, the first level
cell calculations are no longer needed in DRAGON, by providing the
direct 2D or 3D assembly level transport calculations. DRAGON is
divided into many calculation modules lined together by the
GAN generalized driver. In the first part, we present the geometry
modelling of each part of the JRR-3M type reactor. Then we will
introduce the calculation options used in DRAGON.

3.1. Geometry modelling

The two-dimensional geometry models of standard and
follower fuel element are shown as Fig. 3(a) and (b) respectively,
with the reflect boundary condition. There are 20 fuel plates in
the standard fuel assembly and 16 fuel plates in the control fuel
assembly. The geometry parameters are the same as JRR-3M. DRA-
GON has the ability to model the detailed geometry of each fuel
meat, therefore the cell calculation are no longer needed.

The two-dimensional full core models of JRR-3M type reactor
with four control rod elements inserted and all control rod ele-
ments inserted are shown in Figs. 4 and 5 respectively, includingFig. 1. Core configuration of JRR-3M.

Fig. 2. Core configuration of JRR-3M type research reactor.
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