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a b s t r a c t

The structuring project of the Brazilian Multipurpose Reactor (RMB) is responsible for meeting the ca-
pacity to develop and test materials and nuclear fuel for the Brazilian Nuclear Program. An irradiation
test device (Loop) capable of performing fuel test for power reactor rods is being conceived for RMB
reflector. In this work neutronic calculations have been carried out in order to determine parameters to
the Loop basic design. Safe position determined to be 52.7 cm displaced from the core, where linear heat
rate (q’) < 1 W/cm fission power is released in the rig loading fissile sample. Since irradiation rig moves
during normal operation of the reactor, displacement of the samples must be investigated in terms of
perturbation in the core. Results confirmed efficacy of the 12 cm heavy water layer designed to suppress
reactivity effects in the core. Linear heat rate in the fissile sample was calculated in order to estimate
predefined power ramps of 50e350 W/cm, information necessary to the project of the displacement
device. Ramp lengths of 9.59 cme13.22 cm were found depending on the peak factor considered for the
sample rod and the number of beryllium rows arranged in the reflector.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The project for development and construction of the Brazilian
Multipurpose Reactor (RMB), included among the goals of the Ac-
tion Plan for Science, Technology and Innovation of the Ministry of
Science and Technology 2007e2010 (PACTI/MCT) began in 2011.
This is a structuring project for the nuclear area of the country,
which has as main objectives:

� Production of radioisotopes to meet domestic demand.
Currently, the country spends more than R$12 million/year
importing radioisotopes for the production of radio-
pharmaceuticals;

� Production of cold and thermal neutron beams for research and
applications in all areas;

� Development and testing of materials and nuclear fuel for the
Brazilian Nuclear Program

Obadia and Perrotta (2010) performed a sustainability analysis,
showing that Brazilian nuclear infrastructure presents a very

favorable condition to the implementation of the RMB project as
well as to provide a sustainable life cycle for this new research
reactor.

RMB conceptual designwith description of key components and
systems was elaborated by Brazilian Nuclear Energy Commission
(CNEN). Basic design of nuclear systems (reactor itself, I & C and
neutron beam) was prepared by Invap company as part of the
agreement signed with the National Atomic Energy Commission of
Argentina (CNEA) to develop a common basic design of Brazilian
(RMB) and Argentine (RA-10) multipurpose reactors (Perrotta and
Soares (2015)).

For development and testing of materials and nuclear fuel, the
design of a fuel seeks a fissile/fertile/structural material ratio that
meets the necessary neutron characteristics, but also meets the
technological factor of production and that has the appropriate
performance under irradiation and temperature conditions in the
reactor (Perrotta (1999)). The performance of nuclear fuel under
irradiation depends on reactor operating conditions, which impose
various types of mechanical, nuclear, thermal-hydraulic and
chemical stresses, and also how this fuel is structured, specified and
manufactured.

In order to allow testing of rod fuel prototypes, simulating
steady state and dynamic conditions, the fuel irradiation facility
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(Loop) was designed to the reflector of RMB reactor. Several post-
irradiation examinations concerning the properties of the fuel,
that is, changes in physical properties, mechanical properties,
structural properties and dimensions, may be carried out due to the
suitable thermal neutron flux in the Loop. Intensity of each effect is
dependent on the type of material, the intensity of irradiation and
the temperature gradient in which the material is being subjected.

Analysis of mechanical properties and corrosion resistance
generate information that can be used for development of new
claddings. The characteristics of dimensional and structural
changes are associatedwith fuel material and also serve as input for
fuel optimization (Perrotta (1999)). For these reasons, the RMB
Loop has a key role on development and testing of nuclear fuel for
the Brazilian Nuclear Program.

RMB Loop design compares to other devices like Isabelle loop
(operating in the Osiris Material Testing Reactor) which offered
successful experimental results under power ramps conditions, and
MADISON loop (Multirod Adaptable Device for Irradiation of
experimental fuel Sample Operatingin Normal conditions) in
development to the Jules Horowitz Material Testing Reactor
(Alberman et al. (1997), Camprini et al. (2016)).

Neutronic calculations have been carried out in order to deter-
mine parameters to the Loop basic design. Once core parameters
were calculated, perturbation in the core was determined through
comparison between the model with and without the loop rig.
Linear power (heat rate) values in the fissile samplewere calculated
in order to estimate the path length to obtain a power ramp, input
necessary to the project of the displacement device. Flux profile in
the reflector was presented to allow comparison between two cases
considered, namely 2 Be rows and 5 Be rows in the Loop.

2. Multipurpose Brazilian Reactor

2.1. Reactor core and reflector devices

RMB is a 30 MWth open pool-type Material Testing Reactor
reflected by heavy water and beryllium, moderated and cooled by
light water. The core rack is a 5 � 5 matrix hosting 23 Material
Testing Reactor (MTR) type fuel elements, and 2 positions available
for materials irradiation tests. Fuel Elements are composed of 21
rectangular aluminum fuel plates. Inside the aluminum clad fuel
plates, the fuel meat consists of enriched uranium silicide mixed
with aluminum. Uranium silicide (Uð19:7%Þ3Si2) is an intermetallic
compound, the state-of-the-art among nuclear fuel materials used
in modern research reactors (Scapin et al. (2011)). Schematic top
view of reactor core is presented in Fig. 1. Dimensions of the fuel
element are informed in Table 1. The operational cycle is about 28
days, accomplished by means of utilization of poisoned fuel ele-
ments. Forty two cadmium wires alongside the fuel plates, one on
each side of the plate, are depleted together with each fuel element.
Independent hafnium control plates, which move parallel to the
fuel plates, are responsible for reactor control.

Zircaloy reflector vessel surrounds the reactor core and contains
heavy water. Heavy water reflector allows a thermal neutron flux
which is suitable for research and application in different areas
through utilization of different irradiation devices.

The reflection on the fuel irradiation facility side is done with
the utilization of removable beryllium assemblies (Fig. 2).

2.2. Fuel irradiation facility (loop)

As can be seen from Fig. 2, the reflector vessel houses the fuel
irradiation facility (Loop): a rectangular cross section structure,
filled with light water, passing through the vessel besides the core
chimney, containing the beryllium reflector grid and the beryllium

assemblies. The beryllium assemblies are rectangular removable
beryllium blocks with an internal hole to ensure the cooling flow
circulation. Lateral stops are used to ensure the gap and allowwater
circulation in between. The design basis adopted consist on

Fig. 1. Top view of reactor core.

Table 1
General characteristics of the RMB core and reflector.

Core total power 30 MWth
Fuel locations 23
Experimental locations in core 2
Radial reflector D2O and Be
Active height 61.5 cm
Fuel Dimensions (8.05 � 8.05 � 104.5) cm
Meat dimensions (0.061 � 6.5 � 61.5) cm
Fuel (19.75% 235U) U3Si2
Cladding material Al alloy
Safety Rods (central, external) 2, 4

Fig. 2. Top view of reflector vessel.
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