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ABSTRACT

A three-dimensional full-scale Monte Carlo model of the BR2 reactor has been developed
for simulation of irradiation conditions of materials and fuel loaded in various irradiation
devices. This new reactor model includes a detailed geometrical description of the inclined
reactor channels, the irradiation devices loaded in these channels including the materials to
be tested/loaded in these devices, the bum-up of the BR2 fuel elements and the poisoning of
the beryllium matrix. Recently a benchmark irradiation of new irradiation device for testing
and qualification of MTR fuel plates has been performed. For this purpose the detailed
irradiation conditions of fuel plates had to be predetermined. Monte Carlo calculations of
neutron fluxes and heat load distributions in irradiated MTR fuel plates were performed
taking into account the contents of all loaded experimental devices in the reactor channels.
A comparison of the calculated and measured values of neutron fluxes and of heat loads in
the BR2 reactor is presented in this paper. The comparison is part of the validation process
of the new reactor model. It also serves to establish the capability to conduct a fuel plate
irradiation program under requested and well-known irradiation conditions.

1. Introduction

The Belgian high flux material testing light water reactor BR2 has been operational since 1963 An
intensive experimental program of irradiation of different materials and fuel elements in the reactor
core needs an effective and reliable theoretical model of the reactor for the calculation of different
neutronic parameters and irradiation conditions in investigating devices. A specific feature of the BR2
construction is that all channels containing fuel elements and irradiated devices in the reactor core are
inclined at different angles. All 2-dimensional and 3-dimensional (Monte Carlo) computational
models used until now for the calculation of irradiation conditions in the BR2 reactor did not take into
account the actual inclined orientation of the channels[l]. This note describes a full-scale Monte
Carlo model of the BR2 reactor with inclined channels for calculating the neutron fluxes and the
nuclear heating in different irradiation devices loaded into the BR2 core

2. Full-scale 3-dimensional model of the BR2 rector

The Monte Carlo transport code MCNP 2 was used for simulating neutron transport in the BR2
reactor. Three-dimensional BR2 model includes:
• precise geometrical description of fuel elements, control rods, regulation rods, individual

orientation of hexagonal Be matrix in each channel and all experimental devices;
• individual description of contents loaded into each inclined channel;

• individual composition of fuel elements;
• flexibility for preparing and changing data describing a reactor load;
• possibility to obtain detailed infort-nation about distribution of neutron and photon fluxes, fission

heating, gamma heating in any part of the reactor.

206



possibility to obtain detailed information about distribution of neutron and photon fluxes, fission
heating, gamma heating in any part of the reactor.

The core of BR2 reactor contains 79 channels: 64 standard channels 084.2 mm), 10 reflector
channels (050 mm) and large channels 0200 mm). Each channel has a hexagonal Be reflector and
is inclined by it own angle so, that in each cross section of the core by Z-plane a triangular water gap
exists between the channels formed by the hexagonal Be matrix. The further that the cross section is
from the middle plane, the larger the triangular gaps appear between the channels. An example of the
core cross section by the plane Z=+20 cm above the middle plane is shown in Fig.l. Irradiated MTR
fuel plates are located in the irradiation devices as shown in Fig.2. This shows the triangular water
gaps between Be hexagons in cross section at the level of Z=+20 cm, but in the middle plane the gaps
do not appear. The MTR fuel plates are located in water gaps 76 mm and have a thickness of 27
mm, and dimensions 68.4 mm x 970 mm. Standard fuel elements of the BR2 reactor have a different
burn-up composition. Dependence of nuclide composition on the burn-up of BR2 fuel elements is
similar to the work 3].

Fig. I Cross section of the BR2 core load Fig.2 Cross section of the channel G300
containing the irradiation device with containing the device with MTR fuel
MTR fuel plates. plates (cross section at Z=+20 cm).

The effect of Be poisoning was taken into account for the following reactions:
913e(na) ) 6He
6He ---- P-> 6Li , TI/2=0.807 s
6U(ncc) 3T
3T 3He, TI/2=12.33 y
3He(np) 3T

Production of 6Li and 3T are the main source of poisoning of Be matrix. Both 6Li and 3T are large
absorbers of thermal neutrons and they have an influence on the flux distribution and on reactivity in
the core. Be material is used as a reflector moderator in several reactors. Analysis of the influence
of Be poisoning on the reactivity of BR2 was presented in paper 4]. Calculations of the Be poisoning
in the MARIA reactor was considered in papers 5-61. The influence of Be poisoning on the reactivity
in the WWR-M reactor was considered in paper 7].
The system of differential equations describing an evolution of concentrations f6Li, 3T, 3He has a
form:

dN"' (r, O e=_NH,(r)f(p(rEt)u" (E)dE
dt n'a
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dNLi (r, O N, f(p (r, E, I)a e (E)dE - N, 11Iadt na _i(rt)fp(rEtjkT' (E)dE

dN, (r, t)
N Li(rt)fp(rE, t)a Li (E)dE + Nle (r, t) fV (r, E, ta He (E)dE - A N, (r, t)dt na �'P

dN" (r, O ),He
dt N le(rl$p(r�E, ',P (r, E)dE +A, N, (r, t)

here NLi, NT, NHe are atomic concentrations of Li, T and He in Be matrix, Yrn is the microscopic

cross section of nuclide n for reaction r, p(rEt) is a neutron flux, and is a decay constant for T.
Reaction rates in the equations considered are the function of Be matrix position in the core and te
time of irradiation. However, for reducing the number of calculations, reaction rates were computed
for several channels situated in different places in the core for irradiation cycle 2a/2001. Using
equations (1) and information about the duration and cooling times for each irradiation cycle,
concentrations of Li, T and He were computed for each set of reaction rates, corresponding to
different channels. The average concentrations over the channels considered were used as
homogeneous concentrations of Li, T and He in the whole Be matrix in the core. It seems to be
difficult to calculate the reaction rates for each channel and each irradiation cycle starting from 1997.
But for more accurate calculation it is possible to calculate spatial dependence of Li, He, T in different
channels in the core taking into account reaction rates for one typical cycle.

3. Comparison of Calculated and Measured Neutron Fluxes in Irradiation Channels

Calculations of thermal neutron fluxes were performed by Monte Carlo code MCNP for cycle
2A/2001 in the central Be channel HI containing no irradiation samples and in channels G60, G300.
The thermal neutron flux in channels G60 and G300 was calculated for the beginning and for the end
of the fuel cycle for a nominal reactor power of 56 MW. The average value over the considered fuel
cycle and over both channels was compared with neutron fluxes measured by 60CO integrated
dosimeters (see Fig.4). The axial distribution of the thermal neutron flux calculated by MNCP in te
central channel HI and measured thermal flux is presented in Fig.3. Neutron fluxes for energy
E<0.4eV and E<0.625eV were calculated for the HI channel. The neutron flux in channels
G60&G300 was calculated for E<0.5eV. Statistical errors in the presented figures correspond to the

fractional standard deviation of ](Y. The maximum value of neutron flux is located by -10 cm below
the middle plane, that is explained by the position of absorbing elements of control rods above the
middle plate.
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Fig.3 Axial distribution of calculated and Fig.4 Axial distribution of calculated and
measured thermal neutron flux in the central measured thermal neutron flux in channels

208



channel H I G60&G300

4. Irradiation of MTR fuel plates in channel G300
Two fuel plates were irradiated in channel G300 (see Figs.1-2) during fuel cycle in 2001. The axial

distribution of integral y-activity measured over the width of fuel plates is compared with axial

distribution of fission rates. In Fig.5 both distributions are shown in arbitrary units for the plate located

closer to the centre of the core. Comparison is performed in arbitrary units for both distributions. As

can be seen, the calculated fission rate (histogram) and the measured y-activity (points) have a similar

axial distribution. More detailed distribution of fission rate was calculated over the heating surface of

the fuel plate and presented in Fig.6.
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Fig.5 Axial distribution of calculated fission power Fig.6 Two dimensional distributions of

(histogram line) and measured y-activity (dots) fission rate in MTR fuel plates in channel

for the fuel plate located in channel G300. G300. Fission power is normalised per
(nearest plate to the centre of the core). cooling surface of fuel plate.

The right distribution is calculated for the

plate nearest to the centre of core.

5. Conclusion

A full-scale 3-dimensional model of the BR2 reactor includes detailed description of the contents in

all inclined channels and of all loaded irradiation devices. Effects of BR2 fuel bum-up and Be

poisoning were taken into account.

Monte Carlo computations of neutron fluxes and fission power distribution performed by MCNP code

using the present model demonstrated good agreement with experimental results.
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