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Abstract

This research aims to presents the neutron simulations for the shutter
installation using in Prompt-Gamma Neutron Activation Analysis (PGAA) in
TRIGA reactor. The results values of this work propose that, a good using of
shutter of neutron is more important to improvement the nuclear security
protocol at the center.
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Introduction

As part of its support to socio-economic actors in the field of material characterization and
non-destructive testing, the National Energy Center of Nuclear Science and Technology
(CNESTEN) has started in collaboration with the International Atomic Energy Agency
(IAEA), a project to install the Prompt-Gamma Neutron Activation Analysis (PGAA) in
TRIGA reactor Tangential Channel (NB1).The TRIGA MARK II Nuclear Reactor is a pool
type reactor, designed for research; the reactor is a valuable source of neutrons used in
various laboratory applications. The most important application of the reactor TRIGA is
irradiation in the core or near the core, as an example neutron activation analysis (NAA) [1-
3]. Extracting a beam of neutrons from outside the biological shielding of the reactor presents
a possibility for research that would otherwise not be feasible for irradiations near of reactor
facility. The characteristics such as energy, angle, and content of this external radiation beam
can be controlled to some extent and thus allow flexibility for specific applications. Several
researchers have published the study of the neutron beam via a collimator and the shutter [4-
9]. The aim of this research was to design and build a neutron beam facility to extend the
Prompt-gamma neutron activation analysis. In previous research we communicated the
collimator and the sapphire as two devices necessary for the orientation of the neutron beam,
in this research we approached the shutter as a beam stopper, because each installation of a
PGAA system is necessary an ability to stop the neutron or gamma beam coming out of the
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collimator. In this context we are installing equipment which plays the role of activating and
deactivating the beam, therefore a very important role in protecting workers against nuclear
radiation when sample changes are made.

The shutter is made up of four cylindrical blocks of materials, these deferent blocks are
(Boron Polyethylene for protection against fast neutrons, Solid paraffin is mainly used to
absorb all thermal neutrons, Born stainless to attenuate gammas, and Lead on the sides and
the top to attenuate all the gamma produced at the shutter level), the blocks are separated by a
thin plate of boric acid with a density of 1.5 g/cm®. The shutter is a system that contains two
positions (on/off), which are moved by a pneumatic cylinder (the possibility of closing by
gravity is integrated into the event of a power cut or in the event of an emergency closing).
The ideal position of the shutter is attached directly to the collimator. The shutter contains the
following main elements (frame, movable block, collimator, beam stopper, base plate,
pneumatic system, and an electrical system) Figure 1. We have used in this research the code
MCNP6.1, developed by Los Alamos National Laboratory, is used worldwide to simulate the
transport of neutrons using the Monte Carlo method, this method is well suited to solve
complex issues [10-12].
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Figure 1. Neutron Beam Shutter for PGAA

Results and discussion

The MCNP model (See Figures 2 and 3) allowed us to determine the attenuation of neutron
flux passing through the collimator at each shutter position. These results were introduced to
evaluate the neutron current throughout the shutter. In this part we simulated the neutron
current through each upper surface outlet from the end of collimator to the end of shutter.
Figure 3 shows the shutter geometry with the deferent materials that contains each layer of
materials bounded by a surface indicated.

The MCNP model allowed us to determine the attenuation of the neutron flux passing
through the shutter at each 1 cm step (See Figure 3). We notice from the figure that the
deprived neutrons flux and each deprivation relates to the type of shutter material. From
figure 4, there are blue crosses, each cross signifies the limit of a block material, which is
why when we find the thin layers of Lead we notice a small peak expressing a lack of flux
through this layer.
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Figure 2. 2D models of collimator and shutter, obtained by the
code MCNP
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Figure 3. 2D model of the shutter, obtained by the code MCNP

We performed several simulations using the Monte Carlo method in several shutter positions,
to know the intensity and the type of neutron flux in each region. Fig. 3 expresses the neutron
distribution as a function of the type of neutron (thermal, epithermal and fast). According to
Figure 5 which presents the neutron flux as a function of the neutron energy, note that the
neutron flux at the entrance of the shutter is more than 110 times more intense than the end of
the shutter (510* n/cm?.s at the shutter inlet and 5.10%> n/cm?’.s at the outlet). Therefore, the
neutron flux at the end of the shutter is almost zero. This research describes the modeling and
description of the Shutter facility used in PGAA system at CNESTEN.

We have carried out several neutron simulations to take into account the characteristics of the
various components of the installation such as the shutter, materials, the neutron beam and
shielding.
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Figure 4. Neutron flux distribution through shutter (n/cm?2.s)
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Figure 5. Neutron flux distribution in different shutter position
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Figure 6. Neutron flux mapping was carried out at 10 cm from the collimator inlet (a), at the end of the collimator
(b), at 20 cm from the shutter inlet (c) and 40 cm from the shutter inlet (d)

Neutron flux mapping was carried out at 10 cm from the collimator inlet (a), at the end of the
collimator (b), at 20 cm from the shutter inlet (c) and 40 cm from the shutter inlet (d). A
working beam facility requires the ability to toggle the beam on and off and protect the beam
in both cases. The beam shutter is designed to effectively protect the neutron beam when the
attachment is not in use or when sample changes are being made. Based on the results
approved during this Monte work, we found that the shutter is designed to shut off all
neutrons coming from the reactor core. The results of this work generated by these
simulations explain that we will have to add some performance after the shutter to stop the
fission gamma from the reactor core which was not taken into account in the design of the
shutter. Therefore, recommending the need for additional shielding around the shutter.



Conclusion

In this study, we have shown that the shutter plays an important role in stopping the neutron
flux. Based on the results obtained, it is recommended to install a concrete wall opposite the
shutter. All this is for quality assurance and safety is well adapted against neutron radiation
coming from the collimator.
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