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Summary

A computational model of the Americium-Beryllium neutron source facility at the University of
Ontario Institute of Technology was developed using the neutron transport code Monte Carlo
Neutron Particle from Los Alamos National Labs. This model was built using publically
available reference data, and measurements of the facility. The results from this model were
validated against Nested Neutron Spectrometer readings.

1. Introduction

A common radioisotope neutron generator is the Americium-Beryllium (AmBe) neutron source
which uses the (o,n) reaction to generate neutrons. An AmBe neutron source was built at the
University of Ontario Institute of Technology (UOIT) to facilitate experiments with low flux
neutron fields.

In order to expedite experimental processes which use the AmBe neutron source, it is often
desirable to have some sort of computational model of the neutron source. With a computational
model, experiments can be simulated before they are actually run. In this way, an approximation
of results can be obtained without any need to enter into the facility itself. Furthermore, this also
improved facility security by preventing superfluous access to the laboratory.

The AmBe neutron source facility is built inside a concrete room inside of the engineering
building. (see figure 1)
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Figure 1: Side View of the UOIT Neutron Source Facility
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The neutron source itself is encaged within a safety apparatus which allows it to be either raised
or lowered from a water shield, and a sample to be moved a distance towards or away from the
neutron source. (see figure 2)
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Figure 2: Neutron Source Safety Apparatus

A model of the AmBe neutron source, room, and safety apparatus was developed using the
neutron transport code Monte Carlo Neutral Particle (MCNP) from Los Alamos National Labs.
Reference data from various sources was used to generate the model and the model was
validated against spectra measurements taken by a Nested Neutron Spectrometer (NNS) [1].

2. Materials and Methods

Geometry for the model was taken from manual measurements taken of the facility as well as
drawings of the room as well as equipment. Measurements taken from drawings were verified
with manual measurements.

Several geometric simplifications were made of the facility: these included removing dry-wall
from the wallsof the facility, removing the security cage (which is by in large empty space),
removing the source positioning apparatus, and simplifying the sample platform apparatus to a
single aluminum sheet.

Material properties were obtained from the Compendium of Material Composition Data for
Radiation Transport [2]. The spectrum for the AmBe neutron source itself was generated from
the IAEA’s Compendium of Neutron Spectra and Detector Responses for Radiation
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Protection[3]. Conversion factors between source activity and neutron production were found in
Shlein’s Handbook of Health Physics and Radiological Health [4].

After the model was generated, a detector in the model was placed above the sample platform
0.3m away from the neutron source such that it recreated a previously run experiment in which
the spectrum was reconstructed from measurements from a Nested Neutron Spectrometer. A run
was performed and a neutron spectrum was generated. This computationally produced spectrum
was normalized and compared to the experimentally obtained spectrum, and in this way the
model was validated.

3. Results and Interpretation

When the computationally generated neutron spectrum is compared to the experimental spectrum
(see figure 3), it is found that they match well with a correlation coefficient of 0.85.
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Figure 3: Experimental vs. Computational Neutron Spectra

In these results, it is clear that both the fast and thermal neutron peaks from the AmBe source
visible. The fast peak in the measured values appears to be much broader than the modeled fast
peak, and the thermal peak appears to have a lower relative magnitude in the measured values
than the modeled valueslt ought to be noted that the experimental data was sparser than the
MCNP data and this results in some poor comparison between data sets.

4. Conclusion

In conclusion, a MCNP model of the UOIT AmBe neutron source facility was developed.
This model can be used to computationally test many experiments and thereby minimize

- 3 of 4 pages -



34™ Annual Conference of the Canadian Nuclear Society 2013 June 9 - June 12
37" Annual CNS/CNA Student Conference Eaton Centre Marriott, Toronto, Ontario

laboratory access and thus increase laboratory security. Comparison between generated neutron
spectra and experimentally obtained neutron spectra gives good evidence to believe that this
model is a good approximation of the actual physical phenomenon that are present in the neutron
source facility.

5. Future Work

Future work on the model can be done in two categories: Improvement of model accuracy and
improvement of validation.

To improve model accuracy, the simplifications to the model made during the modeling process
could be taken out — IE adding in drywall, adding in the security cage, and completing the
sample platform apparatus. Furthermore, a simplified model of adjacent rooms and hallways
could be added to improve backscatter accuracy.

To improve validation, the actual Nested Neutron Spectrometer could be modeled in MCNP, and
the detector response modeled. This would enable a direct comparison of detector responses.
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