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Analysis of Neutron Flux Using Monte Carlo Methods

Roppon Picha
Thailand Institute of Nuclear Technology, 16 Vibhavadee Rangsit Rd., Chatuchak, Bangkok 10900

E-mail: aecroppon@gmail.com

Abstract
The energy profile of neutrons from a fission reactor core and a neutron irradiation setup
are simulated. The neutron doses deposited inside casings of aluminum, cadmium, and tantalum
are studied via MCNP simulations to estimate the doses received by materials with different types
of shielding. It is found that the difference in dose reduction between cadmium and tantalum is
most pronounced at the thermal energy region.
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Introduction

Nuclear fission processes which occur inside the core of a nuclear reactor create neutrons
with a wide range of energy. These neutrons can be used in research as well as many radiation
utilization techniques such as isotope creation, neutron activation analysis (NAA), thin-film
etching, and material modification. Gemstone enhancement is also one of the main applications of
neutron rays. Thailand’s Office of Atoms for Peace (OAP) has a facility to perform irradiation
using the neutrons from its 2-MW research reactor (TRR-1/M-1). The required length of
irradiation time depends on source strength and distance between the gemstone and the neutron
source.

In this study we looked into the neutron doses deposited inside a material enclosed by
different types of metal casings. Neutron flux from a fission source was simulated using MCNP
(Monte Carlo N-Particle) software package. The computer program uses Monte Carlo methods to
simulate interaction of radiation with matter. MCNP has been extensively tested against
experimental results, and the validation has been found to be satisfactory [1, 2]. Therefore by
running simulations we will be able to design different kinds of actual irradiation experiments
efficiently.

MCNP was used to calculate neutron fluxes at various distances and inside different
kinds of containers. Geometry is based on an actual experimental setup. A cylinder rod simulates
a fuel rod inside the reactor. A metal tube is constructed with dimensions of an actual gemstone
container. Light water is used as the medium between the neutrons and the tally volumes.

The collected results (tallies) were binned by energy. Neutrons can be classified by their
energies into various groups: cold, thermal, epithermal, slow (resonance), and fast. The
designation criteria can be quite arbitrary. Typically, cold neutrons have energy below 0.005 eV,
thermal neutron have energy about 0.025 eV (equivalent to thermal energy of gas molecules at
room temperature), epithermal between 0.5 eV-1 keV, slow neutrons 1-100 keV, and fast
neutrons have energies over 100 keV. In this study we call neutrons with energy < 1 eV thermal,

those with 1 eV < E < 1 keV epithermal, and refer to anything above as fast neutrons.
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Methods

Two types of studies were performed. First we looked at the effect of distance on the
neutron flux inside an Al tube. Then we investigated into how a secondary material affects the
flux.

MCNP geometry is constructed via cells and surfaces. Several different cells were
needed: one cell for water, one for the source, one for the water inside the metal tube. In the
distance study we needed one cell for the cylindrical shell, while the material study needed two
cells for 2 coaxial shells. The “material test” setup is shown in Figure 1. The “distance test” used

a similar setup, but without the inner metal shell.

-2 -1 Q 1 2

Figure 1: Top-view geometry of the setup. We have the neutron source in the middle and three

cylindrical containers at equal distances from the source.

There are three types of containers placed at equal distances from the neutron source.
Each container has an aluminum shell as the first layer. The aluminum shell is 2 mm thick, with a
5-mm radius. The fuel rod’s radius is 2 mm. Both the Al cylinder and the fuel rod are 2-cm high.
One container has a 1-mm cadmium shell inside; one has a 1-mm tantalum shell; and one does

not have any extra shell-this is our reference container. Water is used everywhere else.
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Aluminum of different densities were tested. The density of aluminum in the distance
study was set at 4.0 g/cm3 while in the second study we used 2.7 g/cm3 . The density effect on the
flux is negligible.

Neutron absorption and total cross sections of various materials used in this analysis are
shown in Figure 2. The direct comparisons of the cross sections are shown in Figure 3. From this

result, we can see that cadmium appears to be a very good thermal neutron absorber.
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Figure 2: Absorption and total cross sections of neutrons inside materials. Clockwise from upper

left: aluminum, water, cadmium, and tantalum.
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Figure 3: Comparisons of neutron absorption cross sections in different materials.
ml is aluminum (2.7 g/cmB); m2is water (1.0 g/cm3);

m4 is cadmium (8.65 g/cmB); mb3 is tantalum (16.65 g/cm3).

The energy distribution of the source neutrons used in this study is the Watt fission

spectrum:

p(E) = C -exp(—E /) - sinh(+/bE)

with parameters a = 0.988 and b = 2.249, which represents the case of U fissions by thermal

neutrons. E is in MeV. Figure 4 shows the distribution shape. (Normalization factor C is set to 1.)
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Watt fission spectrum
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Figure 4: Watt fission energy distribution.

Results and Discussion

Figure 5 shows the flux of neutrons inside the aluminum tube, averaged per neutron

started.
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Figure 5: Neutron flux at various distances.

The number of neutrons is averaged per neutron started.
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Figure 6 shows the neutron flux when we use a 2mm-thick Al tube, 2mm-thick Al plus
Imm-thick coaxial Ta tube, and 2mm-thick Al plus 1mm-thick coaxial Cd tube. It is clear that
cadmium is an effective absorber of low-energy neutrons, as already suggested previously by the
neutron absorption cross section plot. A 1-mm thick Cd shell is able to absorb over 90% of

thermal neutrons that pass through the Al shell.
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Figure 6: Neutron flux inside different kinds of metal tubes.

The number of neutrons is averaged per neutron started.

By using flux-to-dose conversion in MCNP, we built a dose profile in each of the
different cases. In Figure 7 the neutron absorbed doses are shown. The ratio between the Cd+Al
and the Ta+Al cases is plotted in Figure 8. As in the neutron flux plot, the difference in neutron

absorption is most clearly observed at low energy region.

PS17-7



M, 10

.i a a J S a a J o A a
@ MslszguInmamanmansiazmaluladiunassnian 10: 16-17 Fan1AY 2550
NST 10

figsion neutrons

(thermal, epithermal, and fast)

! menp e
00/31/06 07138157
tally 24
n
" nps 1000000
- ‘ul FUREpE = FURERS
dump 2
£ eell 1
< 4 flag/dir 1
.
o u user 1
1
‘5 Ll segment 1
_‘: .-.‘ = mult 1
-7 3 e coaine 1
kE i
H ) £ N energy .
§ £y € time 1
k 1 Al

'._f » " Al + Ta
4 i

i Al + C4

Tho14 16-13 10-32 10-11 10-10 108 10-8 10-7 16-6 10-5 10-4 0.001 S.01 6.1 1. 20,
energy (mev)

Figure 7: Equivalent doses inside different kinds of metal tubes. The unit of the equivalent dose is

rem per hour per unit flux.
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Figure 8: Ratio of neutron doses inside Cd/Al and Ta/Al containers.

Conclusion
Neutron fluxes at different distances were plotted. Effects from cadmium and tantalum
shells were shown. Cadmium is better than tantalum at absorbing thermal neutrons. Tantalum is
slightly better in the epithermal range. For higher energy (E>1 keV) neutrons, neither of them is
an effective neutron absorber. Future studies involving more types of materials can be conducted

to make a more precise quantitative comparison.
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