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1.

Introduction

The neutron is a fundamental particle with
many unique properties, the excellent intrinsic
attributes of neutrons make a wide range of
objects to be imaged, ranging from massive
structure to crystal structure. Neutron imaging
is highly complementary to X-ray imaging.

Large scale neutron source facilities [1] are
constructed mainly to accommodate academic
scientific applications such as material science,
life science and fundamental physics, however,
the utilization rate of them is very low.

To compensate the shortcomings of large
scale facilities, Compact accelerator-driven
neutron sources (CANS) was constructed due to
their modest cost and flexible use. The RIKEN
neutron

accelerator-driven compact

(RANS) [2] is such a state-of art CANS facilities.

source

It has been developed for practical use in simple
and convenient measurement. By using neutrons
from Be (p, n) reaction, several measurements
have already been successfully performed on
RANS.

Optimized shielding design of RANS is a
very important issue, not only due to the
consideration of safety and cost, but also the
compact size and light weight. Then the
possibilities of detecting objects by using neutron
imaging  techniques in real operating
environment for RANS, is promising for a range
of industrial use and academic applications.

What’s more, depending on the application
fields and purpose, the neutron energy range for

industrial use should be wide from cold neutron

to fast neutron because the cold neutron is used

to get great contrast between light element and
heavy element while the fast neutron is used to
penetrate large objects. So the flexible moderator
design of RANS is essential to meet the various
demands from industries.

In this study, based on an established
configuration of compact neutron source facility
RANS moderator with slab system (see Fig.1),
wing system was designed for RANS (see Fig.2) to
increase neutron utilization rate of RANS and to
get a high intensity thermal flux as possible for
neutron radiography. This study concentrates on
the calculation of the moderator size optimization
for two kinds of target configuration. The
simulation work was done by a Monte Carlo code
a particle and heavy ion transport code system
(PHITS) [3].

In addition, equivalent dose distribution of
the whole room was also calculated to evaluate

the effectiveness of the existing shielding design.

2. Optimization of RANS moderator size

2.1 Optimization of slab system moderator.

Polyethylene was selected as moderator
material for RANS due to its excellent property
in moderating neutron [4]. According to the
thermal neutron imaging requirements of RANS,
the thermal neutron (1.0 meV to 0.5 eV) is what
we need, and the fast neutron flux should be as
small as possible to reduce the noise. Moderator
has three parameters T1, T2 and T3 [5] that have
to be optimized as shown in Fig. 1 to get the
thermal neutron flux as high as possible. T1 is
the thickness of vertical direction, T2 is the
thickness of moderator in proton beam direction,

and T3 is the thickness perpendicular to paper.
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In this case, thermal neutron flux is checked
at the detector which is put at 0.5 m away from
the target center. Fig. 3 shows the thermal
neutron flux with the variation of T1 and T2
under the condition of T3 = 20 cm. Fig. 3 indicates
that under the condition of same T2, with the
increase of T1, thermal neutron flux increases at
first, then tends to be gentle. However, under the
condition of same T1, thermal neutron flux first
increases and then decreases, which means
thermal neutron flux is more sensitive to T2. The
maximum value is obtained when T1=14 cm, T2
=6 cm. Therefore, the optimal value of T1 and T2
are 14 cm and 6 cm respectively. At this time, the
maximum thermal flux is 1.627E+05/ cm2. Then
T1 and T2 is set as 14 cm and 6 cm, the thickness
of T3 is ranged from 10 cm to 18 cm to calculate
the maximum thermal neutron flux. As shown in
Fig.4, 1.628E+05 /cm? of maximum thermal

neutron flux is got when T3=11 cm.

2.2 Optimization of wing system moderator.

Two channels design of CANS can increase
the utilization of neutron elaborately, at the same
time, it can be used to investigate other method of
neutron imaging. In this study, maximum
thermal neutron flux of wing system is the
optimization object. Thermal neutron flux is
checked at the detector which is put at 2 m away
from the target center. Fig.5 shows the thermal
neutron flux with the variation of T1 and T2
under the condition of T3 = 20 cm. Fig.5 indicates
that under the condition of same T2, with the
increase of T1, thermal neutron flux increases at
first, then tends to be gentle while under the
condition of same T1, thermal neutron flux first
increases and then decreases, which means
thermal neutron flux is more sensitive to T2. The
maximum value is obtained when T1=8 cm, T2
=15 cm. Therefore, the optimal value of T2 and T3
are 8 cm and 15 cm respectively. At this time, the
maximum thermal flux is 5.79E+05/ ¢cm2. Then

T1 and T2 1s set as 8 cm and 15 cm, the thickness

of T3 is ranged from 10 cm to 17 cm to calculate
the maximum thermal neutron flux. As shown in
Fig.4, 1.07E+06 /cm? of maximum thermal
neutron flux is got when T3=12 cm.

Simulation results show that maximum
thermal neutron flux of 1.628 E+05 /cm?2 can be got
when T1=14 cm, T2=6 cm, T3=11 cm for slab
system, while maximum thermal neutron flux of
1.07E+06 /cm? can be got when T1=8 cm, T2=15
cm, T3=12 cm for wing system.

With this method, moderator for fast
neutron imaging or cold thermal imaging can be
also optimized to get maximum flux as possible

in future research.

. Simulation of equivalent dose distribution in

neutron building
3.1 Configuration of the whole room

The laboratory room is located at the second
floor. The thickness of western concrete wall and
southern concrete wall are 60 cm, and the
thickness of northern concrete wall is 90 cm. The
right part of the room is operation area with
maze structure. As shown in Fig.7 and Fig.8 are
the top view and front view of radiation
equivalent dose distribution for RANS room.
Simulation results show that the highest
radiation dose locates at the center of the target
and the equivalent dose in the operating area is
under 10uSv/h based on two beam holes, which
means the existing shielding is good enough to
protect operator from radiation exposure.
3.2 Simulation of radiation equivalent dose

To evaluate the radiation level of the
laboratory room, Monte Carlo simulation code
PHITS was used to calculate the equivalent dose.
What’s more, comparisons were made between
RANS1 and RANS2 (see Fig.9 to Fig.13).

In this simulation, x axis is from the ground
to the ceiling, along the RANS configuration is y
axis, along the side extraction channel is y axis.
From Fig. 9, it can be seen that from the ground

to the ceiling, there are no much difference
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Complete the compact shielding design for

RANS2.

between one beam hole and two beam holes.
However, radiation equivalent dose on the
ground is a little lower when there are two beam
holes because some of the neutron are extracted
from the other side. Fig. 10 show the simulation
results along the side extraction channel.
Radiation equivalent dose of two beam holes from
y=0.5 cm to y=380 c¢m is much higher than that of
one beam hole. In other places, there are not
much difference. As shown in Fig.11, equivalent
dose of two beam holes from 7.5cm to 690cm is
higher than that of one beam hole. But in the
center of (x=0, y=Ocm, z=100) neutron duct,
equivalent dose of two beam holes is lower, that
may because some of the neutrons go out from
the other side. Fig. 12 show the equivalent dose
along RANS configuration. Equivalent dose of
two beam holes from 0 to 500 cm is lower from
that of one beam hole. In other places, there are
not much difference. Fig. 13 show the equivalent
dose distribution along northern wall. Simulation
results show that equivalent dose of two beam
holes along z negative direction is lower than that
of one beam hole, this may because there are
more neutrons in z negative direction of one beam
hole, when there are some neutrons extracting
from the other side, the equivalent dose is
decreased along z positive direction.
4. Conclusions

Monte Carlo simulation is one of the most
accurate methods for shielding design. PHITS is
such a Monte Carlo code which can transport
nearly all particles over wide energy range. By
using 32 node, 500 process on HOKUSAI system.
Computing time 1is greatly reduced, which
definitely accelerate the development of RANS2.
4. Schedule and prospect for the future

Within the fiscal year of 2017, the following
two objectives have to be achieved with Monte
Carlo simulation running on RICC. (1) Apr. 1,
2017-June 31, 2017: Complete the moderator

design for RANS2; (2) July 1, 2017- Mar. 31, 2018:
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Fig.2 Wing system configuration of RANS
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Fig.5 Optimization of T1, T2 for RANS moderator
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