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1. Introduction

The fast neutron generation facility based on a recently
developed D-D neutron generator [1] is being constructed
at Seoul National University. The fast neutron generation
facility will be used for research and education of
undergraduate and graduate students. In this study, the
radiation shield was designed and analyzed.

2. Radiation Shielding Design

Layout of the fast neutron generation facility is as
shown in Fig. 1. The fast neutron generation facility is
allocated at the basement, whose dimension is 910 cm(L)
x670 cm(W)x225 cm(H). The facility is divided into two
compartments of fast neutron generation and nuclear
detection. The D-D neutron generator is installed in the
fast neutron generation section, which is enclosed with the
polyethylene(PE) and the borated polyethylene (BPE). PE
is used to slow down the fast neutrons and BPE is used to
capture the thermalized neutrons. The thicknesses of the
PE panels are 36.5 cm, 35 cm, 6 cm at roof, surrounding
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Fig. 1. Layout of the fast neutron generation fa0111ty
(N/G : neutron generator)
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wall and bottom, respectively. And the thickness of the
BPE panels is 5.4 cm. Two sliding doors are installed at
the neutron shield. There are four holes at the neutron
shield to supply electric power, cooling water, etc.
Secondary y-rays from the neutron capture reactions are
shielded by the lead-lined concrete wall. The thickness of
the concrete wall is 20 cm, which is lined with 0.5 cm
thick lead. A supplemental 2 cm thick lead shield is
installed on the ground floor.

3. Radiation Dose Rate Calculation

The radiation transport code MCNP4C [2] is used in
this study. The assumptions and conditions for the
calculation are as follows:

1) Neutron energy : 2.5 MeV
2) Neutron generation rate : 10° n/s
3) Facility operation : 40 hrs/week

The interaction cross sections of the neutron and photon
are taken from the endf60 and mcplib02 libraries [2]
which are the basic libraries of the MCNP4C code. Six
surfaces indicated in Fig. 1 (D ~ ®) are the region of
interest for the radiation dose rate calculation. The mesh
tally is used for the calculation and the size of mesh is
10x10x1 [cm®] (rectangular). The number of the mesh
tally is 10,712. Neutron and photon fluxes are converted
to radiation dose rates by using the ANSI/ANS flux-to-
dose conversion factors [3]. Histories of neutron and
photon are 1.5x10°.

The result of the calculation is as shown in table 1.
Among the listed surfaces, surface ® which is located at
the ground floor has the highest radiation dose rate. A
contour plot of the radiation dose rate at surface ® is
shown in Fig. 2. The radiation dose rate is peaked at the

Table 1. Result of the radiation dose rate calculation

Maximum radiation dose rate [Sv/h]
Surface
Neutron Photon Total

® 0.29£0.14 | 0.11£0.01 0.40+0.14
@ 0.41+0.23 | 0.5010.04 0.91+0.23
® 0.30+0.27 | 0.56%0.05 0.8610.27
® 0.51+0.50 | 1.25%0.05 1.7610.50
® 0.66£0.24 | 0.60£0.04 1.26+0.24
® 0.45+0.42 | 1.42+0.07 1.87+0.43
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Fig. 2. Contour plot of the radiation dose rate calculated at
surface ®), the surface of the ground floor

target center of the neutron generator projected to the
surface ® and it is 1.8710.43 pSv/h. Considering the
statistical error of the calculation, the radiation dose rate
will not exceed 2.5 uSv/h which is the dose limit in the
area adjacent to the boundary of the utilization facilities

[4].
4. Conclusion

The radiation shielding for a fast neutron generation
facility is designed based on an analysis by using the
MCNP4C code. The calculated radiation dose rate is
peaked at the target center of the neutron generator
projected to the surface of the ground floor. However it is
1.87%0.43 pSv/h which is less than the dose limit in the
area adjacent to the boundary of the utilization facilities

Acknowledgement

This research was supported by the Ministry of Science
& Technology (MOST) of Korea (Grant 2007-03309) and
also supported by Brain Korea 21 project.

REFERENCES

[1] LJ. Kim, N.S. Jung, H.D. Jung, Y.S. Hwang and H.D. Choi,
A D-D Neutron Generator Using a Titanium Drive-in Target,
Nuclear Instrument and Method in Physics Research B, Vol. 266,
p- 829, 2008.

[2] J.F. Briesmeister(ed.) MCNP - a General Monte Carlo N-
particle Transport Code, Version 4C, LA-13709-M, Los Alamos
National Laboratory, 2000.

[3] ANS-6.1.1 Working Group, American National Standard
Neutron and Gamma-Ray Flux-to-Dose Rate Factors,
ANSI/ANS-6.1.1-1977, American Nuclear Society, La Grange
Park IL, 1977.

[4] The Minister of Science and Technology, Article 13 Design
Standards of Shielding Materials, Notice of the Minister of
Science and Technology No.2003-23, 2003.

626



	분과별 논제 및 발표자

