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ABSTRACT

The purpose of this study is to evaluate the activation characteristics that occur in a linear accelerator for
container security inspection. In the computer simulation design, first, the targets consisted of a tungsten (Z=74)
single material target and a tungsten (Z=74) and copper (Z=29) composite target. Second, the fan beam collimator
was composed of a single material of lead (Z=82) and a composite material of tungsten (Z-74) and lead (Z=82)
depending on the material. Final, the concrete in the room where the linear accelerator was located contained
magnetite type and impurities. In the research method, first, the optical neutron flux was calculated using the
MCNP6 code as a F4 Tally for the linear accelerator and structure. Second, the photoneutron flux calculated from
the MCNP6 code was applied to FISPACT-II to evaluate the activation product. Final, the decommissioning
evaluation was conducted through the specific activity of the activation product. As a result, first, it was the most
common in photoneutron targets, followed by a collimator and a concrete 10 cm deep. Second, activation
products were produced as by-products of W-181 in tungsten targets and collimator, and Co-60, Ni-63, Cs-134,
Eu-152, Eu-154 nuclides in impurity-containing concrete. Final, it was found that the tungsten target satisfies the
permissible concentration for self-disposal after 90 days upon decommissioning. These results could be confirmed
that the photoneutron yield and degree of activation at 9 MeV energy were insignificant. However, it is thought
that W-181 generated from the tungsten target and collimator of the linear accelerator may affect the exposure
when disassembled for repair. Therefore, this study presents basic data on the management of activated parts of
a linear accelerator for container security inspection. In addition, When decommissioning the linear accelerator for
container security inspection, it is expected that it can be used to prove the standard that permissible
concentration of self-disposal.
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Fig. 1. Computer code system that constitutes the R2S
method by MCNP6/FISPACT-II.
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Table 1. Geometry information of the target

Type Composition Atomic number Th[lr;l;l]e S8
Single material Tungsten(W) 7=74 2
Composite Tungsten(W) 7=74 1.8
material Copper(Cu) 7=29 2.5
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Fig. 2. Geometry (a) Single material target and (b)
Composite material target.
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Table 2. Materials information of the collimator

Material I%;ismlat]y Isotope Abu[r;/(:idnce
W-180 0.12
w-182 26.50
Tungsten(W) 19.30 W-183 14.31
W-184 30.64
W-186 28.43
Pb-204 1.40
Pb-206 24.10
Lead(Pb) 11.35
Pb-207 22.10
Pb-208 52.40
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(a) Fan beam collimator

(b) Fan beam collimator using only lead

Fig. 3. Diagram for MCNP calculation.
(a) is a model of fan-beam collimator,
(b) is drawing designed with MCNP.

Table 3. Threshold energies of photonuclear

Nuclear Abundance Threshold Energy [MeV]

[%] v,n v,2n
vy + W-180 0.12 8.41 15.35
v + W-182 26.30 8.07 14.75
v + W-183 14.28 6.19 14.26
v + W-184 30.70 7.41 13.60
v + W-186 28.60 7.19 12.95
vy + Pb-206 24.10 8.09 14.82
vy + Pb-207 22.10 6.74 14.83
vy + Pb-208 52.40 7.37 14.11
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Table 4. Information of concrete material and impurity

Type Element Abundance [%]

Density 3.53 g/en

Hydrogen 1.1

Oxygen 8.7

Mangan 33

Aluminum 83

Silicon 9.1

Sulfur 0.5

Magnetite

Calcium 25.1

Titanium 19.2

Vanadium 1.1

Chrom 0.6

Magnesium 0.7

Ferrum 167.6
Nickel 1.55E-04
Cobalt 2.97E-04
Impurity

Cesium 1.21E-04
Europium 3.93E-05
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(a) Floor plan of room of linear accelerator

(b) Three-dimensional veiw of room of linear
accelerator

Fig. 4. MCNP design drawings for accelerator room.
(a) is a plan view, (b) is three-dimensional view.
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Table 5. Standard of permissible concentration of self-disposal

Permissible
Radioactive nuclide concentration
[Bq/gl
1-129 0.01
Co0-60, Cs-134, Eu-152, Eu-154, Ta-182, 0.1
C-14, CI1-36, Mn-52, Fe-59, Hf-181, 1
Ca-47, Co-62m, Ni-65, W-181, W-187, 10
H-3, Ca-45, Cr-51, Mn-53, Ni-59, Ni-63, Cu-64, 100
Re-188, Os-191, Os-193
Si-31, P-33, Fe-55, Co-60m, Cs-134m, W-185, 1.000
Re-186, Os-191m, >
Co-58m, Ge-71, Rh-103m, Fm-254 10,000
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ity waste i i Classil ion Standard Method of disposal

Ty > 20yr and
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Fig. 5. Summary of radioactivity waste evaluation
standard and disposal methods.
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Fig. 6. Distribution of photoneutron flux in the
structure wall of the container security inspection
facility.
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Fig. 7. Distribution of photoneutron flux in the
shielding concrete wall of the container security
inspection facility.
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Table 6. Comparison between previous studies and this study.

Activation Activity [Bq] of 1 year after start-up Rellative
product -\ & Kang®”! (A) This study (B) (A-BYB
12-Mg-27 4.92E+07 8.88E-+06 4.54E+00
13-Al-28 2.79E+08 2.84E+07 8.82E+00
14-Si-31 3.02E+07 4.17E+04 7.24E+02
20-Ca-41 1.50E+02 3.98E-03 2.39E+09
20-Ca-45 4.37E+05 3.24E+00 4.53E+01
20-Ca-47 1.43E+04 2.09E+06 -7.90E-01
20-Ca-49 6.03E+05 3.41E+05 -9.58E-01
24-Cr-51 2.18E+04 1.92E+02 3.13E+03
24-Cr-55 6.70E+04 3.94E+06 -9.94E-01
25-Mn-56 2.62E+06 1.13E+05 -4.08E-01
26-Fe-55 1.29E+06 5.76E+07 -9.55E-01
26-Fe-59 4.14E+04 9.20E+06 -8.60E-01
74-W-185 2.67E+07 3.97E+02 1.03E+02
74-W-187 5.67E+07 1.08E+06 2.38E+01
82-Pb-209 1.34E+06 4.04E+04 1.40E+03
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Fig. 8. Activation products at the targets of (a)
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Fig. 9. Activation products at (a) lead collimator and
(b) tungsten collimator.
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Table 7. Result of the evaluate of permissible standards for self-disposal
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concentration for
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Specific activity of activation
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product
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75-Re-187 0.1 1.49E-07 1.51E-07 1.51E-07 1.51E-07
75-Re-188 100 2.48E-04 - - -
Total specific activity 4.20E+02 1.93E+00 1.37E+00 8.14E-01
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