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Comparative Evaluation of Radioactive Isotope in Concrete by Heavy lon Particle
using Monte Carlo Simulation
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Abstract A heavy particle accelerator is a device that accelerates particles using high energy and is used in various fields such
as medical and industrial fields as well as research. However, secondary neutrons and particle fragments are generated by the
high-energy particle beam, and among them, the neutrons do not have an electric charge and directly interact with the nu-
cleus to cause radiation of the material. Quantitative evaluation of the radioactive material produced in this way is necessary,
but there are many difficulties in actual measurement during or after operation. Therefore, this study compared and evaluated
the generated radioactive material in the concrete shield for protons and carbon ions of specific energy by using the simu-
lation code FLUKA, For the evaluation of each energy of proton beam and carbon ion, the reliability of the source term was
secured within 2% of the relative error with the data of the NASA Space Radiation Laboratory(NSRL), which is an internation-
ally standardized data. In the evaluation, carbon ions exhibited higher neutron flux than protons, Afterwards, in the evaluation
of radioactive materials under actual operating conditions for disposal, a large amount of short-lived beta-decay nuclides oc-
curred immediately after the operation was terminated, and in the case of protons with a high beam speed, more radioactive
products were generated than carbon ions, At this time, radionuclides of *Sc, *H and *Na were observed at a high rate, In
addition, as the cooling time elapsed, the ratio of long-lived nuclides increased, For nonparticulate radionuclides, *H, *Na,
and for particulate radionuclides, 44Ti, SFe, mCo, Ry, and Eu nuclides showed a high ratio. In this study, it is judged that
it is possible to use the particle accelerator as basic data for facility maintenance, repair and dismantling through the pre-
diction of radioactive materials in concrete according to the cooling time after operation and termination of operation,
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Fig. 1. Schematic draw of Concrete simulation

Table 1, Information on the composition of Concrete

Concrete - Ordinary (NIST)

Element Weight Fractions
H 2.21 x 10°
C 4,84 x 10°
¢ 575 x 10"
Na 1.52 x 10
Mg 1.27 x 10°
Al 1.99 x 107
Si 3.05 x 107"
K 1.00 x 107
Ca 4,29 x 10*
Fe 6,44 x 107
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Table 1, Information on the composition of Concrete (Cont)

Impurities Material

Table 2, Range comparison with reference and simulation for
in polyethylene

SLi 6.53 x 10°
*Co 3.21 X 107
PN 9.46 x 10
62N 7.42 x 10°
s 8.68 x 10°
Blgy 3.04 x 10°
B3Ry 3,33 x 10°

Density = 2.3 g/en
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Fig. 2, Depth dose curve for proton beam
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Fig. 3. Depth dose curve for Carbon ion beam

, Energy Range (cm) Difference
Nuclide -
(MeV) NSRL  This study (%)
205 26.1 259 0.80
Proton
250 36.7 36.1 1.63
200 8.4 8.3 1.20
Carbon ion
293 16.1 15.8 1.86

2. S8X % Fot

QAR FIAYARE 7 ool WE AHE S5
£ o|uixo] ufek B3 AL Fig, 49} Table 33+ 2t
0.1 V] AUAE A FAHATL 7 B S 1
gom, olF F4A oAt Z7Iie] utet A 7
4Bk RS UEht PR Briol Lol | B
FAH SO, B IOl ouX7L e
2 o B o) FHAL ek AR BaEglt
KA B0l T 100 MeV Ol F 2 23] Fhasts =
48 Holt 5 ez o] 718717t ulsebl B4EIe
401 2.9] 3% QJx}e] 750U 2|7} 293 MeVE B o}
PgAEct v £ oluixe] AR eI

sl

P

—— 12C 200 MeV/]
—— 12C 293 MeV/|
—— 'H 205 MeV
—— 'H 250 MeV

1E+06

1E+03

1E+00

dN/d(logE) (per particle)

1E-03

i I B B B B I B I Rk B I B R
g

1 A L L o o o o A A A L o

-06
1E-10  1E-8 1E-6 1E-4 0.01 1 100

Neutron Energy (MeV)
Fig. 4. Results of Neutron Flux in heavy charged particle

Table 3, Results of Neutron Flux in heavy charged particle

Neutron Proton Carbon ion
Energy 205 MeV 250 MeV 200 MeV 293 MeV
Less than
2.45 x 10° 0x 10° 472 x 10° 556 x 10°
1 MeV 45 33 7 5.5
1 MeV ~ , , ,
N 074 x 10° 132 x 10° 227 x 10° 224 x 10’
10 MeV
above than | 5 ) 5
841 x 100 1,13 x 10° 222 x 10° 217 X 10
10 MeV
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Table 4, Radiation of elements immediately after shutdown
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Fig. 6, Radionuclide Produced in Carbon ion

Energy of Radioactivity of elements immediately after shutdown [Unit : Bg/cq]
paticle  “Scian)  *H(123y) 2Nal26y) "C02s) TABSd) "'CR03m) 'R17N)  #Na(ish) *Fel27y) #P14.3d) *Mn312d) *'Ce7.7d) *V(3290)
Proton 272 x 10° 1.4 x 10° 7.1 x 100 32 x 100 25 x 10/ 15x10 1.1 x 10 350 x 10° 2.83 x 10° 9.40 x 10° 2,01 x 10° 1.24 x 10°
26 MeV (50.519%)  (18.71%)  (13.28%)  (5.99%)  (4.68%) (281%)  06%)  (0.65%)  (0.53%)  (0.18%)  (0.38%)  (0.23%)
Proton 4,67 x 10° 1,56 x 10° 9.8 x 100 44 x 100 33 x 10/ N 22X 10 1.6x10 561 x 10° 4.27 x 10° 2.72 x 10° 2,74 x 10° 1.87 x 10°
250 MV (54.64%)  (18.60%) (11.39%)  (5.12%)  (3.84%) one (25600  (1.86%)  (0.65%) (05000  (0.3200  (0.32%)  (0.22%)
Cabon ion 2.1 x 100 1.2 x 10 1.34 x 1¢° 470 x 10° 1,65 x 10° 5.20 x 10° 4,27 x 10’ 7.01 x 10" 8,64 x 10°
3 _ _ None None None None
200 MeV  (55.91%)  (31.95%)  (3,56%) (L25%)  433%)  (1.38%)  (1.14%)  (0.19%)  (0.23%)
Cabon ion 2.2 x 100 1.2 x 10 1.39 x 1¢° 485 x 10° 1.83 x 10° 5.41 x 10° 4,37 x 10’ 7.26 x 10 8,91 x 10°
_ _ None None None
203 MeV  (56.64%)  (30.89%)  (3.58%) Q.25%)  @71%  (139%)  (L12%)  (0.19%)  (0.23%)
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Fig. 7. Radioactivity of proton nuclide by time

Fig, 8. Radioactivity of carbon nuclide by time

Table 5, Radioactivity of nuclide by time [Unit : Bg/cc]
E ¢ ceriy Radioactivity of elements 15 years after shutdown, [Unit : Bg/cc]
nergy of particle
%H(12.3y) “Na(2 61y) “Ti(B3y) ®Fe(2.73y) 8Co(5.27y) Y EY135y)  ™EuB.59)
1 hr 1.0 x 10° 7.1 x 107 53 x 10° 45 x 10° 2.2 x 10° 4.7 x 10* 5.4 x 10°
Proton 5 yr 9.9 x 10/ 5.4 % 107 5.2 x 10° 35 x 10° 1.9 x 10* 45 x 10' 5.0 x 10°
205 MeV 10 yr 7.9 x 10/ 1.9 x 107 5.0 x 10° 1.3 x 10° 1.2 x 10* 3.6 x 10 3.6 x 10°
15 yr 5.9 x 10’ 4.9 x 10° 1.3 x 10° 3.6 X 10° 5.9 x 10° 2.8 x 10" 2.4 x 10°
1 hr 1.6 x 10° 9.8 x 107 1.0 x 10* 5.6 % 10° 3.2 % 10 6.1 x 10" 9.8 x 10°
Proton 5 yr 1.5 x 10° 7.5 x 10 9.9 x 10° 4.4 x 10° 2.8 x 10 58 x 10" 9.0 x 10°
250 MeV 10 yr 1.2 x 10° 2.6 x 107 9.4 x 10° 1.6 x 10° 1.7 x 10° 47 x 10* 6.5 x 10°
15 yr 8.9 x 10’ 6.9 x 10° 8.9 x 10° 45 x10° 8.7 x 10° 3.7 x 10* 4.4 x10°
1 hr 1.2 x 107 1.3 x 10° 4.4 x 10° 7.0 x 10* 8.2 x 107 1.8 x 10° 2.6 X 107
Cartbon 5y, 1.1 % 10 1.0 x 10° 43 x 107 5.4 x 10" 7.2 x 10° 1.7 x 10° 2.4 x 10°
on 4
200 Moy 10V 9.2 x 10° 35 % 10° 4.1 % 10° 2.0 x 10* 42 x 10° 1.4 x 10° 1.8 x 107
15 yr 7.0 x 10° 9.3 x 10" 3.9 x 107 5.6 X 10° 22 X 10° 1.1 x 10° 1.2 x 107
1 hr 1.2 x 107 1.4 x 10° 4.6 x 10° 7.3 x 10° 1.0 x 10° 22 X 10° 32 % 10°
Cartbon 5y, 1.2 x 10/ 1.1 % 10° 45 x 107 5.6 X 10° 8.9 x 10° 21 x10° 3.0 X 10°
0on .
293 Mev 10T 9.2 x 10° 3.7 X 10° 43 % 10° 2.1 x 10* 5.3 x 107 17 x 10° 2.1 % 10?
15 yr 7.0 x 10° 9.7 x 10" 4.1 % 10° 5.8 x 10° 2.7 X 10° 1.3 x 10° 1.4 x 10°
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