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ABSTRACT

Medical cyclotrons accelerate protons at high speeds to produce nuclear reactions for the production of
radiopharmaceuticals. During this nuclear reaction, high-energy gamma rays and many neutrons are generated.
However, it is reported that if exposed to the generated neutrons for a long period of time, the cyclotron
accessories and shielding concrete will become radioactive and generate a large amount of radioactive waste when
the facility is dismantled. Accordingly, this study aims to evaluate the radioactivity characteristics of different
types of concrete used as shielding walls in cyclotron operating facilities. The experiment simulated GE's
PETtrace 800 model and five types of concrete shielding walls using the FLUKA code based on Monte Carlo
simulation. The simulated cyclotron was evaluated for its source term based on the manufacturer's standards, and
the neutron fluence was evaluated according to the type of concrete shielding wall when the cyclotron was in
operation. Afterwards, the sum of the radionuclides produced according to the type of concrete and the fraction
of radionuclides produced according to the domestic radioactive waste disposal standards were analyzed. As a
result, the reliability of the source term evaluation was secured with an error of less than 3%. The distribution
of neutron fluence generated depending on the type of concrete when operating the cyclotron showed the highest
result at the point of 0.02 eV. As a result of evaluating radionuclides generated depending on the type of
concrete, concrete with high iron content tended to generate **Mn, and concrete with high oxygen content tended
to generate %Co and 'Eu. As a result of analyzing radioactivity characteristics according to the thickness of each
type of concrete, concrete with high iron content showed a value below the allowable self-disposal concentration
at 50 cm thick, and concrete with high oxygen content showed a value exceeding the allowable self-disposal
concentration at 50 cm thick. It is believed that this study can be used as auxiliary data for preliminary
radiological evaluation of concrete shielding walls when dismantling a cyclotron.
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II. MATERIAL AND METHOD
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Fig. 1. Monte carlo simulation of the cyclotron model.
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Table 1. Density and ratio of constituent elements of concrete types

Ordinary Ordinary

Limonite

Magnetite

(NBS 03) (NBS 04) and steel and steel Magnetite
H 0.008485 0.005558 0.006840 0.002374 0.003113
C 0.050064 - - - -
(6] 0.473483 0.498076 0.156222 0.137678 0.330504
Na - 0.017101 - - -
Mg 0.024183 0.002565 0.001545 0.003669 0.009338
Al 0.036063 0.045746 0.006399 0.010358 0.023486
Si 0.145100 0.315092 0.014784 0.015753 0.025750
S 0.002970 0.001283 - 0.055675 0.001415
K 0.001697 0.019239 0.000883 - -
Ca 0.246924 0.082941 0.057590 0.055675 0.071024
Ti - - - 0.015969 0.054329
\% - - 0.000883 0.000647 0.003113
Fe 0.011031 0.012398 0.754854 0.757877 0.474250
Mn - - - - 0.001981
Cr - - - - 0.001698
Total 1 1 1 1 1
Density (g/em’) 2.35 2.35 4.54 4.64 3.53
Table 2. Impurities in concrete [Unit: ppm]
Mn Zn Ni Li Sc Cs Co Eu
Weight fraction 620.16 302.13 30.99 34.45 8.02 4.68 15.25 0.94
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Fig. 2. Simulated cyclotron room structure using
FLUKA.
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Table 3. Generated radioactivity under cyclotron standard
operating conditions

Manufacturer Performance Condition

Radiation Source Proton
Energy 16.5 MeV
Current 60 LA

Operating Time 2 h

Generative Reaction lgO(p, n)lSF

Generated Radioactivity 240 GBq
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Fig. 3. Simulated cyclotron room structure using
FLUKA.
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Table 5. Generation rate depending on neutron energy

in concrete [Unit: %]
Concrete type = 1leV ~ 11 el::e v N llok?{]ev
NBS03 44.1 16.0 39.8
NBS04 37.5 18.4 442
Limonite
+steel 18.6 23.6 57.9
Magnetite
‘tsteel 9.7 253 65.0
Magnetite 13.2 25.6 61.2
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Fig. 5. Neutron energy spectrum according to concrete

type.
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Fig. 6. Specific radioactivity of radionuclides
produced by concrete type.

Table 6. Specific radioactivity of radionuclides produced
within 10 cm of concrete thickness [Unit: Bg/g]

Magnetite Limonite

Nuclide +Steel +Steel Magnetite NBS03 NBS04
*Mn 2.15 1.79 1.14 002 002
co 0.64 0.65 0.64 132 127
B2e, 0.38 051 0.41 121 113
134

Cs 035 0.24 03 026 029
En 0.09 0.08 0.09 013 0.12
Total 3.61 327 2.58 203 283
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Table 7. Sum of fractions according to concrete type and
thickness

Concrete ~ Magnetite ~ Limonite

thickness +Steel +Steel Magnetite  NBS03  NBS04
10 cm 36.19 32.71 25.82 29.04 28.31
30 cm 4.57 1.88 4.46 10.06 12.03
50 cm 0.44 0.09 0.48 1.74 2.42
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Fig. 7. Sum of fractions according to concrete
thickness and clearance levels.
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