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Internal Dose Assessment of Wotker by Radioactive Aerosol Generated
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Removing radioactive concrete is crucial in the decommissioning of nuclear power plants. However, this process generates radioactive
aerosols, exposing workers to radiation. Although large amounts of radioactive concrete are generated during decommissioning, studies on
the internal exposure of workers to radioactive aerosols generated from the cutting of radioactive concrete are very limited. In this study,
therefore, we calculate the internal radiation doses of workers exposed to radioactive aerosols during activities such as drilling and cut-
ting of radioactive concrete, using previous research data. The electrical-mobility-equivalent diameter measured in a previous study was
converted to aerodynamic diameter using the Newton—Raphson method. Furthermore, the specific activity of each nuclide in radioactive
concrete 10 years after nuclear power plants are shut down was calculated using the ORIGEN code. Eventually, we calculated the commit-
ted effective dose for each nuclide using the IMBA software. The maximum effective dose of '?Eu constituted 83.09% of the total dose;
moreover, the five highest-ranked elements (**’Eu, '**Eu, ®Co, ?*Pu, *Fe) constituted 99.63%. Therefore, we postulate that these major
elements could be measured first for rapid radiation exposure management of workers involved in decommissioning of nuclear power

plants, even if all radioactive elements in concrete are not considered.
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Table 1. The calculated specific activity of each nuclide in radioactive concrete at 10 years after the NPP shutdown using the ORIGEN code

Isotope Inner edge (Ci/g) 10 cm (Ci/g) 24 cm (Ci/g) 55 cm (Ci/g)
*H 2.848%10 4.728x10° 2.507x10 1.424x107
“c 1.698x107 2.797x107 1.498x107 8.290x10"
Cl 9.800x 10" 1.500x 101 7.900x 101 4.400x1072
YAl 2.631x10°* 1.169%10* 3.021x107 1.559%101°

4ICa 1.200x10* 1.900x10* 9.999x10 5.600x101°
Mn 1.700x 10 7.400x101 1.900x10" 1.000x 106
“Mn 8.397x10" 3.599x10" 9.297x10" 5.098x101
*Fe 2.304x107 3.734x107 1.986x107 1.112x10*%
*Ni 1.600x 10" 2.600x 10" 1.400x10™" 7.899x101
9Co 5.906x10% 9.664x10* 4.563x108 2.470x10°
Ni 1.866x107 3.079x10° 1.586x107 9.144x10™"
7Zn 6.870x10" 7.807x10™ 3.747x101 1.999%10"
"Se 2300101 2.800x 10 1.400x10°" 7.900x10"
SKr 2.257x101 2.205x10™1 8.924x101 4.934x108
Y 3.538x10™ 5.739x10" 2.988x10M 1.651x1012
“Sr 3.537x10™M 5.738x10™M 2.987x10™" 1.651x10"2
Mo 1.198x102 5.590x10" 1.398x10" 4.392x10°
%mNb 3.788x101 1.819x1013 474310 7.000x 101
"Zr 3.000x10 2.900x10™ 1.300x10™ 1.590x10"
*“Nb 7.497x1012 5.298x101 1.999x1012 9.397x10
*Te 2.800x 10" 1.400x103 3.700x10 1.300x10%
18mA 3.541x10" 3.147x10" 1.377x10" 7.180x10
1%Ag 3.080x10" 2.738x10" 1.198x10"3 6.247x101
12ImSp 5.730x10" 4.584x101 1.587x10" 1.058x10™
121Sn 4.447x10°13 3.558%10" 1.231x10 8.210x10°"
1Ba 6.722x101° 1.034x107 5.171x101 2.947x10™M
BCs 2.893x1010 5.576x101° 3.032x101° 1.708x10!
1335Cs 9.500x 10 1.400x10° 7.500x 101 4.200x10"7
B1Cs 4.050x 10" 6.035x10" 3.176x10M 1.747x10"2
15mBa 3.823x10™ 5.697x10™" 2.999x10™M 1.649x101
1Pm 3.988x10" 6.624x101 3.515x10" 1.960x10"3
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Isotope Inner edge (Ci/g) 10 cm (Ci/g) 24 cm (Ci/g) 55 cm (Ci/g)
51Sm 1.296x10° 1.296x107 5.648%101° 2.870x10™"
2By 1.438x107 2.337x107 1.258x107 7.191x107
Eu 2.499x10% 2.142x10° 8.926x10” 4.463x107°
SEu 3.954x101° 3.024x107 1.163x10° 5.582x10"
166mHo 3.281x10™ 3.878x10M 1.293x10 5.568x101
205pp 2.800x 101 1.200x10' 6.600x10"8
TAc - 3.660%106 - -
BITh 2.800x1012 1.200x10" 5.700x101 2.500x10™
“1Pa 5.939x101 2.545%101 1.209x10 5.303x1018
U 2.800x1012 1.200x10" 5.700x101 2.500x101
Pu 3.999x10" 1.700x 10" 3.699x1012 9.297x10
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Fig. 1. Experimental schematic of acrosol measurement during
concrete drilling and cutting.
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Fig. 3. Correlation with irregular particle, stokes’ equivalent sphere, and
aerodynamic equivalent sphere.
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Table 2. IMBA Input values for absorption type (F,M,S) and absorption ratio (f) of isotopes

Isotope Type fi Isotope Type f)
‘H F 1.0 108mA g F 0.05
“4C F 1.0 1%Ag F 0.05
Cl M 0.1 12ImSp F 0.02
4Ca M 0.3 121Sn F 0.02
*Mn F 0.1 133Ba F 0.1
*Mn F 0.1 134Cs M 5.0x10
“Fe F 0.1 133Cs M 5.0x10
*Ni F 0.05 B1Cs M 5.0x10
%Co M 0.1 1ImBa F 0.1
5Ni F 0.05 Pm M 5.0x10
%Zn S 0.5 51Sm M 5.0x10
"Se F 0.8 2Eu M 5.0x10
Yy M 1.0x10* SEu M 5.0x10
YSr F 0.3 SEu M 5.0x10
Mo F 0.8 16mHo M 5.0x10
%mNb M 0.01 TAc F 5.0x10
57t F 0.002 S1Th M 5.0x10*
%“Nb M 0.01 51Pa M 5.0x10*
*Te F 0.8 U M 0.02
Pu M 5.0x10+

Table 3. Total committed effective dose and the comprisal of element chosen by priority of generation of committed effective dose during the
concrete drilling

Drilling Inner Edge 10 cm 24 cm 55cm
Total Dose (Sv/y) 2.94x10* 3.78x10* 1.89x10* 1.05x10°
Percentage of '’Eu (%) 58.91 74.46 80.38 82.85

Percentage of the five elements

(B 19y, #Co, *%Po, and “Fo) (%) 99.58 98.97 99.38 99.38

Table 4. Total committed effective dose and the comprisal of element chosen by priority of generation of committed effective dose during the
concrete cutting

Cutting Inner Edge 10 cm 24 cm 55cm
Total Dose (Sv/y) 3.10x10* 3.97x10* 1.98x10+ 1.10x10°
Percentage of '*>Eu (%) 58.94 74.65 80.60 83.09

Percentage of the five elements

(B 19y, #Co, *%Pu, and “Fo) (%) 99.59 99.19 99.62 99.63
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