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ABSTRACT

Neutrons are generated by the nuclear reaction, which is absorbed into the concrete wall and causes the
activation during cyclotron operation. The purpose of this study is to investigate the effect of neutron activation
and radiative concrete on concrete type. This experiment used Monte Carlo simulation and RESRAD model.

The results of the experiment showed that the higher the content of Fe in concrete, the greater the shielding
rate. The effect of °Fe(n, 2np)**Mn reaction on workers is also increased. However, radioactive nuclides have
low activity and have very low impact on workers. Radioactive concrete should be treated as general wastes with
less than its self-disposal tolerance level, and it should be recycled to the surface such as road repair rather than

landfill to minimize the effect of 'C.
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Table 1. Elements and weight percents in concrete.
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Atom Fractions

Qumn Qe b s L
H 0.149867 0.103586 0.082371 0.109602 0.086069 0.209640
C 0.074204
[0) 0.526832 0.584810 0.551004 0.600189 0.314488 0.301631
Na 0.013974
Mg 0.017713 0.001983 0.010248 0.001515 0.005516 0.001963
Al 0.023794 0.031850 0.023218 0.004777 0.014030 0.007326
Si 0.091972 0.210755 0.024455 0.011473 0.020499 0.016261
S 0.001649 0.000751 0.001177 0.103654
K 0.000773 0.009244 0.000697
Ca 0.109680 0.038877 0.047270 0.038593 0.050769 0.044390
Ti 0.030275 0.012192
\% 0.001630 0.000464 0.000535
Cr 0.000871
Mn 0.000962
Fe 0.003516 0.004717 0.226519 0.026213 0.495972 0.417557
Ba 0.103983

Density (g/cm3) 2.35 2.35 3.53 3.35 4.64 4.54
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Table 2. Dose rate according to thickness of concrete wall.
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Unit : pSv/hr

\‘m\ 10 20 90 100 110

120 130 140 150 160 170 180 190

Ordinary

(NBS03) 34819 15886 49.7 22.9 11.6 4.12 1.88 1.08 0.25 0.10 0.04 0.03 0.01
Ordinary
(NBS04) 30649 15672 107 54.0 26.1 14.4 5.23 2.00 0.73 0.31 0.30 0.16 0.02
Magnetite 20594 9626 25.7 10.6 4.49 1.94 0.82 0.23 0.05 0.01 0.00 0.00 0.00
Barytes 17511 8587 459 21.5 11.0 5.73 2.46 1.02 0.41 0.12 0.09 0.08 0.05
Magnetite
+ 15260 6606 16.4 6.81 2.71 0.89 0.38 0.15 0.07 0.02 0.01 0.00 0.00
Steel
Limonite
+ 18863 6398 1.55 0.40 0.09 0.06 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Steel
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Fig. 2. Radioactive Radionuclides and Radiation According to Concrete Types.
Table 3. Exposure of workers by type of concrete.
Isotope 39 YFe #Ca *Mn 41Ca Total
Ordinary
Sv/h 1.37E-11 4.59E-12 6.1E-10 8.59E-08 4.56E-12
(NBS 03) v 8.66E-08
% 0.02 0.01 0.71 99.19 0.01
Isotope $Ca Fe SMn
Ordinary
(NBSO04) uSv/hr 1.92E-10 7.74E-11 1.23E-07 1.24E-07
% 0.16 0.06 99.82
Isotope 3Mn Fe *Mn
Magnetite uSv/hr 7.35E-07 7.14E-10 3.26E-06 4.01E-06
% 18.35 0.02 81.52
Isotope 39 $Ca 1B, 1B4Cs *Fe *Mn
Barytes uSv/hr 1.76E-10 5.21E-11 5.29E-10 1.35E-10 1.59E-10 3.80E-07 3.82E-07
% 0.05 0.01 0.14 0.04 0.04 99.74
. Isotope Fe *Mn
Magnetite
+ uSv/hr 1.01E-09 4.36E-06 4.37E-06
Steel
% 0.02 99.84
. . Isotope SFe *Mn
Limonite
+ uSv/hr 1.33E-09 3.74E-06 3.75E-06
Steel
e % 0.04 99.89
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Table 4. Radiation effects of buried depth.

Buried at depth 0 m

\w 0 1 3 10 30 100 300 1000
Ordinary 5.65E-07 1.14E-08 6.70E-15 3.52E-13 1.23E-09 1.65E-10 3.86E-13 7.42E-15
(NBS 03)

Ordinary
(NBS 03) 5.65E-07 1.14E-08 6.19E-15 4.58E-13 1.44E-08 1.91E-10 4.00E-13 7.69E-15
Magnetite 6.02E-07 1.14E-08 1.01E-13 2.04E-14 3.67E-12 9.67E-12 9.55E-14 1.84E-15
Barytes 5.69E-07 1.14E-08 1.76E-14 2.88E-14 4.89E-12 1.29E-11 7.38E-14 1.42E-15
Manetite 6.14E-07 1.14E-08 1.33E-13 1.97E-14 3.56E-12 9.36E-12 6.49E-14 1.25E-15
and steel
Limonite 6.11E-07 1.14E-08 1.47E-13 2.50E-14 4.19E-10 1.11E-11 6.26E-14 1.20E-15
and steel
Buried at depth 1 m

W 0 1 3 10 30 100 300 1000
(grgis“%% 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02
(%rgis"%ﬂ{) 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02
Magnetite 3.33E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02
Barytes 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02
;\ﬁg“‘;g’l 3.33E-02 3.33E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02
;dm"s‘:éfl 3.33E-02 3.33E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02 3.32E-02
Table 5. Detailed dose of nuclear species at landfill. Unit : mSv/yr

Ordinary(NBS 03)  Ordinary(NBS 04) Magnetite Barytes Manetite and steel =~ Limonite and steel
133, 4.09E-09
Ye 3.32E-05 3.32E-05 3.32E-05 3.32E-05 3.32E-05 3.32E-05
Hea 1.39E-14 3.40E-15 7.38E-16 9.27E-16 4.12E-16 7.83E-16
BCa 2.93E-11 7.09E-12 1.51E-12 1.94E-12 8.24E-13 1.63E-12
13404 2.35E-12
350 1.50E-20
137¢g 2.54E-13
3¢y 3.92E-17 4.81E-16 1.39E-17
Spe 3.66E-12 3.35E-12 2.89E-11 5.14E-12 3.30E-11 6.05E-11
e 5.99E-10 5.51E-10 5.93E-09 9.11E-10 7.64E-09 1.08E-08
g 9.94E-16 1.03E-15 2.46E-16 1.90E-16 1.67E-16 1.61E-16
3Mn 1.29E-20 2.17E-21 2.13E-20 1.95E-20
3*Mn 1.96E-09 2.75E-09 7.64E-08 8.48E-09 1.06E-07 9.18E-08
g 9.85E-14 3.38E-14 733E-15 1.09E-12
465, 2.26E-09 6.17E-10
Py 5.71E-18
Total 3.32E-05 3.32E-05 3.33E-05 3.32E-05 3.33E-05 3.33E-05
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IV, DISCUSSION
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