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Assessment of Internal Radiation Dose Due to Inhalation of
Particles by Workers in Coal-Fired Power Plants in Korea
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Coal-fired power plants handle large quantities of coal, one of the most prominent NORM,
and the coal ash produced after the coal is burned can be tens of times more radioactive than the
coal. Workers in these industries may be exposed to internal exposure by inhalation of particles while
handling NORM. This study evaluated the size, concentration, particle shape and density, and radioactivity
concentrations of airborne suspended particles in the main processes of a coal-fired power plant. Finally,
the internal radiation dose to workers from particle inhalation was evaluated. For this purpose, airborne
particles were collected by size using a multi-stage particle collector to determine the size, shape, and
concentration of particles. Samples of coal and coal ash were collected to measure the density and
radioactivity of particles. The dose conversion factor and annual radionuclide inhalation amount were
derived based on the characteristics of the particles. Finally, the internal radiation dose due to particle
inhalation was evaluated. Overall, the internal radiation dose to workers in the main processes of coal-
fired power plants A and B ranged from 1.47x 107°~1.12x 107> mSvy~". Due to the effect of dust generated
during loading operations, the internal radiation dose of fly ash loading processes in both coal-fired power
plants A and B was higher than that of other processes. In the case of workers in the coal storage yard at
power plants A and B, the characteristic values such as particle size, airborne concentration, and working
time were the same, but due to the difference in radioactivity concentration and density depending on
the origin of the coal, the internal radiation dose by origin was different, and the highest was found when
inhaling coal imported from Australia among the five origins. In addition, the main nuclide contributing
the most to the internal radiation dose from the main processes in the coal-fired power plants was
thorium due to differences in dose conversion factors. However, considering the external radiation dose
of workers in coal-fired power plants presented in overseas research cases, the annual effective dose of
workers in the main processes of power plants A and B does not exceed 1mSvy™, which is the dose limit
for the general public notified by the Nuclear Safety Act. The results of this study can be utilized to identify
the internal exposure levels of workers in domestic coal-fired power plants and will contribute to the
establishment of a data base for a differential safety management system for NORM-handling industries
in the future.
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Table 1. Analysis results of major processes in coal-fired power plant

Plant Location of main process Work type Working time (hy ™)
Coal storage yard On-site work in the coal storage yard 1,460
Plant A
Fly ash silo Fly ash loading operation 1,095
Heavy equipment operation 1,095
Coal storage yard i )
Plant B Reclaimer operation 1,460
Fly ash silo Fly ash loading operation 730
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Fig. 1. Particle size distribution of process for coal-fired plant.
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Fig. 2. Shape of airborne particulates by stage collected at fly ash
silo in coal-fired plant A (A : Oth stage, B: 3th stage, C: Sth stage, D:
7th stage).
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Fig. 3. Radioactivity concentration of handled material for coal-fired plant.
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Table 3. Internal radiation dose rate due to handling material in main process

Main process . Internal radiation dose
Industry Material (mSvy™)
Location of main process Work type vy
Bituminous coal (AUS) 526x107°
) Cinth | Bituminous coal (CAN) 1.89x107°
Coal storage yard sotcr)lr—:lgt:;:z in the coa Bituminous coal (RUS) 498x107°
Plant A Bituminous coal (USA) 451x107°
Bituminous coal (IND) 1.47x107°
Fly ash silo Fly ash loading operation Fly ash 1.12x107
Bituminous coal (AUS 1) 4.03%x107°
Bituminous coal (AUS 2) 5.48x107°
Reclaimer operation . . s
Bituminous coal (RUS) 2.74% 10
Bituminous coal (IND) 9.46x107°
Coal storage yard
Plant B Bituminous coal (AUS 1) 3.03x107°
) ) Bituminous coal (AUS 2) 411x107°
Heavy equipment operation o _5
Bituminous coal (RUS) 2.06x10
Bituminous coal (IND) 7.09% 107
Fly ash silo Fly ash loading operation Fly ash 3.06x107*
1.47x107°~1.12x 107 mSv y ' = YEFG O, H]3] 7] 4. 1 %
e, AR B 28 24910 242 7 thebie. A
D A TR A4S AFRA WA BE W BV B AT AReiis o Fa 24 4954
F QAo 5ol Ggoz s us) ARAART F  AHo] A% A WREE PAbE Boks ek 9

=

132X 1072~4.72 x 10724 Y& 7 o & vpepot 2 4 B 2 Yol A EAgels Bxo] Arl Ao e 9 9]%]
oA T8 54 ZATAEALS] o= ‘ﬂb%j%k A of| wha} AfolsHA| rebtth Aol EAL FASH HH A
207 7.09%1075~3.06x 10 mSv y ' & EFFoH, H] oA FAof| mE dzte] 7] 9 sk Fo| Aol

_4

o A, A8 U el SaAe, HEE U or), 26l B WAk S et olsi Lepict
Z0) SRR 2R A bttt AR W olo] ek AFHOE F2 T AAFAR R E
] SAS WAL ASH FUA AFZLY WA AT ololArt Wet £ AL I 55
5% W F0) F YA SE0 JPOoR A UA A @ RIS PAATL Fo R THE L BAL 5
A OF 232x107~134x 1078 RS F02 b Faigiek. oful, ALY 1 TRl AL RS 3
ERdeh A A, B A W BATAG] A9, 4 Abisgo] A2 viehd ARk A gstglck 13 7
SHo] AbA] W2 W E AL A] 2], BE BANA R PApAe] el 58 Aol
SO 54 S FASGO, ek Aol wheh A &3 BASIIc oA go. 2, IcRpeIA ANSHE A%
552 W A Aol 8] hEHE AN 4 54| ARG HAEsto] AT hEHE At
ofshl Uehgt) el n AR A% 2R AAEAAY  HFS BoSIon, olS AAgS A4 Ao vl
B PAHGE s 4] F EFeA S4B A BAsIrH14]. 7123 2§ W71 A, IcRp A AN
T2 BUSAL A9 M L A0 Selsgl U2 E0] 71Egh AL ThE L B A5
7} S Ao AEste] B2} 9 vl m e APk,
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Fig. 4. Internal radiation dose of worker by coal-fired plant.
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