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Background: Not only regulatory framework including radiation protection quantities and
regulatory standards, but also methodology for regulatory compliance may be different in each
country due to inherent philosophy for radiation protection.

Materials and Methods: Based on the Korean regulatory models, off-site radiological dose re-
sulting from the routine releases of gaseous radioactive effluents was calculated by applying the
parameter values and assumptions recommended in the Korean and Japanese regulations.

Results and Discussion: Effective dose for adult based on the Korean recommendation were
17.5 and 1.6 times higher than those of Japanese recommendation for *'I and '*’I, respectively,
for the same atmosphere dispersion and ground deposition factors.

Conclusion: It was due to different parameter values and assumptions recommended for the
purpose of evaluating compliance with dose criteria for the radiation protection of the public in
each country.

Keywords: Regulatory Model, Gaseous Radioactive Effluent, Off-site Radiological Dose, Ra-
dioiodine, Design Stage

Introduction

Off-site radiological dose assessment is an essential element to identify the proper
design of radioactive effluents system for the radiation protection of the public and the
environment at the design stage of nuclear power plants. Not only regulatory frame-
work including radiation protection quantities and regulatory standards, but also
methodology for regulatory compliance may be different in each country due to inher-
ent philosophy for radiation protection.

Methodology for the Korean off-site dose calculation is described in a reference [1].
Although mathematical models are basically similar to those recommended in the U. S.
Nuclear Regulatory Commission (NRC) [2], inherent environmental characteristics in-
cluding habits show a clear difference. The standards of off-site dose due to radioactive
effluents are stated in a notice enacted by the Nuclear Safety and Security Commission
(NSSC) in Korea [3]. On the other hand, methodology for the Japanese off-site dose cal-
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culation is described in a reference [4].

Radioiodines as gaseous effluents may be critical in the
contribution of off-site dose at the design stage of nuclear
power plants. They are mainly produced by the fission of nu-
clear fuels, and it assumes that a certain fraction from defect-
ed fuels is inevitably released into the environment. Radioio-
dines may be released to the atmosphere with a variety of
chemical forms such as elemental and organic types, and
their behaviors in the environment are more complex com-
paring with other radionuclides of particulate types.

In this study, parameter values and assumptions recom-
mended in the Korean and Japanese regulatory guides,
which may be required to calculate off-site dose due to gas-
eous effluents in case of no site-specific data, are compared
and discussed. And off-site dose is calculated according to
the recommendations of both countries using the same Ko-
rean regulatory models, and its results are compared.

Materials and Methods

Radionuclides released into the atmosphere can give rise
to radiation exposure to the public through a variety of be-
haviors in environmental media such as air and soil. In the
Korean regulation, the consideration of the following expo-
sure pathways is required as major exposure pathways for
gaseous effluents as:

- External exposure from air immersion

- External exposure from deposited ground

- Internal exposure from inhaled air

- Internal exposure from ingested food

On the other hands, in the Japanese regulation, external
exposure from deposited ground is excluded as a major
pathway.

1. External Exposure from Air Immersion

External dose by gamma and beta rays from contaminated
air is only considered for noble gases. It is calculated as fol-
lows:

¢ =8760SF ¥;C{ DFf‘ 1)
where,
i : radionuclide

J:organ

D; ¢, external dose from air immersion (mSv-yr?)
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C{: air concentration (Bq-m)

DF;; EC. dose coefficient by air immersion ([mSv-hr"] per
[Bq-m™])

SF : shielding factor (dimensionless)

8,760 : unit conversion factor (hr-yr)

Shielding factor includes the fraction of spending time at
indoor as well as radiation attenuation by residential struc-
tures. Air concentration is calculated as follows:

cf = (%) X Q; (2)

where,
X
¢ + annual averaged atmospheric dispersion factor (sec- m™)
Q;:release rate of radionuclides into the atmosphere
P
(Bq-sec?)

2. External Exposure from Deposited Ground

External dose by gamma and beta rays from contaminated
ground due to deposition of radionuclides released into at-
mosphere is considered for all other radionuclides except
noble gases, "“C and *H. It is calculated as follows:

1- exp( AiTp)
DEC = 8,760 SF ¥,;d; [0 b]DF§C ®)

where,

DJ-EG : external dose from deposited ground (mSv-yr)

Ty : mid-point of soil exposure (sec)

d; : deposition rate onto the ground (Bq - (m?- sec)™)

A;: radioactive decay constant (sec™)

DF;; EC. dose coefficient by deposited ground ([mSv-hr ']
per [Bq-m™))

Deposition rate onto the ground is calculated as follows:
D
d; = (5) X Q; (4)

where,
D
¢ - annual averaged deposition factor (m*)

As previously mentioned, this pathway is not considered
as a major pathway in the Japanese regulation.

3. Internal Exposure from Inhaled Air
Inhalation dose by the breathing of contaminated air is

considered for all other radionuclides except noble gases. It
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is calculated as follows:
D]k —BRkZLCA Uk (5)
where,
k : age group

D! inhalation dose (mSv-yr?)
BRy, : annual breathing rate (m®- yr™)
DF}fi.: dose coefficient by inhalation (mSv-Bq™)

4. Internal Exposure from Ingested Food

Ingestion dose by the consumption of contaminated food
is considered for all other radionuclides except noble gases.
Itis calculated as follows:

Djllgl =FUu X% Cy DFiﬁ (6)
where,
[:food
Djllfl :ingestion dose by food consumption (mSv-yr)
Fy: consumption fraction of contaminated food (dimen-
sionless)
Uy, : annual food consumption rate (L-yr* or kg-yr')
C;;: radionuclide concentration in food (Bq- L or Bq-kg™)
DF[S ijk : dose coefficient by ingestion (mSv-Bq™")

Radionuclide concentration in food is predicted by using
different models depending on radionuclides. *H and “C are
not considered for the regulatory purposes at design stage in
Japan. Thus, regulatory models for these radionuclides is not
described in this paper. Radionuclide concentration in agri-
cultural product (C4, Bq - [kg-wet weight] ") for particulates is
predicted as follows:

d; diByi
Cit = (2= [1 = exp (~2aT)] + %2 [1 = exp (~AT)]) exp (=AT) (7)

where,

r: fraction of radionuclide retained on agricultural product
(dimensionless)

Y, : yield of agricultural product ([kg-wet weight] - m?)

Aei : effective removal constant (=A4,,+4;, sec?)

Ay : removal constant by weathering (sec™)

T, : growing period of agricultural product (sec)

T}, : holdup time from harvest to consumption (sec)

p: effective surface density of soil ([kg-soil] - m?)

B,,; : soil concentration factor ([kg-soil] - [kg-wet weight] ")
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Radionuclide concentration in livestock product (C5, Bq - L™
or Bq-kg') is predicted as follows:

Ci = TiMalCLASP + CRth(L = f7) + (1 — fi)Hexp [-4:(Ts + Tw)] (8)

where,
T : transfer coefficient of radionuclide to livestock prod-
ucts (d-kg'ord-L")

q,: consumption rate of livestock (kg-d™)

CF : radionuclide concentration in pasture (Bq- kg ")

f :fraction of annual grazing time in pasture (dimension-
less)

fi : consumption fraction of contaminated pasture (di-

mensionless)
Cf : radionuclide concentration in stored feed (Bq - kg')
T : storage period of feed (sec)

Eight kinds of food (grain, leafy vegetable, fruit, Kimchi
[Chinese cabbage], milk, beef, pork, chicken) are considered
in the Korean regulation. While, only two kinds of food (leafy
vegetable, milk) are considered in the Japanese regulation,
assuming that the remainder of food is not significant in dose
contribution.

Results and Discussion

Based on the Korean regulatory models, off-site dose in
terms of effective dose was calculated by applying the pa-
rameter values and assumptions recommended in the Kore-
an and Japanese regulations in case of no site-specific data.
Radioiodines (**'I and '*T) were selected for the comparison
of results, which may significantly contribute in off-site dose
at design stage of nuclear power plants. *'T and "I have rela-
tively short half-life of 8 days and 20 hours, respectively. Age
group was selected as adult. Annual averaged atmospheric
dispersion factor and deposition factor were assumed to be
1.0x10°sec-m™and 1.0 x 10® m?, respectively.

The Japanese regulatory models show a big difference
compared with Korean ones. As an example, radionuclide
concentration in agricultural products is predicted by distin-
guishing contamination of above-ground parts and contam-
ination of below-ground parts in the Korean regulatory
model, as shown in Equation (7). While, it is directly predict-
ed from transfer rate from air to agricultural products ob-
tained from experiments in the Japanese regulatory model.
For this reason, all of parameter values to be required in the
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Table 1. Parameter Values and Assumptions Recommended in the
Korean and Japanese Regulations for Off-site Dose Calculation [4, 5]

P Korean Japanese
arameter . .
recommendation recommendation
Breathing rate (m*-yr™) 8,100 8,100
Shielding factor 0.7 1.0
Consumption rate Grain: 160 Leafy vegetables: 36.5
kg-yrtorl-yr)  Frit: 97 Milk: 73
Kimchi: 89.9
Leafy vegetables: 161.8
Beef: 15.7
Pork: 28.8
Chicken: 26.6
Milk: 73.2
Fraction of Grains: 0.9 Leafy vegetables: 0.25*
contaminated foods | eafy vegetables: 0.76  Milk: 0.25
Pork: 1.0
Chicken: 1.0
Others: 1.0
Holdup time from Grain/Fruit/Kimchi: 14 Not considered
harvest to

Leafy vegetables: 1

Beef/Pork: 7

Chicken: 3

Milk: 1

Grains: 0.36

Fruits: 0.13

Kimchi: 4.53

Leafy vegetables: 4.52

Pasture: 4.0

Weathering half-life 14 13
(day)

*Annual fraction of cultivating period and decontamination factor are as-
sumed to be 0.5 and 0.5, respectively.

"Market dilution factor, mixing fraction of feeds and annual fraction of culti-
vating period of pasture are assumed to be 0.5, 1.0, and 0.5, respectively.

consumption (day)

Yields ([wet-kg] - m?) Leafy vegetables: 2.3

Korean regulatory models do not provide in the Japanese
regulatory guide. Thus, off-site dose was calculated by using
available parameter values and assumptions to the Korean
regulatory models provided in the Japanese regulatory guide,
as shown in Table 1. In addition, it includes parameter values
and assumptions differentiated in the Korean recommenda-
tion for the comparison with Japanese one. Other parameter
values are provided in a reference [5].

The most important difference between the recommenda-
tions of the two countries is evaluation target (person) for ra-
diation protection of the public. The evaluation target in the
Korean regulation is maximum exposed individual, which
coincides with a concept applied to the U.S. NRC’s regula-
tion. While, it is typical individual in the Japanese regulation,
which is similar to a concept recommended in the Interna-
tional Commission on Radiological Protection (ICRP) [6].
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Table 2. Dose Coefficients by Inhalation and Ingestion [4, 5]

Dose coefficient (mSv-Bq)

Pathway
Korean recommendation Japanese recommendation

Inhalation

[-131 2.0x10% 1.5x10°

1-133 4.0x10° 29x10%
Ingestion

I-131 2.2x10°® 1.6x10%

1-133 4.3x10° 3.1x10°

Table 3. Off-site Dose for ®'l Calculated according to the Korean
and Japanese Recommendations

Off-site dose (MSv-yr™'] per [Bg-yr))

Exposure Ratio
pathway Korean Japanese (A/B)
recommendation (A) recommendation (B)
Air immersion 1.19x 107" 1.69x10" 0.70
Ground deposition 1.27x107 Not considered -
Inhalation 514x10" 3.85x 10" 1.34
Ingestion
Agricultural products 2.13x10" 6.24x 10" 34.13
Milk 9.03x10°"® 3.47x107° 2.60
Meat 8.60x 107 Not considered -
Total 2.30x10" 9.71x101® 23.75
Total 2.37x10" 1.36x10™ 17.46

In the Korean recommendation, it is assumed that radio-
iodines released into the atmosphere are all of elemental
type. However, in deposition on the ground and agricultural
products, it is assumed that non-elemental type is 50% and
itis not deposited. In the Japanese recommendation, organic
type of 100% is assumed in the calculation of inhalation
dose, however, inorganic type of 100% is assumed in the cal-
culation of deposition. Table 2 shows the dose coefficients by
inhalation and ingestion recommended in Korean and Japa-
nese regulation.

Off-site dose was calculated according to the recommen-
dations of both countries using the Korean regulatory mod-
els. The results are shown in Tables 3 and 4.

The greatest difference was found in ingestion dose by the
consumption of agricultural products for both radioiodines.
The results based on the Korean recommendation were
higher than those based on the Japanese recommendation,
except for the external dose by air immersion. Shielding ef-
fects are not considered in the calculation of external dose by
air immersion in the Japanese recommendation. From the
results, it was found that the holdup time from harvest to
consumption is a critical parameter for short half-life radio-
nuclides. Total doses based on the Korean recommendation
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Table 4. Off-site Dose for '®% Calculated according to the Korean
and Japanese Recommendations

Off-site dose ([mSv-yr] per [Bqg-yr™])
Exposure Ratio
pathway Korean Japanese (A/B)
recommendation (A) recommendation (B)

Air immersion 1.93x107" 2.75x 107" 0.70
Ground deposition 2.31x107® Not considered -
Inhalation 1.083x107™ 7.45x107° 1.38
Ingestion
Agricultural products 3.49x107® 1.98x107® 1.76
Milk 1.38x 107 1.10x107® 1.25
Meat 7.57x1071° Not considered -
Total 4.88x1071° 3.08x 1071 1.58
Total 1.77x107 1.08x107 1.64

were 17.5 and 1.6 times higher than those of the Japanese
recommendation for '*'T and "1, respectively.

Conclusion

Based on the Korean regulatory models, off-site dose from
the routine releases of gaseous effluents was calculated by
applying the parameter values and assumptions recom-
mended in the Korean and Japanese regulations. It was
found that off-site dose for each exposure pathway shows a
clear difference for the same atmosphere dispersion and
ground deposition factors, especially in ingestion dose by the
consumption of agricultural products. Off-site doses based
on the Korean recommendation was higher than those
based on the Japanese recommendation for radioiodines,
which are critical contributing radionuclides in off-site dose
at design stage of nuclear power plants. It was due to differ-
ent parameter values and assumptions recommended in the
two countries for the purpose of evaluating compliance with
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dose criteria for the radiation protection of the public. The
results would serve for the further improvement of the Kore-
an regulation.
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