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Abstract

Comparison study on the radiological effects by radionuclides from hypothetical 1, 000MWe coal-
fired power station and nuclear power plant is made. This paper describes the radiological effects
only for gaseous effluents released in normal operation. Source terms for coal-fired power station
are quoted from foreign data and those for nuclear power plant are calculated for reference power
plant. Gaussian plume model is used to assess atmospheric dispersion of radioactive effluents based
on one year meteorological data of Kori site and individual doses are calculated at the maximum
X/Q point.

Doses from nuclear power plant are slightly more than those from coal-fired power plant. In
the case of coal-fired power plant, doses by ingestion of contaminated vegetation are 73.5% of
total doses.
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coal. The combustion of coal releases trace
1. Introduction elements, including naturally occuring radionu-
clides, to the atmosphere as vapors and particles.

Most of materials in the world contain The operation of coal-fired and nuclear power

radioactivities and there is no exception for the plants results in radiation exposure to the public.
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For the former case it is caused by natural
radionuclides; for the latter one by newly created
nuclides.

For the detailed comparison of the radiation
exposure for different types of power plants, all
stages of the fuel cycles and the sequence from
emission to detriment should be considered.

It is very troublesome to obtain data for all
stages of the fuel cycles. So this study has
been focused on radiation exposures from the
radionuclides released into the atmosphere from
the power plants.

The amounts of radioactive material released
into the atmosphere from the power plants are
calculated with the assumption that the electric
power is 1,000 MWe. Foreign data are adopted
as the source terms for coal-fired power plant
owing to the lack of source terms about imported
coal.

In the case of nuclear power plant source
terms are calculated with the GALE computer
code? using the information of the KNU 5
plant in Kori site, Korea.

Transport and diffusion of the radioactive
effluents in the atmosphere and the radiation
exposure dose for some exposure pathways are
calculated using the models which are described
in the U.S NRC Reg. Guide 1,109.2 It is
assumed that the two types of power plants are
located in the same site, so that the collective
dose equivalent has not been calculated in
different situation.

In this study individual dose equivalent is
calculated for individual who lives at the location
of the hightest predicted ground-level concen-
tration and who consumes only food raised or
grown in the immediate area.

The exposure pathways considered in the
calculation of doses are as follows;

1. external radiation exposure from radioactive

effluents released into the atmosphere

2, internal radiation exposure by the inhala-

tion of radionuclides in the atmosphere
3. internal radiation exposure by the ingestion
of contaminated foodstuffs
4, external radiation from the
radionuclides deposited on the ground
The doses committed on bone, lung, whole
body, thyroid, kidney, liver, and G.I. tract are

calculated for these exposure pathways.

exposure

II. Determination of Source Term

II.1. Airborne Radioactive Effluents from
Coal-fired Power Plant

There are two types of radioactive materials
released into the atmosphere from the coal-fired
power plant in the case of normal operation.
The one is gaseous radioactive effiluents and the
other is radioactive effluents of particulates such
as Th-232, U-235, U-238, K-40 and their
decay daughters.

These radioactive materials are released into
the atmosphere as the form of fly ash. Generally
15 W/O of coal is transformed into fly ash in
the process of combustion. In modern power
stations this bulk of ash is collected in hoppers
from the flue gas stream by gravitational settling
and electrostatic precipitators. Fly ash from
coal-fired power plant escapes into the atmos-
phere in quantities of about 0.5% to 2% of the
total ash produced, depending upon the efficiency
of the electrostatic filters applied.?

The amount of radioactivity released into the
atmosphere can be calculated if we know the
amount of the fly ash escaped from plant through
the stack and the concentrations of radionuclides
in the fly ash.

Owing to the lack of these data for imported
coal in Korea, informations of several countries
are compared*~1® and then the data of Germany
are adopted as the source term.V

The specific activity in coal and fly ash is
shown in Table ], and the amount of radioa-
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Table 1. Specific Activity in Coal & Fly Ash

(nCi/kg)™V
Radionuclide Coal Fly ash
U-238(U-234, Th-230) <1 8
Ra-226 0.5 8
Pb-210 0.7 80
Po-210 0.8 150
Th-232(Th-228) <0.5 3

Table 2. Activity Released into the Atmosphere
for Coal-fired Power Plant (mCi/GWe.

yow

Radionuclide Activity
U-238 10
U-234 10
Th-232 10
Ra-226 10
Pb-210 100
Po-210 200
Th-232 5
Th-228 5

ctivity released into the atmosphere from 1,000
MWe power plant in one year is described in
‘Table 2.
I1.2. Airborne Radioactive Effluents from
Nuclear Power Plant

In nuclear power plant radioactive materials
are formed by fission and activation. The released
amount of radioactive materials depends on type
of plants, operating condition, failure rate of
fuel cladding, and characteristics of waste trea-
tment system. Several different types of plants
have been diverse such as AGR, HTGR, BWR,
PWR and CANDU.

In Korea there is only one CANDU type
reactor and all the others are PWR, so in this
study the amounts of radionuclides released from
1,000MWe PWR is adopted as the reference
source term.

PWR has primary and secondary coolant
loops. The radionuclides generated in fuel enter
the primary coolant loop by the failure of fuel

cladding and then enter the secondary coolant

loop by the failure of steam generator. Some of
the contained radionuclides may escape from the
primary and/or secondary coolant loops with any
water leak or steam release. Such release paths
include pressurizers, air ejectors, steam valves,
gland seals, turbine seals and any other dripping
pipes. The gaseous and volatile components end
up in the containment vessel atmosphere and
the liquids go to various floor drains, sumps,
and retention tanks.

Table 3. Annual Releases of Gaseous Effluents for
Reference Nulcear Power Plant(NPP)

Nuclide Release quantity(Ci/year)
I-131 1.749E —2
1-133 5.869E—2
H-3 1.110E +3
Ar-41 34.0
Kr-85M 8.80E+1
Kr-85 7.01E+2
Kr-87 4.90E+1
Kr-88 1.39E+2
Xe-131M 9.80E+1
Xe-133M 1.70E+1
Xe-133 3.46E+2
Xe-135M 1.60E+1
Xe~135 4. 86E +2
Xe-137 —

Xe-138 1.30E+1
Cr-51 9. 40E—5H
Mn-54 5.60E—5
Co-57 8.20E—6
Co-58 4, 60E—4
Co-60 1.10E—4
Fe-59 2.70E—5
Sr-89 1.50E—4
Sr-90 6.00E—5
Zr-95 1.10E—6
Nb-95 4,20E—5
Ru-103 1.60E~5
Ru-106 7.20E—7
Sb-125 5 70E—7
Cs-134 4, 30E—7
Cs-136 3.20E—5
Cs-137 8.30E—5
Ba-140 6.30E—7
Ce-141 1.30E—5
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The radwaste system is designed to extract
and retain as much of these residual activity as
possible so that released amount to environment
is kept as low as reasonably achievable.!? In
this study with the data of KNU 5, the amount
of radionuclides released into the atmosphere
from the 1, 000MWe PWR is calculated using the
GALE computer code, and shown in Table 3,

ITI. Atmospheric Dispersion of
Radioactive Effluents.

Radioactive effluents are transported in down-
wind direction and diffused by turbulent mixing.
The Gaussian plume model is adopted appro-
priately for a long-term atmospheric diffusion
analysis.

The concentration of radionuclides at the
downwind distance z from the release point is
represented as the Sagendorf equation based on
a Gaussian model,

__f -_Q
X@= 2nz/n f —es MO0,

w[-(Frrier) o

where
X(x) : concentration [Ci/m?3]
Q : source strength [Ci/sec]
a,, 0. lateral and vertical dispersion para-
meter [m]
f : fraction of time that wind occurs
in the sector
n : number of the sectors in direction
he  : effective release height [m]
i : mean wind speed [m/sec]
z : downwind distance {m]
16 kinds of wind directions are considered, and
then the Eq. (1) is modified as follow;

X/Q=2.0325 L _exp( -1 ) @

i=1 Ozill; 262i2

where the subsctipt i denotes Pasquill category
on stability and M is the number of every
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Fig. 1. Wind Rose Roreference Site for One
Year.
category.

Meteorological data used to calculate the
diffusion factor are the annual 15-minute avera-
ge of wind speeds, directions and stabilities
taken from Kori-site meteorological tower. With
these data wind rose is obtained and represented
in Fig. 1.

Radionuclides in the atmosphere are deposited
on the ground surface by wet and dry deposition.

Only the dry deposition is considered in this
study.

For each radionuclide, deposition velocity is
different according to the properties of impinge-
ment on ground surface and electrostatic attrac-
tion. The relative concentration of radionuclides
on the ground surface-is:described as

D/Q=Vd(X/Q)

where Vd is deposition velocity.

IV. Analysis of Exposure Pathways and
dose Calculation

Four pathways described in intoduction are
adopted to assess exposure dose and shown
schematically in Fig. 2. In calculation of radia-
tion dose induced by the gaseous radioactive

efluents from nuclear power plant, models which
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Fig. 2. Exposure Pathways (summary).

are described in US NRC Reg. Guide 1,109 is
widely used in normal operation.

The GASPAR code based on this guide'® is
used to calculate dose for nuclear power plant,
and a computer program is made in accordance
with this guide for coal-fired power plant.

And the radionuclides are categorized into two
groups; nobles gases and the other radionuclides.
VI.1. Doses from Noble gases Discharged

to the Atmosphere.

Whole body dose from noble gas release is
calculated at the depth of 5 cm and skin dose is
calculated at the depth corresonding to 7 mg/cm?
of tissue.l¥

Equations for dose from free-standing stacks

more than 80 meter high are
D (r, 6)=1. 11Sr LD (r, Dexpl— sz (En)ta]

@
DS(r, 0)=1.118rD" (r, )+ . Xi(r, 6) DFS;

®)
where superscript T means whole body and S
means skin, and Sy is the attenuation factor
that accounts for the dose reduction due to
shielding. Dk is the annual gamma air dose
associated with the k-th photon energy group,
pl (Ey) is air energy absorption coefficient
dependent on the energy of k-th photon energy
group, and #q is the product of tissue density
and depth. X;(r,#) is the annual average con-
centration of radionuclide ¢ at the distance r in
the sector § and DFS; is the beta skin dose
factor of radionuclide i.
For all other releases,

DI(r, )=8r2.Xi(r,0) DFB; (6)

DS(r, 6)=1. 118, X;(r, ) DF}
+ XX (r, 0) DFS; )

where DFB; is the whole body dose factor of
radionuclide i.
IV.2. Doses from Other Radionuclides
Released to the Atmosphere.
The ground concentration of radionuclide 7 at

the location (r,6) is determined by
G _ 1.0x10%8:(r, 03Q:
C5¢r, ) X

(1—exp(—Ais)] ®
where ¢, is the time period over which the
accumulation is evaluated and &:;(r,6) is the
annual average relative deposition of effluent
species ¢ at location (7,6). And 4; is decay
constant of radionuclide 7.

Annual dose from external irradiation from
radionclides deposited on the ground is expressed

as follow;
D4(r, 6)=8760 Sr>.C%(r,) DFG;; €))

where DFG;; is the dose conversion factor on
open field ground for organ j from radionuclide 4.
Annual dose from inhalation of radionuclides

is calculated using the following equation;
DL (r, =R, X:(r,0) DFA;;, am

where R, is the annual inhalation rates for in-
dividuals in age group @, and DFA;;, is the
inhalation dose factor for radionuclide Z, organ
j, and age group a.

The equation for calculating the annual dose
from ingestion of radionuclide in contaminated

food is represented as,
D2 (r, ) =3 DFIL;, (U} f,CY(r,6)

+UYCH (r, )+ UCI (r, ©)

+UL£iCi(r, 6)] an
where superscripts V,M,F and L represent
produce, milk, leafy vegetable, and meat, respec-

tively. DFIija is the ingestion dose factor for
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radionuclide 4, organ j, and age group a. C;(r,
8 is the concentration of radionuclide ¢ in each
food at location (r,6). U, is the annual intake
of each food for individuals in the age group a,
and f, and f; are the respective fractions of the
ingestion rates of produce and leafy vegetables.

V. Results and Discussion

Individual exposure doses caused by normal
operation of 1,000 MWe coal-fired and nuclear
power plants are calculated seperately using 15~
minute meteorlogical data obtained for one year
at the Kori meteorological tower.

Individual doses are calculated for adult at
the midpoint of each 160 sector which is com-
posed of 10 distance intervals and 16 directions,
and then the maximum values are compared.
The maximum dose is found at the first interval
(804m distant from source) in NE direction.

In the case of coal-fired power plant, stack
heights of 100m, 200m and 300m are considered.
In PWR nuclear power plants, gaseous effluents
are released from vent, so that ground level
release is considered conservatively for nuclear
power plant. In Table 4, the maximum X/Q
values are represented for each stack height,
and the maximem values of relative deposition
are shown in Table 5.

Individual doses calculated with these maxi-
mum values are shown in Table 6 and 7 for
nuclear power plant. Doses from coal-fired power
plant are represented in Table 8 to 11 for each
exposure pathway and each target organ.

Table 4. Maximum Atmospheric Diffusion
Factor (X/Q)

Stack height(m) X/Q(sec/m?)
0 3.88 E—06
100 2.51 E~08
200 8.06 E—09

300 4.84 E—09
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Table 5. Maximum Relative Deposition (D/Q)

Stack height(m) | D/Q(1/m?)
0 1.36 E—08

100 2.51 E~10

200 8.06 E—11

300 l 4.84 E—11

Table 6. Individual Doses for Each Organ

for NPP (mrem/yr)
w
Organ

W.B* 3.30 E—01/ 1.73 E—0l] 6.31 E—01
GI-Tract |3.30 E—01{1.73 E—0l] 6.27 E—01
Bone 3.30 E—01{ 7.95 E—04 2.14 E—02
Liver 3.30 E—01} 1.73 E—01} 6.30 E—0L
Thyroid | 3.30 E—01} 4.65 E—0l| 6.30 E—01

External | Inhalation Ingestion

Kidney 3.30 E—01/ 2.12 E—01] 1.25 E+00
Lung 3.3 E—01 1.73 E—01f 6.26 E—01
Skin 7.52 E—01| 1.73 E—01] 6.26 E—01

*W.B: whole body

Table 7. Individual Doses for Each Pathway

for NPP
Pathway Doses (mrem/yr)
External 3.06 E+00
Inhalation 1.54 E-00
Ingestion 5.04 E+00

Table 8. External Doses for Coal-fired Power
Plant(CPP), (mrem/yr)

Organ

Whole body
Skin

100m ) 200m 300m

1.16 E—03
5.61 E—01

6.04 E—03; 1.94 E—03
2.91 E—00] 9.35 E—01

Table 9. Inhalation Doses for CPP (mrem/yr)

Height
. 100m 200m 300m

Organ ™~
Bone 2.57 E—01]| 8.26 E—02| 4.96 E—02
Liver 1.35 E—02! 4.33 E—03; 2.60 E—03
W. Body | 1.06 E—02 3.41 E—03] 2.05 E—03
Thyroid 592 E—02/ 1.90 E—02| 1.14 E—02
Lung 1.24 E—01) 3.98 E—02| 2.39 E—02

GI-tract 8.88 E—05 2.85 E—05 1.71 E—05
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Table 10. Ingestion Doses for CPP (mrem/yr)

Table 13. Doses by Ingestion (mrem/yr)

100m

200m \ 300m

@
Organ

Bone | 4.95 E-00| 1.59 E+00| 9.53 E—01
Liver j4.28 E—01| 1.37 E—01| 8.24 E—02
W. Body | 2.72 E+00[ 8.73 E—01| 5.24 E—01
Thyroid | 1.26 00| 4.04 E—01| 2.43 E—0L

|
Gl-tract ’ 1.85 E—01| 5.94 E—03 3.56 E—03

Table 11. Individual Doses for CPP (mrem/yr)

Organ } NPP ’ CcPP
W.B. 6.31 E—01 8.73 E—01
Gl-tract 6.27 E—01 5.94 E—03
Bone 2.14 E—02 1.59 E+00
Liver 6.30 E—01 1.37 E—01
Kidney 6.30 E—01 —
Thyroid 1.25 E+00 4.04 E—01
Lung 6.26 E—01 —
Skin 6.26 E—01 —

100m } 200m 300m

Pathway

External | 2.92 E-00 9.37 E—0]| 5.62 E—0l
Inhalation | 4.64 E—01| 1.49 E—01] 8.96 E—02
Ingestion | 9,54 E+00 3.0L E+00] 181 E+00

Table 12. Individual Doses for Both Power
Plants (mrem/yr)

Pathway | NPP CPP

External 3.06 E+00 9.37 E—0L
Inhalation 1.54 E+00 1.49 E—01
Ingestion 5.04 E4+00 3.01 E+00

The typical stack height is 200m in modern
1,000MWe coal-fired power plant, so the doses
obtained in case of 200m stack height are com-
pared with those of nuclear power plant. The
results are shown for each pathway in Table 12,
Individual doses from nuclear power plant are
slightly more than those from coal-fired power
plant, and doses by ingestion of contaminated
food are similiar in the both cases. The doses
by ingestion are shown for each organ in Table
13. And Table 14 shows that dose for every
organ is different for both types of power plants.
Thyroid receives the most exposure for nuclear

power plant and bone receives the most exposure

for coal-fired power plant. It is because the doses
from nuclear power plant are mainly devoted
by noble gases and iodine but the doses from
coal-fired power plant are mainly devoted by
long-lived alpha-emitters such as Ra-226.

Even though the doses from nuclear power
plant are slightly more than those from coal-
fired power plant, it can’t be said that coal-fired
power plant have less environmental effects than
nuclear power plant. It is because the environ-
mental effects are only by the radiation in the
case of nuclear power plant, but its effects are
by the SOx, NOx, and particulates as well as
the radiation in the case of coal-fired power
plant.

In this study, the comparisons are carried out
only for the radioactive effluents in normal
operation, but every step of fuel cycle and
accident case should be considered for more

detailed comparisons.
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