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1. Introduction 3. Materialsand M ethods

During normal operation of the nuclear power plants 3.1 Meteorological Data
(NPP), radioactive gaseous effluent is releaseth¢o Recent two years (2017-2018) of meteorological data
atmosphere. After diffusing, this effluent exerts at Kori NPP site were provided by Korea Hydro &
radiological effects on environment and people Imgar  Nuclear Power (KHNP). Data inform the meteorologica
Evaluation of the environmental impact by the effitis conditions monitored at 58 m from the ground.
required for the construction permit and operation The windrose in Figure 1 summarizes the percentages
license of NPP. Gaussian plume model is one afnthst of wind speed and direction. North is the most et
popular choices in analyzing atmospheric dispersion  windward and south-southeast (SSE) is the |eaptifnet
gaseous effluents. The atmospheric dispersion iswindward.
estimated in terms of the atmospheric dispersictofa
¥/Q, which is defined as the ratio of the radiodttiv
concentratiory in air to the activity release rate Q from
a source stack. The spatial variations of dispar&iotor .
are reflected by dispersion coefficients. In thigly, we 7/
investigated the influence of diffusion coefficignbf /
choice on the downwind distribution of dispersiantbr RS

2. Theory WEer "

The Gaussian plume model is expressed in a simple VX
mathematical form, which enables easy preparatfon o \
input data and quick computation. The following AN
function expresses the Gaussian plume model for
dispersion factog/Q at a location (X, y, z) with the gas T~ _lsoutH
release at (0, O, Hj is wind speed anal, (x) anda,(x)
are the horizontal and vertical diffusion coeffitie
respectively, at a downwind distance x.
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1oy, 2) 1 1/ y \2 Figure 1. Windrose for Kori NPP site over the years
Q = Znﬁgy(x)()'z(x) X exp[-§<m> ] 2017 and 2018
1rzH\? 1/z+H\? 3.2 Diffusion Coefficients
x{exp [‘§<cz(x)) ] * e"p['§<cz(x)) ]
1) Diffusion coefficientss, (x) ando,(x) in equation (1)

) ) ) are highly dependent on the atmospheric stabBitiggs
Integrating the equation (1) with respect to y over  [1], Eimutis-Konicek [2], Klug [3] and Hosker [4]
<y < leads to the following function for the dispersion syggested different mathematical models to caleulat

factor at the ground level: diffusion coefficients for 6 stability conditionsassified
70 £ 1/ h \2 by the Pasquill-Gifford-Turner scheme [5]. With the
2 =2032x Z —L—x exp[-—( z > ] @) frequency data of atmospheric stability at Kori Ns#e,

Q 0zj ()X 2\0zj(x) four different packages of diffusion coefficientene
prepared.

ij
where R is the effective height (H + plume rise) apdsf
the frequency ofi wind speed class angd $tability class
is observed. In the case of ground level reledse, t
function has a simpler form with the vertical d#fon
coefficientX,(x) modified considering building effect.

3.3 Calculation of atmospheric dispersion factors

Dispersion factors were calculated for each of fr@iw
direction sectors with the data for 10 wind speledses.
In case of ground release (H = 0), the verticaludibn

¥ (x 1
X6 _ 2.032 XZ—_ 3) coefficients were calculated considering the buoidi
Q ) sz(x)ulx
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wake correction [6] by equation (4) to be applied t
equation (3):
5,00 = (0200 + 0502 /m): < VBoy(x),  (4)
where B is the maximum adjacent building height.
For the elevated level release (H = 120), the Vdlhg
Briggs Plume rise [7] was applied to equation (2):

hpr = 14425 (%3 - d 5)

4.2 Elevated release

Regardless of the model for diffusion coefficieris
maximumy/Q values were obtained in S direction. From
the release spot, thg/Q value increased along the
downwind distance until reaching the peak value and
then decreased. The distance of peak value argldpe
of change iny/Q varied depending on the model for
diffusion coefficient. With the coefficients proced by
the Eimutis-Konicek model, the peak value was the
highest at the shortest distance. The lowest pahileat
the farthest distance was attributed to the diffasi

where W is the stack release velocity and d is internal -qefficients produced by the Hosker’'s model. Thakpe

stack diameter. If Wis less than 1.5 times the wind

values ofy/Q and the distances based on four different

speedu, a correction for downwash equation (6) is mqdels for diffusion coefficient are listed in Tald.

subtracted from equation (5).

c=3(15-2)d (6)
4. Results

4.1 Ground release

Figure 2 presents dispersion factors along the SE
section, where thg/Q values were highest, obtained by

employing four different diffusion coefficient datéhe

Table 2. The peak valuesgf) and the distances at
the elevated release:0® 10 m/sandd=2m
Eimutis  briggs  Hosker Klug

516 685 781 627
1.41E-06 9.40E-07 8.23E-07 1.08E-06

Distance (m)

1Q (s/n?)

5. Conclusion

Meteorological condition regarding wind speed, wind
direction and atmospheric stability determines the

x/Q value decreases with the downwind distance atmospheric dispersion of gaseous effluents. In

regardless of the model for diffusion coefficieiihe
highesty/Q values came with the Hosker’s diffusion
coefficients whereas the lowest values resulteoh filve
Eimutis’s diffusion coefficients. ThgQ values based on
four different models for diffusion coefficient are
compared in Table 1.

0.012 ¢

=-#-=Eimutis

—+*—Briggs
Hosker
Klug

0.01

0.008

viQ (sim®)
o
[=]
(=]
[=:]

0.004 )

0.002

h>
=3
s

300 400 500 600
Distance (m)

Figure 2. Atmospheric dispersion factors varyinghwihe
downwind distance in the SE direction at the grolavel
release: @=67.5m
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Table 1. Atmospheric dispersion factgr® along the
downwind distance at the ground level releases B7.5 m

Distance

m) Eimutis  briggs Hosker Klug

300 6.48E-04 6.74E-04 1.50E-03 8.41E-04
400 3.89E-04 3.95E-04 8.78E-04 5.26E-04
500 2.62E-04 2.70E-04 5.81E-04 3.66E-04
700 1.52E-04 1.53E-04 3.14E-04 2.13E-04

theoretical analysis of the atmospheric dispersiith
the Gaussian plume model, the key factors are the
diffusion coefficients. Hence, the mathematical elod
employed to calculate the diffusion coefficients
practically determines the pattern of dispersioctda
varying with the downwind distance. With Eimutis-
Konicek’s model, the atmospheric stability classvAs
most influential on the pattern of dispersion facto
varying along the downwind distance. With Hosker’'s
model, the stability classes D was more influerttiain
others on the distribution pattern of dispersiartda

REFERENCES

[1] S.R. Hanna et al., Handbook on Atmospheric Biffm, US
DOE, DOE/TIC-11223, 1982

[2] E.C. Eimutis, M.G. Konicek, Derivation of contiaus
functions for the lateral and vertical atmosphatispersion
coefficients, Atmospheric Environment, Vol.6, p@8363,
1972

[3] R.P Hosker, Estimates of Dry Deposition and Rtum
Depletion over Forests and Grasslands, Physical \Bahar
Radioactive Contaminants in the Atmosphere, Symposium
Proceedings, Vienna, 1973

[4] F.P. Lees, Lee's loss prevention in the prodedsstries:
hazard identification, assessment, and controkuigs, 2012

[5] D.B. Turner, Workbook of atmospheric dispersion
estimates, 1970

[6] USNRC, RG 1.111, Methods for estimating atmospheri
transport and dispersion of gaseous effluentsutine releases
from light-water-cooled reactors, 1977

[7] J.F. Sagendorf, A Program for Evaluating Atmiosgc
Dispersion from a Nuclear Power Station, NOAA Tétamo
ERL-ARL-42, 1974





