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Abstract

To establish initial response scenarios for nuclear accidents around the Kori nuclear power plants, the potential for
radionuclide diffusion was estimated using numerical experiments and statistical techniques. This study used the numerical
model WRF (Weather Research and Forecasting) and FLEXPART (Flexible Particle dispersion model) to calculate the
three-dimensional wind field and radionuclide dispersion, respectively. The wind patterns observed at Gijang, near the
plants, and at meteorological sites in Busan, were reproduced and applied to estimates of seasonally averaged wind fields.
The distribution of emitted radionuclides are strongly associated with characteristics of topography and synoptic wind
patterns over nuclear power plants. Since the terrain around the power plants is complex, estimates of radionuclide
distribution often produce unexpected results when wind data from different sites are used in statistical calculations. It
is highly probable that in the summer and autumn, radionuclides move south-west, towards the downtown metropolitan
area. This study has clear limitations in that it uses the seasonal wind field rather than the daily wind field.
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Fig. 1. a) Satellite image around Kori atomic energy power plant and b) model domains in this study, Closed rectangular
and diamond indicate the Gijang meteorological site near the power plants and Busan meteorological site.
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Table 1. Descriptions of WRF simulations
WRF do1 do2
Horizontal grid 67 x 67 97 x 97
Resolution 3 km 1 km
Vertical layers 30 Layers

Physical process

Morrison double-moment scheme

RRTMG Radiation scheme

Noah Land Surface Model
YSU PBL scheme

Kain-Fritsch scheme

Grid nudging (6 hours)

Options
RTG SST (0.083deg x 0.083deg)
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. Survey on the observed wind pattern on the field -

[Calculate the frequency of specific wind pattern |

| Set the boundary wind with specific direction |

| Calculate wind field by WRF

Calculate the dispersion of pollutants by FLEXPART

»
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potential map

Fig. 2. Flow chart for the estimation of each assembled wind fields.
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Fig. 3. Wind roses for a) spring, b) summer, c) autumn, and d) winter. The data used in the roses are observed at Gijang
meteorological site for two years from 1 January, 2013. The center of wind roses indicate the location of observation
site.
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Table 2. Rate of occurrence of specific wind direction observed at Gijang and Busan sites
Gijang site
N NE E SE S SW W NW
Spring 0.06 0.21 0.09 0.02 0.10 0.15 0.18 0.17
Summer 0.06 0.30 0.11 0.03 0.10 0.17 0.15 0.08
Autumn 0.17 0.33 0.12 0.01 0.03 0.04 0.12 0.18
Winter 0.17 0.16 0.05 0.01 0.03 0.04 0.23 0.31
Total % 0.46 1.00 0.37 0.07 0.26 0.40 0.68 0.74
(12%) (25%) (9%) (2%) (6%) (10%) (17%) (19%)
Busan site
N NE E SE S SW 4 NW
Spring 0.16 0.13 0.17 0.02 0.15 0.10 0.23 0.03
Summer 0.08 0.16 0.18 0.08 0.19 0.13 0.16 0.01
Autumn 0.26 0.25 0.17 0.03 0.06 0.03 0.16 0.04
Winter 0.39 0.09 0.06 0.02 0.05 0.02 0.28 0.08
Total % 0.89 0.63 0.58 0.15 0.45 0.28 0.83 0.16
(22%) (16%) (15%) (4%) (11%) (7%) (21%) (4%)
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Fig. 5. Estimated wind vectors at a) spring, b) Summer, ¢) autumn, and d) winter . Wind data are calculated with the
consideration of wind direction occurrence rate at Gijang (Left panels) and Busan (Right panels) site at Table 2.
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Fig. 6. Estimated concentration of radioactivity material after two hours release at a) spring b) summer, ¢) autumn, and d)

winter. These concentrations are the based on wind occurrence rate observed at Gijang (left panels), and Busan (right
panels) sites. the core of concentration indicate the release point of materials.
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Fig. 7. Estimated concentration of radioactivity material after four hours release at a) spring b) summer, ¢) autumn, and d)
winter. Wind data in this concentrations are based on the data observed at Gijang site.

o R AR Balo] Sk THs AL 21K 93, o]
BHE B Al o] B - A o s
A5k7] o ek B3 7)Ae) vl
o A9, 2.0 B20) S iRk by £

Japo.@ Shato] L

e

ol B BEEa AF9] B vlgol
18%= 7] wjiLo|c}. v RAke] vl
© 7170l v|ate] BAFO R o] BAL of o] Ha1 BE
O 7 o]F HlEo| B w2 Ao & Yehdtt o]= 7%
of| H|gto] FFo] Wi r} 27| giol). o5o] Z$

(o]

71730) vige ARz oz By ol GARE HeF
& HolA|uk B3] Hlol Fdo] ZrsHA o
&0 WAk EHA w7t A epdt vhE B
Abo] BFS 2839t H$- A% x| Ho] u$- A5k
ot}

7HEAE 71 iRk 283 A9 55 vlwst
33% vl 7] wjEe] ] Yxbe A Y
SietS whebA] AlEerE UEhaL glom, Bkl
HRRS 283 79 ohakeh o] Y] diiE
A WA FHEE FH0R Tt Uehdth A
=3 71 Bl B8 AE Aol HlsEt HiER
UEh 7] wfizol] o] @9 8ol sfde s o



ks Ae = 3tk £ 235100tk A= 24 A ool B2 AES =
upebA 5, o5, 7R A Al SRR =3H3h

WAs =49 2t 7hsAd ol AA vehd o 53] 7 1) st} vt {igko = Rl atef 2|3 9] ¢

Aol a1e YA Tl WEd WAk = FOR A7 AR FHY v F2 So-d

Ao g2 Fto] it mA e 2 #1ld 7hsrdol A AR A of2fRt v Al AR

T whebA 7ol AL A e ik 2199 =49 Site] Fajt 8910 = 23t

YA AUeleg s HES Da7t ok jbd A 2) 7178 o= A v 9" A9 v w5

=49 A AR HAMZFel Qlste] WEE WA ¢ 491 FAF pEA0) vwste] BlSet 52 714

Az R o5 7isrgol A, s Hee= T o] wheh DARIET th2 A Faghe) whebA

HE Ao vt 34] k& A o= Al 4= Qlnk S A HAABANE A vl 2y A
Fig. 72 717 g g 283 WAks 2t 44] F2 Aol wht v=A vERe 4= Uk

730 09 B BT M5 A S A4S Aol
4X17E Flo] BES B AR 02 WE 2412 5]

N
N/
o

ol a2 YAk A g o] JAE Ay

s

3} shbo @ s hso] A Uehdey elw
Bol Ao] GARBHARE vletel fgt o|ol Ale]  of2ET FL A spo 2o Shate] Fojmi ut
sz clstol 9 Aelo] Yol AL B4 9lrk ¥l WdAmo o] Sl Solutt 58] 7129 2
E5 52417 Flo] BEUCHRA BAAR GE 9 oA R 2 SIS ofo] A Z/Kich wet
AR BAe) ofo] Zjalc) w3k R SRl A M Sulo) A of2a 7k3Ho] 71 A}
Eoigh 540 mire] ejo] A Ajele] FAY USSP ula) 7t 2A| ek 7Rso] 9lc.
o BHTICHE Holtk. 2] PRk WRLo] GAE 4 uby 4AI7E Fo) WAy B HEREE Al
o Q1T SAY Aol WpARs Bo] RUEH Set  HSES uf, BAL ARo] 9JX/3 Alet @] Japo
M ke AR, SAL Ao Aol AR uleF  ISo] SAkE ARy Bo] BAF B4 o] Tk
AL 3hAE BHAL Sl ofsfo] MBo el olR kAl & WEE sRsAo] Qlrk. ufeba] A Yt ks
SheIh mhebd i gl BALEAN Aol U o] o] B4S s 243 Wask gk
LA ) weba] A Eel ZueA Glok Alednt M ol AMHel W vl AR S uigo 4
S AR fodol T gEpel Zulstolob 8 AR Zafo]] ujRel] k4 o] A uleke: 3
Aolck F vjak e} s Uepd 4 glom, 53] 2
A Fp 7 Eo] Beba o 2 ek shit
4. 72 9 E9 5 S 7o) A9 A% vhg v 27 whize] A
A vlzkal H 3 ulek Bz el zlo) 7 = Aol A
e v sl e e S T
o el M A ] R B AR TS o S oy e oh o]
AR B ML R4S SA RS Soko] 24 _ A
e A ZRolA] ARy B o] 1)
SIS £ s WA WA FHN IR o e st a0 ojolAof FelE Yert
o] ST 20IERE 2015 2 B L

5 0! % Aol 5221 9 AR Ak
° B Elo] vl bl Bl E = B AE o

o A BN MY WY U ST o) ) apef A1t e ofel gl sl o
R S GIShe® WRESY % S BB s aa 0) dhe Al 280] St B4
FLEXPARTE E3}o] 7+ ulghd 3219] vl 9 )

Md

>

: _ 4R ve] sjorsti olo] sk Ao] Zashek
Ap 2ibga Artel it v 24 A=t YAk = ol&at THAA B T Wz o] nEEAGS A
RS = i . L R =] =2 "1
AR =2 235 o) zle \Fz] A =13 _
P ARE sto] At W AoA At 85}0] U B2

. ] 19] A et 7k d A =E 2t
Astoe o WANs =49 AEE SF 7R A= ATFo 2 A1&3) m)ajojE 1 o) =80 € A
=3 R I %



436 AAA - o]k - 1

o

- 0]

© g gk
LA 2
2 At FAEhL 712 AR AR )
ofsto] Y= QlE YTt
REFERENCES

An, H. Y., Kang, Y. H., Song, S. K., Bang, J. H.,, Kim, Y.
K., 2015, Atmospheric dispersion of radioactive
material according to the local wind patterns around
the kori nuclear power plant using WRF/HYSPLIT
Model, J. Environ. Sci. Int., 24, 81-96.

Girard, S., Mallet, V., Iréne Korsakissok, 1., Mathieu, A.,
2016, Emulation and Sobol’ sensitivity analysis of an
atmospheric dispersion model applied to the
Fukushima nuclear accident, J Geophys. Res., 121(7),
3484-3496.

Hsu, S. C., Huh, C. A, Chan, C. Y., Lin, S. H., Lin, F. J.,
Liu, S. C.,
radioactive plume laced with fission nuclides from the

2012, Hemispheric dispersion of

Fukushima nuclear event, Geophys. Res. Lett., 39,
L00G22.

Jeong, H., Park, M., Hwang, W., Kim, E., Han, M., 2013,
Development and application of radiological risk
assessment program RADCONS, J. Environ Imp.
Assess., 22(1), pp.89-97.

Korea Atomic Research Institute, 2007,

through  the

KAERI/RR-2769/2006,

Ministry of Science and Technology.

Energy
Radiological dose assessments

atmospheric environment.

Korea Energy Agency, 2016, Energy statics handbook,

ar i

Al - 23t - o155

o

310p.

Korea Institute of Nuclear Safety, 2012, 2011 Nuclear
safety yearbook, 11-1410000-00273-10. Ministry of
Trade, Industry and Energy.

Mathieu, A., Didier, D., 2013,

Atmospheric dispersion and ground deposition

Korsakissok, 1.,

induced by the Fukushima nuclear power plant
accident: A Local scale simulation and sensitivity
study, Atmos Environ., 70, 267 - 279.

Saunier, O., Mathieu, A., Didier, D., Tombette, M., Quélo,
D., Winiarek, V., Bocquet, M., 2013, An inverse
modeling method to assess the source term of the
Fukushima nuclear power plant accident using gamma
dose rate observations, Atmos. Chem. Phys., 13,
11403-11421.

Skamarock, W. C., Klemp, J. B., Dudhia, J., Gill, D. O.,
Barker, D. M., Duda, M. G., Huang, X. Y., Wang, W.,
Powers, J. G., 2008, A Description of the Advanced
Research  WRF Version 3. NCAR Tech Notes-
475+STR.

Srinivas, C. V., Venkatesan, R., Baskaran, R., Rajagopal,
V., Venkatraman, B., 2012,
atmospheric dispersion simulation of accidental

Regional scale
releases of radionuclides from Fukushima Dai-ichi
reactor, Atmos. Environ., 61, 66-84.

Stohl, A., Seibert, P., Wotawa, G., Arnold, D., Burkhart, J.
F., Eckhardt, S., Tapia, C., Vargas, A., Yasunari, T. J.,
2012, Xenon-133 and caesium-137 releases into the
atmosphere from the Fukushima Dai-ichi nuclear
power plant: Determination of the source term,
atmospheric dispersion, and deposition, Atmos.
Chem. Phys., 12, 2313-2343.



