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Comparison of CALPUFF and HYSPLIT Models for Atmospheric
Dispersion Simulations of Radioactive Materials
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Abstract

In this study, the atmospheric dispersion of radioactive material (***Cs) was simulated with regard to its impact
within a 50-km radius from the Kori Nuclear Power Plant (NKPP) based on two different types of models (the non-
steady-state puff model CALPUFF and the lagrangian model HYSPLIT) during the spring of 2012 (May 2012).
The dispersion distribution of **’Cs calculated in the CALPUFF model was similar to that of the HYSPLIT model,
but the magnitudes of differences in its spatio-temporal concentrations between the two models were different. The
3Cs concentrations simulated by the CALPUFF were significantly lower than those of the HYSPLIT due to a limi-
tation of puff models (e.g. puff size growth over time). The CALPUFF had the advantage of determining the disper-
sion of radioactive materials and their impacts on the surrounding regions, compared with the HYSPLIT that had
high concentrations of **’Cs in only small local areas with the movement of air masses along the local winds.
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2.1 CALPUFF2} HYSPLIT

CALPUFF (California Puff model)= 7}9-AJQt # =
Rz njs EPAY] 3% =Y 9 stuE FHA A%
Aoz wjgHe A7 EA Yrolxl d71geld
(Puffo] Fejz Wi ETte 7Pgete, WEd HEs
o] 3349 T AAES ZHe whPRS we o), &
AL $8 Aol HIXE GFS FE FH e
U= Zdolt} (Koo et al., 2007). CALPUFF= H| A}
AFefl (Non-steady-state) A2 & - H 2 GUo] tjat
ARl F= W3} A4to] 7hsstal, LHUe=RE
T m~E km7ER] R F, 1A~ 1 7R &) g+t
St Azl Hiet s YS AR B34S A ARl
gt 2do] sttt CALPUFF RE®) A|Adle
713 EEAE W SR 7R E Y o 23S AT
St CALMETY LHdEd i} 528 Aibst=
CALPUFF, 48] =27132] CALPOSTZ 1A E 9
9lth. CALMET 9] Qlgxtg L 2 dx 59 EX|T)
2AEg mdye] Fgsts] A% AAY 2
(TERREL, CTGPROC, MAKEGEO) =3 A3} A=
Z}& 2} WRF (Weather Research and Forecasting) =2
I 22 FtE 71 2de 3ANE AYshe A
#2] &Y (CALWRF) 3sto] A4d A== 714
Hol Utk AAE ZdolH BAHE ARE o]-&sto]
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Fig. 1. Configure of WRF domains. The left figure is enlarged details of the target areas of D4 and orange line indicate
the atmospheric dispersion model domain boundaries. The inset figure in the left figure shows the location of

Kori nuclear power plant (KNPP)( ).
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&ot4th WRF el &4 Q&4 w4 (fully
compressible non-hydrostatic) 23& 2 4+~%ZX}= Ara-
kawa-C A AE gt ANAR42E 2 deg
oF AFHHEAE A3ttt (Skamarock et al., 2008). &
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gt Al WA == (3km FA), 181
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FoHE 1). A5 5 4371 22 71 3AF
M9l 71| A=A BET TR et WIS
3| Bodt7] 95t 78k 1 km L= 0|3} 117
Z(Sigma level =0.996, 0.990, 0.980, 0.970, 0.960,
0.950, 0.940, 0.930, 0.920, 0.910, 0.895)°.2 ZWs}HA
A3t

WRF 2dlo] 27] 9 HAZAL NCEP (National
Centers for Environmental Prediction)o|A] A|&d}=
FNL (Final) A3 Aj&E4 =79} SST (Sea Surface
Temperature) A2 S ©]-835}th FNLAL R = 6X]7F 7¢
Z 1.0°x1.0° Az} djAtEold, SSTAEE o 714
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AgE NCEPo| A 435t 24252 (ds461.0)%
U5 HEAE (ds351.0)0]ch. WRF 2H 9] F2| 4L
National Institute of Environmental Research (2014)&
13l WRF Single-Moment 3-class (WSM3) (D1),
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Fritsch cumulus parameterization scheme (D1) (Kain,
2010), RRTMG long wave, RRTMG short wave scheme
(Skamarock et al., 2008; Malwer et al., 1997), Yonsei
University PBL scheme (Hong and Lim, 2006)°.2 A
Astack.

WRF 28] 77k 2012 59 & @& 233 35
2 (2012 49 27¢ 00 UTC~6¥ 1¥ 00UTC)o|H
# 12> WRF 299 2ol v12|dd g (D4) W A
oo 713 dde BT = e 3ol X7k ASOS 6
A AHI AWS 227 A HoA BEE 7L, F& A

£ H|23t I0A (Index Of Agreement), MBE (Mean
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Table 1. Model performance statistics calculated for tem-
perature and wind speed at 28 monitoring sites
(6 ASOS sites and 22 AWS sites) for D4 simula-

tion.

Variables Statistics (Benchmark)
I0A(>0.8) 0.93+0.04
MBE (< £0.5°C) 0.19+0.70

Temperature  pyse 1774033
MAGE (< 2.0°C) 1.36+0.36
I0A(>0.6) 0.67+0.09

i MBE (< +0.5ms™) —-0.30+0.57

Windspeed  ppsE (<2.0ms™) 1.37+044
MAGE 1.07+0.36

Table 2. Simulation settings for atmospheric dispersion

model.
Parameter CALPUFF HYSPLIT

Total emission (Bgh™) 1.0x 10
Release height (m) 20
Output layer height (m) 10
Top of model (m) 5000
Radioactive decay half-life (days) 10960

Dry d.epOSItlgn _ 0.002

velocity (ms™)

. Aerodynamic

Dry deposition diameter (um) 0.4

Particle density

(kgm™) 1900
Wet deposition Scavenging 5.0%107°

coefficient (s™*)

Bias Error), RMSE (Root Mean Square Error), MAGE
(Mean Absolute Gross Error)o|tt. Autx oz 7|21}
T4 714849 A7} 5 EPACIA AlASt= S
2 73Rl 37t 7jEA® Helo] 23 Ee S &
A 4= GITHU.S. EPA, 2007). 7129 A5 A
AT} AE ez 2 Ao] Qo] W&o} v
24X (I0A: 0.93)2 E 31, MBE, RMSEZ} Z+zt
+0.19°C, +1.77°CE AlitE o] 27 Aufsf4of &
o3t o) AAHE AT 4o B¢ 2Y
A Aot At ew okalA HawriEe A
(MBE: —0.30ms ™2 Hgou}, 993t QX427
A X% (RMSE: +1.37ms™, I0A: 0.67)2 7}&th.
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Fig. 2. Horizontal distributions of the one month mean '*’Cs concentrations (Bqm™) simulated in CALPUFF and
HYSPLIT model at 0900 LST, 1500 LST, 2100 LST and 0300 LST of May 2012.
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axis) for grid value calculated over 0Bgm™.
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