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Fig. 1. lllustration of the 2D Monte Carlo simulation in Steps 1 and 2.

The 2D MCA is a procedure that allows characterization of both the
uncertainty and the variability in the input variables. Uncertainties in
a second order variable can be treated in a 2D MCA by representing
model parameters in terms of PDFs.
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Table 1. Summary of Delphi panels and response rates.

Participation rate of prior survey

Panel group Institution Number of panels
1st round 2nd round
Hanyang
Kyunghee
Cheju
University KAIST! 8 5(62.5%) 3(60%)
Dongguk
Seoul
Korea
KAERI?
Research KINS
institute KIRAMS 1 15(100%) 12(80%)
KINAC
KEPRI
NETEC
Industry KHNP 7 7(100%) 5(71.4%)
KOPEC
KNEF
Total 30 27(90%) 20(66.7%)
'KAIST: Korea Advanced Institute of Science and Technology
?KAERI: Korea Atomic Energy Research Institute
27t Mg F e FEo s BHE WY 22 A A= A
|Carcerofpanel ) 969 Gulgol 74 2 vEe AAgchn Vet B 4
Axkate] BAE wsiet $7 WS B4 A s
o] A& HT 2¥E vepl Aot
e A u o) Fa AR F o9 A BV E AL
T BATE Fee B Aol Aut wEs ST Ak

11.1%

7.41%

[ Above 30 years
[ 20 ~ 30 years
(110 ~ 20 years
[—JUnder 10 years

(a) Career of panels
| Scholarship of panel |

14.8%

74.1% 11.1%

C_1Ph.D.
[ Master
[ University graduate

(b) Scholarship of panel
Fig. 3. Career and scholarship of panels.
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Table 2. Indirect economic impact as cognitive power of the panel in the 1st round results.

Impact on GDP[%]

Panel attributes

Exclusion of no answer

Application of OECD/NEA value

2.5 %ile 97.5 %ile 2.5 %ile 97.5 %ile
) High 0.08 0.42 0.08 0.27
Professional —
. Midium 0.21 5.06 0.11 3.05
experience
Low 1.28 4.95 1.28 4.95
Importance of High 0.33 4.49 0.23 2.97
research Midium 0.29 235 0.17 1.55
Overall 0.2 347 0.11 2.04
Impact on GRDP[%]
High 7.6 174 8.8 13.7
Professional —
. Midium 15.7 29.74 12.66 237
experience
Low 18.68 41.32 18.68 41.32
Importance of High 16.87 31.13 13.92 26.08
research Midium 10.26 2458 9.66 18.43
Overall 16.23 26.83 13.36 21.40
7 Table 3. Final Delphi results of indirect impact(%).
] _ C_J 1th round Reference value Mean SD 2.5 %ile  97.5 %ile
[ 2th round GDP 1.47 1.775 0.712 4.15
i 5 GRDP 17.35 7.15 14.15 36.50
£
S 4r
¥ pen
= i
= =1
w 3 (T
. 33 29 & 2Efstr] f1g 7k A 2
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o e b sel tigk 1, 23 Dato] Al A &5k
) s
il T DA 34 7 zshel A6l A FHEAE chest
e o 2ol 25} sk,

Fig. 4. Comparison of ranking of direct impact for the 1st and 2nd Delphi
surveys.
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Table 4. Summary of the Bayesian updating of impact on GDP and GRDP.

Node 2.5% Median Mean 97.5% SD Monte Carlo error
Impact on GDP[%]
1st survey correction 3.49 x 10" 0.058 0.54 3.36 0.95 0.035
2nd survey correction 0.0507 1.06 1.09 2.23 0.65 0.007
Impact on GRDP[%]
1st survey correction 0.835 13.06 14.17 34.10 9.09 0.02
2nd survey correction 1.32 14.50 16.07 40.91 10.43 0.04

Note) Burn-in trials: 30000

Table 5. Expected overall economic risk distribution based on 2D MCA results [10 B

Percentiles Minimum 5% Mean Median 95% Maximum
25 12,778 13,244 13,661 13,662 13,950 14,296
50 28,199 31,097 32,876 32,850 34,324 36,506
90 51,442 55,535 59,749 59,711 66,158 75,473
95 64,596 76,445 85,372 85,279 94,250 105,985
975 77,037 88,132 98,860 98,718 108,693 123,226
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A Study on the Overall Economic Risks of a Hypothetical Severe Accident in
Nuclear Power Plant Using the Delphi Method

Han-Ki JANG, Joo-Yeon KIM and Jai-Ki LEE
Department of Nuclear Engineering, Hanyang University

Abstract - Potential economic impact of a hypothetical severe accident at a nuclear power plant(Uljin units 3/4) was estimated by
applying the Delphi method, which is based on the expert judgements and opinions, in the process of quantifying uncertain factors. For
the purpose of this study, it is assumed that the radioactive plume directs the inland direction. Since the economic risk can be divided
into direct costs and indirect effects and more uncertainties are involved in the latter, the direct costs were estimated first and the
indirect effects were then estimated by applying a weighting factor to the direct cost. The Delphi method however subjects to risk of
distortion or discrimination of variables because of the human behavior pattern. A mathematical approach based on the Bayesian
inferences was employed for data processing to improve the Delphi results. For this task, a model for data processing was developed.
One-dimensional Monte Carlo Analysis was applied to get a distribution of values of the weighting factor. The mean and median
values of the weighting factor for the indirect effects appeared to be 2.59 and 2.08, respectively. These values are higher than the value
suggested by OECD/NEA, 1.25. Some factors such as small territory and public attitude sensitive to radiation could affect the
judgement of panel. Then the parameters of the model for estimating the direct costs were classified as U- and V-types, and two-
dimensional Monte Carlo analysis was applied to quantify the overall economic risk. The resulting median of the overall economic risk
was about 3.9% of the gross domestic products(GDP) of Korea in 2006. When the cost of electricity loss, the highest direct cost, was
not taken into account, the overall economic risk was reduced to 2.2% of GDP. This assessment can be used as a reference for justifying

the radiological emergency planning and preparedness.

Keywords : Severe nuclear accidents, Economic risks, Delphi method, Bayesian inference, Two-dimensional Monte Carlo analysis
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