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1. Introduction

In recent years, the flooding risk of national major
facilities has increased significantly due to heavy
rainfall events. These facilities should consider and
evaluate the external and internal flooding risk such as
flash flood from rainfall, watershed flooding, river
flooding and coastal flooding.

This study estimate the flood resulting from extreme
rainfall with LIP(Local Intensive Precipitation). The
impact of buildings, road, and curb at the NPP site are
analyzed, and the roughness coefficient according to the
landuse condition is estimated. For external flooding
hazard analysis, 2D analysis is carried out by applying
the analysis of the tidal levels as external boundary
conditions. Based on the results of the 2D analysis,
hazard curves for the inundation depth with frequency
and duration are developed at specific area of NPP.

A new flood hazard curve are presented by the
relationship among rainfall, flood depth and annual
exceedance probability. The result of this study in
expected to be a basis for the waterproof design, the
flood prevention function design and the advancement
of flood prevention measures.

2. Research Method

Probable Maximum Precipitation(PMP) considering
the climate change scenarios of RCP4.5 and RCP8.5 are
computed and compared with the probability flood by
frequency analysis to estimate the LIP. In order to
evaluate the external flooding risk on these structures,
two dimensional hydraulic analysis is performed and the
frequency hazard curve is developed using the results of
flood depth and velocity. In addition, a probability
distribution model was applied to hazard curve. As a
result, a representative probability hazard curve was
presented at NPP site.
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Fig. 1. Flow Chart of the Study

2.1. Detail of Topographic

The detailed topographic data for the refinement of
the external flooding analysis is constructed and DEM
data with high resolutions for the NPP site are generated.

Fig. 2. TIN of NPP Site
2.2. 2D Simulation and Hazard Analysis

Based on the topographic data generated, 45 scen-
arios were constructed combining nine return periods
from 100year to 1x107 years and rainfall duration
conditions from 1 hour to 3 hours.

A two-dimensional analysis comprised a grid size of
3m x 3m and total simulation time was 12 hr. (Fig. 3)

Fig. 3. Modeling of 2D Inundation Analysis

Two-dimensional analysis determined the inundation
depth at each time step, and the typical results were
presented as follows (Fig. 4).

Fig. 4. Inundation Depth
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(Rainfall Duration = 1hr, Return Period = 107y)

Fig. 5 shows the return period — flood depth
relationships for the rainfall duration conditions from
1hr to 5 hours.
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Fig. 5. Return Period — Flood Depth Relationship
2.2. Probability Flood Hazard Assessment

Two-dimensional analysis was carried out to estimate
flood depths in various scenarios for the watershed, and
a representative hazard curve for external flood by
applying the probability distribution type for the flood
watersheds.
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Fig. 6. Hazard Curve of NPP Site

Based on the results of the two-dimensional analysis,
probability flood hazard curves for the inundation depth
with the various frequency and duration conditions are
developed at specific area of major facilities.

3. Conclusions

As the results of this study, the basic data for the
probabilistic risk assessment of external floods that
could occur at the site of the NPP from the extreme
flood conditions due to river flood, watershed flood, and
coastal flood were established. The probabilistic flood
risk assessment method would be able to assess the risk
associated with vulnerability at the site of the NPP site,
and it can be used as a technical basis for compre-
hensive and detailed quantitative risk assessment, as
well as for establishing structural/non-structural mea-
sures and for various regulation tools against severe
flooding at NPP site.

4. Acknowledgments

This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea
government (NRF-2017M2A8A4015290).

REFERENCES

[1] Alain, N., Rousseau, I. M. Klein, D. F., Patrick, G., Anne,
F. and Claudie, R.-F. (2014). “Development of a methodology
to evaluate probable maximum precipitation (PMP) under
changing climate conditions: Application to southern Quebec,
Canada.” Journal of Hydrology, Vol. 519. pp. 3094-3109.

[2] Boo, K. O., Kwon, W. T. and Baek, H. J. (2006). “Change
of extreme events of temperature and precipitation over Korea
using regional projection of future climate change.” Geophys.
Res. Lett., 33, L01701, DOI : 10.1029/2005GL023 378.

[3] Ferrante, F. (2015). “External flooding in regulatory risk-
informed decision-making for operating nuclear reactors in
the United States.” International Tropical Meeting on PSA
2015.

[4] Heo, J. H., Boes, D. C. and Salas, J. D. (2001). “Regional
flood frequency analysis based on a Weibull model: Part 1.
Estimation and asymptotic variances.” Journal of Hydrology,
Vol, 242, pp. 157-170.

[5] Heo, J. H., Salas, J. D. and Boes, D. C. (2001). “Regional
flood frequency analysis based on a Weibull model: Part 2.
Simulations and applications.” Journal of Hydrology, Vol.
242, pp. 171-182.

[6] Heo, J.H. (2016). “Statistical Hydrology”, KumiBook.

[7] Kanney, J. (2015) “NRC PFHA research program.” ACWI
SOH Quarterly Meeting, Silver Spring, MD, 2015.

[8] Kim, K. S. and Kim, J. P. (2010). “Variability analysis of
extreme precipitation events in Korea affected by climate
change.” Korea Water Resources Association paper, pp.
1610-1614.

[9] Lee, H. S., Lee, T. S., Park, T. W. and Son, C. Y. (2016).
"Revisiting design flood estimation of Nam River Dam basin
considering climate change.” Journal of Korea Water
Resources Association, Vol. 49, No. 8, pp. 719-729.

[10] Ministry of Land, Transport and Maritime Affairs
(MLTM) (2008). Watershed Comprehensive Dimension Plan
Report (in Korean).

[11] Ministry of Land, Transport and Maritime Affairs
(MLTM) (2012). Design Flood Estimation Method (in
Korean).

[12]U.S. NRC (Nuclear Regulatory Commission) (2017).
Future PFHA Research at NRC. U.S. Nuclear Regulatory
Commission.

[13]U.S. NRC (Nuclear Regulatory Commission) (2017).
Technical Basis for Probabilistic Flood Hazard Assessment
(PFHA) for Riverine Flooding. U.S. Nuclear Regulatory
Commission.

[14]U.S. NRC (Nuclear Regulatory Commission) (2018).

Overview of NRC's Probabilistic Flood Hazard Assessment
Research Program. U.S. Nuclear Regulatory Commission.



