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ABSTRACT 

A coupled numerical model is employed to simulate 1983 Central Japan tsunami event. The model consists of a 

propagation and a run-up models and is based on the long wave theory. A special moving boundary treatment is implemented 

in the run-up model to track a transient motion of shoreline. The maximum run-up heights along the Eastern coastline of the 

Korean Peninsula are predicted and compared to field observed data. In special, the maximum run-up height at the Ulchin is 

estimated and compared to field measurement to analyze the safety of the nuclear power plant. Although the numerical model 

slightly overestimates the run-up heights, the model still provides reasonable results. 

INTRODUCTION 

A number of devastating tsunamis generated by impulsive undersea earthquakes has been observed and recorded during 

last decades around the Pacific Ocean rim. For example, Flores tsunami occurred in 1992 (Indonesia, fatalities: more than 

100, maximum run-up height: 26m), Hokkaido tsunami in 1993 (Japan, fatalities: 239, maximum run-up height: 3 lm), East 

Java (Indonesia, fatalities: 238, maximum run-up height: 14m) and Mindoro (Indonesia, fatalities: 49, maximum run-up 

height: 7m) tsunamis in 1994, Irian Jaya tsunami (Indonesia, fatalities: 161, maximum run-up height: 8m) in 1996, and Papua 

New Guinea tsunami (Papua New Guinea, fatalities: more than 2200, maximum run-up height 15m) in 1998 have occurred[3]. 

Recently, many undersea earthquakes have occurred around the Korean Peninsula (according to the Korea 

Meteorological Administration, 4 times in 1997, 14 times in 1998, 14 times in 1999 and 10 times in 2000). Most of tsunami- 

triggering earthquakes occur in subduction zones around the Pacific Ocean area including the Eastern Sea surrounded by 

Korea, Japan and Russia. In the Eastern Sea, there were two major tsunami events occurred in 1983 and 1993, respectively. In 

special, the Central Japan tsunami occurred in 1983 caused a huge loss of many human lives and huge property damage at 

Korean and Japanese coastal communities. 

In Korea, all nuclear power plants are located along the coastline and more nuclear power plants are planned to be 

constructed. These nuclear power plants are vulnerable to unexpected tsunami attacks. In special, the maximum run-up height 

of tsunami may play a significant role in determination of the elevation of the nuclear power plant site. Thus, the run-up 

height should be estimated as accurately as possible. To prevent unusual devastating damage from tsunamis it is essential to 

construct a safety zone along the coastline based on the maximum inundation map developed by simulating historical and 

probable maximum tsunami events. 



In this study, existing numerical models describing tsunami propagation and associated run-up process is employed to 

check the safety of Ulchin nuclear power plant against 1983 Central Japan tsunami event. The numerical model simulating 

the run-up process of tsunami is used to calculate the maximum run-up heights at Ulchin nuclear power plant located at the 

Eastern coast of the Korean Peninsula. 

GOVERNING EQUATIONS 

The propagation of tsunamis in the ocean may be governed by the linear Boussinesq equations given as [2, 6] 
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in which ~" is the free surface displacement, V is the horizontal gradient operator, M - (P, Q) represents the depth- 

averaged volume flux vector, g is the gravitational acceleration, h is the still water depth, and W is the angular 

velocity vector of the Earth. Eq. (1) is an exact expression of the conservation of mass, while Eq. (2) is an approximate 

statement of the momentum fluxes averaged over the depth. The right-hand side term of the momentum equation results from 

the hydrodynamic pressure force or from the vertical acceleration of the fluid. This term modifies the dispersion relationship 

of the linear shallow-water wave system and changes the phase velocity. It is usually referred to as the frequency dispersion 

term. 

Although the governing equations of the tsunami propagation in the ocean are given in Eq. (1) and (2), the numerical 

discretization is not easy due to higher order terms representing frequency dispersion represented by the right-hand side term 

in Eq. (2). Recently, a fmite difference model is proposed to simulate the transoceanic propagation of tsunamis by Cho and 

Yoon[2]. In numerical simulation, a set of linear shallow-water equations is solved rather than the linear Boussinesq 

equations. The spatial and temporal step sizes are properly manipulated, so that the numerical dispersion induced by the leap- 

frog finite difference scheme plays an equivalent role of the physical frequency dispersion of the linear Boussinesq equations. 

A detailed description of the numerical model is well described by Cho and Yoon[2] and not repeated here again. 

As tsunamis propagate over a continental shelf and approach a nearshore zone, the frequency dispersion may not play a 

significant role. The wavelength of incident tsunamis become shorter and the amplitudes become larger. Therefore, in the 

consideration of all forces acting a water column, the nonlinear convective inertia force and bottom friction terms become 

increasingly important, while the significance of the Coriolis force and frequency dispersion terms diminishes. The nonlinear 

shallow-water equations including bottom frictional effects provide a good approximation to describe characteristics of 

tsunamis in the nearshore zone. Furthermore, a special treatment is required along the shoreline to track the continuous 

movement of coastline as tsunamis rise and recede. 



To confirm the conservation of the physical quantities, the nonlinear shallow-water equations are written in the 

following conserved form as proposed by Cho and Liu[ 1] 
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in which P - u (h + ( )  and Q - v (h + ( )  represent the volume flux components in x and y directions, 

respectively, u and v are the depth-averaged velocity components in x and y directions, H -  h + ( is the total 

water depth, and z x and ~y are bottom frictional terms. The bottom friction can be implemented in the numerical model 

through an empirical formula either Manning's or Chezy's. By using the Manning's formula, the bottom frictional terms are 

given as 

_ gn 10/--'-'--~ )1/2 "gy gl/12 Q( P 2 1 0 / 3  Q2) 1/2 r - p(p2 +Q2 = + (6) 
x ' H 

in which n is the Manning' s frictional coefficient. 

Detailed descriptions of the numerical technique solving Eq. (3)-(5), a moving boundary treatment implemented along 

the shoreline and a radiation boundary condition for outer boundaries are given in Liu et al. [6] and Cho and Liu[ 1 ], and not 

repeated here. 

NUMERICAL SIMULATION OF 1983 CENTRAL JAPAN TSUNAMI 

The 1983 Central Japan tsunami triggered by the undersea earthquake of magnitude 7.7 was recorded as one of most 

devastating tsunamis occurred in the Eastern Sea. The tsunami deprived of 103 human lives in Japan and 4 in Korea. Many 

fish boats were broken and harbor facilities were damaged. Furthermore, many undersea earthquakes have occurred around 

the Korean Peninsula and several studies have reported the possibility of occurrence of large-scale undersea earthquakes in 

the Eastern Sea. 

The numerical model mentioned in the previous section is employed to simulate the run-up heights along the Eastern 

coastline in Korea. Fig. 1 displays the coastline of the Eastern Sea and bottom topography. The 1983 Central Japan tsunami 

occurred in near Japan and arrived at the Korean Peninsula after 70-90 minutes journey. The Eastern Sea is divided into 

several sub-regions in the numerical model and a dynamic linking technique is used between two connected regions with 

different grid sizes[5, 6]. 
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A moving boundary treatment is employed along the coastline of the Korean Peninsula to estimate maximum run-up 

heights. The Eastern Sea has a specific bottom topography as shown in Fig. 1. The water depth over the Yamato Rise located 

about in the center of the Eastem Sea is less than several hundred meters, while those of elsewhere are even greater than two 

thousand meters. The number of grids is 1170 x 1170 to the cover the region show in Fig. 1. The largest grid size is 1.1 lkm, 

whereas the smallest is 4 lm. Although the model can be run in the spherical coordinate system, the model was run only in the 

Cartesian coordinate system because effects of the spherical coordinate is negligible. 

Fig. 2 shows the observed maximum run-up heights at several locations along the Eastern coastline. The observation 

was carried out by the tsunami survey team of the National Institute of Disaster Prevention in 1999. Although the survey was 

done about 16 years after the tsunami attacking, the observed data are known to be still reliable[4]. The observed maximum 

run-up height at Ulchin, where 4 nuclear power plants are now operating and 2 units are constructing, was 2.66m. 

The predicted maximum run-up heights represented by a solid line are plotted in Fig. 3. Observed run-up heights at 

several locations denoted by symbols are also plotted for a comparison. The predicted run-up heights do not agree well with 

those of observations. This may be due to the uncertainty of local characteristics such as topographic variation and bottom 

frictional effects. The predicted run-up height is about 3.00m at Ulchin, while the observed is 2.66m. The permissible 

tsunami run-up height at Ulchin is 10.0m. Although a discrepancy is observed, the numerical model is still promising to 

produce the maximum run-up heights and to prepare safety guide against unexpected tsunami attacks. 
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Fig. 1. Coastline and bottom topography of the Eastem Sea 



CONCLUDING REMARKS 

The maximum run-up heights of tsunami striking the Eastern coastline of the Korean Peninsula in 1983 are numerically 

investigated by using a numerical model based on the shallow-water theory. Calculated maximum run-up heights of the 1983 

Central Japan tsunami are compared to field measurements. Although a discrepancy is observed, the agreement is still 

reasonable. 

Fig. 2. Observed maximum run-up heights at several locations along the Eastem Coast[4] 



The numerical model of this study can be used to forecast the possible maximum run-up heights on coastal areas where 

tsunami attacks are to be expected. The obtained run-up heights can be used to construct an inundation map so as to evacuate 

people in the case of real tsunami attacks. An effective and economic way for the tsunami hazard mitigation planning is to 

construct inundation maps along those coastlines vulnerable to tsunami flooding. These maps should be developed based on 

the historical tsunami events and the projected scenarios. The developed inundation map could be used by the civil defense 

organizations to make evacuation plans in the event of a real tsunami attack. 

Although it is not covered in this study, the initial profile of a tsunami is believed to play a very important role in 

propagation and run-up processes. The pioneering work of Manshiha and Smylie[7] may be an excellent guide. 
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Fig. 3. Comparison of maximum run-up heights at several locations 
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