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NOAA/NWS/PTWC 2z Nathan Becker

what is RIFT?
orecasting of Tsunamis

. Real-time F .
_ Linearized long-wave equations
_ Parallelized code

_ Modern computer h

—Can generate a tsun

ardware
ami forecast using any

source
o far testing shows it to be

_ Experimental, but s
adequate for tsunami warning use

— High resolutions are possible
_ Any size domain, including global, is possible

— |t can export netCDF grids
e - |
PTWC #7+ £ # * 2_ RIFT /& v gz« 5t
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Potential tsunami threat to Taiwan and implication
for the safety of nuclear power plant
Tso-RenWu (£ 4% i)
Graduate Institute of Hydrological and Oceanic Sciences, National Central University

tsoren@ncu.edu.tw

Taught by the lesson from the 2011 Tohoku earthquake and tsunami, this study
aims to probe into the potential large-scale trench-typed tsunami threats to Taiwan.
In this paper, 18 trench-typed tsunami sources and the 4 fault-typed tsunami sources
(Figure 1) will be constructed. The detailed construction, including the rupture length
and width, the scale of seismic moment, the slip as well as the dip angle, will be
elaborated. The tsunami numerical model, COMCOT, will be applied to simulate
tsunami propagation, run-up and inundation; multi-nested grids will be used to
simulation a complete process of a tsunami from the beginning to the inundation.
The simulation result shows that tsunami source from the northern segment of the
Manila Trench will pose a serious threat to the safety of Taiwan's southwest coast.
The tsunami energy from the Yap Trench can be substantially projected onto Taiwan,
and threaten the coasts of northern, eastern, southern as well as south-western
Taiwan. The tsunami source from off the coast of Hualien will have a greater
influence on the east coast of Taiwan.

Keywords: 2011 Tohoku Earthquake and Tsunami; Potential Tsunami Threat in Taiwan;

Tsunami Inundation; Trench-typed Tsunami Source; Manila and Yap Trench
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Figure 1. The spatial distribution of 18 trench-typed tsunami sources (T1 ~ T18) and 4
fault-typed tsunami sources (T19 ~ T22).
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Model Development in Scour and Landslide Problems

T-RWu (Z45) Y, Cc-Y.Wang (2 #%)? Y-MKo (¥24)7Y,
M.-H. Chuang (%% &) Y
1) Graduate Institute of Hydrological and Oceanic Sciences, National Central
University, Taiwan
2) Dept. of Civil Engineering, National Central University, Taiwan
tsoren@ncu.edu.tw

Abstract: Natural hazards, such as local scour by tsunami and landslide by heavy
rain, are the major causes of death tolls and the failure of structures. However, due
to the difficulty in describing the sediment transport mechanism, recent studies
deeply rely on empirical or semi-empirical formulae mostly derived from steady and
equilibrium conditions. Unfortunately, the structure failure often occurs in the event
of an extreme flood and landslide which deviate tremendously from the assumption
mentioned above. In this paper, we propose a 3D numerical scouring model based
on the Bingham rheological theory. The conventional sediment transport theory is
converted into Bingham bi-viscous model. The newly developed model is validated
by the analytical solution of a Bingham flow in a channel with excellent agreement.
This model is further used to simulate the submerged jet-scour landslide problems.
The multi-fluid flow, including air-water and water-sediment, is described by the
Volume-of-Fluid (VOF) method. The profile of the scouring bed is compared with the
laboratory experiment. Both the maximum scouring depth and location can be well
predicted. At the end, this model is used to simulate the failure of Shuan-Yuan
Bridge in the event of 2009 Typhoon Morakot (Figure 1). The computed scouring
depth is compared with the field measurement with good agreement. The profile of
the riverbed around the bridge piers after scouring is presented. Last, we use this
model to simulate the tsunami intrusion in the event of 2011 Tohoku earthquake
and tsunami. The result shows that the seafloor muddy bed will be disturbed and
travel in the bore front of the tsunami, which satisfies the field observation.

Keywords: Bingham two-viscosity model, 3D scour, tsunami bore and flood, Typhoon
Morakot 311 Japan Tsunami

050262 sec

Figure 1. Computed Scour Profile of Shuan-Yuan Bridge. Left: Profile of Local Scouring

Hole. Right: Overview of Scour Profile and Streamlines.
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Developing a Moving-Solid Algorithm for Simulating Tsunamis
Induced by Rock Sliding
Mei-Hui Chuangl, Tso-Ren Wu?, Chih-Jung Huangz,
Chung-Yue Wangz, Chia-Ren Chu® and Meng-Zhi, Chen’
'Graduate Institute of Hydrological and Oceanic Sciences,
National Central University, Jhongli City, Taoyuan County, Taiwan
2Department of Civil Engineering, National Central University

Jhongli City, Taoyuan County, Taiwan

The landslide generated tsunami is one of the most devastating nature hazards.
However, the involvement of the moving obstacle and dynamic free-surface
movement makes the numerical simulation a difficult task. To describe the fluid
motion, we use modified two-step projection method to decouple the velocity and
pressure fields with 3D LES turbulent model. The free-surface movement is tracked
by volume of fluid (VOF) method (Wu, 2004). To describe the effect from the moving
obstacle on the fluid, a newly developed moving-solid algorithm (MSA) is developed.
We combine the ideas from immersed boundary method (IBM) and partial-cell
treatment (PCT) for specifying the contacting speed on the solid face and for
presenting the obstacle blocking effect, respectively. By using the concept of IBM, the
cell-center and cell-face velocities can be specified arbitrarily. And because we move
the solid obstacle on a fixed grid, the boundary of the solid seldom coincides with
the cell faces, which makes it inappropriate to assign the solid boundary velocity to
the cell faces. To overcome this problem, the PCT is adopted. Using this algorithm,
the solid surface is conceptually coincided with the cell faces, and the cell face
velocity is able to be specified as the obstacle velocity. The advantage of using this
algorithm is obtaining the stable pressure field which is extremely important for
coupling with a force-balancing model which describes the solid motion. This model
is therefore able to simulate incompressible high-speed fluid motion. In order to
describe the solid motion, the DEM (Discrete Element Method) is adopted. The
new-time solid movement can be predicted and divided into translation and rotation
based on the Newton’s equations and Euler’s equations respectively. The detail of
the moving-solid algorithm is presented in this paper. This model is then applied to
studying the rock-slide generated tsunami. The results are validated with the
laboratory data (Liu and Wu, 2005). Good comparison can be seen. The simulation results

show that the predicted solid trajectories are very close to the laboratory record.

Keywords: Moving solid algorithm (MSA), Discrete Element Method (DEM), Volume
of Fluid (VOF), Landslide and Rockslide Tsunami
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Numerical Study on the Historic Tsunami Events in the Southwest of Taiwan
Yu-Lin Tsai, Lihung Ko, Chun-Juei Lee, Mei-Hui Chuang, Tso-Ren Wu

After the devastating 2011 Tohoku earthquake and tsunami, people in Taiwan
were in great shock because of the similarities in civilization and geographical
location between both countries. Both Taiwan and Japan are located on the
circum-Pacific seismic belt, and people in both countries live under the shadow of
earthquake and tsunami attack. In this study, we intend to understand the potential
tsunami threat to the southwest coast of Taiwan where sits two metropolises, Tainan
and Kaohsiung. We wish to restate the historic tsunami events and find the tsunami
sources numerically. According to the historical documents and modern literature,
three tsunami events occurred in 1781 (Chen et al., 1830), 1782/1682 (Soloviev and
Go, 1974) and 1894 are discussed in this paper. However, the inconsistency is found
in year, location, and death toll between both the historical documents and modern
literature. Hence, a field reinvestigation, focused on the oral history, temple
inscription, and local historical documents, is conducted before running a numerical
simulation. In the field survey, two historic tsunami events carved on the Dong-Lung
Temple and Jia-Lian Temple are found. One is in the 1894; the other is in the late
1600s. According the inscription, in the case of 1894 tsunami event, numerous
buildings were destroyed by the tsunami and the death toll was high. In the case of
the late 1600s, a serious flood was recorded. The later might be the one same as the
1781 Pingtung tsunami or 1782/1682 Tainan tsunami. The field survey results help
correct many mistakes documented in the modern literatures and will be presented
in this paper. After the survey, a serious of numerical simulations will be carried out
by using COMCOT (Cornell Multi-grid Coupled Tsunami model). The nested grids with
30 m finest resolution are applied to Tainan, Kaohsiung, Tungkang, and Kenting. The
result shows the wave height, inundation area, and arrival time. We also found that
the southwest of Taiwan is vulnerable to the tsunami treat, originated from the north
segment of Manila trench. Kenting, Tungkang, and Tainan are prone to have a larger
tsunami height due to the shoaling effect.
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