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Abstract

Given the Fukushima Daiichi Nuclear Power Station accident triggered by the 2011 off the
Pacific Coast of Tohoku Earthquake and Tsunami (hereinafter called the “2011 Tohoku Earthquake
Tsunami”) on March 11, 2011, tsunami risk assessment for nuclear power plants is a key challenge.
From this viewpoint, the premise that a tsunami will occur beyond the design basis must be adopted.
In this respect, we must resolve new challenges, including the assessment of tsunami probability based
on uncertainties, and the refinement of empirical models and the improvement of explainability of
extrapolation area by expanding informations on magnitudes and occurrence frequencies of past
tsunamis. Knowledge gained through efforts to tackle these challenges must be utilized to contribute to
nuclear safety initiatives and the continuous improvement of nuclear regulations. Given the
abovementioned background, the following research challenges ((1)-(5)) were conducted in this

research project from FY2013 to FY2016.

(1) Developing methods for assessing the effects of fault rupture properties in probabilistic tsunami
hazard analysis (FY2015-2016)

As uncertainties of fault rupture properties (including rupture starting points and rupture

velocities) are assumed to have an influence on tsunami wave heights, we sorted out uncertainties

of fault rupture starting points and rupture velocities, identified their influence on tsunami wave

heights, and proposed methods for reflecting the influence in probabilistic tsunami hazard analysis.
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Advancing methods for assessing action wave forces on structures (FY2013-2015)

In order to contribute to confirming the effectiveness of safety measures and to evaluating
the fragilities against tsunami run-up for exterior structures, we quantitatively assessed
uncertainties of wave forces estimated by a three-dimensional tsunami analysis model using the
results of hydraulic experiment simulating overflow seawalls and tsunami wave forces on exterior

structures behind seawalls.

Developing methods for using tsunami deposits for estimating tsunami sources (FY2013-2016)
Tsunami deposits was seabed sediments that were moved by past tsunami waves and
deposited, providing useful information on sizes and frequencies of tsunami sources (past tsunami
times and frequencies). In order to contribute to expanding information on past tsunami sources,
we built the analysis tool for tsunami source estimation using tsunami deposit data and onshore
sediment movement and deposit model and confirmed its applicability to the 2011 Tohoku

Earthquake Tsunami.

Developing tsunami trace databases (tsunami trace height data and tsunami deposit data)
(FY2013-2016)

In order to contribute to decisions on the suitability of design basis tsunami, we developed
tsunami trace databases to integrally manage trace height data of historical tsunami and paleo-
tsunami deposit data. As for tsunami trace height data, we investigated literature and historical
archives on historical tsunami, conducted field survey paying attention to old articles on tsunami
damage (including the number of washed-out houses in a community) and assessed their reliability.
As for tsunami deposit data, we developed items and flows for identifying tsunami deposits
objectively and uniformly, and used these items and flows to assess the possibility of documented

deposits in past literature being tsunami deposits.

Developing methods for assessing tsunami waves triggering submarine landslides (FY2014-2016)

In a bid to contribute to developing probabilistic hazard assessment methods for tsunami
waves that triggered submarine landslides, paying attention to potential future landslides, we
developed a submarine landslide risk assessment method using slope stability analysis and
probabilistic methods. We also conducted model experiments simulating submarine landslides to
confirm the applicability of the slope stability analysis method. Furthermore, we fabricated a
submarine landslide map for model waters to confirm the method’s applicability. Moreover, we

conducted sensitivity analysis using codes for analyzing tsunami waves triggering submarine
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landslides based on past studies and indicated relationships between influential factors behind

landslides and tsunami wave heights.
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Table.1 Patterns of typical slip distribution and rupture starting points
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Table.2 Calculation conditions for tsunami propagation analysis
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Table.3 Means and standard deviations of logarithmic ratio of relative tsunami height (peak side)
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Fig.1 Targeted points and an area of tsunami source
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Fig.2 Nlustrated tsunami source model assuming concentric rupture propagation
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1 1.25 1.25
2 2.5 1.25
3 2.6 2.5
4 5.0 2.5
5 5.0 5.0
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Table.5 Topographic models for 3D numerical analysis
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Table.6 Distance from shoreline of reflected wave and sand

Distance from

Sand Distance from shoreline(m) )
Slope H type shoreline
Water(DW) Sand(DS) DS/DW(%)
Ui 10.0 66.7
14 U2 15.0 12.0 80.0
U3 15.0 100
1790 Ui 7.8 74.3
9 U2 10.5 9.0 85.7
UK} 10.5 100
Ui 12.0 77.4
19 U2 155 13.0 83.9
U3 15.0 96.8
1/60 Ui 10.2 81.6
14 U2 125 10.5 84.0
U3 12.0 96.0
Ui 12.8 85.3
25 U2 15.0 12.6 84.0
U3 14.4 96.0
1740 Ui 9.6 82.8
19 U2 11.6 9.8 84.5
U3 10.6 91.4

H: ASHEDRS
Sand type : UT (Fre % 0. 560mm) . U2 (Fr g% 0. 299mm) . U3 (Frge i 0. 189mm)
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1/60 Slope
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Fig.10 Hydraulic experimental overview
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Fig.15 Japan Tsunami Trace Database (Tsunami trace heights information and Tsunami deposits information)
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Fig.24 A regression curve indicating the relationship between shear strength and depth
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Fig.25 The displacement vector obtained by PIV analysis
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Fig.26 Submarine landslide hazard maps on arbitrary area
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