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Virginia (2011) 5.8 6 x 10/ 4 x 1013

. Northrldge (1994) 6.7 1x10° 8 x 104 (est.)
Chlle (2010) 8.8 2 x 1022 2 x 1016
: Sumatra (2004) 9.0 4 x 1022 1 x 10%7

= Tohoku (2011) 9.0 5 X 1022 5 X 107
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Example: Crescent City, CA (Cascadia Subduction Zone has an uplift rate of 2 to 2.5 mm/yr.
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Noda Seawall
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Scour

Shore protection
Subsequent exposure of the wave wall fo superstructure
farge wave impacts and uplift pressures

Displacement of intact
or broken units

Eventual

breakage and
wa shi-down of
superstructure
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The superstreciune siided beckwands when
the hovizontal wave force excoeds ihe
frichion forces undermeath the base plate

Large displacements lead fo
tifing and wash-down of the
- supersiruciune
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Kamaishi I'sunami Breakwater
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Kamarshi Tsunamil Breakwater

20 m wide caissons
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SREmEishi TsunamilBreakwater .

Without breakwater . Run-up height
Tsunami height 202 m

13.7m

_&

4-m-height seawall

KEFE 204m )
28 min for

okt » overtopping

- With breakwater Run-up height
: Tsunami height  100m

Tsunami height 30m

10.8 m

Sl BEOD IR
|:> |:> = .=:> 4-m-height seawall
Tsunami _
D Breakwater 36 min for
g overtopping

Source: Takahashi, Shigeo et al. Urgent Survey for 2011 Great East Japan Earthquake
and Tsunami Disaster in Ports and Coasts ,Technical Note of Port and Airport Research Institute.
Vol. 1231. Print. April 28, 2011



Photos: taken by
Jimmy Yu,
March 18, 2011
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Debris is expected to reach the West Coast | o

| of the United States in the next three years =
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Midway Islands
Hawaii (U.S)

Up to 20 million tons of debris is
moving across the Pacific, heading
_ towards Hawaii, and the western
e __ s 2 G i coast of North America.
KITV.com/ABC; Discovery News and Yahoo.com
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Past Recent Tsunami History
1960 — Damage from Chilg¢
1964 — Damage and fatali
2006 — Damage from Kuri
2010 - high water recordge




Tsunami Travel Times

Tide Gage
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Farthguake §i

West Coast & Alaska Tsunami Warning Center,
National Oceanic and Atmospheric Administration
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Aerial image of Inner Boat Basin from Google Earth
Aerial of boat damage courtesy of T. Williams



Aerial image of Inner Boat Basin from Google Earth _
Aerial of boat damage courtesy of T. Williams : | —
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CALIFORNIA COASTAL COMMISSION

43 FREMONT, SUITE 2000
SAN FLANCISCO, CA S4108- 2209
VOICH (415) - $200

FAX [415) 904 4500

TEMDN 414) 40T-50K4

Apnl 13,2011
Bevised Aprl 18, 2011

THE TOHOKU TSUNAMI OF MARCH 11, 2011: A PRELIMINARY REPORT
ON EFFECTS TO THE CALIFORNIA COAST and PLANNING IMPLICATIONS

To:  Coastal Commissioners and interested parties
From: Lesley Ewing, PE, Sr. Coastal Engineer

This memorandum is intended to provide the Commission with an understanding of
tsunami creztion, propagation and landfall effects and the implications to coastal
Califorma. drawing strongly from the most recent Tohoku tsumami. The discussion
meludes:

+  Tsunami science and detection
# Tsunamm wamings and response
+ Tsunami damage to the California coast from the Tohoku tsunami

A detailed damage report, variety of reference materials, useful web sites and links are
provided at the end of this report.

TABLE OF CONTENTS PAGE NUMBEE.
Executre Summary
Introduction
Tsunami Generation
The Tohoku Earthquake and Tsunama
Tsunamd Warnin

Warning Systems

Local Respenses to Tsunam Alerts

Crher Warmng Signs of a Tsunam

Duration of a Tsunami

Tsunam Planming and Preparedness

MOAA's TsunamuFeady Program
Damages to the California Coastal from the Tohoku Tsunami
Conclusions
Acknowledgements
Eeferences, and links to web resources and videos
Attachment 1: Observations of and Specific Damages to the Califormia Coast
Attachment 2: Hawan Tsunami Safety Booklat
Attachment 3: TsunamuFReady Guidelines
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' Planning: The What Ifs,

... Events Exceed Design Conditions

. Site Conditions Change —
... EXcessive Loads

. The Unexpected Happens

Corltlric|en
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@;Learned g i

> LLessons came from| ohserving structural respense to
extreme: conditions

» Breakwaters and walls did help mitigate damage to
arnoer areas

» Strong connections, good foundations and scour
protection can help prevent structural falure

» Many: protective structures were overtopped! but had
little damage

» Designs should consider “what if* scenarios




» Beachl Response

> Scour behind linear or irmegularly’ shaped! structures
» Perfermance of different armor units

» Perfermance of vegetated! buffers & event intensities
» Evacuation Response with Shore Protection

» Ongoing Use of Contingency Planning — What Ifs
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Fishing Anchorage neat Okawa
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