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Outline
Review tsunami observations and the laboratory, numerical, and 

engineering studies they inspired, with a focus on ports & harbors

• Quick tsunami background
• Tsunami height vs Tsunami current
• Observations of tsunamis in ports & harbors in the past decade
• Experimental and numerical efforts working towards the goals of:

§ Developing tsunami hazard maps for response and emergency 
management

§ Engineering analysis for mitigation



Tsunamis – A Quick Background

1. Choose Source Region 2. Determine 
Tsunami Initial 

Condition based 
on a Slip 

Distribution

3. Propagate 
Tsunami across 

Basin using 
wave equations 
(shallow water)



Why focus on currents?

Animation shows the ocean surface height (above / below MHW) at POLALB



Animation shows 
the ocean currents 
(knots) at POLALB

Gates and channel 
opens show strong 

focusing of 
currents, and the 
creation of large 

eddies & whirlpools



2010 Chile
• 8.8 Mag EQ
• Tsunami Warnings 
issued in 53 countries
• 30 m runup along 
cliffside in Chile
• Widespread 5-10 m 
runup in Chile near 
epicenter
• 4,200 boats were 
damaged or destroyed by 
the earthquake and 
tsunami in the 
Valparaiso-Concepción-
Temuco area
•1+m in many locations, 
including Hawaii, Japan, 
south Pacific islands

Events & Observations: The 2010’s



Motivation:
Recent Events & Observations

Seismic and Tsunami –
Induced Liquefaction 



• Debris Impact ¨ Overview of 
Talcahuano harbor 

¨ Shipping containers 
were originally 
stacked on the 
wharf area and 
displaced up to 300 
meters in the 
direction of the flow.

Events & Observations: The 2010’s



Damaged Containers – Chile

Photos: I.N. Robertson and G. Chock

Events & Observations: The 2010’s



• Lashed ships move as single unit

Events & Observations: The 2010’s



• Bollard pulled from dock, Talcahuano

Events & Observations: The 2010’s



2011 Japan 
Tsunami

• 9.0 Mag EQ
• 38 m max runup
• 15,500 dead
• ~$210B USD in 
losses
• ~$25B USD in 
insured losses

Events & Observations: The 2010’s



2011 Japan 
Tsunami

• 350 ports 
suffered some 
damage
• 18,000+ fishing 
boats out of 
operation

Events & Observations: The 2010’s



Sendai Port ���

Events & Observations: The 2010’s



Sendai Port ���



Sendai Port ���



Ship Impact – Sendai Port

Events & Observations: The 2010’s



Kamaishi - Ship Impact damage

Damage to 
pier and 

warehouse 
due to 

multiple 
impacts 

from single 
loose ship

Events & Observations: The 2010’s



2011 Japan Tsunami
In Guam, two 
nuclear submarines 
(USS Houston and 
USS City of Corpus 
Christi) broke free of 
moorings

Events & Observations: The 2010’s



2011 Japan Tsunami
In Guam, two 
nuclear submarines 
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Christi) broke free of 
moorings

Events & Observations: The 2010’s



Rapid deployment  to capture field-scale tsunami-induced currents in a harbor  
Chile 2015 tsunami field measurements in Ventura, CA

Events & Observations: The 2010’s



Rapid deployment  to capture field-scale tsunami-induced currents in a harbor  
Chile 2015 tsunami field measurements in Ventura, CA

Instrumentation
• Deployed three GPS receivers on floating devices prior to the arrival of the tsunami.
• One GPS receiver logging every 2sec and the other two every 2min.
• We setup cameras observing the entrance channel of the harbor.
• The cameras were used to trace floating particles and extract surface velocities.

Events & Observations: The 2010’s



Timelapse of the tsunami event, time shown PST

Through surveying many 
control points of known 
location, we are able to geo-
rectify the video

Events & Observations: The 2010’s



Events & Observations: The 2010’s



Field-Motivated Laboratory Work

Incoming wave

Inshore TCS
generation

Phase 1

offshore TCS
generation wall reflection

wavemaker 
retreat

Phase 2

detached TCS
growth and 
evolution

Phase 3

Large-scale experimental work to recreate the rotational 
currents always observed in harbors during tsunami 

events
Performed in the Tsunami Wave Basin (Directional Wave 

Basin) at OSU
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Field-Motivated Laboratory Work

Incoming wave

Inshore TCS
generation

Phase 1

offshore TCS
generation wall reflection

wavemaker 
retreat

Phase 2

detached TCS
growth and 
evolution

Phase 3

Use this data to calibrate / validate numerical prediction models…



Field & Lab Motivated Modeling

Confidence in using models for engineering analyses in ports



These modeling results describe the hazard level, but what about the 
vulnerability?

Harbor Damage Assessments



Tsunami 
Current Hazard 

Maps



• Can we filter this 
information, create areas 
where certain levels of 
damage might be expected?

• Need to develop current–
damage relationships

• Based on previous 
observations of damage, 
and numerical hindcast
& direct speed 
measurements at the 
damage location

Tsunami Current Hazard Maps                      
Map Generation

Damage 
Index:

Damage Type:

0 no damage

1 small buoys moved

2 1-2 docks/small boats damaged, large 
buoys moved

3 Moderate dock/boat damage, mid-sized 
vessels off moorings

4 Major dock/boat damage, large vessels off 
moorings

5 Complete destruction

POLB (Pier T), 
2010

Mission 
Bay, 
2011

Moss 
Landing, 

2011

Santa 
Cruz, 
2011

Half Moon 
Bay, 2011

Ventura 
Harbor, 2011



Connecting Science with Engineering
(hazard)                                 (vulnerability)            

l Use a Demand – Capacity approach
l Demand is found through form and 

friction drag equations for vessels 
and floating docks. These equations 
are a function of 
¡ Fluid speed
¡ Fluid direction
¡ Fluid density
¡ Geometry and properties of the 

floating object
l Capacity is determined by the 

properties of the structural 
components
¡ Material
¡ Connection
¡ Age / deterioration

l Include uncertainties via Monte-
Carlo simulation
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Keen, Adam S., et al. "Monte Carlo–Based Approach to Estimating Fragility Curves of Floating Docks for Small Craft 
Marinas." Journal of Waterway, Port, Coastal, and Ocean Engineering (2017): 04017004.



Keen, Adam S., et al. "Monte Carlo–Based Approach to Estimating Fragility Curves of Floating Docks for Small Craft 
Marinas." Journal of Waterway, Port, Coastal, and Ocean Engineering (2017): 04017004.

Cleat Damage Estimate

Pile Guide Damage Estimate

Harbor Tsunami Damage Assessments



The results of these field-lab-modeling efforts are applied to develop various response 
and mitigation recommendations for ports and harbors throughout the state

“Playbooks” for guidance on tsunami effects in harbors



The results of these field-lab-modeling efforts are applied to develop various response 
and mitigation recommendations for ports and harbors throughout the state

“Harbor Improvement Reports” for mitigation and planning recommendations


