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March 2011:  
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efforts in 
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Harbor



California has its faults!



• 20-30 minutes between 
earthquake and tsunami 
arrival

• Vessels which tried to 
evacuate (Miyako Harbor)

• Most were damaged or 
sunk

• Became part of debris 
field and did more 
damage on land

• Crews which got off vessels 
and docks, and evacuated 
on land by foot, typically 
survived (Noda Harbor)

2011 Tohoku Tsunami in Japan

March 11, 2011 Tohoku Tsunami in Miyako Harbor, 

Japan 

Search “2011 Tsunami EERI Rick Wilson”



• Strong currents/debris in harbor

• 27 harbors damaged in California

• Some vessels were taken offshore 
before tsunami’s arrival

• Commercial fishing fleet in Crescent City = 
stayed offshore; traveled to safe ports

• Recreational boater elsewhere = returned 
too early; caused injuries to harbor staff

• Recovery – took 5 years in some 
harbors

• Issues = dock/pile replacement, 
contamination clean-up, sediment removal

• Crescent City = half fishing fleet went 
elsewhere and did not return

2011 Tohoku Tsunami in California

March 11, 2011 Tohoku Tsunami in California;  video 

from Coast Guard helicopter above Crescent City 

Harbor 

Search “CGS 2011 tsunami in California”



Needs and Lessons Learned from Recent Tsunamis

 Inconsistent response activities, including   

If-When-Where to reposition vessels?

 Where and what harbor structures and 

infrastructures are at risk to damage?  

What areas should be safe?

 Educating boat owners about tsunami 

hazards to help them make better 

decisions, for example:

 Not taking boats offshore, unless prepared

 Not bringing boats into harbor during 

tsunami

 Ongoing hazard reduction and recovery 

issues: What can be done to improve 

tsunami resistance and resiliency in 

harbors?

March 2011:  During tsunami in Santa Cruz Harbor

March 2011:  Tsunami damage to boats and 
docks in Brookings Harbor, Oregon



There are a number of TSUNAMI HAZARDS that could directly affect harbors and boaters:

• Sudden water-level fluctuations where docks and boats: 

• Hit bottom (grounded) as water level drops

• Could overtop piles as water level rises

• Strong and unpredictable currents, especially where there are narrow entrances, narrow 
openings, and other narrow parts of harbor

• Tsunami bores and amplified waves resulting in swamping of boats and damage to docks

• Eddies/whirlpools causing boats to lose control

• Drag on deep draught boats causing damaging forces to the docks they are moored to

• Debris in the water; collision with boats, docks, and harbor buildings

• Scour and sedimentation can affect harbor protection measures and shipping channels, 
respectively

• Dangerous tsunami conditions can last tens of hours after first wave arrival, causing problems 
for inexperienced and unprepared boaters who take their boats offshore

• Recovery delays because of contamination and environmental hazards

Tsunami Hazards for Harbors and Ports



Maritime Tsunami Response and Mitigation Playbooks          

33 Playbooks Covering 70+ Harbors/Ports at Risk

Maps are FEMA RiskMAP Products
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State/Territory
Distant Source 

(ships in harbor)*
Local Source 

(ships at sea)*
Notes

California 30 fathoms 100 fathoms
Evaluated; may add potential safe areas within large 
bays and ports

Oregon 30 fathoms 100 fathoms
Evaluated, but is re-evaluating based on new data; also 
evaluating Columbia River

Alaska 30 fathoms 100 fathoms
Evaluated; ships should be at least 1/2 mile from shore 
for all scenarios

Washington 30 fathoms 100 fathoms Evaluated; special conditions exist inside Puget Sound

Hawaii 50 fathoms 50 fathoms
Evaluated; implemented in Coast Guard plan in some 
locations

American Samoa 50 fathoms 50 fathoms Evaluating, guidance from others

Puerto Rico 50 fathoms 100 fathoms Evaluated

USVI 50 fathoms 100 fathoms Evaluating; possibly follow PR

Guam 50 fathoms 100 fathoms Coordinated with USCG Guam Sector

CNMI 50 fathoms 100 fathoms Coordinated with USCG Guam Sector

Gulf Coast 100 fathoms
Evaluating; issues with long, shallow shelf complicate 
getting beyond safe depth offshore

East Coast 100 fathoms
Evaluating; issues with long, shallow shelf complicate 
getting beyond safe depth offshore

Guidance for Safe Minimum Offshore Depth for Vessel Movement
Work between NTHMP States/Territories and U.S. Coast Guard

TABLE 1: Specific guidance for minimum offshore safe depths for maritime vessel evacuation prior to the arrival of tsunami.

* Ships also recommended to be a minimum of ½ mile from shore or fringing reef
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Mitigation Measures for Reducing Impacts in Maritime Communities
Real-time response (“soft”) mitigation measures Permanent (“hard”) mitigation measures

Reposition ships within harbor Increase size and stability of dock piles

Move boats and ships out of harbors Fortify and armor breakwaters

Remove small boats/assets from water Replace flotation portions of docks and dock cleats

Shut down infrastructure before tsunami arrives Increase flexibility of interconnected docks

Evacuate public/vehicles from water-front areas Improve movement along dock/pile connections

Restrict boats from moving during tsunami Increase height of piles to prevent overtopping

Prevent boats from entering harbor during event Deepen/Dredge channels near high hazard zones

Secure boat/ship moorings Move docks/assets away from high hazard zones

Personal flotation devices/vests for harbor staff Widen size of harbor entrance to prevent jetting

Remove hazardous materials away from water Reduce exposure of petroleum/chemical facilities

Remove buoyant assets away from water Strengthen boat/ship moorings

Stage emergency equipment outside affected area Construct flood gates

Activate Mutual Aid System as necessary Prevent uplift of wharfs by stabilizing platform

Activate of Incident Command at evacuation sites Install debris deflection booms to protect docks

Alert key first responders at local level Ensure harbor structures are tsunami resistant

Restrict traffic entering harbor; aid traffic evacuating Construct breakwaters further away from harbor

Identify/Assign rescue, survey, and salvage personnel Install Tsunami Warning Signs

Identify boat owners/live-aboards; establish phone tree, or

other notification process

Identify equipment/assets (patrol/tug/fire boats, cranes,

etc.) to assist response activities

Page 3 of Maritime Tsunami Response and Mitigation Playbooks



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

For this we move towards an engineering analysis, attempting to quantify 
the potential damage to various components at different hazard levels

Harbor Damage Assessments



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 Improvement Reports
Tsunami Damage Assessments

Map of Santa Cruz Harbor identifying failure potential study zones.



Model the sediment erosion, transport, and deposition 
during a tsunami

HIRs and possibly Playbooks will include maps of 
seafloor elevation change for a set of scenarios

Identify likely areas of high scour and areas of high 
deposition, where vessel clearance and long-term 

recovery issues post-tsunami may arise

 

High : 2 High : 2

High : 2 High : 2

High : 2

Harbor Improvement Reports
Sediment Movement Analysis



Using engineering analysis, we know approximately when to expect damage to initiate in ports and 
marinas

Potential debris mapping provides an estimate of the likely location of debris during and immediately 
after a tsunami

Harbor Improvement Reports
Debris Movement Assessments
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Status of Harbor Improvement Reports (HIRs)

• Field work/meetings with harbors

• New damage potential analysis techniques:  dock cleats/pile 
guides, and sediment/debris movements

• Report sections

1. Purpose

2. Tsunami Impact Report

3. Recommended Actions (multiple hazards)

4. Local Hazard Mitigation Plan Section 
(mitigation measures for direct input)

• Working draft(s) completed/shared with 6 harbors: 
Oceanside, Crescent City, Santa Cruz, Richmond Marina Bay, 
Noyo River, and Pillar Point harbors

• Active 2017 Hazard Mitigation Grant Program funding 
opportunity available in CA (winter storms)

• Contacted dozen harbors

• Most using HIR to apply for mitigation grants

• Introduce HIRs to NTHMP for feedback; could lead to 
National guidance development

A B C D E F G H I

Magnitude 9.2 Eastern Aleutian-

Alaska Scenario
Moderate High High High High Moderate Moderate Moderate Low

Magnitude 9.0 Cascadia 

Scenario
Moderate High Moderate Moderate Moderate Moderate Moderate Moderate Low

2010 Magnitude 8.8 Chile Event 

(Historical)
Low Moderate Low Low Low Low Low Low Low

Magnitude 9.4 Chile North 

Scenario
Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Low

2011 Magnitude 9.0 Japan Event 

(Historical)
Low Moderate Moderate Moderate Moderate Moderate Low Low Low

2006 Magnitude 8.3 Kuril Event 

(Historical)
Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Low

Model Run
Dock

Parts of new Harbor Improvement Report.  Analysis of 
damage potential for cleats and pile guides in Noyo River 

Harbor.  Table identifies direct Mitigation Activities for 
integration into LHMP (based on  FEMA “Local Mitigation 

Planning Handbook”)



Guidance for harbors, communities, and 
state to produce recovery plans for large 
local- (Cascadia) and distant-source events.

Direct Impacts (Damage):
• Vessels, docks, and harbor 

infrastructure damage
• Permanent land change in large local 

source EQ
• Debris in water and on land
• Sedimentation and scour
• Contaminants in water and sediment

Indirect Impacts (Time):
• Commercial fishing and shipping 

disruption
• Waterfront business disruption
• Regulatory redundancy and delays
• Limited resources and funding for 

recovery
• Loss of business and workforce over 

time

Maritime Tsunami Recovery Guidance

Model of potential debris movement in Port of Los Angeles during large 
Alaska tsunami; can use this information to determine where debris will 

accumulate 

March 2014: Rebuild in “tsunami resistant” 

Crescent City Harbor



Rick Wilson, California Geological Survey

Rick.Wilson@conservation.ca.gov

www.tsunami.ca.gov

Tsunami Hazard Mitigation and Response

Questions?

Thank you

mailto:Rick.Wilson@conservation.ca.gov
http://www.tsunami.ca.gov/

