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Maritime lessons learned 
 

• Need maritime response plan and guidance for different scenarios 

• Need educational materials for boaters 

• Determine if, when, and where should boats leave harbor 

• Plan for long term evacuation at sea for maritime community 

• Guidance/Plan for mitigation and recovery 



CA Tsunami Maritime Safety Plan 
1. Create in-harbor hazard maps by modeling major 

harbors’ tsunami hazards [damaging currents] 
 

2. Create offshore safety zone maps for use by 
harbors that recommend repositioning ships or 
sending vessels to sea 
 

3. Provide statewide guidance for evacuation planning 
and harbor protection [based on above results]  

 



Maritime Safety Products 
Analysis of 2010 and 2011 tsunamis in pilot study harbors 

Crescent City, Santa Cruz, Ventura, Ports of LA/Long Beach,                                     
and San Diego Bay 

 

 

 

 

 

 

 

 

Video and other analyses of currents, sediment scour/deposition, areas of damage, safe areas 

March 11, 2011 tsunami in Santa Cruz 





Areas of minor 
dock damage 
during 2011 
tsunami 





















Maritime Mitigation – Recovery/Business Continuity/Resiliency 

Crescent City – Feb/2013 – Reconstruction in Small 
Boat Basin includes new 30-inch piles 

Santa Cruz – March 2013 – Reconstruction 
includes new and improved docks/floats 



Maritime Tsunami Hazards Guidance: 
Should the 100-fathom rule be revised? 

 
Oregon Investigation 

 
 
 

George R. Priest 
Oregon Dept. of Geology and Mineral Industries 

January 2014 NTHMP meeting Menlo Park, CA 



Maximum-Considered 
Distant and Local Tsunami Sources for 

Maritime Evacuation Guidance (Mw 9.1-9.2) 

January 2014 NTHMP meeting Menlo Park, CA 

Source Peak Slip Peak Uplift 

Cascadia XXL1  
(Witter et al., 2011) 

135 ft (41 m)  33 ft (10.2 m) 

Maximum Alaska - AKmax  
(Source 3, Gonzalez et al., 2008) 

98 ft (30 m) 43 ft (13 m) 



Shear Flow/Vorticity 
 

January 2014 NTHMP meeting Menlo Park, CA 

Source of picture: 
http://news.nationalgeographi
c.com/news/2011/03/pictures/
110311-tsunami-earthquake-
japan-hawaii-science-world-
waves/#/japan-tsunami-
earthquake-hits-northeast-
whirlpool_33139_600x450.jpg  

EXPLANATION OF VORTICITY UNITS:   
Vorticity =|dv/dx-du/dy| where  
dv = change of north velocity,  
du = change of east velocity 
dx= change of distance east 
dy = change of distance north 
 
Example:  0.01 units of 1/sec = velocity 
changing 1m/sec over 100-m distance  

Vorticity >0.1 = very strong shear 
 Tohoku, Japan Tsunami, 3/11/11 

http://news.nationalgeographic.com/news/2011/03/pictures/110311-tsunami-earthquake-japan-hawaii-science-world-waves/
http://news.nationalgeographic.com/news/2011/03/pictures/110311-tsunami-earthquake-japan-hawaii-science-world-waves/
http://news.nationalgeographic.com/news/2011/03/pictures/110311-tsunami-earthquake-japan-hawaii-science-world-waves/
http://news.nationalgeographic.com/news/2011/03/pictures/110311-tsunami-earthquake-japan-hawaii-science-world-waves/
http://news.nationalgeographic.com/news/2011/03/pictures/110311-tsunami-earthquake-japan-hawaii-science-world-waves/
http://news.nationalgeographic.com/news/2011/03/pictures/110311-tsunami-earthquake-japan-hawaii-science-world-waves/
http://news.nationalgeographic.com/news/2011/03/pictures/110311-tsunami-earthquake-japan-hawaii-science-world-waves/


Thresholds  
Vorticity, Minimum Flow Depth, Velocity 

• Velocity threshold >3 knots = damaging in open 
ocean? 
– Without wind waves 
– With wind waves 

• Minimum flow depth threshold = ~50 ft 
– Max. displacement of aircraft carrier ~40 ft 
– Are there larger vessel displacements? 

• Threshold vorticity  
– >0.1 for very strong shear 
– Could be as low as >0.01 for any shear 

January 2014 NTHMP meeting Menlo Park, CA 



January 2014 
NTHMP meeting Menlo Park, CA 

Alaska and Cascadia  
Maximum Vorticities at Tillamook Bay 
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Alaska and Cascadia  
Minimum Flow Depths <50 feet at Tillamook Bay 

(~40-50 ft = maximum ship displacement) 
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Alaska (Akmax) and Cascadia (XXL1)  
Maximum Velocities - Southern Oregon Coast 
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Velocity versus Depth - Central Oregon Coast  
(Computational Points for Grid B) 



XXL1 
Central Oregon Coast Map of 3-Knot Exceedance Times (over 8-hr simulation) 
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Central Oregon Coast Map of 3-Knot Exceedance Times (over 8-hr simulation) 
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Speed of East Velocity Changes 
30, 40, 60, 80, 100 fathoms 

January 2014 NTHMP meeting Menlo Park, CA 
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Amplification of wind waves by 
tsunami currents? 

• Currents opposed to wind waves can 
significantly amplify wave height. 

• How much amplification occurs for “typical” 
PNW wind waves for reasonable tsunami 
currents? 
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27 Years of Wave Data – Central Oregon 
(Stonewall Bank) 

for significant wave height = highest 1/3 of waves 

January 2014 NTHMP meeting Menlo Park, CA 
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Wind Wave Amplification by Currents Offshore Central Oregon 

January 2014 NTHMP meeting Menlo Park, CA 

~2-10 knots 
~13 ft Hs 



DISCUSSION 
• if >3 knots = threat,  then velocity data justifies 2-zone evacuation: 

– Local tsunami zone = >100 fathoms 
– Distant tsunami zone = >30 fathoms 

• If only vorticity and minimum flow depth = threat, then  
     1-zone evacuation = >30 fathoms. 

• How dangerous are the current reversals over 15-20 minutes? 
• Are 2-zones too complicated? 
• If  we choose 1 zone = 100 fathoms 

– Up to 40 miles from the coast 
– Excessive for distant tsunamis where ~2 miles is adequate. 

• If  we choose 1 zone = 30 fathoms,  
– Adequate for distant tsunamis, but 
– Can vessels survive 7-10-knot peaks and >3 knots for ~1hr for XXL1 

tsunamis? 
• Wind wave amplification by tsunami currents:  

~15%, so only a factor for extreme storm waves (<<90% of all events) 

January 2014 NTHMP meeting Menlo Park, CA 



SUMMARY OF POSSIBLE 
2-ZONE MITIGATION GUIDANCE 

Distant Tsunamis 
• Warning:  NOAA  
• Tsunami arrival:  ≥ 4 hrs  
• Tied to dock: Check w. port for 

guidance. 
• Offshore: go to >30 fathoms 
• Land:  Go to evacuation site 

until local officials say it is safe 
to return. 
 

Local Tsunamis 
• Warning: 

– Ground shaking 
– Ocean roar 
– Water receding or surging 

• Tsunami arrival = 15-20 min. 
• Tied to dock: Go to evacuation 

site until local officials say it is 
safe to return. 

• Offshore: go to >100 fathoms  
• Land:  Go to evacuation site until 

local officials say it is safe to 
return. 
 
 

January 2014 NTHMP meeting Menlo Park, CA 



Scaling relationship between current and amplitude 



Scaling relationship between current and amplitude 



Max current map on right for Ocean City, MD 
Source M=7.9 Puerto Rico 



Max current map on right for Ocean City, MD 
Source M=8.2 Puerto Rico 



Max current map on right for Ocean City, MD 
Source M=8.6 Puerto Rico 



Max current map on right for Ocean City, MD 
Source M=9.0 Puerto Rico 



Max current map on right for Ocean City, MD 
Source M=9.5 Puerto Rico 
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