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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

Harbor Hazard Zones for Japan 2011 389 Thresholds
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Tsunami Current Hazard Maps

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

+ Need to develop current—

Map Generation

damage relationships

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

it
Index:

no damage
small buoys moved

1-2 docks/small boats damaged, large
buoys moved
Moderate dock/boat damage, mid-sized
vessels off moorings

Major dock/boat damage, large vessels off
moorings
Complete destruction
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Tsunami Current Hazard Maps

« current— damage
relationships

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

no damage

small buoys moved

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

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

Major dock/boat damage, large vessels off
moorinds

Complete destruction

Map Generation
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Offshore Safety Zones

Maanmum Simulated Current for A8 Sources vs Depthifor San Diego Study
1 ) 1 ) 1 ) 1

Example application - 2
San Diego :

Run simulations for a
range for different sources

Create a maximum current
map for each source

Determine current
variability at all depths

Maximurm Simulated Currant for All Sources (Knots)

Set an acceptable current
& depth threshold

20

40 A a0 =1

Water Depth (fathoms)

1 fathom = 1.8 meters =6 feet




Offshore Safety Zones

Exﬂmple ﬂppl ICatIOI"I - o Ma:ul-r;l.I;;Simulated current fc:rﬁ.l&ourcesw D:&pthfn:r ISan Dieg? Stuchy
Crescent City variability
\ region
. . (eddies,
Run simulations for a il jets)

range for different sources

Create a maximum current
map for each source

Plot the (max current, mmﬂy
depth) pairs for each s Low
source, as a scatter plot moderate e

Meimum Simulated Current for Al Sources (knots)
&

20

30 4l al &0

Water Depih (fathoms)

1 fathom = 1.8 meters =& feet
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DRAFT - Tsunami Response Plan Playbook
< North San Diego Bay Maritime Community

Purpose and Use of this Real-time Tsunami Response Plan Playbook

PURPOSE: This product will help the harbor prepare, plan, and respond to strong currents and damage from future tsunamis. It has been
developed with assistance from the harbor by the California Tsunami Program and funding from FEMA. It is essential that harbor staff
become familiar with the playbook before use. The information within the playbook can also help the harbor develop tsunami mitigation
strategies (other guidance is available for this).

USE: This playbook is designed to help the harbor with tsunami response activities by providing enhanced info about the tsunami based
on specific inputs for the harbor.

First, it requires th e harbor fill out information about their harbor (s8y “Background information” on Page 2, and Playbook
information on Pages 4-7 itst received. The California Tsunami Program will work with the
harbor to get this information.

Whe e 2. The harbor master or emergency response manager should fill out
information about the source earthquake and tsunami on Page 2; this information can be obtained from multiple sources, including the
Wﬁum the National Tsunami Warnoi &r, the city or county emergency manager, and/or the National Weather
Service, Regional Weather Forecast Office. Keep in mind that this information can change during the first hour or two after the earthquake
oCCurs.

q

Finalkgtompare the tsunami forecast amplitude (wave height) to the maximum tsunami amplitude on the scenario table on Pa@
Choose the scenario [Page =7 witch-best-rratehasthe-forscastinformation Lolloythelnsteuetions-ar-tre-prage-fortiTat scenario. Each

scenario Playbook may be accompanied by a digital file indicating the response and evacuation plans; this can be shared during an
emergency with emergency responders in the field.
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Background Information on Harbor

Table of Contents — Tsunami Response Plan Playbooks

Page 1: Purpose and Use of Maritime Tsunami Playbooks
Page 2: Background Information on Harbor and Table of Contents

Page 3: Quick Reference Page for Determining Real-Time Tsunami
Response Activities

Pages 4-5: General Tsunami Information (Alert Messages)
Pages 6-9: Tsunami Response Scenario Playbook Plans Pages

Page 10: Notable Historical Tsunamis and Tsunami Medeling
Results

Page 11: Plan for Safe Offshore Evacuation of Boats

Page 12: Tsunami Evacuation Zone Map for North San Diego Area

Explanation of FASTER Analytical Tool: To determine the full
impact of the tsunami, other variables such as tidal and storm
conditions must be considered. An analytical method has been
created which incorporates important variables that will impact
the ultimate tsunami flood level. The FASTER calculation, which
will be provided by the local jurisdiction to the harbor during a
tsunami event, is used on Page 3 to determine if piles will be
overtopped and inundation of dry land will occur. The simplified
components of the calculation are as follows:

Forecast + Storm + Tidal + Errorin + Run-up per
Amplitude  conditions conditions forecast location
_ FASTER Tsunami
Flood Level

Background information (previously filled out by harbor):

Harbor/lurisdiction/Geographic Location:
Height of shortest pilings above Mean Sea Level:

Elevation of lowest land above Mean Sea Level:

Areas of harbor previously damaged or showing potential for
damage:

Areas known to be safe in previous events and based on modeling:

Distance offshore and time to reach 30 fathom (180 feet) depth (see Pg.

11):

Background information on harbor:

1)Height of piles and land where inundation might occur.
Useful for determining if the tsunami will overtop piles
and if land inundation will occur.

= 2)Summary of areas of past tsunami damage and areas that

will be safe during all tsunamis.

3)Offshore distance and time for ships to reach 30 fathoms.
This has been determined a safe depth for vessels during
all distant tsunamis.
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Quick Reference Page for Determining Real-Time Tsunami Response Activities

NOTE: It is important to review all sections of this Playbook prior to using it during a tsunami emergency. When a Tsunami Alert is issued, fill out the
Cwick Reference page below and follow steps on the right side of the page to determine response activities for the harbor:

Step 1: Obtain information about earthquake and tsunami from Natienal Tsunami Warning Center in Alaska,

regional NOAA-Weather Forecast Office, and/or county emergency mal r. (e.z wwwtsunamigow | STEP 1: Collect general tsunami information, used with

Event/Incident Name .\ﬂ table in Step 2 to determine appropriate actions
Earthquake location D?L\E‘D to follow:
Earthquake magnitude " | L e

i \ A = 1) Earthquake location and magnitude.

2) Tsunami Alert level.

3) Forecast amplitude and arrival time provided by Warning Center.

4) Tidal and storm conditions provided by local Weather Forecast
Office.

rFASTERapproach)___ | —  5) “FASTER" calculation, provided by WFO or county.

Forecasted tsunami arrival time

Highest projected tidal height (sbove Mean Sea Level) for first 5 hrs after
Ambient ccean/storm conditions for first 5 hrs after arrival
Calculate/obtain FASTER tsunami run-up value in first 5 houwrs (see Page 2
Calculate/obtain FASTER tsunami run-up value at highest tide (see Page 2

Step 2: Compare and match forecasted tsunami amplitude/wave height i
table. Referto associated Playbook page to determine actions for securi

away from areas of expected damage to ﬂhm%ﬁhﬂhﬂrw

parentheses). -0 \ﬂ STEP 2: Chose scenario/event from 5tep 1 that best
Mare Past cvents ?E, = A v | 1 | o . matches tsunami information on the table:
e 4 B Aifage
Details in al Lm& iihuak amp. | congition Damage summary m:uef 1) Compare forecast amplitude/wave height from real event in Step 1
Maritime %ﬁp'“ w " imp | gt shas| jusd) L to peak amplitude column from historical events/ scenarios on table
”“’-:P__:*E LY Of (highlighted in red box at left).
w ﬁ!f_j?‘ wary | 840 Samaa ' High : Mo damage i 2] Find matching scenario in “playbook.”
Page Mo Advisory | 8.8 chile 03 :‘“"’"‘J"m""e'”“-’d“' 3 3) Go to appropriate playbook page and follow instructions for
e —E response.
Page 7 | sumanom | IM0ison | B) Cascadla] | (5] | High ['] 4] Each Playbook scenario may have digitzl maps or information
Page 8 |z Advisury | 90 lapan ag |Low c :::::;"'“'“"’“"‘“ boat/dock | available for sharing with people in the field or other offices.
Paged |urecled | iwaming) |62) | (aewisns | o) |wigh | o)
Step 3: Infrastructure considerations: \'N'E'a L STEP 3: Estimate of potential inundation of land and
Wil the tsunami overtop harbor pilings? ':c‘:"“pa'"’:‘ lue to lowest pile height) overtopping of piles: Helps estimate the potential and amount
- . . o B} .
Will the tsunami inundate dry land? R run-up value to lowest land elevation) ofinundation, and if piles will be overtopped. Land evacuation

should be coordinated with city or county emergency manager.
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M9.2 Eastern Aleutian/Alaska Scenario

Background Information:

Alert level = Warning

Peak Amplitude = 1.4 meters (tide gauge)

Peak Velocity = +5 knots

Projected duration of strong currents (see location maps below):
2 knots = 80 hrs; 5 knots = 20 hrs; 8 knots = 10 hrs

Specific Instructions:
» Follow general guidance for Warning-level tsunamis (pg 2)
* Strong currents and potential scour are expected in areas &
identified in blue —y=llow-red on the map to the right. Consider AREZ

relocating vessels located within 100 meters (300 feet) of these : / i " AASZ |l scenario t 10m res 2
areas. I b - : oy
= Specific areas where vessels should be relocated from and docks Y T Eurrent Thresholds for Potential Bamage
secured:
- : ; iner to modarst d
= Western half of south Shelter Island, X S - s -

= Eastern half of north Shelter Island,
= Western two-thirds of west Harbor Island....
= {completed with maritime community input)

Safe areas for repositioning vessels within San Diego Bay: Areas in
the southern portion of San Diego Bay..... (completed with

Imcgfrmmdﬂmhm %MﬂMlm wwrmﬂﬂn
pect=C iy o5 krody Bkmuly

maritime community input)
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Plan for Safe Offshore Evacuation of Boats
MNOTE: The safety of the boating public should outweigh the

benefit of saving boats and harbor property during a
tsunami.

DRAFT

| Maritime Safety Tone
* For most harbors in California, it is safer to keep boats | San Diegn Stndy Aves
docked during a tsunami because most tsunamis are

relatively small.
* On the rare occasion when a large, damaging tsunami and

Dapd Pathorn
associated strong currents are expected and there are no S
safe areas within the harbor, the boat owner may consider _*:';
taking their boat offshore. i 8
* There are a number of factors that should be considered :‘:
prior to recommending boats evacuate offshore prior to s
the arrival of the tsunamis, including: -i:;"“
(1) the SIZE of the tsunami; i
(2) is there sufficient TIME to get to the 30 fathom depth,
which has been evaluated as safe depth for boats
during distant source tsunamis (map at right);
(3) the PREPAREDMESS of the boat and its captain to stay
at sea over 24 hours;
(4) the WEATHER at sea could be as dangerous as the
tsunami itself; and,
(5) if significant damage occurs within the harbor, =
boaters should have enough fuel and supplies to r:fm

travel to a non-damaged harbor.

Mote for trailer boat owners: Expect congested boat ramps
and remember that you have to get your boat to the trailer, Information on this page could be replaced with harbor
out of the 1."._rE||t|2rI and out of the tsunami zone before the specific evacuation plan,ﬂ’r‘nap.

tsunami arrives.




Maritime Mitigation — Recovery/Business Continuity/Resiliency

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

includes new and improved docks/floafsv

& FEMA @I

Activities in California itime C

Tsunami Hazard Mitig

Tsunami hazard mitigation activities are the focus of the California Tsunami Pregram, comprised of the
Callfornia Geological Survey (CGS) end the California Emergency Management Agency (CIIEMAL Its
modeling, engineering, and acadermic partners al the Universily ol Southern Calitornia (USC) and
Humbaldt State University (HSU), and its Cooperative Technical Partners at FEMA. Nowhare is the need
maore appalem’ for Inltla(lrg tzunami hazard mklgaﬁon measures than within the state’s 70+ coastal

lativel n 2006, 2010, and 2011 caused
over 5100M in total damage within at least two dozen of these maritime communities. According to the
UsGS-led Science Application for Risk Reduction Project (SAFRR; In progress), larger tsunami events have
the porential of causing tens of bilions of dollars in damages and a large number of caswalties in
Califarnia.

small to i events

With the a ance aof th

California Tsunami Program an

stateffederal funding, these maritime

communities have began implementing & oumber of life-safely and demage-reducti

measures for sunami hazerds. These messures mlude non-structural mivgation efforts that include
real-time [pre-tsunami) ship movement and i ture st ing. and mitigation
measures that include wave-jetty fortificatian, pile reinfarcement, and dock improvements. A number
of other mitigation measures that may be implemented In the future include Imprnved harhar

emuergeney recponse and plinning activities, repositi praved dacks and i ]

harbaor dredging, entrance channel widening, and remaval of exposed petraleum/chemical facilities.

The ofters & few of tsumami hazard mitigation activities. both structural
and non-structural, that have been implemented in California:

Crascant City Harbor — The 2006 and 2011
teletsunamls caused $50M In damages In
Crescent City Harbor, In 2011, destruction
of most docks and deposition of 150,000
cuble meters of sediment In the small boat

basin caused nine months ta a year of delays
in initiating recovery of the commercial
fishing Industry In Crescent City, which Is

wilal 1o the comn

ly's survival.  The
harbor has oroactively initiated  several
mitigation measures to reduce the direct
impart of fulure unamis. Before the 2011
teunami, harbor officials and the commercial
fishing community worked with the Redwood Coast Tsunami Wark Group to Initlate 2 plan to evacuate
the fi
percent of the sea-worthy fleet was able to evacuate the harbor, greatly reducing the potential for more

hing fleet from the harbor ance a bunami warning was issued. During the 2011 tsunami, 80

fingeles and Long Beach are a vital international
pmpleted an a daily baszis. Although there was
in the Ports, other historical tsunamis in 1960
peilities. The California Tsunami Program has
isk Reduction [SAFRR) Project to evzluate the
Ports. Potential at-risk facilities and large ship
fs are in the process of improving their tsunami
jed aszers, wuch as large cargo ships and
i hezards within the Porls may also lead Lo

ks for large ships awsy from narrow harbor

sunami Program, FEMA, and its partners are
fornia maritime ¢ mitigate d.

clude: 1) detailed maps identifing in-harbor
litude surges, large tidal fluctuations, etc.), 2)
gather during a tsunaml, and 3) preparedness,

e communities be more resilient w tsunami

maritime communities to determine where
provide a mechanism for pre-disaster hazard
ard Mitigation Plars (see the list of potentlal
L plans. and related mitigation efforts will not
is, they will provide a basis for greatly reducing
recovery in California maritime communities.

Remave buoyant atsets away from water

Stage emergency equipmert outside affected area
Activate Mutual Ald System as necessary
Activate of Incident Command at evacuation sitis

Alert ke first responders atlocal level

far Impacte of Teunami Hazarde in Maritimas Communitiss
Bsal meazures Barmanget cuvigation mepsures
& Mawing haste and thipt aut of harbors Eartify and armor brealwaters
& Rapagitioning ships within harbor Increase sive and ctability of dock plas
* Remowve small boats/assets from water Impeove floatation portions of docks
= Shas down infrastructure before tsunami amrives Increase fleadbility of interconnected docks
» Fvacuate publicivehicles from water-front areas Improve mavement along dack/plle cornections
= Restrict boats from moving during tsunami Increase height of ples 1o prevent overtopping
= Prevent boats from entering harbor during event Deepen/Dredge channels near high hazard rones
Secure boay/ship moorings Move docks/assets away from high hazard zones
Harbor uﬂ‘ donnlng porzonal ﬁut:mon dovicosfvasts Widen size of harbor antrance to provent jotting
R materiale i Friosm water Roduce sxpoturs of patraleumichamical facilitiss

Strengthen boat/chip moorings.
Construct flood gates

Prevent uplift of wharfs by stabdizirg platform
Duebrris chefliction booms to pretect docks.
Harbor control structures should be tsuna

Restrict traffic id traffic ing
Provide penonnel to assist rescue, survey and salvage
Idavtify bost owners/ivesbosrds etablish phone
tree, ‘reverte-911," or other notificstion process

L R

DR I R R )

Construct break further away from harbor
Install Tsunami Wasming Signs

Purchass squipment fassets (patrel boats, tug boats,
fire boats, cranes, atc.) 1o acgist in response activities




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 (M, 9.1-9.2)

Source Peak Slip Peak Uplift

Cascadia XXL1 135t (41m) | 33ft(10.2m)
(Witter et al., 2011)

Maximum Alaska - AKmax | 9%8ftE0m | 43ft(13m)
(Source 3, Gonzalez et al., 2008)

January 2014 NTHMP meeting Menlo Park, CA



Shear Flow/Vorticity

Vorticity >0.1 = very strong shear

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

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



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

e Velocity threshold >3 knots = damaging in open
ocean?

— Without wind waves
— With wind waves

e 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




Alaska and Cascadia
Maximum Vorticities at Tillamook Bay

XXL1 Vorticity
> 0.01 (1/sec)

it g —— -

NTHMP meeting Menlo Park, CA



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

(~40-50 ft = maximum ship displacement)

January 2014 NTHMP meeting Menlo Park, CA



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)
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XXL1

Central Oregon Coast Map of 3-Knot Exceedance Times (over 8-hr simulation)
Exceedance Time (min)
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4e50.00
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10 miles

January 2014 NTHMP meeting Menlo Park, CA




AKmax
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

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

e Currents opposed to wind waves can
significantly amplify wave height.
e How much amplification occurs for “typical”

PNW wind waves for reasonable tsunami
currents?



27 Years of Wave Data — Central Oregon

(Stonewall Bank)
for significant wave height = highest 1/3 of waves

NDBC 46050, Stonewall Bank, Or
T T T T
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Wind Wave Amplification by Currents Offshore Central Oregon
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DISCUSSION

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

— Local tsunami zone = >100 fathoms

— Distant tsunami zone = >30 fathoms

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

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

— Up to 40 miles from the coast

— Excessive for distant tsunamis where ~2 miles is adequate.
e |f we choose 1zone =30 fathoms,

— Adequate for distant tsunamis, but

— Can vessels survive 7-10-knot peaks and >3 knots for ~1hr for XXL1
tsunamis?

e 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.




Scaling relationship between current and amplitude
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Scaling relationship between current and amplitude

L299018—Run4—Grid07—1gec—0OceanCity
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Max current map on right for Ocean City, MD
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Max current map on right for Ocean City, MD
Source M=8.2 Puerto Rico
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Max current map on right for Ocean City, MD
Source M=8.6 Puerto Rico
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Max current map on right for Ocean City, MD
Source M=9.0 Puerto Rico
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Max current map on right for Ocean City, MD
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