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DISCLAIMER: The developed report has been completed using the best information available and is believed to be acqurate;
however, its preparation required many assumptions. Actual conditions during a tsunami may vary from those assumed} so the
accuracy camot be guaranteed. Tsunami currents will depend on specifics of the earthquake, any earthrggkesd
landslides, offshore constructioandtide level, andhusthe tsunami current locations may differ from the areas shown on the
maps. Information on he mapsis intended to permit state and local agencies to plan emergency procedures and tsunami
response actions. The Washington Emergency Management Division makes no express or implied representations or Warranties
(including warranties of merchantabilior fithess for a particular purpose) regarding the accuracy of this product nor the data

from which the tsunami current maps were derived. In no event shall the Washington Emergency Management Division be

liable for any direct, indirect, speciahcidertal, or consequential damages with respect to any claim by any user or any thijd
party on account of or arising from the use of this report.
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ExecutiveSummary

The state ofWashington has the second highest earthquake risk in the nation. Western
Washingtonhas several active locabrthquakefaults that could impact communities along the
coastlines on bdt the outerPacific coasand iland watersof the Salish Seencludingthe Puget
Sound The severhundredmile-long Cascadia Subduction Zone (CSZ) liesojffighe Pacific
Ocean coastline of Washington and runs from northern California up to Vancouver, B@and
Canada The CSK capable of generating powerful magnitude 9 earthquake which could
shake for up td or 6 minutes Earthquakesnd landslidesre the main source of tsunamis in
Washington. A local CSZ earthquakenerated tsunamis capable otreating60+ foot waves
that couldhit the Pacific coast of Washingtavithin just 1520 minutesafter the earth started
to shake The tsunamiwhich is made up of a series of waves| strike the outer coast then
travel into theSrait of Juan de Fucand inne coastal waters This series of waves whlting
impacts tothe coastal areas of the Salish Sethin a fewhours of thestart of theearthquake
andcan last over 12 hourDistant tsunamisfor example thos@riginating in Japan or Alaska
would have significantly longer warnitignes (greater than 3 hoursdndwould likely bringless
severeimpact.

Amongthe most vulnerabldacilitiesto tsunami impactsare ports, whichare typically located
along shoreline indevelopedareas They & often built on land created from dreed soil and

are thus susceptible to liquefaction in addition to tsunami impaetsits are avital component

of the maritime industry, which is comprised of kafrastructure for transportationtravel,and
commerce Ports provide and operate commercial marine transportation facilitied ship a

wide spectrum of commaoditiesranging from grain (bulk) to contaier cargoes. Ports also
maintain and operate airports, commercial and pleasure boat marinas, subsidized space for start
up businesses, colstorage plants, logxport yards, boat launch ramps, and even skl
railroads.The maritime industry in Washitan is a $21.6 billion industry contributing directly
and indirectly to 146,000 jobs and $30 billion in economic activity

The ability of ports tavithstand a disaster antesume operations quickly will be a major factor

in the recovery of the local commiip and economy in the short and long term. One way to help

is to developa strategy with recommended actions that came implementedto increaseport
resilience.Contained within his document ighe tsunami maritime response and mitigation
strategyfor the Port oBellinghanda FIF OAf A0ASA | NRPdzyR . Sttt Ay3aAKIY
in the event of tsunamis fd@mall CraftVessels under 300 gross tons) such as recreational sailing

and motor \essels, and commercial fishing vessels.
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Document Layout

The introduction begins byexplainingwhat a tsunamiis, and the differences between local
sourceand distantsourcetsunams. It thenprovides a brief overview of theazards the maritime
community faces from tsunami&inally, iprovides an overview dghe Port of Bellingham.

Section Icoversthe maritime risk fom local and distant sourcessunamis and providea brief

overviewon how to respond during ssunami It then explainsthe different tsunami alert levels
and thedifferent ways people can get alerted for tsunamigis includes theatural warning

signs

Section 2focuses onrecommendedresponse actionand who is responsible fgoerforming
them. This information is designed to be applicable to any maritime facility, organization, or
community that faces tsunami related hazar8sme examples include evacuating people to high
ground and restricting people from entering the tsunami inundation zone.

Section 3explains mitigation measuresfor the Port of Bellinghamlt covers site-specific
mitigation measures that can be undertaken to allow the port to become more resilient in the
event of a tsunamiSome example mitigation actiomscludestrengthenirg cleats andnoorings
installing tsunami signgndincreasing the height of dock piles

Finally, the appendices provide additional information and resouroesyof whichare specific
to the Port of Bellingham. These resources include response checklists, harbor information,
graphics, and other detailed informaho

Introduction

An earthquake strikes. The ground shakigou are on land, wdows and doors rattle. Pictures
start to fall off the wall. Because you have practiced in drills like the @rashingtonShakeOuit,

you immediately drop, cover, and hold on. Books fall and bookshelves topple. You hear car alarms
go off. Windows break. The shaking seems to go on folauethen it finally stops. You get up,
check your surroundings to make siires safe, and help your family membekou immediately
follow the nearest tsunami evacuation route, just like you practiced, because you live or work in
a tsunami zone. If yoare on your vessejjou see trees, telephone poles and buildings sway
dangerously back and forth. Windows break and bricks fall off the sides of buillva® of the
dangers of being at seduring a tsunami you know ienmediately head for shor&Vithout delay
youdock andsecure your vesséeaving to follow your tsunamevacuatiorroute. The streets are
cracked and buckled. Trees gmalverlineshave fallen down, so you walk with caution. Because
you and the maritime community have implementedwaami maritime response and mitigation
strategy, you and your family know what to do to protect yourselves when you are in your vessel
and/or at thePort of Bellingham. You get to high ground. As you look out towards the water, you
see a powerful tsunanwave racing to shoresmashing everything in its pattie first of several
life-threatening waves. Thankfully, you, your family, and your neighbors are safe.

2] Tsunami Maritime Response and Mitigation Stratedort of Bellingham



Theintroductory scenariodemonstrates the value of developing and implementing a tsunami
maritime response and mitigation strategyhi3 strategy provides practical guidance to assist
your maritime community inreducing your tsunami riskrou may be a community leadem
electedofficial,a concernedesident abusiness owner, an employeegavernment workerpr
some other member of the community. Whatever your role in the community, we hope this
strategywill assist you in your efforts to make your community safer.

Tsunamis

Tsunamis are the result of a sudden, lagpale displacement of water. They can be caused by
landslides under or into water, large submarine earthquakes, eruptions of coastal volcanoes, and
by meteor impacts ito a body ofwater. In Washington ste, the most likely sources of tsunamis

are earthquakes and landslideEarthquakes create tsunamis when the seafloor deforms
abruptly and vertically displaces the overlying water column. The displaced water travels outward
in a series of waves that grow intensity as they encounter shallower water near coastljrass
shown infigure 1. Tsunami wave impacts are greatest in and around ocean beachelyjhgw
coastal areas, and bounded water bodies such as harbors and estuireefirst waves magot

be the largest in the seriesor the most destructivé®@ ¢ KS ( & dzy' | Y An@xanly$apid S Ol a

flooding of lowlying land, but also dangerously strong currents. As the wateels inland, it
scours the ground and picks up large debris, whislegihe waves aadditional element of
destructive force.

o A plate shifts abruptly, causing an earthquake and displacing water.

9 Waves are generated and move out in all directions across
the ocean, some traveling faster than 500 mph.

Waves enter shallow water. They compress, their speed slows, and they
build in height.

Wave height increases and associated currents intensify, becoming threats to
life and property.

Figurel: Earthquake generated tsunami diagram.

Tsunamisriggered byearthquakes pose the greatest threat2 2 | & KA y 3 The igcatidon 02 | & G

of the earthquake playa key role in determining the tsunami travel titoea coastal community
as well as its impact on the communi¥/ashington is at risk from both local source and distant
source tsunamis.

3] Tsunami Maritime Response and Mitigation Stratedort of Bellingham
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Local Source Tsunamis

Localsource tsunamis are tsunamis for which the
first waves arrive at a location nder 3 hours
Large underwater earthquakes at the Cascadia
Subduction @dne (CSZ) at other local faults, or
landslides are the most likely cause of local source
tsunamis, which can produce significal#mage in
harbors and bays. A local source tsunami may
strike in less than an hour, and sometimes in only
minutes which significantly affects the ability of
local authorities to respond and of the public to
evacuate. For local tsunami sources it is impossible to predict how soon the initial wave might
strike; it could even occur while the ground is still shakingrfrihe earthquake.

A locally generated earthquake on ti@&Szould produce catastrophic tsunami waves that hit
outer coastshores within minutes hundation in thelow-lying parts of theNorthern Inland
Waters andPuget Sounahill follow within two hours. Strong currents and water level changes
would continue for tens of hours after first arrival. A locally generated earthquake on another
local fault €.9.,Seattle fault) could generate a tsunami wave that will inundate the shores of the
Puget Sound witin minutes depending on the fault location. Strong currents and water level
changes within th&und would continue for hours after the first wave arrivahdditionally the
earthquake shaking has the potential to cause slope failures leading to lanaslde=d
tsunamiswith no warning andmmediate effects

Distant Source Tsunamis

Distant source tsunamis artsunamis for which the first
waves arrive at a location iaver 3 hours. Distant source
tsunamis aremost frequently caused by large underwater
earthquakesin other parts of the worldand can cause~
significant damageear their sourcesThe source of a distant
tsunami greatly affects the ability of local governnemno
respond and the public to mitigate expected impactSor
example, asunami originating iror near Japan 9-10 hours
wave travel timeaway)or Chile (4-16 hours away)rovides
more time for local response activity than a tsunami
originating off thecoast ofAlaska 4-6 hours away)Alaska is

2 L aKAy3dbt2yQa Of2asSaid FyR GKSNBT2NB
distant source tsunami.

L
(0p))
Qx
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Tsunami Hazards for Mariners avelssels

Tsunamis pose many significant hazards for boaters and their veSaelden largéluctuations

in the water level cawauseunprepared and unaware vessels to become quickly swamped with
water and or washedonto the shore Inshallowareas these fluctuations can algmundvessels

on the sea floor when water rapidly redes, only to bevertopped by water when the next wave
rapidly arrives(Figure2). These incoming and receding surges of water can @sate large
tsunami bores that can capsize boatsd complex coastal waves that pose a dangeraagation
(Figure3).

AR

—~—

o T
Figure 3: Standing tsunami bore waveSimnaoshi River, Miyagi Prefecture, Japan 2016. Miyagi
Prefectural Police/Kyodo/via Reuters
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Figure 4: Whirlpools forming off Japan's co
after the 2011 tsunami. Yoiumri / Reuters

Tsunami eventgan create strongand
dangerous currents with speeds
greater than9 knotsthat poseserious
risk to vesse$ and maritimefacilities

These currents can be amplified by t
geography and bathymetry of the
surrounding areaNarrow waterways
and areas around islan@se especially
dangerous as well asareas where
water is shallower These strong
currents canlead to the formation of
largewhirlpools and eddiegFigure4)

which cancause vessels to becomg
trapped and unable to escape undeg®
their own power. Thesecompex fast-
moving tsunami wavescan quickly
change direction making them
extremelyunpredictable This createsf
increasedrisk in areas of waterway
congestionthat can causevesselsto &=
crash intoeach other Tsunamis alSOFigure 5: Tsunami debris in the water after 2011 tsunami in Ishinc
drag massive amounts afangerous Japan. Koyodo News /AP

debris into the wate(Figure5).
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All the above risks also exisiside of harbor and port area$he extremewater level fluctuations
have thepotentialto make docks overtop pilingdecone detached fromthe shore or sea flogr
or break apart in section@-igure6). Vessels can bgrounded when waterecedes large, deep
keeled vesselsanexperiencestrongdragsufficientto rip themfrom their moorings oflift them
on top of docks or the shor@igure7). Narrowentrancesto harbors can amplify current speeds
and causewater to move in unexpected directiong.he confined natureand amount of
infrastructure and vessels in harbors daad toa massive amountf debris moving through the
area, creating dangerouonditions. All these hazards can exist for-22 hours or morafter the
start of the event.

Figure 6: Docks broken from Japan 2011 distsunami event in Brookings, OR. USCG Pho
Group Air Station North Bend

pr~ s e . A

Figure 7: Ship lifted on to land by tsunami waves in Japan. US Navy photo
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Summary off sunami Hazards that cBirectly Affect Boats:

1 Severewater-level fluctuations

o0 Docks could overtop piles as water level rises

0 Vessels could be washed orgbore and grounded

o Grounding of vessels as water level suddenly drops
1 Capsizing from incoming sugébores), complex coastal waves, and surges hitting
groundedvessels
Strong and unpredictable currents that can change direction quickly
Eddies/whirlpools
Drag on larg&keeledvessels
Collision with othewvesselsdocks, and debris
Dangerougsunami conditions carabt 1224 hoursor longerafter the first wave
arrives, causing problems for inexperienced and unprepared boaters who take their
boats offshore

= =4 -4 A4 A

Boater Considerations During a Tsunami Event

Mariners and vessel captains will needtase into consideratiomanyfactors ifthey areat sea
during a tsunami eveniCaptains will need toatide whether to remain at sea and search for
safe locations(deep wateraway from other vessels and debrig)attempt to ride out the event
or to instead return to shore, secure their vessel and evacuate to high groGade things to
consider includethe distance to shorer deep water(100 fathoms or 600 foot depth)he skill
level ofthe captain and crewthe vessel speed and capabijitiie draft of the vessel; the amount
of provisionsfuel, and equipment on board;urrent weather, tide stage ancbnditions on the
sea;the amount of time before the tsunami impactand whether the vessel has adequate
communication withother nearby vessels and authorities on shore

Keep in mind that while there may be some areas in the Salish Sea and Puget Scerd the

waterA & RSSL) Sy2dzaK 6cnn FSSGo0 G2 0S ,andtfedeh RSNER
minimum water depthrecommendations are for the open ocean. The narrow and complicated
structure of theinner coast waterwaysmean tsunami waves and currents will behave quite
differently than they would in the open oceant is possible thatno areas wihin the Salish Sea,

which includes the Puget Soundretruly safe.Due to this uncertainty it is recommended that

vessels not alreadput on the water remain docke@nd that people near the water get to high

ground immediately Do not attempt to go out mto the water when a tsunami is on its way

toward you.
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Figure 8: Considerations for boaters who are already offshore during a tsunami.

§

The Port of Bellingham

The Port of Bellinghartthe Por)A & t 2 OF G SR Ay (GKS KSI NI 2F R2g4Y
The Port is a countyide municipal corporation with a mission to promote sustainable economic
development, optimize transportation gateways, and manage publicly owned land and facilities

to berefit Whatcom County.The Port of Bellingham also holds the associate development
organization (ADO) status for Whatcom County, which is administered through its economic
development division, the Regional Economic Partnership (REP). As such, REP fasthiens

local arm for the Washington State Department of Commerce and is responsible for economic
development for all of Whatcom County.

Throughout Whatcom County tHért owns, operatesand maintains approximately,d00 acres

of property including a shgng terminal, the Bellingham Cruise Terminal, two marinas
(Bellingham and Blaine), industrial development areas (Sumas), commercial uplands, parklands,
shoreline public access areas and the Bellingham International Airport (BLI). The Bellingham
Cruise Taninal is the southern end of the Alaska Marine Highway System (AMHS), a ferry service

9] Tsunami Maritime Response and Mitigation Stratedort of Bellingham



operated by the state of Alask&he AMHS is part of the National Highway System and plays a
key role in transport of people and automobiles between the contiguous UShen&tate of
Alaska. The Port supports maritime related business including boat manufacturing and repair,
seafood processingndcold storage. For more information about the Port of Bellingham, please
visit https://www.portofbellingham.com/
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Figure 9: Map of the Bellingham area with close up of port and Fairhaven Terminal areas. Close up boundaries repr
modeling study area extents.

ThePort of Bellinghanproperties along the waterfront in th€ity of Bellingham, as well as the
properties in the Fairhaven districhave been identified as being at risk of inundation and
damage from a tsunami event. The extent of inundation and damage varies greatly depend

on the location and size of the initial event which causes a tsunami. The guidance that follows is
based upon maximum considered evefasaCS£vent(local) ancan Alaskaevent(distant) and

the anticipated effects of those event$his guidance fruses on the specific port properties
locatedon Bellingham Bay ithe Bellingham and Fairhaven areas depictedignre 9 Theg
properties includethe Inner andCQuter basins of Squalicuarbor, the BellinghanShipping
Terminal (BST)and theBellingham Cruise Terminahs well as the associated surrounding
infrastructure.
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https://www.portofbellingham.com/

Do Your Homework

The Washington Emergency Management Division encourages maritime communities to utilize
this strategyto helpreduce ther riskfrom tsunamisand save livesThe information within this
strategy could be used tdearn about maritimetsunamirisk, incorporate reaktime response
actionsinto standard operating procedurggletermineand prioritize mitigatiormeasures and
identify additional resourcesAlthough these products, strategies, and related mitigation efforts
will not eliminate all casualties and damages from future tsunamis, they will provide a basis for
reducing future impcts on lifesafety, infrastructure, and recovery in Washington maritime
communities. For detailed information on tsunami hazards in your area, cbetkhe
Washington Department of Natural Resources Washington Geological Survew(#Gi®) The
Washington Emergency Management Division also provides information abhowmi threats
in_Washington and general tips ompreparedness Foradditional information on tsunami
maritime hazards consultttp://www.tsunami.noaa.gov
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Section 1Tsunami Maritime Risk aliidance

Tsunamis can strike without warning and the danger can be even higher for those at sea when a
tsunami is coming. Dangerous currents, extreme water level changes, debris in the amater
damage to ports and shore sidefriastructure can all lead to potentially fatal situations. The
safest place to be when a tsunami strikes is on land at an elevation above the tsunami inundation
zone. This underscores the importance of being aware oh#taral warningsigns a tsunami

may be coming, as well as having a waydoeive official alertof a distant source tsunami
arrival.

NATURAL

OFFICIAL
1;\ (> Tsunami Warnings
? * (broadcast through)

Feel a strong or DA Hear a loud
long earthquake A2 roar from
the ocean

See a sudden rise
or fall of the ocean

Wireless Emergency Alerts Telephone
and Text Messages Notifications tsunami.gov

Figure 10: Natural and official warnings

A localtsunami will leave very little time for mariners at sea to take protective actidmch is
why knowingthe natural warning signs is so importarilpon seeingr experiencing any of the
natural warning signs that coulddicatea tsunamjimmediate action should be taken reach
shore, safely dock your vessel and evacuate the inuadaone.

A distanttsunami will leave more time for protective action to be taken, there will be no
obvious signs to warn mariners about the approaching tsunahfie only warning for a distant
tsunami will come fom official sources For thatreasa, mariners should alwaylse equipped
with a way toreceivealerts while at sea. While having a single way to obtain alerts is good,
havingmultiple redundant ways to receive alertsrtecommended.

This document provides response guidance in the event of tsunanssiédrcraft (vessels under
300 gross tons) such as recreational sailing and motor vesselspamdercial fishing vessels.
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Guidance for Local Source Tsunamis

Maritime response guidamcin this section
is based on effects ofthe maximum
considered local CS8jenerated tsunami
event. Other local source tsunamis
generated on other faultsnay also occur
and are likelyto have different effects,
depending on source and distanctan
the maximum considered scenaridlways
check with local authorities for more
specific guidance that may be appropriate
for other local tsunami events.

In a local tsunami event, it is necessary to
evacuate thetsunamiinundation zone as
soon & possible. Anyresponse actions
taken should be prioritizedoased on life
safety preservation.

Local Source Tsunami Risk for the Port of Bellingham

A locally generated tsunami from the CSZ will bring major impacts to the Port of Bellingham
properties loated on Bellingham Baincluding:

- Extreme water level changes

- Extensive inundation of dry land

- Major drawdown of water levels exposing the sea floor near shore

- Rapid and powerful current flows

- The first wave most likely will not be the largest or most dangs

- Significant amounts of loose debris moving unpredictably in the water

In order to prepare for such an event a CSZ generated 9.0 event was simulated and modeled for
its impacts.This model includes a surfacepturing splay fault structure that ampls tsunami
waves.2  AKAyYy 32y {a4GFdS KFra I|R2LISR GKAA aO0Syl N
(called the CSE1 model¥or many inundation modeling studies and subsequent evacuation map
development. The scenario represents a full rupture of the CSZ extending northward past the
entrance of the Strait of Juan de Fuca. ThelCISAodel creates very large waves along thefiea

coast, in addition to substantial waves that propagate through the Strait of Juan de Fuca and into
the Strait of Georgigeventuallyaffecting the entire Salish Sed@he first wave crests reach the
BellinghamWaterfront about an hour after the initlavater leveldrawdown (about two hours

after the earthquak® This model was used to develop maps of inundatimmimum water

levels and current velocity for the areas $fualicum Harbor, the Bellingham Shipping Terminal,
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and the BellinghamCruise Terminal in Fairhavert should be noted thatwhile this scenario
constitutesthe maximum considered local event, other local sources suchustal earthquakes

or earthquakeinduced landslidesould cause tsunamis with effecasrivingmuch qucker than
a CSZ event.

Anticipated WatetevelChanges from a Local CSZ Tsunami Event

Modeling of a CSZ 9@&arthquake generated tsunami indicates that significant portions of
Squalicum Harbotthe Bellingham Shipping Terminal, and surrounding akei#isbe inundated

by water. The flow depth of the inundation on land ranges from slightly more than a foot to
depths in excess of 106 feet in some locations.
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Figure 11 Modeled inundation depth from a tsunami generated by the Cascadia subduction zone (CSZ) L1 scenario in
Bellingham.
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At the Bellingham Cruise Terminkcation significant inundation is expected throughout the
terminal area. The flow depth is anticipated to exceed 16 feet at the Alaskan Marine Highway
System docks anather docks nearby. The surrounding land up to Harris Ave is anticipated to be

flooded at a depth of 4.0 feet or more.
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Figure 2: Modeled inundation depth from a tsunami generated by the Cascadia subduction zone (CSZ) iblirs€aidraven.

Evacuatiorfrom thelnundation Zone

Given the amount and extent of inundation from a locally generated tsunami eaéieople

should immediately evacuate the inundation zone. Evacuees should always plan to evacuate on
foot due to the potential for damage to road infrastructure, downed powerlines, and congestion
and confusion on the roadways. Pedestrian evacuatiopsnaith approximate walk times
(based on a walking speed 2#6 miles per hoyrroughly &24 minute per mile pagehave been
developed for both the Port of Bellingham and Fairhaven areas. Those who work, live, or
frequent these areas should studyebemapsto determine the ideal and most expedient route

out of the area and to safety on high ground. Once the optimal routes are determingd the
should be practiced often to understand the amount of time evacuation will take, and to ensure
that evacuation ca be performed without delay at any time, day or nigand in any type of
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weather conditions. For fullsizedinundation andevacuation maps for other locations stee
Washington Department of Natural Resourdesinami Evacuation Maps webpage.
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MinimumWater Level Leading to PossiBkposure of Sea Floor

The simulation of a CSZ event anticipates multiple drastic drawdowns of water during the event,
the severity of which will be affected by the tide stage at the timethdtareas around Squalicum
Harbor and the Bellingham Shipping Termitia¢ simulationshows that regardless of the tide
stage the drawdown occurring at around 4 hours after the start of the event will be so severe it
will expose the sea floor extensively and for a significant amount of time. Thisswessels in

the Squalicum Harbor areaill become grounded and left resting on the floor of the sea. The
followingminimum water leveimaps are modeled based on Mean Low Water, meaning that the
time of minimum water depthcoincides with the mean lowest tide. This provides the most
conservatve estimate of thaninimum level of wateremaining in thestudy area
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Figure 14A comparison ofvater depths for a tsunami simulated by the Cascadia subduction zone (CSZ) L1 scenario n
Mean High Water (MHW) and the Mean Low Water (MLW) tidal datumater depth values were recorded at a simulated
gauge location in the Bellingham studgead K2 6y Ay CA I dzNB wmp . Tsunamiavavy¥ daipltuiles Bevi
from the MHW and MLW tidal datums, respectively.
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Figure 15: Modeled minimum water depthfrom a tsunami generated by the Cascadia subduction zone (CSZ) L1 scenario in
Bellingham. Each colored zone hasfa® water depth interval. In the zor®osest to landwater depth drops to 3 feet or less.
Refer to the designatetide gauge plots to sethe relative timing of each wave drawdown.
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At the Bellingham Cruis&erminallocation in Fairhaverdrawdown will also occur but is not

expected to be quite as drastic as at tlvaterfront properties in Bellinghamue to the depth of
the sea floor just offshore.
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Current Velocity, Areas of Dangerous and Unpredictable Currents, and
the Relationship Between Current Speed and Harbor Damage

Damage occurring from tsunamis inside harbors bardirectly attributed to strong currents.
¢tKS&asS Gadzyl YA RNAGSY OdNNByia FINB Ay SEOSaa
their speed is applied on top of the base current speBadmage can vary based on the age and
location of docks andoats yet some generalities about the relationship between tsunami
currents and damage can be noted.

One such generallty is a.trend f Damage
damage increasing with increas
current speed. There is a noticeable Index Damage Type

threshold for damage initiation at ~ 3
knots(1knot=1.15 miles per hour)At

over 6 knots damage transitions fror
moderate to major, and as currentg
reach over 9 knots damage levels moye
into extreme damage categories.

=
o

No Damage

1 Small buoys moved

Currents = Damage

0-3 Knots = No Damage Docks/small boats damaged,

3-6 Knots = Minor/Moderate damage 2 Large buoys moved
6-9 Knots = Moderate/Major Damage
>9 Knots = Major/Complete Damagg Moderate dock/boat damage,

3 Mid-sized vessels off moorings

It should be noted that more recen
data indicate that although the-8-9 Major dock/boat damage, large
knot thresholds work for newer (<30 vessels off moorings

40 years old) and welnaintained 4

docks and harbor infrastructure

velocity thresholds of -5-7 knots _
might be more appropriate damage¢ 5 Complete destruction
thresholds for older (>480 years old)

and less maintained docks Tablel: current velocity and associated damage

The SqualicumHarbor area is anticipated

to experiencedamagingcurrents during a local tsunami event. These strong and unpredictable
currents aremodeledto be 0-3 knotsin excess of normal current spedtisoughout the majority

of Bellingham Bay. However, inside tt@nfined harbors and outside of tHerborentrances
currents can be expected to be much faster, at leaéthotsand potentially up to 69 knots.
Excess currents between 6 and 9 kntiat are expected here have the potential to cause
moderate to majordamage to vessels and docks and could pull-siedd vessels free from
moorings. The fastest tsunami currents n&xqualicum Harboare anticipated to be just shore
side of the narrow entrances to the harboasins with currents here exceeding 9 knotaurfents
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over 9 knots are considered to cause magtamageor complete destruction of vessels or
infrastructure and could pull even large vessels off their moorings and set them adrift.

Figurel8: Modeled current velocity from a tsunami generated by the Cas@thductionZone (CSZ) L1 scenario in Bellingham.
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At the Bellingham Cruis@€erminal arealike the majority of Bellingham Baghe excess currents
are anticipated to be around-B8 knots in most areawith the exception being the mouth of

Padden Creek and open water to the southwest of the terminal area. Here the currents rounding
\I¢hthis is mostly open water with little

infrastructure around, the area would still be dangerous to any boaters on the open water during

the point are expected to be up to 6 knot

the event.
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Figurel9: Modeled current velocity from a tsunami generated by the Cascadia subduction zone &8#atid in Fairhaven.
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Actionable Natural Warning Signs

The earthquake itself is the warning for a local tsunamihere may not be enough time to
receive an officiatsunamiwarning. Be alert for the earthquake amdher tsunami natural
warning sigs:

1 Onshore
o Strongand/or longground shaking
o0 Loud roar from ocean
o0 Waterrapidlyreceding, possibly exposing the sea floor
o Wall of water surging towards shore faster than any tide
1 Offshore
0 You may feel the earthquake through the hull of your vessel
0 Youmaysee a rapid or extreme shift in currents and simultaneous changes in
wind wave heights

General Guidance on Response to Natural Warning Si@fEaial
Warnings
Because gu may have only minutes to take action it is important to have a plan in adwanc

that includes a quick way to release commercial fishing geaitttsat your boat is not dragged
down by currents, andhavingat least 3 days of food, fuel, and watestored on your vessel

During the event

A 1 If you are on land or tied up at the dock:
Tsunami 0 Leave your vessel arebad forhigh groundor inlandon foot
. as soon as possible. Ydo not have time to save your vess
Wammg or in this situation and could die trying to do so.
Natural { If you are on the water but near shore:
. . 0 Use your best judgement to decide between the two opti
Wammg Slgns ¢ safely beach/dock your vessel and evacuate on foot to

ground or get taminimum offshore safe depth.

0 Attempting to beach your vessel could be challenging
dangerous due to wave conditions, water levels, or
presence of bars. It is easy for a boat to run agrounc
capsize before reaching the shore only to be swept up by
coming tsunami wave.

o0 However, if you can safely beach or dock your vessel
evacuate to high ground before the tsunaarrives this is
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A

Tsunami
Warning or
Natural
Warning Signs

l

your best option. If that is not possible head to deep, oj
water as quickly as possitdad stay away from other vesse

If you are onthe water and not nearthe shore:

0 At less than 100 fathoms (600 ftStop fishing operation
immediately, freeing the vessel from any bottg
attachments (cut lines if necessary) you can beach or doc
your vessel within 10 minutes of a natural warniagd
evacuate on foot to high ground, this is ydaest option. If
that is not possible, head twater that is deepethan 100
fathoms, keeping in mind the following:

A Proceed as perpendicular to the shore as possible

A Sail directly into wind waves, keepirig mind that
wind waves opposed by tsunami currents will
greatly amplified

A Maintain as much separation as possible from ot
vessels

A Synchronize movements with any other vessels
avoid collisions

0 At 100 fathoms(600ft) or deeper. If you are already aa
location where the water depth 500 fathomsor deepet you
are relatively safe from tsunamis

After the event

If you arein an offshore staging areeheck with theJnited States
Coast GuarqUSCGgfor guidance before leaving the staging art
conserve fuel by drifting until you know what actions you nee
take.

If you are atan onshore assembly area, check with Ig
authorities for guidance before returning to the inundation zo
Do not returnto local ports until you have firm guidance fraie
USCG and local authorities

Local ports could sustain heavy damage from a local tsunam
may not be safe for days, weeks or months

If at sea check to see if you can reach an undamaged port
yourcurrent fuel supply and watch for floating debris or surviy
that may have been washed out on debris

If at sea, consider checking withe USCG about your role
response and recovery
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Lessons Learned in Alaska from the March 28, 1964 Alaskami

The first wave is not usually the largest for tsunamis. At Kodilaskaduring the 1964 tsunami
the first wave was 3.4 m (11 ft) at the Naval Air Station, while the fifth wave was 7.6 m (25 ft) at
high tide (Lander, 1996). The tsunami arrivethimi 10 minutes of the earthquake.

The primary lesson was that there was INSUFFICIENT time for harbor personnel or vessel
captains/owners todo any response actions (i.e., remove vessels offshore or out of the harbor)
prior to the arrival of the tsunamiEvacuation inland and to high ground out of the tsunami
inundation zonewas the only possiblaction.

Guidance for Distant Source Tsunamis

Maritime guidance in ti$ section is based roanticipated
effects ofthe maximum considered distant Alaska tsunami |
event. Other distant source tsunamis may also ocdwut

are likely to cause less damage than the maximum
considered scenario.

e
A distant source tsunami event will allow some time for local
agencies and citizen® take steps to mitigate or reduce
expected impacts of tsunami surges. The most important
step is to evacuate from thissunamievacuationzone prior
to the expected arrival time of the first tsunami surge.
However, there may not be enough time to accdisip all
needed response actions before the first wave arrives. Local
response activities could be extensive and may involve large
numbers of peopleresulting in congestion and delayed
actions. Therefore, the actions to be taken must be
prioritized andbased on lifesafety preservation. Only those
actions assured to be successful should be attempted.

Distant Source Tsunami Risk for the Port of Bellingham

A tsunami event generated from a distant earthquaksile being less dangerous than a locally
generated eventwill still bring significant impacts to the Port of Bellinghproperties located
on Bellingham Bayncluding:

1 Significant water level changes

1 Potential for inundation of dry land

1 Significant drvdown of water levels with the potential to expose the sea
floor in shallow areas

1 Strong and unexpected current

1 The first wave may not be the largest or most dangerous
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In order to prepare for a distantly generated tsunami evamAlaskaAleutianSubduction Zone
(AASZ)megathrust earthquake with moment magnitude of 9.2dalled AKMaxWA was
simulated and modeled for its impacts. This simulated event is similar to the 1964 Alaska
earthquake(Mw 9.2). This model produces very large waves alongAth8Z The wave travels
across the Pacific Ocean to Washington and propagates into th# &trduan de Fuca, Puget
Sound, and the Strait of Georgia. The wave crests reach the Bellingham waterfront at
approximately 6 hours following the earthquake. With this model there is no drawdmefore

the first wave arrivesalthough there is drawdown &dr the first wave. In this simulation the
second wave is higher than the first.

Anticipated Water Level Changes from a Distéagk&Tsunami Event

Modeling of aa AKMaxWA earthquak@enerated tsunami indicates that significant portions of
Squalicum HarborBellingham Shipping Terminal, and surrounding areag be inundated by
water. The flow depth of the inundation on land ranges from slightly more than a foot to depths
potentially in excess of 6 feet in some locations.
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Figure20: Modeled inundation depth from a tsunami generated by the Ala&lautian subduction zone (AASZ) AKMaxWA
scenario in Bellingham.
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At the Bellingham Cruis€erminal location some inundation is expected throughout the terminal
area. The flow depth is anticipated exceed 10 feet at the Alaskan Marine Highway System
docks and other docks nearby. The surrounding land up to Harris Ave has potential to be flooded

at a depth of over 1 foot or more.
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scenario in Fairhaven.
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Water Level Drawdown Leading to Potential Exposure of Sea Floor

A simulation ofthe Alaska event anticipates multiple drastic drawdowns of water during the
event, the severity of which will be affected by the tide stage at the timeScptalicum Harbor
and the Bellingham Shipping Terminal argreessimulation shows that theninimum water depth

that remains due to the drawdowdepends heavily on the tide stage. At mean high tide the first
major drawdown will cause the water level to quickly drop below the level of meamwiater

but will not cause extensive exposure of the sea floor. If the fird farssibly the second) majo
drawdown occurring at around 7 hours after the start of the event coincides with low tide it will
likely expose the sea floor in the shallower areas for a significant amount of time. This mean
some vessels in the Squalicum Harbor area could become dedusnd left resting on the floor

of the sea. The following minimum water level maps are modeled based on Mean Low Water,
meaning that the time of minimum water depth coincides with the mean lowest tide. This
provides the most conservative estimate oktminimum level of water remaining in the study
area
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Figure 22:A comparison of water depths for a tsunami simulated by the AlAsiatian subduction zone (AASZ) AKMa
scenario modeled at Mean High Water (MHW) and the Mean Low Water (MLW) tidal datums. Water depth values were
at a simulated tide gaugetath 2y Ay GKS . StfAy3IKIY addzRé NSl akKzgy
amplitudes deviate from the MHW and MLW tidal datums, respectively.
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Figure23: Modeledminimum water deptHrom a tsunami generated by the Alaskéeutian subduction zone (AASZ) AKMaxWA
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Refer to the desigriad tide gauge plots to see the relative timing of each wave drawdown.
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At the Bellingham Cruis@€erminal location drawdown will also occur but is not expecteld:éal

to minimum water levels that arquite as drastic as at the Port of Bellingham location due to the
depth of the sea floor just offshore. Any areas where the sea floor is potentially exposed will be
very near to the shoreline.
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Figure 24:A comparison of water depths for a tsunami simulated by the AlAdatian subduction zone (AASZ) AKMa
scenario modeled at Mean High Water (MHW) and the Mean Low Water (MLW) tidal datums. Water depth values were
at a simulated tide gaugocath 2y Ay (GKS ClFANKI @Sy adGdzRé | NBlI aK246y A
amplitudes deviate from the MHW and MLW tidal datums, respectively.
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Current Velocity, Areas of Dangerous and Unpredictable Currents

TheSqualicumHarbor area is anticipated to experience potentially dangerous currents during a
distant tsunami eventoriginating in Alaska These strong and unpredictable currents are
anticipated to be on the lower end of the®knot range (1 knot = 1.15 miles per hptnmroughout

the majority of Bellingham Bay. Keep in mind, these tsunami driven currents are in excess of any
SEA&GAYT 2N Wy2NXItQ OdNNByida Ay GKS | NBI o
expected to be confined to just inside the harlsartrances. In the Outer harbor basin both the
westandsouth harbor entrancehavethe potential to experience currents in the@knot range.

While currents in this range will most likely not cause significant damage, travel though this area
will be darmgerous. Theastharborentrance of the Inneharborbasinhas potential for stronger
currents inside the entrang@ossibly extending into the-8 knot range in places. Travel though

this area could be highly dangerous, and any infrastructure in thasssacould sustain damage.
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At the Bellingham Cruis@€erminal arealike the majority of Bellingham Baghe excess currents
are anticipated to be at the lower end of the30knot range in most areas. While this poses little
danger to thenearbyinfrastructure, the excess currents in the area could still be dangerous to

any inexperienced boaters on the open water during the event.
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Lessongearned inNorthern California from the Marchl, 2011
Japanesdsunami

Prior to the arrival of the March 11, 2011 tsunami in Crescent Céaliforniamany commercial
fishing boats headed to sea. Once the tsunami hit and they realized they were unable to return
to Crescent City Harbaue to its camage decisions had to be made as to where to go because

of a huge storm approaching the coast. Some vessels had enough fuel to make it to Brookings
Harbor in Oregon or to Humboldt Bay, California. Some smaller vessels did not have enough fuel
and madehe choice to reenter Crescent Cithdarbor to anchor. Somef the captains had never

been to Humboldt Bay and some were running single handed as they did not have enough time
to round up crew. The captainkept in close contact with each other feafety and for moral
support. Even though the tsunami initially impacted the west coast on the morning of March 11,
2011, the largest surges in Crescent City did not arrive until later in the evening, when the waves
coincided with high tide.

The primary lesson is: yfou plan to takeyour boat offshore during a tsunami, only do so if you
have the experience, supplies, and fuel to stay offshore or travel long distances to other harbors
because dangerous tsunami activity could last for more thada hours and damag within
harborsmight prevent reentry.

Actionable Natural Warning Signs

For a distant source tsunami, you will not feel shaking and there is a possibility that you may not
receive an official alert. You therefore need to be able tmgeuze thenatural warning signef
a tsunami and respond immediately when you experience any one of:them

1 Onshore
o Loud roar from ocean
o Waterrapidlyreceding, possibly exposing the sea floor
o Wall of water surging towards shore faster than any tide
1 Offshae
0 You could see a rapid or extreme shift in currents and simultaneous changes in
wind wave heights

35] Tsunami Maritime Response and Mitigation Stratedort of Bellingham



General Guidance on Responsd sninamiAdvisories and Warnings for
a Distant Event

During the event

Evacuate from alitructures and vessels in the water

Access of public along waterfront areas will be limited by local

authorities

1 All personnel working on or near the water should wear persona
floatation devices

1 Port authorities will shut off fuel to fuel docks, aatl electrical and
water services to all docks

1 Secure and strengthen all mooring lines throughout harbor,

specifically areas near entrances or narrow constrictions

1
1

After the event

1 Port authorities will not allow public to reenter structures and
vesselsn the water until Advisory is cancelled and conditions are
safe

During the event

A 1 Access of public along waterfront areas will be limited by local
Tsunami authorities
. 1 Port authorities will shubff fuel to fuel docks, and all electrical an
Warnlngs water services to all docks

1 If you are on the water
o Prepare for heavy seas and currents. Maintain extra vigilance
monitor VHF Channel 16 for possible Urgent Marine Informa
Broadcast from the US Cad3uard
o Monitor VHF FM Channel 16 and the marine WX channel
periodic updates of tsunami and general weather conditig
additional information will be available from NOAA Weatl
Radio
o Itis not recommended that captains take their vessels offshq
during a tsunamibecause they could put themselves at grea
risk to injury. However, if they do decide to go offshore, tl
should proceed to a staging argeeater than 30 fathoms (180 ft
& at least 1/2 mile from shoreand have the experience, fueha
supplies to stay offshore for more than 24 hours or possibly I
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Tsunami
Warnings

A

After the event

T ¢ KEAUTIONARYREb ¢w, ¢ 5h9{ bh¢ a9!

the resources to travel to a different port if extensive damg
occurs to their home port

o If conditions do not permit, dock your boat andead for high
ground or inland

o0 VESSELS consiawy leavingthe harbor and heading to sea,
should consider the following:

1 Make sure your family is safe first

1 Check tide, bar, and ocean conditions

1 Check the weather forecast for the next couple of days

1 Ensure you have enough fuel, food, and water to last
multiple days at sea

1 If you do not have time to accomplish your goal, you
should not make the attempt.

1 PLEASE REMEMBERere may be road congestion. The
may also be vessel congestion in the harbor as sl
barges, and other vessels attempt to departtla¢ same
time. All vessels should monitor VHF Channel 16 anc
extreme caution. NEVER impede another vessel.

0 VESSELS that stay in pefhould check with local port authoritie
for guidance on what is practical or necessary with resped
vessel removal or mooring options, given the latest informat
on thetsunamievent; then exit thetcsunamiinundationzone.

IS OPEW® ¢CKS a/'!'9O9pbtwbéwyYSwal 3S
only.

Mariners at sea should monitor VHF Channel 16 for possible US
Guard Safety Marine Information Broadcasts regarding condit
and/or potential restrictions placed on navigation channels ¢
entrances to harbors.
Check with your docking facility to determine its ability to rece
vessels. Adverse tsunami surge impacts may preclude safe use
harbor. Vessels may be forced to hoc offshore or travel greal
distances to seek safe harbor. An extended stay at sea is a pos:
if the Harbor is impacted by debris or shoaling. Make sure your v
is prepared to stay at sea. Where possible Mariners sh
congregate for mutuasupport while at sea, anchor, or during tran
elsewhere.

If in an onshore assembly or evacuation area, check with
authorities for guidance before returning to the inundation zone.
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TsunamAlerting

Tsunami alerts for Washington areriginated by the National Oceanic and Atmospheric

' RYAYAEGUNIGA2YQa Obh! !0 blaA2ylFf ¢adzyl YA 2 NJ
Center detects, locates, sizes, and analyzes earthquakes throughout the world 24 hours a day.
When an earthquake occsiwith the potential to generate a tsunamhie NTWC will evaluate the

event based on set parameters and determine the level of alert necessary for the eveat.

NTWC will then use data frodeep ocean tsunami detectors to judge the size, speatsanerty

of the event andalter the alert levels as appropriate. Once the NTWC issues ar) takrt
information is sent tahe appropriate federal and state authorities to be disseminated to the

public. In the event of a warning tidational Weather Serviceilvsend an alerthroughNOAA

Weather Radios in the affected area The Washingtor8ate Emergency Operations Center
(EOCill activate the tsunami All Hazards Alert Broad¢A$iAB%irens Bellingham currently

has two sirens. One is located in Squalicum Harbor by Gate 5 and the other in Fairhaven at the
entrance to the Bellingham Cruise TerminbheSEOC will alssendanalertthough the wireless
emergency alert system (cell phone alertay well aghrough the Emergency Alert System
(broadcast alerts on television and radiof KS 2 KI §02Y [/ 2dzyié {KSNARTFT
Emergency Management will also issue alerts as described in the Whatcom County Tsunami

Pressure Sensor \

Acronyms

NWS - National Weather Service
EOC - Emergency Operations Center
EMWIN - Emergancy Managers Weather Information Network
GTS - Global Telecommunications System
FOS - Family of Services

Figure 28: Diagram of tsunami alefissemination
Action Plan, in cooperatiowith the SEOC

These types of alerts are most importafiar distant events and can also be useful for those
further from the source of a local event. For those individuals near the source, such as people
on the outer coast for a CSZ event, the impacisladoccur tooquickly to receive official alerts.
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Individuals in those locations should be prepared to recognize the natural warning signs and act
on them immediately.

Determining Whether a Tsunami Could Be Generated

In most cases the first sign of a potential tsomas an earthquake. Seismic waves travel about
100 times faster than tsunamis, so information about an earthquake is available before
information about any tsunami it may have generated. Three key pieces of information about an
earthquake help the tsunamwarning centers determine if it was tsunamigenic (capable of
generating a tsunami): location, depth, and magnitude. The warning centers use this preliminary
seismic information to decide if they should issue a tsunami message and at what alert level(s).

Once a message is issued, the warning centers conduct additional seismic analysis and run
tsunami forecast models using information from the seismic and wlatezl networks as it
becomes available. These numerical models use thetiral information andpre-established
scenarios developed from historical tsunami information to simulate tsunami movement across
the ocean and estimate coastal impacts, including wave height and arrival times, the location and
extent of coastal flooding, and event duration.eTfesulting forecasts help the warning centers
decide if they should issue an updated alert or cancellation message.

Tsunami Alert Messages

The National Tsunami Warning Center (NTWg&)es tsunamWarnings,Advisories,Watches,
and Information Satements. Each has a distinct meaning relating to local emergency response.
In summary:

Warning Inundating wave possible Full Evacuation Suggested
Advisory ‘ Strong currents likely ‘ Stay away from the shore
Watch ‘ Danger level not yet known - Getready to take action
Information Minor waves at most No action suggested

Table 2: Official tsunami alerts, associated effects, and protective actions to be taken

Based on seismic data analysis or forecasted amplitude (dependent on whether the Center has
obtained sea level data), NTWC will issue the appropriate messagenings andadvisories
suggest that action be takekVatches are issued fprompt people to geteady to take action
Information Statements are issued to let people know that there was a large earthquake, but
there is little to no dangerOnce the danger level is determined, the watch is upgraded to a
warning or advisory, or cancele@he full déinition of each message is given below:

1 IENLREIRWENI) - A tsunamiwarning is issued when a tsunami with the potential to
generate widespread inundation éxpectedjmminent, or occurringWarnings alert the
public that dangerous coastal flooding accompanied by powerful currents is possible and
may continue for several hours after initial arrivalWarnings alert emergency
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management officials to take action for the entire tsunami hazardezofppropriate
actions to be taken by local officials may include the evacuation elimg coastal areas,
and the repositioning of ships to deep waters when there is time to safely d&/amings
may be updated, adjusted geographically, downgradedcanceled. To provide the
earliest possible alert, initial warnings are normally based only on seismic information.

1 Tsunami AdviSory A tsunami advisory is issued when a tsunami with the potential to
generate strong currents or waves dangerous to thaseor very near the water is
expected,imminent, or occurring.The threat may continue for several hours after initial
arrival, but significant inundation is not expected for areas under an advisory.
Appropriate actions to be taken by local officialsymaclude closing beaches, evacuating
harbors and marinas, and the repositioning of ships to deep waters when there is time to
safely do so.Advisories are normally updated to continue the advisory, expand/contract
affected areas, upgrade tovaarning, or cancel thadvisory.

f Tsunami Watch A tsunami watch is issued to alert emergency management officials
and the public of an event which may later impact the watch arElae watch area may
be upgraded to avarning oradvisory orcanceled based on updated information and
analysis. Therefore, emergency management officials and the public should prepare to
take action. Watches are normally issued based on seismic information without
confirmation that a destructive tsunami is undeay

T PERENRielipEieaS EiEnlE] - A tsunami information statement is issued to

inform that an earthquake has occurred, or that a tsunavarning,advisory, orwatch

has been issued for another section of the oceanmost casednformation Satements

are issued to indicate there is no threat of a destructive basin wide tsunami and to prevent
unnecessary evacuations as the earthquake may have been felt in coastal areas.
Information Satements may indicate for distant regions that a large event is being
evaluated and could be upgraded tavarning,advisory, omwatch.

Receivingierts

Those in the maritime community should be aware of both the types of alerts issued, and the
actions hey could need to take when an alert is received. All of those in the maritime community
should be equipped with a way to receive official alerts through as many means as possible. Cell
phone, text and internebased alerts may be able to be receivedbications near shore, in port,

and other areas normal communications work properly. Boaters at sea or in locations where
reliable cell phone signals and internet access is limited or nonexistent will need to have alternate
forms of receiving emergency alersuch as a marine radio, a NOAA weather radio or both.

Tsunami alerts can be received by officials and the publgeireral ways which areutlinedin
the appendicesalong with a more detailed look intalerting disseminatiomesponsibilities In
2 Kl 002Y [/ 2dzyliex ¢KS 2KIFI{G02Y [/ 2dzyie { KSNATFTFTQa

40| Tsunami Maritime Response and Mitigation Stratedort of Bellingham



issue alerts as described in the Whatcom County Tsunami Action Plan, in cooperation with the
SEOCThe Whatcom County Tsunami Action Plan contains both the methrmdisample texts

for the messages that will be disseminat&€he of the most important thinge remember about
alerting is thatyou should have multiple methods of receiving alerts to ensure important alerts
are received.Vessel captains and boat ownfperatorsshouldensure their vessel is equipped

with a marine radio that will receive emergency alerts, andure they have an alternate method

to receive alets that will work on the water such as a NOAA weather radio.

Actionable Tsunami Alert Level

Tsunamiwarnings andadvisories are the two actionable alert levels for maritime communities.
For bothadvisory andwarning level events, it is important that clear and consistent directions
are provided to the entire boating community and to waterfrdntsinesses.

Sign up to receive notifications from the National Tsunami Warning Center in Palmer, Alaska at
the following website:https://ntwc.ncep.noaa.gov/?page=productRetrievdlhe Center issues
two types of bulletins that require action by the Washington maritime community:

A Tsunami Warnings

Tsunami wave heights could exceed 3 feet| Peak tsunami wave heights of 1 to 3 feet al
harbors nearthe open coast, indicating very expected, indicating strong and dangerous
strong, dangerous currents and inundation| currents can be produced in harbors near
of dry land is anticipated. the open coast

SIGNIFICAN3unami currents or
damage are possible.

Depending on the tidal conditions,
docks may overtop the pilings

Table 3: Actionablessunami alert levels and associated effects.
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Section 2Responsé&uidancefor the Port of Bellingham

Response actions taken in the initial minutes and hours of an emergency are critical for protecting

lives and property. Some examples include evacuating people to high ground and restricting
people from entering the tsunami inundation zone. It is importemtinderstand which actions

are recommended and who is responsible for taking thitost of the response actions that are

discussed are suitable for the Port of Bellingltagn LINE LIS NI A S & . Sdiyfe actibns € A y A K
will need to be evaluated and a coupéactions are not recommended, such as moving vessels

out of the harbor.

Response Measures Suitable for Port
of Bellingham

Shut down infrastructure before tsunanwavesarrive Yes

IEvacuate public/vehicles frorwvaterfront areas Yes

IRestrict boats from moving duringhe tsunami Yes

IPrevent ships from entering harbor durinipe tsunami Yes

ISecure boat/ship moorings Yes

IPersonal floatation devices for port staff Yes

IStage emergency equipment outsiddfected area Yes

IActivate mutual aid system as necessary Yes

IActivate incident command at evacuation sites Yes

IAIert key First Responders at a local level Yes

Restrict traffic enteringthe Port, aid traffic evacuating Yes
Ildentify personnel toassist rescue, survey, and salvage Yes

Identify boat owners/individuals wholive aboardvessels establish phone Yes

tree or other notification process

Repositioning ships within the harbog ONLY FOR DISTANT EVENT Review
‘I Remove smalboats/assets from water Review ‘
‘ Remove hazardous materials away from water Review ‘
‘ Remove buoyant assets away from water Review ‘
‘I Moving boats and ships out of harbor ‘

IMove large, deep keeled ships from harbor entrances -iij

Table4: Response measures and suitability for Port of Bellingham

42| Tsunami Maritime Response and Mitigation Stratedort of Bellingham



Respons@&leasuredor The Port of Bellingham

Shut Down Infrastructure Before Tsunami Arrives
Suitable for thePort of Bellingham: Yes

The challenges in tsunami recovery go beyond repairing docks and clearing debris from the water.
Torn fuel or sewage pump out lines can leak into the water during the elealing to extensive
environmental cleanup. Having a rhed and plan for how to quickly shut down infrastructure

in the event of a tsunami can help to lessen or even eliminate that problem. Ensuring that there
are shutoffs in appropriate locations that are easy to access and use is one way to help mitigate
that issue. Automatic shutoffs designed to operate when lines are damaged, or even valves
configured to operate upon receipt of an Earthquake Early Warisranother.

The Port of Bellingham would need to evaluate what infrastructuae the higheisrisk, what
measureghat are currently availablean be taken taquickly shutprocessesiown, andwhat
measureghat are notcurrently available should be developed in order to fill any gaps

Evacuate Public/Vehicles from Waterfront Areas
Suitable for thePort of Bellingham: Yes

Limiting the amount of people and vehicles that would be in the inundation area when dangerous
tsunami waves arrive will help to limit the amount of damage, debris, and casualties associated
with the incoming waves. The fewer pdepand vehicles in/faround the inundation zone the
lower the overall risk and danger to life safefevelopng a detailed evacuation plan for these
dangerous areas is the first step to ensuring a comprehensive evacuation of people and vehicles
from the area during a tsunami event.

The Port of Bellinghans a member of the Whatcom County Emergency Management Qounci
Interlocal Agreement for therovision of Emergency Management Services as authorized under
RCW 39.34 and 38.52. There are two applicable plans that are specifictsuaayni response

¢ The Whatcom County Comprehensive Emergency Management Planeawhiitcom County
Tsunami Action Plan. h&secomprehensiveplansinclude a detailed and wetlesigned plan to
evacuate all people and as many vehicles as feasible from the inundation zone aroiaddbe
areaand the Bellingham Cruis@erminal if faced wth a potential tsunamievent Given the
amount of time before the arrival of dangerous waves from the two scenarios looked atihere
is reasonable to assume that a fatlale evacuation of the areas could be completed prior to the
wave arrival.

Restict Boats from Moving During Tsunami
Suitable for Port of Bellingham: Yes

Due to the strongunpredictable currents and massive amounts of debris in the wéieing a
tsunamij vessels in motion on the water can be in extreme danger. Eliminating oredgve
restricting vessels from being occupied and in motion on the water reduces the danger to life
safety and can help to limit casualties from the event.
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At the Port of Bellingham, assuming a full evacuation is executed and followed by all persons in
the area, the risk of boats moving around during a tsunami will be limited as there should be no
people remaining in the area to attempt to move any vessélawever, his only helps with
vessels that were in port at the time of the evacuation. Vesselsateatt sea and attempting

to return to the port may still be at risk. Ensuring that all captains using the harbor and port are
aware of the dangers of a tsunami event and know to return long before the waves arrive and
not to attempt a return during the went can also help limit the danger of boats moving around

in the area at the time.

Prevent Ships from Entering the Harbor During Event
Suitable for Port of Bellingham: Yes

Since the narrow entrances of most harbors are where tsuraaased currents caoe strongest,

ships should not be entering or leaving the harbor through these areas during a tsunami event.
While boaters should be encouraged to return to the harbor if possible befss@amiwaves

arrive and the strong currents associated with therantering the harbor should not be
attempted once theinitial wave crest or trougthas arrived These locationsvill be highly
dangerous to navigate during an event, and when currents are at their strongestproae
impossible to pass through at all. If a port or harbor has a method of preventing ships from
traveling through the area, perhaps by way of a physical barrier or other means, it should be
utilized during a tsunami event. If there is no methodloygical restriction another option would

be through a combination of public education and some type of visual means. Flashing red lights,
signage or similar means could be utilized to alert captains not to enter the harbor. Such visual
means would needd be installed in advance and tested and maintained to ensure #ney
always in proper working orderVisual alerts of a closed entrance would need to be augmented
with some type of education, such as on signage shoreside or instructions in harbor user
agreements reviewed regularly to ensure that captains are aware of what the visuals indicate
and know not to enter the harbor area when they are activated.

The entrances aSqualicum Harboare not currently equipped with any type of barrier or
mechanism taompletely block or eliminate entry into the area. The logistical issues and cost of
implementing such a barrier is most likely not worth the effort of installation. However, the port
O2dzZ R O2yaARSNI 2GKSNJ OAadz £ Yedtioged ab@ve, suehCas 2 4 A y 3
flashing lights, large readable signage, or even just sending by radio or other mearsce el

message of harbor closure during an event. As mentioned, this would need to be coupled with

some education efforts aimed at captgiand other users of the harbor so if usedptainsvould

understand what the message means and know not to enter the harbor until informed it was

safe to do so.

Secure Boat/Ship Moorings
Suitable for Port of Bellingham: Yes

During a distant source tsami event most boats and ships will be safe inside the harbor if
properly and securely moored. Prior to the initial wave arrival boat owners and/or harbor
personnel can visually check that ships are properly and securely moored. Given the size of some
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harbors and number of slips and vessels to check it may not be pognilite time availablgto

check the entire area and every vessel. Given this limitation the check should begin in the areas
identified as at the most risk of strong currents and othazardous conditions. Ideally vessel
captains and owners would be encouraged to securely moor their vessels every time they dock,
and a visual check could be conducted quickly. If owners and captains are vigilant about their
mooring lines and securityhén very few vessels would need to be additionally secured.

The Port of Bellingham could use the current velocity maps developed for this strategy to identify
the most likely locations for dangerous currents and hazardous conditions in the harbor areas.
Once the most dangerous areas are defined personnel could be identified who would conduct a
mooring security check if a tsunami event were to occur. Given the time frame of around four
hours after a distant tsunami is generated until the first wavesvarra check of the most
dangerous areas should be feasible by a handful of people. Additionally, if possible, personnel
could conduct checks on a regular basis and Identify any vessels that are regularly moored in less
than secure ways. Port personnelutd then consider contacting those captains or owners,
reminding them of the risks in having less than secure mooring lines and asking them to better
secure their vessels. This would help to ensure very few vessels would needigdaung an

event.

Peasonal Floatation Devices/Vests for Port Staff
Suitable for Port of Bellingham: Yes

Ideally before the first dangerous waves were to arrive all public and port staff would have
evacuated the area to high ground and thus be out of any danger. Howewubg @vent of a

close source local tsunami there may not be enough time to reach high ground. In such an event
having floatation devices or vests easily available for port staff could help to reduce casualties.
Any persons in the inundation zone when wanarive are in extreme danger, and floatation
devices will not guarantee safety. Even so, floatation devices at least offer those in danger a
better chance of survival than persons without them.

The Port of Bellingham could consider fhachase of floatation devices for their staff and store
them in easy to access locations for staff to use in an emergency. $ubhedevices would not

be a guarantee of safety, they would at least oféeme protection for staff. The floatation
deviceswould need to be placed in locations well known to staff where they are able to get to
them quickly. Staff would also need to be educated on what the natural warning signs of a
tsunami are so they would know to immediately don the floatation deviceslae head for the
safety of high groundHopefully,staff would reach high ground before the waves arrived, but if
they were to get caught up in the waves the floatation devices would help keep them afloat if
they were dragged out into the wate

Stage Emergency Equipment Outside Affected Area
Suitable for Port of Bellingham: Yes

The aftermath of a tsunami event will be chaotic, witldespreaddebris, buildings destroyed,
hazardous materials spilled, and potentially even fires and casualtieés afiérmath will require
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a significantnumber of emergency responders and their equipment to show up at the affected
area to begin search and rescue, salvage, and clean up. If any emergency response equipment
normally resides within the inundation zorteshould be moved out of the area before the waves
arrive, so it is not damaged and remains operable for the post event response. Any necessary
equipment should be identified in advance and a plan made to determinewilhbe responsible

for how the equpment will be relocated away from danger. A staging area on high ground should
be identified for the equipment until it is needed after the event.

Most of the emergency equipment that would respond to the Port of Bellingham after a tsunami
event (fire tricks, ambulances, etc.) would be pmed by the applicable Authority Having
Jurisdiction, or as coordinated through the Whatcom County Unified Emergency Operations
Center as specified in the Whatcom County Comprehensive Emergency Management Plan and
the Whatcom County Tsunami Action Plaithis emergency equipment is normally staged in
areas well away from the inundation zone and should be undamaged and able to assist in the
response.ThePort should assess whether they have any emergency equipment of their own and
if/how it can be quickly moved out of the area and where it could be staged. Even seemingly
non-emergency equipment such as forklifts, generators, large trucks, or loaders nreeed

to assist after the event. The US&&tion Bellinghamat the port mayalsowant to evaluatdts
emergency equipmeno determinewhat could be safely and quickly moved out of danger and
where to locate it.

Activate Mutual Aid System as Necessary
Suitable for Port of Bellingham: Yes

Activation of a Mutual Aid System can help locations experiencing an emergency receive
additional assistance from nearby jurisdictions that are not part of the emergency. Activating
this type of systerallows aithoritiesin an area struck by a disi@raccess to additional resources

that may be scarceluring the initial response amay be needed in numbeithat exceed the
amount available in the dister area.

Port of Bellinghanmutual aid requests areovered in the Whatcom County Comprehensive
Emergency Management Plan and the Whatcom County Tsunami ActionrPthe event of an
impending or occurring emergency like a tsunami, Wikeatcom UnifiedEmergency Operations
Center wouldbe activated. Addtionally, the Washington Emergency Management Division also
has its own Mutual Aid System that could be activated as needed for more assistance beyond
what Whatcom Countygould provide. However, in the event ofage-scalelocal tsunami many

more locatons in Washington will be affected and resources will be directed where they are
needed the most.

Activate Incident Command at Evacuation Sites
Suitable for Port of Bellingham: Yes

During and after a tsunami event evacuation sites will likely be cromdddevacuees. There
will be confusion from the public, and people may be injured, scared eager for answers and
explanations. Activating an Incident Command at the evacuation area(s) can help to provide clear
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and direct leadership, chains of commarahd span of control. It will be important to have
gualified authorities who understand the Incident Command Syst€f)and how it operates
filling those positions of leadership. Having an organized and structured command at these
locations can help tae confusion,organizeand calm evacuees, and prepare for response
activities after the event is over.

The Whatcom County Comprehensive Emergency Management Phanlti®n the National

Incident Management System and the Incident Command Sysiéns pla includes designated
evacuation ares where Liaison Officers would be assigmaedach area taelay information

directly from Unified Command, providirgdear leadership, chains of command, and maintain

span of control. The Unified Command will béa i FFSR o0& I dziK2NAGASA
department, police department, fire departments and EMS services. Porasédfained in ICS

and canassist in ay additional positions that may be needed, as a lasgale emergency will

require a largescale response.

Alert Key First Responders at a Local Level
Suitable for Port of Bellingham: Yes

For a comprehensive and smooth response to a tsunami event iestatlefsponders will play a

key role in evacuation, closures, Incident Management, and post event response. Ensuring that
these responders are aware of both the immineisk and what response actions tHeort and

its staff are takingskey. The soonaesponders are notified of the event and the actions taken,

the sooner they can prepare equipment and personnel, and begin to assist in the response. It
would be prudent to identify the anticipated first responder needs well in advance for both a
local ard a distant event. Once those needs are identified, Bhe should determine who will

need to be notified, how those notifications will be made, and who will be making the
notifications. This will help avoid any confusion or duplication of effort amdhedp free up

other personnel for other response measures.

The Whatcom Count€omprehensive EmergentjanagementPlanand theWhatcom County
Tsunami Action Plaputline how first responders will receive tsunami warning notifications. The
plan also detds which first responders will be needed and what their roles are to be in the
response. Overall,there is little thePort staff will need to do for this response measure. The
Port should, however, ensure they are aware of those plans ana¢hagges made in the future
ThePort shouldbe sure to inform the county of any response plans they plan on undertaking and
update the county if thos@lanschange in the future

Restrict Traffic Entering tiiort Aid Traffic Evacuating
Suitable for Port of Bellingham: Yes

One of the main goals of responding to a tsunami warning will be to evaali#tte people from

the inundation area. To facilitate this a port should develop a strategy to restrict vehicular or
foot traffic from enteing the port areawhile also helping to maintain a safe and orderly
evacuation from the area. Restricting entry could include things like closing gates or blocking
roadways with vehicleswvhile aiding evacuations could involve personnel to direct trafii
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flags or hand gestures or utilizing temporary signage. Rementibergoal of an evacuation
should always be safety, and tsunami warnings do not come during daylight only, so if personnel
are to be used to direct traffic ensure they have high vigjtilothing or vests and flashlights.

The Whatcom Count€omprehensive Emergency Management Plan and the Whatcom County
Tsunami Action Planavea detailed section on evacuations and road closures during a tsunami
warning. Given th&ortQlocation, very few roads will need to be blockéalfully restrict access

to the area while allowing for evacuation. The plan describes the exact locations where the
roadblocks are to be set up to close off both the port area and the Fairhaven terriinalplan

calls for these roadblocks to be manned and maintained by the police departniiest
department, or public worksand describes how they will also facilitate and aid evacuation.

Personnel to Assist Rescue, Survey and Salvage
Suitable for Port bBellingham: Yes

A major part of the postsunami event response will be the rescue, survey, and salvage
operations in the area. Once the waves finally recede and the area is safe taespgenders

will be required first to engage in search and resaggons if individuals remained in the area
when the waves arrived. There may be survivors trapped under debris, or even pulled out to sea
who will need rescue. Personnel will also be needed to survey the area to determine what areas
are safe to enter, Wether it be buildings, docks or wharfs, or other shoreside facilities. The
harbor area itself will needurveyingto determine if it is safe to enter with vessels and if the
waves causgéthe movement of sediment to such a degree that the previous depthise water

have changed, how much and where. Finally, personnel will be needed to determine what or if
facilities or equipment can be salvaged in any way, or if they are unsalvageable and will require
removal.

At the Port of Bellinghanpostevent seach and rescue operatioria the shore side inundation
zone will be headethy teams coordinated and directdal the Unified Command operating at

the Whatcom Unified Emergency Operations Centéfater sidesearch and rescue operations

will be the responsibility ofthe USCG. Depending on the severity of the event additional
personnel may be needed, aRdrt staff couldbe neededo assist. To help streamline the effort

it would be good to identify personnel who would be willing to assistimaperation in advance

and clearly identify those volunteers to the county authorities. The survey of the suitability of
travel intheP2 NI Qa o4 6SNBlFeéa RdzS (2 GKS LROGSYGAlLt 27
will likely be the responsibility of 60US Amy Corps of Engineerslowever, thePort facility and
equipment surveys will need to be completed Bort staff who are familiar with the area. Port
staff should be identified for postvent surveys, clearly outlining the scope of their respohibi

It will likely require multiple individuals and they should be tasked with surveying the areas they
are most familiar with. For instance, the Harbormaster might be tasked with survey of the harbor
docks, wharfs, and equipment, while other staff niagy tasked with surveying thBellingham
Cruise €rminal area, anatherswith the industrial facilities.

These roles should be determined in advance, along with development of criteria to be used to
evaluate the facilities and equipment. Such critesti@uld clearly outline what would constitute
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Port could consider establishing a tiered system of determination sucl®afe, Potential for
Repair and Use, anfbtal Loss. Finalliort personnel will also be required to determine what
facilities and equipment can be salvaged after the event. This item could be folded into the
survey portion of the response or could be tasked to separate individuals depeaodirige
number of personnel available and qualified to make such determinations. The salvage portion
of response will require staff to evaluate, similarly to the survey portion, facilities and equipment
and determine whether these items are useable, potalty salvageable, or a total loss requiring
removal and replacement. It will be important to identify who will be evaluating these items, as
well as how the determination will be made and based on what criteria. It could be based on a
monetary thresholdor a time to complete repair and return to use. Regardligese should be
identified in advance, documented, and when possible exercised to make theepest
response as complete and efficient as possible.

Identify Boat Ownergidividuals WhaiveAboardVesselsEstablish Phone Tree, or Other
Notification Process
Suitable for Port of Bellingham: Yes

In the event of a potential incoming tsunaralerting and warning those who own boats housed

in a port or harbor area will be important. Notifications could be simply an alert that there is
potential for damaging waves incoming or could be reminders or instructions to either evacuate
immediately awl/or to not enter the area and remain away until authorities have given an all
clear that it is safe to return. For those individuals that live aboard their vessels in the harbors
this becomes extra important, as they will need to be instructed to eva&cuamediately and to

not return until the area is safe to reenter after the event is ovEstablishing a list of each of
these individuals will help to ensure that all of those who have vessels in the area are alerted. It
would be wise to separate the@up into two lists, first of boat ownefslip usersand second of
individuals whdlive aboardtheir vessels Given the much higher likelihood of those that live
aboard their vessels being in the inundation zone aeeéding toevacuate, these individuals
should becontacted first to ensure that they are not in the area when the initial waves arrive.
Notifications can be delivered througteveralways such as a phone tree, emailed notifications,
text-based messaging, or even by personnel in the harborgukindspeakers. Remember
individuals may not be able to receive any one method of notification so the redundancy of
multiple methods of notification should always be preferred.

The Port of Bellingham has already established comprehensive lists wittctorftamation for

boat owners, slip renters, anddividualsliving aboardtheir vesselsn theP2 NIi Q& K I ND 2 NA& d
current planned notification process of an impending emergency involves a phone tree, emalil
notifications, and personnel using loudspeakeéo announce the need for evacuation. While
comprehensive, phone trees can break down and email notifications can be missedhorThe

may want to consider adding a text messaging service to disseminate notifications to augment

the current notification pan. As with other response measures it is important to document the

planned actions as clearly and thoroughly as possible and test the system frequently to ensure

an efficient and working response when needed.
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Reposition Ships Within thiarbor
Suitablefor the Port of Bellingham: For Lod&dent ¢ No; For Distant EvergtReview.

Using the current velocity maps ports can identify the areas likely to encounter the strongest and
fastest currents during an event. Once identifite port could determine if moving ships out

of those areas of danger and placing them in locations less likely to experience strong currents
would be beneficial What ships would neet be moved and to wherés something that should

be determined wellkhead of an event and detailed in a plan. Ideally Hoet would focus on

large ships with deep keels in dangerous areas that may be moretiikekperience sufficient

drag to rip them free of moorings damaging infrastructure and leaving the shipsidiaen§ to

cause additional damage. There would need to be clear Standard Operating Prod&DiRe}
developed for this response which detail such instructions as: who would make the
determination that ships should be moved; who is responsible for maieg/essel; and how

long the vessels would take to be moved. These SOPs would need to be exercised on a regular
basis to ensure a smooth response when the time arose.

At the Port of Bellingham, the anticipated current velocities involved with a locaiteway
exceed9 knots and would therefore be extremely dangerous. These currentgpled with the
limited size of the harborsvould mean this is NOT a viable response measure for a local tsunami
event. For a distant tsunami event where more time weél dvailable before the first wave
arrives the movement of a limited number of vessels might be possible and would need to be
evaluated further.

Remove Small Boats/Assets from the Water
Suitable for the Port of Bellingham: Review

One of the main dangsrof a tsunami event is the amount of loose debris drifting freely in the
water on the strong currents and rising and ebbing waves. Removing smaller boats and assets
from the water can help to eliminate the potential for these objects to be damaged bysdeb
becone drifting debris themselves. Removing boats or other assets from the water would be a
time consuming and labantensive process. The effort may require shoreside boat lifts or
cranes, or vehicles and trailers at the ready. Any equipmeetieé to remove vessels from the
water would also need to be able to withstanebSminutes of shaking from a CSZ earthquake for

a local event. The effort would have to be extensively planned in advance and well organized
during the process to avoid dangéom congestion or confusion. However, the port may
determine that certain boats or assets would be integral to recovery after the event and may
choose to remove those in advance of the wave arrival. Vessels such as fire boats, law
enforcement vessels,rovessels used in watdrased search and rescue might be of sufficient
value to necessitate removal from the watekdditionally, the amount oftime available prior to
dangerous wave arrival would need to be considerétdere may not be enough time to remove
assets for docal event, but a distant evefita f 2 y 3 S Nltingelm@yGillow fuiddseddr f
vesseremoval.

At the Port of Bellinghanthe US Coast Guard is the Authority Having Jurisdiction ow#ber.
However,they may not be able toprovide nearshore search and rescue activities due to
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limitations in the size and capacity of USCG Station Bellingh@ine Unified Command at the
Whatcom UnifiedEmergencyOperations Centewould include StatiorBellinghamand would
determine how to conduct angearch and rescue required. The vessélzed by USCG Station
Bellinghamare most likely too large to removeoim the water in the amount of time available.

If there are other smaller ships or assets of sufficient value td?dreor recovery effort, those
would need to be identified and a detailed plan for how to remove them would need to be
developed

Remove Hazardous Materials Away from Water
Suitable for Port of Bellingham: Review

The destructive nature of tsunami waves inundating dry land causes many shoreside items to
suddenly become debris. This hazard becomes even more dangerous if the debosnains
hazardous materials. Barrels of waste oil, hazardous chemicals used in manufacturingpat, the

or any other types of hazardous waste can be turned into debris by the waves breaking open and
spilling or spreading their contents. The spglimoving, or spreading of hazardous materials can
then lead to pollutants in the water or spread over the latehving an even larger and more
involved mess to clean up after. If possible, with the time available before the first wave arrival
some of he more portable or dangerous materialouldbe quickly moved to a staging location
outside of the inundation area.
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Bellingham Bay are sure to use and store chemicals and materials that would be deemed
hazardous. The Port would need to determine if these materials are all posdgsseaants of

the Port and not the Port itself. The Port may determine thaldes nothave or store any
hazardous materials, and that any hazardous materials on the property are possessed by tenants.
In this case the Port should ensure tenants are r@waf the dangers from a tsunami event, the
potential for hazardous materials to be spilled and spread during such an event, and encourage
tenants to secure, harden, or remove these materidlbe storage and handling of these
materials may not be the regmsibility of the Port.However,if materials spilduring a tsunami

event the Port will be expected to assistdleanup and recoveryso every effort to encourage
mitigation of these materials in advance will prove a benefit in the long term.

Remove Bayant Assets Away from the Water
Suitable for Port of Bellingham: Review

Some of the easiest items to become debris during a tsunami are items that are buoyant. These
items that float easily on the water are some of the first things to be lifted by thees and
turned into additional debris that can become dangerous. Items such as floats or buoys are
obvious, but other items like empty drunsarrels,or buoyantmanufacturing or fishing supplies

can easily become dangerous floating debris. Any iterashll easily float and do not need to

be near the water should be moved outside of the inundation zone when possible. Items that
may easily float but need to remain in the inundation area should be secured as much as possible.
While a large local sougctsunami wave would most likely pull loose any moderately secured
buoyant asset, they may remain secured during a smaller distant event.
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The Port of Bellingham would need to inventory its property and facilities for any buoyant assets
to determine whetherany buoyant items are owned by the Port or by tenants of the Port. For
any buoyant items in the inundation zone that are owned by the Port it should be determined if
those assets can be relocated out of the inundation zone, or if they need to remdin aréa.

If items can be relocated, they should be moved to somewhere outside of the inundation zone
and staged there until needed. If the buoyant items are needed in the inundation area they
should be evaluated as to whether there could be a way to iethem as much as possible. If
the items cannot be relocated or secured, they should be evaluated as to if they could be
removed after an alert but before the wave arrival. If it is determined that buoyant items within
the inundation zone are owned bynants of thePort, then the Port should ensure that all
tenants are aware of the dangers of a tsunami event and the potential for buoyant items to
become dangerous debris during such an event. Tenants should be encouraged to either secure,
harden, relocge, or plan for removal of any buoyant items.

Mowve Boats andShips out oHarbors
Suitable for Port of BellinghamoN

Forportsthat lie on the coast of the open oceaelative safety for ships can be found at depths
of 30 fathomgq180 feet)for a distant tsunami and 100 fathong®800 feet)for a local tsunami. In
some locations the distance these depths ishort and depending on the time it will take for
the first wave to arrive, evacuation of ships and boatsuéficient depths may bpossible. The
evacuation effort would need to be planned, orderly and controtiedvoid dangers associated
with congestion in the watersSome locations have already developed and even implemented
such plans. On the island of Oahu in the state of Hiatlva concept ofship evacuation has
already been planned forUpon receipt of a tsunami warning all ships that t@nmoved from
the harbors in the time before the wave arrivaak to be moved into the designated staging area
beyond 100 fathoms depth. Captains of vessels are to receive the warnimgianediiately head

to their ships and then carefully pilot thetm one of the two designated zones. Commercial ships
are staged in onarea, and recreational vessels in another, separateargxclusion area to
allow for travel and to keep the vessels apart during the wave actiitgiagram of the staging
areasfor the Honolulu areas shown in figur9.

This approach may bpossble for some portsor harborson the Pacific coast of Washington
depending on the length of time it would take vesselsaach sufficiently safe depth$lowever,
this mitigation measure is unlikely to hesable by ports on the inner coast given ttedatively
narrow nature of the inner waterwaysas compared to the open oceatime and distance to
deeper waters, andhe amount of congestion in the few areas that may meet the depth
requirements. This appro&cis wholy unsuitable for the Port of Bellinghams the nearest
location with sufficient depth is mudioo far to reach in the timdefore the first wave arrives
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Southern Oahu Tsunami
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Figure 29: Tsunami vessel evacuation area for South Oahu showing line of 100 fathom dept

Mowve Large Deep Keel&hips from HarbdEntrances
Suitable for the Port of BellingharNo

The strongestsunami currents are often seen near the narrow entrances of hard@angye deep
keeledships thatare moored in thee locations are in the most danger of being ripped from their
moorings and lefdrifting freely. Much like repositioning ships within the harboiyen enough
warning time a port could choose to use this timedicect large deep keeled ships to move to
less dangerous places. As a miorggrterm solution ports couldnovethe berths for larger ships

to areas away from harbor entrances permanentlNote that this response differs from
repositioning ships within the harbor, as this applies only to larggde&eled ships that are near
the mouth of the harbowhere currents are strongesand not to other large ships in the harbor

At the Port of Bellingham most ships in the harbor are of the small to medium sized variety, and
few berths seem tdoe directlylocatedby the harbor entrance (with some exception in theer
basin. Thisresponsemeasure would most likely not be feasbl
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Section 3: Mitigation Guidance for the Port of Bellingham

Mitigation measures artakento reduce riskand protect lives and propertyefore anemergency
happens.They can require a significant amount otime, investment and expertise Some
examples includstrengthening cleats and moorings amdtalling stronger or taller dock piles.
Here we present and explain these mitigation measures with visuals to help you understand what
theywould look like after completion, as well as identify therfes responsible for undertaking
those measures.

IDebris deflection booms to protect docks Easy I
Install tsunami warning signs Easy
Increase sizand stability of dock piles/ increase height of piles to prever Medium I
overtopping

Ilncrease flexibility of interconnected docks Medium I

Ilmprove movement along dock/pile connections Medium I

IReduce exposure of petroleum/chemical facilitiesd storage Medium I

IPrevent uplift of wharfs/piers by stabilizing platforms Medium I
Equipment/assets to assist response activities Medium

Fortify and Armor Breakwaters

Ilmprove floatation portions of docks

IDeepen or dredge channels near high hazard zones

IMove docks and assets away from high hazard zones

Widen size of harbor entrance to prevent jetting

‘I Construct floodgates

I Construct breakwaters farther awafrom harbor !iE!J

Table5: Mitigation measures and relative difficulty
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Mitigation Measure$or The Port of Bellingham

Strengthen Cleats and Single Point Moorings
Level of difficulty at Port of Bellingham: Easy

The cleats and mooring points used to anc
vessels to docks will need to withstan
extreme forces during a tsunami even
Vessels which pull free from their mooring
during an event and end up floating freely w
quickly become part of the massivamounts
of debris moving in the water. Vessels
debris will lead to increased collisiong
damage, and can cause even more vessels
also break fregincreasing the amount of free
floating material even more. Cleats an¥
mooring points that are poorly installed or ar\\% N
of insufficient size for the vessels moored f0 . S
them will not be able to withstand the forced 9" 30 Cleat ripped froduck
exerted on them during a tsunamand couldbe ripped free (see figure30). Lag bolts attaching
cleats can snap or be pulled free from the dock structwern and rusty cleats can break off or
bend, releasing linesToensure that the mooring points remain secure even in extreme events,
cleats ned to be rated strong enough to hold not just the weight of the vessels they secure, but
also withstand the additional forces from the drag on those veshststothe extreme currents

of a tsunam. Such cleats and moorings should be secured to the dngitsre with high tensile

bolts and a backing plate, so pulling forces are spread over a larger surface area, as shown in
figure31.

N
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thousandsof cleats, bollards, and other mooring
points. ThePort should inventory the numbers,
— 4 types, approximate ages, and relative condition of
h v* 4 these mooring pointgo better understand their
‘E. . condition and suitability.  While replacing or
. retrofitting all the mooring points is surely
unnecessary, once evaluated and classifiedRtr
can have a better understanding of what will need
replacement and when. They can then focus on
replacing old, degraded, and undeted
equipment first. When replacing the mooring
points the Port should purchase equipment as
described above, that is strong enough to
withstand the weight of the vessel moored, even
Figure 31: Bollard with backing plate to distribute fo ,ith exceptionally strong drag, and is attached in a
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way that will notbe susceptible to being broken or ped free. While the amount of mooring
points that may need replatg may seem daunting, this is likely one of the easiest and lowest
cost options available for tsunami mitigation.

Debris Deflection Booms to ProtBeicks
Level of Difficulty for Port of Bellingham: Easy

Debris deflection =
booms are installed in ‘
harbors to protect the -

dock structures from

damage caused by T
floating debris. The
booms are installed
between the open|
water and the docks t
deflect any floating .
debris in a different |
direction and keep the ™=
debris from striking
and damaging the dock
structures or the
vessels moored there
Debris deflection
booms are typically
made from floating
interconnected pieces dbrmed plastic filled with foam (much like smaller dock floats) to ensure
they do not sink, as shown in figuB2. These individual floats are strung together with a cable
and attached on each end to a foundational piling that allows the floats to ridéadinvith tides

and waves. Debris deflection booms would likely be overwhelmed by large local tsunami waves
carrying immense amounts of debris but would function well to protect docks from smaller
tsunami waves and lighter amounts of debris from a dis&vent. Even a partial reduction in

the amount of debris carried on tsunami waves would help to reduce damage from collisions
between debris and vessels or dock structures. Debris booms would need to be able to rise much
higher than typical tidal charg to accommodate the extra rise of water from tsunami waves so
they do not become over topped, eliminating their effectiveness.

Figure 32: Debris deflection boom.

ThePort of Bellingham could consider the placement of debris deflection booms to protect the
dock infrastructure inside th&arbor areas. Since these structures require little construction
beyond the placement of sturdy pilings that would be strong enough to withstand the strain
placed on the boom from the waves and debiisstallation of a boom would beimple The
addition of new structures inside of the harbor area would require evaluation on where to place
booms to offer the most protection of structures and vessels while also allowing for vessel travel
in and around the harbor unimpeded. TRert would also need to ensa that harbor users are
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aware of the new structures and avoid collisions with them. It is possible that due to the

configuration of the harbors and dock systems Bt may determine that boom placement is

not feasible, as the booms may not allow for unimpeded travel within the harbor. However, any
location that booms could be used would help lessen the amount of debris impacts and resulting
damage associated withusami waves.

Install Tsunami Warning Signs
Level of Difficulty for Port of Bellingham: Easy

Installingtsunamiwarning signs is the easiest a
most costeffective mitigation measure that
port can take to reduce tsunami injuries a
casualties. The simple signage can help
educate harbor users of the danger of tsunamis
the area and can help direct individuals to safe
during an evacuation of the area. Signsareap
installation is easy, and upkeep is minime
Sighage can be posted along roadways and tr

tsunami warning is issued. igBage designating
the location and direction of evacuation route
can be posted to help people find and follow tH
established evacuation routes quickly during «
evacuation.  Standardized signage has b
created to designate the extent of inundatio

evacuation routes. Additionally, signage can
created to educate and inform people
antICIpated tsunami inundation extent in th Figure 33: Tsunami evacuatlonkloskOceanS|de Califo

area, evacuation route maps, and even geneia

tsunami information. Many states, coties, and cities that face tsunami danger have built
informational kiosks to inform the public of tsunami dangers, such as the evacuation kiosk shown
in figure33.

TheCityof Bellingham already has evacuation route signs posted along Roeder Avenmajthe

road along the Bellingham waterfront. However, fP@t does not have signage to inform users

that the area is a tsunami hazard zone, and the evacuation route signs are widely spaced and not
visible at every intersection. THert should evaluate eery exit from its facilities and post
evacuation route signage and directional arrows at every point along the established evacuation
routes that would require evacuees to make a decision regarding where to go. They should also
post tsunami hazard zonegsiage to make users aware of the risk of tsunamis in locations where
people gather or frequent. Thiort could also consider discussing with the city about posting

57| Tsunami Maritime Response and Mitigation Stratedort of Bellingham



entering/leaving tsunami hazard zone signage along the roads that enter the Altéaese signs

are available in Washington for free from the Emergency Management Diyas@tock allows)
ThePort would only need to cover the cost of installation and minimal upkeep of the signs making
this the most coseffective mitigation measure avabée to thePort. The Port couldgo further

with the creation and installation of informational kiosks that include the Bellingham area
evacuation walknap and general tsunami information.

Increase Size and Stability of Dock Piles/Increase HelRjlgsatio Prevent Overtopping
Level of difficulty for Port of Bellingham: Medium

Structurally, the pilings are oNguumss
of the most important
components of a dock. The
LIAf Ay 3Ja I Ol
foundation,  keeping the
structure attached to the seajis
floor while allowing vertical}
movement as water level
change with waves or tidesgi= 5=
Tsunami mundation has the &
potential to be sufficiently highle
enough to float docks off thegs
top of the pilings, leaving the
unattached and floating freel
(Figure 34). The strong
currents from tsunamis ca
also, ttrough scouring or drag== : =

on the docks and VesseIFlgure 34: Docks lifted off pilings due to extreme water level changes.
attached to them, pull pilings from the ground. Pilings that are pulled loose also lead to a dock
unattached to the sea floor and floating in the dangerous waves. Untethered, freely floating
docks pose a danger in a tsunami event, essentially becomingvagssces of debris moved by

the waves, possibly with vessels still attached to them. To help ensure docks remain attached to
the sea floor even during a tsunami evgmbrts and harbors may choose to increase the size and
stability of the pilings. Inatling pilings taller than the expected potential inundation levels will
help ensure dockdo notfloat off the top of the pilings. Thicker pilings will resist the shearing
forces from the extreme drag of the tsunami waves much better than thinner oirestalling

pilings deeper into the sediment of the sea floor can help them remain foundationally solid and
more resistant to scouring and keep them from pulling out of the soil.
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The two harboibasinsof Squalicum Harbo
contain well over 5 miles of docks
supporting the 3400 slips for vessels. Thes
docks are supported by pilings numbering
the thousands. Most of the pilings are i
newer or very good conditionand so, g
assuming they are installed at a sufficiel",
depth in the sea floor, they are most likel_
very structually sound. These pilingt
should resist much of the shear forces fro
tsunami waves and are unlikely to break
pull free. However, the height of the piling
is likely insufficient to accommodate th
water level rise expected from a local sourc
tsunami as shown in figurd5. In the most
extreme caseof a distant source tsunami
such as from an Alaskan event, if
maximum wave arr@l coinciced with an
extreme high tide, the piling heights ma
still prove insufficient. While replacemenj#®
of all the plings in the harbor with tallerf§ s
ones would be unfeasible, thBort could £ 2o SR \
take the anticipated inundation depths intc-igure 35: Newer Strong pilings at Squalicum Harbor may pro
account when replacmg old plllngs in thlnsufﬂcent height to anchor docks during tsunami inundation.

future. Pilings will need replacement on a more regular basis than larger structures like
breakwaters. While adding a few feet onto the height of each new piling will increase the cost it
would not be nearly as cost prohibitive as many of the larger mitigation actions.

Increase Flexibility of Interconnected Docks
Level of Difficulty for Port of Beigham: Medium

The rapidly changing water levels, extreme waves, and unpredictable currents associated with
tsunami events will test the flexibility of any dock system. When an interconnected dock cannot
handle the extreme changes during the tsunamirgviewill likely break at the joints connecting

two dock sections, as in figuB6. The refracting waves will move docks in both horizontal and
vertical directions in ways docks will not have been subjected to prior. -dR@stt, any docks

that are tornapart or broken will need extensive repairs at best and full replacement at worst.
Increasing the amount of movement between sections of docks at their joining points can help
ensure docks remain connected and intact after tsunami waves recede. Ingdksibility of

the dock sections can involve lengthening gaps between the sections to allow for increased
movement or utilizing more flexible types of hardware to make the attachments.
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The Port of Bellingham will need to
evaluate how their interconnected
dock systems are connected and ho
much flexibility is allowed by those
connections. The connections shou
be evaluated not just on the ability o
each section to float independently uj
and down (vertically), but also fo
flexibility side to side (horizontally)
The bouncing and refracting wave
inside the harbor area will move dock
in all directions, sometimes in rapif
succession. Docks that are unable
flex quickly in multiple directns [
should be considered for upgrades ¢
retrofits of the connecting hardwaress
and equipment. Docks upgradef
should make use of as much spa¢
between sections as possible, and

should be connected with StrongFlgureSB Broken dock in California from tsunami waves.
sturdy hardware that allows for as

much movemat as possible while

remaining intact.

Improve Movement Along Dock/Pile Connections
Level of Difficulty for Port of Bellingham: Medium

As W|th the flexibility of dock [

the guide of the npilings.
unpredictable waves and
water level changes have bee!
known to cause the amection g
between docks and piles to bind
This can cause the docks to g

wel YYSRQ |+ 3 lkayingi

the dock unable to float up with theFlgure37 Piling hoop hardware that is more prone to binding during
movement.
water. When docks get stuck on th

piles the water level can quickly
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overtop the dock surfagecausing mppr damage. Some hardware used to connect docks with
pilings, such as simple metal hoops with little space between the dock hardware and piling
(shown in figure37) can be more prone to binding. As docks lift rapidly on one, sh@eother

side can becomwedged against the piling at an angle. The force of the water against the dock
surface can bend these hogpsapping the dockeven more or can cause the connection
hardware to break leaving the dock unattached to the pilamgl allowing it to float feely and
become debris. Dock connections to piles that run through a hole in the dock surface are less
likely to bind or break, and utilization of guide wheels or rollers (Fig8réelps to avoid binding
issues and promote smooth movement even more.

The Port of Bellingham shoule¢

inventory the types of hardware

used to connect docks to the piling -
and evaluate those types based @
the amount of movement they will
allow. Connection hardware that i
robust, allows for movement, anc® == ..
incorporates means to facilitate =
movement, like rollers, should be
noted and maintained in working ==
order. Docks utilizing connectior
hardware that is weaker, could be
prone to breaking o binding, or is
older or damaged should be
prioritized  for  retrofits  Or g
replacement. Replacemen
hardware Sh_OUId be of Sl'ncﬂCI(:"anigure 38: Through deck piling hardware with rollers to promote smootl
strength to withstand extreme wavéemnovement.

action and able to move smoothly a

much as is feasible for the intende

use.

Reduce Exgsure of Petroleum/Chemical Faciliaesl Storage
Level of Difficulty for Port of Bellingham: Medium

Since ports and harbors are where ships go for refueling and many routine maintenance
procedures these areas will have a number of facilities that méliand store petroleum and
chemical products. Damage to or destruction of these facilities or the locations and containers
that store petroleum or chemicals during a tsunami event can cause an extremely widespread
hazardous material spill and contaminatio Some ports may even have chemical processing
facilitiesor oil refineries, in addition to normal vessel fueling facilities and manufacturing plants
that utilize chemicals. Petroleum products and many other chemicals are less dense than water
and willfloat on top of the inundating waves to be left on shore or pulled out to sea as the waves
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recede. Petroleum products have been known to combust even on top of the wiagefuels

can alsacatchfloating debrison fire. An inferno on top of an inundaty tsunamiwave orpulled

onto the open sea can swiftly become an even larger disaster than the original destructive wave.
Ideally major chemical processing facilities as well as refineries and extremely large fuel storage
tanks should be located well aaitle the inundation zone. If that is not possible then the next
best solution would be to construct or retrofit those facilities to withstand a major earthquake
and resulting tsunami. Smaller holding tanks and storage facilities should be considered for
relocation out of the inundation zone if possible, moved to locations at less risk for damage or
destruction, or hardened as much as possible to withstand the earthquake and tsunami waves.

The Port of Bellinghantoes = O e o _
not have any refineries, . ; @@ Modeled
chemical processing plants,
extremely large storage tanks
at its facilitieson Bellingham
Bay However, thePort does -
have tenants who provide
fueling and maintenance; .."
services that require storage o
substantial quantities of fuel \
and vessel  maintenance HLNEN . < 0
chemicals. Additionally, there S
are several manufacturing
facilities onPort property that
store and use many differen
industrial chemicals in heir
manufacturing processes. Th
Port should inventory the
types, locations and storage %, %7 S 7,
facilities of all petroleum andFigure 39: Close up of modeled inundafimm maximum consided distant

chemicals stored and ut“izect_sunami at the Port of Bellingham.

on Port property. ThePort should assess whether some of these chemicals could be stored
outside of theinundation zone and moved onto the property only when needed. Of the materials
that are needed on a regular basis it should be assessed if the storage tanks or facilities would
withstand an earthquake and tsunami wave. Wipassiblethese facilities sbuld be moved or
relocated to areas on the property that are at less risk for inundation. While a local event will
produce widespread inundation of such depth to likely cause damage to the entire area, the
inundation from a distant event has more variativith certain locations expected to receive
inundation less than a few feet arsdme locationsio inundaton at all (such as most of trerea

east of theformer Aerated Stabilization Basom figure 39. These locations would be ideal for
storage of chentals and hazardous materials that cannot be moved out of the inundation zone
entirely. Even in these locations it would be wise to make every attempt to harden or retrofit
any storage facilities to withstand a potential tsunami wave.

inundation
depth (feet)

20
16

10

6
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Prevent Uplift oWharfs/Piers by Stabilizing Platforms
Level of Difficulty for Port of Bellingham: Medium

Wharfs and piers differ from
docks in that they are stationary
platforms, often built atop pilings
driven into the sea floor, that dog,
not move with the waves or*
tides. Wharfs are utilized to loags
and unload goods from large
vessels such as ocegoing |

ships figure 40). Many wharfs ==
were built decades ago and
repairing the foundation of suc
a large structure is done onl
when absolutely required. Eves
conducting  evaluations  of
structural integrity can be
difficult due to the sheer numbe :
of foundation piIings, Figure 40: Wharf construction at the Port of Tacoma.

connedions, their location both in and out of the water, and the need for specially trained
personnel or contractors to perform the checks. Tsunami waves and currents can cause pilings
to fail under a wharf from scouring or damage from debris. The tsunamdation can also lift

part or all the deck of the wharfoff the pilings if the connections between the deck and
foundations are not secure and robust. Stabilizing the platforms of a wharf can mean simply
increasing the number and strength of the pilinggiatform connections, or it can ba more
complex undertaking like enhancing the connections and adding additional structural rigidity
through braces between pilings themselves, making the entire structure more stable.

The Port of Bellingham hasumerous piers and wharfs within Squalicumdarbor, at the
Bellingham Bipping Termind, and at theBellingham Cruiseefminalin Fairhaven These piers

and wharfs are utilized to load and unload fishing and shipping vessels, passenger ferries, and to
access drydcks for ship maintenance and repair. Some of these whagfe likely constructed

many years ago and could require stabilization. Phd should, during routine review and
inspection, assess and categorize the stability of the foundations and connetiiiween the
pilings and the platform structure. Wharf or pier platforms that simply sit on top of the
foundation pilings should be prioritized to be retrofitted with connection hardware. Platforms
that are attached to the foundation with older or degied hardware should be retrofitted as
well. The foundations should be assessed to determine if additional braces would also be
required to enhance stability.
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Equipment/Assets (Patrol/Tug/Fireboats/Cranes, etc.) to Assist Response Activities
Level ofifficulty for Port of Bellingham: Medium

Posttsunami evehresponse will be a complicated effort involving a large number of personnel
and equipment. Vessels will be needegatrol and search the water for survivors or casualties,

as well as to tow or move damaged vessels, broken or detached docks, and other large debris in
the area. Fireboats and other firefighting equipment will be needed to extinguish any fires that
start among the vessels, facilities, or on the floating debris (figl)e Cranes may be needed to
hoist and move large debris either in the water or elsewhere on the port property. Other
equipment may also be e ;

required such as loaders

bulldozers, or otherearth
moving equipment to clear§
debris and allow access &l =
the port property. Large
ports may already have somé&
of this equipment on site ™
smaller ports mayhave less

equipment owned or
operated by other entities.’
Regardless, response wi
require equipment, and the
more of that equipment that = J i
is either owned by or Figure 41: Bellingham Fire Department fireboat located in Squalicum Harbor.
prearranged for use by the

port the faster the response can begin and cleg can start. If a port does not have equipment,
or the means to purchase, hey should consider developing a plan, including agreements with
local entities to rent, borrow, or have use of any equipment that would be needed to respond
after a tsunamevent in their port.

The Port of Bellinghamdoes not haveall the equipment required for a podsunami event
response. Whatcon@ounty has a FEMA approved Debris Management Rfet includes
agreements with local contractors tccess thequipment tha will be needed to respond after

a disaster. ThBort should evaluate the type and amount of equipment that will be needed post
event and review the county response plan to determine whether additional equipment beyond
what is listed might be needed. @mdetermined, thdPort can either elgagein discussions with

the county to add additional equipment to the list or work to get access to that equipment
themselves. Theort should also ensure that if they are relying on other entities for assistance,
sud as theCoastGuard for water rescue or tug companies for towing services, that those entities
are aware of this and will be sufficient to serve in that capadifyossible.
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Fortify and Armor Breakwaters
Level of difficultyfor Port ofBellingham: Hard

Breakwaters are designe
to absorb and deflect stron
wave action to protect ship
and vesselsfrom rough
seas. Unless built to be
extremely tall, breakwaters
are unlikdy to be able to
block tsunami waves. Th¢
waves wouldikely overtop
the structure allowing the
inundation to enter the
normally protected area
The strong waves anc
currents from a tsunami Figure 42: Breakwater failure in Japan after 2011 Tohuku Tsunami.

event ©uld also cause

extreme scouring omfrastructure like lbeakwaters. The wave action cemovethe soil that
acts as the foundation of thetructure andcould evenstrip awaysections of the breakwater
itself. Scouring andlamage during an event could cause the breakwatefaib, as pictured in
figure 42, allowingeven more water to flow intdhe area Sudden gaps in the breakwater can
also create newinpredictableand dangerous currents.

Any damage to breakwaters
will also needo berepaired
post event, and if damage is

SEA SIDE Basin side

- — Concrote servies severe  enough  could
el \ road .
. \ require full replacerant of
) ! the structures at

considerable time and cost.
The concept behind
armoring or fortifying
breakwaters is simplgthe
entire structure is further
reinforced to make it

s1919W §7

. coe’ oo PO stronger, thickey and
rotection against sea erosion je 0 3 500 kg -

sturdier. These
< 90 meters > enhancements are made to

create  more resilient

structures that would be
able to withstandmuch more damage from theffects ofa tsunami. Fortification implies
strengthening the entire structure througthe addition of materiallike rubble or concrete
increasing the sizand strengthof the foundation, andverall creating a largeand more sturdy
structure as seen in figurd3. Armoring impliexovering thesea side of the breakwater with

Figure 43: Cross section ofigly fortified breakwater.
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additional materialgo help
in strengthening the
structure. Armoring can be
done with actual rock likeggg:
rubble or wusing wave
dissipating blockdarge pre §
formed concreteblocks built
to be placed so they
interlock and are less likel
to break loose in strong
wave and current action as
shown in figuret4.

Both armoring and fortifying
breakwaters are time,
resource, and cost intensive
processes Which likely
requiring extensive Figure 44: Armored breakwater.

engineering, environmental

assessmentapprova) and construction processes. If a port has the maanbe long termto
engage in such a procebe benefits extend beyond just the potential to lessen tsunami damage.
However, the amount of cost and effort may lead this option tly be more seriously
considered whenbuilding new breakwaters or when the span of life is over for current
breakwaters and they require replacement.

The Port of Bellingham hasore than %.0f a mile of breakwaters, and well over ¥2 mile of
reinforced shorelines on its propertynot counting the reinforcements around the water
retention center. As mentioned above, fortifying and armoring breakwaters lbara longand
resource intensive process. With so much breakwatesttengthen thePort would likelyonly
seriously pursue this option when rebuildiafeady damaged structures or when constructing
new ones. Even then the process will likely take yealse complete

ImproveFloatation Portions of Docks
Level of Difficulty at Port of Bellingham: Hard

The rapid onset of tsunami waves can rapidly etegr dockscausing them to sink and break

apart if the docks are not sufficiently buoyart.may appear that since they are floating and rise

and fall with the tides and waves, thall dodks have sufficient floatatioportions under them.

However certain styles and materiats floating dock structures ana factmuch more buoyant
thanothersal y& R201a I N8 ¥t RSSWERINE 2ydz0 Sa 2F odzz el
filled with foam)run in a parallel trackith a platform built on topfigure45). Another common

R201 O2yaiduNHzOGA2Yy (SOKYAI delheratihe érels oflzheSdock 2 f A R
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structure or atwidely spaceddistances along thege
entire length(figure46). Thesestyles, while common F%

floatation section that spans the entire undsde of
the dock area The most buoyant acksare built on § ———— _
top of sturdy, sealed’ o t anade fio High Density.
Polyethylene(a strong, impact resistant plastidjled . - o
with buoyant foam such a&Epanded Polystyrenesi s
(similar to Styrofoam)which spans the entire @tk
width and length(figure47). The increasetbuoyancy
of full floatation docks will do the best at halvth the
extremely fast changes in the water depths th
accompany tsunami waves.

The Port of Bellingham
most likely already
maintains records of i EHERg
its dock structures, i@

pontoon style or
partial block section
docks with docks thatgg~ :
are constructed on full Figure 46: Dock built on floating blocks.
length and width

floats. While time consuming and

potentially expensive, investments il

dock structuresthat have increased

floatation have benefitsbeyond just
tsunami mitigation. Docks wit
increased buoyancy will last longe
over time and will be able to better },
withstand other potential emergencies  /[\
like floods, storm surge, aridng tides. s
If docks with fullfloatation sections
prove too expensivethe port should =
consider spacing the flotations as clos
as monetarily feasible to increas-
buoyancy as much as possible.

== S e i el 2 e SRR

Figure 47: Docks built on full floatation system.
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Deepen or Dredge Channels Near High Hazard Zones.
Level of Difficulty for Port of Bellingham: Hard

shallower waters,pushing .7 &
\\ >
the water further on to dry \ s
land, the other effects are =
similarly more pronounced

in locations where the
depth is less. In harbor

3-6
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hiahest Deepenin of Figure 48: Close up of anticipated current velocities in Squalicum Harbor for a C!
ighes s P 9 event, for full magsee figure 8.

these locations through

dredging or other meanwill not eliminatethe hazards butan help to lessen theeffects. The

process of dredging or otherwise deepening channels is a complicated, inypobazss thatvill

require significant inputs of time and moneysiven the benefit from deepening channeisl

only alleviate some of the effectsf the tsunami hazard, it is most likely not going to be

worthwhile as a standalone measurélowever,sedimentation build over time and eventually

all harbors, ports, and channels will require dredging for maintengmoposes It is more likely

that portswould choose this time of regular maintenance to utilize hazard mapgetermine

the areas of hig hazard and deepethhem as much as feasible.

Thehazard maps developed for thi#ort of Bellinghanmave identified a few key locatioms the

harbor areas at an increased hazard risBpecificallythe areas nearSqualicumHarborQ a
entrancesare at highrisk for extreme currentshowever,i KA a4 A& Y2NB f A St @
effect of the water moving through the narropassage and not from the depth. Locations
around the edges of theuter basinand inside thesntrance of thanner basirhavethe potential

for extremecurrentsas well(figure48). It is possible that these locations aebject to higher
projected curent speeds because of how the water will flowough theentrancesand move
through the harbor. In this case, deepening the harbor areas will most likelgatptmuch to
alleviate thecurrent velocity hazard.
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While  deepening wonroestreet | =

. / P Modeled minimum
the harbor might / _. \ 3 [ ] vt gt

K X o ~— | ¥ vl o L, eet]
not help much with "~ : oy —ia{_§_§Washing
currents, another ' g 5 Exl £
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rwai - £ ¢

Port of Bellingham _
is the extreme |
minimum water §
levels during the &
receding of a 0
tsunami wave. As |
can be seen in the = =
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modeled minimum
water level map
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. . GEI A4 3y shoreline
considered ditant = _IL. . ADBEWE ” Water o
Figure 49: Close up of modelethmmumwater levelfrom distant tsunami at Squalicum Harbor, fc

tsunami (ﬁgure49) full map see figure 23.

the drawdown will

leave some portions of the harbors with a depth of less than 3 feet of watkis level of water
riskssomevesselgdockedin those areadeing grounded and potentially swamped by the next
incoming wave Therefore any deepening or dredging in these specific aredihelp to alleviate

the risk of vessel grounding. As mentioned above, the cost and time inputs for deepening
operations mean this would likely be done when regular dredging maintenance is required.
When maintenance dredging is required, thart should consider additional deepening in these
locationsto maximize the benefit and help to lessen the grounding hazard.
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Move Dockand Assetédway from High Hazard Zones
Level of Difficulty for the Port of Bellingham: Hard

Once a port has been able to identify the areas that are more likely to experience significant
tsunami hazardsthey can consider relocating the port infrastructuaway from these areas.
Docks and vesseis the highest of hazard areas are at the most risk of damagkesiruction
duringa tsunami event. Moving this infrastructure away frbigh hazard areas and into areas
that are anticipated to face a lower hard risk can help save infrastructure and vessels from
becomingbroken ordetached adding tothe debris moved around in the wateMoving docks

and infrastructurdn a port or harbor is aubstantial undertaking involving careful plannirdew
construction may be required shoreside to reroute walkways or build seare anchoring
systems. Old pilings would need remaband, if of sufficient size and strength, repositiog in

the new location, or replaamentwith piles of greater height, stregth, or thickness. Despite all

the work involved, if a port had the space and ability to reconfigure the layout of a harbor area
to eliminate docks from high hazard zones, there would be a large benefit irethestion of
damaged or destroyed vessels antrastructure if a tsunami event were to occur.
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The Port of Bellinghat@d { |j ddarlhoAwdlidiRély not be able to benefit from this measure.
The two harbobasinsare configuredto shelter the maximunmumberof vessels possibia the
space they have While there are some identifiable high hazard areas within the hadoor
basinsthere is not really space to relocate any infrastructure to areas of less hazard without
removing or eliminating docks and slifiSiven the sizef andspace constraintwithin the harbor
areaand the size of the arghat could be considered high risthe amount of infrastructure and
number ofslips would likely need to be reduced by-80% or more As this kind of reductiois
economicallyunfeasible the Port should instead focuigs mitigation efforts on strengthening and
improving the infrastructuren the high hazard areas rather than moving it.

Widen Size of Harbor Entrance to Prevent Jettin
Level of Difficulty for Port of Bellingham: Hard

The narrow entrances of harboast as a funnel to channel moving wateto and out of harbor
areas depending on wave and tide action. Typically haentrancesare built as an opening
between breakwaters andare kept narrow to limit the amount of rough seas that can pass
throughthem. While thenarrow design helps keep the harbor areas caloh@ing typicarough
conditions they become much more dangerous during a tsunami event. The exirates level
changes and surges of water that are produced by a tsunami will become amplified at the narrow
entrance points. Here the water will speed up dramaticaltlyle passing through these funnel
areasto enter or leave the harbor. Most tsunami mdaog shows the highest current velocities
occur in areasonstricted bynarrow points the water must pass throughin some harbors this
jetting of water through the constricted areas cawlessened by widening the harbor entrances.
Widening harbor entraces is a delicate balance betwesiitigatingthe risk ofextremecurrents
during infrequent events and providing shelter and lessening rough se#sring the harbor
during frequent storm events. Additionallghanging or altering the size of entrances to harbors
isan involvedprocess to alter the size and shape of the breakwaters that fach side of the
entrance. Changing or altering the size and shape of harbor entrancealsglichange how the
tsunami waves interact within the harborso proposed changes should be evaluated through
tsunami modeling to understand how the changes afikbct the harbor and vessels in the harbor.

Thetsunami modelinglone for the Port of Bellinghashowsthe potential for extreme jetting
around the harbor entrances. The highest anticipated current velocéigsected to be in excess
of 6 knots for a distant event and 9 knots foloaal event, are expected at thetrances to both
harborbasins Whether thePort could conceivablywiden these locatiors and see a reduction
in the anticipated currents is a complex question. As stated abibnve decision to widen
entrances idased on a delicate balance betweshelteringvessels froneverydaysurges and
roughseas andavoidingthe most extreme effects of ssunami event. This decision would need
to be evaluated thoroughly with engineers and tsunami modetersletermine whether the
benefits of a widened entrance to reduce current speeds is wortlctdst of potentially opening
the harbor to reduced shelter during normal storms and rough seas.
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Construct Floodgates
Level of Difficulty for Port of Bellingham: Hard

The construction of floodgates

has proven successful several

locations to lessen or eliminate

inundation  from  tsunami

waves. While the largest and

most powerful tsunamis can

overtop or otherwise breech

floodgates they have proven

extremely effective diring

smaller eventsand everduring

large events in locationsvith

less inundation Japan has

constructed a number of

massive floodgatethat proved

effective  against  tsunami

waves, like the ﬂoodgateFigure 50: Floodgates in Fudai, Japan.

pictured in figure50. Construction of floodgates is likely the most cdiogted and labor and
time intensive mitigation project listed here. Additionally, there getential issues with
installing floodgatesthey can disrupt natural tidal movementkey require amassive footprint,
they need to be operablafter a major earthquake, and they need to be able to be closed before
the waves arrivdo be effective. Floodgates are the most efftive whenwaterways have a
narrow entrance to a bay, port, or harbor, allowioge set ofgaes to protect the entire area.

The Port of Bellingham will not likely consider the construction of large floodgdteswide-
open configuration of BellingharBay would require floodates to be built at eachntranceto

the harbors andvould only protect those locations. Floodgates could not be used to protect the
Bellingham Cruis@rminalor the Belligham Sipping TerminaEven aSqualicum Harbomuch
construction would first require the enlarging and hardenofghe breakwaters at significant
cost, laborand time. Given the major effort to protect only a small part of the pdlbodgates

are not suitable for the Port of Belgham.

Construct Breakwaters Farther Away from Harbor
Level of Difficulty for Port of Bellingham: Hard

Breakwaters confine and shelter harbors, providing protection from storm surges, strong waves,
and ordinary floating debris. During a tsunami evéoiyever, these same breakwaters constrict
extreme and rapidly changing water levels and current movements. Tsunami effects are
amplified in confined and restricted areas, the smaller space forcing the currents to move faster,
and refracting waves are aited as the water sloshes within the enclosed basin. Constructing
breakwaters farther from harbors allows more unrestricted movement of the water during an
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