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DISCLAIMER

This report has been prepared biprthwest Hydraulic Consultants Ltdor the benefit ofStrathcona
Regional Districfor specific application to thilorthwest Vancouver Island Tsunami Risk Assessment
The information and data contained hereigpresentNorthwest Hydraulic Consultants Ltdhest
professional judgment in light of the knowledge and information latéé toNorthwest Hydraulic
Consultants Ltdat the time of preparation, and was prepared in accordance wéthegally accepted
engineeing and geosciengeractices.

Except as required by law, this report and the information and dattained hereirwere prepared for
the information and exclusive udy Strathcona Regional Districits officers and employees
Northwest Hydraulic Condtants Ltd.denies any liability whatsoever to other parties who may obtain
access to this repordind/or any digital information discussed heréar any injury, loss or damage
suffered by such parties arising from their use of, or reliance ugesiyepat or any of its contents.
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EXECUTIVE SUMMARY

The northwest coast of Vancouver Islaridcing towards the Pacific Oceanexposed to tsunami
hazards fronboth localand distantsources The primary local source of concerrihe Cascadia
Subduction Zonehile the Aleutian Islands Subduction Zone in Alaskadistant source of concerfihe
Strathcona Regional Districh, partnership withthe Ka:'yu:’k't’h’/Che:k:tles7et’h’ First Nations and
Nuchatlaht First Nation, engaged Northwest Hydraulic ConsultadtsOcean Networks Canada
Society, and Northwest Seismic Consultants Ltdntbertakea tsunamirisk assessmenin the region
This is accomplished by using tsunami modelling and drawing cguomunity experience and
indigenous knowledge. The vast study area, which is showigure ES, expands from Yuquot
northward to Cape Scott, and includes the communities ofl&wer (Port), Tahsis, Zeballos, and Port
Alice, as well as several Indigenous communities of the Ka:'yu:'€hb'k:tles7et’h’, Nuchatlaht,
Ehattesaht Chinehkint, Mowachaht/Muchalaht, and Quatsina N&dions. By providing a sound
understanding of tsunami hazard and risk, a goal of this projectpsa@ide information that will
supportimprovements toexisting emergency and evacuation plans.
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Figure EQ. Study area and project phases.
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Because the assessment covers such a large geographical area, the projesgmds/ed into two
phasesPhase,lwhich is covered in this report and focuses on the communitieaexed to Kyuquot
Sound, Esperanza and Tahsis Inlets, began in the suofrdéR0.Phase Ibegan in 2022 and includes
the communities in Quatsino and Nootka Sounds.

The projeciencompasseshree maincomponents, as summarized below:

1. Community and Indigenous EngagementAproject webpage, an online publiommunity
survey, and several virtual public engagement meetings were completlegérn from and
share the experience, knowledge, and history of local communltigsrviews with Indigenous
elders ancknowledge holdersvere also performedAn Advisory Group was gsulted
throughout the project to guide the project team and promote the exal@of knowledgend
ensure proper protocols were in place to safeguard indigenous knowledgership.

2. TsunamiHazard Analysiand Mapping—Two tsunami sources were simulated, one from the
nearbyCascadia Subduction Zone and another from the more digtbmnitian Islands
Subduction Zone in AlasKaocal tsunami flood hazard (e.g., overland inundatimaapswere
developed for 25 priority areasis shownn Figure EQ, andoverwaer hazardssuch as
maximum tsunamamplitude andmaximumcurrent speed were mapped across the study area.

3. Risk AssessmentBased on the tsunami hazard analysis and mapping, a community level risk
assessment was completed to identify potential risk togeproads, and buildings, as well as
other assetgritical to response and recoversses at risk mapsvere developed to identify
assets exposed tisunami hazard

Houpsitas FAIR HARBOUR
D)
e, KYUQUOT -
o 00 v
Oclucje Ehatis

\se ZEBALLOS

TAHSIS %
Ch hkint
enankin \O

Figure EQ. Priority areas (grea rectanglesonsidered for inundation mapping and
communitylevel risk assessment.
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Generalmundationlevels for emergency planning were defined considering both cwdagtand future

sea levelgind are presented iffable ESQ. Theseinundation levels include a safety factor to account for
the uncertaintes inthe analysis and are representativeasfe general area. This information should

only be used for highevel planning, as tsunami inundation can vary over smallmistaas a function of
local topographyTsunami inundatiomevelscorresponding ta@urrentday sea level ere mapped as

part of this assignmerds a starting point to understand tsunami risk to life safstgdel simulations
includingsea level risevere undertaken by the project team amrde available to support longderm
developmentand planningbut the sea level rise simulations have not been mapped for this assignment

Table ES.. General tsunami inundation level for emergency planning andieal times at selected

locations.
Cascadia Tsunami Alaska Tsunami
Inundation Level for Inundation Level for
Arrival Emergency Plannirfg Arrival Emergency Planning
il (CGVD2013 e (CGVR013)
Currentday  Year 2100 Currentday  Year 2100
Houpsitas 0h25m 124 m 13.7m 3h04m 47 m 6.0m
Fair Harbour 0h45m 6.9 m 7.9m 3h18m 51m 6.4 m
Oclucje 0h38m 9.2m 109 m 3h20m 3.4m 48 m
Village of Zeballog  0h46m 6.8 m 8.7m 3h31m 39m 51m
Chenahkint 0h35m 58m 7.6m 3h12m 28m 40m
Village of Tahsis 0h54m 7.5m 8.8 m 3h41m 50m 6.2m
Tahsis River 0h54m 6.9m 8.2m 3h41m 49m 6.1m
Notes

1. Arrival time is defined as théne of the first maximum of the tsunami wavasd flooding may begin before this
moment is reached.

2. The inundation level for emergency planning includes a safettyrfand accounts for the kal subsidence associated
to the triggering earthquake, as applicable. Freeboard is notdecuThe location where the inundation level was
determined generally corresponds to the location of maximum rurexgept for Fair Harbour, where the inundation
level is higher towards the Kaouk River estuary to the east.

3. CGVD2013 stands for the Canadian GeoWetiticalDatum of 2013.

Theoutcomes of theisk analysis can strengthen hazard awareness and thekiyucomponent®f
emergency management: mitigati, preparedness, response, and recovémthis report, energency
management plans are discussaslwell as the status abovecomponents in terms dbest practices
andregulations progress achieved during this project, grabssiblepaths forward. Furthermore, arious
measuresare suggestedo reduce tsunami risk in conjunction with developing and updagmergency
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management plansNotably high-level evacuatiomecommendationsre provided for higher risk areas
which include:

f Village ofTahsis,
f Village of Zeballos, and
f Houpsitas Kyuquo).

Theserecommendations are only meant to suppearteview of existing evacuation plans and are by no
means final or official, as more assessment and public engagement isactpyilocal levels of
governmentto carefully develop evacuation plans.

For a person caught etsunami the chance of survival is low, mainly due to the strong fftmmentum

and the floating debris that are often carried in the water during sereént. While studies exist to
evaluate human safety in flood conditions as a function of flow depth ahalcity, as well as age and
body characteristics, it is conservative to consider that anyone caugstimami flow is likely to become

a casualtyFor planning purposet is recomnended to assume that people exposed to tsunami hazards
will experience extreme risk of surviveunable to evacuate safel@verlandsunami hazard varies

across the study area depending on the tsunami sowtereastsunamis pose a risk anywhere near

the shoreline as well as overwater.

No specificsite reconnaissance was performed as part of this assignment@sttuctural nor seismic
assessment of buildings and infrastructure was performed in the study alevertheless, is it assumed
for this reldively remote region that buildings exposed to direct tsunami iratiah would be severely
damaged and lose their function.

Lastly, the study results are based on a limited number of tsunami sosrfar subduction earthquakes
with specific seismic pararters. Tsunami hazards and effects can vary for diffeesarthquakeghat
may occur TheCascadigarthquake and tsunami scenario analysed correspond to a severe event
according to thepaleoseismicecord of pasktarthquakes and is known to ltkee worst scenario readily
available for analysisHowever, this record suggests that at least one stronger earthquat@i@d in
the past 10,000 years. Including a safety faétorthe inundationmappingreduces the residual risk
associated to a stronger event but may mditminateit.
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1 INTRODUCTION

The rorthwest coast ofVancouver Island is characterized by its natural beauty ahdhistory. With the
Pacific Ocean to the west, this regiompaticularlyexposed to tsunami hazards from local sources, such
as the Cascadia Subduction Zone &nd distant sources such as the Aleutian Islands Subduction Zone
in AlaskaRecent major tsunamis around the world have demonstrated the pakfor widespread
destruction and dangetdowever previously there waselatively littleinformation about these hazards
and associated risks for thi®rtion of the British Columbia cogss priorto this projectlight detection

and ranging (LIDAR) topographic data was-existent for most othe study area.

The Strathcona Regional District, in partnership whi Ka:'yu:’k’t'h’/Che:k:tles7et’h’ First Nations and
Nuchatlaht First Natio, engaged Northwest Hydraulic Consultahtd (NHC)Ocean Networks Canada
Society (ONCandNorthwestSeismic Consultantdd. (NSC)o undertakeatsunamirisk assessmenin
the region.The goal of this project is to better understand tsundwatard ad risk on the northwest
coast of Vancouver Islandghis is accomplisheby using tsunaminodellingand drawing upon
community experience and indigenous knowledge. The vast study areads<fram Yuquonhorthward
to Cape ScottFigurel), and includes the communities of Gold River (Port), Tahsis, ZeballoBoand
Alice, as well as several Indigenous commundfdle Ka:'yu:’k't'h’/Che:k:tles7et’h’, Nuchatlaht,
EhattesahtChinehkint, Mowachaht/Muchalaht, and Quatsino First Natiohe Study area covers many
historic community locations, sacred sites, fishing and hunting astedifish harvesting sites and old
village sites.

With a focus on life safetyhe community leverisk assessmentses scenaridbased tsunami hazard
analysis and mapping fdentify potential rislsto people and assetg he risk analysisutcomes can
strengthenhazardawareness and the four pilleof emergency management: mitigation, preparedness,
response, and recoveryhis information is expected to support development and plagrdigcisions
andimproveexisting emergency and evacuation plans.

Because the assessment covers such a large geographical area, the projesmds/led into two
phases (Figure ). Phase,lwhichis covered in this report anicuses on the communities connected to
Kyuquot Sound, Esperanza and Tahsis Inlets, began in the summer oD2@&iGd tsunami inundation
mapsfor areas of interestvere completed and published online in the summer of 2@2H overwater
hazard maps for the entire study area were published later that gw@amv.srd.ca/tsunanimapping.
Phase Ibeganin 2022 and includes the communities in Quatsino and Nootka Sounds
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Figure 1. Study area and project phases

1.1 Tsunami Exposure

As with many otheareasalong the BC coas¥ancouver Island is exposed to tsunamis originating along
the Pacific OceasRing of Firewhichconsists of a nearly continuous sexief tsunamigenic subduction
zones surrounding the ocedRigure 2. Severamajor subduction earthquakes have occurred in recent
history, exemplifyinghe tremendous impacts tsunamis can have on communities, even ooatetifar
away fromatsunamisource. A geologically recent and wialiown Canadian example is the tsunami

that partially destroyed the town of Port Alberni, BC, dgrthe night oMarch 2, 1964. This tsunami,
which was generated by a moment magnitude (Mw) 9.2 subduction earteggauth of the Alaskan
coast(United States Geological Survey, n.ckpched Vancouver Island within approximatbisee to

four hours after the earthquake.
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Figure 2. Subduction zones around the Pacific Ocean and locations of severgbr tsunamigenic
earthquakes (adapted fromAtwater et al., 2005)

What makes Varmuver Island susceptible to potentially large tsunami wavés @oximity to the
Cascadia Subduction Zone (CSZ), which is loapfmoximatelyone hundred kilometres offshore
parallel toVancouver Island. The proximity of the CSZ means there will be tavwsroing time between
an earthquakeand the arrival of a tsunanoin the open coast (e.g., less than 30 minutesome areas
Geologicabtudies,historicalrecords from Japan, and oral history from Indigenous communiteal
the west coast oNorth Americashow that amajor subduction earthquake, followed by the generation
of a large tsunami, occurred on January ZB)0 (Atwateret al., 2005) Theearthquake associatedith
this tsunamis estimated to have hadrmoment magnitudeof approximately9.0 (Witter et al., 2013)

Based on the assessmarftother large historicatsunamisin the Pacific Oceaiit, was determined that
future CSZ events (similar to ti§00tsunam) anda future Alaska 196#ype tsunamipresentthe
greatestrisksto the coast of British Columbind merit analysis in hazard modellifigergusoret al,,
2022)

1.2 Methodology and Approach

The project focuses on the importance of “making space at the table for eve'ryo disaster risk
reduction and managemerand actively sought input from communities in the study areaigegous
communities living at the forefront of tsunami risk have fostered disassitience and knowledge over
millennia.The study approach leverages Indigenous knowledge and community engagenrebined
with scientific tsunami modéng and mappingThis synergetic approadeeks to strengthen outcomes
and their lasting adoption by communities
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The project is divided into three components, as summarized helow

4. Community and Indigenous EngagementAproject webpage, an online publkommunity
survey, and several virtual public engagement meetings were completksdrn from and
share the experience, knowledge, and history of local communlhésviews with Indigenous
elders andcknowledge holdersvere also performedAn Advisory Group was consulted
throughout the project to guide the project team and promote the exu@of knowledgeand
ensure proper protocols were in place to safeguard indigenous kngeled/nership.

5. TsunamiHazard Analyis and Mapping—Two tsunamsources were simulated, one from the
nearbyCascadia Subduction Zone and another from the more digtkmitian Islands
Subduction Zone in AlasKaocal tsunami flood hazard (e.g., overland inundatioapswere
developed for B priority areas andverwater hazardsuch as maximunsunamiamplitude and
maximumecurrent speed were mapped across the study area.

6. Risk AssessmentBased on thésunami hazard analysis and mapping, a community level risk
assessment was completed to iddy potential risk to peopleroads, and buildingss well as
other assets included in the critical infrastructure sectors defined by theNal Strategy for
Critical Infrastructur€Public Safety Canada, 20083sets at risk mapsere developed to
identify assets exposed to tsunami hazard.

The outcomes of the risk analysis can strengthen hazard awarendghafour key components of
emergency management: mitigation, preparedness, response, and recoveoydibggy, this study
touches oremergency management plans as well as the status of these compondatsis of best
practices and regulations, progress achieved during this projadtpath forward. This information is
expected to support development and planning decisions and ingexisting emergency and
evacuation pland.astly, thé study provides recommendations fmeasures that can badoptedto
reduce tsunami risk, in conjunction with developing and upaatsunami emergency management
plans.

1.3 Report Structure

This document forms the main report for the projelttdescribes themain steps of theeommunity and
Indigenousengagemeni(Section 2andsummarizes theesults of thetssunamimodelling andmapping
(Section 3) The focus of the report given tothe outcomesof the risk assessmemthich are presented
in Sectiond. Further on,Sections discusses emergency management plandrecommendsvarious
measures that can badoptedto reduce tsunami risk

The report includes series of appendicabat summarizeresults ofthe community surveygapture
records of Indigenous engagement, and presenttdahnical details of the studylso providedn the
appendicesare the many maps that were produced as part of this proj@ue use andimitations of
these mapsare discussed as part of this main reportSection3.4.
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1.4 ProjectTeam

This project is the result of a collaboration between many indivigloavarious backgrounds including,
but not limited to, risk assessment and disaster management speci#tidigenous community liaison
partners, coastal engineers, tsunami scientists, and Geograpbrriafion System (GIS) specialists.
While NHCONG and NS@ndertook the analysjghere werevaluablecontributionsfrom SRD
personne] municipal officialsand community membersvhich wereinstrumental to theundertakingof
this project.Below are brief background descriptions of NBGIC and NS{ncluding their respective
responsibilities on this project.

NHC

NHC is a private Canadian firm, incorporate9@2 and wholly owned by its principalis engineers
and scientists are focused and passionate about the assessment, measuramgigsign of water
related projects. NHC is a world leader in flood hazard assessmaethtsskreductionprojects working
extensively locally and across,BB€ well as on large scale international projeéts.the prime consultant
on this project, NHC led the community engagemeetformedengineering reviews of the modelling
work by ONCproducedthe maps, undertook the riskssessment, and provided recommendations for
risk reductionin collaboration withNSC.

ONC

As an initiative of the University of Victoria, ONC monitors the Radifilantic, and Arctic coasts of
Canada to continuously delivezaldtime data forscientific research that helps communities,
governmentsandbusinessesnake informed decision®r the future. ONC’s scientific credentials are
grounded by a deep respect for the perspectives and values of coasgghadis communities. Through
the colaborative engagement of local leaders and knowledge hol@Xis experienced in building
long-standing relationships that garner a broad understanding of sasami events and current risk
considerationsOn this assignment ONC engaged directly Wwitligenous communitieand integrated
Indigenous knowledge into the study findingkeveloped the projets Digital Elevation Mode(DEM),
and carriedout the tsunamimodel simulations.

NSC

NSC is a Canadian consultation company that bridges the seisnmietyegen technical science and
engineering with evidenebased solutions that support adf-society risk management decisions. NSC
guided thepublic safety best practicegesented in this reportauthored the emergency management
pieceof this study, and reviewed the risk assessment and recommendatiomisk reductiorin
collaboration withNHC

1.5 Glossary of Terms

A glossary of terms, which are specialized to the coastal area of grduaticesential to preserve
accuracy in description, are providedSection 7of this report.
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2 COMMUNITY AND INDIGENOUS ENGAGEMENT

As a key component of rislssessment,ammunity engagement focuses on informing and engaging the
public on how to reduce their risk and better protect themselves. Sundagement also informs the
assessmenby identifying community prioritieand valuesas well asinderstandingcommunity
preparedness, risk perception and resilience to tsunafsthermore, communitgngagementseeks

to strengthen study outcomes and their lasting adoptionthxy public For this studysuchengagement

is enhanced by the collaborative sharingsofentific information in conjunction with traditional
Indigenous knowledge on tsunami hazaridsfurther substantiate the study outcomebsat will support
future risk reduction actions and decisions by the communities

Scientific study of tsunamis on the west coast of Vancouver Island begamiest in the 1980s,
however, the history and the impacts of tsunargses backnuch longer. This is represented in several
ways including the Nuahahnulth story of mountain dwarves and the foot in drum legend. Aloith w
other references, these accounts highlight tinaditional knowledge and teachings that exist with
regards to earthquakeand tsunamis on the west coast of Vancouver Isldi Indigenous
communities within the study area have multigenerational shared exper connecting to the land,
coping with environmental change, and surviving natural desasthrough engagementhisstudy
seeks to work closely with these communities to levertdgdr ideasand guidanceAs such, iheedsto
ensure the results are tailored to the local context

This section of the report summarizes the engagement activities contpietthis projectwhich
include:

f Assembly of an Advisory Group to guide the project team and prom@&exchange of
knowledge

f Research oindigenous knowledge to shatke experience, knowledge, and history of local
Indigenous communities

f Community touchpoints to engage with the public.

2.1 Advisory Group

An Advisory Grougvas assembled at the onset of the projedgth representation from communities
within the study areaThe purpose of the Advisory Growasto bring together expertise and counsel to
promote the applicability of thetudyfindings, as well athe exchange of knowledge between
communities andhe collaboration towards theeductionof tsunami risksThroughout the projectthe
project team worked with the Advisory Grouprefine engagement plans to best foster community
engagementcollect background data and informatiggnd review preliminanfindings.
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The Advisory Groujmcluded representation from the following communities and orgatiizes:

Regional Districts

f Strathcona Regional Distri@RD

f Regional District d#lount Waddington (RDMW)
First Nations

f  Ka’yu’k't'h'/Che:k:tles7et’hFirst Nations

f Nuchatlaht First Nation

f EhattesahiChinehkint First Nation

f Mowachaht/Muchalaht First Natian

f Quatsino First Nation
Tribal Councils

f  NuuwChahNulth Tribal Council (NTC)
Municipalities

f Village of Tahsis

f Village of Zeballos

f Village of Gold River

f Village of Port Alice
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Tablel provides an overview of the six Advisory Group (virtual) meetings that eddeas part of the
project. Many participants could not attend the first meetingedto widespread power outagenthe
region Nevertheless, this meeting was carried out as it provided the rengarticipants an
opportunity to meet with the project team in an informal setting.cBaAdvisory Group meeting was

opened by an Indigenous elder.

Tablel. Summary of Advisory Group meetings

Meeting Date

0 November 18, 2020

Aspects Discussed

Informal ‘meet and gre€t meeting as many participants were not
able to join dieto power outage.

1 December 3, 2020

Project overview

Role of Advisorgroup

Data collection

Content for project website
Questions for community survey

2 January 27, 2021

—~ o~ |~ ~ —~ =~ =

Indigenous knowledge research

Priority areas for tsunami inundation mappiagd risk
assessment

Community engagement

3 April 6, 2021

Indigenous knowledgeesearch(update)
Community survey results
Focusareas for overwater tsunami hazanthpping

4 May 25, 2021

Presentation of draft mapping results
Plans for public meetings

5 February 22, 2022

~ ~ =~ |~ = |~ —~ = | =

Presentation for results of risk assessment
Plans foffinal public meeting
Introduction to Phase Il of the project
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TheAdvisoryGroup provided background information on each of their jurisgic§ and communities
and identified areas of interest within the regi@iRigure 3) For instance, these areas include inhabited
areas, recreational areas, historic community locations, sacred sghmdiand hunting areas, shellfish
harvesting sites and old villagées The Advisory Groupasalsoinstrumental inprioritizingareas for
inundation mappingasfurther discussedn Section3.3.4
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Figure 3. Areas of interest identified by the Advisory Growand areas prioritized for inundation
mappingat a scale ofl:5,00Q

2.2 Gathering ofBackground Information

Early in the projegtavailable background information was gathered from communitiesparties
located within Phase | of th&tudyarea (see Figure 13s well apublicly available sourced he
followingis a list othe main documentgrom whichinformationwasconsideredo advisethis study
based on the community it relates.to
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Ka:'yu:'k't'h’/Che:k:tles7et’h’ First Nations

f  Kyuguot Community WildfirBrotection Plan Evacuation Routes M@BsavAir, 2020a)
Nuchatlaht First Nation

f Nuchatlaht Tribe Tsunami Preparedness Strategic Plan202@(Ducharme, 2018)

f Nuchatlaht First Nation Community Wildfire Protien Plan(SuavAir, 2020b)
Nuu-ChahNulth Tribal Council

f West Vancouver Island Coastal Vulnerability StuBfasel —Nuchatlaht First NatiorOclucje
— Draft Report(Parsons, 2017)

f West Vancouver Island Coastal Vulnerability StuBase 2- Ehattesahtrirst Nation Ehatis—
Draft Repat (Parsons, 2018a)

f West Vancouver Island Coastal Vulnerability StuBhase 2- Kyuquot First Nation, Houpsitas
—Draft ReportParsons, 2018b)

Strathcona Regional District

f Strathcona Regional District Eledl Areas A 2020 Community Wildfire Protection Plan
(SuavAir, 2020c)

Village of Zeballos

f Zeballos Emergency Pl@village of Zeballos, 2020)

f Village of Zeballos Community WildflPeotection Plan 2020 UpdatSuavAir, 2020d)

f Zeballos Emergency PrograrEmergency Response Plgnd.)

f Zeballos River Floodplain Modernization & Future Landslide Risk Asse¢B@ent2018)

f As Built Report for Zeballos Water Tank Replacer(tionecroft Project Engineering, 2003)
Village of Tahsis

f Tahsis Evacuation Pl@dcElhanney, 2020)

f Tahsis Asset Mai®’Hara Consulting, 2019)

f Tahsis Flood Risk Assessm@ntEhanney, 2019)

f Emergency Response and Contingency Rldlage of Tahsis, 2017)

f Flood MitigationProject— Phasel: Record Drawing@cElhanney, 2022a)
f Flood Mitigation Project Phase 2lssued for TendebrawinggMcElhanney, 2022b)

f Technical Memo Realisis Diké&seotechnicalnalysigMcElhanney, 2022c)
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2.3 Indigenous Knowledge Research

Indigenous peoples on the northwest coast of Vancouver
Island have been living at the forefront of tsunami risk for
millennia They have multigenerational shared experience
connecting to the land, coping with environmental change,
and surviving naturatazards They hold deep understanding
within their knowledge systems of disaster risk in their
territories, gained through thowsnds of years of lived
experience on their land and waters. Using a framework of
“two-eyed’seeing, where different ways of knowing are
used simultaneously for the benefit of all instead of one
being incorporated into the other, this tsunami risk

Earthquake Foot Legend assessmenutilizes Indigenous knowledge and modern risk
This legend is a rendition of a assessment tools such esmputer modellingo create a
Mowachaht Muchalaht story robust risk assessment. This project is a unique opportunity

“A man was going through the mountains to shpwcase the resiliency of u§|ng knowledge coexistence
in Yuquot (Friendly Cove) and stumbled for disaster management and kisssessment.

on across the home of two dwarves. They
were very happy and outgoing. They
greeted him with every respect an
invited him into their home. They invited
the man to perform, to dance and sing
around their great drum in thieouse. This
went on all day and all night until the man
tired and stumbled into that drum. It was
then that he became inflicted with an
earthquake foot, and every time he took
a step, tremors occurred. The whole

Theprojectteam worked closely with the Advisory Group
members to identifyeldersand knowledgeholders from

within the study area. Through both research and interviews
conducted between September 2020 and March 2021 with
eldersand community members, thgrojectteam collected
multiple stories, teachings, and oral histories of past
tsunamis including but not limited to the 1700 and 1964
tsunamis.

The knowledge shared through interviews not only

" illuminated the immense history of earthquakasd

world began to shake and quake. This IS g, namis on the northwest coast of Vancouver Island, but
family cultural teaching that is a true 5154 gave insight to the hazard mapping component of this
SISOy e Hemelly Cove, risk assessment. Elders, knowledge holders and community
Shake Up interview with renowned artistand member’s shared firshand experiencewhichvalidate
knowledge holder Anii-sa-put (Tim Paul), Mmany of the results seein the tsunamimapsproduced as

2020 part of this projectFirsthandexperienca gathered as part

of these interviewsre shared anccorrelated to modelling

The image above is a detail of a silkscreen print done . .
2 P results inSection3.2.3

in 1977 called ‘Earthquake Foot’, created by anist

nii-sa-put (Tim Paul). Tim Paul spent is youth with The || report summarizing the interviews and additional
his grandmother inCtenenkint (Queess Cove)in  ragegrch regarding Indigenous knowledge of tsunamis and

Esperanza InlefThe print depicts the moment that e arthquakes in the study area is attached to this report as
Yahlua tires and kickshe drum and becomes AppendixA.

afflicted with the disease earthquake foot, as afie

the dwarves looks on.
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2.4 CommunityTouchpoints

Communities were engaged throughout the project with three main bhmaints not onlyto raise
awareness but alsensure that local knowledge is represented in the projébtiese touchpoints include
a project website and a community survey prepared andmomicated in collaboration with the SRD,
as well as a series of online community meetings to engage with the publatiglire

2.4.1 Project Webpage

Content forthe project webpage was developed by the project teand hosted online by the SRD
(www.srd.ca/nwvitsunamtriskproject/). This webpage provides an overview of the project, presents
background information on tsunami hazatid the region, and informs the publaf events associated
with the project.

2.4.2 Community Survey
Part of this project included surveying residents of the stuéyado build communitypreparednesdy:

f  Sharing of experiences and knowledgetween communitieso help reduce tsunami rigk
f Assessing community evacuation and sheiteplace preparedness leveland

f Helpingthe communiiesunderstand where they can access emergency programs.

The sirveywaspromotedby the SREhrough a media release, neighbourhood mail outs, espaihd
communityspecific social media sites. Responsasid be mailed in or submitted electronically total
of 282responses were received tiye SRD, whoversawthe compilationand assessmertf the
responsesas well adollow-ups with the respondents that provided contact information

Complete results of the survey are presented in @@mmunity SurveReport provided in Appendix B
Survey questiongere prepared by the project team in collaboration with the SRBare provided in
Table2, along with responses to closmded questions for the entire areaurveyed Responses were
also assessed based on a community basisthe distribution of respondents per community is shown
in Figure 4.
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Table2.  Community survey questions.

General questions

Which community/location are you providing information on?

What concern do you have about a tsunami occurring in your community?

“Yes” or “no” questions on preparedness

Do you and your family have enough disaster supplies in case your catynisurut off for two weeks and you have to
shelter in place?

Are your supplies portable, such as in a bpakk or suitcase with wheels?

Do you know your community’s tsunami meeting points?

Do you know your community’s tsunami evacuation routes?

Do you know how your community will alert you if there is a tsunama&t?

Do you know how the Canadian Coast Guard's broadcasts tsunami elertsiners?

Do you know that the immediate signs of an approaching local tsuaeemi
f A strong ground shakingnd
f Arapid and unexpected recession of water levels, and a loud roarnimglsmming from the ocean?

Do you know that the immediate signs of an approaching distant tauaee:
f Arapid and unexpected withdraw of water levahd
f  Aloud roaring sound coming from the ocean?

Do you know that a tsunami can also be triggered by landslides?

Are you a certified Amateur Radio Operator?

Are you interested in receiving information about how to achieve an Aurd@adioCertification to help disaster
communications of your community?

Do you have a satellite communication device (Spot X, In Reach)?

Openended questiongresponses vary)

Do you have personal experience of a tsunami event in northwest Vaacsland?
f If yes, which year/specific location?
f Can you provide details (impacts/damage, physical observations, @@n&sponse, etc.)?

f Would you be willing to share your contact information to providetfer details to us? If so, please enter it
below. This personal information will be kept confidential by the SRD herdtoject team.

Do you have any recommendations or feedback you would like passedtalengergency planners?

Anything else you would like to share with us?
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B Gold River- 103
@ Port Alice -78
OTahsis- 46
OQuatsino- 12
OZeballos- 10
OWinter Harbour -6
Tahsis- 46 OKCFN-8

16% OCoal Harbour- 4
OHolberg- 2
OEsperanza- 2
OWalters Island-4
OVisitor- 7

Figure 4. Total survey espondentsper community

2.4.3 Public Meetings

Two rounds of pblic meetings took place:

1. Share preliminary results of tsunami modelling and mapping with comtimsnand collect
community inputs for the risk assessneand

2. Sharefinalizedinformation about the tsunami hazard and risk assessment reguhelp
communities prepare for the next steps in theductionof tsunami risks.

Due to the COVHDL9 pandemic alineetingswere conducted in an online formatleetingsincluded a
presentation by the project team followed by an interactive quas@md answer period. The first round
of meetings took place in August 2021 and the second andriimald in April 2022Each public meeting
was opened by an Indigenous elder.
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3 TSUNAMI HAZAREANALYSIAND MAPPING

According to thdJnited Nations International Strategy for Disaster ReducdtighISDR, 2009 hazard

is apotentially damaging physical event, phenomenon, or human activdymay cause the loss of life
or injury, property damagesocial and economic disruption, or environmental degradatimne
prerequisite to any risk assessment is the definition of the hazakdhich a study area may be exposed.

For this study the hazasdelated to tsunamis are defined by means of computernsations (i.e.,
numerical modelling) whichstimatethe complex and nonlinedyehaviour of tsunami waves as they
propagate towards the coast and interact with the intricate geograpteatures of the coastlind-or
suchmodelling, a Digital Elevation Model (DEM) is required which representsattiesurface both
above the watertppography and below the waterljathymetry). The quality of the tsunami modelling
and ensuing mappings directly correlated to the quality of the DEdveloped, which in turdepends
on the accuracy angpatialresolution(i.e., densityof data point$ of the underlyingelevation
informationused.The numerical modelling followedreestedapproach, meaning that results from a
broader and coarser model are passed as boundary conditiosuccessively smaller modeléth
higher resolutiorthat areembedded into the broader modefAnapproachsuch as thigocuses the
analysis to areas of iatest and reducesomputation time

Furtherdetailsof the DEM development, tsunami modelling, and tsunami hazard mgin
presentedbelow.

The tsunami hazards analysed in this study incflmta hazard (e.g., overland inundation) in localized
areas, as well as overwater hazarsisch agnaximum tsunami amplitude and maximusunami
inducedcurrentvelocity. Other overwater hazards such as shallow navigation depths and impaats wi
floating debris have not been assessed.

3.1 Digital Elevation Model

In simple terms, a DEBUrfaceis generated by the interpolation of elevation information of variable
spacing onto grighointsof constant spacingseveral DEMs were created to support tsunami modelling
and mapping for this study. DEMs of varyspgtialresolutionsand extents were developed following
the nested modelling approach, which consists of performing broatheulations at a coarser
resolution to provide boundary conditions to simulations ofsessively finer resolution that focus on
the study aea. This nesting approach is further describe®wrction3.2.2 wheretsunami modelling is
presented DEMs integrate both topography and bathymetry data and narmmmfa coarse resolution

of about1,500m in the Northeast Pacific Ocedn afiner resolution of 10m in theregionsof interest.A

2 mresolution topographic DEMas developed to support locatale tsunami inundation mapping in
key locationsand is discusseith Section3.3.4

Data sources and summary oDEM development methods are detid below.Further cetailsof the
development oDEMs for tsunami modellingre provided in Appendix.C
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3.1.1 ElevationData Sources and Collection

DEMsspecific to the study areaere developed using both prexisting datasets and datasets collected
for the purpose of this project. The latter include light detection andgiag (LiDAR) topographic data
and bathymetric survey dat Datacollection campaignsndertaken as part of this studyre

summarized belowTable3 presentsall datasets used for DEM development, listed from top to bottom
in terms of priority over other datasetshere they overlap

Northwest Vancouver Island Tsunami Risk Assessment 16
Final Report



Final Report, Rev. 1

nhc

May 2022
Table3. Elevation datasets used fAEM development.
Dataset Date of Surve Data Type S
y yp Resolutiort
Topoaraphic Minimum of 1
Commissioned LIDAR data collected by McElhann 2020 opograp point persquare
LIDAR survey
metre?
Multi-beam
survey 1 mfor DEM
Commissioned mulbeam and singlbeam interpolated surface, 0.1
bathymetric survey performed by Terra Remote 2020 onto DEM 0.3m along
Sensing Inc. (TRSI) surface single survey tracks
beam survey ~50 m apart
tracks
DEM of theTahsisRiver valleyrovided by
McElhanneyincluding river bathymetr 2018-2019 DEM surface 03m
Multi-beam bathymetry data obtained from the Bathymetric
Canadian Hydrographic Survey (CHS) 20002020 data 2-5m
Bathymetic survey point®btainedfrom the CHS 1934-2010 Batr;);rtr;etnc Varies
CHS nomavigational (NONNAO) bathymetric data| ~ 2018-2020 | Datiymetric 10m
DEM surface
. - : B Topographic | 0.75 aresecond
Canadian Digital Elevation Model (CDEM) 1945-2011 DEM Surface (~20m)
Bathymetric DEM of British Columbia from the Bathvmetric 3 areseconds
National @eanographic and Atmospheric 1930-2011 DEMysurface (~93m)
Administration (NOAA)

Notes
1. Spatial resolution of DEM surfaces relates to the constant spaeiwgebn adjacent points onto which underlying
elevationinformationwas interpolated. The resolution of a DEM may metessarilyeflect the actual resolutionf
the underlying elevatiomformationfrom which it was derived
2.Federal Airborne LiDAR Acquisition Guidelines (NRCan and PubljcC3afatia, 202@pecify a density of-40full
feature points per square metre for LIiDAR data to support inundation mapping mflogd risk areas (all urban areas
and rural areas that are protected by dikirdgpwn to 2full featurepointsper square metre for low flood risk areas
(sparsely populated areas).
3. The river bathymetry data used to develop this DEM is relativelyeaarenly typical river crosections were
surveyed?:

1 McElhanney2021.Emailcommunication between Philippe -&ermain pstgermain@nhcweb.copand Michael de Hart
(mdehart@mcelhanney.cojon June28, 2021.
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3.1.1.1 LiDAR Collection

Prior to this project, LiDARpographic datavas nonexistent for the majority of the Phase | study area.
Therefore McElhanney Consulting Services Ltd. egagedas part of this projecto collectsuchhigh-
resolutiondata, whichplaysa crucial role in this project d@sallows for detailed inundation mapping.

As part of the condition for the funding received for this proji LIDAR data was provided to the
Province of BQrequiring the preparation of metadata according to GeoBC statsd&uch metadata
generallyconsists of any information that is descriptive or supportive of a gattspdataset, including
reportsthat details datecollection, processingnd cuality sssurancequality control (QA/QC)as well as
other supportingnformation such as ground control poingsd shapefile§

LiDAR was collected by plameAugust 202@nd flight paths were planned to maximize the survey of
intertidal zones at lower tides in areas of intereBtightavere performed oven total distanceof 1,800
km, coveling a total area ofapproximately 76%m?. The coverage of the LIiDAR collected is shown in
Figure 5Not all shorelines were able to be surveyed at lowest tide conditions dtieettime-varying
nature of the tides in relation to the duration of the fligh&ights paths were established to maximize
the coverage of intertidal areas during low water cdiwfis. A minimum survey point density afie full
feature point per square metre was adopted to maximize the coverage of the sumgle adensity up
to approximately thredull featurepoints per square metrevas achieved in inhabited ared®aw LIiDAR
data was processed to remowegetation buildings, and bridges to represembareearth® surface
only. This process resulted am averageadensityof approximatelyl.5 bareearth points per square
metre in inhabited areas

2 A shapefile is a vector data format for storing the location, shape, antues of geographic features
3 Bareearth consist of a representation of the earth’s surface foeeegetation, buildings, and other structures
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Figure 5. Coverage of LIDAR collected as partioé project.

3.1.1.2 Bathymetric Survey

Terra Remote Sensing Inc. (TRSI)emgmgedss part of this projecto conduct multibeam and single
beam bathymetric surveys at four sites in Tahsis Inlet and ZebadkbsSnorvey locations were
prioritizedto fill in gaps identified based on a review of availaj@ernment dataSurveys were
conducted between Augudi?2 and August 15, 2020. A single beam echosounder was used to survey
perpendiculamprofiles along the shorelin@ith a maximum distance of 58 between each profileand

a multtbeam system was used to collect data in the remainder of the survey dreasaw multibeam
data wasprocessed by TR®I produce a Im resolution surface of the seabed, which was subsequently
used for DEM developmeiy ONC
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3.1.2 DEM Development

A total of three DEMs were developed for specific indhis study as listed below.

f A 60m resolution DEMo represent the northwest coast of Vancouver Island,
f A 10m resolution DEM teoepresent Kyuquot Sound, and
f A 10m resolution DEM taoepresent Esperanza Inlghcluding Tahsis Inlet
Broader previously developed oceanale DEMs were also employed but are not presented herein. The

latter have resolutions of 24 and overThe geographical extesbf the project specifidEMs, which
integrate both topographic and bathymetric informaticare shown in(Figure6).

N

A

S CAPE SCOTT

PORT ALTCE -

KYUQUOT SOUND

ESPERANZA
INLET

o FAIR HARBOUR

uQUET —

HOUPSLTAS — OCLUTE ¢+ EHATIS
— ZEBALLOS

a
T

IAHKINT —| " TAHSTS)

G

GOLD RIVER 3
(PORT),

YUQUOT —.

NORTHWEST VANCOUVER ISLAND

o 10 20 30 40 50
3 N N
DATA SOURGCES: Esti ke

Figure 6. Geographical extents of DEMs developed to support tsunanaidalling.

The DEMs were developed according to the following approachc8alatasets which are listed in
Table3 were converted to a common geographic coordinate system (latiartklongitudewith the
World Geodetic System of 1984 (WGS&&lhorizontal datum and th€anadian Geodetic Vertical
Datum of 2013 (CGVD201&) vertical datum. In assembling tb&Ms priority was given tdiner
resolution data where datasets overlapped. Interpolation methagse used to convert theelevation
data to a gridded surfacend smoothing of the bathymetric areas was performed. The lattir is
minimize artificiafeaturesthat may resultfrom the interpolation process as well tsfacilitate tsunami
modellingwhich can be sensitive to abrupt changes in the seafloor. Infoomdtom theCanadian
Hydrographic Servic€HSyvas used to delineate theoastlinein areas where the olution of the
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sourceelevationdatawasnot sufficient to define the coastline in its€#.g., CDEM and NOAA datasets
as perTable3d).

Quality was controlled by visually comparing gtededrelief of the DEMs with satellite imagery on

land anddepth contours withCHS navigational charts underwater. DEMs were developed and reviewed
considering the purpose of tsunami modelling oahd greater attentionwas given tareas ofinterest

The DEMSs produced as part of this project may not be suitable for oes unless confirmed by

review andassessment.

The vast geographical extent of the study area in conjunction sltivelyspar® eleation data
available lead$o inherent limitations in how the DEMs reflect reality. Such limitations cantedsislate
into limitations of the subsequent tsunami modelling and mappindugber discussed ifection3.4.
The main limitations of the DEMs include the following:

f Spatial resolution of DEM surfaces relates to the constant spacing betadjacent points
onto which underlying elevation information was interpolated. The resolution dtlsl hay
not necessarily reflect the actual resolution of the underlying elevadeatafrom which it was
derived.For exampleto follow federalguidelinesNRCan and Public Safety Canada, 2020)
detailedoverlandinundation mapping is not possible outside of the area covered#R
(Figure 5. Where LiDAR coverage is not available@E=Mwith a resolution of 20n (see
Table3) was usedThe constant 10n resolution across the DEMs does not refléus t
variationin the source elevation data.

f Severabatagapswhich could not be coverebly the projects survey campaigexist
throughout the large study are&uch areas include remote inlets and estuaites,mostly
consist of intertidal zones whidre logisticallymore challenging to surveifor instance,
intertidal zonegnayhave beersubmerged at the time LiDARascollected fromthe plane
above Alsqg shallowwater depthscanimpedetypicalsurvey by boatinless specifically
planned explaining why depths intertidal zonesare seldom reported on CHS navigational
charts Hence, he DEM surfaceniintertidal zonesvhere gaps exist results from the
interpolation betweentopographic and bathymetric datasetahich carinduceaccuragesin
those areas

f Aside from Tahsis Rivero bathymetric data was available for rivéosatedin the study area.
Hence, such rivers arepresented based othe interpolation of topographicataonly and
thereforethe riverbeds generally appear to have elevations matching the adjaisembanks

3.2 Tsunami Hazard Modelling

When an offshore subduction earthquake occurs, the quick uplifiemodf the sefloor vertically
displaces a large voluna# waterwhichinducesa rapidandlocalized change in sea level. This regults
tsunami waves propagating in opposite directions, perpendidaidihe fault line.Such waves can
propagate thousands of kilometres away from their generating sourcermsterable speeddn deep
waters, these waves will have relatively small amplitudes (oftentless 1m) but their length often
extendshundreds of kilometres. As these waves propagate into coastal walbengexperience an
increase in amplitudeas well a adeceleration and ahorteningof their wavelengttdue to the
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compressing effect of the uploping sefioor and the decreasing water deptAs tsunami waves
approach the shoreline and intrude overland, their behaviour lvé mainly influenced bipcal
geographical featureand may vary considerably from one location to anotiié¢though most often
triggered by subduction earthquakes, tsunamis can also be duestsutiden displacement of water
induced by subaerial and submarine landslides, volcanic emngtand meteor impact$iazards
associatedvith tsunamis triggered by mechanisms other than subduction earthquakelseyond the
scope of this assignment due to funding limitatioB®ological and geotechnical assessment is required
to determineif risks associated to landsliegeneratedisunamis exist in the study area.

The generaphysical processes of tsunamis described above are complediffiodlt to predict without
the useof numerical models. In simple terms, numerical mo@etsa mathenatical representation o&
physical phenomeon, based on relevant hypothesand simplifying assumptioraften derived from
laboratory experimentsThis mathematical representatiassentiallyconsistof a set of governing
equations, which when solved over the time and spdamairs estimates the movement of watemn
this case the propagation of tsunamidighperformance computerare used to undertake the many
calculations involved, which aperformed at each grid point odefinedcomputational grid covering
the study area

In generaljnputsrequired for tsunami modelling includerepresentation of the earth surface, such as a
DEM as previously describedSection3.1.2 as well as a definition of the seafladisplacement

resulting from an earthquak&he tsunami scenarios considered for this stady presented below, as
well as aechnical overvievof the tsunami model used. A summary of the model results is also
provided.Further detailson the tsunami modellingvork performed to support this studgre provided

in Appendix C

A previousstudy undertaken byarsong2017, 2018a and2018b)presents theeffects of aCascadia
tsunami at Oclucje, Ehatiext to the Village oZeballos, and Houpsian Kyuquot No detailed
technical comparison was performed between this study with txeent study,as such assessment is
outside the scope of thiassignment

3.2.1 TsunamiScenaric

Twotsunami sources were considered for this studio@ltsunami from the Cascadubduction

Zone, (referred hereafter as a Cascadia tsunaanijl adistanttsunami fom the Alaska Aleutian Islands
QbductionZone (referred hereafter as an Alaska tsunanwhileVancouver Island is exposed to
tsunamis originatingrom anywhere irthe Pacific Ocearithese two sources are considered the most
hazardous to the coast of British Colum{f&rgusoret al., 2022) These tsunami sources anather
descrbed below

In conjunctionwith the two tsunami sources considered, two deaels weresimulated resulting in a
total of four tsunami scenarios being modelléithese sea leveiscludeacurrentdaysea level and a
future sea levebased on sea level rigSLRpredictionspublishedby Naural Resources Cana@dRCan,
Jamest al, 2021) Further description of the water levels simulatealsoprovidedbelow.
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The tsunami scenarios modelledthis study are referred to as fows:
1. Currentday Cascadia tsunami
2. Currentday Alaska tsunami
3. Cascadiasunami withsea level rise
4

Alaskatsunami withsea level rise

Generalmundationlevels for emergency planning were defined considering both cwdegtand future
sea levelsas further discussed Bectior4.4. Only inundation corresponding to currewiay sea level
was mapped as part of this assignmasta starting point to understand tsunami risk to life safety
Model resultsncluding sea level rissre availabldor further mapping and assessment to support
longerterm develgpment and planning

3.2.1.1 Tsunami Sources
Cascadia Subduction Zone

The tsunami source used for the simulations of a Cascadia tsunams$jgonds to the splajault
rupture of the CSdeveloped by researchers from NRCan and the University of VicBaize( al.,
2018) This tsunami souradeformation was acquired fromMlRCarby ONCByincludingthe rupture of
the explorer segment of the CSHis wholemargin megathrust scenarigappropriatefor tsunami
hazard assessmenits the northmost portion of theCascadia margirFigure7 shows theestimated
uplift (upward motion, red shade) arslibsidencédownward motion, blue shadef the earthsurface
associatedvith this rupture. The rupturgone extendsouth fromCaliforniato Brooks Peninsule the
north and corresponds to an earthquake with a moment magnitudapgroximately 9.0This
earthquake senario is generallgonsidered similar to the historical tsunami of January 26, 1700
although believed to be stronger, as further explained below.
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Figure 7. ¥rtical displacemenbf the earth surface associatedith the Cascadia tsunami modelled
(image fromGaoet al., 2018) Uplift is represented by shades of red and subsidence by
shades of blue.

The following scientific background information further quathe tsunami source considered at the
CSZWritter et al. (2013)simulatedCascadiasunamis to characterize the associated hazard on the
Oregon Coast for which megathrust earthquake scenavere developed base on:

f Knowledge of the structure of the Cascadia megathrust,

f Onshore and offshore paleoseismological evidence,

f Theoretical understanding of how megathrust ruptures deform the seafland

f Observations after historicahegathrustearthquakes.
Four earthquake sizeategoriesvere established along with respective mean interevent time intervals
basedon the paleoseismic record of previous earthquakes going bggkoximatelyl0,000 years.

Thesecategoriesare defined asmall(S),medium(M), large (L) andextra-large (XL) with mean inter
event time intervals of 300, 42525, 656800, 10561200 years, respectively. A fiféxtra-extra-large
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hypotheticalscenario was also used to simulate a maximum tsunami to guide evacydinning (XXL)
in Oregn.

From this paleoseismic recoitdwas determined that a total of 19 Cascadia earthquakes occurred ove
the last 10,000 yeard @ble4), with magnitudes that may have ranged from 8.7 to 9.2. Accordingeto th
classification ofWritter et al. (2013)in conjunction with rupture parameters, the700Cascadia
earthquakemay beassociated to the category M (Mw 8:9.0), andit is believed thatLlO earthquakes

in the same category have occurred over the record. The earthquakarsceriGaoet al. (2018)
simulated for this study can be associated to the categoi 9.0 —9.1) for which category three
earthquakes have occurred over the reco@hly one earthquake of category XL (Mw99.2) is

believed to have occurred over the record.

Accordingdy, whilethe Cascadigsunami modelled in this studyan be considered a severe eventniay
technically note the worstcase scenario and some rasal risk remains.
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Table4. Paleoseismicecord of pastCascadia earthquakedsased on turbidite! analysis as reported
by Writter et al. (2013)

Event No. S0 Post-eve2n t Ear:rr:;ir;ig Size
Agée Interval e —
T8 271 - M
T2 466 200 SM
T3 802 340 M
T4 1,254 450 SM
T5 1,566 310 M
T6 2,564 1,000 L
T7 3,051 490 M
T8 3,472 420 M
T9 4,131 660 M
T10 4,778 650 M
T11 5,924 1,150 XL
T12 6,404 480 SM
T13 7,164 760 L
T14 7,624 460 M
T15 8,177 550 M
T16 8,853 680 L
T17 9,109 260 SM
T17a 9,221 110 SM
T18 9,816 600 M
Notes

1. Estimated turbidite age in calibrated radiocarbon years beforéd195
2. Postevent interval is the difference betweeam event andthe next subsequentvent rounded to the nearest decade.
3. Event corresponding to the tsunami of 1700 as estimated by radiionatating.

4 Turbidites are sedottom deposits formed by massive slope failurEsese slopes fail in response to excessive sedimentation
load and sometimes earthquake shaking, sending the sedimenitsgstidwn to the ocean bottom to create a turbidite. Carbon
dating of turbidites has been shown to provide a good method teweine the date of very old earthquakédnited States
Geological Survey, n.d.)
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Alaska Aleutian Island3ubduction @ne

The numerical simulationsf the 1964Alaskatsunami are based on the seaflodisplacement defined
by Suleimani and Freymuell¢2020) Such displacement, which is associatgéith the Mw 9.2
earthquake that generated the tsunami, is showrrigure 8 Thistsunami source information was
acquired fromUniversity of Alaska Fairbanikg ONC.

55°N
T
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Displacement (m)

-5 -4 -3 -2 = | 0 1 2 3 4 5
Figure 8. Vertical displacement of the eartBurface associatewith the Alaska tsunami modelled

(image fromSuleimani and Freymueller, 202Q)plift is represented by shades of red and
subsidence by shades of blue.

3.2.1.2 Water Levels
Tide Level

Tides are driven by astronomical forcing. More specifically, the gravitdtforces applied on the sea

water by celestial bodies such as thon and the sun. Since the rotation of the moon as well as of the

planets is a cyclic and repeated phenomenon, the variation of the water levetagedeéby astronomical
tide alone can be predicted accurately. On the other hand, stanmges are driven by atmospheric
forcing which combines the effects of the wind and the barometraspure Because the probability of
a tsunami occurringuringan intensestorm is low(although nonzero) nostorm surge is included in
the numerical simulationgIt is noted that regularly occurring storm surge is between 0.3 andnQ.7

The US National Tsunami Hazard Mitigation ProgidifHMP, 2010ecommends thatsunami
inundation maps belevelopedbased orsimulations performed with #ide level corresponding to, at a
minimum,the Mean High Water (MHWHf aspecific region. As péhe NOAA's definition of tidal
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heightsin the USMHW corresponds tolte average of all the higivater heights observedver atidal
epoch’. Mean Higher High WatdMHHW) which is higher than MHWorresponds to the averagsf
the higher highwater height of each tidal day observed owetidal epochBased orthe CHS definition
of tidal heightsin CanadaMHHW is similarto Higher High Water Mean Tide (HHWM)the study
area HHWMT varidsom 1.4to 1.6 mwith respect to CGVD20Ehd an average value of Inbwas
consideredover the area covered by the moddlhe tide level was kept constant in the numerical
simulations, which for the purpose of inundation mapping c®aservative simplification.

It should be noted that the selectiosf HHWMT as tide level for the simulatioimstead of a higher tide
level such as Higher High Water Large Tide (HHWLT) implies that some reskdeahairs. HHWLT
corresponds to the average of tlamnualhighest highwater heights over a tidal epocuch tide level
generally occursnly approximately, on averageyverytwo yeas at Winter Harbourand the probability
of a coinciding tsunami is lown the study area HHW variedrom 2.0to 2.4 mwith respect to
CGVD2018or 0.6 to 0.8m higher than HHWMT)

The tide levels stated abowe based on information provided in ti@&nadian Tide and Current Tables
(Fisheries and Oceans Canag2ia21)converted to CGVD2013 based on the Continuous Vertical Datum
for Canadian Waterdataset developed by the CHIhis dataset constitutes a surfaadatingchart

datum to the national geodetic reference frame with the year 2010 aelirae.

Sea Level Rise

dimate change is expected to result in increagdmbalsea levelstemmingfrom melting of ice and
increase ocean volume due to rising water temperatufiderelativesea level rise observed in one
location, however, willalsodepend onthe regional variability of global sea level rise and ltiwalized
long-term vertical movements of the earth surfageg.,uplift or subsidence)Such vertical movement
can resultfrom a variety of geological processes sasipost-glacial rebound andr the movement of
tectonic plates.

This studyconsidergelative sea level rise projectionscently published by NRCé&lamest al., 2021)
These projectionare based on the Intergovernmental Panel on Climate Change (G @)ssessment
Report of 2014 in conjunction witihe NAD83v70VG national crustal velocity moaleichdescribes
changes in ground elevatiomhe most adverse scenar@nalysedy Jamest al. (2021)is considered

for this study. This scenario, which is referred to as their “enbdhscenario consistan the median
projection of the Representative Concentration Pathway (Ré&esio 8.5 to which was added 0.686

of global sea level rise sourced from the West Antarctic Ice SReethe year 2100, this corresponds to
a relative sea level isof approximatly 1.2m on the northwest coast of Vancouver Island, relative to a
baseline of 1986-2005.Considering that theiIHWMTtide level definel for this study is relative to a
baseline of 2010 as mentioned above, slightly more sea leveiasteeen effectively added in the

5 A tidal epochs a 19year time period established for collecting observations on wigeels and calculating tidal datum
values

6 CHS, 2022. Email communication between Philipg@estain pstgermain@nhcweb.copand MikeMorley
(mike.morley@dfempo.gc.caonMarch 18, 2022.
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simulations (e.g., the amount that occurred between the baselindth®NRCan projections and the
baseline of the CHS surface relating chart datum to the national geodeatieneke frame).

The BC Provincial Sea Dike Guidsl{B&€ MoE, 201Tecommendthat projects considet.0 mof global
sea level rise abowsear 2000evels for year 2100 and 2.0 m of sea level rise for year 2200, with
adjustments for local vertical movements of the land. As the NRQgeqbions are slightly higher, those
have been adopted for this study.

EarthquakelLand Subsidence

The land subsidence associated with a l@&adcadi@arthquake is accounted for by lowering the
elevation of the ground in the numerical model according to the gligtvarying ground displacement
estimated byGaoet al. (2018) which is shown by the blue shadeFigure 7This essentially
instantaneous subsidence is greater on the open coast and direfsinther inland. For instance, it
corresponds to a lowering of the ground by approximat&lyp m at Kyuquot and0.4m at Tahsis.

The land subsidence associated with a dis#laska Aleutian Islandgsbductionzone earthquake does
not affect the studyarea.

In consideration with the scenario ofGascadia tsunami with sea level rise, it is assumed that the land
displacement associated@ascadigarthquake in the fafuture is equivalent to the displacement
associated to aCascadi@arthquake occurringn the nearfuture, as estimated baoet al. (2018)

3.2.2 Tsunami Model Description

Thissection provides a technical description of themericalmodel used tsimulate tsunami
propagation and potential overland inundation, as per the scenidasis provided abov&mulations
were performed usinghe fully nonlinear Boussinesq waeemputermodel FUNWAVE (Versid4)
developed aand maintained byhe University of DelawaréShiet al., 2016) The model, whickolves
governing equations fahe propagation of long wawehas been benchmarked against othsunami
modelsas part of thetUSNTHMRHorrilloet al, 2014) As a Boussinesq modeUNWAVE&ccounts for
wave frequency dispersidnwhich is importantvhensimulating the propagation of tsunamis over long
distances, such as the case of an Alaska tsunami.

The modelling followd a nested approach in which results computed on a larger compunaltigrid are
passed as boundary conditions to a smaller grasted inside the larger one. This nesting is performed
at various levels, starting with a larger computatiogad in the open ocean, goingto gradually

smalkr nested grids towards the area of interest this case the northwest coast of Vancouver Island
The geographical extent of the computational grids over which tsumesuilts were computed for this
study are shown ifrigure 9A coarserresolution of 60m was used over the study area, whilaigher-
resolutionof 10m was used imegionswhereareas of interestvereidentified. These include areas in
Kyuquot Sound and Esperanza Inlet, as well as Taletigrefer to Figurel for the areascovered under

”Wave frequency dispersion relatesttee notion thatwaves of varying wavelengttigvel at different speeds anidow they
interact when they pass each other

Northwest Vancouver Island Tsunami Risk Assessment 29
Final Report



Final Report, Rev. 1 nhc
May 2022

the scope of Phase)IBroader grids of loweresolution were used in the Pacific Ocean but are not
describedn this main project reoprt.
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Figure 9. Geographical extents of tsunami modellirageas

While coarser simulations allow for the identification of ovater hazards such as maximum tsunami
amplitude and maximum tsunarmduced current velocity, this resolution is not sufficient to adequately
simulate overland inundation. Hence, inundation mapping can @ig place in areas modelled at a
higher resolution, as long as higlsolution topographic information (i.e., LIDAR) is also available and
integrated in the model’s underlying DEM. The development of the latter aaddverage of LIDAR is
discussed irbection3.1

The most soutkeastern boundary of the higheesolution model was originally located within Tahsis
Inlet and needed to be égnded into Nootka Sound to resolve technical challermmsirring at the
modelboundary in Tahsis Inlééxtended model coverageot shown). However, the results in the areas
captured by this expansion, which are included in Phase 2 oftthiyg &ee Figure 1)are not discussed

in detail in this report as they remain under development.

Additional details on the tsunami model and its results pn@vided in Appendix D
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3.2.3 Model Results

Tsunami events generally consist of a series of wavessedifects in coastal areas can last several
hours and even days after the associated earthquake. Information cadgut the tsunami model
includes the changan the elevation of the water surface across the modelled areas, dsasthe
current velocities induced by these relatively rapid changes, averagediwvelepth of water From this
information is derived the maximum tsunamaveamplitude and maximum tsunarAmduced current
velocitiesthat may occurt any moment during the eventsunamiinduced currents can be
superimposed to tidal currents, which were not included in thenerical model, and should not be
confusedwith tsunamiwave velocity. The latter relasto how fast tsunami wavepropagate across the
water surface and not how fast the wetitself moves.

Tsunamiwvaveamplitudeis defined as the vertical distance between the crest of a tsunamewad a
reference plane consisting of ttsill water level (e.g., water levalithout the influence of the tsunani
Tsunami amplitude should nbe confised with tsunamiwave heighiwhich consists of theertical
distance between the crestind the troughof a tsunami wave

Below is a general overview of the results ficgximum tsunami wave amplitude and maximum
tsunamtinduced current velocitiesThe results shown are limited to the extent of theerwater hazard
maps produced as part of this study. These mapssslayout is shown ifrigurel8, are provided in
Appendix ETsunami arrival times, which are also provided ondtierwater hazard mapsre
presented inSectiord.4 as part of the community risk assessment.

The extent of tsunami flooding, or inundation is derived by gostessing of the water surface
elevation predicted by the modeDetails of the methodology follayd to derive inundation extent are
presented inSection3.3.4.1 The 25 aeasfor which inundation extent is derived and mapped are
presented inFigure20. These areas were selected based on the areas of interest identifiecg by th
Advisory Groupas shown irFigure 3. Asociated inundation maps are provideddppendix F

Other parameters not directly reported herein but that can be oh¢al from the model results include
tsunamirunupandinundation depth Tsunami runup is defined as the highest elevation upland reached
by a tsunami with respect tor@ference plane (i.eyerticaldatum), and inundation depth is defined as
the depth of water above ground at a specific location.
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3.2.3.1 Cascadidsunami

What makes Vancouvesland particularly
susceptible to potentially large tsunami waves is 1700 Tsunami Oral History

the proximity of theCSZwhich is located As told by Chief Louie Nookmiis (18B364)
approximately one hundred kilometres offshore and recorded by recorded by anthropologist
running parallel to Vancouver Islaadd the west Eugene Arima:

coast of the United State3his is demonstrateth “The Pachena Bay people were lost...(fut
Flgurelq, which shgws thenflggnceof the _ those)AZ} o]A SUu s + Z,}ue h%
Cascadia tsunami in the Pacific Ocean, directly Against Hill', the wave did not readhem)

affecting the west coast of Vancouver Island. because th(—:Zy were on high ground right
Tsunamisravel outward in all directions from the against a cliff. Because of that they came out

generating areawith the largest waves _ alive. They did not drift out to sea along with
propagatingperpendicular to the fault linandin the others.”Although Pachena Bay, located

opposite direction;Waves that propagate into near Bamfield, BC, is outside of the project
the open ocea_rnadlatelate_rallyas th_ey propagate study area, it is geographically relevant, and an
away from their sourcewhich result in a example of the devastation caused by

reduction of their amplitudeThis explains why tsunamis on the west coast of Vancouver
areas such as the island of Haida Gwnaithe

) Island
northern BGcoastare less affected by tsunami
from the CSzZ

»2

1.8
16 =
E
o
114 2
%_
- 12 g
g <
o 1 £
— m
-— =
3 3
108 F
E
o
06 E
=
m
=

30
-170 -165 -160 -155 -150 -145 -140 -135 -130 -125
Lon (deg)

Figurel0. Maximum amplitudeof Cascadia tsunamn NortheastPacific Ocean.
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Tsunami Amplitude

The maximum tsunami amplitude associated to a Cascadia tsunamirdféoe northwest coast of
Vancouver Island is shownhkigurell. This region is characterized by its many narrow inlets and
sounds in which tsunami waves can be amplified, increasing thegnpal to adverselyimpact
communities irthese areas. This amplification can be the result of several phyaatals such as
constricting topographya decrease in water deptinducingwave shoaling, and/or resonance. No
detailed assessment was performedftother describethe physicafactorscausingsuch amplification.

The largest amplitude generally occurs on the open coast south ok8mPeninsula with amplitudes
exceeding 6n (up to 10m on the west coast of Nootka IslandResults show that tsunami amplitude is
smaller in areas north of Brooks Peninséla.these areas are beyond the northern limit of the CSZ
(seeFigure?), they are not affected by tsunami waves approaching directly exinth

Yuquot, which is located at the entrance of Nootka
Soundon Nootka Islandhas been occupiefr atleast 1700 Tsunami Oral History
the last 5,000 yearslthough stratigraphic evidence
suggests the area was abandoned following the 1700
Cascadigsunami.Exposed to the open ocean, this
location issubjectedto large tsunami waves with
amplitude ranging from 4 to &, whichis consistent
with the Indigenous oral history gathered as part of
this study.

As told by Ray Williams
(Mowachaht/Muchalaht First Nations):
“In 1700 the tsunami washed pebbles into

their lake at Yuquot because there is about
300 feet between the ocean and the lake.”

Holberg Inlet, which is connected to Quatsino Sound through Qreatsarrows and where Holberg and
Coal Harbour are located, is not expected to be much affectedumatsi waves. Although this nestb
be confirmed once higheresolution modelling is performed for that area as part of Phase 2 of this
project (seeFigurel). At the northern end of the island near Cape Scott, the tsunami aogaiis
expected to be amplified dumainlyto shoaling of the tsunami waves induced by the shallogfeshore
depths in the vicinity of Cook Bank. Further modelisyganned as part of the second phase of this
project toconfirm this.
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Figurell Maximum Cascaditsunami wave amplitudein the broader study area

Results of maximum tsunami amplitude in the wilgi of the areas of interest are shown Figurel2.
Located on the coast, the Kyuquot area is particularly exposésuttami hazard andn comparison to
typical storm waves, the nearlmffshoreisland archipelago offers littli€ no protection. In comparison

to Kyuquot Sound, the tsunami amplitude in Esperanza Inlet is generally siNaNertheless,
considerable tsunami amplitudes largdan 2m are predicted in areas of interest inside the inlet.
Tahsis, which is located at the headaddbng and narrowinlet (Tahsis Inlet)is subjected t@onsiderable
tsunami amplitudes ranging from 2 tom. It is suspected that the constriction imced by the delta of
Tsowwin River (i.e., Tsowwin Narrows) glag important role in attenuating waves propagating further
into the inlet.
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Figurel2. Maximum Cascadia tsunami wave amplitudethe vicinity of areas ofinterest.

TsunamiinducedCurrentVelocity

Results of maximuraurrent velocities in the vicinity of the areas of interexduced by a Cascadia
tsunamiare shown irFigurel3. Fast current velocitieare hazardous to navigation (e.g., greater than

3 knots) andare predicted along the entire stretch of open coast shoRarticularly fast currents and
hazardous currents are predicted in Gillam Channel at the ergrah&speranza Inlet and in the
Kyuquot area due to shallower depths, as vaslthe narrow constrictions between the many islands in
the case of the latter.

Further inside Kyuquot Sound and Esperanza,ltdahamiinduced current velocities are sl@awvdue to
greater water depths (e.g., greater than 181), except for constrictionand passageis which moving
water converges and acceleratésan example the latter include Tahsis Narrcandthe passage past
Karouk Island leading to Fair Harbour.

Northwest Vancouver Island Tsunami Risk Assessment 35
Final Report



Final Report, Rev. 1

May 2022
r p Y el v W ST AR DT ik N
k. -\\. .l) \:1 A
£ e "‘ :;:m -~
ek o o
TR R — FAIR HARBOUR v
h J ‘& e ~
‘ o -?
KYUGUO o N > S
Q iﬁ*‘ :.?" 8 £ ¢ “‘\‘_‘ e A -!\
HOUPS[TAS A AR L
"y i g ! & o OCLUCIE ) EHATIS e
\, - b b 4 /_ 2y
3 % " ZEBALLOS W&
N L A Ty
e % g -,
S a1 Y 4
ey i . { JTAHSIS
\.\ "-q%" v
e LY
MAX CURRENT VELOCITY ‘
INDUCED BY TSUNAMI N \ ol ®
>9 knots - ] s
i 6knots ¢ :.‘ \j
3 knots (
0 knots : 1
——— REGIONAL DISTRICT a8 s
b= BOUNDARY ?
0 5 10 Tk A W*&,
I |

DATA SOURCES: Esri

Figurel3. Maximumecurrent velocityin the vicinity of areas of interestnduced bya Cascadia

tsunami.

3.2.3.2 Alaska Tsunami

Figurel4 showsthe general influence in the Pacific Oceafra tsunami originating from thalaska
Aleutian Islands Subduction Zone. The orientation of this faslilts in the main direction of the
tsunami waves aimed towards the BC coast and of the west coast of the Uitex$. The earthquake
that generated theMarch 27, 1964 Alaska tsunami occurrearound6:30PM Pacific daylight saving
time (3:30 AM Greenwich mean time on the&nd reached Vancouver Island within approximagely
—4 hours after the earthquakeAtthe time of arrival, the stage of the tide wapproximately 3.0n with
respect toCD whichs approximately0.5m lower than HHWMTin the study area.
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Figureld. Maximum amplitude ofAlaskatsunami inNortheastPacific Ocean.

Tsunami Amplitude

There areno records ofobservedwater levelge.g., time seriesyithin the study area at the time of the
1964 Alaska tsunamt herefore, direct comp#on of tsunami amplitude predicted by the numerical
model againsactualmeasurementss not possibleThe tidal gauge at Tofino was operational at the
time of the tsunami, recording a maximurave amplitude ofbout 1m (Rabinovictet al., 2019)
However,being outside of the study area the model results compudethat locationare too coarse to
performameaningful comparisarTherefore, model results are substantiai@ctording tdirst-hand
experiences of Indigenous community members, as presented below.

The maximum tsunami amplitude associated
with an Alaska tsunami affecting the northwest Firsthand Experience

coast of Vancouver Island is showrFigurels.  £rom an interview with Ray Williams
In contrast to the Cascadia tsunami, for which (Mowachaht/Muchalaht First Nations):

the largest amplitude is generally predpted on Ray is now 80 years old. During the 1964 Tsunami,
the open coast, the largest amplitude in the : . :
. Ray was working as a logger in Gold River and
case of the Alaska tsunami occurs at the head of
uguot. The waves bypassed Yuquot and shot up

mIt_ets. Thiss particularly pbservecﬁt Tahsis, the inlet towards Tahsis. The bunkhouses, which
Fair HarbourandGold River (Port)rhelarger .
were on 4foot spruce logs, got engulfed in water

amplitude at Gold River (Port), in conjunction . . .

. . I Id River. H 14 at th .
with the stage of tide, corroborates with first In Gold River. He was 14 at the time
hand experiences.
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Figurel5. MaximumAlaskatsunami wave amplituden the broader study area

In comparison to other areas in Quatsino Sound, such as HolberguhildheHamlet of Quatsinothe
Village ofPort Alice can be more affectdxy an Alaska tsunamWaves are predicted to range from 1 to
2m in amplitude at the village while it can exceethat the head of Neroutsos Inlet.

Firsthand Experience

From an interview with Chief Tom Nelson (Quatsino First Nafiamji's friend had a cabin near Port
Alice which had been moved 200 feet from its original locatitensaid his father’s boat broke loose
from where it was moored and was lifted by the wave and landed aiireyputting a hole in the
hull. There was damage to other boats and infrastructure like docRert Alice, but nobody was
hurt from what he remerbers. Tom would have been around 18 when the tsunami hit Pos.Alic
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Model results of maximum tsunami amplitude in the
vicinity of the areas of interest are shownkigure

16. Theseresults show thasomeareasare less
affected byan Alaska tsunamihere waves are not
predicted tonot exceed Im. This is the case of the
Indigenous community of Chenahkiotated near
Queen’s Cove in Esperanza Iniebere little
inundation is predited to occur resulting from an
Alaska tsunami.

Firsthand Experience

From an interview with Tim Paliésquiaht

First Nation):

“The tsunami bypassed some areas... Queens
Qove is right on the beac¢hut they were not
affected in any devastating way.” Referring to
Clenahkint at Queens Cove.
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Figurel6. MaximumAlaskatsunami wave amplituden the vicinity of areas of interest
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Tsunamilnduced Current Velocity

Results of maximuraurrent velocitiesn the vicinity of tle areas of interesinduced by a Alaska
tsunamiare shown irFigurel?7. While considerably slower than the velocities predicted for the Cascadia
tsunami Figurel3), fast and hazardous velocities can still occur, especially inmawastrictions, such

as Tahsis Narrow, areas of relatively shallower depths suaGillam Channel at the entrance of
Esperanza Inlet, and the passages between small islandsnasyuquot.

In addition to putting mariners on the water at
risks, fast current speed also gt risk marina Firsthand Experience

users as marine infrastructure can be damaged, a8,om an interview with Tim Paul (Ehattesaht
well as to anyone close to the water's edge and . Nation):

who may fall into the moving watefor instance, Tom was loading a boat at the time the 1964

origina: bridges a;Fair HarIbOlerﬁa\;el b(le(en tsunami hit. The lines got tight and broke a few
severely damageds a result of the Alaska things off the dock.

tsunami of 1964vhich required their
reconstruction(Bensoret al., 1997)

/— FAIR HARBOUR e

KrUQUOTEAT g2 L
HOUPSFTAS: e, OCLUCIE — /— EHATIS Lo
o SRR L, {~— ZEBALLOS A

S

e

RN

MAX CURRENT VELOCITY L ~. CHENAH KINT“—\
INDUCED BY TSUNAMI %, o W NS
>9 knots g i -

I 6knots AN NSl

3 knots f— :
oknots ' / ‘

- REGIONAL DISTRICT
“=* BOUNDARY

0 5 10 '\!
s,

|
km DATA SOURCES: Esri \

Figurel7. Maximumecurrent velocityin the vicinity of areas of interestnduced byan Alaska
tsunami.
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3.2.3.3 Influence of Sea Level Rise

Additional modelling results provided Appendix Dsuggest that the propagation of tsunaswiff land is
not meaningfully influence by sea level rise. In other words, the amplits@é the tsunami waves in the
ocean ae expected tde similar in the future. However, because of the gre@endationdepth
associated to sea level rise, the behaviour of tsunami waves as they propaga@ndwvill vary.
Analysiof the model results at discrete locations in selected camities shovgthat, for the Cascadia
tsunami, the increase in future inundation levels is greater than the incrieesea levelas discussed in
Sectiord.4. For the Alaska tsunami on the other hatlte increase in future inundation levals
approximately the same as the increase in sea level.

The overwater current velocities induced &tsunam are not expected to be considerably affected by
sea level rise, although deeper wateas a tendency to reduce current velocities. The influence of sea
level rise orflow velocitiesnlandwas not assessed.

3.3 Hazard Mapping

The tsunami hazards mapped iriglstudy includdlood hazard (e.g., overland inundation) in localized
areas, as well as overwater hazards, sucmasimum tsunami amplitude and maximusunamk
inducedcurrentvelocity. Other overwater hazards such as shallow navigation dé€jpehsdravdown),
sustained flow eddiesaind impacts with floating debris have not been assessed and were therefore no
mapped.While model results obtained as part of this study can be usesstimate tsunami inundation
depth and overland flow velocity, such information was not cdethband is therefore not mapped

either.

Several scales were considered for the mapping, frasganall:100,000 scale (approximatedy km
by 34 kmon each map shegto show general hazard information over a larger adeayn to alocal
scale of 1:5,000 (approximately8km x 3.1kmon each map shegto shownadditional details. An
intermediateareascale of 1:25,000 (approximatedykm by 9km on each map shegivas also
considered in some instances. Overwater hazards were mapped aakdssvhile inundation was only
mapped at the 1:5,000 scale and at the locations prioritized byAtivisory Group. The mapping
process and map series are described below, diotyithelayouts for each type of magll maps
produced as part of this project were delivered in PDF format fioitipg on a page size @fL” x 17”.

All information visible on the maps produced as part of this ptojere delivered as GIS data layers.
Maps can be found in the following appendices to this report:

f Appendix E-Overwater Tsunami Hazard Maps

f Appendix F-Overland Tsunami Inundation Maps

f Appendix G-Assets at Risk Magdescribed irSectiond.1 of this report)
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3.3.1 Coordinate Reference System

The projection and horizontal coordinate systems of all GIS infasmand maps produced as part of
this projectconsist of Universal Transverse Mator (UTM) Zone 9. The horizontal datum is North
American Datum 1983 Canadian Spatial Reference System (NAD§3UnER& e metres.

The vertical datum for the project is Canadian Geodetic Verticairdaf 2013 (CGVD2013). It should
be noted however that tsunami amplitudes reported on the maps andigreéport are with respect to
areference plane corresponding the water leeehsideredor the tsunami simulations.

3.3.2 Processing of Model Results

Model output data from ONC was provided in geographic coordinatéi@la and longitude).
Information included maximum water surface elevation in metres abovarthdel’s reference plane
(i.e.,still water leve) and maximum tsunamnduced current velaty at any given moment in a
simulation This information was imported to GIS for map production aselinother GIS applications.
Tsunamivave amplitudebeing defined as the vertical distance between the crest of a tsumawe and
a reference plane consisting of the still water lefeety., water level without the influence of the
tsunami) it is equivalentto the elevation of the water surface above this same reference plane.

Coordinates were converted to UTM, and null data points were filtergd Points, or grid cells where
the increase in the water surface elevatimmluced by a tsunanms less than 0.0in were removed from
the analysis. Furthermore, points where the calculated current Wglasless than 0.0tn/s were also
removed.Point data was interpolated to gridded raster formathe processed results were clippid
avoid overlap between information of different resolutgmwith priority given to highefresolution data.
Additional adjustments were required to ensure a smooth traositietween data layer®?rocessed
results were reviewed at the appropriate mapping sd¢aleemove information atocations where the
confidence in the model results is lower. This mainly indudmote areas where topographic arut/
bathymetric informaton is insufficiento adequately model tsunami propagation.

Final rasteiGISdata layers include maximum tsunami amplitude in metres and maxitsumami
inducedcurrent velocity in knots foall tsunami scenarios modelled. Additional processing was mredjui
to estimate the extent of inundation based on the model resultsjescribed irSection3.3.4.1

3.3.3 OverwaterHazard Maps

Mapsof maximum tsunami amplitude and maps of maximum tsunardiiced current velocityere
produced based on results of simulations for curreay sea levefor both Cascadia and Alaska
tsunamis

A set of 15 mapgheetsat a 1:100,000regionalscale depicts the entire study ar@isigurel8). Twenty
five mapsheetscombining &al:25,000area scalenda 1:5,000localscale provide more detailed
information forpriority areas(Figurel9).
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No safety factonor freeboard was applied to the resultslotted on the overwaterhazard mapsAny
inundation visible on these maps, or in the underlying datayespondto the inundation as
approximatedby the numerical model without any adjustment and should notdleed upon without
further site-specificassessment. Theelineation of the floodig shown on the inundation maps
introduced below requires careful interpretation of the model results aruduides the application of a
safety factor.
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Figurel8. Regional 1:100,000 scale tsunami hazard map sheet layout

8 A vertical distance added to the estimated inundation level to accomneopatential local wave effects antbéting debris
hazard. The selection of such distance also considers the ripksations associated to the hazard exceeding the refuge
elevation.
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3.3.4 Overland Inundation Maps

Overland inundation (i.e., flood) maps were produdedboth Cascadia and Alaska tsunatoishow
the extent of tsunami hazarshland.Theinundation mappedorresponding tasimulationsbased on
currentday sea level

Inundation is mapped for #otal of 25priority areas selected in consultation with the Visory Group.
These areas are displayedrigure20 along with their identifying names. The procedure followed to
define theextent of inundation is presented below, as well as the assessment perforneélecting

the safety factoincluded inthe analysis. All inundation maps wepeoduced at a local scale of 1:5,000.
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3.3.4.1 Inundation Extents

Inundation extentsvere defined based on model results of maximum water surface elevation in
conjunction withatopographic DEMvith a 2m resolutionspecifically developed for this purpose. This
DEMwas developed based on the bagarth LIDAR collected as part of this project anty@overs the
areasselected forinundation mappingin the case of the Cascadia tsunami, this DEMaslassted to
account for thespatiallyvarying ground displacemeassociatedvith the earthquake (e.g., subsidence).

Bellow is thegeneralprocedurefollowedto define inundation extents:

1. Spatial results of maximum water surface elevation above the moddéésarece plane
(HHWMTre increased bg safety factor 060% In simple terms, the maximum tsunami
amplitude ismultiplied by a factor of 1.5

2. Factored results of aximum vater surface elevatioare convertedto the CGVD2018ertical
datumbased on the averageeightof HHWMTabove CGVD2013massthe modeled area.

3. Zones of approximately constant water surface elevaffonnded to the nearesd.5m) are
definedto projectthe water surface further inland to intersect tf#m resolution DEM

4. Inundation extents are interpolateith a horizontalplaneto obtain a smooth delineation of the
estimated flooding.

5. Inundation extents are reviewed and adjusted manually to ensoresistencywith the local
topography.

Inundations extents corresponding to the model results withauy safety factor developed following
stepsno. 2 to 5described aboveare also shown on the inundation maps for information.

3.3.4.2 Safety Factor

Asafety factor is includetbr the mappingof inundation extents and fodefininginundation levels for
emergency planningrhesatety factoraccounsfor the uncertaintiesn the analysis, which include but
are not limited tothe following.

f For either the CSZ or the Alagkizutian Islands Subduction Zqrike analysigonsiders only
one possible tsunami scenariith associatedseisnic parametersTsunami hazards and
effects can vary for differergarthquakeghat may occur

f Uncertainties associated to thecientific understanding of subduction zone earthquakes and
their rupture mechanisms may influence the size of the tsunami wtnssgenerate.

f The accuracy of model results is limited by the accuracy of theablatbathymetric and
topographic datavailable for this assessmeiietailed athymetric dataremains scarce in
several locations within the large study.

f Thenumerical malel'sunderlying mathematical representation of tsunararsd associated
model parametersemain an approximation of a complex natural phenomena eanties
some inherentuncertainties
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As discussed iBection3.2.1.1, the Cascadi@arthquake and tsunami scenario analysed corresgaod

a severe event according to tipaleoseismicecordof pastCascadi@arthquakes\(Vritter et al. 2013)
However, his record suggests that at least orieosger earthquake occurred in the past 10,000 years.
Including a safety factor for the inundation mapping reduces thalugdirisk associated to a stronger
event but may not eliminate .t

Thereare nofederal nor provinciafjuidelinesfor the selection da safety factor for tsunami inundation.
Threeapproaches wer@nvestigatedfor that purpose, as listed belaw

1. TheAmerican Society of Civil Engineers (ASCE) Tsunami Loads and Effectsathelsigth s
(ASCE, 2016 a design standard for the elaboration of criteria for the desigouiddings
exposed to tsunamis. The standard defines#efuge Design Inundation Elevatias 130% of
the maximuminundation elevation with respect to a geodetic datuas specified by a site
specific assessmefe.g., modelling)in general terms, thisafety factor corresponds to a 30%
increaseof the vertical distance between the maximum water surface predictethby
numerical model and the referengeodetic datum.

It should be noted that for defining thidinimum Refuge Elevatidior occupants of a building
the standard specifies the followirigeeboard Refuge floors shall be located not less than the
greaterof 3.1 m (10 ft) or onestory height abovéhe refuge designinundationelevation No
freeboard is included in the inundation exteratsdlevels defined as part of this assignment.

2. A 50% increase of the vertical distarafahe maximum water surface abowereference plane
corresponding to the still water level of the numerical model (i.e. evével without any
effects induced by the tsunamiJhe rationale for this approach is that only thertical
component above the astronomical tide level is increasedh@side componentcan be
predictedmore accuratelyin comparison tdhe increase in water level (i.e., tsunami amplitude)
estimatedby the numerical model

3. A 50% increase of theertical distance of the maximum water surface above a reference plane
corresponding to a geodetic daturmhis approach is theoretically the most conservative and has
been applied in previous tsunami studies.

A comparison of the approximateundationextents calculated according to the three approaches
described above is provided igure21 and Figure?2 at the example locations of Tahsis and Houpsitas,
respectively Approximate extents without any safety factor are also shown éongarison. In steep
areasin general, the extent of inundatios reasonably the same for all approachahough the
inundation level might varyn flatter areas, where the extent of inundation is more susceptible t
fluctuations in the water level, the third approach resutislightly greater inundation extenia
comparison to the othetwo approachesThe first and second approagdresult in relatively similar
extents, butthe extents related to the latter tend to be greater.

The second approach was ultimately selected forahelysis This selection is mainly based on the
rationale that a safety factor shoufatacticallybe applied to the vertical components of the inundation
that has uncertainties associated tg Which inthis caseisthe predictions by the numerical model.
Furthermore, this approactesultedin inundation extens similar tothe first approachwhich is based
on a design standard developed foredated application.

Northwest Vancouver Island Tsunami Risk Assessment 47
Final Report



Final Report, Rev. 1 nhc
May 2022

INUNDATION EXTENT WITHOUT SAFETY
FACTOR

INUNDATION EXTENT WITH A SAFETY FACTOR
APPLIED BY:
30% THE VERTICAL DISTANCE OF THE
MAXIMUM WATER SURFACE ABOVE CGVD2013

= 50% THE VERTICAL DISTANCE OF THE
MAXIMUM WATER SURFACE ABOVE HHWMT

. 50% THE VERTICAL DISTANCE OF THE
MAXIMUM WATER SURFACE ABOVE CGVD2013

DATA SOURCES: Esri World Imagery

Figure21l. mparison of approaches considered for application of safety factorésults of
inundation. Location ofTahsisas example.
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INUNDATION EXTENT WITHOUT SAFETY FACTOR
INUNDATION EXTENT WITH A SAFETY FACTOR APPLIED BY:

30% THE VERTICAL DISTANCE OF THE MAXIMUM WATER SURFACE ABOVE CGYD2013
[ 50% THE VERTICAL DISTANCE OF THE MAXIMUM WATER SURFACE ABOVE HHWMT
I 50% THE VERTICAL DISTANCE OF THE MAXIMUM WATER SURFACE ABOVE CGVD2013

DATA SOURCES: Esti World imagery

Figure22. Comparison of approaches considered for application of safety fat¢toresults of
inundation. Location of Houpsitas as example.

3.4 Modelling and MappingLimitations

It is important to take into consideration the limitations oftitechnical analysis when interpreting the
results of the risk assessmefar the purpose of updating emergency plans. These limitationg Inea
accounted foiby adopting plans and measures that tend to be conservaiihefollowing aspects
should be kept in mind when interpreting the study findings.

f The study results are baset a limited number of tsunami scenasifor subduction
earthquakeswith specific seismic parameters. While these scenarios are considevetes
and known to be the worst scenarios readily available &malysisthe possibility of stronger
earthquakes $ould not be ruled out unless supported by scientific research.

f Numerical simulations were undertaken atesolution of 10m and such simulations may not
capture effects that would take place at a smaller s¢ade, over distances shorter than ht).
Quch effects include localized runup, flow around obstacéndoverflow of solid featurse. The
definition of any tsunami effects occurring at a scale smallen titne grid resolutiorf 10m
require additional assessment.
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f

No safety factonor freeboardwas applied to the resulgslotted on the overwaterhazard
mapsof maximum tsunami amplitude and maximum tsunanduced current velocityAny
inundation visible on these maps, or in the underlying deteirespondgto the inundation as
estimated by the nmerical model without any adjustment and should not be relied upon
without further site-specific assessment. The delineation of the flooding shown on iniordat
maps requires careful interpretation of the model resuftsonjunction with the local
topographyand includethe application of a safety factor.

Forlocall1:5,000scale maps, thenappingaccuracy is limited by the accuracy of the available
orthoimagery shown on the map$i.e.,basemay. Horizontal shifts betweemapped
informationand theunderlayingoasemap vary approximately from 5 metres up to 20 metres.

Service roads and/or resource roads shown on maps may be decommeidsind overgrown
with vegetation inhibiting their use. The status of such roadsikhbe reviewed as partfo
evacuation planning~urthermore, maps may not show all roads and pathways which may be
considered for evacuation planning.

9 Othoimagery is aerial photograptor satellite imagery geometrically correctede(, orthorectified) such that the scale is
uniform across the image.
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4 RISK ASSESSMENT

With a focus on life safety, the community level risk assessment presentbis iseiction leverages on
tsunamihazard analysis and mapping to identify potential risksdopgbe and assetd.he information
presentedhereininforms emergency managers, risk assessors, land use planners, as well aslithe p
to help individuals understand their personal and commungitisk

The assessment of the rigklimited tothe flood hazard reported on the local 1:5,000 scale inundation
maps, which layout is shown gure20. Asses at Riskmapsthat highlight roads, buildings, and critical
assetexposed tasunamisare described irSectiord.1. Riskassociatedo overwater tsunami hazards
identified in this study is not discussed in detHibwever, higHevel risk to navigation and amnine
infrastructure is briefly discussed, where applicable

Sectiord.2 provides soma@eneraldistinction between local and distant tsunamisthe development of
emergency management plans may benefit of having sedestgnated evacuation zones, evacuation
routes, and assembly areas.

To better understand the destructive nature of tsunamis and theteptial for endangering human life,
Sectiord.3describes the effects of tsunamis on structures and on people cangstnami flow.

Results of the risk assessment are presente8dantiord.4. As explained isection3.2.1.1above
residual risk remains gmleo-seismological evidencggessthat the CShas the potential for
generating stronger earthquakeisan the one considered for this studyurthermore, the risk
assesment is based otthe tsunamiflood hazard associated wurrentday sea levednd the mapped
flood extents correspond to an inundation level for emergency plasModel simulatiors including
sea level risavere performedas part of this studyalthoughthese resulthave not been mapped at this
stage Tsunami risks will increase in the future as sea level rises, which should ldeceddor longer
term developmentand emergencyplanning.lnundation levels for emergeng@fanning consideringea
level rise are reported for general guidance only.

4.1 Mapping of Assets at Risk

Assets at risk maps which form the basis of the risk assessment wehecgto identify the potential
risk to people, roads, and buildings, as well ssets critical for response and recovery. The latter were
selectedbased on theeritical infrastructure sectors defined by the National Strategy farcal
Infrastructure (Public Safety Canada, 20@tical assets considered for this assessment cpamd to
the sectors offransportation,Health, &fety, Ehergy andUtilities, Water,and Government The
categories ohssetawithin those sectorsire presented inFigure23, along with the symbolssed to
identify them on the maps.
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TRANSPORTATION ENERGY and UTILITIES

# Bridge g} Power

o) Dock WATER
HEALTH ‘ Sanitary Installation

+ Health Centre . Water Supply Component
¥ ) Ambulance Station GOVERNMENT
0.' P o

SAFETY %= ) Civic Facility

0 Fire Station fLii | Municipal Building

G Police Station 6 First Nation Office

é Coast Guard Station @ First Nation Community Building

Figure23. Categories of criticahssetsconsidered for risk assessment.

The location of roads, buildings, and assets is based on spat#tets publicly available from the
Province of British Columbia (GeoBC) and the federal governmsmdwed based on the background
information listed inSection2.2. Thesedatasetsare listed below. The location of buildings was also
supplemented based on the full feature LIDAR collected as part of this study.

f Digital PadAtlas
https://www2.gov.bc.ca/gov/content/data/geographidata-services/topographiclata/roads

f Open Database of Buildings
https://www.statcan.gc.ca/en/lode/databases/odb

f Groundwater Wells
https://catalogue.data.gov.bc.ca/dataset/groundwaterells

Assets at risk maps are provideddppendix Glt should be noted that these maps may ndéntify all
buildings andassets thatre exposed to tsunami hazarBurthermore only docks that are public or
dedicated to residents are identifieBrivatively owned or privately operated docks are not
identified. While schoolsif located sufficiently away from the flood hazanday be important assetot
provide shelter following a tsunami, they are not considesedritical infrastructure according tthe
National Strategy for Critical Infrastructuréheefore, schools are natlentified by a symbabn the
mapsbut are labelled
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4.2 Local and Distant Tsunamis

According to thdJS Federal Emergency Management Ag€REMA, 2019 local tsunamis one that
originates from a source that is close to the site of interest, and arrivteévone hour of the triggering
event. The effects of the triggering event may also be felt at the siteh as ground shaking in the case
the tsunami is triggered by an earthquake. A distant tsunami is osiedifiginates from a source that is
far away from the site of interest and takéfgee hours or longer after the triggeringvent to arrive.

Thisassessment distinguishes between local and distant tsunamis, as the asgoiskitdiffer

considerably. A local Cascadia tsunami will aso@nerand have more adverse effects in comparison

to a digant tsunami.However, he latter still poses considerable risks and are more frequent as they can
originate from severaubduction zonearound the Pacific Ocean (segure 2) Furthermore, the
earthquake associated with a distant tsunami will not be deltl the notification of residents and

visitors will rely entirelyn warning systems, which may be challengmgmote areas.

As further discussed iBectionb.2, it isgenerallyrecommended thatsunami riskreduction measures
distinguishbetween local and distant tsunamis.

4.3 Tsunami Impact®n Life Safetyand Infrastructure

Following the arrival of the first waveje flooding caused by a tsunamiill consist ofrapidly increasing
water levelsas the tsunami propagate inlands well as rapidly decreasing water levels as the tsunami
recedes. Thesepid chames in water levelill createstrongand extremely dangeroumoving waters
andwill undergo cycles as a tsunaevient generallyconsists of severalaves.These effectgan last
several hours and even days after the earthqualtel the time between successive tsunami waves is
generally in the order of onkour butcan also be shorter

For a persorcaught in tsunami flowhe chance of survivad low, mainly due to the strong flow
momentum and the floating debris that acdten carried in the wateduring such eventWhilestudies
exist to evaluate human safety in flood conditions as a functidiow depth and velocityas well as age
and body characteristicg.g., Coxt al., 2010) it is conservative to consider that anyone caught in
tsunami flowis likely tobecome a casualty.

The damage caused to buildingsd infrastructure depends on tsunami flow characteristics in
conjunction with structural considerations. The 2011 Toholun@mi in Japaibrought to light the
potential such events have for causing severe damage to inland lgsldimd endangering human life.
After this evat, it was observedhat multiple-storey, engineered concrete and steel buildinggn also
be severely damagkor destroyed(Earthquake Engineering Research Institute, 20ii&kpite previous
beliefs of these structures to be tsunami resistdfigure24 (top left) shows as example a steel frame
building damaged by the 2011 Tohoku Tsundmurthermore, the tsunami caused the complete failure
of heavycoastal protection structures specifically designed to resist tsunérasire24, bottom left).
Unfortunately, these structures gave tipepulation a false sense of safesulting in higher casualties
(Earthquake Engineering Research Institute, 2011a)
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Bridges and roads, which may be damaged and/or weadtby the initial earthquake in the case of a
Cascadia tsunamare alsoat riskof being damaged by the subsequent tsunami. Such structure can be
affected byextreme forces induced by tsunami fl@g well asmpacts withfloating debrissuch boats,
cars, building debris, et©thereffects include scour of piers and abutments as well asshghout of
asphadted surfaces. Marine infrastructure is particularly exposed tmadge from tsunamis due to their
proximity to the water’s edge and their exposure to the fafice of the tsunami.

Figure24. Damagednfrastructurein the City of Miyako, Japan following the 2011 Tohoku tsunami
(Photos: Philippe StGermain™NHG 2012. Topphotos show damage to inland buildings,
bottom left photo shows remains of tsunami protection wall, and bottonght show
damage to port installations.

Nosite reconnaissance was performed as part of this assignment and no s&iuctu seismic
assessment of buildings and infrastructure was perforimetthe study areaNevertheless, is it assumed
for thisrelatively remoteregionthat buildings exposed tdirecttsunami inundation would be severely
damaged and lostheir function.

Furthermore, the study area includes several bridges and rtedgprovide access toommunities and
links between parts of these communitidso assessmentas performed as part of this study to
determine if this infrastructure would withstand the initial $tiag and effects (e.g., liquefaction)
associated to a Cascadia earthquake, tnéfy could potentially be impacted tany landglideor
rockslide

Northwest Vancouver Island Tsunami Risk Assessment 54
Final Report



Final Report, Rev. 1 nhc
May 2022

4.4 CommunityRisk Assessment

The risk assessment is divided in the following groups of communities aas: ar
f  Ka’yu’k't'h'/Che:k:tles7et’hFirst Nations
f Fair Harbour
f Nuchatlaht First Nation
f Village of Zeballos
f Ehattesaht Chinehkint First Nation
f [Esperanza and Ceepeecee
f Village of Tahsignd Mowachaht/Muchalaht First Natian
f Kendrick Camp

For eaclgroupthe exposure to Cascadia and Alaska tsunamis was assessadw@andary of exposure
for buildings and roads tabulated It should be noted thathe total number ofbuildingsreported
corresponds to theotal number ofbuildingson a particular map sheet and magt represent the total
buildings in a community or areAlso, he impact to gdestrian walkways and traiis not discussed.
Results of the risk assessment for each of the above groups eserged in the following subsections.

To support emergency planning, a summary of the general tsunami iniendatek and tsunamarrival
timesat mainareas are provided ifable 5 The inundation levelfor emergencyplanningreported
include a safety factaio account for the uncertainties of the analysisdare representative of one
general areaThis general information should only be used for Hegprel planning, as tsunami
inundation level can vargversmall distances as a fumah of localtopography.lt should be noted that
inundation leves reported do not include any freeboard to define safe refuge elevation.

Inundation levels for emergency plannititat account forsea level rise are also reported and should be
referred toas general guidance onlResultssuggesthat while future inundation levels for the Alaska
tsunami arehigherby a vertical distance approximately equaltite projectedrelative sea level risef
1.2m for the study area (seBection3.2.1.2, the future inundation levet for the Cascadia tsunarare
generally higher by a vertical distance greater than the projectedivelaea level rise

Lastly,it is very important to note that the tsunamrrival time is defined as the time of the first
maximum of the tsunamivaves(Intergovernmental Oceanographic Commission, 2@h@jthat
flooding may begin before this moment is reachEdrther assessment of the moliag results would
be required tobetter understand the progression of the estimated inundation awae.
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Table5.  Generaltsunamiinundation level for emergency planning aratrival times at selected

locations
Cascadia Tsunami Alaska Tsunami
Inundation Level for Inundation Level for
Al Emergency Plannirfg A Emergency Planning
Time! (CGVD2013) Time (CGVR013)
Currentday  Year 2100 Currentday  Year 2100
Houpsitas 0h25m 124 m 13.7m 3h04m 47 m 6.0 m
Fair Harbour 0h45m 6.9m 7.9m 3h18m 51m 6.4m
Oclucje 0h38m 9.2m 109 m 3h20m 34m 4.8m
Village of Zeballog  0h46m 6.8 m 8.7m 3h31m 39m 51m
Chenahkint 0h35m 5.8m 7.6m 3h12m 28 m 4.0m
Village of Tahsis 0h54m 7.5m 8.8m 3h41m 50m 6.2m
Tahsis River 0h54m 6.9m 8.2m 3h41m 49m 6.1m
Notes

1. Arrival time is defined as théne of the first maximum of the tsunami wav@etergovernmental Oceanographic
Commission, 2019nd flooding may begin before this moment is reached.

2. The inundation level for emergency planning includes a safetgrféateSection3.3.4.9 and accounts for the local
subsidence associated to the triggering earthquake, as apptidateeboard is not includedhe location where the
inundation level was determined generally corresponds to tlwation of maximum runupexcept forFair Harlour,
where theinundation level is higher towards the Kaouk River estuary to #s¢. e
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4.4.1 Ka’yu’k'th’/Che:k:tles7et’h’First Nations

Background

Located on the outer coast of Kyuquot Sound, Ka:'yu:'k't'h'/Che:k¢ts First Natios are an
amalgamation of two nations. Their traditional territory streéshfrom Porritt Creek, north of Nootka
Sound, to Solander Island at the tip of Brooks Peninsula. Theeantwommunity is Houpsitas, located
in Kyuquot. The 585 citizens under the &4aulth treaty are selgoverned and are a member of the
Nuu-chahnulth Tribal Counc{NTGQ, which consists of 1thdigenouscommunities along the western
portion of Vancouver Island. Kyuquobisly accessible by float plame boat, including a water tai
service from Fair Harbour.

Risk Analysis

The mapping oéssets at riskor the Ka:'yu:'k't'h'/Che:k:tles7et'h’ First Natisrtoversthe five map
sheets listedn Table6. The table provides a summary of the number of buildings and lengthadf
estimated to be exposed tooth tsunamis.

Table6. Summary of exposed buildings and roads f0ascadia and Alaskaunamis in Kyuquot

Cascadia Tsunami Alaska Tsunami
Total Length of Lenath of
Map Sheet Buildings on  pyjildings Road Buildings 9
e Sl d Road Exposed
p Exposed Expose Exposed
(km)
(km)
1. Houspitas 57 44 1.04 9 0.27
2. Walters Island 28 26 0.00 22 0.00
3. Amos Island 1 1 0.00 1 0.00
4. Spring Island 0 0 0.09 0 0.01
5. Atkis & Kamils Islands 4 4 0.00 0 0.00
Notes

1. Any impact to pedestrian walkways or trails not included in lengtioaél exposed.

At Houpsitasthe effects of a Cascadia tsunami would potentially affecstnrobthe communityocated

at the toe of the hill This includethe health center office,and community centerSanitary installations
would also be affected as well as the community’s generator. Talsiagltce fromAndrews Creeko

the west,the community’sdrinkingwater supplymaybe affected if the tsunami reaches the intake
believed not far upstrearfrom the creek’snouth. The water tanks, which are located uphill, are not
going to be affected by a tsunaif@ssuming they survive the seismic event without damage). The roads
within the community could suffer damage, but threundationzonewill remain accessibieia Kyuquot
School RdParts of the community up the hill are not affected by the tsunamhiich include the school.

In the case of mAlaska tsunamionly buildings closetthe shoreline may be exposad well as marine
infrastructure
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Severaunderwater utilities connedng neighbouring islands to Houpsitas, such as telecommunication
and power linesas well as sewer effluent line which conveys sewdgen Houpsitasnto Nicolaye
Channel south of Walters Islagdnpotentiallybe damaged by strong current speeds induced by
tsunamis.

The two docks used by the communitse expected tobe destroyedby a Cascadia tsunami, stsong
current velocities arexpected to occum conjunction with large fluctuations in water level. As the
community is only accessible by boat or float plane, the ddshe dockgand community vessels
moored at the docksivould significantly complicate accésgress resupply and recovery effortBoat
access is also possiltleough the logging camp at Chamiss Bay, although marine infrasteuat that
location may also be damagdd.the case of an Alaska tsunami, stronger current velocities are only
expectedin narrow passages between islaratsd other constrictionsmeaning that thecommunity
docks have a better chance to remain functional after the tsunami.

On Walters Islandessentially all buildings are expected to be affected by the Cascadia tsamam
most of them by the Alaska tsunami. The island has sufficiergtydriound in proximity to buildingsr
its inhabitants toevacuate atrisk areason foot, but the shoreline marine infrastructure (docks and
boats) would likely experience significant damages and loss.
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4.4.2 Fair Harbour

Background

Fair Harbour is a small community with recreation facilite$uding a campgrounanda marina It
constitutes animportant transportation access point fthe Ka:'yu:'k't'h'/Che:k:tles7et'h' First Natign
with a dock dedicated for residents of the Kyuquot area.

Risk Analysis

The mapping of assets at rigkFair Harbour covers the two map sheets listedable7. The table
provides a summary of the number of buildings and length of road estihntat be exposed to tsunamis.

Table7.  Summary of exposed buildings and roads for €adia and Alaska tsunamis Fair

Harbour.
Cascadia Tsunami Alaska Tsunami
Total Length of Length of
Map Sheet Buildings on . gl @ - gl @
. M S?] t Buildings Road Exposec Buildings Road Exposed
ap ohee Exposed Exposed
() ()
6. Fair Harbour 2 2 3.06 2 2.21
7. KaoulRiver 0 0 0.63 0 0.31

Both buildings at Fair Harbour are expected to be affected by thea@astsunami, as well as a large
portion of the campground area. In the case of the Alaska tsuraoth, buildings are also expected to
be affected as well gzart of the campground, which highlights the importance ofrmiag systemss
distantearthquakes will not be feltat the site

The dock dedicated for residents of the Kyuquot area is expected to eeetpdamagd by a Cascadia
tsunamiand potentially damaged by the Alaska tsunaftie road and bridges crossing the estuary will
be fully inundated by the Cascadsunami and partially inundation by the Alaska tsundnmducing
strong flow velocitiesboth tsunamis have the potential tegerely damage this routevhich plays an
important role for accessing Kyuquétart of the access road on the north shore of the Kaouk River is
also expected to be affected lpth tsunamiscenarios.
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4.4.3 Nuchatlaht First Nation

Background

Nuchatlaht meanspeople of the mountain'and Nuchatlaht First Natioisa member of theNTC. The
NuchatlahtFirst Nationrhas approximately 20 members living-mserve and a total membership of 162.
Historically displaced from their traditional territgrihe Nuchatlaht First Natiois based in Oclucje
which is within the traditional territory of th&hattesaht Chinehkint First Natioradated at the

northern end of Espinoza InleDclucjas within a 2@minute drivefrom the Village of Zeballadong
Harbour Rdand theZeballos forestry service road (FSRie traditional territory of theNuchatlahtFirst
Nation include the Nuchathrea atthe entrance of Nuchatlitz Inlet.

Risk Analysis

The mapping of assets at riskareas related téhe Nuchatlaht First Nation covers tliwe map sheets
listed inTable8. The table provides a summary of the number of buildings and lengthradfestimatel
to be exposed to tsunamis.

Table8.  Summary of exposed buildings and roads for Cascadia dadka tsunamis irareas
related to the NuchatlahtFirst Nation

Cascadia Tsunami AlaskaTsunami
Total Length of Length of
Map Sheet Buildings on o 9 - g
R M 3?1 : Buildings | poad Exposec  BUIMINGS  Road Exposed
ap ohee Exposed Exposed
(km) (km)
8. Oclucje 13 3 1.45 0 0.01
11.Harbour Road 0 0 0.81 0 0.34
12.Zeballos FSR 0 0 0.04 0 0.00
14.Owossitsa Creek 8 0 0.01 0 0.00
15 Nuchatl 5 4 0.00 2 0.00

Being mostly located oelevatedground, he community of Oclucjés notexposed to distant tsunamis.

In the case of a Cascadia tsunami, three buildargaffected,andthe communitypopulation remains

at relativelylow risk Howeveracces/egressnay beimpactedasa considerable portion of the road

along the water’s edge will be inundated and potentially damagedhEtmore, water supply may be
affected as the water treatment plan is on the fringe of #stimatedinundation extent, although the
water tanks are sufficieht elevated The locatiorof the water intake in Espinosa Creelkd whether it

is exposed to tsunamissk,remains uncertainLastly, while the dock may be subjected to some damage
following an Alaska tsunami, such damage is expected to be cornsigézas than in theaseof a
Cascadia tsunami.

The bridge crossing Little Espinosa liihett providesaccess to Oclucje is at risk of being damaged
during bothCascadia and Alaska tsunaphiecause oktrong current velocities through the constriction
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created by the bridge abutments and/or the potential forces of theevaicting on the bridge structure.
Except for some distance on either side of the bridge, the acoaskconnecting Oclucje to the Ndge
of Zeballosarea(Harbour Rd. and Zeballos FSR) remairhsw risk ineither tsunamiscenario

At Owossitsa Creekstimatedimpacts of tsunami are limited as no builddaye exposed At Nuchatl,
considerable flooding ianticipated in the case of a Cascadia tsunami while such flooding is limited in
the case of the Alaska tsunami. Some buildings are affected for bathnss, as reported above,
however more buildings and dochse presenturther east of the mapped areavhich may alsbe
affectedby tsunamis.
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4.4.4 Village of Zeballos

Background

The Village oZeballossits at the head of Zeballdslet andis nestled between forested mountains with
access tkyuquotSoundthrough Fair HarbourThevillagewas developed as a center for gold mining in
the early 1930s and later logging was developed as a key industrg i980s. In addition to logging
Zeballos is also home to a plant which processes a variety of fish throudieoyear. More recently,
Zebdlos has become a destination for wilderness recreation ands¢ou The community sbn a river
deltaand on either side of the Zeballos River, referred to as the west andsiesof the village
Zeballos Inlet is the traditional territory of the Etegaht FirsiNation,which include Ehatis on the
western side of the inletdirectlysouth of the Village of Zeballos.

Risk Analysis

The mapping of assets at risk in the Village of Zeballos and Ebatiss the two map sheets listed in
Table9. The table provides a summary of the number of buildings and length dfes@mated to be
exposed to tsunamis.

Table9. Summary of exposeduildings and roads for Cascadia and Alaska tsunaamithe Village

of Zeballos
Cascadia Tsunami Alaska Tsunami
Total Length of Length of
Map Sheet Buildings on . gl @ - gl @
. M S?] t Buildings Road Exposec Buildings Road Exposed
ap ohee Exposed Exposed
(km) (km)
9. Zeballos River 146 93 4.01 72 2.32
10. Zeballos Waterfront 17 17 1.97 9 1.60

The exposure othe village on either side of the Zeballos Rivaries with most of the tsunami impacts
concentrated on the eadide. In the case of the Alaska tsunana building on the west sidare
exposed although a number of buildings Ehatis are considerably close to the inundatioea In the
case of theCascadia tsunami, 11 buildings on the west side are affé¢tiexlin Ehatis) potentially
including the health center which is considerably close to the inundaiea For both tsunamis the
bridge in Ehatias well apart of the Zeballos FSR thewatersideare at risk of being impacted,
potentially affecting the accegressto the communitiesof EhatisOclucje and Chenahkint

The east side of the village, where the fire station, police station hoonity hall andvillage office are
located is &highrisk of beingmpactedby both Cascadia and Alaska tsunacgnarioswith 9 and81
buildings affected, respectivelffurthermorerisk increases due to a number of log booms in the area
which could increase the amount of floating debris, reducingicka of survivaf caught in the
inundationand inflicting further damage to infrastructure.
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Estimated to be overtopped, the bridge on Parkwaywdch crosses Zeballos River and connects the
two sides of the village is at high risk of beiaffected bya Cascadia tsunami. The bridge is also at risk of
being damaged duringn@Alaska tsunami. This bridge constitutes an important link betwaaoh ofthe
village’s affected aresand the health centeralthough the west side can still be accessed by detour

the norththrough the Zeballos FSR

Themunicipal wharis likdy to be damaged in the event of a tsungraswell asother marine
infrastructure at the southern end of the villag&/ater supply and power infrastructur@e sufficiently
elevatedand are not at riskThe school which is located north of ParkwayiRdotexpected to be
exposedalthough it is located close to thestimated extenof inundationin the case of the Cascadi
tsunami Itremains atrisk given the relatively flat topography of the vicinity, meaning theglatively
small increase in water level would result in a large increase inxttemeof flooding.While elevated
land is in close proximity, evacuation efficiencies related to effective planadvgnced warning, and
public readiness efforts such as education, training and daltsdecrease risk to people in the
community exposed to tsunami risk.
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4.45 Ehattesaht Chinehkint First Nation

Background

The traditonal territory of theEhattesaht Chinehkint First Natiarcludes areakated in Esperanza
Inlet, Zeballos Inleand part of Espinosa Inlet. The Ehattesaht Chinehkint FirgdmMNeitlageof Tatchu
(what is now the beach near Tatchu Point) was once a commondisite and place where the
Ehattesaht would gather to feast. Today the most populated villagedadBkint at Queen’s Cove. They
are membes of the NTC The Ehattesaht First Nation operates various companies on thatotg such
as an oystefarm (We’Shuk) and logging company (Aat'UljeEhattesaht Chinehkint First Natias

also located in Ehatis at the Village of Zeballos as discussed above.

Risk Analysis

The mapping of assets at riskareas related to the Ehattesafithinehkint First Nationovers the map
sheets listed imable9. The table providea summary of the number of buildings and lengthraxd
estimated tobe exposed to tsunamis.

Tablel0. Summary of exposed buildings and roads for Cascadia dadk@a tsunamisn areas
related to the Ehattesaht Chinehkint First Nation

Cascadia Tsunami Alaska Bunami

Total
Length of Length of

Road Exposec  BUIldiNGS  poad Exposed

Map Sheet Buildings on Buildings

Map Sheet Exposed Exposed
() ()

13. Chenahkint 7 5 0.38 2 0.11

The buildingst Chenahkint are locatetlose to the shoreline putting them at considerable risk of a
Cascadia tsunami. However, the extent of the flooding is limltethe case of an Alaska tsunami,
although outside of the estimated inundated area, buildings remais&tdue to their proxnity to the
shoreline. The road at the shoreline at the front of the buildings ensdsaward side is expected to be
flooded in both tsunami scenarios.
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4.4.6 Esperanzand Ceepeecee

Background

The areas of Esperanza and fiseee wererespectivelysettledas amissionary site andsthe site of a
cannery facility for pilchards and later for salmon. The n&aepeeee comes from the acronym for
the California Packing Corporation (CR&)If of Georgia Cannery Society, 2021 is only inhabited
seasonally’. The original plant was destroyed by fire in the 19%@svever several buildings remain in
the area.Esperanzgalso referred tdoy the nameTlay Maak Tsus a boatin Christian community.
Nootka Mission Hospital operated from this location until 19#dperanza Ministries, 2020)

Risk Analysis

The mapping of assets at risk in Esperanza and Ceepeecers the map sheets listed Tablell. The
table provides a summary of the number of buildings and lengtioad estimated to be exposed to
tsunamis.

Tablell. Summary of exposed buildings and roads for Cascadia dadka tsunamisn Esperanza
and Ceepeecee

Cascadia Tsunami Alaska Tsunami

Total Length of Length of

Map Sheet Buildings on e engtn o i engtn o

R Ma S?]eet Buildings Road Exposec Buildings RoadExposed
p Exposed Exposed

(km) ()
16 Esperanza 18 15 0.25 4 0.06
17 Cegeecee 6 5 0.00 4 0.00

BothEsperanza and Ceepeecee would be consideratggctedby a Cascadia tsunami, withost ofthe
buildings affected. Furthermore, docks are likely to be severely dashafgeotdestroyed making
accesgegress and resupplp these isolated sites more challengidthough to a lesser extent, the
Alaska tsunami scenar&so poses risk to buildings and marine infrastructure.

10verbalcommunication between Philippe-&ermain pstgermain@nhcweb.copand Steinar Vage
(steinarv@Kkcfirstnations.co)r) duringthe project Advisory Group meetirgg February22, 202.
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4.4.7 Village of Tahsiand Mowachaht Muchalaht First Natios

Background

The Village of Tahss#is at thehead of the Tahsis Inleind includes settlements cgither side of the
Tahsis River. With many residential, commercial, and public fagilitehsis is home to 500 yeaund
residents and about,500 people in the summer months with many recreatibopportunities (Village
of Tahsis, n.d.)Tahsis is within the traditional territory tfe Mowachaht/ Muchalaht First Natioand
wasestablished foforestry operationsvhichstarted in the late 1930s. The community wagy
accessible bpoatuntil the road comection to Gold River was constructed in the early 19T0g road
passes through landdministeed by theMowachat/Muchalaht First Natios at the mouth of the
Leiner River.

Mowachat/ Muchalaht First Natiotraditionalterritory extends south to Nootka Sourashd Gold River
Located in Muchalaht Inlet and the Gold River valley, the Mowa¢Nalthalaht First Natiogare an
amalgamation of four groupshe Mowachaht (Tahsis and Tlupana Inlet communities) and the
Muchalaht (Cheeshish and Ahaminaquus) who were once whalers. Bodgledy number 613control

18 reserves totalingpproximately388 hectares of territoryandare a member of th&lTC One of their
most famous territories is Yugownown for“wherethe-wind-blowsfrom-all-directions”,is thecentre

of their government and of their spiritual and ceremonial world. It is thegkst continuously occupied
site on the west coast of Vancouvstandandone of the largest and deepest archaeological deposits in
British Columbighttps://www.yuquot.ca/centerof-the-world/).

Ongoing Flood Protection Improvements

As part of the Tahsis Flood Mitigation Project, the Village of §&hsnproving its flood protection
infrastructure to further mitigate risks of storm flooding in thertheastern portion of the village (e.qg.,
north of Quadra Rd.). This part of the village is particulariyerable to river flooding du® its low
lying elevation. This ongoing project includes the upgrade of the egidtke alondgNorth Maquinna Dr.
and the Cook St. dike, as well as the construction of a storm storagegidhd eastern end of Boston
St. These works include a diepelwered flood pump located at the southeast corner of Alpine View Rd.
and Boston Rdl'he construction of the storm storage pond system and the upgradea Gt. Dike
have been completed. Upcoming works include the upgrade of the Takeisdike along Maquinna
Dr., from north of Quadra Rd. to south of Cook St. These dike upgeadesially consist in rising the
top elevation of the existing lock block wall by the height of one lock blodlpeotecting the riverside
slope with rip rapAs perthe information contained itMcElhanney2022c) the dike upgrades do not
account for applicable seismic design standards and were desggmsideringoarallel flow only.

Based on the review of design information availathese storm flood mitigation works are not
expected to be effectivegainst tsunami inundatiorgven if not damaged by the initial Cascadia
earthquake As reported irTable5, the general inundation level &9 m with respect to CGVD2018
Tahsis River for a Cascadia tsunahf ih for a Alaska tsunami) exceeds the top elevation oftthiee
upgraded flood protection wall, which varies from approximatelym downstreanto 6.6 m upstream
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(CGVD2018). Furthermore, as ésunami would flow upstream in contrast to downstream as in thgec
of storm river flow, considerable hydrodynanaind scouring forces would be acting on the segment of
the flood protection wall between Quadra Rd. and Boston Rd.,vasutd be on theoutside bend of the
river channel. Based on field observations made following the Z@hbku tsunamin Japanand unless
demonstrated otherwise by structural assessment, it is not anticipétatithe wall’s lock block
construction would resist such forgesven if not overtopped. Accordingly, for the purpose of
emergency planning it is conservative to consider thatrtbgheastern portion of the villageemains at
risk of being inundated in the event bbth aCascadiand Alaskatsunamiscenario.

Risk Analysis

The mapping of assets at risk in the Villag&atisisand Mowachaht/Muchalaht First Natiorland at
the mouth of the Leiner River covers thevenmap sheets listed iffablel2. The table provides a
summary of the number of buildings and length of road estimated to be expmstsunamis.

Tablel2. Summary of exposed buildings and roads for Cascadia dadka tsunanis at the Village
of Tahsis andvlowachaht/Muchalaht First Nations land at the mouth of the Leiner River

Alaska Tsunami

Tl Cascadia Tsunami

Buildings
on Map

Length of
Road Exposec

Map Sheet Length of
Road Expose(d

Buildings Buildings

Sheet

Exposed

(km)

Exposed

(km)

18. Tahsis River 0 0 0.89 0 0.16
19. Tahsis Waterfront 230 187 6.33 135 3.77
20. Tahsis Waterfront West 112 20 2.23 15 1.25
21.Leiner River Estuary Nort 0 0 2.15 0 0.70
22.Tahsis S Maquinna Dr. 16 7 0.60 7 0.42
23.LeinerRiver Estuary South 0 0 0.00 0 0.00
24.Tahsis Waterfront South 6 0 0.00 0 0.00

Forthe purpose of assessing tsunami risks at the Village of Tahsigcthigy can be divided in four
maingeneral areas:

f Tahsis RiveEasternshore — located north ofHead Bay Ran the eastern shore of the river
andincluded onlnundationMap SheetsdNo. 18 and 19.

f Tahsis RiveWestern Shore-Located north of Head Bay Ruh the western shore of the river
and included on Inundation Map Sheet No. 19.

1 vertical datum of the elevations reported dssued for Tender Drawings (McElhanney, 2022bfirmed to be CGVD1928 by
email communication between Philippe-Sermain pstgermain@nhcweb.cojand Dwayne Cybakdcybak@mcelhanney.com
onMay2, 202. Elevations reported herein were converted to CGVD2013.
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f WesternOceanShore —Located south of Head Bay Rd. on the western shore of the inlet and
included on Inundation Map Sheet N2, 22,and 24.

f Leiner River EstuaryLocated south Head Bay Rd. on the eastern shore of the inlet and in the
Leiner Estuargnd included on Inundation Map Sheet R@.21, and23.

The eastern shore of Tahsis River is at risk of being flooded by botlead@asnd an Alaskaunami,
although the impacts dhe localtsunami would be much more significaithe current fire station,
water treatment plant, health center, ambulance station, politaisn and drinking water well could be
impacted byboth tsunamis. For th€ascadiadsunami, an additional 46 buildings would be affected
including the proposed nevetation for the fire station, the recreation center, and school. Thetatzal
substation at the east end of Head Bay Rd. is also exposed to a Cascadia.tsubathiCascadia and
Alaska tsunami casesd bridge on Head Bay Rd. that connects the eastern shore to the webimm s
is expected to be subject to tsunami effects considering its locatidhe waterfront.The effects of the
tsunamis are also expected to reach the baarossing Tahsis River at the north end of the village.

The western shore of Tahsis River is teggsedo tsunamirisksbecause of itelevatedtopography.

No building are estimated to be affected in the case of the Alaska tsunami, and the Cascauanisis
estimated to affect six buildings. Nevertheleas;onsiderable portion of this area including A Rd., B Rd.,
and C. Rds at risk of being flocet.

Further south on South Maquinna Dr., the commercial marina area is exgp¢atbe impacted by both
Cascadia and Alaska tsunami#ile kuildings located ahigher elevations along Cardiac Climb &
outside of the estimated inundation zonthoselocated closer to shore at the village core are at risk of
being affected byoth CascadiandAlaska tsunarsi In eitherscenarigthe village office and health
center arenot expected to be affectedOn the other handthe wastewater treatment plant and
municipal dock are expected to be impacted by both tsunaAithough he Canadian Coast Guard
Station iselevatedon Tootouch PI. to avoid inundation, the dagsed for the coast guard vesseads
exposed.

On the other side of the inlet, no building or critical assefsitmatedto be at risk aside from the road,
which provides the only land access to Tal&proximately2.5km roadwayis estimated to be
affected by the Cascadia Tsunami, start@tighe electrical substation at the eastern end of Head Bay
Rd.The Alaska tsunami is also expected to affect that road, butessel extent. While located near
the fringeof the estimatedinundation the bridge located at the eastern end of the Leiner River estuary
may be affected by a Cascadia tsunami. Located approximatdiy 20vay from Tahsis on the way to
Gold River, the road runs close to the shoreline along the norteachof Tlupana Inletnundation
hazard as not yet been assessed in thatt of the study areaHoweverpased on the results of
maximum tsunami amplitude associated to a Cascadia and Alaska tsunami sheigur@il and Figure
15, respectively, this stretch of thmadto Tahsis is likely to be affected to some degitesdly, a
considerable portion of th&lowachaht/Muchalaht First Natiorlandat the mouth of the Leiner Rivés
expected to benundatedunder both tsunamscenarios.
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4.4.8 Kendrick Camp

Kendrick Camp is a logging facility located at the head of Kendrick Imdendpping of assets at rigk
Kendrick Campovers the map sheets listed Tiablel3. The table provides a summary of the number of
buildings and length of road estimated to be exposed to tsunamis.

Tablel3. Summary of exposed buildings and roads for Cascadia dadka tsunamisait Kendrick
Camp

Cascadia Tsunami Alaska Tsunami

Total
Length of Length of

Road Exposec  BUIldiNGS  poad Exposed

Map Sheet Buildings on Buildings

Map Sheet Exposed Exposed
(km) ()

25.Kendrick Road 14 0 0.81 0 0.13

The exposure to tsunamis of the buildings a Kendrick Camp is lownavlthilding being affected by
either Cascadia oklaska tsunami. There is a risk however that marine infrastrustondd be damage
making accegsgress resupply and recovendifficult. Both tsunamis affect the bridge just north of the
camp, which would complicate the return to camp from that direct
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5 EMERGENCY MANAGEMBRND RISK REDUCTION

Theoutcomes of theisk analysis can strengthen hazard awareness and thekfyucomponers of
emergency management: mitigation, preparedness, response, and rec@eaxijons.1discusses
emergency management plans as well as the status of these componentsis of kest practices and
regulations progress achieved during this project, and path forward. Thisrimation is expected to
support development and planning decisions and improve existing emergercgvacuation plans.
Section5.2 briefly introduces variousmeasures that can badoptedto reduce tsunami riskn
conjunctionwith developingandupdating tsunami emergency management plans

5.1 Community Emergency Management

The BC Emergency Program Act requires local authorities to direcbatrdleemergency response in
the event of an emergency and prepare plans for response and rec{Reyince of British Columbia,
1996) Whilecurrent regulations cover two phasestbe emergency management cycle, Emergency
Management BCEMBCplans to modernize emergency management legislation to bring it in litie wi
the Sendai Frameworlhe Sendai Framework for Disaster Risk Redu@iidiSDR, 2018mphasizes
strengthening the four phases of emergency managemehich are:

f Mitigation
f Preparedness
f Response
f Recovery
EMBOlans to repeal and replace the Emergency Program Act and introduce gistation by Fall

2022(EMBC, 2022)n preparation of this new legislation there are salefocuments that outline new
standards and best practicgacluding the following:

f Sendai Framework for Disaster Risk RedudlitNISDR, 2015)
f UN Declaration on the Right of Indigenous Peofl®$DRIP(United Nations , 2007)

f Draft Principles that Guide the Province of British Colurali&lationship with Indigenous
PeoplegProvince of British Columbia, 2017)

f Addressing the New Normal: 2Century Disaster Management in British Colun{Bi& Flood
and Wildfire Review, 2018)

New legislation means that while current community management ptaaexpected to includte
phases ofesponse and recovery, they sholdd revised talsoincludethe phases of preparedness and
mitigation. Thissection of thereport summarizethe relevant best practices and regulations for each
phase of emergency managemestipporing updates to plans in line with the modernization of
emergency management legislation in BC and other key referencesdistea.Existing emergency
management plans areriefly discussed below to provide further context.
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5.1.1 ExistingEmergency ManagemerRlans

Coastal communities in the study area understand how to work togdthptan for disaster events.
Rugged, remote, and rural communities follow legislated regulatimusestablished governance
structures to undertake planning before, during, and after a diesasvent. Planning efforts are driven
by seltdetermined risk management priorities and are based on the sociaktobe for acceptable and
unacceptable levelsfaisks. The drivers of risk tolerance are dynamic and often dranatécldw
probability, high consequence event such as a major tsunami.

As global tsunamis showcase the potential extent of a coastastais community leadership develop
plans for coninhuity of critical infrastructure and services such as housing, rdaitiges, water systems,
utilities, first responder and health facilities, and commatiien systems. For this study, a number of
communities provided documents, plans and proceduresvaht to a tsunami risk assessment. These
plans incorporate earthquake and tsunami risk as a subsection efa@egiplanning effort. Generally,
these plans also contain public alerting and tsunami evacugtiocedures in atisk communities.

Informationon existing planning efforts and community preparedness levels wetegat through the
Advisory Group, Indigenous knowledge holders, bistbries,and the public surveyas introduced in
Section 5Together, these contributions clearly demonstrate strong and eesiilommunities, with an
abundance of knowledge and experience of the risks posdabtiylocal and distantsunamis.

In highriskcommunities, opportunities exist to accelerate planning for a majon#sui scenario. To
further engage community members and partners in tsunami resiliendeiah reduction activities,
communities areencouraged to support future tsunami plannjreyacuatio, and public readiness
efforts after this project is complete. As we understand from theultssof this study, a large tsunami
event will overwhelm critical systems and impact lives and livelihoods irrisiglareas.

5.1.2 Preparedness
5.1.2.1 Best Practices anRegulations

Preparedness reflects the collective knowledge and readiness capacéggond to events effectively

and to achieve an orderly transition from response to sustainedwergdUnited Nations Office for

Disaster Risk Reduction, 201Hfective preparedness is based on a sound analysis of disaster risk and is
rooted in evolving community development, emergency plannamgl health and wellness activities.

Basic preparedness for tsunami hazards involves knowing andgingdtiow to safely respond to a
tsunami alert (from a distant event) or to strong ground shaking{feolocal event) and, subsequently,
to know how to effectively evacuate to a safe location until the tsunidumreat has ended@which can be
hours and even days after theramal of the first wave)Preparedness also includes planning for the
recovery process by identifying-atk people, assets, services, and supply chains, and developing
recovery plans with key organizations, government, not for pariit private sector @rtners.

Public awareness and community building activities are motigaimempower preparedness and
promote an agencypased approach to tsunami risk. Community preparedness effodsmvay in the
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study area include th#aster of Disasteprogram inseveralschools, the use of tsunami inundation
zone signage on roadways, trails and various public locations, visitoagon materials, and
participation in earthquake and tsunami drills such as@neat BC ShakeOandHike to High Ground

This study is an example of a preparedness activity that shares éaigevto support communities at
risk, including preparedness champions, first responders andraority leaders at all levels.

5.1.2.2 Progress

Indigenous communities living along the coast since time immeitnamamost familiar with the risks of
tsunami on their land, people, and infrastructure. Oral histodedinedin previous sectiongive
witness to previous major tsunaraivents,and offer wisdom to include preparedness and mitigation
into daily life. Nlu-ChahNulth and Kwakwaka'wakw stories speak of the importance for mgta be
humble and respect our place on the land that we rely on for sutasigt and survival. They advise to
heed the guidance of those who speak of future disaster and to peggach and every one of us, as if
a disaster could happen at any time.

In response to the tsunami warning issued for Vancouver Islandnuada?3, 2018, Nuchatlaht Tribe
staff and partners prepared a Tsunami Preparedness Strategic Plampldmincludesraanalysis of
strengths,weaknessesppportunities, andchallenges, a list of ten strategic objectives as well as plans to
link to existing community strategies.

The vision of the plan is stated as follows:

“Nuchatlaht Tribe’s tsunami preparedness and response is very quick, well equipped,
well informed, communicates with the necessary people and organizations, organized,
and most importantly, results in everyone surviving tsunamis.”

Survival from a major tsunami event should be the expectati@vefy pregpared community
member and visitor on Northwest Vancouver Island. Opportunities erishighrisk
communities to improve preparedness through enhanced tsunami awasereshkication
and evacuation exercises, some of which are taking place for Phaski2 pifdject.

5.1.2.3 Path Forward

The path to preparedness is an-aftsociety’ responsibility that is community driven and collaborative
in nature.

At the neighbourhood level, recommendations fatian-based approachethat support overall

community development and create safe spaces for difficult conviersaabout tsunami risk.

Preparedness activities can be promoted at commugétherings enhance existing volunteer group
capability, and béinked to localschools, mariners, cultural groups, and businesses as well as connecting
with other communities across the globe with tsunami experience.
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Preparedness efforts often lead to tidentification of newrisk management strategies, secure bay
and fundingfor risk reductiorefforts andempowercommunityled resiliencesolutionswhere they are
most needed.

5.1.3 Response
5.1.3.1 Best Practices and Regulations

Emergency response includes action taklinectly before, during or immediately after a disaster in
order tosave lives, reduce health impacts, ensure public safety and meet the bbsistence needs of
the people affecteqUnited Nations Office for Disaster Risk Reduction, 200¥g focus of emergency
responsdsthe immediate and shorterm needs othose affected by thelisaster

The current regulations state that a local authority is atiales responsible for the direction and
control of the local authority’s emergency respor{feovince of British Columbia, 1998) addition, a
local authority must have a local emergency plan where they estahifid maintan exercises and
training for emergency response staff.

In the context of a tsunami, effective, efficient, and timely responskerah} onpreparedness informed
by tsunami risk. Communities will need to rely on their own capacities asaweinergency seices and
public assistance which can be provided by the public aivéifer sector as well as broader community
and volunteer participation.

It should be noted that thelistinctionbetween response and recovery is not always clear. For example,
emergencyutilities services are sometimes set up as part of emergency nsspand continue to be
used into the recoverphasedue to the timelines required to rebuild infrastructure.

5.1.3.2 Progress

This project did not address emergency response for tsunamis girécivever, it is able to support risk
informed planning for response. For example, with the risk assessroenleted for two key tsunami
scenariosthe areas that are likely to be affect are now known in greater detail. This means that
response training exercises could be tadlbto different tsunami sources which would facilitate a more
efficient and effective response.

Current emergency management plans exist at a regional distrimicipal,and tribal council level.
Most communities have some guidance on emergency management generallyrerchave tsunami
specific plans. Several false alarms or near miss tsunami events where warsiiagns were activated
but no inundation was experienced had served as an opportunityédyae tsunami preparedness and
the response to tsunami warnings.

5.1.3.3 Path Forward

Response planning is already well established across the study araa #xgsting requirement with the
current emergency management regulatiokBwever, here are several ways thatsponse specific to
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tsunams can be enhanced based ¢ime outputs of the risk assessment, and such can be in relation
with:

f Early warning systems
f Risk informed response for Cascadia and Alaska tsuramies and

f Whole-of-society approach for response planning
5.1.4 Recovery
5.1.4.1 Best Practices and Regulations

Asperthe Sendai Framework (United Nations Office for Disaster Risk Redudtiof), i2covery

following a disaster means the restorati@mr improvement oflivelihoods and health, as well as
economic, physical, social, cultural and environmental assets, systenactvities, of a disaster
affected community or societyrhis alignshe principles of sustainable development dfmlild back
better” to avoid or reduce future disaster riskhe principle of building back better is central to effective
recovery and a corprincipleof the Sendai FrameworRecovery could be particularly difficult for
marine communities in which docks and ves$age been lost or damaged.

The BC Emergency Management Act recomrseecdovery planning as part of the full cycle of
emergency managementmmediate recovery actions include initiating Business Continuity Plans fo
organizations as well as Emergency Supfervices for impacted community members. For most perils,
including for earthquakes, insurance is an important pat@nmunity recovery, however for tsunami
events insurance coverage is not readily availdidiedium and longterm recovery includes fancial
supports, equipment suppland humanitarian activities from Provincigkderaland International
agencies to achieve a ‘new normal’ in impacted communities.

5.1.4.2 Progress

This tsunami risk study did not focus on recovery but can suptrinformedrecovery planning. For
example, knowing which areas and assets are likely to be most affectedsiiyjmami can help identify
the highest priority areas for recovery planning. This couldidecivork that preidentifies recovery
goals and investment optioriscluding critical infrastructure, supply chain, mutual planning and
future needs for emergency social services and humanitariantasses

Recovery funding is not often identified prior to a disaster event taking pldoeever, predisaster
recovel funding can be explored through government granting opportunifieivate or public
insurance and rénsurance expansions, disaster aid through4governmental organizations,
catastrophic bonds, and advanced priv&tctor recovery investments.
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5.1.4.3 Path Forward

Recovery planning should be proactive and include a whole @ftgapproach including considerations
of:

f Trauma of loss and recognition of the importance of community wedladt®er a disaster
f Repair and reconstruction of criticalfrastructure

f Support build back better principles

f Support business continuity and recoveand

f Be inclusive of all community perspectives
5.1.5 Mitigation
5.1.5.1 Best Practices and Regulations

Disaster mitigation is the lessening or minimizing of the adversedtapd a hazardous eve(itnited
Nations Office for Disaster Risk Reduction, 20t)gation is often defined as either behavioural or
structural in nature. While the physical impacts of a warase tsunami event cannot be fully
prevented, the sale and severity of thenpactscan be reduced through several types of jlisaster
actions. Mitigation has a record of being cost effective, enhancing exigtpagities and spurring
further actions that improve overall community safety, healthd avelness.

5.1.5.2 Progress

Through the Advisory Group portion of this study, it is likeht tturrent and future community
development decisions in marine and coastal areas will utilize the tsunami resdsasant results to
influence community landse decisionsiihighrisk areas. Through Phase 2 of this project, expanded
public tsunami awareness sessions will take place and signage installed in soskeaatas.

Meanwhile, progress is being made on key tsunami risk mitigation oppitigs that stem from
enhaned earthquake and tsunami monitoring and updated local commuiainatinfrastructure. In the
near future, technologies such as earthquake early warning andimaltsunami observations
provided at the local and individual level is likely in some areas.

In a structural sense, tsunami mitigation is also happening as cantiesidevelop and upgrade
marinas, roadways and critical infrastructure;sepply emergency equipment and-emforce tsunami
evacuation routes. These activities are part of overall emergaenanagement and community
development.
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5.1.5.3 Path Forward

Each atrisk community in the study area will want to consider tsunami mitigatidivities that reflect
local risk management decisions. In general, recommended mitigation strafegiatrisk comnunities
include

f Consider tsunami risk in development and emergency plans, evacuddios, and in decisions
to upgrade critical infrastructure and services;

f Provide signage for hazard areas, commuagigembly areas, and evacuation routes;
f Evaluate tsunami evacuation routes and upgraneeded;

f Promote use and expand existing tsunami alerting capacities su€loast Guard VHF 16 and
Weather radio along with local mobiteased alerting systems and tsunami sirens;

f Expand tsunami responseqeesses and systems to include use of new technologies;
f Strengthen local and regional mutual aid agreements and supplpshai

f Expand household level risk reduction (e.g., hazard hunts and familygenr plans that
include tsunami evacuation procedures); and

f Explore insurance, fimsurance and other financial risk distribution structures.

Some of these risk reduction measures are further discussed in the fiofj®&ction, and additional
ones are introduced also.

5.2 Recommendations for RisReduction

Reducing tsunami risk is the responsibility of all who may be affected Ay fterinternational best
practice and priorities of the Sendai framew@kiNISDR,®L5), the first stepto inform actionis to
understand riskAlthough the scope of this study does not include the detadlkadboration of risk
reduction measures and plans, this section provides an overvigessibleoptions.

The development of formal risk mitigation plans is something that isispéz each community, and
which requiresmore than just government actionit needs participation and support from all parts of
the affectedcommuniiesincluding:local governmentgFirst Nationsthe Provincial andrederal
Governments community membersbusiness owners, property owners, and visitdnsthe event of a
Cascadia earthquake and tsunami, disastrous impacts wouldenlitnited to Vancouver Island but also
to BC's Lower Mainland because bétstrong shakingn this scenario the provincial and federal
emergency response may be overwhelmed and it could take time befdpedirives in remote, less
populated areas such as the northwest coast of Vancouver Islargihififilights the importancir

local government to take the matter of tsunami risk reduction irtteit own hands to promote self
reliance as much as possible.

Risk reduction plans should follow a road map that includestdbom, mediumterms, and longerm
actions The shoriterm plan looks at the next two years, to identify the recommendegst® early
action. The mediunterm plan looks at the next two to five years and includes details on appibies
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for additional input. Finallythe longterm plan is whereommunities aregoing in the next 5 to 10 years
and provides a vision for what this work could achiemach plans should also highlight measures that
can achieve meaningful risk reduction while requiring relatimebglestresourcesas well as identify
opportunities and strategies for funding. Clear objectives and evaluatiterierispecific to each
community should be established early on to support decision ngakin

The sections below briefiptroducethe differentcategories of measures that can be desd to
reduce tsunami riskn conjunction withdeveloping tsunami emergency management plakisexample
of a tsunami risk reduction plan specific to a community on Vaweolsland (District of Tofino) can be
found in Northwest Hydraulic Consultargsal. (2020)

5.2.1 PublicAwareness

Public awarenesis akeycomponent of any tsunami risk reduction plan, as involving peopieducing
their own riskand educating them to knowow to physically removéhemselves from the hazard zone
may be the most effective measure to reduce risks.

Evacuation Signage

Tsunami signage, including directional guidance indicating giomdzones, evacuation routes, high
groundareasas well as designated refuge areamsproves wayfinding during a tsunami event and
serves as educational/awareness tools day to day. These measurgsraellytargeted at visitors,
who are not familiar the area’s geography or the spatial extent of theamihazard however signage
also serves as a reminder for locals.

AnnualCommunity and NeighlbwhoodEvacuation Dri

An annual evacuation drill can help ensure tsunami preparedrags kigh on community
consciousness and that people are prepared to evacuate in the evertsahami Each year, a different
preparedness focus can be highlight&dsed on evacuation route planning, it may be identified that
different parts of the community are better evacuatitidifferent refuge areasising different
evacuation routesHence the potential need of evacuation drdh a neighbourhooy-neighbourhood
basis.

Visitor Education and Staff Tinéig

A tsunami event is not the time to start preparing. Basic tsunamcational material, incorporating
local risk, alerting tools and response procedures, is critical for lifeysafet major tsunami. This is
especially true for visitors, who are vulnerable due to their limited urtdexding of risk, disconnection
from social networks/information sources, and lack of awareness of apiateresponse procedures.

The safety of visitors and staff is a shared responsibility with, amongstleealaccommodation
providers, tour operators and other businesses. Visgjoecific tsunami education material can capture
attention, raise awareness, and be designed to empowefrséince rather than fear.
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5.2.2 Public Alerting

TheSRDeceives distant tsunami tification viaEMBGCand the National Tsunami Warning Center
(NTWC). If a tsunami threat is identifigeMBGwill activate the Provincial Emergency Notification
System (PEN&hd Alert Readywhich notifiegesidentsand communities through email, phone kal
social media, Short Messaging System (SMS), Environment G&pakert, and Channel 16 marine
radio with information on alert levels for the province’s five tsunami zd@eoBC, 2015hamely:

f Zone A-The North Coast and Haida Gwaii

f Zone B-The Cemial Coast and Northeast Vancouver Island Coast
f Zone G-The Outer West Coast of Vancouver Island

f Zone D-The Juan de Fuca Strait

f Zone E-The Strait of Georgia

TheSRDalso receives tsunami alerts directly from the NTWC via SMS and N@#&remmadio.Duing a
distant event, theSRDwill make every effort to broadcast official tsunami alerts amfdrimation by

email, telephone, and text message via the Connect Rocket Corynsystem, as well as by social
media, radio and/or docto-door contact if possile. It is recognized thah most cases, notification
systems activated in unamievent will have some level of malfunction or failure despite rigorous pre
event testing and severabpportunitiesexistto improve public alerting to further reduce tsunami risks
especially for visitors

Tsunami Sirens

The community of Oclucje as well asranunities ofthe Ka:'yu:’k't’h’/Che:k:tles7et’hand Ehattesaht

First Natiors have their own tsunami sirenbnprovemensto these existing systems may include
additional testing and upgradeand/or expansion based on the assessment of sound levels and reach.
Other areas wherenoderntsunami sirens could be deployed inclydet is not limited tg the Village of
ZeballosEsperanzaCeepeeceeas well as Fair Harbour where campsite users may not be aware of a
distant tsunami approachindt should be noted that for the case of a local tsunami the atart f
evacuation should rely on the natural warnings such as stromgngishaking In such evensirens may

not be heard due to other noises associated to the earthquakBarthe siren system may be damaged
during the earthquake.

LastMile Public Alerting

Public alerting relies on redundant tools for broad communicatinalwding Weather Radios, sirens,
traditional and social media, and cell phone alerts. Each metfazdadvantages arunitations,and
each requires ofgoing education, training, and practice to ensure that alerting tools ragpéctations
and people respond appropriately.

Lastmile public alerting for tsunami risk reduction is designed to directly imgtbe likelihood that
information on distant tsunami is received by-@sk populations and that appropriate response actions
are taken.Generally tsunami alerting is designed specifically for distant tsunarmnesv(>3hrs to

arrival) where there is no warning from earthquake groshaking.This is mainly because of the
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shorter arrival time associated to local tsunamis and the potential danfaggignificantground
shaking may cause to communicatiofrastructure

Radio Training

The community survey summarized in Appendsuggess that only 8% of the respondesitare certified
amateurradiooperators, but 32% of them would be interested in obtaining such certibogo help
alerting their community. Facilitating this training andthar promoting it could potentially be an
effedive way to reduce tsunami risks since many remote areas do not Hawmeepor internet
connection.

Weather adios are robusteffective,and inexpensive. They are designed to send an alert for multiple
hazards, including extreme weathand storm surge. fiey deliver authoritative, regionaligpecific alert
information, are transportable and are intrusive in nature. These attébuthake them especially
effective for nighttime and indoor alerting. Limitationsveéatherradios include that they can be a
chdlenge to program, can have reception issues, and may deliver informawa slowly, and in some
conditions less reliably, than other alerting todtwever, with training and if no other communication
means are available, they can serve as a cruamlttoalert people of a hazard.

5.2.3 EvacuationPlanning

The survival rate of a large tsunami depends on the success of evacUdtewifectiveegressof people
from tsunami inundation zonethrough evacuation routes, or pathwayand the designation and
development of desigrtad tsunami refugeareas equire careful planning and assessméltte latter
should be based on the characterization of the hazard and shakklinto consideratiotthe time
required for evacuees to leave the evacuation zone under circumstimposed by an earthquake and
tsunami (e.g., travel speedivacuation planning important to distinguisla shortterm tsunamirefuge
for occupants to survive tsunami flooding,dontrast to ashelterwhich would house occupants for a
longer stay, as these functions will have varying requirements. Theefas generally sufficient for
occupants to survive the tsunami itself, which effects can last seveuttio a few days, lunot to
survive extended periods of time without supplies, medical aid, and proteétion the elements.

The assessment of the time available for evacuation should takearisideration the duration of any
ground shaking associated to the triggering earthquake, the time requor people to decide to
evacuate, as well as the time that may be needed to egress buildingsmdnabe damaged by the
earthquake.

The designation of tsunami refuge areas should pragrinaturallyelevatedground areas. In sne

cases, such areas can be locassdprivately owned land and inaccessible laddmmunity agreements
can be developed to respect private property rights and privacylevelupporting community members
and visitors in need of a safe evacuation locatMien the arrival time of the tsunami does not provide
sufficient time to reach safe higher ground, the constructoda tsunami vertical evacuation (TVE)
structure may be warranted, as further discusse&eéction5.2.5 Existing buildingsufficientlytall and
robustcan also serve as TVE strucsjr@though theircapacityto withstandtsunamiloads and effects
need to be assesseadhrefully.
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Planning for the evacuation of a local tsunami in comparisamdistant tsunami will differ greatly

which will also affecineans of transportation for evacuation. The latter also beingiémited by local
geography. Although any evacuatiomphing needs to be developed in close collaboration with the
public, peliminary $te-specific onsiderationsare provided below for areas more impacted by tsunamis.

5.2.3.1 Tsunami Source

The designation of a single tsunamindationzone can have some advangsgfor simplicity in
evacuation planning, and for public awareness and understandiowever, because a single zone
would have to accommodate for a larger range of tsunami scenarios) resailt in relatively frequent
“over-evacuation” of a larger arehan necessary for more frequent, smaller scale evérgs, distant
tsunamis).This may create inconvenienemd stresgor the public. As such, repeated “ovevacuation”
could result in decreasing levels of community trust in, and di@anpe with, emergency response
arrangements.

On the other hand, differentiation ahundationzones requires greater mapping resources and greater
levels of coordination in planning and managing responses fdr gaeat or event. This greater
complexitycan lead to someublic misunderstanding about what they need to know and do in each
instance Nevertheless, two inundation zones (one for local tsunamis and argigtant tsunamis) is
generally recommendedhere inundation extents are significantly different

Since disant tsunamiswill provide more time for evacuation and will not cause damage to road
infrastructure, residents should be evacuated to shelters rathantshortterm refuge areas, if
possibleThis could take the form of a community ‘buddy system’ where neighbouedevated ground
support those in lowying areas.

5.2.3.2 Means of Transportation

Evacuation on Land

Means of transportation for evacuation on land should be assksarefully in conjunction with the
tsunami sourceWhile many will be tempted to evacuate by car, tiisthod of transportation is
generally not recommeret as it is likely to lead to road ngestionand potential accidentsvhich can
also slow down the travel of pedestrian depending on road anelgatk configurationThis is especially
the case for a Cascadia tsunami for which the arrival time is shamtbroad infrastructure may be
damagel by the earthquake

Evacuation over Water

The evacuation of overwater areas as well as islands should be addresseitaihebiéisedn the
results of hazard assessment. The overwater hazard maps of tsumemsied current velocity can
provide some guidance for the evacuation of boaters on the watezn notified of an approaching
tsunami Furthermore, the NTHMP and US Coast G20d 7)provides some guidance for safe
minimum offshore depth for boaters in the event of a tsunami, as surizad below.
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For a local Cascadia tsunami:

f If you are on land or tied up at the doclq dot attempt to take your vessel offshore. Leave
your boat and go to high ground on foot as soon as possible.

f Ifyou are in deep water or close to deep watexke your vessel further offshore beyornd
depth of at least 100n.

f If you are on the water butlose toshore use your best judgement to decide betweerfedg
beachng/dockingthe vessel and evacuagto elevatedground, or attempting to gebeyonda
depth of at least 100n. It is noted that beaching a vessel and runningl&vatedground
entails numerous risks. To be successful requires a skilled vesselarpkratwledge of the
upland area (forest undergrowth can be extremely difficult imblthrough), and good fitness
levels of all members of the party.

For a distant tsunami

f If you are on landfis NOT recommended that boaters try to take their vessel$ofts
before or during a tsunami

f A boateron the watermay consider taking their boat offshore bearing in mind the follgwin
0 Thetime availablebefore the tsunami arries,

0 The preparednessf the boat andexperienceof its captain to stay offshore f@m
extended period of time (1-24 hours), oto travel to safe, undamaged harbgrsnd

0 Theweatherat sea could be as dangerous as the tsunami itself.

The above general guidance is based on typi&doastlines which may vary from the northwest coast
of Vancouver Island. While the rapid fluctuations in water lemvel, (sunami amplitude) poselanited
risk tomostboaters,strong velocities and the waséreaking in shédwer areas or in narrow passages
poses the highest risk. More assessment is required to define minimfewsaer depths and to define
overwater “refuge” areas.

In the case of inhabited islandshigher elevationthan the estimated inundation levgit is not
recommended for residents to leave the islaifcan island ibelowthe estimated inundation level, it is
recommended for residents to leave the island in the casedi$t@anttsunami onlyand if they can

reach a safe location before tlarival of the tsunami.n the case of #caltsunami residents of such
island are recommended to stay on the islamdess they areonfidentthat they can navigate teafety
before the arrival of the tsunami. If leaving the islaagudgedunsafeor not possible residents may

have abetter chance of survival ihey go the highedbcation on the islandas the local tsunami may be
smaller than theoneanalysed in this study. Whitesmaller local tsunami may result in lower inundation
levels, it carpotentially induce dangerous currendsd breaking waves for boaters
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5.2.3.3 PreliminaryConsiderations foiSite-Specific Evacuation

Below are higHevel evacuation considerations developed based on the results of the ssksament
presented above. Such conerdtions are only meant to support review of existing evacuation phaicls
are by no means final or official, as more assessment and publigemgst is required to carefully
develop evacuation plans.

The highlevel evacuation considerations provitibelow are based on the premise that if people are
safe where they are and they have access to shelter and supplies (e.qg., indimas), they should not
evacuate

The reader is referred to the asset at risks mppvided inAppendix Gor a better understading of
the zones affected by either a local Cascadia tsunami or distant tsunamoeadrom Alaska.

5.2.3.3.1Village of Tahsis

Existing Evacuation Plans

As per (McElhanney, 202@he Village of Tahsis has several designated muster stations in theahaen
tsunami(Figure25). These are located at highelevationsup McKelvie Rdn eastern shore of the
Tahsis Riveup School Hill Rabn the western side of the Tahsis Rivaangdat the southern corner of
Discovery Creg\nd Resolution Rd. ahe villagecentre. All theselocations are outside of the estimated
tsunami inundation zonéor both Cascadiand Alaskasunami scenarias

Figure25. Approximate location of designated muster stations in the Village of Tahsis (ret$)das
per McElhanney (2020)Villagecentre shown on the right.
Image surce: Google Earth
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Assessment bilcElhanney2020)suggests that evacuating to Gold River and/or Campbell River in the
case of aistanttsunami couldalsobe a viable option. While there &sgood basis tglan for such
evacuationconsidering other emergenciethis planshould be reviewed carefully considering the
findings of this study as well as other tsunaspecific safety consideration&ny evacuation to Gold
River puts evacuees at risk since they must get through a parfiblead Bay Rdhat can potentially be
affectedby a distanttsunami.While there might theoretically be enough time for suhevacuation
successvould rely on the basis that all Tahsis residents and visitors have access fclg @it such
travel would not be impeded by congestion associatgith the sudden presence of many vehicles on
the road.These mattergouldbe mitigated by organizing evacuation shuttles and traffic cariy local
authorities, althougrsuch activitiesvould further complicée tsunami emergency planBurthermore,
the roadinfrastructureat the north end of Tlupana Inlgapproximately20 km east of Tahsis towards
Gold Rivermay be affected by a distant tsunami whigbuld put evacuees at risk if they don’t make it
past thispoint before arrival of the first tsunami wavkastly, such travel could be complicated by
challenging winter conditions. For these reasanis recommended that any plans fofl-scale
evacuationout of the communitybe reviewed before beinfinalized.Such review should confirm the
exposure of the road to Gold River.

Evacuation to Gold River in the case td@ltsunami is strongly not recommendeidie to thelimited
time available for evacuation, and thigelihood of damaged roadwaym a tsunami

Tahsis River Eastern Shore

The area east of Tahsis Righould be evacuated regardless of the tsunami soufdeile not all of this
area is inundated by an Alaska tsunami, the area is relatively flat whichsnitgikrone to floodingf the
actual tsunami is higher than the model estimatésowever, the direction where people evaceahay
depend on the tsunami sour@nd their location at the time of the eventhe main factor influencing
suchevacuationdecisionmaking is whether the bridge dead Bay Rds functional after a Cascadia
earthquake In the case of a distant tsunantie bridge will(likely)remain functioral before the tsunami
arrives allowing evacuees to reach natueévatedground on the western shore of the Tahsis River or
on the western shore of the inlet near the villagentre. It is not guaranteed however that the bridge
will remain operational after the tsunarand this report does not assume the survivability of this bridge
during an Alaska tsunamin the case of ad&Scadisseismic eventit is recommended to assume that the
bridge will not be functional because pbtential damage from the earthquake, unless confirngd
additional assessmetty qualified structural and geotechnical enginegkscordinglypeopleon the
eastern side of theillage willhave to evacuate up McKelvie Ruhless additional muster stations or
tsunami refuge areas are developed for this area

Considering thestrengh and duration of thdocalground shakingluring aCascadia earthquake
evacuation times will depend on a number of factorsluding but not limited tg, the time it takes to
decide to evacuatehe time needed to egress damaged buildings, padple’stravelspeed that may
be affected by injury or other conditions (e.g., ag®bility, debris, visitors that aren’t familiar with the
area). tisn't clear if evacuees initially located south of Quadra Rd. will be aliake it on time up
McKelvie Rdbefore the arrival of the first tsunami wayghich isestimated toarrive 54 minutes after
the earthquakeAccordingly, it is advisable that another tsunami refuge area be dpedl Thiscould
potentiallybe constructed on théigher hillside directly easthe school building/rooftop if determined
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safe (or upgraded) by mean$a tsunami specific structural assessment, and/or the construction of a
TVE structure. The latter risk reduction measure is further discuSsetion5.2.5

Figure26. Estimated extent of inundation in the Village of Tahsis due toas€adia Tsunami (left)
and Alaska Tsunami (rightzxcerpts from inundation maps developed for this project.

Tahsis River Western Shore

For people in the area west of the Tahsis River trezeationshould depend on the tsunami sourda.
the case of a local tsunami, evacuees should travel as fast as thay tb@muster statiorup School
Hill Rd.which is located at an elevation higher that 0 CGVD2013). Evacuetmuldnot useRugged
Mountain Rdas it isexpectedto beinundated This may require the development of trails connecting
the lower plateauwhich is around an elevation of 10 (CGVD2013)p the upper plateau where the
muster station is located. Since the lower plateau is not much higher thaastimated inundation
level, its evacuation is recommended. In the case of a distant tsunaw)@in that area do not need
to evacuatetheir buildingandthey should avoid using Rugged Mountain Rd. as it located close to t
estimated extent ofnundation Peopleshould not leave the arelirough South Maquinna Dr or Head
Bay Rd. as using these pathways may expose them to tsunami floodinggthem closer to the
hazard.
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Western Ocean Shore

The villageentreand commercial marina area on the western ocean shore is advantagesidtgap
topography.For a local tsunamiMacuees should be directed to reach higher ground as fast aghpeoss
andonly then make their way to either a designatgtelter orto a neighbour’s residence, as many
buildings are locatgoutside of the inundation zon&hiselevated part of the village suited for storing
food and other supplies, although the location tres and restaurants was not assessed as part of this
assignment.

5.2.3.3.2Village of Zeballos

Existing Evacuation Plans

TheZeballos Emergency PrograrEmergency Response Plan (n.d.) identifies the community’s
evacuation marshalling point as the relatively figen area along the road approximatelkrh north of
the Parkway Rd. bridge (3@® north of the “Welcome to Zeballos” sign). At that locatae two

storage containers (i.e., sea cans) stocked with emergency supiiie community map included in the
Zelnllos Emergency PlgNillage of Zeballos, 202iglentifies a tsunami evacuation site up Khenkélis
in Ehatis [figure27). The map also shows escape, or evacuation routes including oned®tiee
marshalling poinnhorth of the villagepne off Pandora Cres. that appears to be a trail leading to the
hillside tothe east, and one going north on the Zeballos FSR on the west side of the village.
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North

Figure27. General map of the Village of Zeballos including tsunami exaon information (north
direction pointing to theright).

Digant Tsunami

In the casef adistant tsunamjtheimpacts on the west side of the village a@nsiderabljtess than on
the side east of Zeballos River, makiing saferarea to evacuate tin such eventWhilethe marshalling
point north of the village on the east side of the river provides a safe totatie buildings on the west
side of the village, such as the school building, may provide better slifedieiextended stay is
required.There would also bservcces from the health center, water supply, and electrigityich are
some distance away from the estimated inundation zonehe west sideAlthough the bridge on
Parkway Rd. may be damaged following the tsunami, the west sidstitldme accessed from énorth
through the Zeballos FSR, which connects ti#Zeballos Main Rdt a bridge located beyond tsunami
effects.There would be approximately three and a half hours for evacuees freradht side to reach
the west side before the arrival of thedtrwave in the case of a tsunami from Aladkéile the
evacuation site in Ehatis would serve asagerefuge to survive a distant tsunami, it maydoene
isolated from other parts of the village due to the potential flooding of thieafles FSRnd it is
recommended that for a distant tsunami the people evacuate taore central location on thevest
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sideof the village Additionally,the development ofrails runningtowards elevatedorested groundand
connecting to the west side could help to mitigate risk of people beirmgnded at Ehatid_astly, even
though the southern end of Pandora Cres. is estimated to remain outselmtndated areauring a
distant tsunamiyesidentsshould evacuate to another location to avoid becoming trapped.

LocalTsunami

In the case of a local Cascadia tsunawsicuation wouldiffer considerably to a distant tsunami, mainly
because of the shorter time available to evacuate and the greatpactof the tsunami.ln contrast to a
distant tsunami, the ground shaking may damage the bridge separdtingyvo sides of the village, and
therefore it is conservative to plan evacuation assuming that tiegle will not remain functioal. This
however could be reviewed by means of structural and geotechags®#ssment. Fohe east side of the
village, evacuees should travel to the designated marshalling point nottreafillage on Zeballos Main
Rd. However,ansidering the duration of the ground shaking, the time requiredpeople to decide to
evacuate, the time that malge needed to egress buildingmdpeople’s injuries or conditions, ig not
clear if all evacuees located on the east side of the village can inalkiside of the inundation zone
before thearrival of the first tsunami wawehich isestimated toarrive 46 minutes after the
earthquake.Traveldirectly upthe hillside to the east could provide a faster egress, although sption
may require the development of trails and potentially pedestrian bridges ovstaclesHowever,
because of rock fall hazand that area (e.g.BGC, 2018 nd potential earthquake aftershocks, some
assessment would be required to determine the location of sa@is and arefuge areas along the
hillside, or alternatively a trail up on the hill running parallel to the valley could be deactfop
evacuees to reach the marshalling point once they have reached etbgadbund

The west side of the village is more affected in the case of a local Gassaatami in comparison to a
distantevent, with the estimated inundation coming closettte health centerFrst Nation office, and
the school These assets are located a relatively flat area, meaning that a small increase in the
inundation level would lead ta considerably larger flooding extent. Accordingly, it is recommended
that the evacuation of the west side of the village be throughafleb FSR to the north. This ighwthe
exception of people in Ehatis, for which accesslevatedground up Khenkous Riiould be faster and
avoid travelling on roasiin the inundation zone. Furthermore, the bgelon Zeballos FSR in Ehatis may
be damaged by the earthquake and trail®uld be developed to allow peopleccess tdhe refuge area
up Khenkous PI.

Lastly for both localanddistant tsunamiscenarioshaving critical assetich as the village office, police
station, and fire statiommpacted should be accounted for plans for alerting the population as these
buildings will need to be evacuateshd won't be able to functioas comnand centersduring thelocal
tsunami.lt would be advisable to relocate such buildings as part of arytlerm development

planning.
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5.2.3.3.3Kyuquot Area

Mainland

With naturalelevatedground located a short distance away, the evacuation of Houpsita'atemea
up Kyuquot Schod®d.isrecommendedor residents. However, being located on the open cothst
time available for evacuation is sh@within 25 minutespndthe evacuatiorfor a local tsunamivill
need to be completedirgently. In the case of a distant tsunarthiere will be more time to alert the
population andhe evacuation can be limited to the areas closer to the shorelngl ezacuation plans
should be considered.

Islands

One of the mairchallengeswvith evacuation planning in the Kyuquot area lies in the evaounaif
nearby inhabited islands, as tsunamis will induce dangerousmsraad eddies, as well agher
overwater hazeds such as breaking wavasd mobilization offloating debris making navigation
extremely hazardous. As mentioned above, the genm@mmendationdor the evacuation of islands
should be reviewed with the public as welllasal knowledge holders arekpert marinersin the case
of inhabited islandsvith accessible elevations that are higher than dstimated inundation leve] it is
recommended for residents taemain on the island to seek safaigther than risk travelling by boat to
evacuate Furthe planning is recommended for specific locations.

Based on the above, measures to reduce the risk of inhabitants dfyiog islands coulthclude

artificially increamg elevationwhere appropriateby mears of a TVE structure, as discusse&ettion
5.2.5 orassess the feasibility and effectiveness of usapid bunch safety boatsvith adequate
ingtallations in conjunction witlsafeand rapidlandingareasin the main community of HoupsitaBor a
local tsunami with only 25 minutes until arrivaltbé firstwave, the feasibility of such schemes requires
careful consideration.

Lastly, inhabitantsfaslands should make sure they have sufficient supplies becdube extended
duration of the effects of a tsunami, loss of marine transptiotaand infrastructure, and regional
damages to supply chains could resulttiem beingstranded for some timéup to severalveeky

before rescueand/or re-suppl. The community may also consider maintaining a vessel capable of all
weather transits to Fair Harbour and back on a trailer under storagesateaelevation to be available to
support recovery effortend evacuate local island&dditionally, the community might consider storage
of fuel for this vessel as Fair Harbour may not be able to supply fuel for a pétiotedollowing a large
tsunami due to potential damages to their infrastructure. This f@ydvisable for other coastal
communities as well.

5.2.4 LandUse Planning

One approach to reduce tsunami risk is minimizeahgets that arexposed to the hazard through land
use planning. Based on flood related regulations in British Cobuariad best praéte examples globally,
there are three main landse planning tools that could be used to reduce tsunami exposure

Northwest Vancouver Island Tsunami Risk Assessment 88
Final Report



Final Report, Rev. 1
May 2022

f Restricting critical infrastructure and facilities in thezhed areas through zoning. Identify a
hazard area where critical infrastructuradfacilities are not built in. When any existing
critical infrastructure or facilities in this are@edrenovations or upgrades, use that
opportunity to relocate the infrastructure. This measure would sigmfigamprove the
recovery process as damageskey infrastructure would be limited.

f Using development permit areas in hazard areas to specify develdpoeditions. For
buildings in hazard areas, development permit requirements could béegpi new
developments or major renovations requiringparmit.

f Designating hazard areas as open space areas and/or restrict density througd. zorareas
where a tsunami hazard exists, it could be incorporated intormpplans to restrict density or
development of further accommodation or facilities.

5.2.5 Strudural Mitigation
Developand ImproveEvacuation Pathways

Improving evacuation pathways can significantly improve &fetg during a tsunami by removing
evacuation bottlenecks and improving evacuation speeds. Rahi@sld be accessible to all including
those with mobility challenges so as not to add a batoaheir evacuation. Access should be clearly
marked and facilitateffective egresshrough wide, smooth lovangle pathwaysPathways should be
also lighted to facilitate evacuation at niglligure28 shows as example avacuation ramp to access
higher ground in a community in Japan affected by the 2011 TohokansiuA refuge is visible further
in the distance up the hill while the foundations ofi@stroyed building are visible in the foreground.

In the case of a Cascadia tsunami, people may also be injured duringrthgueke which would hinder
their ability to evacuate in rugged terraiRurthermore, evacuation by car in such event is generally not
recommended as road infrastructure may be damaged by the earthquakéhamne is a higher chance

for blockagedue to traffic.Evacuation pathways can also consist of rust recreational trails.
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Figure28. Evacuation pathway in the City of Miyako, JapéPhoto: Philippe SGermainNHC, 2012.

TsunamWertical Evacuation Structures

A tsunamivertical evacuation (TVE) structure provides an elevated evacuation locatieneigh
groundis either nonexistent oislocatedtoo faraway for everyone to reach before the arrival of a
tsunami By creating artificial high ground through building a verticakeasion structure, refuge can be
created closer to where people live and recreate, and lives can be sawel.structures mstbe
designed to withstan@ffects associated to earthquake shaking as well as tsunami loads and .€fiects
reduce construction csts, hey areoften designedasshort-term tsunami refuge for occupants to
survive tsunami flooding, in contrast to a shelter which woulddeooaccupants for a longer stain
example of asimple,singlepurpose TVE is shownfigure29. If designed and planned appropriately,
TVEstructurescanalsoconsist of multipurpose buildingsuch as recreational and community centers,
exhibitionandcultural canters, information office schoolsgtc. An advantage of a muipurpose TVE
structure is the possibility for a return on investment througdilg business or commercial use when
the structure is not needed as a refugeCAscadiasunami is an extremely rare event and a TVE
structure will be raely, if ever, used over its service life as a refuge. As such, aparptise facility has
the cobenefit of being able to utilize the community space and proviterative benefits to the
community.A scoping study for the development of a potential TVE in Tofipesented inNorthwest
Hydraulic Consultants, 2019)
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Figure29. Tsunami vertical evacuation tower near Kamakura, Japan (Photo: Philippe St
GermainNHG 2018

Most communities and areashere the risk was assessed for this study have high ground rejativel
close by, allowing for the potential development of refuge areas onmahgroundwhich reduces
development costs. In the case of the Village of Tahsis and the \Gfl@gdallohowever, more
assessment is requirdd understand the benefits of a TVE structure since the extent of intimrdand
risks arerelatively large. Such assessment generally falls under the procesaaniagion planning. In
the case of Kyuquot however, where evacuation of inhabited islagdsoat is not advised because of
the overwater hazards induced by a tsunafacal high ground can be further elevated by a TVE

structureif needed
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6 GONCLUSION

The northwest coast of Vancouver Islaisgpharticularly exposed to tsunami hazards from local sources,
such as the Cascadia Subduction Zamnel distant sources such as the Aleutian Islands Subductia Zon
in AlaskaBy using tsunami modelling and drawing upon community experienddratigenous

knowledge this project provides a sound understanding of the tsunami ttbizethis regionand ofthe
associatedisksat several communitiesThis information is expected to support development and
planning decisions and improve existing emergency and evacuatios. plan

The project focusgon the importance of “making space at the table for everyomedisaster risk
reduction and managemenéand actively sought input from communities in the study ak&éh this
perspective in mind, the project was divided into three componentsussmarized below:

1. Community and Indigenous EngagementAproject webpae, an online publicommunity
survey, and several virtual public engagement meetings were completiérn from and
share the experience, knowledge, and history of local communltiesrviews with Indigenous
elders ancknowledge holdersvere also perdrmed. An Advisory Group was consulted
throughout the project to guide the project team and promote the exu@of knowledgeand
ensure proper protocols were in place to safeguard indigenous knowledagership.

2. TsunamiHazard Analysiand Mapping—Two tsunami sources were simulated, one from the
nearbyCascadia Subduction Zone and another from the more digtknittian Islands
Subduction Zone in AlasKaocal tsunami flood hazard (e.g., overland inundatrmaapswere
developed for 25 priority areas amerwater hazardsuch as maximunsunamiamplitude and
maximumecurrent speed were mapped across the study area.

3. Risk AssessmentBased on the tsunami hazard analysis and mapping, a community level risk
assessment was completed to identify potential tiskpeople, roads, and buildingas well as
several criticahssets Assets at risk mapsere developed to identify assets exposed to tsunami
hazard.

Theoutcomes of theisk analysis can strengthen hazard awareness and thekByucomponentof
emergencymanagement: mitigation, preparedness, response, and recovery. Emergemnagement
plansarediscussed as well as the statuglod above components in terms okbt practices and
regulations progress achieved during this project, grabsiblepaths forward for the region
Furthermore, arious measurewere suggestedo reduce tsunami risk in conjunction with developing
and updating tsunami emergency management plans. Notalgy:level evacuatiomecommendations
are provided for higher risk areas, whicttlude:

f Village of Tahsis,
f Village of Zeballos, and
f Houpsitas Kyuquo).

Such recommendations are only meant to support re@efexisting evacuation plans and are by no
means final or official, as more assessment and public engagement isegtpucarefully develop
evacuation planfor each community
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6.1 Recommendationdgor Future Assessment

The informationdevelopedas part of thissssessmernis anticipated to bénighlyuseful for thereduction
of existingtsunami risk, as thérst step to informmitigation actiorsis to understand hazards and
associated riskdNevertheless, this study also highlights some aspects that woulefib&nom additional
assessment, as listed below.

f Thecommunities of the project are closely connettt® the ocean and marine activiti@se an
integral part of daily life for many memberBurthermore, several aisk islands are inhabited.
GuidancgFederal and Internationathat is specific tooverwater transportation is scarce and
was generally deveped for coastal areas with a coastal geography different thatahe in
the study area. Marine evacuation plannisigouldbe undertaken in collaboration witlocal
mariners to develop new guidelingpecific tooverwater evacuation and to designate nrai
refuge areas. These areas coirdludewaters considered safe for boaters and/or remote
elevated land where safe emergency landing is possible.

f The risk assessment performed as part of this regional study covered sspktedto life
safety and phyisal assets critical to response and recovery. Other elementskathas could
be analysed through community specific assessments include ,seatedomic, environmental,
cultural, and economic elements.

f  While many of the communities in the study areavbalevated ground nearby that can be
used as refuge areas, some of these areas may be considered too far to bedreatdig
before the arrival of localtsunami. Site specific evacuation assessnuamsidering travel
speed, population demographics, semality, and time of daywould determine whether the
development ofTVEtsunami vertical evacuatiorsfructures is warrantedn specific locations

f The inundation mapping undertaken as part of this study is limibegriority areas and people
may be exposed in other areas where only overwater tsunami amplitadebeen defined.
This information gap could be addressed by additional inundatiapping where both LIDAR
and higherresolution modelling information is available at the time of this study. Adgvely,
site-specific desktop assessments based on results of tsunami ampiitumbajunction with
local topography can inform the identification of safe refuge afeathese areas (such as at
specific industrial or recreation sites)

f The response angkcovery to both local and distant tsunamis depend on theitgiof certain
infrastructure to withstand the effects induced by thecalearthquake and/or the tsunami
This is particularly the case for bridges which provide accessmonunities as wels access
to key areas withinthose communitiesStructuraland geotechnicahssessment would confirm
if such infrastructure should be relied upon in emergency planninfstructural upgrades
would be requiredUnless specifically designed to withstand tsunami forces, it should be
assumed by planners that marine infrastructure (wharves and daeigbridges exposed to
tsunami will be damaged and inoperable following a tsunami.

f The sunami inundatiorextents andevelsdeveloped as part of this assignment &oe
emergency planningnd do notconstitute flood constructionlevels (FCL), éisey do not
include anyverticalfreeboardor horizontalsetback Thereis currently noclearguidancefor
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definingthese paranetersspecific tatsunami hazardand thusshould be established in
consultation with communities according to their tolerance to risk.

f Tsunami inundation levels for emergency planning including the eftécsa level rise were
defined for general areasnd should be referred to as higével guidance only. The associated
model resultamaybe used to update inundation maps to further inform longerm land use
and development planning.

f Sea level rise predictions are constantly being refinethbysciertistic community as well as
the understanding of the Cascadia Subduction Zone and timasigit can potentially
generate. bngerterm land use and development planningnbenefit from the assessment of
future information and associated guidelines that may be revisetipdated by
governmental agenciesnd professional associatioirsthe relatively near term

f This studys limited totsunami hazardgenerated byearthquakesTsunamis generated by
subaerial and submarinlandslides may occur in the study area which is charactebyedany
hillsides fjords,and river deltasGeological and geotechnical assessmeotild determine if
hazardsassociated to landslidgenerated tsunamis exist in the study area.

Northwest Vancouver Island Tsunami Risk Assessment 94
Final Report



Final Report, Rev. 1
May 2022

7 GLOSSARY

Eathquake
Moment Magnitude

Moment is a physical quantity proportional to the slip ¢we tfault multiplied
by the area of the fault surface that slips; it is related to the total energy
released in the earthquake. The moment can be estimated from seismogr
(and also from geodetic measurements). The moment is then converted in
number similar to other earthquake magnitudes by a standard formula. Th
result is called the moment magnitude. The moment magnitude provides &
estimate of earthquake size thatvalid over the complete range of
magnitudes, a characteristic that was lacking in other magnitudkesc
(United States Geogical Survey, n.d.)

AMms
toa

AN

Exposure

The situation of people, infrastructure, housing, production s and
other tangible human assets located in hazardne areas(United Nations
Office for Disaster Risk Reduction, 2017)

Intertidal Zone

The area of the seabed that is above water at low tide and under water lkat
tide.

hig

LiDAR

Stands for Light Detection and Ranging. Remote sensing technokigy th
measures distance by illuminating a target with a laser and anglylae
reflected light. Oen used for measurement of land elevations.

Mitigation

The lessening or minimizing of the adverse impacts of a hazardous event,
should be noted that, in climate change policy, “mitigatiantiefined
differently, and is the term used for the reductiofi greenhouse gas emissiol
that are the source of climate chang&lnited Nations Office for Disaster Ris
Reduction, 2017)

t

nsS

Paleoseismicity

Refers to earthquakes recorded geologically, most of them unknown from
human descriptions or seismogranteologic records of past earthquakes ¢
include faulted layers of sediment and rock, injections of ligaeefiand,
landslides, abruptly raised or lowered shorelines, and tsunami deposits.
(United States Geological Survey, n.d.)

Preparedness

The knowledge and capacities developed by governments, response and

recovery organizations, communities and individuals to effectiveligipate,
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respond to and recover from the impacts of likely, imminent or current
disasters(United Nations Office for Disaster Risk Reduction, 2017)

Raster Araster consists of a matrix of cells (or pixels) organized into ros a
columns (or a grid) where each cell contains a value representingriafmn.
(ESRI, n.d.)

Still Water Level The levelof the water surface in the absence of waves.

Tsunami Inundation
Depth, or Flow
Depth

Depth, or height of the tsunami above the ground at a specific logatio
(Intergovernmental Oceanographic Commission, 2019)

Tsunami Inundation
Height

Elevation reached by seawatereasured relative to a stated datum at a
specified inundation distance. Inundation height is the sum of ling tlepth
and the local topographic height. Sometimes referred to as tsunaighih
(Intergovernmental Oceanographic Commission, 2019)

Tsunami Period

Amount of time that a tsunami wave takes to complete a cycle, or one
wavelength. Tsunami periods typically range frobminutes. Tsunami
period is often measured as the difference between the arrival time of a pé
and the next one(Intergovernmental Oceanographic Commission, 2019)

pak

Tsunami Risk

The potential loss of life, injury, or destroyed or damaged assets wbidd c
occur to a system, society or a community in a specific period of time,
determined probabilistically as a function of tsunami hazardpeupe,
vulnerability andcapacity(United Nations Office for Disaster Risk Reductior
2017)

Tsunami Runup

Elevation reached byater measured relative to some stated datum and
measured ideally at a point that is a local maximum of the horgont
inundation(Intergovernmental Oceanographic Commission, 2019)

Tsunami Wave
Amplitude

The absolute value of the difference between a particular peak of the tsuin
and the undisturbed sea lev@htergovernmental Oceanographic Commissiq
2019)

bn,
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Tsunami Wave
Height

Height measured from the wave trough to the wave crest after remotliag
tidal variation(Intergovernmental Oceanographic Commission, 2019)

Tsunami Wave
Velocity

The speed at which the crest of tsunami waves travels across the sea and
differs from the velocity of the water induced by the passage of theawav

Recovery

The restoring or improving of livelihoods and health, as well as economic,
physical, social, cultural and environmental assets, systems and activitees
disasteraffected community or society, aligning with the principles of
sustainable development and “build back better”, to avoid or redfidure
disaster risKUnitedNations Office for Disaster Risk Reduction, 2017)

Response

Actions taken directly before, during or immediately after a disaster in caler
save lives, reduce health impacts, ensure public safety and meet the basic
subsistence needs of theeople affectedUnited Nations Office for Disaster
Risk Reduction, 2017)

Vulnerability

The conditions determined by physical, social, economic and emagotal
factors or processes which increase the susceptibility of anichdil; a
community, assets or systems to the impacts of hazdtdisited Nations Office
for Disaster Risk Reduction, 2017)

Northwest Vancouver Island Tsunami Risk Assessment 97

Final Report



Final Report, Rev. 1
May 2022

8 REFERENCES

American Society of Civil Engineers (20k8himum Design Loads and Associated Criteria for Buildings
and Other Structures Chapter 6- Tsunami Loads and Effe¢/sSCE/SE}IG). ASCE Standard.

Atwater, B. F., Satoko, NR., Kenji, S., Yoshinobu, T., Kazue, U., and Yamaguchi, D. KT{g00f)han
tsunami of 1700-Japanese clues to a parent earthquake in North Améti¢@7). United States
Geological Survey (USGS). 144 pp.

BC Flood and Wildfire Review (BCFWR) (26d8ressing the New Normal: 21st Century Disaster
Management in British Columbia

BC Md (2011). oJu § Z vP % S]}tv 'u] o]v e (JE& 7 ]l e v v} W& 0 &o0}} , I
Sea Dike GuidelineReport prepared by Ausen@andwell for BC Ministry of Environment (BC
MoE). 59 pp.

Benson, B. E., Grimm, K. A., and Clague, J. J. (1997). Tsunami DeposisThealsiarshes on
Northwestern Vancouver Island, British ColumBlaaternary Resear¢l48), 192204.

BGC (2018keballos River Floodplain Modernization & Future Landslide Risk Assessment

Cox, R. J., Shand, T. D., and Blacka, ([2010) Australian Rainfall and Runoff Revision ProjeBtoject
10: Appropriate safety criteria for people (Stage | RegBap/SI/006). Engineers Australia. 21

pp.
Ducharme, M. (2018Nuchatlaht Tribe Tsunami Preparedness Strategic 462020

Earthquake Engineering Research Institute (201Mfzg. Tohoku, Japan, tsunami of March 11, 205l
pp.

Earthquake Engineering Research Institute (201Th. Tohoku, Japan, tsunami of March 11, 2011:
Effects on structures, Special Earthquakedre 14 pp.

Emergency Management BC (EMBC) (202ajlernized emergency management legislatifamline]
Available from: https://www?2.gov.bc.ca/gov/content/safety/emergency
management/emergencynanagement/legislatiomndregulations/modernizingpa (Accesed
2 May 2022).

Esperanza Ministries (202@speranza Ministries Histofgnline] Available from:
http://www.esperanzaministries.com/history (Accessed 2 May 2022).

ESRI (n.d.Raster and Imagegonline] Available from:
https://desktop.arcgis.com/en/arcmap/latest/managgata/rasterandimages/whatistaster
data.htm (Accessed 11 May 2022).

FEMA (2019)Guidelines for Design of Structures for Vertical Evacuation from Tsurfaderal
Emergency Management Agency.

Northwest Vancouver Island Tsunami Risk Assessment 98
Final Report



Final Report, Rev. 1
May 2022

Fergusons., Van de Valk, J., Hastings, N., Murphy, E., and Kim, J. Gi#2al Flood Hazard
Assessment for Riddased Analysis on Canada’s Marine Cod@tsernment of Canada.

Fisheries and Oceans Canada (202&nhadian Tide and Current Tables, Volume 6

Gaq D., Wang, K., Insua, T. L., Sypus, M., Riedel, M., and Sun, T. (2018} Defjathrust tsunami
source scenarios for northernmost Cascabliatural Hazards(94), 4454609.

GeoBC (2015RB.C. Tsunami Notification Zongnline] Available from:
https://www2.gov.bc.ca/assets/gov/publisafety-and-emergency-services/emergency-
preparednessesponserecovery/embc/preparedbc/tsunami_zone_province_final.pdf
(Accessed 11 May 2022).

Gulf of Georgia Cannery Society (GGCS) (2b&ith Tides to Tingonline] Avdable from:
http://tidestotins.ca/cannery/ceepeecee/ (Accessed 11 May 2022).

Horrillo, J., Grilli, S. T., Nicolsky, D., Roeber, V., and Zhand4). Bfformance benchmarking tsunami
operational models for NTHMP’s inundation mapping activitkese ad Applied Geophysics
(172), 869884.

Intergovernmental Oceanographic Commission (20L8)nami Glossarynited Nations Educational,
A1v8]l. v HOSHUE o0 KEP v]i 3]}vX 87 %o %o X

James, T. S., Robin, C., Henton, J. A., and Craymer, M. R82fiye sedevel projections for Canada
based on the IPCC Fifth Assessment Report and the NAD83v70VG national twagteimael
(Open File 8764, https://doi.org/10.4095/327878). Geological Survey of Canada

McElhanney (2019Y.ahsis Flood Risk Assessmdfind Report(Project No. 222-1914010). Report
submitted to the Village of Tahsis.

McElhanney (2020Y.ahsis Evacuation PléRile No. 2224914000 (Task 2016)). Report submitted to
the Village of Tahsis.

McElhanney (2022alrlood Mitigation Improvement Pject—Phase 1: Record Drawings, Project No.
2221-49140T2026

McElhanney (2022bklood Mitigation Project Phase 2: Issued for Tender Drawings, Project No-2221
49140T2026B

McElhanney (2022cT.echnical Memo Re: Tahsis Floodplain Study, Tahsis Rilgsif\n

Northwest Hydraulic Consultants (201@hesterman Beach Tsunami Vertical Evacuation Scoping Study
(Project No. 3004264). Report prepared for the District of Tofino.

Northwest Hydraulic Consultants, Ocean Networks Canada, $agarth Consultinggnd University of
Ottawa (2020)Tofino Tsunami Risk Reduction RRroject No. 3005109). Report prepared for
the District of Tofino. 20 pp.

Northwest Vancouver Island Tsunami Risk Assessment 99
Final Report



Final Report, Rev. 1
May 2022

NRCan, and Public Safety Canada (2@2@)eral airborne LIiDAR data acquisition guideline, Version 3.0
(General Iformation Product 117e). Government of Canada. 77 pp. [online] Alaifeom:
https://ftp.maps.canada.ca/pub/nrcan_rncan/publicatisfS TPublications_PublicationsST/327/
327418/gid_327418.pdf (Accessed 17 December 2020).

NTHMP (2010)'sunami Modeling and Mapping: Guidelines and Best Practices

NTHMP, and US Coast Guard (20Gtjdance for Safe Minimum Offshore Depth for Vessel Movement
for Tsunamis

O’Hara Consulting (2019ahsis Asset Map

Parsons (2017Yest Vancouver Island Coastal Vulnerability $tudhase + Nuchatlaht First Nation,
Oclucje- Draft Report Prepared for Nuehahnulth Tribal Council.

Parsons (2018ayVest Vancouver Island Coastal Vulnerability Studilase 2- Ehattesaht First Nation,
Ehatis -Draft Report Prepared for Nuehahnulth Tribal Council.

Parsons (2018bYest Vancouver Island Coastal Vulnerability StuBgase 2- Kyuquot First Nation,
Houpsitas -Draft Report Prepared for Nuwehahnulth Tribal Council.

Province of British Columbia (199Bmergency Program AdGRSE 1996 Chapter 111. [online] Available
from: https://www.bclaws.gov.bc.ca/civix/document/id/completstatreg/00_96111 01
(Accessed 4 October 2021).

Province of British Columbia (201Dyaft Principles that Guide the Province of British Columbia’s
Relatiorship with Indigenous Peoplgsnline] Available from:
https://www2.gov.bc.ca/assets/gov/careers/abotiie-bc-publicservice/diversityinclusion
respect/draft_principles.pdf (Accessed 11 May 2022).

Public Safety Canada (2008pational Strategy for Crititanfrastructure,
https://www.publicsafety.gc.ca/cnt/rsrcs/pblctns/srtgetcknfrstrctr/srtg-crtck-nfrstretr-eng. pdf,
ISBN: 978-100-112480, Accessed on March 24, 2022.

Rabinovich, A. B., Thomson, R. E., Krassovski, M. V., Stepheiispan&.Sinnoth). C. (2019). Five
Great Tsunamis of the 20th Century as Recorded on the CoastishBralumbiaPure and
Applied Geophysic§176), 28842924.

Shi, F., Tehranirad, B., Kirby, J. T., and Harris, J. C. (R01E)t sTVD: Fully Nonlinear Boussinesq
Wave Model with TVD Solver} pu v8 S]}v v he E[s D vu ¢(CACGREDE)}v iXie
University of Delaware. 77 pp.

Stonecroft Project Engineerir{g003).As Built Report for: Zeballos Water Tank Replacenirepared
for Village of Zeballos Council.

SuavAir (2020aKyuquot Community Wildfire Protection Plan Evacuation Routes Map

Northwest Vancouver Island Tsunami Risk Assessment 100
Final Report



Final Report, Rev. 1
May 2022

SuavAir (2020bNuchatlaht First Nation Community Wildfire Protection Pubmitted to Nuchatlath
First Nation and Strathcona Regional District.

SuavAir (2020cktrathcona Regional District Electoral Area A 2020 Community Wildfire Protelztio
Report submitted to the Strathcona Regional District. 98 pp.

SuavAir (2020d)s]oo P }( ¢ o0o0}* }luupv]sSC t]lo (]E& W E}Subditfed totbe v 7171 h %o
Village of Zeballos and the Strathcona Regional District.

Suleimani, E. N., and Freymueller, J. T. (2020) -fiddrmodelling of the 1964 Alaska Tsunaiftie role
of splay faults and horizontal displacementsurnal of Geophysical Research: Solid Earth
125(7).

UNISDR (2009).ii6 hE/™ Z d GBu]v}o}PC }v ]« «3$Udited Ndtiohs Iptesridtional
Strategy for Disaster Reduction (UNISDR), Gerg&vpp. [online] Available from:
unisdr.org/files/7817_UNISDRTerminologyEnglish.pdf (Accessedhed2021).

UNISDR (2015%endai framework for disaster risk reduction 2eA@30

United Nations Office for Disaster Risk Reduction (UNDRR) (20¢ 7% Nations Office for Disaster Risk
Reduction. Terminology. Online Gloss&pline] Available from:
https://www.undrr.org/terminology (Accessed 11 May 2022).

United Nations (UN) (2007hv]S E S§]}ve o & S]}v }v §8Z ZIPZSHE /Z/N» vipue W }
[online] Available from: https://www.un.org/development/desa/indigeuspeoples/wp
content/uploads/sites/19/2018/11/UNDRIP_E_web.pdf (Accessed 11 2022).

United States Geological Survey (USGS) (Rakhquake Glossarjonline] Available from:
https://earthquake.usgs.gov/learn/glossary (Accessed 11 May 2022).

United States Geological Survey (USGS) (Md®)2- 1964 Prince William Sound Earthquake, Alaska
[online] Available from:
https://earthquake.usgs.gov/earthquakes/eventpage/official 19640328886 30/executive
(Accessed 11 May 2022).

United States Geological Survey (USGS) (Natiiral Hazards[online] Available from:
https://www.usgs.gov/science/fags/naturdlazards (Accessed 11 May 2022).

Village of Tahsis (201 Bmergency Response anch@agency Plan
Village of Tahsis (n.dYillage of Tahsis Websitpnline] Available from:
https://villageoftahsis.com/recreatioftulture-community/aboutour-community/ (Accessed 11

May 2022).

Village of Zeballos (202@mergency Plan

Northwest Vancouver Island Tsunami Risk Assessment 101
Final Report



Final Report, Rev. 1
May 2022

Witter, R. C.,Zang, Y. J., Wang, K., Priest, G. R., Goldfinger, C., Stimely, L., Efglisimd Ferro, P. A.
(2013). Simulated tsunami inundation for a range of Cascadia megatearthquake scenarios
at Bandon, Oregon, US@eosphereg9(6), 17831803.

Writter, R.C., Zhang, Y. J., Wang, K., Priest, G. R., Goldfinger, C., Stimelysh,. JEmgland Ferro, P. A.
(2013). Simulated tsunami inundation for a range of Cascadia megatarthquake scenarios
at Bandon, Oregon, USBeospherg9(6), 17831803.

End of Document

Northwest Vancouver Island Tsunami Risk Assessment 102
Final Report



	DISCLAIMER
	CREDITS AND ACKNOWLEDGEMENTS
	EXECUTIVE SUMMARY
	Figure ES-1. Study area and project phases.
	Figure ES-2. Priority areas (green rectangles) considered for inundation mapping and community level risk assessment.
	Table ES-1. General tsunami inundation level for emergency planning and arrival times at selected locations.

	1 Introduction
	1.1 Tsunami Exposure
	1.2 Methodology and Approach
	1.3 Report Structure
	1.4 Project Team
	1.5 Glossary of Terms

	2 Community and Indigenous Engagement
	2.1 Advisory Group
	2.2 Gathering of Background Information
	2.3 Indigenous Knowledge Research
	2.4 Community Touchpoints
	2.4.1 Project Webpage
	2.4.2 Community Survey
	2.4.3 Public Meetings


	3 Tsunami Hazard Analysis and Mapping
	3.1 Digital Elevation Model
	3.1.1 Elevation Data Sources and Collection
	3.1.1.1 LiDAR Collection
	3.1.1.2 Bathymetric Survey

	3.1.2 DEM Development

	3.2 Tsunami Hazard Modelling
	3.2.1 Tsunami Scenarios
	3.2.1.1 Tsunami Sources
	3.2.1.2 Water Levels

	3.2.2 Tsunami Model Description
	Figure 9. Geographical extents of tsunami modelling areas.

	3.2.3 Model Results
	3.2.3.1 Cascadia Tsunami
	3.2.3.2 Alaska Tsunami
	3.2.3.3 Influence of Sea Level Rise


	3.3 Hazard Mapping
	3.3.1 Coordinate Reference System
	3.3.2 Processing of Model Results
	3.3.3 Overwater Hazard Maps
	3.3.4 Overland Inundation Maps
	3.3.4.1 Inundation Extents
	3.3.4.2 Safety Factor


	3.4 Modelling and Mapping Limitations

	4 Risk Assessment
	4.1 Mapping of Assets at Risk
	4.2 Local and Distant Tsunamis
	4.3 Tsunami Impacts on Life Safety and Infrastructure
	4.4 Community Risk Assessment
	4.4.1 Ka:’yu:’k’t’h’/Che:k:tles7et’h’ First Nations
	4.4.2 Fair Harbour
	4.4.3 Nuchatlaht First Nation
	4.4.4 Village of Zeballos
	4.4.5 Ehattesaht Chinehkint First Nation
	4.4.6 Esperanza and Ceepeecee
	4.4.7 Village of Tahsis and Mowachaht/Muchalaht First Nations
	4.4.8 Kendrick Camp
	Table 13. Summary of exposed buildings and roads for Cascadia and Alaska tsunamis at Kendrick Camp.



	5 Emergency Management and Risk Reduction
	5.1 Community Emergency Management
	5.1.1 Existing Emergency Management Plans
	5.1.2 Preparedness
	5.1.2.1 Best Practices and Regulations
	5.1.2.2 Progress
	5.1.2.3 Path Forward

	5.1.3 Response
	5.1.3.1 Best Practices and Regulations
	5.1.3.2 Progress
	5.1.3.3 Path Forward

	5.1.4 Recovery
	5.1.4.1 Best Practices and Regulations
	5.1.4.2 Progress
	5.1.4.3 Path Forward

	5.1.5 Mitigation
	5.1.5.1 Best Practices and Regulations
	5.1.5.2 Progress
	5.1.5.3 Path Forward


	5.2 Recommendations for Risk Reduction
	5.2.1 Public Awareness
	5.2.2 Public Alerting
	5.2.3 Evacuation Planning
	5.2.3.1 Tsunami Source
	5.2.3.2 Means of Transportation
	5.2.3.3 Preliminary Considerations for Site-Specific Evacuation
	5.2.3.3.1 Village of Tahsis
	5.2.3.3.2 Village of Zeballos
	5.2.3.3.3 Kyuquot Area

	5.2.4 Land Use Planning
	5.2.5 Structural Mitigation


	6 CONCLUSION
	6.1 Recommendations for Future Assessment

	7 GLOSSARY

