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INTRODUCTION

ProjectBackground ~
TheNorth OlympidPeninsula Resource Victoria, B
Conservation &evelopment Council
(NODCsecuredtechnical assistandeinding
to supportfour localjurisdictions atoss the , PortTowrisend
North Olympic Peninsula to better prepare
for the future impacts otlimate change.
Clallam Countghe Wl YSa G 26y {
Tribe the City ofPort Angelesandthe City
of Port Townsendeceivedfundingfor
technical assistand® advance their climate
resilienceand mitigationplanning TheGty

of PortTownsendusedthe supportto
identify assetrisks fromsea level rise and Ocean
other coasal floodingimpacts

Strait of Juan de Fuca

The City oPort Townsend is theounty seat
of Jefferson Countwith a population of
10,148(U.S. Census Bureau, 20dlocated
on theQuimper Peimsula, hetown is
surroundedby water and many areas of the
shorelineoccurat low lying elevationand
already experience coastal flooding from
storm surge, wave ruap, and extreme h|gh Figurel. Map of the Olympic Peninsula in Washington State
tides (Figurel). This study examines sea  With location of Port Townsend

level rise and coastal flooding risks to

coastalassets in the City of Port Townsemdth the goaldisted below.

~
Portland, OR

1 Model and map the extent of coastal floodiagenarios
1 AnalyzeCity ofPort Townsendccoastalassetexposure tocoastal flooding
9 Establish risk classifications evaluateimpacts of asset exposure tmastal flooding

Studies that shareelatedgoals are cuently being conducted, such #s Jefferson County Sea Level
Rise Studywhich is currently underway in fall 2020oth studies involvan analysiof sea level rise
models and other scientific information, identificationareas exposed to futurgea level rise, and an
assessment dadt-riskcommunity assets and infrastructur@dditionally,the approach of the Port

Townsendanalysisvas similar tahe sealevel risematrixO2 Y RdzOG SR Fa LI NI 2F GKS /
Comprehensive Climate Adaptation Strategy

FLOOEXPOSURE AMIAPPING APPROACH

While muchof the Port Townsenatoast occurs alonluffs at high elevation many coastal areas of the
city that are at much lower elevatiorare already susceptible to current coastal floodiRRising sea
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levekdue to climate changmeans thatcoastalinundationimpactswill extend and intensify across
many low-elevation area®f the Qty.

This study focuses on thimpactsof coastalfloodingthat threatencity assetsat low elevations

Mapping the relationship between assets and coastal inundation scenarios leads to a better
understanding of the risks and vulnerabilities of key assets and resaarcesrent and future exposure
to coastal flooding, which wille exacerbated by sea levige.

Coastal Flooding Probabilities arferojections

Coastal flooding probabilities and projections were developed using sea levetajsetionsand
current coastal flooding impacts, suchsisrm surge, wave ruap, and 106year floods. The
subsequent sections discuss each intpac

Sealevel RiseProjections

The Washington Coastal Resilience Project (WRCP) developedunity-scalesea level rise projections

in 2018across 171 locatiorsf 2 y 3 2 | A KA y 3 { 2 Yy (yiobalardi regicnél deyl 1Bveldided SR 2y
projections that account for vertical land movemdMiller et al. 2018)These projections are

accompanied by an interactiveebsitedeveloped by the University f a KAy 32y Qa [/ fAYI 4GS
Group that includes sea level rise data visualizationsddn of thel71locations. The sea level rise data

is presented based on two global greenhouse gas emissions scemdnigh emissions scenario and a

low emissions scenarfo The analysis in this report usesa level rise scenarios based on the RCP 8.5

scenario because #ligns with current the global emissions trajectory.

In addition to using different emissions scenarios, the 2018 sea level rise projections are based on
probabilistic projection®f sea level rise exceedandéhe WRCP produced a repuaiith
recommendations for how to apply the projections, with guidancepplyingthe probabilistic
projections(Raymond et al. 2(). These projection scenarios are listed below.

9 High Probability Projections (>83%ilhis represents a lower rate séalevel rise with a high
probability of occurring, meaning that it is very likely that the sea level will rise to the level
associated with this projectioft suggests that there is an 83% chance that theleeal rise will
be greater than the identiéid rate with this thresholdThe recommendation is to use this
projection for isk-tolerant situations where infrastructure can accommodate sea level rise
impacts or projects have flexibility or adaptabilitgd where the onsequences of flooding
would beminimal.

1 LowRange Probability Projections (<17%his represents a higher rate of sea level rise with a
lower probability ofoccurring. It suggests that there is a 17% chance that thdesed rise will
be greater than the value identified for this fability, oramount of sea level rise. The
recommendation is to use this levarfassets that are risaverse and where sea level rise will

A high emissions scenalfBCP 8.5 ssumes a global future in which we do not significantly reduce or limit emissions. It also
assumes high population and lower income growth with moderate technological change and energy improvement, resulting in
longterm to high energy demand and greentsgugas emissioné low emissions scenar{®CP 4.5ssumes a more

aggressive global response to emissions reduction actions based on the 2015 Paris Agreement and limits mean global warming
to less than 2C and achieves naiero greenhouse gas emissidns2050. This scenario is considered politically challenging and
would require concerted action by all countries to shift to lower emissions.
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have substantial consequencé®r example, using the estimated sea level rise associated with
this probabilityshauld be used for critical infrastructure, such as sewage treatment plants or
emergency response infrastructure, or others that would be serioustypcomised by flooding
and that the loss of that function would be a major disruption to the community

1 Extreme Low Probability Projections (0.1%)hisrepresents the highest rate of sdavel rise
with the lowest probability of occurrind-hisprojection represents th@hysical upper limit for
sea level rise and isveorst-casescenario for extremely conservative decisiofBislevel of sea
level rise is nlikely to change with future scientific updates.

The National Oceanic and Atmospheric Administration (N@édsdupdated itssea level rise projectien
in 2022 which arebasedoff extrapolatedtide gauge record datao reflect the most recent climate
change scenarios (Sweet et al. 20DAK &  dzLJR I (i BdudesieRnariddbat generally
correspondo aglobal climate model scenar{Low, IntermediateLow, Intermediate, Intermediate
High, andHigh). The NOAA 2022 Hidrojection scenariavas used as a visual reference layethis
spatial analysidyut the WRCP projections were used for the asset anadjsce they are more locally
tailored.

Current Coastal Flooding Processes

Sea level rise can exacerbaeistingcoastal flooding, which is affected by a variety of processes,
events, and factorsThis analysigsesstorm surge, wave runy@nd theFEMA 00-year flood zone to
represent current drivers of coastal floodindescribed below

1 Storm surgeStormsurgecreates water levels that are higher th#re predicted astronomical
tides, due to a combination of high tide eventew atmospheric pressureandwind-driven
waves. Because of the intensified impacts of these evéimits studyadditivelycombines storm
surgewith WCRP sea level rise projectoistorm surge for Port Townsend was estimated by
examining the extreme water level historic data from the nearby Friday Harbor tide gauge and
comparing it to MHHW levels. There is 1% chance of a storm surge event for any glven year in
Port Townsend that wuld raise P,
the tide levels by an additional ,
3.1 feet Petersen et al. 2005
For the purposes of this repgort =
the 3.1 feet of water level rise
attributable to storm surge was
used to represent current
flooding in Port Townsend

1 Wave runup:Wave runup istie
height difference between the
elevation of still water and the
elevation that is reached by the
uprush of a wave on beaches an
shore barriers such as seawalls. __
At a local monitoring sitéSalmon = -
Club Boat RamFigure2) with a Figure2. Wave runup at a city park and the Salmon Boat Club ramp.

gently sloping shoreline, wave
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runup has been measured to increase tide levels by an additional 2.0 to 2 & deel 20/20

2018). For all inundation scenarios that were within 100 feet of the coast, an additional 2.5 feet
was added to the total elation torepresent wave runupn the case of this reporthe

purpose of evaluating wave runupas tobetter understand howpropertiesalong the shoreline

are directly impacted due to wave actiand serve as planning tool for mitigation measures
aganst wave runup.

9 100year flood: The National Flood Insurance Program provides geographic areas and
subdivisions tarisk of flooding and the associated base flood elevation. For this analysis, the
base elevations of the 1% annual flood event a 100yearfloodt for designated higlrisk
areas within Port Townsend were used. Depending on the subdivisions the base flood elevations
ranged from 7 feet to 17 feet (FEN2R19) These flood maps were included in the asset
inundation analysibecause it is representige of where historical flooding has occurred.
However, theFEMAflood map does notonsiderfuture sea levetise.

Sea Level Rise and Coastal Flooding in Port Townsend

Sea level rise projections for the coastal area around the City offBamsendare summarizeéh Table
1. For the purposes of this analysis, we uUS¢RCE) 7% andlL% probability of exceedance valwith a
planning horizon of 210(B-feet and5-feet of sea level risgespectively). We alsmappedthe NOAA
2022High Projection scenariowith a planning horizon d100(6.52feet of sea level riseép compare
across datasetd he sedevel rise projections and current coastal flooding levels selected for this
analysis are summarized dmmable2. To represent thempacts of current coastal floodingpactsin Port
Townsendwe used the FEMA00-yearcoastal flood elevatiorthe observed tidal elevation from the 1%
storm surge evenf3.1 feet) and2.5 feet of wave rusup.

Tablel. Projected Sea Level Chanfye Port Townsendin feet).

Time | Greenhouse Central 17% Higher magnitude, but lower likelihood NOAA
period | Gas Estimate probability | possibilities 2022 High
Scenario (50%) of 10% 1% 0.1% projections
exceedance probability probability probability
of of of
exceedance | exceedance | exceedance
2050 | High 0.8 1.0 11 1.5 21 1.47
(2040
2059)
2100 | High 2.2 3.3 6.52
(2090
2109)
2150 | High 3.7 5.9 10.2 18.8 16.2
(2140
2159)

This table summarizes the 2018 assessment projections from the WCRP projections and NOAA 2022 High
Projection senariofor the Gty of Port Townsend. For the WCRjections,projected changes are assessed
relative to contemporary sea level, which WCRPn#s as the average sea level over they&@r period 1991
2009. For the NOAA 2022, projected changes dded on topof MHHWelevation Projections highlighted in
orange were usefbr thisanalysisandthe projections highlightedn yellowwas usedasareference.
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Table2. Scenarios and their associated elevations (feet).

Projection Inundation Scenario Feet of Sedevel Source
Rise
Washington State 2100 LowRange Probability 3 feet Miller et al. 2018
Unified projections Projections (<17%)
Washington State 2100 Low Probability 5 feet Miller et al. 2018
Unified projections Projections (1%)
2022 NOAA Projection| 2100 High projection 6.52 feet Sweet et al. 2022
Storm Surge 100 Year Storm event 3.1feet Petersen et al. 2015
FEMA Flood Hazards | 100year Flood Base elevations from | FEMA 2019
7-15 feet
Wave Rurup Current observations 2.5feet, on top of Local 20/20 2018
storm surge

Approach to Assess Future Coastal Flooding Levels inRawinsend
This section outlines how we assessed future coastal flodsisgd ordifferent sea level rise
projections and coastal flooding scenarios.

Inundation Mapping forFuture Water Levels

Tidal Datums

The National Oceanic and Atmosphek@ministration (NOAA) maintains a tideug@ along Water
Street near Point Hudson (Station ID: 944490@ple3 details the tidal datumand their current
elevationg(feet) that the gauge tracks:orthis analysisMHHW(8.52 feet)was used as eeferencebase
elevation with all inundatioprojectionsadded on top othe 8.52feet (in reference to Mearower Low
Water, or MLLW.

Table3. Tidal datums and their current elevation$eet) relative to MLLW.

Datum Current Elevation
Mean higher high water MHHW 8.52
Mean high water MHW 7.84
Mean tide level MTL 5.17
Mean sea level MSL 5.00
Meanlow water MLW 2.50
Mean lower low water MLLW 0.00

For instance, thd% annuastorm surgeeventwas observedo increasethe elevationof MHHWduring
low atmospheric eventby 3.1 feet Cumulatively, this woulthean that the water levedluring a 1%
storm surge event will be 11.62 fedigble4).

Table4. Projected water level during 1% storm surge event (feet).

MHHW Elevation 1% Storm Surge Event Increay Total Water Level Diing 1%
Storm Surge Event
8.52 3.1 11.62
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The totalwater levelthat accounts for sea level rise by 2100 wakulatedby totaling MHHWith the
elevation ofWCRPea level ris@rojections and storm surge This wouldnodelnot onlythe total water
levelincrease brought on bsea level risebut also theadditional elevatiordrivenby 1% storm surge

events (Tableb).

Table5. 2100 Total water level (feet) according to WRCP Washington State projections.

Projection 2022 MHHW 1%Storm Surge | Sea Level Rise | 2100 Projected
Levels Water Level

17% Likelihood SLR | 8.52 3.1 3 14.62

Event

1% Likelihood SLR | 8.52 3.1 5 16.62

Event

Because areas tiie shorelinewithin proximityto the current water level wouldbe additionally
impacted by wave rump, the total waterlevelfor areas withn 100 feet of theshorelineincluded an
additional 2.5feet of elevation that accounts for wave run(ipable6).

Table6. 2100 Projected (WRCP) total water level coupled withve runup (feet).

Projection 2100 Projected Wave Runup 2100Water Level
Water Level with Wave Runup

17% Likelihood SLR | 14.62 2.5 17.12

Event

1% Likelihood SLR | 16.62 2.5 19.12

Event

As a comparisonhe 2022NOAAHigh Projection scenario was 6-f&t of sedevel rise by 2100, which
would place the total projected water level at 15.05 feet by 21Dab{e7).

Table7. Total water level (feet) irR100 according to NOAA 2022 projections.

202 MHHW Level Sea Level Rise 2100 Projected Water
Level
8.52 6.52 15.05

Vertical Datum Conversions

The DigitaElevation Mode(DEM)for Jefferson County was obtained from th®AA Ealevel Rise
Viewertool and downloaded intéwrcGISThe DEM usedasin meters and had a spatial refence
coordinate system of NAVD8BheDEMhad a horizontal resolution &metersanda 0.328 RMSEf
vertical accuracyAdditionally the elevation data source of the DEMNet the standards of thdJSGS
Quiality Leve? as defined by theidar Base Speciéitton of the national interagency 3D Elevation
Program UsingOnline VDatum the referenceconversion fromMLLWto NAVD88 for théort Townsend
areawas calculated tde-1.1 feet.By applying this offsetvater levels could be converted to NAVD88
For example, if MHHW of 8.5@et was appliedhe conversion offsetvould have an elevation of.42
feet in referencao NAVD8dTable8). Avisual representation of this offs@tustrateshow the
conversion can be applied and can be seeRigure3.
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Inundation Scenario Elevation in reference to Elevation in reference to
MLLW NAVDS88

MHHW 8.52 7.42

Storm Surge 11.62 10.52

17% Likelihood SLR Event 14.62 13.52

NOAA High 2022 Event 15.04 13.94

1%Likelihood SLR event 16.62 15.52

Figure3. Tidal datumelevation offset in reference to MLLW and NAVDS88.

Datums for 9447130, Seattle, WA Datums for 9447130, Seattle, WA
All figures in feet relative to MLLW All figures in feet relative to NAVD88
OMHHW: 11.36 _OMHHW: 9.02
MHW: 10494 |DHQ:0.87 MHW: 805 |DHQ:0.87

Sea Level Risad Storm Surge Mapping

This section outlines a case study of how these various models anwvdegaused to estimate theotal
water level that accounts for sea level rise and storm swiglein ArcGISTocalculate storm surge3.1-

feet was added on top ahe MHHW 8.52 fee). This elevation of 182 feet was then offset byl.1 feet

to ensure total water elevation wasased off the NAVD88 reference layer, leading to a total water level
of 10.52 feef(in reference to NAVD§8Thiselevationwas then converted from feet to metg(3.21).
Finallyall areas of theDEMthat were under3.21meters of elevation werselectedusing the Raster
Calculate too(Figure4).
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Figure4. Example of howinundation layers were created using thRaster Calculate tooln this scenario,tte
graphic depicts all areas equal to or below 3.21 me{@ink), which is the 3:feet storm surge scenario.

© Raster Calculator ®

Parameters Environments
© Map Algebra expression
Rasters Tools

wa_sew st ’
WA_SEW1_GCS._5m_NAVDSBm.tif_Layer_ v ]
Reclass wa_16

Reclass wa_15 .
WA_SEV2_GCS Sm NAVDm. Band 1 ||

[WA_SEW2_6Cs._Se_tavom.t1#_Bana 1" ¢=3.206

4 Output raster
wa_sew_rastd

@ Raster Cakculator completed.
1:41,130 ‘ BEaxs 122.7283306°W 48.1263071°N v ne View Details Open History

The Reclassify tool was used to replace the raster values that were over the specified elevation (3.21
meters) withdNo Data so that only the raster values representing sea levelreseained The raster

was then converted to a polygon using the Raster to Polygortaarhooth thelayerinto simpler
shapesand allow for further analysis.

Areasof the polygorthat were under the elevation of water level that were riotdrologically
connected tothe coastorg SNB RSSYSR | a ! éNThdsdreadayeielefeStdaly (2 Cf 22 F
represented in a different color

Wave RurUp Mapping

The wave runupnapswere calculated by adding total water level observati@almonClub Boat Ramp
Local 20/20 2018and the NAVD88 offset and then subtracting the elevation from the tidal gauge
observation Point Hudson)Wave runup height was modeled by adding an additionat2ét of
elevation for each inundatioscenario.

The Erase tool was then useddelete all parts of thevave runup layer that overlappedlith a
corresponding inundation laygeleaving a layer that represents areas-Bt higher than the given
inundation scenarioSincewaverunup only impacts shoreli@areas The Buffer tool was used to
establish a zone of Port Townsend that was within 100 fe#te@§horeline Areas 2.5eet higher than
the given inundatiorscenariowere attached to thid00-foot buffer zone using the Clip taol

PORT TOWNSEMSSETAND FLOORBRISK

Asset RislAssessmenMethodology

Generallyclimate vulnerability is defined as the climate risks and impanctderated by the capacity to
adapt and cope to those impactsor examplethe extent of coastal flooding impacts sewer
infrastructureis dependenbn the location osewerinfrastructure in relation teexpected sea level rise
and whether the infrastructure can function with that inundatightotal ofeighty-five (85)assetswere
identified through city documents and city staff consultation with an emphasis on coastal &ssetisis
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assessment we focused on climate risks to coastal aasetsategorized assets bgrious

characeristics(Table9).

Table9. Asset type and characteristics.

Asset Type

Asset Characteristics

Accommodations (Temporary Housing)
Dock or Marina

Education Facility

Fabrication oMWorking Boatyards
Financial Facility

Food, Restaurants, or Retail

Fuel

Offices and Buildings

Open Outdoor Spaces and Parks
Parking Lots

Power Structures

Residences (Housing)

Safety Facilities

Stormwater Infrastructure
Transportation

Wastewater Infrastructte

Water Infrastructure

= =4 -4 8 48 _8_8_9_48_24._-_29_-29._-2_-4_5-9_-2._-2

1

f
1
1

Ownership (e.g., City owned, privately owned,
etc.)

Year Built

Expected Asset Lifespan

Estimated Cost (i.e., assessed parcel vatue o
estimated replacement cost of public
infrastructure)

We then looked at threeomponents of risks to assetexposure sensitivity, and consequenceo
assess sea level risk to these asselese terms aréurther definedin subsequent sections.

AssessindgExposure

Exposuréncludesthe physical factors that put assetsfnl NXd&y fom sedevel rise and coastal

flooding 9 EG Sy 2F +y F&aSiQainchdesinda dzNis Sii Bevddn2 200 Gt 2%t2 2 |

location,and whether itoverlaps with anticipated futureoastalflooding We measured exposure by
identifyingthe spatial locatios of assets into K£GIS Pro as points or polylinesd overlayed with
inundation layes. If an asset was withithhe boundary otintersected (partly withinyith an inundation
layer, it was deemed to be exposed to thidodingscenario

We categorized asset exposure level as high, medium, or low based on the likelihood of that asset
experiencing coastal floodin@ bk 10). Ahigh exposure asset wouldtersect withone of thecurrent
floodingrisks(i.e., an asset overlapped with curreamtive rurup, storm surgeor 100-year flood).A
medium exposure assetterseds with the 17% seéevel risethreshold and a low exposure asset
intersects with the 1% sdavel rise thresholdWe identified exposure for both private and public
asses, however, only provide results for the public assets in this document.
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Tabk 10. Exposure categories defined as high, medium, or low expeslevels

Exposure| Short Description Current Coastal Flooding | Future Flooding Risk,
Level Risk related to SLR Projections
DT
22|32 |25 229 2209
93|23 |ES 5S 3 SS3
High Assets thaare already exposed Any asset exposed to any
to current floodingfrom storm current coastal flooding
surge+wave runup or 10Gyear | impact is considered to havs
floods. high exposure.
Medium Assets thawill be exposed to
future flooding due to SLR by X
2100at the 17%probability of
exceedance
Low Assets that will be exposed to
future flooding due to SLR by
2100at the 1%probability of X
exceedancer will experience no
future flooding.

Assessing Sensitivity

Sensitivityis the degree to which the asset is affected by ks rise and coastdlooding. For example,
a new asset built witmewermaterials anduilt up to currentdesignstandardswvould be relatively less
affected by temporary inundation as comparedindrastructure or assets that afsuilt with older
materials ando outdateddesignstandards

Within this analysissensitivity is defined as thaessetagerelative to expectediesign life We identified
less conservative and more conservative asssigh life estimates using different sourcetated ©
asset typegTablell). Hgh sensitivity assets were assets whose cureggexceededessconservative
design life estimatesVe only identified sensitivity for public asselise to data availability and
limitations

Tablell. Design lifespan of key asset types.

Asset Type Design Life | Design Life | Source(s)
(Less (More
Conservative)| Conservative)
Accommodations (Temporary Portland Cement AssociatidRCA)
Housing) 30 100 n.d.
9 David andSons, 2017
Dock / Marina 40 50 Michigan Sea Grant, 2015
. PCA, n.d.
Education 30 100 David and Sons, 2017
Fabrication / Working Boatyards 30 100 Eurostat, 2003
: . PCA, n.d.
Financial 30 100 David and Sons, 2017
Food, Restaurants, Retall 30 100 PCAN.d.
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Asset Type Design Life | Design Life | Source(s)
(Less (More
Conservative)| Conservative)

David and Sons, 2017

Fuel 20 30 ServoPrp2021
' - PCA, n.d.
Offices and Buildings 30 100 David and Sons, 2017
Open outdoor space and parks 20 50 City ofHamilton Public Works2009
Parking lot 20 20 CA Department of Transportation,
2017
Power 50 50 Union of Concerned Scientis)17
. . PCA, n.d.
Residences (Housing) 30 100 David and Sons, 2017
Safety 30 100 No data found. Using lifespan of
concrete structures as proxy.
Stormwater 50 100 ASCE, 2021
Transportation 10 100 Union ofConcerned Scientists, 201
Wastewater 25 50 ASCE, 2021b
Water 60 100 Union of Concerned Scientists, 20]

Assessing Consequence

High consequencassets represerdassets that would affect key community functions if it failed due to

coastal floodingFor this project, we ideiified high consequence assetsus®® a! Qa RSTAYAGA2Y
critical facilities/2 which includes assets, systems, networks, or functions thatavieaVve a debilitating

effect on security or public health and safety if they were debilitated or incapacitated due to hazards

4 to identify critical infrastructure on the list of asse@itical infrastructurewasidentified by the City

of Port Townsend qject staff. These assets were subsequently categorized as high consequence assets.

RESULTS

Summary of Coastal Flooding Risk to Key Assets

Theeighty-five assets assessed in this study are categorized baseds®at type, ownershigxposure,

sensitivity, and whether it represents a high consequence apsi#li¢ assets arsummarized oable

12 with the detailedassetde<criptionsfor public and private asseis AppendixB). Of these 85 assets,
forty (40) assetavere publicly owned or owned by NGOs.

High Exposure

Of the 40 publi@assets 32 wereidentified as having high exposure, meaning that those assets are
already I@ated within the 1% chance eform surge (3.1 fee@ireg wave runup (2.5 feeyrea and/or
the FEMA 10§ear flood zoneTherehighly exposed assets includssets withirwastewater, water,
transportation, stormwater, safetynarinas housing and busiesscategoriesOut of the29 high
consequence assets representing critical infrastrucfwiich include private asset®3 are highly
exposed to current coastal flooding.

These exposures represent current risk conditions and do not corfsitlge sea level rise. The high
exposure assets should be prioritized by @iy for adapting to sedevel rise asheseare already
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known to experience coastal flooding during extrehigh tide events and storm surgwents andhey
will be the first assets to be affectdry future sea level rise

Highly Sensitive Assets

Out of the40 public assets that were evaluated for sensitivitix €) are considered highly sensitive.
That meass their current age exceeds theinticipateddesign life, or the estimatelgngth of time that
asset is designed to function for. These asaegsnore likelyto fail after a single orepeatedflooding
eventsbecause of their agim relation to their deign life. Assets with high sensitivity to séavel rise
should also be considered as priorities for tiy as they will be the assets least equipped to deal with
future coastal flooding worsened lgalevel rise.

High Consequence Assets

The highconseguence assets are assets thmovidecritical services; such as food, gas, shelter, power,
and health servicesto Port Townsend that also have high exposure and high sensitivitydfhill
needto prioritizethese assets iadapting to sedevel rise to avoid failure of these critidakilities High
consequenceassetsncludepublic and private asset$hereare four (4) publicassets that have been
identified as high consequence assets.

Asset Valuesit Risk

Asset valuewererepresentedasS A 1 KSNJ | 84S aa2NDa LloNdBdented bst dzS T2 NJ |
estimated replacement cost for public assétxluded with detailed asset descriptions in AppenHjx

We identified total costs at risk by different exposure levels for both public and private assets.

For public assets, the total estimated replacement costs for assets with high expdsere assets are
already located within the 1% chance of storm surge, wave runup, or the FEM#4a0food zones
$179,200000. The total estimated replacement cost for public assets witgdiumexposure or where
assets intersect with the 17fobability of exceedancés $2,068544. Finally, the total estimated
replacement cosfor assets witHow exposure, owhere assets intersect wittie 1%probability of
exceedanceis$12,771,167.

For private assetshe total assessed parcel value for assets with high exposure where assets are already
located within the 1% chance of storm surge, wave runup, or the FEM#&eEdGlood zone is
$44,060,086The totalassessed parcel value for private asseith medium eposure orwhere assets
intersect with the 17%robability of exceedanceés $2,880,465Finally, thetotal assessed parcel value

for private assetsvith low exposure, owhere assets intersect wittihe 1%probability of exceedancas

$1,231,924
Table12. Assets categorized by level of exposure and sensitivity and whether it represents a high consequence
asset
Ownership « Exposure Sensitivity High
Consequence
Wastewater
Monroe Street Lift
WW-1 | Station City High High Y
WW-2 | Gaines Street Lift Statio| City High Low
Kah Tai Nature Park
WW- 3 | Restrooms City High Medium
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High

Ownership = Exposure Sensitivity

Consequence

Wastewater Treatment
WW-4 | Plant City Low Medium
WW-5 | Port Lift Station City Medium Medium
WW-6 | Point Hudson Lift Statiorl City High Medium
WW-7 | Kearney Sewer City High Low
WW-8 | Boat Haven Sewer City High Medium
WW-9 | Downtown Sewer City High High Y
Water
W-1 Kearney Water City High Low
W- 2 Boat Haven Water City High Low
W-3 Downtown Water City High Low
Transportation
Washington State Ferry| Washington
T-1 Terminal State High Medium
Stormwater
SW 1 | Stormwater Lift Station | City High Low
SW 2 | Kearney Storm City High Low
SW 3 | Boat Haven Storm City High Medium
SW 4 | Downtown Storm City High High Y
Safety
S1 US Coast Guard Federal Low Medium
S2 Point Wilson Lighthouse Federal High High Y
Parking Lot
PL-1 | The Back Alley | City Low High ]
Power
P-1 | Electric SutStation | City Low Low ]
Open Outdoor Space andarks
OR1 Pope Marine Park City High Medium
OR 2 | Adams Street Park City High Medium
OR 3 | Tyler Street Plaza City High Low
OR 4 | Wave Viewing Gallery | City High Low
Offices and Buildings
OB 1 | City Hall City Low Low
OB 2 | CottonBuilding City Low Low
OB 3 | Pope Marine Building | City High Low
OB 4 | Port of Port Townsend | Port High Low
Education
E1 Marine Science Centet | NGO High Low
Northwest Maritime
E2 Center NGO High Low
E3 Marine Science Cente2 | NGO High Low
E4 Marine Science CenteB | NGO Medium Low
Dock / Marina
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Ownership = Exposure Sensitivity High
Consequence
Port of Port Townsend High
D1 Maintenance Port High
D-2 Union Wharf Public High Low
D-3 City Dock Public High Low
D-4 Boat Haven Marina Port High Low
Point Hudsor{Port
D-5 Property) Port High Low
Accommodations (Temporary Housing)
American Legion
A-9 (Homeless Shelter) NGO High High
LIMITATIONS

While this report attempts to assess the coastal flooding risk of key assets, there are some limitations of
this assessment, identified below.

1 Theinundationmodeling was based offlevationdata and does noaccount forthe effeds of
seawallor other fortification structures Because of thighe hazard exposure analysigy have
resultedin more conservativiigh estimaionsof flooding in certairareas

1 The elevation of assets (i.e., building height) was not considered and therefore may
overrepresent flooding.

9 Site specific variables of wave runup were not assessed.

1 The effects of natural processes or human causes geomorphological changes that might lower or
raise the sea level elevation are not sufficiently understood and therefore the ntlo@s! not
consider coastal geomorphological processes that might occur in the future.

Furthermore, we recommend expanding on this assessment in the future. These recommendations are
also listed below.

9 Assessing asset adaptive capacity or ability to copfe imiindation is beyond the scope of this
project. We recommend reviewing the identified asset list and focusing on assets that are highly
exposed, highly sensitivand would have a high consequence of failure to assess the ability of
those assets to coper withstand impacts of coastal inundatipespecially repeatedlyn
addition, identifying adaptive capacity of infrastructure and assets could result in policy and
planning recommendations for how to adapt key assets. This process is identified imtageeC
FOGAZ2Y [ 2YYAGGUSSQa wAadal {ONBSyYyAy3a ¢22f OHAMDPU
9 Erosion along bluffs may be impacted by sea level rise and storm surge but is outside the scope
of this study.
f Port Townsend& A RSy ( Ai®Bistoliciandiciltyfdl i@RurdésThe Comprehensive
Plan encourages retentioof significant buildings (Land Use Element Goal WW&.recommend
NEOASGAYA | { S5SLINIYSYd 2F LYGSNAR2NRA DdzA RSt AY
Buildings
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1 This study did not account for the tsunami inundation zone. Future expansion of this could
include integration of assets exposed to tsunasiated flooding.
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APPENDIX A: FLOODING AND INUNDATION MAPS

This appendix section provides more detailed maps that depict coastal flooding and inunafation
assets.

Figureb. Infrastructure along Kearney Street that are exposed to differémindation scenariosStorm water

pipes are shown in pink, water systems are shown in orange, and sewer lines are shown in purple. Coastal flooding
is show in blue, wave runup in green, and areas unlikely to flood in a crosshatch blue pattern for edaliamun
scenario Coastal flooding from the 17% sea level rise event and the 1% sea level rise event also take into account
flooding brought on from 1% storm surge.
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Figure6. BoatHaveninfrastructure exposed to differentnundation scenariosStorm water pipes are shown in

pink, water systems are shown in orange, and sewer lines are shown in purple. Coastal flooding is show in blue,
wave runup in green, and areas unlikely to flood in a crosshatch blue pattern for each immsiegnarioCoastal
flooding from the 17% sea level rise event and the 1% sea level rise event also take into account flooding brought
on from 1% storm surge.
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