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. Introduction

Overview

Conducting a Hazard Identification and Vulnerability Assessment
(HIVA) is the initial step supporting the emergency management
process of hazardreparedness, response, recovery, and
mitigation Hazard identification refers to the systematic ude
all available information to determinevhich types of hazards
might affect a community, along with their driving forces and
typical effectsVulnerability assessmemngfers to he estimation
of scale and severity these hazarday have on the people,
property, environment, and econonof a community The
Disaster Mitigation AofDMA)of 2000& (i | (n&uraydisésters,
including earthquakes, tsunamisynadoes, hurricanes, flooding,
and wildfires, pose great dangtr human life and to property
throughout the United Stategjreater emphasis needs to be
placed on identifying and assessing the risks to Statesomadl governments (including Indian tribes)

from naturaldisastersb €he Washington dministrative Code (WACL8-30-060) requires each politida
subdivision to bse its Comprehensivartergency Management Plan (CEMP) and Hazard Mitigation Plan
(HMP) on a hazaranalysisThis document refers to and complimenkte 2008 Kitsap County HIVA

while narrowing the scope to Bainbridge Island specificéllygere appropriate, efforts were made to
maintain a structure and terminology consistent with the current Kitsap HIVA, CEMP, and HMP.

Use and Limitations

It should be noted thathis assessmentonstituted I & & Y | LJdoKpRadnind\ pyirpo$eand S ¢
should not be consider comprehensive and absolute. The hazard and vulnerahitisyvere developed
from existingdata sources, not from field surveyghere is o guarantee of accuracy; theser of trese
mapsassumes responsibility for determining theitability for their intended us@ planning purposes

The purpose of thidocument is to:

(1) Identify hazardspatural and technologicaivith
the potential to threaterthe people, property,
environment,and economy of Bainbridge Island

Hazard: a source otlanger

Risk chance of loss or injury

2)9adAYIF({S GKS NR&al 2NJf | I NRQa&

Vulnerability: susceptibilityto
attack or damage

occurrence based on historic and other factors.

(3) Evaluate the Islands vulnerability to each hazard
and estimate the potentialseverity of loss
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Natural Hazards

Severe StormsFlooding- Landslides Earthquakes Drought- Wildfire - Tsunami Volcano

Technological Hazard$iaman-origin)

Energy EmergenayHazardousMaterials (HazMat) Transportation Mass Casuakt{earch &
Rescue Terrorism/Civil DisorderEpidemic

Risk and Severity Matrix

I FT I NRa OIFNE Ay GKSANI FNBIldSyidte 2F 200dz2NNByOS |y
separated and ranked each according to risk and severity. Risk is determined by the historic frequency

or their likelihood to occur in the near futur€orsistent with the Kitsap CEMP, we used a 25 year span

to measure probability. \Eents that can be expected annuadiyare likely to occur every 25 years are

consideed high risk. Events that have a moderate likelihood of occurring waiti year span are

considered moderate risk, while those expected beyond 25 years are considered low risk. Severity was
determined somewhat subjectively based on the scale of people, property, environment, and economy
vulnerable to loss or damage from each hazardous event.

Risk and Severity Categories

High Risk

Low Severity

Moderate Risk Moderate Risk

Low Severity Moderate Severity

Low Risk Low Risk Low Risk
Low Severity Moderate Severity High Severity

Risk Severity Matrix of Hazards

Energy Emergency

Drought Flooding Landslide
HazMat

Search and Rescue Tsunamj Volcang Radiological Epidemic
Transportation Mass Casualty
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[I. Bainbridge Island Profile

Location and Background oAssessmentArea

.FAYONRRAIS Lafl yR A BV iimrOwetednRVashington Stateo(Bigdre Bhe M H H ¢ 0 H
City-lsland is centrally located in the Puget Lowlands, east of the Kitsap Penindwieesinof the City of
Seattle. The island is approximately 3.5 miles wide by 10.5 miles long and has an area’¢l 2g#8

acres). Elevations on the island range from sea level to just over 400 feet. The Island has an irregular
coastline of approximatg 45 miles and an extensive network of rivers, streams, and creeks that drain

into 12 distinct watersheds.

The earliest known inhatants of Bainbridgdsland were coastalwelling members of the Sugquamish
Tribe whose ancestorBaveresided inCentralPuget Soundor approximately 10,000 year§he
Suquamish depended on salmon, cod and other bottom fish, clams and other shellfish, berries, roots,
ducks and other waterfowhnddeer and other land gami® providefood for family use, ceremonial
feasts, and for trade. Manypresentday Suguamish live on the Port Madison Indian Reservatiadhe
northwest of Bainbridge Island.

European exploration and settlement began in 1792, when George Vancouver led the British ships
H.M.SDiscovery and Chatham into Ratigsound While surveyng parts of Puget Soun&/ancouver
anchored off Restoration Point at thewhern end of Bainbridge Island atrdded with the Suquamish.
The Vancouver expedition failed to identify Agate Pass and mapped the Island as a peninsula.

In 1841, the U.S. Exploring Expedition led by Charles Wilkes spemtdatbs mapping Puget Sound in
anticipation of U.S. sovereignty in the Region. It was during this expedition that Agate Passage was
ARSYGAFTASR IyR (KS Yy Slartlwas taRddafeom@BadiewWiliaml A y 6 NA R3S
Bainbridge, commander of the frigate U.S8nstitution in the War of 181Reports of the Wilkes

survey attracted early settlers, many of whom trapped or cut trees to supglgg 2 NstlaRyest

sawmilk at Port Blakeil Y R KS 0 dza { f ShigyardRaihbiidge IslaN@hassa®nidgBganese

and Filipino cultural history. They worked as farmers and helped fBak#ridge Islanthmous for

strawberries

Today,most of thestrawberry fieldsare gone andainbridg Island is predominantly composed of
residential neighborhooddlowever, residentsupportpreservingopenspace and keeping control over
development, both residential and commerciil a 2008 survey of community values, residents
responded that they areommitted to preserving the Island's sense of community and its green spaces,
including agricultural land, forests, parks, and trails.

The city center was incorporated as the City of Winslow in 1947 and the unincorporated areas of the

Island were annexetb create the City of Bainbridge Island (COBI) in 188tablished neighborhoods

on the Island include: Creosote, Crystal Springs, Eagledale, Lyndale, Island Center, Ferncliff, Fletcher Bay,
Seabold, Port Madison, South Beach, West Port Madison, Maazaahice, Fort Ward, Manitou

Beach, Port Blakely, West Blakely, Westwood, Yeomalt, and Rolling Bay Ifigbreughout this
R20dz2ySy iz 6GKS LaflyRé NBFSNE (2 .FAYONARIS LAfL Y
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Figurel: Bainbridge Island Hazard Identificatiand Vulnerability Assessment Area
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Demographics

The 2A0U.S. CensuBureaupopulation estimate for Bainbridge Island was@jwith a density of
about 834 persons per m{Figure 2). This represents a%increasefrom the 2000 estimate of 20,308
(Figure 3). The Island had a 22% incresspopulationbetween 1990 (pop. 15,846) and 2000.
Population is distributed fairly evenly across the Island, with the highest density and growth in the
Winslow area (Figures3. There are 10,584 housing units (20di@h an 8 Bshome ownership rate
(20052009). Fron2005-2009,Bainbridge Islantdadan estimated 03 househdds with an average
size of2.5 people.The median owneoccupied home value is approximately $600,000e20052009
median monthly housing costsr mortgaged owners was $2,582, narortgaged owners $¥4, and
renters $1,179. The 20e809estimated median income of households on Bainbridge Island was
$91,280 with 5.6% of the populatian poverty.

The 20 ethnicity estimate for Bainbridge Island was distributed #%9vhite,3.2% Asian, &%

American Indian or Alaska Native4% Black or African, and29 Native Hawain and Other Pacific

Islander. Fron2005-2009, 97.8 percent of people 25 years and ovead at least graduated from high

school ad 64.6percent had a bachelor's degree or higher. The leading industries on Bainbridge Island
for the employed population 16 years and older include professional, scientific, and management;
administrative and wast management services; educational services; health care; and social assistance.

Residential land uses occupy the largest percentage (73%) of developed lacalvansB8% of all land

on the Island (about 7,000 total units). Sirédenily homes account fB84% of residential units, while

16% are multfamily units in condominiums and apartment buildings of various sizes. The most densely
developed areas are in Winslow and along the shoreline of the Island (Figure). The Winslow area is
developed at about 3. units per acre. Agriculture is still an importdand-usepresence on the Island

and there are a number of smatale farms ranging from strawberry and raspberry farms to a goat
dairy, tree farms, and organic vegetable farms. A few large tracts ohdegrowth timber remain on

the Island;m 2006, there were approximately 620 acres classified as timberlands by the Kitsap County
Tax Assessor.
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Figure2: Bainbridge Island population density estimate in 2010, by census block. (CeBsus data).

2010 Population Density
persons per square mile
by census block

= 100,001 to 382,183
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101to 1,000
0to 100
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Figure3: Bainbridge Island average annual estimated population growth 2€10 (U.S. Census data).

Population Growth by
census block 2000-2010

= 1.5% to 128.8%
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0.1% to 0.9% (Mean: 0.6%)
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Transportation

The Islangerves asa transportation routeconnecting the State Route 305 corridoom the Kitsap

Peninsula talowntown Seattle and the Interstate 5 and 90 corrid{Figure 4)SR 305 provides an

important north-south connection fointra- and interlsland travel and is supported by the City roadway

system that connects residential areas ta@hather, the highway, and retail and employment areas.

¢CKS /AGeQa NRIRgl & aeaidsSy Oz2yarada 2F | LIWNREAYLFGS
unpaved roads.

TheSeattle/Bainbridge Island ferigli K S & (o$t lie8vidyaravaled ferryun, providingabout 90
crossings per week betwedtagle Harbor in Winslow and Coleman Dock (Pier 51) in Sdattegumbo
Mark Il Class auto/passenger ferries, the M/V Taa@and M/V Wenatchee, serve ti86 mile route
with a 35minute crossing timetraveling at aspeed of 28 knotsEach vessel hasaximum capacity for
2,500 passengers, 218 vehicles, and 60 commercial vehicles

The Agate Pass Bridge connects State Route 305 from Bainbridge Island to the Kitsap Peninsula and was
built in 1950 to replac®  NJ F SNNE &aSNBAOS (KFd RIGSR FNBY (GKS wmc
reaching 75 feet above the water with a 300 foot channel clearance between piers.

There are nairport facilitieson Bainbridge Islandnd the nearest airport is thBremertonNational

Airport in Bremerton.

Critical Infrastructure and Values at Risk

An essential part of hazard planning is identifying the people, places, and things in meeteofion.
Hazardmitigation efforts typically focus on ptecting homescriticalinfrastructure, and places of va.
Critical infrastructure can include, but is not limited to: fire response, police hospitiises, schools,
roads,etc. In addition, every community hasites of social, environmentaly historic value thatequire
priority during protection planningThese caimclude but are not limited to: community centers,
environmentally sensitivareas,parks,historic sites, etc. Island structures, critical infrastructure, and
selectvalues arisk are shown in Figure Emergency centers are listed in AppendixHistoric sitesand
community centers arésted inAppendix E.
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Figure4: Bainbridge Island Transportation and Critical Infrastructure
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Environment
Geology

Bainbridge Island wasitially shaped as the 3,000 fottick Vashon Glacier carved out Puget Sound at

the end of the last Ice Age, 13,000 to 15,000 years ago (Fsgyufde island lies within a broad region in

the fore-arc of the Cascade volcanic arc that extends from sofitblympia, WA to north of Campbell

River, BC. To the east are the Cascades; west are the Olympic Moustdis®n the island (Figurg 6

are typical of Puget Sound in that dense, compacted, glacial till is present at a rather shallow depth with
an undeltying hardpan. This glacial till is made up of clay, silt, sand, and gravel, and overlay bedrock in
varying thickness across the Island. There is sedimentary bedrock exposed on the southern part of the
island, where soils in some areas are moderately wogboorly drained.

Figure5: Bainbridge Island Geology (DNR data)
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I Pleistocene continental glacial drift
Quaternary alluvium

Tertiary continental sedimentary rocks (|
[ Tertiary marine sedimentary rocks

s \liles
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Figure6: Bainbridge Island soil types (DNR data).
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Vegetation

Characteristic of the temperatmaritime climate of the Puget Sound region, vegetation tends to grow
lush and denséFigure 7)Outside of human development, secorahd thirdgrowth forest covers most
of the island. Common tree species are: Blas fir western hemlockwestern redcedarbigleaf maple,

13
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and alder Undergrowth is dominated by densalmonberry hudkleberry, swad fern, salglCregon
grape and English ivDpen areas, unless grazed or mowed, are often filled witheiwatic species of
blackbery or slidealder.

14
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Figure7: Bainbridge Island Existing Vegetation Types
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Wildlife

A diversity of wildlife can be found on Bainbridge Island. The abundance of shoreline, tidelands, tidal
inlets, and coastal forests atee Y I 22 NJ O 2 Y L2 vy S yiildlifehBbitat. OBsters, &lénis,y R Q &
geoducks, and crabs are found on the tidelanddevimiany species of shorebirds and waterfowl live
along the shoreline or use the area as a stapr point during migration. The forests and understory
provide habitat for deer, coyotes, a variety of small mammals, and dozdrisldpecies. Pastures and
meadows support openland wildlife, such as pheasant, quail, and rabbits, while riparian and wetland
areas provide cover for many species of fish, birds, mammals, and amphibians. Salmon presence has
been verified in Springridge, Hidden Cove, Manzanita andi&fuCove.

Species on Bainbridge Island that are classified as threatened, endangered, sensitive, or in need of
monitoring as identified by the Wshington Department of Fisind Wildlife (DFW) include the Bald

Eagle, the Great Blue Heron, and the Pildatéoodpecker. Although no longer listed State and Federal
threatened classification, Bald Eagles are still protected by the Bald and Golden Eagle Protection Act and
the Migratory Bird Treaty Act. They are found along the shores of saltwater and freshakserand

streams, and nest in predominantly coniferous forests. The Great Blue Heron iddisseate priority

habitat status due to its threateneloreeding areas. They are typically found at low elevations near all

types of fresh and saltwater wetlasgdstreams, and shorelines, and they usually nest in colonies in the
tallest conifers or deciduous trees available. The Pileated Woodpecker is a state candidate for
GKNBFGSYSR adlddza GKIG dzadzZh tfte ySadaosXYKKy D& JAl
local birders, they are generally found in mature forests. They may persist in younger forest stands if
large diameter trees are retained along with significant numbers of snags and fallen trees. Other priority
habitat species sighted by citizgrbut not officially documented by the DFW include osprey, river otter,

and harlequin ducks.

Climate

Theclimate on Bainbridge Island is generally characterageMaritime withmild, wet winters (4 ne¢ C
average daytime temperatures) and warm, dryrsners (70y n @ver@ge daytime temperatures).
Temperatures will occasionally drdpw enoughfor snow to develomluring the winter months,

although typically without significant accumulation.

Average annual rainfall varies between 40 to 45 inches, tardistribution is influenced by the
prevailing wind patternsMost precipitation occurs ithe autumn and winter; like much of western
2 A3KAYy3JG2ys (GKS adzYYSNI Y2y (K& SELISNABYES®). y | 3SNI

Prevailing winds frorthe west and southwest are strongly affected by the Olympic Mountains (Figures
10-11). A meteorological phenomenon known as tPieget Sound Convergence ZonedQRSoccurs
whenthe atmosphere is unstable and@w-level,large-scale air flow splits around the Olympic

Mountains and then converges over Puget Sound (FitjlireT hisevent occurs several dozen times a

year in the winter, spring and early summer; creatshgudyand rainyconditions in the Puget Sound
Basinwlby A0 Q&a OfAPSClévént canSerpt BithlBedvy rain and/or snow, gusty erratic winds,
cold temperatures, and even thunder and lightning. Stormy episodes usually last two to four hours, but
an entire PSCZ event can last two or three da@ie mosintense PSCZ events occur in the spring and
early summer

16
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Figure8: Climograph for Bremerton, WA ~5 mi. SW of Bainbridge Island (WRCC data).
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Figure9: Bainbridge Island average annual precipitatidistribution (OSUPRISM data).
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Figure10: Windrose displaying predominant wind direction at Seattleacoma Airport,
~15 miles southeast of Bainbridge Island (WRCC graph).
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ClimateCycles

Climate and precipitation in the Puget Sound region are strongly affected by thiecEBdlithern
Oscillation (ENSOQ), and the Pacific Decadall@®sm (PDOtycles ENSO variations in searface
temperaturesare more commonly known as El Nifio (the warm phase of ENSO) or La Nifa (the cool
phase of ENS@frigure 12) La Nifia years are associated with higher than average precipitation while El
Nifio years are associated with lower precipitation

Figurel2: El Nfio Southern Oscillation (ENSO) cyxtd warm and cool sea surface perioégxpressed as the annual degrees
above or below the longerm averagefrom 1950 through 2011(NOAA)

31 MULTIVARIATE ENSO INDEX
2-
1-
0
—1 1
-2

NOAA/ESRL/Physical Science Division — University of Colorade at Boulder/CIRES/CDC
1950 1955 1960 1965 1970 19Y5 1980 1985 1990 1995 2000 2005 2010

During arkl Niio year, thereis a warming of the Pacific Ocean between South America and the Date
Line, centered directly on the Equator, and typically extending several degrees of latiteitlegioside

of the equator.The warming is expressed as a departure from@mm average ocean temperatures,
which are generally cool in the region, due to upwelling. Bb M thus associated with a slackening, or
even cessation, of the cold upwelling conditions whigically pevail in that area.

La Niia is essentially the opposite of Efibli La Nina exists when cooler than usual ocean temperatures
occur on the equator between South America and the Date [Sttrenger than usudrade winds
accompany La Ra, and hese winddrom the eastpush the ocean water away from the equator in each
hemispheredue to the rotation of the earth. Cold water from the degges to replace the warm

surface water which &s moved away from the equatorhe cool water acts as an impediment teth
formation of clouds and tropical thunderstorms in the overlying air. This suppression gfrcaincing
clouds leads to dry conditions on the equator in the Pacific Ocean from the Date Line east to South
Americabut create wetter than normal conditionsifther up the pacific (Figure 13)

Figurel3: Crosssection of ocean temperatures and wind flow during La Nina, Normal, and EI Nino years.

La Nl Condltlons Hormal Condltlons El Hifio Condltlons
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The PDO is a twentyo thirty-year cycle ilbetween warm and codea-surfacetemperatures and wind

patternsover the Pacific Ocedfrigure 14)Warm-cycle PDO years bring the PNW warmer temperatures

and less snow, while coldycle years bring colder temperatures and increased s@mel phase PDO

years areassociated withncreasedorecipitation, whileLa Nina years combined with a cool phase PDO
will bring the greatest precipitation events. Flooding is less likely and drought more likely, during warm

phase ENSO (El Nifio) and RBiQure 15).

Figurel4: Padfic Decadal Oscillation (PDO) cycles from 1900 through 2011.

monthly values for the PDO index: 1900 - October 2011
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Figurel5: Average annual inches of precipitation near Bainbridge Island during each combination of ENSO and PDO cycle.
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ClimateChange

An increasing amount alimate research in recent ges has indicated that we are experiencing a
significant change in global climate due primarily to the anthropogenic release of greenhouse gasses
into the atmosphere. While there greatuncertainty as to the ultimatéongterm climatic response

the University of Washington Climate Impacts Group has conducted extensive research to support their
climate change projection@gigure 16) Temperature is projected to increase ovevdth more extreme

and prolongedsummer highs, ioreasing the risk of droughts. Precipitation is also projected to increase
overall with greater winter precipitation, increasing the risk of flootisee is also the potential thadn
increase in atmospheric energy from the higher temperatures could dniw@ extremestorm events

Figurel6: Projected temperature and precipitation increases for the Pacific Northwest Regi®modeled by the UW
Climate Impacts GroupSRE81 reflects significant greenhouse gas mitigation by thedrit™ century (low emissions
scenario). SRE®@\1B reflects significant greenhouse gas mitigation by the end of thd gentury (medium emissions
scenario). Shaded rangeare g" percentile and of percentile.
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[1l. Natural Haza<l

Severe Storms @
Description

A severe storm is an atmospheric disturbance that results in one or more of the following phenomena:
strong winds and large hail, thunderstorms, tornados, rain, snow, or other mixed precipitBtiermost
common storms that visit the Islandviolve wind, rain, snow, and ice. There is a remote possibility of a

smalltornado touching down on the Islarzkcause of the rotation of winds in a Puget Sound
Convergence evenas happened in Kent, WA in Dec. 1969

Effects

Severe storms can destroy property, disrupt traffic, cause power outages, and lead to lossSef/ife.
storms are often a catalyst for other hazards. Strong winds can blow down trees and powerlines, and
mobilize projectiles increasing the risk of injuiitense rain can cause flooding and landslides, while
lightning storms are capable of igniting witéf. Snowstorms can impede traffic, cause accidents, and
cause injury or death through cold related exposure.  rigire17: 40 mph winds during a March, 2010

) storm cause a Douglas fir falls on powerlines alol
History Miller Road near Tolo Road. (Bainbridge Island
Review)

Despite the moderatenarine climate, severe storms are
the most frequently occurring hazaah the IslandThe
greatestwind stormto ever hit the areavas the
extratropical cyclonéColumbis Day"storm of 1962
which had estimated peak wind speeds of 445 mph
More recently, he Inauguration Day storm of 1993
brought severe winds reaching over 90 mph in downto
Seattle Other stams that have sesrely impacted Kitsap
Countyhave occurred in: 2006, 1986, 1985, 1980, 1979,
1973, and 1971. The most severe snowstorms that have
occurred inKitsap Countyere: 1996, 1990, 1985, 1971,
1969, 1961, 951, 1950 and 1949. While storms can hit £=£
anytime the most severe stormisave historicallyccur
during the autumn and winter months from October
through February Recently, &hristmas storm with wind
gusts up to 50 mph knocked out power to a portion of th
Island on Dec. 25, 2011.
The El Nio Southern Oscillation (ENSO), and the Pacifig
Decadal Oscillation (PD@®)clescan influence the type of
storm systems expected in a given year. Li@Nears are
associated with higher than average precipitation and La—=—— —
Nifia years combined with a cool pg&PDO will bring the greatest precipitation evef8ee Climate
Cycles in sectiol)
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. . Figurel8: Winds exceeding 100 mph resulted in the failure of
Storm tracks can bring different types of the western section of the Hood Canal Bride on Feb. 13, 197

weather to the Island depending on direction (Peninsula DailjNews).
of origin. Snowstorms are frequently the
result of northerly storm fronts. Systems
coming from the west to northwest can bring
brief, but intense precipitationvith :
thunderstorms. Weather systems from the
a2dziK (G2 &az2dzikgSadax
SELINB&a&az¢ OFly o6NAY3
tropics and tend to cause persistent rain.
These weather systems can also push the
freezing level up to 8,000 ft creatinipdd
conditions from snowmelt and raian-snow
events. At its most extremehe pineapple
expresssystem becomeg K| (1 Qa |y &
GFGY2ALIKSNRAO NAROJSNE
scale precipitatiorand flooding (Fjure 19).
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Atmospheric Rivers
A key to understanding West Coast extreme precipitation events
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Figure20: The floods of Nov 2006 were generated by a large atmospheric river

A recent modeling study on a worshse severe winter storm impacting California, driven by a series of
heavy atmospheric rivers, suggested that such an event could readily flood thousands of square miles,
result in thousands of landslides, disrupt lifelines throughout the state for dayeeks, and cost on

the order of $725 billion, an economic value more than three times that estimated for a major
earthquake.

Vulnerability

t 2SN f2aa A4 GKS LaflyRQa Y2 fhérei©dsy X risk/of @@aae y SNI 0 A f
suffering from cold exposure during power outages or if stranded in the event of traffic cld$wee.
.FAYONRRIS LatlryR {SYyA2NJ/2YYdzyAde /SyadSN) aSNBSa
storm related power otages(Figured). The Center now has a 45 kilowatt generator and-§allon

capacity propane tank, which can provide power for up to a week.

Blowdown of trees and power lingkiring powerful windstormss another source of vulnerability for
the Island. May Island structures are proximal to potential hazard trees.

The National Weather Service (NWS) Climate Prediction Center (CPC) pretiaied 814 day climate
hazard outlooks to assist in preparing for severe storms
http://www.cpc.ncep.noaa.gov/products/predictions/threats/threats ie.php
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Flooding @
Description
A flood is an inndation of dry land with waterTypes ofloods in Washington State apgimarilyriver,

surface water, flash, and tiddtlooding on Bainbridge Island is typically brief and associated with
intense precipitation events.

Effects

Floods may result in the loss of life, damage to property and critical infrastructamneage to the
environment, andceconomic lossThe swift currents of swollen rivers, streams, and drainages can
increase the risk of people being swept away and suffering injury or drowrdthgagon ofthe soilcan
compromise structural foundatiorend increase theisk oflandslices Structures built near wetlands, in
flood plains, or low lying coastal areas are at the highest risk.

History

Some past floodingvents occurred itNov. 1990Dec. 1994, Feb. 1996, Mar. 1997, July 2002, Oct. 2003,
Nov. 2006and Dec. 2007According to an article in the Kitsap Sun, flooding on Dec. 3, 2007 caused a
power outage which led Safeway to close, whilsidents flocked t@ minimartat Island Centelooking

for essentials like milk, bread and be&heHigh School RoatVing Poinf and Tolo Roadreas were the
hardesthit during that storm Sand bagsvere availableat Bainbridge Islanfire Station 22 on Bucklin

Hill whileroad closures on the island includteCountry Club Roadpe Jam to Upper Farms, and

Manitou Beach at Murden Cove.

Figure21: Flooding along High School Road in
Bainbridge Island (King 5 news).

Photo posted on November 23, 2011 at
8:26 AM Heavy rains overwhelmed draing
along High School RoadBainbridge
Islandprovidingunplanned delays for
commuters. Local resident dons boots an
searches for the storm drain below two
feet of water. Status as of 8:15 arstorm
drain cleared(Photo credit Kina 5 news)
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Figure22: High tides flood yards, driveways, and the street on the Bainbridge Island San@sjigap Sun).

Figure23: Projected sea level rise in Puget Sound

- relative to 198099. Range is highest/lowest estimat
Vulnerability 9 9

The absence of snow packed mountains or larg: | Seéa Level Rise Summary Figure:
river drainages limits the potential for a 50°p
destructive flood on the IslandRoads and large
areas of impermeable surfa¢parking lots, etc.)
are the most likely to suffer from flash flooding
during precipitatbn events High School Road is
an area that has experienced repeated flood
vulnerability.Homes on thenorthern sand spit
and other coastal areas that curreptxperience
tidal flooding could have a greater flooidk in

the future (Figure 22)Projectiors state that
PugetSound sea levels could rise above 198D
levels up to 6 inches by 2050 and 13 inches by
2010.If sea levesraisein accordance with
climate change projectiondt would result in
coastal inundatior{fFigure23). Inland areas that
aredetermined most likely to suffer from
floodingare shown in Figur24. The flood prone
areas are comprised of existing wetlands and R |
C 9 a IFload Insurance Rate Map (FIRM) of the
Islands 106yearfloodplain;the area of the
community with a 1% chance fd6oding in any ¥
given year
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Figure24: Areas on Bainbridge Island vulnerable to floods base on FEMA floody#@® flood map and existing wetlands.
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Landslides

Description

The term landslide refers tine movement of rock, soil and debris dowslape or hillsideWhile

gravityis the primary causdhere are typically other contributing factors including: underlying geology,
soil compositionpercentgrade,moisture,land development and zoning pragtis, andseismic activity.
Landslides often occur in conjunctianth other natural disasters such as heavy rsiorms,

earthquakes, volcanoes, wildfires, and floods.

Less dramatithan landslides, erosion refers the gradualmovement of rock and soihrough wind and
water action. Erosion can range from windblown soil loss to waves eroding coastal cliffs. Persistent
erosioncan lead to weakened infrastructure, fes, sediment drifts, antindslides.

Landslides are complex and cangarwidely in siz and rate of travel. While there are a variety of
landslide typesthe Washingta State Department of Ecology (ECY) focuses on three typesdslides
that are of oncern in the Puget Soundgion;deep-seated landslide, shallow slidgnd a bench slide.
WA ECY also focuses on scale with large slidasatig being of the greatest concefigures (228).

Figure25: Crosssectional representation of a deepeated
landslide.

Typically largedeep-seated bndslidesrange in
size from less than an acre to sevaatesthat
canextend over a mile of shoreline. The larger
ones often consist of several smaller blocks th
may move independentlylhese slidesend to
rotate the earth and rock backward as gravit
pulls the mass of the slide downwaithese
often occur at the site of ancient landslides thg
reactivate every few years or decades due to
particularly wet conditions (Figure 25).

Large blocks of earth shift when
groundwater levels rise.

Figure26:Crosssectional representatiorof a shallow slide.

A thin layer of soil and debris moves .—& :

rapidly down a steep slope.

=

Theshallow slidetypically occurs during
prolonged periods of heavy rainfall. They
involve a relatively thin layer (less than five
feet) of wet soil and vegetation, but can be|
extremely dangerous, as mud and debris
travel fast ad with destructive force.
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Figure27: Crosssectional representation of a miglope bench

Mid-slope benches typically
indicate slide prone areas.

Bench slidesccur at midslope benches.
Relatively level miglope benches on an
otherwise steep slope may indicate past slog
movement and are often a vulnerable setting
for a variety of landslide types.

Figure28: Crosssectioral representation of a large slide.

Large slidegan cut 50 or more feet into the Alange slide cuts deeg inta the A
upland and involve tens of th@ands of tons of | | fere: ot ins a2 oot and e 2
earth. These slides are relatively raneFuget
Sound, but thg have a higlseverity potential
Were a large slide to occur along a bluff lined
with homes or above a beach community buil
at the baseof the slope, the consequences

could be catastrophic

Effects

Landslidegantake lives, destroy homes, businesses, and public buildings, intdransportation,
undermine bridges, derail train cars, cover marine habitat, and damage uti@e®re slides may
impact shipping and travel routes to the ext that economic loss results, particularly fourism and
recreational businesses.

History

Landslides are a common occurrence in many areas of Puget Sound including Bainbridge Island, due to
the relatively young regional geology and prevalence of unconsolidated glackditinged or high

intensity rain events are the most common cause ghiicant landslides in our region. A winter storm

in 1996led to the destruction omillions of dollars in both public and private propery.January1997,
over2,000 tons of rock, trees, and sslid down the Rolling Bay bluffs, crushangomewithin three
secondsand killing a family of four inside (Figut®8). Separate landslides in April, 1996, and in March
1997also destroyed other homes at Rolling Bagrthquakes historically have also caused lacpe
landslides in the regiof he earthquakesf 1949, 1965, and the Nisqually earthquake of 2001 produced
numerous landslides throughout the Puget Sound basin.
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Vulrerability

Figure29: Landslide in Rolling Bay occurred after a
hundred-year rainstorm in Dec, 1996 (Seattle Times).

FEMA lists Washington ase ofseven states
especially vulnerable to severe land stability
problems.One of thebest predictos of future
landslides is past landsliddsecausehey tend

to reoccur in the same placebklowever, they

can also ocur in new placesThere are certain
indicators of areas thadre significantly more
proneto landslides or soil erosion(Table ).
Earthquakes combined with heavy precipitation
may increase risk for those areas previously
thought to be on stable groundExceeding -glay
and 15day precipitation thresholds can also be §
an indicator of increased landslide hazard
(Figure 30. Kitsap Co developedsail stability
GIS layebased on the DNR and NRI®B0 Soil
Survey for Kitgp County and the soil stability
clasification from the 1979 "Quaternary
Geology and Stratigraphy of Kitsap County"
thesis work by Jerald Deetéfhe map in Figure
31 shows unstable areas and existing structure

Higher resolution soil stability maps are also
available through the Departnmé of Ecology
(ECY)
http://www.ecy.wa.gov/programs/seal/femawe
b/kitsap.htm

Tablel: Common characteristics of landslide hazard

Characteristics dandslide hazard areas include:

1. A slope greater than 15 percent

2. Landslide activity or movement in the last 10,000 years

3. Steam or wave action with erosion or bank undercutting

4. The presence or potential for snow avalanches

5. The presence of alavial fan that indicates vulnerability to the flow of debris or sediment

6. The presence of impermeable soils, such as silt or clay, which are mixed with granular s
such as sand and gravel
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Figure30: 113-day and 15day cumulative precipitation threshold for increased landslide hazard. Current conditions graphs
are available online from the USGS. http://landslides.usgs.gov/monitoring/seattle/rtd/plot.php
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Figure31: Bainbridge Island Soil Stability based on hydric soils and underlying geology (DNR data).
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Drought

Description

A droughtis an extended period of unusually dry weather that can damage crops and/or watese
supply shortagedn our region, drought can be caused by weather patterns that produce persistent,
upper-level highpressure systems along the West Coast with warm, drshatrresultsin lowerthan-
normal levels oprecipitation.

The NationaDceanic and Atmospheric Administration (NOAA) defines drought as less than 60% normal
precipitation over a prolonged period of time. Washington State is unique in having a statutory
definition of drought. According to state law (Revised Code of Washirighapter 43.83B.400), an area

is in a drought condition when:

U The water supply for the area is below 75 percent of normal.

U Water uses and users in the area will likely incur undue hardships because of the water
shortage.

The severity of a drought is meaedrby the Palmer Drought Severity Ind&able 3). The index
incorporates temperature, precipitation, evaporation and transpiration, runoff and soil moisture when
designating the degree of drought within a range of 4 (very wetjt¢extremely dry).

Table2: Palmer Drought Severity Index Classifications

Palmer Drought Severity Index Classifications

3.0t0 3.99 Very Wet

2.0t0 2.99 Moderately Wet
1.0 t01.99 Slightly Wet

0.51t0 0.99 Incipient Wet Spell
0.49 t0-0.49 Near Normal
-0.5t00.99 Incipient Dry Spell
-1.0t0¢1.99 Mild Drought
-2.0t0¢2.99 Moderate Drought
-3.0t0¢3.99 Severe Drought
-4.0 or less Extreme Drought

Climate forecasters also use a set notation for identifying drought conditions (TaBleedgirought
AYRSE OflFaaAFAOIGA2yad YR RNEBySaa OFdS3a2NASa |
monitoring forecasts (Figure 32).
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Table3: Dryness Categorief®r Climate Prediction Center drought forecasts

Dryness Categories

DO | Abnormally Dry ... used for areas showing dryness but not yet in drought, or for areas
recovering from drought.

Drought Intensity Categories

D1 | Moderate Drought

D2 | Severe Drought

D3| Extreme Drought

D4 | Exceptional Drought

Drought orDryness Types

S | ShortTerm, typically <6 months (e.g. agricultural, grasslands)

L | LongTerm, typically >6 months (e.g. hydrology, ecology)

Figure32: Longterm drought indicator map available from NOAA Climate Prediction Center (droughtmonitor.unl.edu).

Objective Long-Term Drought Indicator Blend Percentiles
; December 31, 2011
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5% Palmer Hydrologic Index 30% Palmer Hydrologic Index This map approximates |.mpac1s tes ponding to precipitation over the course of several months fo a few|
0% 24-Month Precipitation 30% 60-Manth Averaqe 7-Indesx years, such as reservoir content, groundwater, and lake levels. HOWEVER, THE RELATIONSHIP|
0% 12-Month Precipitation 10”/050 Month F'recwp%tatlun BETWEEN INDICATORS AND WATER SUPPLIES CAN VARY MARKEDLY WITH LOCATION,
4 60- . . .
[15% 6-Month Precipitation 10% 24-Month Precipitation SEASON, SOURCE, AND MANAGEMENT PRACTICE. Do not interpret this map too literally
[10% 60-Month Precipitation 10% 12-Month Precipitation This map is based on preliminary climate division data. Local conditions and/o
[10% CPC Soil Moisture Model 10% CPC Soil Moisture Model final data may differ. See the detailed product suite description for more details|
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Effects

While droughts can be damaging to the environment and economy, by itself, loss of life and property
are less likely. Droughts can leadwater shortages, stressed wildlife, vegetation damage, and

increased fire risk. Low stream flows can lead to high temperatures, oxygen depletion, disease and lack
of spawning areas for fish. Lost agricultural crops could agleaffect the local economy

History

Though not as frequent as the region east of the Cascade Mountains, severe droughts periodically hit

the Puget Sound region. Moderate droughts or drouliike conditions commonly occur during the late

summer months on Bainbridge Islan@asedon the 100year history of drought in Washington, the

state as a whole can expect severe or extreme drought conditions at least every five years. The droughts

of 1977 and 2001 were the worst and second worst in state history. The El Nifio Southerni@scillat

(ENSO) events that occur in the Padfian FFSOG 2 KAy 332y Qad 6AYGSNI S| {
whether the region experiences a drought. In El Nifio years, winters tend to be drier and springtime
temperatures tend to be warmer, the result is lonsgringtime snowpack and resultitgwer stream

flow during spring and summer in snowmelt driven rivers. These factors make dmogétikely,

duringEl Nifio years.

Climate change projections indicate that droughts in our region will incredsednency, intensity, and
duration. All climate change scenarios evaluated by the Climate Impacts Group (CIG) project a warmer
PNW climate in the 21st century. Climate models project an average rate of warming of approximately
0.5’ F per decade through th2050s (range: 0:2.0° F per decade). For comparison, the observed rate

of 20th century PNW warming was approximately’@2er decade while the observed rate of warming
for the second half of the 20th century was approximately @.¢er decadéFigures33-34). See Climate
Cycles in Section II.

The Washington State Legislature gave the Department of Ecology (ECY) permanent drought relief
authority in 1989, enabling them to issue orders declaring drought emergencies. Washington was the
first Northwest sate to make a drought declaration when Governor Gary Locke authorized the
Department of Ecology to declare a statewide drought emergency on March 14, 2001, after several
months of record low precipitation. The drought emergency formally expired on Dece3tib&001,

after two months of aboveverage precipitation. Notable regional droughts are listetaible 5 below.
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Figure33: Historic Precipitation Pattern as recorded ~ 11 miles east of Bainbridge Island geographical center.
(http://climate.washington.edu/trendanalysis)
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Figure34: Historic mean temperature Pattern as recorded ~ 11 miles east of Bainbridge Island geographical center.
(http://climate.washington.edu/trendanalysis)
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Table4: Dryness Categories

Date

Occurrence

JulyAugust 1902

No measurable rainfall in Western Washington.

August 1919

Drought and hot weather occurred in Western Washington.

JulyAugust 1921

Drought in all agricultural sections.

JuneAugust 1922

Thestatewide precipitation averaged .10 inches.

March-August 1924

Lack of soil moisture retarded germination of spring wheat.

July 1925

Drought occurred in Washington.

July 22August 25, 1926

Little or no rainfall was reported.

June 1928Varch 1929

Most stations averaged less than 20 percent of normal rainfall for

August and September and less than 60 percent for nine months.

JulyAugust 1930

Drought affected the entire state. Most weather stations averaged
percent or less of normal precipitation.

April 1934March 1937

The longest drought in the region's histayyhe driest periods were
April-August 1934, Septembdérecember 1935, and Julanuary
1936-1937.

May-September 1938

Driest growing season in Western Washington.

1944

Water Shortages i8pokane.

1952

Every month was below normal precipitation except June. The har
hit areas were Puget Sound and the central Cascades.

JanuaryMay 1964

Drought covered the southwestern part of the state. Precipitation v
less than 40 percent of normal.

Spring, 1966

The entire state was dry.

JuneAugust 1967

Drought occurred in Washington.

JanuaryAugust 1973

Dry in the Cascades.

October 1976
September 1977

Worst drought in Pacific Northwest history. Crop yields were below
normal and stream flowaveraged between 30% and 70% of norms
Higher than normal temperatures resulted in algae growth and fish
kills.

1997

Drought conditions throughout WA state.

Januaryc March 2001

The second driest winter on record in 106 years. Stream flows
approached tle low levels reached during the 1978 drought.

2005

Less severe than the previously listed droughts.
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Vulnerability

The Island has limited water storage capaditater supplies are predominantly groundwater and

wholly dependent upon rainfall for recharg8azzaniake is the only lake of significant size and surface
drainage on the Island mostly occurs via small sgiéagstreams that discharge into Puget Sound. Many
of the smaller streams become dry in the summer months. Prolonged drought conditions could have a
limiting effect on ground water supplies anduldlead to increased saltwater intrusion. Residents with
shallowprivate wells and without supplemental storage capabilities could be most affected by drought.
Due to the states reliance on hydroelectric egyg drought conditions couldisolead to power

shortages or increased rates. Agricultural operations have the greatest economic susceptibility to
droughts. Drought conditions can also increase the risk of wildfires on the Island. Wildfire hazard can be
further compounded in extreme cases where the firefighting capabilities of fire agencies are limited by
water shortags.

The USDA provides online drought monitoring serMiRE S provides online Water Supply Forecasting
Services: (www.wcc.nrcs.usda.govivs
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Wildfire @
Description

Wildfires are fires caused by nature or humans that result in the uncontrolled destruction of forests,
brush, field crops, grasslands, and real and personal profeetyple are responsible for most wiles
onstatelands; 22 NJ Ol dzZaSa Ay Of dzZRS | NA2y X NBONBI A2y ¢
carelessness, debris burning, fireworks and children playing with fire. The major cause of fires on
federally protected lands is lightning.

Effects

Figure35: Thewildfire behaviortriangle @raphicby Ron
Wildfires are a natural and often beneficial Kaufman WWU).
ecological disturbance process, influencing
species composition and vegetative structure Fuels
across a landscape. They casoabe a severe
hazard, posing a threat to life, property, and
natural and cultural resources. This can be
especially true when they occur where
development mixes with wildlands: the area that
firefighters call the WildlandUrban interface
(WUI). In additia, the secondary effects of
wildfires on lives, livelihoods, and infrastructure  Topo-
cincluding erosion, landslides, introduction of e e ———
invasive species, and changes in water quality Solar Exposure
can sometimes benore disastrous than the fire
itself. Wildfire behavior is dvien by the interaction of a few factors: weather, vegetation type, or
GFdzSt a¢s FYyR (2L123INILIKED ¢KS gAfRFANS GNRFy3IfS
training courses to illustrate how the environment affects fire behavior. [paatt of the triangle
represents one of the three main factors that drive wildfire behavior. The sides represent the interplay
between the factors that are seen on the ground as they affect wildfire behavior. The potential for
wildfires to become severeagppends on these factors. For example, drier and warmer weather combined
with dense fuel loads and steeper slopes will cause more hazardous fire behavior than light fuels on flat
ground.

Weather

Y

History

Wildfire is an ag®ld element of the forest and prairies Bainbridge Island, and fires of varying severity
have occurred both historically and in recent times. Although fire history is difficult to trace back more
than 350 years, widspread stands of Dougldis (a firedependent forest type), trestand age clsses,
fire-scarred trees, and charcoal layers suggest that major fires burned in Kitsap €6080, 540,

and 670 years ago. Mediusized, less intense fires occur on a several decade scale, and small fires of a
few acres or less occur every yearBainbridge Island (Figus86-37 and Tableb).
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Figure36: Number of natural vegetation fires on Bainbridge Island, 198909 (BIFD data)
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Table5: Recent fire history (1982009) on Bainbridge Island (BIFD data).

Year # of incidents Year # of incidents Year # of incidents
2009 11 2002 30 1995 26

2008 12 2001 23 1994 24

2007 14 2000 26 1993 19

2006 7 1999 19 1992 23

2005 16 1998 36 1991 25

2004 13 1997 13 1990 36

2003 28 1996 20 1989 33
Vulnerability

Though Bainbridge Island has not experienced a major wildfire in recent years, the risk is still present
each year, about 30 small wildfires occur across the Island. The potential foajr wildfire disaster

is very high due to the combination of having seasonally dry climate and high vegetative fue] &dlads

it would take is an ignition under the right weather conditions. The risk wildfire poses to human life is
increased by the greing number of homes located within the Bainbridge Island WUI. Many residents of
the Island may be unaware of the concept of defensible space or unaware that the concept is directly
applicable to their lands, adding to the potential for severe WUI inc&lenthe near future. Should we
face a major wildfire it is possible that the Island could become a major disaster zone with heavy
property losses and potential loss of human life.
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Figure37: Bainbridge Island vegetation fires, 89-2009 (BIFD data).
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Large fires in western Washington typically occur on steep sfading slopes, and often result from a
combination of circumstances including a source of ignition in areas of dry, heavy fuels, an extended
period of drought, and drgast winds. Wildfires here usually occur during the dry summer months of
July, August, and early September, but they can occur anytime between April and October given the
right conditions. Fire hazard increases in the late summer and early fall whempetast winds occur
more frequently and the area has experienced the low point of the annual precipitation cycle. While
Bainbridge Island rarely has low enough fuel moisture for major fires, small fires occur frequently.

An overall wildfire map was creatddr the 2010 Bainbridge Island Community Wildfire Protection Plan
for the purpose of identifying those areas with the greatest wildfire hazard (Fi@)ré'Be hazard map
was produced through a weighted combination of factors that contribute to wildisle and hazard
(Tableb).

Table6: Hazard assessment criteria and ratings.

Category ltem Points | Point Category Hazard Rating Percentof
Overall
Rating
SpatialHazard| Fuels 0 Non Burnable None 50%
5 Light Low
10 | Medium Moderate
20 | Heavy High
25 | Slash (Non®resent) Very High
Slope 1 <10% Minimal 25%
4 10-20% Low
7 21-30% Moderate
10 | 31-40% High
15 | >40% Very High
Aspect 0 N Low 8.3%
2 E Moderate
3 w High
5 S Very High
Protection Hydrants 0 | @ RN Yy &A0GKLow 8.3%
Hazard 5 Hydrant>10n na@ay High
Ignition Risk | Past 1 0 fires / square mile** Low 8.3%
Vegetation 2 >0-5.4 fires / square mile | Moderate
Fires* 4 >5.414 fires / square mile| High
5 >14 fires / square mile Very High
Maximum 60 100%
Possible:
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Figure38: OverallWildfire Hazardlevels for Bainbridge Island
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Earthquakes

Description

Earthquakes arthe result of a sudden release of energy in the Earth's crust that creates seismic waves.
Most earthquakes occutue to sudden shi§ alongfaults, orfractured ¢ A (0 KA Yy (tKSEikeS | NI K Q &
slip faults are vertical (or nearly vertical) fractures where the blocks have mostly moved horizontally.

Dip-slip faults are inclined fractures where the blocks have mostly shifted vertiCddligueslip faults

have significantomponents of both slip styles (Figure 39).

Figure39: A crosssectional representation of a strikslip and a dipslip fault movement

Normal Thrust

Strike-Slip Dip-Slip

Earthquake are measured bmagnitude a logarithmiomeasure of earthquake size. Thigans that at
the same distance from the earthquake, the shaking will be 10 times as large during magnitude 5.0
earthquakes as it iduring magnitude 4.0 earthquakes. The total amount of energy released by the
earthquake, however, goes up by a factor of 32
(Figure 4). Intensity scales like the Modified Mercalli
Scale are based on observations of the strength of
shaking Figure 40). 10~

Figure4(: A graphicaftepresentation of the Richter scale

8.9

Figure41: The Modified Mercalli Scale for measuring earthquak
magnitude.

GREAT

Modified Mercalli Scale

I. Notfelt.
II. Felt by persons at rest, on upper floors, or favorably placed 10— 88—
III. Feltindoors. Vibration like passing of light trucks.
IV. Vibration like passing of heavy trucks. MAJOR
V. Felt outdoors. Small unstable objects displaced or upset.
VI. Felt by all. Furniture moved. Weak plaster/masonry cracks. 10— 7

VII. Difficult to stand. Damage to masonry and chimneys. / STRONG
/Ge.eo:)EnATE

47~ SMALL

—3 wnoR

__o,,‘L I

-1 NOT FELT

0 ¢ 2-3 4 5 €67 8 9

WVIII. Partial collapse of masonry. Frame houses moved.
IX. Masonry seriously damaged or destroyed.
X. Many buildings and bridges destroyed.
XI. Rails bent greatly. Pipelines severely damaged.
XII. Damage nearly total.
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There are three technically distinct types of earthquakes: Interplate or Benioff zone earthquakes,
Subduction zone, and Shallow Crustal earthquakes. lE@Ekhe potential taenerate powerful
damaging motion in the great Puget Sound area.

1 Interplate, or Benioff Zondeventsoccur at depths of 15 to 60 miles from the subducting Juan
de Fuca plateThese earthquakes are caused by mineral changes as the plate goes to deeper
depths and is exposed to increased temperaturd aressure. The mineral changes cause the
plate to shrink and becommore dense. Stresses build up which pull the plate ap&xamples
of this type of damaging event include the Olympia earthquake in 1949, 1965 Seattle/Tacoma
earthquake, 1999 Satsop eagthake, and the 2001 Nisgiyakarthquake. Depending on
location shaking could be felt faanywhere betweeri5-40 seconds.

1 SubductionZoneevents occur along the interface between tectonic plates. The energy
generated from the collision of the Juan de Fueacific, and North American plates is
considerable. These great magnitude events can reach 8.0 to 9.0 on the Richter scale.

 Shallow Crusta I NIi Kljdzt 1S S@Syida 200dzNJ 6AUGKAY wun YAfSa
common events with typical magnides of up to 5.5, though there is some evidence that a
number of shallovevents have exceeded this level

Effects

¢KS Y2@SYSyid Ol dzaSR o6& G(GKS aKAFOIAYy3a 2F GKS SINIKQ
occasionally large earthquakes produce vergrgy and violentground shaking. Thiatenseshaking can

damage buildings and structures and lead to landslides, tsunamd#yr soil liqguefaction Earthquakes

can presentomplex chaktnges in extremes cases because they can result in the failuravaous

lifelines at once. Power, water, and gas lines can become ruptured and lead to an energy emergency.
Earthquakes can cause significant failure of structures such as bridgets, anchighway systermthat

are not quickly or easily replacetihis ca make restoraion of critical infrastructure more difficult.

Figure42: USGS National Seismic Hazard Map
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History

Nationally, the Puget Sound Basin is a higthepake hazard zoneBainbridge Island liggarthe
Cascadi®&ubduction ZonéCSYwhichis aconvergent boundargf the North American and Juan de
Fuca tectonic plateslt stretches from northern Vancouver Island to northern Califo(Rigure42). It is
a very long sloping fault that separates the Juan de FuddNanth America plateBBecause of the
subduction process, the region is vulnerable to earthquakes originating from all three sources:
Interplate or Benioff Zone, Subduction Zone, and Shallow Crustal earth(feigkee 42)There are
seven active faultsiithe Puget Lowland capable of generating damaging earthquéhkgsre43).

Figure43: Cascadia Subduction Zone (CSZ) with examples of where Interplate, Subddai@) and Shallow Crustal
earthquakes occur, their maximum size, and their typical recurrence period. (USGS image)

Cascadia earthquake sources

| earthquakes (1700)

Source Affected area  Max. Size Recurrence

@ Subduction Zone W.WA, OR, CA M3 500-600 yr
Deep Juan de Fuca plate W.WA, OR, M 7+ 30-50 yr
Crustal faults WA, OR, CA M 7+ Hundrads of yr?
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These faults include: two Seattle faults, the Tacoma fault, two DarriAQ®nls Mountain fault, the
UtsaladyPoint fault, and two Whidbey Island faults. The northern Seattle fault crosses the southern
portion of Bainbridge Island (Figupelow). Washington has more than 1,000 earthquakes per year.

In terms of economic impact, Washington ranks second in th@natiter California among states
susceptible to economic loss caused by earthquakes, according to a FEMAAsiodgn or more of
these earthquakes are of high enough magnitude that people can feel ground shaking. The most
destructive outcome of an earthigke is the damage and loss of life that can result due to such an
event. Large earthquakes in 1946 (magnitude 5.8), 1949 (magnitude 7.1), and 1965 (magnitude 6.5)
killed 15 people and caused more than $200 million (1984 dollars) in damage throughouwtl sever
counties in Washington.

The SeattleTacoma Earthquake of April 29, 1965 measured a magnitude of 6.5, a depth of 40 miles, and
centered about 10 miles north of Tacondais earthquake caused an estimated $12.5 million (1965
dollars) worth of damage arkllled seven peopleMost damage in Seattle was concentrated in areas of
filled ground, including Pioneer Square and the Seattle Waterfront, of which both contain older masonry
built buildings. Nearly every waterfront building experienced damage durisgetlent. Extensive

chimney damage occurred in West Seattle. Hpwg and filled areas along the Duwamish River and its
mouth settled causing severe damage at Harbor Island and slumping along Admiral Way in Seattle.
Buildings with unreinforced brieiearng walls with sandime mortar were damaged most severely in

this event. However, wood frame dwellings, such as residential homes, feared excellent in this quake
with most damagedonfined in cracks in plaster or to failure of unreinforced brick chimnegs tine

roofline.

The Olympia earthquake of April 13, 1949 measured a magnitude of 7.1 and centered about eight miles
north-northeast of OlympiaProperty damage in the Seattle, Tacoma, and Olympia area was estimated
at $25 million (1949 dollars). Eighegple were killed with many more injured because of this

earthquake.

The Nisqually Earthquake Bébruary28, 2001 measured magnitudeof 6.8 and centered under

Anderson Island about 11 miles northeast of Olympia. The depth of this earthquake wastedlatila

36.7 miles. The area of most intense ground shaking occurred along the densely populated Interstate 5
corridor region and not directly around the epicenter of the earthquake. This was due to the
amplification of energy waves from the earthquake e softer river valley sediments common to this
area. The six counties most severely damaged by the earthquik®y, Kitsap, Lewis, Mason, Pierce,

and Thurstorg were declared federal disaster areas (Federal Disaster #1361) one day after the event.
Evenually, 24 counties received disaster declarations for Stafford Act assistance.
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Figure44: Bainbridge Island Regional Earthquake®71¢ present, displayed by location and magnitudeith fault lines.
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Figure45: Bainbridge Island Regional Earthquakes 1%7dresent, displayed by location and magnitude with fault lines.

Bainbridge Island o
Regional Earthquakes é\
1971 - Present .
Magnitude hg o o
o 1-2 L7
o 2-3 ¥ -
O 3-4
O 4-5
@ 5-6 ’
@ s-7 .

—— Visible fault trace
----- Inferred fault trace
------ Concealed fault trace

€ s /
__Seattle fault zones

-~

L
4 -
i ,f@ -
- -
-
-

@ /8 (0] ‘ (@] s

- """ Toeram Hill fault _
T ) T
o o -} -
,/ o . ~ & -
N 9 «° Waterman Point fault
‘1\’ / J}f . _-’#—“’J’V-“
i ; iles :

0 g . !é/

]
J‘,
! © o )
S r{" ‘ ;
g * ""j |
=  Fa
y ‘4, :
1 /‘"
w/ f .®
-]
—————————————— '—-----/".-A
- 1
. \ ‘:=< ’ ~~§Q0
; F L
\". ! @

Bainbridge Island HIVAJaruary, 2012

49



Figure46: Probability of an earthquakevith a magnitude greater tharoccurringwithin a 25 year spaf Janl, 2012 and
within 50 km ofBainbridge Island (USGS).
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Vulnerability

Geologic evidence documents prehistoric magnitude 8 to 9.5 earthquakes along the outer coast,
and events of magnitude 7 or greater along the shallow crustal faults located within the urban areas
of Puget Soundrlhere is a high risk or probability of a nagarthquake affecting Bainbridge Island and

the severity could be devastatir{gigure 45)While te part of Washington State east of the Cascades

has historically been subject to shallow, though infrequent, smaller earthquakes up to a magnitude of
6.0, the western part of the tate is vulnerable to the following earthquake risks:

0 A magnitude of 7.5 event of 40 or more kilometers in depth.

0 A magnitude of 6.5 event at a shallow depth in the vicinity of Mt. St. Helens.

0 A magnitude of 7.5 event at &allow depth anywhere in western Washington of uncertain
probability.

0 Subductionplate earthquakes can reach magnitudes greater than 8.0.

The largest estimated magnitude occur in our regioifis 8.0, whiclwould be catastrophic in nature,
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while earthquakes of lesser magnde or further from the Islanavould cause less damage and
displacementDepending on the damage and injuries caused by an earitejisevereeconomic loss
might occur.

Were amajor earthquakdo strikein the Puget Sound basiit could result in injuriesjleaths and
hundreds of thousands of dollars in jperty damage.

A severe earthquake could cause:

1 Massive power outagefsom failed transformers and downed electrical lines

1 Major damage to water utilities throughuptured mairs and possile failure of water towers

1 Ruptured gas linesvhichwould create conditions for large fires and explosions.

1 Indefinite loss of pblic communication facilities (i.e., radio, égision, and telephone systems)
through damagednfrastructure o loss of power

1 Exceedance of response capacity of emergency personel (mduteaplice,seard and
rescue, etc.)

In the event of a catastrophic earthquake, major road damage would be likely, limiting rescue and
essential servicemergency foodrad sheter would be needed for potentiallihousands of persons
forced from their homes or isolated by damaged roads and bridfes Island could become isolated if
there were significant damage #gate Pass Bridge or ferry servicesce a catastrophgarthquake
would likely affect more communities thaainbridge Islandmmediate assistance from sources
outside the Island would be unlikely

Bainbridge Island lies withidnited Building Code (UBSgismic Risk Zone 3, requiring that buildings be
engneered to withstandearthquakes meaging 7.5 in magnitude. Ider buildings, especially those
constructed of norreinforced masonryor buildings not built to codeouldbe severely damaggor
completelyleveled. Newer structures, builto recent building codesyould probably sustain less
damagebut arestill susceptible teearthquakesf a magnitude greater than 8dr soilliquefaction

events Soil liquefadbn occurs when shaking causeater-saturated granular material (such as sand)
temporarily Ises its strength and transforfrom a solid to a liquid. Soil liquefaction may cause rigid
structures, like buildings and bridges, to tilt or sink into the liquefied depdRiiste would likely be an
overall greater damage or loss of infrastture in areas where soil liquefaction occurs. While most of
the Island has low soil liquefaction hazard, some neighborhoods and areas lie in zones of moderate to
high hazard as determined by the DNR slope stability da(@&$gtire47).
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Figure47: Bainbridge Island Soil Liquifaction Hazard
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Tsunami

Description

A tsunamis a series of longvavesgeneratedby Figure48: Tsunami surging over a breakwater during tt
March 2011 Japan event.

sudden displacementsf a large volume of water.
They are typically generated by underwater
earthquakesalthough they can also be caused by
landslidesunderwatervolcanic activityor meteor
impacts Tsunamivaves can travel at speeds
averaging 450a 600 miles per houscross the open
ocean, and often reach speeds of 30 mph during the
run-up. They can reachnusual feights of over 100
feet high; howevewaves that are 1@ 20 feet high
canstill be very destructiveAtsunamibecomes a
hazard as ihears thecoastline; the shallow water
causesdts wavedo slow and compressandits
heightto increasegreatly. Tsunamigarelyresemble their usual icon, a towering weawith a breaking
crest. They more resembieseries of quickly rising tidasthey come onshore, and they withdraw with
currents much likehose of a river. Swift currentswhich can readily reach 40 mplcommonly cause
much of the damage from tsunamis.

Seiches ara series of standing wavésloshing)n an enclosed or partially etosed body of watethat
arenormally caused by earthquake activity, and can affect harbors, bays, lakes,anersanals.

Tsunamis and seiches that could affect Bainbridge Island can be generated by distant earthquakes along
the Pacific Rim, local ghquakes, or large landslides into or underneath the surface of Puget Sound.
Tsunamis generated by edbast subduction zone earthquakes are unlikely to significantly impact the
Island because of the shielding effect of the landmasses and coastlinesedfJuond; a massive 8.5

Mm Cascadia subduction zone earthquake would generate a wave that would be only about 2 feet high
by the time it reached the Bainbridge Island area. Of most concern are tsunamis generated by major
landslides or local earthquakes,rfaularly those that are generated by the Seattle Fault or other

nearby surface faults. Of course, the amount of inundation for any type of tsunami or -$agad

seiche would depend on when it occurred in the tide cycle; during high tide the effectd likaly be
considerably worse.

Effects

Tsunamis and high waves can cause flooding, property, and loss of life in affected areas. The impacts
from the March 3, 2011 Honshu, Japan tsunamicountry arguably more prepared for such events

than the United &test demonstrated the massive scale of destruction and loss of life that can occur
from this hazard. Tsunamis from local earthquakes or landslides typically strike quickly with little time

for evacuation, increasing the haza&hips moored at piers and harbors often are swamped and sunk

or are left battered and stranded high on the shore. Breakwaters and piers collapse, sometimes because
of scouring actions that sweep away their foundation material, and sometimes because of the sheer
impact of the wavs. Buildings within the rurup zone are often destroyed and/or swept off their
foundations, particularly those oriented with walls perpendicular to the wave direction. Debris from
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