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1. Introduction

1.1 StudyApproach

The Sea Level Rise Vulnerability Assessment for the City of Seal Beach assesses potential impacts to
coastal resources across multiple sea level rise (SLR) scenarios. An inventory of coastal resources within
the City was compilkas an initial step of the Vulnerability Assessment. Analyses then focused on the
extent to which local coastal hazards are influenced by multiple sea level rise scenarios. The overlap of
projected future hazard zones and coastal resources is used ttifidenure vulnerabilities and the SLR
thresholds at which critical coastal resources of the City are impacted. Key questions that guide the
vulnerability assessment are illustratedrigue 1-1. The Vulnerability Assessment is designed to inform
policy and SLR adaptation strategy development as part of the City of Seal Beach Local Coastal Program
update process.

For the purposes of this study a coastal resource is broadly defined as any natural or constructed feature
that provides a benefit to the City. City coastal resources are grouped into the following categories:
coastal development, utilities infrastructurpublicsafety facilitiestransportation infrastructure,

coastal access and recreation, and environmental resources. An inventory of those resources included in
the Vulnerability Assessment can be found in Secdion

The vulnerability of a coastal resource to SLR hazards is evaluated through an analysis of its exposure,
sensitivity, and adaptive capacity. Within this study exposure refers to the type, duratiormeapuency

of coastal hazards a specific resource is subject to under a given SLR scenario. Sensitivity represents the
degree to which a resource is impaired by exposure to coastal hazards, and adaptive capacity refers to
the ability of a resource to cope tliichanges in coastal hazards over time. A discussion of the specific
coastal hazard analysis methodologies used within the study can be found in Sedtion

What are the What What When could
hazards magnitudes of resources are these
associated sea level rise at risk? scenarios
with sea level matter for Seal happen and
rise for Seal Beach? how do we
Beach? plan for them?

Figue 1-1: Keyguestions for a Vulnerability Assessment
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1.2 Coastal Setting

The City of Seal Beach is locatdgthin the northern portion of Orange Countyhe coastal setting

within the City is defined by a numbef major shoreline structured={gurel-2). The norttwestern
shoreline of the City is bordered by the San Gabriel River.San Gabriel River mouth is defined by two
jetty structures. The east jettyf the San Gabriel River extends approximately 200 feet beyond the City
shoreline while the west jetty, which also forms part of the Alamitos Bay Entrance Channel, extends
signficantly further.

Immediately southeast of the San Gabriel River is the primary sandy beach area of the City. The sandy
beach area is divided into western and eastern sections by the Seal Beach MunicigagBief{3).

The western portion of the Municipal Pier is augmented with a concrete sheet pile groin. The western
portion of the sandy beach is the larger of the two areas and generally varies from approximatedy 500
1000 feet in width. Beach width along the smaller eastern beach varies from 100 to 400 feet,
occasionally narrowing further during episodic erosion events. This sandy beach area is backed by
parking facilities and shoreline development including a semaineered wall bordering the Seal Beach
Promenade.

The western jetty of Anaheim Bay forms the eastern barrier of the recreational beach area. This
trapezoidal rubble mound jetty and a second eastern jetty downcoast make up the entrance to the Seal
BeachNaval Weapons Station (SBNWS), providing significant wave protection to the interior of Anaheim
Bay. Downcoast of the eastern Anaheim Bay jetty is the community of Surfside, a private development
that lies seaward of the Pacific Coast Highwigyrel-4). The shoreline along the surfside community
consists of an open coast sandy beach. Residential development lies immediately landward of the sandy
beach area, with some aas of rock revetment fronting the far western structures of the community.
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Figurel-2: Coastal setting within the City of Seal Beach



Figurel-3: Seal Beach Municipal Pier and surrounding beach &&ms/right © 2008. Kenneth and Gabriel
Adelman, California Coastal Records Project).

Figurel-4: Eastern Seal Beach atline featuring the Anaheim Bay east jetty, Pacific Coast Highway, and
western border of the Surfside commur(iBopyright © 2008. Kenneth and Gabriel Adelman, California
Coastal Records Project)



1.3 Study Area

The study area for the Vulnerability Assessmamtompasses the full extent of the City of Seal Beach
shoreline and coastal zone. The study does not include specific analyses of resources that are outside of
City jurisdiction such as the Seal Beach Naval Weapons Station. The study area extends ksdward
necessary to capture the full extent of coastal hazards present under each SLR scenario analyzed. There
are three distinct regions where the combined effects of SLR, coastal and fluvial storms could result in
flooding of the community. These regiongaubject to unique hazards as discussed below.

1.3.1  Seal BeachOpen Coast

The coastal reach between the San Gabriel River and Anaheim Bay jetties encompasses West Beach, the
Seal Beach Municipal Pier and East Beach. This is the center ofrbkzdet activiy in Seal Beach due

to the accessibility and proximity to Main Street, residential development and visitor serving amenities.
This area is currently exposed to coastal erosion, wave runup and flooding during extreme events. Sea
level rise has the potentid@o increase these hazards impacting the recreational beach areas, amenities

and residential development.

1.3.2 Surfside Commuiiitppen Coast

The Surfside Community, south of Anaheim Bay, is also exposed to the open coast and associated
process of coastarosion, wave runup and flooding during extreme events. Located downcoast of
complete littoral barrier formed by the Anaheim Bay jetties, this segment of shoreline is particularly
vulnerable to erosion and dependent on regular nourishment from the UrStates Army Corps of
Engineers (USACE) to maintain a sandy beach in front of residential development.

1.3.3 Inland lodying areas

Inland lowlying areas of Seal Beach are also susceptible to potential flooding from sea level rise in
combination with high tide and fluvial events from sources such as the San Gabriel River, Los Cerritos
Wetlands and Anaheim Bay. The lying areas include portions the Electric Avenue corridor,
commercial development adjacent to Westminster Boulevard and Leisure World.
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2. CoastdProcesses

Coastal processes refer to the waves, water levels, and sediment transport (including begihérag

and crossshore) which shape the coastline ¢al Beachl'hese dynamic processes are largely driven by
natural forces but have also been significantly modified by anthropogenic activities (i.e. development,
coastal structures and beach nourishment). This section describes coastal processes and how they have
affected the shoreline alon§eal BeachThe influence of SLR on coastal processes is discusSection

4.

2.1 Water Levels

The tides in Southern California are semidilyn@eaning there are two low waters and two high waters
each lunar day, an approximately-Bbur time period. The National Oceanographic and Atmospheric
Administration (NOAA) operates tide stations throughout southern California. The Los Angeles tide
station (Station 9410660) provides a letegm sea level record near the City ®¢al BeachTlhe station

is located within Los Angeles Harbor and has been collecting data since 1923. Data from this station
represents the most complete source of water elevatitata relevant to the City of Seal Beach and can
be used to characterize the variability in existing water le{féilgure2-1).

Astronomical tides account for the most sificant amount of variability in the total water level. Typical

daily tides range from mean lower low water (MLLW) to mean higher high water (MHHW), a tidal range

of about 5.5 feet. During spring tides, which occur twice per lunar month, the tide raogeses to

almost 7 ft due to the additive gravitational forces caused by alignment of the sun and moon. During

neap tides, which also occur twice per lunar month, the forces of the sun and moon partially cancel out,
resulting in a smaller tide range of@lt 4 ft. The largest spring tides of the year, which occur in the
GAYUGSNI YR adzYYSNE IINB a2YSiAYSa NBFSNNBR (G2 Fa
above MLLW and tidal ranges of more than 8 ft. King tides can lead- 8riy (i K Sd¥d 2Ny G §/¢
flooding in lowlying coastal areas even in the absence of a storm or swell event, though this is currently
not an issue within the City of Seal Beach.

Ocean water levels typically vary within predictable ranges; however, it is not uncommonetioezxe

sea level anomalies such as\iflo or storm surge that significantly increase the predicted water level
above the normallyoccurring astronomical tide. These events can increase the predicted tides over the
course of several days to several montB&R will cause these anomalous tidal elevations to become
more commonplace as existing water levels rise across the entire tidal range.
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Figure2-1: Los Angeles tidal datums and historic water elevatioora NOAA station 9410660.

2.2 Wave Climate

The wave exposure within the City of Seal Beach is typical of the area. In summer months the City is
exposed to southerly swells generated by tropical storm systems and other wave energy from the
southern hemisphereSwell events from the west and northwest become more prominent during
winter months. Due to sheltering from the Palos Verdes Peninsula, the Port complex and the Channel
Islands the predominant wave exposure windows are from the west and south directidhstrated

in Figure2-2.
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Figure2-2: Wave exposure windows at Seal Beach.

A typical wave period for local, wirdtiven seas in the region is 6 to 14 seconds, while the wave period
for offshore swell events ranges from 12 to 22 secaMisffatt and Nichol, 2004)Breaking wave

heights of 18 feet have been recorded along the shoreline during past storm events, representing a
stormwith an occurrence interval of approximately 10 ye@vioffatt and Nichol, 2004)The larger wave
heights (>15 feet) are associated with winter storm events from a westerly direction, typical during
strong El Nifio events.

During these winter swell events wave energy is reflected off of the Anaheim Bayettg. Wave

energy is then amplified in the region off1Street to Dolphin Street due to constructive interference
between incoming swellg-{gure2-3). This phenomeon results in significantly higher wave heights

along east beach and a corresponding increase in erosion, wave runup and flooding of back beach areas.
Most historic wave damage along east beach has occurred during periods of high wave energy
combined wih elevated water level@Voffatt and Nichol, 1991)Past wave impacts include flooding of

the shoreline promenade and damage to residences along the waterfront east of the Seal Beach
Municipal Pier. Storms during the winter of 1983 represent a historic example of these wardshaz

and prompted an evaluation of the shoreline protection strategies used throughout the City. Conditions
during the winter 1983 storms were estimated to represent a storm with a 25 g8 recurrence

interval and a high tide elevation approachingQ® Year recurrence intervédMoffatt and Nichol, 2004)

In the summer months the City is also exposed to long period swell form the southern hemisphere and
occasionally large tropical swell events generated by tropical storms or hurricanes off the coast of
Mexico. An example of this type of event is Hearie Marie (August 2014) which generated 12 to 15
foot waves at Seal Beach resulting in flooding of the back beach development and damage to the
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Anaheim Bay east jetty. South swells tend to focus more wave energy toward the western shoreline
near the San &briel River jetties.

\ 4

Figure2-3: Wave reflection and amplification along the eastern Seal Beach waterfront.

2.3 Littoral Processes

The littoral process within the City of Seal Beach are heavily infludnctt jetty, groin, and pier

structures located along the shoreline. The combination of the large jetty structures at the mouth of the
San Gabriel River and the western border of Anaheim Bay isolates the City of Seal Beach from common
upcoast and downcaa sand transport patterns, creating what amounts to a pocket beach along the
waterfront (Moffatt and Nichol, 1984)The primary natural source of sediment to the waterfront is the

San Gabriel River, which has shown a decrease in sediment supply over time as development has
increased in the region.
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Downcoast sand transport along the Seal Beach waterfront is limited by the Long Beach offshore
breakwater and San Gabriel River jetties as these structures shelter the City from westerly wave action.
Upcoast sand transport is increased by the Anaheim By jetty due to the reflection of wave energy

off of the jetty. This combination of restricted sand supply, reduced downcoast transport, and increased
upcoast transport creates localized erosion in the vicinity 8f38eet and Dolphin Street where wave
action is amplifiedMoffatt and Nichol, 2004)Tke wave amplification process is evident from the

ground level photos ifrigure2-3. The resulting sediment transport processes are shown in plan view in
Figure2-4.

Figure2-4: Longshore sediment transport patterns along Seal Beach.

The concrete sheet pile groin along the Seal Beach MuatiBiier was initially constructed in 1959 to

offset this effect and prevent undue loss of beach area east of the Pier. Without this structure in place it
is estimated that erosion rates in the area would increase by approximately[3@8pite this measure

to conserve sand along the eastern shoreline, it is estimated that 1.75 to 3.25 feet of sandy beach areas
is lost on an annual basis as a result of transport over the Municipal Pier groin and offshore over the
Anaheim Bay west jettfMoffatt and Nichol, 2004)

2.4  Sediment Management Activities

A sand managaent program is conducted along the City shoreline to address the chronic loss of beach
area and reduce potential for flood damage due to strong winter storm events or large tropical swell
events in the summer. The sediment management activities includepaesing, dike building and
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nourishment that date back to the 1950s after the west jetty was lengthened to its current
configuration.

Backpassing refers to the movement of sediment from a downdrift location to an updrift location. Seal
Beach is unique aomg most southern California beaches because thedmminant direction of

longshore sediment transport is from south to north (or southeast to northwest). The City backpasses
sediment from west beach to east beach on an annual basis for constructioa wiiniter dike. The dike

is typically constructed in October and removed in May and is located approximately 100 feet seaward
of residential developmentHigure2-5). Whilethis strategy has generally been effective in the past

there have been instances where the dike is overtopped or flanked by large waves during high tides,
resulting in flooding landward of the dike. The crest elevation of the dike varies from 20 tot23 fee
(MLLW) with a top width of 14 feet and shown in the typical cross sedfigure2-6).
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Figure2-5: Satellite image ofand dike construction in winter 2017. (Photo credit Google Earth)
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Figure2-6: Typical cross section of winter dike.
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Past sand nourishment events at Seal Beach have been sporadic and are generally bypjsbelde

material from nearby projects, offshore sources or inland sources on an opportunistic basis. The
placement of nourished material typically occurs along the east beach to widen the berm and provide a
buffer for the winter dike.

The Surfside community is located downcoast of a complete littoral barrier formed by the Anaheim Bay
jetties. These structures have cutoff the natural supply of sediment from beaches and rivers upcoast. The
United States Army Corps of Engineers began aedpdlach nourishment cycles at SurfstBienset Beach

in 1964 as mitigation for the downcoast shoreline impacts of the Anaheim Bay Jetties and to provide a
feeder beach for the 13 miles of downdrift shoreline. Over 17 million cubic yards have been pteeed si
1964 (USACE, 2014). Recent nourishments have occurred at a frequency of aboeneygce/ years

Sand is placed immediately downcoast of the eastern Anaheim Bay jetty, dramatically increasing beach
width (Figure2-7). Downcoast sand transport is also exacerbated by wave energy reflected off the East
Jetty resulting in an erosion signature (embayment) evident in many aerial images. The highest risk of
coastal floodiig occurs at the end of each nourishment cycle due to the reduced beach width fronting the
west end of the Surfside communitlyiure2-8).

L 4

°, A \-,_ N\
.

Figure2-7: Shoreline downcoast of Anaheim Bay following a nourishment event in 2009.
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Figure2-8: 2018 imagery of shoreline downcoast of Anaheim Bay showing significant loss of beatbrarea
previous nourishment event.



3. City of Seal Beach Coastal Resource Inventory

Resource
Coastal Development

Utilities Infrastructure

Public &fety Facilities

Transportation Infrastructure

Coastal Access and Recreation

Environmental Resources

Description

All residential and commercial development within the City
Seal Beach subject to potential coastal hazards, including
Seal Bach waterfront, Surfside community, and inland are:i
surrounding coastal wetlands. Individual parcel and zoning
information obtained from City staff.

Water and electric infrastructure including electric
substations, lifistations, pump stations, storm drains, gravit
mains, force mains, and water lines. Data obtained from
publicly available state and county datasets as well as City
staff.

Safety facilities such gwlice stations, fire stationgnd
lifeguard stations located within the Citjpata obtained from
City staff.

Local and major roadways within City limits. Critical local ¢
regional roadways such as the Pacific Coast Highway are
highlighted in analyse®ata obtained from public state and
county datasets as well as City staff.

All coastal park areas, sandy beach areas, coastal access
points, and parking facilities potentially subject to SLR
hazards. Data obtained from Citaff.

Coastal wetland areas including the Seal Beach National

Wildlife Refuge and Los Cerritos Wetlandisea boundaries
based on zoning data provided by City staff.
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4. Sea Level Rise

4.1 What is Sea Level Rise?

SLR science involves both global and local physical processes, as illustrigedes+1. Models are

ONBIGSR o0laSR 2y &a0OASyO0SQa sonyblinl addyforabssdes, B RA Yy 3 2 F
therefore, are dynamic and periodically updated to reflect these changes. On a global level, the most
NEOSYy (i LINBRAOGAZ2YyA 0O2YS FTNRY (KS LYGSNH2OSNYYSyil
Report (AR5) released 2013. The AR5 projections for SLR were 50% higher than the Intergovernmental
tFySt 2y [/ fAYFIGS / KFIy3aSQa C2dzaNIK ! 3aSaaySyid wSLR2N
sheet dynamics on SLR. At the state level, the CCC recommends using thaitssieascience, which is

expected to be updated every 5 years.

What causes the sea level to change?
Regional
Terrestrial water storage, Factors
extraction of groundwater,
building of reservoirs, Surf dd
changes in runoff, and . opunace and.aeep ocean
seepage into aquifers circulation changes, storm surges
Exchange of the water
; o, stored on land by
Su%sn(ljence 0 river glaciers and ice sheets
i rﬁ;ee’;ge'r?g- i As the ocean warms, with ocean water

tectonic displacements the water expands J

A .M | Global
5 Factors
ol

%i%, \\\_,___..;)j.l=

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

Figure4-1: Regional angjlobalfactors that carcontribute tochanges irsealevel(IPCC, 2013)

4.2 Projections and Probability

State of Chfornia Ocean Protection Council (OPC) Science Advisory Taskforce updated the best available
science through the Rising Seas in California: An Update on Sea Level Rise Science report, released in
FLINAE HAMT® ¢KAA NBLRNI a@lifodnia Gt&tSGlidaime ;12018 Fhe doldR | S
OPC SLR Guidance is now referenced as the best available science throughout the updated CCC SLR

Policy Guidance document (2018).

The OPC (2018) Guidance projects SLR for multiple emissions scenarios andalsasilespc
approach based oKopp et al., 2014 generate a range of projections at a given time horizon for 12
tide gauges along the California coast. The projections for the Los Angeles tide gauge are referenced in
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this section. CCC SLR Policy Guielaacommends using projections associated with a high emissions
future given that worldwide emissions are currently following the high emissions trajectory. The 2018
California State Guidance Document lays out a risk decision framewaork that explainsowtseniow or
highrisk aversion in the planning process. With this framewaork, the probabilistic projections inform a
decisionmaking process rather than trying to estimate the exact rate or occurrence of SLR based on an
individual scenario or projection.

C2NJ GKS wnpn GAYS K2NAT 2y GKS aftA1Ste NryasSe 27F {
SAGAYIFIGSR GKSNB Aa | ccer LINRPoOolFOoOAtAGeE OGKFG {[w 6Af
the 2100 time horizonis 183.2 feetforath 3K SYA &daAiz2ya aOSylI NAR2d ¢KS dzLIL.
is recommended for low risk aversion situations where impacts from SLR greater than this amount

would be insignificant, or easily mitigated. The state recommends thisrtsgltiolerance (low aveion)

to be used when considering resources where the consequences of SLR are limited in scale and scope

with minimum disruption and where there is low impact on communities, infrastructure, or natural
aeaisSyao ¢KAA af 26 N dahge InRpSradE Meayiyégived dneIfii@izon thered K 2 g Y

is a 17% chance that SLR will exceed this curve.

For mediumhigh risk aversion situations more conservative (lopbability) projections for SLR are
recommended by the OPC Guidance. These projections hawe-20D chance (0.5% probability) of

occurring at a given time horizon and would be appropriate for use on projects where damage from

coastal hazards would agra higher consequence and/or a lower ability to adapt such as residential and
commercial structures. A sea level rise of 1.8 feet is projected at the 2050 time horizon, 3.3 feet at 2070
FYR c®1 TSSO I @KAHEWK NR 361K § ZSYNIRE@agvguréd-aantbiSmosta a K2 gy
F LILX AOFofS FT2NJ 6KS NBaAARSYGALrf RS@St2LIYSyd t2y3

The OPC guidance also includes a specific singular scaradléd H++), based on projections by Sweet
et al, 2017 which incorporates findings Bbllard & Deconto, 201#hat predict Antarctic ice sheet
instability could make extreme sdavel outcomes more likely than indicated by Kopp et al. A@Eriggs
et al., 2017)Because the H++ scenario is not a result of probabilistic modeling the likelihood of this
scenario cannot be determined. Duettee extreme and uncertain nature of the H++18ag0, it is most
appropriate to consider when plaimyg fordevelopment that poses a high risk to public health and
safety, natural resources and critical infrastructg@PC2018). The H++ extreme risk aversion curve is
shown in purple irfFigure4-2.
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Figure4-2: Approximate Sea Level Rise Projections for Three Risk Aversion Lev@81(&PC

4.3 Selected SLR Scenarios

Climate science is a constantly changing field, often with high degrees of uncertainty. In the case of

I FEATF2NYALFI QA {[wX (GKS ht/ KlFa KAIK O2yFARSYOS Ay
emissions scenarios cause predictions to diverge.tDtiee high degree of uncertainty associated with
predicting when and at what rate SLR will occur, this study looks at a range of SLR increments (scenarios)
starting with present day conditions and including extreme SLR. Four scenarios have been f®lected

this study that consider increments of SLR between 1.6 and 6.6 ft, as shéiguia4-3, andbased on

available hazard data for the region discussed in SedtibrThe probabilities that sea level rise will

meet or exceed a particular height over a given time horizon are based on Kopp et al. 2014 and

described below.

1. Sea levelise of 1.6 feet (50 cm) is representative of the low risk aversion projection @ 20
which means there is an 83% probability sea level rise will not exceed this amount owvexthe
50 years. There is less than a 5% probability that this amouritR#i occur before 206. Under
a worstcase extreme SLR scenario (H++) this amount of SLR couldyp2640.

2. Sea level rise of 3.3 feet (100 cm) is representative of the metliginrisk aversion projection
for 2070 which means there is a 99.5% probgbs#ea level rise will not exceed this amount over
the next 50 yearsHowever, mder a worsicase extreme SLR scenario (H++) this amount of SLR
could occutby 2060
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3. Sea level rise of 4.9 feet (150 cm) represents the mediigh risk aversion projection fdahe
20802090 time horizonThere is a ~95% probability that 4.9 feet of SLR does not occur until after
2100. However, mder a worstcase extreme SLR scenario (H++) this amount of SLR could occur
by 2070.

4. Sea level rise of 6.6 feet (200 cm) is represeveaof the mediumhigh risk aversion projection
for 2100 which means there is a ~99.5% probability sea level rise of this magnitude will not occur
this century.This scenario provides a conservative projection for SLR to be applied on projects
with a longer design life (7800 years) and subject to medidunigh consequences if SLR is
underestimated.

Sea level Rise When might it
above ‘91-'09 baseline occur?*

6.6 feet (200 cm) 2090 to 2100+

4.9 feet (150 cm) 2080 to 2100+

3.3 feet (100 cm) 2060 to 2100+

1.6 feet (50 cm) 2040 to 2080

* ranges are approximate and estimated from OPC State of CA SLR Guidance (2018)

Figured-3: SLR scenarios selected for vulnerability analysis and projected timing of impacts.

44 CoSMoSLRHazard Evaluation

The effects of SLR atorm and nonstormrelated floodingwere evaluated using results of ti@astal
Storm Modeling SysterfCoSMo¥Version 3.0, Phase & multiagency effort led by the United States
Geological Survey (USGS) to makimitkdl predictions of coastal flooding and erosion based on existing
and future climate senarios for Southern Californi®@ther SLR hazard viewers such as the NOAA Sea
Level Rise Viewer are also available, but these tools lack the regional focus andfdefithmation
provided in C8MoS modeling efforts.

TheCoSMo$nodeling system incorporates statd-the-art physical process models to enable
prediction of currents, wave height, wave runup, and total water leffelkson et al., 2017A total of
10 SLR scenarios are available, increasing in 0.8 ft (0.25 m) increments from 0 to 6.6 ft (0 to 2 m) and
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also including an extreme SLR scenario of 16.4 ft (8a8MoS modelingsults provide predictions of
shorelineerosion cliff erosion, andcoastal flooding under both average conditions axtteme events

Hazard analyas for the City of Seal Beadbcus primarily orshoreline erosion andoastal flood

modeling results given the lack of erodiltlleiffs within the @y coastal zoneThe hazards depicted in

this report are presented solely based on the assumptions and limitations accompanying the CoSMoS
data available at the time of this studyio additional numerical modeling or independent verification of
the CoSMo@ata was performed.

441 Wave Modeling

Available CoSMoS storm scenarios include annuatea6 and 108/ear return period storm events.

Future storm conditions are downscaled from winds,-Eaelpressures, and sea surface temperatures

of an established global climate modE&lrikson et al., 2017Additional modeling was performed to

translate projected deep water waves to shore, simulating additionabrnegiand local wave growth.

Due to the large geographical extent of CoOSMoS modeling efforts, the same representative storm events
are used across southern California to model wave impacts. Each of the selected representative storm
events produces waves fma WNW direction typical of winter stormJ é&ble4-1). CoSMoS Wave

modeling results showearshorewave heights of approximately ftGalong the coast of Seal Beach.

Wawe heights are diminished within areas shadowed by jetty structures. It should be noted that wave
modeling immediately downcoast of Anaheim Bay does not fully extend to the current shoreline.

Tabled-1: Bounday conditions associated with each CoSMoS modeled storm scenario

Scenario Hs (ft) Tp (S) Dp (degrees) Maximum wind speed (m/s)
Background 5.7 12 286 NA

1-year storm #1 14.4 16 284 22.8

20-year storm #1 19.2 18 281 22.3

20-year storm #2 20.1 18 292 28.7

100-year storm #1 20.3 16 264 26.6

100-year storm #2 22.3 18 287 30.3
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Figured-4: CoSMoS wave modeling results for a-§@88r storm event under current conditions.
442 Coastal Flood Projections

CoSMoS coastal flooding projections simulate the effects of erosion, wave runup, and overtopping
during storm events. Coastal flood extents are calculated and mapped at profiles spaced approximately
300 ft along the shoreline. The projectedastaiwater levels used in flood mapping consider future

AK2NBEAYS OKIy3ISs (ARS&z &8F (S80St Fy2YHiAasa tA1S

used in the model are based on forecasted conditions out to year 240flood events are modeled in
conjunction with a high spring tide, a tide height that occurs approximately twice a month, to represent
a near worstcase scenari¢erikson et al., 2017)

CoSMoS coastal flood modeling results assume that future shengtreat will be halted at the existing
development line and that no beach nourishment events will occur to maintain existing beach widths.
These assumptionsay have potentiaimpacts on flood modeling results withine City of Seal Beach

due to therecurring nourishment programs that take place along much of the shoré&tgected

coastal flood extents, unlike shoreline erosiame permitted toextend beyond the line of development.
Assumptions regarding the specific type, height, and shorelinBlgaf existing coastal protection
structures are not immediately available for largeale modeling efforts such as CoSMoS. These
parameters are key in providing precise evaluations of the wave runup height and potential for flooding
landward of specifistructures, and thus it may be prudent to verify CoSMoS findings in a subsequent
coastal flood modelingffort.

443 Shoreline Erosion Projections

CoSMoS shoreline erosion projections include {mm erosion resulting from SLR and projected wave
conditions.Shoreline erosion projections amodeled withthe CoSMo® oastal Online Assimilated
Simulation ToolQOAS)T whichincludesa suite of models that consider historic erosion trends, fong
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shore and crosshore sediment transport, anshorelinechanges due tincreased water levelsS hese
models were tuned with historic data to account for unresolved sediment transport processes and
inputs such as sediment loading from rivers and streams, regional sediment sugptingbeach
nourishment andypassing, and loRaterm erosion.

The CoSMoEOAST shoreline projections are based on an initial shoreline mapped from-a2@009
LIDAR data séErikson et al., 2017Pue to the dynamic nature of the shorelimeSeal Beach, the initial
shoreline present in CoSMoS modeling efforts may not fully reflect the current shoreline position. In
select locations the current shoreline is significantly landward of CoSMoS initial shoreline projections,
particularly along Stside Avenue where large beach nourishment events take plgds variation in
shoreline width is shown iRigure2-7 and Figure2-8. Within these areashe shorelineerosion due to

each SLR scenario may reach further inland than depint€bSMoS projections

CoSMoS shoreline erosion projections for each level of SLR are based omrfiaigiement scenarios.

Management scenarios are defined by fh@sence or absence of shoreline armoring and beach
Y2dINRAKYSYyGd ¢KS dzaS 27F aK2NBEANYSS & NYQINAIYNR A3 INSH
erosion modeling under this scenario asges that the existing boundary between sandy beach areas

and development is maintained with coastal structures. dde Holdthe-Linet scenario assumes no

such armoring is in place and allows shoreline erosion projections to propagate ialdremaximum

potential extent based solely on topography. In a similar manner to the shoreline armoring scenarios,

GKS d. SFHOK b2dz2NARAKYSyGé YrylF3aASYSyd aoOSyl NR2 | &adzy
FNB O2yiAydsSR Ayidi2 (KS TNRINBSY GKSNBS WAl NKS lad2Rdzy S
in its current stateThe No Holghe-Line, No Beach Nourishment scenario is used for hazard analyses

within this study in order to document the full suite of potential SLR hazards.

444 Limitations of CoOSMoS Project

The regional focus of the CoSMoS modeling effort results in certain limitatiogrs agplied at smaller

scales ospecific locations. The limitations are particularly evident at locations where wave action and
littoral processes are heavily influencbhd coastal structures and sediment management activities such

as Seal Beach. Some limitations of the CoSMoS model and how they may influence the projected
exposure of resources in Seal Beach are discussed in this section. The following section is dbased on
general understanding of the CoSMoS regional modeling approach compared with our local knowledge
of coastal hazards in Seal Beach. An independent verification of their model was not performed because
the site-specific details, assumptions and innerrkiags of the CoSMoS model are not publicly available.

Surfside Community

Perhaps the most significant limitation of the model results in Seal Beach is the starting shoreline used
downcoast of the Anaheim Bay entrance. The CoSdho&line projections and flood mapping are

based on an initial shoreline mapped from a 20 1 LIDAR data set which represents a post
nourishment condition at Surfside/Sunset Beach where the beach is at its widest. Approximately 2
million cubic yards ere placed immediately south of the Anaheim Bay east jetty in 2009/2010
nourishment. This segment of the study area is subject to significant variation over a typical
nourishment cycle as illustrated Figure2-7 and Figure2-8. Since the CoSMoS modeling of future
shoreline position and flooding was applied to a nourished beach the resderestimate the
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potential for erosion and flooding of the Surfside Community in all SLR scenarios, especially the higher
scenarios of 3.3 to 6.6 feet.

East Beach

LGiQa dzyOSNIIFAY GKS RSAINBS (2 6KAOK G KSvitidsyahk |j dzS 6 @
east beach are reflected in the CoSMoS results. Since the flooding was evaluated based on one
RAYSyaAz2ylt GNIXyasSota AdQa dzyf A |Sedia2wks& ol @S | YL
incorporated into the flood modeling. This would result in an underestimate of the potential for

flooding under each SLR scenario.

The winter dike constructed annually along east beach does not appear in the CoSMal®leiggttion
model (DEM). Therefore, we assume this feature was not reflected in theliomensional transect
modeling used to predict future flooding. If the modeling effort did not include the winter dike the
results would provide a conservative estimatiethe extent of flooding due to wave runup and
overtopping of the beach berm.

Sediment management activities such as backpassing and nourishment provide an artificial source of
aryR G2 Srad o0SFOK ¢gKAOK ¢2dzZ R sdibeinesdzérgreriScted idzi dzNBE &
the CoSMo& OAST shoreline projections since the model includes historic shoreline trends that were
influenced by these sediment management activities.

San Gabriel RiverlLos Cerritos Wetlands Anaheim Bay

The majority oflooding predicted by CoSMoS appears to be from tidally influenced water bodies such

as the San Gabriel River, Los Cerritos Wetlands and Anaheim Bay. Since the CoSMoS model does not

model extreme fluvial events the flooding appears to be a result ofrStdtribination with high ocean

water levels. However, the hydraulic connection (i.e. flood path) from these water bodies is not well
RSTAYSR 2NJ RSAONAROGSR Ay GKS /2{a2{ RF{I® LiQa dzy
as levees, berms amalls were accounted for in the flood modeling. The DEM resolution used in the

CoSMoS model may not adequately resolve the elevation of narrow features such as levees or flood

walls. If a hydraulic connection does exist the amount of flooding is oftétedrby the volume of water

conveyed through a particular connection over a period of time (i.e. high tide).

DA@PSY (GKS @FNAR2dza AyftlyR 4FGSNJO02RASa yR LROISY(A
difficult to diagnose the source of predictéidoding and what could be done to mitigate flooding form
the CoSMoS results alone. A more detailed-foitysed analysis would be required to identify any

potential hydraulic connections that exist and evaluate the potential for flooding under each SLR
s@nario.
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5. Vulnerability Assessment

5.1 Coastal Development

Shortterm Vulnerability

Coastal development within the City of Seal Beaa$ a low vulnerabilitjo non-stormflood hazards
undershortterm SLRrojections Non-storm flood projections under a 1.6ft SLR scenario do not
approach any areas of the Seal Beach waterfror§unfside community, resulting in minimal hazard
exposure for these resources. Despite minimal direct exposure to tidal flood hazards, coastal
developmen east of the Seal Beach Municipal Pier and within Surfside can still be considered sensitive
to shortterm SLRhazardprojections due tdhe ongoing sand management practices within these areas.
Even small reductions in beach width may alter these prastiad lead to potentially undesirable
outcomes, such as a loss of aesthetic value if winter berms are pushed further inland.

Coastal development is projected to be much more vulnerable to flooding duif@-gear storm

event under shorterm SLR scenas. While storm flood hazard projections under current conditions do
not overlap with any coastal development arepsjections under a 1.6ft SLR scenario cover a large,
low-lyingareaimmediately south of the Pacific Coast Highway stretching from theSaaniel River to
Anaheim BayfFlooding within this inland area appears to stem from Anaheim Bay and the San Gabriel
River rather than directly from the coa8torm flood projections under this shei¢rm scenario also
extend inland from Anaheim Bay atgleastern and western ends of the Surfside commuwis/noted

in Section4.4.4 flood potential for development at the western end of Surfsiday be underestimated
due to changes in shoreline width following nourishment events.

Though the shorterm hazard exposure of coastal development is limited to temporary flooding during
extreme storm eventsthese hazards are still of concern due to the high sensitivity ofteffeareas. If
flood mitigation measures are not in place, even minor flooding of the densely developed coastal areas
within the Seal Beach waterfront and Surfside community can lead to extensive structural damages.
While hazard sensitivity is high withimese areas, overall shetérm SLR hazard vulnerability is
mitigated somewhat by potential adaptive capaclynumber of reliable options exist to mitigate
temporary, stormdriven flood hazardprojected under shorterm SLR scenarios given that flood

depths are <1 foot in the majority of affected areas. Potential adaptation measucksik both wet

and dry floodproofing of threatened structureas well asncremental improvements to existing flood
protection mechanisms. Such measures can typicallynipgemented more efficiently and at a lower

cost than measures designed to address recurremt-storm flooding orwidespreadflooding at depths
exceeding 5 feet as projected under extreme SLR scenarios

Longterm Vulnerability

Coastal developmemithin Seal Beach is vulnerable to lostgrm SLR hazard projections under multiple
scenariosSpecific impact projections including number of structures impacted and total estimated
damages can be found in Secti®d. Significant hazard exposure is projectedrion-storm conditions

under 3.3ft, 4.9ft, and 6.6ft SLR scenarldader the 3.3ft SLR scenario tidal flood projections become
widespreadwithin the lowlying area south of the Pacific Coast Highway, covering an area similar to that
seen for 108year storm conditions under a 1.6ft SLR scen&tastormflood projections under a 4.9ft
SLR scenario show further floodiimgcoastal areas bateen 4" and 7" Street andn areasinlandof the
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Pacific Coast Highwaincluding the entirety of Leisure World and portions of the commercial area along
Westminster BoulevardBeachfront property is also more exposed to flood hazards under this scenario
with areas along the eastern and western portions of the Seal Beach waterfront and Surfside community
projected to experience recurrent tidal flooding. This is of particular concern in the eastern portion of
Surfside, wherashoreline projections shownly a small amount ahtact sandy beaclarea While not

shown specifically in CoSMoS hazard projections, this may also be the case along the entirety of the
Surfside shoreline in the absence of a recent nourishment eWtstorm flood projections under a

6.6ft SLR scenario extend acrdiss entirety of beachfront property east of the Seal Beach Municipal

Pier and within the Surfside community, covering the majority of development south of the Pacific Coast
Highway Incremental increases in inland floodtents are also seen under this scenario.

100yearstorm flood projectionshow widespread flooding of coastal developmanter less extreme

SLR scenarios. In addition to areas immediately south of the Pacific Coast Highway, storm flood
projections under 8.3ft SLR scenario cover significant portionglaind areas antdeachfront property

within the City, includinghe entirety of Leisure World anareas at the far western portion of the Seal
Beach waterfront. Storm flood projections become more extensiite 4.9ft SLR, covering almost the
entirety of development bordered by Mainrget and the Pacific Coast Highway well asll beachfront
property within SurfsideFlood projections under this scenario also extend further into the Westminster
Boulevardcommercial areaStorm flood projections increase incrementally across all areas with 6.6ft
SLR, notably within the Surfside community and eastern Seal Beach waterfront where flooding from the
coastlinejoins flooding from surrounding baypser large areas

Coastal development is highly sensitive to flood hazards projected undetdamgSLR scenarios. While
it is possible folimited structuraldamage due to temporary inundatido be repaired in a reasonable
timeframe, the recurrentand widespreadhon-stormflooding projected under 318 4.9ft, and 6.6ft SLR
scenarios will likely prevent use of these areas due to ongoing damages and frequent loss df aoccess
adaptation measures are implementesitorm flood hazard sensitivity also increases wbensidering
longterm SLR scenarios due to the expanded area and increased severity of flood projections, especially
within the Surfside community and beachfront areAdaptive capacity is also diminished when
considering longerm flood projections. Man traditional flood mitigation practices such as structural
elevation or retrofitting are not designed ftine frequent inundation eventsr potential undermining

from shoreline erosioprojected under longerm SLR scenaripand there are limited unoccigd areas

at higher relief in the immediate vicinity of existing coastal developnfi@ntise in alternative
adaptationstrategies

5.2 Utilities Infrastructure

Shortterm Vulnerability

Water and energy infrastructure within the City of Seal Beach is projéctexperience minimal hazard
exposure fomon-storm conditions under shorterm SLR scenarios. The outilities resource exposed

to non-stormflood hazards undea 1.6ft SLRcenario is the Aquatic Park lift statidtiazard exposure
increases substantilg when considering 109ear storm conditions under shetérm SLR scenarios.

Storm flood projections under a 1.6ft SLR scenario cover a number of water infrastructure resources in
the area south of the Pacific Coast Highway. Affected resources irttled& Street Lift Station, Pump
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Station 35, the West End Pump Station, and a number of storm drains and catchment basins along the
eastern end of Electric Avenue Median Park.

Pump and lif stations have the greatest sensitivity to SLR hazards among thiesitiesources exposed

under shortterm SLR scenarios. The Aquatic Park lift station has the greatest degree of sensitivity due to
the potential for recurrennon-storm flooding with 1.6ft SLR, which could severdisruptthe

functioning of the statioron a regular basis. Other utilities infrastructure exposed to stdriven

flooding is less sensitive to shadrm SLR hazardStructural damage to pump and lift stations may

occur, but the temporary nature of flooding limits damage potential and prevagportunities for

repair following extreme storm events. Storm flooding may also reduce the functionality of stormwater
infrastructure, potentially causing upstream flooding if elevated water ss@hcide with a major rain

event, though once again tee impacts would be temporary.

Though complex, water infrastructure has a relatively high adaptive capacity when considering
projected shoriterm SLR hazards, helping to maintain low overall vulnerability. Elevation ofsrala|
utilities infrastructureis more feasible than larger residential or commercial infrastructure due to the

lack of large engineered structures and reduced need for access. Utilities infrastructure within projected
storm flood areas under a 1.6ft SLR scenario could likely empkogitioither similastrategies to

address temporary flood issues, though infrastructure subjecioie-storm flooding such as the Aquatic
Park lift station may require additional adaptation measures.

Longterm Vulnerability

The SLR hazard vulnerability difities infrastructure increases substantially when consideringHong
term SLR scenariodonstormflood projections under a 3.3ft SLR scenario cover much of the water
infrastructuresouth of the Pacific Coast Highway, including all pump and lift stagiorept those
located on the Municipal Pier and'&treet. Inland water infrastructure within Leisure World and
surrounding areas is projected to become impactedbg-storm flooding with 4.9ft SLR, with flood
extents also approaching the City electnibstation.Non-stormflood projections increase
incrementally with 6.6ft SLRyjith additional flood areagncompassing the'8Street pump station and
the entirety of the electric substation.

Utilities infrastructureexposure to storm flooding occurs at lower letggm SLR thresholds. Storm flood
projections with 3.3ft SLR cover all lift and pump stations with the exception of the Municipal Pier pump
station. Upland water infrastructure within Leisure Woiilslalso inpacted under this scenari&torm

flood projections with 4.9ft SLR additionally cover the electric substalimmemental increases in flood
projections with 6.6ft SLR do not extend over any additional major utilities infrastructure but will result
in more frequent and more severe overall storm flood conditions in previously affected areas.

Utilities infrastructure can also be considered more sensitive to-teng SLR hazards due to the
widespread nature ofion-stormflooding. Water and electrical infrasicture may be able to
accommodate and recover frofacalized jnfrequent structural damage or system disruption due to
temporary flooding during extreme storm events, but it is unlikely that systems will remain functional if
a large portion of utilitiesgsources become subject to recurringn-storminundation, especially
consideringhon-stormflood projections under 4.9ft and 6.6ft SLR scenarios. Storm flood projections
under a 3.3ft SLR scenario are also likely to cause significant impacts to iiliiegucture due to the
city-wide nature of floodingAny inundatiorof the electric substation, whether storuriven ornon-
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storm related is also likely to result impacts to the facility itself andisruption of critical services
throughout the City

The adaptive capacity of water and electric infrastructure is mdacedfor longterm SLR hazard
projections. While localized adaptation measures may be feasibén addressinghort-term SLR flood
hazards|ongterm adaptation measures magquire nore extensiveprotection,redesign or relocation
of utilities resources due to the extent and magnitudenoh-storm and stormdriven flood projections.

5.3 Public &fety Facilities

Shortterm Vulnerability

Publicsafety facilitieswithin the City of Seald&ch including fire stations, lifeguard stations, and the
City Community Safety Buildiriggve minimal vulnerability to shorterm SLR hazards due to a lack of
exposure. No majoradety facilityinfrastructure is projected to be impacted by eith@wn-storm or
storm-driven flood hazards under a 1.6ft SLR scenario.

Longterm Vulnerability

The longterm SLR hazard vulnerability of publidety facilitiess also limited due to relatively low

hazard exposure. The only structures impacted unaerstorm conditions are the Community Safety
Building and Lifeguard Headquarters with 6.6ft SLR. These same structuvatharel 00year storm

flood projections under a 3.3ft SLR scenario. No additional pusktysfacilities argrojected to be
impacted with4.9ft SLR, while 6.6ft SLR storm flood projections include Fire Station 48 in the northern
portion of the Cityln addition to direct exposure to flood hazards, the effectiveness of public safety
initiatives within the City will likely be reduced as floddeansportation infrastructure surrounding
facilities leads to increased response times.

The Community Safety Building and Lifeguard Headquaaterfkely to experience the greatest impacts
among public afety facilities Non-storm flood conditions agrojected under a 6.6ft SLR scenario would
likely result in repeatedtructuraldamage andevere disruption of use. Storm flood projections also
pose a significant risk under lotgrm SLR scenarios. Storm flooding pramaswith 3.3ft SLRhow
potential inundation of both facilities, and any impacts seen under this scenallibecome more
common under 4.9ft and 6.6ft SLR scenarios. Though stelated flooding is temporary in nature,

even infrequent damage to these structures cordduce emergencyasponse capacity andad to
significant impacts to public use and safety of surrounding recreational areas including beaches.

Longterm adaptive capacity remains high for these resour@eaditionalflood mitigation actions such

as wet or dry floodproofig remain as options to address temporary, stedriven flooding as projected
under a 3.3ft SLR scenario. In the event that such measures are no longer sufficient to address coastal
hazards under more extreme SLR scenarios, available land at higheexistefimmediately landward

for potential relocation or realignment of resources.

5.4  Transportation Infrastructure

Shortterm Vulnerability
Transportation infrastructure within the City of Seal Beach is potentially vulnerable to projected storm
flood conditions under shoiterm SLR scenarios. No major transportation resources are exposed to

hadh¥ a1



projected flood hazards faron-storm conditions unde a 1.6ft SLR scenario. Storm flood projections
under a 1.6ft SLR scenario cover several critical transportation routes, including select segments of the
Pacific Coast Highway, Seal Beach Boulevard, and Marina Drive. A number of local roads south of the
Pacific Coast Highway and north of Electric Avenue are also projected to experience flooding during
extreme storm events with 1.6ft SLR.

Though shorterm SLR hazard exposure is limited to temporary flooding during extreme storm

conditions, major transportabn infrastructure remains sensitive to projected hazards. While roads are
generally resistant to structural damage during sherm inundation as projected under a 1.6ft SLR
scenario, the disruption of major regional transportation corridors such a®#uwific Coast Highway and

Seal Beach Boulevard, even on a limited basis, has the potential to impact critical services throughout
the City and surrounding areas. This sensitivity is compounded by the likely need for emergency services
in waterfront areas dring major storm events when flooding will be most severe.

Adaptive capacity of transportation infrastructure is generally high when considering localized,
temporary inundation during extreme storm events. Elevation, protection, or floodproofing ofatritic
access routes can typically be employed to address these hazards without the need for significant
reconfiguration of transportation resources.

Longterm Vulnerability

Transportation infrastructure is significantly more vulnerable to flood hazards pesiemder long

term SLR scenariodonstormflood projections under a 3.3ft SLR scenario cover large segments of the
Pacific Coast Highway, Marina Drive, and Seal Beach Boulevard within coastal areas. Under a 4.9t SLR
scenarionon-stormflood projectionsextend continuously across the majority of local roads south of the
Pacific Coast Highway and west of Seal Beach Boulénkmadportions of Seal Beach Boulevard and
Westminster Boulevard are also impacted under this scenario. The incremental inareasesiorm

flood projections under a 6.6ft SLR scenario does not impact any additional major transportation
resources, buhon-storm flooding projectedunder previous scenarios will become more frequent and
severe

Storm flood projections result in similexposure but at less extreme SLR scenarios. Flood projections
under a 3.3ft SLR scenario cover the majority of the Pacific Coast Highway west of Seal Beach Boulevard,
extend continuously across local roads south of the Highway, and extend across larg sggments

of Seal Beach Boulevard and Westminster Boulevard. Storm flood projections under a 4.9ft SLR scenario
extend further along local roads north and south of the Pacific Coast Highway and along Westminster
Boulevard east of Seal Beach Boulevardimilar, incremental increase in flood extents is seen under a

6.6ft SLR scenario.

Along with increased exposure, transportation infrastructure is more sensitive to the types of hazards
projected under longerm SLR scenarios. Extensive structural danmgere likely if transportation
infrastructure is subject to repeatatbn-storm inundation, and frequent disruptions of use witmon-
stormflood areas is likely to significantly reduce the utility of any affected resow¢ielespread

inundation duringextreme storm events as projected under 3.3ft and greater SLR scenarios is also likely
to significantly disruptransportation patterns throughout the Ciggnd surrounding areasntil

floodwaters subside.
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The adaptive capacity of transportatiagmfrastructure is also diminished for lostgrm SLR hazard
projections Mitigation beyond localized measures for critical infrastructure will likely be necessary to
address the extensive nature nbn-storm and storm flood projections undex 3.3ft SLR soario. The
city-wide extent ofnon-storm flood projections under SLR scenarios greater than 3.3ft also presents a
significant challenge for adaptation, likely requiring significant redesign or realignment of transportation
resources throughout the City.

5.5 Castal Access and Recreation

Shortterm Vulnerability

A number of coastal access and recreation resources are vulnerable to projectedesho&LR
hazardsNon-stormflood projections under a 1.6ft SLR scenario show shoreline retreat of approximately
40ft along the Seal Beach waterfrodpproximately 100fof shoreline retreat is projectedithin the

Surfside communitynder this scenario. Storm flood projections under a 1.6ft SLR scenario cover
multiple coastal access points and park areas at the westedof the Seal Beach waterfront, including

the San Gabriel River Greenbelt and Windsurf Park. Storm flood projections extend further inland under
this scenario, approaching the current location of seasonal sand berm construction along the eastern
portion of the Seal Beach waterfront and Surfside community.

The eastern portion of the Seal Beach waterfront and Surfside community are highly sensitive to any
loss of beach area due twntinual erosion of the shoreline at these locations. Any loss of bead¢h wid

in these areas has the potential to disrupt ongoing seasonal sand management praetiessary to
maintain current beach widthncluding sand berm construction. Loss of beach width and higher water
levels will also likely require higher berms placéaser to existing development to mitigate storm flood
damage, potentially reducing the recreational and aesthetic value of beach areas while the berm is in
place.Additional storm flood projections are also likely to increase the severity of episodio®ros
events.

Adaptive capacity for coastal access and recreation resources is highest in the westerngfdtimn

Seal Beach waterfront where beach width and sediment supply are greatest. This area will likely be able
to accommodate shorterm shoreline etreat due to SLR, thoughdreased storm flood hazard

mitigation measures may be required to prevent damage to coastal parks in the area. Adaptive capacity
is limited along the eastern portion of the Seal Beach waterfront and the Surfside communitghlofea
these areashe narrower sandy beach is backed by coastal development, preventing landward

migration of beach areas over time with increased SLR and erosion.

Longterm Vulnerability

Coastal access and recreation resources within the City of Sedl Beahkighly vulnerable to projected
longterm SLR hazard8.more detailed discussion of the potential economic impacts of beach loss
within the City can be found in Sectiér2. Non-storm flood projections under a 3.3ft SLR scenario show
substantial shoreline retreatoveringhe 1% Street coastal accegmint and surrounding coastal parks.

In the eastern portion of the Seal Beach waterfront these projections cover approximately half of the
current beach width at the narrowest locations, bordering existing sand berm placement loc&tmms.
stormflood projectionsunder a 3.3ft SLR scenadfsoextend beyond current sand berm placement in
the eastern portion of the Surfside communigndingapproximately 100ft from existing development.
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Storm flood projections with 3.3ft SLR extend across the majority of coastal access points withig the Cit
including Municipal Pier parking facilities and the eastern beach promenade.

Non-storm flood projections with 4.9ft SLR extend beyond current sand berm placement locations in the
eastern Seal Beach waterfront, approaching parking areas and leaving inieimaning beach width at
select locations. Beach area in the far eastern portiorSwfside is eliminated entirely under these

hazard projections. Storm flood projections with 4.9ft SLR extend further inland along the western Seal
Beach waterfront andover almost the entirety of the eastern waterfront, inundating all but two coastal
access points. Storm flood projecticingrease incrementally within the Surfside community under this
scenario, extending beyond current sand berm placement across apmatety half of the shoreline.

Non-storm flood projections under a 6.6ft SLR scenario extietigt across portions of the eastern Seal
Beach waterfront, dividing the current beach into two small, isolated areas and inundating all eastern
coastal access pdm Non-storm flood projections also leave minimal beach width in areas surrounding
the Municipal Pier and fully inundate Pier parking facilit®sach areas are also eliminated entirely
across significant portions of the Surfside community. Storm fleoptions under this scenario show
marginal increases oveon-stormflood projections with the exception of the western Seal Beach
waterfront, where flooding extends inland from the San Gabriel River.

Coastal access and recreation resources remain higinlgitive to these hazard projections. The

extensive shoreline retreat seen in lot&rm hazard projections is likely to significantly reduce or
eliminate the utility of sandy beach areas within the eastern Seal Beach waterfront and eastern portions
of Sufside. The SLR hazard sensitivity of these areas is again compounded by potential disruption of
sand management practices needed to maintain beach width under current conditisaof the

southern portions of the San Gabriel River Greenbelt, Windsulki, Bad ' street parking facilities is

also likely to be significantly disrupted due to repeated tidal inundation with 3.3ft or greater SLR. Other
coastal access points and Municipal Pier Parking facilities may be unavailable for extended period
following flooding duringmajor storm events with 3.3ft SLR, or on a more frequent basis doerto
stormflood projections under more extreme SLR scenarios.

Adaptive capacity is once again limited due to the presence of coastal development immediately
landward ofbeach areaswithout room for landward migration, additional sand placement measures or
other similar actions will likely be needed to maintasablebeach width in areas surrounding the
Municipal Pier, the eastern Seal Beach waterfront, and the Surésidenunity under 3.3ft and greater
SLR scenarios. Adaptive capacity for coastal parking faciliti|e®e bythe presence of open space
landward of these resources and the relative ease of elevation or relocation due to the lack of large
structures.

5.6 SeaBeach Municipal Pier

Like many timber piers along the coast of California, the Seal Beach Municipal Pier experienced
significant damage during the severe winter storm events of 1983. Duseges of large wave events
at the end oflJanuary 183 a~300foot segmentof the piercollapsed adjacent to the concrete groin
Several months later, during another large swell event in March J®8&3uchlonger ~700 foosegment
pier collapsedeaving only the base of the pier and the outer end of the pier standthgtographs of
the pier after these events aghownin Figureb-1. Thelarge wave heightdpng wave period$§20-25

D .



secondsind westerly directionvere factors in thextremely large waves impacting the Seal Beach

area. The sequence of extreme storms during this season resulted in severe beach erosion and coastal
flooding in addition to pier damagd@he middle segment of the pier washailt in 1985 with a deck

elevaion of 26 feet, MLLW (25.8 ft NAVD), three feet higher than the outer segment of the pier which
remains at a deck elevation of 23 feet, MLLW (22.8 ft, NAVD).

March 1983

Figure5-1: Damage to Seal Beach MuniciparRIuring the winter of 1983.

Water levels and awve heights from CoSMoS were used to evaluate the exposure &i¢héo damage
from large wave events in combination with sea level ri$® pier is considered to hellnerable to

storm damage when the maximum wave crest elevation reaches the deck elevation. Most timber pier
structures are sensitive to the dynamic loads resulting from a wave crest impacting the pier deck
structure.Major damage experienced during ti883 events was attributed to the combination of
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wave cress exceeding the pier deck, scour at the sea bed, excessive-wdueed forces on
deteriorated piles, and debris from broken piles impacting other piles.

Shortterm Vulnerability

For purposes dhis analysis the significant wave heidium the CoSMoS 10¢@ear eventwasused to
calculate anaximum wavecrest elevatiorprofile for each SLR scenaribhe wave crest elevation
profiles (solid lines) and water level profiles (dashed lines) are provideidume5-2 in relation to the
existing pier deck elevation. Thestdts indicate tht the vulnerability of the pier deck increases
substantially for SLR scenarios of 3.3 feet and higher. However, due to the factors describedhaelow
pier structurewould likelybe vulnerable to significant damage an extreme event wh any amount of
SLR

One factor not reflected in the CoSMoS wave heights is the amplification of wave height that occurs
when an incident wave combines with a reflected wave (off of the Anaheim Bay west jetty) in the
vicinity of the Pier. This amplifiagah typically occurs in the surf zone which could explain why the outer
segment of the pier survived the storms of 1983, but the middle segment experienced complete failure.

The significant wave height for the CoSMoS-1€ér eveni(~1012 feet) near theSeal Beach Municipal

Pieris smaller than estimated in prior studid®ior studies (USACE, 2002 and M&N, 1984) indicate a
wave height of 10 feet is more representative of-gehr to 5year return periodThe offshore wave
parameters used in the CoSMo®dael may be representative of a 1:9@ar event for the greater

southern California region but not for Seal Beach. The local wave exposure of Seal Beach is sensitive to
the wave period and direction which is why the 1983 events were so problematic.

The Coat of California Storm and Tidal Waves Study (CCSTWS) for Orange County (USACE, 2002)
estimated the 106year wave height in Seal Beach todimut 18 feet (USACE, 2002). A prior study on
coastal hazards in Seal Beach by Moffatt & Nichol (M&N, 1984) estintla¢ 100year breaking wave
height to beabout27 feet.Based on these larger wave heights, the pier would be vulnerable to an
extreme storm todayespecially if the event caiided with a high water level

Longterm Vulnerability

This analysis indicatdisat any amount of SLR will increase the potential for damage during an extreme
event. Assuming the CoSMoS wave heights are representative-6fyadr return period the higher SLR
scenarios of 3.3 to 6.6 feet will significantly increase the frequenashath wave crest elevations

exceed the pier deck. Two complicating factors that will also increase the vulnerability of the pier are
long-term shoreline erosion which will shift the hazards further landward and the deterioration of the
pier structure whib could reduce the capacity of the structure to withstand additional wave impact
forces.
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5.7 Environmental Resources

Shortterm Vulnerability

The Seal Bead\ational Wildlife Refugis potentially vulnerable to shoterm SLR hazards, while the
Los Cerritos Wetlands have limitsdort-term vulnerabilitydue to a lack of hazard exposuion-storm
flood projections under a 1.6ft SLR scenario extend inland in the areas surrounding the Seal Beach
National Wildlife Refuge, while no additional flooding is projected within the Los Cerritos Wetlands.
Storm flood projections under a 1.6ft SLR scenaricame significantly in the region surrounding the
Seal Beach National Wildlife Refugéood projections are once again absent from the Los Cerritos
Wetlands under this scenario.

Despite some degree of hazard exposure within the Seal Beach National \RR&dliige, overall hazard
vulnerabilityis mitigated by potentiahdaptive capacity. Though wetlands are largely resistant to
temporary inundation hazards, coastal wetlands can be sensitive to consistently elexatatbrm

water levels if landward retreair sediment accretion is prevented or inhibited. The ample open space
landward of wetland areas within the Refuge reduces this concern when considering projected short
term SLR hazardgotentially allowingcurrent coastal wetlands to migrate to higher gra over time It
should be noted that this potential adaptive capacity is highly dependent on a number of dynamic
processes including rates of SLR, coastal sediment accretion, and the ability of wetland species to
colonize new areas, and as such may regjangoing monitoring efforts to ensure preservation of
ecological functions.

Longterm Vulnerability

Coastal wetlands are more vulnerable to flood hazards projected undeitésnmgSLR scenariosorn-
stormflood projections increase significantly withimet Seal Beach National Wildlife Refuge under a
3.3ft SLR scenario, extending more than 8fohland from current Refuge boundaries in select
locations.Non-storm flood projections under a 4.9ft SLR scenaritend further inland within the Seal
Beach Ndonal Wildlife Refuge andlso encompass the entirety of the Los Cerritos Wetlands area.
Incremental increases mon-storm flood projections are seen in each area with 6.6ft SLR.

Storm floodprojections under a 3.3ft SLR scenario cover almost the entirety dfdheCerritos
Wetlands and extend approximately 1000ft further inland than the 1.6ft SLR scenario in the areas
surrounding the Seal Beach National Wildlife Refuge. Incremental incri@astesm flood projections
are seen in each area under 4.9ft and 6.6ft SLR scenarios.

Longterm increases in tidal elevations pose the greatest threat to coastal wetlands within the City of
Seal Beach. The large increasaan-storm flood projections wihin the Seal Beach National Wildlife
Refuge with 3.3ft SLiras the potential to significantly alter the structure and function of wetlands in the
surrounding area, particularly if the inland migration of tidal floodwaters exceeds the landward
migration rake of wetland areas. Despite increaseah-storm flood projectionsadaptive capacityor
these resourcess still presentas available space remains inland of current wetland areas within the
Refuge even under extreme SLR scena@iser strategies suchs thinlayer sediment placement may
also mitigate SLR impadig gradually elevating wetland areas as SLR incredked.os Cerritos
wetlands are generally more sensitive to letegm SLR hazards due tooavier of adaptive capacity.
Non-storm flood projections under a 4.9ft SLR scenario become a major concern for the Los Cerritos
wetlands where, unlike the Seal Beach National Wildlife Refuge, limited open space is available to



facilitate landward migrationThe potential for loss of these coastal wetlaar@as is further
exacerbated under a 6.6ft SLR scenario.
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6. Economic Impacts of SLR

6.1 Structural Damages

Potentialstructuraldamagedo coastal structures within the City of Seal Beaot based on depth
damage relationships established through the USACE North Atlantic Coast Comprehensive Study
(NACCSThese deptidamage relationshipare specificallydesigned to better capture damage due to
coastal storms as opposed to riverine floogl{(U.S. Army Corps of Engineers, 2015he USACE
functions provide estimates of minimum, most likely, and maximum damaggsiictures as a
percentage of total structure value.

For the purposes of this analysis damage estimttesughout the Cityare based omnundation depth
damage relationships fdAdSACE Prototy B Two Story Residence, No Basem@figure6-1). Damage
estimateswere determined foreach land parcel using flood depths framojectednon-storm and 100-
year stormconditions under each SLR scenafiercent damages estimates were trartgthinto dollar
values using the current median Zillow Home Value Index for the City of Seal Beach. Results of this
analysis are summarized in

Table6-1 and Table6-2. These estimates are not intended to be exact measurements of damage to
structures within the citydue to SLR hazartisit are instead meant to provide infortion on the
relative scale of potential damagmder various SLR scenartosnform adaptation planning initiatives.

5B: Two Story Residence, No Basement Table 67. Prototype 5B: Two-Story
Inundation Damage — Structure Residence, No Basement, Inundation
Damage — Structure .
100 Flood Min Most Max |

90 Depth Likely

23 %0 20 0 0 0
s 8 70

=2 - 1.0 0 0 2
a3 50 - 0.5 0 1 3
S35 40 0.0 0 5 8
Sn 30 0.5 5 10 10
fg 1.0 9 15 20
= - 2.0 15 20 25
-2-101 23 45678 910 3.0 20 25 30
Flood Depth (ft) Relative to FFE 5.0 25 30 40
K A, - 7.0 40 50 55
-l R s bl S Y] 50 60 70

Figure 86. Prototype Story Residence,
No Basement, Inundation Damage — Structure

Figure6-1: NACCS inundation depdlamage values for Prototype 5B: Two Story Resid®&twBasement.
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Table6-1. Potential structural damage due tmn-storm SLR hazards under multiple scenarios
Damages ($)

SLR (ft) Conditions Parcels Impacted
Minimum Most Likely Maximum
1.6 Non-Storm 0 0 0 0
3.3 NonStorm 800 81,000000 | 122,000,000| 148000,000
4.9 NonStorm 1350 | 181000,000| 251000,000{ 313000,000
6.6 Non-Storm 1900 | 321,000,000| 425,000,000{ 526,000,000

Table6-2: Potential structural damage due i®0-year stormSLR hazards under multiple scenarios

Damages ($)

SLR (ft) Conditions Parcels Impacted
Minimum Most Likely Maximum
1.6 100-Year Storm 850 75,000,000 119,000,000 146,000,000
3.3 100-Year Storm 1450| 167,000,000, 241,000,000 296,000,000
4.9 100-Year Storm 1900| 314,000,000 417,000,000 519,000,000
6.6 100-Year Storm 2000| 487,000,000, 617,000,000, 738,000,000

Inundation damage estimates fapn-storm conditions reflect SLR exposure thresholds seen in hazard
analysesNo parcels were impacted under nastorm conditions for the 1.6ft SLR scenario, but likely
damages under a 3.3ft SLR scenario exceed $120 milliorstiion flood damage projections grow

steadily under more extreme SLR scenarios, with likely damages exceeding $250 million for a 4.9ft SLR
scenario and $420 million for a 6.6ft SLR scenario. Storm flood damage projections follow a similar trend
but occur at less extreme SLR scenarios, regcgaproximately$118 with 1.6ft SLR, $240 million with

3.3ft SLR, and $416 million with 4.9ft SLR. Likely storm damage projections increase substantially under
a 6.6ft SLR scenario, exceeding $600 millRefer to the maps in Appendix A for the CoSMo&iflo

zones predicted for each scenario.

6.2 NonMarket Value Loss

Non-market value refers to those goods and services that cannot be directly measured through a market
price when bought or sold. The nanmarket value of coastal resources is defined in terms ofeation

value and ecosystem services such as water quality improvements in wetlands or the provision of
ecological diversity within coral reefs. Namarket values loss within the City of Seal Beach is likely due

to projected significant losses of sandyalbl area along the Seal Beach waterfront and Surfside
community as SLR increases.
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Beaches provide nemarket value in a number of ways including recreation and storm buffering
capacity(California Department of Boating and Waterways, 20Thgse values can be quantified in
terms of willingness to pay, or the amount that an individual consumer would be willing to certsiem
good or use the associategrvice(Raheem et al., 2009on-market beach value can be broken down
further in terms of use. Direct use value consists of activities such as fishing or btratirect use
refers to benefits such as shoreline protection or groundwater discharge, ands®malues include
cultural or existence values that do not rely on use or proximity to beaches.

Determination and quantification of nemarket values associatedith beaches remains challenging

due to the inherent variability between locations. U.S. EPA estimates of the economic value of coastal
ecosystems are used in this analysis to defieachvalue loss in a spatially explicit manner. U.S. EPA
economic valuestimates are based on a comprehensive review of past studies by economists,
conservation biologists, and California Ocean Protection Council staff to provide netdiesnt

ecosystem service values for the California coastline. The study consideregDaatiegories of

ecosystem services in total and provides quantitative estimates of erosion regulation, recreation and
ecotourism, and cultural heritage values associated with beach ecosysieaiie§-3).

Table6-3: Nonmarket values of California beach ecosystems in 2008 U.S. dollars (Raheem et al., 2009)

Non-Market Service Category Service Flow Per Acre Per Ye
Recreation and Ecotourism 16,946
Erosion Regulation 31,131
Cultural Heritage Values 27

Total Value 48,104

The City of Seal Beachntains approximatel$7 acres of sandy beach area, resulting in a total annual
service flowof approximately $,872,000based on EPA nemarket service valuations and adjustments

to 2018 dollars using Consumer Price Index values. Sea level rise is projected to significantly reduce this
sandy beach areaver time Estimates of beach lodsased on CoSMoS shoreline projec§amder a no
hold-the-line, nonourishment scenario along with resulting loss in service flow perategpresented

in Table6-4.

Table6-4: SLR impacts on nanarket values foCity beach areas (2018 $US)

SLR Scenario Loss of Beach Arg@cres) Service Flow.ossPer Year
oft 0 0

1.6 8.8 492,800
3.3t 18.8 1,052,800
4.9t 28.5 1,596,000
6.6ft 38.3 2,144,800
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7. Environmental Justice

Environmental justice components of future SLR hazards were evaluated us@l#8ocial

Vulnerability IndeXSOV), published by the U.S. Center for Disease Co(@bIC)and the results of
CalEnviroScreen 3.0, an @wmental health screening tool developed by the California Environmental
Protection Agency (CalEPA) and the Office of Environmental Health Hazard Assessment. (OBHHA)
SOVI programses 15 socioeconomic and demographic factors at the census tract level to identify
socially vulnerable areas whepepulations may be more adversely impacted during disaster events.
These variables are organized around four themes: socioeconomic dtatusghold composition and
disability, minority status and language, and housing and transportation. Analyses presented within this
study are based on summary variables for each theme, generated through percentile rah&awi
variable forall census trets within the state of California. Percentile ranking values range from O to 1,
with higher values indicating greater vulnerability.

CalEnviroscreen dataasso available at the census tract level. Pollution burden within each census tract
is characteried using a suite of statewide indicatams pollution exposure and environmental effects. In

a similar manner to the SOVI, percentiles are used to assign scores for each indicator in a given
geographic area. Percentile scores are averaged and combineddaqe an overall pollution burden

score for each census tract relative to other tracts within California, scaled with a range of Oatith10

10 representing the highest pollution burdepecific variables included pollution burden scoring and
eachOVIthemeare detailed below.
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7.1 Socioeconomic Status

City of Seal Beach Social Vulnerability

Socioeconomic Status

0 025 05 1 Miles
| Il [ R W |

Figure7-1: CDC SOVI socioeconomic status summary data within the City of Seal Beach.

The socioeconomic status summary variable is based on four fapgrentage of persons living below

the poverty line, percentage of civilians age 16+ that are unemployed, per capita income, and the
percentage of persons age 25+ with no high school dipldfitaufe7-1). Overall socioeconomic

vulnerability is low within the City of Seal Beasiipwn by the lack afensus tracts in the upper half of
percentile rankings. Waterfront areas in the City are among the least vulnerable in térms o
socioeconomic status. Inland portions of the City such as Leisure World and military areas have greater
socioeconomic vulnerability, though again their overall ranking within the state only approaches median
values.
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7.2 Household Composition and Disability

City of Seal Beach Social Vulnerability
Household Composition and Disability
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Figure7-2: CDC SOVI household composition and disability summary data within the City of Seal Beach.

Disaster vulnerability due to household composition and disability is based on the following factors:
percentage of persons aged 65 and older, percentage of persons aged 17 and younger, percentage of
non-institutionalized civilians with a disability, and percentage of single parent households with children
under 18 Figure7-2). Waterfront areas again show low social vulnerability when considering household
composition and disability. Areas inland of the Pacific Coast Highway have the highest vulnerability
based on householdoenposition and disability. Leisure World remains below median values when
considering a combination of all household composition and disability variables but ranks highly in terms
of elderly population. Approximately 77%tbe populationwithin the two census tracts that make up

Leisure World are over the age of 65 according to census estimates, a total of over 6,000 individuals.

Thisconcentrated elderly population Igely to complicate SLR hazard adaptatml disaster response
efforts. Inland floodirg projectedunder longterm SLR scenari@®vers the entirety of Leisure World
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and may require evacuatigprior to major storms or significant response efforts afterwards. Planning
for any such efforts must account for the additional needs and reducedodéjes of elderly
populations.

7.3  Minority Status and Language

City of Seal Beach Social Vulnerability
Minority Status and Language

SOVI

I o Data
B <0.10
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Figure7-3: CDC SOVI minority status and language summary data within the City of Seal Beach.

Vulnerability due to minority status and languagéased on two variables: the percentage of persons

that do not identify as white, noilispanic, and the percentage of persons age 5+ who identify as

ALISI 1T AY 3 9y At ARgkre7e) L8nitel vulnétabiyity daieStd rhirorityostatus and language

is seen within the City of Seal Beach. All census tracts within the City are well below median values. The
highest vulnerability for these factors is seen in areas of Leisure World, though thieetreainsin the

lower third of overall rankings.
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7.4 Housing and Transportation

| City of Seal Beach Social Vulnerability

Housing and Transportation

Figure7-4: CDC SOVI housing and transportation summary data within the City of Seal Beach.

Social vulnerability due to housingdtransportation is based on several factors including the

percentage of housing structures with 10 or more units, the percentage of mobile homes, the
percentage of household with more people than rooms, percentage of houses with no vehicles, and the
percentage of persons in institutionalized group quarteéfgyre7-4). Vulnerability based on these

factors varies throughout the City of Seal Bedtfaterfront areas show i@ vulnerability but several

inland portions of the City show high vulnerability in terms of housing and transport#reas

immediately south of the Pacific Coast Highway and military areas are above median values, while a
large portion of Leisure Worléinks near the upper 10% of census tracts within California.

Flood projectiongover large portionsf the area south of the Pacific Coast Highway and Leisure World
under multiple SLR scenaridhe scale of development, type of development, and lack of vehicle access
each have the potential to hinder disaster response or recovery efforts for populations in these areas.
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Leisure World is again an area of particular concern due the concentratedygiabpulation,
compoundingadditional vulnerability due to housing and transportation resour&tanning for these
factors in future response and adaptation efforts will greatly mitigate the potential impacts to human
health and safety.

7.5 Coastal\ccess

Potential loss of coastal access imajor environmental justice consideration for the City of Seal Beach.
Flood hazard projections under multiple SLR scenarios intbadeand regionaransportation routes,
several coastal access poingd parking facilities along the Seal Beach waterfranailable beach

area is also projected to decline significantly with Sideess points and parking facilities are detailed in
Figure7-5. Specific SLR thresholds and vulnerabilities for these resources are discussed in53&ction

Figure7-5: Coastal access points and parking facilities within the City of Seal Beach.

In the absence of mitigation actions, SLR hazard projections will signifitaptigecoastal access for
both local and regional populations that do not live in themediate vicinity of the waterfronas major
coastal transportation routes such as the Pacific Coast Highway and Seal Beach Boulevard become
unavailable due to flooding hough limited data exists on specific communities that make use of the
coastal resorces within the City, it is highly likely th@tty beaches and access points serve as major
recreational and cultural resources for a broad spectrum of communities within the City and
surrounding areas due to the low cost of parkinghe pier and jettyots compared to other beach
cities as well as available free street parkihgss ofow-costpublic parking facilities at*1Street and

the Municipal Pier isf particular concermgiven their potential as an affordable access point for any
disadvantaged communities in the regjas local street parkingloneis unlikely to fully accommodate
demand during peak beach visitation timéglaptation efforts will also likely be requiréa maintain
current levels of beach use along the eastern portion of the Seal Beach waterfront, where minimal
beach width remains under severe lotegm SLR scenarios. Loss of this area would greatly reduce
available space for public use and could leadegular congestion of western beach areas.



7.6  Environmental Pollution Burden

City of Seal Beach Social Vulnerability
Pollution Burden
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Figure7-6: Environmental pollution burden within the City of Seal Beach per CalEnviroScreen 3.0

Environmental pollution burden incitors included in CalEnviroScreen assessments are divided into
exposure indicators and environmental effects indicat@&gposure indicators include measurements of
ozone, airborne particulate matter, drinking water contaminants, pesticide use, toxaseserom

facilities, and traffic density. Environmental effects indicators include data relating to cleanup sites,
groundwater threats, hazardous waste generators and facilities, impaired water bodies, and stéid was
sites and facilities. When determirgrfinal environmental pollution burden scores for each census tract
environmental effects indicators were given ehalf weight and exposure indicators were fully

weighted.

Overall evironmental wllution burdenis elevated throughout the majority of theil@ of Seal Beach
with the greatest exposure seen within inland portions of the Gilych of the environmental burden
within the City can be attributed to dense traffic patterns, airborne particulate matter, and emissions
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from surrounding industrial falifies, each of which ranks highly when compared to other census tracts.
These additional environmental burdens, particularly in inland areas, should be taken into consideration
when forming future SLR adaptation planning strategies and efforts.
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8. SLR Adaptiam

The following outline of SLR adaptation strategies aslitp objectivegsepresents an initial step in the
development of specific adaptation measures to reduce potential impacts identified in the SLR
Vulnerability Assessment. Listed adaptation strategies antidypobjectivesduild on work done by other
municipalities that a& updating their LCPs and are designed to be compatible with model adaptation
measures included in CCC SLR guidance docuii@aiifornia Coastal Commission, 2015, 201LBted
adaptation strategies andqgticy objectivesre not inended to be exhaustive or fully developed but are
instead designed to be used as a highel SLR adaptation planning framework for future adaptation
measure development, analysis, and evaluation within the City of Seal Beach.

8.1 Adaptation Strategy Overview

Changing coastal hazards due to SLR can be addressed in a number of different ways. Though numerous
adaptation methods are available, individual adaptation measures generally fall into one of three main
categories: protection, accommodation, and retreigure8-1). In a SLR adaptation context protection

refers to those strategies that empldwyard or softengineered measusgto defend existing development

from future SLRédrards without changes to the development itself. Accommodation refers to strategies
that involve modifying existing development or designing new development in a way that reduces the
potential future impacts of SLR. Adaptation strategies centered onaefoeus on measures to relocate

or remove existing development from identified highzard areas while limiting the construction of any

new development in such areas. In practice, SLR adaptation often relies on hybrid approaches that
combine elements fronmultiple categories over different spatial and temporal scales.

Protect:

* Hard protection

* Soft protection/living shorelines

Accommodate: : .
* Protect agricultural barriers for

* Siting and design standards flood protection

* Retrofit existing structures

Hybrid:

¢ Accommodate over short-term,
. relocate over long-term

* Stormwater ma nagement

* Update land use designations and
zoning ordinances

* Redevelopment restrictions
* Permit conditions
Retreat:

* Limit new development in
hazardous areas and areas adjacent
to wetlands, ESHA, other habitats

* Removal of vulnerable development

* Promote preservation and
conservation of open space

Figure8-1: General SLR adaptation strategies and mechani@alffornia Coastal Comssion, 2015)
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For the purposes of this study no individual adaptation strategy or category is to be considered a
OFGSA2NAOFE adaoSade 2LIGA2Y F2NI {[w FRIFILWGIGAZ2Y LI Yy
a variety of adaptation strategsewill be necessary to account for the different hazard vulnerabilities

and coastal resources present at various locations within the City, and that adaptation strategies will

need to be adjusted over time as their relative effectiveness changes.

8.1.1 Protection

Shoreline protection structures such as the San Gabriel Rivees Seal Beach Municipal Pier groin,

and Anaheim Bay jetties have played a key role in the history of the City. As detailed in S&¢tion
these structures greatly influence the sandy beach asdasg the Seal Beach waterfront and Surfside
community. Due to the widespread presence and long history of shoreline protection structures within
the City ofSeal Beaclthe continued maintenance and improvement of shoreline infrastructure will
likelybe an important component of nederm SLR adaptation effts.

Protection strategies provide a means to minimize projected damage and disruption from higher water
levels and wave events associated with low to moderate SLR scenarios. Protection strategies are
generallymost effective at mitigating periodic hazardse toflooding andwave overtopping associated

with storm eventsThese strategies can also be employed to addiesaized higkrisk areas or

reinforce specific points of vulnerability to prevent flooding over a large &esection strategies may

be less effective when consideringefjuentnon-storm flooding projected within lowlying areas of the

City underigh to extreme SLR scenarios, especially in cases where future water levels are projected to
consistentlyexceed current shoreline elevatiorGiven these limitations, protective structures alone are
unlikely to form an effective lorterm adaptation strategy foall highly vulnerable areas if SLR reaches

the upper bounds of current projectionsongterm protection strategiesnay be appropriatéf strategic
reinforcement can reduce widespread flood potential, as is the case for inland portions of Seal Beach
where flooding appears to originate from the San Gabriel River and Anaheim Bay rather than the coast.
Protection strategiesnayalsobe emplg/ed as a potential first step to address current and Aeam

risk while longterm adaptation measures are developed and implemented.

An advantage of employing protection strategies witthia City of Seal Bead$the ability to utilize

existing infrastucture and sand management practicé8oth hard and soft shoreline protection

measures can be employed to enhance and maintain existing shoreline infrastructure within the City of
Seal BeachHardprotection measures include traditional engineered stru@srsuch as seawalls,
revetments, and bulkheads, while sgitotection measureivolve the use of naturbased

infrastructure such as beaches, reefs, or dune systems to reduce SLR hazards in coastal areas. Additional
hard or softprotection measures withitthe City of Seal Beadan be used in highisk areas where
existingcoastalstructuresare exposed to storm hazardsuch as theastern Seal Beach waterfroot

the Surfside shorelingExisting revetment structures in the interior of Anaheim Bay andgtbe San

Gabriel River can also be enhang¢ededuce the potential for inland floodiracross a range SGLR
scenariogFigure8-2). Each of these strategies candxeomplishedn a mannethat provides benefits

to ecosysters. One such method would be to integrate environmentally sensitive materials such as
ECOncrete into existing or enhanced revetment structures. Similar materials could also be used to
create artiftial reefsor additional hardbottom habitat along the coastlin order to provide wave
protection. Existing sand management practices can also potentially be leveraged in any construction of
dune systems or living shorelines.
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f LEVEE REVETMENT

LAND SIDE FLOOD SIDE

LEVEE FOOTPRINT—/

LEVEE PROFILE

Figure8-2: Example o&dditional levee reinforcement to prevent flooding within inland areas.

A key drawback of shoreline protection strategies is the potential disruption of natural littoral processes.
The fixed barrier created byard protectionsstructuresthat run parallel to the coagtrevents the

inland migration of natural beaches and habitats over time as SLR increases. This phenomenon can
already be seealongcoastal development ithe eastern waterfront of the Citywheresandy beach
areasrequire continuedhourishmentdue toa lack of sand suppbnd increased erosion caused by the
reflection of wave energy. If these coastal resources are unable to move inland, public beach
recreational areaare projected todecline sigrficantly over time in the absence of increased

nourishment Extreme protection measures extending significantly above the current shoreline may also
result in negative visual impacts along the waterfront.

8.1.2 Accommodation

Accommodation strategies can be emydal as alternative to or in conjunction with protective

measures. These strategies are often employed for coastal structures or resources that rely on coastal
access or proximity to the shoreline where it is not feasible to rely on shoreline protectipanbiag

on the characteristics of the coastal resource and type of accommodation employed, accommodation
strategies can address coastal hazards across low, moderate, and severe SLR scenarios.

Coastal resources and structures can accommodate SLR hazanaghthioth modification of existing
development and design of new development. Accommodation strategies based on structural
modification include actions such as structural elevation, retrofitting for flood resilience, and the use of
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flood resistant materia during constructiorfFigure8-3, Figure8-4). Accommodation strategies based

on design can address SLR hazards by including potential relocation, redesign, or other form of
adaptation in initial structural plans or by employing additibsiaoreline setbacks where possible. These
strategies can be employed on an individual basis or on a comrmwidty scale through specific land

use designations, zoning ordinances, or other measures.

AT N

Service equipment
(such as utilities and
electrical circuits)
moved above

flood level

Lightweight or mobile

items (such as a car)
: | can be stored under

Openings on each —— the home and moved

wall ensure entry of | l \ﬁ—‘/ prior to flooding

water to equalize | |

hydrostatic pressure

I .

LI LI

Figure8-3: Example cross section of an elevated home using continuous foundatio(REAMIA, 2014)

Accommodation strategies can be implemented in a number of areas throughout the SidaloBeach
Temporary or permanent floodproofing retrofits can be employed within current and projected future
flood prone areas to reduce the impactad recovery time flowing flood events. These measures are
most appropriate in projected storm flood zones where flood events will not occur on a regular basis but
must still be accounted for. An example would be the implementation of improved drainage
infrastructure alondow-lying waterfront roadway$o collect and convey flootiaters, restoring critical
transportation routes in a timely mannéFigure8-5). Additional adptation strategiesnaybe necessary
within projectednon-stormflood zonesalong coastal and inland aremssaccommodate futureSLR
hazardsCoastaldependentstructures such akifeguard stations or coastal access facilittas be
elevated to avoid repeated tidal flooding or wave damage. Elevation is also an option for other
structures within lowlying areas, but the effectiveness of this strategy will be reducedrifstorm
flooding prevents access to structures on a cstesit basis.

While structural elevation can successfully mitigate coastal hazards driven by SLR, potential drawbacks
are also present. If elevation of structures along a shoreline becomes widespread, elevated structures
may reduce the aesthetic value ofa=ial areas or impact community character. Uncoordinated

structural elevation initiatives, where only select structures are elevated in an area, can also result in a
patchwork of different vulnerabilities within hazard zones, complicating future adaptateoming.

Under high to extreme SLR scenartbe continued elevation of structures in their current location can
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also result in a situation where structures unintentionally become elevated directly over tidelands,
presenting access and maintenance cadles.

BUILDING BROUGHT UP TO
/FLOOD ZONE STANDARDS

DUNE

BASE FLOOD
ELEVATION

Figure8-4: Example of elevated shoreline structures to prevent damage during flood events.
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BEFORE

Ponding of low-lying
areas will occur more
frequently as higher
ocean water levels
will reduce the
conveyance capacity
of gravity storm drain
systems.

DRAINAGE CANAL

/PUMP STATION

AFTER

Flood protection can

be improved through

a variety of measures

including:

* Reducing runoff
(convert parking
lots to green
space)

* Added conveyance
(pump station)

* Added flood
storage capacity
(retention ponds)

DRAINAGE
IMPROVEMENTS

GREEN SPACE/RETENTION
OF RAINWATER

Figure8-5: Example of drainage improvements to reduceding(U.S. Army Corps of Engineers, 2015a)
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8.1.3 Retreat

Directly removing or relocating vulnerable structures away from hazard areas represesitective

longterm form of SLR adaptation under high to extreme StdRarios. Retreat strategies can be

employed for cases in which any feasible protection or accommodation strategies become insufficient to
address coastal hazards. Retreat strategies can be implemented in a variety of ways including land use
designationsr zoning ordinances designed to encourage new development within less vulnerable
areas. Property acquisition programs, rolling easements, transfer of development rights programs, and
permit conditions can additionally be used to gradually move highlyevabie existing development

away from current and future hazard areas.

Successful employment of retreat strategies often requires available areas located landward of
vulnerable structures or resources. This is a complicating factor throughout much atytleé Seal

Beach due to the high density of development in coastal areas. Available areas at higher elevations are
also limited due to the relatively low relief within the City and extent of coastal wetlands, restricting
potential retreat optionsDespitethese limitationgretreat strategiescan potentiallyresult in greater
resilience to SLR hazards at a lower cost than protecting structures inysldeeextreme SLR
scenariosyhile also avoiding recreation and coastal access issues that could result from additional
shoreline protection. Retreat strategies can also be implemented in combination with protection or
accommodation strategies as a method to plan for and address&aRds under a worstase

scenario.

—— RELOCATION TO
HIGHER GROUND FLOODPLAIN

STORM SURGE

Figure8-6: Example of retreat strategies within higazard areas.
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8.2 SLR Adaptati®olicy Objectives
8.2.1 Understand SLR Hazards

Knowledge of the timing, magnitude, and loicat of future SLR hazards is critical to SLR plammidg
adaptationefforts. Policiedn pursuit of this goal wiflocus on ways to best obtain, utilize, and
disseminate current and future SLR information to inform decisi@king in coastal areas.

Ensumg the use of besavailable climate science is a key component to achieving this goal. Policies to
define bestavailable science will allow for the most accurate determination of potential future coastal
hazards and the planning horizons associated witsé hazards. Specifically defining basgilable

climate science will also provide a consistent standard for SLR adaptation planning, enabling the use of
coordinated adaptation strategies within the City. Adaptation policies focused on continued hazard
monitoring enable continual updates of SLR adaptation strategies and provide concrete information on
when critical hazard thresholds have been exceeded. Hazard monitoring programs can take a number of
forms including tracking regional SLR rates or documgrgtorm conditions that lead to localized

coastal flooding.

Disseminating identified bestvailable science is also necessary to support public understanding and
participation in SLR adaptation and planning. Policies designed to inform the generabppbtigcted
future hazards due to SLR encourage responsible deaisaiaing at the individual level and can
potentially increase public support for SLR adaptation initiatives within the City. Policies focused on
disclosing risks to associated with new diepment can also provide an important mechanism for
educating property owners about projected SLR hazards and their options for addressing them.

8.2.2 Manage Development in SLR Hazard Areas

Siting and construction standards for new coastal development or rédpresnt projects represent

key mechanisms to reduce SLR hazard impacts to new and existing development. Policies in pursuit of
this goal will focus on reducing exposure to coastal hazards over the duration of new or proposed
development.

Incorporating progcted SLR hazards into the initial siting of new development is an important step in
mitigating SLR hazards. Policies put in place to reduce new development withiiskigheas help
prevent the growth of SLR vulnerability and the need for future adamaneasures. Policies focused
on siting new development can also reduce the need for additional shoreline armoring, preserving
natural shoreline processes that benefit coastal uses and resources.

Managing redevelopment is another method to control SLRarability. Policies that establish
limitations on continued redevelopment in hazard areas reduce future SLR vulnerability by restricting
growth of highrisk structures andeducingongoing repetitive losses. Policies focused on specific
redevelopment thrsholds also provide an opportunistic mechanism to implement SLR adaptation
standards over time.

SLR hazard considerations can also be included in the design of new development or redevelopment.
Policies that establish adaptive design requirements can rethe initial SLR vulnerability of structures
and facilitate additional longerm adaptation efforts as they become necessary. Due to their focus on

hadh¥ 58



adaptive flexibility over time, these policies can form an important component of phasing a response to
SLRmpacts.

8.2.3 Reduce Coastal Hazards

Enhancements and additions to existing coastal hazard reduction measures are often necessary to
account for potential increases in hazard levels due to BalRies in pursuit of this goal witicus on
protection fromandaccommodation oturrent and future SLR hazards through both structural and
nature-based means.

Managing the establishment and maintenance of shoreline protectieasuresan provide multiple
benefits to SLR adaptation efforts. Policies that establishdsrds for theconstruction,evaluation,
repair, and maintenance of existing shorelpmtection measuregnable the ongoing functionality of
protectivemeasuresas coastal hazards change with rising water levels, reducing potential for failure
under future conditions. Policies related to new or additional shorefirtection measuregsan reduce
the potential for unwarranted or ineffective shoreline protection structures and can also help ensure
that alternative, naturebased strategies are given appraie consideration.

Standardizing approaches to structural floodproofing can also benefit adaptation efforts. Policies that
establish appropriate situations and best practices for floodproofing retrofits or redesign allow for the
consistent and effectivepplication of these strategies within hazard areas. These types of policies can
also improve awareness of available floodproofing mechanisms by providing a standardized reference
for interested parties.

8.2.4 Use a Coordinated Approach to SLR Adaptation

Coastaprocesses that affect SLR hazards often extend beyond the parcel scale. Participating in
coordinatedregionalSLFhazard mitigation planningfforts can substantially increase the efficiency and
costeffectiveness of SLR resilience measupadicies in pursuit of this goal witicus on potential
coordinated programs that could benefit coastal resourcewénCity ofSeal Beach

Developing a phased adaptation approach can provide a flexible implementation mechanism for future
SLR adaptatioafforts. Policies that establish appropriate SLR hazard mitigation trigger types, hazard
thresholds, and responsive actions can substantially improve the implementation of SLR adaptation
measures by providing clear standards for the timing and type aféuSLR adaptation efforts. A key

benefit of such an approach is that the timing of phases can be adjusted as new SLR hazard information
becomes available. Including community participation provisions in the initial phased adaptation
planning process carls® increase clarity surrounding the potential timing and justification of future SLR
adaptation measures.

Aligning planning documents within the City is another method to efficiently finance and implement SLR
adaptation. Policies thatddress compatibilit betweenthe Local Hazard Management Pemdthe

Local Coastal Program help to ensure that proactive adaptation efforts are coordinated across City
departments and that responses to damage from future coastal hazards are streamlined. These policies
can dso help secure additional SLR mitigation funding by identifying project types that meet the goals of
both planning documents in order fally leverage available federal and state funding opportunities.
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FigureA-9-1: 1.6ft SLR hazards, full City extent.
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FigureA-9-2: 1.6ft SLRazards, Seal Beach waterfront.
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FigureA-9-5: 3.3t SLR hazards, Seal Beach waterfront
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