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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

hAY )



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 wiinker 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).

Figure2-5: Satellite image adand dike construction in winter 2017. (Photo credit Google Earth)

Figure2-6: Typical cross section of winter dike.
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