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Executive Summary

1. Executive Summary

The beaches along the western shore of Delaware Bay have long experienced varying
levels of shoreline erosion due to intermittent storm events and the resultant wind, wave,
and water level forces acting on the beach system. In the past, beach nourishment
projects and shoreline protection structures were implemented on an as-needed basis.
The State of Delaware determined there is a need to develop a long-term beach
management plan and associated cost analysis. The goal of the plan is a cost-effective
strategy for the future management of the Bay beaches

PBS&J was tasked by DNREC’s Shoreline and Waterway Management Section to
develop a ten-year beach management plan for the communities of Pickering Beach, Kitts
Hummock, Bowers Beach, South Bowers Beach, Slaughter Beach, Primehook Beach and
Broadkill Beach (see Figure 1.1). The study incorporates existing literature and data,
previous historical analyses, coastal processes modeling, conceptual beach nourishment
designs, and cost estimates and schedules.

Figure 1.1 Overall map of the Delaware Bay communities.
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Delaware Bay Beach System

The beach communities are located along the western shore of Delaware Bay. The
orientation of the shoreline generally faces the northeast, but with divergences along the
reaches. The shoreline is punctuated by several tidal inlets, some with jetties that
influence the short and long-term sediment transport processes. The continued shoreline
retreat of the barrier beaches fronting the wetland systems, such as in the vicinity of
Fowler Beach, has added stress to the adjacent shorelines. The approximate lineal
length* of the communities is:

Pickering Beach 0.6 miles
Kitts Hummock 1.1 miles
Bowers Beach 0.7 miles
South Bowers 0.7 miles
Slaughter Beach 2.8 miles
Primehook Beach 1.5 miles
Broadkill Beach 4.7 miles
Total approximate length 12.1 miles
Total approximate reach length 30.2 miles

*Length estimates were measured and estimated from existing published maps of the areas.

The influences of ocean waves, bay currents and seasonal wind/wave events have an
effect on the direction and volume of transport of beach material and shape of the
beaches. In general, the lower — southeastern portion — of the Delaware Bay coast can be
influenced by the incoming ocean waves that are altered by local water depths, but the
area is also influenced by the seasonal wind/wave patterns. The areas external to the
direct influence of ocean waves respond seasonally to the local wind/fetch-wave and
water level conditions.

The daily influences of “normal” waves and fluctuations of water levels provide the
background for the shape of the beach and the on-going movements of sand in the beach
system. These movements of the beach sand include shore parallel transport in each
direction, onshore and offshore transport and on occasions wind transport of the sand.
The “abnormal” waves and water levels are associated with storms. In particular, storm
surge can override a low tide and significantly raise the actual water level above the
predicted high tide. This elevated water level can allow the storm waves to significantly
erode the beach, and during certain storm events, overtop the beach and dune and flood
properties. This overtopping of the beach and dune can overwash the beach and dune
sand landward onto lots and streets and into the adjacent wetland systems.

The impact of manmade structures, primarily for maintenance of navigation, has
influenced the shape and orientation of the Delaware Bay coastal shoreline. In particular,
the Murderkill River inlet and the Mispillion River inlet jetties have influenced the
alignments and locations of their respective inlet drainages. In addition, the jetties have
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also influenced the adjacent beaches and the sand transport processes in and around the
inlets. Other structures, such as the shore-parallel experimental breakwaters at Kitts
Hummock, have not had an overtly noticeable effect on the beach shape. In other
communities, as a result of changes in the beach, groins were constructed perpendicular
to the shoreline. Their effect on the beach is localized.

The natural resources attendant to these beach communities is very diverse. They include
significant numbers of resident shore birds, major migratory bird populations that use the
nearby wetlands and beaches, beach-spawning horseshoe crabs and a host of native crabs,
fish, micro- and macro-invertebrates and a diversity of vegetative species, both wetlands
and upland. Many of the communities are backed by significant inland wetland systems.
Satellite and aerial photographic images reveal that the typical Delaware Bay coastline
consists of a relatively narrow band of beach fronting wetlands. The beach communities
occupy this narrow strand of sand between the Bay and the wetland and upland
ecosystems landward of the beach.

Delaware Bay 10 Year Strategic Beach Management Plan — Synopsis of Plan
Elements

The proposed management plan addresses the impacts of beach erosion caused by wave
attack and storm surge. The plan provides recommendations to protect and enhance the
beach and dune system in each of the communities included in the study. These
recommendations are intended for planning purposes at this stage. The specific site
conditions at each community will be investigated during the design and permitting
phases and will result in a more detailed design. In addition, the plan is not intended to
address flooding issues resulting from inland drainage conveyance or storage concerns.

Beach Management Plan Conceptual Designs

The design of a beach nourishment project is based on the geometry of the shoreline and
localized historical erosion rates (historic erosion losses) in conjunction with the amount
of protection desired from a return period storm event (storm protection). Various beach
fill design alternatives were considered within the development of this plan. It should be
noted that these conceptual designs are for purposes of estimating costs and are not
intended for construction. Three levels of protection were evaluated to provide a range of
projects to be considered from an economic, environmental and local sponsor
perspective. The three project beach fill designs for each community include:

1. Strategic Fill Placement — The Strategic Placement scenario consists of concentrating
the placement of fill along the specific locations of greatest need in each community.
This alternative is largely based on the previous shore protection activities conducted
by DNREC, and is the minimum level of protection that would be recommended.

2. 5 Year Level of Protection - The 5 Year Scenario is based on restoring 5 years of
estimated shoreline losses and providing protection from a storm event with a 5-year
return period.
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3. 10 Year Level of Protection - The 10 Year Scenario is based on restoring 10 years of
estimated shoreline losses and providing protection from a storm event with a 10-year
return period.

These three beach fill conceptual designs include a template to provide a long term 10
year level of protection, a template to provide a 5 year level of protection, and a template
to provide strategic protection through placement in areas of greatest need. Cost
estimates for each project scenario were developed based on the most recent and accurate
pricing possible. In addition, improvements and changes to existing shore protection
structures were considered at each community and presented in the full report.

Data and Analyses

Historical data was gathered from a variety of sources, including DNREC staff and files,
University of Delaware researchers, and U.S. Army Corps of Engineers staff and files.
This information serves as a backdrop for the plan, and yields vital details concerning
previous management activities, long-term environmental conditions and forces acting on
the beach system and other relevant items. The development of the beach management
plan included a review of previous historical analyses related to wave conditions and
sediment transport. Three new numerical coastal process models encompassing bay
circulation, wave propagation, and beach morphology provided a conceptual
understanding of sediment transport trends in the areas of concern. The historical
analyses and modeling results, combined with local insight and experience, provided the
basis for the development of the beach management plan concepts.

Beach Nourishment

The primary shore protection recommendation presented in the management plan is
beach fill placement or beach nourishment tailored to the needs of each community. The
primary function of a beach nourishment project is to restore a natural resource and
provide protection to upland infrastructure and resources from erosion caused by wave
action and storm surge. Figure 1.2 shows how storms can impact the shoreline and cause
damage to upland infrastructure. During higher water levels and increased wave heights,
the beach berm, which acts as a protective buffer, is eroded. However, note the accretion
in the nearshore zone also caused by the storm or high energy event. The “beach”
includes the nearshore features (bars and shoals), the beach berm and the dune complex.
Each of these three beach components are addressed in the conceptual designs
individually developed for each of the beach communities.

Beach nourishment involves placing sand along the shoreline and extending the width of
the beach and in some cases raising the initial height, thereby increasing the buffer of
protection. The amount of protection provided by a nourishment project is not an
absolute measure, due to the uncertainties in the frequency of storm events that may be
encountered over the project lifespan. Scheduled maintenance (renourishment) is needed
to maintain the desired level of protection. Typical features found in beach nourishment
projects include a berm and dune (Figure 1.2). Figure 1.3 illustrates a general example of
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the pre-project condition, post-construction profile (cross-section), and the intended
equilibrated project design configuration. The berm is the primary feature of a beach
nourishment project, and provides additional beach width to dissipate wave energy. A
dune is typically included in the design of a beach nourishment project and includes less
sand volume than the berm. However, it provides additional height to the beach to help
prevent storm surge overtopping.
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Figure 1.2 Example of storm impacts to shoreline and upland areas (CEM Figure V-4-1).

Dune vegetation occurs naturally along the Delaware Bay coastline, and provides
additional protection against the effects of wind and waves. When dunes are artificially
constructed, planting dune grasses can help anchor the placed sand, as well as potentially
accumulate windblown sand. Cape American beach grass is a pioneer species in dune
formation, due to its extensive root and rhizome system. It should be planted along the
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top and down the face of the constructed dunes to increase the stability of the dune and
assist the dune in providing additional protection to upland structures.
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Figure 1.3 Conceptual example of pre-project, post-construction, and design beach profiles
(CEM Figure V-4-2).

Beach Management Implementation Framework

The proposed management plan is considered the first step in a multi phase process to
implement the plan. Following the approval and adoption of the plan and establishing a
long-term funding source the projected schedule of work includes the following
activities:

e Geotechnical investigations. Limited data are available on the exact locations and
extents of sand sources that could be used for nourishment projects. In order to
prepare permit applications, design documents, and bid documents, a more detailed
geotechnical study will be required to locate and characterize the sources of sand that
will be used for each community. This work should be performed as one study that
will cover the needs of all seven communities. The cost of performing this work has
been included in the attached tables and has been prorated over each community
based on the relative amount of sand that community needs. These investigations are
expected to take approximately 1 year to complete.

e Final design and permitting. Once the detailed geotechnical study is completed and
specific sources of sand have been identified, final design and permitting work can
proceed. The design of each project will depend on the nature of the sand source.
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The cost of performing this work has been included in the attached tables and has
been prorated over each community based on the relative amount of sand that
community needs. Design and permitting work are expected to take about 1¥2 to 2
years to complete.

e Sand placement. We have assumed that all work will be performed in two main
groups; a north region that will include Pickering Beach, Kitts Hummock, Bowers
Beach, and South Bowers Beach, and a south region that will include Slaughter
Beach, Primehook Beach and Broadkill Beach. This grouping can help minimize the
large mobilization/demobilization costs associated with this type of project. The
inclusion of adjacent communities can also help make these projects suitable and
attractive to local, relatively small commercial dredging firms. The goal is to obtain
reasonable, competitive prices. Sand placement was estimated to take 1 year to
complete for each region.

In addition to the above items, the proposed long term beach management plan includes
the following post construction activities:

e Environmental permit monitoring. Once initial construction has been completed, it is
likely that the permit terms for each project will require some type of follow up
monitoring of project impacts and/or various performance measures. An allowance
for these costs has been included for the three years following the initial completion
of each project.

e Beach surveys. To assist with design and permitting leading up to initial construction
and to properly assess the performance of each project, annual beach surveys should
be performed in each community. An allowance for these costs has been included for
each project.

e Periodic maintenance or follow up nourishments. Each project will require
maintenance. Projected maintenance costs for each option have been included based
on the assumption that 60% of the volume of sand initially placed will need to be
restored at the end of the “design life” of the alternative. The frequency and level of
maintenance will depend on how often storms impact the area, how severe the storms
are, and the relative size of the initial beach nourishment project (e.g., the 10 year
scenario should require less maintenance than the 5 year and strategic beach fill
placement scenarios under the same storm conditions).

Cost Projections

Cost projections and a schedule were developed for each community. Long range
planning provides opportunities for employing regional approaches to beach management
and encourages coordination among communities to lower costs and provide long term
solutions to beach erosion. For the purposes of this management plan, the long range
planning timeframe used was 10 years. The long range cost projections for the three
project scenarios are provided for each community.
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Combining as many projects as practical is an effective means for minimizing these costs.
For the purposes of this plan, it was assumed that work would be grouped into two
regions and performed under two contracts. The north region includes the communities
of Pickering Beach, Kitts Hummock, Bowers Beach and South Bowers Beach. The south
region includes Slaughter Beach, Primehook Beach and Broadkill Beach. If work is to be
performed as individual contracts, costs would need to be increased to reflect
mobilization and demobilization costs for each project.

Construction cost estimates were developed based on discussions with contractors,
available cost information from other relevant projects in this region and the project
team’s experience with similar relatively small beach restoration projects.

Costs for design, permitting, geotechnical investigation, post-project performance, and
physical/biological monitoring are presented in tabular form for each community within
the main body of the plan. Construction costs are estimated for each of the three project
scenarios and include mobilization and demobilization, sand placement, and dune
plantings.

1. Mobilization/demobilization costs. One of the largest costs associated with beach
nourishment projects is the cost of mobilizing and demobilizing a dredge to pump
sand from an offshore source onto the beach. These costs typically range from
$450,000 per project for a relatively small dredge (e.g., 14 in hydraulic dredge with a
draft of 4 ft) to over $1 million for larger dredges suitable for work in deeper water.

For these projects, mobilization/demobilization costs were estimated to be $750,000
for the north region and $650,000 for the south region. This is based on an initial
mobilization/demobilization cost of $450,000 plus $100,000 to move to each
additional community. The mobilization and demobilization costs assume the
pumping distance is 1 to 2 mi and that no special problems or restrictions exist for
dredging. The cost for intermediate work at each beach such as laying and removing
pipe are also included in mobilization. The mobilization and demobilization cost is
spread out evenly among the four northern communities and the three southern
communities.

2. Sand placement costs. A unit cost of $7/cy reflects relative estimates for excavation,
delivery distances, and the estimated placement quantities for sand. The unit volume
for the berm represents the area of the template with a full width berm. A unit
volume equal to half of the full berm is used in estimating volume in the taper.

3. Dune plant costs. A unit cost of $1.09/planting unit reflects relative estimates for
plants and the labor to install them. The basic planting scheme used for each
community assumes 11 or 12 rows of plants planted on 18 in centers with one
planting unit in each hole. One planting unit equals two plants.
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Funding

The various strategies listed do not include a funding source for the initial projects
undertaken under this long term beach management plan. The development of a long
term funding program and commitment will be essential to meet the goals set forth in the
long term beach management plan. There is also no funding mechanism for the
emergency placement of sand if one or more major storms strike the area above the level
of protection criteria discussed. These types of events generally cause damage along an
entire coastline. The Federal Emergency Management Agency (FEMA) recognizes
engineered and maintained beaches as public infrastructure which may be eligible for
public recovery funds provided that sufficient damage occurs to warrant a federal disaster
declaration. This type of funding could help with recovery from a major storm event.
Regardless, if the state is attempting to achieve and maintain a uniform level of
protection, there may be a need to set aside additional funding to deal with emergencies.
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Delaware Bay Beach Community Management Plans

The following sections outline the proposed alternative actions for long term
management of each of the Delaware Bay Beach Communities. Table 1.1, at the end of
this section, details the estimated costs for each community and each conceptual design.

Pickering Beach

Pickering Beach, measuring about 3,500 ft in length, is located approximately 29 mi from
the mouth of the Delaware Bay. It occupies a narrow barrier of sand bordered by
Delaware Bay and a back barrier marsh. Observation of past beach fill behavior suggests
that the dominant transport direction is northward in the north half of the community and
southward in the southern half, with the central curve in the shoreline acting as a nodal
point. Beach nourishment and the installation of shore protection structures have been
conducted at Pickering Beach since 1962. A total of 255,750 cy of beach material have
been placed to date. A portion of the floating tire breakwater installed by the Corps as
part of the Section 54 Demonstration program in 1978 still exists, but resides on the
bottom. Unless aesthetic reasons dictate action, removal of the remnants of the tire
breakwater is not recommended as part of the overall shore protection strategy.

The Strategic Placement scenario (Figure 1.4) consists of two beach fill segments,
northern and southern, with a dune feature along each section. The total project spans
3,500 ft of shoreline, with a maximum berm width of 35 ft at an elevation of +8.2 ft
NAVDS88. This requires an initial fill volume of 37,100 cy of material, with a
maintenance placement of 22,260 cy every four years thereafter. The slope of the dune
should be planted with 21,500 units of beach grass. The initial placement will cost an
estimated $470,635, while the total ten year plan costs approximately $1,120,102.

The 5 Year Scenario project (Figure 1.5) consists of a uniform dune and berm, spanning
3,500 ft of shoreline, with a maximum berm width of 35 ft at an elevation of +8.2 ft
NAVDS88. This requires an initial fill volume of 51,500 cy of material, with a
maintenance placement of 30,900 cy every five years thereafter. The slope of the dune
should be planted with 21,500 units of beach grass. The initial placement will cost an
estimated $571,435, while the total ten year plan costs approximately $1,246,382.

The 10 Year Scenario project (Figure 1.6) consists of a uniform dune and berm, spanning
3,500 ft of shoreline, with a maximum berm width of 115 ft at an elevation of +8.2 ft
NAVDS88. This requires an initial fill volume of 138,500 cy of material, with a
maintenance placement of 83,100 cy every ten years thereafter. The slope of the dune
should be planted with 21,500 units of beach grass. The initial placement will cost an
estimated $1,180,435, while the total ten year plan costs approximately $1,416,582.
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Kitts Hummock

Kitts Hummock, measuring about 6,000 ft in length, is located approximately 27 mi from
the mouth of the Delaware Bay, and is bordered to the west by a 1,600 ft wide tidal
marsh. Observation of past beach fill behavior suggests that the dominant sediment
transport direction is northerly. There is a component of southerly transport at the
southern end of Kitts Hummock as noted at the terminal groin/drainage structure. The
groin is retaining sand with an erosional offset of the shoreline on the south side of the
structure. Beach nourishment events and the installation of shore protection structures
have occurred at Kitts Hummock since 1961. A total of 310,130 cy of material has been
placed to date. Three breakwaters were constructed by the Corps in 1978, approximately
700 ft offshore. Each breakwater was constructed using a different material: nylon
sandbags, concrete boxes, and rip rap stone. Currently, the concrete box and riprap
mound structures remain offshore. Removal or modification of the structures is not
recommended.

The Strategic Placement scenario (Figure 1.7) consists of a beach fill and dune feature
along the southern 3,700 ft of the community, with a berm width of 30 ft at an elevation
of +8.2 ft NAVDSS8. This requires an initial fill volume of 42,300 cy of material, with a
maintenance placement of 25,380 cy every four years thereafter. The slope of the dune
should be planted with 39,000 units of beach grass. The initial placement will cost an
estimated $503,765, and the total ten year plan costs approximately $1,121,796.

The 5 Year Scenario project (Figure 1.8) consists of a uniform dune and berm, spanning
5,800 ft of shoreline, with a maximum berm width of 30 ft at an elevation of +8.2 ft
NAVDS88. This requires an initial fill volume of 101,200 cy of material, with a
maintenance placement of 60,720 cy every five years thereafter. The slope of the dune
should be planted with 21,500 units of beach grass. The initial placement will cost an
estimated $988,410. The total ten year plan costs approximately $1,956,321..

The 10 Year Scenario project (Figure 1.9) consists of a uniform dune and berm, spanning
5,800 ft of shoreline, with a maximum berm width of 75 ft at an elevation of +8.2 ft
NAVDS88. This requires an initial fill volume of 196,600 cy of material, with a
maintenance placement of 117,960 cy every ten years thereafter. The slope of the dune
should be planted with 39,000 units of beach grass. The initial placement will cost an
estimated $1,656,210. The total ten year plan costs approximately $1,976,581.

PBS&J 14












Executive Summary

Bowers Beach

Bowers Beach, measuring about 3,500 ft in length, is located approximately 24 mi from
the mouth of the Delaware Bay, bordered by wetlands and is located between the St.
Jones River Inlet (unstructured) and the Murderkill River Inlet (structured). Observation
of past beach fill behavior suggests that the dominant transport direction is northward in
the north half of the community and southward in the southern half. The first beach
nourishment was conducted at Bowers Beach in 1962. A total of 294,065 cy of material
has been placed to date. A terminal groin and jetty were constructed with large, concrete
filled sandbags at the north and south ends of the community, respectively, in 1976. The
northern groin is retaining sand with an erosional offset of the shoreline on the north side
of the structure. In 2009, improvements were implemented to the south jetty that
included lengthening and adding height. No modifications to the northern groin are
recommended.

The Strategic Placement scenario (Figure 1.10) consists of a beach fill and dune feature
along the southern 1,550 ft of the community, with a berm width of 20 ft at an elevation
of +8.2 ft NAVDSS8. This requires an initial fill volume of 18,450 cy of material, with a
maintenance placement of 11,070 cy every four years thereafter. The slope of the dune
should be planted with 14,000 units of beach grass. The initial placement will cost an
estimated $331,910. The total cost over ten years is approximately $756,859.

The 5 Year Scenario project (Figure 1.11) consists of a uniform dune and berm, spanning
3,200 ft of shoreline, with a maximum berm width of 20 ft at an elevation of +8.2 ft
NAVDS88. This requires an initial fill volume of 39,600 cy of material, with a
maintenance placement of 23,760 cy every five years thereafter. The slope of the dune
should be planted with 25,000 units of beach grass. The initial placement will cost an
estimated $491,950. The total ten year plan costs approximately $1,002,299.

The 10 Year Scenario project (Figure 1.12) consists of a uniform dune and berm,
spanning 3,200 ft of shoreline, with a maximum berm width of 60 ft at an elevation of
+8.2 ft NAVDS8S8. This requires an initial fill volume of 76,000 cy of material, with a
maintenance placement of 45,600 cy every ten years thereafter. The slope of the dune
should be planted with 25,000 units of beach grass. The initial placement will cost an
estimated $746,750. The total ten year plan costs approximately $894,449.

PBS&J 18












Executive Summary

South Bowers

South Bowers, measuring about 3,500 feet in length, is located on a sand and gravel
barrier beach bordering on an extensive back barrier marsh across the Murderkill Inlet
south of Bowers Beach. The northern portion of the beach, bordered by the south jetty at
the Murderkill River is wide and the houses are set back a good distance from the
shoreline. The homes to the south are built much closer to the shoreline and are more
vulnerable to the effects of erosion and storms. Observation of past beach fill behavior
suggests that the dominant transport direction is northerly. Beach nourishment events
and the installation of shore protection structures have been conducted at South Bowers
Beach since 1961. A total of 96,900 cy of material has been placed to date. A jetty was
constructed along the southern shoreline of the Murderkill Inlet in 1976. The portion of
the jetty along the inlet shoreline has been subject to sand transport over the jetty burying
the western/landward end of the structure. This transport has created a sand shoal just
inside the inlet shoreline. The jetty should be rehabilitated to return the functions of
maintaining sand on the beach and reducing the volume of sand entering the Murderkill
River. Sand tightening of the jetty and raising the height is recommended.

The Strategic Placement scenario (Figure 1.13) consists of a beach fill and dune feature
concentrated along the southern portion the community tapering towards the north jetty
for a distance of 1,700 ft, with a berm width of 15 ft at an elevation of +8.2 ft NAVD®&8.
This requires an initial fill volume of 12,200 cy of material, with a maintenance
placement of 7,320 cy every four years thereafter. The slope of the dune should be
planted with 20,500 units of beach grass. The initial placement will cost an estimated
$295,245. The total ten year plan costs approximately $910,599.

The 5 Year Scenario project (Figure 1.14) consists of a uniform dune and berm tapering
towards the northern jetty, spanning 2,800 ft of shoreline, with a maximum berm width of
15 ft at an elevation of +8.2 ft NAVDS&S8. This requires an initial fill volume of 23,800 cy
of material, with a maintenance placement of 14,280 cy every five years thereafter. The
slope of the dune should be planted with 22,500 units of beach grass. The initial
placement will cost an estimated $478,625, while the total ten year plan costs
approximately $1,298,935.

The 10 Year Scenario project (Figure 1.15) consists of a uniform dune and berm tapering
towards the northern jetty, spanning 2,800 ft of shoreline, with a maximum berm width of
65 ft at an elevation of +8.2 ft NAVDS&S8. This requires an initial fill volume of 65,800 cy
of material, with a maintenance placement of 39,480 cy every ten years thereafter. The
slope of the dune should be planted with 22,500 units of beach grass. The initial
placement will cost an estimated $772,625. The total ten year plan costs approximately
$1,045,535.
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Slaughter Beach

Slaughter Beach, measuring about 14,800 feet in length, is 2 mi south of Mispillion Inlet
and approximately 14 miles from the mouth of Delaware Bay. It is bordered by wetlands
to the southwest and Delaware Bay to the northeast. Observations of past beach fill
behavior, along with previous research, suggest that the dominant transport direction is
northerly, and the greatest need for beach fill is at the southern end of the community.
The observed northerly transport at Slaughter Beach is evident from the accretion of sand
along the northern shoreline and accumulation of detritus along the northern portions of
the community. The northern end of the community is somewhat sheltered by the
Mispillion Inlet jetties. Beach nourishment events and the installation of shore protection
structures have been conducted at Slaughter Beach since 1958. A total of 899,300 cy of
material has been placed to date.

The Mispillion Inlet, located approximately 3,500 ft north of Slaughter Beach, is
hardened with jetties that extend over 3,000 ft into Delaware Bay. The jetties are in a
deteriorated condition and are very porous. The jetties have had a considerable effect on
the shape of the shoreline at Slaughter Beach due to their configuration. The 2008 study
completed by Moffat and Nichol concluded that restoration of the south jetty would have
negligible impact on the circulation and accumulation of detritus on Slaughter Beach.
Monitoring is recommended for the jetties in order to continue to evaluate performance
and the interaction with any proposed sand placement.

The Strategic Placement scenario (Figure 1.16) consists of a beach fill and dune feature
concentrated along the southern 2,500 ft of the community, with a berm width of 15 ft at
an elevation of +7.5 ft NAVDS8S8. This requires an initial fill volume of 36,500 cy of
material, with a maintenance placement of 21,900 cy every four years thereafter. The
slope of the dune should be planted with 27,500 units of beach grass. The initial
placement will cost an estimated $499,975, while the total ten year plan costs
approximately $1,342,478.

The 5 Year Scenario project (Figure 1.17) consists of a uniform dune and berm spanning
14,500 ft of shoreline, with a maximum berm width of 15 ft at an elevation of +7.5 ft
NAVDS88. This requires an initial fill volume of 252,500 cy of material, with a
maintenance placement of 151,500 cy every five years thereafter. The slope of the dune
should be planted with 120,000 units of beach grass. The initial placement will cost an
estimated $2,112,800, while the total ten year plan costs approximately $4,107,503.

The 10 Year Scenario project (Figure 1.18) consists of a uniform dune and berm
spanning 14,500 ft of shoreline, with a maximum berm width of 55 ft at an elevation of
+7.5 ft NAVDS8S8. This requires an initial fill volume of 476,500 cy of material, with a
maintenance placement of 285,900 cy every ten years thereafter. The slope of the dune
should be planted with 120,000 units of beach grass. The initial placement will cost an
estimated $3,680,800, while the total ten year plan costs approximately $4,260,503.
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Primehook Beach

Primehook Beach, measuring about 7,900 ft in length, is located approximately 10 miles
from the mouth of Delaware Bay. The beach shoreline is characterized by broad, low
dunes, a beach berm that is cuspate in the mid and southern section of the beach and a
complex series of diagonal and shore parallel sand bars. The community is bordered to
the west by 1-2 mi of marsh, and a broad subtidal flat extends almost 1 mi offshore.
Local observations suggest that the northern 1/3 of the community has the greatest need
for shore protection. Approximately 20,200 cy of material were placed in 1962. In April
2008, the thirteen northernmost lots were filled with 1,700 tons of sand.

The Strategic Placement scenario (Figure 1.19) consists of a beach fill and dune feature
concentrated along the northern 2,800 ft of the community, with a berm width of 20 ft at
an elevation of +7.2 ft NAVDS8S8. This requires an initial fill volume of 24,000 cy of
material, with a maintenance placement of 14,400 cy every four years thereafter. The
slope of the dune should be planted with 31,500 units of beach grass. The initial
placement is estimated at $416,835, and the total ten year plan is estimated to cost
$984.,924.

The 5 Year Scenario project (Figure 1.20) consists of a uniform dune and berm spanning
7,500 ft of shoreline, with a maximum berm width of 20 ft at an elevation of +7.2 ft
NAVDS88. This requires an initial fill volume of 71,000 cy of material, with a
maintenance placement of 36,600 cy every five years thereafter. The slope of the dune
should be planted with 70,000 units of beach grass. The initial placement is estimated to
cost $787,800, and the total ten year plan is estimated to cost $1,623,289.

The 10 Year Scenario project (Figure 1.21) consists of a uniform dune and berm
spanning 7,500 ft of shoreline, with a maximum berm width of 55 ft at an elevation of
+7.2 ft NAVDS8S8. This requires an initial fill volume of 176,000 cy of material, with a
maintenance placement of 105,600 cy every ten years thereafter. The slope of the dune
should be planted with 70,000 units of beach grass. The initial placement is estimated to
cost $1,522,800, and the total ten year plan is estimated to cost $1,775,589.
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Broadkill Beach

Broadkill Beach, measuring 24,800 feet, is located approximately 3 mi northwest of
Lewes and 7 mi northwest of the mouth of Delaware Bay. The beach occupies a strip of
land measuring 300 ft to 1,000 ft in width, situated between expansive marsh and the
Delaware Bay. Observation of past beach fill behavior suggests that the dominant
transport direction is northward in the north half of the community and southward in the
southern half, with a nodal point at Route 16 (Broadkill Road). Broadkill Beach has been
receiving nourishment since 1957. Approximately 1,150,600 cy of material has been
placed to date. In the 1950s, a series of five groins were built at Washington, Adams,
North Carolina, Georgia, and Alabama Avenues. In 1964, a concrete rubble revetment
was construction from North Carolina Avenue to approximately 700 ft north of Alabama
Avenue. The groins do not appear to have a significant effect on the shoreline. Since
construction, these groins have created a slight offset in beach width, but their influence
on the shoreline is limited. Since the structures are not adversely affecting the shoreline,
neither removal nor structure modifications are recommended as a shore protection
strategy. Deterioration of the structures that could cause personal injury would require
reassessment and a response plan.

The Strategic Placement scenario (Figure 1.22) consists of a beach fill and dune feature
concentrated along the middle 6,700 ft of the community, with a berm width of 30 ft at an
elevation of +7.2 ft NAVD88. This requires an initial fill volume of 99,700 cy of
material, with a maintenance placement of 60,000 cy every four years thereafter. The
slope of the dune should be planted with 65,000 units of beach grass. The initial
placement will cost an estimated $983,250, and the total ten year plan costs
approximately $2,216,869.

The 5 Year Scenario project (Figure 1.23) consists of a uniform dune and berm spanning
16,000 ft of shoreline, with a maximum berm width of 30 ft at an elevation of +7.2 ft
NAVDS88. This requires an initial fill volume of 264,500 cy of material, with a
maintenance placement of 162,000 cy every five years thereafter. The slope of the dune
should be planted with 150,000 units of beach grass. The initial placement will cost an
estimated $2,229,500, and the total ten year plan is estimated to cost $4,295,279.

The 10 Year Scenario project (Figure 1.24) consists of a uniform dune and berm
spanning 16,000 ft of shoreline, with a maximum berm width of 70 ft at an elevation of
+7.2 ft NAVDS8S8. This requires an initial fill volume of 528,000 cy of material, with a
maintenance placement of 324,000 cy every ten years thereafter. The slope of the dune
should be planted with 150,000 units of beach grass. The initial placement will cost an
estimated $4,074,000, and the total ten year plan estimated cost is $4,674,379.
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Summary

In summary, this plan outlines a regionalized beach management and funding program
for the seven designated coastal communities of the Delaware Bay region. The principal
goals of this plan are to:

1. Present a management plan that addresses beach erosion and provides shore
protection from wave attack and storm surge to the beach and dune system. The
plan is not intended to address flooding issues resulting from inland drainage
conveyance or storage concerns.

2. Provide DNREC with a planning document with a ten-year outlook to allow for
proactive management of the beaches.

3. Examine sand movement pathways and develop predicted sand needs for each
community over a ten year time frame.

a. Evaluate specific forces or circumstances that have historically caused
significant erosion.
b. Estimate the quantity of sand needed for the design life of each project.

4. Extend the life of beach nourishment projects and provide a quantifiable level of
protection for storm impacts and historical losses by designing projects with the
appropriate beach fill templates. It should be noted that these conceptual designs
are for purposes of estimating costs and are not intended for construction.

5. Encourage regionalized approaches to, and reduce equipment mobilization and
demobilization costs of, beach projects that take advantage of geographic
coordination and sequencing of projects.

The plan provides a great deal of background information concerning the history,
processes, and other factors that need to be considered in developing and applying a 10-
year management plan for these beaches. This information was applied to present three
management plan scenarios for each of the seven communities.

Construction costs and schedule are estimated for each of the three project scenarios and
include mobilization and demobilization, sand placement, and dune plantings. Costs for
design, permitting, geotechnical investigation, post-project performance, and
physical/biological monitoring are presented. A summary of the entire plan is presented
in Table 1.1. The construction of the initial beach nourishment and total ten year costs
are provided.
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Table 1.1 Summary of Construction Costs for the Plan

Executive Summary

Beach Fill Initial Placement Total Cost Over
Scenarios Cost 10 Years
Strategic $470,635 $1,120,102
Pickering Beach S Year $571,435 $1,246,382
10 Year $1,180,435 $1,416,582
Strategic $503,765 $1,121,796
Kitts Hummock 5 Year $988,410 $1,956,321
10 Year $1,656,210 $1,976,581
Strategic $331,910 $756,859
Bowers Beach 5 Year $491,950 $1,002,299
10 Year $746,750 $894.,449
Strategic $295,245 $910,599
South Bowers 5 Year $478,625 $1,298,935
10 Year $772,625 $1,045,535
Strategic $499.975 $1,342.478
Slaughter Beach 5 Year $2,112,800 $4,107,503
10 Year $3,680,800 $4.,260,503
Strategic $416,835 $984,924
Primehook Beach 5 Year $787,800 $1,623,289
10 Year $1,522,800 $1,775,589
Strategic $983,250 $2,216,869
Broadkill Beach 5 Year $2,229,500 $4,295,279
10 Year $4,074,000 $4,674,379
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2. Preface

This report presents a regionalized beach management/nourishment and funding plan for
seven coastal communities of the Delaware Bay region. These seven communities
consist of Pickering Beach, Kitts Hummock, Bowers Beach, South Bowers, Slaughter
Beach, Primehook Beach, and Broadkill Beach. The plan emphasizes a resilient
community approach by appropriately using shoreline restoration and maintenance to
reduce infrastructure damage due to storms. The focus of the plan is on beach
enhancement, shore protection, and environmental concerns for each area in order to
develop a comprehensive shore protection strategy and its associated long-term cost
basis.

This plan was generated through interviews with those knowledgeable about Delaware’s
coastline, literature review, analysis of existing studies, evaluation of past project
performance, wave, circulation, and erosion modeling, engineering recommendations,
and cost/schedule estimation. The emphasis for each area was to provide a technically
based set of alternatives for improving the present shore protection strategies.
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3. Introduction

The beach communities included in this plan are located along the western shore of Delaware
Bay. The shoreline generally faces northeast, with local deviations along specific reaches. The
shoreline is demarcated by several river inlets, some of which are hardened with jetties that
influence short and long term sediment transport patterns. Figure 3.1 provides an overall map of
the locations of the communities and inlets. The rivers that significantly influence the Delaware
Bay coastline are also shown.

Figure 3.1 Overall map of Delaware Bay communities.
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The approximate lengths* of the sandy beach within each community are as follows:

Table 3.1 Approximate length of the sandy beach fronting each community.

Pickering Beach 0.50 mi
Kitts Hummock 0.94 mi
Bowers Beach 0.61 mi
South Bowers 0.33 mi
Slaughter Beach 3.05 mi
Primehook Beach 1.29 mi
Broadkill Beach 3.10 mi
Total approximate length | 9.80 mi

*Lengths were estimated from DNREC’s 2007 aerial of the shoreline. The lengths represent the sandy beach in
front of the communities, measured from 100 ft north and south of the homes.

The influences of ocean waves, bay currents and seasonal storm events have a strong effect on
the direction and volume of transport of beach material and the resultant beach planform. The
areas external to the direct influence of ocean waves from South Bowers to North Pickering
Beach respond seasonally to the local wind-generated wave conditions. In general, the lower
southeastern portion of the Delaware Bay coast from Slaughter Beach to Cape Henlopen is
influenced by incoming ocean waves as well as seasonal wind-generated waves.

The impact of manmade structures, primarily for maintenance of navigation, has influenced the
shape and orientation of the Delaware Bay shoreline. In particular, the Murderkill River inlet
and the Mispillion River inlet jetties have influenced the position/alignment of the adjacent
shorelines and the configuration of the adjacent offshore areas. Other structures, such as the
shore-parallel experimental breakwaters at Kitts Hummock, have had much lesser effects on
local beach planforms.

The natural resources of these beach communities are very diverse. They include significant
numbers of resident shore birds, large migratory bird populations that use the nearby wetlands
and beaches, beach-spawning horseshoe crabs, a host of native crabs, fish, micro- and macro-
invertebrates and a diversity of vegetation, both wetland and upland species.
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3.1 Purpose and Goals of Plan

The purpose of this plan is to develop a regionalized beach management and funding program
for seven coastal communities of the Delaware Bay region. The plan emphasizes a resilient
community approach by appropriately using beach nourishment and maintenance to reduce
infrastructure damage due to storms. The focus of the plan is on beach enhancement, shore
protection, and environmental concerns for each area in order to develop a comprehensive shore
protection strategy and its associated long-term cost basis. Specific goals of the plan include:

1. Present a management plan that addresses beach erosion and provides shore
protection from wave attack and storm surge to the beach and dune system. The plan
is not intended to address flooding issues resulting from inland drainage conveyance
or storage concerns.

2. Provide DNREC with a ten-year outlook to allow for proactive management of the
beaches.

3. Examine sand movement pathways and develop predicted sand needs for each
community over a ten year time frame.

a. Evaluate specific forces or circumstances that have historically caused significant
erosion.

b. Estimate the quantity of sand needed for the design life of each project.

4. Extend the life of beach nourishment projects and provide a quantifiable level of
protection for storm impacts and historical losses by designing projects with the
appropriate construction templates.

5. Encourage regionalized approaches to, and reduce equipment mobilization and
demobilization costs of, beach projects that take advantage of geographic
coordination and sequencing of projects.

3.2 Study Methodology

In order to gain an understanding of the Delaware Bay beaches in this area, a series of data
collection and analysis tasks were carried out. Effort was taken to utilize existing historical data
and studies when possible, bolstered by new and updated analysis to verify and/or revise the past
conclusions and recommendations. These efforts are summarized below.

Local community meetings. Two sets of meetings were held with each local community. The
first was held between July and September 2008. These meetings were a forum for community
members to express their concerns and desires as they relate to the future management of the Bay
beaches. The second set of meetings, held in April 2009, served as an opportunity to update the
local communities on the progress of the plan development and for the communities to provide
additional information that may be useful for the plan.

DNREC staff and archives. A kickoff meeting and archives search was held the week of
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February 9, 2009 to familiarize the PBS&J and DNREC staff involved in this project, develop a
plan for completion of the study, and begin the data collection effort. DNREC staff, including
Tony Pratt, Maria Sadler, Chuck Williams, Dan Brower, Mike Powell, and Allen MacDonald,
provided documents and information on the history of DNREC’s involvement in the
management of the Bay beaches. Information gathered from the DNREC office included digital
beach survey data, permitting documents, previous structure construction and sand placement
documentation, beach fill plans and specifications, and relevant research papers covering
environmental issues, Delaware policy, geology/morphology of the Bay, history of the Bay, and
information about the natural resources of the Bay beaches.

U.S. Army Corps of Engineers. During a visit to the Philadelphia District of the U. S. Army
Corps of Engineers (USACE) on February 11, 2009, Jeff Gebert provided information and
insight on current and authorized USACE work along Delaware Bay. In addition, an extensive
list of relevant literature was gathered from the USACE library.

University of Delaware faculty/researchers. On February 10, 2009, PBS&J staff members met
with Dr. Evelyn Maurmeyer (UD), Dr. Wendy Carey (Delaware Sea Grant), and Hilary Stevens
(UD). They accompanied PBS&J staff on a tour of the beaches, providing valuable insight on
the history of the beaches and their management, and the biological communities that are
important to the Bay. They provided PBS&J staff with a list of relevant research papers as well
as a list of scientists who work, or have worked, in our area of interest.

Tour of beach areas. A tour of the beach communities with DNREC and UD staff on February
10, 2009 provided an understanding of the issues particular to each area including sediment type,
shoreline orientation, biological communities, and shoreline development, to name a few.

Follow-up phone calls. Additional information was gathered from environmental scientists,
engineers, and geologists from University of Delaware and other sections within DNREC
through teleconferences. These contacts provided additional literature, mostly related to
horseshoe crab nesting and shorebird foraging.

Aerial photography. Oblique aerial photographs were taken in April 2009 going north from
Lewes to Kitts Hummock and then going south back to Lewes. All photos were taken using a 21
MP Canon EOS 1DS Mark III.

Coastal environment characterization. Available data and past studies were analyzed to
determine the dominant physical conditions and forcings that influence shoreline evolution in
Delaware Bay, including wind, waves, tidal circulation, and storm events. These factors were
used in the development of the design beach templates for each community.

Historical analysis. Data and conclusions from previous studies and reports were used as the
basis for estimates of historical shoreline erosion rates as well as longshore transport rates and

directions for each community.

Wave and circulation modeling. Planning-level models were developed to examine wave
transformation and tidal circulation in Delaware Bay for a variety of normal and extreme
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conditions. The model results were used to supplement the results of previous historical studies
in developing design beach templates and optimizing nourishment placement.

Beach fill template design and optimization. A beach erosion model was used to estimate berm
erosion due to a design storm. The resulting eroded volume combined with historic erosion rates
was used to develop conceptual design beach fill templates for several life expectancy periods.
Modeling results, historical longshore transport estimates, and local knowledge gained from
previous beach fill behavior was used to develop a fill placement strategy using a “feeder beach”
method.
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4. Literature Review and Data Collection

4.1 Existing Studies

Existing historical data, reports, and other information related to the coastal communities of
Delaware Bay were acquired from DNREC, USACE, and University of Delaware files. This
information was used to obtain an understanding of the physical processes and biological
communities in the coastal regions of Delaware Bay. These reports are referenced throughout
this plan; a list of literature is provided in Section 9: References.

Information gathered for each community included state and federal permit applications and final
permits, which included project drawings, correspondence between DNREC and the permitting
agencies, bid documents, and contract documents as available. The information gathered from
these documents was fairly complete but details were often missing regarding sand source,
placement method, and/or specific placement location. Specific resource studies were available
for some beaches, including sand source studies and historical resource identification studies.

Important information and data on biological communities was obtained through discussions
with University of Delaware and DNREC biologists. Horseshoe crab nesting density has been
systematically surveyed since 1999, giving a picture of nesting trends in relation to beach
nourishment events over time. A recently-completed PhD thesis provided information on the
ability of Sabellarid worms to recolonize after sand placement events.

The USACE provided detailed information on the federally-mandated projects along Delaware
Bay, particularly the Broadkill Beach project. They also provided background information on
the morphology and geology of Delaware Bay and assessments of the Low-Cost Shore
Protection Project.

Studies performed by the University of Delaware (Maurmeyer, 1978 and French, 1990) provided
information on historical shoreline change rates, coastal environment characterization, and
estimates of longshore sediment transport. This data was crucial in evaluating past management
practices and developing new designs and strategies for the bay beaches.

PBS&J 46



Literature Review and Data Collection

4.2 Existing Data

The following provides a catalog of the data compilation effort completed in support of this
study. Available data includes hydrodynamic data, aerial photographs, and published research
articles from various sources, including government, private, and academic entities.

Current measurements (ADCP) at Fowler Beach (University of Delaware)
November 3-11, 2008
Binary RDI format + delimited text

High-resolution digital coastline shapefile (NOAA National Geophysical Data Center)
GEODAS format, Geographic NAD83 datum

Delaware Bay, Delaware River, and Atlantic Ocean bathymetry (NOAA)
Various surveys compiled
XYZ delimited text, Geographic NADS83 datum

Digital Elevation Models, New Jersey and Delaware (USGS)
New Jersey — 30 m resolution, 1998; UTM-18 datum, NAVDS88 (m)
Delaware — 30 m resolution, 1993; UTM-18 datum, NAVDS88 (m)

Aerial Photography (Delaware DataMIL)
1937, 1954, 1961, 1968, 1992, 1997, 2002, 2006, 2007
MrSID format, County or Quad separated

Navigational Charts (NOAA)
Raster images

Measured directional wave data (NOAA NDBC)

44009 — May 1993 to October 1998 (Atlantic Ocean)

44054 — February 2007 to January 2008 (Delaware Bay south)
44055 — June 2007 to January 2008 (Delaware Bay north)

Hindcast wave data (USACE)
WIS Stations 152, 154 (Atlantic Ocean)
1980 to 1999

Wind data (NOAA NDBC)
44009 — 1984 to 2008 (Atlantic Ocean)
BRND1 - 2006 to 2008 (Delaware Bay south)

Verified tide levels and datums (NOAA Tides and Currents)
Cape May, NJ

Ship John Shoal, NJ

Philadelphia, PA

Delaware City, DE
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Reedy Point, DE
Brandywine Shoal Light, NJ
Lewes, DE

Beach profile data (DNREC)

Delaware’s bay shoreline, Pickering Beach to Broadkill Beach
Varied dates and locations, 1995 to 2009

XYZ delimited text, DE State Plane NAD83, NAVD88 (ft)

Beach structure / nourishment project data (DNREC)
Dates, fill volumes, project lengths, costs, etc. where available
1940s to present

Horseshoe Crab Nesting Data (DNREC)

Horseshoe crab nesting density data
1999 to 2008
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5. Characterization of Delaware Bay Beaches

5.1 Introduction

A comprehensive management plan requires an understanding of the factors involved, including
physical characteristics and environmental resources, local and federal funding and political
considerations. The following sections describe various aspects pertinent to the development of
a beach management strategy. The majority of presented information and data has been
compiled from previous studies and reports.

The coastal environment is characterized by the set of physical characteristics and forcing
conditions that drive the hydrodynamics and sediment transport in the region. These include
currents, wind, waves, astronomical tides and river flows. An understanding of these parameters
is necessary to perform analysis on circulation and beach morphology. These analyses are a
crucial component in the development of design beach templates and strategies.

An understanding of the geologic history and morphology of the Delaware Bay beaches provides
insight into how the sandy beaches were formed and where potential sources of beach-quality
sediment may be located.

Delaware Bay is well-known for its importance as a flight stopover area for migratory
shorebirds, which make their stop in Delaware to feed on horseshoe crab eggs that are laid on the
Bay beaches each summer. Their presence, in addition to that of other species of concern, makes
the protection of the beaches particularly important. An understanding of the important natural
communities that use the Delaware Bay beaches and nearshore as habitat is important in
designing beach projects that cause minimal impact and provide quality habitat. Because of its
importance as habitat, the shoreline consists of a number of state, federal, and private protected
areas. Varying levels of use are permitted in each area, but they are all significant to the
management of the bay beaches.

The Delaware Department of Natural Resources and Environmental Control and the USACE
have been involved in the management of the Delaware Bay beaches since the 1950s. Through
enactment of legislation to protect the beach and direct involvement with project construction,
they both have significantly affected the condition and management of the beaches today.

5.2 Coastal Environment

5.2.1 Tides

Tides in Delaware Bay and the adjacent Atlantic Ocean are semidiurnal, exhibiting two high and
two low tides per day. Some amplitude modulation exists, meaning tide elevations can vary
significantly between two successive tides. Due to the funnel-like geometry of Delaware Bay,
tidal ranges up the bay and in the Delaware River are typically larger than those at the bay
mouth. The head of tide is located at Trenton, NJ, roughly 125 mi (200 km) upstream from the
Atlantic Ocean. Table 5.1 outlines tidal characteristics at several locations in the estuary.
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Table 5.1 Tidal characteristics at several locations in the Delaware Bay estuary.

Location MHW MLW Range
(ft NAVDSS) (ft NAVDSS) (MHW-MLW, ft)
Lewes, DE 1.6 2.5 4.1
Cape May, NJ 2.0 -2.9 4.8
Reedy Point, DE 2.6 -2.8 5.3
Philadelphia, PA 3.0 -3.0 6.0
5.2.2 Wind

Maurmeyer (1978) described the wind environment of the Delaware Bay region, using data and
analysis from several sources. Annually, the prevailing wind direction is from the northwest.
However, the strongest winds originate in the northeast, typically caused by winter nor’easter
storms. Figure 5.1 is wind roses for annual as well as seasonal time periods. During winter,
northwesterly winds are by far the prevailing condition. In springtime, there is significant input
from the northeast and south. South and southwest winds are most common during summer,
while northwest and northeast dominate in autumn. Figure 5.2 is a wind rose for data from
Brandywine Shoal Light, covering the period between March 1, 2006 and December 31, 2008.
The directional distribution in this data is similar to that seen in Figure 5.1. The maximum
recorded wind speed over the ~2 yr time period is 55 mph (24.8 m/s), and the average speed is
15 mph (6.7 m/s).

Table 5.2 (Maurmeyer, 1978) outlines wind speed statistics for the region. The mean annual
wind speed is 11 mph (4.9 m/s), and the highest average wind speed occurs during the winter.
Gale force or greater winds (greater than 47 mph (20.8 m/s)) occur 0.3% of the time annually,
most often in winter. Table 5.3 lists the extreme return period sustained wind speeds from the
Offshore & Coastal Technology, Inc. (OCTI) 1994 Delaware Bay hindcast. Numbers are taken
from the Kitts Hummock hindcast location for both nor’easters and hurricanes, but other areas in
the region are nearly identical. A sustained gale force wind event has an approximate 10 yr
recurrence interval.
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Figure 5.1 Wind roses for the Delaware Bay region (Maurmeyer, 1978).
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Figure 5.2 Wind rose for Brandywine Shoal Light, March 1, 2006 to December 31, 2008.
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Table 5.2 Wind speed characteristics in Delaware Bay (Maurmeyer, 1978).

Time Period | Mean wind speed Gale force occurrence %
(mph) (% > 46.5 mph)
January 12.8 0.7
April 11.9 0.3
July 8.1 0.1
October 10.5 0.2
Annual 11.0 0.3

Table 5.3 Extreme wind speed recurrences (OCTI 1994).

Recurrence Interval (yr) Wind Speed (mph)
5 40.7
10 46.1
25 52.3
50 56.8
100 61.3
250 67.1
500 71.6

5.2.3 Waves

Waves in Delaware Bay are predominantly generated by local winds; swell from the Atlantic
Ocean has a limited influence only on the southernmost bay beaches from Broadkill to Slaughter
Beach. Figure 5.4 illustrates wave roses for Delaware Bay from Maurmeyer (1978).

The distribution of wave occurrences corresponds fairly well with the wind distributions shown
in Figure 5.1; the majority of waves originate from the north and northwest on an annual basis,
and most waves are less than 1.6 ft in height. NOAA maintains a directional wave buoy (Buoy
44054) offshore of Broadkill Beach, and archived data is available for the period of February 6,
2007 to January 29, 2008 (Figure 5.3). Figure 5.5 presents wave roses of this data set.
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Figure 5.3 Locations of NOAA Buoys 44009 and 44054.

PBS&J 53



Characterization of Delaware Bay Beaches

October

Annuali

Figure 5.4 Wave roses for Delaware Bay (from Maurmeyer, 1978).
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Pean Wave Height = 1.5
blean Wwave Period = 3.8s
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Figure 5.5 Wave roses for NOAA Buoy 44054.
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Characterization of Delaware Bay Beaches

The mean annual wave height during this period is 1.5 ft, with a maximum value of
6.6 ft. The winter season exhibits a strong northwesterly influence, likely due to waves
generated during high wind events. Based on the dominance of the east-southeasterly direction
of wave height during all seasons, as well as the buoy’s proximity to the mouth of Delaware Bay,
it appears that there is a significant amount of wave energy from the Atlantic Ocean propagating
to the buoy’s location.

Table 5.4 presents extreme wave height statistics taken from OCTI's 1994 Delaware Bay
hindcast for the combined population of hurricanes and nor’easters. As expected, the predicted
wave heights diminish up the bay; Lewes would likely see a 17.4 ft wave during a 100 yr return
period event, while Reedy Point would experience a 10 ft wave. Directionality was not taken
into account in this study.

Table 5.4 Extreme wave heights and recurrence intervals, in feet (OCTI, 1994).

Return Period (yr)
Location 5 10 25 50 100 250 500
Kitts Hummock 6.6 79 9.5 10.5 11.8 13.1 14.1
Bowers Beach 6.6 7.5 8.9 9.8 10.5 11.8 12.8
Mispillion S 7.5 9.2 10.8 11.8 13.1 14.4 15.7
Broadkill Beach 7.9 8.9 10.2 11.2 12.1 13.5 14.4
Lewes 10.2 12.1 14.4 16.1 17.4 19.7 21.3

Figure 5.6 illustrates wind roses for NOAA Buoy 44009, located in the Atlantic Ocean offshore
of the Delaware coast. Directional wave data was available for the period of May 1993 to
November 1998. Similar to Buoy 44054, the predominant wave direction is from the south-
southeast, with the winter season exhibiting some influence from the northwest. Mean wave
height is highest in the winter (4.9 ft) and lowest in the summer (3.0 ft); annually the average is
3.9 ft.
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Figure 5.6 Wave roses for NOAA Buoy 44009.
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Characterization of Delaware Bay Beaches

5.2.4 Major Storm Events

In recent history, influential storms influencing Delaware Bay beaches include
nor’easters in March 1962, December 1974, January 1992, January 1998, February 1998,
and May 2008 and a hurricane in September 1985. These storms caused varying levels of
structural damage along the Bay shoreline. Between 1923 and 1974, there was an
average of 0.8 storms per year that caused significant damage to the coastal zone of
Delaware (Delaware Coastal Management Program, 1977). According to this study,
which covered the time period between 1923 and 1974, the average storm tide lasted 40
hours, with the longest duration being 96 hours, during the Ash Wednesday Storm of
1962. This storm also had the highest tide level, reaching 7.9 ft above MSL (7.5 ft
NAVDSS8) at Lewes Harbor. Note that this level corresponds approximately to a 75 yr
return period event according to OCTT’s hindcast in the next section. The average storm
tide level was 5 ft above MSL (4.6 ft NAVD88) for this period. The Mother’s Day Storm
of 2008 is the most significant nor’easter in recent memory, bringing a peak storm surge
of 5.2 ft NAVDG&S to Lewes Harbor.

5.2.5 Storm Event Frequency-of-Occurrence / Return Period

An important aspect of coastal management is the understanding of storm frequency-of-
occurrence for a given area. There are various techniques to determine storm frequency-
of-occurrence. Largely, these techniques rely on historic data to calculate (through
probabilistic and statistical methods) site-specific storm frequency relationships. In
general, these techniques utilize various parameters that define a given storm event (wind
speed and direction, surge elevation, wave height and period, barometric pressure) in
order to develop recurrence relationships (return periods).

Coastal protection projects are typically designed to provide a certain level of protection
against a specific return period event, and the project is designed based on the maximum
storm surge associated with that event’s frequency-of-occurrence. One such relationship
is shown in Figure 5.7, demonstratin