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EXECUTIVE SUMMARY

Study Purpose: The purpose of this report is to document the development of a plan to reduce
flooding in the area of Shore Drive east of the Lesner Bridge. The City of Virginia Beach (City) is
completing a preliminary drainage assessment of the Shore Drive corridor (Eastern Shore
Drive) from the Lynnhaven Inlet east to First Landing State Park in an effort to reduce flooding
from rainfall and tidal events. Figure I shows the general area of study. This assessment
focused on the development of potential alternatives for overall drainage system improvements
for the purpose of flood reduction in the neighborhoods of Lynnhaven Colony, Cape Story by the
Sea, and Cape Henry as well as the sub-catchments shown in Figure I as Chesapeake Bay
East, Chesapeake Bay Central, Chesapeake Bay West and the Shore and Vista sub-catchment.
The objective of the study is to develop a holistic approach to the reduction of flooding that will
include improvements to the existing drainage system, new drainage system infrastructure in
some locations, flood control devices, new stormwater pump stations, elevating roadways, and
enhancing natural ridgelines to reduce tidal surge frequency where feasible.

Figure I: Study Area Neighborhoods

The City is currently in the process of designing roadway improvements to Shore Drive for the
section of roadway between the Lesner Bridge and Croix Drive, east of North Great Neck Road
(Figure 1). Future drainage improvements associated with re-design of the roadway were taken
into consideration in this report while developing flood reduction improvements for the study
area.
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This analysis was conducted to determine the optimal (cost effective and feasible) configuration
of drainage infrastructure improvements that will provide the greatest flood reduction in the
study area with minimal construction impact to neighborhoods. Priority was given to drainage
improvements that can be phased such that significant flood reduction improvements are
accomplished earlier in the phasing of work as opposed to waiting until full flood reduction build-
out is completed. This study is also designed to identify that infrastructure and provide key
information required to move forward with design of the system improvements.

Background and Existing Conditions: The Eastern Shore Drive area shown in Figure 1 is
subject to chronic flooding from tidal surges and rainfall events during storms due to low lying
elevations and drainage structures with little slope. Land elevations in the study area are
generally low, ranging from 4.0’ (North American Vertical Datum of 1988 [NAVD 88]) to just over
elevation 10.0’ (NAVD 88) near the dune areas north of Shore Drive. The areas south of Shore
Drive experience recurrent flooding primarily due to abnormally high tidal events. Heavy rainfall
during the times of abnormally high tidal events worsens flooding conditions within the
neighborhoods. The Lynnhaven Colony neighborhood experiences the most frequent and
severe flooding as a direct result of tidal flooding in combination with rainfall runoff. During
abnormally high tides or storm surge events, water in Long Creek backs up into the Cape Henry
Ditch drainage system, flooding homes and yards adjacent to the ditch and preventing the
existing Shore Drive drainage system from conveying adequate stormwater runoff out of the
roadway and into Cape Henry Ditch. The Cape Henry Ditch floods primarily due to backwater
from abnormally high tides in Long Creek and flood conditions are worsened because it has
inadequate capacity to store or convey runoff from a 10-year rainfall event from its contributing
watershed (Shore Drive, Lynnhaven Colony, Cape Story by the Sea and Cape Henry
neighborhoods).  Because the existing ground elevations in the neighborhoods adjacent to the
ditch are low lying, they experience frequent flooding from these tidal and rainfall events.

Areas north of Shore Drive, both east and west of North Great Neck Road, experience flooding
primarily from rainfall due to an inadequate drainage system that does not have the capacity to
move collected stormwater out of the low lying areas (typically roads, parking lots, and yards).
Many of the existing drainage systems in this area utilize infiltration to control stormwater;
however, complete infiltration of rainwater often takes several hours and frequently results in
ponded rainfall runoff standing within and adjacent to streets and roadways in the area  north of
Shore Drive for extended periods of time. Stormwater runoff typically ponds in these areas for
long enough periods that it obstructs access to residential areas and business.

In addition to low elevations and partially inundated drainage systems, sea level rise is also a
factor in recurrent flooding in this area. Rising sea levels pose a substantial long term threat to
the area. As mean sea level continues to rise, flooding resultant from inundation of land by
direct overland intrusion of the high tides will become more frequent and severe.

To address the issue of recurrent flooding in the study area, the City has established a major
CIP project, the Eastern Shore Drive Drainage Project. The goal of this project is to reduce
flooding by providing major flood control infrastructure for much of the study area. This
infrastructure will consist of a combination of, storm surge prevention devices, stormwater
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pumping stations, major drainage conveyance system improvements, berms and enhanced
ridgelines, elevated streets, and flood walls. These measures will be designed to prevent
flooding from storm tide surges up to an elevation of 7.0 feet (NAVD 88) to the west of North
Great Neck Road and up to the natural ridge line elevation of 4.5 feet (NAVD 88) to the east of
North Great Neck Road, as well as alleviate flooding from rainfall. The design and construction
of such measures found to be feasible will be subject to funding availability.  While the study
area consists of a series of drainage catchments (sub-basins), the study is organized around
cost effective flood control improvements which can be made in the neighborhoods which
constitute the study area.

Interim Measures: The measures listed above are considered to be long-term improvements.
In addition to these improvements the City is implementing near-term flood reduction
improvements. In September 2013, City Council authorized a package of interim improvements
to control flooding in the area. These improvements were based on a previously completed
study (“Feasibility Analysis for Near Term Backflow Prevention for Eastern Shore Drive.”, June
2013). The interim improvements consist of five check valves to reduce tidally influenced
flooding in existing drainage structures and three automated sluice gates. Installation of the
check valves was completed in January 2014. Construction of the three sluice gates is
scheduled for late 2014; Figure II below shows the location of the automated sluice gates.

Figure II: Near Term Sluice Gate Locations

These devices will serve the purpose of preventing backflow of abnormally high tides or storm
surge events into low lying neighborhoods, but will not provide the additional protection measure
of pumping rainfall runoff out of the protected area during times when the automated gates are
closed. The existing low lying areas can only be protected up to the elevation of the existing
ridgelines or roadways surrounding these areas with this approach. Once these ridgelines or
roadways are overtopped by storm surge, the areas protected from tidal flooding by the



DRAFT - Eastern Shore Drive Drainage Preliminary Design Report
City of Virginia Beach | June 2014

iv

backflow preventers will no longer be fully protected and overland flow will be capable of
flooding the area. The near-term backflow prevention devices will serve the purpose of reducing
the frequency of tidal flooding, the primary cause of flooding in Lynnhaven Colony
neighborhood, up to an elevation of 5.0’ (NAVD 88) but will not protect the neighborhood to the
level of protection analyzed in this long-term flood control study (elevation 7.0’ NAVD 88 in
areas west of North Great Neck Road). This long-term study does not include ridgeline
improvements within the neighborhoods east of North Great Neck Road because such
improvements would require impacts to individual residences for the purpose of elevating
existing ridgelines.

Study Approach: Identification and analysis of potential improvements within this study
included the following elements:

• Review of past hydraulic studies within the focus area

• Review of citizen flooding complaint data

• Site visits to review the existing conditions of the drainage infrastructure

• Development of a hydrologic and hydraulic model for the existing conditions using Storm
Water Management Model (SWMM) software

• Calibration of the existing model and analysis of proposed improvement alternatives

• Preparation of preliminary construction costs for each modeled alternative.

A total of twenty-six (26) potential individual drainage improvements were identified during the
assessment of the study area. These improvements were then analyzed to optimize flood
reduction and reduce potential cost of implementation. A total of 12 different full build-out
alternatives were created for the study area. Hydrologic and hydraulic models and opinions of
construction cost were analyzed for these alternatives. The principal variables in system design
included discharging to the Chesapeake Bay versus into Long Creek, the number and location
of pump stations, the most effective locations of backflow prevention devices, pipe sizes, and
the extent of improvements to the Cape Henry Ditch. Detailed maps of each alternative can be
found in Appendix B. Detailed descriptions of the top three most practicable alternatives can be
found in Chapter 5.0 “Alternatives”.

Alternatives A/B, C, D, and E were eliminated from further evaluation during the preliminary
analysis because they were determined to be unfeasible due to the estimated cost of
construction and because they did not provide sufficient protection against flooding from heavy
rainfall in combination with tidal flooding. Appendix B contains layout for Alternatives A/B, C,
and E.

Alternatives F,  G,  and H (Refer  to Appendix B – Alternative Layouts) were eliminated from
further consideration later in the review process due to their extensive potential construction
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cost as compared with Alternatives J, K and L which are capable of providing the same level of
protection from tidal and rainfall events.

Alternatives J, K and L (Refer to Appendix B – Alternative Layouts) were selected for  further
evaluation in this study because they were found to be the most economically feasible
alternatives and provide the desired level of flood protection, not only from abnormally high tide
events, but also from combinations of heavy rainfall events with abnormally high tides.

The analysis determined that Alternative L also referred to in this report as the “Southern
Discharge Alternative,” is the most practicable alternative. This alternative achieves the desired
level of flood protection, can be phased to provide the most significant near term flood reduction
upfront and is the most cost effective solution among the final three scenarios studied in detail
(J, K and L).

The proposed neighborhood drainage infrastructure improvements and key system attributes
comprising Alternative L are shown in Figure III below. For landmarks and spatial reference
locations discussed below and throughout this report, refer to Figure IV in the Landmarks
section that follows.

Figure III: Recommended Alternative Layout



DRAFT - Eastern Shore Drive Drainage Preliminary Design Report
City of Virginia Beach | June 2014

vi

The primary components of Alternative L consist of the following (Refer to Figure I for
neighborhood locations, Refer to Appendix B for Alternative L Layout Map):

• Shore and Vista: Improvements in this sub-catchment will provide adequate drainage
during a 10-year rainfall event in combination with tidal surge (up to elevation 7.0 NAVD
88) for Shore Drive and its adjacent corridor. Improvements included in this sub-
catchment include:

o New stormwater trunkline along Shore Drive from Devore Court west to the
proposed Shore and Vista Pump Station near Vista Circle

o New pump station near Vista Circle, acting as a lift station, with a capacity of 70
cfs

o Utilization of the existing 3.0 ft diameter RCP discharging into Long Creek near
Bubba’s Marina.

o The proposed layout allows for expansion of pump station and addition of
supplemental outfall location as necessary for additional stormwater capacity in
the future

• Lynnhaven Colony: Improvements in this sub-catchment will prevent flooding from tidal
surges up to elevation 7.0 (NAVD 88) and provide adequate conveyance of a 10-year,
24-hour rainfall event in combination with high tidal surges. Improvements within this
area consist of the following:

o New flood gate at existing Boatel Box Culvert to prevent flood waters as a result
of abnormally high tides and storm surge events up to elevationh 7.0’ NAVD 88
from progressing upstream to the low lying neighborhoods

o Installation of a stormwater pump station adjacent to Lynnhaven Drive near the
Boatel Box Culvert.  Pump station capacity to be 150 cfs and will act as a lift
station.  Pump will utilize existing 6 foot x 8 foot box culvert as a gravity outfall to
Long Creek

o Installation of a stormwater storage area adjacent to the new Boatal Pump
Station to provide additional stormwater runoff volume storage

o Improve hydraulic conveyance and storage capacity of the Cape Henry Ditch
from Kleen Street west to West Great Neck Road and south to Lynnhaven Drive.
Includes replacement of the existing small diameter culverts along the 5 side
street crossings with new box culverts to minimize head loss and improve
hydraulic conveyance through the channel.  Includes upsizing the existing
drainage infrastructure that conveys flows from the open channel west of West
Great neck Road to the open channel east of North Great Neck Road.

o New stormwater pump station at the west end of the Cape Henry Ditch on Sand
Pine Road.  Pump station capacity to be 80 cfs and will act as a lift station.  A
new outfall pipe will be placed along Sand Pine Road to act as a gravity outfall.
Outfall pipe will “daylight” at the Lynnhaven Municipal Marina, west of Newbern
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Lane and will include a dual 4 foot diameter RCP to dicipate velocities prior to
discharge.

• Chesapeake Bay Central: Improvements within this sub-catchment will provide adequate
drainage to prevent flooding during a 10-year, 24-hour rainfall event. Improvements will
include:

o Installation of a new drainage network along side streets of the Chesapeake Bay
Central neighborhood that will convey stormwater south under Shore Drive and
down to the Cape Henry Ditch.  This will alleviate flooding in the catchment and
will reduce the number of existing beach outfalls.

• Cape Story by the Sea: Improvements within this sub-catchment will increase the
service level of the Poinciana Pump Station to be capable of pumping the 10-year, 24-
hour rainfall runoff. Because recent improvements were made to the drainage
infrastructure along the streets and because the citizens in this neighborhood want to
preserve, to the extend possible, the existing mature trees, infrastructure improvements
within this neighborhood are limited.  Improvements within this neighborhood include:

o Increase Poinciana Pump Station capacity to 100 cfs.

o Utilize existing 3 ft diameter force main as outfall.

• Chesapeake Bay East: Improvements within this sub-catchment will increase the service
level of the drainage infrastructure to be capable of preventing localized flooding for the
1-year, 24-hour rainfall event.  Improvements within this area will include:

o New stormwater collection system and infiiltration basin along Shore Drive,
Bayberry Street and Wake Forest Streets that will discharge to a new pump
station on Sandalwood Road

o New stormwater pump station near Sandalwood Road.  The capacity of this
pump station will be 10 cfs

o New stormwater collection system and infiltration basins along Shore Drive,
Walke Street, First Landing Lane, and Calvert Street that will flow to a new pump
station at Kendall Street

o New stormwater pump station near Kendall Street.  The capacity of this pump
station will be 10 cfs

o New outfall pipes for both the Sandalwood pump station and Kendall Street
pump station will be 1.5 foot diameter RCP’s and will discharge into underground
bubbler outfalls on the beach

• Cape Henry: Improvements within this sub-catchment will provide tidal surge protection
up to elevation 4.5 feet (NAVD88) and will provide a pump station with adequate
capacity to pump out stormwater runoff from a 10-year, 24-hour rainfall event while the
tide is blocked. Because citizens in this neighborhood want to preserve, to the extent
possible, the existing mature trees, infrastructure improvements within this neighborhood
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are limited to open channel improvements, addition of a backflow prevention device, and
installation of a stormwater pump station. Improvements within this area include:

o Installation of an automated sluice gate on First Landing Lane, just north of
Admiral Drive to block abnormally high tides from migrating upstream into Cape
Henry Ditch and associated drainage system

o New stormwater pump station on First Landing Lane, just north of Admiral Drive.
This will function as a lift station and will have a capacity of 20 cfs

o The pump station will utilize the existing dual 2.5 foot diameter pipes as a gravity
outfall to the Cape Henry Shores canal

The initial phases of Alternative L would include conveyance and storage improvements to the
Cape Henry Ditch within the Lynnhaven Colony neighborhood, construction of the backflow
prevention device and stormwater pump station in the Shore and Vista catchment, construction
of the new Flood Control Device at the Boatel Box Culvert to block tidal surges up to elevation
7.0 (NAVD 88), installation of new drainage infrastructure to improve drainage in the
Chesapeake Bay Central neighborhood, addition of the Boatel Box Culvert Stormwater Pump
Station, Construction of the Vista Circle Stormwater Pump Station, and construction of the Sand
Pine Road Stormwater Pump Station. A detailed list of potential phasing for this alternative is
included in Chapter 6 of this report. These improvements would alleviate flooding within the
Lynnhaven Colony, Chesapeake Bay Central, and Chesapeake Bay West neighborhoods.
These improvements will also provide adequate drainage for a 10-year, 24-hour rainfall event
along the newly re-designed Shore Drive Roadway during tidal surge events up to elevation 7.0’
(NAVD 88).

Moving Forward: Analysis of the alternatives presented in this report included conceptual
layout of the proposed improvements and hydraulic modeling of the concept level systems. It is
recommended that design drawings for the Shore Drive Roadway Improvements stormwater
drainage infrastructure be developed concurrent with the drainage improvements identified in
this report; Shore and Vista stormwater pump station, Cape Henry Ditch hydraulic conveyance
and storage improvements, Sand Pine Road Stormwater Pump Station, installation of the Flood
Control Device at the Boatel Box Culvert, and installation of the pump station at the Boatel Box
Culvert. Concurrent design will allow the new roadway drainage infrastructure to tie into the
proposed stormwater improvements along Cape Henry Ditch, as described in Alternative L, and
will enable the roadway drainage system to convey the 10-year, 24-hour rainfall concurrent with
abnormally high tides up to elevation 7.0’ (NAVD 88) without flooding. It should be noted that
the design criteria for improvements within this report are to provide a level of service for Shore
Drive where roadway flooding is prevented for a 10-year, 24-hour rainfall event in combination
with tidal surges up to elevation 7.0’ (NAVD 88) and similar design criteria for the adjacent
neighborhoods. The major flood improvements within this report are geared toward blocking
abnormally high tides from flooding the low lying areas up the drainage systems.
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The next steps that should be taken include:

• Development of a detailed phasing plan based on available funding

• Open House Meetings (to present the proposed improvements included in this analysis)

• Development of a final implementation program (after potential funding mechanisms are
identified)

• Funding of project improvement designs

• Design of improvements necessary for supporting the Shore Drive roadway
improvement drainage infrastructure so that they can be integrated into the Shore Drive
Phase III roadway drainage design (Shore-Vista pump station and backflow prevention
device, Boatel Box Culvert flood control device and pump station, Sand Pine Road
Pump Station, and Cape Henry Ditch hydraulic conveyance and storage improvements).
As design moves forward, phasing should be further refined to ensure that the Shore
Drive roadway improvements can be constructed once it is determined that MS-19
criteria can be met.

• Finalize design and begin construction of first phase of hydraulic improvements

• Construct Shore Drive Phase III roadway improvements
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LANDMARKS

Notable roads, landmarks, and features discussed within this study are shown below for
reference throughout the report. A larger version of this map (11”x17”) is included in Appendix
A.

Figure IV: Notable Landmarks

Landmarks associated with identification numbers shown above correspond to:

1. Lesner Bridge
2. Bubba’s Marina
3. Dockside Fish Market
4. Lynnhaven Municipal Marina
5. Lynnhaven Colony Neighborhood Park
6. Lynnhaven Boatel
7. Poinciana Pump Station
8. First Landing State Park
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GLOSSARY OF TERMS

Analysis Region – A collection of neighborhoods within the study area. Analysis regions typically
share hydraulic conveyance systems and allow multiple alternatives and solutions to be
analyzed congruently when proposed improvements span multiple neighborhoods.

Backflow Prevention Device – A device that can be fitted within or at the end of an existing pipe
or open channel conveyance system to allow water to only flow one way. Examples of backflow
prevention devices include one way valves, flap gates and sluice gates.

Base Flood Elevation (BFE) – The BFE is the water-surface elevation of the 1% annual chance
flood (100-yr storm) as determined by the Federal Emergency Management Agency (FEMA).

Catchment – The extent of area where stormwater drains to a single point or outfall.

Eastern Shore Drive (ESD) – The study or focus area for this report.

Design Storm – The 10-yr (10% annual chance) SCS 24-hr Type II storm.

Finished Floor Elevation (FFE) – The surveyed elevation of the first finished floor of a habitable
structure.

Flooding – The point when the calculated water surface elevation (WSEL) is greater than 6
inches above the centerline of a road or is above the Finished Floor Elevation (FFE) of a
habitable structure.

Flooding Depth – The difference in height (feet) between the calculated water surface elevation
and existing ground elevation.

Garage Floor Elevation (GFE) – The surveyed elevation of the floor of garages where they exist
within the study area.

Head – The difference in water surface elevation between two water bodies connected by a
pipe or conduit, expressed as a unit of height (reported as feet in this report).

Head Loss – The reduction in the force available to move water through a pipe or conduit from a
water body with a higher water surface elevation to a water body with a lower water surface
elevation due to a single factor or combination of factors. Factors that can contribute to head
loss are friction within the pipe, turbulence in the fluid, reduction in pipe diameter and fluctuating
head elevations at the downstream end of the pipe acting against the fluid moving through the
pipe.

NAVD 88 – North American Vertical Datum of 1988. All elevations referenced in this report refer
to this datum.
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Outfall – The point where stormwater runoff in a catchment drains to and discharges. Outfalls
are the terminating point in hydraulic models and the point where downstream boundary
conditions (i.e. tide elevations) are applied.

Overtopping Elevation – The controlling elevation that ponded stormwater must reach before
flowing overland, thus bypassing stormwater infrastructure. These locations may refer to the top
elevation of roads, natural ridgelines, curbs, or bulkheads.

Ponding – Occurs when stormwater flows up out of existing drainage infrastructure (i.e. yard
inlets, curb inlets, manholes, pipes, and ditches) because the system’s capacity has been
exceeded and accumulates (“ponds”) above the existing ground.

Pump Service Area – Catchment area where runoff drains to an existing or proposed
stormwater pump station.

Rainfall Depth – The simulated total depth of rainfall, in inches, occurring over a 24-hour storm
duration.

Surcharge – A condition where the hydraulic conveyance capacity of the stormwater pipe is
exceeded by the flow coming into the system and the water surface within the drainage system
rises, potentially resulting in ponding.

SWMM – The U.S. Environmental Protection Agency’s Storm Water Management Model
(SWMM). SWMM is the hydrologic and hydraulic model used to calculate water surface
elevations within the study area.

Tide Elevation – The height of tidal water referenced to the North American Vertical Datum of
1988.

Water Surface Elevation (WSEL) – The maximum computed water elevation.

Figure V: Analysis Area Schematic
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CHAPTER 1: INTRODUCTION AND BACKGROUND

IntroductionA.

The Shore Drive neighborhoods of Lynnhaven Colony, Cape Story by the Sea, Cape Henry,
Chesapeake Bay West, Chesapeake Bay Central, and Chesapeake Bay East are subject to
heavy frequent flooding and have been identified by the City as areas needing flood reduction
improvements (Figure 1-2). The City of Virginia Beach initiated the Eastern Shore Drive
Drainage Preliminary Design Study to develop potential improvements to the stormwater system
to reduce flooding from rainfall and tidal events within the focus area. These neighborhoods are
low lying with many homes having finished floors between elevations 4.0 and 6.0 (NAVD 88)
and currently do not have flood protection infrastructure. This area of Virginia Beach has
experienced recurrent flooding primarily from severe coastal storms which bring higher than
normal tides coupled with heavy rainfall amounts, rainfall intensities, or both. As recorded at the
Chesapeake Bay Bridge Tunnel, some recent storms have produced tidal elevations between
5.3 feet (NAVD 88) (Hurricane Sandy, October 27-30, 2012) and 5.8 feet (NAVD 88) (Nor’Ida,
November 11-14, 2009) and rainfall amounts between 6.4 inches (Hurricane Sandy, October
27-30, 2012) and about 7.8 inches (Nor’Ida, November 11-14, 2009). Data collected by the City
suggests that water surface levels in the Lynnhaven Inlet reached 5.7 feet (NAVD 88) for
Hurricane Sandy and 6.9 feet (NAVD 88) for Nor’Ida within the neighborhoods mentioned
above. There are no existing flood protection measures within these existing neighborhoods
capable of blocking abnormally high tides.  During abnormally high tide events, water from Long
Creek backs up through the Cape Henry Ditch, resulting in flooding of these low lying
neighborhoods.

Coupled with the increasing frequency of flooding are the effects of climate change. The
increasing frequency and intensity of storms and the effect of sea level increase has aggravated
the flooding in these areas. Chapter 2 details the sources and effects of climate change on the
flooding problems in the area and identifies the planning factors used to ensure that the system
improvements account for sea level rise.  To address the issue of recurrent flooding in the study
area, the City has established a major Capital Improvement Project, the Eastern Shore Drive
Drainage Project. The purpose of the project is to provide flood relief and protection to the area
by the phased installation of major flood control infrastructure for much of the study area. As
contained in this report, the recommended infrastructure consists of a combination of pumping
stations, storm surge prevention devices, major conveyance system improvements, berms,
elevated streets, and seawalls. These measures are designed to prevent flooding from storm
tides up to 4.5 feet (NAVD 88) east of North Great Neck Road and up to 7 feet (NAVD 88) to the
west, as well as prevent flooding from rainfall runoff. The design and construction of such
measures found to be feasible will be subject to available funding.

Part of the impetus for this study is planned improvements to Shore Drive. Roadway
improvements to Shore Drive between Page Avenue and Croix Drive are currently in the design
phase and are referred to in this study  as “Shore Drive Corridor Improvements – Phase III” (CIP
No. 2-117). The re-design of Shore Drive presents opportunities for flood reduction along the
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corridor that has not been considered in past drainage studies of the area. These studies, dating
back to July 1990, have all had the purpose of reducing flooding in the above mentioned Shore
Drive neighborhoods. Past studies include the Lynnhaven Colony Drainage Stormwater Pump
Analysis (MMM, November 2000) and the Lynnhaven Colony Stormwater Pumping Feasibility
Study (KCI, August 2005), which both recommend improvements along the Cape Henry Ditch
and installation of a new pump station in the Lynnhaven Colony neighborhood. The latest study,
Tidal and Rainfall Flooding Evaluation (PB, September 2010), analyzed improvements within
three of the above mentioned Shore Drive neighborhoods, and recommended installation of
regional pumps, sluice gates, and higher capacity pipes to reduce flooding. It also
recommended installation of a tide gate at the downstream end of the Cape Henry ditch where it
flows into an existing box culvert before outfalling into Long Creek near the Lynnhaven Boatel.
Data contained within these past reports was used in completing the existing conditions
assessment for this study, as well as for consideration during development of the proposed
improvements.

The purposes of this report are to; 1) evaluate the effectiveness and suitability of utilizing flood
reduction measures as mentioned above; 2)  approximate the potential implementation cost of
such improvements; and 3) identify the most practicable engineered alternatives for future
implementation.

Watershed CharacteristicsB.

The total land area of the peninsula west of First Landing State Park is approximately 710
acres. Natural ridgelines separate the tidally adjacent areas near Long Creek with the study
watersheds. Figure 1-1 below shows the existing land cover of the Shore Drive watershed
assessment area.
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Figure 1-1: Land Cover

Of the 710 acres of land on the peninsula roughly half, 335 acres, are located within the Shore
Drive watershed assessment area. These areas are heavily developed with a mixture of
residential and commercial development. The land cover within the watershed assessment area
consists of:

· 185 acres of impervious areas (buildings, roads, parking lots, etc.)
· 148 acres of landscaped pervious areas (lawns, parks, grassed medians),
· 2 acres of open water and wetlands

The majority of development within the watershed occurred between 1955 and 1960 before the
City of Virginia Beach incorporated the Shore Drive neighborhoods in 1963. As such, these
areas were developed before the first floodplain ordinance was adopted in 1969. Consequently
there was minimal control on finished flood elevations for structures built prior to this time. Also
there were no site development design standards prior to the 1970’s, so several streets in the
area were constructed with inadequate drainage systems. There are approximately 1,400
habitable structures within the study area that are at or below elevation 10.0’ (NAVD88).

The focus area is divided into seven separate catchment (sub-basin) areas as listed below and
shown in Figure 1-2 below.
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Figure 1-2: Study Neighborhoods

The primary drainage conveyance through the Lynnhaven Colony, Cape Story by the Sea, and
Cape Henry neighborhoods is the Cape Henry Ditch (see the Landmarks Map, Figure IV),
which is tidally influenced within some reaches. The Lynnhaven Colony catchments are
bordered by the eastbound lanes of Shore Drive on the north and a ridgeline through the
Lynnhaven Colony neighborhood on the south. The major stormwater conveyance through this
catchment area is the Cape Henry Ditch. The Cape Story by the Sea catchments are located
south of Shore Drive and to the east of the Lynnhaven Colony catchments. This area contains
both open channel and closed pipe stormwater conveyances with the Cape Henry Ditch feeding
a closed pipe system that flows south to the Poinciana pump station. The Cape Henry
catchments are bordered by Shore Drive on the north and First Landing State Park to the east.
This area drains into the Cape Henry ditch and then into a relatively short stormwater pipe
network to its outfall into the Cape Henry Shores canal.

The Shore and Vista catchments are located east of the Lesner Bridge abutment, and contain a
closed pipe system primarily serving the Shore Drive roadway. The Chesapeake Bay - West
and Central catchments are located north of Shore Drive and west of North Great Neck Road.
These catchments contain a combination of closed pipe systems that discharge to the
Chesapeake Bay and infiltration to manage stormwater. The Chesapeake Bay - East catchment
utilizes infiltration to handle stormwater; however, there is a small stormwater pump located at
the low point on First Landing Lane that discharges to the beach in this catchment.
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The southern areas of the Eastern Shore Drive watershed discharge into Long Creek, while the
northern areas generally outfall onto the beach and into the Chesapeake Bay. The list below
contains the primary outfalls within the focus area:

• Lynnhaven Colony Boatel: 10’ x 6’ gravity box culvert (to Long Creek)

• Cape Story by the Sea: 36” force main (to Long Creek)

• Cape Henry: two 30” gravity pipe outfalls (to  a canal within Cape Henry Shores then to
Long Creek)

• Shore and Vista: 36” gravity pipe outfall (to Long Creek)

• Chesapeake Bay – West and Central: 12 gravity pipe outfalls (to the Chesapeake Bay)

• Chesapeake Bay – East: one 4” force main outfall (to the Chesapeake Bay)

The majority of outfalls to Long Creek are placed at elevations with outlet inverts below mean
high tide. Therefore these outfalls are tidally influenced and have decreased conveyance and
storage capacity during abnormally high tide events.

Historical Flooding IssuesC.

The Shore Drive neighborhoods of Lynnhaven Colony, Cape Story by the Sea, and Cape Henry
and the sub-catchments of Chesapeake Bay West, Chesapeake Bay Central, Chesapeake Bay
East and Shore and Vista are all subject to frequent flooding due to the low elevation of the
existing ground, lack of sufficient elevation change to allow rainfall to flow out of the streets, and
inadequate drainage system infrastructure and capacity. Recent storms have produced tidal
elevations between 5.3 feet (NAVD 88) (Hurricane Sandy, October 27-30, 2012) and 5.8 feet
(NAVD 88) (Nor’Ida, November 11-14, 2009) and rainfall amounts between 6.4 inches
(Hurricane Sandy, October 27-30, 2012) and nearly 7.8 inches (Nor’Ida, November 11-14,
2009). Data collected by the City suggests that water surface levels in the Lynnhaven Inlet
reached 5.7 feet (NAVD 88) for Hurricane Sandy and 6.9 feet (NAVD 88) for Nor’Ida. Data also
indicates that sea level has risen approximately 0.4 feet since 1960 at the Chesapeake Bay
Bridge Tunnel. Recent studies predict that sea levels locally could rise 2.03 feet by 2050 from
current levels and by as much as 5.34 feet over the next 100 years.

In addition to the larger storm events listed above, some areas of the study area experience
more frequent flooding from smaller storms that push tidal surges up to elevation 3.0’ (NAVD
88) into the drainage system. The centerline elevation of some sections of Cape Henry Drive
are as low as elevation 2.5’ (NAVD 88). Therefore, when abnormally high tides reach elevation
3.0 (NAVD 88) the section of road will have 6.0” of standing water and is rendered impassable.
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Interim MeasuresD.

As noted in the Introduction above, in order to address flooding issues as soon as possible, the
City of Virginia Beach developed near term measures which could be implemented quickly. The
study entitled Feasibility Analysis for Near Term Backflow Prevention for Eastern Shore Drive
was completed in June 2013. The purpose of this report was to evaluate the effectiveness and
suitability of utilizing backflow prevention devices as interim measures on outfalls and culverts to
reduce flooding in the drainage systems of Lynnhaven Colony, Cape Story by the Sea, Cape
Henry, and Shore and Vista.

For that study, thirty-nine outfall and culvert locations were analyzed. From those 39, 20 were
modeled. The hydraulic analysis shows that there are several areas within the focus area that
would benefit from the installation of backflow prevention devices. Those devices would reduce
flooding for storm events with abnormally high tide elevations (up to the overtopping elevation of
the controlling ridgeline and/or roadway) in combination with smaller 1- inch or 2- inch rainfall
events. The interim improvements consisted of five check valves to reduce tidally influenced
flooding in areas adjacent to the ESD study area and 3 sluice gates as shown in Figure 1-3
below. Installation of the check valves was completed in January 2014. Construction of the
three sluice gates is scheduled for late 2014. Some of the recommended interim improvement
may only be in place until a long term solution to flooding is in place, while others
recommendations are permanent improvements.

Figure 1-3: Interim Backflow Prevention Devices
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CHAPTER 2: PROBLEM IDENTIFICATION

Levels of FloodingA.

The study area experiences flooding from both abnormally high tide/surge events as well as
flooding from heavy rainfall events. The level of flooding greatly varies as well. Nuisance
flooding within yards or stormwater collected in the roadway can occur frequently, but presents
little risk to the community. In other flooding events stormwater can collect in roadways to
depths equal to or greater than 6 inches and can pose a threat to the community by preventing
access into and out of neighborhoods. More severe flooding such as tidal surge generated by
hurricanes can be devastating to the community by destroying personal property, causing
structural damage of habitable structures, and even threatening lives.

There are 3 typical levels of flooding experienced within the study area:

• Nuisance: Nuisance flooding is frequently found along the edges of roads, in yards, and
other low depressional areas. It is usually a result of poor grading or clogged inlets.
Generally, nuisance flooding poses little risk to the community; however, hydroplaning
on roadways can be a hazard if flooding encroaches into the travel lane of roadways.

• Roadway: Although any standing water in the roadway has the potential to be
hazardous to motor vehicles, roadways are considered flooded when the crest of the
road becomes inundated with 6 inches or more of water. Flood waters greater than 6
inches inhibit normal operating conditions of the roadway and may lead to impassable
roads.

• Structural: Structural flooding occurs when flood elevations rise above building finished
floor elevations (FFE) or submerge outdoor HVAC units. This level flooding is the most
serious and is often accompanied with significant personal property damage and
possible loss of life. Homeowners that suffer from reptitive loss due to structural flooding
may be eligible to receive federal funding assistance through the National Flood
Insurance Program (NFIP).

Flooding DescriptionB.

Every neighborhood within the Shore Drive corridor has experienced various levels of flooding
from isolated nuisance flooding to significant structural flooding. Below is a neighborhood-by-
neighborhood description of frequent flooding issues and its causes.  See Figure IV for
locations of key landmarks referenced within each neighborhood description.
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Shore and Vista
Flooding occurs in the Shore and Vista catchment when the tide forces water back through the
36 inch diameter pipe and up into the east bound lanes. This flooding is compounded when
heavy rainfalls coincide with an abnormally high tide making sections of Shore Drive impassible.
Currently the lowest elevation along Shore Drive roadway is at the Shore and Vista catchments
which has an elevation of 4.5 feet (NAVD 88). The roadway is considered to be flooded once
flood waters reach a depth of 6 inches along the roadway centerline (elevation 5.0 feet NAVD
88). Improvements to the road as part of the Shore Drive Phase III project, already in design,
will raise the roadway to elevation 5.0 feet (NAVD 88) in this catchment.

Lynnhaven Colony
A significant portion of this catchment is at or below elevation 4.0 feet (NAVD 88); these low
lying areas are especially susceptible to tidal flooding. The banks of Cape Henry Ditch within
this catchment in many places are at or below elevation 3.0 feet (NAVD 88) and in some areas
are level with Cape Henry Drive. Segments of Cape Henry Drive located adjacent to the Cape
Henry Ditch have centerline elevations as low as 2.5 feet (NAVD 88). When the water elevation
in Cape Henry Ditch exceeds 3.0 feet (NAVD 88) these lower portions of Cape Henry Drive are
flooded with greater than six inches of water and are considered impassable.

Chesapeake Bay – West

This catchment is higher than the other sections of the Shore Drive corridor and experiences
less frequent and intense flooding than other neighborhoods. Some localized flooding occurs
during high intensity rain events along Page Avenue adjacent to Shore Drive. Also, this
neighborhood drains to beach outfalls and is not susceptible to frequent tidal flooding because
most of the ground elevation is above elevation 6.0 feet (NAVD 88).

Chesapeake Bay – Central
This catchment can best be described as a bowl with higher elevations along the north and
southern boundaries and lower elevations in the interior of the neighborhood. The intersections
of Shore Drive with West Great Neck Road, Ebb Tide Road, Red Tide Road, and Urchin Road
experience frequent flooding from high intensity rainfall. Most of the catchments outfall to the
beach but are now frequently susceptible to tidal flooding; however, the intersection of West
Great Neck Rd is connected to the Cape Henry Ditch and experiences tidal flooding at
elevations greater than 4.5 ft (NAVD 88).

Cape Story by the Sea
Parts of the Cape Story by the Sea catchment are at elevation 3.3 feet (NAVD 88). Flooding
occurs when the Poinciana Pump Station is overwhelmed by the volume of rainfall runoff in the
catchment. The first structures become flooded at elevation 3.8 feet (NAVD 88). There are three
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different situations in which flooding could occur. First, the pump station and pipe system can be
overwhelmed due to large rain events. Second, water from the Lynnhaven Colony catchment
and/or Cape Henry catchment can flow into the Cape Story by the Sea catchment through the
Cape Henry ditch. Finally, if the water elevation in Long Creek reaches 4.5 feet (NAVD 88) it will
overtop the southern ridgeline and flow overland directly into the Cape Story by the Sea
Catchment, overwhelming the Poinciana Pump Station.

Cape Henry
The low lying areas in this catchment are located at about elevation 3.0 feet (NAVD 88) with the
ridge line dividing the Cape Henry catchment and the Cape Henry Shores neighborhood canal
at elevation 5.2 feet (NAVD 88). Flooding occurs when abnormally high tides or tidal surges in
the downstream Cape Henry Shores canal backs up through the two, 30 inch diameter outfall
pipes back into the Cape Henry Catchment. The first habitable structures become flooded when
water reaches an elevation of 3.5 feet (NAVD 88). Once the water elevation in the canal
reaches elevation 5.2 feet (NAVD 88) the ridge line is overtopped allowing water to flow
overland into the catchment regardless of the presence of backflow prevention devices.

Chesapeake Bay – East
Simiar to the Chesapeake Bay – Central neighborhood, the topography of this neighborhood is
typically concave in shape with the highest elevations along the Dunes to the north and Shore
Drive to the south while the lowest elevations are in the interior. Roadways that experience
freuqent flooding include: Kendall Street, Calvert Street, Walke Street, Wake Forest Street,
Bayberry Street, Sandlewood Street, and Oak Street. This neighborhood drains to beach
outfalls and is not susceptible to tidal flooding of elevation 6.0 feet (NAVD 88) or lower.  A small
pump located at the low point on First Landing Lane keeps nuisance and excess water out of
First Landing Lane and discharges to the beach.

Structures and Roadways Susceptible to FloodingC.

The topography of the area generally ranges in elevation from 3.0 feet (NAVD 88) along the
waterways and some ditches to 10.0 feet (NAVD 88) behind the dunes north of Shore Drive. As
many as 1,400 buildings are located at or below elevation 10.0 feet (NAVD 88). Table 2-1 below
details the number of buildings and length of roadway vulnerable within the peninsula west of
First Landing State Park. Figure 2-1 below shows flooding at 2 ft increments of surge. For a
detailed illustration of inundation areas by 1 ft increments, refer to Appendix A.



DRAFT - Eastern Shore Drive Drainage Preliminary Design Report
City of Virginia Beach | June 2014

2.4

Table 2-1: Inundated Buildings and Structures

Water Elevation
(ft NAVD 88) Buildings Roadways

(miles)

< 3 9 0.7

4 73 4.6

5 307 6.2

6 582 11.8

7 872 13.4

8 1186 15.3

9 1343 15.6

10 1400 16.1

Figure 2-1: Areas Susceptible to Flooding

Effective FEMA FloodplainD.

A significant portion of the project area is mapped within the FEMA 100-yr floodplain based on
the 2009 FEMA maps. The source of flooding is storm surge from the Chesapeake Bay which
migrates through the Lynnhaven River Inlet upstream through Long Creek. Figure 2-2 shows
the effective FEMA flood hazards with base flood elevations (BFE) elevations determined.
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Figure 2-2: FEMA Special Flood Hazard Areas

The 2009 Effective FEMA Flood Insurance Study (FIS) determined the 10-yr stillwater
elevations west of N Great Neck Rd is 4.9 feet (NAVD 88) and east of N Great Neck Rd is 4.3
feet (NAVD 88).

Climate Change and Sea Level RiseE.

Climate change and area subsidence create a significant long term threat to the City of Virginia
Beach that must be accounted for in the development of future flood control infrastructure within
the City. The World Meteorological Organization (WMO) and the United Nations through its
Intergovernmental Panel on Climate Change (IPCC) has identified global warming as the
principal cause of sea level rise from melting ice caps and expanding oceans. Land subsidence
caused, in part, by an asteroid that struck the Eastern Shore area approximately 35 million
years ago adds to the impact of sea level rise locally. During the last 50 years sea levels have
risen approximately 1 foot in the Virginia coastal area. At the Chesapeake Bay Bridge Tunnel
the recorded increase has been 0.24 inches per year. The Virginia Institute of Marine Science
(VIMS) 2013 Recurrent Flooding Study of Tidewater ,Virginia estimates that sea level rise along
the coast of Virginia will range from 1.5 to 3 feet during the next 50 years. Coupled with the
threat of sea level rise is the recorded and anticipated increase in the intensity of climatic events
(hurricanes and northeasters). Of the 15 storm events with high tidal levels recorded at the
Sewell’s Point Storm Gage (which has a longer tidal record than the CBBT), nine have occurred
in the last 16 years. Table 2-2 and Figure 2-3 below show the record of such storms.
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Table 2-2: Historical Coastal Storm Surge at Sewell's Point Tide Gauge

Benchmarks and Events MLLW (ft)

Hurricane (1933) 8.02

Hurricane Isabel (2003) 7.89

Nor'Ida (2009) 7.77

Hurricane Irene (2011) 7.55

Ash Wednesday Storm (1962) 7.22

Hurricane Sandy (2012) 6.81

Hurricane (1936) 6.72

Thanksgiving Nor'easter (2006) 6.63

Twin Nor'easter (1998) 6.58

Columbus Day Nor’easter (2006) 6.52

Nor'easter (1956) 6.12

Twin Nor'easter (1998) 6.04

Hurricane Floyd (1999) 5.97

Hurricane Flossy (1956) 5.92

Hurricane Donny (1960) 5.92

Figure 2-3: Timeline of Historical Coastal Storm Surge at Sewell's Point Tide Gauge
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The combination of gradual sea level rise and increasing intensity of storms has profound
implications for development and its supporting drainage infrastructure in Virginia Beach. This
combination will create increased and more recurrent flooding in many areas of the City,
especially those shown in Figure 2-4 below which includes the Eastern Shore Drive area.
These increases will not only create the likelihood of significant widespread flooding in the
Eastern Shore Drive area but also the eventual inundation of existing storm drainage
infrastructure on normal daily and lunar (spring) tides.

Figure 2-4: Observed Flooding Areas
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Figure 2-5: Areas Inundated by Hurricane Sandy (2012)

The Eastern Shore Drive area is particularly vulnerable to the effects that sea level rise will have
on the effects of flooding during storm events. Past storms such as “Nor’Ida” (November 2009,
Water Surface Level (WSL) = 6.9 feet NAVD 88) and Hurricane Sandy (October 2012, WSL=5.7
NAVD 88) created significant flooding in the Cape Henry by the Sea and Lynnhaven Colony
areas. Figures 2-6 and 2-7 below are examples of the flooding caused by such storms in the
Eastern Shore Drive area.
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Figure 2-6: Flooding in Neighborhoods

Figure 2-7: Flooding at Bubba's
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CHAPTER 3: PROTECTION STRATEGIES

Overview of StrategiesA.

Coastal communities will continue to battle storm events similar to the ones experienced over
the past 15 years, and will need to plan for increased frequency and  intensity of storms in
combination with anticipated sea level rise. Several basic stratagies are available to implement
depending on the specific communities circumstances.These are:

· Management of re-development and new development in flood prone and future flood
prone areas

· Retreat from flood prone areas and areas vulnerable to extensive coastal flooding
during major storm events

· Accommodation and adapatation including elevating structures

· Engineered protection measures

Each of these strategies has costs and benefits associated with them. No one strategy works for
all communities and neighborhoods.The City has reviewed these management strategies at a
“tree-top” level from the point of view of cost, precedence (availability of policies and legal
instruments), aesthetics and community cohesion. As municipalities move toward the concept of
resiliency – that is, protection and the ability to recover from major storm events, the approach
to these strategies is changing, especially on the Eastern Seaboard of the United States.

Development ManagementB.

This strategy includes planning for, and regulating, the ability to build in flood prone and coastal
high hazard areas and/or the construction standards which such building must meet. This
includes imposition of zoning restrictions affecting building locations and such features as
finished floor elevations, foundation construction, roofing standards and wind resistance during
high wind events. Zoning regulations tied to flood insurance zones increasingly specify
additional height (“freeboard”) above the base flood elevation (BFE) as specified by the federal
emergency management agency (FEMA) in its flood insurance regulations. Increasingly, coastal
municipalities are considering sea level rise projections in establishing first finished floor
elevations (FFE) for residences in flood prone areas.

The strategy of managing development in flood prone and coastal high hazard areas offers a
number of advantages but several limitations as well. Advantages include continuing to allow
use of high value residential properties along the coast, thereby maintaining the tax base of the
community. Disadvantages, however, can include increased development costs, allowing
structures in flood prone areas where eventually even reasonable increases in finished floor
elevations will be overcome by sea level rise and periodic storms with unusually high storm
surges, the inundation of and damage to, supporting infrastructure (roads and utilities) which
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can render the structures “islands” during major storm events and prevent public safety vehicles
from accessing such areas during storms and the unwarranted  sense of security that can be
created for homeowners by the imposition of the standards. Additionally, there is the
significantly increased cost associated with meeting the standards and the expenditure of public
funds through the National Flood Insurance Program (NFIP) in “repetitive loss” areas. Finally
there are the aesthetic considerations created when new development is placed next to existing
development. Significant differences in finished floor elevations necessary to accommodate sea
level rise can create noticeable differences in the height of adjacent structures affecting the
overall architectural integrity and aesthetics of the community.

Development management is an important tool for mitigation of flooding in some areas but it has
significant issues which must be considered when developing and implementing such programs.

RetreatC.

In areas especially vulnerable to flooding and storm surges, retreat may the only viable option,
especially if the cost of protecting the structure is prohibitive due to its architecture, construction
or location. Retreat can mean the movement of structures out of flood prone areas,  movement
of the structure to a new area, or the complete abandonment of the structure. The abandonment
of an area may also call for the abandonment of the supporting infrastructure including roads
and utilities as well. Retreat from a flood prone area has the advantage of eliminating the
flooding problem permenantly. However, the associated loss of tax base, disruption to
communities and social dislocation to the owners can be substantial. Costs for new land can
often be beyond the financial capability of the owners thus requiring public financing assistance.
For relocation to be successful, an acceptable use of the vacant land must be identified and
implemented as well so the affected property doesn’t become an impairment to the community.
Such lands are often turned into public spaces since they are frequently purchased with public
funds.

Accommodations and Adaptation – Elevating StructuresD.

In established neighborhoods where buildings vulnerable to flooding already exist, several
methods of modifying structures may be available. These include floodproofing the parts of the
structure below the flood elevation through both dry (sealing) and wet (allowing water to pass
through) approaches, raising the structure so the first habitable floor is above the base flood
elevation. Floodproofing and elevating structures are often the only alternatives to prevent
continued flooding. This is most common in areas of repetitive flooding where the structure is in
danger of becoming uninhabitable due to damage or the inability to secure flood insurance due
to recurring claims. Floodproofing, “flood passing” or raising the structure “buys time” for the
continued existence of the structure, preserves the taxes generated by the structure and its land
and can result in substantial reductions in flood insurance premiums. However, as alternatives
to relocation, these measures can be quite expensive and often are not practical without
substantial financial assistance to the building owner or the municipality managing the work.
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Costs vary by the type of structure construction, age, foundation conditions, accessibility and
the need to modify or elevate supporting structures such as roads, driveways and utilities. Cost
can run in the tens of thousands of dollars to elevate certain structures.

Access to the house may be adversely affected by stairs particularly for elderly or disabled
occupants, Unless special measures are taken, elevation is not always appropriate in areas of
high velocity flows, waves, or erosion. Additional costs may be incurred if the structure must be
brought into compliance with current code requirements for plumbing, electrical, and energy
systems. Finally, unless the surrounding area is also elevated such structures may become
inaccessable by vehicles during floods and storms due to the surrounding inundated streets,
sidewalks and utilities.

Engineered Protection MeasuresE.

There are a variety of engineered protection measures available to the City that can alleviate
flooding. These measures typically have a single area of focus which when carefully chosen
together, can provide a robust system of protection. Coastal flood protection measures can be
categorized as follows:

• Surge Prevention: These measures aim to block surge from overland flow or stop rising
tides from backing up through the stormwater conveyance system. Typical surge
prevention measures include backflow prevention devices such as tide gates or valves,
floodwalls and levees.

• Runoff Reduction: These measures aim to reduce the total volume and rate of
stormwater runoff within the stormwater conveyance system. Typical runoff reduction
measures include stormwater ponds and infiltration systems.

• Flow Enhancement: When stormwater runoff rates exceed the hydraulic conveyance
capacity of the drainage infrastructure flooding will occur.  In areas where existing
infrastructure prevents stormwater runoff from conveying downstream, engineered
improvements can be implemented to increase flow capacity. This can be achieved by
enlarging existing ditches, and installing larger stormwater pipes and culverts.

• Pump Stations: When the drainage infrastructure is limited by the available hydraulic
head in the drainage system, stormwater pump stations can be implemented to lift
stormwater, thus providing the required hydraulic head to move the stormwater out of
areas prone to flooding.  Pumping is necessary for pumping stormwater runoff out of a
catchment during times when backflow prevention devices are blocking storm surge
from flowing into the catchment.
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Floodwalls
Floodwalls have the ability to block abnormally high tides and storm surges from progressing
inland as overland flow into low lying neighborhoods. Floodwalls typically require the installation
of flood gates that allow normal operation of canals, greenway paths or roadways but can be
closed to protect against anticipated storm surges. In a scenario where flood gates are in the
closed position and the floodwall is protecting the low lying areas from overland storm surge, it
becomes necessary to have stormwater pump stations in place to pump collected rainfall runoff
out of the protected area. Stormwater pump stations are discussed later on in this chapter.

Floodwalls typically require significant property acquisitions, wetland mitigation, utility upgrades,
addition of one or more flood gates, installation of large capacity stormwater pump stations, and
must be constructed to withstand the designed hydrostatic pressures across the wall and any
anticipated wave action against the face of the wall. All of these measures make the
construction of extensive flood walls cost prohibitive for application in the neighborhoods
included in this study. Figure 3-1 shows the approximate boundary of a flood wall that would be
capable of protecting the study area from storm surges up to elevation 10.0 feet (NAVD 88). It is
anticipated that this wall could cost upwards of $250 million.

Figure 3-1: Floodwall Protection up to Elevation 10 ft (NAVD 88)

Pump Stations
Storm Water Pumping Stations offer the ability to allow protected areas to drain even when the
downstream gravity conveyances are blocked by flood gates for protection from storm surge
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events. If a gate closes Cape Henry Ditch at the Boatel preventing tidal flood waters from
progressing up into the drainage system, a properly placed stormwater pump station can
maintain drainage within the system and allow water to drain as if it were low tide.

Storm drainage systems that discharge into an open body of water, such as Lynnhaven River or
Long Creek, depend on the ground elevations in the area from which rain fall accumulation is
being drained to be at a higher elevation than the water level in the open body of water. When
the area being drained is only slightly higher than the open body of water flow will be slow and
flooding will be slow to drain. When the elevation of the water surface in the open body of water
is higher than the elevation of the ground being drained, then there will be no removal of rainfall
accumulation and flooding will occur during a rainfall event.

In a drainage area such as Eastern Shore Drive (ESD) where there is concern that future high
tides in the Lynnhaven Bay during a storm event will be higher than historically encountered,
storm water pump stations are the only method of removing rainfall accumulation and providing
relief from property damaging floods during rain events that occur during an abnormally high
tide event. In the ESD area the classic representation of these conditions is a nor’easter or other
rainfall event that is accompanied by winds blowing from the east which create high water
surface elevations in the Lynnhaven River and Long Creek.

In the event walls or berms are installed as barriers to protect properties that lie below the
predicted abnormally high tide events, only storm water pump stations can remove rain fall that
occurs during the abnormally high tide events.

A storm water pump station consists of a wet well from which the pumps take suction, a pump
area where the pumps are located, an electrical/control area where the motor starters and
control systems are located, and a generator area. The electrical/control equipment and
generators are normally in a room with climate control. The pumps can be submersible style
which would eliminate the pump room since the motors and pumps are submerged in the wet
well.

The electrical equipment, generator, and other vital components of a storm water pump station
are located well above flood elevation so that they will remain in service during a catastrophic
flood event. It is important that the station survive the flood event to be available to pump
stormwater out of the protected area.

Storm water pump stations should include multiple pumps in order to provide as much system
redundancy as possible and allow the pump station to operate with multiple discharge flow
rates. Redundancy is created by having multiple pumps which means that the loss of one out of
several pumps is less significant to station capacity than the loss of one out of two pumps.
Generally the number of pumps in a storm water pump station is a function of the needed flow
capacity requirements as well as the amount of property available.
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In the event flood walls are constructed to protect properties that lie below the predicted high
tide/surge levels, only storm water pump stations can then remove seepage and/or rainfall that
occurs during the abnormally high tide events.

Tide Gates
Storm drainage pipes which discharge into an open body of water, such as Lynnhaven River or
Long Creek, will also allow rising water elevations in that open body of water to travel up the
pipe where the water will come out of any catch basin that has ground elevations lower than the
water level in the open water body. This is a common problem in areas located a distance away
from the open water body that have a low ground elevation, such as a “bowl” of low elevation
property or a roadway which is built at a lower elevation than the surrounding houses. It is of
particular concern in the study area because of the low lying roadways and neighborhoods.

Tide gates prevent abnormally high tidal flows or storm surges from traveling up into the storm
drainage system. The two basic styles of tide gates are sliding (normally opening or closing in
the horizontal direction), and hinged (normally opening in the vertical direction). The sliding style
tide gate, or slide gate, must be opened and closed by an external force which can be
accomplished manually by a hand wheel on the slide gate or a motor on the slide gate. The
motor operated style can also be operated automatically by control system based on water
levels or from a central station using remote telemetry. A slide gate allows passage of water in
either direction when it is open and no passage of water when it is closed. The hinged style, or
flap gate, requires no external operation. This flap gate opens when the land side water level is
higher than the water level in the open body of water and closes when the water level in the
open body of water is higher than the land side water level.

The common location for the tide gate is on the storm drainage piping near the open water
body. The most common location for a tide gate is where the storm drainage pipe enters the
open water body. The tide gates can also be installed in a box/manhole located inland of the
open water body which will provide protection for the tide gate and access to the tide gate.

Automated sluice gates will provide the greatest level of protection within the study area.
Automated sluice gates can be placed on major stormwater conveyance systems and can be
programed to function automatically, closing and opening as needed. Flap gates were proposed
in areas with smaller catchments in the near term feasibility report and have already been
installed within the study area.

Stormwater Management Facilities

Stormwater management facilities (SWMF) are engineered structures used to store runoff
volume and provide an environment that utilizes physical and biological processes to treat
stormwater pollution. Some examples of SWMFs are: stormwater ponds, constructed wetlands,
bio-retention areas, rain gardens, and infiltration basins. Each facility has unique characteristics
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that determine their suitability and viability on a site specific basis. Facilities that are well suited
for the Eastern Shore Drive area include:

• Stormwater Ponds: Stormwater Ponds are large open water areas designed to provide
increased runoff storage volume.

• Infiltration: Infiltration basins are underground chambers that allow stormwater runoff to
percolate through a filter sand media and into the groundwater. These basins mimic
natural soil absorption that would otherwise be lost when land is covered by impervious
surfaces.

Infrastructure Repair and Upgrade
Each type of flood control mechanism has its own maintenance requirements. Existing
stormwater infrastructure often needs to be repaired or replaced as it nears the end of its
intended design service life. Ditches fill with sediment, pipes and inlets clog with debris, and
culverts corrode or collapse. Stormwater management facilities should be periodically cleaned
of accumulated sediment. Floodwall mechanisms need to be tested and maintained as well.
These examples are common stormwater infrastructure ailments seen in coastal communities
that occur over time and can lead to a reduction in performance. Consistent maintenance helps
prolong life and effectiveness; however, replacement of these facilities is recommended if they
no longer provide the intended level of service. Maintenance of proposed improvements has
been considered in the selection of the optimal flood reduction infrastructure recommended in
this report.

No-BuildF.

Due to the high construction cost required for implementation of many of the engineered
improvements necessary for flood reduction (flood gates, pump stations, etc.) it is prudent to
consider the “no-build” scenario and consider the pros and cons of choosing a no build
alternative. The “no build” alternative essentially leaves the existing storm drainage
infrastructure in place and exposes the existing structures in the study area to the effects of
climate change and sea level rise. This would result in exposing potentially over 1,400
structures, in one of the highest concentrations of high value real estate in the City, to current or
future flooding and the associated property damage, tax base reduction and diminution of public
safety represented by the existing system deficiencies.

There are many inadequacies in the study area’s drainage system. The existing Shore Drive
roadway, between the Lesner Bridge and First Landing State Park, cannot drain during
moderate rainfall events due to the lack of drainage infrastructure as well as a lack of
topographic relief from the roadway (approximate elevation in many locations is 4.5 feet [NAVD
88]) to the surrounding open water bodies (Chesapeake Bay or Long Creek). During storm
events such as nor’easters, hurricanes, or sometimes even strong thunderstorms the
downstream water level can be as high as elevation 3.0 feet (NAVD 88) several times a year.



DRAFT - Eastern Shore Drive Drainage Preliminary Design Report
City of Virginia Beach | June 2014

3.8

Aside from the existing flood prone conditions of the study area, future sea level rise must also
be considered.  If no corrective actions are taken, the potential sea level rise discussed in
Chapter 2, along with the anticipated increase in the freqeuncy and intensity of storms, will
significantly increase the level of damage and severity of flood events within the study area.
Even if the engineering measures outlined in this report are not implemented, it is
recommended that the City pursue implementation of adaptation and development management
measures to reduce flood damage in the future.

Summary and RecommendationsG.

A holistic approach to addressing the flooding issues within the study area will include a
combination of the following approaches:

• Development Management and Adaptation/Accommodation

• Engineered Protection Measures

• Retreat

Most of the reduction of flood damage will come from adaptation/accommodation and
engineered protection measures. Development management will be key in dealing with flood
issues in the future as redevelopment of the area occurs. The less likely candidate within the list
above over the next thirty years is retreat. As discussed above, unless catastrophic flooding
occurs within some of the neighborhoods identified within this report, due to costs, property
acquisition procedures and tax base considerations, it is not likely that retreat will make up a
large percent of the improvements over the next 30 years. A major effort to identify funding
mechanisms for the proposed adaptation and engineered project improvements will, therefore,
be necessary.
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CHAPTER 4: ANALYSIS METHODOLOGY

Data Collection and GIS AnalysisA.

Data was collected to better understand the characteristics and challenges associated with the
study area. The City’s Hansen© database was reviewed to collect citizen complaint data related
to structure and street flooding. This information along with previous studies of the Shore Drive
neighborhoods was used to help determine areas of specific concern. Data from the City’s GIS
database and environmental and weather data was used to investigate the existing conditions.
This data collection effort included the review of FEMA Flood Insurance Study Information,
Chesapeake Bay Bridge Tunnel tide station and Sewell’s Point tide station data, National
Weather Service data, and reports on historical flooding events with a primary focus on the
November 2009 Nor’easter. To further expand on this data field investigations were performed
and survey data was collected.

Field Investigations
Field investigations were performed in order to spot check pipe sizes shown in the City’s GIS
inventory to determine the accuracy of the existing drainage infrastructure database. Field
investigations were also performed to confirm drainage basin boundaries and determine the
drainage systems that would require detailed survey data be collected for input into the
hydraulic model. Additionally, potential areas within the system were investigated for future flood
mitigation opportunities.

Field investigations within the focus area revealed drainage deficiencies consisting of clogged
drop inlets at intersections along Shore Drive, flat drainage systems that are not capable of
carrying large volumes of stormwater, and areas that are frequently inundated by storm surge in
addition to rainfall. During adversely high tidal events many of the stormwater drainage systems
within the focus area are filled with backwater from the surge, therefore reducing the ability of
the existing infrastructure to drain and filling up the storage volume of the system. This
combination of tidal flooding and rainfall runoff flooding is only relieved once the tide recedes
and allows the system to drain again.

Within the Lynnhaven Colony neighborhood and along sections of Shore Drive that drain to the
Cape Henry Ditch, the primary cause of flooding is the inadequacy of the Cape Henry Ditch to
drain during abnormally high tide events and storm surge events. Additionally, the ditch is a
source of flooding when storm surges push water back up through the ditch and into the
Lynnhaven Colony community and onto Shore Drive.

The Cape Story by the Sea community does not experience the extent of flooding as the
Lynnhaven Colony area, but still has some areas that are prone to flooding during high storm
surge events and high intensity rainfall events. A portion of the Cape Story by the Sea
community is served by the Beech Street stormwater pump station, which helps to drain the low
point along Beech Street. The Cape Story by the Sea neighborhood is served by the Poinciana
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Drive stormwater pump station. This is a large pump station located between Sandalwood Road
and Bayberry Street on Poinciana Drive, which pumps stormwater into Long Creek. The
residential properties located south of the ridgeline outside of the pumping area in Cape Story
by the Sea area experience frequent tidal flooding due to their low ground elevations and
proximity to Long Creek.

The low lying areas of the Cape Henry community south of the Shore Drive roadway experience
flooding when water backs up into the drainage system due to a combination of abnormally high
tides and high intensity rainfall events. A temporary plug has recently been placed in part of this
system to help reduce tidally influenced backflow through the pipe and open channel drainage
network.

The area east of the Lesner Bridge near the intersection of Vista Circle and Shore Drive
experiences flooding when there is a high intensity rainfall event in combination with an
abnormally high tide event. The low area of this catchment is the Shore Drive roadway which
can experience significant flooding making the west bound lanes impassable.

The Chesapeake Bay East area located east of North Great Neck Road and north of Shore
Drive relies on infiltration of stormwater. Drop inlets intended to let the stormwater infiltrate were
observed to be clogged with sand and debris during field visits. There is also a small stormwater
pump that outfalls directly onto the beach at First Landing Lane. During one site visit this outfall
was blocked and covered with beach sand.

The Chesapeake Bay West and Central areas located west of North Great Neck Road and
north of Shore Drive utilize a system of infiltration and stormwater pipes to drain the runoff. The
stormwater network has multiple outfalls to the beach that drain into the Chesapeake Bay. A
significant number of these systems are privately owned by developments along the beach.
Flooding occurs on a localized basis, usually due to high rainfall and poor infiltration.

Survey
Survey data for approximately 100 drainage structures (curb inlets and drop inlets), pipe
connections associated with these structures, and topographic data for approximately 20
channel cross-sections within the focus area was collected. Additionally, survey data was
collected at 37 ridge line locations within Lynnhaven Colony and at select locations within Cape
Story by the Sea and Cape Henry neighborhoods in order to discern drainage patterns and
determine effective elevations for storm surge protection from proposed flood control devices.
The collected survey included features that defined the primary links of the stormwater system
in the modeling analysis. Finished Floor Elevations were also surveyed for approximately 450
habitable structures within the study area.
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Approach to AnalysisB.

The collected data was analyzed to develop an understanding of the drainage issues in the
study area. To facilitate this analysis, the existing stormwater network was modeled. From this
existing network, alternatives were constructed to analyze stormwater improvements. Because
of the dynamic nature of the watershed drainage system coupled with the discharge of
catchment runoff to the tidally-controlled Chesapeake Bay, Lynnhaven Bay, and Long Creek,
the Environmental Protection Agency’s Storm Water Management Model (SWMM) software was
selected to create a hydrodynamic model of the watershed, so that flood mitigation options
could be simulated. The survey data, along with stormwater and topographic data from the city
was used to create a SWMM-based hydrologic and hydraulic modeling network. The network
consists of nodes to represent stormwater inlets, ditch ends, open-end pipes, storage areas,
and outfalls. It uses links to represent stormwater pipes, force mains, ditches, natural channels,
weirs, orifices, and pumps.

Stormwater Network

The general layout of the stormwater network included the major stormwater drainage systems
within the Shore Drive area between the Lesner Bridge and First Landing State Park. The
adjacent neighborhood watersheds discharge into Long Creek connected to the Lynnhaven Bay
or directly to the Chesapeake Bay. Major stormwater conveyances were modeled including the
Cape Henry ditch and stormwater pipes of 24 inches in diameter and larger. Isolated stormwater
systems that experience localized flooding resulting from undersized inlets or pipes at the
upstream extents of a drainage system were not included in the model.

Catchment Data
Catchment surface routing was based on SWMM runoff and transport calculation routines with
infiltration defined through the use of the SCS curve number method. Catchment area, percent
impervious cover, width, ground slope, and curve number were generated using ArcGIS for
each catchment. The impervious percentages of each catchment were determined using an
impervious surface calculation methodology based on aerial imagery data, impervious feature
shapefiles, and land-use classes. These impervious percentages were reduced to remove
impervious areas not directly connected to the stormwater collection system. Internal catchment
routing between impervious and pervious areas was not performed, and therefore 100% of the
runoff from each catchment was routed to an outlet. Non-directly connected impervious areas
were assumed to drain to pervious areas within each catchment. Catchment width was set
equal to catchment area divided by the average length of slowest flow. Overland flow moving
from residential lots to the street gutter is slower than flow moving from the gutter to inlets;
therefore, overland flow lengths were used to calculate the catchment widths. Manning’s n-
values for catchment routing were based on field observations.
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Modeling Scenarios
Simulation scenarios for the modeling analysis included calibration with historical and synthetic
storm event scenarios. Calibration scenarios were executed to correspond with the known flood
elevations from the November 2009 nor’easter, Nor’Ida. Historic tide gauge data was
downloaded from the Chesapeake Bay Bridge Tunnel tide station operated by the National
Oceanic and Atmospheric Administration. This tide data was then converted into North
American Vertical Datum of 1988 (NAVD88) elevations using the nearest conversion factor to
Shore Drive at Sewell’s Point tide station. Verified tide elevations in the Lynnhaven Bay near
Shore Drive for the November 2009 Nor’easter were not available.

To create this scenario, known storm tide elevation data from the Chesapeake Bay Bridge
Tunnel was adjusted to reflect the attenuation of the tide elevations in Lynnhaven Bay by
correlating the known stillwater measured tide data in Lynnhaven Bay to the recorded data at
the Chesapeake Bay Bridge Tunnel. The adjusted tide elevations were then compared to
pictures of flooding, resident accounts, and past reports of the storm to ensure accurate
representation of the November 2009 Nor’easter tide levels. Rainfall data during the storm was
downloaded from the National Weather Service for the rain gage located at the Norfolk
International Airport.

Synthetic storm scenarios were created to allow comparisons between existing and proposed
conditions. The 2-year, 5-year, 10-year, and 25-year SCS Type II rainfall events were evaluated
for the alternatives modeled. For this analysis, all proposed condition alternatives were
assumed to be able to block an elevation 7.0 (NAVD88) storm surge for the areas west of North
Great Neck Road and up to the existing natural ridge line (approximate elevation 4.5 [NAVD88])
for areas east of North Great Neck Road. Areas west of North Great Neck Road can be
protected up to elevation 7.0 feet (NAVD88) because a natural ridge line in combination with the
roadway improvements shown in Figure 5-4 can block tidal surges up to this elevation. The
natural ridge line protecting the areas east of North Great Neck Road is lower (approximately
elevation 4.5 feet NAVD88) and would require more extensive impacts to homes and mature
trees in order to protect surges higher than elevation 4.5 feet (NAVD88).

Existing Conditions Model Calibration and Results
An existing conditions scenario was created to calibrate the model and create a base line to
compare with the proposed alternatives. The data collected for the 2009 Nor’easter was used
for calibration, while the synthetic storm events were used in comparing the proposed
alternatives.

According to previous studies for the 2009 Nor’easter, the highest water elevation was
estimated to be about 5.0 feet (NAVD88) in Lynnhaven Colony and about 4.5 feet (NAVD88) in
Cape Henry (PB, 2010). These estimations were based on photographs and videos of flooding
elevations; however, the peak water level in the Shore Drive area occurred around midnight on
Thursday November 12, 2009 according to historic tide data. Since many of the pictures were
not taken at night it is believed the photos of standing water reflect elevations from the second
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high tide on November 13, 2009 around 11:30 am. The model shows the water level in
Lynnhaven Colony reached about 5.4 feet (NAVD88), and reached about 5.0 feet (NAVD88) in
Cape Henry at midnight on November 12, 2009. At 11:30 am our model shows the water level in
Lynnhaven Colony to be about 5.0 feet (NAVD88) and in Cape Henry to be about 4.5 feet
(NAVD88), which matches the estimated water level in the previous study. The Nor’easter peak
rainfall intensity is approximately equal to a 25–year rainfall event, and the peak tide resembles
approximately a 10–year tide event.

The existing conditions flood maps are located in Appendix C – Flood Maps and on the
attached CD. These maps were created to give a visual representation to the flooding that
occurs in the Shore Drive area. The 16 different synthetic scenarios along with the 2009
Nor’easter were mapped to show the different effects that tide and rainfall have on flooding.

Benefit Cost Analysis
A benefit cost analysis was completed for alternatives J, K and L and is included in Chapter 6 of
this report.  Each cost estimate includes construction, design and acquisition for each project as
well as a 15% contingency. Construction costs were based on bid results from recent drainage
design projects in the City of Virginia Beach as well as projects from neighboring municipalities.
The benefit analyzed for each project consists of the number of houses prevented from flooding
due to the proposed improvements. Survey data for the finished floor elevation of every
habitable structure within the study area is not available, so existing survey data was
supplemented with City GIS contours to complete the estimate of houses prevented from
flooding. The flood map for existing conditions was compared to the flood map for the 10-year
storm/10-year tide storm scenario and the structures removed from the flooding footprint in the
proposed conditions flood map were counted. The benefit cost analysis then compares the
implementation cost in terms of the number of houses prevented from flooding.

Environmental ConsiderationsC.

A field review of the study area indicates that certain portions of the drainage system within the
study area are subject to the jurisdiction of the U.S. Army Corps of Engineers through the Clean
Water Act as “Waters of the United States”. Portions are also classified as State Waters subject
to the jurisdiction of the Virginia Department of Environmental Quality (VDEQ). Jurisdictional
wetlands are present in several of the major drainage features in the study area including the
Cape Henry Ditch. Based on field reviews it is estimated that the proposed improvement to the
drainage system including modifications to Cape Henry Canal would involve less than one acre
of wetlands impact.

Initial contact with both the Norfolk District of the U.S. Army Corps of Engineers and the Virginia
Department of Environmental Quality was made regarding the proposed improvements to the
Cape Henry Ditch and other system improvements. Contact with the agencies indicates that
wetlands and water quality permits will be required for the work. Due to the tidal influence of the
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drainage system, the project will likely require and individual permit which will require mitigation.
A VDEQ Virginia Water Protection Permit will also be required.

The project will be evaluated based on the demonstrated need for the project. Initial discussions
indicate that the alternatives analysis contained in this report would provide a sound basis for
demonstrating the need for the project and the lack of available alternatives to that
recommended in the report. Although additional discussions with agency representatives will be
required, initial contact regarding the project indicated that there do not appear to be any major
hurdles to acquiring the necessary wetlands and water quality permits. If the recommendations
contained in this report are accepted, a detailed wetlands delineation will be conducted followed
by additional meetings with the agencies to update the initial evaluation of the project and
determine compensatory mitigation requirements. However, at the current level of conceptual
planning,  there is no reason to believe that the wetlands and water quality permits required to
implement the recommendations would not be issued by the Corps and VDEQ.

Prior AlternativesD.

There have been many alternatives and iterations of those alternatives throughout the analysis
and development of the stormwater improvements. These prior alternatives were developed to
ensure the full range of possible alternatives available for flood reduction in the study area was
assessed. The key variables in the alternatives were the location of major drainage outfall and
divides, pump station number and location, and pipe sizes. The alternatives were analyzed to
determine the optimum solution, but most were ultimately eliminated due to a combination of
factors including feasibility, ease of construction, cost, and phasing of construction. Some of the
prior alternatives that were removed from further consideration are described below. See
Appendix B for layouts of the prior alternatives.

Alternative A-B was developed to analyze what would happen if tide gates alone were installed
at the existing outfalls. This alternative prevented flooding due to higher than normal tides;
however, flooding was made worse than the existing conditions when rainfall events were
added to the model. This alternative was removed from further consideration because there is
not enough storage in the existing stormwater network to prevent flooding from rainfall when the
gates are closed.

Alternative C included tide gates at the existing outfalls in combination with new pump stations.
Runoff from the Chesapeake Bay East and Cape Henry regions was directed to an improved
Poinciana pump station. Runoff in the Lynnhaven Colony region was divided into two outfalls. A
new pump station near the Lynnhaven Marine Boatel drained the eastern area; while the
western area, including the Chesapeake Bay Central and West regions, drained to a new pump
station near Jade Street. This pump station then connected to a new offshore outfall down Jade
Street and offshore into the Chesapeake Bay. This alternative was removed from further
consideration due to the cost and constructability issues associated with an offshore outfall and
the constructability of directing more runoff to the Poinciana pump station.



DRAFT - Eastern Shore Drive Drainage Preliminary Design Report
City of Virginia Beach | June 2014

4.7

Alternative D was dropped from further consideration before it was fully developed.  Therefore
hydraulic modeling was not completed and it is not included in the Appendices. As other
alternatives were modified there was too much overlap between Alternative D and ultimately
Alternative G to maintain D as a standalone alternative. The primary improvements originally
included in Alternative D are now represented in Alternative G.

Alternative E analyzed tide gates in combination with new pump stations and outfalls. This
alternative included two new pump stations at Jade Street and Oak Street connected to new
offshore outfalls which drain the Lynnhaven Colony and Chesapeake Bay regions. In addition, a
smaller pump station was analyzed for the Cape Henry region. A trunk line under Shore Drive
which drained to the Oak Street outfall was analyzed to drain the areas along and adjacent to
the roadway. Improvements to the Cape Henry ditch to reverse the flow direction were analyzed
to drain the Lynnhaven Colony and Chesapeake Bay West regions to the Jade Street outfall.
This alternative was removed from further consideration due to the cost of the two new offshore
outfalls, as well as the constructability and phasing issues with placing a trunk line under the
eastern side of Shore Drive within the study area.

Alternative F included tide gates and pump stations like the previous alternatives. This
alternative’s main feature was a trunk line under Shore Drive, which drained the Shore and
Vista, Chesapeake Bay, and other areas adjacent to the roadway. This trunk line extended from
First Landing State Park to a new pump station at Page Avenue. The pump station then drained
through a force main down Page Avenue to Jade Street and ultimately to an offshore outfall in
the Chesapeake Bay. This alternative was removed due to the high cost of the trunk line, in
addition to the offshore outfall, and the inability of the project to be completed in manageable
phases.

Alternative G was similar to Alternative F; however, it divided the trunk line under Shore Drive
to allow better construction phasing. This alternative was ultimately removed from consideration
due to the high costs of the two offshore outfalls, and the constructability issues with the trunk
line.

Alternative H was also similar to Alternative F, but the Shore Drive trunk line drained to a pump
station and offshore outfall at Oak Street instead of Page Avenue. The centralized location of
the Oak Street pump station and outfall allowed better construction phasing and reduced the
cost of the trunk line. However, this alternative was removed from further consideration due to
the high cost of the offshore outfall.
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CHAPTER 5: ALTERNATIVES

Analysis RegionsA.

Although the Shore Drive neighborhoods are separate communities, existing stormwater
infrastructure is not confined to these community boundaries. When analyzing practical,
effective, and cost efficient alternatives some neighborhoods were aggregated together to form
three analysis regions. These analysis regions can be seen in the figure below and include:

· West
o Chesapeake Bay - Central
o Chesapeake Bay - West
o Lynnhaven Colony
o Shore and Vista

· Central
o Cape Story by the Sea

· East
o Chesapeake Bay - East
o Cape Henry

Figure 5-1: Alternatives Analysis Regions
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West Analysis RegionB.

The west analysis region includes Lynnhaven Colony, the Shore Drive corridor, and the
neighborhoods north of Shore Drive referenced in this study as Chesapeake Bay West and
Chesapeake Bay Central. Shore Drive currently acts as a natural ridgeline separating
Lynnhaven Colony which drains to Long Creek from the Chesapeake Bay West and Central
neighborhoods which drain to the Chesapeake Bay to the north. Refer to the Landmarks Map
on page X for labels of water bodies and roads discussed in this chapter. The primary
stormwater conveyance through Lynnhaven Colony is the Cape Henry Ditch which flows west to
east along Cape Henry Drive then meets drainage from the east of North Great Neck Road to
form a ‘T’ which flows south before outfalling into Long Creek, south of Lynnhaven Drive. The
neighborhoods north of Shore Drive are served by small stormwater drainage networks that
outfall along the beach. The area along the western portion of Shore Drive near the Lesner
Bridge (the Shore and Vista catchment) is served by a small stormwater pipe network that
discharges into Long Creek near the fish market. Figure 5-2 below shows the major existing
stormwater network elements for the West Analysis Region.

Figure 5-2: Existing West Analysis Region Stormwater Network

The alternatives approach considered the following goals in order to reduce flooding in these
areas:

· Provide additional conveyance and storage capacity in the Cape Henry Ditch and within
the new roadway drainage infrastructure

· Block tidal surge from backing up into stormwater system using tide gates
· Provide runoff volume reduction and storage through stormwater management facilities
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· Reduce the number of beach outfalls to increase near-shore water quality, reduce
maintenance requirements along beach after storm events, and reduce frequency of
beach closures

· Remove runoff contributed by the Shore Drive corridor using a trunkline and pump
station system to reduce contributing runoff to the Cape Henry Ditch system

These goals were synthesized into 3 layouts for this region titled J, K, and L as shown below:

Figure 5-3: West Analysis Region Detailed Alternatives Layout
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Key Features of Alternative J
The alternative J layout for the West Analysis Region comprises the following key elements (see
Appendix B for the layout map of Alternative J):

· New trunkline down Shore Drive to new Shore and Vista Pump Station.
o Captures additional runoff from Chesapeake Bay Central neighborhoods to

reduce beach outfalls.
o Future phasing option to add trunkline down Page Ave to divert more runoff away

from beach outfalls.
o Pump station capacity: 300 cfs acting as a lift station.
o New outfall pipes: Dual 5 ft diameter Prestressed Concrete Cylinder Pipe (PCCP)

discharging at Lynnhaven Municipal Marina at Vista Circle.
· New pump station and stormwater pond at Lynnhaven Drive (Boatel Pump Station).

o Pump station capacity: 200 cfs acting as a lift station.
o Utilizes existing 6 ft X 8 ft box culvert as outfall to Long Creek.

· Upgraded drainage network in the Shore Drive and W Great Neck Rd area.
· New Flood Control Device at Boatel Box Culvert

The total estimated cost of construction for these improvements is $34.4 million.

Key Features of Alternative K
The alternative K layout for the West Analysis Region comprises the following key elements
(see Appendix B for layout map of Alternative K):

· New trunkline down Shore Drive to new Shore and Vista Pump Station.
o Future phasing option to add trunkline down Page Ave to divert more runoff away

from beach outfalls.
o Pump station capacity: 250 cfs acting as a lift station.
o New outfall pipes: Dual 4.5 ft diameter PCCP discharging at Lynnhaven

Municipal Marina at Vista Circle.
· New trunkline down Shore Drive to new Sunstates Court Pump Station.

o Pump station capacity: 190 cfs acting as a lift station.
o Outfalls to Cape Henry Ditch.

· New pump station and stormwater pond at Lynnhaven Drive (Boatel Pump Station).
o Pump station capacity: 200 cfs acting as a lift station.
o Utilizes existing 6 ft X 8 ft box culvert as outfall to Long Creek.

· Upgrade drainage network in the Cape Henry ditch under W Great Neck Rd.
· New Flood Control Device at Boatel Box Culvert

The total estimated cost of construction for these improvements is $35.4 million.
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Key Features of Alternative L
The alternative L layout for the West Analysis Region comprises the following key elements
(see Appendix B for a layout map of Alternative L):

· New trunkline down Shore Drive to new Shore and Vista Pump Station.
o Pump station capacity: 70 cfs acting as a lift station.
o Utilize existing 3 ft diameter RCP discharging into Long Creek near Bubba’s

Marina.
· Increasing capacity of Cape Henry Ditch from Kleen Street to Lynnhaven Drive to

increase storage and conveyance capacity.
o Replace existing culverts at 5 road crossings with new low head loss box

culverts.
o Upgrade drainage network in the Cape Henry ditch under W Great Neck Rd.
o New drainage network along side streets of Chesapeake Bay Central

neighborhood to Cape Henry Ditch to reduce beach outfalls.
· New pump station and stormwater pond at Lynnhaven Drive (Boatel Pump Station).

o Pump station capacity: 150 cfs acting as a lift station.
o Utilizes existing 6 ft X 8 ft box culvert as outfall to Long Creek.

· New pump station at Sand Pine Rd and Cape Henry Ditch.
o Pump station capacity: 80 cfs acting as a lift station.
o New outfall pipes: Dual 4 ft diameter RCP discharging at Lynnhaven Municipal

Marina at Vista Circle.
· New Flood Control Device at Boatel Box Culvert

The total estimated cost of construction for these improvements is $28.7 million.

West Analysis Region Ridgeline Improvements
A significant portion of the west analysis region is susceptible to surge and tidal flooding. In
each of the alternatives discussed above, a flood control device is proposed at the Boatel Box
Culvert to prevent abnormally high tides and surge from migrating upstream from Long Creek.
At elevation 4.0 feet (NAVD 88) or greater, tidal flooding can flow over Lynnhaven Drive near W
Great Neck Rd. At elevation 6.0 feet (NAVD 88) or greater, tidal flooding from overland flow can
breach the neighborhoods at low points along Summerhaven Road, Red Tide Road, and Ebb
Tide Road. Ridge improvements are proposed to prevent these breaches in protection from
surge up to elevation 7.0 feet (NAVD 88).

The ridge improvements proposed consist of raising the elevation of roadways at the 4 locations
shown in Figure 5-4 below.

1. West Great Neck Road and Lynnhaven Drive
2. Ebb Tide Road
3. Summerhaven Road and Red Tide Road
4. Intersection of Shore Drive and North Great Neck Road
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Figure 5-4: Proposed Lynnhaven Colony Ridge Improvements

The probable construction cost for the roadway ridgeline improvements is $4.9 million.
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Central Analysis RegionC.

The central analysis region consists of the Cape Story by the Sea neighborhood. The
neighborhood is served by a network of stormwater pipes, ditches along the Cape Henry Trail,
and a pump station along Poinciana Drive. The Cape Henry Ditch system is hydraulically
connected to Lynnhaven Colony to the west and Cape Henry to the east making the area
susceptible to tidal backflow.

Figure 5-5: Existing Central Analysis Region Stormwater Network

Central Analysis Region Summary
A single alternative was considered for the Cape Story by the Sea neighborhood. The layout for
the Central Analysis Region comprises the following key elements:

· Replacement of existing Poinciana Pump Station
o Pump station capacity: 100 cfs.
o Utilize existing 3 foot diameter force main as outfall.

The total estimated cost of construction for these improvements is $3.5 million.
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Figure 5-6: Central Analysis Region Detailed Alternatives Layout
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East Analysis RegionD.

The east analysis region includes Cape Henry and the Chesapeake Bay East neighborhoods.
Like the West Analysis Region, Shore Drive acts as a natural ridgeline separating Cape Henry
from the Chesapeake Bay East neighborhood to the north. The Cape Henry drainage system
consists of a collector ditch (Cape Henry Ditch) that runs along the Cape Henry Trail and
outfalls at Cape Henry Shores. The western half of the Chesapeake Bay East neighborhood
drains to a network of infiltration basins and does not have a defined outfall. The eastern half is
served by a small pump station which outfalls to the beach. Currently, the Cape Henry
neighborhood is susceptible to tidal flooding that migrates upstream from Long Creek while the
Chesapeake Bay East stormwater network primarily experiences flooding from heavy rainfall
events. Figure 5-7 of the existing stormwater network can be seen below:

Figure 5-7: Existing East Analyst Region Stormwater Network

The alternatives approach considered multiple goals in order to reduce flooding in these areas:

· Remove runoff contributed by the Shore Drive corridor using a trunkline and pump
station system to reduce contributing runoff to the Cape Henry Ditch system.

· Block tidal surge from backing up into Cape Henry Ditch using tide gates.
· Reduce the number of beach outfalls to increase near-shore water quality and reduce

frequency of beach closures.

These goals were synthesized into 3 distinct layout options for this region titled J, K, and L as
shown in the figure below:
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Figure 5-8: East Analysis Region Detailed Alternative Layouts
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Key Features of Alternative J
The alternative J layout for the East Analysis Region comprises the following key elements (see
Appendix B for layout map of Alternative J):

· New trunkline down Shore Drive to new Oak Street Pump Station with Chesapeake Bay
outfall.

o Captures additional runoff from Chesapeake Bay East neighborhoods to reduce
beach outfalls.

o Pump station capacity: 200 cfs acting as a lift station.
o New outfall pipes: Dual 4 foot diameter PCCP discharging offshore into

Chesapeake Bay.
· New pump station and flood control device within Cape Henry neighborhood

o Pump station capacity: 20 cfs acting as a lift station.
o Utilizes existing dual 2.5 foot diameter pipes as outfall to the Cape Henry Shores

canal
o New flood control device to block tidal surge from migrating upstream into the

Cape Henry Ditch.

The total estimated cost of construction for these improvements is $21.5 million.

Key Features of Alternative K
The alternative K layout for the East Analysis Region comprises the following key elements (see
Appendix B for layout map of Alternative K):

· New trunkline down Shore Drive to new Oak Street Pump Station with Chesapeake Bay
outfall.

o Captures additional runoff from Chesapeake Bay East neighborhoods to reduce
beach outfalls.

o Pump station capacity: 110 cfs acting as a lift station.
o New outfall pipes: Single 4.5 foot diameter PCCP discharging offshore into

Chesapeake Bay.
· New trunkline down Shore Drive and First Landing Lane to new Cape Henry pump

station.
o Pump station capacity: 90 cfs acting as a lift station.
o Utilizes existing dual 2.5 foot diameter pipes as an outfall to the Cape Henry

Shores canal
o New flood control device to block tidal blocks from migrating upstream into the

Cape Henry Ditch.

The total estimated cost of construction for these improvements is $21.1 million.
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Key Features of Alternative L
The alternative L layout for the East Analysis Region comprises the following key elements (see
Appendix B for a layout map of Alternative L):

· New stormwater collection system and infiltration basins along Shore Drive, Bayberry
Street, and Wake Forest Streets to new pump station at Sandalwood Road.

o Pump station capacity: 10 cfs.
o New outfall pipes: 1.5 foot diameter RCP discharging into underground bubbler

outfall on beach.
· New stormwater collection system and infiltration basins along Shore Drive, Walke

Street, First Landing Lane, and Calvert Street to new pump station at Kendall Street.
o Pump station capacity: 10 cfs.
o New outfall pipes: 1.5 foot diameter RCP discharging into underground bubbler

outfall on beach.
· New pump station and flood control device within Cape Henry neighborhood

o Pump station capacity: 20 cfs acting as a lift station.
o Utilizes existing dual 2.5 ft pipes as outfall to Long Creek.
o New flood control device to block tidal blocks from migrating upstream into the

Cape Henry Ditch.

The total estimated cost of construction for these improvements is $9.6 million.
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CHAPTER 6: RECOMMENDED ALTERNATIVE

Detailed Neighborhood ImprovementsA.

The Alternative L layout for the Eastern Shore Drive study area consists of the key elements
outlined below, grouped by neighborhood.

Lynnhaven Colony
Improvements in this neighborhood will prevent flooding from tidal surges up to elevation 7.0
feet (NAVD 88) and provide adequate conveyance of a 10-year, 24-hour rainfall event in
combination with high tidal surges. Improvements within this area consist of the following:

• New flood gate at existing Boatel Box Culvert to prevent flood waters as a result of
abnormally high tides and storm surge events from progressing upstream to the low
lying neighborhoods

• Installation of a stormwater pump station adjacent to Lynnhaven Drive near the Boatel
Box Culvert. Pump station capacity to be 150 cfs and will act as a lift station. Pump will
utilize existing 6 foot x 8 foot box culvert as a gravity outfall to Long Creek

• Installation of a stormwater storage area adjacent to the new Boatal Pump Station to
provide additional flood volume storage

• Improve hydraulic conveyance capacity and storage capacity of the Cape Henry Ditch
from Kleen Street west to West Great Neck Road and south to Lynnhaven Drive.
Includes replacement of the existing small diameter culverts along the 5 side street
crossings with new box culverts to minimize head loss and improve hydrauilc
conveyance through the channel. Also includes upsizing the existing drainage
infrastructure that conveys flows from the open channel west of West Great Neck Road
to the open channel east of North Great Neck Road.

• New stormwater pump station at the west end of the Cape Henry Ditch on Sand Pine
Road. Pump station capacity to be 80 cfs and will act as a lift station. A new outfall pipe
will be placed along Sand Pine Road to act as a gravity outfall. This outfall pipe will
daylight at the Lynnhaven Municipal Marina, west of Newbern Lane and will include a
dual 4.0 foot diameter RCP to dicipate velocities prior to discharge.

• Ridgeline improvements along Lynnhaven Drive and West Great Neck Road

Shore and Vista
Improvements in this sub-catchment will provide adequate drainage during a 10-year rainfall
event in combination with tidal surge (up to elevation 7.0 NAVD88) for Shore Drive and its
adjacent corridor. Improvements included in this catchment consist of the following:
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• Install a new stormwater trunkline along Shore Drive from Devore Court west to the
proposed Shore and Vista Pump Station near Vista Circle

• New pump station near Vista Circle, acting as a lift station, with a capacity of 70 cfs

• Utilization of the existing 3.0 foot diameter RCP discharging into Long Creek near
Bubba’s Marina.

• The proposed layout allows for expansion of pump station and addition of a
supplemental outfall location as necessary for additional stormwater capacity in the
future

Chesapeake Bay – West
Alternative L allows for future drainage improvements in the Chesapeake Bay – West
catchment. Currently frequent flooding does not occur along Page Avenue, so this alternative
does not include improvement of the associated drainage system at this time.  If it is determined
in the future that new drainage infrastructure needs to be placed along Page Avenue, the
stormwater pump station within the Shore and Vista catchment can be expanded to pump the
additional flow out of the catchment and a new outfall could be proposed at that time that would
outfall south of Shore Drive near the fish market.

Chesapeake Bay – Central
Improvements within this sub-catchment will provide adequate drainage to prevent flooding
during a 10-year, 24-hour rainfall event. Improvements will include:

• Installation of a new drainage network along side streets of Chesapeake Bay Central
neighborhood that will convey stormwater south under Shore Drive and down to the
Cape Henry Ditch. This will alleviate flooding in the catchment and will reduce the
number of existing beach outfalls.

Chesapeake Bay – East
Improvements within this sub-catchment will increase the service level of the drainage
infrastructure to be capable of preventing localized flooding for the 1-year, 24-hour rainfall
event.  Improvements within this area will include:

• New stormwater collection system and infiiltration basin along Shore Drive, Bayberry
Street and Wake Forest Streets that will discharge to a new pump station on
Sandalwood Raod

• New stormwater pump station near Sandalwood Road. The capacity of this pump station
will be 10 cfs
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• New stormwater collection system and infiltration basins along Shore Drive, Walke
Street, First Landing Lane, and Calvert Street that will flow to a new pump station at
Kendall Street

• New stormwater pump station near Kendall Street. The capacity of this pump station will
be 10 cfs

• New outfall pipes for both the Sandalwood pump station and Kendall Street pump station
will be 1.5 foot diameter RCP’s and will discharge into underground bubbler outfalls on
the beach

Cape Story by the Sea
Improvements within this sub-catchment will increase the level of service of the Poinciana Pump
Station to be capable of pumping the 10-year, 24-hour rainfall runoff. Because recent
improvements were made to the drainage infrastructure along the streets and because the
citizens in this neighborhood wish to preserve to the extend possible, the existing mature trees,
infrastructure improvements within this neighborhood are limited. Improvements within this
neighborhood include:

• Increase Poinciana Pump Station capacity to 100 cfs.

• Utilize existing 3.0 foot diameter force main as outfall.

Cape Henry
Improvements within this sub-catchment will include blocking abnormally high tides as well as
installation of a stormwater pump station to provide an outfall capable of handling a 10-year, 24-
hour rainfall event during times when the tide is blocked. The natural ridge line east of North
Great Neck Road will provide tidal surge protection up to elevation 4.5 (NAVD88).
Improvements within this area include:

• Installation of an automated sluice gate on First Landing Lane, just north of Admiral
Drive to block abnormally high tides from migrating upstream into the Cape Henry Ditch

• New stormwater pump station on First Landing Lane, just north of Admiral Drive. This
will function as a lift station and will have a capacity of 20 cfs

• The pump station will utilize the existing dual 2.5 foot diameter pipes as a gravity outfall
to the Cape Henry Shores canal

ResultsB.

The figures below show the modeled results of the 10-yr design storm with the 10-yr surge.
Note that survey and modeling of the catchment and existing stormwater infrastructure north of
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Shore Drive was not included in the existing conditions model and therefore flooding depths in
the neighborhoods north of Shore Drive are not depicted on Figure 6-1 below.

Figure 6-1: Existing Conditions 10-yr Storm Modeled Flooding Areas

Figure 6-2: Proposed Conditions 10-yr Storm Modeled Flooding Areas
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PhasingC.

Below is an outline of a potential phasing scenario for Alternative L that takes into consideration
funding and maximizing flood relief in early phases, in addition to other factors affecting the
construction of improvements.

Phase 1
The initial phase of flood improvements should include implementation of the proposed drainage
infrastructure that is necessary for alleviating flooding within the Lynnhaven Colony
neighborhood as well as providing adequate drainage for the redesigned Shore Drive roadway
to be able to pass the 10-year, 24-hour rainfall event in combination with the 10-year surge
event. The Shore Drive roadway project timeline is dependent on the implementation of these
improvements. As design moves forward, phasing should be further refined to ensure that the
Shore Drive roadway improvements can be constructed once it is determined that MS-19
criteria can be met for the proposed drainage system. These improvements include the
following:

• Hydraulic conveyance and increased storage improvements should be made to the
Cape Henry Ditch to allow for increased conveyance of rainfall runoff during normal high
tide events. Further refinement of the Shore Drive Roadway Design is recommended to
ensure that the new roadway will be capable of achieving MS-19 requirements after
completion of the channel improvements.

• The Shore and Vista improvements included within this report should be implemented
concurrent with the roadway drainage design to ensure that the new roadway will
achieve MS-19 requirements.  Implementation of the improvements in the Shore and
Vista catchment will ensure the roadway meets MS-19 criteria and will also help to
reduce flooding during higher storm surge events.

• All remaining improvements within the Lynnhaven Colony catchment should be
implemented to provide immediate flood reduction within that neighborhood. In addition
to providing protection to the neighborhood from the 10-year, 24-hour rainfall event in
combination with the 10-year storm surge, this improvement will also provide the same
level of protection for the section of Shore Drive spanning from the Vista Circle
intersection to North Great Neck Road. Improvements to the Lynnhaven Colony
Ridgeline should be implemented concurrently with installation of the flood gate and
pump stations as described in detail earlier in this chapter.

• All proposed improvements within the Chesapeake Bay – Central catchment should be
implemented concurrent with roadway drainage installation.
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Phase 2
The second phase of the proposed improvements will include moving forward with the
improvements included within the Cape Story by the Sea neighborhood.

Phase 3
The third phase should include implementation of the proposed flood improvements that will
alleviate flooding within the Chesapeake Bay – East catchment.

Phase 4
The final phase should include implementation of the flood improvements that will alleviate
flooding within the Cape Henry neighborhood. Improvements as outlined for the Cape Henry
neighborhood within this report should be implemented.

Cost vs. Benefit AnalysisD.

The catchment with the highest direct resultant flood reduction and also the highest
implementation cost is the Lynnhaven Colony catchment. In addition to protecting existing
homes from tidal surges up to elevation 7.0 (NAVD88) combined with a 10-year, 24-hour rainfall
event, the improvements proposed in this catchment will provide the same level of protection to
the Shore Drive roadway.

The improvements proposed within the Shore and Vista catchment would primarly protect the
Shore Drive roadway from storm surges up to elevation 7.0 (NAVD 88) and would also protect
the roadway from a concurrent 10-year, 24-hour rainfall event.  The estimated cost to implement
this level of protection is approximately $3.7 million.

The primary improvement within the Cape Story by the Sea catchment is the replacement of the
Poinciana Pump Station. Past studies have recommended that this structure be replaced due to
increased maintenance needs and deteriation of the wet well.

The Chesapeake Bay East improvements primarly will reduce flooding within streets to maintain
access to residences. This area does not experience frequent structural damage from flood
waters. The estimated cost for reducing flooding from the streets within this catchment is
approximtely $6.8 million.

The Cape Henry catchment also contains habitable structures located on low lying ground.  The
improvements recommended within this catchment will protect the neighborhood up the the
overtopping elevation of the ridgeline for an estimate cost of $2.8 million.
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These improvements total approximately $41.8 million in probable construction cost shown in
Table 6-1.

Table 6-1: Opinion of Probable Construction Cost Summary

Neighborhood Region Probable Construction
Cost

Shore and Vista West $3.7 million

Lynnhaven Colony and Chesapeake
Bay - Central West $25.0 million

Cape Story by the Sea Central $3.5 million

Cape Henry East $2.8 million

Chesapeake Bay - East East $6.8 million

TOTAL $41.8 million

The total number of habitable structures where flooding is reduced with the proposed
stormwater infrastructure improvements west of N Great Neck Rd from a 10-year, 24-hour
rainfall in combination with a 10-year surge event is approximately 80. In combination with these
improvements, raising the ridgeline west of N Great Neck Road can reduce flooding for
approximately 240 habitable structures from the 100-yr surge. The regions east of N Great Neck
Rd are protected from a 10-year surge reducing flooding for approximately 138 habitable
structures.

Alternatives J, K and L all provide the same level of protection for tidal flooding, which is the
primary cause of structural flooding within the study area. Since all three alternatives protect
approximately the same number of habitable structures, the alternative that provides the most
benefit for the cost is Alternative L. As shown in Table 7-2, Alternative L is estimated to cost
approximately $31.6 million less than the next least expensive alternative (Alternative J).

It should be noted that this study did not include the analysis of the cost of adaptation and
accomodation strategies within the study area.
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CHAPTER 7: SUMMARY

ConclusionA.

The flood reduction potential for all three of alternatives J, K and L are significant in the Study
Area.  All three of these alternatives are capable of providing the necessary level of service for
Shore Drive and the adjacent neighborhoods as outlined in this report. Alternative L was chosen
as the most practicable alternative due to the following reasons:

· Phasing: The improvements outlined for Alternative L can be broken down into phases
that alleviate flooding within the Lynnhaven Colony neighborhood while at the same time
providing flood relief for Shore Drive with the same improvements.

· Flood Protection Provided: Alternative L provides the same level of protection to the
studied neighborhoods as the other alternatives presented in this report.

· Cost: Alternative L costs approximately $31.6 million less than the next least expensive
alternative. Table 7-1 below provides a summary of the construction costs associated
with each alternative.

In addition to the probable construction costs described above, the City of Virginia Beach
anticipates additional full delivery costs as summarized in the Table 7-1 below:
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Table 7-1: Total Estimated Improvement Costs

Analysis
Region Description

Cost (millions)

Alternative J Alternative K Alternative L

West

Construction $34.4 $35.4 $28.7

Design $8.6 $8.9 $7.1

Acquisition $10.0 $11.5 $7.7

Contingency $8.0 $8.4 $6.5

Total $61.0 $64.1 $51.1

Central

Construction $3.5 $3.5 $3.5

Design $0.9 $0.9 $0.9

Acquisition $1.5 $1.5 $1.5

Contingency $0.9 $0.9 $0.9

Total $6.8 $6.8 $6.8

East

Construction $21.5 $21.1 $9.6

Design $5.4 $5.3 $2.4

Acquisition $3.5 $3.0 $0.5

Contingency $4.6 $4.4 $1.9

Total $34.9 $33.8 $14.4

TOTAL $102.6 $104.7 $71.0

Note: Design, acquisition, and contingency cost estimates provided by City of Virginia
Beach
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It is recommended that flood reduction improvements as phased in Chapter 6 of this report be
implemented along with the design of the Shore Drive Roadway Improvements project. The
roadway’s stormwater drainage infrastructure design should be developed concurrent with the
following drainage improvements identified in this report; Shore and Vista stormwater pump
station, Cape Henry Ditch hydraulic conveyance improvements, Sand Pine Road Stormwater
Pump Station, installation of the flood control device at the Boatel Box Culvert, and installation
of the pump station at the Boatel Box Culvert. Concurrent design will allow the new roadway
drainage infrastructure to tie into the proposed stormwater improvements along Cape Henry
Ditch, as described in Alternative L, and will enable the roadway drainage system to convey the
10-year, 24-hour rainfall concurrent with abnormally high tides up to elevation 7.0 feet
(NAVD88) without flooding.

The next steps that should be taken include:

• Development of a detailed phasing plan based on available funding

• Open House Meetings (to present the proposed improvements included in this analysis)

• Development of a final implementation program (after potential funding mechanisms are
identified)

• Funding of project improvement designs.

• Design of improvements necessary for supporting the Shore Drive roadway
improvement drainage infrastructure so that they can be integrated into the Shore Drive
Phase III roadway drainage design (Shore-Vista pump station, Boatel Box Culvert flood
control device and pump station, Sand Pine Road Pump Station, and Cape Henry Ditch
hydraulic conveyance and storage improvements). As design moves forward, phasing
should be further refined to ensure that the Shore Drive roadway improvements can be
constructed once it is determined that MS-19 criteria can be met.

• Finalize design and begin construction of first phase of hydraulic improvements

• Construct Shore Drive Phase III roadway improvements
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