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1. Introduction
The City of Lewes, located in southern Delaware is 4.6 square miles in area with a population
just below 3,000 permanent residents. Development within the city is largely residential with a
business district concentrated along Savannah Road. The majority of developable lands within
the city limits are already populated. However, a few remaining parcels within and near the city
are expected to be developed in the near future. Four of these developments are planned along
or near to New Road in areas that drain to the Great Marsh via Canary Creek and one of its
tributaries. Figure 1-1 illustrates the City’s municipal limits and the locations of these four
developments. Two of the developments: Fisher’s Cove and Lewes Waterfront Preserve are
located within the City’s municipal limits. The other two developments: Harbor Point and Tower
Hill are within close proximity to the City but fall under jurisdiction of Sussex County.

Figure 1-1. Locations of proposed developments along New Road and Canary Creek

Existing residents in these areas currently experience flooding issues during large rain and
coastal storm events. Concern that further development might exacerbate these flooding issues
led the City to seek out a means to evaluate potential ramifications of the planned
developments. In response, AECOM developed a set of models representing the City of Lewes
in its current state and with the proposed developments to investigate the potential for increased
flooding.
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2. Modeling Approach
A total of five models were built to simulate the flooding conditions in areas surrounding the
proposed developments. A single Coastal Modeling System (CMS)-Flow model was developed
to simulate coastal inundation at a regional scale throughout the City of Lewes and much of the
adjacent Great Marsh. CMS-Flow is an United States Army Corps of Engineers (USACE)
developed model used to simulate coastal dynamics including tides and storm surge. The CMSFlow model developed for this study will be subsequently referred to as the CMS-Regional
Model within this report. The goal of the CMS-Regional Model was to understand how water
level changes, caused by tides and storms, within the Delaware Bay can affect the water level
within the Great Marsh as well as Canary Creek and its tributaries, pictured in Figure 2-1. A
National Oceanic and Atmospheric Administration (NOAA) tide gage located by the Cape MayLewes Ferry Terminal provides a reliable history of how storms affect the Delaware Bay;
however, there are no similar records within the Great Marsh. Therefore, the CMS-Regional
Model was the only method of generating a time series of water levels within the Marsh during
storm events of varying magnitude.

Figure 2-1. The Great Marsh, Canary Creek and the Canary Creek watershed.

While useful for understanding regional surge dynamics, the CMS-Regional Model is unable to
represent some factors than can affect localized flooding including storm drain systems and
infiltration. Therefore, a second software, FLO-2D, was used to create smaller models focused
on the proposed development areas. FLO-2D is a commercial flood model designed to evaluate
surface flooding. The FLO-2D model can be coupled with the Environmental Protection
Agency’s (EPA) Storm Water Management Model (SWMM), to allow representation of flow
through storm drain systems.
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An extracted time series of water level from the CMS-Regional Model was used as input to the
smaller FLO-2D models to combine the coastal flooding with precipitation-driven flooding. The
output from the CMS-Regional Model was extracted from a location identified as representative
of the surge near the downstream end of each FLO-2D model, but sufficiently far from the
proposed developments to be unaffected by their associated changes to the landscape.
Consequently, only a single CMS model was utilized in this study based on existing conditions
within the City and surrounding areas.
A total of four FLO-2D models were developed in the areas surrounding the proposed
developments:
·

Fisher’s Cove area model representing existing conditions

·

Fisher’s Cove area representing proposed developments based on the concept plans for Fisher’s Cove and
Harbor Point

·

Lewes Waterfront Preserve area model representing existing conditions

·

Lewes Waterfront Preserve area model representing proposed developments based on the concept plans for
Lewes Waterfront Preserve

A depiction of the extent of developed models is provided in Figure 2-2. Details on how the
models were developed using available data is provided in Section 3 including additional detail
on the extraction of data from the CMS-Regional Model for use as input to the four FLO-2D
models in Section 3.5.
The CMS-Regional Model and the two existing condition FLO-2D models were validated using
flooding photographs taken during Winter Storm Jonas. The photographs were used in lieu of
quantitative data as there was no known measured water level data available beyond the tide
gage at the Cape May-Lewes Ferry Terminal. The results of the model validation are discussed
in Section 4.
After model validation, the two existing condition FLO-2D models were altered to create
proposed-development versions representing changes to the landscape associated with the
proposed developments. Changes to parameters including topography, building locations,
impervious cover, and storm drain systems were incorporated based on the concept designs for
each development. However, at the time of this study, there was insufficient data from the
proposed Tower Hill development to include within the FLO-2D proposed-development model
for the Lewes Waterfront Preserve area. Details on proposed-development models can be found
in Section 5.
The pair of models for each development area were used to simulate six flood events combining
flood effects from coastal storms, rainfall, and sea level rise. The chosen scenarios represent
severe flooding events, but vary whether coastal surge or rainfall is the predominant flood
source. The maximum flood depth from each existing condition scenario was compared to the
proposed-development counterpart to evaluate the potential for changes to flooding patterns
associated with the proposed developments. The results of the model simulations and
recommendations based on outcomes of these simulations are provided in Sections 6 and 7,
respectively.
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Figure 2-2. Model boundaries for the CMS-Flow and two FLO-2D models developed.

3. Existing Conditions Model Configuration
The CMS-Regional Model and all of the FLO-2D models are comprised of a grid of square cells
covering the entire domain within each boundary shown in Figure 2-2. Each cell within the grid
is assigned several parameters to represent the local characteristics.
CMS-Flow (used for the Regional Model) allows for a variable cell size, enabling modeling of a
larger area with detail concentrated on hydraulically important features like rivers and streams.
The cell size within the model varied from 9.84 feet (3 meters) to 157.5 feet (48 meters). Cells
within the CMS-Regional Model were assigned two parameters: elevation and Manning’s n
roughness. These parameters are described in further detail in Sections 3.1 and 3.2,
respectively.
FLO-2D requires a constant cell size throughout the domain. The FLO-2D models for the
Fisher’s Cove area were built using a 20-foot grid cell size; the Waterfront Preserve models
used a 30-foot grid cell size. The grid sizes were chosen to ensure sufficient detail could be
captured without creating a prohibitively long simulation time. Cells within the FLO-2D models
were assigned several parameters including: elevation, frictional roughness, building cover,
impervious surface cover, soil characteristics, and storm drain details. Each of these parameters
are described in Sections 3.1 through 3.4.
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3.1 Topography
Topography is a critical piece of model development; it is the dominant factor in determining the
direction and speed of surface water flow. Accurate representation of the width and depth of flow
channels and the grade of surrounding areas is vital to the accurate simulation of the extent of
inundation throughout a storm event as well as flow rates within those inundated areas. Several
topographic sources were used to represent the study area in the CMS-Regional Model and
FLO-2D models including data from NOAA, United States Geological Survey (USGS), USACE,
and Delaware Department of Natural Resources and Environmental Control (DNREC). These
datasets were combined to create a seamless Geographic Information System (GIS) surface
representing the elevation throughout the City and surrounding areas. Figure 3-1 through Figure
3-3 illustrate this topographic surface for the City and in the vicinity of each of the proposed
developments.

Figure 3-1. Topography surface for the City of Lewes
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Figure 3-2. Topography surface in the vicinity of Fisher’s Cove (top of page)

Figure 3-3. Topography surface in the vicinity of Lewes Waterfront Preserve (bottom of page)
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The NOAA and USGS datasets were derived from Light Detection and Ranging (LiDAR) data, a
method of measuring ground elevation at a high resolution using lasers, typically collected from
aircraft. Two LiDAR datasets from NOAA and one published by USGS were combined. A 2014
dataset from NOAA covering an approximately one mile wide swath along the shoreline was
found the have the highest resolution and accuracy. This was used at the primary source; the
other NOAA dataset (2012) and the USGS dataset (2015) were used to fill in the surrounding
areas not covered by the 2014 NOAA data.
None of the LiDAR-derived datasets provided elevation data within the inland waterways
including Roosevelt Inlet, the Lewes and Rehoboth Canal, Canary Creek, or the Broadkill River.
Consequently, additional elevation data were patched into these areas. A 2018 USACE survey
of the Roosevelt inlet was incorporated directly into the elevation surface. A DNREC survey of
the Lewes and Rehoboth Canal was reviewed and used to assign representative elevations
along the Canal. No survey data was available for Canary Creek and its tributaries or for the
Broadkill River. Canary Creek and any tributaries wider than 30 feet were assumed to have an
elevation one foot lower than the lowest astronomical tide. This assumption assured Canary
Creek and its major tributaries would remain wet in the model at all times. The USACE survey of
Roosevelt Inlet included a small portion of the Broadkill River. An average depth from these
surveyed elevations was applied along the length of the Broadkill River.
For both the CMS-Regional Model and FLO-2D models, the average LiDAR elevation within
each cell was computed and assigned to that respective cell.

3.2 Land Use
Land characteristics including land cover and extent of development play a significant role in
how flood waters will interact with the landscape. The following subsections describe the
different land use parameters that were incorporated into the CMS and FLO-2D models.

3.2.1 Land Cover
Land cover is the controlling factor governing the amount of roughness or frictional resistance to
flow in a given area. For example, a densely vegetated marsh provides more frictional
resistance and can slow the flow of water more effectively than a concrete or asphalt surface. To
quantify this, a 2007 land cover dataset developed for the State of Delaware was downloaded
from Delaware FirstMap (an online platform for geospatial datasets) and applied to the model
domains. This dataset is comprised of polygons covering the state attributed with one of several
land use classifications. Within the study area, the dataset was reviewed against aerial imagery
and edited where discrepancies were found due to recent development.
The land cover classifications were then grouped into one of seven categories:
agricultural/grass, beach, dense trees, sparse trees, developed, marsh, and water. A depiction
of the land cover categories is provided in Figure 3-4. Each group was assigned a frictional
roughness parameter known as Manning’s n for use in the models. High Manning’s n values
represent greater frictional roughness. Table 3-1 describes the categories assigned and the
associated Manning’s n values. The Manning’s n values are based on recommended values
from Te Chow (1959). Each cell within the CMS-Regional Model and FLO-2D models were
assigned a Manning’s n value corresponding to the local land cover category. Cells situated
across more than one land use category were assigned an average value.
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Figure 3-4. Land cover categories throughout the City of Lewes
Table 3-1. Manning’s n value for land cover categories

Land Cover Category
Agricultural
Grass
Beach
Dense trees
Sparse trees
Developed
Marsh
Water

Manning’s n value
0.030
0.030
0.025
0.120
0.100
0.150
0.050
0.020

Initial Abstraction (in)
0.50
0.05
0.35
0.04 - 0.18
0.04
0.20
0.05
0.00

In addition to the Manning’s n value, the land cover can also affect how much water is stored on
the ground surface before runoff to surrounding areas will begin. This parameter, referred to as
initial abstraction, can be correlated to land cover. Similar to Manning’s n, each FLO-2D cell was
assigned an abstraction value based on the local land cover. The abstraction value used for
each land cover category is described in Table 3-1; the values were adopted from the FLO-2D
manual recommendations.

3.2.2 Buildings
Buildings within the study area can have significant effects on flood behavior. A building
represents an area that flood waters cannot occupy and creates an area of impervious surface
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where water cannot infiltrate into the ground below. They also represent an obstruction to
flowing water, affecting the conveyance of flood waters around them. For this study, a set of
computer generated building footprints developed by Microsoft (2018) for every US state was
used. This dataset accurately captured the vast majority of buildings within and around the City
of Lewes, with the exception of recent developments. Newer buildings were not included in the
dataset and were digitized by the study team based on aerial imagery. Figure 3-5 below
illustrates an example of these building footprints along Pilottown Road.
The building footprint GIS layer was imported into FLO-2D in order to assign each cell attributes
describing what percentage of the cell is occupied by a building and cannot be occupied by
flood waters.

Figure 3-5. Example of building footprints along Pilottown Road in the City of Lewes.

The buildings were also represented in FLO-2D by a parameter describing what fraction of each
cell is covered by an impervious surface. This parameter was derived from the impervious
surface layer available on Delaware First Map. Like the building footprints, the layer did not
capture more recent construction. Consequently, the layer was augmented with the building
footprint layer before using it to assign an impervious surface fraction to each FLO-2D cell.

3.2.3 Streets
Streets or roads within the study area have two primary effects on flood behavior. Like buildings,
a paved street represents an impervious surface where water cannot infiltrate into the ground.
Streets also represent an ideal conduit for water to flow across or along. The smooth surface
and relatively consistent grading allows water to move easily across with little resistance from
topography undulations or frictional roughness. A shapefile of streets and roads in Delaware
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was downloaded from the Delaware Department of Transportation (DelDOT). The dataset was
reviewed against aerial imagery and observed to have good agreement with the centerline of
streets within the City of Lewes and surrounding areas.
The topography of roads within the FLO-2D model domains were captured directly, as described
in Section 3.1. Roads within the City of Lewes are typically at least 30 feet wide. Consequently,
the cell sizes of 20 and 30 feet used in the FLO-2D models are small enough to capture
representative elevations along each road. The smooth surface of the roads was represented by
attributing FLO-2D cells along roads with a low Manning’s n value of 0.02 (the same as open
water areas). This assignment of Manning’s n values along roads superseded the attribution
described in Section 3.2.1.
Like buildings, roads were also represented by the impervious surface parameter in FLO-2D.
The majority of roads in the City were captured in the impervious surface layer from First Map,
but newer roads like those in the Canary Creek subdivision were added to the GIS layer by the
study team.

3.3 Soil Data
The soil characteristics affect the volume and rate of infiltration of water from the ground surface
to the soil below. The City of Lewes has primarily a mix of sand and loamy soils that can drain
water quickly. The Delaware Soil Survey, available from First Map, is a GIS layer of polygons
classified based on the underlying soil composition. A map of these soils is provided in Figure
3-6.

Figure 3-6. Soil composition based on the Delaware Soil Survey

Based on the soil composition, each polygon was assigned several attributes describing how
quickly water can infiltrate the soil and the available storage capacity. Table 3-2 describes the
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attributes assigned to each soil type. Each cell within the FLO-2D model grid was assigned one
of these values based upon its location relative to the soil survey polygons. The values for each
soil type were based on recommended values from the FLO-2D manual and the EPA’s SWMM
model manual.
Table 3-2. Summary of parameters used for each soil type

Soil Type

Hydraulic
Conductivity
(in/hr)

Moisture
Deficit
(%)

Soil
Suction
(inches)

Porosity
(%)

Sand

1.2

0.34

2.1

0.437

Loamy sand

1.2

0.33

2.1

0.437

Sandy loam

0.4

0.33

4.3

0.437

Loam

0.25

0.31

3.5

0.437

Silt loam

0.15

0.32

6.6

0.437

Within the City, particularly in areas along the water and the Great Marsh, the water table is
close to the ground surface. The water table represents the boundary between soil that is fully
saturated with water and the drier soil above. The volume of water that can infiltrate the soil is
limited by the depth to the water table as soils below the water table are already saturated with
water and do not have any capacity for infiltrated surface water. To account for this limitation on
infiltration, the depth to water table during normal conditions GIS layer published by the
Delaware Geological Survey (DGS) was used. This GIS layer describes how deep the water
table falls below the ground surface. The data is binned into a range of depths, as depicted in
Figure 3-7. Each FLO-2D cell was assigned a soil depth based on the DGS layer. FLO-2D cells
within any water or marsh areas were assumed to be already fully saturated with water and
assigned a soil depth of zero to prevent infiltration of water.

Prepared for: City of Lewes

AECOM
11

City of Lewes Flood Study

Figure 3-7. Depth to water table during normal conditions layer from the Delaware Geological Survey

3.4 Storm Water Systems
The majority of flood waters are conveyed over land in the study area; however, there exist a
few storm drain systems to help direct and convey water towards the marsh. The most
extensive of the systems can be found in newer developments like Canary Creek and the
Reserve at Pilottown. There also exist a few, small systems in the older developments. The
storm water systems are comprised of some or all of several features including: open channels
and swales, storm grates, underground pipe systems, culverts, and outfalls. These components
work together to drain water to the marsh. Figure 3-8 and Figure 3-9 illustrate the existing storm
water systems around Fisher’s Cove and Lewes Waterfront Preserve, respectively.
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Figure 3-8. Storm drain systems in the Fisher’s Cove area
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Figure 3-9. Storm drain systems in the Lewes Waterfront Preserve area

Culverts and open drains were represented directly in the FLO-2D model. Examples of these
from the study area are pictured in Figure 3-10. Each culvert was described by assigning an
inlet cell on the upstream side of the culvert and an outlet cell on the downstream side. The rate
of flow through the culverts was described with a rating table that specifies how much water will
flow through the culvert based on the elevation of water at the inlet. The rating tables were
developed using a Federal Highway Administration program HY-8 which generates rating tables
based on the size and geometry of the culvert and the channel surrounding the culvert. Because
the area is characterized by tidal flow, the culverts were set up to flow in both directions in FLO2D to allow exchange of water both as tides or surge rise in the marsh and as they drain.
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Figure 3-10. Example of culvert (left) and open drain (right) within the City of Lewes.

The open drains in the study area were largely captured by the topography itself; using a small
cell size allowed FLO-2D to capture the depression in the topography along open drains like the
swales along New Road or the concrete channel near Harborview Road and Hoornkill Avenue.
In addition to the depression captured in the cell elevation value, a rectangular channel was
applied to each cell along an open drain to establish these narrow flow paths in the model.
These channels were assigned an invert elevation based on the LiDAR value extracted from the
centerline or deepest point along each open drain.
The storm drains, underground pipe network, and outfalls were represented by an EPA SWMM
model linked to each of the FLO-2D models. The drains were assigned an elevation and grate
geometry; the elevation was extracted from the topography surface and the grates were
assumed to be 2x2 foot squares. The pipes are represented in SWMM by a diameter, Manning’s
n value, and an invert elevation at either end of each pipe segment. Where available, this
information was taken from a storm water GIS layer maintained by the City of Lewes and
existing development plans. Several of the pipes were missing diameters and elevations; these
gaps in the data were filled by assuming similar characteristics to the surrounding systems.
Each storm drain and outfall from the SWMM model is linked to a cell in the FLO-2D model.
Flood waters that accumulate on a FLO-2D storm drain cell are routed into the corresponding
feature in the integrated SWMM model and then flow towards the outfall. As water reaches the
outfall in SWMM, it is discharged to the corresponding cell in FLO-2D. FLO-2D and SWMM will
also capture any return flow or backup within the storm drain system that occurs when flood
waters at the outfall end are too high to allow discharge.

3.5 Hydrology
The City of Lewes experiences flooding from both coastal- and precipitation-driven sources.
Coastal flooding is driven by water levels within the Delaware Bay; during normal tidal behavior,
water is exchanged between the Delaware Bay and the inland water systems (e.g. the Lewes
and Rehoboth Canal and the Great Marsh) via the Roosevelt Inlet. Similarly, during storm
events, storm surge within the Delaware Bay can flow into the city via the Roosevelt Inlet, but
also potentially over the dune and beach system along the shoreline. Precipitation-driven
flooding occurs when a rain event affects the area and generates runoff. When the runoff
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exceeds the drainage capacity flooding occurs. The flood waters will eventually drain to the
Marsh but can also accumulate in and along localized depressions in the topography. Both
coastal surge and precipitation-driven flooding were considered in this analysis.

3.5.1 Tides and Storm Surge
Representation of coastal water levels in the CMS-Regional Model were based on water level
records at NOAA’s Lewes tide gage, located near the Cape May-Lewes Ferry Terminal. The
Lewes tide gage provides a nearly continuous record of water levels recorded at a six-minute
interval dating back to 1996 and hourly water levels as far back as 1919. This information was
used to describe how the water level in the Delaware Bay changes over time during the course
of an extreme tide or coastal storm event.
The CMS-Regional Model uses the tide gage water level records as forcing along the boundary
of the model domain to evaluate how tides and surge move throughout the region over the
course of a storm event. Water levels in the Great Marsh typically show much different behavior
during a storm event than in the Bay. An example of this behavior from the simulation of a small
coastal storm on October 27, 2018 is provided in Figure 3-11. The flow restriction imposed by
Roosevelt Inlet and Canary Creek along with attenuation of surge from the Marsh itself creates
a distinctly different pattern in water levels, particularly during receding tides and surges. As
shown in Figure 3-11, the Great Marsh experiences a lower peak elevation than both the
Delaware Bay and the mouth of Canary Creek, just inside Roosevelt Inlet. The Great Marsh
also experiences its peak water level a few hours later than the Bay. Figure 3-11 also
demonstrates the role Roosevelt Inlet and Canary Creek play in the draining of the Great Marsh
flooding. During storm events, the Marsh doesn’t have time to fully drain at the same rate as the
Bay. As a result, elevated water levels will remain for a prolonged period in the Marsh while the
Bay returns to normal conditions.

Figure 3-11. Example of CMS-Regional Model water levels during a small coastal storm.

The simulated water levels from the CMS-Regional Model were extracted from a point located
near the FLO-2D model hand-off location. This extracted time series was then used as input to
the FLO-2D models to describe the water level at the downstream end of each model domain.
FLO-2D then evaluates how the water moves throughout the model domain based on the
parameters assigned to each cell.

3.5.2 Rainfall
In addition to the storm surge input, FLO-2D also simulates rainfall into the model domain.
Typically rainfall intensity will vary in time as a storm system moves across an area. An example
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rainfall time variation is shown in Figure 3-12 for an event occurring during September 2016.
Both the intensity and total amount of rain occurring within a single rain event can affect the
volume of runoff within a watershed. The change in rainfall rate or intensity throughout a storm
can vary significantly with each unique rainfall event. Figure 3-12 also demonstrates that rainfall
can be represented either as value that varies in time or as a cumulative total tallied as the
storm progresses. The FLO-2D modeling uses a time series of the cumulative rainfall similar to
the lower graph in Figure 3-12.

Figure 3-12. Example rainfall time series (top) and cumulative rainfall time series (bottom) during a
September 2016 rain event

A series of ‘design storm’ events were developed for comparing the existing condition and
proposed development models with a combination of storm surge and rainfall events. The
development of these scenarios is discussed in Section 6.

4. Model Validation
Winter storm Jonas was simulated by each model to ensure they could produce a reasonable
representation of flood behavior in the City of Lewes. As described in Section 3.5.1, the CMSRegional Model simulation used the measured water levels during Jonas measured at NOAA’s
Lewes gage to evaluate water levels across the region through the duration of the storm. Figure
4-1 illustrates the measured water level at the tide gage used as input to the CMS-Regional
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Model as well as the modeled water level within the Great Marsh. The modeled water level
within the Great Marsh (from the CMS-Regional Model) was used as input to the existing
condition FLO-2D models for validation.

Figure 4-1. CMS-Regional Model simulation of winter storm Jonas

The peak flooding results from each model domain were compared to photos of flooding
provided by local citizens and from newspaper articles. The comparison showed favorable
agreement for each model, as illustrated in Figure 4-2 through Figure 4-4. Google earth files
showing photos, approximate locations, and the modeled flooding are also provided in Appendix
A.
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Figure 4-2. Photo (left) and modeled flooding (right) from Winter Storm Jonas behind Hoornkill Avenue

Figure 4-3. Photo (left) and modeled flooding (right) from Winter Storm Jonas at Park and Pilottown Road

Figure 4-4. Photo (left) and modeled flooding (right) from Winter Storm Jonas at New Road and Canary Creek
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The limited data available for model validation represents another limitation of this study.
Records of water levels and flow rates during historical flood events are important to ensure that
a model can accurately represent the flood dynamics in an area. The models have been shown
to qualitatively match photographs of flooding; however there were no quantitative data
available for a more rigorous comparison.

5. Proposed-Development Model
Configuration
The four proposed developments represent changes to many of the attributes described in
Sections 3.1 through 3.4. To capture these changes, PDFs of the design plans for three of the
four developments were imported into ArcGIS and spatially referenced. Features depicted on
the plans were then manually digitized into GIS layers to append or alter the relevant datasets
of existing conditions. The features digitized include: building locations, paved areas including
streets, sidewalks and driveways, proposed grading contours, and storm drain systems. An
illustration of this digitization is provided in Figure 5-1.
The digitized features were used to modify FLO-2D cell attributes in the proposed-development
models within each developed area including:
·

Topography/Elevation

·

Buildings

·

Impervious surface

·

Storm water systems

Two of the developments are still in the preliminary stages of design and consequently, do not
yet have detailed specifications on the storm water systems. These developments are Fisher’s
Cove and the Lewes Waterfront Preserve. Storm water designs as well as concept grading
plans for Tower Hill were unavailable at the time of the study. Assumptions on the diameter of
storm drain openings and conduits as well as the invert elevations of each component were
made for Fisher’s Cove and Lewes Waterfront Preserve. These are summarized in Table 5-1.
Detailed specifications for the storm drain system in Harbor Point were available in the
subdivision plans and used directly.
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Figure 5-1. Example of digitized site development plans
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Table 5-1. Summary of assumptions used for storm water systems in the proposed developments

Subdivision

Drain Details

Pipe Details
circular concrete
pipes with 15”
diameter and slope
of 0.004

Fisher’s Cove

48x48” grated drains at
elevations noted in
plans

Lewes Waterfront
Preserve

circular concrete
48x48” grated drains at
pipes with 18-24”
elevations derived from
diameter and slope
contours
of 0.001

Pond Details
contours from plans,
assumed 24”
opening with flap
gate to drain through
bulkhead to marsh

contours from plans

The assumptions in Table 5-1 were necessary to set up the model; however, they do represent
a study limitation. Each of the new developments relies upon a system of storm water drains,
pipes, and ponds to move flood waters from streets and around houses into Canary Creek and
the Great Marsh. The sizing and configuration of these systems can affect how quickly water is
discharged into Canary Creek or its tributaries.
Tower Hill was excluded from the proposed-development models due to insufficient data at the
time of the study. Without concept grading plans or storm water drainage designs, the
development could not be reasonably represented in the FLO-2D modeling.

6. Flood Simulations and Results
A total of six scenarios combining different magnitude coastal storms, rainfall events, and sea
level rise were evaluated. These are described in Table 6-1.
Table 6-1. Summary of coastal storm, rainfall, and sea level rise scenarios evaluated

Present-Day (no SLR) Simulations

Future (with SLR) Simulations

2-year coastal storm + 100-year rainfall

2-year coastal storm + 100-year rainfall + 1.33 feet of SLR

10-year coastal storm + 50-year rainfall

10-year coastal storm + 50-year rainfall + 1.33 feet of SLR

100-year coastal storm + 10-year rainfall

100-year coastal storm + 10-year rainfall + 1.33 feet of SLR

Each of the above scenarios represents a severe flooding event with differing contributions from
coastal storms and rainfall. For example, the 100-year coastal storm + 10-year rainfall
represents a major flood event where the dominant source of flooding comes from coastal surge
with less impact from rainfall. The Lewes area is prone to both rainfall and coastal surge and the
two flood sources can often occur simultaneously. It was therefore important to include both
flood sources and to vary the contribution of both to understand if one mechanism of flooding is
a greater driver for flooding issues than the other.
The sea-level rise value is based on the State of Delaware’s sea-level rise planning scenarios. A
value of 1.33 feet is taken from the intermediate curve in the 2050 timeframe. This was chosen
as it represents a moderate projection with a 50% chance of being met or exceeded in the next
30 years, or within the length of a typical home mortgage.
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A recent storm event experienced on October 27th, 2018 was simulated in the CMS-Regional
Model to represent the 2-year coastal storm, pictured in Figure 6-1. The Federal Emergency
Management Agency (FEMA) Flood Insurance Study (FIS) for Sussex County (2018) was used
for target maximum water levels associated with different frequency coastal storms including the
10-year (10-percent-annual-chance) and 100-year (1-percent-annual-chance). The target
maximum water levels from the FEMA FIS were used to scale the shape of the tide gage
records from winter storm Jonas to the desired magnitude storm. An illustration of this is
provided in Figure 6-2. The scaled time series for the 10-year and 100-year events were used
as input to the CMS-Regional Model to describe the change in the Delaware Bay water level
throughout the storm duration.

Figure 6-1. Water surface elevation time series during October 27, 2018 storm, used to represent 2-year event

Figure 6-2. Water surface elevation time series during Jonas scaled to various storm frequencies

The rainfall time series used a common storm water design curve from the United States
Department of Agriculture National Resources Conservation Service 24-hour rainfall distribution.
This time series describes the cumulative rainfall total over a 24-hour rainfall event. For each
simulation, a rainfall total was chosen for the desired event based on NOAA’s Water Atlas,
which provides rainfall totals for different duration storms of a range of frequencies in the Lewes
area. Figure 6-3 illustrates an example of this time series for several frequency events.
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Figure 6-3. Rainfall cumulative time series based on NOAA’s Water Atlas

In the Lewes Waterfront Preserve model, the domain was limited to areas downstream of
Savannah Road to reduce the size of the model even though potential floodwater could be
contributed by land areas upstream of Savannah Road. To account for these flood contributions,
a runoff discharge hydrograph was utilized to represent rainfall contributions from areas
upstream of Savannah Road. The hydrograph represents a time series of the runoff volume as a
rain event affects an area. The developed hydrographs were based on the standard Delmarva
hydrograph curve and the soil and land use characteristics of the watershed upstream of
Savannah Road. An illustration of hydrographs for several rain events are depicted in Figure
6-4.

Figure 6-4. Runoff discharge from watershed upstream of Savannah Road

The FLO-2D models used the time series shown in Figure 6-1 through Figure 6-4 as input to
simulate how water would accumulate and move throughout each area of interest. Each
scenario was simulated with both the existing conditions and proposed-development FLO-2D
models. The maximum flood depth from the existing conditions and proposed-development
models were compared for each scenario to identify potential for exacerbated flood issues. The
following sections focus on results from two of the simulations from the FLO-2D Fisher’s Cove
models and one simulation from the FLO-2D Lewes Waterfront Preserve model. Maps
illustrating results from the additional simulations can be found in Appendix B.
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6.1 Fisher’s Cove Simulations
The FLO-2D Fishers Cove models cover an area of approximately 0.5 square miles. The
models include the existing Canary Creek subdivision and homes along Rodney Avenue,
Hoornkill Avenue, Harborview Road, and a portion of New Road. The proposed-development
includes these existing homes as well as the proposed developments of Fisher’s Cove and
Harbor Point. With the exception of Canary Creek, the existing development in this area drains
to a small marsh “lagoon” upstream of Park Road, pictured in Figure 6-5. The Fisher’s Cove
proposed-development will also drain to the lagoon area. The existing Canary Creek subdivision
and the proposed Harbor Point development both drain downstream of Park Road, primarily to
Canary Creek just to the west of the model domain.

Figure 6-5. Fisher’s Cove model setup for existing conditions (left) and proposed developments (right)

6.1.1 2-Year Coastal Storm + 100-Year Rainfall
Simulation of a 2-year coastal storm with 100-year rainfall represents a scenario where rainfall
is the dominant source of flooding; however, inundation of the Great Marsh by the coastal surge
affects how efficiently the drainage systems can remove runoff from around streets and houses.
This effect is most pronounced in the “lagoon” area of the marsh upstream of Park Road.
Evacuation of runoff from the lagoon is limited by the three culverts situated under Park Road.
Consequently, the lagoon does not necessarily behave as an infinite reservoir capable of
absorbing changes to runoff patterns with negligible changes to the flood level (as is typically
assumed for tidal water bodies).
This lagoon behavior was observed in the simulation of the 2-year coastal + 100-year rain event
where a slight increase in lagoon flooding occurred in the proposed-development simulation, as
depicted in Figure 6-6. The difference in the peak flood depth at the upstream end of the lagoon
was approximately one inch. However, comparing water levels in the lagoon throughout the
duration of the model simulation showed that approximately one hour prior to the peak flood, the
proposed-development model showed water levels approximately 5 inches higher than existing
conditions model. At this time, the lagoon had not yet crested from the storm event; by the time
the peak occurs, the two models converge yielding only a one inch difference in the maximum
flood depths. A similar pattern was observed in many of the other simulations due to the change
in timing of runoff discharge in the Fisher’s Cove area.
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Figure 6-6. Comparison of existing and proposed-development flood simulation of a 2-year coastal and 100year rainfall event from the Fisher’s Cove model. Maps on the left demonstrate the maximum flood depth
recorded during the entire simulation. Maps on the right demonstrate the flood depth at a specific point in
time.
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In addition to increases observed in the lagoon, increases in the flooding along the edge of
Fisher’s Cove were noted. These increases may affect the homes along the northern side of
Rodney Avenue. In current or existing conditions, the homes along the northern side of Rodney
Avenue drain to the lagoon via the small arm of tidal wetland and drainage ditch that back up to
the majority of properties. In the proposed-development conditions, much of that ditch has been
re-graded and the area must drain through the proposed pipe conduit system. In this simulation,
increased depths of up to 6 inches were observed along the border of the Fisher’s Cove
development and in some places encroaching on properties on the northern side of Rodney
Avenue, as pictured in Figure 6-7. This pattern was observed in each of the simulations with the
magnitude of the ponded depth decreasing with decreasing precipitation.

Figure 6-7. Increased ponding along Rodney Avenue in the simulation of a 2-year coastal and 100-year
rainfall event with the Fisher’s Cove model

6.1.2 100-Year Coastal Storm + 10-Year Rainfall
The 100-year coastal storm + 10-year rainfall simulation represents a scenario where flooding is
primarily dominated by storm surge. In this scenario, the storm surge in the Great Marsh crests
at a flood elevation of 7.65 feet which is just slightly higher than the elevation of Park Road (6.57.5 feet). As a result, surge was able to spill over Park Road and substantially more surge fills
into the lagoon than in the smaller coastal events in which the flooding was limited to flow
through the culverts. The scenario showed a one inch increase in the maximum flood depth
throughout the lagoon, as depicted in Figure 6-8. This was likely due to a reduction in storage
capacity of the lagoon caused by proposed fill and regrading.
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Figure 6-8. Comparison of existing and proposed-development flood simulation of a 100-year coastal and 10year rainfall event from the Fisher’s Cove model. Maps on the left demonstrate the maximum flood depth.
Map on the right demonstrates the difference in flood depth between the proposed development and existing
conditions simulation.

However, this same behavior was not exhibited in results from the same scenario with added
sea level rise (100-year coastal +10-year rainfall + 1.33 feet of SLR). In the SLR scenario, Park
Road was more substantially inundated by the storm surge creating a stronger link between the
lagoon and the rest of the Great Marsh. As a result, the loss of lagoon storage from regrading
represents a smaller volume of the flooded area and therefore has less impact.
As in the 2-year coastal + 100-year rainfall simulation, isolated increases to flood depths at the
properties along the north side of Rodney Avenue were observed in the proposed-development
simulation. Flood depths downstream of Park Road were not adversely affected. A reduction in
flooding was observed in the undeveloped area northeast of the Canary Creek subdivision (see
maps in Appendix B). This is likely due to proposed regrading for the Harbor Point entrance
road which obstructs some of the storm surge from reaching the undeveloped lot. The same
pattern was observed in additional simulations with high storm surge.

6.2 Lewes Waterfront Preserve Simulations
The Lewes Waterfront Preserve model encompassed an area of 1.8 square miles along Canary
Creek. The model covers several existing developments including Pilottown Village, Pilottown
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Reserve, Highland Acres, Swaanendael, Savannah Place, and Covey Creek. The proposeddevelopment model included the concept plans for Lewes Waterfront Preserve and a portion of
Harbor Point. Plans from Tower Hill have been excluded at this time, but the parcel is within the
model boundaries. A depiction of the existing conditions and proposed development model is
provided in Figure 6-9.

Figure 6-9. Lewes Waterfront Preserve model setup for existing conditions (left) and proposed developments
(right)

6.2.1 2-Year Coastal Storm + 100-Year Rainfall
As described in Section 6.1.1, rainfall was the dominant source of flooding in this simulation.
This scenario provides a valuable look at how an elevated water level in Canary Creek affects
the storm drain systems surrounding it.
Much like the culverts under Park Road, the New Road bridge across Canary Creek creates a
constriction in the floodplain that can hinder draining of upstream portions. However, the
evaluated simulations did not show any adverse effects from the proposed Lewes Waterfront
Preserve Development. The basin created upstream of New Road is substantially larger than
the lagoon near Fisher’s Cove and the bridge allows a freer exchange of water than the Park
Road culverts. Consequently, the increases to impervious cover and changes to drainage
patterns associated with Lewes Waterfront Preserve are not substantial enough to have an
appreciable effect on the surrounding watershed. This can be seen in the comparison of flood
simulations of a 2-year coastal and 100-year rainfall event, shown in Figure 6-10, as well as the
additional simulation comparisons provided in Appendix B. Each of the simulations show
changes in flood depth primarily confined to the proposed development area with negligible
change in peak flood depth within the marsh surrounding Canary Creek.
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Figure 6-10. Comparison of existing and proposed-development flood simulation of a 2-year coastal and 100year rainfall event from the Lewes Waterfront Preserve model. Maps on the left demonstrate the maximum
flood depth. Map on the right demonstrates the difference in flood depth between the proposed development
and existing conditions simulation.

Isolated changes within the drainage systems in Pilottown Village and Pilottown Reserve can be
observed in some of these simulations; however the increases are on the order of 1 inch and
are confined to the streets near storm drains. The higher rainfall scenarios (50-year and 100year) do show some alleviation in flooding along New Road near the proposed entrance to
Lewes Waterfront Preserve and along the southeastern edge of the development. This can be
attributed to increases in drainage efficiency in the proposed storm drain systems.

7. Recommendations
The following are recommendations based on observations during this study and comparison of
the existing conditions and proposed- development models. The modeled simulations of the
existing conditions and proposed developments highlight potential concerns that should be
considering moving forward in the development process. As noted throughout the report, the
study has limitations primarily due to availability of data including final development design
plans.
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7.1

Evaluate entire basin drainage area in design of future development storm water
systems.
In each of the Fisher’s Cove model scenarios, the maximum flood depth was not
substantially affected. However, larger differences were observed in the timing of flooding
between the existing conditions and proposed-development. The modeling revealed some
sensitivity to periods when the proposed development released its maximum discharge.
This highlights the sensitivity of the lagoon basin to the volume and timing of discharge of
any future developments draining to the lagoon. Future developments should design their
storm water systems with consideration of the entire lagoon system including the three
culverts under Park Road. This recommendation is not only applicable to Fisher’s Cove,
but also to any subsequent developments in the remaining parcels of undeveloped land
that plan to discharge runoff to the lagoon. The modeling has demonstrated that the
lagoon area cannot absorb additional runoff without changing its flooding patterns;
consequently, cumulative effects from additional development may result in more
substantial increases to flood levels in the lagoon which will affect any surrounding land
that drains into it.

7.2

Include coastal surge in the design of future development storm water systems.
The design of storm water systems should also factor in coastal surge as heavy rain
events in the area are frequently paired with elevated coastal water levels. Elevated water
levels within Canary Creek and its tributaries could affect the efficiency of drainage
systems, particularly any with outfalls at low elevations than could be inundated by higher
frequency coastal events. An increasing sea level could also start to encroach upon storm
drain outfalls, reducing their efficacy.
As noted in Section 5, the outfall to the lagoon from Fisher’s Cove was assumed to have a
flap gate to block coastal surge from the drainage pipe. Without a flap gate, coastal surge
may flood storm water ponds, greatly reducing their capacity for capturing runoff. Storm
drain controls like flap gates may also be necessary to control timing of development
discharges and ensure they aren’t releasing neighborhood runoff at the same time the
coastal storm surge is peaking.

7.3

Confirm grading and storm water design in Fisher’s Cove can accommodate runoff
from homes along Rodney Avenue as efficiently as current conditions.
A consistent pattern of increased flooding along the northern side of Rodney Avenue
suggests that the currently proposed grading of Fisher’s Cove might create some
temporary ponding. This may be alleviated by changes to the grading plan or design of
storm drain components different than has been assumed for this study. Each
development’s engineer should certify that the grading plan has been evaluated for
detrimental effects to other properties.

7.4

Include effects of water table when determining capacity of storm water ponds.
Each of the proposed developments include excavation of a storm water pond to detain
water for a period before its eventual release into Canary Creek and the Great Marsh.
However, several areas along New Road frequently show significant standing water during
and following rain events, as demonstrated in the photo in Figure 7-1. In some areas, the
standing water can remain for a prolonged period after a rain event, indicating the soil
below is already highly saturated. The proposed excavation depths have potential to reach
the shallow water table along Canary Creek and its tributaries. Excavation below the water
table paired with the saturated soil may limit the capacity of any of these storm water
ponds. These limitations on pond storage could be exacerbated by sea-level rise which is
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expected to raise the water table. It is recommended to consider any limitations the water
table, soil saturation, and sea level rise may impose on the capacity of proposed storm
water ponds, particularly those intended to dry out between rain events.

Figure 7-1. Ponding of runoff along New Road during recent rainfall event.

7.5

Monitor and maintain existing and future drainage systems to ensure they operate
as design during storm events.
The FLO-2D modeling assumes that all of the storm drain systems are operating at full
capacity. The efficiency of storm drains and culverts can be substantially reduced if they
become obstructed by accumulation of sediment or debris, as observed at the culvert
pictured in Figure 7-2. These blockages can lead to a back-up of run-off and exacerbated
flooding during rain events. Regular monitoring and maintenance of storm water systems,
particularly before and after major rain events can help to ensure that storm water
systems continue to operate as designed.
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Figure 7-2. Obstructed culverts along Seagull Drive in Lewes

7.6

Minimize increases in impervious surface.
The City is already engaged in identifying and implementing green storm water
management practices to reduce runoff. Employing techniques to reduce the amount of
additional impervious surface in each of the proposed developments can help to minimize
increases to runoff. These practices can include using pervious paving solutions,
shortening or narrowing driveways, and ensuring developments employ an efficient road
and sidewalk design.

7.7

Refine models with measured data.
As described in Section 2, only qualitative data was available to validate the CMSRegional and FLO-2D models. Collection of measured water level and discharge data
during rainfall and coastal storm events can help improve the accuracy of the models. This
would be especially useful for the lagoon area upstream of Park Road. This area was
demonstrated to be sensitive to the timing of storm drain systems discharge;
consequently, having measured data would help ensure the FLO-2D model can represent
existing systems.
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Appendix A Model Validation Data
Two google earth layers have been provided to the City of Lewes as a separate attachment.
Jonas_FloodDepth_Feet.kmz – depicts the modeled maximum depth of inundation during
Winter Storm Jonas. The layer is a composite of results from the CMS-Regional Model and the
two existing condition FLO-2D models. The lightest blue coloring indicates shallower flooding
between 0 and 1 feet; the darkest blue coloring indicates flooding of 5 feet or deeper.
Intermediate shades represent intermediate flood depths discretized into 1-foot depth bins (e.g.
1 to 2 feet, 2 to 3 feet).
Jonas_FloodPhotos.kmz – depicts the locations of photos taken by citizens of the City of
Lewes and by local newspapers during Winter Storm Jonas. Each green star represents a
photo, clicking on a green star will bring up a photo taken from approximately that location.
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Appendix B Additional Maps
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