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1 INTRODUCTION

1.1 STUDY PURPOSE AND OBJECTIVES

Turner Station Conservation Teams, Inc., and Baltimore County requested assistance from the
U.S. Army Corps of Engineers (USACE), Baltimore District, to complete a flood resiliency
study for areas prone to stormwater and tidal flooding. Turner Station Conservation Teams, Inc.,
is a community organization dedicated to the revitalization of Turner Station. The purpose of this
study was to provide the community and county with initial concepts to determine their
effectiveness in reducing the risk of flooding to property owners and roadways. For this study,
the objectives included:

1. Mapping and assessing existing stormwater infrastructure.

2. Completing stormwater modeling and mapping as it pertains to water quantity (flooding)
for existing-conditions 50% annual chance (2-year), 10% annual chance (10-year), and
1% annual chance (100-year) rainfall events.

3. Completing future conditions stormwater modeling and mapping for sea level rise and
potential future rainfall scenarios.

4. Evaluating measures for reducing the flood risk to buildings, bridges, and roadways
within the study area.

Regular flooding due to heavy rain events and high tides occurs within the Turner Station
community, which is south of Dundalk, in Baltimore County, Maryland. Homes within the
community have experienced repeated flood damage, including the total loss of cars and
property. Based upon the effective Federal Emergency Management Agency (FEMA) Flood
Insurance Study (FIS) and Flood Insurance Rate Map (FIRM) for Baltimore County, Maryland,
dated May 4, 2014, the community is subject to coastal flooding from the Chesapeake Bay (Bear
Creek) (FEMA, 2014).

1.2 STUDY AUTHORITY

This study was conducted by the Planning Division of the USACE, Baltimore District, under the
Floodplain Management Services Program (FPMS). The FPMS program is designed to provide
planning-level assistance to communities and USACE partners for floodplain related issues.

1.3 STUDY AREA

Turner Station is a small, historic, residential community located in Baltimore County,
Maryland. The study limit is the Turner Station community boundary and any stormwater system
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infrastructure that drains to the stormwater outfalls within the community limits. A map of the
study area is shown in Figure 1.1.

FIGURE 1.1: STUDY AREA

Turner Station is located along tidal Bear Creek, which confluences with the Patapsco River. The
FIRM for Baltimore County, Maryland, dated May 4, 2014, is shown in Figure 1.2. The 1%
annual chance Base Flood Elevations (BFEs) are shown. The 1% annual chance flood is a flood
with a 1% chance of occurring in each year. Much of Turner Station is at risk of flooding from
the 1% and 0.2% annual chance riverine flood events, without consideration of stormwater
flooding based on the FIRM. It is important to note that FEMA’s study used topography dated
2005 and does not consider the construction of the Sollers Point Multi-Purpose Center, which
was built on higher ground, and will change the floodplain in that area of Turner Station.
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FIGURE 1.2: FLOOD INSURANCE RATE MAP

Sollers Point
Multi-Purpose
Center

1.4 DATASOURCES

Data was collected from various federal, state, and local entities to support the analyses in this
investigation. The following entities contributed data to this investigation: Baltimore County,
Maryland iMAP, Natural Resource Conservation Service (NRCS), the National Weather Service
(NWS), and Boos Development Group, Inc. A list of essential data collected for this
investigation is shown in Table 1.1.
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TABLE 1.1: DATA COLLECTED
Data Date Source
Digital Elevation Mode_l (DEM), 1.0-meter 2015 Baltimore County
resolution
Aerial Imagery 2017 Maryland iMAP
Baltimore County Soils Data 2003 NRCS
Land Use — Impervious Surface 2020 Baltimore County
Land Use — Building Footprints 2018 Baltimore County
Precipitation Data (Frequency estimates) 2006 NWS
As-Built Plans — Family Dollar 2018 Boos Devellonpcment Group,

The project digital terrain model (DEM) was generated from USGS Light Detection and Ranging
(LiDAR) data flown in 2014 by Dewberry (Baltimore County, 2015). The LiDAR was

downloaded from the Maryland iMAP website (https://imap.maryland.gov/). A 1-meter project
Digital Elevation Model (DEM) was created for this investigation using the LIiDAR data. This
dataset was the most recent, highest-resolution digital elevation data available at the onset of this
investigation and is in the North American Datum of 1983 (NAD83) State Plane Maryland
horizontal datum and the North American Vertical Datum of 1988 (NAVD88) vertical datum.
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2 STORMWATER SYSTEM SURVEY AND ASSESSMENT

A stormwater system survey and assessment were completed in January and February 2021 for
Turner Station. The objective was to complete comprehensive mapping of the stormwater
conveyance system to (1) determine the location of existing stormwater infrastructure; (2) assess
the overall condition of the existing stormwater infrastructure (excluding underground pipes and
junctions); and (3) collect data to support hydrologic and hydraulic modeling. The resultant
mapping layers include such stormwater features as inlets, manholes, pipe inlets and pipe outlets,
stormwater pipes, and open drainage channels.

21 METHODOLOGY

Global Positioning System (GPS) techniques for capturing the location and elevations of
stormwater system features were used as the survey method. The use of GPS allows for the
collection of a large amount of data in a short time frame to a high degree of accuracy. The
survey utilized relative positioning techniques yielding precision on the order of < 2 centimeters
horizontally and vertically. More specifically, Real-Time Kinematic (RTK) GPS techniques
were used. The Trimble R8 GNSS (Global Navigation Satellite System) unit was utilized to
perform the field survey. The collected survey points are in NAD83 State Plane Maryland
horizontal datum and NAVD88 vertical datum (feet).

Stormwater structures surveyed in Turner Station include combination inlets, curb inlets, drop
curb inlets, grate inlets, manholes, pipe inlets, pipe outlets, pond structures, and slotted inlets
(Figure 2.1). Underground junctions were assumed in areas where it was apparent that two or
more pipes meet underground without a surface manhole for access. For stormwater structures,
the geographic location and invert elevations were determined by taking a survey point at the top
of the structure or invert of pipe inlet and outlets. Distance measurements were made from the
surface to any inside piping of the combination or grate inlets using a tape measure and the
inverts of the internal pipes were determined by subtraction. For structures that had a sump lower
than entering/exiting pipes, the sump elevation was also determined using this methodology.

The location and information on the stormwater pipes, such as shape, material, size, elevations,
and slope, were derived from data compiled for the stormwater structures. In areas where there
were questions about pipe connectivity in the field, as-built plans were consulted in an attempt to
clarify connectivity concerns. At underground junctions where information for the pipes could
not be obtained, the location was assumed, the top elevation was taken from the project DEM,
and the invert elevations were interpolated from the upstream and downstream structures.

For the stormwater system assessment, stormwater inlets were assessed for both physical
condition and conveyance condition. The stormwater inlets were categorized as being in Good,
Fair, Poor, or Unknown condition. Table 2.1 defines the condition categories for each
stormwater system component.
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FIGURE 2.1: TYPES OF STORMWATER STRUCTURES IN TURNER STATION
Combination Inlet Curb Inlet Drop Curb Inlet
Grate Inlet Manhole Pipe Inlet
Pipe Outlet Pond Structure Slotted Inlet
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TABLE 2.1: DEFINITION OF CONDITION CATEGORIES FOR ASSESSMENT OF STORMWATER

STRUCTURES
Condition
Assessment
Good Fair Poor Unknown
. Structure could
. Major
Minor S not be accessed
S deterioration of i
No deterioration of due to physical
o precast or cast- e
deterioration precast or cast- . condition such
. . . in place
Physical of precast or | in place material . as paved or
- . material (i.e., )
cast-in place (i.e., cracks, cracks rusted-in
material. slumping, ! manholes or
) slumping,
rusting) ) heavy
rusting) )
vegetation.
- Structure Structure could
Minimal or no Structure . .
. . . contains debris, | not be accessed
debris, contains debris, . .
) i vegetation, or due to physical
vegetation, vegetation, or : . s
: . : silt causing a condition such
and/or silt silt causing a
Conveyance . 0 0 greater than as paved or
reducing 10%-50% .
50% blockage rusted-in
conveyance of blockage that .
. that hinders manholes or
stormwater hinders
stormwater heavy
flow. stormwater flow. "
flow. vegetation.

2.2 CONNECTIVITY LAYER

Data collected from the stormwater system survey were used to develop comprehensive mapping
of the connectivity of the stormwater system within the study area. The mapping was completed
in a Geographic Information System (GIS) platform as separate shapefiles for stormwater
structures (points), stormwater pipes (lines), and stormwater management ponds (polygons).
Each data point, line, or polygon is complete with attribution. Attribution is the data collected
during the stormwater system survey and assessment for each individual stormwater structure
and stormwater pipe. There are several fields within the attribution table for each feature. A
field is a specific piece of data for each individual feature. The fields were developed to
correspond to the specific information collected during the survey and assessment.

All stormwater system mapping is referenced to NAD83 State Plane Maryland horizontal datum.
Vertical elevations referenced in this study are in NAVD88. A GIS data layer, or shapefile, was
created separately for stormwater structures, stormwater pipes and open drainage channels, and
stormwater best management practices (BMPs), such as stormwater detention ponds and
underground vaults that detain stormwater. These shapefiles are provided in electronic format on
the Project Disc, as well as photographs of each stormwater structure. A map of the stormwater
connectivity layers is shown in Figure 2.2,

May 2022



Turner Station Flood Resilience Study 2-4

FIGURE 2.2: STORMWATER CONNECTIVITY

For this study, all stormwater structures were assigned a Permanent ID in addition to its Field ID.
Stormwater pipes and open drainage channels were named based upon the stormwater structures
in which they are flowing to and from. For example, a stormwater pipe between Structure T6
and Structure T5 has the Permanent ID of T6-T5. For stormwater pipes that connect to the
system directly from a building, the Field ID begins with the abbreviation BLDG. For example,
Pipe BLDG-AQ is a stormwater pipe coming directly from a building into A9.

23 SUMMARY OF EXISTING-CONDITIONS MAPPING AND ASSESSMENT
RESULTS

The purpose of this section is to provide data on the existing stormwater system in the
community of Turner Station.
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Stormwater Structures

There is a total of 235 stormwater structures located in Turner Station (Figure 2.3). Most of
these structures are grate inlets.

FIGURE 2.3: EXISTING STORMWATER STRUCTURES - TYPE

Combination Inlet
Curb Inlet

Drop Curb Inlet

|
]
u
Grate Inlet | HEE—
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Pipe Inlet [HH
Pipe Outlet G
Riser Structure [N
Slotted Inlet |1
]

Underground Junction
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The existing stormwater system in Turner Station is in moderate to good condition overall. Of
the 235 stormwater structures within the study area, only 26, or 11%, were noted as being in poor
conveyance condition (Figure 2.4) at the time of the survey. The structures that were noted to
have poor conveyance were all submerged. Only one was noted as being in poor physical
condition at the time of the survey (Figure 2.5). The structure conveyance and physical
conditions for underground junctions and outfall locations that were unable to be located in the
field are unknown due to lack of accessibility. The results of the stormwater survey can be used
by Turner Station and Baltimore County to identify those stormwater structures that require
maintenance.

FIGURE 2.4: EXISTING STORMWATER STRUCTURES — CONVEYANCE CONDITION
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FIGURE 2.5: EXISTING STORMWATER STRUCTURES — PHYSICAL CONDITION
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Poor |
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Stormwater Pipes

There are approximately 17,968 linear feet (3.4 miles) of existing stormwater piping in Turner
Station. Approximately 13,478 linear feet are reinforced concrete pipe, which accounts for the
overall majority of stormwater pipe. The next most prevalent stormwater pipe type is terra cotta,
comprising approximately 1,713 linear feet. Other existing pipe materials include PVC and
smooth HDPE, cast iron, and corrugated metal, as shown in Figure 2.6. Open channels that are
tied into the stormwater system are also included in pipe data, but there are no open channels tied
into the stormwater system in Turner Station.

FIGURE 2.6: EXISTING STORMWATER PIPES

Cast Iron |
Corrugated Metal
PVC and Smooth HDPE

Terra Cotta

0 2000 4000 6000 8000 10000 12000 14000 16000
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Assessing the internal condition of the stormwater piping was not within the scope of this
stormwater system survey. Only the portions of the pipes visible at the stormwater structures
were assessed. In order to obtain data on the internal condition of the stormwater pipes, Closed
Circuit Television (CCTV) is required. CCTV is the insertion of a video camera into the
stormwater pipe for the purpose of inspecting for any collapses or blockages. CCTV inspection
was outside the scope of this investigation.
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3 STORMWATER MODELING

Stormwater quantity modeling was performed in an event-based environment using XPSWMM
version 2019.1.2 to identify areas in Turner Station that are susceptible to stormwater flooding.
XPSWMM is a link-node model that performs hydrologic, hydraulic, and quality analysis of
stormwater drainage systems. It utilizes sophisticated graphical tools along with associated GIS
data and can be used to model the full hydrologic cycle from stormwater flow to simulation of
the hydraulics in any combined system of open and/or closed conduits with any boundary
condition. The two-dimensional hydrodynamic engine XP2D was used to enable a complete
model of one-dimensional pipe flow and two-dimensional overland flow once the pipe network
has reached capacity. This two-dimensional modeling provides more accurate results that are
more readily accepted and understood (Innovyze, 2019).

3.1 HYDROLOGICINPUT

The SWMM Runoff Non-linear Reservoir Method was utilized for the hydrologic computations
in the Turner Station model. For this method, the development of hydrologic data is required.
This data includes drainage area to each inlet, drainage area width and slope, percent impervious
area, and infiltration data. 24-hour precipitation data and control specifications are also required
for a successful simulation.

Drainage Basins

The project DEM as well as field observations were used to delineate the drainage basins to each
stormwater inlet to determine watershed extents to each stormwater outfall in Turner Station and
inflow points to the community from neighboring localities. Width and slope for each drainage
area were calculated. More information on outlets, outfalls, and drainage basins can be found in
Section 2.2, and a map showing the existing-conditions outfall watersheds (12 total) and the
individual drainage basins for each stormwater inlet for the Turner Station study area is shown in
Figure 3.1; each color represents an outfall watershed.
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FIGURE 3.1: OUTFALL DRAINAGE BASINS

Land Use

Land use data for this investigation was based on 2020 and 2018 land use data provided by
Baltimore County. Percent impervious area for each drainage basin was calculated using this
land use data. A map showing the existing-conditions land use is shown in Figure 3.2.
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FIGURE 3.2: LAND USE

Soils and Infiltration

Spatial soil data for Baltimore County was obtained directly from the NRCS Web Soil Survey
(USDA, 2003). The Horton Infiltration Method was used within XPSWMM to model
infiltration within the study area, using the current NRCS soils data as a basis for the setting of
initial infiltration parameters. The Horton Infiltration Method requires the input of numerous
infiltration parameters including depression storage, Manning’s n, zero detention percentage,
maximum infiltration rate, minimum (asymptotic) infiltration, decay rate of infiltration, and
minimum infiltration volume. The majority of soils within the study area are fine loams and silts
(Figure 3.3), and therefore initial values for the Horton Infiltration parameters were set within the
range for general loam to silty soils.
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FIGURE 3.3: SOILS

3.2 HYDRAULICINPUT

XPSWMM models both hydrology and hydraulics simultaneously. The hydraulic input required
for the model is the stormwater infrastructure data discussed in Section 2.

Stormwater Structures, Pipes, and Open Drainage Channels

Stormwater structures, pipes, and open drainage channel GIS data were uploaded into the
XPSWMM hydraulic model (Figure 3.4). The model was first run in a one-dimensional
environment to assure the model was running correctly and to identify any warnings or errors in
the model. In order to complete the two-dimensional portion of the model, the DEM is uploaded
into the model and linked to the one-dimensional model.

Pipe and open channel Manning’s roughness (n) values were assigned based upon engineering
judgment.
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FIGURE 3.4: XPSWMM HYDRAULIC MODEL

Stormwater Best Management Practices

XPSWMM has the ability to model the depth to volume characteristics of any natural or man-
made storage facility and a combination of weirs, orifices, or other devices used to control the
discharge. This is accomplished by converting a regular node in the hydraulics mode to a
storage node. The information required in the storage node is a stepwise linear depth vs. area
curve. For this investigation, a depth vs. area curve was generated for one of the bioretention
ponds at the Family Dollar (Boos Development Group, Inc., 2018). The other bioretention ponds
at the Family Dollar are infiltration ponds with no outflow connection to the stormwater system,
and therefore were not modeled as storage nodes. A depth vs. area curve was also generated for
the stormwater pond in the vicinity of Lyon Homes Apartments. The outflow controls were
modeled as a multi-link pipe in the hydraulic model. This allows for the input of low flow
orifices and grate tops of riser structures as well as weirs where applicable to represent
emergency spillways.

The depth vs. area curves and outflow control data used for the bioretention and stormwater
ponds are located in Appendix A.
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Two-Dimensional Grid

In order to complete the two-dimensional portion of the model, the DEM is uploaded into the
model and linked to the one-dimensional model. Through an iterative process, the grid size of 8
feet was set to allow the maximum amount of accuracy for the minimal computation time. An
overland n value must be assigned to the corresponding land use to determine resistance to
overland flow. Overland n values were obtained from the XPSWMM user’s manual (Innovyze,
2019), which was derived from the USACE Flood Runoff Analysis Engineering Design Manual,
EM 1110-2-1417 (USACE, 1994). An n value of 0.014 was used for impervious areas and an n
value of 0.020 was used for pervious surfaces. Buildings were set at an n value of 3.0 in order to
simulate the fact that water does enter the buildings, but flow inside a building is slowed
substantially.

Inactive Areas

Inactive areas are modeled to purposefully exclude areas from 2D flooding. Areas commonly set
as inactive areas are large buildings that are protected from flooding (usually flood proofed) and
stormwater ponds that are modeled using a storage node. The bioretention pond at the Family
Dollar and the stormwater ponds in the Vicinity of Lyon Homes Apartments were set as inactive
areas as well as the Family Dollar building.

3.3 PRECIPITATION DATA

For this investigation, precipitation data was taken from NOAA Atlas 14, Volume 2, Version 3,
for the location of Turner Station (NOAA, 2006). The project team agreed to use the future
precipitation and sea level rise estimates from the Baltimore County Climate Action Plan (Hazen
and Sawyer, 2021). Future conditions precipitation data was calculated at a 15% increase for
2050 and a 30% increase for 2080. The precipitation data used is shown in Table 3.1.

TABLE 3.1: PRECIPITATION DATA

. Existing Conditions Rainfall | 2050 Rainfall | 2080 Rainfall
Rainfall Event . ) )
(inches) (inches) (inches)
50% annual chance, 24-hour 3.23 3.71 4.20
10% annual chance, 24-hour 4.98 5.73 6.47
1% annual chance, 24-hour 8.60 9.89 11.18

Stormwater systems are typically designed to convey runoff generated from a 10% annual
chance (10-year) rainfall event; therefore, the 10% annual chance and future conditions 2080
10% annual chance rainfall events are the focus for this investigation.
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3.4 OUTFALL CONDITIONS

Tidal elevations are shown in Table 3.2. The XPSWMM model for Turner Station was run with
the outfall water surface elevations set at the occasional nuisance tide elevation (“king tide”)
(Hazen and Sawyer, 2021). Occasional nuisance tides occur once or twice a year when the orbits
and alignment of the earth, moon, and sun combine to produce the greatest tidal effects of the
year (EPA, 2014).

TABLE 3.2: TIDAL FLOODING ELEVATIONS

Decade Average High Tide Elevation Occasion{il Nuisance Tidal
(NAVDSS8) Elevation (NAVD88)
2020 1.3 feet 3.1 feet
2050 2.4 feet 4.2 feet
2080 3.4 feet 5.2 feet

3.5 CONTROL SPECIFICATIONS

For the XPSWMM model, a 1-second time step was used for the simulation. The start date and
end date of the simulation was randomly set at 1 July 2021 and 2 July 2021, respectively.

3.6 MODEL VERIFICATION

Calibration is the adjustment of a model to replicate conditions during storm events with known
historical data. In order to perform calibration of the XPWMM model, precipitation data as well
as flow data from the respective outfalls is required. The combination of this data for a particular
historical storm was not available; however, precipitation data (Table 3.3) (Weather
Underground, 2021) as well as photographs of flooded areas taken by citizens of Turner Station
(Figure 3.5) were available for a storm event that occurred on July 17, 2021. A complete set of
the flood mapping for the July 17, 2021, simulation is shown in Appendix E.
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TABLE 3.3: RAINFALL DATA FOR JuLY 17, 2021 (HisTORIC DUNDALK KMDDUNDAL15)

Timeon | 401 Rainfall Time on | ) Rainfall
Sl L Accumulation Ly i Accumulation

2021 2021

3:14 PM 0.00 in 4:54 PM 3.16in
3:19 PM 0.01in 4:59 PM 3.24in
3:24 PM 0.03in 5:04 PM 3.44 in
3:29 PM 0.18in 5:09 PM 3.62in
3:34 PM 0.37in 5:14 PM 3.731in
3:39 PM 0.50 in 5:19 PM 3.93in
3:44 PM 0.58 in 5:24 PM 3.97in
3:45 PM 0.59in 5:29 PM 3.97in
4:04 PM 1.60 in 5:34 PM 4.07 in
4:09 PM 1.86 in 5:39 PM 4.20in
4:14 PM 2.291n 5:44 PM 4.21in
4:19 PM 2.90in 5:49 PM 4.22in
4:24 PM 3.06in 5:54 PM 4.22in
4:29 PM 3.10in 5:59 PM 4.22in
4:34 PM 3.13in 6:04 PM 4.22in
4:39 PM 3.14in 6:09 PM 4,23 in
4:44 PM 3.15in 6:14 PM 4.231in
4:49 PM 3.16in 6:19 PM 4.231in
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FIGURE 3.5: JUuLY 17,2021, STORM EVENT PHOTOGRAPHS

Sollers Point Road and Turner
Avenue

Sollers Point Road and Oak
Street

Based on observed conditions by the field team and citizens of Turner Station and by comparing
the output stormwater flooding mapping to photos from the July 17, 2021, storm, it is assumed
that this XPSWMM model is accurate to a reasonable tolerance (Figure 3.6).
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FIGURE 3.6: JuLY 17, 2021, STORM EVENT MODEL COMPARISON
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4 FLOOD ASSESSMENT

The results of the XPSWMM modeling were used to complete a flood assessment of the Turner
Station study area to determine or confirm areas where stormwater flooding would occur and to
determine potential causes of flooding. All models are provided on the attached Project Disc, and
future users of the model can choose a different output format based upon the specific need of
the user. The results of the 50%, 10%, and 1% annual chance flooding events on the stormwater
system are shown in Appendix B, C, and D, respectively, as well as future conditions run results.
The results for the July 17, 2021, flooding event on the stormwater system are shown in
Appendix E. Detailed XPSWMM results for these storm events are located in Appendix F.
Stormwater systems are typically designed to convey runoff generated from a 10% annual
chance (10-year), 24-hour storm event; therefore, the 10% annual chance, 24-hour, storm event
and the future conditions 2080 10% annual chance, 24-hour, storm event were the focus for this
assessment.

Because the primary purpose of this investigation was to identify areas within Turner Station that
are at risk of stormwater flooding, the model was run with a “fixed outfall” condition. This was
to assure that any flooding identified from the modeling also includes the effects of tidal
elevations, and in this case, the highest potential tidal elevation scenario, the occasional nuisance
tide (“king tide”), was modeled. Stormwater flooding could be more significant should it occur
during times where the rivers are at levels that are significantly higher than the elevation of the
stormwater outfalls.

Based on observations by the citizens of Turner Station and confirmed by the XPSWMM
modeling, the primary area that is at risk of flooding is the Sollers Point Road/Oak
Street/Chestnut Street/Pine Street area. Flood depths for the 10% annual chance, 24-hour, rainfall
event could reach up to 2.6 feet (Figure 4.1); flood depths for the 2080 10% annual chance, 24-
hour, rainfall event could reach up to 3.0 feet (Figure 4.2).

Secondary areas of flood risk include the North Avondale Road/East Avenue area as well as a
small portion of Walnut Avenue, the South Avondale Road/Kweisi Mfume Court intersection,
Lee Lawrence Court, Anjou Rouse Court, Peach Orchard Lane, Fleming Drive, and the area of
Main Street in front of the Fleming Senior Center (Figure 4.5). These secondary areas are at risk
of “nuisance flooding”, with flooding mostly restricted to roadways and with flood depths of
generally less than one foot for the both the 10% annual chance, 24-hour, storm event (Figure
4.4) and the 2080 10% annual chance, 24-hour, storm event (Figure 4.3).
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FIGURE 4.2: TURNER STATION PRIMARY AREAS AT
Risk oF FLOODING —10% ANNUAL CHANCE 2080
RAINFALL EVENT

FIGURE 4.1: TURNER STATION PRIMARY AREAS AT RISK
OF FLOODING —10% ANNUAL CHANCE RAINFALL EVENT
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FIGURE 4.3: TURNER STATION SECONDARY AREAS AT RISK FIGURE 4.4: TURNER STATION SECONDARY AREAS AT
OF FLOODING —10% ANNUAL CHANCE RAINFALL EVENT Ri1sk oF FLOODING — 10% ANNUAL CHANCE 2080
RAINFALL EVENT
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Based upon modeling results, the contributing factors resulting in the flooding within the Sollers
Point Road/Oak Street/Chestnut Street/Pine Street area include:

1. The main drainage trunk lines are undersized and cannot convey the 10% annual chance
design storm, causing stormwater within the pipes to back up out of the pipe network.
The surface runoff cannot drain into the system when it reaches an inlet because of
backwater from the pipes. Thus, the runoff continues downhill and ponds at the natural
low areas along Sollers Point Road, Oak Street, Chestnut Street, and Pine Street.

2. The stormwater infrastructure is low-lying, with little positive slope. Current tidal levels
on Bear Creek flood the stormwater system on a sunny day, which limits pipe capacity
during storm events. Stormwater cannot enter the already-full pipes, and ponds at the
natural low areas along Sollers Point Road, Oak Street, Chestnut Street, and Pine Street.

3. There is a lack of stormwater quantity management for impervious areas in the watershed
that were constructed prior to stormwater management regulations.

While this study focused on using XPSWMM to model and assess stormwater flooding in the
study area, it is also important to point out that Turner Station is at risk of future tidal and coastal
flooding. The current and future occasional nuisance tide levels at Turner Station are shown in
Figure 4.5, and are based on the 2015 Baltimore County topography (Baltimore County, 2015).
The 2080 Occasional Nuisance Tide Level is predicted to be 5.2 feet NAVD88 (Hazen and
Sawyer, 2021). In comparison, the current average high tide is 1.3 feet NAVD88. Ground
elevations around the shoreline in Turner Station range from around 3.5 feet NAVD88 at the Day
Village Townhome community to around 7.0 feet NAVD88 at the Sollers Point Multi-Purpose
Center.
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FIGURE 4.5: CURRENT AND FUTURE OcCASIONAL NUISANCE TIDE LEVELS AT TURNER

STATION
Sollers Point
Multi-Purpose Day Village
Center Townhomes

*Tidal delineations are based on 2015 Baltimore County topography and future tide projections from
Hazen and Sawyer (2021)

A summary of the current (FEMA, 2014) and future (Hazen and Sawyer, 2021) 1% and 0.2%

annual chance flood elevations on Bear Creek are shown below in Table 4.1. These projections
are based on likely 67% probability upper range estimates (Hazen and Sawyer, 2021).

TABLE 4.1: CURRENT AND FUTURE COASTAL FLOOD ELEVATIONS

Decade 1% Annqal Chance Flood 0.2% Annpal Chance Flood
Elevation (NAVD88) Elevation (NAVD88)
Current 5.0 feet 7.0 feet
2050 6.6 feet 8.6 feet
2080 7.6 feet 9.6 feet
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The current and future coastal flood inundation areas for the 1% and 0.2% annual chance flood
are shown in Figure 4.6 and Figure 4.7, respectively. Since the delineations in Figure 4.6 and
Figure 4.7 are based on newer topography after construction of the Sollers Point Multi-Purpose
Center, this is a more accurate depiction of the coastal flood hazard than the current FEMA
FIRM, which was based on topography dated 2005.

FIGURE 4.6: 1% ANNUAL CHANCE CURRENT AND FUTURE FLOOD INUNDATION AREAS

Sollers Point

Multi-Purpose

Center
Day Village
Townhomes

*Delineations are based on 2015 Baltimore County topography and future 1% annual chance flood
projections from Hazen and Sawyer (2021)
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FIGURE 4.7: 0.2% ANNUAL CHANCE CURRENT AND FUTURE FLOOD INUNDATION AREAS

(V2]

ollers Point
ulti-Purpose
denter

-

Day Village
Townhomes

*Delineations are based on 2015 Baltimore County topography and future 0.2% annual chance flood

projections from Hazen and Sawyer (2021)
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5 DEVELOPMENT OF FLOOD RISK MANAGEMENT MEASURES

Using the results of the existing- and future-conditions XPSWMM modeling and flooding
assessment, flood risk management measures were developed to attempt to safely convey the
10% annual chance, 24-hour, and 10% annual chance 2080, 24-hour, design storms in pipe in
accordance with Maryland State Highway Administration (SHA) Highway Drainage Manual
design guidelines (or similar), eliminating or significantly reducing surface flooding.

Potential types of projects considered included:

e Stormwater management in the upland watersheds to provide quantity (flood) control and
to integrate, whenever possible, quality control to meet National Pollutant Discharge
Elimination System (NPDES) permit requirements.

e Upsize and/or parallel existing infrastructure (pipes, inlets, culverts) to add capacity.

e Overland safe conveyance of larger storms using swales/channels and possibly berms.

e Reduction of head losses at structures through elimination of poor geometry (elimination
of connections at angles greater than 90 degrees).

e Relief storm drain set at a higher elevation in storm drain system to outfall above water
surface elevations at stream channel to reduce tail-water effect.

e Underground storage/pump stations.

e Curb and gutter improvements to provide sufficient curb reveal to safely convey flows in
street.

e Private property opportunities to reduce runoff, improve infiltration and/or temporarily
store and release runoff.

To alleviate the flooding in the Turner Station study area, the developed flood risk management
measures sought to 1) raise the relief storm drain to outfall above river tidal water surface
elevations, 2) increase subsurface stormwater system capacity, and 3) decrease the amount of
surface runoff reaching the major flooding area. Based on these three principles, three main flood
risk management measures were evaluated by modifying the existing-conditions XPSWMM
model (discussed in Section 3). After investigating each measure separately, it was found that
there is minimal reduction in stormwater flooding if an individual measure is applied to the
model. However, when measures are combined, the stormwater flooding is lessened to the point
that flooding is limited to alleyways and minor road flooding for both the 10% annual chance,
24-hour, and 10% annual chance 2080, 24-hour, storms.

5.1 MEASURE #1: INCREASE TRUNK LINE SIZE AND INSTALL PUMP STATION

Modeling results show insufficient pipe capacity for the 10% annual chance, 24-hour, and the
10% annual chance 2080, 24-hour, storms in the Sollers Point Road/Oak Street/Chestnut
Street/Pine Street area. These pipes are also flooded at normal tide levels. There is very little
slope to the stormwater infrastructure in Turner Station, and therefore there isn’t enough head
pressure to push stormwater through the existing system and outfall. Therefore, increasing the
capacity of the trunk line pipes through this area was evaluated along with raising the outfall pipe
and incorporating a pump station to push water out of the system during and after rainfall events.
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The results of this measure are shown in Figure 5.1 and include:

1)

2)

3)

Increasing sizes of the pipes along the main trunk line and along Oak Street to a 6’°x3’
conduit.

Rerouting the outfall to higher ground, above the 2080 5.2 feet NAVD88 occasional
nuisance tide level (and therefore the 5.0 feet NAVD88 FEMA FIRM 1% annual chance
flood elevation on Bear Creek). The existing outfall invert elevation for this area is at -1.3
feet NAVDB8S.

Installing a pump station to evacuate stormwater from the system. A flap gate is
recommended for the outfall pipe to prevent floodwaters less frequent than the 1% annual
chance flood from entering the system. Due to the pump water pressure, if the outfall is
submerged, stormwater will still be able to be pumped out. Any storage needed for the
pump could be addressed by adding an underground vault under the Sollers Point
Multipurpose Center parking lot. An oversized pump was modeled; the size of the pump
could be decreased with further refinement of the design.

By increasing the pipe capacities, the trunk line can convey more stormwater from upstream
drainage areas to the system outfall. By rerouting the outfall to high ground and installing a
pump station, stormwater can exit the system without being impeded by normal tide levels. If
this measure were implemented, the resultant maximum flood depth within the Sollers Point
Road/Oak Street/Chestnut Street/Pine Street area during a 10% annual chance, 24-hour, storm
would be 1.6 feet, compared to the existing 2.6 feet (Figure 5.2). If Measure #1 was
implemented, the resultant maximum flood depth in this area for the 10% annual chance, 2080,
24-hour, storm would be 2.8 feet, compared to the future conditions depth of 3.0 feet without
implementation (Figure 5.3).
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FIGURE 5.1: MEASURE #1
Increase Pipe Sizes A31-AA1l
(6’x3” Conduit)
Install Pump Station
Reroute A3 to AA2

(6’x3’ Conduit)

'
N

Abandon A10-Al and A3-A2
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FIGURE 5.2: MEASURE #1 RESULTS —10% ANNUAL CHANCE RAINFALL EVENT

With No Alternatives Implemented With Measure #1 Implemented
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FIGURE 5.3: MEASURE #1 RESULTS — 10% ANNUAL CHANCE 2080 RAINFALL EVENT

With No Alternatives Implemented With Measure #1 Implemented
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5.2 MEASURE #2: DIVERT EXISTING STORMWATER SYSTEM AWAY FROM
MAIN TRUNK LINE

Results from modeling the implementation of Measure #1 indicate that stormwater flooding is
not completely resolved in the Sollers Point Road/Oak Street/Chestnut Street/Pine Street area.
Modeling results show insufficient pipe capacity for the stormwater infrastructure in this area
and an inability for the main trunk line to handle the 10% annual chance, 24-hour, storm event
despite upsizing the main trunk line for Measure #1. Therefore, diverting the existing
stormwater infrastructure away from the main trunk line was evaluated.

This measure includes (Figure 5.4):
1) Diverting the line exiting A62 away from the main trunk line with twin 36” pipes.
2) Diverting the line exiting A45 away from the main trunk line with a 6’x3’ conduit.

By diverting the existing stormwater infrastructure away from the main trunk line, the burden on
the trunk line is relieved. This measure is not feasible without implementing Measure #1 first, so
that water can exit the system without being impeded by normal tide levels. If Measures #1 and
#2 were implemented, the resultant maximum flood depth within the Sollers Point Road/Oak
Street/Chestnut Street/Pine Street area during a 10% annual chance, 24-hour, storm would be 1.0
foot, compared to the existing 2.6 feet (Figure 5.5). If Measure #1 and Measure #2 were both
implemented, the resultant maximum flood depth in this area for the 10% annual chance, 2080,
24-hour, storm would be 1.2 feet, compared to the future conditions depth of 3.0 feet without
implementation (Figure 5.6). Flooding is almost eliminated in the Sollers Point Road/Oak
Street/Chestnut Street/Pine Street area.
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FIGURE 5.4: MEASURE #2
Add New Line A62-AA18
(Twin 36” pipes)
Abandon A62-A61
e X
.
Abandon A45-A44
Add New Line A58-A5
(6’x3’ Conduit)
Increase Pipe Sizes A5-A3
(6’x3” Conduit)
May 2022




Turner Station Flood Resilience Study 5-8

FIGURE 5.5: MEASURE #1 AND #2 RESULTS — 10% ANNUAL CHANCE RAINFALL EVENT

With No Alternatives Implemented With Measure #1 and #2 Implemented

May 2022



Turner Station Flood Resilience Study 5-9

FIGURE 5.6: MEASURE #1 AND #2 RESULTS — 10% ANNUAL CHANCE 2080 RAINFALL EVENT

With No Alternatives Implemented With Measure #1 and #2 Implemented
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5.3 MEASURE #3: STORMWATER DETENTION

Stormwater detention ponds are a common way for individual sites to reduce surface runoff in
urban areas. The main benefit of detention ponds (and also subsurface vaults or piped detention)
is attenuation of flows, with a secondary benefit of reducing runoff by infiltrating a portion of the
runoff. The amount of attenuation is a function of the amount of storage provided and the outlet
structure configuration, with more storage and smaller outlet openings resulting in more
attenuation. Infiltration is a function of the permeability of the underlying soils and can be quite
variable, even in close geographic proximity from site to site. Basin modeling can become
complex and become sensitive to these variables. For this analysis, hypothetical storage curves
were created for two potential stormwater detention ponds (Figure 5.7). These are shown in
Appendix A. It should be noted that these properties are not owned by Baltimore County and
there have been no discussions concerning property acquisition for stormwater detention.

By building stormwater detention ponds, the attenuation of flow would relieve the burden on the
main trunk line. This measure is not feasible without implementing Measure #1 first, so that
water can exit the system without being impeded by normal tide levels. If Measures #1 and #3
were implemented, the resultant maximum flood depth within the Sollers Point Road/Oak
Street/Chestnut Street/Pine Street area during a 10% annual chance, 24-hour, storm would be 1.2
feet, compared to the existing 2.6 feet (Figure 5.8), and flooding is almost eliminated. If Measure
#1 and Measure #3 were both implemented, the resultant maximum flood depth in this area for
the 10% annual chance, 2080, 24-hour, storm would be 2.5 feet, compared to the future
conditions depth of 3.0 feet without implementation (Figure 5.9).
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FIGURE 5.7: MEASURE #3

Abandon A68-A64

X/—

Proposed
Stormwater Pond

X
\ Abandon A50-A48

Proposed
Stormwater Pond
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FIGURE 5.8: MEASURE #1 AND #3 RESULTS — 10% ANNUAL CHANCE RAINFALL EVENT

With No Alternatives Implemented With Measure #1 and #3 Implemented
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FIGURE 5.9: MEASURE #1 AND #3 RESULTS — 10% ANNUAL CHANCE 2080 RAINFALL EVENT

With No Alternatives Implemented With Measure #1 and #3 Implemented

May 2022



Turner Station Flood Resilience Study 5-14

5.4 COASTAL FLOOD RISK MANAGEMENT MEASURES

As noted in Section 4, portions of Turner Station are at risk of future tidal and coastal flooding.
As shown in Figure 5.10, the Day Village Townhome community along Avondale Road and
Peach Orchard Lane is the most at risk for projected future tidal and coastal flooding. The 2050
(4.2 feet NAVD) and 2080 (5.2 feet NAVD88) Occasional Nuisance Tides are projected to
inundate this area.

FIGURE 5.10: AREAS AT RISK OF FUTURE TIDAL FLOODING

As shown in Figure 5.11, portions of the Day Village Townhomes community are currently
within the 1% annual chance flood hazard area. Using the 2050 and 2080 projections, many
more structures within Turner Station will be subjected to future coastal flooding.
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FIGURE 5.11: AREAS AT RISK OF FUTURE 1% ANNUAL CHANCE COASTAL FLOODING

Day Village
Townhomes

Due to the way this community sits on the shoreline, the only options to reduce flood damages in
the areas affected by future occasional nuisance tides and coastal flooding are a floodwall or
acquisitions. Elevating buildings is often a consideration to reduce flood risk but is not feasible
in the Turner Station study area since the buildings at risk of flooding are multi-unit townhomes.
The cost of elevating these buildings would be extremely high and the flooding would still
surround the buildings, limiting access.

5.4.1 Floodwall

Due to the limited amount of space available for a flood risk management structure, a floodwall,
rather than an earthen levee, would be needed to reduce the risk of the flood waters reaching the
buildings. While less expensive, a levee requires much more space than a floodwall due to its
width. Levees have gentle embankment slopes, usually a ratio of 1 vertical to two or three
horizontal, which is not feasible in the Day Village Townhome area. Floodwalls are constructed
of stronger materials, are thinner, take up less space, and generally require less maintenance than
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levees. A floodwall could be constructed using a variety of designs and materials, such as sheet
piles, concrete and masonry (Figure 5.12). Pump stations would likely be required for interior
drainage, as rain that falls on the landward side of the floodwall would have to be pumped to the
river side of the floodwall.

FIGURE 5.12: FLOODWALL

A depiction of the location of the potential floodwall is shown in Figure 5.13. Approximately
3,950 feet of floodwall would be required. The top elevation of the floodwall would need to be
over 5.2 feet NAVDB88 to reduce the risk of flooding from the 2080 projected tide levels, which
would also protect against current 1% annual chance coastal flooding (5.0 feet NAVDS88).
However, based on the future conditions coastal flooding shown in Figure 5.11, this floodwall
will not protect all the areas in Turner Station against future 1% annual chance coastal flooding.
The floodwall could be higher and extend further along the shoreline based on discussions with
stakeholders on whether projected future conditions coastal flooding should be considered and
will have to tie-in to high ground. The downside to a potential floodwall is that there would be a
visual impact to water views depending on the determined floodwall height. The current land
elevation along the coast in this area is approximately 3.5 feet NAVD88 for reference, so the
minimum height of the floodwall would be approximately 2 feet high. However, it is standard for
floodwalls to be built higher than the targeted elevation for protection. In order for a floodwall to
be accredited for certification under FEMA’s National Flood Insurance Program, a 3-foot
freeboard is required. Under the USACE’s standards for risk and uncertainty, a 2 to 4-foot
freeboard is most often implemented. Based on these requirements, the floodwall is likely to be
around 5 feet high.
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FIGURE 5.13: POTENTIAL FLOODWALL LOCATION

5.4.2 Acquisitions

An acquisition, or buy-out, is when the government purchases the floodprone buildings and the
homeowners relocate to a new house outside the floodplain. Although this typically is not
preferred by property owners, it does eliminate the risk of flood damages to structures and the
risk to human life and safety. The floodplain is restored to a natural floodplain after the buyout
and demolition of the existing buildings. When structures are at risk of flooding from higher
frequency storms, with smaller depths and velocities, repetitive damages can become financially
burdensome on property and business owners. There are various federal grant programs that can
assist with acquisitions. Each building with repetitive flood damages should be assessed as a
candidate for acquisition if other flood risk management measures are not implemented.

The advantages of acquisitions are the elimination of the risk of flood damages to buildings and
the risk to human life and safety for those buildings that are acquired and the relatively lower
cost. The disadvantage is that the relocation/buyout process can be lengthy and disruptive to
property owners, many of which may not be amenable to moving.
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5.5 FLOODPROOFING

Nonstructural floodproofing may be considered for buildings that frequently flood in the Turner
Station study area. Nonstructural floodproofing does not change the course of the water; it
changes the consequences of flooding as the buildings are modified to reduce flood damages.
Nonstructural floodproofing measures can be either “passive” or “active”. A “passive” measure
is one that requires minimal pre-flood actions and includes flood doors and windows (dry
floodproofing) and wet floodproofing. An *“active” measure requires property and/or business
owners to perform pre-flood actions in order to deploy the measure, i.e., dry floodproofing using
temporary flood barriers (removable panels at doors and windows). The number of pre-flood
actions required may impact the feasibility of implementing active measures for some buildings
in the Turner Station study area.

Floodproofing would need to be accomplished on a building-by-building basis, as each building
has unique variables such as building type, building material, flood depth, and flood velocity,
which will ultimately dictate the potential cost of such a measure for each building. It is
recommended that a detailed nonstructural assessment and building elevation survey be
conducted in the Turner Station study area to determine the unique needs for each building that is
affected by flooding.

General Nonstructural Recommendations

While there are various nonstructural measures identified in detail below that provide different
approaches to reducing flood damages to structures within the study area, there are common best
practices that should be considered by stakeholders in the Turner Station study area. These
include elevation of utilities inside and outside of structures (see example in Figure 5.14);
moving valuable contents to higher elevations (i.e., upper levels of the structures); establishing
flood action plans to help facilitate and organize property owner actions in case of a flood event;
signing up to wireless alert services; and purchasing flood insurance. These practices may
provide low-cost alternatives to individual property owners and can improve overall flood
resiliency.
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FIGURE 5.14: EXAMPLE OF ELEVATION OF UTILITIES

%

5.5.1 Dry Floodproofing

Dry floodproofing consists of waterproofing the exterior of a structure up to a determined height
to reduce the probability of flooding to the building interior. Dry floodproofing townhomes is
more complex than single family homes as each owner in the building would need to agree to
floodproof their unit.

Dry floodproofing of a structure can generally provide effective flood risk management up to a
height of 3 to 4 feet on the exterior walls, after which point the hydrostatic load on the walls may
be high enough to significantly increase the risk of structural damage. Buildings may be dry
flood proofed above this 3 to 4-foot height if a full structural analysis is performed and the walls
are found to have sufficient flexural capacity. Full structural analysis should also be performed if
erosive flood velocities are greater than 3 ft./sec. due to lateral/shear forces.

In some cases, where necessary, sealant may be applied to exterior walls to make them
sufficiently impermeable to resist water penetration up to the design flood elevation (DFE)™.
Otherwise, provisions can be made for the installation of a temporary impermeable membrane
around the building exterior just before a flood event begins if there is adequate warning time. If
a structure contains a basement area, it typically must be removed by filling prior to
implementation of dry floodproofing measures to the first floor and above. Provisions must also
be made for the closure of building openings, specifically doors and windows with a sill below
the DFE. Such openings may have permanent framing installed which allows for the placement
of a temporary flood shield to seal the opening in the case of a flood event (active), or otherwise
existing doors, windows and frames may be completely replaced with structural flood proof
products (passive). Interior drainage collection systems and pumps are required to control the
interior water level and collect seepage. Figure 5.15 shows a diagram of a typical dry flood

” Design flood elevation (DFE) refers to the target level of flood risk management that is assumed to be both
technically sound and economically feasible to implement.
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proofed structure. Residential property owners who dry flood proof are not eligible for flood
insurance premium rate reductions.

FIGURE 5.15: DRY FLOODPROOFING

(Source: FEMA)

By choosing to implement passive dry floodproofing, i.e., through purchase of flood proof doors
(including garage doors) that are watertight and able to resist hydrostatic force during a flood
event, certain structures (especially commercial and public) may potentially be dry flood proofed
with little to no pre-flood actions. However, flood doors and similar closures are relatively
expensive and, in some cases, building modifications may be necessary to ensure that they have
the ability to resist structural loads associated with flood waters.

5.5.2 Wet Floodproofing

Wet floodproofing is the process of modifying a building to allow flood waters to enter and
inundate a portion of the building to minimize the risk of structural damage. The designed
inundation area may be the sub-grade basement or crawlspace of a building, but not the living
space. Raising utilities and important building contents and equipment to higher floors above the
DFE, using flood-damage-resistant materials in the building interior, and installing flood louvers
or flood openings in exterior walls to equalize the hydrostatic pressure, are examples of some of
the most common wet floodproofing measures. Additional provisions may be required to ensure
minimal damage to the building mechanical and electrical systems in the event of a flood. Figure
5.16 shows a diagram of a typical wet floodproofed structure. In some instances, implementation
may require significant changes to interior building layout and functionality, which may not be
desirable. Allowing flood waters into a structure would require all valuables and utilities to be
elevated, which may be costly depending on the original building layout. Pumping and clean-up
after a flood event will be required.
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FIGURE 5.16: WET FLOODPROOFING

(Source: FEMA)
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6 CONCLUSIONS

Property owners within Turner Station have experienced substantial flooding during heavy
rainfall, like the event that occurred on July 17, 2021. As a result, Turner Station Conservation
Teams, Inc., and Baltimore County requested the assistance of the USACE, Baltimore District,
under the FPMS program, to complete a flood resiliency study for areas prone to stormwater and
tidal flooding. This study provides the community and county with various alternative solutions
to consider pursuing to reduce the risk of flooding to property owners and roadways.

A stormwater system survey and assessment were completed by USACE, Baltimore District, to
determine the location of existing stormwater infrastructure, assess the overall condition of the
existing stormwater infrastructure, and collect data to support hydrologic and hydraulic
modeling. Data from the stormwater system survey was input into XPSWMM (Version
2019.1.2) to complete stormwater quantity modeling in an event-based environment. This model
was used to identify and confirm the potential causes of stormwater flooding in the Turner
Station study area. The process for the development of the XPSWMM model for the Turner
Station study area involved modeling the July 17, 2021, storm first and calibrating the model to
observations during that storm. Once a verified XPSWMM model was developed that accurately
depicted flooding conditions in the study area, the model was run for several frequency storms
for present day rainfall, future conditions 2050 rainfall, and future conditions 2080 rainfall,
including: the 50% annual chance, 24-hour storm; the 10% annual chance, 24-hour storm; and
the 1% annual chance, 24-hour storm.

The results of the XPSWMM modeling were used to complete a flood assessment of the Turner
Station study area to determine or confirm areas where stormwater flooding would occur and to
determine potential causes of the flooding. The primary area that is at risk of stormwater
flooding is the Sollers Point Road/Oak Street/Chestnut Street/Pine Street area. Flood depths for
the current 10% annual chance, 24-hour, rainfall event could reach up to 2.6 feet; flood depths
for the 2080 10% annual chance, 24-hour, rainfall event could reach up to 3.0 feet.

Based upon modeling results, the contributing factors resulting in the flooding within the Sollers
Point Road/Oak Street/Chestnut Street/Pine Street area include: the main drainage trunk lines are
undersized and cannot convey the 10% annual chance design storm, causing stormwater within
the pipes to back up out of the pipe network; the stormwater infrastructure is low-lying, with
little positive slope, and subject to tidal flooding; and the lack of stormwater quantity
management for impervious areas in the watershed that were constructed prior to stormwater
management regulations.

Several flood risk management measures for stormwater flooding were evaluated using
XPSWMM. It was determined that Measure #1, increasing the main trunk line size and installing
a pump station to pump water out of the low-lying stormwater system, would decrease flooding
in the Sollers Point Road/Oak Street/Chestnut Street/Pine Street area. Flood depths for the 10%
annual chance, 24-hour, rainfall event would decrease by 1.0 foot, and the flooding footprint
would substantially decrease. Flood depths for the 2080 10% annual chance, 24-hour, rainfall
event would decrease by 0.2 foot.

May 2022



Turner Station Flood Resilience Study 6-2

By combining Measure #1 with Measure #2, the addition of stormwater lines to divert the
existing stormwater infrastructure away from the main trunk line, there is even more of a
decrease in stormwater flooding in the Sollers Point Road/Oak Street/Chestnut Street/Pine Street
area. Flood depths for the 10% annual chance, 24-hour, rainfall event would decrease by 1.6 feet.
Flood depths for the 2080 10% annual chance, 24-hour, rainfall event would decrease by 1.8
feet. When combining Measure #1 with Measure #2, flooding is almost eliminated in the primary
flooding area in Turner Station during those rainfall events.

By combining Measure #1 with Measure #3, the addition of stormwater detention, there is a
decrease in stormwater flooding in the Sollers Point Road/Oak Street/Chestnut Street/Pine Street
area, but there is not as much of a flood reduction impact as combining Measure #1 with
Measure #2. Flood depths for the 10% annual chance, 24-hour, rainfall event would decrease by
1.4 feet and flooding is almost eliminated. Flood depths for the 2080 10% annual chance, 24-
hour, rainfall event would decrease by 0.5 foot.

When observing projected future tidal and coastal flooding in the area, the Day Village
Townhome community along Avondale Road and Peach Orchard Lane is the most at risk.
Portions of this community lie within the current 1% annual chance floodplain and the 1%
annual chance floods and the 2050 and 2080 Occasional Nuisance Tides are projected to
inundate this area. Due to the way this community sits on the shoreline, the only options to
reduce flood damages in this area are a floodwall or acquisitions.

If these measures aren’t implemented, or take several years to be implemented, nonstructural
floodproofing may be considered for buildings that frequently flood in the Turner Station study
area. Floodproofing would need to be accomplished on a building-by-building basis, as each
building has unique variables such as building type, building material, flood depth, and flood
velocity, which will ultimately dictate the potential cost of such a measure for each building. It is
recommended that a detailed nonstructural assessment and building elevation survey be
conducted in the Turner Station study area to determine the unique needs for each building that is
affected by flooding.

This study included the modeling and analysis of initial concepts to determine their effectiveness
in reducing stormwater and tidal flooding. Due to the low-lying stormwater infrastructure and
residential structures, the options will be costly. It is recommended that Turner Station
Conservation Teams, Inc., and Baltimore County further assess the costs, impacts and
advantages/disadvantages of each of the concepts and consider future conditions.
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BMP_ID DESCRIPTION TYPE OWNER MODEL
BIO1 Family Dollar Quality - Bioretention Private No
BIO2 Family Dollar Quality - Bioretention Private No
BIO3 Family Dollar Quality - Bioretention Private Yes
POND1 Lyon Homes Apartments Quantity - Pond Private Yes
POND2_ALT Neighborspace of Baltimore County Property Quantity - Pond Private Yes - Alternatives
POND3_ALT Turner Station Apartments Property Quantity - Pond Private Yes - Alternatives




XPSWMM STORAGE NODE DATA

General Information Outflow Control Data

Model Area: Turner Station Outflow Type Description
BMP_ID BIO3 1 Pipe 4" (0.34 sq.ft.) PVC pipe at 6.70'
Description: Family Dollar 2 Pipe 4" (0.34 sq.ft.) PVC pipe at 6.70'
Type: Quality - Bioretention
Owner Private

Storage Curve

Location Map
Data Source: As-Built Plan - Nov 2014
Initial Elevation: 6.70
Depth Elevation Area (Acres) Cumulative Area (Acres)
0 6.70 0.00001 0.00001
3.3 10.00 0.02775 0.02776
4.3 11.00 0.02487 0.05263

4.8 11.50 0.01295 0.06558




XPSWMM STORAGE NODE DATA

Model Area:
BMP_ID
Description:
Type:
Owner

General Information
Turner Station
POND1
Lyon Homes Apartments
Quantity - Pond
Private

Outflow Control Data

Outflow
1

Type
Pipe

Description
4" (0.34 sq.ft.) PVC pipe at 7.22'

Storage Curve

Location Map

Data Source:

Initial Elevation:

Depth
0
3.28
3.53

DEM - 2015
7.22
Elevation Area (Acres) Cumulative Area (Acres)
7.22 0.00001 0.00001
10.50 0.00124 0.00125
10.75 0.00764 0.00888




XPSWMM STORAGE NODE DATA

General Information Outflow Control Data
Model Area: Turner Station Outflow Type Description
BMP_ID POND2_ALT 1 Orifice 4 30"x6" (5.0 sq.ft.) inlets at 7.0
Description: Neighborspace of Baltimore County Property
Type: Quantity - Pond
Owner Private
Storage Curve Location Map
Data Source: Hypothetical BMP
Initial Elevation: 2.90
Depth Elevation Area (Acres) Cumulative Area (Acres)
0 2.90 0.00001 0.00001
0.1 3.00 0.27686 0.27687
11 4.00 0.03686 0.31373
2.1 5.00 0.03722 0.35096
3.1 6.00 0.04923 0.40019
4.1 7.00 0.04842 0.44861

5.1 8.00 0.05165 0.50026




XPSWMM STORAGE NODE DATA

General Information Outflow Control Data
Model Area: Turner Station Outflow Type Description
BMP_ID P3_ALT 1 Orifice 4 30"x6" (5.0 sq.ft.) inlets at 5.5'
Description: Turner Station Apartments
Type: Quantity - Pond
Owner Private
Storage Curve Location Map
Data Source: Hypothetical BMP
Initial Elevation: 2.28
Depth Elevation Area (Acres) Cumulative Area (Acres)
0 2.28 0.00001 0.00001
0.72 3.00 0.14533 0.14534
1.72 4.00 0.02290 0.16825
2.72 5.00 0.02542 0.19367
3.72 6.00 0.02741 0.22108

4.72 7.00 0.04668 0.26776
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