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

With No Alternatives Implemented With Measure #1 and #2 Implemented
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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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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
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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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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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FIGURE 5.16: WET FLOODPROOFING

(Source: FEMA)

May 2022



Turner Station Flood Resilience Study 5-22

PAGE INTENTIONALLY LEFT BLANK

May 2022



Turner Station Flood Resilience Study 6-1

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.
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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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APPENDIX A

Depth-Area Curves for Stormwater BMPs
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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




APPENDIX B

Turner Station Stormwater Mapping
50% Annual Chance (2-Year)
Existing Conditions and Future Rainfall Events
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