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V.

Recommended Stream Restoration Projects

As presented previously, Harford County Department of Public Works,
Water Resources Engineering Division intends to restore the Wheel Creek
watershed. These objectives will be accomplished by implementing an effective,
long-term restoration plan for the unstable stream reaches identified during the
field reconnaissance. The restoration and management strategies outlined in
this report were developed to achieve these overall project objectives. These
strategies focus on managing the quantity and quality of storm water runoff from
the watershed and stabilizing unstable slopes and stream reaches along Wheel
Creek and its tributaries that are the principal source of sediment to the Atkisson
Reservoir.
A. Methods for Identifying and Prioritizing Restoration Projects
A comprehensive analysis was conducted to identify and prioritize
potential restoration projects. The analysis was based on an evaluation of the
data collected during the reconnaissance survey phase and ranking of the
problems identified as part of that process. The comprehensive analysis process
included:
1. Potential Restoration Projects
Potential projects were identified from a list of main stem and tributary
problem sites identified in Section 1 of the report. These projects were selected
for their potential for correcting channel instability, reducing loadings of sediment
and other pollutants to downstream reaches and Atkisson Reservoir.
Potential stream restoration projects that were identified include
restoration of stable channel form, and stream bed and bank stabilization utilizing
grade control and flow diversion structures and native materials.
2. Evaluating the Feasibility of Restoration Projects
The feasibility of implementing specific restoration projects at the selected
problem sites was evaluated. This included a planning level, qualitative analysis
used to screen the projects for ease of implementation, project cost and longterm maintenance, and landowner acceptance.
Ease of implementation was based on consideration of issues such as
construction access (e.g., distance from public roads, terrain that must be
traversed and/or vegetation that must be avoided, etc.), availability of staging and
stockpile areas, special equipment and/or material needs, natural constraints
(e.g., valley confinement, clay and bedrock channels, outcroppings along hill
slopes, unusually high banks along terraces, etc.), and man-made constraints
(e.g., location of infrastructure – roads, bridges and culverts, utility lines, and
structures – parking lots, commercial buildings, residences, sheds, etc.)
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Capital costs were based on consideration of the initial costs of installing a
particular restoration measure. Long-term maintenance was based on two interrelated issues: the probability of problems requiring maintenance developing over
the long-term and the degree of intervention required to correct the problems if
they developed. More complex problems and solutions were considered to have
a higher probability of future problems developing.
Landowner acceptance was based on anticipated reactions to proposed
restoration measures. The analysis did not disregard potential concerns (e.g.,
restrictions on land use, long-term maintenance, etc). However, it also
considered the likelihood that landowners would ultimately view a project as
beneficial and worth implementing in spite of these concerns.
3. Prioritizing Restoration Projects
Given the number and type of problems identified in the subwatersheds, it
was considered critical that some guidance be provided to focus available
funding and resources where they will provide the most benefit relative to the
overall project objectives and where they have the greatest potential for success.
Therefore, the intent of this phase of the evaluation process was to select
feasible restoration projects and prioritize them based on their potential for
correcting channel instability, reducing loadings of sediment and other pollutants
to downstream reaches and Atkisson Reservoir. Another important consideration
was public safety issues and the potential for damage to public or private
infrastructure if a particular project was not implemented.
B. General Comments on Approaches to Restoration Design
Often restoration projects are exercises in treating symptoms rather than
an effective effort at finding a solution for what caused or is maintaining an
unstable situation. The traditional restoration effort is project-oriented rather than
system- or process-oriented. The project-oriented approach focuses on the
obvious eroding stream banks or aggrading streambeds, and flood waters
overtopping stream banks. It fails to recognize the natural processes that shape
and maintain stream channels, the interactions between the channel and
adjacent riparian areas, and how these processes and interactions are affected
by channel and floodplain maintenance practices and land use in the watershed.
The traditional approach is commonly associated with engineered
channels, that is, a relatively straight, wide, trapezoidal channel, with a uniform
profile designed to convey all flows (baseflow, bankfull flow, and flood flow). The
channel banks are often armored with rip-rap or gabions (concrete revetment in
more urbanized areas) in an effort to maintain this engineered form, and grade
control structures may be installed to maintain bed stability. This engineered
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approach invites long-term problems due to the negative feedback mechanisms
inherent in all stream systems.
A geomorphic approach to restoration utilizing natural stability concepts is
recommended for this project. This approach is system-oriented and works with,
rather than against, the natural processes that shape and maintain stream
channels. Restoration efforts are focused on: restoring a stable, self-maintaining
channel form; reestablishing the critical interactions between the stream and
adjacent riparian areas; restoring the natural functions of floodplains; modifying
channel and floodplain maintenance practices that are inconsistent with these
objectives; and minimizing the effects of land use by installing storm water
controls, and adopting land use controls throughout the watershed that are based
on landscape capabilities.
This approach also recognizes that natural streams are composed of three
distinct channels: a thalweg or low flow channel; a bankfull channel; and a
floodplain, which conveys flows greater than bankfull. Finally, this approach
emphasizes bio-engineered stream bank stabilization techniques that utilize
natural materials (e.g., rootwads, logs, boulders, etc.) and live plantings.
The following figures present schematic drawings of channel stabilization
techniques and examples of projects that were designed utilizing a natural
channel design approach and specific techniques that are directly applicable to
the stability problems identified along Wheel Creek and its tributaries.
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Figure 4a – Log/Boulder Step-Pools

Grade Control Structures

Figure 4b – Cross Vane
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Grade Control Structures

Figure 4c – Boulder Cascade
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Figure 4d – Log/Boulder J-Hook

Flow Diversion Structures

Figure – 4e – Rock Vane
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Figure 4f – Log Vane

Flow Diversion Structures
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Figure 4g – Toe Benches

Bank Reconstruction/Stabilization Structures
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Figure 4h – Toe Benches and Soil Fabric Lifts

Bank Reconstruction/Stabilization Structures
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Figure 4i – Rootwad Revetment

Bank Stabilization Structures

81

BayLand Consultants & Designers, Inc.

Figure 4k – a. Unstable stream reach. b. Same reach during installation of soil fabric lifts. c. Four years after restoration

Figures 4j – a. Unstable stream reach. b. Same reach immediately after stabilization with log/boulder step-pools and toe
benches. Note bank trees not disturbed during construction. c. Seven years after restoration

Natural Channel Design Projects
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Figure 4l – a. Unstable stream reaches. b. Same reaches six months after restoration with log/boulder step-pools

c. Three years after restoration
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Figure 4m – a. Unstable reach. b. Four months after restoration with toe benches. Note channel has been narrowed
significantly.

Figure 4n – a. Unstable reach.
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b. Same reach six months after restoration with toe benches, soil fabric lifts, and cross vanes.

c. Three years after restoration
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Figure 4o – a. Unstable reach. b. Same reach four months after restoration with toe benches, soil fabric lifts, and rock vanes.
Note channel as been shifted away from failing slope and narrowed.

C. Recommended Restoration Projects
As noted previously, a field reconnaissance survey was conducted to assess and
document existing conditions along Wheel Creek and its tributaries. The
reconnaissance survey focused on identifying and documenting unstable conditions in
upland and riparian areas, characterizing stream channel morphology and condition,
and identifying unstable stream reaches. Based on the field reconnaissance stream
reaches requiring remedial action were identified. Restoration and stabilization projects
were identified for the unstable stream reaches based on their potential for correcting
overall channel instability, improving in-stream habitat, and reducing sediment loadings
to downstream reaches and Atkisson Reservoir.
Those restoration and stabilization projects determined to be feasible were
prioritized relative to the order in which they should be implemented. Figures 5a-5e
shows the location and Table 6 describes the restoration/stabilization projects
recommended for implementation in the Wheel Creek watershed. The projects listed
here do not include the BMP facilities outlined in the Best Management Practices
Section of the report. However, successful implementation of the channel restoration
and stabilization projects is based on the assumption that the BMP facilities will be
installed to control peak flows and improve water quality conditions. Controlling the
peak flows is critical to the long-term success of the restoration projects.
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75

80

225

780
475

200

UMS-2

UMS-3

UMS-4

UMS Total
MMS-1

MMS-2

UMS-1

Length
(feet)
400

Project ID
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Upper MMS Reach 3 – Bank erosion, overwide channel and aggradation.

Headcuts and bank erosion throughout.
Tight meander bends in lower section.

Headcuts and bank erosion. Geotextile lining
failing.

Headcuts and bank erosion. Geotextile
lining failing.

Localized bank erosion

Unmanaged runoff from development
causing severe gully erosion - headcuts and
bank erosion in upper and middle sections.
Failing storm drain outfall. Localized bank
erosion in lower section.

Existing Problems
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Stabilize eroding banks and install grade
control structures at headcut locations.
Reconstruct channel in lower section with
stable meander geometry.
In over-wide sections - reconstruct channel
to lower width/depth ratio utilizing toe
benches. Grade and stabilize banks
utilizing flow diversion structures, erosion
control matting, and native trees and
shrubs.

Remove geotextile lining. Install grade
control structures at headcut locations.
Grade and stabilize streambanks utilizing
flow diversion structures, erosion control
matting, and native trees and shrubs.
Remove geotextile lining. Install grade
control structures at headcut locations.
Grade and stabilize streambanks utilizing
flow diversion structures, erosion control
matting, and native trees and shrubs.

Grade and stabilize eroding streambanks
utilizing erosion control matting and native
trees and shrubs.

Proposed
Solutions
Repair gully erosion along channel and at
storm drain outfall in upper and middle
sections utilizing log/boulder step-pools.
Grade and stabilize eroding streambanks in
lower section

Table 6 – Wheel Creek Stream Restoration/Stabilization Projects

150

250

1375
700

450

MMS-4

MMS-5

MMS Total
LMS-1

LMS-2

MMS-3

Length
(feet)
300

Project ID
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Bank erosion, debris jams, over-wide
channel in some sections, aggradation, tight
bends with cutoff channel.

Bank erosion, debris jams and man-made
check dam, over-wide channel in sections,
aggradation.

Bank erosion, tight meander bend, and
aggradation.

Bank erosion and eroding outfall at WQ
basin.

Bank erosion, debris jams, over-wide
channel, and aggradation.

Existing Problems
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Remove debris jams and man-made check
dam. In over-wide sections - reconstruct
channel to lower width/depth ratio utilizing
toe benches. Grade high banks to create a
bankfull bench and stabilize banks utilizing
flow diversion structures, erosion control
matting, and native trees and shrubs.
Remove debris jams. In over-wide sections
- reconstruct channel to lower width/depth
ratio utilizing toe benches. Reconstruct
channel with stable meander geometry.
Grade high banks to create a bankfull
bench and stabilize banks utilizing flow
diversion structures, erosion control
matting, and native trees and shrubs.

Proposed
Solutions
Remove debris jams. In over-wide sections
- reconstruct channel to lower width/depth
ratio utilizing toe benches. Grade and
stabilize banks utilizing flow diversion
structures, erosion control matting, and
native trees and shrubs.
Grade and stabilize banks utilizing erosion
control matting and native trees and shrubs.
Repair outfall
Reconstruct channel with stable meander
geometry, grade and stabilize eroding
banks utilizing erosion control matting and
native trees and shrubs. .

Table 6 – Wheel Creek Stream Restoration/Stabilization Projects
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400
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LMS-3

Length
(feet)
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Bank erosion throughout

Debris jams and aggradation

Bank erosion, debris jams, aggradation,
sheet metal retaining walls

Bank erosion, debris jams, aggradation,
bend with cutoff channel;

Bank erosion, debris jams, aggradation, tight
bend with large cutoff channel across
floodplain.

Severe bank erosion throughout, localized
minor debris jams and aggradation

Existing Problems
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Remove debris jams and retaining walls.
Grade banks to create a bankfull bench and
stabilize utilizing flow diversion structures,
erosion control matting, and native trees
and shrubs.
Remove debris jams and deposited
sediments.
Grade banks to create a bankfull bench and
stabilize utilizing flow diversion structures,
erosion control matting, and native trees
and shrubs.

Proposed
Solutions
Remove debris jams. Shift channel away
from high banks. Reconstruct channel with
toe bench and soil fabric lifts. Install flow
diversion structures, and native trees and
shrubs.
Remove debris jams. Reconstruct channel
with stable meander geometry. Backfill cutoff channel. Grade high banks to create a
bankfull bench and stabilize bed and banks
utilizing grade control and flow diversion
structures, erosion control matting, and
native trees and shrubs.
Remove debris jams. Reconstruct channel
with stable meander geometry. Backfill cutoff channel. Grade high banks to create a
bankfull bench and stabilize bed and banks
utilizing grade control and flow diversion
structures, erosion control matting, and
native trees and shrubs. Repair footbridge.

Table 6 – Wheel Creek Stream Restoration/Stabilization Projects

175

65

440

SB-2

SB-3

SB Total
Wheel Creek
Total
6768

1350
200

MB Total
SB-1

MB-4

Length
(feet)
300

Project ID

Localized bank erosion

Localized bank erosion
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Incised channel with headcuts and bank
erosion. Headcuts in side drainages.

Bank erosion, debris jams, headcuts,
aggradation

Existing Problems

BayLand Consultants & Designers, Inc.

Grade high banks to create a bankfull
bench and stabilize banks utilizing flow
diversion structures, erosion control
matting, and native trees and shrubs.
Shift channel away from high bank.
Reconstruct channel with toe bench. Install
flow diversion structure, and native trees
and shrubs.

Reconstruct as a stable B4 channel utilizing
log/boulder step-pools. Grade and stabilize
eroding streambanks in lower section install
grade control structures at headcuts in side
drainage locations.

Proposed
Solutions
Remove debris jams. Grade banks to
create a bankfull bench and stabilize bed
and banks utilizing grade control and flow
diversion structures, erosion control
matting, and native trees and shrubs.

Table 6 – Wheel Creek Stream Restoration/Stabilization Projects

PROJECT 4
PROJECT 1

!

!

FLOW

!

!

!

!

PROJECT 3

NOTES:
1. BASEMAP FROM HARFORD COUNTY PLANIMETRICS.
2. IMAGERY FROM HARFORD COUNTY 2007 AERIAL PHOTOGRAPHY.

200

100

0

200

400
Feet

Legend

1" = 200'
Project Reaches

Lower
Main
Stem

Middle
Main
Stem
Middle
Branch
South
Branch

Upper
Main
Stem

“Integrating Engineering and Environment”

1321 Mercedes Drive, Suite C
Phone: (410) 694-9401
Hanover, Maryland 21076
Fax: (410) 694-9405
email: bayland@baylandinc.com

Wheel Creek
Upper Mainstem Projects
Figure 5a

P:\42501_Wheel Creek Watershed\GIS\Wheel_Creek_Stream_Projects5.mxd

PROJECT 2

FLOW
PROJECT 1
!

PROJECT 2
!

PROJECT 3
!

PROJECT 4

!

NOTES:
1. BASEMAP FROM HARFORD COUNTY PLANIMETRICS.
2. IMAGERY FROM HARFORD COUNTY 2007 AERIAL PHOTOGRAPHY.

200

100

0

200

400
Feet

Legend
1" = 200'
Project Reaches

Lower
Main
Stem

Middle
Main
Stem
Middle
Branch
South
Branch

Upper
Main
Stem

“Integrating Engineering and Environment”

1321 Mercedes Drive, Suite C
Phone: (410) 694-9401
Hanover, Maryland 21076
Fax: (410) 694-9405
email: bayland@baylandinc.com

Wheel Creek
Middle Mainstem Projects
Figure 5b

P:\42501_Wheel Creek Watershed\GIS\Wheel_Creek_Stream_Projects2.mxd

!

PROJECT 5

PROJECT 4

!

!

!

PROJECT 2

PROJECT 5

PROJECT 1

PROJECT 3
!

FLOW

1. BASEMAP FROM HARFORD COUNTY PLANIMETRICS.
2. IMAGERY FROM HARFORD COUNTY 2007 AERIAL PHOTOGRAPHY.

200

100

0

200

400
Feet

Legend

1" = 200'
Project Reaches

Lower
Main
Stem

Middle
Main
Stem
Middle
Branch
South
Branch

Upper
Main
Stem

“Integrating Engineering and Environment”

1321 Mercedes Drive, Suite C
Phone: (410) 694-9401
Hanover, Maryland 21076
Fax: (410) 694-9405
email: bayland@baylandinc.com

Wheel Creek
Lower Mainstem Projects
Figure 5c

P:\42501_Wheel Creek Watershed\GIS\Wheel_Creek_Stream_Projects1.mxd

!

NOTES:

!

PROJECT 2

!

PROJECT 4

!
!

PROJECT 3

FLOW

NOTES:
1. BASEMAP FROM HARFORD COUNTY PLANIMETRICS.
2. IMAGERY FROM HARFORD COUNTY 2007 AERIAL PHOTOGRAPHY.

200

100

0

200

400
Feet

Legend
Project Reaches

1" = 200'

Lower
Main
Stem

Middle
Main
Stem
Middle
Branch
South
Branch

Upper
Main
Stem

“Integrating Engineering and Environment”

1321 Mercedes Drive, Suite C
Phone: (410) 694-9401
Hanover, Maryland 21076
Fax: (410) 694-9405
email: bayland@baylandinc.com

Wheel Creek
Middle Branch Projects
Figure 5d

P:\42501_Wheel Creek Watershed\GIS\Wheel_Creek_Stream_Projects3.mxd

PROJECT 1

!

PROJECT 3
PROJECT 2
!
!

FLOW

NOTES:
1. BASEMAP FROM HARFORD COUNTY PLANIMETRICS.
2. IMAGERY FROM HARFORD COUNTY 2007 AERIAL PHOTOGRAPHY.

200

100

0

200

400
Feet

Legend
Project Reaches

1" = 200'

Lower
Main
Stem

Middle
Main
Stem
Middle
Branch
South
Branch

Upper
Main
Stem

“Integrating Engineering and Environment”

1321 Mercedes Drive, Suite C
Phone: (410) 694-9401
Hanover, Maryland 21076
Fax: (410) 694-9405
email: bayland@baylandinc.com

Wheel Creek
South Branch Projects
Figure 5e

P:\42501_Wheel Creek Watershed\GIS\Wheel_Creek_Stream_Projects4.mxd

PROJECT 1

D. Preliminary Cost Estimates
The projects identified in this study were broken into the smallest individual
project units practical to allow flexibility in project planning and budgeting.
However, it is strongly recommended that Harford County DPW give consideration
to combining some of the small project units, particularly those in close proximity,
into larger capital improvement projects to reduce design and construction costs.
Small, isolated projects may be particularly amenable to implementation under
DPW Design-Build contracts.
The cost of restoration can vary considerably from project to project. The
differences are generally due to differences in the size of the project, the severity
of the problems and the level of intervention needed to correct the problems, and
site constraints that limit implementation of design criteria. Every project requires
a given minimum level of assessment, design and permitting work. Although,
small projects involving minor bank reshaping and plantings over a short length of
channel generally require less assessment, design, and permitting effort and are
easier to construct, there is a definite economy of scale associated with larger
projects. Cost analysis conducted on projects in Maryland and North Carolina has
shown a significant decrease in unit (per foot) design cost as project size
increases. The same pattern, although less dramatic, is typical for construction
costs.
Table 7 provides preliminary cost estimates for design, permitting and
construction of the stream restoration/stabilization projects presented in this study.
Design and Permitting costs were assumed to include: consultant’s
professional fees for surveying, base map preparation, stream assessment,
hydrology & hydraulic analysis, final design plans and construction documents,
engineer’s certification, and permit application and agency meetings.
Construction Contractor’s Costs were assumed to include: mobilization,
clearing & grubbing, construction stakeout, sediment control and dewatering,
earthwork, rock for and installation of in-stream structures, erosion control matting,
seeding & mulching, and landscaping.
The cost estimates did not include: consultant’s professional fees for
geotechnical studies, on-site construction management, or as-built surveys.
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Table 7 – Wheel Creek Stream Restoration
Design and Construction Cost Estimates
Project ID

Type Project

Stream
Restoration
UMS-2
Stream
Restoration
UMS-3
Stream
Restoration
UMS-4
Stream
Restoration
UMS Total
MMS-1
Stream
Restoration
MMS-2
Stream
Restoration
MMS-3
Stream
Restoration
MMS-4
Stream
Restoration
MMS-5
Stream
Restoration
MMS Total

Size Project

Design and
Permitting
Costs

Construction
Costs

400 feet

$60,000

$100,000

75 feet

$15,000

$22,500

80 feet

$16,000

$24,000

225 feet
780 feet

$22,500
$113,500

$45,000
$191,500

475 feet

$47,500

$95,000

200 feet

$25,000

$45,000

300 feet

$30,000

$60,000

150 feet

$18,500

$35,000

250 feet
1375 feet

$20,750
$141,750

$37,500
$272,500

700 feet

$70,000

$140,000

450 feet

$67,500

$135,000

450 feet

$67,500

$135,000

575 feet

$86,250

$172,500

650 feet
2825 feet

$97,500
$388,750

$195,000
$777,500

400 feet

$60,000

$85,000

200 feet

$8,000

$15,000

400 feet

$60,000

$85,000

300 feet
1350 feet

$45,000
$173,000

$90,000
$275,000

UMS-1

LMS-1
LMS-2

Stream
Restoration
Stream
Restoration

LMS-3

Stream
Restoration
LMS-4
Stream
Restoration
LMS-5
Stream
Restoration
LMS Total
MB-1
Stream
Restoration
MB-2
Stream
Restoration
MB-3
Stream
Restoration
MB-4
Stream
Restoration
MB Total
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Project ID

Type Project

Size Project

Design and
Permitting
Costs

Construction
Costs

SB-1

Stream
Restoration
Stream
Restoration
Stream
Restoration

200 feet

$25,000

$50,000

175 feet

$18,000

$43,750.00

65 feet

$8,000

$15,750.00

SB Total

440 feet

$51,000

$109,500

Sub-Total – All Branches

6770 feet

$868,000

$1,626,000

SB-2
SB-3

Total (Design, Permitting, & Construction)

$2,494,000

E. Priority of Restoration Projects
As noted previously, given the number and type of problems identified in
the Wheel Creek watershed, it was considered important that some guidance be
provided to focus available funding and resources where they will provide the most
benefit relative to the overall project objectives and where they have the greatest
potential for success. Therefore restoration projects were prioritized based on
their potential for correcting channel instability, reducing loadings of sediment and
other pollutants to downstream reaches and Atkisson Reservoir. Another
important consideration was public safety issues and the potential for damage to
public or private infrastructure if a particular project is not implemented.
Table 8 shows the restoration projects ranked in order of priority from
highest to lowest. A brief description related to the severity of existing conditions
as well as the potential for future problems if a project is not implemented is
included.
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Table 8 – Restoration Project Ranking
Project Rank

Project ID

Comment

1

UMS-1

2

LMS-4

3

LMS-2

4

LMS-5

5

LMS-3

6

LMS-1

7

MMS-5

8

MB-4

9

MMS-4

10

MMS-1

Severe problem with very high potential for
continued instability and rapid and severe
channel adjustments. Public safety and
infrastructure implications. Significant source of
sediment to DS reaches.
Very high potential for continued instability with
rapid and severe channel adjustment that will
compromise a currently stable upstream reach.
Significant source of sediment to DS reaches.
Very high potential for continued instability with
rapid and severe channel adjustments that will
migrate upstream to vertically sensitive reaches.
Significant source of sediment to DS reaches.
Very high potential for continued instability with
rapid and severe channel adjustments that will
impact public property. Significant source of
sediment to Atkisson Reservoir.
Very high potential for continued instability with
rapid and severe channel adjustments that will
impact private property. Significant source of
sediment to DS reaches.
High potential for continued instability with
channel adjustments that will impact private
property. Significant source of sediment to DS
reaches.
High potential for continued instability with
channel adjustments that will impact private
property.
High potential for continued instability with
channel adjustments that will impact private
property. Significant source of sediment to DS
reaches.
Moderate to high potential for continued
instability with channel adjustments that will
impact WQ basin and private property.
Moderate to high potential for continued
instability with channel adjustments that will
impact private property. Significant source of
sediment to DS reaches.
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Table 8 – Restoration Project Ranking
Project Rank

Project ID

Comment

11

MMS-2

Moderate to high potential for continued
instability with channel adjustments that will
impact WQ basin and private property.

12

MMS-3

13

UMS-3

14

UMS-4

15

SB-1

16

SB-2

17

SB-3

18

MB-3

19

MB-1

20

MB-2

21

UMS-2

Moderate to high potential for continued
instability with channel adjustments that will
impact WQ basin and private property.
Moderate to high potential for continued
instability with channel adjustments that will
migrate upstream and impact private property.
Moderate to high potential for continued
instability with channel adjustments that will
migrate upstream and impact private property.
Moderate to high potential for continued
instability with channel adjustments that will
migrate upstream and impact SWM facility on
public property.
Moderate potential for continued instability with
channel adjustments that will migrate laterally
and impact private property.
Moderate potential for continued instability with
channel adjustments that will migrate laterally
and impact SWM facility on private property.
Moderate potential for continued instability with
channel adjustments that will impact proposed
SWM retrofit immediately downstream.
Moderate potential for continued instability with
channel adjustments that will impact proposed
SWM retrofit downstream.
Moderate potential for continued instability with
channel adjustments that will impact proposed
SWM retrofit immediately downstream.
Moderate potential for continued instability with
channel adjustments that will migrate laterally
and impact swimming pool on private property.

It is recommended that at a minimum, Harford County DPW implement
those projects with the highest potential for continued instability. These include
Projects 1 – 8, which make up 56% (3775 linear feet) of the total unstable stream
length. Utilizing the preliminary cost estimates developed has part of this study it
was determined that the County could correct the most significant stream stability
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problems in the Wheel Creek watershed for approximately $1,519,500. A second
tier of stream restoration work should also be considered for implementation
based on the magnitude of stream degradation throughout the watershed. This
second tier would be represented by projects 9-15 which have moderate to high
potential for instability. These projects would make up an additional 28% (1,930
linear feet) of the total unstable stream length at a cost of approximately $673,500.
Considerations for implementing the second tier of stream restoration
project would be dependent upon the implementation of tier one restoration and
upon implementation of stormwater retrofits throughout the watershed.

101

BayLand Consultants & Designers, Inc.

VI.

Stormwater Management Plan
A. Scope of Assessment

The purpose of this stormwater management plan is to develop stormwater
retrofits that would provide water quality benefits for the Wheel Creek watershed. The
retrofits were to target the upper watershed where substantial development had
occurred over a short period of time in the 1980’s, prior to implementation of water
quality criteria for storm water management design.
Candidate retrofit sites were developed and then visited to document existing
conditions. Existing design data was obtained where available to support development
of specific stormwater BMP retrofit design recommendations. Each site was evaluated
for its water quality treatment potential. Recommended BMPs and key actions needed
to implement them were developed for each site. Since the retrofit sites are not owned
by the County, the various retrofit components (i.e. riser modification, embankment
raising, etc.) that are possible for each site are separately described and broken down
by cost, thus allowing the County to pursue individual BMP elements or total facility
retrofits at each site. The sites themselves are prioritized in accordance with the water
quality benefits that would be provided to the watershed. Each site’s BMP elements are
prioritized and cost estimates for permitting, design and construction are provided.
B. Site Selections
Based upon available resources and the magnitude of development and
associated impervious areas, it was determined that this study would concentrate on
existing larger stormwater management facilities. Up to five sites would be selected for
BMP retrofitting. The existing stormwater management facility (SWM) at the Festival at
Bel Air commercial complex and the nearby State Highway Administration (SHA) facility
were pre-selected due to their size and their unique position in the upper watershed.
These facilities are located immediately downstream of the largest single contiguous
impervious area in the Wheel Creek watershed. These sites would likely have high
potential to provide additional stormwater storage for both water quality volume (WQv)
and channel protection volume (CPv).
In order to facilitate selection of additional BMP retrofit sites, impervious areas
were delineated for each of the eight sub-watersheds. The impervious areas were
computed as a percentage of the total sub-watershed area as shown in Table 9.
Subwatersheds, impervious areas (Table 9) and retrofit site locations can be found in
Figure 6a. Research has shown that watersheds with greater percent impervious cover
yield increased degradation in stream quality. Watersheds with 25% or greater
impervious area have damaged stream systems and usually experience substantial
water quality degradation (see Figure 6b). The highest percentage impervious cover
within the Wheel Creek watershed is in Drainage Area 3 (45% impervious), where the
Festival at Bel Air SWM pond (Retrofit Site 1) and the SHA stormwater management
pond (Retrofit Site 2) are located. The magnitude of impervious cover in Drainage Area
3 (DA 3) supports the selection of these larger 1980’s era facilities for retrofitting.
Drainage Areas 1, 2 and 5 also exceed the 25% impervious threshold for damaged
stream systems.
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Total Area
(Acres)

Impervious
Area (Acres)

Percent
Impervious

DA1
DA 2
DA 3
DA 4
DA 5
DA 6
DA 7
DA 8
ALL DA's

46
61.4
70.9
9.1
37.4
45.6
65
100
435.4

16.8
21
31.8
0.5
9.2
8.8
14.2
15.6
117.9

37%
34%
45%
6%
25%
19%
22%
16%
27%

Rt.

Drainage Area
Name

24

Table 9
Wheel Creek Watershed Impervious Computations
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With two facilities selected for DA 3, the next highest priorities for stormwater
retrofitting based on impervious cover would be within DA 1 (37% impervious) and DA 2
(34% impervious). Based upon review of current aerial photography as verified by field
reconnaissance, the stormwater management facility at the downstream end of DA 2
represents the next best opportunity for stormwater BMP retrofitting. This facility, the
SWM pond for the Gardens at Bel Air South (Retrofit Site 3) is one of the largest SWM
facilities within the Wheel Creek watershed. Based upon its position in the watershed,
this facility would provide considerable opportunity to enhance water quality from both
DA 1 and DA 2.
DA 5 (25% impervious) is the next highest priority for stormwater retrofitting
based on impervious cover. However there are no existing stormwater facilities within
that sub-drainage area. It is noted that opportunities may exist to create a new regional
stormwater facility for DA 5 within the stream and floodplain area. Limited floodplain
width, proximity to homes and impacts to natural areas must be weighed against the
need to provide additional stormwater quality measures for the watershed prior to
initiating investigation of such a facility.
Two SWM facilities exist in DA 6 that would enable treatment of stormwater from
within DA 6 and from the highly impervious upstream DA 3. Retrofit Site 4 and Site 5
are located at the upstream culvert of Tollgate Road and Cinnabar Road respectively,
alongside of Wheel Road. These facilities are in-line SWM facilities for the community
of Country Walk (also located in DA 5 and DA 7) and were found to be good candidates
for retrofitting.
C. Development of Stormwater BMPs
In order to develop credible stormwater BMPs, a search for design and
construction documentation was conducted for each retrofit site. As-built plans and
design computations were solicited for all SWM retrofit sites, with varying results.
Documentation provided was reviewed and key design attributes were noted. Field
visits of each site were conducted in an attempt to verify the design and construction
documentation and to record conditions that were not apparent from the existing
documentation. Relevant existing condition features of each site were summarized
including:
• Drainage Area to the Facility;
• Impervious Area;
• Percent Impervious;
• Ownership;
• Design / Construction Date;
• Description of SWM Pond Features;
• Description of Downstream Conditions;
• Q1 Peak Reduction Goal.
A checklist of water quality treatment potential was developed and rough
sketches and/or design computations were made for each BMP attribute that was found
to be reasonably achievable at each site. Based on the magnitude of impervious area
and the degree of stream degradation that has occurred throughout the watershed (as
105

BayLand Consultants & Designers, Inc.

verified by the stream assessment), it was determined that the most beneficial BMP
attribute that could be developed for all five retrofit sites would be to provide stormwater
storage for either water quality volume (WQV) gains or for channel protection volume
(CPV) gains. The computed stormwater storage volumes were quantified and all
volumes gains were associated with channel protection volume (CPV) except those that
would be below the low flow channel protection orifice (i.e. pond bottom excavations).
Those storage volume gains were assigned to water quality volume (WQV) potential.
This convention was chosen because:
1. the channel protection volume storage would help to reduce stream
degradation and its associated habitat and water quality impacts;
2. channel protection volume storage is generally more difficult to achieve in
restoration design unless there are existing structures to modify such as the
case with the five retrofit sites, for this assessment.
Water quality attainment goals were established for each retrofit site by
computing the drainage area and associated impervious area to the site. The WQV for
each pond was computed based on requirements of the 2000 Maryland Stormwater
Design Manual. Channel protection volumes are more difficult to establish since that
would require some level of hydraulic modeling. Therefore, a literature search was
conducted and a relationship between WQV and CPV was found for the Baltimore
region. Generally, according to the Center for Watershed Protection – Reference 1, the
CPV volume in this region is 20% greater than the WQV. Therefore, for this study, all
CPV goals were established as 1.2 x WQV.
Similarly, a proposed bankfull discharge was established using Rural Regression
Curves. Those proposed discharges were compared to existing bankful indicators
during the final assessment. Field calculated bankful conditions were compared to and
found to be similar to computed one-year peak discharges (Q1). Peak reduction goals
were established for each BMP in order to reduce actual Q1’s to the proposed Q1’s from
the regression curves.
Other water quality enhancement BMPs such as wetland creation could be
developed as a secondary design goal for each retrofit site. Wetland creation and
marsh plantings would be well suited for BMP expansions and may enhance
stakeholder involvement and partnerships with communities, government and other
institutions, particularly the State Highway Administration.
Finally, cost estimates were developed for each BMP retrofit element at each
site. Individual BMP elements were grouped to provide a total budget for each site.
This budget reflects a reduced cost associated with grouping the individual BMP
elements.
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D. Stormwater Retrofit Summary
The succeeding pages provide a summary of existing conditions, water quality
treatment potential, recommended BMPs and retrofit actions, site map and photographs
for each of the five retrofit sites.

107

BayLand Consultants & Designers, Inc.

RETROFIT SITE 1 – Festival at Bel Air SWM Pond
Existing Conditions
•
•
•
•
•

•
•

Drainage Area – 28 Acres
Impervious Area – 24.6 Acres (88% impervious)
Ownership – Private
Design/Constructed – 1989 / 1991
SWM Pond Features:
– Pond is fenced.
– Concrete riser with 10-inch low flow opening with 6-inch extended dewatering
drain (per as-built drawings).
– Quantity control of 2 and 10-year storms appears to be provided.
– CPV is not provided.
– No permanent pool. WQV is not provided.
– WQV required per MDE 2000 Design Manual – 1.8 ac.-ft.
– Pond provides 1 ft. freeboard at the 100-year storm.
– Current SWM regulations require 2 feet freeboard (no emergency spillway).
– Outfall is stable.
Downstream condition – Middle Branch stream reaches are mostly unstable with
eroding banks.
Middle Branch Q1 peak flow reduction goal is 83% - to be achieved by
maximizing CPV.

Water Quality Treatment Potential

□
□
□
□
□
□
□
□

Expand pond laterally (CPV/WQV)
Raise pond embankment (CPV/WQV)
Modify riser structure (CPV/WQV)
Excavate pond (CPV/WQV)
Reroute stormwater flow to or away from pond (CPV/WQV)
Retrofit with forebays, diversions, etc. to enhance settling (WQ)
Create wetlands / marsh / plantings (WQ)
Repair/Retrofit outfall (WQ)

Recommended BMPs and Retrofit Actions
1. Pond area expansion and embankment modifications are significantly restricted
by the shopping complex and the SHA Right-of-Way, along Rt. 24. Investigate
the possibility to expand the pond and/or raise the embankment into the SHA
Right-of-Way, to create at least 1.0 ac.-ft. of CPV.
• Estimated cost
– Permitting/Design – $125,000
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– Construction – $150,000
2. Retrofit the 6-inch extended detention dewatering drain, to create 0.8 ac.-ft. of
CPV.
• Estimated cost
– Permitting/Design – $20,000
– Construction – $20,000
3. Excavate 4 feet of pond bottom, to create 1.8 ac.-ft. of WQV.
• Estimated cost
– Permitting/Design – $50,000
– Construction – $60,000
4. WQV and CPV needs of Middle Branch and overall Wheel Creek watershed are
significantly influenced by the contiguous impervious area and limited SWM
facilities in the upper watershed. Rerouting of stormwater from the Festival at
Bel Air to the SHA SWM facility should be investigated.
5. Marsh plantings or other vegetative water quality improvements require benches,
islands or shallow pond areas and would be less beneficial than providing
storage capacity toward CPV or WQV. However, wetland plantings could be
incorporated into the project to help improve the aesthetic appeal of the site.
6. A full site retrofit should be pursued in partnership with SHA inorder to support
SHA stormwater quality enhancement program goals such as the TEP programs.
This partnership would also support site expansion into the right-of-way.
7. This project should be pursued as a cooperative partnership between the private
owners, SHA and Harford County Department of Public Works.
Summary
•
•
•

Potential WQV – 1.8 ac.-ft.
Potential CPV – 1.8 ac.-ft.
Budget*
– Permitting/Design $150,000
– Construction $200,000

● Minimum WQV goal – 1.8 ac.-ft.
● Minimum CPV goal – 2.2 ac.-ft.

*Reflects reduced cost associated with grouping individual BMP elements
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Site 1 Photos – Festival at Bel Air SWM Pond
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Site 1 Photos – Festival at Bel Air SWM Pond
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RETROFIT SITE 2 – SHA SWM Pond at Rt. 24 & Wheel Road
Existing Conditions
•
•
•
•
•

•
•

Drainage Area – 20.5 Acres
Impervious Area – 3.7 Acres (18% impervious)
Ownership – SHA
Design/Constructed – 1985 / 1985 (as stamped on outfall structure)
SWM Pond Features:
– 72-inch RCP outfall pipe with concrete weir with a 30-inch low flow opening.
– Stormwater quantity control provided but does not address the CPV.
– No permanent pool. WQV is not provided.
– WQV required per the MDE 2000 Design Manual – 0.3 ac.-ft.
– Drainage area to the pond has been changed and includes significant
additional impervious area.
– Outfall is stable.
Downstream condition – Middle Branch Stream reaches are mostly unstable with
eroding banks.
Middle Branch Q1 peak reduction goal is 83% - maximize CPV.

WQ Treatment Potential

□
□
□
□
□
□
□
□

Expand pond laterally (CPV/WQV)
Raise pond embankment (CPV/WQV)
Modify riser structure (CPV/WQV)
Excavate pond (CPV/WQV)
Reroute stormwater flow to or away from pond (CPV/WQV)
Retrofit with forebays, diversions, etc. to enhance settling (WQ)
Create wetlands / marsh / plantings (WQ)
Repair/Retrofit outfall (WQ)

Recommended BMPs and Retrofit Actions
1. Lateral pond expansion is feasible and should be pursued with SHA in order to
increase the CPV for the Middle Branch by 1.5 ac.-ft.
• Estimated cost
– Permitting/Design – $125,000
– Construction – $150,000
2. Retrofit outfall low flow opening to provide up to 1 ac.-ft. storage toward the CPV.
• Estimated cost
– Permitting/Design – $20,000
– Construction – $20,000
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3. Pond bottom excavation potential is high and should be pursued with SHA in
order to increase the WQV by 1.0 ac.-ft.
• Estimated cost
– Permitting/Design – $35,000
– Construction – $35,000
4. Internal flow diversions and other settling enhancements should be considered if
pond expansion is pursued.
5. Wetland mitigation goals could be achieved at this site and should be pursued
with SHA along with CPV/WQV storage expansion goals.
6. Work closely with SHA to take advantage of the opportunities that Site 2 has for
the Middle Branch and Wheel Creek watershed.
Summary
•
•
•

Potential WQV – 1.0 ac.-ft.
Potential CPV – 2.5 ac.-ft.
Budget*
– Permitting/Design $150,000
– Construction $200,000

● Minimum WQV goal – 0.3 ac.-ft.
● Minimum CPV goal – 0.4 ac.-ft.

*Reflects reduced cost associated with grouping individual BMP elements
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Site 2 Photo – SHA Pond at Rt. 24 and Wheel Road
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RETROFIT SITE 3 – Gardens at Bel Air South SWM Pond
Existing Conditions
•
•
•
•
•

•
•

Drainage Area – 107.4 Acres
Impervious Area – 37.8 Acres (35% impervious)
Ownership –Home Owner Association (HOA)
Design/Constructed – Circa 1980 (no as-built drawings available)
SWM Pond Features:
– Existing vertical CMP riser with 36-inch low flow inlet and 60-inch CMP outfall
pipe. CPV is not provided.
– The outfall pipe is corroded and has failed.
– Emergency spillway is functional and well maintained.
– No permanent pool. WQV is not provided.
– WQV required per MDE 2000 Design manual – 3 ac.-ft.
– 4 inflow pipes enter the SWM pond. Some short circuiting of stormwater flow
is probably occurring.
– Outfall is stable.
Downstream condition – Middle main stem stream reaches are mostly unstable
with eroding banks and head cuts.
Middle Branch Q1 peak reduction goal for the mainstem averages 62% maximize CPV.

WQ Treatment Potential

□
□
□
□
□
□
□
□

Expand pond laterally (CPV/WQV)
Raise pond embankment (CPV/WQV)
Modify riser structure (CPV/WQV)
Excavate pond (CPV/WQV)
Reroute stormwater flow to or away from pond (CPV/WQV)
Retrofit with forebays, diversions, etc. to enhance settling (WQ)
Create wetlands / marsh / plantings (WQ)
Repair/Retrofit outfall (WQ)

Recommended BMPs and Retrofit Actions
1. Expand northeast corner of pond to provide 0.5 ac.-ft. storage towards the CPV.
• Estimated cost
– Permitting/Design – $25,000
– Construction – $25,000
2. Raise embankment by 5-feet to create 3.5 ac.-ft. of CPV.
• Estimated cost
– Permitting/Design – $125,000
117

BayLand Consultants & Designers, Inc.

– Construction – $200,000
3. Replace riser with new concrete riser to create 0.5 ac.-ft. of CPV.
• Estimated cost
– Permitting/Design – $20,000
– Construction – $20,000
4. Excavate 4-feet of pond bottom to create 1.8 ac.-ft. for WQV.
• Estimated cost
– Permitting/Design – $45,000
– Construction – $60,000
5. Relocate riser structure or incorporate diversion structures or land forms to
eliminate short circuiting, as part of any pond expansion.
• Estimated cost
– Permitting/Design – $5,000
– Construction – $10,000
6. Enhance water quality and aesthetics through use of plantings/marsh.
• Estimated cost
– Permitting/Design – $10,000
– Construction – $10,000
7. Replace outfall pipe.
• Estimated cost
– Permitting/Design – $20,000
– Construction – $20,000 (slip lined), $75,000 (replacement)
Summary
•
•
•

Potential WQV – 1.8 ac.-ft.
Potential CPV – 4.5 ac.-ft.
Budget*
– Permitting/Design $200,000
– Construction $275,000

● Minimum WQV goal – 3.0 ac.-ft.
● Minimum CPV goal – 3.6 ac.-ft.

*Reflects reduced cost associated with grouping individual BMP elements
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Site 3 Photos – Gardens at Bel Air South
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Site 3 Photos – Gardens at Bel Air South
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Site 3 Photos – Gardens at Bel Air South
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RETROFIT SITE 4 – Country Walk SWM Pond 1A (North)
Existing Conditions
•
•
•
•
•

•
•

Drainage Area – 27.7 Acres
Impervious Area – 5.2 Acres (19% impervious)
Ownership – Private / Public
Design/Constructed – 1996 As-built
SWM Pond Features:
– In-stream SWM facility.
– Concrete riser with a 12-inch low flow orifice pipe.
– Quantity control for 2 and 10-year storms. CPV is not provided.
– No permanent pool. WQV is not provided.
– WQV required per MDE 2000 Design manual – 0.5 ac.-ft.
Downstream condition – stream reaches are mostly unstable with bank erosion
and headcuts.
Middle Branch Q1 peak reduction goal is 83% - maximize CPV.

WQ Treatment Potential

□
□
□
□
□
□
□
□

Expand pond laterally (CPV/WQV)
Raise pond embankment (CPV/WQV)
Modify riser structure (CPV/WQV)
Excavate pond (CPV/WQV)
Reroute stormwater flow to or away from pond (CPV/WQV)
Retrofit with forebays, diversions, etc. to enhance settling (WQ)
Create wetlands / marsh / plantings (WQ)
Repair/Retrofit outfall (WQ)

Recommended BMPS and Retrofit Actions
1. Expand pond laterally to create 1.0 ac.-ft. of CPV.
• Estimated cost
– Permitting/Design – $50,000
– Construction – $50,000
2. Retrofit the 12-inch low flow orifice pipe and riser structure to allow 0.5 ac.-ft.
ponding for storage toward the CPV.
• Estimated cost
– Permitting/Design – $20,000
– Construction – $20,000
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3. Make additional riser structure modifications to increase CPV by 1.0 ac.-ft.
• Estimated cost
– Permitting/Design – $20,000
– Construction – $20,000
4. Pond excavation is unlikely to provide meaningful gains in CPV/WQV unless the
pond is expanded.
Summary
•
•
•

Potential WQV – low
Potential CPV – 2.5 ac.-ft.
Budget*
– Permitting/Design $75,000
– Construction $95,000

● Minimum WQV goal – 0.5 ac.-ft.
● Minimum CPV goal – 0.6 ac.-ft.

*Reflects reduced cost associated with grouping individual BMP elements
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Site 4 Photos – Country Walk SWM Facility 1A (North)

126

BayLand Consultants & Designers, Inc.

Site 4 Photos – Country Walk SWM Facility 1A (North)
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RETROFIT SITE 5 – Country Walk SWM Pond 1B (South)
Existing Conditions
•
•
•
•
•

•
•

Drainage Area – 15.7 Acres
Impervious Area – 3.1 Acres (20% impervious)
Ownership – Private / Public
Design/Constructed – 1996 As-built
SWM Pond Features:
– In-stream SWM facility.
– Concrete riser with a 12-inch low flow orifice pipe.
– Quantity control for 2 and 10-year storms. CPV is not provided.
– No permanent pool. WQV is not provided.
– WQV required per MDE 2000 Design manual – 0.3 ac.-ft.
Downstream condition – Middle Branch stream reaches are mostly unstable with
bank erosion and headcuts.
Middle Branch Q1 peak reduction goal is 83% - maximize CPV.

WQ Treatment Potential

□
□
□
□
□
□
□
□

Expand pond laterally (CPV/WQV)
Raise pond embankment (CPV/WQV)
Modify riser structure (CPV/WQV)
Excavate pond (CPV/WQV)
Reroute stormwater flow to or away from pond (CPV/WQV)
Retrofit with forebays, diversions, etc. to enhance settling (WQ)
Create wetlands / marsh / plantings (WQ)
Repair/Retrofit outfall (WQ)

Recommended BMPs and Retrofit Actions
1. Retrofit the 12-inch low flow orifice pipe and riser structure to allow 1.0 ac.-ft.
ponding for storage toward the CPV.
• Estimated cost
– Permitting/Design – $20,000
– Construction – $20,000
Summary
• Potential WQV – low
● Minimum WQV goal – 0.3 ac.-ft.
• Potential CPV – 1.0 ac.-ft.
● Minimum CPV goal – 0.4 ac.-ft.
• Budget*
– Permitting/Design $20,000
– Construction $20,000
*Reflects reduced cost associated with grouping individual BMP elements.
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Site 5 – Country Walk SWM Facility 1B (South)
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Site 5 Photos – Country Walk SWM Facility 1B (South)
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E. Summary and Recommendations
A summary of each retrofit site and associated SWM BMP is provided in Table
10. The BMP features, WQV, CPV costs and minimum site goals have been imported
directly from the preceding Retrofit Summary Sheets. A unit cost was calculated,
expressed as cost per acre feet of WQV plus CPV provided ($/ac.-ft.). This unit cost for
stormwater storage was used to determine the priority ranking of individual BMP
features at a particular site. Retrofit site priority rankings were selected based on the
total unit storage cost (which assumes that all BMPs are implemented), the overall
water quality volume (WQV + CPV) that would be provided and on the site’s position in
the watershed. Recognizing that these retrofit sites are not County-owned, it was felt
that this ranking system would help establish the appropriate level of effort for the
County to pursue funding, partnerships and programs to implement this stormwater
management plan for the Wheel Creek watershed.
The total WQV, CPV and cost of all five complete facility retrofits were calculated
and are presented in Table 10. These values were compared to calculated WQV and
CPV for the entire Wheel Creek watershed. Results of the comparison of the WQV and
CPV shows that if all retrofits were implemented, the magnitude of additional stormwater
storage capacity achieved would be 15.9 ac.-ft. This stormwater storage volume
correlates well with the WQV and CPV that would be required if the upper watershed
were developed in accordance with current stormwater regulations, which would require
15.2 ac.-ft.
Therefore, it is recommended that the County pursue all facility retrofit
improvements for each site in order to measurably improve stormwater quality
throughout the highly impervious Wheel Creek watershed. Achieving this magnitude of
stormwater quality improvements would be an important investment in order to slow the
current rate of stream degradation and to protect stream restoration investments made
in the future.

132

BayLand Consultants & Designers, Inc.

Table 10 - Summary of Stormwater BMP Sites and Features
Proposed BMP

WQV
Provided
(ac.-ft.)

CPV
Provided
(ac.-ft.)

Design and
Permitting
Costs

Construction
Costs

Unit Cost
($/ac.-ft.)

Priority
Rank*

Site 1 – Festival at Bel Air SWM Pond
Expand Pond

-----

1.0

$125,000

$150,000

$275,000

3

Modify Riser

-----

0.8

$20,000

$20,000

$50,000

1

Excavate Pond

1.8

-----

$50,000

$60,000

$61,000

2

Total Facility Retrofit **

1.8

1.8

$150,000

$200,000

$97,000

3

Minimum “Site” Goals

1.8

2.2

Site 2 – SHA SWM Pond at Rt. 24 and Wheel Road
Expand Pond

-----

1.5

$125,000

$150,000

$183,000

3

Modify Riser

-----

1.0

$20,000

$20,000

$40,000

1

Excavate Pond

1.0

-----

$35,000

$35,000

$70,000

2

Total Facility Retrofit **

1.0

2.5

$150,000

$200,000

$100,000

2

Minimum “Site” Goals

0.3

0.4

Site 3 – Gardens at Bel Air South SWM Pond
Expand Pond

-----

0.5

$25,000

$25,000

$100,000

4

Raise Embankment

-----

3.5

$125,000

$200,000

$93,000

3

Replace Riser

-----

0.5

$20,000

$20,000

$80,000

2

Excavate Pond

1.8

-----

$45,000

$60,000

$58,000

1

Relocate Riser

-----

-----

$5,000

$10,000

-----

6

Replace Outfall Pipe

-----

-----

$20,000

$75,000

-----

5

Total Facility Retrofit **

1.8

4.5

$200,000

$275,000

$75,000

1

Minimum “Site Goals

3.0

3.6
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Table 10 - Summary of Stormwater BMP Sites and Features
Proposed BMP

WQV
Provided
(ac.-ft.)

CPV
Provided
(ac.-ft.)

Design and
Permitting
Costs

Construction
Costs

Unit Cost
($/ac.-ft.)

Priority
Rank*

Site 4 – Country Walk SWM Pond 1A (North)
Expand Pond

-----

1.0

$50,000

$50,000

$100,000

3

Retrofit Riser

-----

0.5

$20,000

$20,000

$80,000

2

Modify Riser

-----

1.0

$20,000

$20,000

$40,000

1

Total Facility Retrofit **

-----

2.5

$75,000

$90,000

$66,000

4

Minimum “Site” Goals

0.5

0.6

Site 5 – Country Walk SWM Pond 1B (South)
Retrofit Riser

-----

1.0

$20,000

$20,000

$40,000

1

Total Facility Retrofit **

-----

1.0

$20,000

$20,000

$40,000

5

Minimum “Site” Goals

0.3

0.4

ALL TOTAL FACILITY
RETROFITS COMBINED

4.6

11.3

$595,000

$785,000

$87,000

Watershed Goal ***

9.6

11.5

Upper Watershed Goal****

6.9

8.3

* Priority ranking of individual BMPs are shown in italics. Priority ranking of each Total facility retrofit is
shown in bold and is underlined.
** Cost savings are realized when all proposed BMP features are combined into a total facility retrofit.
*** Watershed WQV goal is based on current impervious area for the entire watershed area and is calculated
based on the 2000 Maryland Stormwater Design Manual. CPV goal was computed as 1.2 x WQV.
**** Upper watershed WQV goal is based on current impervious area for DA 1, 2, 3, 5, 6 and is calculated
based on the 2000 Maryland Stormwater Design Manual. CPV goal was computed as 1.2 x WQV.
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VII.

Assessment Conclusions

The character of the Wheel Creek watershed has changed drastically in the last
20 years. The creation of impervious cover from commercial, residential and
institutional development has lead to considerable degradation of the streams,
floodplains and general habitat within the watershed. Government sponsored
impervious infrastructure such as roads and highways, schools and public buildings has
also contributed to this situation.
This assessment report has addressed technical solutions to the degradation and
offers a menu of restoration and best management practices to incorporate into the
existing landscape. Naturally, the more aggressive these remedies and restorations are
pursued the greater the odds become for existing streams, floodplains, habitats and
natural areas to continue to be sustained.
It is recommended that the highest priority stream restoration projects and all of
the stormwater BMPs be pursued as soon as possible. This level of effort is necessary
to minimize ongoing stream degradation and habitat loss. This combined stormwater
plan and stream restoration program would require funding in the magnitude of $3
million.
Should certain stormwater BMPs not become implementable, other new regional
stormwater BMPs should be developed and pursued. Stormwater facilities that provide
both flow volume buffering and water quality treatment are considered essential for the
watershed in order to compensate for impervious area development that has already
taken place. Retrofitting these facilities is paramount to protecting investments that
must be made to remedy failing stream systems and to ensure success in the overall
watershed restoration program.
Active stakeholder participation is a key element to initiate and implement such a
program for the Wheel Creek watershed. Partnerships between Harford County
government, State government, businesses and community stakeholders would also
create the capacity to seek and develop innovative funding for long term watershed
management. This approach would facilitate implementation of future restoration
projects thus allowing actual water quality and habitat gains to be realized.
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