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Evaluating Watershed Management Scenarios, Cont.
As previously noted, a watershed management scenario is a water quality improvement strategy that can be made up of
one or more watershed improvement projects and/or measures. For Northeast and Crooked Creeks, the computer model
WIP Tools was used to model the effects of different watershed management scenarios.
Six additional scenarios were examined to investigate addressing different potential non-point sources of pollution. Model
results helped to determine the most effective methods of addressing non-point sources of pollution. The results showed
three watershed management scenarios that helped reduce pollutant loads in the watershed: (1) Implement the pilot study
areas approach (Figure 3), (2) Implement the City’s Stormwater Performance Standard for Development to minimize
pollutant runoff from areas of new development and redevelopment (Table 1), and (3) treat targeted areas of commercial
and industrial land use (Table 1).
A final scenario (Scenario 9, Figure 2) was run combining these watershed management scenarios with the ongoing
rehabilitation and replacement program for the City’s sanitary sewer system. The model shows that implementing this
recommended plan will allow the City to reach the total phosphorus, sediment, and fecal coliform goals in Northeast Creek
and total phosphorus and sediment goals in Crooked Creek.
Goals for total nitrogen, copper, and zinc are not met under any of the scenarios evaluated. These goals are water quality
levels based on state regulatory requirements.

Next Steps
Implementing all of the recommendations of the WIP
will take decades and require a considerable amount
of money and staff time by the City. As budget is
available, the City will begin to implement these
recommended next steps to improve the water quality
in Northeast and Crooked Creeks.
1. Design and implement the projects that have been
identified as high priority through the modeling
efforts and prioritization criteria.
2. Work with the City’s Department of Water
Management to continue the sanitary sewer
rehabilitation and replacement program.
3. Continue to implement the Riparian Area
Management Plan (discussed in Fact Sheet
Volume 2).
4. Acquire the high priority sites identified in the
Critical Area Protection Plan (discussed in Fact
Sheet Volume 2).

For Additional Information about the Northeast Creek &
Crooked Creek Watershed Improvement Project Contact:
City Project Manager, Sandi Wilbur
Sandra.Wilbur@durhamnc.gov
http://durhamnc.gov/ich/op/pwd/storm/Pages/northeast_
creek_project.aspx
(919) 560-4326 ext. 30286
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Figure 3 | Pilot Study Area Evaluations
The Northeast and Crooked Creek watersheds were divided into 30
subwatersheds based on drainage areas. Rather than perform a detailed
analysis on every subwatershed, six of these subwatersheds (CC05, NE01,
NE09, NE10, NE11, and NE12, as shown in the Figure below) were identified as
Pilot Study Areas (PSA) to represent the remaining subwatersheds, a method
used in the City’s previous watershed improvement plans. An in-depth, detailed
analysis was done in the PSAs to identify potential SCM and stream projects.
The water quality improvements associated with these PSAs were then applied
to the remaining subwatersheds to run a PSA scenario (Scenario 4).
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This final volume of the Northeast and Crooked Creek Watershed
Improvement Plan Project Fact Sheet explains how the information
that has been collected from both watersheds will be used to
identify future projects to improve water quality and watershed
health.

Stormwater Control Measures
(SCMs): Activities and systems that
control the amount of stormwater runoff
and how clean it is are called

There are many types of improvement projects that can be considered,
including restoration improvements applied directly to a stream or stream bank, constructing a new stormwater control
measure (SCM), or retrofitting (repairing or modifying) an existing SCM. Improvement projects capture and treat
pollution sources before they reach our streams. It is important to select projects that provide the most improvements
to water quality and watershed health, and that will be economically sound. This fact sheet describes the process of
evaluating all of the potential projects and the criteria used to prioritize and select the best ones.

Figure 1 | Study Area

Northeast & Crooked Creek watersheds drain south into Jordan
Lake, which provides drinking water to many areas. The health of our
watersheds directly affects the health of the Lake.

Prioritizing Potential Watershed
Improvement Projects
During the field assessments of both watersheds, a total
of 359 potential sites for new SCM projects, retrofit SCM
projects, and stream restoration projects were identified.
To rank these projects, the City developed a set of criteria
that considered both environmental and economic (cost)
factors. Results from computer modeling efforts were used
to determine scores for most of the criteria, while others were
determined using a visual evaluation of the potential project
and knowledge of the City. These criteria are consistent
with the City’s previous watershed plans and are divided into
these six main categories:
Water Quality Treatment. This score is determined by the
amount of pollutant a potential project can remove, and at
what cost. This category has the greatest weight because it
is the highest priority of focus for potential projects. The City
recognizes that an improvement in water quality will have
a positive impact on the overall health of the Northeast and
Crooked Creek watersheds.
Habitat and Biological Integrity. This score evaluates
the impact a potential project can have on the ability of the
stream to support aquatic life. A high-quality, healthy stream
has stable stream banks, a variety of in-stream features (for
example, a mixture of deep pools and shallow riffles, rocks
and coarse sand), a diverse community of aquatic insects,
and wide forested or grassy buffers.
Stream Bank Protection. This score assesses how well a
potential project will reduce the amount of sediment entering
the stream. Healthy, vegetated stream banks filter stormwater
runoff by capturing sediment and pollutants before they are
carried into our streams. Improving and protecting stream
banks improves water quality conditions.
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Community Enhancement. This score is based on how well a potential project is viewed by the community. Factors
evaluated include property protection (i.e. flood prevention or reduction), neighborhood acceptance, opportunities for
public education, and proximity to schools, parks, and open space.
Implementation Issues. This score assesses the level of difficulty and cost to implement a potential project. This
includes considering property ownership, compatibility with existing City programs, permitting or potential environmental
impacts, and site accessibility for construction, operation, and maintenance. Any component that reduces the cost of
implementation increases the score (i.e. is more favorable). For example, a site will receive more points in this category if
it is close to a roadway, has easy access, and no permitting issues.
Public Safety and Public Property Considerations. This score is based on the amount of protection and benefits a
potential project can provide to public streets and public property. Projects that control flooding, replace failing pipes, or
stabilize eroded stream banks are scored based on the level of protection provided to public safety and public property.

Computer Modeling Tools
Computer models are commonly used to evaluate
the benefits of improvement projects on water
quality and watershed health. For Northeast and
Crooked Creeks, the team used a GIS-based
computer modeling tool called the Watershed
Improvement Plan (WIP) Tools or WIP Tools.
This model is consistent with the City’s previous
watershed improvement plans, and utilizes
GIS data and data collected during the field
assessments to model water quality conditions.
The WIP Tools model enables the City to
interactively evaluate the benefits of various
combinations of potential stormwater and stream
projects, as well as other pollutant control
measures, in different watershed management
scenarios.
A watershed management scenario is a water
quality improvement strategy that includes one
or more watershed improvement projects and/or
measures, such as SCMs or stream restoration.
The model allows the City to compare the results
of many different scenarios to figure out which
scenario offers the most water quality benefit.
Personal Computer Stormwater Management
Model (PCSWMM) is a computer modeling tool
that simulates rainfall levels and is used primarily to
analyze volume and quantity of runoff in urban and
suburban settings.
In the Northeast Creek watershed, PCSWMM was
used to develop a comprehensive hydrologic and
hydraulic simulation to provide a framework upon
which existing and proposed SCM projects could be
tested and optimized during plan development.
The watershed scenarios examined for Northeast
and Crooked Creeks are further explained on pages
3 and 4.
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Figure 2 | WIP Tools Computer Modeling Output

Computer models generate maps & information to illustrate the potential water
quality benefits of various watershed management scenarios. For example, this
map illustrates the improved sediment levels achieved by one of the watershed
management scenarios (Scenario 9).

Evaluating Watershed Management
Scenarios
In addition to evaluating individual SCM and stream restoration
projects, the team evaluated the effectiveness of treating
pollutants from potential sources within the watersheds.
Pollutants that were modeled in the Northeast and Crooked
Creek watersheds are: total nitrogen; total phosphorus;
sediment; fecal coliform; copper; and zinc.
There are two general groups of pollutants: those coming from a
single, identified source - such as a leaking pipe (point source),
and those that do not have one specific source - such as yard
fertilizer (non-point source).
For the Northeast and Crooked Creek watersheds, the team
evaluated three scenarios of non-point sources of pollution, and
two point sources of pollution for their water quality benefits and
costs. These potential pollution sources used in the scenarios
are described in the Tables 1 and 2 below.

Point source pollution

is pollution that comes from a single,
identified source (or “point”). Discharges
from an industrial factory or wastewater
treatment plant are examples of point source
pollution.

Non-point source pollution

is pollution that cannot be linked to one
specific source. Common examples include
garden fertilizers and insecticides or
motor oil leaked from automobiles. These
pollutants are picked up by stormwater
runoff and carried into our lakes and
streams.

Table 1: Non-Point Source Pollution Treatments

New Development
& Redevelopment
Projects

The City has an existing ordinance which requires most sites to reduce sediment, nutrients and other pollutants in
stormwater before it leaves the site.

City-Owned Land

The City owns land such as parks and City government buildings. While these areas do not contribute any more pollutants
than other areas with similar land uses, the cost of putting projects on this land would be lower since the City already owns
the land.

Commercial &
Industrial Areas

Many areas currently used for commercial and industrial activities were developed before the law required SCMs to
be constructed. As a result, many of these areas have minimal or no SCMs in place. Also, many of these areas have
large amounts of impervious area, such as rooftops and parking lots, which produce large amounts of stormwater runoff
containing pollutants.

Table 2: Point Source Pollution Treatments

Reducing Sanitary
Sewer Overflows

The term “sanitary sewer overflow” refers to an accidental discharge, or overflow, of untreated raw sewage into the
environment. These overflows can be the result of any number of causes, such as clogged or blocked sewer lines or
electrical failures at pumping stations or treatment plants.

Improper connections include pipes carrying stormwater, such as gutters, foundation drains, or drains from roadways, being
Eliminating Improper
connected to the sanitary sewer system. This can cause too much water to enter the sanitary sewer system during storms,
Connections to the
Sanitary Sewer System which leads to the sanitary sewer systems overflowing and polluting the environment.

When designing and implementing
SCMs, such as the ones pictured, it is
important to follow the design standards
established by the City and State. This
will ensure that the SCM is removing the
maximum amount of pollutants.
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Figure 2 | WIP Tools Computer Modeling Output

Computer models generate maps & information to illustrate the potential water
quality benefits of various watershed management scenarios. For example, this
map illustrates the improved sediment levels achieved by one of the watershed
management scenarios (Scenario 9).
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and those that do not have one specific source - such as yard
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As previously noted, a watershed management scenario is a water quality improvement strategy that can be made up of
one or more watershed improvement projects and/or measures. For Northeast and Crooked Creeks, the computer model
WIP Tools was used to model the effects of different watershed management scenarios.
Six additional scenarios were examined to investigate addressing different potential non-point sources of pollution. Model
results helped to determine the most effective methods of addressing non-point sources of pollution. The results showed
three watershed management scenarios that helped reduce pollutant loads in the watershed: (1) Implement the pilot study
areas approach (Figure 3), (2) Implement the City’s Stormwater Performance Standard for Development to minimize
pollutant runoff from areas of new development and redevelopment (Table 1), and (3) treat targeted areas of commercial
and industrial land use (Table 1).
A final scenario (Scenario 9, Figure 2) was run combining these watershed management scenarios with the ongoing
rehabilitation and replacement program for the City’s sanitary sewer system. The model shows that implementing this
recommended plan will allow the City to reach the total phosphorus, sediment, and fecal coliform goals in Northeast Creek
and total phosphorus and sediment goals in Crooked Creek.
Goals for total nitrogen, copper, and zinc are not met under any of the scenarios evaluated. These goals are water quality
levels based on state regulatory requirements.

Next Steps
Implementing all of the recommendations of the WIP
will take decades and require a considerable amount
of money and staff time by the City. As budget is
available, the City will begin to implement these
recommended next steps to improve the water quality
in Northeast and Crooked Creeks.
1. Design and implement the projects that have been
identified as high priority through the modeling
efforts and prioritization criteria.
2. Work with the City’s Department of Water
Management to continue the sanitary sewer
rehabilitation and replacement program.
3. Continue to implement the Riparian Area
Management Plan (discussed in Fact Sheet
Volume 2).
4. Acquire the high priority sites identified in the
Critical Area Protection Plan (discussed in Fact
Sheet Volume 2).

For Additional Information about the Northeast Creek &
Crooked Creek Watershed Improvement Project Contact:
City Project Manager, Sandi Wilbur
Sandra.Wilbur@durhamnc.gov
http://durhamnc.gov/ich/op/pwd/storm/Pages/northeast_
creek_project.aspx
(919) 560-4326 ext. 30286
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Figure 3 | Pilot Study Area Evaluations
The Northeast and Crooked Creek watersheds were divided into 30
subwatersheds based on drainage areas. Rather than perform a detailed
analysis on every subwatershed, six of these subwatersheds (CC05, NE01,
NE09, NE10, NE11, and NE12, as shown in the Figure below) were identified as
Pilot Study Areas (PSA) to represent the remaining subwatersheds, a method
used in the City’s previous watershed improvement plans. An in-depth, detailed
analysis was done in the PSAs to identify potential SCM and stream projects.
The water quality improvements associated with these PSAs were then applied
to the remaining subwatersheds to run a PSA scenario (Scenario 4).
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This final volume of the Northeast and Crooked Creek Watershed
Improvement Plan Project Fact Sheet explains how the information
that has been collected from both watersheds will be used to
identify future projects to improve water quality and watershed
health.

Stormwater Control Measures
(SCMs): Activities and systems that
control the amount of stormwater runoff
and how clean it is are called

There are many types of improvement projects that can be considered,
including restoration improvements applied directly to a stream or stream bank, constructing a new stormwater control
measure (SCM), or retrofitting (repairing or modifying) an existing SCM. Improvement projects capture and treat
pollution sources before they reach our streams. It is important to select projects that provide the most improvements
to water quality and watershed health, and that will be economically sound. This fact sheet describes the process of
evaluating all of the potential projects and the criteria used to prioritize and select the best ones.

Figure 1 | Study Area

Northeast & Crooked Creek watersheds drain south into Jordan
Lake, which provides drinking water to many areas. The health of our
watersheds directly affects the health of the Lake.

Prioritizing Potential Watershed
Improvement Projects
During the field assessments of both watersheds, a total
of 359 potential sites for new SCM projects, retrofit SCM
projects, and stream restoration projects were identified.
To rank these projects, the City developed a set of criteria
that considered both environmental and economic (cost)
factors. Results from computer modeling efforts were used
to determine scores for most of the criteria, while others were
determined using a visual evaluation of the potential project
and knowledge of the City. These criteria are consistent
with the City’s previous watershed plans and are divided into
these six main categories:
Water Quality Treatment. This score is determined by the
amount of pollutant a potential project can remove, and at
what cost. This category has the greatest weight because it
is the highest priority of focus for potential projects. The City
recognizes that an improvement in water quality will have
a positive impact on the overall health of the Northeast and
Crooked Creek watersheds.
Habitat and Biological Integrity. This score evaluates
the impact a potential project can have on the ability of the
stream to support aquatic life. A high-quality, healthy stream
has stable stream banks, a variety of in-stream features (for
example, a mixture of deep pools and shallow riffles, rocks
and coarse sand), a diverse community of aquatic insects,
and wide forested or grassy buffers.
Stream Bank Protection. This score assesses how well a
potential project will reduce the amount of sediment entering
the stream. Healthy, vegetated stream banks filter stormwater
runoff by capturing sediment and pollutants before they are
carried into our streams. Improving and protecting stream
banks improves water quality conditions.
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